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 This invention relates to novel peptides
of medicinal importance for ‘the’ treatment of pein
and gastro-intestinal disorders, methods for ‘their - --
preparation, phermeceuticelly ecceptable compositions
10 characterized by those peptides, and‘methods for
treating patients using those compoeitione.f The
peptldes of this invention are cheracterized by a
high degree of selectivity for the p~opioid receptor.
uore particularly, the peptides of this invention
15 exhibit superior apecificzty for the p-opioid receptor
when compared with conventional’ aqants. Theae pep~
tideg also possess a high' ponitive cherge or polar
character, making them sperinqu 1ipiq solubia.
Thus, they do noS reedily permeete the blood~brain
20  barrier. As will be appreeiated by the disclosurs
to follow, the peptides of this invention are partic=-
ularly well=suited for adminietretion as peripherally
acting analgesic and anti-dierrheal ‘agents.
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ackground of the Invention

25 A large number of endogenous peptides found

in various regions of the central nervous system
exhibit opiocid activity. This activity is elicited
by compounds, known as opiates, which are described
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2P HARMACEUT| CAL COMPCSI TI ONS, AND METHODS OF e

1 HERAPEUTI C TREATMENT USI NG THE SAME Description Technical Field of the
“ knver]tion This invention relates to novepapepti-des of nedicinal

Jll rporft ance for the treatnment of pain and gastro-intestinal dis- orders,

thqds for their Pr @il Ptandes rwiteht biagl roa ?g_gtiaalﬁ t| ons

Comos ¢ ons.  BROGARASARY HEh nERe, MuLELFUdeanE PRBtIdes Mdely s

degr ee demonstrate opioid activity was the pharmacological
discovery of the existence of multiple opioid '

5 receptors. Sees W, Martin et al., J. Pharmacol. Exp.
Ther,, 197, p. 517 (1975); and J. Lord et al., Nature
(London), 257, p. 495.(1977). Three different’ types
of receptors have been identified. The first, 8,
shows a differentiating affinity for enkaphalin. _

10 The second; y, shows an enhanced selectivity té
morphina and othexr poly-cyclic alkaloids. The third,
kx, exhibits equal affinity for either group of these
ligands -and preferential affinity for dynerphin. -

. B=-endorphin-appears:to bind agually to the p and

15 § receptors.. In general, the p receptors seem to be

" more involved-with analgesic effscts, whereas the
‘§ receptors appear to deal with behavioral effacts,
although the-§ and k- reeeptora may:-also mediate
analqesia._ - - - S

20 - The -majQr putativa £unctien for opiates is
their role in alleviating pain. Other areass whe:=
opiates ara well=guited for use in-treatment are
conditiens relating-to gastro=-intestinal digorders
- (diarchea}, -schizophrenia, obesity, biood pressure,

25 convulsiens, -and where seizure- inducticn-may alle-

| viate learning or memory loss.

. To date, opiates, opioid peptides, and
- analogs thereof, have either failed to demonstrate,
" or have demonstrated 'a limited degree of specificity

30 ' and selectivity for-the receptor or receptors to
which they may bind. The leas selective and aspecific
an oplate may be, the greater the chance that
increased side effects from the administration of
the material will be obsexrved. Since each receptor

35  elicits a specific biological response profile,
certain effects are symptomatic when each receptor
ig triggered. However, when an opiate activates
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q1#of‘ggl ectivity for the g-opicid receptor. Mre particularly, the peptides
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.of this invention exhibit superior sps¥®ficity for the u-opioid receptor

" When conpared with conventional agents. These peptides al so possess a high

ositive char BOTer thama onshregaptor athe bl abﬁgéselurelyqnqe«pnanuble

lggfecf gfgddgﬁizi%dd&?ﬁ%@?#l OW; ﬁfﬁécﬁéﬂ EBGEEPY RI S 1 nvent | on are

Jarticularly epestEmiof sﬁi@@ 334 ﬁgtEeWhSﬁBrﬂﬂwy%tm%

?gfggeﬁhﬁbgpdo Eglgjgr%ém ?%{FE d“::le\y/ggl egg&?gsll g'}lﬁlt%d‘t]he cenf\r al

pervous sﬁstem{i”ﬁ (ﬁf(ﬁlé)a}&&ﬁ USH SORCPALR: §O red by

conpounds, kneglogged Hadas. aﬂ@lm q,dg@gg_gggddggzgnbggqnegs- whi ch-bind’

to op|0|d re-

depression, and the like. T T
Conventional opiate peptidee have been

chosen from among enkephalin, endorphin, and dynorphin

10 analogs. Other known opiates are poly-cyclic alkaleid
structures such as morphine, naloxone, and levor-
phanol. It is generally recognized that the degree
of complementary affinity hetween the structurgl’
characteristics of an opiate receptor and the ligand

15 wvhich functions as an oplate or opioid peptide, is
significant to the determination of receptor selec-
tivity and specificity. However, ;gcent reporte |
indicate that epecific interactions of opioid pep~
tides with various membrene compartments may-also

20 contribute -to ths ability of these opiates to selec~
tively interact with specific receptors. See R. -
Schwyser, Biochemiq_-x;’.e; P- 6336 (1936)e

The term "speeifxeity" refers to the

particular of’definitive preference of an opiate or

25 opioid peptide for one opfoid receptgr over ancther.
The term "gelectivity! refera to the ebility of an
opliate or opioid peptide to discriminete among several
opioid receptors. For instance, the retio of binding
inhibition constants, X /KP is a value that may be

30 used to measure selectivity. This ratio represents

the relationship of the affinities £o: binding to-

the & and y receptor. A “higher value for this ratio

indicates a greater preference of ligend to bind

with the y receptor over tha & receptor. One conven-

tional opioid peptide analog, H-Tyr-D=Ala=Gly-

Phe(NMe)-Gly-01, has been understood to be the most

W selective opioid peptide analog known to date.
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eptors Concomitant with the nmultitude of p'eptldes whi ch denonstrate
prropi oild activity was the pharnacol ogi cal discQuery of the existence of

~ cmultifple opioid receptors. See W Martin et al., J. Pharmacol. Exp. Ther.,

di af e anal gesi a.
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_thaee opiates and opioid peptides. . -
..The class of compounds commonly referred

to as analgesics are normally. quite hydrophobic and

thus are extremely well-suited to-permeate lipid

.memhranas, sueh an ths blood-biraiu.barriesr. Due to

this physical capability, these compounds tend. to
bind with opioid receptors of.the:central:nervous

system in the brain, -although- not necessarily the
same ones. This binding may generate similar gide
effects to those attributed to: conventional. opiates,
oploid peptide .and -analogs, slthough'the problems
are likely .to be of -a greater magnitude.

| .-Similarly, the hydrophobic character of

conwentiunal opiates and opioid peptides tends to

_ delay their rate of passage through the system.

Much effort has been placed on improving the adsorp-
tion prqperties_ef_theee-ccmpounda and decreasing
their capability to transcend the blood-brain barrier.
However, since their affinity and solubility is
greater for lipid materials than for agueous fluids
of physialogical pH, these compounds tend to lodge
themselves in the organs and fatty-tissue of the

body. They tend to remain therein for extended

- periods of time rather than being excreted from the

system. The long term toxicity of many of these
compounds is generally uncertain, however any pro=-
longed exposure is likely not to be beneficial.

e
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‘convul si ons, and where seizure induction may alleviate |earni.ng or nenory
| oss. To date, opiates, opioid pepiSdes, and anal ogs thereof, have
gither failed to dem)nstrate or have denonstrated a |imted degree of

specificity and sel ecti vRepsht advanceseniwrtive fiekdtofsopdodd ch they may

E’ hance that | rROEESAAS < RalscPaBE dirackad Hardh 1eRE staBLLLERL MR o .
g ';Loﬁgeobfggycﬂ tﬁeaeepeptﬁdasceguwnsﬂIenZym&ttnmm:fhydbob?tggc?gr »
Q'rl ggeredIo HovéggFg%Zhﬁa ZS' i’ﬁé‘iﬁﬁ%?‘@%#@%g#ﬁg& g epltoor t he
bi ol ogi cal5r esptabilplef thessopep&mdesecﬂqmrpm;lmlrbiedenzmesbﬁn
Bich adver so FEGEE; FIT1APIEVAC shedd’ phatd “’?’%ﬂ%ﬁﬂﬁ?ﬂﬁ 53 ool o
.aconpl-exi on,- S@@é@cndsaasis&aannu o anzamaki QhéﬁgtaﬁitiQndﬂpﬂl§S|on and
Je%EEeLL:Fin eﬁ%ﬁ?ﬁ &&boﬁﬂg ganorpﬁpﬁﬂ%ﬁﬂfogs éPEﬁ&&hBéﬁei&Einggong
e the apeutic agants. However, since they only oxhibit
10 short half lives in vivo, large amounts of such
peptides must typically be administered to a subject
. in order to achieve the desired effect. Alternatively,
1 smaller quantities may be prescribed to an individual,
but more frequent doasages would be required to achieve
) 15 = the same level of potency.

It is desirable that a peptide mest several
general criteria in order to be considered for-any
pharmacological interest. First, a peptide should .
be resilient to proteolytic degradation. Second, a

20 peptide should elicit an enhanced biological response.
Third, a peptide must be safe for human cecm-umption.
Fourth, a peptide ghould be capable of bucliy produced
in Qquantities large anough to perform clinical studies
regpecting its toxicity and later for commerciali=

25 zation. In the present case, less lipid solubility
and greater agueous solubility are also desirable
properties for the peptide to possess, to prevent
permeation through the blood=brain interface and to
permit rapid excretion of any excess administered

30 peptide and its metabolites. Further, it would be’
desirable for a peptide to elicit selective and
specific receptor binding potential, in order to
minimize potential side effects resulting from its
ingestion.

35 Regarding suitable production quantities
discussed above, several factors are worthy of
consideration. The method of preparing the peptide

R T T THIS SHEET HAS BEEN

*
-




hwn opi ates are pol

| ementary affinit

ecificity' ref®rs
te or op|0|d pept
ectivity" refers
rinm-nhate-anmong s

15

20

25

30

35

y-cyclic al kal oi d structures such as norphine,

rualoxone and levorphanol. It is generally redsgni zed that the degrée of

y between the structural characteristics of an opiate

ep}gor atndtthtehl i gashownldc réuarabo. bessdmpim,atsfﬁcmb; dapné peconomes

n n r n

ver recent reporbehEng: THAE SRat %E%"qqc?iﬁ' Acfldnie ¥ £RF hetfold’”
tides with variousshoubdagentainafew stepmy afford tiigh overadbltytelds,

'R schuyser . Bl ook BB, E°bihlntn, g, ab BY-PEHICE FopRRELA.

Noreovepar theuscheme whiculd iprefsxsbiy rwtilbizan.. -

t
;ﬂﬁfﬁﬂhsg‘}ﬁ ?Bh €se“a‘i|‘§a?ﬂe @}ﬁ ?i‘fof’ dhﬁi ?ﬁgﬁ {:E’iﬁhct.
ABEXDEBHLTRAANL. & ugeable, and os b

inginhibition cogfaigticakSKethods BhGU1S B&aﬂnd%é)@amdiﬁﬁo tli “"" .
isrran - production scheme where feasibler Purther, the method'
- ghould ensure the optical integrity of the peptide

by avoiding reagents that will tend to racemize the :
reactants and products. A racemic mixture of the jr"'ﬂ
desired peptide is not likely to fully exhibit the :
desired pharmacological response.hfﬁ ' -

The optical iulegzily of a compound relatel :
to its ability to rotate light. This ability is: )
meagured by an instrument known as a polarimater,,
which utilizes a zero point reference to base its e
reading., The degree to which a chemically pure-:

material rotates light indicates its relative optical L

purity. That is, a material may be chemically pure
while being optically inastive or racemic. The amount
of activity that is observed from a material is often
dependant upon its optical purity. Two enantiomers,
although possessing identical chemical formulae, may
have completely different biological activities. It
is common in medicinal applications for a compound

of ona'optical configuration to exhibit activity and
usefulness, while its optical rotamer or complimentary
enantiomer demonstrates a different activity or is
wholly inert. Thus, where optical configuration is
important, optical purity, as well as chemical purity
is an important concern.

Conventional opiates and opioid peptides
exhibit either no specific and selective binding
preference for oploid receptors, or limited specific
and selective binding preference for those receptors.
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measure selectivity. This ratio represents the relationship of the
affinities for binding to the a and pL receptor. A higher value for this
ratio indicates a greater preference_oi_a ligand to bind with the i
receptor over the 8 receptor. One con-" ventional opioid-:peptide anal og,
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pronounced af or the-[err] receptor ove receptor.
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e be varied and intensified due to th#'#ﬁ?#’§4;35555ihf e
. mediated interactions of the opiate o;f5§%5¥§fﬂ;3-;_

""'; T .. e L peptides.
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«

10 ‘Notwithstanding the efforts placed- against
these concerns heratofore, there is a need for pep-
tides which exhibit a prefsrence for a specific opioid
receptor, especially the py receptor. It would be

. desirable to design peptides of less lipid solubility

15 than that of conventional opiates or apioid peptides,

' 80 that the blood-brain barrier would be-impermeable N
to these peptides. Further, peptides of high polar -~ -
 character would normally possess a greater tendency
£0 become solubligzed in aqueous fluids of physio=

20 logical pH, thereby facilitating their excretion and

the passing of their metabolites from the system,
»% would also be desirable to synthesize these pep-
tides in a simple, efficient, and economical manner
to facilitate the preparation of suitable quantities

25 for toxicological studies and commercial supplies

while retaining the optical integrity of the desired
materials,

W

Summaxy of the Inventian

The present invention meets all of the

30 goals described above. Specifically, this invention

- provides peptides which exhibit a preferential selec~
tivity and specificity for, particularly, the p=-oploid
receptor. This invention also provides pharmaceutical
compositions characterized by those peptides, for

the treatment of pain and gastro-intestinal disorders,
Such as diarrhea. And this invention provides a
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method for preparing these peptides in a simple,
efficient, and economic fashion that affords the
peptides in high yield and in such a way that their
optival iutegrity is maintained.

5 - Detailed Descri tion of the Invention

| The peptides of the pregent invention.: oS
_include those represented by the fbrmula. - :

o | | nl g T — -
N ‘*z“*— R e m R
10 A RH"

and pharmaceutically effective salts thereof, ﬁ;ml .
wherein R* iz a member selected from the group con—5
siating of hydrogen, C4~C, branched or unbranched "

15  alkyl which may or may not be substituted by amino '
or guanido, phenyl, hydroxyphenyl, msthoxyphenyl.

amidobenzyl, carboxybenzyl, carboxymethylbenzyl,
cyannhenzyl, fluorobenzyl, chlorsbonayl, hromebenzyl.
20 1odohenzy1 mercaptobenzyl, and nitrobenzyl;
R2 is hydrogen, methyl, ethyl;
R' and Rz, taken together with the carbon
atom to thich they are attached, form a cycloalkyl
~ ring containing 3-5 carbon atoms;
25 X is selected from the group consisting of
C=0, N=H, CHZ, =0~, C=s, and =8=; _
Y is selected from the group consisting of
C=0, N=H, CHz. =0=, C=S, and =8-=;
: - X and ¥, taken together, represent an clefin
| 30 linkage wherein X and Y each have a hydrogen atom
attached thereto in a cis or trans configuration;
and
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(
A2 - The cl ass of conpounds commonly referred to as anal gesics
are normal ly quite hydrophobic and thus are extrenely well-suited to
perneate |ipid menbranes, such as t 18=bl ood-brain barrier. Due to this _
physi cal capability, these pounds tend to bind with opihid receptors
of the central nervoust si% i‘nﬂn the brain, alt ough not” necessarily the

sane ones. This bindi Th&tyey ggg;ﬁtgts_bmgl @bﬁl égllyose

The probl emsubeEY FHERGH 0 wﬁog ¥22qRBar “a%rﬁf‘“é"é‘)ﬁrria' thoudh

a=-amino acids or their contigurational enanti=-

5 omers. Preferred groupings include branched or o
unbranched alkyl groups, which may or may not: be sub-‘“"
stituted by amino or guanido. Particularly preferred

. ygzoups include €1-C5 branched vr wnbranched: alkxl e —--..-"-:.'-:":- -
groups, which may or may not be substituted hy amino

10 or guanido at the terminal carbon atom.” Orie 77

especlally preferred group represented by R; is c3-c5
branched alkyl, which may or may not be substituted
at its terminal carbon by the guanido functionelity '
and which possesses the D absolute configuratien.-

15 Another especially preferred group represented by Rl
is C4~Cg unbranched alkyl, which may be substituted
at its terminal carbon atom by the emino £unctiona1-
ity.

Alternatively preferred groupingl for Rl

20 include phenyl or benzyl, which may or may not be

substituted by hydr:xv, methoxy, amino, amido,
carboxy, carboxymethyl, qyano, fluore, chloro, bromo,
iodo, mercapto, or nitro. Particularly preferred
alternative groupings include benzyl and

25 hydroxybenzyl.

The abgolute configuration of a compound
relates to how itas substituents are oriented in space
~about a central atom. This notion becomes significant
when coupled with the rigors of chirality. cChirality

30 involves the identity of the substituents about that

central atom. Thus, in general, a compound is said
to be chiral when four distinctly different groups
are bound to a central carbon atom. These groups may
be spatially aligned in more than ons manner without

35  repeating their individual orientations. That is, a

chiral compound may exhibit a mirror image which is
also chiral. These mirror images are termed meso

f‘\
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light at all.

The peptides of the present 1nvention *’1"'
exhibit many advantages over conventional opiates _
and opioid peptides. For example, they demonatrate L
greater activity than that of other peripherally
acting opioid peptide analogs reported to date._,t_'
Further, the potency of theae paptideés may. be as-

high as about five times that of previously known .f'

peripherally acting enkephalin analégs. =7 " .-
The atability oboexved by the.pgptid.g of

-the present invention exceeds that of naturally occur-

ring oploid peptides; and is at least equal to that.
of conventional opioid peptide analogs. Without -
being bound by theory, we believe that the increased
resistance to enzymatic degradation over natural
oploid peptides exhibited by the peptides of this
invention is due to-the introdnetion of D amino

acids into the peptide-chains. This switéh from L

to D amino-acids neutralizes the digestion capabili=-
ties of many of the ubiquitous peptidases found in
the digestive tract. Alternatively, the enhanced
gtability of the peptides of this inverition may also
be the result of the introduction of modifications

of traditional peptide linkages. For example, the
introduction of a thiocamide linkage may increase the
stability of the peptide. And, enhanced stability
may also be evidenced by: the reductioh of the amide
bond to form a secondary amine linkage, the reduction
of an internal ester linkage to yield a ketomethylene
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usef u'[ ness of these opioid peptides as therapeutic agents. However. si nce
they “Hnly exhibit short had lives in vivo, | arge.amounts of such peptides
nust-# ypi cal |y be administered to a=3dsj ect in order to achieve the desired

ef f e¢¥. Alternatlvely smal | er uantltles may be scribed to an-
i ndi-v dual , 13nkage,c the !&5 theuatops P’&’a& 4T &R hi eve the sane

| evel-s of POlag t PAbredReRi! gener al
?%*r to agn:. con3| er b{:ﬁa i id#) d!iﬁ*n ik

critefiaino dfor any. pharhacol-qgi-cal interéest. First,

a peptide s%ﬂﬁ@%&%@#erﬂﬁﬂ%rﬂé@@@ﬂ Qgglaadz% @%cond,- a pepdde -
shoultl el i cichidatdiuianoatkdy aﬂzéeﬁagaiae Pacikboria riqptdfawust be

e | L trbt:emc;é@ﬂ 0B BAng; pEObeqLIHLC @RRENSS cspoct | ng
'ts tﬂX'C'tknawﬁltﬁfaiééutC%mﬁmi cpaptidemoin thdﬂitdmxdﬁﬂﬁrcasew less .
r$ sol ubi | e ter a ueous sol-ubility are al so* desitable -
propertles P&b#h% sess, to prevent perneatdion through the
bl ogds:br ai n i nterface The peptbdeltofa’bhdlﬂeiweh'bi.romfeldmitexcess )
ad”‘“JSteregn@?% 43 specificity and sélectivity with respect:
" j'lo to their binding preferences to opioid receptors.;,,_m
= Specifically, ‘the peptides of this inwantion are = ...
E characterized by a greater specificity and selectivity.
for the opiate receptor that is most responsibla for .
i analgesic effects -- the y receptor =- than that -
“ 15 exhibited by conventional analgesics utilized to
- combat pain caused by imflammatory conditions and
the like. -
COnventional opiates, uaed heretofore to
alleviate pain, exhibit genezral binding characteris-
20 tics for the entire group of opioid receptors, My 8,
K, as a whole. As a result, such Conventional agents
are typically assdciated with possible sida afiects
triggered by the ability of thoae agents to bind to
more than one opicid receptor.” “For example, the Ki/Ri
25 ratio, which illustrates répresentative binding _
affinities, may vary greatly depending on the compound
being examined.. Leu-erikaphelin has a reccrded value
of 0.2 for this binding ratio which indicata; a pre-
dominance for binding to the 8 receptor. One
30 conventiocnal oploid peptide analog, EhTyr-D-Ala-Gly- :
Phe(NMe)=Gly=ol, has demongtrated a Ki/K“ valus of
1050 which indicates a greater preference fb; ]
receptor binding. Howevar, the peptides of the _
bresent invention demonstrate increased values for
35 this ratioc. A preferred peptide of this invention,
H-Tyr-DeArg-Phe-Lys-Nﬂz, demonstrated a Kg/KE value
of 11400. This represents at least about a ten-fold

P
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its metabolites. Further, it would be desirable for a peptide to elicit
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ential side effects resulting fromits |ﬁ%€st|on Regar di ng

tabl e production quantities discussed bo saveral factor t.hy
consi der ati on. emenk: of: UpZPFRR 23 %‘fﬁﬁll@" éeﬁfﬁﬁ? e

l e, efficient, Wd\:moppeviahgl h)mowg, Qirde pideshene of the
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i cal response. the per pherel nervous system of the brain.: These

| peripherelly mediated interactions “alleviate’ the."

10 adverse side effects and potentiel dependency concerns
attributed to conventional analgeszcs. o

The peptides of thiw ‘invention edvanta-
geously minimize the side effects associated with
conventional enelgesicl beceuee ‘they tend to bind te

15 specific opiete receptors not found in the central
narveus system of the hrain._ These peptides may
carry a high net charge, either positive .or negative,
which make them very polar. Preferably, the peptides
possess a high net positive charge in the range of

20 about +1 or higher., This high polarity allows them
to be less solubilized :n lipid material and more
highly solubilized in aguevus fluids and materials,
preferably aqueous fluids of physiological pE. The
low hydrophobic character of these peptides minimizes

25 the likelihood that they will permeate the blocd-brain
barrier. Thus, the peptides act as biological
response modifiers periphezrally, by binding to u
receptors located on sensory neurons of the peripheral
nervous system. This prevents noxious stimuli from

30 reaching the ep;nal cord ‘and thereby reeults in an
analgesic effect.

Similarly, eince the peptidee dieclosed
herein exhibit decreesed 11pid golubility and tend
not to migrate acrosa tha blood-brain barriar, the

35 likelihood of developing a narcotic addiction such
as that associeted with conventional opiates, is
either eliminated or greatly reduced. Thus, the
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The optical integrity of a conpoun eI ates to its ability to rotate |ight
Thi:s ability is measured by an inStt™ihent known as a pol ari meter, which

. ich a
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- . the environment of the gastro-intestinal tract for: -~ = -
' extended periods of time and greatly reduces their - -

ability to cross the blood brain barrisr. . Thias

ability to withstand the degradativs effect of the
15 ubiquitous enzymes of the digestive. tract and to
 remain in the tract without becoming absorbed into

its tissue are twoe characteristics which. render:

these peptides useful in the treatment of diarrhea.

The peptides of this invention may he pre=-

‘0 pared by initially reacting a first appropriately

protected amino acid with a second appropriately

protected amino acid in an organic solvent inert to

the reactants, in the presence of a suitable peptids-

coupling agent according to the following scheme:

T L
i il B R R -.;

i
A1

LN 7% TS SR SPP (SN R P

5 R i
Z-N-C-COOH + NH: i-coo-t-butyl ester
. Rz
DCC
S HOBt _ _
10 dzchloramethane, 0 ¢ .
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enhanced lipid solubility have permitted themto cross the bl ood-brain
int&rface to some extent. Further,=14e conbined effects of these two
phenonena not only establl h th potentlal for side effects, particularly
adverse side effects, ;;mhoseRS|de effects are I|ker to be varied and

intensified due to. t Q*lé- Lﬁﬂ ?? 'ons of the opiate or
opi ci d pepti des. |ng eflorts pl.aced agai nst these

concerns heretofore, éKaneed for peptldes which exhibit a _
preference for a speC|f|c i oi d receptor, especially the p receptor. It
woul:d be desirable to design peptides of less Iipid.bolubility than that of
conventional opiates or opioid peptides, so that the blood-brain barrijer
woul'd be inpermeable to these jpeptides- Further, peptides of high polar
chazacter woul d normal |y poss -gr eat.er tendency to -beconme-sol u--blized
i n aquebus flui ds of physiol ogf pH. thereby facilitating their excretion
and-t he passing of their netabodiges fromthe system It would al so be
desirable to synthesize these Yeptides in a sinple,-efficient, and"
econom cal manner to :

- Rl _ Rl o .

Z-N-C-C-NHC-COOH
| Hizuﬁﬁz | - |
10 - o S
wherein 2 1e a suitable nitrogen protecting group _
and R .and R® are as defined hereinabove, The degired
peptides may be prepared by utilizihg the appropriate
amino acids and repeating this reaction sequence as
15 regquired until a peptide with three to ten amino.
acid residues has heen prepared. A suitable depro-
tection method may then be employed to remove speci-
" fied or all of the remaining protecting groups or
the peptide from the resin once the desired peptide
20 has been prepared.
' The first approprietely protected amino
acid and, for instance, an epproprzetely protected
tyrosine may be reacted togethe:'in the.preeence of
a suitable peptide coupling agent in a suitably inert
25 organic solvent with etirrinq, shaking, or agitation
to form a protected tyrosine containing dipeptide.
- Introducing this dipeptide to eppropriate protecting
& ' group removal conditionas affords a selectively depro- |
tected dipeptide which is well=suited for continued
3  peptide synthesis. Contacting this mono-deprotected
tyrosine containing dipeptide with an appropriately
protected amino acid having a side chain represented
by Rl, described hereinabove, in the presence of a
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mat eri al s.

10

15

20

25

30

35

e the preparation of suitable quantities for toxicological studies
rcial supplies while retaining the optlBml integrity of the

suitable peptide coupling agent in a suitably inert
organic solvent with stirring, shaking, or agitation
forms a protected tyrosine containing tripeptida.

This method may be repeated as many times as necessary
to achieve the desired peptide. - :

The method o£ prapa:ation for poptide syn-
thasis requires specific functional groups to react
with other substituents to link amiho acid residues
in a desired manner to form a peptide possessing a .
known and desired sequence of amino -acid:-residues.
Since amino aoids _possess it ledst two reactive
functional groups, auitabla protection, blocking, or
masking of these groups ‘is required te ensure that
reaction will occur only at specifically desired
sites. :
. Thege protecting groups should be: introduced

to the moiety efficaciously while their removal should
be performed under conditions which do.not affect

other portions of the molecule. In this manner,
certain reactions and modifioations may be performed
on the amino acid, ‘peptide, or other compound, with
agsurance that the protected fuuctisnality will not
intarfere with the desired reaction. Further, by
choosing a protecting g:oup that is sensitive and
labile to certain reactive conditions, a reaction
scheme may be outlined to advantageously utilize
thésu characteristice to effectively remove the
protecting group once the synthesis is complete.

A variety of protecting groups known in
the field of paptidn synthesis and recognized by
conventional ahbreviations therein, may be found in
T..Greene, Protectiva’ G:oug: In Organic Synthesis, -
Academic Press (1981)." Anong the preferred protecs
ting groups that may be utilized for suitable pro=-
tection of reactive nucleophilic substituents
include, for example, benzyl (Bz), carbobenzyloxy

_—
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:3- Summary of the Invention

I

goal s described abo n. The present invention Meets—a-t—of—the
b1 roterentlal et v 1 LT o, POt
b o e o L et 552 THEIRSEI
stro-intestinal disorders, such i ; LT _ and
23 o o s aour e amph-aiseranLae B | Ve Canf
carbonyl (Fmoc). - o . S
_ coupling of amino acids, which may be the.:
game or different as those described above, to yield
¢mall peptides in routa to peptides comprised of. . .- :
greater numbers of amino acid residues may be:-. <
accomplished by employing established technigues in -
the field of peptide chemistry. A broad .range of ..
guitable reactiona are described in E. .Gross and .
© J. weinhofer, 4 The Peptides: Analysis, Synthesis
<v: Modern Techniques.of Peptide and amino Acid .
Analysis, John Wiley & Soms; (1981) and M. Bodanszky, .
principles Of Peptide synthesis, springer-varlag -
(1984). The peptide coupling agents which may be
%, used to assist condensation-of amino. and carboxylic.
& acid moieties include N,N'-dicyclohexylcarbodiimide. .
. (D02}, k" =cazbonyl diimidazole (CDI), l-hydxoxy.
penzotriazole (BOBt), ethyl chloroformate, benzyl
chloroformate, 1-( ethoxycarbonyl) =2=athoxy=1,2-di-
) hydroquinoline (EEDQ). benzotriazoyl=oxy=tris=
(dimethy)amino-phnsphonium hexafluoro phosphate. ..
: (30P) and the like. A prefarred.technique uses DCC
i as the coupling reagent. The DCC method may be used
© " with or without catalytic additives such as 4-di-
5 mathylaminopyridina-(DMAP).'copper (1I) chloride or
EOBRt to haaten the reaction and suppress .the racemi-
zation of the desired compound. E .
The DCC reaction-is_often-performed at .
roon temperature but may be carried out from about .- .
30 -78°C to gentle reflux in a variety of solvents that
are inert with respect to the reactants. The Bs0l-.
vents are normally organic solvents which are polar
and aprotic. Preferred solvents include, for example, .
dichloromethane, chloroform, diethyl ether, tetra=
hydroform (THF), N,N'-dimethylformamide (DMF), and
the like. Particularly preferred solvents are
dichloromethane and DMF. In general, the coupling

kH
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lon that affords the peptides in high yield and in such a way that
~optical integrity is nmaintained. Det ait?ed Descri ption of the
1t i on The peptides of the present .nvention . inclyde those

sented by the foeagtion payrpeygarsied out af atmos G RERVIULM,
valine, D-norleyci getgfidaPatiifanbBe=78°C to reflux for a period of
between 1 &nd 48 hours. Preferably, the reaction is
carried out at about ~10°C to 25°C with stirring,
5 ghaking or agitation, ovéer a period of between 4 and
6 hours. - o e }
' An alternative-synthetic. approach.for pre=
‘paring the peptides of the present-invention can be
effected via the Merrifield solid phase methodology

10 and its known variants. Thus, a Merrifield resin is

‘prepared by well-known solid phase peptide synthesis
methods. A covalently attached a~amino: acid residue,
attached at its carboxyl functichality or, similarly,
a peptide with a frae terminal'smino functionality

15 may be carried by gaid resin. - Alternatively, said
residue may be attached to said resin at its amine
functionality, ' Preferably, this resin is para-methyl-
benzhydrylamine resin when a peptide amide is desired,
although other resin knéwn in the art of solid phase

20 peptide synthesis may also be advantageously employed.
Treatment of sald resin with appropriately protected
amino acids to affori deiziied amino acid residues in
the peptide chain under-standard sclid phase peptide
synthesis conditions affords the desired product.

