
-;.~ 

·:-..:..,: 

'_;;! 

5 

.··'$ 
10 

15 

20 -

2S 

.PST 117 

-

C\~ ot~~ £·\· ~~­

l~OS. 

IAF-5 

- .. ..:-;· . - ·: 
· .. :.:· .. ;:.~-:.:-.. :- ..... _ .. 

. ·:. ·.:~: .... .:_··· 
..•. 1.-·.·- . . - .... ~=-

DBWOPBIN ANwi08, m·1; ~~~-f :if;·~.· 
PREPARATION, Pl!AiMACIU!ICAt. CO!IJPOSI'?IONS, AND 

METHODS or THIRAPEUTIC··DBATMBNT USING ml SAMI 
. -•. ... · . 

. - ... . ., . ·-.--:- ..... 

Technical 1iald of the Invention_ 

Thia invent.ion~-':r:eiates ·to ~~vei ·peptid~s· 
of medicinal importance for ._;tlie ·· uea~nt of ·pa.~n _ 
and qastro-inteatinal disorder•, methods for'-·tn:eir ~-­
preparation, pliarmac'autica1ii' accepta.bi• comp~oiitions 
characterize4 by those peptides, ancl me't.hod.I tor -
treating patient• us in; thola~ coinpoai ticns .. .- -irihe _ 
peptides of this inve_n~-ion are' 'charact~fiz~~-:by ;:=a-·---­

bi~h degree of aelectivi ty for ~·- µ-opioid .r.eceptor. 
:-;,:;e poirticularly, the peptide• of· this i~yentiori 
exhibit superior apecifici ty: for the·· 1-1 .. opi-oid. ;:o~ceptor 
when compared with- conventionai::i;ianta:.:. - i?ilea• pep~ _ 
tides also possess a h!qh~ poi.; ti\t&" charge -o~. ·pol~ · 
character, making -theni- 1paring1y-·1ipi<fsolUble. 
'l'hu.1, they do no~:readily~permeate-the-blood.;..l>rain 

- -

barrier. As will be appreciated· by· the diaclo_aure 
to follow, the peptide• of-this invention-ar~ partic­
ularly well-suited for administration aa peripherally 
acting analqeaic and· inti-diarrheal"' agents~ 

Background of the Invention 

A large number of endogen~us peptides found 
in varioua regions of the central nervous system­
e~hibi t opioid activity. Thia activity is elicited 
by compounds, -known as opiate•, which are described 
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aa IUl:>stancei which bind to opioid- receptora. 
concomitant with the-multitude· of peptides which 
demonstrate opioid activity was the pharmacological 
discovery of the existence-of multiple opioid· .. 

S receptors. see w. Martin et al., J.-Pharmacol. Exp. 
Ther., illr p .. 517 (1975); and J~ Lord et· al'.-;---Nature 
(London), ll1,, p. -495 .... (1977). '.three different_-~l'Pel 
of receptors have been identified. ~he -~irst/ 6 '· · . 
shows a differentiating affinity for elikephalin.· -

10 The second;-µ,. shows an enhanced selectivitY.-.-:to-- · 
morphine and-other.poly-cyclic alkaloids. The third, 
K, exhi~its equal.affinity for eitl'W.r. f¥oup of _these 
li;anda.-and preferential, affinity for dynorphin. · 
~ -endorphin ·· appeu:s:~ to bind equally to the µ and 

15 6 re.ceptora. , ln general,, the µ receptors s•em to be . 
more .involved~. with . anal;eaic ·effects., whereaa the 
-a receptors appear to deal·with behavior4l effects, 
·althouqh the--a and K receptor• may,·also- mediate 
analge1ia o. .. _ . • , -. · ~ · · . . . 

20 ·. - ~h• -majQr ·puta'tive ·.function-fol: opiates -is 
their J;ole in a.llevia~in; pain. Othe~ -areP..!:f ~·,.,_~~:._ 

opiatea are wel,l--.auited for·uae in-treatment a.re 
condition• relatin~to ga1tro~int.eatinal di1orders 

· ( diarx-hea-), .- schiaophrenie., obe1i ty, ))~god preaaure, 
25 canvulaions, ··an~ ·where 1eisure- induction may alle­

viate learning· or, niemoey loss •. 
. To date, opiate1, opioid peptidea, and 

analogs thereof, have either .failed to demonstrate, 
or have .demonetrated'a.limited·deqree of specificity 

30 · and selectivity .for-the-receptor or receptor• ·to 
which they may bind.. . The le•• selective and specific 
an opiate may he,.the greater th• chance that 
increased side effect. from the administration of 
the material will be observed. -Since each receptor 

35 elicits a specific biological response profile, 
certain effects. are symptomatic when each receptor 
ia triggered. However, when an op.iate· activates 
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more than one recepto~ ~- _the b;olo.cP.:~~~- ·.response pro• 
file for each receptor !s affected, there))y poten• 
tiating a spectrum of side' ·effects --whtch may or may 
not be adve.tae. Such adverse sic1e effects include 
heaviness of the liinbs, flu•ih. -~r· · p·aie complexion, . ·.· · 
c::log.ged nasal and ai~ P...¥~'qe_1) dizzineria ::;·;;~-~-~-~-"· -
depression, ·and the iilc.e~ ·-··-- . ·_-. ::~~< -:.;.-_;. · · . 

conventional opiate' peptid~• have: be:en · .. 
chosen from amanq enkephafin,. · .. endorphin, and. dJnorphin 
analogs.· Other known opiate• are poly-cyclic alkaloid 
structures such as morphine, . ?aloxone, .. and l~vor­
phanol. It ·ia generally. recognized that ·th~ degree 
of ¥OmPlemont1r1 affinity b~~w~~n th~ struet~~1i:· 
characteristics of an opiate receptor and the liqand 
which fUnctiona· aa all opiate or opioid peptide, ie 
significant to the determinat~~~- ,o( receP:,toz:: aelec .. 
tivity al)d apeci.ficity~ · l!o~ev~r~-~-;;cent report•·· · . · 
indicate that specific. iti~~actlo~ of. opioid .,P.oi>- -

• -- ... ,-. • · •• ·""; • ... • .d .·· • 

tide• w1 th various meml:>rane compartments. 1,na.y .. a~so 
contribute ·to the iibility-··of tli8se_.·oP.~·te8 .~to· aelec;~ .. 
tively interact :with •l>ecific~iecepi~rs~ .· 8.-~ R~ 
Schwyser, Biochem±n..:.:;y, · ::·~;_ ·P~ .:a-336 -f1?8&i~--· : 

- ... ... . . . ~- ·. "'!:':~::-:.: - . - • ~ . ., 

Th•· terzn "spec:ifi~i-~1." refers to. -th~ 
particular or'"Cietinitive p-rele~~-. -o·f an .opiate- _or 
opioid peptfar .'·:fo:r: oiie~ d-pfo!Cf:rec•p:t-Qr oVer another. 

• 
0 

0 •:•" ... ~ ~n.. • o • " - - :.. ... - OR I ~ O 

The term "selectivity" re(erl to. the ability of an 
opiate or opioid peptide to disc~i~~ate among ••veral 
opioid recaptOra. For.instance, .the ratio Of binding 
inhibition conatanta, :xt/X~, i• a value.that may be 
used to measure selectivity. This ratio represents 
the relationship of the affiniti.~~ _for ·bincli~q to · · 
th,e a and µ receptor.. A ... hig~r vai~e ·f~r thia ratio 
indicates a greater preference o.f ligand to bind 
with the 1J receptor over the a receptor. One conven­
tional opioid· ·peptide analog, B-?yr-D•Ala-Gly-
Phe (NMe )-Gly-ol, haa been under1tood to be the moat 
~ selective opioid peptide analog known. to date. 

liiiffilUf 
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Thi• peptide has recorded a xi/K~ value of 1050. 
Leuenkephalin, :-o.n the other hand, has .recorded a K~/K~ 
value of _0.2. ~hia fractional value reflects a pro· 
nounced affinity for the 5 receptor -over the µ 
receptor. 'l'h~a, -it would. be· desirable for. an opi~te 
or opioid peptide t~. demonstrate an increlieet::vai~e -
for this bind;iJl9 r•tio, thereb!' _genera.ting ··-·--greater 
preference for_ µ recep_tor. binding. and eilhancinq the 
peripherally ll\,e4iated. analgesic e.ff.ecta .. related to 

. . . . ... "' .. 
_these opiates and opioid. peptides. . . . 

. __ . 1-'M.. cl_ass _ot- compounda commonly ref erred . 
·· to. a~ anal~ai~s are norma-llY'· quite- ·hydr.ophobic '·Al1d. 

thus are ex~ez.aely well·•~ited tQ~permeate lipid 
.: - . . ... . . 

. mcmbr~~P.1 SU~~ a•.: ~. blood-b-rt.iu.~ ucu..1.lc&. ,. ~u.e to 
thi1. physical~ c..apal>ili ty1 tbeae·· compounds tend. to 
bind __ witli .. opio~d receptort,.of ·.th&: centra-1- :nervous - . . . ·-. . . .. . .. . 

Jy_s;em in_ the brain, ,-altl\ou9h: not-necessarily the 
same ones. Thia binding may generate similar side 
effects to those attJ:~))uted to._conventi:onal, opi~tes, 
opioid ;eptide and .. ~•loga, al though, the probiema 

.. . ··- -. . 

are likely .to be of-•-·;reater magnitude • 
.. ___ ., .. S~milarlyrc _the hydrophobic character of 

conv~ntio.nal o~ia~e~ -.a.I!~ ___ opi_ctid p_eptidea ·tends to 
delay,,their .rate. of P•Uate. tQzouqh the system. 

• . • • - .,: ...... .• 1 . • • _ ....... -· 

_MUch_effort ha~ been placed on improving the adsorp-
tion pr~p•rti~s ~£ thee ·compounda and· decreasinq 
their cap~ility to tr-.nscend. the oiood-brain barrier. 
Howeve;,· since their affinity· and.solul>ility is 
greater for lipi4 material• than for aqueous· fluids 
of physia.l~gica~ pH, these compounds tend to lodge 
themselves in the o~gans and f.t,ty:ti11ue. of the 
body. 'l'hey tend to remain therein· .for_ extended 

· periods of time rather than being excreted !rem the 
system. 'l'he lonq term toxicity of many of these 
colUpounds is qenerally uncertain, however any pro­
longed exposure is likely not to be benefici~~· 
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Recent advances in the field of opioid 
peptide• have been directed towarda the 1tabilization 
of thase peptides againat enzymatic or hydrolytic 
de~radation. It woulct be extremely valuable to 
stabilize these peptides frOlll proleolytic enzymes in 
order to improve their pharmocokinetic properU~I ~ · -. 
Enhanced res.istance to ensymatic degradation woufcf 
increase ·the u1efulne11 of these opioid peptides-as· 
therapeutic a;1nt1. However, since they only exhibit 
short half lives in vivo, larqe amount• of such- ... 
peptides must typically be ·administered to a subject 
in order to achieve the deaired e·ffect. Alternatively, 
smaller quantities may be prescribed to an individual, 
but more frequent dosages would be -re;uired to :achieve· 

.15 , the same level of potency. . _ ... 
It ia desirable that a peptide meet several 

general criteria in order to })e considered for·- any 
pharmacoloqical interest. i'irst_, a peptide 1hould. 
be resilient to proteo~ytic: degradation. Second, a 

20 peptide should elicit an enhanced bioloqical response. 
Third, a peptide mua~ be ·aafe tor human cc".'l"'-'l~tion. 

rourth, a peptide should be capable of bcl~~ p~~duced 
in quantities lar;e enough to perform clinical 1tudie• 
respecting its toxicity and later for commerciali• 

25 zation. In the present case, leaa lipid aol\1bility· 
and greater a;ueous solubility are also desirable 
properties fo~ the peptide to ·po11·sesa, to prevent 
pe:cmeation throuqh the blood-brain interface and to 
permit rapid excretion of any excess administered 

30 peptide ·and it1 metabolites. Further, it would be· 
desirable for a p•ptide to •licit _salective and 
specific receptor binding potential, in order to 
minimize potential aide effects resulting from its 
ingestion. 

