NEW MORPHINE DERIVATIVES Field of application The present
invention relates to new morphine derivatives, pharmaceutical compounds
containing said new morphine derivatives and their use for pain
management and sexual dysfunction. Description of the context of the
NEW RMEHIIINE DEROYghIME EScurrently the drug of choice to treat acute pain
whatever the intensity of the pain. This opioid drug is used in about 80%
of cases of postoperative acute pain. Despite a high efficiency, use of
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(C <taeain 100N 1o0of Pain and {<vmntom Manaocoement AR - 110124




It is commonly known that morphine undergoes an important metabolism

that leads to the formation of Morphine-6-Glucuronide (M6G). This

metabolite poorly enters into the brain, because of its hydrophilic nature.

Its analgesic activity appears stronger than the one induced by morphine,
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These receptors are present in the central nervous system, especially at the
level of the dorsal horn of the spinal cord and alsc at a peripheral level (Stein et al,
1995, Ann Med, 27(2) : 219-21, Janso, Stein, Curr Opin Pharmacol, 2001, 1(1) : 62-
65).

Most identified side effects, such as respiratory depression, nausea,
dependence and addiction, are central effects. A way to limit undesirable effects
while maintaining an analgesic activity is to design opioids that both interact with the
peripheral system and slowly diffuse into the brain (C. Stein, 1990, J of Pain and
Symptom Management 8(3) : 119-124; Zajaczowska R, Reg Anesth Pain Med, 2004,
29(5) . 424-429 ; Likar et al, 1998, Pain 76(1-2) : 145-50 ; Tokuyama et al, Life Sci,
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wherein, the whole entity (A), except for substituent X, is designated as
MR36G-NR1 R2- 5; R1 is a saturated or unsaturated C1-C10 alky!l
group, linear or branched, substituted by one or several insaturation(s),
the alkyl chain being possibly interrupted by one or several heteroatom(s)
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leads fpigidsidiheseodedialives hinedericlestgnedMBG). This metabolite poorly

enters into the brain, because of its hydrophilic nature. lts analgesic activity appears
stronger than the one induced by morphine, when centrally administered, whereas
nausea and vomiting decrease (Paul et al, 1988. J Pharmacol. Exp. Ther, 251 ; 477-
483 ; Frances et al, 1992. J Phammacel. Exp. Ther. 262 ; 25-31}. However, it may
provoke, like morphine does, a syndrome of addiction. Moreover, like all metabolites,
it is rapidly eliminated by the organism. MBG shows a higher p affinity (or a
comparabie one, depending on the studies) than the one shown by morphine,
whereas « affinity is lower (Current Topics in Medicinal Chemisiry, 2005, 5, 585-594).

MBG seems therefore o be an interesting basis to design an opioid as efficient
as morphine without its undesirable side effects.

M6G has been produced by synthetic ways since 1968 (Hidetoshi et al., 1968)
and its analgesic properties were highlighted in numerous publications (for instance,
Frances et al, 1982, Kilpatrick et al). EP 597 915 B1 and US 6046 313 patents
describe the synthesis of M6G and M6G derivatives especially at position 3 and EP
1086114 B1 relates to a selective process of synthesis of  anomer of MBG.

WO 95/05831 application relates to the use of MBG by oral administration to treat

pain.
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to slowly diffuse at the central level, by modulating the hydrophobicity of
the made chemical modifications, to interact with receptors to either
homodimer or heterodimer opioids, to show a strong affinity to p receptors
while inhibiting x and/or 6 receptors in order to decrease some side
effects. Inventors have established that the addition of a group
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position 3 of the morphinic moiety provoked a loss of analgesic activity,
and even toxicity (Abdulghani A Houdi et al.,1996, Pharm Biochem and
Susamasy (3), 665-671 ; Salvatella et al, 2004, Biiorg & Med Chem Lett., 14,
905-908). Inventors showed that a substitution in position 3 by a methoxy
group (derivative of 6-codeinglucuronide) leads to an inactive and toxic
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according to the present invention is therefore unexpected. A second
application of thege.M6G derivatives regards sexual dysfunction and
especially male-grerpature ejaculation. Indeed, the efficiency of analgesic
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invention relates therefore & a ompound of Formula (A) : wherein the

whole entity (A), except for the X substituent, is called MR36G-NR1R2.S;

R1 represents a C1-C10 alkyl group‘?{ﬁ—é%TRy tain being possibly

interrupted. by one or several heteroatom(s) chosen among 0, S and N;

R2 réﬁ%@g%'ﬂts a hydrogen, a C1-05 alkyl group, saturated or unsaturated,
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S

interrupted by one or several heteroatom(s) chosen among O, S and N;
R2 is a hydrogen, a saturated or unsaturated C4-Cs alkyl group, linear or
branched, or an aryl, heteroaryl or a (C4-Cs )alkylaryl group;

R3is a Y{C=2Z)R or YR group, Y and Z representing independently oxygen or



X represents a hydrogen, a radical -S-R4-W, or a radical

MR363-NR1R2-S, with R4 being a Ci-05 alkyl group that may contain

amide, ester, ether bonds and W being either a 5 receptor antagonist, or a

Ic receptor antagonist, as well as one of its pharmaceutically acceptable

salts. When Rl is a substituted alkyl, the substituent may be chosen
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wherein R1, R2, R3, R4 and W are defined as per formula (A), radicals
R1, R2 and R3 on both radicals MR36G-NR1R2-S being either identical or
different, as well as one of their pharmaceutically-acceptable salts. In
a preferred embodiment, Y et Z in the radical R3 are oxygen. In another
preferred embodiment, R in the radical R3 is a C2-05 alkyl, branched or
RanEhe TR asd orLn sl RS PRI 8GR Al e Fhcton
or un ranced saturated or unsaturate preferab saturate
on thepasticober! embistiivhire, M@%maﬂzyﬂdwmmmm@ tacnhagbfaiidibgrolipydroxile
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the present mventlon relates to compounds of formulae (A) to (D) whereln
: R2 is a hydrogen and R1 is a linear alkyl -(CH2)2- group ; and/or R2 is a
hydrogen and R3 represents -OR, where R is especially an ethyl or
isopropyl ; and/or
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R4 is a -(CH2)2-C(0)-NH- group and W represents naltrindole ; and/or R1

is a linear alkyl -(CH2)2- group and R3 represents -OR, where R is

especially an ethyl or isopropyl ; and/or R1 is a linear alkyl -(CH2)2-

group, R2 is a hydrogen and R3 represents -OR, where R is especially an
ety dnfisopecbykifect |nfa $hesific enibbdiinast, tise confpodiitalignthe! the

h ' I
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hydrox%ﬁ?ﬁ%ﬁ@%ﬁg%@%@jﬁé%g%%'ﬂ%i&%‘?&%‘&'%qggs of analgesic activity,
and even toxicity (Abdulghani A Houdi et al., 1986, Pharm Biochem and Beh, 53 (3),
665-671 ; Salvatella et al, 2004, Biiorg & Med Chem Lett., 14, 905-808). Inventors
showed that a substitution in position 3 by a methoxy group (derivative of 6-codein-
glucuronide) leads to an inactive and toxic compound (see example 1). The obtained
result for the compounds according to the present invention is therefore unexpected.

A second application of these MBG derivatives regards sexuatl dysfunction and
especially male premature ejaculation. Indeed, the efficiency of analgesic
administration o treat premature ejaculation has been shown in litterature (Eledjam
et, Safarinejad et al), for instance local application of analgesics such as lidocaine,
tramadol injection (Safarinejad et al, US 23 186 872 A) or even use of
pharmaceutical preparations containing a mix of Viagra/deita opioid receptor agonist
(US 06 974 839).