25 " Once the desirsd-paptide is assembled, the
compound so formed may-be entirely freed of its pro-
tecting groups according to well-known protocols,
such as, for example, treatment with liquid hydrogen
fluoride (HF). Where, however, the peptide requires

30 selective removal of the protective groups, usually
from an amino terminus, suitable reaction conditions
must be employed. The Boc protected amino func-
tionality of emino acid derivatives and terminal
amines of peptides may be removed, e¢.g., by treatment

35  with cold trifluorcacetic acid (TFA) at 0°C under
suitable atmospheric conditions, e.g., adjusting the
PE to between about 8 and 9. Under these conditions,

—_ — —+ —h

_—
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are left unaffected. The TFA salt of “O4& amino acid

gerivative or protected peptide may be -pixed in 2
3 guitable organic golvent and subjected to mild
E agueous pagic conditions. The organic golution,
containing said amino acid aerivative or sald pro=
tected peptide with free amino functionality, mey ..

. cpen be dried and concentrated o afford the free

" amino derivative. LT
' pz or Cbz is .utili_.zed__a_.g,_.:a pro-' -

where
tecting group, hydrogen;tion is the _#PJ?EOP:i.atg

pneans for effecting the- removal of. these. groups.

gydrogen gas i8 passed over. & solution of the pro=

tected material in an aleoholit; or other aovent, :

provided the golvent is not nalogenated, and a

catalytic amount of a palladium on ack vated ‘carbon

catalyst is added. ne hydrogenation vessel is -
4 until-& gtoichiometric amount of

“ ghaken or stirre ]
nydrogen has been apgorbed and the material has been

20 guitably reduced and freed of its: benzyl o::_;ar]__ap.-'

penzyloxy protecting groups. - o
when Fmoc 18 used as 2 portecting group

for amino acida, peptides O Merrifield resin deriva=
cives, the coirespending. free amino group may be |
25 generated gelectively by treatment with piperidine
able atmospheric and thermal

10

15
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in DMF under gult

conditions. ° L _
By employing 1iquid BF containiné dialkyl
sulfide with anisole and thiocanisole under suitable
.78°C.to 0°C, the

30 conditions at & temperature of _
peptide may be obtained free. from all of the indi-
vidual protecting groups of the component ;mino_ acid

residues.

| " Tne amounts ©
35 the aforementioned veaction, as well a8

required to facilitate reaction and encourage effi-

cient completion may vary widely. However, in

£.the -r.éacéa_ﬁtﬁ utilized in
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sol ute configuration of a compound relates to how its substituents
lented in space about a central atom This notion becones significant
oupled with the rigors of chirality. CHM ity involves the identity

substituents about tpat central atom Thuys, gener al co und
d to be chiral JRBATAlar thesameunts @f mm 1a), anployed oo nthdice
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- a specific reaction. 1In practice, the amounts used
will depend upon variations in reaction conditions

10 and the nature of the reactants.-

In any of the @synthedis methods described
‘above, the desired products may.be isclated from the
‘reaction mixture by crystallization. Alternatively,’
chromatographic techniques including, but not limited

15 to, normal phase, reversé phass, ion-exchange,
affinity, or gel permeation, -may-be employed, as
well as electrophoiasis or extraction or other means.

Pharmaceutically acceptable malts of the
peptides of this inventic¢n may be formed convention~

20 ally by reaction with an appropriate acid, . The addi-
tion salts 80 formed from addition by acid may be
identified by hydrochloric, hydrobromic, phosphocie,
acetic, fumarie, salicylic, citric, lactic, mandelic,
tartaric, oxalic, methanesulphonic, and the like.

25  The present invention also provides pharma-
cesutical compositions which- comprise a pharmaceuti-
cally effective amount of the peptides of this
invention, or pharmaceutically acceptable salts
thereocf, and, preferably, a pharmaceutically accept-

30 able carrier or adjuvant. Therapeutic methods of
this invention comprise tlie step of treating patients
in a pharmaceutically acceptable manner with those
peptides or compositions. Such compositions may be
in the form of tablets, capsules, caplets, powders,

35 granules, lozenges, suppositories, reconstitutable
powders, or liguid preparations, such as oral or
sterile parenteral solutions or suspensions.
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The peptides of the present invention exhibit many advant ages over

conventional opiates and opioid peptides. For exanple,

t hey denonstrate

greater actvty than that of other p&ﬁrpherally acting opioid peptide
anal ogs reported to date. Further, the pot

of t hes S may be as
hi gh as about five tilmsordsr &o pbiAla gn&&@ihss
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phosphate, -gogbltel or glycine, tabletting- lubricanta

10 such as magnesium stearate; ‘disintegrants, such as: "
gtarch, polyvinylpyrrolidone, sodium. starch. glyeollate R
or microcrystalline cellulose; or. pharmac-utically
acceptable wetting agents such ae~sodiuq lauryl. -
sulphate. : . o .

15 The solid oral compositions: may be prepared
by conventional metheds of blending, filling, - :
tabletting, or the like. Repeated blending operations
may be used.to distribute the active agent throughout
those composition- suploying large quantities of

20 fillers. Such operations are, of course, conventional
in the art. The tiolets may be coated according to
methods well known in normal pharmaceutical practice,
in particular with an enteric coating.. .. - ..

Oral liquid’ prapa:ations -may be:in=the

25 form of emulsions, syrups; or elixers, or may be .
presented as a dry product for reconstitution with
water or other suitable vehicle before use. such
liquid preparations may ox may - not contain conven-
tional additivea. For example suspending agents, .

30 such as sorbitol, syrup, methyl -cellulose, gelatin, -
hydroxyethylcellulose, carboxymethylcelliulose, alum-.
inium stearate gel; or hydrogenated edible fats;
emulsifying agents, such as sorbitan monooleate or
acacia; non-aqueous vehicles (which may include edible

35 oils), such as almond oil, fractionated coconut oil,
oily esters selected. from the group consisting of
glycerine, propylene glycol, ethylene glycol, and
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hges. For exanple, the introduction of a thioam de |inkage may increase
stability of the peptide. And, enhanced S't%'rllty may al so be evi denced
he production of the_am.de_bqQnd to form a seconga 'ne'Iinkiggg t he

tion of an mter#&h&'@sﬂép agreRexvatives %ﬁéﬁgk%@ e pe
eversal " of the a eNza s Qgt,}syl Ppare-hydtogybehinoate,

bducti on of an un atura d link or .the cenent et her or
bt her | i nkage i nt B‘PK@Pﬂgp %&Mﬁ@?@?& r 9% E&ngmeaFrﬁﬁe
t of many prot eokj o&bmdwwr twoxb e sdctdnl Andepl fodesinedhe

hch th Th des, of.th I
Coced specif1 B {y CARTSRHIBHRY, ELAVRKIRY R L enidd AgeBkRpi ng © '

prences to opioid receptorsFeypgasrzeral admimistﬁnation,tﬁlnid unit
¢ Pector et Roehh Bk e WEAMARY By S TERTGE oot
bt or - than that and & sdexil lmnaandnad@gnd;knqt pni the concen-
At pain caused byﬁfﬂ%fﬂﬂ“@ﬂﬁﬂbj&&?“ﬁéf”ﬁhq&f%ﬁ?f sukfended or dissolved
10 in the vehicle. In preparing solutions, the peptides
of this invention may be dissolved in water, whereas
opiates used heretofore showed only marginal solu-
bility in aqueous media or physiclogical fluids,
Once in solution, the peptide may be injected and
15 filter sterilized before filling a suitable vial or
ampoule and-subsequently. sealing the carrier or
storage package. Adjuvants,; such aa a local anaesg-
thetic, a preservat.:.ve or & buffaring agent, may be
dissolved in the vehicle prior to use. Stability of
20 the pharmaceutical composition. may be enhanced by
freezing the composztzon after filling the vial and
removing the water under vacuum, e.g., freeze drying
the compositlon. Parenteral suspensions may be pre-
pared in substantially the same manner, except that
25 the peptide should be suspended in the vehicle rather
than being disﬂolved, and, fu:thsr, sterilization is
not acheivable by filtration. The. peptide may be
sterilized, however, by expopinq it to ethylene oxide
before suspending it in the sterile vehicle. A sur-
30 factant or wetting solution may”ba’advaptaqeously
included in the compoeition to facilitate uniform
distribution of the peptide..
The pharmaceutical compositions of this
invention comprise a pharmaceutically effective amount
35 of a peptide of this invention and a pharmaceutically
acceptable carrier. Typically, they contain from
about 0.1% to about $9% by weight, preferably from
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Convent I onal opiates, used heret ofor Jo alleviate pain, exhibit general
bi.ndi ng characteristics for the ent 19 group

REPLACENENT SHEETlo% to about 60% by weight, of a peptide of
: this invention, depending on which.method of admin-
4 jstration is employed.
: The present invention alsc provides a method
s for treatment of pain or diarrhea in patients, such
as mammals, including humans, which comprises the
gtep of adminstering to the patient a pha:maceutieally
effective amount of a peptide, a phermeoeutically
acceptable salt thereof, or a phermaceuticel compoei—
10 tion as described above.
*'_ The dosage of the peptide used in the
treatment will vary, depending on the seriousnesa of
p the disorder, the weight of the patient, the relative
afficacy of the peptide and the judgment of the
15 treating physician._ waever, suitable unit dosages
in. humans may be between’ ebout 0 05 mq +to about
100 mg. For example, a ‘unit dosage may be from
between about 0.2 mg to about 50 mg. such ‘a unit
dosage, described hereinebove, may be administered
20 more than once a day, ' ges two or three times a
day. Thus, the total daily dosage is in the range
of about 0.01 mg to 10 mg/kg. Such thezay * m=:- axtend
for several weeks, in an intermittent or uninterrupted
manner, until the patient!s. symptoms are eliminated.
25 In order that this invention may-be better
understood, the following: examplee are set forth.
These examples are for the purposes of illustration
only, and are not to be construed as limxting ‘the
scope of the inwention in any manner.
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of opicid receptors. [err], S, K as a whole. As a result, such
entional agents are typically associated with possible side effects
@ogered by the ability of those agents to bind to nore than one opioid
eptor. For exanple, the Kerr]/K[err] tlo which illustrates
resentative binding affinities, may var °great |y depending on the

bound bei ng exam ned. Leu-enkephalin orded value of 0.2 for
S binding ratio which indicates a preggzﬂﬁsgiifcn binding to the 8

P 6 et hag o Pt ;ggiggﬁ@%g%ﬁ@ HTerr) value
a) olutron ngthesis :'
5 , i) Preparation of a-N-Cbz-L-tyrosyl-
: O-benzyl-D-arginine
-N-Cbz-L-tyroeine-O-benzyl ether (8.02
mmol) and D-erqinine-t-butyl ester (8.0 mmol) were
well dissolved in dichloremethane (21 ml) at 0°C.
10 N,N'=-dicyclohexylcarbodiimide (DCC) (8.27 mmol) and
1-hydroxybenzotriazole (HOBt) (8.27 mmol) wexe added
portionwise. The mixture was atirred for 1 hour at
constant ice temperature and then filtered. The
filtrate was transferred to a. separating. funnel and

15 washed succesaively with. saturated brine/5% agueous
citric acid and saturated brine/5¥% agueous sodium
bicarbernatc fcllowed by saturated brine alone. The
organic phase was then dried, concentrated, and the
residue purified by flash chromatography on silica

20 gel employing a Siléhegene-ethyl acetate solvent as

- an_eluant toc obtain the a~N~Cbz-L=tyrosyl-O-benzyl
ether-D-arginine~-t-butyl ester as. an. oil in high
yield (93%). - o

. -N-Cbz-L-tyrosyl-o-benzyl ether-D-erginyl-

28 tébutyl ester was treated with trifluoroacetic acid

. (TFA) .at 0°C under nitrogen for 0.5 hours. The TFA
was removed in vacuo. to yield a=N=-Cbz=L=tyrosyl=0=

- benzyl ether-ﬁ-erginine;-1ntquentitive%yield, guitable
for use in the next step. .. ....-- __.

30 Vsing the procedure described hereinebove
and the appropriate starting materials, these addi-
tional protected. dipeptides were prepared:

g=N=Ch2«L=tyrosyl=0=benzyl ether-D-

norlvaline
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of? 1050 whi ch indicates a greater preference for p receptor binding.
However, the peptidles of the present invention denonstrate increased
val ues Tor this ratio. A preferred peptide of this invention,

H-_Tyr - D- Arhig-ShteeHds laged] | denon- strated a Klerr]/Klerr] value of 11400.
THis repre about a ten-fold enhancenent of p receptor binding
over that e previously known opioid peptides. The

ate %

centrally adverse side effects and addictive. potenti-al
denonstrated by conventional opiates2drd opioi d peptides is not observed by
the peptides of this invention. Once admi nistered, the~ligand-.receptor
i.nteractions occur on the newNe@bzeL-tyrosyli-Sivirenzylrethersistem of the
br-ai n. Theaiéﬁiéﬁgfﬁéjly mediated interactions alleviate the adverse side
effects and“potentral dependency -concerns:attri buted to -copventi-onal-

aral gesi cs.  @=N=g=N=di-Cbz-L=-lysyl=L-tyrosine-0=

benzyl ethef

5 ii) - Synthesis of &=N-Cbz~L~
: tyrosyl=-C-benzyl  ether=De~ -
- arginyl-L-phenylalanine . . .

LT Y
et i baba e? ek

-E a=N=Cbz=L-tyrosyl=0O=benzyl ether-D-arganine
é (7.46 mmol) and L-phenylalanyl-t=butyl ester (7.44 " ~
4 10 mmol) were well dissolved: in.dichloromethans (20°ml) -

at 0°C. DCC (7.69 mmol) and HOBt (7.69 mmol) were

;% added portionwise with stirring.  The mixture was

allowed to react for 1 hour at conatant:icetempera-
i ture and then filtered. The filtrate was transferred
t% 15 to a separating funnel znd ucshed successively with
s saturated brine/5% aquecus citric acid and saturated
brine/5% aqueocus sodium bicarbonate.-followed by
gaturated brine alone. The organic phase was then
" dried, concentrated, and the residue.purified by
20 flash chromatography on.silica gel employing a 2:1
hexane-ethyl acetate salvent as an-eluant toafford
the a~N~Cbz=L=tyrosyi-O=benzyl -ether-D<arginyl-L~
phenylalanyl-t-butyl -ester .as an oil in high yield
_ . (92%) . : ' e . _
25 ' a~N=Cbz=L=tyroayl=O-benzyl ether=D=arginyl-

L-phenylalanyl-t-butyl ester was treated with tri-

fluorocacetic acid (TFA) at 0°C -under nitrogen for -

0.5 hours. The TFA-was removed in vacuo to yield

: @=N~Cbz=L=tyrosyl-O=benzyl sther-D-arginyl-L-phenyl=-
¥ alanine, in quantitive yield, suitable for use in
‘  the next step.

Using the procedure described hereinabove
and the appropriate starting materials, these addi-
tional protected tripeptides were prepared: |

a=N=Cbz«L~tyrosyl=-0O-benzyl ether-D-

norvalyl-L-phenylalanine THIS SHEET HAS pEgm
. | REPLACED
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in. These peptides may carry a high net charge, eit
ative, which make themvery polar. Preferably, the pepti
h net positive charge in the range of abou% +1 or higher. This high
arity allows themto be-less sol ubi | i zed=#g

hly solubilized in aqueous fl ui dsﬁ?nghgatb I %Iesﬁﬁ' prege abI]t &Eﬁ'ﬁtﬁﬂzgﬁg

i ds of physiological pH The | o/

imzes the |ikel lauyX-1aip uéng&gniﬁlﬁerneate the bl ood-brain barrier.

s, the peptides act as b|olog|cal a Eg ghgrs er. pher al

ding to [err] receptors |ocated ®n A ﬂ'&; ﬂielral
vous system Th|eqbanzyisethawimsasginthe,fron1reachlng t he spinal cord
thereby results in an anal gesic effect. Simlarly, since the

ed herel_n eﬁﬂ. dﬁ,@ﬁgsgll b@l ﬁ &Izul?‘ 'ﬁfﬁ’oﬂld tend not

s the

25

pept.ides of this invention advantageously mnimze the side effects.
,0oci.ated with conventi onal analge5|cs because they ﬁ&mﬂmﬁdthﬂﬂRmmmai
cific opiate receptors not found in the central ner [I m

es

ﬂ’! !ﬂthe

“lipid material .and nore

O=benzyl ether=D-arginyleL-
.phenylalanyl-g-N-Cbz-L=lysylamide
a-N-Cbz-n-tyronyl-O-hannyl ether-n-arginyl-
L-phenylalanine (s 71 mmpl) and a-N—Cbz-L-lysylamide
(18 ml) at 0°C. Dcc (6 92 mmol) and HOBt (6.92 mmol)

were added in small incrementa with stirring The
mixture was allowed to react for 1 hour at constant
ice temperature and then filtered. The filtrate was
transferred to a separating ‘funhel and washed succes-
sively with szturated br;ne/S% agueous “eltric acid

- and saturated brine/S% aqleous sodiuin” bicarbonate

followed by saturated brine alone. The organic phase -

. was then dried, concentrated, and the residue puri-

fied by flash chramatography on silica gel employing
a 1:1 hexane-ethyl acetata solvent as an’ eluant to
afford the a-N-Cbz-L-tyrosyl-o-benzyl ether-D-arginyl-

_L-phenylalanyl-e-NBCbz-L-lysylamide a8 ah oil in hig

vield (%2%).

a=N=Chz-L-tyrosyl-O-benzyl ether-D-arginyl-
L-phenylalanyl-e-N-Cbz-L-lysylamide was dissolved in
methanol, purgéd with argon; and treated with a
catalytic amount of 10% palladium~on:activated carbon.
Hydrogen gas.waavpaibed over: the system with agitation
for 0.5 hours. The mixture was f£iltured through
Celite and the methanol was removed in vacuo to yield
L-tyrosyl-D-arginyl-Lephenylalanyl-L-lysylamide in
quantitive yield., _

Using the procedure described hereinabove
and appropriate starting materials, these additional

- peptides were prepared:

THIS SHEET HAS BEEN
REPLACED




bl ood- b ai n barrier, the likelihood of devel oping a narcoiic addiction such
as that associated wth conventional opiates. is either elimnated or
greaﬁly reduced. Thus, the progressively weaker effects that are observed
when,tol erance builds for an opiate or opioid peptide, or the w thdrawal
S|gn§ associ ated with dependence Qrzaddition, is not a grave concern with

t he:pepti des of the present i nvent i on. The peptides of the present

i nvention are al so extremgl S Lpeal agents.
The%nhanced st.a il it tggp!r!"' tygg?ltpc- egra atlopﬁlyd?éégg%eg affinity
for ki pi d oF¥REHRELANMIN t ed by these peptides permits themto endure the
envi tonment of the gastroLLaygagyuabJuaxmed 1£n=§ﬁ5uylagan fls of tine and
greatly reduces, %%x% aalllty to cross the bl'ood brain barrler Thi s

abi gty t oL TR hge degradati ve effect .of -the ubiquitous enzynes of -

t he dlggstlve tract and tD=tywosyl-D-arginyliL-phénylabanyling absor bed
:Rt?h;ttrégfs ﬁ?féﬁié¥§P?&ggi§h§dh§tlCS mhlch render these peptldes useful
L-tyrosyl-D-arginyl-L—phenylalanyl-L-.-
ornithylamide
L-lysyl-n-tyroayl-n-arqinyl-
59 phenylalanyl-L-lysylamide

'_% b) sSolid Phase SIEthesi
m ? : i) Pre aration of a-N-Emoc-L- honylalan 1
e -Ngaoc-L-lxsxl-resin amid? Y

e d-N-Fmoe- e-H—Boc-L-lynine. attachod to a
% § para-methylbenshydrylamine resin at its carboxyl
= functionality, was treated with & 5¢ dichloromethane
- soluticn of piperidine at room temperature for 30
minutes. The resin was then collected, washed
guccessively with four portions of 10 ml dichloro=
} methane, four portiona of 10 ml isopropanol (IPA)
- and dried for subsequent use. . L
- : A solution of uJN-Fmoc-L-phenylalan1na -
' (0.948 mmol) in dry DMF (7 ml) was added to &-N-
Boc-L~lysine (0.€32 mmol/g o resin), attacnea oy

} its carboxyl group to a para-methylbenzhydrylamine
Merrifield resin, with stirring at 25'C. pee (0.948
mmol) and HOBt (0.9%48 mmol) were added portionwise.

.. . . The reaction was agitated for 1.8 hours after which
on L time another portion ‘of the protacted phenylalanina
(0.040 mmsl) was addod and ctirring was raiumﬂd far

2 hours. The resin was collected, washed with four

10 ml portions of DMF, then four 10 ml portions of

IPA and subsegently dried in preparation for further
reactivn. Cumpletion of ths peptide coupling

# reaction was verified by the n:nhydrin tagt.

This Sheet Has Been Replaced
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t appropriately protected amno acid with a secon
ected amno acid in an organic solvent inert to th
ence of a suitable peptide coupling agent accordln
me: [err]
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'pept i des of this invention may be prepared by i n| S%héJHJS%@&tﬂf&

15

~ -
- -
-

lbnthe
i1) . Preperetlon of alpha=N=Fmoc=
_ D-arg1ny1 L-phen alanyl-e~N-Cbz=-
=lygyl-resin amide

-N-Fmoc-L-phenylalanyl-e-N=Boo-L-lysyl-

resin amide was treated with a 50% dichlorémethane
.eolution of piperdine at room temperature for 30

minutes. The resin was then collected, washed
suoceeelvely with four portaons of 10 ‘11 dichloro=-

‘methane and four portione of 10 ml 1sopropy1 alcohol

(In) and dried for mzhsemu-mt uee.

" A solution of u-NiFmoc-D-arginine (0.93%
mmel) in DMF (7 ml) was edded to L-phenylelanyl-L-s-
N-Boc-L-lysyl resin amide (0. 632 rmol/g of resin)
with eq1tat1on at 25°c. HDBt (0.939 mmol) ‘and Decc
{0.939 mmol) weres then added elowly. The reaction was
allowed to proceed for 1-2 houre after which time
the resin was colleoted, washed with four 10 ml por-
tions of DMF, four 10 ml portions of IPA, and dried
for further reaction. Completion of the peptide
coupling'reection wao'verified by the ainhydrin test.

1i1)y-- Preperetion-o£ A=N=Fmoc=L-tyrosyl=-
... O=benzyl ather=D~arginyl-Le=

) phenylalenyl-e-N-Boc-L-lysyl

- resin amide - -

“ -N-Emoo-n-a*ginyl-L-phenylalenyl-e-N-Boc-n-
lyeyl resin amide was treated with a 50% dichloro-
methane solution of piperdine ‘at room temperature

for 30 minutes. The ‘resin was then oolleoted, washed

euoceesively with four_portione of 10 ml dichloro-
mathane and four portione of 10 ml IPA and dried for
subsequent uee.

A solution of a-Nbrmoc-L-tyroeine-o-benzyl
ether (0.929 mmol) in DMF (7 ml) was added to
D-arginyl-L-phenylalanyl=c=-N-Boc=L=1ysyl resin amide
(0.929 mmol/qg of resin) with agitation at 25°C. DCC
{0.929 mmol) and HOBt (0.929 mmol) were added por-
tionwise and the reaction proceeded for 1-2 hours.

THIS SHEET HAS BEEN
REPLACED
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rhe resin was then collected, washed. with .four 10 ml
portions of DMF, four 10 ml portions of IPA, and .
aried for further reaction. Completion of the . .
peptide coupling reaction was verified by the;.__ Lt e
pinhydrin test. o

-~ N L. C e e e

iv) Preparation of L-t&ros&lin-“ o o
arginyl=L-phenylalanyleL=-< - ~° - = "= 77

lysylamide by Treatment.of - . - ot

the Regin w;th Li_ id HF L .

-N-Fmoo-L-tyrosyl-o-banzyl ethor-D-arginyl-

L-phonylalanyl-a-N-Boo-h-lysyl resin amide was treated

with liquid hydrogen fluoride (5 ml) containing ani-

sole, dimethyl sulfide, and thioanisolo £0.5 ml.131:1

v/v) at 0°C for 1 hour. After evaporation of the

gsolvent, the residue was dissolved in 10% aquecus

acetic acid. The agueous solution was washed-with

diecayl ether (30 ml), eluted with water and .lyophil=-

ized to dryness. The crude peptide was dissolved in. .

92% agqueous acetic acid (25 ml) and purified first

by gel filtration on a Sephadex G 25 column with an

acetic acid solvent as the eluant followed by reverse

phase chromatography employing a 0y Packed colump . ..

with a linear gradient of 1% TFA in.0-80% methanale . _..

water as a solvent. |

EXAMPLE 2
?harmaoological Asaay of L-tyxros 1=D=
arginyl=L- hen lalanyl-L -1 gl amida n Mice

A g:oup of male CD1 Charleo River.albino o
mice (18g-22g) were injected intraperitoneally with
0.3 ml/20 g body;weight of a 0.02% solution of
2-phenyl~1,4=-benzoquinone (PBQ), according to the
procedure degcribed in Siegmund et al., Broc. Soc.
Exp. Biol. Med., 95, p. 729 (1957) The writhing and
contortional movements of the mice over the following

.15 minutes were observed and recorded. Another group

REPLACED
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of mice vere adminstered. L-tyrosyl-D-arginyl=-L-phenyl-

.alanyl-L-lyslamide (B-Tyr-D-Arg—Phe-Lys-NH}) 20

minutes prior t¢ injection with PBQ. The average
number of writhes was established and the percent
inhibition of writhing movements was calculated. An
EDg, was establighed to be 0.6 mg/kg using & -
regression-line method.-  The EDSO was defined as
that dosage -6f drug-which reduced by half the number
of writhes obtained in PBQ challenged mice: after
vehicle adm:nzstration._fz.._

" The analgesic effects of H=Tyr-D-Arg-Phe=

Lys-NH,, when examined by the PBQ writhing test,

produced a ‘dose-dependant iphibition of the writhing

. movements (see Table. 1l infra). This fégult indicated

that H-Tyr-D-Argh?he-Lys-NH produced an increased
anti-nociceptive activity. The analgesic potency of
H-Tyr-D-Arg-Phe-Lyt~:"%, was found to be comparable
to morphine in a simjlar assay. See R. Follenfant
et al., “Antinociceptive Effects of the Novel Opioid
Paptide BWA43C compared- with'c1asaiaal-0piates,
Peripheral Versus Central Actions" Br; J. Pharmacol.,
93, p. 85 (1988). . - . s

The anti-nociceptive effects ‘of H-Tyr‘D-
Arg-Phe-Lyﬂ-sz were antagonized by a prior intra-
peritensil administration of 10 mg/kg of N-methyl
levallorphan (NML), a peripheral opiocid antagonist.
In the presence of this antagonist, the analgesic

~ EDgy of B-Tyr-D-Arg-Phe-Lys-NH, was increased from

0.6 mg/kg (Table 1 infra) to 2.0 mg/kg (Table 2
infra). This increase represented a 3.4 fold increase
in the ED, value.- It is known that quarternary

salts of opioid anagonists, such as NML, do not pene=-
trate the blood-brain barrier. They have been
reported to merely produce a peripheral antagonist
effect. Contrastingly, in a similar study, NML did
not antagonize morphine -~ which is known to produce

THIS SHEET HAS BEEN
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its analgesic effect from an interaction with opioid
receptors in the brain. -

Analysis of H-Tyr-D-ArgaPhe-Lys-NHé
utilizing a mouse hot-plate, an assay which only ~ .-
detects sensory induced analgenic effects, establigh='
ed an EDg, of 24 mg/kg. This illustrated that the
peptide was forty times less active under these
conditions than when analyzed in the PRQ writhing -
test, For experimental protocol with the het-plate . = = -
assay, see G. Woolfe and A. MacDonald, "The Evaluation
of the Analgesic Action of Pethidine Hydrochloride
(Demoral)!t, J. Pharmacol. Exp. Ther., 80, p. 300
(1944). 1In a similar analysis performed on morphine, -
a decraase of only five fold was observed from the
PBQ test to the thermal induction test. See
R. Follenfant et al., gupra. This loss of activity
for H-Tyr-D-Arg-Phe-Lys-NHz indizeter that a higher
degree of peripherally mediated analgesic effactive-
ness is possessed by this peptide.