35 R•gardinq suitable production quantities 
discussed above, several factors are worthy of 
consideration. The :method. of preparing the peptide 
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should preferably be simple, efficient, and econom• 
ical. 'nlat is, the reaction scheme of th9 method . 
should contain few 1tep1, afford high overall yielda, 
and allow a minimum amount of by-product formation. 

s Moreover, the scheme should preferably utiliZ•-·-- ··. 
inexpensive :reaqent1 and materials. . In thie~_·reipect·, 

-- -.. - ·. -. . inexpensive and reprod.uceable diagnoatic -and·~~~~~~~;-~··_:. .. 
. .. _ 1nalytica·1 ·methods should be incorp<>'rated ·intc{-~;-;-~·:-.·: __ .. 

-;'~=-~·::'·.<.-~-~ -.-.. ,~~·::..'. .. production schema where f eaai:ble .-· Flirther·,'. . t;lie< method· 
:_:.:;.·~=-=.~-::~·::::..:.:--:.~ ... . I . • ·: ·- ";'· .. : . - . . 

··-··· .. _. 10 · ahoµld ensure the optical integrity of the_peptide.,_~--- ~. 

·'. .·_ '. - · by avoiding reagents that will tend to racemize the. · 

_•:: .. .-: .. -

lS 

re-actants and product•. - A racemic mixture of ·the· -.: · -· ... -· .. ·:··;· 

desired peptide is not likely to fully exh~bit _th~ _· 
desired pharmacological response~-_:-, ; ,,- . · . ·-·-- · -

Th6 opti¢al l,.1.L.e=y"·.l ~.Y ol a.·· compound relate•. 
to ita ability to rotate light. This ability:: is.:;~'':\.· . 
meaaured by an inatrument known as a polarimeter-/·::-~··.-. 
which utilizes a zero point reference to base its .. · :. · 
reaclinq. _ The degree to which a chemically pute~~-~:'..- <-~ · .-

20 material rotate1 light indicate• its relativ~~ptical 
purity. 'l'hat is, a material ma.y be ·chemically pure . · 
while being optical::.y ina:..:·~i ve or racemic. 1'ha amount 
of activity that is observed from a material is often 
dependant upon i ta optical puri ~y. TWO enantiomer1., 

25 although poase~aing identical chemical formulae, may 
have completely different biological activities. It 
is common in medicinal application• for a compound 
of one optical configuration to exhibit activity and 
uaefulnesa, while its optical rctamer or complimentary 

30 enantiomer demonstrates a different activity or ia 
wholly inert. ~hua, where optical configuration ia 
important, optical purity, aa well aa chemical purity 
is 1.n important concern.· 

Conventional opiate• and opioid peptides 
35 exhibit either no specific and selective binding 

preference for opioid receptors, o; limited specific 
and selective binding prefer~nce ~or those receptors. 
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Moreover, their hydrophobicity and enhanced lipid 
eolul>ility have permitted them to cro11 the blood· 
brain iAterfar:ft t.n Anml!' extf!nt. Further, th• combined 
effects of theee two phenomena not only estal:>lish _· 

.. :.:.. .:-c.·... .... • . 

the potential for side effects, particula;ly_~dverae 
side effects, and thoae side effects ar~ __ likely to:. ·. . . 
be varied and intensified due to the cen:t:raliy: __ -=-:·· .· .. ··----~~--~ · 

mediated interaction• of. the opiate ·or~'-opicii4···~:0

.-·-~~.:.~ • :· _.,. · · · 

peptides: - . . . ·:- ·::.::-:~··-~;J:-:iJ-tt4~;= _ _., _.... 
·Notwithstanding the efforts placed-~qainst 

. ... . 
these concerns heretofore, there ia a n~ed for.pep-
tides which exhibi't; a prefer.enc• for a specifi.".= opioid 
receptor, especially the µ =eceptor. It wo~ld be . 
desirable to design peptide• of.less lipid.solubility 
than th4't of QOnventional npi iat.rtR ··nr opioid peptides,· 
ao that the blood-brain barrier would be-·impermeable 
to these pepti·des. rurther, peptides of higli~po~-ar ·:. ·· · . 
character would normaliy poa1e1s a greater tendency 
to lJecome solublized in aqueous· fluids of physic.;.·· 
logical pH, thereby facilitating their excretion and 
the passinq of their metabolites from the system •. 
:~ would also be desirable to aynthesize theae pep­
tides in a simple, efficient, and economical manner 
to facilitate the preparation of suitable quantitiea 
for toxicological 1tudie1 and commercial 1upplie1 
while retaining the opt~cal integrity of the desired 
materials. 

summan of the Invention 

~he present invention meets all of the 
qoala described above. Specifically, thia invention 
provides peptides which exhil:>it a preferential selec­
tivity and specificity for, particularly, the µ•opioid 
receptor. '?his invention alao provides pha=naceutical 
compositions characterized hy those peptides, for 
the treatment of pain and gaatro•intestinal disorders, 
such as diarrhea. And this invention provide• a 

.. 
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method !or preparing these peptides in a simple, 
efficient, and economic fashion that affords the 
peptides in high yield and in auch a way that their 
opti\.:cal lutegri ty ·is maini:ainea. 

-·· .... :. . -Detailed Description of the Invention:-:. :.·,_ 7 . . :. · - · -· ···· · 

The peptides of the present !~~~~!-~~~~~:·?;~·~::· -- ·: · .· 
include tho•e ·represented by the formula:.:.-~-~--(~~ .. ~ .. \:'.-~·.:-> ·. 

~.. '· ·- .. ·: ·--·· .... . . . - .. -:-·· : ·:·.·:-:-·'·. -.::. . . - : . ,:, . ·•. ·.:~.;<·~."~·-·_:··-_ .. ~ ,_ .. . · ..... 

': .- .· 

10 

- ' •• r . ·. .- . ... .. . . - · .. :"' .·. . -
and phaJ:maceutically effective salt• thereof~- .:.-,-.- ·· ·: .· 
wherein R1 is a member aele.cted from the qroui) ~~i-:n,:_~:.··. 
aiating of hydrogen, c1 .. c7 branched or unhranc~ed ·.·. · .. 

15 alkyl which may or may not be substituted by· amino · · . . .. · . . :~ . ·· .. or guan1do, phenyl, hydroxyphenyl, methoxyphenyl ;··~/'"~''?./:·:~ 
· benzyl, hydroxybenzyl, methoxybenzyl, amiro~J~~~~-!~·· ·<_ .. : · 

amidobenzyl, carboxyban.Zyl, car~oxymethylbeanzyl, 
cyAnnh~n8yl, fluoroben?Zyl, ahlorobonayl, brome~ellllyl, 

20 iodollenzyl, mercaptol)enzyl, and nitro:benzy~1 
· 12 ia·hydrogen, methyl, ethyl1 

a1 and R2, taken together with the carbon 
atom to ~rhich they are attached, fo:m a cycloalkyl 
ring containi~ 3 .. 5 carbon atoms1 

25 X ia selected from the group consiatin; of 
c=o, N-B, ~' -o-, ~-s, and -s-1 

Y is .aelacted from the group .consisting of 
C•O, N-H, CB2, -o-, C=S, and -s-; 

X ·and Y, taken together, represent an olefin 
30 linkaqe wherein x and ·y each have a hydroqen atom 

attached thereto in a cis or trans configuratio~1 
and 

THIS SHEET HAS BEEN 
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n i1 1-7. 
The representations for R1.are typically 

sub•tituent• commonly found· among natu~ally oacurri~g 
a-amino acids or their con!igurational enanti-

5 omera. Preferred qroupinqa include branc~•4 __ or_,_~~-,:~:_ . · 
unl>ranched alkyl groups, which may or ~ay··no~··:b~-- ·9Ui,~··-:·· · .. ··· · 
sti tuted by amino or guanido. Part:leuiariy::·p;r~·f~r~ed:. ·. . 
V"' U'-'Plll l.uul "'da cl ·Cs b.r.·auuhacl Ul." .• WW.l"llU~l1~~~-~~-~~1 f :-:-=~~---' ~:·_ ~. ~ .:·:.-~ .:. 

· :_;·:· ·· ·- groups, which may or may not be subatitu~~:.'~i~.~n0 · 
10 or guanido at the terminal carbon·· atom.·-· .Qn4(~·::?~··:=-.~- · -· 

especially preferred grOUJ> repreaen_ted ~-y· B.~-:.-:J:a·. ·c3-c5 · 
branch~d alkyl, which may or may not ~· -. sul>sti tuted j 

at its terminal carbon by the guanido functionality·· 
and which poaae11e1 the D ab1olute configuration~.·. 

15 Another especially preferred group represented by-R1 
is c1-c5 unbranched alkyl' which may J,e subati tu~·d · 
at its terminal carbon atom by the amino .functional-
ity. .. ··- .-·' .:. ·: ...... :· .:·-··· 

Alternatively preferred gr~upinqa· f~;-~~i:·· 
20 include phenyl or benzyl, which may or may not b9. ·· ~:· 

substituted ~y hyd:-:iT.y, ?":ethoxy., amino, amido, 
carboxy, carhoxymetbyl, ~yano, fluoro,·chloro, ~romo, 
iodo, mercapto, or nitro. Particularly preferred 
alternative ;roupinga include henzyl and 

25 hydroxybenzyl. · 
The ·abaolute configuration of a com.pound 

relate• to how :f~a aub1tituenta are o:riented in space 
. about_a central atom. ~hi1 notion becomes si;nificant 

when coupled with the rigors of chirali ty. Chirali ty 
30 involve• the .identity of the aubstituenta about that 

central ato111. 'rhua, in general., a compound is 1aid. 
to he chiral when four distinctly different groups 
are bound to a central carbon atom. These qroups may 
be spatially aligned in more than one manner without 

35 repeating their individual orientation•. rhat is, a 
chiral compound may exhib·it ·a m.irr.or image which i• 
also chiral. These mirror image1 are termed meso 

': ~· .· 

D 
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configurations, and are each abaolute confi;urationa 
of a ohiral compound~ ln amino acids and ·r~l·a:ted 
compounds, the absolute configurations are desig-

. nated L or D, depending on whether the subatituents 
align themaelve1 in a clockwise or counterclockwise 