The present invention relates therefore to a compound of Formula (A) :

wherein

the whole entity (A), except for the X substituent, is called Mrs8G-NR{R..S;

R1 represents a C+-Cp alkyl group, the alkyl chain being possibly interrupted
by one or several heteroatom(s) chosen among O, S and N;

R2 represents a hydrogen, a C+-Cs alkyl group, saturated or unsaturated,

linear or branched, or an aryl, heteroaryl or (C,-Cs) alkylaryl group;



(1N : M3Et-6G-cya-cya-M3Et-6G (1) : M3Et-6G-cya-3MP-NTI. The

ethyl group may be replaced by a methyl to give the compound
C6G-cya3MP-NTI. Compounds of the present invention may be

prepared using methods known from the person having ordinary skill in
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COORIhgroeding G bR rasian RbBeindrRgcd presimimistiatiependehehydrogen,

harmaceutically convenient vehicle may be selected amo urrentl
2 sty Vi et 0L o R ARraiB R A1 e RSO, A8 e, an
hetercatgmpddition rakky insheterabigtheCaclive pencintean aldetedevanidion and/or a
Ketone relates to the use of a compound of formula chosen among formulae (A)

to (D) and (1) to (lll) or one of its pharmaceutically acceptable salts for the
Winan Rt uses abatitnigoc eldicatde tibutiwet treyrbent elpaintad padicsdanrated Cq-
. alk acute pain, chronic pain, neuropathic pain, muscular pain, bone pain,
+ aKY3Q8Berative pain, migraine, cancer-related pain, lumbalgia, arthrosic

Paiferdishetepdrlatetpain asqeaifoassaapdedsto iMDShdberperseny the group
jnvention also relates to the use of a comgoun of formLtBN?ngegr%m?p(%,’ 5

consistiadn RliRARNERE) BRIBRR (PShevignralirexone
benzo-2'-spiro-indanybnaitrexone (BSINTX).

When W is a « receptor antagonist, it is chosen among the group consisting of
5'-guanidinonaltrindole and nor-binattorphimine (nor-BNI). The radical W is linked fo
R4 so as to retain its antagonist activity.

When X represents a radical Mrs6G-NR{R2-8, radicals R1, R2 and R3 on both
radicals Mr36G-NR1R2-S may either be similar or different.

An alkyi desighates a saturated or unsaiurated hydrocarbonated radical, linear
or branched, substituted or not substituted. A C4-Cy alkyl group refers to a radical
such as the one above defined presenting 1 to 10 atoms of carbon, preferably a
group chosen among a methyl, ethyl, propyl, isopropyl, butyl, isobutyl, ferf-butyl,
pentyl, hexyl, heptyl, octyl, nonyl and decyl. A C1-Cs alkyl group refers to a radical
such as the one above defined presenting 1 to 5 atoms of carbon, for instance a
group chosen among a methyl, ethyl, propyl, isopropyl, butyl, isobutyi, tert-butyl and
pentyl. A C,-C, alkyl group refers to a radical such as the one above defined



pharmaceutically acceptable salts for the manufacture of a drug dedicated
to treatment for sexual dysfunctions and especially premature ejaculation.
The present invention relates to a method of treatment of pain in a subject
comprising administering a therapeutically effecient dose of a compound
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comprigegrtionemixtussvhen stietedoatiooosn teiperaturaticdydng Ihurs.and oxygen,
substituted or not, having preferably 6 to 14 atoms of carbon. For example, one may
mention groups such as pyridinyl, pyridazinyl, pyrimidyl, pyrazyl, triazinyi, pyrrolyi,
pyrazoiyl, imidazolyl, (1,2,3)- and (1,2,4)-triazolyl, pyrazinyl, pyrimidinyl, tetrazolyl,
furyl, thienyl, isoxazolyl, thiazolyl, isoxazolyl or oxazolyl, etc.

The word « alkyiaryl » designates an aryi-type radical substituted by an alkyl
group. Words « alkyl » and « aryl » correspond with previously detaiied definitions.
Examples of alkylaryl groups are folyl, mesythyl and xylyle.

More precisely, the present invention relates to morphine derivatives

represented by formulae (B), (C) and (D) :



The disulfide bridge was then reduced by adding 2.5 molar equivalents of
tris(2-carboxyethyl)phosphine (TCEP) priorly solubilized into
wateriTFA0.1% at 214qg/l. After 2 hours of reaction, the product was
purified by preparative HPLC. 10.3 mg of C60-cya were obtained after
lyophiligdtion : [M+H]+= 535 MTFA = 648 - Purity : 98%%"ield=93%.
Example-3 :Synthesis of M3Et-6G-cya Synthesis of M3ET6G Ina

gr, 1/molar equivalent of morphine-6-glucuronide,2H2

O ‘ d solubilized in water qt 100g/1. 5 equival TES
Q r@ e&eoadde&and the mixture was Stlgﬁd d

room.emperatute. A volume of dichloromethang’ idehticat to the
R3 voliime of v(;%ter was\added to the m%&uﬁwlents of bromoéthane
V >

and 2 equivalents_of/tetrabytylammoniumiydfogen sulfate (TBAHS) were
successively added.stiring was méigt_m!\ﬁed at room temperature during
72 hours. The prod jjgg_q:{k?y preparative HPLC. A Nuclear
Overhauser Effect (NOE) experimentation by proton Nuclear Magneti‘:B)
Resogance (NMR) showed that the ethyl group was carried by the oxygen
atom in_position 3 of the morphine derivative. In fact, the controlled
irradfation of the ethyl group disturbed the signals of phenol aromatic
@ [ 45.8 mg of M3Et-6G were obtained : [M+1-1]+= 490 -

£ 603 - Purity 93% - Yield=55%. Synthesis of M3Et-6G-cya In a

t

at 71g/l. 1 equivalent of M3Et6G priorly solubilized
into DMF aP98yg/1 was'alded. The mixture was diluted with DMF and 4
molar equivalents of DIEA were added. The reactor was cooled to 0C and
1.2 molar equivalegts Ot PyBOP priorly solubilized into DMF at 23g/l were
dripped.  Stirring wasthaistafied at om temperature during 3 {@urs,
then 2.5 molar equivalents of TCEP solubilized into water/TEA 0.1% at
219/l were added. After 4 hours of stirring, the reduction ended. The

{5 malarcequivalents of pure DIEA was then
introduced and the mixt wa;,Réooled to OC in an ice bath. 2.4 molar
equivalents of PyBOP solubilized into DMF at 22.9 g/l were dripped.
Stirring was maintained &® roorr tentpidrature during 3 hours. Then (t[l_:f
product was purified by preparative HPLC 40.5 mg of
M3Et-6G-cya-cya-M3Et-63 dimer were obtained [M+Hr= 1096 - MITA=

ﬁéﬁ%}gpggt@.%g (?)%{gé?é%}%@%%@éﬁR!e%d'ésSémeSﬁiﬁLﬁg (A), radicals R1, R2
and R3 on both radicals Mr36G-NRR2-S being either identical or different,

as well as one of their pharmaceutically-acceptable salts.

in a preferred embodiment, Y et Z in the radical R3 are oxygen. In another
preferred embodiment, R in the radical R3 is a C,-Cq alkyl, branched or unbranched,
saturated or unsa‘iurated, preferably a C2-C; alkyl, branched or unbranced, saturated
or unsaturated, preferably saturated. in a particular embodiment, R3 is Y(C=Z)R with
R being a C4-Cs alkyl group, linear or branched, saturated or unsaturated, preferably
in C1-Cs. In another particular embodiment, R3 is YR with R being a Cz-Cs alkyl

group, linear or branched, saturated or unsaturated, preferably in C2-Cs.



Synthesis of M3iPro-6G In a flask of 10m1, 1 molar equivalent of M60
is solubilized in water at 1009/1. 5 molar equivalents of cesium carbonate,
2 molar equivalents of TBAHS, 1 ml of dichloromethane et 5 molar

equivalents of bromoisopropane are added. The mixture is stirred at 45C,

reflixpoeiciadr@ndthditec ol eRfgiermisieaiandeth bk is e{@pdtbtedirabg or -
10& Progyct is puUrtied by, prepaal i f MRy
(oo A LT SRS Shirhies PR L L - PRiRoratly
betweeByhthadié. of M3iPro-6G-cya-cya-M3iPro-6G In a Falcon tube, 1 molar
ivalent i ' lgride | ilized i t
e e oy e
(A) to (DOOghersraddehch nisiaresgivalbats o P DIEawiRgtABArRrioHsEES |
and the muxtuysg i e d stged diring ' .ghen 2.4
molar eq%éaﬁ%t? g?%&ylg%%%%% s%ogjliﬂ’)illzed}ignté% [?%%}é;ﬁtfzjﬁ)égll égnré sthyl or
added armbtiepyixtargliostrirred at room temperature during 1 h. Dimer is
purified e | L 46.4 mg of
M3iPro- _éﬂ@_@%ﬁb%ng/%e obtained [M-1-HJt= 1123 - MTFA=
-1350 - PBritjs: DEosarvadin =460 Exgrapis 8%Yathesis of
M3Et-6 -aM I IS =N rindole In a flask, 1
‘molar eﬁﬁ%a%e%]f @%ﬁﬁé@k@ﬁc@%&% 5<'51§r%(§ﬂ17€:’L'ftmoIar equivalent of
<(2-nitropHénypreyentyineliaiipieoduced in a 50/50 mixture of hydrochloric

O R A e e PSS PR s ©

whereirsolution and extracted 3 times by ethyl acetate. Organic phases are

Jpooled, %ﬁ%%@;ﬁ&%ﬁ%&% fite filtererand 5»@@9{@1@% M saﬂsgdéw%r

pressure The ob olid is then purified by preparative HPL _
-90mg of R2nigrenaiterrizste areoBtaird §vRHE+=Ab0nharr RIS Especially an

Purity : 9 ield=439 is of 7'-aminonaltrindole In a Falcon
iyt e

tube of 501, uivalent of 7'-nitronaltrindole solubilized into

-ethanol &B4Bgl is Fitfdtideéd)-Aexasaypf Withe/ niGRESTYs imaligdole ;
suspens'%mlgpd 10 molar equivalents of aqueous hydrazine are dripped.
After lh of reaction, the mixture is centrifuged, the alcohol phase is

-recovereR aisceelingas ak Aot ae DR Bied ek Epressave. - where R is
obtainqu@p%' is.r [ubili i iny amount of water (TFA

0,1%) | acetq%%@%mﬁ%%g% gn%gm?ggted in preparative HPLC.