Oral analgesic activity was observed for
Tyr-D-Arq-Phe-Lys-NH at a dosage of 200 mg/kg.
This analgesic activity was observed to b€~antaqonized
by NML, as reflected in Table 3-infra;-and, thus, :

the activity was demonstratad to be. ot'a.periphcral
nature. . .

EXAMPLE 3

Bloassays and Binding‘#ésaxs
Opiofa'recdﬁtér affinities of peptides
according to this invention were determined by dis-

Placement of selective radioligands frem rat brain

nembrane preparations. These studies were performed

This Sheet Has Been Replaced
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Ired peptides may be prepared by utilizing
repeating this reaction sequence as

hree to ten am no acid residues has been
ared. A SU|tabIe deprotectlon met hod nay..then be enployed to renove

i fied o[halg of tge remai ni ng protecting~groups or the peptlde fromthe

p(r)lngteel yepr gflétrp(e %%ﬁﬁgaﬁlgﬁdmoﬁggﬁg%e. Ua?fﬁc ]zcaippr oprl at el

cted tyrosine gehilkerecattall., Biophys. Res. Commun., 85, p. 13 52
(1975). [3H]DAGO and [SH]DSLET, at 0.72 and 0.78
nM, respectively, served as radioligands, and incuba-

5 tions were performed at 0°C for 2 hours. In vitro
‘opioid activities of the peptides disclosed herein
were determined based on inhibition of electrically
evoked contractions of the guinea pig ileun (GPI)
and the mouse vas deferens (MVD). The GPI assay is

10 representative -for u receptor interactions, even
though the ileum also contains x receptors. The K
receptor interactions are characterized by relatively
high K, values for naloxone aa an antagonist (20-30
nM), in contrast to the low K, values (1-2 nM)

15 observed with y receptor ligands. In the MVD assay,
opioid effects are primarily mediated by & receptors,
although p and Kk receptors also exist in this tissus.
Ke values for naloxone as an antagonist were deter-
mlnod with the GPI preparation but not in the MVD

20 assay due to the very low potency shown by all of
these peptides on the vas deferens.

. The GPI and MVD bicassays were carried out
following the protocol described in Schiller et al.
supra and DiMaio et al., J. Med. Chem., 25, p. 1432

25 (1982). A log dose - reaponse curve was constructed
with leu-enkaphalin utilized as a standard for each
ileum and vas deferens preparation. Icso'values
were obtained for the testad peptides by utilizing
the Cheng and Prusoff equation, where 1.3 and 2.6 nM

30 were used for the dissociation constants of [3K]DAGO
and [3E]DSLET, respectively. These values were then
normalized. The Ko values for naloxone as an antage
onist were determined from the ratio of IC;, values
obtained in the presence of a fixed naloxone concen-

35 tration and then in the absence of a fixed naloxone
concentration. Thege values are demonstrated in
Tables 4, 5, and 6 infra.

T | THIS SHEET Hag S BEEN
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er in the presence of a suitable peptide coupling agent | SU|t§ny
organio solvent with stirring, shaking, or agita o f
ted tyrosine containing dipeptide. |ntroducing thh&sﬂt' )zt
riate protecting group renoval conditions affords
ected dipeptide which is wet-suited for.continued

Ftlng this nono- deprotectemk3@$05|ne cont ai ni ng di pe e wth an

riately protected an@po acid having a side chain represented by
descrl bed Hax &h&adb\HiDAGO tbtncbimenuam H-&‘yh.a-UI-NVmpt i de

t haki
?Sﬁ“?%%&a‘?a a‘?c*e#ﬁfn AL FRMLEE of 2 %*”'”%.2 et hod

rﬂb@ﬁ g ébolﬁ?é:n;ﬁltq Sime ﬁ&%yﬂ‘rﬁeﬁéﬁ @Veaﬁ nd&H red pepti de.
thgﬁaﬁf 18 Y o) staffiﬁ&’l‘t reu%we‘ I c

estpngéougs eact. W t (ﬁﬁmﬁ S piéé link am no acid

CROL LR L0 @ses;pngra Known-and -
d aeqaenermdheaﬂﬂthnuctgaﬁnsnem bindin aasaiya0|dnunnpaseaa at

1"0eb1tE YRd1HAYd Ve LR pepEi&Sb&EsBiR&ECtek%@na geking, or
u-receptor selectivity, as’ indicated by the very -
'hlgh ratio of the binding inhibitien constant deter-
nined at the &- and the u-receptor (Kj /x" 1880).
Reduction of the .net positive-charge by'one unit
through substitution of asparagine for ornithine in
position 4 produced a ten~fold decrease in p=receptor
affinity and a five=fold increase in §-receptor |
affinity. Therefore, by carrying a et charge of
1+, only a moderate preference for p-receptors over
§-recaptors (Kj /R“ 37.7) is demonatrated, Length=-
ening the side chain in position 2, by the substitu-
tion of norleucine, did not appreciably affect the
receptor binding affinity and selectivity.
Analogs containing a D-arginine residue in
- position 2 and a second basic residue in position 4,
carried a further increased net positive charge of
3+. These analogs retained similarly high affinity
for the u=-receptor but d;spleyed even lower a-recep-;;
tor affinity. -
The moat selective peptide was H=Tyr-D-Arg-
Phe-Lys-NHé with a K /Ki ratio of 11400. This pep=
~ tide is ten times more p=salective than DAGO (Ki/K“ =
1050) which hitherto hed generally been regarded as
one of the most selactive p=agonists available.
The receptor binding profiles of these
oploid peptide analogs are consistent with the meme

# brane compartment concept discussed in Schwyzer,

supra. Augmenting the positive charge from 1+ to
2+ or 3+ resulted in higher p-receptor affinity,
possibly, but not necessarily, due to the increased

THIS SHEET HAS BEEN




of these groups 1o requited to ensure that reaction will occur only at
|flcaIIy’ﬂB$h€eeHas$e&nQ& laced These protecting groups should be

roduced to | caci ously while their renoval should be
or med unde ich do not affect other portions of the
cule. Int rtain reactions and nodifications may be

ornmed on the am no aC|d peptide, or othge conpound, wth assurance
the protected functlonallty will not interfere with the desired

_ltlon Furt her, akgumindatitn mﬁrﬂiecgepleiaeﬁucarb ingsashdw :.auidre
2 o0pcertatn, ERSEa’SE Ul Ul & EREhL 8@#&5?% foo '
ecting group othe membgarndees where opeteceptors: Area h‘h‘ to be
cct1 9 0" YERNELL: 1 ol olehORLAds SH BRSNS,
ps In OrgaBic sfnmlmsJMmmmrqesuiMnlmnmagmneqﬁe:om-red
coti no, roups pRRhaIP die/'Ad £ FrdgreanivaPEBcRRARECIR Buretiiior
aff nity. Thla is presumably due to the increasing
electrostatic repulsion in the positively charged
agueous compartment which, according to the membrane
10 compartment concept, contains §-receptors.

The 1C5,(MVD)/ICg, (GPI) ratios obtained
were generally considerably lower than the corre-
sponding xi/x ratios determined in the binding assays
described herein. This was illustrated with peptides

15 of the present invention due to the fact that many
of these peptides showed higher potencies in the MVD
agsay tian wes axpected on the basis of the §=receptor

- affinities determined in the | H]DSLET binding assay
and relatively lower potencies in the GPI assays in

20 relation to the measured p-receptor affinities in the
[3H]DAGO binding assay. The unexpectedly high
potencies of many of these opioid peptide analogs in
the NVD assay are possibly, but not necessarily, due
to additional interactions with p-receptors which

25 are also found in the vas dsferens. The relatively

" lower potencies in the GPI assay may be the result
of a somewhat lower "efficacy" at the u-receptor.
Alternatively, these. discrepancies between binding
assay and bloassay data may be due to a different

30 degree of nonspecifid adsorption .of these highly

- charged molecules in the various tissues.

Low K, values, as illustrated in Table 6
infra, are typical for p-receptor interactions and
rule out an additional interaction with x-receptors

35 on the ileum, since k=-receptor interactions weuld -
demonstrate much higher K, values.
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exanpl e, benzyl (Bz), carbobenzyl oxy (Cbz), t-butoxy (8oc), or :
- fl uor enyl net hyl oxycar bonyl (Fnoc). Coupling of am no acids, which my °
e the sane or different as those descnbed above, to yield small peptides
ifn route to peptides conprised of greater nunbers of am no acid residues
y be acconplished by enpl oying established techniques in the field of
ptide chem stry. A broad range=@&=suitable reactions are described in S.
oss and J. Meln- hofer, 4 The Peotides: Analysis. Synthesis. Biologv:
dem Techni gues of’.l.‘hednoat selechive Amongatie sipdo lpep¥ | ey & Sons,

981) an G - B I Sprrnger - Vérla
984% %h p e coup £ bpkf th\ﬁl ER% mﬁ'ﬁe%?o agm s'? °
densaﬁ’iﬁf%’f %Ynmhrﬂr%g%g%’ﬂ L% H~%8 8 ®M&KISN, Ndi cycohexl car -
bo |lﬁldeﬂliﬁoréiPbdim@Qﬂdfedth&hdacohﬁmbﬁDHb phduldcegdenzotriazol e

'_ (1 at ox%gw': ) -28 {lp'ng;l;é& ggégl glr gr form&ﬁlﬂ)@“’ept°r

ot azo selectivityerivid a(KNK hesmn(;AOO)umedewmphosphate (SOP)

and the e HALFL RS, T RRY B Rhditad Wldpo Teagent The

this compound represents the most selective -agonist
reported to dats.

10 Becauss of its high posztlve cherge,
H-Tyr-D-Arg-Phe-Lys-NHﬁ most likely WIll not be unable
to cross the blood-brain barrier to any significant
extent. It may thus be the case that, agide from .
its high u=receptor preference, this analog may. also

5 show pronounced aelectivity for peripharal versus.

centrel receptors.

st s T
v s amempeaem e

Table 1-

Inhibitory Effect of H=- r-D-Arg-Phe-L-Lys- -
on PRQ- induggd ced Writhing Wz

Doge  No. of Avg. No.  Percent

ng/Kg . Mice of writhes Protection -
- 15 25 ,_.‘:-" -
0.25 15 | ”.13 T T

0.375 10 - 18 a0

0.5 5 1 57 -

1.0 8 7.8 . 70°
2.5 15 . 2.8 90

!veluation of this collected data resulted in an
EDSO value of 0.6 mg/kg.

-
Has Been Replaced

N

REPLACED




‘be used with or without catalytic additives such as
nmet hyl ani nopyri dtne (DVAP). copper (Il) chloride or HOBt
ACEMENT SHEET

w35e.
- "Table 2.
Antagonist Effect of N-Methyl Levallophane (NML)

on Inhibition PBQ-induced. Writhing by
' H-Tyr-D—Arg%Phe-Lys-NHz

5 Dose No. of Avg. No. Percent
ma/kg Mice of Writhes Protection
- 5 28 -
0.5 5 25 11
1.0 5 17 40
10 2.5 5 12 58
4.0 5 . 1 . 96

Evaluation of thig collected data resulted in an
EDgq value of 2.0 mg/kg.

Table 3

15 " Inhibitory Effects of
B-Tyr-D-Arg-Phe-Lys-NH, on PBQ-induced
Writhing and Antagonist Effect of
. NML on Inhibition by E-Tyr-D-Arg-Phe-Lys-NH,

" peptide MNML No. of Avg. No. Percent
.20 Dose Dose Mice of wWrithes . Protection
mg/kg - mg/kg
- - 15 26 -
200 - 30 7 79
200 10_ 10 17 28
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to hgsten the reaction and suppress the racem zation of the desired..... .
conmpdund. The DCC reaction is often perfornmed at room tenperature but
ray e carried out fromabout -78[err]Cto gentle reflux in a variety at
solvgnts that are inert with respect to the reactants. The solvents are
nor | y organi c solvents which are polar and aprotic. Preferred sol vents
i ncl ude, for exanple. dichloronet @&~ chloroform diethyl other,
‘tetrahydroform (THF), N. N-dinethylformanm de (DVF).,, and the |1tke.

Partifularly preferred sol vents arfabile ¢hl or omet hane and DVF In
Binding Assays of Opiocid Peptide Analogs
.Compound [aH]DA ESH]HSLET
rel.pot. rel.pot.
§  HeTyr-D-Nva-Phe-Orn~NH 1.2 8 2200 0.0012
" HeTyr-D-Nva-Phe-Asn-NH2 11.7 0.8 441. 0.0057
H-Tyr-D-Nle-Phe-Drn-NH 1.4 7 2870 0.0009
H-Tyr-D-Arg-Phe-A bu-uﬁz 5.7 1.6 12600 0.0002
E-Tyz=D-Arg-Phe-Ofn=NH 1.2 7.8 9290 0.0003.
g H-Tyr-D-Arg=Phe=-Lys-NH> 1.7 5.6 13200 0.0001
H-Tyr-D-Ala-Gly-Phe(NM%)-Gly-cl (DAGO) 7.7 1280 0.002
1.22 -
Leu-enkephalin 943 1 231
8 1okl
K{/Ky
5 1880
17 . 7
2130
2180
7740
0 11600
1050
0.27
L . .
— - e
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ral.. the coupling reaction may be carried out at atnospheric pressure
tenperature O -78'Cto reflux for a period of between 1 and 48

S. Preferably, the reaction is carried out at about -10-Cto 254C with
ring, shaking or agitaticn, over a period of between 4 and 6 hours.

| ternati ve synthetic approach for preparing the peptides of the present
ntion can be effected via the N@rringbd solid phase net hodol ogy and
known variants. Thus, a Merrifield rési’f is prepared by well-known

S d phase peptide synthesis_nethods.géaigéslently attached a-anino acid
r g due, attached at its carboxyl functi or, simlarly, a . peptide
Wi
Al

‘a free term nal no, f4inct4 onal) i by saj.dmkesin.
rnatively, said rgdgiag% #&Xzbgmg&ggr&ggxpﬁiﬁgaﬁai:qﬁgéﬁéﬁs'a{&n s ani no
tionality. Preferably, this réesin i para-negﬁy -%e %hydrylanine resin.-
n a peptide aq%g§°!¥is desi red, al though ot her ngkns known inugﬁe art
olid phage p ynt hesis may al so be W ﬁgﬁpﬁ-&?gg——t—
atment of “said resin with appropriately pro®@cted amfo acids {0 h#?brd

ired amno achﬂr{:@%&-‘iﬁ%%ﬂﬁo&&%ﬁp“dé " 104 2.36 - 271 0.042

H-Tyr-D-Nva-Phe-Asn-NE* - 181-.  1.36 . 2210 0.0052
H-Tyr-D-Nle-Phe-Orn- 168 1.46 2290  0.00498
R-Tyr-D-Arg-Phe-A,bu-N, 257 © 0.6 - 639 0.0173

10  H-Tyr-D-Arg-Phe-Ofn-NH,% - 346 0.71 1090 0.0105 -
E-Tyr-D-Arg-Phe-Lye-NHZ 338 0.73 781 0.0146
K-Tyr-DeAla-Gly=Fha (Ni8)-Gly=ol gﬁco)'--~- 8.69 - -. 950 . 0,012
Lay~enkephalin 246 1 11.4 1

15  MVD/GRI

' 50 ratio

5.6 R
12,2
13.6

20 2.36
3.15
2.31
33.6
0.0463

25 SR Tabla 6

R, Vilues (Naloxone) of Positivaly Charged Opioid
Pegtide Anslogs in the Guines Pig Tleum Assay

.. Compound | - K,
H'TYZFD-NVB-thfOrn'NHZ-. C 1,88 -

30 H-Tyr-D-Nva-Phe-AsnpNHz : - 2,08.
E-'l'yr-D-Nle-Phe-Orn-Ngﬁ - 1.01
H-Tyr~D=Arg-Phe=A,bu-N 1.32
E-Tyr-D-Arg-Phe-Of-NH,? 1.24 |
H-Tyr-D=Arg-Phe-Lys~NH _ o 1.17 _

35  H-Tyr-D-Ala~Gly-Pha(iM8)-Gly-ol (DAGO) 0.80
Leu=-enkephalin 1.53
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e.g.,
sui t al
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pr ot eq
derivd
sol ver|
sol uti
with f
t he

under standard solid phase peptide synthesis conditions affords the
d product. Once the desired peptide is assenbl ed, the conpound
med may be entirely treed of its protecting groups according to -
nown protocols, such as, for exanple, treatnment with |iquid hydrogen
de (HF). Were, however, the peptide requires selective renoval of
otective groups, usually fr«38-an am no term nus, surtable-reaction
ditions nust be enployed. The Boc protected am no functionality of
aci d. deri vat i vis erder cthdtathendavantion ¢esptriised nay be renoved,

' AT Ry e 'f“'i@“%‘ég’?f%f Hiy 0 ofted Dot veen bou

a
nospher | condi tTOns" 5t
9. lexAmpPlemsareodel tfourth. t ikt shyld herwnderstoeky and ot her

L v e L o A I el Pl or i ¢

tive or protected xel _ e organic
t sanenkyiARe t 1%L tRO% tal Rejranated s ohiniting thde organic

oNn, LGAPdrRe e 01§ Adigh ard ,acid derivative or said protected peptide
ree am no functiona_tt;?g#%y then be dried and concentrated to afford

_—
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ree am no derivative. Where Bz or Cbz is utilized as a protecting
roup, hydrogenation is the appropriate nmeans for effectimgthe removal

f these groups. Hydrogen gas is passed over a sol utl?mulmﬂmnﬂmmgmﬁ
terial in an alcoholic or other solvent, provi ded t

al ogenated, and a catalytic anount of 61iiﬂl adi um on act i‘vat ed" cat bon

atal yst i s added. The hydrogenation vessel is shaken or stirred until a

toi chiometric anount of hydrogen has been absorbed and the mat eri al has

een suitably reChAE and freed of -its benzyl or carbobenzyl oxy protecting

roups. . When Fnoc is juse ot e [.0 [, anLno_a

eptides or Merrifield reS|ﬁ d ﬁiﬁﬁ%ﬁés (ﬁﬁégkﬁﬁﬂﬁgﬂﬁ r% OFFR aamno

roup may be generated selectively by treatnent with plperldlne in DMF
nder suitable atnospheric angl therfrdl dpndi tgbns. By enpl oyi ng
I quid HF containing dialk ulflde wift h nlso e and thlcanisole under
uitable conditions at a ﬁéﬁb%r-' -

|

2
,,al

and pharmaceutically acceptable salts thereof,
wherein Rl is selected from the group consisting of
hydrogen, cl-c7 branched or unbranéhed alkyl, which
may or may not be substituted by amino or guan;do,
phenyl, hydroxyphenyl, methoxypheayl,” “benzyl;-
hydroxybenzyl, methoxyhenzyl, aninobenzyl, amido-
benzyl, carboxybenzyl, carboxymethylbenzyl, cyano-
benzyl, fluorobenzyl, chlercbenzyl, bromocbenzyl, '
iodobenzyl, mercaptobenzyl, and nitrobenzyl;

R% is hydrogen, .methyl, ethyl,
or R™ and Rz, taken together with the carbon atom to
which they are attached, form & cycloalkyl ring
containing 3'= 5 carbon atomsy: -~ - - -

~X is selected from-the g:oup-consistinq of,
C=0, N-H, CH,, =0a, C=§, -and ~8~). .= =~z

Y is selected from the group consisting of
C=0, N=H, CHz' =0-, C=8, and ~8=j;or - -~ A

‘X and ¥, taken together, reprasent an olefin .
1inkaqe wherein X and ¥ each have a hydrogen atem h
attached thereto in a cis or trans configuration;
and ‘ i .- . . ' . )

nis 1=-7.

1

2. The peptide according to claim 1, wherein
Rl is C -07 branched or unbranched alkyl, which may

or may not be substituted by amino or guanido, R? is

hydrogen, X is =<0, ¥ is N-H, and n is 2-4.
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fatdﬂe of -78[err]Cto O[err]C, the peptide may be obta ﬁﬁﬂfree fromall

t he |i ndi vi dual protecting groups of the conponent Ilr"ﬂ !Hﬂ("“ﬁﬂl

,The janounts of the reactants utilized in the aforenentl
wel I} as the conditions required to facilitate reaction and encour age
ef fijci ent conpletion may vary wi de14P= However, in general, the anobunts of
mat eri al enpl oyed to induce reaction in the processes dlscussed above

wi I 1| be substantial |§-st orey® HeRtide agaerddng & fiaimpdeified. In  the

fol | bwi ng ﬁKéEBB.ﬁSR]'f R e G Ot 2 getef @l hyabskenat 0.1 Mto
t he reactanti é S% hhgher concen- tration or dllutlon woul d be

parti cul arfyl8sEFQr Folts MrELERE Ry ¥he@frection of a speci fic reaction.

In practice, the anounts used will depend upon variations in reaction
conditions and-the ngture,Qf the reactant's f the synthesis
net hods descri bed abdve, Fﬁ@ ARARAD G EPtﬁ}?Q% gted from t he
reacilon nhatving thiey forynlal: Ilzatlon Al ternatively, chromatographic
technlques including, but not limted to, normal phase, reverse phase,

i _ OH CH3 NH2

' l |
0 @ D @

H,N

. ﬂi’i’fﬁngié@

NHZ

5. The peptide according to c¢laim 1,
having the formula:

OH CH3
. X 1 S ?“2 ,
; (cd,) 1 (CH,)
: - R 23 2. 2’3
| - § BEE M REH BEEH “
: o o 0
- 6. The peptide acccrdinq to claim 1,
e having ‘the formulas
‘:‘Hz
Q) g ® (C8,);
N Rl 2
B HEH “ BEEK B
o o
This Sheet Has Been Replaced b
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on- exchange, affinity, or gel perneation, ed as _ !r
| ect rophoresis or extraction or other rreans ﬁlﬁ Bﬂ’ﬁﬁ“‘y .
cceptable salts of the peptides of this |nvent|on ' '
onventionally by reaction with an appropriate acr d. The addi tion salts

o formed from addition by acid may be ide¥tified by hydrochloric,

ydr obr,.om c, phosphoric, acetic, fumaric, salicylic, citric, lactic,

ndelic, tartaric, oxalic?s-met ﬁ'&%maﬂi&ﬁ ®ccorting tokelaim 1, The

resent inventiqnaeha? RheVitdesmifaar maceuti cal conpositions which conprise
pharmaceutically effective anobunt of the peptides of this invention,
rpharmacautically acceptable salts thereof, and, preferably, a

har maceutical | y accept abl e carrmmg or adjuvant Ther apeutic nethods of

his invention conprise the step of! ating patients in a phar-

ceutically acceptable Zftner wi tﬁ: seﬁt [ de% conposi tions. Such

onpositions may be in t caplets powder s,

or m of et
ranul es, | ozenges, SYPRRS torie cF@?&h ﬁ% er or liquid
reparations, such as 2 ogal ﬁ gtd Ir garlenfr 31 LN!FZ)I’IS or
)24 H i l
o) L

uspensi ons.

8. The peptide according to claim 1,
having the formula:

B2
ox C=NE
S, ) ‘CH )3

ST BT n":t_n

9. A methed for preparing a peptida
according to claim 1, comprising the steps of
contacting a first protected amino acid or protected
peptide witﬁ‘a second protected amino acid or pro=-
tacted peptide in a suitably inert organic asoclvent
in the presence of a peptide coupling agent.

10. A method for preparing a peptida,
according to claim 1, wherein saild method employs
solid phase peptide synthesis,

11, A method for preparing a peptide
according to claim 10, wherein the solid phase peptide
aynthesis is carried out by contacting a first pro-
tected amiEE_éEiE_SE_EfEEfEEfd peptide with a second

This Sheet Has Been
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‘I'n der 1o obtain conststency of admnistration, it is preferred that a

co sition Is in the formof a Unit dose. The unit dose
pres ntat|o ﬂl“‘“ﬂ“'“mnﬂluﬂlkdn1nlstratlon may be tablets and capsul es and
may fontain eon< tvemtional expedients. For exanpl e binding agents, such
as afacia, gelatin, sorbitol, or pekgwi nylpyrrolidone: fillers, such

protected amino acid or protected peptide in a'suit-
ably inert organic solvent in the presence of a pep=
tide coupling agent, said first protected amino acid
or protected peptide being suitably attached to an
insoluble and inert.resin.

12. The methoed acéording to ¢lainm 9 or
10, wherein said suitably inert organic solvent is
selected from the group consisting of acetonitrile,
chloroform, dichloromethane, tetrahydrofuran,
N,N’'=dimethylformamide, dimethylsulfoxide, N-methyl=
pyrrolidine, diethyl ether, and ditsrtbutyl ether.

13. A method according to claim 9 or 10,
where:n said peptide coupling agent is selected from
the group consisting of N N'-dicyclohexyl-
carbodiimide, l=hydroxybenzotriazole, N,N'=carbonyl
diimidazole, ethyl chloroformate, benzyl chloxofor=-
mate, l-(ethoxycarbonyl)=2-ethoxy=l,2-dihydrogquincline,
and benzotriazoyl=oxy-tris-(dimethylaminio)=phos=
phonium hexafluorcphosphate,

14. A pharmaceutical composition cemprising
a pharmaceuéically effactive amount of a peptide
i according to cln;m 1 and a pharmaceutically acceptable
' carrier.

15. The pharmaceutigil composition
according to claim 14, wharein said composition is
- used to treat pain or gastchintestinal disorders.

1s. The pharmaceutical composition
accordinq'to claim 1.4, wherein said composition may
be in an adminiatering dosage form selected from the
group consisting of a tablet, capsule, caplet,

/
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7- . as lactose, sugar, naize-starch, caIcLuanhggpnggg___QL?Ltol or

| ycing: tabletting lubricants such as nagnesiun1 di sintegrants.
uch as starch, polyvinylpyrrolidone, sodium star m’mi"’m " .
i crocrystalline cellulose: or pharma

'
hadie- 2"

liquid, solution, suspension, emulsion, lozenges,
syrup, reconstitutable powder, granule, and supposis=
tory.

17. A method for treating patients in a
pharmaceutically acceptable manner with a pharma-
cautical composition according to claim 14.

18. The use of a pharmaceutical composition
according to claim 14 for the treatment of pain and
gastro=intestinal disorders.

—_—
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~ceut1gally acceptable wetting agents such as sodium | auryl sul phate.

The s¢lid oral conpositions may be prepared by.conventional nethods of
bIendlng, filling, tabletting, or the |like. Repeated bl ending operations
‘ay be used to distnbute the active agent throughout those conpositions
enpl oying large quantities of fillgrks, Such operations are. of course,
conventicnal in the art. The tablets may be coated according to nethods
wel | known in nornmal pharmaceutical practice, in particular with an enteric
coat i ng. Oral liquid preparations may be in the form of emnul sions,
syrups. or elixers. or may be presented as a dry product for reconstitution
with water or other suitable vehicle before use. Such |iquid preparations
may or may not contain con- ventional additives. For exanple suspending
agents, such as sorbitol, syrup, methyl cellul ose, gelatin.

hydr oxyet hyl cel - | ul ose, carboxynothyl cellul ose. alum nium stearate gel, or
hydr ogenat ed edi bl e fats: enul sifying agents, such as sorb- itan noncol eate
‘or acaci a: non-aqueous vehicles (which may include edible oils), such as
almond oil. fractionated co-

ABSTRACT | R

Peptides are provided which are suitable
for the treatment of pain and gastro-intestinal dis-

orcders, such as diarrhea, and are represented by the
5 structure: -

HZN+_ i- \.-1——‘. e 4 NHZ
2 2 2‘“ '
R R
f\ .
0

0 where valuas for the substituents and n are di-clo-ed
herein. Methods for preparing these peptides by
‘solution and solid phase syntheses are also provided.'
Pharmaceutical compositions utilizing these paeptides
in a pharmaceutically effective amount and mathods

of treatment using them are provided.

&7
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A0 E F+S -2

conut oil, oily esters selected fromthe group consisting of glycerine.
propyl ene glycol. ethylene glycol, and ethyl alcohol; preservatives, for

i nstance net hyl para-hydroxybenzoate, et hyl para-hydroxvhpnvggtc, opy |
par a- hydr oxybenzoat e, or n-butyl parahydroxybertzoate QEPENCWENE(‘S\'E%Taﬂd

I f desired, conventional flavoring or coloring agents For—parenter &
adm ni steration, fluid unit dosage forns may be prepafe gy $$qg§ng t he
peptide and a sterile vehicle, and. depa&nding on the ¢o c % ra '
enpl oyed, may be either suspended or dissolved in the|vahiete—tmprepani ng
solutions, the peptides of this invention nmay be diss Ived In water,

wher eas opi ates used heretofore showed only mar- gi nall—setdbtrtTtyTh
aqueous mnedi a or physiological fluids. Once in solution, the peptide may be
injected and filter sterilized before filling a SU|tabIe vi al.- or anpoul e
and subsequent | y_seal DRRMOPEIN AYALOGS , STBEAR MBI OFadj yyant s, ‘such as
a | ocal anaest hgEf&s Amfgridd o 'U%: e f e )3 S, dlssolved.
in the vehicle nposi tion

may be enhanced by: free2|ng t he conp05|t|on after filling the vial and
removing the Water-und%rechnical Field of the Invention -

. This invention relatas to novel'peptides
of medicinal importance for the treatment of pain
and gastro-intestinal disorders, methods for their
preparation, pharmaceutlcally acceptable compositions
characterized by those peptides, and methods for
treating patients using those oompositions. The
peptides of this invention are characterized by a
high degree of selectivity for the p-opioid receptor.
More particularly, the peptides of this invention
exhibit superior npecificxty for the p-opleid receptor
" when compared with convantional agents. These pep-' '
tides also possess a hidh positive ‘charge or polar
character, making tham’ sparingly lipid . soluble.
Thus, they do not readily permeete the blood~brain
barrier. As will be appreciated by the disclosure
“to follow, the peptides of this invention are partio-_
ularly well=suited for administration as peripherally
acting analgesic and anti-diarrheal agents.