.... -. . . ---·· . - -
fashi.on, re~pecti vely. Theae design~t~o~~--~ _p~~--~~ ;-·~ ~ · · ·· .. 
have no bearing on the direction in which· th•Y.::~~·~ ·~:.:··.· _ 
l:'otate light. or whethu or not the compoundi{,~~tate ~ -~~ ... : 
linht. at all~ · ·:···- · · - ":- ·--·:·;.::.2.-f.'>:.' ·=-· .:·.:·· ··-·.: .., •' _,, .·. .... .. :··-... ·.:::-.:: ...... : 

The peptide• of ·the present· .invent:fon~~:;·;;~·-·. · ... 
exhibit many advantage.• over conventional _-opiat~~ · ... 
and opioid peptidea. ror example, they demonatrat• ·- : 
;reater activity than that of other peripherally ~-:.'.>J .... 
acting opioicl peptide analogs reported to date~"-·' .. ::··. ·. 
Further, the potency or "Ule1e ptptides . may.· be as· . : "~ ·· 
"high aa about five .. ··times that· of previously ·imow . 
peripherally acting enkephafin •naiogj .· .: ·· - : ·- ·· · 

'Nle atuility ohoen•d by the..peptid••· of-· .. ···· 
.the present invention exceed• that of na~urally occur­
ring opioid peptide•;· and is at leaat eqtial to that . 
of conventional opioid peptide analogs.· · Wl thout : · .. · 
being bound by theory, we believe: ·that the. increaaed 
resistance to ensymatic degradation' over natural 
cpici4.peptides exhibited by the peptide• of this 
invention ie due to-· the introduction of I> amino 
acids into the peptide- chain11. · ·?hi.a · ·awi tCh from L 
to D amino·· acida neutralizes the digestion capabili­
ties of many of ·the ubi;uitous peptida~ea :found in 
the diqestive .tract. · Alternatively, the enhanced 
etability of the peptide• of this inven~io11 may also 
be the reaul t of ·tb.e 1ntroducti·on of ·modi'ffcationa 
of tradi ticnal peptide· linkage•~· ·For example, the 
introduction- of •· thioamide linkage may increase the 
stability of the peptide. And, enhanced stability 
may also be evidenced by: the .redW:tion of the amide 
bon~ to form a secondary amine linkage, the re~uction 
of an internal ester linka;e to yield a ketom~thylene 

. . : :· .... : .~ ..... 
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linkage, the reversal of the atom• which fo~ an 
eater or amide· linkaqe, the· intrOduction of an un~~t~ 

.. ·- ·.· 

urated linkaqe, or the· placement of an ether or 
thioether linkage into the peptide-~ac~one in order 
to circumvent the effect of many proteolytic en,ymq .... : . .. - .. 

known to digest small peptide• in the atomach or.-_.:. ~- · - . 
other digeati ve organ~ . · .... ,,._, .. .,. . -.. -"-.t·~-- · 

The peptides of thil · inven~iozi_ elic~:t ,--_-. · .. . ._ 
increased specificity and: aelecti vi ":tr· with i:••P~~~ ~- _-. 
to their binding preferences to opioid receptor_•~,·.·... -

. ....... 

specifically, ·the peptides of this:: inventio#·--~~ .. · ... :.·-. 
characterized by a qreater. mpecifici ty and l~le~t~y~ ty~ 
for the opiate receptor. that ii. m~ilt . res~C?!l~;l?~~-- tor•. -- -
ana.lgeaic effects -- the µ receptor -- than th.at_-· 
exhibited by conventional anal9esic1 utilized to . 
combat· pain ca.used by imflammatory -~ondition1. ancf · ·.·: .· 

. .... . . . . -~. --
the like. · · · · · 

··- . ... .. . . . . 
Conventional opiates·, used heretofore. t_o, 

alleviate pain, exhibit geiie~al binding oharacteri•­
tics for the entire ;roup of opioid" recieptors, ·.µ ,_ "··' .· 
1<, a1 a whole. As a reaul t, sucli co~ventio!i'\l. agents 
are typically a11ditiated · with po1.aible .. aic;a ;li;:'cots 
triggered.by the ability of thoie.agent1 to.bind_to 
more than one opioid ·receptor~·· '.~or· ~x~~·, :_th~ , z41K~ 
ratio, which illustratei ·repreienta'l;ive ~:Lnd~z;g.~"'"·­
affinities, may vary greatly""depending on .. the compound. 
being examined.·, Leu-enkaphelln :has a ·:acord.e~ v_alu• 
of o.~ for thia binding ratio which indicate• a.p~e­
dominance for binding to the a receptor_. one. 
conventional opioid peptide analog, E!-Tyr·D-Ala•Gly-·. 
lhe(NMe)-Cly-01, has demonsttatecl a x1~~ ·vaiue --~~. 
10.so which indicates·a greater.preference fo~ 1.1 

receptor bindin;. However, the peptide• of . the _ 
present invention demonstrate .increa1ed values for 
this ratio. A preferred peptide of .this ·invention, 
H•Tyr-D~Arg•Phe-Ly1-NH2 , demonstrated a Ki/Kl valu• 
of 11400. Thia represents at least a.Qout a ten-fold 
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enhancement of µ receptor binding over that elicited 
by the previously known opioid peptides. 

~he . centrally- med.iated .. adverse 1ide effects 
and addictive.potential demonstrated by conventional 

s opiates and opioid peptides ·is not observed by the 
. peptidea of thi·a invention. ·one• administered,. the 

·. .. ... . . 
ligand-receptor interaction• occur on the neuron1· 
of the peripheral nervous· ~y1tem .c.f the ~rain.· i· __ These 
peripherally mediated inter.actions -.11eviate . the. " .. 

10 adverse ·aide etf'iect• and potentia~ dei>~ndency concerns 
attributed to conventional. analgesics.;· ... ··. : . . .. 

The pep'tide1 of thi.1 invention .. advanta­
qeously minimize the side . 'effecti "·asa~~~:~ted wi'th 
conventional analqe1ic• -because .. they ~nd to bind to 

15 specific opiate receptor• not found in.the central 
nervous.system. of .the bratn. These peptides may 

·carry a high net charqe; either positive:or neqative, 
which make them very p_olar. Preferably, the peptides 
possess a hiqh net positive cb~rqe in ~e %ange of 

20 about +l or higher. '?hia hi;h po_lari.tr allow• .. thm. 
to be less solubilized- :.:'\ l ~.pid material and .more 
highly solubilized in a~~eu~• flu~d~ ~nd materials, 
preferably aqueous fluids of P~:)"~iolo~ic~~ pH. The 
.low hydrophobic- character t;)_f 'th•••· pepti~8' minimizes 

25 the likelihc)od'that they.will .Permeate .the blood-brain 
barrier. Thua, the-peptides act as biological 
respons•modifiera peripherall~, by bi~~i~ toµ 
receptors located ·on.len1ary neurona of the peripheral 
nervous ayateni. '?hia prevents ~o~oua . stimuli from 

30 reaching the spinal cord and thereby r••µlt• in an 
analgesic ·effect. ' .· · - · · .. · · .. · __ ·-·. · .. 

similarly, since the peptides diaclosed. 
herein exhibit decreased lipid.solubili~y and tend 
not to migrate acroaa tha blood-brain bar;~~r, the 

35 likelihood of developing a narcotic addiction such 
as that associated with conventional opiate1, ii 
either eliminated or greatly red~~ed. ~us, the 
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p•uy~•••l v•li W6•k6: effae~1 that are oh~orvod when 
tolerance build• .for an ~piate or opioid peptide, or 
the withdrawal signs.associate" 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-auited_~Qr-use as anti•diarrheal 
aqenta. 'l'he enhanced ~tabiiity to.proteolytic 
degradation and deereaae4 affinity for lipid· tiaauea­
exhihi ted by thes• ~eptides peJ:lllit1 them to endure· ~ 
the environment of the qaatro·i~testinal tract for' 
extended periods of time and qJ;"eatly . reduces their·· · · 
ability to cross tha blo.od br.ain ])a,rrier~- .. Thia 
ability to withata~d the deqra~ative eftect.·o: the 
uhiqui tous enzymes of the 4iqes~i ve-, .tract and to 
remain in the tract without b~coaing abaorbed into 
its tis.sue are two characteriatj.cs which .. render, 
these peptides useful in the treatment of diarrhe·a. 

'l'h• peptide• of ·thi•,in.v•ntion mAy h,a IlrP­
pared by initially react~ni a first appropriately 
protected amino acid with a seco~d appropriately 
protected amino acid in an orqanic solvent inert to 
the reactant1, in the presence.~£:· a suitable peptide· 
·coupling agent acc:ordin; _to_ the . ~~l.lowinq schemes· 

al 
z .. N-C-COOH a a2 

1 .. 

+· 11112~L:~-t-butyl ea.ter 
t,2 . 

DCC 
HOBt 

0 
dichlorometha;ie, O. c 
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z-w-c-c7x~c-coo-t-butyl ester 
. B !2! ~ 12 · _ · · • · · · • --· 

i'!'A 
0 

0 c 

.···~-------··"'· 

wherein z is a 1uitable-nitrogenpro~eC::tinq qroup 
and R.1 .and.R2 are as defined hereinabove.· ·~he dei:Lrecl 
peptides may be prepared by utilizing the.appropriate 
amino acids and repeating this reaction a~quen.Ce as 

is required until a peptide with three to ten amin~. 
acid residues haa ··been prepared. A ·suitable depro• 
tection method may then -b• employed to . remove-· speci­

. fied or all of the remaining protecting-groups.or 
the pep~ide from the resin once the desired peptide 

20 haa been·prepared. 
~he fi·rst appropriately protected ·imino. 

acid and, for instance, an ·appi°oJ'riately pro~cted 
tyroaine may be-:reacted toqethal':_ in the_ presence of 
.• suitable peptide coupling agent in a ·auitai:>l"y· inert 

25 organic solvent with stirring, shaking, or aqitation 
to form a protected tyrosine-containing dipeptide. 
Introducing thia dipeptide· to appropriate protecting 
group removal conditiona.afford8 .. t s~ieotively depro~ 
tected dipeptide ~hich·- i• ··weil~aui teid"' for. continued 

30 peptide synthesis. contaCting this mono.;.deprotected 
tyrosine containing dipeptide with an' appropriately 
protected amino acid having a side chain repr•sented 
by R.1, described hereinabove, in the presence of a 
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sui table peptide coupli~; a;ent in a •uitably inert 
organic ~ol ven.t '#i th _stirring~·· shaking,- or -agitation 
to~· a protected ~yroaina containing·tripaptide. 
~his me~o~_maY. be repeated aa ·many time• ·as nec•••ary 

s to achieve the·· desired peptide• ·· · · ·- · · · -· · 
~-- methOd of _prepa'"ation· for peptide 1yn­

theei1_ requires-specific functional qroupa to reaat 
with other 1ubsti"tuent1 to link amine acid residues 
in a desired manner ·t~ f_onn· a peptide pos·aeaain; a . 

10 known an~ ·desire~ sequence cit di.no ·actd.':.re·aiduea. 
Since aminQ acids _,possess at le·a•t two reactive 
funct~o.nal qrcups, ··· aui table protection..r b1oc:Jcing, or 
maski~g of these.qroupa·ia ·reqtiited-·t()- ensure that 
reaction ·will 'occ:Ur .. only at. specifically . desired 

15 sites •. . .. 