-44.1 mgRf pivdactiaraobadiied (k= g80uemTHALS657 hpdiiggessognd R3

Yi6|d24?f(g‘bresents -OR, where R is especially an ethy! or isopropy! .

In a specific embodiment, the compound has the formula (B) and both R2 are
hydrogen and both R1 are linear alkyl -(CHz).-. in another specific embodiment, the
compound has the formuia (C) and R2 is a hydrogen, R1 is a linear alkyl -(CHa)z-
group and R4 a -(CH2),-C(O)-NH- group.

Asymmetric carbons comprised in formulae (A} to (D) may be of R or S
configuration.

Dimeric preferred compounds are represented in structures (1), (Il) or (Ii}).



Synthesis Fmoc-cysteamine-3MP In a flask, 2 molar equivalents of
Fmoc-OSu are solubilized into acetone at 320g/l. 1 molar equivalent of
cystamine 2HCI and 1.6 molar equivalents of sodium carbonate are added
with a water volume identical to the acetone. The mixture harden. A
mixture water/ 50 /50 is added for doubling thectblvent volume  After
2h30 stirring at room temperature, acetoness evaporated with rotavapor
and the obtalned suspension is solublllse 0 dichloromethane. The

rand the organic phases
aCl. The final

|F*?g 2.53&of F@toc cystam ne : [M+Hr=
S_I@e’dlstﬂ ife bridige reduction is
carrled out by soluBilizing ]H olar euw lent of Fiiey

at 25¢/l and adding 2 5 molé} "

grly solul@lteedhnto water (0,1%TFA)
#mperature, a [3Fge excess of water is
added and the mixture fis @ ted with dichloromethane. The organic
phases are pooled, washéd p{wth saturated NacCl, dried on Na2S0O4 and
filtered on fritted. chhlord)methane is evaporated. The product is then
precipitated by adding watter (0,1%TFA), filtered on fritted and solubilised
into a mixture of H20 (0,1%TFA)/ACN (0,1 %TFA) (25/75) then
lyophilized. 252 mg of product are obtained [M+Hr= 300 - Purity 95% -
Miel8ESBro-6 G-®ymroiar-848i0aehfs of 2-2'-dith.odipyridine solubilized into
dlchloron@thane at 122g/I are cooled at OC. 1molarequivglgnt of
Fmoc}_t(i sf\t]eam|nepnorlysolublllsedlnto dichloromethane, a&,lﬁg/l is dripped
during 1% mifiutes. After 3h of reaction at room temperajare, the

opionic acid dlluted into dichloromethar

siar \ g 284%nin After an overntg’-ht re

CH,CH,O tempe®ature, dichlg 20 uced Bressur@CHheH,
obtained resid@mhis pufifiddl by prepafiVe\HPLC!® 231 mg of
Fmoc-cysteamine- are obtained M+d=Hr— 408 - Purity : 95% -
Yield=68%. Synthesis )@ée} -3 _'?‘ minonaltrindole 1 molar
equivalent of 7* aminonaltrindole is solu |I|zed into DMF at 70g/I. 2.1 molar
(aovinpients Gt EyacsyeyasmEnpe-3MP solubilised into DMF at 669/l and 6
molar equivalents of pure DIEA are added. The mixture is cooled at 0C
without stirring. 1.1 molar equivalents of PyBOP priorly solubilized into
DMF at 2009/1 are dripped.. After 60 minutes of mpe;action, the mixture is

purified by preparative HPLC. 22.5 mg of
Fmoc-cystégmine-3MP-7'aminonaltrindole are obtaingd : [M+H]= 815 -
MTFA= t92-ur|ty 94% - Yleld 36% 1 molar equwfalent of

{1if} : M3Et-6G-cya-3MP-NTI.
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9.3 mg of cysteamine-3MP-7'aminonaltrindole are obtained [M+H]= 593 -
MTFA= 820- Purity : 81% - Yield=43%. Synthesis of
M3Et-60-cya-31V1P-NTI 1 molar equivalent of
Cya-3MP-7'aminonaltrindole is solubilized into DMF at 70g/I. 1 molar
“Hopistlehty afiv 3E&0 Gesadphilisetiinte DIRKR dt{o0gitdasbe dedwith 8i@a-cya-
3MPHN$guivalents of DIEA. The mixture is cooled at OC and 1.2 molar
uivalents of PyBOP solubilized into DMF at 200g/I are dripped in the
Quirtpreintec e pratesndfistienipatreynb e mseaitade L tiromietiteds known
¢ h urified bﬁ.epara '%e HP%i ‘in hél Eg of chimera are obtained :
rom A REFEN {58H O E2H T PUNY)= 859 - Yield =67%. B. Affinity study of
Tpicicveedeptoe!&ds Exparinmgntahdraceduateg to The iaffisntjoof #4656,
6G:-cya, M3Et-6G-C nd M3Et-6G-cya-cya-M3Et- jvative .
LR e 53 AR the (reb A NGRS B ing e
active pmeéceiplersnie of tieorben tocisteniminkectire péfimidstorporer epits harmaceutically

T T L

chiorhy{BEfED-Ala, N-MePhe, Gly(oNenkephalin (DAMGO) either with or without

ne of the compound(s) according to the invention | ffer ini

R e R T R A B R
an appaffinitiettokredeptordirigporotienatatoffgrdimiaiptosticerebellum (250 pg of
protein),were incubated at 22C duri 0 wi 7 0 o
131-1]U% 659§aéﬁ#e$r\?vlth %%Wfi‘ﬁ%&?qc%nﬁé of the é%#%%%%/’ld(s%[a%if:%rrldirll@?gtable
the invemtiranatioa buyfes contiamagls0 migctios-HEI (piravet)padnijection or
MgCl2 antd 1. mM qf EDTA,. _ .In order to determine the affinityto5
inrgmuscliarniedion

receptors, homogéenates of cell’membrane (human Mu receptors

-transfedtes omCHo et ptiene focitsitedat ZaCudlrind!d. 20apsiiesh poBvders,

nM of [3BH]DADLE either wi witho the c u ) according:
to the irﬁ/réLrWo%Slhtgranbl%ﬁYel}rng%{r?ta%n%ﬁé)ééerﬂ%lapﬁé-I%@%% .4)%&1%?’%%“8{6
MgC12 releahemmpspeciiecoiatiiagaeissie aniisdayedcihelpassence of

10 pM qf nalfrexon r ti I pigly fi -
'througﬁé as@%@rg?éﬁg,{pé;c ar%‘)mf?ég\%%%% &r&ﬁb%ate \?véll'g?weé gﬁg;l&) SP e, for
polyethyfetaiointhendg Hrpeidisevistat einhes @éth; 50 mM of cold Tris-HCI

using a,; 96- [ I " (Wnifi i re
“anerwalll M v AanaEseony HHAUE, RERES SR
-agonistthetagoiaisadtinisranoq réee el sichimpetindsRvesidiirpto the
_inventi 2stimat l]é ﬁ!?g ostatic segments of rabbits deferens

vas, st?(tﬁé\:%%@% %r%%ﬁa)t(g y 'arrlr‘ électric current of 0.1Hz during 1
-msec. the intordeuiartagianisigatiist. activity, a response control (peak of

i ; i S ) :
L ot R
used vethiskerfoweasthamodspsatimagioaling .concentrations of the compound

iﬁ%%%‘#%&?rﬂ”é%l”ﬁ?é‘@%%%%@ﬁ jgglﬁ&ﬁggnéﬂoﬂ%%% MBHPLS rinciple.