Background of the Invantion

A large number of endogenous peptides found
in various regions of the central nervous gystenm
exhibit opioid activity. This activity is elicited
by compounds, known as opiates, which are described
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vacuun1 e.g. ——4+{Eﬁ%%fﬁj&fﬁrﬁ4ﬂ%'COﬁpOSItlOn Parenteral su ST OIS '
prepared in su% ﬁé& kgbface%arre manner, except that the pBﬁPLMM&E%ISgEFT

be suspended in ther than belng di ssol ved, and, furthner,

sterilization | e by filtration. The peptide |y bey Fﬁg* a7
sterilized, ho ng It to ethyl ene oxide befor uspending it
in the sterile vehicle. A surfactant oLpyetting solution ma
advant ageousl y |ncluded in the conposition to facilitate unfform

di stribution of %I%;ir rracethlc};-qﬁ a?@&ﬁ%hﬁa&'e%@%ﬁ’ﬁ ons of this

I nvention corrprl se anp I cal ectrve anount,"of a tide of this

“invention and Eopcomitantt with yl:mcmplhbtudeapnﬂ peptides i t hey i
Sbout. 8036 by 3‘@?5{??5’“?#& %}%”310‘29@%????‘3%&??‘@ e ch
met hod of ad- disicomeay @msrﬁﬂ-‘os'wce oftmul 53-@5-@(1 ’vﬁ%ﬁtmn al so
provi des a net Eaéeb@ofé.eatmtwOfMé‘ftihOétdhirrhg@ mm;m,s,gﬂch_as
mamal s, Ther., 197, p. 517 (1975); and J. Lord et al., Nature
(London), 257, p. 495 (1977). Three different types
of receptors have been identified. The first, §, -
- ghows a differentiating affinity for enkephalin.
The second, -y, shows an enhanced select1v1ty to-
morphine and other poly-cyclic alkaloids. The thirxd,
kK, exhibits.equal affinity for either group of these
ligands.and preferantial. affinity for dynerphin. -
p-endorphin. appears to bind equally to the p and
§ receptors.. In general,.the py receptors seem to ba .
more involved with analgesic-effects, whereas the
. & receptors appear to deal with behavioral effects,
although the 8 and k- receptora may also mediate
analgesia. . : _
The major. putative. function.for opiates is
their role in alleviating pain. Other areas where
opiates are well-suited for use in treatment are
conditions relating to gastro-intestinal disorders
. (diarrhea), schizophrenia, obesity, blood presaure,
convulsions, and.where seizuxe induction may alle-
viate learning or memory loss.
_ To date, opiates, oploid peptides, and
analogs thereof, have either failed to demonstrate,
- or have demonstrated a limited degree of specificity
" and selectivity for the receptor or receptors to
which they may bind, The less selective and specific
an oplate may be, the greatar the chance that
increased side effects from the administration of
the material will be observed. Since each receptoX
elicits a specific biological response profile,
- certain effects are symptomatic when each receptor
ig triggered. However, when an opiate activates
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i ncl udi ng humans, whi ch conprises the step of adninistering| tREPLAGEMENT SHEET
a pharmaceut |T“e1aSh Hak BeegReplgedinount of a peptide, a pharnaceuficarty

accept abl e sal a pharnmaceutical conposition as desQH IR 1997
above. '
d

peptide used in the treatnment vary,
ependi ng on the seriousness of the disorder, the weight offt e patTent,

the relative efficacy of the peptide-gad the judgment of tHe treating
physi ci an. However, suitable unit dosages in hunans may be between aboutl

0b05 ngy t0 a- eﬁﬂﬂnﬁU%nEOreeaptbke theﬂhﬁokhgxgﬁirmgspenﬂeoprbegmeen

about abgout 5 It n

be adm n| ster %rtﬁaﬁﬁgﬁsg‘*ﬁ%&gy E Woﬁ#%@t?ﬁgéﬁ; 3a§veThU§y

t he tot al daltyaﬂinglgt Bpectrumeofasd.deofefﬂnnns ovldichymay ov m3¥kg. Such

t hera may ext al Kk t ted

manner unt i BOhde SrERFEs.) SHER avetey dike GRiéE0k TheaQudt® L P T

i nvention rrammmeseroﬁnuhESidmbs,t 1 vad Impml%xgﬁmpngéﬁ&set forth. .

Th I t d t tob

TonatCeal 51400 ke DRI pddA e S0t 1, o€ ot Lo 0
e

e scope O IOI’I I n any manner
depression, ‘and the

COnventional opiate peptides have: been
chosen from among enkephalin, endorphin, and dynorphin
‘analogs. Other known opiates are poly-cyclic alkaloid
gtructures such as morphine, naloxone, and levor-
phanol. It is generally recognized that the degree
of complementary affinity hatwsen the structurgl’
characteristics of an opiate receptor and the ligand
which functions as an cplate or opiocid peptide, is
significant to the determination of .receptor selsc-
tivity and specificity. However, recent.reports '
indicate that specific interactions of opioid pep-
tides with various membrane_compartmente may also -
contribute to the ability of these opiates to._selec-
tively interact with gpecific receptors. See R.
Schwyser, Biochemistry, 25, p. 6336 (1986).. .

The term "specificity” refers to the
particular or definitive preference of an opiate or
opioid peptide for one opioid receptor over another.
The term "selectivity" refers to the ability of an’
opiate or opioid paptide to discriminate among several
opioid receptors. For instance, the ratio of binding
inhibition constants, X 6/KIJ is a value that may be
used to measure selectivity. This ratio represents
the relationship of the affinities for binding to
the § and y receptor. A higher value for this ratio
indicates a greater preference of ligand to bind
with the u receptor over the 8 receptor. One conven-
tional opioid peptide analog, H-Tyr-D=Ala=-Gly-
Phe(NMe)=-Gly-0l, has been understood to be the most
i selective opiold peptide analog known to date.
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EXAVPLE l—Sym-he%k—s—ef—I:—%yr osyl - D-argi nyl - L- phenyl al anyl

Sol ution Sy. td repar ati on of

[err]-N Cbz- §etﬁas e pacegyl D argi ni ne : -
[err]-N-Chz- nzyI ether (8.02 mmol) and D- arlgi pi At FEHIEST7
ester (8.0 di ssolved in di chl or onet harje

REPLASERENT ST

21 nl) at OC

N, N - di cycl ohexyl car bod| I mde (DCC) (8. Z? nmmol ) and 1 -hydroxybenzotriazole

" Thisg peptide has recorded a Ki/xi value of 1050.
Leuenkephalin, on the other hand, has recorded a Ki/Ki
value of 0.2. This fractional value raflects a pro=
nounced affinity for the § receptor over the
receptor. Thus, it would be desirable for an opiate
or opioid peptide to demonstrate an increased value
for this binding ratio, thereby generating a greater
preference for p receptor binding and enhancing the

- peripherally mediated analgesi¢ effects ‘related to

these opiates and opioid peptides. .

The class of compounds commonly referred
to as analgesice are normally quite hydrophobic and
thus are extremely well-suited to permeate lipid

membranggs, sush as the blood-braia bdrrle:.r

Due to

this physical capability, these compounds tend. to
bind with opiocid’ receptors of the central nervous
system in’ the brain,_although not necessarily the
game ones. This binding may generate similar side
effects to those attributed to conventional opiates,
.opleid peptide and analogs, "although. the probleme

are likely .td be of a greater magnitude

Similarly, the hydrophobic character of
conventional opiates and opiocid peptidee tends to
delay their" rate of passage through the system.

" Much effort” hag ‘Been placed on improving the adsorp-

““tion: properties of these compounds and decreasing
their capability to tranacend the blood-brain barrier.
“However, since their agfinity and solubility is
greater for lipid materials than for aqueous fluids
of physiological pH, these compounds tend to lodge
themselves in the organs and fatty tissue of the
body. They tend to remain therein for extended

- periods of time rather than being excreted from the
system. The long term toxicity of many of these
compounds is generally uncertain, however any pro=
longed exposure is likely not to be beneficial.
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(HOét) (827 mml) were added portionw se. The mixture was ASREPtHE’EMENT SHEET
f pdtrate_vas -

hour at copstant _jce t erature and then filtered. Th
t ransf er r e3¢ "é‘ funnel and washed successively |w t?gaggeﬁﬁg
bri ne/ 5% : u c acid and saturated brine/ 5% agyequ od&nt4+

bi car bonat e turated brine alone. The or gani’
then dried, concentrated, and the re_sg'_due pur.ified by flasl chromat ography
on silica gel enploy- ing a 3:1 Hexane-ethyl acetate sOtvent—as—an

CHHer o a1 5. Skt ol Y R of sptot,,
peptides have been directed towards the Btabilization
of these peptides against enzymatic or hydrolytic
degradation. It would be extremely valuable to
stabilize these peptides from proleolytic enzymes in
order to improve their pharmocokinetic properties.
Enhanced resistance to enzymatic degradation would
increase the usefulness of these opiold peptidés as
therapeutic agents. However, since they only exhibit
short half lives in vivo, large amounts of such
peptides must typically be administered to a subject
in order to achieve the desired effect, Alternatively,-
smaller quantities may be prescribed to an individual,
but more frequent dosages would be required to achieve
the same level of potency. -

1t is desirable that a peptide meet several -

general criteria in order to be.considered for-any
pharmacological interest. First, a peptide should -
be regilient to proteclytic degradation. -Second, -a
peptide should elicit.an.enhanced biological response.
Third, a peptide must be safe -for human consumvtion.
Fourth, a peptide should be capable of -being produced
in quantities large enough to perform clinical studies
regpecting its toxicity and later for commerciali-
zation. In_the present case, less lipid solubility
properties for the peptide to possess,. to prevent
permeation through. the blood-brain intexrface and to
permit rapid excretion of any excess administered
peptide and its metabolites. Further, it would be
desirable for a peptide to elicit selective and
specific receptor binding potential, in order to
minimize potential side effects resulting from its
ingestion. :

Regarding suitable prqduction quantities

digcussed above, several factors are worthy of

consideration. The method of preparing the peptide
’ THIS SHEET HAS BEEN
REPLACED
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- ghould preferably be simple, efficient, and econom-
ical. That is, the reaction scheme of the method
should contain few steps, afford high overall yields,
and allow a minimum amount of by=product formation.
Moreover, the scheme should preferably utilize
inexpensive reagents and materials.. In this respect,.
inexpensive and reproduceable diagnostic and
‘analytical methods should be incorporatad into the.
production scheme where feagible. Further, the method
should ensure the optical integrity. of the peptide.
by avoiding reagents that will tend to racemize the. -
reactants and products, A racemic mixture of the

- degired peptide is not likely to.. fully exhibit the ..

'desired pharmacological response.’

| The optical .integcity of a compound relatel. :
to its ability to rotate light. . This ability is- "

" measured by an instrument known as a polarimeter,

which utilizes a zerc point reference to base its.

reading, The degree to which: a: chemically pure
material rotateu light indicates: its relative optical
purity. That is, a material may be chemically pure
while belng optically inactive or racemic: The amount
of activity that is observed from a material is often
dependant upon its optical purity.. Two enantiomers,

‘although’ possesslng identical -chemical formulae, may’

have completely different bilological activities., It

is common in_medic@qa;‘apglicat;ons -for a compound

of one optical configuration to exhibit activity and

usefulness, while its optical rotamer or complimentary

enantiomer demonstrates a different activity or is
vholly inert. Thus, where optical configuration is

 important, optical purity, as well as chemical purity
is an important concern. . .

Conventional opiates and opioid peptides
exhibit either no specific and selective binding
preference for opioid receptors, or limited specific
and selective binding preference for those receptors.
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- REPLACEMENT SHEET |
[err]-N-Cbz-L Iyrosyl C>benzy| ether-D-arginyl-t-butyl est rREPLACE
wthtrlflu"ﬂv%%e%ﬁﬁ e‘I}FA) at O[err]C under ni trode f%r g__ 697
hours. The T in vacua to yield t-N-Cbz-L-tyrdsw - b ﬁgbﬁ

ether-D—arg| antltlve yield, suitable for usq i -the-next
st ep. |ng the procedure descri bed herei nabove and t he
appropriate starting materials, thesgpadditional protected: —dipept+des

wer e prepar ed:

[err]- N-ggz Moxeovay - <ih&&vlhpdrcphebmcitwmandaenhanced lipid

Lerr] N O M e OBSIE o Fh B BhEY Toga the blooe-
brain interfaca to snme extent. Further, the combined’
effects of these two phenomena not only establish
the potential for side effects, particularly advaraa
side effects, and those side effects are likely to:.
be varied and intensified due to the centrally
mediated interactions of the opiate or opioid
peptides.’
: Notwithatanding the efforts. placed- against .
these concerns heretofore, there is a need f£or pep=
tides which exhibit a preference for a specific:epioid
recaptor, -especially‘tha u -eceptor. It would be
degirable to design peptides of . less lipid solubility
than that of conventional npiateﬁ ar apioid peptides,
so that the blood-brain barrier would be-impermeable
to these peptides. Further, peptides of high polar
character would normally posseasiaig§§ater tendency
£o become solublized ih'aqueous fluids of physio- °
logical pH, thereby facilitating their .axcration- and-
the passing of their metabolitas from the system.;
It would also be desirable to synthesaze these pep-~ -
tides in a simple, efficient,_and economical: manner -
to facilitate the praparaticn of suitabla quantities-
for toxicological- studiea and commercial Bupplied

while retaining ths optical integrity of the desired-
materialg, ' -

'Summa;x of the Invention

The present invention meets all of the
goals described above. Specifically, this invention
provides peptides which exhibit a preferential selec~
tivity and specificity for, particularly, the p=-oploid
receptor. This invention also provides pharmaceutical
compositions characterized by those peptides, for
the treatment of pain and gastro-intestinal disorders,
Such ag diarrhea. And this invention provides a
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ii] Synthesis of a-N Cbz-L-tyrosyl- O benzyl - et her - D-ar gi ny, HEPDAEEMENT%HEE?

a- N Cbz-L-tyrosyl-O benzyl ether-D-arginine (7.46 nmmol) an

L- phenyl al anyl -t -butyl ester (7.44 nmol) were wel | di sjso vgd%m
di chl oronet hane (20 m) at O[err]C. DCC (7.69 mml) and .

wer e added porti onw se with stirring. The mxture was fal’

was transferred to a separating funnel and.washed successi

saturated bri neiedhed oy prdparing thesd peptidear ded lyimpa(é% aqueous

Then et od, SER{CA At ap t?( PR T

chr omat ogr aphy

(929% .
et her-D-ar gi nyl -

pepdidesn igelhisgtplpi(ebd and. inhsueheaemyl that atheiat e

[err]-NCbz- rosyl Obenz
L- phenyDgl tien Mstheedmmm

trifluoroacetic acid

The peptides of the present inventiorn -

,includejthose representgd by the formula:

HZN—‘—-—X Y+x .YWNHZ -

and pharmaceutically effectlve salts thereof,
wherein R* is a member selected from the group con—-
sisting of hydrogen, Cy~Cq branched or unbranched
alkyl which may or may not ba substltuted by amino
or guanido, phenyl, hydroxyphenxl methoxyphenyl,

' benzyl, hydroxybenzyl, methoxybarzyl, amivobemmyl, |

amidobenzyl, carboxybenzyl, carboxymethylbenzyl, .
cyanchenzyl, fluorobonzyl chlorobenzyl, bremebenzyl.
1odobenzyl mercaptohenzyl, ‘and nitrobenzyl;

R? is hydrogen, methyl, ethyl;

R and R%, taken together with the carhon
atom to which they are attached, form a cycloalkyl
ring containing 3-5 carbon atoms;

X is selected from the group consisting of
C=0, N=H, CHZ' =Q~, C=§, and «=S=;

Y is .gselected from the group consisting of
C=0, N-H, CH,, -0=-, C=8, and ~$-;

St her D-ar gi ny! SFEIRAR Z}%aﬁiﬁfﬁ{ﬁﬁ@ﬁéﬂ@& ad an ol in nigh yield

X and ¥, taken together, represent an clsfin

linkage wherein X and Y each have a hydrogen atom
attached thereto in a cis or trans configuration;
and

This Sheet Has Been Replaced THIS SHEET HAS BEEN
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(TFA) at O[err]C under nitrogen for 0.5 hours. The TFA Was—erBv-ed—ik—vacy
to yield [err]-NCbz-L-tyrosyl-O benzyl REPLACEMENT SHEET
eth rgin I-L phenyl alanine, in quantitive yield, guifable—fer uee i n
the next ste —. Using the procedure described hgrgi r?tiorﬁ @% he
appro EnellR et er i al s, these additional protected ?p des
wer e p
[err] -0 benzyl et her - D norval yl - L- phenylial ani ne
err] -N—Cbz L tyrosy - her Dnorteucyl L- phenyt-=atantme .
aN—[err] N-di - CszIy I-Lt ros O-benzyl, et hqr-D-ar,gi ni n i)
Synthesis of N-Cbz-L-tyr Qﬁ/ tationa’ for R are &Pic en- :

et her - D- ar gi ngublatiitaranis aubﬂuncm Cﬁeuhdl muhgnndeurany cceurring
([aerNr]Cbil- éb;y[ol_%é%%gﬁ\%y %e he,Eh arg ¥igur3t§.r<]:¥1lair rﬂarh i(6 71 mmol ) and
omers. Preferred groupings include branched or L
-unbranched alkyl groups, which may or may- not be sub-
stituted by amino or guanidoe. Partlcularly preferred
gcoups iaclude €,=C5 braached oz unbraached: elkyl
.groups, which may or may not be substituted by. amino
" or guanido at the terminal carbon’ etom. Onie
especlally preferred group represented by Rl is Cq=Cg . -
branched alkyl, which may or may not be ‘substituted
at its terminal carbon by the quanido functioneliuy
and which possesses the D absolute configuratien.-
Another especially preferred group represented by Rl
is C,~Cg unbranched alkyl, which may. be substituted -
at its terminal carbon etom by the emzne £unctione1-
ity. L
Alternatlvely preferred groupings for. Rl
include phenyl or benzyl, which may or may not. be
substituted by hydroxy, methoxy, amino, amido,
carboxy, cerhoxymethyl, cyano, fluoro, chloro, bromo,
iodo, mercapto, oz nitro. Perticulerly preferred
alternative groupings include benzyl and
hydroxybenzyl.

The absolute configuration of a compound
relates to how fig substituents arxe oriented in space
'about_a central atom. This notion becomes gignificant
when coupled with the rigors of chirality. Chirality
involves the identity of the gubstituentas about that
central atom. Thus, in general, a compound is said
to be chiral when four distinctly different groups
are bound to a central carbon atom. These groups may
be spatially aligned in more than one manner without
repeating their individual orientations. That is, a
chiral compound may exhibit a mirror image which is
also chiral. These mirror images are termed meso
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mmol ) wer€ WelT dissotved—n-di chl oronethane (18 ni) at 0 C EEELI(@MB\}T SHEET
mol ) and HUOBE Sheé HI BN Replaciier € added in small increnent|s

stirring. Th I lowed to react for 1 hour at constja ?g}}mﬁ?
tenperature |tered. The filtrate was transfendrqd 3 e
aseparating ed successively with saturated byi

citric acid and saturated brine/ 5% agupgpals sodi um bi carbonafje fol | owed by

saturated brine alone. The organic phase was then dri ed,—comcentt+eated:

and the resi deenw E-htﬂoh\s )| lagfdh e cemeoabebiuts a:owfdaym'cm oying a
1: 1 hexane-et h¥ aq@g& sol'vent as elu nt to,affor ‘i tad .
a- N- Cbz-L-tyr88yph ICORPRA a?’cﬁ ROpRE Ach Faan Yéiate

| anyl - e- |\FC’OZcbm b&nha %%dﬂibibruﬁe'ébﬂfﬂburaeldnﬁ9&%b desig=
[err]-N-Cbz-L- t

et her - D-ar gi n¥} F‘ ﬁ'e- &’aﬁgﬁpﬁwg I@%b‘ihﬁtp’?Eth‘ﬁl FUDRTITHERYA ed i n

met hanol , aptl edih\amtsb].&rmrin @Cblac]awbdemrhcauumwomm of 10%
pal | adium o .“oﬁ%ﬁ%edr%%??’d#%% I indds M8pioparitiay N Wi ﬂet ZVZLS”‘
the nmethanol have no bearing on the direction in which th
. rotate light or whether or not the compounds rotate
-light at all. =~
' The peptides of the presént’inventibh'
exhibit many advantages over conventional opiates
and opioid peptides. For example, they démonstrate
greater activity than that of other peripher;lly_.
acting opioid peptide analogs reported to date.
Further, .the potency.of these- peptides may be as-
high as -about five-timed that of prevzously known
. peripherally. acting enkaphalin -analoys.

The stability cboexved by the-peptides.of -~
the present invention excéeds that of naturally occur-
ring opioid peptides, ‘and is at least équal to that

. of conventionul~opioid-péptiﬁhlanﬁldgs.'iwifhout :
being bound by theory, we believe that the increased
resistance to enzymatic degradation over natural
.opicid peptides exhibited by the peptides of this
invention.is due- to- the- introduction of D amino
acids into-the peptide chaingi-  Thims switeh from L
to D amino .acids neutralizes the digestion’ capabili=-
ties of many of the ubiguitous peptidases found in
the digestive tract. Alternatively, the enhanced
gtability of the peptides of this invention may also
be the result of the introduction of medifications
of traditional peptide linkages. For example, the
introduction of a thicamide linkage may increase the
stability of the peptide. And, enhanced stability
may also be evidenced by: the reduction of the amide
bond to form a secondary amine linkage, the reduction
of an internal ester linkage to yield a ketomethylene
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removed in vacuo to.vyi rosyl D- ar gi nyl - L- phenyl al ar yﬁfﬁmfﬁﬁiﬂi\ﬁhﬁﬂﬁﬂ
g’ﬁsBeenq{erglace ing the procedure described Herermabove—ans

in quantitiv
appropriate st I'HH"H I's, these additional peptidesfwgrey 4 Frn 4997

pr epar ed:
L-tyrosyl - D-norval yl - L- phenyl al anyl -L-om t hyl am de
L-tyrosyl - D-norl eucyl - L- phenyl al anyl - €1&mi t hyl am de

L-tyrosyl - D-argi nyl - L- phenyl al anyl -[ err [err]-dianm nobutyrylam de
L-tyrosyl - D- algnkage,- i tevrersal (ofr they atonge which form an

St a1 $ikerP o S PEKAGh{ the' AR Een e o e
urated linkage, or the placement of an ether or
thicether linkage into the peptide backbone in order
to circumvent the effect of many proteolytic enzymes
known to digest small peptides in the stomach or-
other digestive organ,

The peptides of this invention elzcit
_increased specificity and selectivity with respect
" to their binding preferences to opioid receptors._
specifically, the peptides. of this- invention are -
characterized by a greater specificity and selectivity
for the opiate receptor.that- is most responsibla for
analgesic effects -- the .p receptor == than thit '
exhibited by conventional analgesics utilized to
combat pain caused by imflammatory conditions and:
the like.

Conventional opiates, used heratofbre,to
alleviate pain, exhibit general: binding characteris-
tics for the entire group. of opioid:receptors; -y, 8,
Kk, as a whole. As a result, such Conventional agents’
are typically associated with possible-side effects '
triggered by the ability .of those agents ‘to bind to
more than one opicid receptor.. ‘For-exampls, the Ki/K“
ratio, which illustrates representative binding
affinities, may vary greatly depending on tha conpound
being examined.. Leu-enkaphelin has a racorded value

. of 0.2 for this binding ratio which indicates a pre-
dominance for binding to the & receptor. One
conventional opioid peptide analog, E-Tyr=-D-Ala-Gly-
Phe(NMe)=Gly-0l, has demonstrated a-Kﬁ/Kg value of
1050 which indicates a greater preference- for y-
receptor binding. However, the peptides of the’
present invention demonstrate increased values for
this ratio. A preferred peptide of this invention,
B-Tyr-D-Arg-Phe-Lys-NH,, demonstrated a Ki/Kp value
of 11400. This represents at least about a ten-fold
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1) Preparatlon of a-N-Fnoc-L-phenyl al anyl-[err]-NBoc-L-ly

A EDERT ST
0%
f br 230 FAMULSTS.

fbur portions
(1'PA) and

a0 v y)

[err]- %Slﬁet%thsnR cak, attached to a para-methyl be
resin at |ts |onaI|ty was treated with
di chl or onet h pi peridine at room tenperature
The resin was ect ed, washed successively wth
10 m- dichl ororret hane four portions ofl2® m i sopropanol
dri'ed for subsequent use. A sol ution ot

[err]- N Froc- Lephampement L (0. WM)binddtng pvexr thay ekicitedd to
err]-N-Boc L4 il o td_%@ed by its carboxyl
Egrou]p to a para§I wxhylgbenz udsrl amne %’8 ?%'sm vmt% stirring a%/.

25 C. DCC (0.948 mol) a ﬂmn Xably rneéipteéredm;é@ dde

affeets The

reaction was aﬂhﬁ?h@dﬂdﬁiéh‘%dﬁéﬁéiel demonstrated by conventional

oplates and opioid peptides is not observed by the
peptidea of this invention. Once administered, .the
ligand-receptor interactions occur on the neurons-

of the peripheral nervous system of the brain. Thege
_ peripherally mediated interactions alleviate the.

* adverse side effects and potential dependency concerns
attributed to conventional analgesics. -

' The peptides of thli invention advanta-
conventional enalgesicn beoauae they tend to bind to
- gpecific opiate receptors not. found in _the central
_narvous gystem of the brain These peptides may
carry d high net charge, either positive .or negative,
which make them very polar. Preferably, the peptides
possess ‘a high net pooitive charge in the range of
‘about #1 or higher. Thie high polarity allows them
“to be less solubilized 1n 1ipid material and more
highly solubilized in aqueoua fluids and materials,
preferably agueous fluids of thSiological pE. The

~ low’ hydrophobic character of these peptides minimizes

the Iikelihood that they will permeate the blood-brain
barrier. ' Thius, the peptidel act.as ‘biological
response=modifiers peripherally, by binding to p
receptors located on sensory neurons of the peripheral
nervous system. This prevents noxious stimuli from
reaching the spinal cord and thereby results in an
analgesic effect. , .

Similarly, since the peptides discloased
herein exhibit decreased lipid solubility and tend
not to migrata acrosa tha blood-brain barrier, the
~ likelihood of developing a narcotic addiction such
as that associated with conventional opiates, is
either eliminated or greatly reduced. Thus, the

REPLACED

THIS SHEET HAS BEEN




REPLACEMENT SHEET

2 | FEB 1997

«13=

- progressively weaksr affects that ara cbhooxvod WhHeN
tolerance builds for an opiate or opioid peptide, or
the withdrawal signs associated with dependence or
addition, is not a grave concern with the peptides
of the present invention.

' The peptides of the present invention are

also extremely well-guited for use as anti-diarrheal

agents. The enhanced atability to proteolytic

. degradation and decreased affinity for lipid tissues
" exhibited by these peptides permits them to endure
the environment of the gastro-intestinal tract for
extended periods of time and greatly reduces their
ability to cross the blood brain barrier. This
ability to W1thstand the degradative effect of the
ubiquitous enzymes of the digestive tract and to
remain in the tract without becoming.absorbed into
ite tissue are two characterlstlcs which rendex
these peptldes ugeful in the treatment.of diarrhea.

' The paptideg of thig_inventinn may be pre-
pared by inltially reacting a_first appropriately
protected amino aczd with a second appropriately
protected amino ac1d in an organic solvent inert to
the reactants, in the presence of a suitable peptide
coupllng agent acqordinq to the following scheme:

z-N-C COOR + Nﬁz-éecooft-butyl egter
RZ g2
DeC
HOBL

dzchloromethane, o ¢

Y

This Sheet Has Been Replaced

T

tms SHEET HAS B
REPLACED




after which tine another portion of the protected phenyl & Z
mmol) was added and stirring was resuned for 2 hours ﬁgﬂﬁxiégﬁN?mgéEET

collected. washed with four 1 0 ml portions of DVF. then{fgur 10 ni
portions of |PA and subseqgently dried in preparation|fadr 2 drFRBriag7

reaction. Conpletion of the peptide coupling reactlon wag
t he ninhydrin test. ii) Preparati ommbi=

erified by

[err]- N Froc--L- phenyl al anyl [dFr]

cc-L- Iysyl-reS|n am de was treated

al pha- N- Fnoc- D- ar gi nvl - L- ohenylalanéﬁfe N Cbz-L-1ysyl-regin_am de

with a 5096d|chloronethan%;ﬁududJﬁL -cdbit-butyl ester

.HﬁzuHRz

IFA
° ; This Sheet Has Been Replaced -
P (T
R; . $1.‘ -.:
Z‘¥-$-C-§-C-COOH ]
ORI

o)

wherein 2 is a suitable nitrogen protecting group .

and Rl and R® are a8 defined hereinabove.
peptides may be prepared by utilizing the

The desired
appropriate

_ amino acids and repeating this reection sequence as
required until a peptide with three to ten, amino.
acid residues has been prepared. A suitable depro-

_____

tection method may then be employed to remove speci-
fied or all of the remaining proteoting groups .oxr
the peptide from the resin once the deeired peptide ,

hag been prepared.

The firgt approprietely protected emino
‘acid and, for inatance, an eppropriately protected .
tyrosine may be ‘reacted together in ‘the presence of
a suitable peptide coupling agent in a suitably inert
organic solvent with stirring, shaking, or agitation
to form a protected tyrosine containing dipeptide.