· . ~~ae protecting · qroup1 should. l>•-' introduced 
to the moiety' efficaciousty while "their removal ahould 
be performed ~der _doncli tions: whicll do. ,:not · affect 
other po.rtiona --of the molecule. In · thi•· ·manner, 

20 certain reactiqns ·and.modifications may be performed 
on the amino acid~ "peptide, ·or· other: compound, with 
aa1urance that the protected .fu~1~ti inali ty wil1 not 
in~rfe~e with .. the delii:r:eCl reaction. rurther, by 
choosin; a_.protectinq ·;rou:p· that ia sensitive and 

25 labil~= to cert.in·r~·aative··conditiona:, a reaction 
scheme may be outllned to ~advantaqeou•ly utilize 
tbes\i characte.r.is~ca to effectively re1m0ve the 
p:r:otectinq tJroup ·ence the·· •yntheeis ie complete. 

A variet~ of protecting groups known in 
30 the field of peptide synthesis and-recognized by 

conventional· .abbr.Viationa. therein, may :De found in 
i •. :areene: .Prqtective .. _-·ai-oupw· l:n· oi:ganic· smthesis, · 
Academic Presa ( 1981") ~--- Ainong- the preferred protec­
.ti~CJ _qroups that. may be utilized for sui tabla pro-

35 tection of reactive nucleophilic substituent1 
include, for example, benzyl (Bz), ·carbobenzyloxy 
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(CbZ), t-butoxy (Boe), or 9-fluorenylmethylox~­

carbonyl ( Fmoc) • 

coupling of amino acids, which .may be the·"· 

same or different as those desc~ibed above; to yield 

small peptides in·routa to pepti~es comprised of .. · 

greater numbers of ·amino acid . residues may be .:...... . .. 

accomplished by employing established techniques in 

the field of peptide chemiauy.. A broad .. range :of_·_ 

suitable reactions are described in :e: •.. Groas -and _ 

J. Meinhofer, 4 The Peptides i Analysis, Synthesis, 

siologx; Modern Technique•· ·of Pe2tide-and Amino Acid 

Analysis, John Wiley & sons.,- (1981) and.M. Bedanszky,_ 

Principles Of Pe;etide SYP:theaia,. SpJ:inger•Varla9 .. -

(1984). The peptide coupling' ·agents which may be .. 

used to assist condensation- of amino .. and carl>oxylia . 

acid moieties include N, N' -dicyclohexylcarbodiimide ... 

(De~;: :.: ,ti' -carbonyl diimidazole (CDI), l"!'hyd.ro_xy 

l:>enzotriazole (HOBt), ethyl chloroformate-, l>enzyl 

chloroformate, l-(ethoxyc:arbonyl)"!2-ethoxy-1,2"'!!di­

hydroquin~line (DDQ), benzotriazoyl•oxy•tria· 

(dimethy)amino•pho1pho11ium hexafluoro phosphate_, . 

(BOP) and the like~ A preferred.tec~que usea DCC 

as the coupling reagent. The. DCC method: may he used 

with ~ without catalytic: additives such aa 4~di­

methylaminopyridine . (!>MAI), copper (II). chloride or 

HOit to hasten the .reaction and aupprese-tha racemi-

zation of the deeired compound.. ~ 

fhe DCC reaction is .o!ten ·performed at - _ . _. _ . 

room temperature but may b'e car:ied: out from about._ -. _ 

·7B°C to gentle reflux in a variety.of:solvents that 

are inert with respect to the reactant•~ The 101~-

vents are normally organic solvents which are polar 

and aprotic. Preferred solvents include, . for _example, . 

dichloromethana, chloroform* diethyl ether, tetra• 

hydroform. ('rHF), N,N 1-dimethyl!omamide (DMI'), and 

the like. Particularly preferred solvents are 

dichloromethane ·and DD. In general, the coup~ing 
; · .. 
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reaction may be carried out at atmospheric p;e1aure 
at a temperature of ~78°C ·to reflux· for a pe-riod of 
bet~een 1 ··and 48 hours. Preferably, the reaction i1 
carried out ·at about. ··1.0°C to 25°C with stirring, 

5 shaking or aqi tation, over a- period· of between 4 and 
6 hours. . . . ~ .i, . 

An altemative-synthetio-approach.for pre• 
· paring the peptide• of· the present-' invention can be 
effected via the Merrifield solid·~ phase methodolo;y 

10 . and its known~ variants. Thua, a Merrifield resin ii 
prepared by well-known· a'olii! pha·ae peptide synthesis 
methoda. A covalentiy: attached u•amino' acid residue, 
attached· ·~ its· carboxyl fUnctiona-lity or, s-imilarly, 
a peptide with a .free termina1~·-aino functionality 

15 may be carried by said resin.~ ·Alternatively, said 
·residue may be· attached to said ·resin. at its amino 
functionality, ·· Praferab'ly/ thia resin·. ·is para-methyl­
benzhyd:eylamine :eain when ,.a peptide amide is desired, 
al though othe-r re•i11ii -knawn in the ·art of -solid phase 

20 peptide synthesis may also be advantaqeously employed. 
Treatment of said·resiri with appropEiately protected 
amino acids to affo:rd. dt..'.#:i:..·ed amino acid residues in 
the peptide chain·under:standard solid phase peptide 
synthe1is condit±ona affords the desired-product. 

25 -· : Once -the~ 4eairid.-pepti4e is aaaeuled, the 
compound so formed mar:b~entirely freed. of it• pro­
tectinq qroupa according to well-known protocol•, 
such aa, ··for example, treatment with: liqu.id hydrogen 
fluoride (HF) • Where, however, the peptide require• 

30 selective removal of the protective qroupa, usually 
from an amino terminus, suitable reaction conditions 
muat be employed. ·The Boe protected amino ·func­
tionality of amino acid derivatives and te:minal 
amine• of peptides may be removed, e.g. , by treatment 

35 with cold trifluoroacetic acid (~FA) at o0 c under 
suital:>le atmospheric conditions, e.g., adjusting tna 
pa to between about a and 9. under these conditions, 
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the benzyl, caroobenz7loxy and other·protectinq 9roups 

are left unaffected. The 'l'J'A salt Qf the.amino acid 

derivative or protected peptide may be-·mixed in a 

suitable organic solvent and eul>jeQted- to-mild .. 

aqueous basic conditiona. The orqanic solution, 

containing said amino acia derivative or said pro­

tected peptide with free amino functionality,_ may 

then be dried and . concentrated to afford the free · 

amino derivative. · · - ~ . _ .. _ 

Where Ba or Cbz i• . utili••d_. as_, a pro-· · · 
......... -.. .. 

teotinq group, hydrogenation is the ~p_~0~opriate 
·· · · 

means for effecting :the-removal.· o-f·thea~-groupa.
 

Hydrogen gas is ·passed· over. a ao.lut_ion. ~~ the: pro-. 

teoted material in an alcoholic:_: or. other aovent_, · " .: 

provided the ·solvent ii not haloqe.nated, and.-._ 

catalytic amount o·f a palladium on . activated. 'carbon 
........ 

catalyst is added. · ·The hydrogenat;on y~a1el ia -

shaken or stir.red until·& atoiohiometr~c amo,µit-of 

hydr~gen has been a.Dsorbed and the. ma:t~r~_al ~al been 

aui:tal:>ly reduced· and· freed-· of ... ita: _benzyl, or carbo~· 
. . . . .. 

benzyloxy protectinq groupa •. · 
. 

When rmoc ·is ·used aa .. a port;ectinq g:roup 

for amino_ acids, peptides ~r Merrifiel~ resin d.eriva­

ti ves, the··· correspoliding. free- ~P g;oup may be 

generated'aelectivaly ay treatment witli piperidine· 

in DMJ' under 1uitable atmoapharic. and .thermal 

condi tiona. - , · · -~ :: . ;. . . . . . . -

By employing liqUicl-BI' containing di'alkyl 

sulfide with.aniaole an4 thioani~ole 'qnder iuitable 

conditions at--·a~temperat.ure
 of .. ·78°~-:~ o0 c, the 

peptide may be obtained free. from all of the indi­

vidual protecting q.roupa of .. the_ -~omponent amino_ acid 

residues. 
. . 

· · The amounts ·ot .. the ·reactants utilized ·in 

is, 35 the aforementioned reaction, aa well aa the condi tiona 

b 

required·to facilitate reaction and encourage effi· 

cient completion may vary widely. Boweve:, in 
' .. 
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general, the amounta of material. employed to induce 
reaction in the processes diacussed a))ove.will ~e 
substantially atoichiometriQ, unless otherwise speci• 
fied. In the following examples, reaction concentra~ 

s tions were generally ·held at o:. ui. ·to' th• reactants, 
unless a hiqher concentration or dilution would be 
particularly useful for influencing the direction of 
a specific reaction. In practice, the amounts used 
will depend upon:· vuiati.ona_ i~.reaction conditions 

10 and the. nature of the' ·reactants .... 
In any· of the· ~synthei·i• methoda described 

·above, the desired producta· may. be. -iso'l~ted. !;om the 
r~action mixture:by·cr-yatallizatione~ Alternatively,j 
chromato;raphic techni.qu•• inol-udin.9, but not limited 

.is to, normal phase, reverie phase, ·i·on-exchanqe, 
affinity, or ;ei · pemeition, -=ma1.-··be _ ttmPle>yed, aa 
well aa electrophoresis or· extract~on or .. other means. 

·Pharmaceutically acceptable-a~~· of the 
peptides of this invention may' ·be formed c,onvention-

20 ally by reaction with an IPP%'Cpriate ac~cl!:-·~·The addi· 
tion aalte ao formed from addition by acid may be 
identified by hydrochloric-, hydrobromic, pl".~l;.h~:iic:, 
acetic.,_ !~aria, aalicylic:,. citric, lactic, mandelic, 
tartaric, oxalic, ·methaneaulphonic::,.- an4 the like. 