concéentrations weére cum concentration was maintained in
Tdentasentinnheetidesetanthe sehiefresponseavas chtdpieér @asgna among

formuia%ﬁiﬁ?ﬁ@ﬁ%ﬁﬁ%ﬂ{ lo glj |[5h%9|5ﬂ@‘6t?ﬁ§t?f‘f§ﬁﬂ%éﬁt9{atm? A0S MNBS alts for

of the contractions), an antagonist of reference, the
the mamdadfingtofhiniged@dicaiRr abe prpimeastedtediat iheibkiest acute pain,
chronic Cgﬁﬁ%”%tdf?&}g%ltmé GompoyRdacrerding o hedavesdian osasfiersie pain,
role of K receptors in the response. _ '
migraine, cancer-related pain, iumbalgia, arthrosic pain, diabetes-related pain or pain
associated to AIDS. The present invention also relates to the use of a compound of

formula chosen among formulae (A) to (D) and (I) to (llf) or one of iis
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In order to test an antagonist activity, a response control (peak of
contraction of the tissue) was obtained by exposing tissues to a high
concentration (0.1 pM) in specific agonist U-69593. Tissues were then
exposed to growing concentrations of the compound according to the

phamasgeitivenorasopriaplecifebyofst rmeanslreBBRc At atichddvaigdicated to
treatméﬁ%&%@%%ﬁ%H&%QH@%?@@&!Wﬁ@ﬂ@ﬁﬁé%ﬁﬁnﬂhﬁbﬂith the

. tissue until a stable response was obtained or up to 1 An

5hmwﬁ&nbmm@wa§@@%r%@vvﬁ@w@ﬁeﬁ isRtie pardofm 2 subject
comprigfg@gﬁﬁmﬂﬁfgﬁr’{é’kf@h@fifé%%i&aﬁwég@%m%irBfl%r ISR of formula

rved with the nor-BNI. The measured parameter was a maximal
choserchungedofaimpliasié/dr the (BarReSf dbitrddtivry fogorEd ByrbaERRCeuticaily

acceptér%@u@aq%n W%i\’;ﬁ'_f% concentralions Qe comRotnshiB. 243 ic pain,

e results of affinity fo p, 6 and K receptors are detailed in the Table 1 _
musculgeloRBiMTalbiene Aty t6eSte R e depibrs MigigifiBouRBNEE(niAAied pain,

lum ba!@%&%@fﬁosio@éﬁ“ﬁ%B%?&&P&?étﬁﬁ(%w\ K RespPiMaEbNed A1 % side,
the present invention relates to a method of treatment for sexual dysfunctions and
especially premature ejaculation in a subject, comprising administering a
therapeutically efficient dose of a compound of formula chosen among formulae (A)

to (D) and (1) fo (1) or one of its pharmaceutically acceptable salts.
The present invention further relates to a compound of formula chosen among

formulae (A) to (D) and (1) to (1) or one of its pharmaceutically acceptable salts for

the treatment of pain or the treatment of sexual dysfunctions.

DESCRIPTION OF FIGURES

Fig. 1: Synthesis of C6G-Cya, M3Et-6G-Cya, M3Et-6G-Cya-Cya-M3EL-6G,
M3iPro-6G-cya-cya-M3iPro-6G and M3Et-6G-cya-3MP-NTL

Fig. 2 : Analgesic activity of compounds in the tail flick test.

Fig. 3 : Anaigesic activity of compounds in the hot plate test.

Fig. 4 : Effect of compounds on intestinal transit.

The invention is not limitatively illustrated through examples below.

EXAMPLES

A. Synthesis
The different processes of synthesis implemented {o obtain the Considered

Products are detailed hereunder. Reactional pathways are shown on Figure 1.
Reactions were followed by reversed phase high-performance liguid

chromatography (HPLC) and MALDI-TOF mass spectrometry. The products were

identified and their purity determined by reversed phase high-performance liquid

chromatography (HPLC) and mass spectrometry.

12



11 NC 100 M3Et-60-cya 13NC 220 M3Et-63-cya-cya-M3Et- 14 63 >1000
25 NC Not considered because lower than 25% of inhibition to highest
concentrations. The results show : an affinity to p receptors for
compounds according to the invention that is similar to morphine. A loss
of afflnlty for compounds accordlng to the invention to 6 receptors when
(=1e Rhines A affinity of C60-cya and M3Et-6G-cya
YMET 0 K-Teceptors similar to the one of morphine and
drﬁl |m;ﬁ@@@é@ﬁeatmﬁ&iﬂmW(mﬁﬁmm&&mmmadmaﬁeﬁmhydmus

dimethylformamide (DMF) at 138g/l. 1 molar eguivalent of commercial codeine-6-

glucuronide TFA was added after dissolution into anhydrous DMF at 47g/1.

4 molar equivalents of diisopropylethylamine (DIEA) were added and the
reactor placed into an ice bath (0°C). 1.2 molar equivalents of benzotriazole-1-yi-oxy-
tris-pyrrolidinophosphonium hexafluorophosphate (PyBOP) priorly solubilized into
DMF at 225g/l were dripped into the reaction mixture, then stirred at room
tfemperature during 3 hours,

The disulfide bridge was then reduced by adding 2.5 molar equivalents of
tris(2-carboxyéthylyphosphine (TCEP) priorly solubilized into water/TFAG.1% at
2149/1. After 2 hours of reaction, the product was purified by preparative HPLC.,

10.3 mg of C6G-cya were obtained after lyophilisation : [M+HMH= 535 —
MTEA = 648 - Purity : 98% - Yield=83%.

Example 2 :Synthesis of M3Et-6G-cva
Synthesis of M3ET-6G ;

In a reactor, 1 molar equivalent of morphine-6-giucuronide.2H,0 (MB6G) was

pourred and solubilized in water at 100g/l. 5 equivalents of cesium carbonate were
added and the mixture was stirred during 5 minutes at room temperature.

A volume of dichioromethane identical to the volume of water was added to
the mixture. 5 equivalents of bromoethane and 2 equivalents of tetrabutylammonium
hydrogen sulfate (TBAHS) were successively added. Stirring was maintained at room
temperature during 72 hours. The product was purified by preparative HPLC.

A Nuciear Overhauser Effect (NOE) experimentation by proton Nuclear
Magnetic Resonance (NMR) showed that the ethyl group was carried by the oxygen
atom in position 3 of the morphine derivative. In fact, the controlled irradiation of the
ethyi group disturbed the signais of phenol aromatic protons.

45.8 mg of M3Et-6G were obtained : [M+H]"= 480 - Myga= 603 - Purity : 93% -
Yield=55%.

Synthesis of M3Et-6G-cya



The agonist/antagonist activity of the compound

M3Et-6G-cya-cya-M3Et-6G was measured as above described ( 81) : the
compound according to the invention behaves as a K receptor antagonist.
Results of agonist/antagonist activity are shown below in Table 2 : Table 2

IRcignisaantafgonist Bigty eaUvreBtorof E vaRigaon oF ddorisealiprige; were
solubifZ¥IRRINERReSPASA. CoBY QIR R M A8 HMricrly solubilized into D)MF at

Responsetoanincreasing | + nor-BNI concentration of the compound(1nM

960/| wrsERbtEy AbgaNISEEEERS b Died pRNOEMiVENSM S0alRTeaNvalents of DIEA
were added. The reactor was cooled to 0°C and 1.2 molar equivalents of PyBOP
priorly solubilized into DMF at 23g/t were dripped.

Stirring was maintained at room femperature during 3 hours, then 2.5 molar
equivalents of TCEP solubllized info water/TFA 0.1% at 21g/l were added. After
4 hours of stirring, the reduction ended. The product was purified by preparative
HPLC

46.9 mg of M3Et-6G-cya were obtained | [M+H]™= 549 - Myea= 662 - Purity :
85% - Yield=89%.

Example 3 : Synthesis of M3E-685-cva-cva-MIEL-8G

In a reactor, 1 molar equivalent of cysteamine.dihydrochloride was solubilized

into DMF at 86g/l. 2 molar equivalents of M3EI-8G-cya priorly solubilized info DMF at
97 g/l were added. 5 molar equivalents of pure DIEA was then introduced and the
mixture was cooled to 0°C in an ice bath. 2.4 molar equivalents of PyBOP solubilized
into DMF at 22.9 g/l were dripped. Stirring was maintained at room temperature
during 3 hours. Then the product was purified by preparative HPLC.

40.5 mg of M3Et-8G-cya-cya-M3Et-6G dimer were obtained : [M+H]"= 1096 -
Myea= 1322 - Purity : 85% - Yield=81%.