Introducing this dipeptide to. eppropriate

protecting

group removal conditions affords a selectively depro-

tected dipeptide which is well-suited for.

continued

peptide synthesis. Contacting this mono-deprotected
tyrosine containing dipeptide with an appropriately
protected amino acid having a side chain represented
by Rl, described hereinabove, in the presence of a
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erdi ne at roomtenperature for 30 mnutes. The resin was t helERLACEMENT SSHEET
washed successwely vmth four ortions of 10 ml di chl of ofret haneand

four portlons al cohol (1 PA) and dried fpr|s@b$erfrRnog?
use. rr] N Fnoc-D-arginine (0.939 ympl) in DVF (7
n1) was added -L-[err]-NBcc-L-1ysyl resin am de

(0

nmol / g of resin) vmth agltatlon.]_zg..ZS[err]C HOBt (10,939 nmol ) and
DCC (0 939 Mol ) were then added slowly. The reaction was allowed to

proceed for 1- é‘uﬁbub&eaf:égti%' goupling yaes mvvnsmszthb@yednewhed

Tur ther 1 eact | GRORRLRLPGLYBREoMLthe Bk ng. BRAEIRG! oo BTLEATAOM -
verified by thﬂonmmhadprogEGchd tyrdoiﬁeF&cntufnimq ttipeptide.
cther - ar gi nyPREE FEFOPY SRS bpcrepaatast a8 gy Fiuen am pecessary
[err]-N-Fnoc- Ixar?}u:h(ljwe}'”e thengesixed peptilde\ Boc-L:1ysyl resin amr ggmwas
Lenperat ur e for 30, m nut 2o BAEEPR, BF prendatidh "Eof HEPGiRR. B
successi vel y vibhesisurequires. specific functional groups to react
- with other substituents to link amino acid residues
}-in a desired manner to form a peptide possessing a
known and desired. sequence of amino acid residues.
Since amino acids Rossess et leagt two reactive
functional groups, suitable protection, ‘blocking, or
-masking of- these groups is’ required to ensure that
reaction will occur only at specifically desired
gites..

: ‘Thege. profecting groups should be' introduced
to the moiety efficac;ously while their removal should
- be performed. under conditions which do not affect
.other portions of .the molecule. In this manner,
certain reactions end modifications may be performed
on the amino acid, peptide,_or other compound, with
-assurance. that the protected iunctionality will not

' interfere with the desired reaction. Further, by
choosing. e.protec:inq,group that is sengitive and

~ labile to certain reactive conditions, a reaction
scheme may be outlined to edvantageously utilize
thesu characteristics to effectively ‘remove the
protecting group once the synthésis is complete.

. A variety of protecting groups known in
the field of peptide synthesis and recognized by
conventional abbreviations therein, may be found in
T. Greene, Protective Grougs In Organic Synthesis,
Academic Press (1981) Among the preferred protec=-
ting groups that may be utilized for suitable pro-
tection of reactive nuclecphilic substituents
include,.for example, benzyl (Bz), carbobenzyloxy
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portlons f. dlchloronethane and four portions of 10
for subse'gh een °P laced A 5ol ution of [err]-N Froc-L-tlyrQ Ef‘ﬁgﬂ@ﬂ%ﬂ%&
-lphke-

et her (0. 9 (7 M) was added to D-arginyl-L e
nyl al anyl - ysyl resin amde (0.929 mmol /g of| res?r) MY A"
agitation at 25[err]C DCC (0.929 nmmol ) and HOBt (0.939 ; 1
added portionwi se and the reaction pegéseded for 1-2 hourqg. The resin was
t hen col |l ect ed, washed with four 10 m portions of DMA—f.aur 10Q nj
portions of %z)a,netabw@lxjowéuﬂhor gefduorenylmethyiexyof the

pepti de couplq

re ct wgs verified by the nlnhydrlntest i v)
Prepar ati on (qa {/ﬁ“?? rginyl-L- phenyl al anyl -L-1ysyl am de by Treat ment

of the Resin WI t h Li quiCoupling of améno] amlémcmhthomgy - belne |

h D d d wth
P Ll e Y EARPRE fa "ReE e @eﬁir%fikfbs 3 e%"'“?i’f‘ﬁi “Sutt de.
and t hi oani S(jmal(]D peptided: invrogtat toc pept _ﬂerﬁ)lﬁomprlsﬁﬂt ~evaporation
of the sol venirediley idhiobis 62 Hnif6! uedd Telithay o weetic acid. The

I
adHeots 50 uaccompllshed by employing established techniques in
the field of peptide chemistry. A b;gegirange_of

guitable reactions are described in E. Gross and

'J. Meinhofer, 4 The Peptides: Analysis, Synthesis,

Biclogy; Modern Techniques of Peptide and Amino Acid
Analysis, John Wiley & sons, (1981) and M. Bodanszky,.

Principles Of Peptide Szgthesiee_Sp;;nge;7Verlag__
(1984). The peptide coupling.agents which may be
used to assist condensation of amino and carboxylic
acid moieties include N,N'-dicyclohexylcarbodiimide
(Dce), X, N'=carbonyl diimidazole (CDI), l=-hydroxy
benzotriazole (HOBt), ethyl chloroformate, benzyl
chloroformate, 1-(ethoxycarbonyl)-2-ethoxy-1,2-di-
hydroquinoline (EEDQ), benzotriazoyl=oxy=-tris=-
(dimethy)amino-phosphonium. hexafluoro phosphate. .
(BOP) and the like. A preferred technique uses DCC
as the coupling reagent. The Dcc'method may be.used.
with or without. catalytic additives such as 4-di-
methylaminopyridine (DMAP), copper (II) chlorlde or
EOBt to hasten the reaction and suppress the racemi-
zation of the desired compound.

The DCC reaction is often periormed at
roon temperature but may be carrled out from about
=78°C to gentle reflux in a varzety of solvents that
are inert with respect to the reactants. The sol-
vents are normally organic solvents which are polar
and aprotic. Preferred solvents include, for example,
dichloromethane, chloroform, diethyl ather, tetra=-
hydroform (THF), N,N'-dimethylformamide (DMF), and
the like. Particularly preferred solvents are
dichloromethane and DMF. In general, the ceupling
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washed Wth di et hyl et her (30 M), eluted with water and |y p‘?#W"\?@MEf'“E SHEET
dryness. ﬁissh@tﬂndaeﬁ licgd was di ssol ved I n 92% aqueousjadetic acid (25

rﬂ) and pu gel filtration an a Sephadex G 25{cql ¢ REBHAEA
acetic aci

s the eluant foll owed by reverse phage
chronatogr y enp

oyl ng a C18 packed colum with a |inear gradi ent of
1 % TFA in 0-80% rret hanol -water as a <blvent. EXAMPLE 2 Plharnacol ogi cal

Assay of L-tyrosyl-D arginyl-L-phenylal anyl-L-lvsvlanm de in Mce A
group of mal e TEBLTA0R may Q/@raréﬂikﬂﬁ(ﬁ%cét(é%OﬂnbfrgﬁrPrﬁﬁﬁé‘élﬁed

Intraperitoneql 4 Wepedatutd ¥¥ L7PW to reflux for a pericd of
between 1 and 48 hours. Preferably, the reaction is
carried out at about -10°C to 25°C with stirring,
shaking or agitation, over a period of between 4 and
6 hours.

' An alternative synthetic- approach for pre=-
paring the peptides of the present invention can be
effected via the Merrifield solid phase methodology

“and its known variants. Thus, a Merrifield resin is
prepared by well-known solid phase peptide synthesis
methoda. A covalently attached a-amino acid residue,
attached at its carboxyl functionality or, similarly,
a peptide with-a free -terminal amino functionality

- may be carried by said resin. Alternatively, said
residue may be attached to said resin at its amino
functionality. - Preferably; this resin is para-methyl-
benzhydrylamine resin when a peptide amide is desired,
although cther resing known in the art of solid phase
peptide synthesis may alsc be ‘advantagecusly employed.
Treatment of 'sald resin-with ‘appropriately protected
amino acids to afford desired amino acid residues in
the peptide chain under-staridard solid phass peptide
synthesié condittons affords the desired product.

“Once “the-desired ‘peptide ig agsembled, the

compound 86~ formed ‘may-be-entirely fraed of its pro=
tectinq groups according to well-known protocols,
such as; for example,-treatment with:liquid hydrogen
fluoride (HF). Where, however, the peptide requires
selective removal of the protective groups, usually
from an amino terminus, suitable reaction conditions
must be employed. The Boc protected amino ‘func=
tionality of amino acid derivatives and tarminal
amines of peptides may be removed, e.g., by treatment
with cold trifluorcacetic acid (TFA) at 0°C under
suitable atmospheric conditions, e.g., adjusting the
PE to between about 8 and 9. Under these conditions,
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| REPLACEMENT SHEET
wei ght of msghewﬁol ution of 2-phenyl -1, 4-benzoqui none (PB@+—aceorecihg—40

.the proced laced Sj egnund et aI Proc. Soc. Exp! EBl cﬂm,s Efgg g?
p. 729 (19 l m ng and contortional novements of {tH hy
fol |l ow ng observed and recorded. Another ¢roup—of—mee—wefe

adm ni stered L-tyrosyl-D-arginyl-L-phenyl-ala- nyl-L-1ysy}jam de
(H Tyr-D Arg- Phe-Lys-NH2) 20 mi nut ed=fh8m0r to injecti on WTirPBG—Fhe
average nunber of withes was established and the percent inhibition of

writhing novegiatise 1,ca¢wlboheﬂz DoxFDahd athent Probéating groaps ny/ kg
00 51 oor oo kLSBT Tootl gl s, U 06 AGthedonne O
mce after ve&eﬁ\mm mstpmteuted peisrtd.dma!agedie mixedtinod
;I;t-cl)-)cglLC&A;gdg®%€%#1y§$%séﬁ?ng%ﬁ' W%%%}S rr'%%ﬂé@rgnz ESE see Tabl e
1 infra). Thisqiesus thagit ceondithansk THheDongardie-36kutiPR; r] produced -
ﬂ‘T; pc rD_eif gd Fﬁéﬁ'{am eé’éid eaﬁf%b"h&%d Ho 18RS | §r NP4 £ YroL
tected peptide with free amine functionality, may
then be dried and concentrated to afford the free
amine derivativa. :
Where Bz or Cbz is utilized as a pro-
tecting group, hydrogenation is the appropriete
means for effecting the removal of these groups.
Hydrogen gas- is passed over a solution of the pro= -
tected material in an alcoholii or other sovent
provided the solvent is not halogenated, and a
catalytic amount of a palladium on activated carbon
~ catalyst is added.  The hydrogenation vessel is
shaken or stirred until a stoichiometric amount of
~ hydrogen has been absorbed and the material has been
; suitably reduced and freed: of its. benzyl or carbo-
benzyloxy protecting groups.
When Fmoc is used as 2 portecting group
for amino acida, peptides ox Merrifield resin deriva=
tives, the corresponding.: free amino group ‘may be
generated-selectively by treatment with piperidine-
in DMF under suiteble:atmoepheric and thermal
conditions.:
By employing 1iquid HF containing dialkyl
sulfide with anisole and thiocanisole under suitable
conditions at a temperature of =78°C to 0°C, the
peptide may be obtained free from all of the indi-
vidual protecting groups of the component amino acid
residues.
The amounts of the reactants utilized in
the aforementioned reaction, as well as the conditions
required to facilitate reaction and encourage effi-
cient completion may vary widely. However, in

\V
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[

ral Versus Central Actions, Br. Phay neeplig
93. p. 85 ( anti - noci ceptive effects of 21 1057
H Tyr-D Arg- Phe Lys-NH2 were antagoni zed by a prior intrapgritoneal
adm ni stration of 10 ng/kg of N-nmethyklBevallorphar (NW.),| a peripheral
opicid antagonist. In the presence of this antagonist the analGesT¢ ED[ETT]

(2)f OH- T}/rk D(¢r dJy -tHe amounTh mroﬂsmdtﬁrdE&Oeﬁ\pM@ (t"ﬂi?ll}ﬂwce nfra) to

ab i i S_increase 4 old i ncrease jn
t he EgD509vaI ud® a,qzti, kﬁ%ﬁvﬁ"?lﬁ{ ﬁﬁﬁgﬁgngﬁ'§%?§%?? %%ogrpﬁ c‘ﬁtpal%om st s, -
such as NM.. dubwtameisllptstobchbonetricai unless athethwseapadie

e simi|ar SRy, "N dre EELeRrE Caxdabils s R

produce its armla;mwmmefgemetabhyaheldt ata ot i to mhe)meaatm.ptors in
e DT, Y ingt atbateaRital e Wit yiidd st e
partlcularly useful for influenczng the diraction of
a specific reaction. In practice, the amounts used
. will depend upon variations in.reaction conditions
" and the nature of the reactants.

‘In any 'of the synthesis methods described
above, the desired’produets may-be isolated from the
reaction mixture by crystallization. Alternatively,
chromatographic ﬁochnique: -inoluding, but not limited

“to, normal phese, reverse phase, ‘ion-exchange,

. afflnlty, or gel permeation, -may -‘be-employed, as
well as electrophoresis or-extfaction: or-other means.
| - Pharmaceutically acceptable salts of the
peptides of this inventicn may be- farmed convention-
ally by reaction with an’ appropriate acid:..The addi-
tion salts S0 formed from addition by. acid may be
identified by ‘hydrochloric, hydrobromic,: phosphoric,

 acetic, fumaric, salicylic, citric,-lactic, mandelic,

. tartarie. oxaIzc, methanesulphonic, and the like. .

_ The present’invention alsoc provides pharma=-

ceutical compos:tione which  comprise a pharmaceuti-
cally effective amount of the-peptides of this
invention, or pharmaceutically acceptable salts
thereof, and, preferably, a pharmaceutically accept-
able carrier or adjuvant. Therapeutic methods of
this invention comprise the atep of treating patients
in a pharmaceutically acceptable manner with those
peptides or compositions. 'Such compositions may be
in the form of tablets, c¢apsules, caplets, powders,
granules, lozenges, suppositories, reconstitutable
powders, or liquid preparations, such ag oral or
sterile parenteral solutions or suspensions.

conpar abI e to nmorphine in 9 similar assay. See R Fol | enf aptRERLAGEMENT SHEET
Ant i noci cdibtmswtﬁ iﬁ“‘ﬁk t he Novel Opioid Peptide BWM43Jd cpmpared—with
Cl assi cal “
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anal getic

when anal y
hot - pl at e

: i ¢-ef fects; -estab
that the am a3BeenfReplicgd t i nes | ess active under those|cfnditions than

REPLACEMENT SHEET

IShed an EDerr] of 24 ng/kg. Thl&EP#APE@ngt%ET

ﬁ"vvrl thing test. For experinental|ptoQotdfEREH t he

-20-

In order to obtain consistency of adminisg-
tration, it is preferred that a composition of the
invention is in the form of a unit dose. The unit
dose presentation forms for oral administration may
be tablets and capsules and may contain conventional
expedients. For example binding agents, such ag
acacla, gelatin, sorbitol, or polyvinylpyrrolidone;
fillers, such as lactose, sugar, maize-starch, calcium
phosphate, -sorbitol or glycine; tabletting lubricants
‘such as magnesium stearate; disintegrants, such as.
gtarch, polyvinylpyrrolidone, sodium starch glycollate
or microcrystalline cellulose; or pharmaceutically
acceptable wetting agents such as sodium lauryl
sulphate. : ,
The golid oral compositions may be prepared
by conventional methede of :blending; £illing,
tabletting, or the like. -Repeated blending operations
may be uged .to distribute the: active agent throughout
those compositions employing:large.quantities of
fillers. Such operations.are; of course, conventxonals
in the art. The tablets may be coated according to .
methods well known in-normal. pharmaceutical practice,
in particular with an enteric coating. _

Oral liquid: preparations may be.in. the .
form of emulsions, syrups,- or.elixers;- or may be
presented as a dry product for reconstitution with
water or other auitable vehicle before use. Such
liguid preparations may or may -not contain conven-
tional additives. . For ‘example suspending agents,
such as sorbitol, syrup, methyl cellulope, gelatin,
hydroxyethylcellulose; ‘carboxymethylcellulose, alum-
inium stearate gel, or hydrogenated edible fats;
emulsifying agents, such as sorbitan moncoleate or
acacia; non-aquecus vehiclas (which may include edible
oils), such as almond oil, fractionated coconut oil,
0ily esters selacted.from the group consisting of
glycerine, propylene glycol, ethylene glycol, and
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G Wolte aﬁélsﬂheeﬂksanaleﬂacea'he Eval uati on of the Anal ges BERLACRMENT SHEET

Pet hi di ne FN noral )", J. Phar- macol. Exp.} Ther., 80, - 0
(1944). In a i's performed on nor phi ne, a decr paget ¢TEhia7
five fold was o serv mthe PBQ test to the thermal |i nduction test.

See R Follentant at al.. supra. This loss of activity far

H Tyr-D- Arg- Phe-Lys-NH  err] indicates tRat a hi gher degrde of peripherally
medi at ed anal gesic effectiveness is possessed
~ ethyl alcohol; preservatives, for instance methyl

para-hydroxybenzoate, ethyl para-hydroxybenzoate,
n=-propyl para-hydroxybenzoate, or n-butyl para-
hydroxybenzoate or sorbic acid; and, if desired,
conventional flavering or coloring agents,

For parenteral administeration, fluid unit
dosage forms may be prepared by utilizing the peptide
‘and a sterile vehicle, and, depending on the concen=-
tration employed, may be either suspended or dissolved
in the vehicle. In preparing solutions, the peptides
of this invention may be drssolved in water, whereas
opiates used heretofore showed only marginal solu-
bility in aqueous media or physiclogical fluids.,
Once in sclution, the peptide may be injected and
filter sterilized before filling a suitable vial or
ampoule and subeequently sealinq the carrier or
storage package. AdJuventa, such as e “local anaes-
thetic, a preservatrve or a bufferlng agent, may be
_dissolved in the vehicle prior to use. Stability of
the phermeceut;cal composrtion may be enhenced by
freezing the composztron after flllrng the vial and
removing the water under vacuum, e.g., freeze drying
the comp031tlon.' Parenteral suspensrons may be pre-
_pared in. substentielly the same manner, except that
the peptlde Should be suspended in the vehicle rather
than being dissolved and, further, ‘sterilization is
not acheivable by filtretion. The paptide may be
steril;zed, however, by exposing it to ethylene oxide
bafore suspending it in the sterile vehicle. A sur-
factant or wetting solution may be advantageously
included in the composition to facilitate uniform
distribution of the peptide.. |

The pharmaceutical compos:nlons of this
invention comprise a pharmaceutically effective amount
of a peptide of this invention and a pharmaceutically
acceptable carrier. Typically, they contain from
about 0.1% to about 99% by weight, preferably from
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by thin peptide. Oral analgesic activity was observed |f FPLACEMtNT SHEET
Tyr-D- Arg- Phe-Lys-NH2 at a dosage of 200 ng/kg. This anal ggsijc activit

was observed to be antagonized by NML as reflected in Tabl¢ 3 idflr RER %ﬂ?
thus, the activity was denonstrated to be of a peripheral {ndfure.

EXAMPLE 3 Bi oassays and Bi ndi ng Assgﬁ Opicid recepfor affinities of
pepti des according to this invention B determ-ned by di 4placenent of

selective ra- pout 104 to about 60% by weight, of & peptide of
this invention, depending on which method of admin-
istration is employed.
The present invention also provides a method
for treatment of pain or diarrhea in patients, such
as mammals, including humans, which comprises the
step of adminstering to the patient a pharmaceutically
effactive amount of a peptide, a pharmaceutically
acceptable galt theraof, or a pharmaceutlcal composi~
* tion as described above.,
The dosage of the peptide used in the
treatment will vary, depending-on the seriocusness of
- the disorder, the weight of the patient, the relative.
efficacy of the peptide and the judgment of the
treating physician. However, suitable unit dosages
in. humans may be between about 0.05 mg to about
100 mg. For example, a .unit-dosage may bhe .from -
between about 0.2 mg to about 50 mg. Such a unit.
dosage, described hereinabove, may be administered
more than once a day, e.g., two or_three times a
day. Thus, the total daily dosage is in the range
of about 0.01 mg to 10 mg/kg. . Such theracy may extend
for several weeks, in an intermittent or uninterrupted
manner, until the patient's symptoms are eliminated.
In order that this inventlon.may-beabetter
understood, the following examples. are.sat.forth.
These examples ara for the purposes of illustration
only, and are not to be construed as: limiting the
scopes of the invention in any manner.

This Sheet Has Been Rep
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dioligands fromrat brain nenbrane preparations. These gtuees—were-
perforned in accordance with the procedures outlined in BEPLAGEMENT SHEE';‘
Bi ophys. Res. Commun., 85, p. 1322 (1975). [3H DAGO and [ JH-BStEF—at 772
and 0.78 nM respectively, served as radioligands, and |rcqpat QR Saq) re
performed at 0-C for 2 hours. In vitro apioid activitieg$ jof the pept des
di scl osed herein were determ ned basexon inhibition of | electrieatry—evoked
contractions of the guinea pig ileum (GPl) and the nouge vas deferens
(MVD). The GPI assay is represent atBXAMPLE X\ receptor i MeEracttons—even
t hough the ileumalso contains [err] receptors. The [err] receptor

i nteractions are char Syndhesds mf lettyrosyl-D+ahgikpgleL=-val ues for

nal oxone as an antagoni st pEhemlaldnyl+L<lysybamide the | ow Kl err] val ues

(1-2 nM observed with [err] receptor l.igands. |In the MWD assay, opioid
effects are prlna#DIy i3 eceptors. although [err] and [err]
receptors also exist in_this tissue,. K[err] -val ues_for nal oxone as an

~ePBnLnb¥rasyl~n t he MWD

ant agoni st were deternﬂﬁed
e _of these peptjdes on the

assay due to the very |ow

vas deferens. a~N-Cbz-L~tyrosine~0O-benzyl ether (8.02
mmol) and D-arginine-t-putyl ester (8.0 mmol) were
well dissolved in dichloromethane. (21 ml) at 0°C.
N,N'=dicyclohexylcarbodiimide (DCC). (8.27 mmol) and
1=hydroxybenzotriazole (HOBt) (8.27 mmol) wers added
portionwise. The mixture was stirred for 1 hour at
constant ice temperature and then filtered. The
filtrate was transferred to a separating funnel and
washed succesaively with saturated brine/5% aqueous
citric acid and saturated brine/5% agqueous sodium
bicarbonate fcllowed by saturated brine alone. The
organic phase was then dried, concentrated,. and the
residue purified by flash chromatography on silica
gel employing a 3:1 hexane-ethyl acatate solvent as
an eluant to obtain the a~N-Cbz-L-tyrosyl-O-benzyl
ether-D-arginine-t-butyl ester as an oil in high
yield (93%). .

.. @=N=Cbz~L-tyrosyl~O=benzyl ather-D-arginyle
t=butyl ester was treated with trifluoroacetic acid
. (TFA) .at 0°C under nitrogen for 0.5 hours. The TFA
was removed in vacuo to.yield a=N=Cbz=L=-tyrosyl=0-
-benzyl ether-D-arginine, -in-quantitive:yield, suitable
for use in the next step..

Using the procedurs described hereinabove
and the appropriate starting materials, these addi-
tional protected dipeptides were prepared:

¢=N=Cbz~L-tyrosyl=O-benzyl ether-D-

MTIEAONNZ Y

norlvaline

- :This Sheet Has Been Replaced
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The GPI and MVD bi oassays were carried out follow ng the pprotocal descripe
ln Schi supra and DDMaio et al., J. Med. Che REQ_EAGEWE'\W
(1982). (ggeedmexeenneels%@)nse curve was constructed with|l gu.enk eph §HEET

utilized a or each ileumand vas deferens repaj gt }.p 1097
I err]. va “HN) ned for the tested peptides by wtijl izing ° t’rra
Cheng and uatlon where 1.3 and 2.6 nM were us¢d He+—thew—m
di ssoci ati on constants of t3H DAGO ang4f3HI- DSLET, respegtively. These

val ues were then nornalized. The K[err] val ues for nal oxorne—as—a

ant agoni st were determ ned qum.cbg-z.atymoafyll-q-équy/]aleibhe.n-b@m'ned in the

presence of a fi,xed ,nal oxone concentration and then in the absence of a
fi xed nal oxo rét?r’r’c‘é‘rﬁ ation.

These val ues are denonstrated in Tables- -4, 5,
and 6 infra. In the [[ar-nl}l-l-&medanbal-rig-la@g(alsrL-terIine-o-

Rbout el gnt BUTAEE MO er'r] - recapt or Sfrinty than | eu-enkephal ine fts
[err]-receptor affinity relative to the Iatter e tide was nearly 1000
times lower, as deterniikd iSyRbhept D!i[3 TBng assay. These
results indicate that this pEYtoaE dpg%ﬁ% rther
arginyl=L= yla anine
-N-Cbz-L-tyrosyl-o-benzyl ether-D-arganxne
’(7 46 mmol) and L-phenylalanyl-t-butyl ester (7.44-
mmol) were well dissolved in dichloromethane (20 .ml)
at 0°C. DCC (7.69 mmol) .and HOBt (7.69-mmol) were
added portionwise with stirring. The mixture was
allowed to react for .l hour.at constant ige: tempera-
ture and then filtered. The filtrate was tranaferred
to a separating funnel .and washed -successively with
saturated brine/5% aquecus citric acid and saturated.
brine/5% aqueous sodium bicaxbonate .followed by
gsaturated brine alone. The organic phase was then
dried, concentrated,. and the residue purified by
flash chromatography on silica gel employing a 2:1
hexane-ethyl acetate solvent as.an eluant.to afford
the ¢=-N-Cbz-L~tyroayl-O-benzyl. ether-D-arginyl-L~ -
. phenylalanyl-t-butyl ester as an oil in high:yleld
(92%).

a~-N=Cbz=L=tyrosyl=O-benzyl ether-D=arginyl-
L-phenylalanyl=t=-butyl ester was treated with tri-
fluoroacetic acid (TFA). at 0°C under nitrogen: for -
0.5 hours, The TFA-vwas removed in vacuo to. yield
a=N-Chz=L=tyrosyl-O=benzyl ether-D-arglnyle-phenyl-
alanine, in quantitive yield, suitable for use in
the next step.

| Using the procedure described hereinabove
and the appropriate starting materials, these addi-
tional protected tripeptides were prepared:

a=N=Cbz~L~tyroayl=-0-benzyl ether-D-

norvalyl-L-phenylalanine '
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cel I.ent—[—eH'—]——-r—ecapl@r_s_eJ_ectlw ty, as indicated by the verﬁEHL&BEMﬂUT(SHEET ]

t'he bi ndipg bi t| constant determ ned at the [err]- jand=tHe
[err]-rece rr] =1880). Reduction of the net s ty \(;@;!f ge
by one uni tltutlon of asparagine for omthijn |n p0$| |on 4

pr oduced a ase in [err]-receptor affinity and afTve—fotd

I ncr ease |n [err]-receptor affinity. {gerefore by carryifng a net charge
of 1[err], only a noderate preference®far [err]-receptors OVEr

[err]-receptors(K[err]/K[err = 37.7 S strate ni ng_the
side chain in position 2, by 41% é&%si‘ FUFP T)B &? gc eh‘@xe%—
prlrem abl yt aﬂ.’é&cgrl-&hq:D Haqe]mmnmedl ng affinity and sel ecti vi tyd ]

nal ogs containing a D-arginin Si cond basic
residue in position 4, carri f#fﬁérbsﬁg?"&y@%it %ﬁﬁe char ge

of - 3+. These anhlemylrédﬁie!FxDsangiaing high affinity for the

[err]-receptor but displ ayed even |lower [err]-receptor affinity. The
nost sel ective peptidg e N th a Klerr]/Klerr]
ratio of 11400. This pe §¥%§£>£§9 B ¥E§§§;§f§¥ffi?l

hen lalan 1=¢-N~-Cbz=L«lysylamide

_ -N-Cbz-L-tyrooyl-o-benzyl ‘other-D-arginyl-

iL-phenylalanine (6. 71 mmol) and £=~N=-Cbz-L-lysylamide
(6.70 mmol) were well dissolved in dichloromethane
(18 ml) at 0°C. DCC‘(G 82 mmol) and HOBt (6.92 mmol)
were added in small increments w1th_st1rr1nq The
mixture was allowed to react for 1 hour at constant
ice temperature and then filtered. The filtrate was
transferred to a separating funnel and washed succes-
sively wztb saturated brlne/57 aqueous citric acid

- and saturated brlne/S% agqueous sodlum bicarbonate
£0llowed by saturated brine alone. The organic phase -
was then dried, concentrated, and the residue puri-
fied by flash chromatography on silica gel employing
a 131 hexane-ethyl acetate solvent as an eluant to
'afford the a-N-cbz-L-tyrolyl-o-benzyl ether-D-arglnyl-
L-phenylalanyl-e-N-cbz-L-lyaylamzde as an .oil in high
yield (%2%). .

g=N=Cbz-L-tyrosyl=0O=benzyl ether-D-arginyl-
L-phenylalanyl-¢=N-Cbz=L~1lysylamide was dissclved in
methanol, purged with argon, and treated with a
catalytic amount of 10% palladium om activated carbon.
Hydrogen gas-waa-passed over the system with agitation
for 0.5 hours. -The mixture was filtured through
Celite and the methanol was removed in vacuo to yield
L-tyrosyl-D-arginyl-L-phenylalanyl-L-lysylamide in
quantitive yield.
Using the procedure described hereinabove

and appropriate gtarting materials, these additional
peptides were prepared:

THIS SHERT HAS BL N
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mor e p-sel ective than DAGO (K[err]/Klerr] = 1050) .V\:hiCh hit herto had
generally been regarded as one of the nost selective [err
)Ip@%‘i’ﬁ EMENT SHEET

avai l ab The recept or binding profiles of these opi
anal ogs % th the nenbrane conpartment con-fcépt discussed |n
Schwyze:ﬁ‘;ﬁnm t| ng the positive charge from1 + {o}29 §rFB8 1997
resul tedli ]-receptor affi r} ty, possibly, but nct necessarily
due to the i ncreased accurul ati on of thé peptides carrying a hi gh positive

charge in the anionic fixed-cha t er

P-receptors are thought to beﬂl ggsﬁsgipgﬁ}@%w%% ﬁ]ﬁ .

augnent ati on ofrnithybanidee charge V\Athl n this series of compounds Ieads

to a progressive decrease in gz r.' fl{dh T ﬁénﬂiﬁiﬂﬁ??l-y due to
n Sin the poglf

the increasing el ectrostati rep arged-agueous
conpart nent V\/rﬁrtﬂf-'ma Fnhget o the menbr ane corrpartrrent concept, contains

[err]-receptors. L-tyrosyl-D-arglnyl-L-phenylalanyl—
¢, §=diaminobutyrylamide
L-tyrosyl-D-arglnyl-L-phenylalanyl-L—

ornithylamide
: L-lysyl-L—tyrosyl-D-arqinyl-
phenylalanyl=-L-lysylamide

b) Solid Phase s!gthesi
i) Preparation-of a-N-Fmoc-L-phanylalanyl-
g=N«-Boc=L=1ys zl-res;n amida
| d-N-Fmee-2 -N-Doe-L-Iysine, attachod to &
para-methylbenzhydrylamine resin at its carboxyl
functionality, was treated with a.50% dichlordmethane .
~solution of piperidine at room-temperaturs for 30
minutes. The resin was then collected, washed -
successively with four portions of 10 ml dichloro-:
methane, four portions -of 10 ml isopropanol .(IPA)
and dried for subsequent use..
A solution of a~N~Fmoc-L-phenylalanine .