25 · -·.±he- present· invention aleo ·Pl;'QVi_des pharma• 
ceuti~al composition• which ... comprise .. a »harmaceuti­
cally ·.effective amount-of. the.peptidea .. ~~ thia 
invention, or pharmaceutically acceptable· .salts 
thereof, and, preferably, a pharmaceutic.,lly accept• 

30 able carrier or adjuvant. Therapeutic methoda of 
thia invention comprise t1ie ·atep.-of tJ; .. ating patient• 
in a pharmaceutically acceptable-manner. with those 
peptides or oompoaitiona. Such.compofit.iona may be 
in the form of tablets, capaulea, caplets, powders, 

35 granules, lozenges, suppoaitoriea, reconstitutable 
powder.a, or liquid preparations, such as oral or 
sterile parenteral solutions or suspensions. 
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In order to obtain consistency of adminis­

tration, .it is preferred that a composition of the 

invention is in the form of a unit dose. 'rhe unit 

dose presentation forms fci oial adniinistration may 

be tablets and capsules and may contain conventional 

expedients. ror ·example· binding ·agenti; such· ·u 

acacia, qelatin, sorbitol, or polyvinylpyrrolidone1 

fillers, such as lactose, sugar, m~ize-atarch,_calcium 

phosphate, ·so::bitol or qlycin•F tablettin;.luln:icarits 

such as magnesium stearate 1 -diaintegranta ,- · SUGh ., aa v-_ ' ' ":'_ 

starch, polyvinylpyrrolidone, sodium 1tarch_glycollate_ 

or microcrystalline· callulose1 or.-phaJ:macautically­

acceptable wetting agents such aa:, 1odiU11. lauryl : -~ -·-- _ _._ 

sulphate. 
'l'he s~lid oral· compoai tiona·; may l:>e prepared 

by oonvontiono.l motho4a- of: Jsled!q-; .filli!if, --· 

tabletting, or the like. - Repeated blending operations 

may be ·used.to distribute the active agent throughout 

those compo•i tiona employing- lup: ;1.1ant:Lt.:t.••- o! 

fillers. such operations- -are, of course,_ convent~~pal 

in the art. ~he tr.:,:et:; :::tay be coated ac_corclinq to . _ 

methoda well known i~ Jio:rm·al pharmaceutical p:-actica.., 

in particular with an ent-eic -coating·-

oral liquid :praparatiom --may be:. in the 

form of emulsions, 1yrupt1; .or el±xel'a,- .or.~_may be.:--: 

p~eaented as a dry p%oduct for reconstitution with 

water or other 11uitabla vehicle before use. such 

liquid. prep·arationa may -or uy -not contain conven• 

tional add.itivea. For ·example auapending ,aqenta,. -· 

such- as sorbitol, syrup, inethyl-celluloae; gelatin, · 

hydroxyethylcellulose, -ci.rbox:ymethylcelluloae-1 alum'!!'~ 

inium stearate qel, or hy~9enated edible fatsJ 

emulaifying agents, such as sorbitan monooleate or 

acacia: non-aqueous -vehicle•- (Which may incluc!e •dJ.ble 

oils), such as almond oil, fractionated coconut oil, 

oily esters selected-from the group conaisting of 

glyce::ine, propylene glycol, ethylene glycol, and 
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ethyl ·alcobol1 preservatives, for instance methyl 
para-hydroxybenzoate, .ethyl para-hydroxybenzoate, 
n•propyl para•hydro~benzoate, o~ n-butyl para­
hydroxybenzoate or sorbic. acid: and, if desired, 

5 conventional_flavo~ing or colori~q agents. 
For parenteral administeration~ fluid unit 

dosage forms may be prepared by utilizinq the peptide 
and a.sterile. vehicl~. and, dependi'rig on the concen­
tration employ~d,_ may J:>e. either i~'5pended. or dis.solved 

10 in the vehicle. IA preparing aolutio~s~·the peptides 
of this inven~ion may be dissolved in water, whereas 
op.iates used h=eretofore .showecl' ·only margin~J. solu­
bility in aqueous media ·or physiological fluids. 
Once in a~lution, -the peptide may be injected and 

15 filter sterilized before filling a suitable vial or 
ampoul.e and-su1aquen~ly,.~~ilill<J th~ -~~E.rier or 
1toraqe pac-kaqe. Adjuv-.nta; _auch 1.1 • local anae1• 

. . .. . ·: 

thetic, a preservative or a·buffer-ing agent; may be 
diaaolved in the vehicle prio~ to u••· Stallility of 

20 the pharmaceutical .. composition .may _be -e~anced by 

freezing th• compoiition. after filling the vial and 
removing the water under vacuum, ·e~g., freeze dryinq 

- . 
the composition. Parenteral 1u.pension1 may be pre-
pa_red in ·~~tan~_ially the same ma~r, except that 

25 the peptide sh~uld. be suspended. in the vehicle rather 
than beinq _diaaolve4, ~~- ~u~~·r~ ~terilization is 
not a~ivable: by filtration •.. The peptide may be 
ste:r::1.lized, how:ever, by expoain; -~ 17o to,, ethylene oxide . 
before suspendin9,i~ in the sterile vehicle. A sur-

30 factant or wetting solution may .. be advantaqeoua·ly . . 

included i.n .:~• composition to faQili ta:te uniform 
. . - ..... . . . . - ·-· ·-

distribution of the peptide.. _. ... . 
·The-phar:maceutic.~l compositions o! this 

invention comprise a pharmaceutic~lly ~ffactive amount 
35 of a peptide of this invention and a pharmaceutically 

acceptable carrier. Typically, they contain from 
about 0.1% to &Qout 99% by weight, preferably from 
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about 10% to about 60% by weight, of a peptide of 

thia invention, dependinq on which;method of admin­

istration ·ia employe~. 
The present inventi"on -also provides a-method 

for treatment of pain or diarrhe_a .. ~n patients, such 
·- -· . ·- . . 

aa mammala, includinq humans, which c9~ri1e1 th• 

eteP of admin1te•inq to the p~tient·a·ph•'11la~eutically 
effective ·ULOUnt Of a·peptide; & pharm&oe~ticaily 

acceptable aal t thereof, ~r a pha::gnaceuticai ... c0mpo1i-
, .. .;. . : .. . . 

tion as described above • 
the' dosage of.'the 'peptide' used .. in' the 

treatment will vary, . d.epe~cling on.·,~· seriousness of 
the disorder; the weight of the patien~, -the relative 

efficacy of the p~ptide and ~e judgment ~f . ~· --;: 
treating physician. . Ho~ever, ·· suitable . unit dosages 

in. humans may be between. Al>out·-o. 05 .. mg . to .· 8bou1:, -

100 mq. For example; ~-unit.dosage may be from 

between about 0 ~ 2 . mg to : ab'out 50 mq. . such . a unit 

dosaqe, described herein&bove~ may be adminiatered 

more than once a day, e.q.; two or thie~ times a 
day. ?hus, the t~tal daily-dosage.is in the range 

of about 0.01 mq to 10 mq/kq. such the=11-.;.:~ ,,~~.- extend 

:for several weeks, in mi intermittent or uninterrupted 

manner, until ·the patientJ1:•Ntom1 are.eliminated. 

In order that thi1 . iny~tion _-mat ~be ·better 

understood, the followi?li.,-.x~;1s are set forth. · 

These examples ~are :f~r 't;:lle J?U.rposes .of illustration 

only, and are net to ~· construed as limiting the 
sc:ope of the invention .in any marine~ •. 
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EXAMPLE 1 

Synthesis of L-tyrosyl-D-arginyl-L.;. 
phenylalanyl•L•lysylamide·· 

a) Solution swtheslif ·. · · 
. . ·. - . ··- . -

i) Preparation of a-N-Cbz·L-tyrosyl­
O·benzx1~0-arqinine 

a .. N-Cbz-L·tyroaine~o-benzyl ether (S.02 
mmol) and o-ar9'ii'iine,;.·t~butyi. ~s~r Ca. o mmol) were 
well dissolved· ·in· .d.ichlo~omethane. (21 ml) at o0 c. 
N, N' -dicyclohexylc~bodi.~i~ (DCCJ .. ($.•,~-7. mmol) and 
l.·hydroxybenzotriaz.~.l~ _(H9~~) <~·~'· mmolJ_ ~~:~~ added 
portio~wis~ .• . ~~. _!Ai~ture ~aa st~.:r~e~ Jor. -~·' hour at 
constant ice ._tempe:r:ature and._ then fil t~red.. 'rhe 
filtrate was trans~er1:'ed. ·to::~'. s~p~ra~ing: funnel and 
washed successively w~~.saturated.br~ne/5% aqueous 
citric acid an~:~atur~te4:bri~e/5% agueou~ sodium 
bicarbc:r.z.-+:.c f'cllow~~. by_ ~.~tur~;~d b;oine .. ~~-~~·. The 
organic phase wa~ ~en_~i~d,.~on~entra~d,_and the 
residue purifi~d 'by f~ash chrom~t~qraphy ~n silica 
gel employin; a 3;.1_ h~ane-ethyl acetate solvent as 
~- eluant .~o .obta~n. ~--- , .. N~.9l.>~~L~tyroay1 ... 9~~enzyl 
ethm: .. J)-a.i;gin~e·-t~bµtyJ, e.a:ter_ .•a: an. o~~ .4.n hiqh 
yield ( 93%.lo-:_ -. . .. . . _ .. _ .. _ ::, ·· ,, ·>:·.-.i•'..i .. _ -

.. a-N-Chz-L-tyrosyl-O•benzyl ath.u:-o-arginyl­
t-butyl e.Jter wu treated with·trifluoroacetic acid 

. (TrA) .at 0°C under· nitro9en for o.s hours. The TFA 
wa11 removed in vacuo_. to. y~eld a~N-Cbz·L-tyrosyl-o-

. benzyl ether-D-ar;inine·,.·: :in· :quanti ti v.fF. yield, suitable 
for use in :the:: .. ~~.t., ~tep~.;. , ;-: < .. ., ·~ ___ ..... :: 

us~ng .. the .. pr~~~d~~: t!~sp;o~~ed he~einabove 
and tbe approp~iate sta.rtinq materials, these addi­
tional .~~o~c~~~dipeptides ~~~~prepared: 

a-N-Cbz-L-tyroayl-O-benzyl ether-D-
norlvaline 

-
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a·N-Cbz-L-tyrosyi-o-benzyl .ether~~-
norleucine 

. - - - -- ·- . - .' ... ~ -
~--N-s -N·di·Cbz-L-ly~y.~-:_L•tyrosine-~-

ii> ·:. synthe91s· ot'~--N-Cbz-t..- -
tyrosy1-o-~benz..yl·. ether•!> 

_ argin7~-L-ph~~Y_l~~anine -_ ,·_ -~ 

a-N-Cbz.-L-tyrosyl-"'O""benzyl ether-D-arganine 
( 7. 46 mmol) and L•phenylalanyl-t .. butyl e1ter· ( 7 ~ 44,- · · ~ 
mmol) were well diasolvect.-in.dlichloromethane- (2o~m1). ·· · 

at o0 c. DCC (7.69 mol) and HOit (7 .. 69.mmo11·were 
added portionwiee with stirring.. . -~e mixture was 
allowed to react for 1 hour at conatant:dQ::. tempera•· 
ture and :then filtered. The.filtrate wae.tran1ferred 

15 to a separating funne:. E'.nrl ~.G..zhed aucce11ively with 
saturated brine/5% aqueous citric·acid and saturated· 
b:r:ine/5% aqueous sodium bicarbonate._- followed ·by 
saturated brine alone. ~he or;anic phase was then 
dried, concentrated, and the_residue.:.pu1:ified by 

20 flash chromatography on.silica gel employing a 2:1 
hexane-ethyl acetate sol vent as an-el:uant to •·affo;d · 
th.a a-N·Cbz-t.-tyZ"oayl•O•l>enzyl :ether.;D•-arginyl-L- · 
phenylalanyl-t-~utyl-ester:aa an oil in high yield 
(92%). 

25 ex-N-Cbz;..L-tyroayl-O•benzyl ethe:r:•D•arqinyl• 
L~phenylala~yl-t•butyl e1ter was treated with tri­
fluoroacetic acid (TFA}. at o0 c- ~under nitroven for.· 
O. 5 hours • The -rrA-wae .. removed in _vacuo to yield 
a-N~Cbz-L-tyroayl-O•benzy.l ether·O-arginyl~L-phenyl-

-30 alanine, in ;uanti tive 'yield, sui.tahle ~or use in 
~e next -step. 