Exemple 4 : Synthesis of M3iPro-6G-cva-cva-M2iPro-6G

Synthesis of M3iPro-6G :

In a flask of 10ml, 1 molar equivalent of MGG is solubilized in water at 100g/l. 5
molar equivalents of cesium carbonate, 2 molar equivalents of TBAHS, 1 mi of
dichloromethane et 5 molar equivalents of bromoisopropane are added. The mixture
is stirred at 45°C, reflux of dichloromethane, overnight.

Dichloromethane is evaporated and the product is purified by preparative
HPLC.

61.7 mg of M3ipro6G are obtained : [M+H]'= 504 - Myea= 617 - Purity : 95% -
Yield=63%.
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0 0l -4 -31 NC U-69593 1001 1 0.01 pM 0.03pMI 0.1pM 0.1 pM 18 46100
-6 Evaluation of antagonist activity Compounds

Synthesis of M3iPro-6G-cya-cya-M3iPro-6G

in a Falcon tube, 1 molar equivalent of cysteamine.dihydrochloride is
solubilized into DMF at 11.2g/l. 2 molar equivalents of M3iPro-8G priorly solubilized
into DMF at 100g/| are added. 5 molar equivalents of pure DIEA are then introduced
and the mixture is cooled to 0°C and stired during 5 minutes. Then 2.4 molar
equivalents of PyBOP priorly solubilized into DMF at 240g/] are added and the
mixture is strirred at room temperature during 1 h.

Dimer is purified by preparative HPLC.

46.4 mg of M3iPro-6G-cya-cya-M3iPro-6G are obtained ;. [M+HT'= 1123 -
Mrea= 1350 - Purity : 95% - Yield=85%.

Exemple & : Synthesis of M3Et-6G-cva-aMP-NTI

Synthesis of 7’-Nitronaltrindole

In a flask, 1 molar equivalent of Naltrexone HCI 2H,C and 1 molar equivalent
of (2-nitrophenyl)-hydrazine are introduced in a 50/50 mixture of hydrochloric acid
37% and glacial acetic acid at 57g/l. The mixture is stirred during 6h30 at 85°C and
then cooled at 0°C, neutralized with a saturated NaHCOs; solution and extracted 3
times by ethyl acetate. Organic phases are pooled, dried on sodium sulfate, filtered
and evaporated under reduced pressure. The obtained solid is then purified by
preparative HPLC.

90mg of 7-nitronaltrindole are obtained : [M+H]"= 460 - Mrea= 573 - Purity
92% - Yield=43%.

Synthesis of 7’-aminonalirindole

in a Falcon tube of 50mi, 1 molar equivalent of 7'-nitronaltrindole solubilized
into ethanol at 34.6g/1 is introduced. An excess of Raney nickel (50% in water
suspension) and 10 molar equivalents of agueous hydrazine are dripped. After 1h of
reaction, the mixture is centrifuged, the alcohol phase is recovered and ethanol is
evaporated under reduced pressure. The obtained residuum is re-sclubilized in a
minimal amount of water (TFA 0,1%) / acetonitrile (TFA 0,1%) 50/50 and injected in
preparative HPLC.

44.1 mg of product are obtained : [M+H]"= 430 - Myra= 657 - Purity : 95% -
Yield=43%.

,,_.
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Response Controlat- 69593 (0.1pM) U Responsetoanincreasing
concentration of the compound M3Et-6G-cyacya-M3Et-6G 100 0.03 pM
0.3pM 3 pM 30 pM 10010092 71

Synthesis Fmoc-cysteamine-3MP

in a flask, 2 molar equivalents of Fmoc-OSu are solubilized into acetone at
320g/t. 1 molar equivalent of cystamine 2HC! and 1.6 molar eguivalents of sodium
carbonate are added with a water volume identical to the acetone. The mixiure
harden. A mixture water/ 50 /50 is added for doubling the solvent volume.

After 2h30 stirring at room temperature, acetone is evaparated with rotavapor
and the obtained suspension is solubilised into dichloromethane. The aqueous phase
is extracted by dichloromethane and the organic phases washed successively with
KHSO; and saturated NaCl

The final organic phase is then dried on sodium sulphate, filtered and
evaporated under reduced pressure for providing 2.53g of Fmoc-cystamine : [M+H]'=
598 - Purity : 95% - Yield=96%.

The disulfide bridge reduction is carried out by soiubilizing 1 molar equivalent
of Fmoc-cystamine into DMF at 25¢/l and adding 2.5 molar eguivalents of Tris(2-
carboxyethyl)phosphine (TCEP) priorly solubilised into water (0,1%TFA) at 400g/l.
After 1h stirring at room temperature, a large excess of water is added and the
mixture is exiracted with dichioromethane. The organic phases are pooled, washed
with saturated NaCl, dried on Na,SQO4 and filtered on fritted. Dichloromethane is
evaporated. The product is then precipitated by adding water (0,1%TFA), filtered on
fritted and solubilised into a mixture of H,O (0,1%TFA)/ACN (0,1%TFA) (25/75) then
lyophilized.

252 mg of product are obtained : [M+H]"= 300 - Purity : 95% - Yield=50%.

3 molar equivalents of 2-2’-dithiodipyridine solubilized into dichloromethane at
122g/l are cooled at 0°C.

1  molar equivalent of Fmoc-cysteamine priorly solubilised into
dichloromethane at 18g/l is dripped during 10 minutes.

After 3h of reaction at room temperature, the mixture is cooled at 0°C and 5.5
molar equivalents of d3-mercapiopropionic acid diluted into dichloromethane at
18ul/m! are dripped during 20 minutes. After an overnight reaction at room
temperature, dichloromethane is evaporated under reduced pressure. The obtained

residuum is purified by preparative HPLC.

16



nor-BNI 100 0.1 nM 0.3nM 1InM 80 55 -1 Responses are indicated in

% of the response control at U-69593 (decrease of the amplitude of

contractions) C. Study of analgesic activity C.1 Operative mode The

analgesic activity was determined through both the "Tail flick" and the "Hot

piatb'mesed. F mocTiysterimifierd ViR tqte i pladol eHE midif 0L 942yrity : 95% -
vielg=Bagrmacol Exp Ther ; 72 : 74-79) consists in placing the tail of a mouse,

after administration of a product, in front of an infrared source in order to

produce a nociceptive stimulus (a surface temperature of 55C). The

SRR (R TL AldNG MRoURR-(AEnaK DRRGN IR, start of the light

r
beam and the moment the mouse withdraws its taH?was measured in

duphiekae o4 S\ RIRSY shréadMBMNESLHing ede4B0Inh bifiseddnithistkition g0g/l. 2.1
motar (B RRAUGS Asmaximpal 42 ﬂ%@ﬂ@@ﬁ@ﬁg%mﬁﬁ?wh& 669/l and 6
maximal reaction time in"order to avoid any tissue damage for the aninial.
molar equivalents of pure DIEA are added. The mixture is cooled at 0°C without
stirring. 1.1 molar equivalents of PyBOP priorly solubilized into DMF at 200g/ are
dripped.. After 60 minutes of reaction, the mixture is purified by préparative HPLC.
22.5 mg of Fmoc-cysteamine-3MP-7"amincnaltrindole are obtained : [M+H]"= 815 -

Myea= 828 - Purity : 94% - Yield=36%.

1 molar eguivalent of Frnoc-cysteamine-3MP-7’aminonaltrindole is solubilized
into DMF at 15g/l. 20 molar equivalents of pure DEA are added and the mixture is
stirred during 30 minutes at room temperature.

The mixture is purified by preparative HPLC.

9.3 mg of cysteamine-3MP-7'aminonaltrindole are obiained : [M+H]'= 503 -

Mrea= 820 - Purity ; 81% - Yield=43%.

Synthesis of M3EL-6G-cya-3MBP-NTI

1 molar equivalent of Cya-3MP-7'aminonaltrindole is solubilized into DMF at
70g/l. 1 molar equivalent of M3Et-6G soiubilised into DMF at 70g/! is added with 5
molar equivalents of DIEA. The mixture is cocled at 0°C and 1.2 molar equivalents of
PyBOP solubilized into DMF at 200g/l are dripped in the mixture. After 45 minutes of
sﬁrring at room temperature, the mixture is purified by preparative HPLC.

11 mg of chimera are obtained : [M+H]"= 1064 - Myea= 1281 - Purity ; 95% -
Yield=67%.