(0.948 mmol) in dry DMP (7 ml) was added to erN-
Boc-L~lysine (0.632 mmol/g o resin), attacnea oy

its carboxyl group to a para-methylbenzhydrylamine
Merrifield resin, with stirring at 25°C. DGC (0.948
mmol) and EOBt (0.948 mmol) were added portionwise.
The reaction was agitated for 1.8 hours after which
time another portion of the protected phenylalanine
(0.040 mmsl) ywas addod and otirring was raswmad far
2 hours. The resin was collected, washed with four
10 ml portions of DMF, then four 10 ml portions of
IPA and subseqently ‘dried in preparation for further
reaction. Cumpletion of ths paptide aoupling
reaction was verified by the ninhydrin tast.

TH
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ii) Preparation of alpha-N-FmoE'
D-arginyl-L-phenylalanyl=-g-N-Cbz=-
L-lysyl-resin amide

a=N=-Fmoc-L~phenylalanyl=e-N-Boc~L=1ysyl=
resin amide was treated with a 50% dichloromethane
solution of piperdine at room temperature for 30
minutes. The resin was then collected, washed
successively with four portions of 10 ml dichloro-

‘methane and':pur portions of 10 ml isopropyl alcohol
. (IPA) and dried for snhassmant’ use.

A solution or'a-N-Fmbc-D-arginine'(0.939

" mmol) in DMF (7 ml) was added to: L-phenylalanyl=Lec-

N-Boc=L=1ysyl resin amide (0.632 mmol/g of resin)

with agitation” at 25°C.  HOBt (0.939 mmol) and DCC
(0.939 mmol) wers then added slowly. The reaction was
allowed to proceed for 1-2 hours' after which time

the resin was collected, washed with four 10 ml por-
tions of DMF, four 10 ml portidns of IPA, and dried
for further reactiom.  Completion of the peptida
ccupllng reaction wag verified by the ninhydrin test.

111) : Preparatzon of a=N~Fmoc=L~tyrosyl=
O=benzyl ather=D=arginyle-L=
‘phenylaranyl-s-N-Boc-L-lysyl

- regin amides . .

a-Nmebd-Ddarginyl-L;bhehYIﬁlahyl-e-N-Boc-Ld
lysyl resin amide wag treated with a 50% dichloxo-
methane solution of piperdine at room temperature
for 30 minutes. The resin was then collected, washed
successively with four portions of 10 ml dichloro-
methane and four portions of 10 ml IPA and dried for
subseguent use.

A solution of a-N-Fmoc=L-tyrosine=O-benzyl
ether (0.929 mmol) in DMF (7 ml) was added to
D-arginyl-L-phenylalanyl-e¢=N-Boc=L=lysyl resin amide
(0.929 mmol/g of resin) with agitation at 25°C. DCC
(0.929 mmol) and HOBt (0.929 mmol) were added por-
tionwise and the reaction proceeded for 1-2 hours.

THIS SHEET HAS BEEN
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The.IC[ err ) ratios obtained were generally}censrderably
| over t hayhidshet BaBeasppReing Klerr]/Klerr] ratios determingd|im thegR 1837

bi ndi ng as [ herein. This was illustrated with pegtides of the
present in the fact that many of these pepti dg¢s sttowed hi gher
pot enci es ) y than was expected on the basis off the

[err]-receptor affinities determ ned_;_jé'u_t he [[err] H DSLET bitdt™mgassay and
relatively | ower potencies in the GPI"assays in relation to the neasured

o111 ecent e ALt UGS Wat e iIddd AR B D0n E50Y 1675

unexpect edl y encies o

portions of DMF, four 10 ml portiens of IPA, and
dried for further reaction. Completion of the
peptide coupling reaction was verified by the
ninhydrin test.

iv) Preparation of LétyrdsjleD-
arginyl-L-phenylalanyl-L= -
lysylamide by Treatment of .

the Regin with Liquid HF ' .
g¢=N=-Fmoc-L=tyrosyl-O-benzyl ether=D-arginyl-
L-phenylalanyl-¢=N=Boc-L=lysyl-resin amide was treated.
with liquid hydrogen fluoride (5 ml) containing ani=
sole, dimethyl sulfide, and thiocanisole. (0.5 ml 1:1:1
v/v) at 0°C for 1 hour. After evaporation of the
solvent, the regidue was dissolved in 10% agueous
acetic acid. The aqueous..solution was. washed with
diethyl ether (30 ml), eluted with water and lyophil=~
ized to dryness. The crude peptide was dissclved in
92% aqueous acetic acid (25 ml) and purified first
by gel filtration on a Sephadex: G 25. column with an.
acetic acid solvent as the eluant followed by reversa .
phase chromatography employing a_C,a packed column.
with a linear gradient of 1% TFA_ in. 0-80% mathanol-
water as a solvent, . T
 ERANBLE 2
Pharmacological Assay of L-tyrosyl=D- -
arglnxl-n-ghenxlalanxl-Lflxslamide ¥n Mice
A group of male.CDl Charles River.albino
mice (18g=-22g) were injected intraperitoneally with
0.3 ml/20 g body weight of a 0.02% solution of
2-phenyl~1l,4-benzoquinone (PBQ), accdording to the
procedure degcribed in Sie¢gmund et al., Proc. Soc.
Exp. Biol. Med., 95, p. 729 (1957). The writhing and
contortional movements of the mice over the following
.15 minutes were observed and recorded. Another group

.
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REPLACED




of thesé apioidpeptide—anal ogs in the NVO assay are possi
necessar i Ityis Sibtetat BeeR Reliidiponal interactions with [err]-recg
al so found erens. The relatlvely | ower poten
assay may M‘mm,, ﬁf a sonewhat |ower "efficacy" at

[err]-rece vely, these discrepancies between
and bi oassay data may be due to a dlffg ent degree of nons
adsorption of these highly charged nol &Cul es in the variou

Low K{er 1] vabiyeq A vjdAd' ddf Atk Bed Bl ey B b D- i Ay LT

[err]-receptor _interactions an |on
K-receptors oRlamyl=lewkys kﬁmﬁée[GﬂrﬁyreaeﬁﬁﬁPPhﬁﬂ&

 REBLACEMERT, sEET

Ci €S 1Tn the GP1
rhe 2 1 FEB 1997
bt ndi ng assay

pecific

5 tlssues

n mnth
%m d

denonstrate | r h st nong t he
opi oi d pepti g!g&hu';tleggafn*ﬁ {;'& %ﬁ HE‘E%OZEW%%H?B@% e gxér%ﬁ%?y hlggh
prefer- ence N’}F‘g ﬂﬁr"@@e Qﬁswégeﬁss an ﬁ?ﬂgm%etﬁan 10 times
as [err]- deteshhibm%idXKZI %Ehtﬁ iaﬁbGemEnkhew@ﬂrdamﬁuaitﬂ@ r epgpt or

PPt . b, W b g, 60, Soh R

regression-line method. The EDg, wgs_defined ag
that dosage of drug which reduced by half the number
-of writhes obtained in PBQ challenged mice after

. vehicle administration.

. The analgesic effects of H-Tyr-D-Arg-Fhe-
Lys-NHz, when examined: by the PBQ writhing test,

. produced a dose-dépendant xnhibltlon of the
-movements (see Table: 1 infra).. Thls result

writhing
indicated

that H-Tyr-D-Arg—Phe-Lys-NH pnoduced an increased
anti-nociceptive activity. The analgesic potency of
H-Tyer-Arg-Phe-Lysfuﬂz wag found to be comparable

to morphine in a similar assay. See R. Follenfant

et al., YAntinociceptive- Effacts of the Novel Opioid
Peptide BW443C compared with Clasaical Opiates;
Perzpheral ‘Versus Central Actions", BE} J. Pharmacol.,

93, p. 85 (1988).

The anti=-nociceptive effects of H-Tyr—D-

Arg—Phe-Lys-Nﬂé were antagonized by a prior

intra=-

peritoneil administration of 10 mg/kg of N-methyl
levallorphan (NML), a peripheral opiocid antagonist.

In the presence of this antagonist, the analgesic

EDgyq of H-Tyr-D-Arg-Phe-LysANHQ was increased fronm

0.6 mg/kg (Table 1 infra) to 2.0 mg/kg (Table 2
infra). This increase represented a 3.4 fold increase
in the ED;, value. It is known that quarternary

salts of opioid anagonists, such as NML, do

not pene-

trate the blood-brain barrier. They have bgen
reported to merely produce a peripheral antagonist

effect. Contrastingly, in a similar study,

NML did

not antagonize morphine =-- which is known to produce

. THIS SHEET HAS BEEN

REPLACED




conpound represents the nost selective [err]-agoni st reporte@EPEAg%M%m SHEET
Because of its high positive charge, H Tyr-D Arg-Phe-Lys-NH2 host |1 kel

will not be able to cross the blood-brain barrier to any silgn fp_ohrﬁi&ig‘l?nt
It may thus be the case that, aside fromits high [err]-recjepjor
preference, this anal og may al so show pronounced sel ectivitly for peripheral
versus central receptors.

Table 1 I nhi bi t'or0)7 Ef f ect of

H Tyr-D- Arg- P IEM? o] e |

Dose ng/ kg ;;Es %f?@%?%@ QnW;_ tl.'r‘]""'-%%ly'rcer}'{“&}o?%c"?l on
15 receptors 1n the braxn 0.25 :

18 As8lysis of H-Tyr-D-Arg-Phe-Lys-NH,

utilizing a mouse hot-plate, an assay which only
detects sensory induced analgeni¢ effects, establish=
ed an EDg, of 24 mg/kg. This illustrated that the
peptide was forty times less active under these
conditions than when analyzed in the PBQ writhing
‘test. For experimental protocol with the hot=plate
‘assay, see G. Woolfe and A. MacDonald, "The Evaluation
of the Analgesic Action of Pethidine Hydrochloride
(Demoral)", J. Pharmacocl. Exp. Ther., 80, p. 300
(1944). In a similar analysis performed on morphine,
a decrease of only five fold was observed from the
PBQ test to the thermal induction test. See
R. Follenfant et al., supra. This loss of activity
for H-Tyr-D-Arg-Phe-Lys-NHz*indicafé&:théﬁ'a higher
degree of peripherally mediated analgesic effective-
ness is possessed by this peptide.

Oral analgesic activity was:-observed for
Tyr-D-Arg-Phe-Lys-NH2 at a dosage of 200 mg/kg.
This analgesic activxty was observed to be’ antagonlzed
by NML, as reflacted in Table 3'infra, and, thus,
the activity was demonstrated to be of ‘& peripheral
nature. '

EXAMPLE 3

Bicassays and Binding Assays
Opioid receﬁtér agfinitieé of peptides
according to this invention were determined by dis=-
placement of selective radioligands from rat brain
membrane preparations. These studies were performed

This Sheet Has Been Rep laced
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15 90 Evaluation of this cllzqtgggdﬁﬂh
resulted I n ue of 0.6 ng/kg.
Table 2° Antagonlst Ef fect of N Methylajleval | ophane (NM MNT DIt on
PBQ i nduced Withing by H Tyr-D Arg- Phe]Lys NH2 Dos¢ ny/ kg

fom

No. of Mce "in accofddnchfwith the RRdcedures oufEifi8Al iR OLection
Schiller et al., Biophys. Res. Commun., 85, p. 1322
(1975). -[3E]DAGO and [3H]DSLET, at 0.72 and 0.78
nM, respeactivaly, served as radioligands, -and incuba-
tions were performed at 0°C for 2 hours. In vitro
opiold activities of the peptides disclosed herein
were determined based on inhibition of electrically
evoked contractions of the guinea pig ileum (GPI)

- and the_mquse vas deferens (MVD). The GPI assay is

: repregsentative -for y receptor interactions, even
though the ileum also contains x receptors. Tha «
receptor interactions are characterized by relatively
high Ke values for naloxone as an antagonist (20-30
nM), in contrast to the low Ke'values (1-2 nM)
observed with u receptor ligands. In the MVD assay,
opiocid effects are primarily mediated by 8 receptors,
although p and x receptors also exist in this tissua.
Ko values for naloxone as an antagonist were deter=-
mined with the GPI praparation but not in the MVD
assay due to the very low potency shown by all of
these peptides on the vas deferens.

The GPI and MVD bicassays were carried out
following the protocol described in Schiller et al.
supra and DiMaio et al., J. Med. Chem., 25, p. 1432
(1982). A log dose = response curve was constructed
with leu-enkaphalin utilized as a standard for each
ileum and vas deferens preparation. ICsy values
were obtained for the tested peptides by utilizing
the Cheng and Pruscff equation, where 1.3 and 2.6 nM
were used for the dissociation constants of [3H]DAGO
and [3E]DSLET, respectively. These values were then
normalized. The Ko values for naloxone as an antage
onist were determined from the ratio of 1Cg5qy Values
obtained in the presence of a fixed naloxone concen-
tration and then in the absence of a fixed naloxone
concentration. These values are demonstrated in

Tables 4, 5, and 6 infra. THIS SHEET HAS BEEN

REPLACED
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resulted in an ED[err] value of 2.0 rg;ikg.

In the [3H]DAGO binding assay, H-Tyriﬁ-Nva-
Phe-Orn-NH,, while carrying a net charge of 2+ and
showing about eight times higher u-receptor affinity
than leu-enkephalin, its 6-receptor affinity ralative
to the latter peptide was nearly 1000 times lower,
as determined in the [3H]DSLET binding assay. These
results indicate that this peptide digplays excellent

u-receptor selectivity, as indicated by the very
high ratic of the blnding Anhibition constant deter=
pined at the &- and the p-receptor (K /x“ = 1880).
Reduction of the net positive charge by one unit
through substitution of asparagine for ornithine in
position 4 produced a ten~-fold decrease in p=-receptor
affinity and a five=fold increase in §=-receptor:
affinity. Therefore, by carrying a net charge of
1+, only a modarate preference for p-receptors over
§=receptors (Kg/xg = 37.7) is demonstrated. Length-
ening the side chain in position 2, by the substitu-
tion of norleucine, did not appreciably affect the
receptor binding affinity and selectivity.

Analogs containing a D-arginine residue in

- position 2 and a second basic residue in position 4,
carried a further increased net positzve charge of
3+. These analogs retained similarly high affinity .
for the p-receptor but d;splayed even lower a-recepf'”n
tor affinity. -

Tha most selective peptide was H-Tyr=-D-Arg-
Phe-Lys-NH, with a K:L/K"l ratio of 11400. This pep-
tide is ten times more p-selective than DAGO (Ki/K“ =
1050) which hitherto had,generally been regarded as
one of the most selective p-agonists available.

The receptor .binding profiles of these
oploid peptide analogs are consistent with the nmem-
brane compartment concept discussed in Schwyzer,
Bupra. Augmenting the positive charge from 1+ to
2+ or 3+ resulted in higher u=-raeceptor affinity,
possibly, but not necessarily, due to ths increased

THIS SHEET HAS BEENM
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accumulation of the peptides carrying a high positive
charge in the anionic fixed-charge compartment of
the membrane == where u=receptors are thought to be
located. On the other hand, the gradual: augmentation"
of the positive charge within this series of com=
pounds leads to a progressive decrease in §-receptor
affinity. This is presumably due to the increasing
electrostatic repulsion in the positively charged
.‘agqueous compartment which, according to the membrane
compartment concept, contains §-receptors.

The ICg (MVD)/IC (GPI) ratios obtained
were generally considerably lower than the corre-
sponding Kz/Ki ratios determined in the binding assays
described herein. This was illustrated with peptides
of the present invention due to the fact that many
of these peptides showed higher potencies in the MVD
assay than was axpected on the basis of the §=-receptor
affinities determined in the [ H]DSLET binding assay
and relatively lower potencies in the GPI assays in
ralation to the measured py-receptor affinities in the

[ H]DAGO binding assay, The unexpectedly high
potencies of many of these opioid peptide analogs in
the NVD assay are possibly, but not necessarily, due
to additional interactions with p=receptors which
are also found in the vas deferens. The relatively
lower potencies in the GPI assay may be the result
of a somewhat lower "efficacy'! at the l-receptor.
Alternatively, these. discrepancies between binding
~assay and bioassay data may be due to a different
degree of nonspecifi& adsorption of these highly
charged molecules in the various tissues.

Low K, values, as illustrated in Table 6
infra, are typical for p-receptor interactions and
rule out an additional interaction with k-receptors
on the ileum, since k-receptor interactions would -
demonstrate much higher Ko values.

THIS SHEET HAS BEEN
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Table 3 Inhibitory Effects of H Tyr-D-Arg-Phe-Lys-NH2 on p%i?hﬁ@&%‘&& SHEET

Withing and Antagonist Effect of NML on Inhibition

by H Tyr-D-Arg-Phe-Lys-NH2  Peptide Dose -NM. Dose ngAkd 2 4 FEB. 1987
M ca Avg. No. of Withes Percent Protection. no/lkg

26 200 30 . 7

79

P Y. 2

The most selective among the opioid pep-
tide analogs, H-Tyr-D-Arg-Phe-Lys-NH,, showed
extremely high praeference for u-receptors over §-
receptors, being more than 10 times as p-selective
as DAGO. On the haazs of the. extremely high receptor
selectivity ratio (Km/xi 11,400) observed with
.H-Tyr-D-Arg-Phe-Lys-NHZ, ‘it may be concluded that
this compound represents the most selective py-agonist

.'reported to date. :

Because of its high pOSlthe charge,
H-Tyr-D—Arg-Phe-Lys-NH2 most likely will not be unable
to cross the bloocd-brain barrier to any significant
extent. It may thus be the case that, alide from .
its high p=-raceptor preference,‘thls analqg,may also
show pronounced: selectivity for peripheral versus
central receptors. -

Table:1"

Inhibitory Effect of H-Tyr-D-Arg-Phe-p-Lys-Nﬂf
on PBQ=-induced writhinq'

Dose  No. of  Avg. No. .  Percent
mg/kg  Mice - of: writhes_ Protectioq(
- 15 P

0.28 15 a8 28

0.375 10 15 a0

0.5 . 15 11 57

1.0 15 7.5 70

2.5 15 2.5 90

Evaluation of this collected data resulted in an
‘g, value of 0.6 mg/kg.
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o Tabl e 4 | REPLACEMENT SHEET
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[ 3H DAGO ( 3H] HSLET 21 FER 1997
Klerr] rel. pot. Klerr] rel. pot.
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Table 2

Antagonist Effect of N-Methyl Levallophane (NML)
on Inhibition PBQ=induced Writhing by
H-Tyr-D-Arg—Phe-Lys-NHé

g;zgg giégif 2¥g§r¥gﬁes gggggggion
- 5 28 -
0.5 5 25 11
1.0 5 17 40
2.5 5 12 58
4.0 S-SR 1 . . 98

| Evaluation of this collected data resulted in an
~ Ebgg value of 2.0 mg/kg.

xabie 3

InhiBitory Effects of
l:‘!--'.'L‘:n:--D-In:‘g-l’he.-.-1‘..3(-NE2 on PBQ=-induced
Writhing and Antagonist Effect of
NML on Inhibition by E-Tyr-D-Arg-Phe-Lys-NE,

 Peptide NML No. o'f | Avg. No. Percent
Doge Dose Mice of Writhes Protection
mng/kg mg/kg '
- - 15 26 -
200 - 30 7 79
200 10 .10 17 28
_—
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H Tyr - D- Nva- Phe- Om NH2

H Tyr - D- N\va- Phe- Asn- NH2

H Tyr-D- N e- Phe- Om NH[ err ]
H Tyr - D- Af g- Phe- A2bu- NH2

0. 0002

9290 0.0003
19200 0.0001

1280 0.002

Leu- enkephal i n

_H-Tyr=-D~Arg-Phe-0
. H=-Tyr-D-Arg=Phe=Lys-NH
H-Tyr=D-Ala~-Gly-Phe(NM3)-Gly-o1 (DAGO)

H Tyr-D- Arg- Phe- Om NH err ]

H Tyr - D- Arg- Phe- Lys-NH err]
H Tyr-D- Al a- A y=3ée( N\e) - d y- ol

Binding Assays of Opiocid Peptide Analogs

2200 0.0012
441 0. 0057

il ol o
RURNENE N
=~NO®
o o

Table 4 9. .43

REPBACEMERT QPfRET
"7 ?f%f%z e

BAGQ)
1.22

25 1
e=\J

Compound aB]DA

H-Tyr-D-Nva-Phe-OrnrNHé 1
H-Tyr-D-Nva-Phe-Asn-NH ' - 11,
E-Tyr-D-Nle—Phe-Orn-NH 1
H-Tyr-D-Arz-Phe-A%bu-Nﬁ 5
1
1

n-N‘Ez

Leu-enkephalin 9.43

8 ok
Ky /XY

1880
17.7

2130

2180

7740

11400
1050
0.27
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2200 0.0012
441 0,0057
2870 0.0009
12600 0.0002
9290 0.0003.
13200 0.0001
1280 0.002
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Table §
Guines Pig Ileum (GPI) and Mouse Vas. Daferans (MVD)
Assay of Opioid Peptide Analogs
Compound L GPI M
ICso rel. pot. Ic50 rel. pot.
H—Ty:-D-Nva-Phe-Orn-NHz 106 - 2.36 271 0,042
H-Tyr=D=Nva-Phe-Asn-NH ' 181. . .1,36 2210 0.0052
HeTyr-D-Nla-Phe-Orn-NE2 168  1.46 ° 3200 0.00408
. B-Tyz-D-Arg-Phe-A,bu-NA, 257 0.96 659 0.0173
. HeTyr-D-Arg-Fhe-0%n-NK. > - 346.  0.71. 1090 0.0105 -
H-Tyz=D~Arg=Phe~Lys~ ... 338 0.73 781  0.0146
E=Tyr-D-Ala-Gly-Fha (NMZ)-Gly-cl (DAGO) . .8.69 . 950 0.012
- . .ot i 28 )
Ley-enkephalin 246 1 11.4 1
MVD/GRL
50 ratie
2.61
12.2
13.6
2.56
2.31
33.6
0.0463
Tabla 6 |
X, Vilues (N&iotoné)“&f'Pblitively Ciarged Opioid
Peptide Analogs in the Guinea Pig Ileum Assay
_ Compound - K.

n-ry:-n;nva-th-ozn-ini " 1,55
H-Tyr-D=Nva-Phe~Asn=NH-' .- 2,08
H=Tyr-D-Nla=Phe~Orn-NK 1.01

E-Tyr-D-Arg-Phe=A,bu-f, 1.32

E-Tyz-D-Arg-Phe-Ofa-NE, 1.26

H-Tyr-D-Arg-Phe-Lys=NHS o 1.17

H-Tyr=D-Ala-Gly-Phe (Ni&)=Gly~c1 ' (DAGO) 0.80

Leu-enkephalin 1,53
. This Sheet Has Been Replaced THIS SHEET Has ;
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H Tyr-D- Nva- Phe- Om NH err ] . 104 2.36 271 .0.042
=38

In order that the invention described
herein may be more fully understeed, the fallnwing
examples are set forth. It should be underatood
that these examples are for illustrative purposes

only and ars not to be construed as limitinq.this
inventisn in aly wanner.

Th1s Sheet Has Been Replaced
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H Tyr - D- Nva- Phe- Asn- NH2 181 1.36 2210 0.0052

H—T -D- N e- Phe- Om NH2 168 1. 46

004 #H?TVT‘I}-AF@— Phe- Al er r] bu- NH2 Pﬁﬁ%gmgw SHEET
659 0 01 Ar g- Phe- Om NH2 346 0,
1090 0.0 M'”"'”'"mm,' L\?g Phe- Lys-NH[ err] 2 13BER ’@5-;3
781 0.0146 "H Pfyr*D- Al a-d y- Pheéé\ll\/b) dy-ol (IDAGO) 8. 69
950 0.012 Conti nuati on
of the Table on the next page

CLALMS

1. A peptide represented by the formula:

Rl /R R
HZN +— X~ '1—' i 4 ; This Sheet Has Been Re laced
®\®) ® “ N

and pharmaceutically acceptable salts thereof,
wherein Rl .is selected from the group consisting of
hydrogen. cl-c7 branched or unbranched alkyi which
may or may net be substituted by amino or guanide,
phenyl, hydroxyphenyl, methoxyphenyl, Behzyl,
hydroxybenzyl, methoxybenzyl, aminobenzyl, amido-
benzyl, carboxybenzyl, carboxymethylbenzyl, cyano=-
benzyl, fluorobenzyl, ch‘orobenzyl bremobenzyl
iodobenzyl, mercaptobenzyl, and nitrobenzyl;

" R2 ia hydrogen, .methyl, ethyl,
or Rl and Rz, taken together ‘with the carbon atom to
which they are attached. form a cyclealkyl ring
containing 3 = 5 caibon atomsf

X is eelected £¥om “the "group cuneisting of,

 c=0, W-H, CH,, 0=, C=8,:and “B=p .
' Y is—seldbted‘from‘the'qreup~censisting of
C—O, Niﬂ' CH},'-O-,—C—S, and ~Sw=j.on-

X and ¥, takeﬁ'teqether, repreeent an oclefin
linkage wherein X and Y each have a hydrogen atom
attached thereto in a cis or trans configuration;

" and '

nis 1-7.

2. The peptide according te claim 1, wherein
Rl is 01-07 branched or unbranched alkyl, which may

or may not be substituted by amino or guanide, Rz is

hydrogen, X ia €=0, Y is N-H, and n is 2-4.

THIS SHEET HAS BEEN
REPLACED
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3. The peptide according to claim i . —
wheresin Rl is benzyl or hydroxybenzyl R is hydrogen,
X is C=0, Y is N=H and n is 2-4,

4. .‘.I‘he peptide according to claim 1,
having the formula:

OH CH3 NH2
l i

5. The peptide according to claim 1,
having the formula:

OH .
@ (332)3 O (ca '
H N ——NH,
H x-za“an ﬂaa“ '

_ 6. The peptide according to claim 1,
having the formula:

Ty
{
. OH -  c=MH NH,
@ ‘sz’a @ (CHz)2
H,N
H

Y ERH Y

This Sheet Has Been Replaced

THIS SHEET HAS BEEN
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: 7. The peptide according to claim 1,

having the formula:

N,
oK c=m NE,
@ (cn2 )a @ (cr-xz y «

H,N

TpETRTHT

8. The peptide according to claim 1,
having the formula:

E2
- OH C=nu
(CHy) @ <ca 23 O
H,N

i it J::H n’”i_ﬂj

9. A method for preparing a peptide
according to claim 1, compfiainq the steps of
contacting a first protected amino acid or protected .
peptide with'a second protected amino acid or pro=
tacted peptide in a suitably inert organic aolvent
in the presence of a peptide coupling agent.

10, A method for preparing a peptida,
according to claim 1, wherein said method employs
solid phase peptide synthasis,

A method for preparing a peptide
claim 10, wherein the solid phase peptide
carried out by contacting a first pro-
acid or protected peptide with a second

11,
accoxrding to
aynthaesis is
tected amino

This Sheet Has Been Replaced
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protected amino acid or protectad peptide in a suit=
ably inert organic solvent in the presence of a pep-
tide coupling agent, aaid first protected amino acid
or protected peptide being suitably attached to an
insoluble and inert. resin.

12. The method according to claim 9 or
10, wherein said suitably inert organic solvent is

- selected from the group consisting of acetonitrile,

chloroform, dichloromethane, tetrahydrofuran,
N,N'~dimethylformamide, dimethylsulfoxide, N-methyl=
pyrrolidine, diethyl ether, and ditertbutyl ether.

13. A method according to claim 9 or 10,
wherein sald peptids coupling agent is selected from
the group consisting of N,N'-dicycloheryl-
carbodiimide, l-hydroxybenzotriazole, N,N'=carbonyl
‘diimidazole, ethyl chloroformate, benzyl chlorofor=-
mata, l-(ethoxycarbonyl)=2-ethoxy=l,2-dihydrogquinoline,
and benzotriazoyl=oxy-tris~(dimethylaminio)=phos=
phonium hexafluorophoasphate,

12, A pﬁafmaceutieal composition cemprising
a pharmaceuéically effactive amount of a peptide
according to claim 1 and a pharmaceutically acceptable
carrier.

15. The pharmaceutieal composition
according to claim 14, wherein said composition is
used to treat pain or gastro-intestinal disorders.