Usin; the procedure described hereinabove 
and the appropriate starting materials, these addi­
tional protected tripeptides were preparedz 

j 

35 a•N•Cbl·L-tyrosyl~O-b,nzyl ether-D-
norvalyl-L-phenylalanin• . fTiTH4Tr:;-s ~SH;:;;E~E::::T :-:HA-. S_B_E_E_N_ 
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a-N-cbz-L-tyroay1-o-benzy1 ether-D-nor­
leucyl-L-phenylalanine· 

- -u•N-s•N-di--Cbz·...;L-J.ysy.1;.t-tyrosyl­
O•benzyl ether•D•arginine.· -

5 iii). Syntheai~ of N~Cbz~L~tyroayl-
0-benzyl ether~D-arginyl-L-

. phenylalanYl•a.-N-Cbz•L-•1ysylamide 

-·a-•N·Cbz•t-tyrooyl-o~bcn8yl otho11-D-ar9inyl­
L-phenylalanine (6.71 mincil)" and- s~N-Cbz:.:t~!ysylamide 

io (&.10-mmol) were w~irdt.~solved ih· <ii¢lil.oromethane 
( lS ml) ·at -a0 c:. DCC ( 6. 92- ml) ·and HOBt ( 6. 92 -mmol) 

were added- in small: incteineiit-* ~i th~- -•tit±inq. The 
mixture wa·s allowed to react ior' 1:--hour' at constant 
ic:e temperature and th.n. £ii tered;. - The filtrate was 

- -

15 transferred to a sepa:atinq·funlle1· and· washed succes-
sively w-i'1l' sa-:urated" briiie/5%" aqU.eou1· citric acid 

·and saturated brine/SX aqueo~s- so<iikn-biearbonate 
followed by saturated· brine alone. 'rhe or;anic phaa-e . 
was then ~led, concentrated, ~d t.he-te1id.ue puri-

20 fied by flash chromatoqraphy" 'on silica gel employing 
a- l i l hexane~ethyl . ac&tate •·01 v•nt ~ii' -·an:- "iltiliant . to 
afford -the a•N-Cbz.~L•tyrosy1-o-benzyl -ether-D-arqinyl­
L-phenylalanyl~t ~?t.;.cl)z-L.;.lysyiamiC!• :· ·aa:: ·ifi .oil in hiqh 
yield < ~2X) • 

25 a-H·Cba-~-tyroayl-O-benzyl ether-D-arginyl-
L-phenylalanyl-s-N-Cbz-t~lysylamid• wa1 d.i1aolved in 
methanol, pur;ed with arczoli;·.--:*.nd treated with a 
catalytic amount ot--10%'· p-alladiimr-on:"activated carbon. 
Hydrogen gas .was· passed ·over::the·sy&tem·with agitation 

30 for o.s hours. ~e mixture-w.as:·filtured through 
Celi te and the methanol . waa removed.: ··in -vacuo to yield. 
L-tyroayl-D-arginyl-L-phe~lalanyl-L-~ysylamide in 
quantitive yield. 

Us.inq the proc:edure described hereina.bove 
35 and appropriate starting materials, these additional 

peptides were preparedi 
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Ia-tyresyl-D-norvp.lyl-t·p~•nyla~anyl-~- . 
0rnithylamide 

L-tyrosyl-D-norleuc~l.-L-;P;,henylalanyl;. 
L·ornithylamide -~~ 

~-='. ........... !" 

5 
L-tyrosyl-p-arqinyl-t.-phenylalanyl· 

··; (A I a-diaminobutyrylamide , . .. " 

-r:,-7 

L-tyrosyl.-D-arg~ny~-L--J!~e,nyla_lanyl·t.-.... 
ornithylamide .. ' 

. ·4 
L·lysyl-L•tyroayl-D-arqi~l-

."~ P phenylalanyl·L-lysylamide 

--·'ii& .,,,_: 
.-:...' . .., 

.,'$! I 
"'>;; 

.. -~ 

I 

b) solid Phase stpthesis 4 ·~ ••• ; 

... 

i) Preparation of a-H-,hloc-t.-phenylalanyl· 
s-N-Boc·L-ly;~yl-reain amid• · 

.:t-N-Pmoe-& -N-Doo-L-.~Yi;Jin•, att•~h•d to • 
para-methylbenzhydrylamine _re1in.at it1 ~a~l>o.x_yl 
.fUnctionality, was ·treated with.·.~ S_!~~~ ri~chlor~ethane 

sQlution of p:i.peridine at room.;t~pe~ature ;~%'. __ 3_0 ... 
minutes. The resin waa then collected, washed 
1uccessively with four p~rtion• ~~ 10 ml dich~o~o­
methane, four portio~~ _of.10 ml isopropanol (IPA) 
and dried for 1ubs•quent uae. : . . . .. : ._·, ~. . ... , 

A aolution af a•ltl•l'moc-t.~phenylalanine 
. - ._ . . ~ .. . ' . . - . . .. -~- .· . 

(0.948 mmol) in dry ~Mi' (7 ml) was ad<ied to s~N­
aoc·L-lya1ne (0.632 mmoi/g o: res1n1, •~~acnea .Qy 
its carboxyl qroup to a para-methylb~hydryiamine 
Merrifield resin, _wi~ 1ti.rrin9 at 25~9· ~cc (0.9f8 
mmol) and BOit (0.948 mmol) were added portionwise. 
The J:"eaction was a;itated.:tor ·1.e. hQur11·6.itei. .·which 
time another _portion·bf the protect~d-phenyl•lan~ne 
( o. 040 ... 1 l ~••• m44ocl :md crtirrina w11 raanmfi;,. fnr 
2 hours. The resi~ Wai collected, Washed with four 
10 ml portions of DM!', ·then four lO ml _portions of 
li'A and subseqently·dried in preparation for further 
rea.ct..luu. Cu1u.,l6tion of ithe peptida coupling 
reaction was verified by the ninhydrin t•st. 
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ii) .. Prepara~ion of alpha-N-Fmoc• 
· o-arqinyl-L-phenrlalany1-e-N-Cbz­

L·lxsxl.-resin ·am de· 

a-N-Fmoc.;;.r:.:~henylalanyi-£•N.;;.BOc•L•lysyl• 
·• ... - .. -- . . . 

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

minutes. · 'l'he resin was the~ collected, washed 
sii-cce~aiveiy wii:h iour- portioM ·of io·~m1 ·Clichlorc-
. meth~ne and . fO¥r. po:r:ti~n1( Of ~~ ml_ -iiJopropyl alcohol 

- -· • • ~ • • • .. -~~ •. • - • . : -·. • •••..• ': • • • ':. • .;i 

(IPA_) and dr~d....for .s:nh~l!tinl'tnt: nae~ · · · . 
A solution of a-N-Fmoc-D-arqinine (0.939 

mmcl) in DM!' (7" ml) was-~dded to'L..;ph~ylalanyl·L-&­
N-Boc-L.;.ly~yl resib: am~de _( 0. 63"2:. ab1/g Of resin) 
with aqitation at 2~~~-···.:.~Bt (0.939 mmolf.and DCC 
( o. 939 · mm()l) were then~ added.- .slowly. :· '?he reaction was 
allow~d :to proceed for: 1~2 hours after. which time 
the res.in Was. O·oli-e.~ted,. ·washed. ~ith four .10 ml :rfC:'­
tiO~S of DMF, four .10 inl portion• of IPA,· and dried 
.for further· reaction •. Completion of· thef peptide 
coupling· reaction waa verified by the ninhydrin test. 

· ··- iiil- ··· Preparation-O.f· a-N-Fmoc•L-tyrosyl-
.. _ .:, O•benzy;J.. .~j:her~D-arginyl·L· 
. ,- ...... p~y~a~~yi•s_-N-~o!:-;.t-lysyl ·.· -· ·· ·;. ·- reein· am±l!e··- -= · - ·c:: - : . 

. 25 . . .. u•N'•boc·D--ar9inyl·t-pheeylalanyl-s-N .. !oc•L• 
lyayl.:r:esin amid8·waa""treated with as-Ox dichloro­
methane solution __ of pi_p_erdine ·at room temperature 
for 30 mi~u1;~1. 'l'he. resin was then -collected, washed 
succe•li vel_y with. "!<?~~- _p~rtiona of to m~ dichloro-

30 methane and four' 'i)ortions of~ 10 ·Jil IPA and dried for 
subseqlient us-e.. . - · · · ., - . · 

A solution of _a...:N-Fnioc-L-tyroaine-o-benzyl 
ether ( 0. 92 9 mol) in DMF ( 1' ml) was ·added to 
D-arginyl·L-phenylalanyl•&•N-Boc-L-lysyl resin amide 

· 35 (0.929 mmol/q of resin) with agitation at 25°C. DCC 
(0.929 mmol) and HOBt (0.929 mmol) we~• added por­
tionwise and the ;e_action prcceed.ed for 1-2 hour•. 
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The resin was then ~~ll.~cted, ~~shed; with ,fq-ur 10 ml 

portions cf DM~', ~our. l~, ml portions o:!'.JPA, and-._ 

dried !or further_ r~.~ction. CO!f\pleti9~ .. o.f 1;he _; __ ... _ _ · 

peptide coupling reaction was verif~ed by tlle~ .~-

5 ninhydrin teat. ~ . ___ ._. _,, 

~ 
' 

r . 
i 

iv) Prepai"ation of L•tyrosyl~D-· 
arginyl•L-phenylalanyl•L• -.: 
lyaylamide hy ;reatment-of _ 
the.Resin \f~~ Liguid HF • ··-

. . ; :.. . .: ~- ;. ~ ...... - ... ____ .. ~ 

a-N-Fm~C:::~·tyro1yl·O-benzy;L.:: ether.~l'J~arg·inyl• 

L·phenylalanyl-t-N•Boet-L·lysyl,-- resin . •i~• was· .. treated 

with liquid ~ydrogen flu~r~4~ : (? .}!l~} Q.C?nta.i~ng ani­

aole, dimethyl sulfide, an~.-~ioan;~~~~·:·lO~S ml-~1;1.:l 

v/v) at 0°C for 1. .hour •. , .. ~fter evap~rat~C)~. ot: ~· . 
aolvent, the residue was diss~lv~.d in 10% aqUe.ou1 ~ 

ac:P.~~.c acid. 'l'he a;ueou~-=•ql~tio~. ~a· c'f&•h•d·-with 

'1ie:·cilyl ether (30 ml), eluted _w~th.'.WaU.r .and ~lyaphil• . 

ized to dryness • _ 'l'he ~r.ude ~·~·ti_de \,fas disao.l V.•d J.n :. _ _ 

i 92% aqueous acetic acid (2.5 ~) an~. pur,ifi•cl firs~ 

~ by gel filtration on a seph~dex G. 25 col~~with an 

r acetic acid aolven~_ r~~.-~· •. ~~~~t followe_d by- -~-·~rse_ . 

! pha1e chromatoqrap~y .emp.l~ying a Ci-a P.•Q~·~ colJll'm --·- ·- ... · .. 
' · with a linear 9radien~- of-1% ~FA ;~n. 0-8().l _m.e:thco.l!--:-; ,_. __ _ 

• •• • .I' •• -- -· - ... ' • 

water as a solvent. 