B. Affinity study of opioid receptor.
B.1/ Experimental procedure
The affinity of MBG to C8G-cya, M3Et-8G-cya and M3Et-68G-cya-cya-M3EL-6G

derivatives has been compared for each of the three sub-types of u, § and « opioid

recepiors.
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Products were intravenously-administered at doses comprised between

0.5 and 8 mg/kg (8 mice per group). Two measures of reaction time

were realised before administration of the product for each mouse so as to
establish a base line. The "Hot plate” test consists in placing a mouse

di adigepldie sletamiirl imealinityg the ldppatitioiost, oherobgrnates of cell

membiipwing, ‘ﬁo%éegh;ﬂd?v%oﬂ%‘ﬁgy at lgastene %%hﬁei@é?) R%Wé incubated at

licking of front or rear exceeding a 30 second perio

22°C dlaengciivitionof WEspbéd @wu.@;me{aémaama T%Mﬁﬁ@@w@iumélmphaim
(DAMW%&HQHMH%P%%&WW@W% g@@mm c#f?wg?’qg 2 invention

after injection of the product. A base | |ne or each

into a pgipedssraia aaralistiation-ofthéotdstet §M@@BM MaSiigducts were
'r\%r%vsapteé%é@nm;%r%dﬁﬂ%% %P%?B&%Qr?e%%ﬁé‘g% ﬁfeg §ff§a/hga pigs

(8 mice per group), C.21 Results respect to the tail flick tes
Cereb%lbéaﬁn@?sg%?ewlt@ fOTPRRNDhIME MBELERGyal KRTG-6CHoga Ay amIE6E7 nM of

[3H]UB0G08Y 8- GBF o MAIRILS Gy Brana-Myiby S’uﬁ%(é gccordmg to the invention
M3Et-6G-cya-3MP-NTI cya-M3Et-6G, are indicated as the average per

into 2 grtRs 6PIANES SOETNIahESHEWERIH fighire'®MM WSS PR replesbRiTA.
the nergsntage ofneasible maxmakaifect and gorrespopds to Hzﬁno gnates  of

following formula : (TRoobtainistntal IRmi-adtaidstntion) CAM

cell merelreRar{MIoNl ressHeETBRodRRE theE DS Ralm db%@f@?@@%‘fed at
22°C afaninals) apd hehde W%PE%;@AWEEW&E%%HWSP #fout one of the
represented below in tables 3 (ED50) and 4 (AUC
compound(s) according to the invention intc a uﬁer containing 50 mM Tris-HCI
(pH 7.4) and 5mM MgCI2.

The non specific binding was determined in the presence of 10 pM of
naltrexone. After incubation, samples were rapidly filtered through glass fibers (GF/B,
FPackard), previously incubated with 0.3% of polyethyleneimine and rinced several
times with 50 mM of coid Tris-HCl using a « 98-sample cell harvester » (Unifilter,
Packard). Filters were afterwards dried and the radioactivity was counted.

The agonist/antagonist activity on k receptors of Compounds according to the
invention was estimated by using prostatic segments of rabbits deferens vas,

stretched and stimulated by an electric current of 0.1Hz during 1 msec.

In order to test an agonist activity, a response control {peak of contractions of
the tissue) was obtained by exposing tissues fo a high concentration (0.1 uM) in U-
68593, which is a specific k receptor agonist.

Tissues were then exposed to growing concentrations of the compound
according to the invention or to the specific agonist. The various concentrations were
cumutaied and each concentration was maintained in contact with the tissue until a
stable response was obtained or during a maximum of 15 mn.

if a characteristic response of the agonist was noted {i.e. an inhibition of the
contractions), an antagonist of reference, the nor-binaltorphimine (nor-BNI, 0.001
uM), was tested at the highest concentration of the compound according to the

invention to confirm the role of k receptors in the response.
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Table 3 : ED50 calculated on the basis of the tail flick test ED50 mg/Kg
Compound Max Effect F ED50 Morphine 30 min 3.273 M(3Et)6G-Cya 120
min 2.042 M3Et-60-cya-cya-M3Et-6G 120 min 1.318 06G-cya-cya-C6G 30
min ND

In order to test an antagonist activity, a response control (peak of contraction
of the tissue) was obtained by exposing tissues to a high concentration (0.1 uM) in
specific agonist U-69593.

Tissues were then exposed fo growing concenirations of the compound
according to the invention or to the specific agonist. The various concentrations were
cumulated and each concentration was maintained in contact with the tissue until a
stable response was obtained or up to 15 mn.

An antagonist response was observed when the amplitude of peaks of
contractions provoked by electric stimulation was similar to the one observed with the
nor-BNI.

The measured parameter was a maximal change of amplitude of the peaks of
contractions provoked by electric stimulation with various concentrations of the

compound.

B.2/ Resulis

The results of affinity to y, & and k receptors are detailed in the Tabie 1 below :

Table 1 : Affinity to U, & and K receptors :

Ki (nM) o Ki(nM) & Ki {(nM) K
Compound

Receptor Receptor Receptor
Morphine 12 150 150
C6G-cya 11 NC 100
M3EL-8G-cya 13 NC 220
M3Et-6G-cya-cya-M3EL-
6G 14 >1000 25

NC : Not considered because lower than 25% of inhibition to highest concentrations.
The results show :

- an affinity to p receptors for compounds according to the invention that is

similar to morphine.
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M3iPro-6G-cya-cya-M3iPro- 6G 60 min 1,7 M3Et-6G-cya-3MP-NTI 120
ND : undetermined (lack of analgesic response) Table
4 : AUC calculated on the basis of the tail flick test: 1AUC 1Dose (mg/Kg)

117 3.4 6.8 Morphine- 60.62 _ ,
- Aloss of affinity for compounds according to the invention to & receptors when

min 2,9

compared with morphine.

- An affinity of C8G-cya and M3Et-6G-cya monomer compounds for k receptors

similar to the one of morphine and an improvement of affinity (factor 8) of
M3Et-6G-cya-cya-M3EH-6G dimer.

The agonist/antagonist activity of the compound M3E$-6G-cya-cya-M3Et-6G

was measured as above described (§ B1):

invention behaves as a x receptor antagonist.

the compound according to the

Results of agonist/antagonist activity are shown below in T‘abie 2.

Table 2 : Agonist/antagonist activity on x receptor :

Evaluation of agonist activity :

Response . o
Compounds | Control at U SO, D Compound | by
69593 (0.1uM) P
M3Et-6G-cya- 100 C.G3uM 0.3uM |3 uM | 30uM | 10 uM
cya-M3EL-6G 0 0 -4 -3 NC
) 0.01 uM | 0.03uM | O, 1uM 0.1 uM
U-69583 100 18 16 160 %
Evaluation of antagonist activity
Response Response to  an increasing
Compounds Control at U- . .
concentration of the compound

69593 (0.1uM)

M3Et-6G-cya- 100 0.03 M C.3uM |3 uM | 30 uM
cya-M3EL8G 100 100 az 71

0.1 n 0.3nM 1niM
nor-BNi 100 80 EE ®

Responses are indicated in % of the response control at U-69593 (decrease of

the amplifude of contractions)

C. Study of analgesic activity

C.1 Operative mode

The analgesic activity was determined through both the “Tail flick” and the “Hot

plate” tests.



. 589.54 11529.18 Dose (mg/kg) 0.5 214 0 8 6059.22 1 M(3Et)6G-Cya
11047.8 15 2538.9 15012.9 3 M3Et-6G-cya-cya-M3Et-60 617.79

The "Tail flick” test (test of D’Amour et Smith, 1941, Pharmacol Exp Ther : 72 :
74-79) consists in placing the tail of a mouse, after administration of a product, in
front of an infrared source in order to produce a nociceptive stimulus (a surface
temperature of 55°C). The reaction fime (RT) of the mouse (latency between the start
of the light beam and the moment the mouse withdraws its tail) was measured in
duplicate at 8 times spread from 15 mn 1o 480 mn after administration of the product.
A maximal 10 second-period has been chosen as the maximal reaction time in order
to avoid any tissue damage for the animal.

Products were intravenously-administered at doses comprised between 0.5
and 8 mg/kg (8 mice per group).

Two measures of reaction time were realised before administration of the

product for each mouse so as to establish a base line.

The “Hot plate” test consists in placing a mouse on a hot plate at 54°C and in

measuring the apparition of one of the following behaviours :

- jump involving at least one of the four paws
- licking of front or rear paws,
- exceeding a 30 second period on the hot plate

- activation of the speed of displacement.

The withdrawal time was measured in duplicate at different times spread from
15 mn to 360 mn after injection of the product.

A base line was determined for each mouse before administration of the
tested product.

Products were intravenously administrated at doses comprised between 0.5

and 8 mg/kg (8 mice per group).