1s. The pharmaceutical composition
according to claim 1.4, whersin said composition may
be in an adminiatering dosage form selactsd from the
group consistinq of h tablet, capsule, caplet,

Th1s Sheet Has Been R laced
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Ki ~

T A,

H Tyr-D N'e- Phe- On NH err]
H Tyr - D- Ar g- Phe- Al err] bu- NH2 -43- -
H Tyr-D- Arg- Phe- Om NH err ]

2 11F5B 1997
2.08
1.01

1.32

1.24

H Tyr - D- Ar g- Pldguisi, NHdlution, suspension, emulsion, lozenges, 1.17
HTyr-D-Al a- Gé§gayi(ﬂﬂggn§1¥£&iable powder, granule, and supposi- ( DACO:

0. 80
tory.

17. A method for treating patients in a
pharmaceutically acceptable manner with a pharma-

ceutical composition according to claim 14,

18. The use of a pharmaceutical composition
according to claim 14 for the treatment of pain and

gastro-intestinal disorders.

ThlS Sheet Has Been. R
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DERMOPHIN ANALOGS, THEIR METHODS OF PREPARATION
PHARMACEUTICAL COMPOSITIONS, AND METHODS OF
THERAPEUTICAL TREATMENT USING THE SAME

ABSTRACT

Peptides are provided which are suitable
for the treatment of pain and gastro-intestinal dia-
orders, such as diarrhea, and are represented by the
gtructure:

e T
RZ \\ 2 A R? “
o

where values for tha substituenta and n are diaclosed
nerein. Methods for preparing these peptides by .
solution and solid phase syntheses are also provided.
Pharmaceutical compositions utilizing these peptides
in a pharmaceutically effective anocunt and methodg

of treatment using them are provided.

. This Sheet Has Been Replaced
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DERMORPHIN, THEIR METHODS OF PREPARATION, | REPLACEMENT SHEET
PHARMACEUTICAL COMPOSITIONS, AND METHODS OF
THERAPEUTIC TREATMENT USING THE SAME 02 FEB 1098

Description

Tachnical Field of tha Invantion

This invention ralates ta navel paptides of medicinal importanca for the treatment of pain and gastro-intestinal dis-
orders, methods fer their preparation, pharmacsutically accaptable compositions characterizad by those peptides, and
mathods for treating patients using thasa compositions. The peptides of this invention are characterized by a high degres
of salactivity for the u-opicid recaptor. Mara particutarty, the peptidas of this invention exhibit superiar specificity for the
p-opioid receptor when compared with conventional agents. Thesa paptides also passess a high positive charge or
polar character, making them sparingly lipid sclubie. Thus, they do not readily permeats the blood-brain barrier. As will
he appreciatad by the discicsurs ta fallow, the peptides of this invention arae particularly well-suited for administraticn as
peripherally acting analgesic and anti-diarrheal agents.

Background of the Invention

A large number of endegencus peptides found in various regions of the central nervous system exhibit opioid activity.
This activity is elicitad by compounds, known as gpiatas, which ara dascribed as substances which bind to opioid ra-
ceptors. Concomitant with the muititude of peptides which demanstrata opicid activity was the phamacoiogical discovery
of the existence of muttiple opicid recaptors. See W. Martin et al., J. Pharmacol. Exp. Ther,, 197, p. 517 (1975); and
J. Lord et al., Nature (Londan}, 257, p. 495 (1977). Threa diffarent types of recaptors have been identified. The first, §,
shaows a differentiating affinity for enkephalin. The second, i, shows an enhanced selectivity to morphine and other
poly-cyclic alkaloids. The third, x, exhibits equat affinity for either group of these ligands and preferential affinity tor
dynomphin. 8-endorphin appsars to bind equally to the t and 3 recaptors. In general, the u receptors seem to be mora
invalved with analgesic effects, whereas the 3 racepters appear to deal with behavioral effects, aithough the 5 and x
racepters may also mediate analgesia.

The major putative function for opiates is their role in alleviating pain. Other areas where opiates are well-suited for
use in treatmant are conditions relating to gastro-intestinal discrders (diarrhea), schizophrania, obesity, blood pressure,
convuisions, and where seizure induction may allgviate leaming or memory loss.

To date, opiates, opicid peptides, and analegs therecf, have aither failed to demonstrate, or have demonstrated a,
limited degrae of specificity and selectivity for the receptor or recaptors to which they may bind. The less selective and
specific an opiate may be, the greater the chanca that increased side effects from the administration of the material will
be obsarved. Since each raceptor elicits a specific biclogical response profile, certain affects are symptomatic when
each receptor is triggered. However, when an opiate activates more than cne receptor, the biological response profile
for each raceptor is affected, theraby potentiating a spectrum of side effects which may or may not be adverse. Such
adverse side effects include heaviness of the limbs, flush or pale complexion, clogged nasal and sinus passages, diz-
Ziness, depressian, and the lika.

Canventional cpiate pagtides have baen chasen from amaong enkephalin, endarphin, and dynorphin analags. Other
known opiates are poly-cyclic alkaloid structures such as morphine, naloxone, and levorphanol. It is generally recognized
that the degree of complementary affinity between the structural characteristics of an opiate receptor and the ligand
which functions as an opiate or opioid paptide, is significant to the determination of receptor salectivity and specificity.
Howaever, racent reports indicate that specific intaractions of opicid peptides with various membrane compartments may
also contribute to the ability of these opiates to selectively interact with specific receptors. See R. Schwyser, Bicchem-
stry, 25, p. 6336 (1986).

The tarm “specificity” refers to the particular or definitive preference of an opiate or opicid peptide for one opioid
receptor over another. The term “selectivity* refers to the ability of an opiate or opicid peptide to discriminate ameng

several opicid receptors. For instancs, the ratio of binding inhibition constants, K:IK‘;. is a value that may be used (o

measure selectivity. This ratio represents the relationship of the affinities for binding to the § and §t receptor. A higher
value for this ratio indicates a greater preferencs of a ligand to bind with the u receptor over the 5 receptor. One con-

'ventional opioid peptide analog, H-Tyr-D-Ala-Gly-Phe(NMe)-Gly-01, has been understood to be the most u selective

opioid peptide analog known to date. This peptide has recorded a K?/K';" value of 1050. Lauenkephalin, on the other

hand, has recorded a KflK‘i‘ value of 0.2. This fractional value reflects a pronounced affinity for the § recaptor over the

W receptar. Thus, it would be desirable for an opiate or opicid peptide to demonstrate an increased value for this bindin_g
ratio, thereby generating a greater preferance for u receptor-binding and enhancing the peripherally mediated analgesic
affacts ralated to thesa opiates and apioid peptidas.
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Tha class of compounds commanly refarred te as analgesics are normally quite hydrophabic and thus are extremely
wall-suited to permeale lipid membranas, such as the blocd-brain barner. Oua to this physical capability, these com-
pounds tend to bind with opicid racaptors of the central narveus systam in tha brain, although not necassarily the same
onas. This hinding may genarate similar side effects to thasa attributed to conventional cpiates, opioid peptide and
anaiogs. although tha problams ara likely to be of a greatar magnitude. '

Similarly, the hydrophobic character of conventional opiates and opicid peptidas tends to delay their rata of passage
through the systam. Much effort has been placad cn improving the adsorption proparties af thesa compounds and
dacreasing thair capability ta transcend the blced-brain barrier. However, since their affinity and solubility is greater for
lipid matarials than for aqueous fluids of ghysiological pH, these compounds tend to lodge themsaives in the organs
and fatty tissue of the body. They tend to remain therain for extenced pericds of lime rather than being excreted from
the system. The leng term toxicity of many of these compounds is generally uncartain, howsver any prolonged expcsure
is likely not to be beneficial.

Recent advances in the field of opicid paptides have been directed towards the stabilization of thesa peplides against
enzymatic or hydroiytic dagradation. It would be extremely valuable to stabilize thesa peptides from proleciytic enzymes
in order tc improve their pharaocokinetic properties. Enhanced resistance to enzymatic degradation wauld increass the
usefuliness of thesa opicid paptides as therapeutic agents. However, since they only exhibit shart hatt lives in vivg, large
amaunts of such paptides must typically be administered to a subjact in ardar to achieve the desired effect. Altamativety,
smaller quantities may be prescribed to an individual, but more frequent dosages would be required to achieve the same
lavel of patency.

1t is desirable that a peptide meet several general criteria in order to be considered for any phammacciogical interest.
First, a paptide should be resilient to proteoiytic degradation. Second, a peptide should elicit an snhanced biclogical
respanse. Third, a paptide must be safe for human consumption. Fourth, a pegtide should be capabia of being produced
inquantities large enough to perform clinical studies respecting its toxicity and later for commaercialization. In the prasant
casa, lass lipid solubility and greater aqueous solubility are also desirable properties for the peptide to possess, o
pravent permeation through the biced-brain interface and to permit rapid excration of any excess administered peptide
and its metatolites. Further, it would be desirable for a peptide to elicit selective and specific racegtor binding potential,
in arder to minimize potential side effects resuiting from its ingestion.

Regarding suitable production quantities discussed above, several factors are worthy of consideration. The method
of preparing the peptide should preferably be simple, efficient, and economical. That is, the reaction scheme of the

. method shauld contain few steps, affard high averall yields, and allow a minimum amount of by-product tormation.
. Moreover, the scheme should praferably utilize inexpensive reagents and materials. In this raspect, inexpensive and
. reproduceable diagnostic and analytical methods should be incorporated into the production schame whera feasible.

Further, the medhod should ensure the optical integrity of the peptide by avoiding reagents that will tend to racemize
the reactants and products. A racemic mixture of the desired peptids is not likely to fully exhibit the desired phammaco-
logical response.

The optical integrity of a compound ralatss to its ability to rotate light. This ability is measured by an instrument

, known as a polarimeter, which utilizes a zero point reference to base its reading. The degree to which a chemically pure

material rotates light indicates its relative cptical purity. That is, a material may be chemically pure while heing optically
inactive or racemic. The amount of activity that is observed from a matarial is oftan dependant upon its aptical purity.
Two enantiomers, although possessing identical chemical formulas, may have completely different biclogical activities.
It is common in medicinal applications for a compound of one optical configuration to exhibit activity and usefuiness,
while its optical rotamer or complimentary enantiomer demonstrates a different activity or is wholly inert. Thus, whers
optical configuration is impartant, aptical purity, as well as chemical purity is an important concem.

Conventional opiates and opioid peptides axhibit either no specific and selective binding preference for opioid re-
ceptors, or limited specific and selective binding preferance for thosa receptors. Maraover, their hydrophabicity and
enhanced lipid solubility have permitted them to cross the blood-brain interfaca to soma extent. Further, the combined
effects of these two phanomena not anly establish the patential for side effects, particularly adverse side effects, and

- those side effacts ara likely to be varied and intensified due to the centrally mediated interactions of the opiate or opioid

peptides.

Notwithstanding the efforts placed against these concemns heretofors, there is a need for peptides whtch exhibit a
Preterancs for a specific opicid receptor, especially the u receptor. It would be desirable to design peptides of less lipid
solubility than that of conventional opiates or opioid peptides, so that the blood-brain barrier would be impermeable to
these pepudas Further. peptides of high polar character would normally possass a greater tendency to become solu-
blized in aqueous fluids of physiological pH, thareby facilitating their excretion and the passing of their metabalites from
the system. It would also be desirable to synthesize these peptides in a simpla, efficiant, and aconomical manner to

. facilitata the praparation of suitable quantities for toxicological studies and commarcial supglies whila rataining the aptical

intagrity of the desired matarials.
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Tha presant invention meats all of the goals described above. Specifically, this invention provides peplides which
axhibit a praferantial selectivity and specificity for, particularly, the y-opicid receptor. This invention aiso provides phar-
macsutical compositions characterised by those peptidas, lor the traatment of pain and gastro-intestinal disordars, such
as diarrhea. And this invention provides a a method for praparing thesa peptides in a simple, efficient, and sconomic
fashion that aﬁords the peptides in high ymld and in such a way that their optical integrity is maintained.

Deatailad Dascription of the Invention

The peptides of the present invention include those represented by the formula:
H-Tyr-R, -Phe-A,-NH,

wherein:

R, is selected from D-nosvaline, D-norleucine and D-arginine;
Ry is selected froma, -diamincbutyric acid, a,8-dlaminopropionic acid,

amithine, lysine and homalysine.
Especially prefarred ara:

H-Tyr-D-Nva-Phe-Om-NH,.
H-Tyr-D-Nie-Phe-Om-NH,,
H-Tyr-D-Arg-Phe-Asbu-NH,.
H-Tyr-D-Arg-Phe-Om-NH,,.
H-Tyr-D-Arg-Phe-Lys-NH,.

The absoiute configuration of a compound relates to how its substituents are oriented in space about a central atom.
This notion becomes significant When coupled with the rigors of chirality. Chirality involves the identity of the substituents
about that central atom. Thus, in general, a compound is said to ba chiral when four distinctly different groups are bound
to a central carbon atom. These groups may be spatially afigned in mora than one manner without repeating their
individual orientations. That is, a chiral compound may exhibit a mirror image which is also chiral. These mirror images
are tarmed meso configurations, and are each absolute configurations of a chiral compound. In amino acids and related
compounds, the absolute configurations are designated L or D, depending on whether the substituents align themsalves
ina clockwise or counterclockwise fashion, respectively. These designations, however, have no bearing on the direction
in which they rotate light or whather or not the compouncds rotate light at all.

The peptides of the present invention exhibit many advantages over conventional opiates and opioid peptides. For
example, they demonstrate greater activity than that of other peripherally acting opioid peptide analogs reported to date.
Further, the potency of these peptides may be as high as about five times that of previously known peripherally acting
enkeaphalin analogs.

The stability cbserved by the papﬁdes of the prasent invention exceeds that of naturally occurring opioid peptides,
and is at least equal to that of conventional opicid peptide analogs. Without being bound by theory, we believe that the
increased resistanca to enzymatic degradation over natural opioid peptides exhibited by the peptides of this invention
is due to the introduction of D amino acids into the peptide chains. This switch from L to D aminc acids neutralizes the
dlgestIon capabilities of many of the ubiquitous peptidases found In the digestive tract. Alitematively, the enhancad sta-
bility of the peptides of this invention may alsoc be the result of the introduction of madifications of traditional peptide
linkages. For example, the introduction of a thicamide linkage may increase the stability of the peptide. And, enhanced
stability may also be evidenced by: the production of the amide bond to form a secondary amine linkage, the reduction
of an internal ester linkage to yield a ketomethylene linkage, the reversal of the atoms which-form an ester of amide
linkage, the introduction of an unsaturated linkage, or the placement of an ether or thicather linkage into the peptide
backbone in order to circumvent the effect of many proteciytic enzymes known to digest small peptides in the stomach
or other digestive organ. _

The peptides of this invention elicit increased specificity and selectivity with raspect to their binding preferences 10
opioid recaptors. specifically, the peptides of this invention are charactarized by a greater spacificity and selectivity for
the opiate receptor that is most responsible for analgesic effects - the y1 receptor —~ than that exhibited by conventional
analgesics utilized to combat pain caused by inflammatory conditions and the like.

Conventional opiates, used heretofare to alleviate pain, exhibit general binding charactaristics for the antire group
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of opicid raceptors. u, 8, «, as a whole. As a resuit, such conventional agents are typically assaciated with possibla sida
affacts triggered by the ability of thasa agents ta bind to mora than one opicid recéptor. For axample, the K':_'/K‘: ratio,

which iilustratas representative binding atfinities, may vary greatly depending on the compound being examinad.
Lau-enkephalin has a recorded vaiue of 0.2 far this binding ratio which indicates a pradominancas for binding to the §

raceptor. One conventional opicid peptide analog, H-Tyr-0-Ala-Gly-Phe(NMe)}-Gly-o1, has demonstrated a Kf/K‘i‘ valye

of 1050 which indicates a greater preferenca for u racaptor binding. However, the peptides of the present invention
demanstrate increased values for this ratio. A pralerrad paptide of this invention, H-Tyr-D-Arg-Phe-Lys-NH,, demon-

strated a K‘?/K‘i" value of 11400. This represents at least about a ten-fold anhancement of . receptor binding over that

alicited by the praviously known opicid peptides.

The cantraily mediatad adversa side affscts and addictive potential demonstrated by conventional opiates and opicid
peptides is not cbserved by the peptides of this invantion. Once administered, the ligand-racaptor interactions cccur on
the naurons of the peripheral nervous system of the brain. These peripherally mediated interacticns alleviate the adverse
side effects and potential dependency concams attributad to conventional analgesics.

The peptides of this invention advantageously minimize the side effacts associated with conventional analgesics
because they tend to bind to specific apiata raceptors not found in the central nervous system of the brain. These
peptides may carry a high net charge, aither pasitive or negative, which maka them very polar. Preferably, the peptides
possess a high net positive charge in the range of about +1 or highar. This high palarity allows them to be less solubilized
in lipid material and more highly sclubilized in aqueous fluids and materials, preferably aqueous fluids of physiological
pH. The low hydrophobic character of these peptides minimizes the likelihood that they will permeate the biocod-brain
barrier. Thus, the peptides act as biolagical response medifiers peripherally, by binding to y raceptars located on sensary
neurons of the peripheral nervous system. This prevents noxious stimuli from reaching the spinal cord and thereby
results in an analgesic effect.

Similarly, sincs the peptides disclosed herein exhibit decreased lipid solubility and tend not to migrate across the
blood-brain barrier, the likelihood of developing a narcotic addiction such as that associated with conventional opiates.
is either sliminated or greatly reduced. Thus, the progressively weaker effects that are cbserved when tolerance builds
for an opiate or opioid peptide, or the withdrawal signs associated with dependence or addition, is not 2 grave concem
with the peptides of the present invention.

The peptidas of the present invention are also extremely well-suited for use as anti-diarrheal agents. The snhanced
stability to proteciytic degradation and decreased affinity for lipid tissues exhibited by these peptides permits them to

- endure the environment of the gastro-intestinal tract for extended periods of time and greatly reduces their ability to
crass the blood brain barrier. This ability to withstand the degradative effect of the ubiquitous enzymes of the digestive
tract and to remain in the tract without becoming absorbed inta its tissue are two characteristics which render these
peptidas useful in the treatmant of diarrhea.

The peptides of this invention may be prapared by initially reacting a first appropriately protected amino acid with

. @ second appropriately protected aming acid in an organic solvent inert to the reactants, in the presence of a suitable

" peptide coupling agent according to the following scheme:

R* r*
2-N-C-COOH  + sz-é-coo-t-butyl ester
a2 2
Dee
HOBt

dichloxromethana, 0 ° o]



HQTyr-D-Arg-Phe-Lys-NH[err]. 7. A nmethod for prepari
to any one of claims 1-6, conprising the steps of co

acid or protected peptide in a suitably i nert or
presence of a peptide coupling agent. 8. The nethod |f
peptide according to claim7, wherein S§Id net hod e
pepti de syn- t hesi s.

li11 Rl
Z-N-C-C-N-C-COO-t-butyl ester

.n ﬁzn H R

TFA
-]
0cC

SIS
z-§-c-c-n-c-coqs
izﬂ & 42

0

wherein Z is a suitable nitrogen protecting group and R! and R? are as defined harainabave. The desired peptides may
be prepared by utilizing the apprepriate amino acids and repeating this reaction sequencs as required until a peptide
with three to ten amino acid residues has been prepared. A suitable deprotection method may then be employed to
remove specified or all of the ramaining protecting groups or the peptida from the resin once the desired peptide has
been prepared.

The first appropriately protacted amino acid and, for instance, an appropriately protected tyrcsine may be reacted
together in the presence of a suitable peptide coupiing agent in a suitably inert organio solvent with stirring, shaking, or
agitation to form a protected tyrosine containing dipeptida. Introducing this dipeptide to appropriate protecting group
ramoval conditions affords a defectively deprotected dipeptide which is well-suited for continued peptide synthesis.
Contacting this mono-deprotected tyrosine containing dipeptide with an appropriately protected amino acid having a
side chain represanted by A*, described hereinabove, in the presencs of a suitable peptide coupling agent in a suitably
inert orgenic solvent with stirring, shaking, or agitation forms a protected tyrosine containing tripeptide. This mathod
may be rapeated as many times as nacessary to achieve the desired peptide.

The method of preparation for peptide synthesis requirss spacific functional groups to react with other substituents
to fink amino acid residues in a desired manner to form a peptile possessing a known and desired sequence of amino
acid residues. Since amino acids pccasaa at least two reactive functional groups, suitable protection, biocking, or mask-
lng of these groups io required to ensure that reaction will occur only at specifically desired sites.

Thesa protecting groups should be introduced to the moiety efficacicusly while their removal should be performed
undar conditions which do not affect other portions of the molecule. In this manner, certain reactions and modifications
may be performed on the amino acid, paptide, or other compound, with assurance that the protected functionality will
not interfere with the desired raaction. Further, by choosing a protecting group that is sensitive and labile to certain
reactive conditions, a reaction scheme may ba outlined to advantagecusly utilize these characteristics to affectively
remove the protecting group once the synthesis is completa.

. Avariaty of protecting groups known in the field of peptide synthesis and recognized by conventional abbreviations -
therein, may be found in T. Greene, Protective Groups In Organic Synthesis, Academic Press (1981). Among the
preferred protecting groups that may ba utilized for suitable protection of reactive nucleaphilic substituents include, for
example, benzyl (Bz), carbabenzyloxy {Cbz), t-butoxy (Boc), or 9-flucrenyimethyloxycarbonyl (Fmoc).

Coupling of amino acids, which may be the samae or different as those described above, to yield small peptides in
routs to peptides comprised of greater numbers of amino acid residues may be accomplished by employing established
tachniques in the fieid of peptide chemistry. A broad range of suitable reactions are described in E. Gross and J. Mein-
hofer, 4 The Peptides: lysis, Synthesis, Biology; Modem Techniques of Peptide and Amino Acid Anal
Wiley & Sons, (1981) and M. Bodanszky, Principles Of Peptide Synthasis, Springer-Veriag (1984). The peptide coupling
agents which may be used 1o assist condensation of amino and carbaxylic acid moietles include N,N'-dicycichexyicar-
bodiimide (DCC), N,N'-carbony! diimidazole (CDI), 1-hydroxy benzotriazole (HOB), ethyl chiorcformate, benzy! chioro-
formate, 1-{ethoxycarbonyt)-2-ethaxy-1,2-dihydroquinoline (EEDQ), benzotriazoyl-oxy-tris-(dimethyljamino-phosphoni-
un hexafluoro phosphata (BOP) and the like. A preferred technique usas DCC as the coupling reagent. The DCC method
may be used with or without catalytic additives such as 4-dimethylaminopyridine (DMAP), copper (II) chioride or HOBt
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agent is (W‘ QGE-@dailylidaRantida o, QHPh £ kA S’hﬁéulawrﬂérred scivents ara dichloromethane and DMF. In
ganerai, the coupling reacticn may ba carned out at atmaspherc prassure at a temperature aof -78°C to reflux for a period
of batween 1 and 48 haurs. Preferably, the reaction is carried cut at about - 10°C 10 25°C with stirring, shaking or agutaticn,
over a period of between 4 and 6 hours.

An altarnative synthatic approach for praparing the peptides cf the present invention can be effected via the Merrifield
solid phase mathodology and its known variants, Thus, a Merrifield resin is grepared by well-known salid phase peptice
synthasis methods. A covalently attached c-amino acid residue, attached at its carboxyl functicnality or, similarly, a
peptice with a frae terminal amine functionality may be carried by said resin. Alternatively, said residue may be attached
to said resin at its amino functicnality. Preferably, this resin is para-methyl-benzhydrylamine resin when a peptide amide
is desirad, although other resins known in the art of solid phase peptide synthesis may alsobe advantagecusly amployed.
Treatment of said resin with appropriately protected aming acids to afford desired amino acid rasidues in the peptida
chain under standard solid phase peptide synthesis conditions affords tha desired product.

Cnca the desired peptide is assembled, the compound so formed may be entirely freed of its protecting groups
according to well-known protocals, such as, for axampla, treatment with liquid hydragen flucride (HF). Whers, however,
the peptide requires sslectiva removal of the protective groups, usually from an amino tarminus, suitable reaction con-
ditions must be employed. The Bac protected amino functionality of amino acid derivatives and terminal amines of
peptides may be removed, e.g., by treatment with cald trifluoroacetic acid (TFA) at 0°C under suitable atmospheric
conditions, e.g., adjusting the pH to betwaen about 8 and 9. Under these conditions, the benzyl, carbobenzyloxy and
other protecting groups are left unaffected. The TFA salt of the aminc acid derivative or protacted peptide may be mixed
in a suitable arganic solvent and subjected to mild aquecus basic conditions. The organic salution, containing said amino
acid derivative or said protected peptide with free amino functicnality, may then be dried and concentrated to afford the
free amino derivative.

Where Bz or Cbz is utilized as a protecting group, hydrogenation is the appropriate means for effecting the removal
of these groups. Hydrogen gas is passed cver a solution of the protected material in an alcoholic or other solvent,
provided the sclvent is not halogenated, and a catalytic amount of a palladium on activated carbon catalyst is added.
The hydrogenation vessel is shaken or stirred until 2 stoichiometric amount of hydrogen has been absarbed and the
material has been suitably reduced and freed of its benzyl or carbobenzyloxy protecting groups.

When Fmoc is used as a protecting group for amina acids, peptides or Merrifield resin derivatives, the carresponding

" free amino group may be generated selectively by treatment with piperidine in DMF under suitable atmospheric and
. thermal conditions.
By employing liquid HF containing dialkyl sulfide with anisole and thicaniscle under suitable conditions at a temper-
5‘.- ature of -78°C to 0°C, the peptide may be cbtained free from all of the individual protecting groups of the companent
amino acid residues.

The amounts of the raactants utilizad in the aforementioned reaction, as well as the conditions required to facilitate

reaction and encourage afficient completion may vary widely. However, in general, the amounts of material employed

i ng

to induce reaction in the processes discussed above will be substantially stoichiometric, unless otherwisa specified. In .

the following examples, reaction concentrations were generally heid at 0.1M to the reactants, unless a higher concen-
tration or dilution would be particularly useful for influencing the direction of a specific reaction. In practice, the amounts
" usad will depend upon variations in reaction conditions and the natura of the reactants.
In any of the synthesis methods described above, the desired products may be isolated from the reaction mixture
: by crystalfization. Alternatively, chromatographic techniques including, but net limited to, normal phase, reverse phase,
- fon-exchange, affinity, or gel permeation, may be employed, as well as electrophorasis or extraction or other means.
pharmaceutically acceptable salts of the peptides of this invention may be formad conventionally by reaction with
an appropriate acid. The addition salts so formed from addition by acid may be identified by hydrochlaric, hydrobromic,
phasphoric, acatic, fumaric, salicylic, citric, lactic, mandalic, tartaric, oxalic, methanesulphonic, and the like.
; The present invention also provides pharmaceutical compositions which comprise a pharmaceutically effective
' amountofthe peptides of this invention, or pharmaceutically acceptable salts theraof, and, preferably, a pharmaceuticaily
. accaptable carriar or adjuvant. Therapeutic methads of this invention comprise the step of treating patients in a phar-
». maceutically accaptable manner with those peptides or compositions. Such compositions may be in the form of tablets,
. capsulas, caplets, powders, granules, lozenges, suppositories, reconstitutable pawders, or liquid praparations, such as
oral or starile parenteral solutions or suspensions.
In ordar 1o abtain consistency of administration, it is preferred that a composition of the invention is in the form of a
unit dose. The unit dosa prasentation forms for oral administration may be tablets and capsules and may contain con-
. ventional expedients. For example binding agents, such as acacia, galatin, sorbitol, or polyvinylpyrrolidone;, fillers, such
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as lactcsa, sugar, maize-starch, caicium phasphata, sorbitol or glycine: tabletting lubricants such as magnesium stearate:
disintagrants, such as starch, polyvinylpyrrolidone, sodium starch glycallata or micracrystalline cailulosa: or gharma.
cautically acceptable waeiting agents such as sodium lauryl sulphate.

The sclid oral compositions may ba prapared by conventional methods of blending, filling, tabletting, or the like,
Repeatad blending operations may be used to distrbute the activa agent thraughout these compositions amploying
larga quantitias ot fillers, Such oparaticns are, of course, conventional in tha art. The tablets may be coated according
te methads wall known in narmal pharmaceutical practics, in particular with an anteric coating.

Oral liguid preparations may be in the form of emulsions, syrups. or elixers, or may be presented as a dry preduct
for reconstitution with water or other suitable vehicle before usa. Such liquid preparations may or may nct cantain con-
ventionat acditives. For example suspending agents, such as sorbitol, syrup, methyl callulesa, gelatin, hydroxyethylcai-
lulose, cartaxymothylesliulosae, aluminium stearate gel, or hydregenated edible fats; emulsifying agents, such as sorb-
flan moncoleate or acacia: non-agueous vehicles {(which may include edible cils), such as aimond ail, fracticnated co-
canut ail, aily asters selectad from the group censisting of glycerine, propylene giycol, ethylene glycoti, and athy! alcohof;
preservatives, for instanca methyl para-hydroxybenzoate, ethyi para-hydroxybenzcatas, n-grepyl para-hydroxybenzoata,
or n-butyl parahydroxyhenzoate ar sarbic acid; and, if desired, cenventional flavaring or caloring agents.

For parenteral administeration, fluid unit dosage forms may be prepared by utilizing the peptide and a sterile vehicle,
and, depending on the concentraticn employed, may be either suspended or dissalved in the vehicle. In preparing
solutions, the peptidas of this invention may be dissalved in water, whereas cpiates used heretofore showed only mar-
ginai solubility in aqueous media or physiclcgical fluids. Once in solution, the peptide may be injected and filter sterilized
befere filling a suitable vial or ampoule and subsequently sealing the carrier or storage package. Adjuvants, suchas a
lecal anaesthaetic, a preservative or a buffering agent, may be dissolved in the vehicle prior to use. Stability of the phar-
macsutical cempasition may be enhanced by fraezing the composition after filling the vial and removing the water under
vacuum, a.g., freeze drying the compoasition. Parenteral suspensicns may be prepared in substantiaily the same manner,
axcapt that the peptide should be suspended in the vehicle rather than being dissolved, and, further, sterilization is nat
acheivable by filtration. The peptide may be sterilized, however, by expesing it to ethylene oxide belore suspending it
in the sterile vehicle. A surfactant or welting solution may be advantagecusly included in the composition ta facilitate
uniform distribution of the peptide.