EXAMPLE 2 

Pharmacological Assay of L-t.yrosrl~D­
arginxl-L-phenxlalanxl-L-lYslamlcle n Mice 

- .. : :- . . .... . . . . :; :: - . - -- - ... _ ..... · - ·- ._: ... · -- ·-

A group of male CDl Charles ~ver~albino __ _ 
- - .. . 

mice (18g-22g) wer~ inj•ctead i%_l~ap~_~i;9neally with. 

0,3 ml/20 g body_..we;9ht ot a 0.02% solution of 

2-phenyl-1,4-benzoquinone (PBQ), .acdordin;.to.the 

procedure de1cribed in Siegmund et al., Proc. soc. 

Exp. Biol. Med., !:§., p. 729 (1957). ~e writhing ·and 

contortional movements of the mice over the ~allowing 

-15 minutes were observed and recorded. Another qroup 
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Of mi~e were adminatered-L•tyr~ayl•D•arginyl•L-phenylM 
-alanyi-~-lys"luide (B-?yr~D:-~g,;;,Phe~Lys-Di) 20 
minutes-prior to "injection with~~· The average 
number of writhes was establ_isl;ed and the -percent 

s inh~bition of writhing moveme~t~ was calculated. An 

ED50 was _ establi1hed to be o. 6 mg/k~ using-·- a -.,. 
regi;~~si~n-1.ine l!lethod·.,. -· ~e EPso w~~ defined as 
th•t dosacze .: of ·drug -,which reduc.ed by hal"!· the number 
of writhes obtained in P:SQ challenged-mice·after 

10 vehicle administration-. .· , · 
. '.rhe ·analqesic ~f fe~ts oi it-Tyr-D-Arq•Phe- j 

Lys-NB2 '· ·when examined by the _PBQ ~~i thing te·st, 
produced a:dose-dependant inhibition of ·the writhing 
movements (see -~ai>l.e-, l infra)-~ . '.t'h:ls ·result indicated 

15 that H-'l'fr-D~Arq•lhe-Lys-NB2 produced· an increased 
anti-nociceptive activity. 'rhe analgesic potency of 
B-Tyr~D-Arg-Phe·L~·t-~ ~2 was found to be comparable 
to moxphine in a1imilar assay. See a. :rollenfant 
et al., 11Antinociceptive~J£f~~ta of the Nov•l Opioid 

20 Peptide BW443c·· c:ompanci··with. Clasaiaal· Opiates; 
Peripheral Versus centra..l Actions II, Br. J. "Pharmacol. , 
n, p. as <19sa> •. _ .. ·. -~ ..... _ . 

The anti-nociceptive effecti•-L of -H-'?yr·D-
Arq-Phe-Lya-~ were antagonized by a prior intra-

25 periton&'l administration .of 10 mq/kg of N•methyl 
levallorphan (NML), a peripheral opioid anta;oniat. 
In the presence of thi1 antagonist, the analgesic 
m>50 of H•!y~-D-~rg•Phe-Lya-"NH2 was increased from 
0.6 m;/k,q ('?able 1 infra) to 2.0 mg/kCJ ('?able 2 

30 infra). Thia increase represented a 3 .4 fold increase 
in the·ED50 :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 pro4uce a peripheral antagonist 

35 effect. Contrastingly, in a similar study, NMia did 
not antaqonize morphine -- which is known to produce 
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its analgesic effect from an interaction with opioid 
receptors in the brain • 

Analysis of B•Tyr-D•Arg•Phe-Lys-NH2 utilizing a mouse hot-plate,. an assay which ·only-· · 
detects sensory induced analgenic effects,. estal>-li•h·· · 
ed an ED50 of 24 mg/kg. Thia illustrated that -the 
peptide waa forty times ·les·s active under these 
conditions than when analyzed i_n the PBQ writhing 
test. For experimental pro~oc;:q_l with the hot•plate ..... 
assay, see G. woolfe and A. Mac:Oonald, 11The Evaluation 
of the Analgesic Action of Pethidine ~drochloride 
(Demoral)", J. Pharmacol. Exp. 'rher., ~, 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 
1. Follenfant et al.-, supra. '?his loaa of activity 
for H·Tyr-O-Arq-Phe-Lya-NH% ind! ·::a:~e:.- ~i:at a higher· 
degree of periphera-lly mediated .-:analgeaiQ effective­
ness i1 possessed by thi• pepti'de • 

oral analge*ic activity waa· observed for 
Tyr·D•Ar;-Phe-Lya-NH2 at a doaa;e of 200 mq/kq. 
1rhia analgeaiq activity waa ·oJ:>1drved ·to' ·:~·:Utaqonized 
l>Y NHL, as reflected. in -'?able -~,~infra;p--ancl•, thu•;-. :,· ·. :-...-,-~ 

the activity waa demonstrated'· to be·. ·o~ :-.. p-eZ!iphe-nl; ~ 
nature. 

; . ~ 

.EXAMPLE 3 

Bioassaxs a~d Binding· Assaxs 
. . 

Opioid.receptor atfin!tlei of peptides 
according to this invention were determined by dis­
_placement of selective .radioligands from rat brain 
membrane preparations. These studies were performed 
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in accordance with the procedures outlined in 
Schiller et al I , Biophys. Res. Commun. I n. p. 1322 
(1975). ["3B]DACO and· [3l!]DSLE'?I at o. 72 and o. 78 
nM, respectively, served as raclioliqands,- ·and incuba-

5 tiona were performed at o0 c for 2 hours. In vitro 
opioid activities of the peptides diaclo•ed herein 
were.dete~ined based on inhibition of electrically 

evoked coni;ractiona of the guinea pig ileum (GPI) 

and th~_mouse vas deferens (MVD). 'l'he GPI assay is 
10 repre·sentati ve ··for µ receptor interactions, even 

though the ileum alao contains K receptor1. The K 
receptor interactions are characterized by relatively 
high Ke values for naloxone as an antagonist (20-30 
nM), in contrast to the low x

8 
·values (1-2 nM) 

lS observed with µ receptor liqanda. In the MVD ·assay, 
opioid effect• are primarily mediated by 4 receptors, 
althouqh ~ and K receptors also exist in this tissua. 
Ke values for naloxone as an antagonist were deter­
mined with the GPI preparation but not in the MVll 

20 a1aay due to th• very low potency shown by all of 
these peptides on the vas deferens. 

The GP! and MVD bioa11ays were carried out 
followinq the protocol described .in Sdliller et al. 
supra and DiMaio et al. , J. Med. Chem. , l§, p. 14.32 

.. 25 (1982). ,A log doae - re5!1ponae curve was constructed 

with leu-enkaphalin utilized as a standard for each 
ileum and vaa d.eferena preparation. Ic50 values 
were obtained for the tested peptides by utilizing 
the Chenq and Prusoff equation, where 1.3 and 2.6 nM 

30 were used for the dissociation constants of [3H]DAGO 
and [3B]DSLBT, respectively. ~ese values were then 
normalized. The Ke values for naloxone as an anta;­
onist were determined from the ratio of 1c50 values 
obtained in the presence of a fixed naloxone concen-

35 tration and then in the absence of a fixed naloxone 
concentration. These values are demonstrated in 

~ables 4, s, and 6 infra. 
I 
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In the [3H]DAGO binding assay, H-Ty.~u-Nva­
Phe-orn-NH2, while carrying a net charge of 2+ and 
shcwinq about eight.time• higher ~-receptor affinity 
than leu-enkephalin, its a~receptor affinity relative 
to the latter_ peptide was nearly 1000 times. lower, · -· 
aa determined-in the c3B]DSLE!r l>inding assay. These 
results indicate that this.peptide display• excellent 
µ-receptor selectivi-;y', aa·~ indicated by the very 
high ratio of the-binding .inhibition constant deter­
mined at the a-·and the·~-r~ceptor cxt/K~ = 1880). 
Reduction of the.~·poaitive,charge by one unit 
through aubati tution of asp·aragine for orni thine in 
poeition 4 produced a ten-fold decrease in µ-receptor 
affinity and a five-fold increase in 6-receptcr 
affinity. Therefore, by carryinq a net charge.of 
l+, only a moderate preference for µ-receptors over 
8•receptors (K~/K~ = 37.7) ii demonstrated. Length• 
ening the side chain in po1ition 2, by the substitu­
tion of ncrleucine, did not appreciably affect the 
receptor binding affinity and selectivity. 

Analogs containi~; a o-arginine residue in 
- position 2 and a second basic residue in position 4, 

carried a further increased net po•itive charge of 
3+. 1'he1e analoqs retained similarly high affinity 
for the µ-receptor l:»ut difJPlayed even ·1ower .a•r.ecep- ·. 

' -- .... ; 

tor affi~itl"· ,._ .. ---··· ... · · 

Tha moat selective peptide wae H-~yr-D-Arq­
Phe-L;rs-Di with a Ki/K~ ratio of 11400. 'lhia i.•P­
~ide is ten time• mor! J.l·•••l~c:tive than DAGO (Ki~ • 
1050) which hitherto had generally been regarded as 
one of the moat selective p•aqonists available. 

'l'he rec~ptor_Di~ding profiles of these 
opioid peptide analoqs are consisten~ with the mem­
brane compartment concept discuased in Schwyzer, . 
•~p::a. Augmenting the positive charge from li- to 
2+ or 3+ resulted in higher µ-~eceptor affinity, 
poaai~ly, but not necessarily, due to the increased 
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accumulation of the peptides carryinq a hiqh positive 
charge in the anionic fixed•charge compartment of 
the membrane -- where ·-µ-receptors· a.re~ tbought to be 
lo.cated. - on the other hand; .. the qradual~ augmentation 

s of the positive charge within.thi1.-1eri•• of com­
pounds leads to a progressive decrease in a-receptor· 
affinity. ~his ia_presuinably due to the increa•ing 
electrostatic repulsion in the positively charged 
aqueous compartment which, according to the membrane 

10 compartment concept, contains 6•receptors. 
The "IC5ofMVD)/IC50CGPI) .ratios obtained 

were generally considerably lower than the corre­
sponding Ki/K~ ratios determined in the binding.assays 
described herein. ~hi• was illuetrated with peptides 

15 of the present invantion due to the fact that many 
of these peptide• showe4 higher potencies in the MVD 
assay thr.:.~ ~·a:.s sxpected on the baaia of the ~-receptor 
affinities determined i~ the [3nlDSLE'J: binding asaay 
and relatively lower potencie• in the GPI assays in 

20 relation to the measured µ-receptor affinities in the 
[3B]DAGO binding assay. 'rhe unexpectedly hi_gh 
p·otencies of many of these opioid. peptide analogs in 
the NVD assay are possibly, but not neceeearily, due 
to additional interactions with µ•receptors which 

25 are alao'found in the vas deferena. ~he relativ-cly 
- low•r potenciea in the CPI assay may be the result 

of a somewhat lower "efficacy" at the µ-receptor. 
Alternatively, these. diacrep~ciea between ~inding 
as••Y and bioassay data may be due to a different 

30 degree of nonspecific adsorption-of these·highly 
charged molecules in the various tisauea. 