.21 Resulis

With respect to the taii flick test, obtained results for morphine, M3Et-8G-cya,
M3El-6G-cya-cya-M3EL-6G, C6G-cya-cya-C8G, M3iPro-6G-cya-cya-M3iPro-6G and
M3Et-6G-cya-3MP-NTI cya-M3Et-6G, are indicated as the average per group of %
MPE + S.E.M and shown in figure 2.



11233.7 5 4824.55915.1 16 5817.46 C6G-cya-cya-C60440
14750012811251 MS3iPro-60-cya-cya-M3iPro60 1223 4242156851 _
M3Et-6G-cya-3MP-NTI12576 441015733

The MPE % represents the percentage of possible maximal effect and
corresponds to the following formula :
(TR admiviswarin, ~ 1 ons-adm buistrative,)

LAY, e : = 100

& + ' A
L Iﬁm we " A P adm doarrion,

For each product, the ED50 (active dose for 50% of animals) and the AUC
(area under curve) were calculated and represented below in tables 3 (ED50) and
4 (AUC).

Table 3 : ED5S0 calculated on the basis of the tail fiick test :

EDS0 mg/Kg

Compound Max EDS0
Effect

Morphine 30 min 3.273

M(3E1BG-Cya 120 min |2.042

M3Et-6G-cya-cya-M3E-6G |120min |1.318

C6G-cya-cya-CBG 30 min ND

M3iPro-6G-cya-cya-M3iPro- | 60 min 1,7

866G

M3Et-8G-cya-3MP-NTI 120min 129

ND : undetermined (lack of anaigesic response}

Table 4 : AUC calculated on the basis of the tail flick test:

AUC

Dose (mg/Kg) - - 1.7 3.4 6.8
Morphine - - 60.62 1580.54 |1529.18
Dose (mg/kg) 0.5 1 2 4 8
M(3EHBG-Cya - 1047.8 |2538.9 |5012.¢ |6059.22
a 5 3 0
M3EL-6G-cya-cya-M3Et-8G |617.79 1233.7 |4824.5 (5915.1 |5817.46

5 1 8

C6G-cya-cya-CBG 440 147 500 281 251
M3iPro-86G-cya-cya-M3iPro- | - 1223 4242 5685 -

686G
| M3Et-6G-cya-3MP-NTI - - 2576 4410 5733
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With respect to the hot plate test, obtained results for morphine,

M3Et-6G-cya and M3Et-6G-cya-cya-M3Et-6G, are indicated as the

average per group of % MPE S.E.M and shown in figure 3. For each
product, the ED50 (active dose in 50% of animals) and the AUG (area

Ufidfér ipenasivt) therdéebplalatéesanebiepredeiaedisdiowneabies SM3EL-6G-cya

and N@%&@ﬁ%@%d@@e Bré %QE‘%‘EE%‘H@%% %’Qfég%g%a%lﬁri%%@ % MPE +

plate test = ; EDS0 mg/Kg Compou et max ED5S min
S.E.Mzgdxhrsetisdasya 320 min ) 2.754 M3Et-6G-cya-cya-M3Et-6G 120 min
1.349

For each product, the ED50 (active dose in 50% of animals) and the AUC
(area under the curve) were calculated and represented below in tabies 5 (ED50) and
6 (AUC).

Table 5 ;. ED50 calculated on the basis of the hot plate test :

EDS0 mg/Kg

Compound Effet max |ED50
Morphine 30 min 3.802
M(3Et)6G-Cya 120min  |2.754
M3Et-6G-cya-cya-M3EL-68G 120 min | 1.349

Table 6 : AUC calculated on the basis of the hot plate test :

AUC

Dose (mg/Kg) - - 1.7 3.4 6.8
Morphine - - 931.55 |986.99 4613.09
M(3Et)6G-Cya - 1912.704962.00 9618.55|16359.84
M3Et-6G-cya-cya-M3Et-6G | 1182.74 | 1437.18|4928.30 | - -

Results show that compounds according to the invention have an analgesic
aclivity at least superior than the one showed by morphine. Actually, their ED50 is
comprised between 1.3 and 2 mg/kg, compared with 3.3 mg/kg for morphine.

Moreover, the duration of the analgesic activity is much longer for compounds
M3Et-6G-cya and MS3E-6G-cya-cya-M3Et-6G  than for morphine.  Actually,
compounds according to the invention remain at least twice longer active than

morphine.

0. Study of intestinal fransit in mice

b2
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Table 6 : AUG calculated on the basis of the hot plate test : !AUG Dose
(mg/Kg) 1.73.4 6.8 Morphine - 931.55 986.99 4613.09

£1.1/ Operative mode

Awake mice are force-fed by introducing in the cesophagus of a feeding tube
with a 1 ml syringe. 600p! of gavage paste (nofably constituted of activated carbon)
are slowly introduced. 30 min after force-feeding, animals are sacrificed, After
incision of abdominal wall, the intestines are exposed over all their length. The
distance between cardia and rectum is measured (fotal length) as well as the
distance between cardia and marker front.

The effect of compound MB3Et-6G-cya-cyva-M3EH-8G on constipation was
measured at the maximum effect after iv injection at EDS0 and then compared to the
effect of morphin in the same conditions.

in order to get closer to a clinical case of post-operative pain in which the
patient needs an analgesic effect during several hours, the following protocol was
used :

Compound M3Et-8G-cya-cya-M3E{-6G and morphine are injected at two-fold
ED50.

In order to maintain the maximum analgesia during 6h30, a morphin dose is
infected every hours, possibly corresponding to morphine pump in hospital. It is not
necessary to inject supplementary dose of M3Et-8G-cya-cya-M3EL-8G since the
activity is maximum during at least 6 hours.

Transit is then measured from 30 min after force-feeding of mice to 6 hours
after administration.

A send measure is performed 2h30 after the last morphine injection or 8h30
after injection of M3Et-6G-cya-cya-M3Et-6G. Finally, measures are performed 10h
and 12h after injection of M3Et-8G-cya-cya-M3E1-6G in order to evaluate the return

speed 1o normal transit.

D2 Hasuts

The transit percentage s calculated as following .

distance of marker x 100 / total length.

Data are shown in figure 4.

No significant difference on the transit is observed between compound M3Et-
6G-cya-cya-M3EL-6G and morphine at the maximal analgesic effect after injection at
D50 (transit inhibition of about 90%).
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| M(3Et)6G-Cya - ) 1912.70 4962.00 9618.55 16359.84
M3Et-6G-cya-cya-M3Et-6G 1182.74 1437.18 4928.301- Results
show that compounds according to the invention have an analgesic
activity at least superior than the one showed by morphine. Actually, their

ED5898 CbmstisEd BREReEHANIEH 2NAEIRGICOMPAIR RN tEBgNRIdItion is

lower fRAMABRIBSuNd MorELc @HQWQE'@@@e(QQaQGE%G/QCWiB’OﬁgM%n with
longer fé)r compounds M3Et-6G-cya and M3Et-6G-cya-cya-M3Et-6G than
morphigEHRtphine. Actually, compounds according to the invention remain at

loastivice longeeaetyaithandnemhtathed at maximum with morphine, transit is
completely siopped. Transit restaris when the morphine injections are stopped,
together with a drop of analgesic activity.

in case of compound M3Et-6G-cya-cya-M3EL-8G, transit only slows down
whereas the analgesic activity stays maximum. The transit speed becomes normal

between 10 and 12 hours with an analgesia of 50%.
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D. Study of intestinal transit in mice / Operative mode Awake mice
are force-fed by introducing in the esophagus of a feeding tube with a 1 ml
syringe. 600p1l of gavage paste (notably constituted of activated carbon)
are slowly introduced. 30 min after force-feeding, animals are sacrificed.
Bitéd#Sision of abdominal wall, the intestines are exposed over all their
length. The distance between cardia and rectum is measured (total length)
as well as the distance between cardia and marker front. The effect of
toMmpoyrdMBEtf6Greya-ya-M3Et-6G on constipation was measured at
the maximurp gffect after iv injection at ED50 and then compared to the
effect of mor’Q in the same conditions. In order to get closer to a
clinical 05’3_ of post-operative pain in which the patient needs an

pital #t'&not necessary to inject supplementary
dose of M3Et-6G-cya- BEE%G since the activity is maximum during
at least 6 hours. Transitisthen measured from 30 min after
force-feeding of mice to 6-hour& afte® admfipistration. A send measure
is performed 2h30 after the last morphine injection or 8h30 after injection
Wh#SHL-6G-cya-cya-M3Et-6G. Finally, measures are performed 10h and
th2NATISE IRiaatom el MIELPRCYariRM3Ek 66 oot doeyapis R, R,-
return speed to normal transit. 1121 Resutts The transit percentage is
S calculated as following : distance of marker x 100 / total length. Data are
Rhowndn dguretha or NRSigitigant @'ﬂ@%”%%ﬁﬂdﬁlﬁéﬁ?ﬁﬁﬁé%%?eﬁfr%ched,
between compound M3Et6G-cya—cya—M3ét-6O and morphine at the
substituigekirhyl £gedic ePNIAMEISAEECEBATES EDBE (trlkkit inhfbitioPeiiGbpassibly

interrup?@&@:y one or several heteroatom(s) chosen among O, S and N;

morphine pump i

R2 s a hydrogen, a saturated or unsaturated C4-Cs alkyl group, linear or
branched, or an aryl, heteroaryl or a (C,-Cs)alkylaryl group;