The pharmaceutical compasitions of this invantion comprise a pharmaceutically effective amount of a peptide of
this invention and a pharmaceutically acceptable carrier. Typically, they contain from about 0.1% te about 99% by weight,
prefarably from about 10% to about 0% by weight, of a peptide of this invention, depending on which methed of ad-
ministration is employed.

The present invention also pravides a methed for treatment of pain or diarrhea in patients, such as mammals,
including humans, which comgrises the step of adminstering to the patient a pharmaceutically effective amount of a
peptide, a phamnaceutically acceptable salt thereot, or a phamaceutical compesition as described abave.

The dosage of the peptide used in the treatment will vary, depending on the sericusness of the disorder, the weight
of the patient, the relative efficacy of the peptide and the judgment of the treating physician. However, suitable unit
dosages in humans may be between about 0.05 mg to about 100 mg. For example, a unit dosage may be from between
about 0.2 mg to about 50 mg. Such a unit dosage, described hereinabove, may be administered more than once a day,
e.g., two or threa times a day. Thus, the total daily dosage is in the range of about 0.01 mg to 10 mg/kg. Such therapy
may extend for several weeks, in an intermittent or uninterrupted manner, until the patient's symptoms are eliminated.

In order that this invention may be better understood, the following examples are set forth. These examples are for
the purposes of illustration only, and are not to be construed as limiting the scope of the invention in any manner.

EXAMPLE 1
Synthesis of L-tyrasyl-D-arginyi-L-phenylalanyl-L-lysylamide

a) Scolution Synthesis

i} Preparation of a-N-Cbz-L-tvrosyl-O-benzyl-D-arginine )

-N-Cbz-L-yrasine-O-benzyl ather (8.02 mmel) and D-arginina-t-butyl aster (8.0 mmoal) were well dissolved in
dichloromethane (21 mi) at 0°C. N,N'-dicyclohexylcarbodiimide (DCC) (8.27 mmol) and 1-hydroxybanzotriazole
(HOBY) (8.27 mmaol) were added portionwise. The mixture was stirred for 1 hour at constant ice termnperature and
then filtered. The filtrate was transfarred to a separating funnel and washaed succassivaly with saturated brine/5%
aqueous citric acid and saturated brine/5% aqueous sodium bicarbonate followed by saturated brine alone. The
organic phase was then dried, concentrated, and the residue purified by flash chromatography on sitica gel amploy-
ing a 3:1 hexane-ethyl acetate soivent as an eluant to obtain the a-N-Chz-L-tyrosyi-O-benzyl ether-D-arginine-t-butyl
ester as an ail in high yield {93%).

of
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a-N-Cbz-L-yrosyl-O-banzyi ather-D-arginyl-t-butyl astaer was treated with trifluarcacetic acid (TFA) at 0*C undar
nitrogen for 0.5 hours. The TFA was removed in vacuo to yield a-N-Cbz-L-tyrosyl-O-benzyl sther-D-arginine, in
quantitive yield, suitable for use in tha next step.
Using the procadure dascribed hareinabave and the appropriate starting materials, these additional protected
dipeptides were prepared:
a-N-Cbz-L-tyrosyl-QO-banzyl ather-O-narivaline

x-N-Chbz-L-lyrosyt-O-benzyl sther-O-norleucine
a-N-e-N-di-Cbz-L-lysyi-L-tyrosing-O-banzyl ether
ii)_Synthesis of a-N-Cbz-L-tyrasyl-O-benzyl-ather-0-arginyl-L-phanylalanine
a-N-Cbz-L-yrasyl-O-benzy! ather-D-arginine (7.46 mmci) and L-phenylalanyi-t-butyl aster (7.44 mmol) ware
well dissalved in dichloromathane (20 mi) at 0°C. DCC (7.63 mmol) and HOBL (7.63 mmol) were added portionwise
with stirring. The mixtura was ailowed to react for 1 hour at censtant ice temperature and then filtered, The filtrate
was transferred to a separating funnel and washed successively with saturated brine/5% aqueous citfic acid and
saturated brine/5% aqueous sadium bicarbonate followed by saturated brine alone. The organic phase was than
dried, concentrated, and the residue purified by flash chromatography on silica gel employing a 2:1 hexane-ethyl
acetate solvent as an eiuant to afford the a-N-Cbz-L-tyrosyl-O-benzyt ether-D-arginyl-L-phenylalanyl-t-butyl ester
as an ail in high yield (92%).

@-N-Cbz-L-tyrosyl-O-benzyl ather-O-arginyi-L-phenylaianyl-t-butyl aster was treated with trifluoroacetic acid
(TFA) at 0°C under nitragen for 0.5 hours. Tha TFA was removed in vacug to yield u-N-Cbz-L-tyrosyl—O‘benzyl
ether-D-arginyl-L-phenyl-alanine, in quantitive yield, suitable for use in the next step.

Using the procedure described hereinabove and the appropriate starting materials, these additional protected
tripeptides were prepared:

a-N-Cbz-L-tyrosyl-O-benzyl ether-D-norvalyl-L-phenylalanine

a-N-Cbz-L-tyrosyi-O-benzyl sther-D-norteucyl-L-phenylalanine
a-N-e-N-dl-Cbz-L-IysyI-L-tyrosyl-O—benzyl ether-D-arginine.

iii} Synthesis of N-Cbz-L-

&-N-Cbz-L-tyrosyl-O-benzyi ether-D-arginyl-L-phenylalanine (6.71 mmol) and e-N-Cbz-L-lysylamide (6.70
mmol) were well dissolved in dichlorarmethane (18 mi) at 0°C. DCC (6.92 mmol) and HOBt (6.92 mmol) were added
in small increments with stirring. The mixture was allowed to react for 1 hour at constant ice temperature and then
fitered. The filtrate was transferredto a separating funnel and washed successivaly with saturated brine/5% aqueous
citric acid and saturated brine/5% aqueocus sodium bicarbonate followed by saturated brine alone. The arganic
phase was then dried, concantrated, and the residue purified by flash chromatography on silica gel employing a
1:1 hexane-ethyl acetate soivent as an aiuant to afford the a-N-Cbz-L-tyrosyl-O-benzyl ether-D-arginyl-L-phenyla-
lanyl-e-N-Cbz-L-lysylamide as an oil in high yield (32%).

a-N-Cbz-L-tyrosyl-O-benzyl ether-D-arginyl-L-phenylaianyl-e-N-Cbz-L-lysylamide was dissolved in mathanol,
purged with argon, and treated with a catalytic amount of 10% palladium on activated carbon. Hydrogen gas was
passad over the system with agitation for 0.5 hours. The mixture was filtured through calite and the methanol was
removed in vacug lo yield L-tyresyl-D-arginyl-L-phenylalanyl-L-lysylamide in quantitive yield.

Using the proceduras described hereinabove and appropriate starting materials, these additional peptides were
prepared:

' L-tyrosyl-D-norvalyl-L-phenylalanyl-L-omithylamide
L-tyrosyl-D-norleucyl-L-phenylalanyl-L-omithylamide
L-tyrosyl-D-arginyl-L-phenyialanyl-a, 3-diaminobutyrylamide
L-tyrosyi-D-arginyl-L-phenylaianyl-L-omithylamide
L-lysyl-Ltyrosyl-D-arginyl-phenylalanyl-L-lysylamide

b) Solid Phase Synthesis

i) Preparation of a-N-Fmac-L.-phenylalanyl-e-N-Boc-L-lysyl-rasin amide

a-N-Fmoc-e-N-Boc-L-lysine, attached to a para-methylbenzhydrylamine resin at its carboxy! functionality, was
treated with a S0% dichloromethana solution of piperidine at room temperature for 30 minutes. The rasin was then
collected, washed successively with four portions of 10 mi dichloromethane, four portions of 10 mi isopropanol (IPA)
and dried for subsequent use.

A solution of a-N-Fmac-L-phenylalanine (0.948 mmol) in dry DMF (7 mi) was added to £-N-Boc- -L-lysine (0,632
mmol/g or resin), attached by its carboxy! group to a para-methylbenzhydrylamine Merrifleld resin, with stirring at
25°C. DCC (0.948 mmol) and HOB! (0.948 mmol) were added portionwise. The reaction was agitated for 1.6 hours
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after which time anather portion af the protacted phaenylalanine {0.040 mmol) was added and stirnng was rasumed
for 2 hours. The resin was collacted, washaed with four 10 mi portions of OMF, then faur 10 mi portions of IPA and
subseqently dried in praparation lar further reaction. Campiletion of the peptide coupling reaction was verified by
the ninhydrin test.
ii) Praparation of alpha-N-Fmac-0-arginvi-i.-ohenylalanyi-e-N-Chz-L-lysyl-resin amide
a-N-Fmaoc-L-phenylalanyl-e-N-Bce-L-lysyl-rasin amide was treatad with a 50% dichioromethane solution of pip-
arding at room temperature for 30 minutes. The rasin was then collected, washed succassively with lour portians
of 10 mi dichloromethane and four partions of 10 ml isopropyl alcohol (IPA} and dried far subsaquent use.

A saluticn of a-N-Fmoc-0-arginine (0.939 mmoel) in DMF (7 mi) was addad to L-phenylalanyl-L.-e-N-8cc-L-lysyl
resin amida (0.632 mmol/g of resin) with agitation at 25°C. HOBt (0.939 mmol) and OCC (0.939 mmal) were then
added slowly. The reaction was allowed to procaed for 1-2 hours after which time the resin was collected, washed
with four 10 ml partions of OMF, four 10 mi pertions of IPA, and dried for further reacticn. Completion of the peptida
coupling reaction was verified by the ninhydrin test.

i) Preparation of a-N-Fmoc-L-tyrosy-O-benzyl sther-0-arginyi-L-phenylalanyl-e-N-Boc-L-lysyi resin amide

@-N-Fmoc-D-arginyl-L-phenylalanyi-e-N-Boc-L-lysy! resin amide was Ireated with a 50% dichiorcmethana so-
lution of piperdine at rcom temperature for 30 minutes. The resin was then collected, washed successively with four
porticns of 10 mi dichloromethane and four portions of 10 mi |PA and dried for subsequent use.

A solution of a-N-Fmoc-L-tyrosine-O-benzyl ether (0.929 mmoi) in OMF (7 ml) was added to O-arginyl-L-phe-
nyltalanyl-e-N-Boc-L-lysyl resin amide (0.929 mmol/g of resin) with agitation at 25°C. DCC (0.929 mmol) and HOBt
(0.929 mmotl) wera added porticnwise and the reaction procseded for 1-2 hours. The rasin was then collected,
washed with four 10 mi portions of DMF, four 10 mi portions of IPA, and dried for further reaction. Completion of the
peptide coupling reaction was verified by the ninhydrin tast,
iv) Preparation of L-tyresyl-D-arginyl-L-phenylalanyl-L-lysylamide by Treatment of the Aesin with Liguid HF

a-N-Fmoc-L-yrosyl-O-benzy! ather-D-arginyl-L-phenylatanyt-e-N-Boc-L-lysyl resin amide was treated with lig-
uid hydrogen fluoride (S mi) containing aniscle, dimethy! sulfide, and thicanisole (0.5 ml 1:1:1 v/v) at 0°c for 1 hour.
After evaparation of the solvent, the residue was dissoived in 10% aqueous acetic acid. The aquaous solution was
washed with diethyt ether (30 mi), eluted with water and lyophilized to dryness. The crude peptide was dissolved
in 82% aqueous acetic acid (25 ml) and purified first by gel filtration on a Sephadex G 25 column with an acetic acid
solvent as the eluant followed by reverse phase chromatography employing a C,, packed column with a linear
gradient of 1% TFA in 0-80% methancl-water as a solvent,

EXAMPLE 2

sylamide in Mice

A group of male CD1 Charles River albino mice (18g-22g) wers injected intraperitoneally with 0.3 mi/20 g body
weight of a 0.02% solution of 2-phenyl-1,4-benzoquinone (PBQ), according to the procsdure described in Siegmund et
al., Proc. Soc. Exp. Biol. Med., 85, p. 729 (1957). The writhing and contortional movements of the mice over the following
15 minutes were-observed and recorded. Another group of mice were administered L-tyrosyl-D-arginyl-L-phenyl-ala-
nyl-L-lysylamide (H-Tyr-D-Arg-Phe-Lys-NH,) 20 minuted prior to injection with PBQ. The average number of writhes
was established and the percent inhibition of writhing movements was calculated. An EDg, was established to be 0.6
mg/kg using a regrassion-ine methed. The EDg, was defined as that dosage of drug which reduced by half the number
of writhes obtained in PBQ challenged mice after vehicle administration.

The analigesic effects of H-Tyr-D-Arg-Phe-Lys-NH,, when examined by the PBQ writhing test, produced a dose-de-
" pendant inhibition of the writhing movements (see Table 1 jnfra). This result indicated that H-Tyr-D-Arg-Phe-Lys-NH,
produced an increased anti-nociceptive activity. The analgesic potency of H-Tyr-D-Arg-Phe-Lys-NH, was found to be
comparable to morphine in a similar assay. See R. Follenfant et al., *Antinociceptive Effects of the Novel Opicid Peptide
BW443C compared with Classical Opiates; Peripheral Versus Central Actions®, Br. J. Pharmacol., 93, p. 85 (1988).

The anti-nociceptive effects of H-Tyr-D-Arg-Phe-Lys-NH, were antagonized by a prior intraperitoneal administration
of 10 mg/kg of N-mathyl levallorphan (NML), a peripheral opicid antagonist. In the presenca of this antagonist, the
" analgesic EDgg of H-Tyr-D-Arg-Pha-Lys-NH, was increased from 0.6 mg/kg (Table 1 infra) to 2.0 mg/kg (Table 2 Intra).
This increase reprasented a 3.4 fold increase in the EDg, value. it is known that quartamary satts of opicid anagonists,
such as NML, do not penetrate the blocd-brain barrier. Thay have been reported to mersly produce a peripharal antag-
onist effact. Contrastingly, in a similar study, NML did not antagonize morphine -- which is knawn to produce its analigesic
effect from an interaction with opioid receptors in the brain.

Analysis of H-Tyr-D-Arg-Phe-Lys-NH, utilizing a mouse hot-piate, an assay which only detects sensory induced
analgetic effects, established an EDgq of 24 mg/kg. This illustrated that the peplide was forty times less active under
those conditions than when analyzed in the PBQ writhing test, For experimental protocat with the hot-plate assay, $88



for treating pain or gastrointestinal disorders. RE?LACEMENT SHEET

02 FEB 1698

- 10 -

G. Wooaita and A. MacDonald, “The Evaiuation of the Analgesic Action of Pethidine Hydrochlaride (Damoral)*, J. Phar-

- macol._Exp_Ther,, 80, p. 300 (1944). In a similar analysis parfarmed on morphine, a dacreasa of only five fold was

-abserved from the PBQ test to tha thermal induction test. See R. Follenfant et al., supra. This loss of activity for

H-Tyr-D-Arg-Phe-Lys-NH, indicatas that a higher degrae of paripherally mediated analgasic affactivaness is possassad

by thin peptida. _

Qral anaigesic activity was cbsarved for Tyr-D-Arg-Phe-Lys-NH, at a dosage of 200 mg/kg. This analgesic activity

was abserved to be antagonized by NML, as reflected in Tabls 3 infra, and. thus, the activity was demonstrated to be
of a peripheral natura.

EXAMPLE 3

Bioassays and Binding Assays

Opicid receptor affinities of peptides according to this invention wara determined by displacament of selactive ra-
dicligands from rat brain membrane preparations. These studias ware parformed in accordance with the procedures
outlined in Schiller at al., Biophys. Res. Commun., 85, p. 1322 (1975). [3H]DAGO and {3H]DSLET, at 0.72 and 0.78
nM, respactively, served as radicligands, and incubations ware parfarmed at 0°C for 2 hours. In vitro opioid activities
of the peptides disclosed herein were dstermined based on inhibition of electrically aveked contractions of the guinea
pig ileun (GP!) and the mouse vas deferens (MVD). The GPI assay is reprasentative for |1 receptor interactions, aven
though thae ilaum also contains x receptors. The x receptor interactions are characterized by relatively high K, values
for naioxane as an antagonist (20-30 nM), in contrast to the low K, values (1-2 nM) obsarved with u receptor ligands.
In the MVD assay, opioid effects are primarily mediated by 3 receptors, aithough p and k receptors also exist in this
tissua. K, valuas for naloxone as an antagonist were determined with the GPI preparation but not in the MVD assay
due to the very iow patency shown by all of these pegptides on the vas deferens.

The GPI and MVD bicassays were carried out following the protocol described in Schiller et al. supra and DiMaio
atal., J. Msd. Chem., 25, p. 1432 (1982). A log dose - responsa curve was constructed with leu-enkephalin utilized as
a standard for each ileum and vas deferens preparation. |Cg, values ware abtained for the tested peptides by utilizing
the Cheng and Prusoff equation, where 1.3 and 2.6 nM wera usad for the dissaciation canstants of {3H]DAGO and [3H]

" DSLET, respectively. These values wera then normalized. The K, values for naloxone as an antagonist were detenmined
from the ratio of iCgq values obtained in the presenca of a fixed naloxone concentration and then in the absence of a
fixed naloxone concentration. These values are demonstrated in Tables 4, 5, and 6 infra.

In the [PH]DAGO binding assay, H-Tyr-D-Nva-Phe—Om-NHz. while carrying a net charge of 2+ and showing about
aight times higher p-recaptor affinity than leu-enkephalin, its 3-raceptor atfinity relative to the latter peptide was nearly
1000 times lower, as determined in the BH]DSLET binding assay. These resuits indicate that this peptide displays ex-
cellent p-recaptor selactivity, as indicated by the very high ratio of the binding inhibition constant determined at the 5-

and the p-receptor (K:/K‘i‘ = 1880). Reducticn of the net positive charge by one unit through substitution of asparagine
for omithine in position 4 producad a ten-foid decrease in u-raceptor affinity and a five-fold increasa in -receptor affinity.
Therefore, by carrying a net charge of 1+, only a moderate preferanca for p-receptors over §-receptars (K?/K‘i" =37.7)

is demonstrated. Lengthening the side chain in position 2, by the substitution of norlaucine, did not appreciably affect
the receaptor binding affinity and selectivity.

Analogs containing a D-arginine residue in position 2 and a second basic residue in position 4, carried a further
increased net positive charge of.3+. These analogs retained similarty high affinity for the u-receptor but displayed even
lower 5-receptor affinity. '

The most selective peptide was H-Tyr-D-Arg-Phe-Lys-NH, with a K'?/K‘:' ratio of 11400. This peptide is ten times

* mors p-selective than DAGO (K'?/K"l‘ = 1050) which hitherto had generally been ragardad as one of the most selective

H-agonists available.
The receptor binding profiles of these opioid peptide analogs are consistent with the membrane compariment con-
capt discussed in Schwyzer, supra. Augmenting the positive charge from 1+ to 2+ or 3+ resulted in higher p-receptor
_ affinity, possibly, but not necassarily, dus to the increased accumulation of the peptides carrying a high positive charge
in the anionic fixed-charge compartment of the membrane -- where y-receptors are thought to be located. On the other
hand, the gradual augmentation of the positive charge within this sarigs of compounds leads to a progressive decrease
in §-receptor affinity. This is prasumably due to the increasing electrostatic repulsion in the positively charged aqueous
compartment which, according to the membrane compartmant concapt, cantains §-raceptars.
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The ICgq(MVD)VICso(GPY) ratios abtained ware genarally considerably lowar than the corrasponding K?IK': ratics

determined in the binding assays dascribed herain. This was illustrated with peptides of the prasent invention due 1
the fact that many of these paptides showed higher patencies in the MVD assay than was expected on tha basis of the
§-racaptor affinities datermined in the {?HJOSLET binding assay and ralatively lower potencias in the GPI assays in
ralation to tha maasured pt-recaptor affinitias in the [3H]DAGO binding assay. The unaxpectadly high potancies of many
of thesa apioid paptide analogs in the NVD assay ara possibiy, but not nacassarily, due to additional interactions with
p-receptors which are also found in the vas defarens. Tha relatively lower potencies in the GP! assay may be the rasult
of a somewhat lower “afficacy” at the u-raceptor. Aiternatively, these discrepancies between binding assay and bicassay
data may be due ta a diffarant degrea of nonspecific adsorpticn of thesa highly charged molecules in the various tissues,

Low K, values, as illustrated in Table & infra, are typical for p-receptor interactions and rule out an additicnal inter-
action with k-raceptors on tha ileum, since x-receptor intaractions would demonstrate much higher K, values.

The most selective among the cpioid peptide analogs. H-Tyr-D-Arg-Pha-Lys-NiH,, showed extremely high prafer-
ance for u-receptors over §-raceptors, being more than 10 times as u-detective as DAGO. On the basis of the extremely

high recaptor selectivity ratio (K‘?/K’i" = 11,400) observed with H-Tyr-D-Arg-Pha-Lys-NH,, it may be concluded that this

compound represents the most selactive ji-agonist reported to date.

Because of its high positive charge, H-Tyr-D-Arg-Phe-Lys-NH, most likely will not be able to cross the blocd-brain
barrier to any significant extent. it may thus be the casa that, aside from its high p-receptor preference, this analog may
also show pronounced selectivity for peripharal versus central receptors.

Table 1
Inhibitory Effect of H-Tyr-D-Arg-Phe-L-Lys-NH, on PBQ-induced Writhing
Dose mg/kg | No.of Mice | Avg. No. of writhes | Parcent Protaction
- 15 25 -
0.25 15 18 28
0.375 10 15 40
0.s 15 1 57 .-
1.0 15 75 70 ’
25 - 18 25 80

Evaluation of this collected data rasufted in an EDgg valus of 0.6 mg/kg.

Table 2
Antagonist Elfect of N-Methyl Lavallophane (NML) an Inhibition PBQ-induced Writhing by H-Tyr-D-Arg-Phe-Lys-NHy
Dose mg/kg No. of Mica Avg. No. of Writhes Percent Protection

- 5 28 -
Q.5 s 25 1

1.0 5 17 40

25 5 12 58
40 L] 1 96

Evaluation of this collected data resulted in an EDgq value of 2.0 mg/kg.
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Table 3
inhibitary Effects ot H-Tyr-0-Arg-Phe-Lys-NH, on PBQ-induced Writhing and Antagonist Effact of NML on Inhibition
by H-Tyr-D-Arg-Phe-Lys-NH,
Peptide Dose NML Dose mg/kg No. of Mica Avg. No. af Writhes Percent Prolection
mg/kg
- - 15 26 -
200 - 0 7 .79
200 . 10 10 17 .28
Table 4
Binding Assays of Opioid Peptide Analogs
Compound [BHIDAGO [BHHSLET
rel. pot. rel. pot.
@ d
H-Tyr-D-Nva-Phe-Om-NH, 12| 8 2200 | 0.0012
H-Tyr-D-Nva-Phe-Asn-NH, 11.7] 08 441 | 0.0057
H-Tyr-D-Nle-Phe-Om-NH, ‘ 14 7 2870 | C.c009
H-Tyr-D-Arg-Phe-Azbu-NH, . 571} 16 12600 | 0.0002
H-Tyr-D-Arg-Phe-Om-NH, 121 78 9280 | 0.0003
H-Tyr-D-Arg-Phe-Lys-NH, 1.7 | 58 19200 | 0.0001
H-Tyr-D-Ala-Gly-Phe(NMe)-Gly-o (DAGO) | 7.7 1280 | 0.002
1.22
Leu-enkephalin 943 1 25 | 1
ne
1880
7.7
2130
2180
7740
11400
1050
027
Table 5
Guine Pig lleum (GP1) and Mouse Vas Deferens (MVD)Assay of Opicd Peptide Analogs
Compound GPI MVD
ICso rel. pat, ICsq | rel. pot.
H-Tyr-D-Nva-Phe-Om-NH, 104 | 2.36 271 | 0.042
H-Tyr-D-Nva-Phe-Asn-NH, 181} 1.36 2210 | 0.0052
H-Tyr-D-Nie-Phe-Om-NH, 168 | 1.46 2290 | 0.00458
H-Tyr-D-Arg-Phe-Azbu-NH, 257 | 0.96 655 | 0.0173
H-Tyr-D-Arg-Phe-Om-NH, 348 | 0.71 1090 | 0.0105
H-Tyr-D-Arg-Phe-Lya-NH,- 338 073 781 | 0.0146
H-Tyr-D-Ala-Gly-Pha({NMa)-Gly-ol (DAGQ) | 8.69 950 | 0.012

Continuation of the Table on the next page
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Table S {continued)

Guina Pig lleum (GPY) and Mouse Vas Deferans (MVD)Assay of Opiod Peptide Analags
Compound GPI MVD
ICqy rel.pot. | 1Cg | rel pot.
28

. { Leu-enkephalin 246 | 1 11.4 {1

MVD/GPI

I1Cgq ratio

261

122

136

258

318

)]

336

0.0483

Table §
Ko Valuas (Naloxone) of Positively Charged Opioid Pagtide Anaiags in the Guinea Pig lleum Assay
Compound X,

H-Tyr-D-Nva-Phe-Om-NH, 1.55
H-Tyr-D-Nva-Phe-Asn-NH, 208
H-Tyr-D-Nle-Phe-Om-NH, 1.01
H-Tyr-D-Arg-Phe-Azbu-NH, 1.32
H-Tyr-O-Arg-Phe-Om-NH, . 1.24
H-Tyr-D-Arg-Phe-lys-NH, _ 1.17
H-Tyr-D-Ala-Gly-Phe-(NMa)-Gly-ol (DAGO) 0.80
Leu-enkephalin ) 1.53

In order that the invention described harein may be more fully understood, the following examples are set forth. It

shouid be understood that these exarnples ara for illustrative purposes only and are not to be construed as limiting this
inventicn in any manner.
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- Claims

Claims for the following Contracting States : AT, BE, CH, OE, FR, GB, IT, L, LU, NL, SE

1. " A peptide reprasented by the formula:
H-Tyr-R, -Phe-R,-NH,

wherain:

is selected from D-norvaline, D-norieucine and D-arginine;
2; is selected from a,y-diamincbutyric acid, &.B-diaminopropionic acid, omithine, lysine and homolysine. -

2. The paeptida accoding to claim 1, reprasentad by the formula:
H-Tyr-D-Nva-Phe-Om-NH,.

3. The peptide according to claim 1, represaented by the formula:
H-Tyr-0-Nie-Phe-Om-NH,,

4. The peptide according to claim 1, represantad by the fonmuta:
H-Tyr-D-Arg-Phe-A,bu-NH,.

S. The peptide according to claim 1, represented by the formula:
H-Tyr-D-Arg-Phe-Om-NH,.

6. The peptide according to claim 1, represented by the formula:
H-Tyr-D-Arg-Phe-Lys-NH,.

7. A method for preparing a peptide according to any one of claims 1-6, comprising the steps of contacting a first
protectad aming acid ar protected peptide with a second protected amino ackl or protected peptide in a suitably
inert organic solvent in the presence of a peptide coupliing agent.

8. The method for preparing a peptide according to claim 7, wherein said method employs solid phase peptide syn-
thesis.

9. The methed for preparing a peptide according to claim 8, wherein the solid phase peptide synthesis is carried out
by contacling a first protected amino acid or protected peptide with a second protscted amino acid or protected
peptide in a suitably inert organic scivent in the presance of a peptide coupling agent, said first protected amino

. acid or protected peptide being suitably attached to an insoluble and inert resin.

10. The methed according to claim 9, whersin said inert organic scivent is selected from the group consisting of ace-
tonitrile, chicroform, dichicromethane, tetrahydrofuran, N,N'-dimethyiformamide, dunethyisulfoxnde. N-methylpyrro-
lidine, disthyl ether and tertbutyl ether.

11. The method according to claim 9, wherein said peptide coupling agent is selected from the group consisting of
N.N'-dicyclohexylearbodiimide, 1-hydroxybenzotriazole, N,N-carbony! diimidazole, ethyl chioroformata, benzyl

chloroformate, 1-{athaxycarbonyl)-2-athoxy-1,2-dihydroquinoline and benzotmzoyl-oxytns'(dmemylamno)-phos-
phonium hexafiuorophosphate.

12. A pharmaceutical composition comprising a pharmacautically effective amount of a peptide according to any one
of claims 1-6 and a pharmacautically acceptable carrier.
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13. The pharmacsutical composition according to claim 12, wherein said composition is used to treat pain or gas-
tro-intestinat disorders.

14. The phamacautical composition according to claim 12, wherain said composition may beinanadministering t‘josage
form selected from a tablat, capsule, caplet, liquid, solution, suspansion, emulsion, lozenges, syrup, reconstitutable
powder, granule and suppository, '

15. The use of a pharmaceutical compasition according to any one of claims 12-14 in the manufacture of a medicament
for treating pain or gastrointestinal disorders.
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Wleja ¢

DERMOPHIN ANALOGS, THEIR METHODS OF PREPARATION

PHARMACEUTICAL COMPOSITIONS, AND METHODS OF
THERAPEUTICAL TREATMENT USING THE SAME

ABSTRACT

Peptices are provided which are suitabla
for the treatment of pain and gastro-intestinal dia-

orders, such as diarrhea, and are represented by the
gtructure:

g? / r: gt '
H2N+— x-wi—x —Y-‘h———-NHZ
12 \ 2 A 12 “
| o

where values for the substituents and n are disclosed
herein. Methods for preparing these peptides by
solution and solid phase syntheses arse alsc provided.
Pharmaceutical compositions utilizing these peptidef
in a pharmaceutically effactive amount and methodg

of treatment using them are provided.
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