Low x
8 

values, as illustrated in ~al:>le 6 
infra, are typical for µ-receptor interactions and 
rule out an additional interaction with K•receptcrs 

35 on the ileum, since K•receptor interactions would · 
demonstrate much higher Ke values. 
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The most selective among the opioid pep­
tide analogs, B•'ryr·D-Arq".'"Pl1e-Lys-NH2, · ·showed --·_ 
extremely high preference for µ-receptors over ~­
receptors, being more than 10 times as µ-selective 

5 as DAGO. on the basis of the. ex.trem.&1-y-high receptor 
selectivity ratio c:Ki/x~ = 11,400) observed with 
.H-Tyr·D-Arq-Phe-Lya-NH2, ·it may be concluded that 
this compound represent• the moat selective µ-aqonist 
reported to date. , .. 

10 Becauae-·of ita hiqh pof!itive c~&rge, ~- __ · · --
H-Tyr·D-Arg•Phe-Lys-NH2 moat ~ikely will.not be unable 
to cross the blood-brain barrie_;- _'l;q_ any a~911i·f:Loant · ·. 
extent. It may thus be the caae that,. ~·~-~e .from· .. 
its hiqh µ-receptor prefer~~~--- ~is analog,_may .. also 

s show pronounced selectivity for peripheral versus. 
central receptora. 

.ira01e .1-
-

lnhibitoty Effect of H•Tyr•D~Arq~Phe-L-Lys-NBt. 
· on PBg-induc~d wri thin51 . . 

.. 

'Dose No. of Avg. No •.. Percent 
mgLkg Mice of writhei Protection · 

: - 15 2S -
0.2! 15 -18 ·2a-

. 

0.375 10 lS 40 . ~- ;. 

o.s 15 ll 57 -

1.0 15 7.. 5 70:-: . .. . . . 

2.5 15 - 2.5 90 

!valuation of this collected data resulted in an 
!050 value of o. 6 mg/kg. 

.. 
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_.-Table 2-

Antagonist Effect of N-Methyl Levallophane (NML) 
on Inhibition -PBQ-inducecl Wri thin; by 

B-Tyr-D-Arg-Phe-Lys-NH2 

Dose No. of Avq. No. Percent 
mg/kq Mice - of Writhes Protection 

- s 28 - -. ··-·-·. -
o.s ,5 25 11 

1.0 5 17 40 

2.s 5 12 58 

4.0 5 1 96 

Evaluation 0£ thi1 collected data reaulted in an 
ED50 value of 2.0 mg/kg. 

Table 3 

15 , Inhibi"tort ·i:f"fects of 

.20 

B-Tyr-D-Arq•Phe-Lys-NH2 on PBQ-induced 
Writhing and Antagonist Effect of 

NML ~n Inhibition by H-fyr-D-Arg-Phe-Lys-NE2 

Peptide NML 
Dose Dose 
mq/kg mq/ki 

- -
200 -
200 10 

No. of 
Mice 

15 

30 

10 

Avg. No. Percent 
of Writhes . Protection 

26 -
7 79 

17 28 
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Table 4 

Binding Assaya of Opioid Peptide Analogs 

.Compound 

s 

0 

teu•enkephalin 

IC~/K~ 
5 1880 

17.7 
2130 
2180 
7740 

0 11400 
1050 
0.27 

·. ~- .. · 

[aB}DAGO 
11 . rel.pot. 

1.2 8 
11. 1 o-.a 
1.4 7 
S.7 1.6 
1.2 7 .8 
1.7 5.6 
(DAGO) 7.7 
i.22 

9.43 1 

~3H]XSLIT 
. Ki rel.pot. 

2200 0.0012. 
441. 0.0057 

2870 0.0009 
12600 0.0002 
9290 0.0003. 

19200 0.0001 
1280 0.002. 

. 2.5 1. 
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Table. S 

Guinea Pig _Ileum (GPI) and Mouse Va-a Deferens- (MVD) 
Assay of Opioicl Pep~ide Ana,log$ .. 

Compound GPI 
IC50 rel. pot. ICso 

H·Ty%-D·l1Ta•Pha·Qni·~ 104 2.36 "' 271 
R·Tyr•D•Hva•Pbe·Asn• ~ · - 181 ·. 1.36 2210 
H•Tyr·D•Nle-Phe•Orn· 168 - 1.46 2290 
B•Tyr-D•Ar1-Phe•A bu·~ 257 -0.96 ..... 659-
!·'fyr-D·Ara·Phe-oin-NB·-" · . . 346 0.71 1690 
R·Tyr•D·Ar1•Ph•-ty1•iJ2 . 338 0.73 781 

MVD 
rel. pot. 

0.042 
0.0052 
0.00498 
0.0173 
0.0105 . 
0.0146 

H•Tyr•D•Ala·Gly~Pha(iiSi)-Gly•ol (DAGGl· - · &.69 - · .. 950 - 0.012 

Leu•enkephalin 

15 MVD/GPI 
IC~50 ratio 

: • f;~ 
l~.~ 
13.6 

20 2 •. 56 
3.15 
2.31 
33.6 
.0.0463 

25 

28. 

246 1 11.4 1 

... - ..... ··. 

Xe V~lue1 (Naloxo11e) of-Potitively C~arged Opioid 
Peptide Analoaa in the Guinea Pia Ileum Assay 

30 

35 

.. Compound ~ 

H•Tyr•D•N'v&·Phe•Orn·NX2 - 1.55 
R·Ty·r-D•Hva·Pha-A111·NH2 - 2 .• oa .. 
l·TyT-D-Nle•Phe-Orn-NH: .. 1.01 
1-Tyr·D·Ars·Phe•A bu-Nlt 1.32 
H·Tyr-D-Arg•Phe-oin·Ni 2 . 1.24 . 
ll-Tyr·D•Arr Phe-Lya•D2 . . .1.17 . 
H·Tyr•D·Ala~Gly•fha(NMi)•Gly·ol (DAGO) 0~80 

.. . . ... . 

teu.•enkephalin. 1.53 
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In order that th• invent-ion described 
herein may be more -fu-lly unde;1'tood, the- fn1 lnwinq 

examples are set forth. It should be understood 

that these examples are for illustrative purposes 

5 only and are not to be construed as lim1tinq this 
invontsieft i1'1 &hy 111111.nnar. 

. . . . 
. - ~- " ~ . 
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1. A peptide represented by the formula: 

and pharmaceutically •c~aptable aalte thereof, 
wherein Rl ~a.selected from the ;roup consisting of 
hydroc;en, . c.~ •C7 branchect: ~r. Unb~a.ii'ehe·d. alkyl I Which 
may or may not be substituted by aii1ino·· or quanido, 
phenyl, hydro:xyphenyl, methoxyphettyi~""'benzyl; .. 
hydroxybenzyl, methoxybenzyl, aminobanzyl, amido­
benzyl, carboxybenzyl, carboxymethylbenzyl, cyano• 
benzyl, fluorobenzyl, e~lc~c~enzyl, bromobenzyl, 
iodobenzyl, mercaptobenzyi~, inci· nitrobenzyl; 

a2 ia hydrogen, .methyl, ethyl, 
or a1 and R2 , taken together with the carbon ato~ to 

. . 
which they are attached, form a cycloalkyl rinq 

.. X is aelect·ed: f'~Ollt'··the: ~cup: C.onaistinq of. 
C=O, N•Hi · CH2 ·~ - •O•,' C•s·, ·. -~nd ---S--1., · ·.: ._ -::· ·.: ... : :'.:. 

Y 1 e a·electad· f.rom the q~up c:ons.1-ating of 

j 

C=O, N•H, Cii
2

, _ -~-, c=s, · ~d .. a-·; o~·- · · ........ ·.-·-·"""'····- .. , 

X and Y, taken toqether, repraeent an olefin 

linkage wherein x and y each have a hydrogen atom 
attached thereto in a ci• or trans confiqurat~on; 
and 

n ia 1•7. 

. - ..... · ..... 

2. The peptide acccrdinq to claim 1, wherein 
R1 ia c1 -c7 k>ranched or unbranched alkyl, which may .:·.-

or may not be substituted by amino or ;uanido, a2 is .. 
hydro;an, X ia c::d, Y 1e N•H, and n is 2•4. 

iliii1iim 
• 

. . · .... 
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3. 'rhe peptide accordinq to Claim 1, 
whe~ain R1 is benzyl or hydroxybenzyl, a2 is hydrogen, 
X is C=O, Y is N•H and n ia 2•4. 

. . 
4. The peptide accordinq to claim 1, 

having the formula: 

s. The peptide according to claim l, 
having the formulaz 

·., 

6. The peptide accordinq ~o claim l, 
.• ·, 

4 havinq the formula1 

\ 
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7. The peptide according to claim l, 
havinq the formula: 

OH 

~ 

e. The peptide accordinq to claim 1, 
having the formulaz 

9. A method tor preparinq a peptide 
accordi~g to claim 1, compriainq the steps of 
contactinq a first p:otacte4 amino acid or protected 
peptide with' a second protected amino acid or pro• 
tacted peptide in a suitably inert organic solvent 
in the presence of a peptide coupling agent. 

10. A meti:_od for prepa~1n9 a peptide, 
according to claim l, wherein said methcd employs 
solid phase peptide synthesis. 

ll. A method for preparinq a peptide 
according to claim 10, wherein the solid phase peptid• 
ayntheais is carried out by contacting a first pro­
tected amino acid or protected peptide with a second 
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protected amino acid or protected peptide in a suit­
ably inert orqanic solvent in the preaenee of a pep• 
tide couplinq agent, said firat protected amino acid 
or protected peptide being suitably attached to an 
insoluble and inert.r•sin. 

12. 'l'he method accordinq to claim 9 or 
10, wherein said suitably inert organic _solvent is 
selected from the group consisting of acetonitrile, 
chloroform, dichloromethane, tetrahydrofuran, 
N,N'•dimethylformam1de, dimethylsulfoxide, N•methyl• 
pyrrolidine, diethyl ether, and ditartbutyl ether. 

13. A method acccrdinq to claim 9 or 10, 
wherein said peptide couplinq agent ia selected from 
the qroup cons1stin9 0£ N,N' •cli.cyclohexyl­
ca~bodiimide, l•hydroxybenzotriazola, N,N'•carbcnyl 
d1imidazole, ethyl chloroformate, benzyl chlorofor­
mate, l-(ethoxycarbonyl)·2-ethoxy~l,2-dihydroqu1noline, 

and benzotriazoyl-cxy•tris~(dimethylamin1o)•phoa• 
phonium hexafluorophoephate. 

14. A pharmaceutical ~omposition eomprisin9 
a pharmaceutically effective amount 0£ a.peptide 
accordinq to claim 1 and a pharmaceu~ically acceptable 
carrier. 

15. The pharmaceutical composition 
according to claim 14, wherein said composition is 
uaed to tre~t pain o.r qaatro•1nteat1nal disorders. 

16. The pharmaceutical composition 
accordinq to claim 1.4, wherein said composition m.ay 
be in an adminiaterinq dosaqe f Ot'll\ selected from the 
qroup consistin9 of a tablet, capsule, caplet, 
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liquid, solution, suspension, emulsion, lozenqea, 

syrup, reconstitutable powder, granule, and supposi• 

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 

accordinq to claim 14 for the treatment of pain and 

qaatro-intestinal disordera. 

•. 
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