R3 is a Y(C=2)R or YR group, Y and Z representing independently oxygen or
sulfur, R being a linear or branched, saturated or unsaturated C,-Cg alkyl group,
provided that R3 i1s not O-CHs;

X is a hydrogen, a radical —S-R4-W, or a radical Mrs8G-NRR-S,

with R4 being a C+-Cg alkyl group, saturated or unsaturated, that may include
amide, ester, ether bonds and

W being either a & receptor antagonist or a x recepior antagonist,

as well as one of its pharmaceutically acceptable salts.

2- Compound according fo claim 1, wherein, if W is a § receptor antagonist, it
may be chosen among the group consisting of naltrindole, naltriben, 7-
benzylidenenaltrexone (BNTX) and 7-(5, 6'-benzo-2'-spiro-indanylinaltrexone
(BSINTX), and if W is a x receptor antagonist, it is chosen among the group

consisting of 5-guanidincnaltrindole and nor-binaltorphimine (nor-BNI).
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In case of maintenance of maximal analgesia during 6h30, transit
inhibition is lower with compound M3Et-6G-cya-cya-M3Et-6G (52 a 56%)
in comparison with morphine (82%). When the analgesic activity is
maintained at maximum with morphine, transit is completely stopped.
$fa&‘a@mtémadﬁwdinmtm@ipmhé ipjettivhe@ie Sidppeal sidoptitisedishkal and
I i u
the s A bt e R S o e palurateg or unsaturated
Cq-Cs aihalwgamcmimmgmwmmmtgﬁgﬁmspéé@%@&fﬁ@e@fﬁunn% and R6
S Wi | IMS [
being et o e Bk et el 28 IEIF Group, an
aryl, a MRBEGRNRER2-Coo altyis prefatmbiedrofursatu eyl @1 @igkyde and/or
(J ear or branched, substituted by one or several insaturation(s),
ea yI chain being possibly interrupted by one or several heteroatom(s)
chosen among 0, Sand N; R2 is a hydrogen, a saturated or
H”E%H@B‘iﬂ} %ﬁ‘ﬁﬂ% %%Rﬁ'cﬂ?‘%ﬁésﬂ{sbﬁ%cﬁe%h%&éfﬁ 3 DEIIOAMY and
a (C1-0 grou 3isa Y(C--Z)R or YR group, Y and Z
the Sutmi‘girmmfg M§§mj@m@' @&}@@ﬁbf@@l@u@%@k@ia linear or branched,
saturated or unsaturated C1-05 alkyl group, provided that R3 is not
0-CH3; X is a hydrogen, a radical -S-R4-W, or a radical
MAEIBEPNRTRECS Taingvit e v GedhidjasCl-05 4lkyhgreiip Ysatwatdd mdical R3
are Oxdggﬁ%tyrated, that may include amide, ester, ether bonds and W being
ither a 6 receptor antagonist or a K receptor antagonist, as well as one of
its pharmaceutically acceptable salts. 2- Compound according to

é'%ar% W@ﬁaeéf&ctﬁr\l}{ﬂgnamw‘gs@mmag@@'§t M@frp%hgﬁixogg%ﬂh R

the gro p consisting o le, naltriben, 7- benzylidenenaltr

being aBNTO¢) 2l @6 besr o2 bspirehipdiasgliihalee @nenEstiRaty, andfaraply in

C-Ca. is a K. receptor antagonist, it is chosen among the group consisting of
5'-guanidinonaltr ndole and nor-binaltorphim ne (nor-BNI). 3-
Compound according to claim 1 or 2, wherein R1 is a substituted alkyl and
e ISURI LI ERIREN AN bR BB RIS R being
unsaturated C1-00 alkyl group; an amino group; a COORS5 group, a

a Co-CaONRIRBIyriRARE arrnREseipglinatisept enspiwaiegen dasaliated -Cs.
or unsaturated C1-C20 alkyl group, an aryl, a heteroaryl; a C1-C20 alkyl,

preferably in C1-C10, carrying an aldehyde and/or ketone function.
8- Compound accordsng to any of claims 1 1o 6, wherein R4 is a -(CH),-C(O}-

NH- group or -(CH;),-NH- C{O)-, in which n is an integer comprised between 1 and 8,

ketcne

preferably between 1 and 4.

8- Compound according to any of claims 1 to 8, wherein the compound shows
one or several following characteristics :
- the R3 group is -OR, wherein R is especially an ethyl or an isopropy! ;
and/or
- R2 is hydrogen ; and/or
- R1is a linear alkyl {CHz)>-group; and/or
- R4 is -(CH3),-C(O)-NH- group; and/or

- W is nalfrindole.
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4- Compound according to any of claims 1 to 3, wherein R2 is substituted
and the substituent can be a saturated or unsaturated C1-C4 alkyl . 5-
Compound according to any of claims 1 to 4, wherein Y and Z in radical
R3 are oxygens. 6- Compound according to any of claims 1 to 5,

WhreFemRaus Y acegingith R §aios-00akyGrIgH hisa sadical —S-Ré-
W or ééﬁ%{&ql?sﬂm%@m%%?@%@ﬁ% Rreferablyn 83-G3. hoth fadicals Mr:6G-

ompound according to any of claims 1 to 5, wherein R3 is YR with R
NR:Rzteipginacsitiey gy, difesedr branched, saturated or unsaturated,
preferably in C2-C3. 8- Compound according to any of claims 1 to 6,
wherein R4 is a -(CH2)"-C(0)- NH- group or -(CH2)n-NH- C(0)-, in which n
islanGeegeresmprised ehieenlaiiind @, pratspabljsetiBRAUaHdesents a
formul@tAABRAUAE ASEAEa. B BON AL EIRIBEr 1A Aap/saln MRiqpmpOUnd
shows one or séveral following characteristics : the R3 group is -OR,
wherein R is especially an ethyl or an isopropyl ; and/or R2 is hydrogen ;
and/or R1 is a linear alkyl -(CH2)2-group; and/or R4 is -(CH2)2-C(0)-NH-
group; and/or W is naltrindole. 10- Compound according to any of
claims 1to 9, wherein X is a radical -S-R4- W aﬁa radical
MR36G-NR1R2-S, radicals R1, R2, and R3ior¥both radicals
ifferer 11- Compound
" nts a formula chosen

O ,‘,'O

{H : M3iPro-6G-cya-cya-M3iPro-6G
oA
H’ :: _—

H H 5
N 5—8 N—%
o s

(1) : M3Et-6G-cya-cya-M3Et-6G
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H N SD. OCH2CH3 00 : M3Et-6G-cya-cya-M3Et-6G  (IH)
M3Et-6G-cya-3MP-NL1i. 12- Compound according to any of claims 1
to 11 as a drug. 13- Pharmaceutical composition comprising a
compound according to any of claims 1-11. 14- Use of a compound
according to any of claims 1-11 or use of a pharmaceutical composition
according to_claim 13 for the preparation of a dru@&r the treatment of
pain. lgﬁUse of a compound according to any of tlaims 1-11 or use
of a phatigeeTtical composition according to claim-13\or-the preparation
of a drugfdr the treatment of sexual dysfunctions. ABSPRACT  The

(1) © M3EL-6G-cya-3MP-NTIL.

12- Compound according to any of claims 1 to 11 as a drug.

13- Pharmaceutical composition comprising a compound according to any of

claims 1-11.

14- Use of a compound according to any of claims 1-11 or use of a
pharmaceutical composition according o claim 13 for the preparation of a drug for

the treatment of pain.

15- Use of a compound according to any of claims 1-11 or use of a
pharmaceutical composition according to claim 13 for the preparation of a drug for

the treatment of sexual dysfunctions.
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ABSTRACT

The present invention relates to new morphine-6-glucuronide derivatives, to

pharmaceutical compositions thereof and uses thereof,



