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opi oi d-i nduced hyperal gesia (O H associated to opioid therapy, including
t he conbination of opioids with a signma receptor ligand for the treatnent
and/ or prevention of OH BACKGROUND 10 10pi oi ds and opi ates are potent
anal gesics widely used in clinical practice. Opiates refer to al kal oi ds
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to be called an opiate one has to either be a natural opioid receptor
agoni st or start the refining process with one of the natural alkaloid
nol ecul es. Once chemically altered, such as 15 the process of converting
nor phi ne | MELDE@FOTHE INVIENTION) i s then | abel ed as a sem -synthetic opiate
or sem -synthetic opioid - the terns can be used interchangeably.
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i ncl ude all e oplates as we as any synt hesi

opi oi d rec@ﬁﬁ@ﬁ@re\w‘ﬁ@'héf PtH.opi oi ds i ncl ude net hadone, pet hidine, fentanyl,
alfentanil, sufentanil, remfentanil, carfentanyl, tramadol, tapentadol and
| oper am de. Opi oi d and opi at es drugs are classifi ed typically by their

bi ndi ng selectivity in respect of 25 the cellular and differentiated tissue
receptors MkGRBUNESCi fic the drug binds as a ligand. There are 3

wel | - defi ne or "classical" types of opioid recept or: mu (p), delta (6),
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opi oi d r ece&pfifsynthetic opiates (or semi-synthetic opioids) include heroin (diamorphine),
oxycodone, hydrocodone,  dihydrocodiene, hydromorphone,  oxymorphone,
buprenorphine and etorphine. In contrast, opioid is a blanket term used for any drug

20 which binds to the opioid receptors. Opioids include all of the opiates as well as any
synthesized drug that bind to opioid receptors. Synthetic opioids include methadone,

pethidine, fentanyl, alfentanil, sufentanil, remifentanil, carfentanyl, tramadol, tapentadol

and loperamide.

Opioid and opiates drugs are classified typically by their binding selectivity in respect of
25 the cellular and differentiated tissue receptors to which specific the drug binds as a
ligand. There are 3 well-defined or "classical" types of opioid receptor: mu (u), delta (d),
and kappa (k). More recently, cDNA encoding an "orphan" receptor named ORL1
(opioid receptor-like) was identified which has a high degree of homology to the
"classical" opioid receptors. All the opioid receptors are G-protein coupled receptors
30 and possess the same general structure: an extracellular N-terminal region, seven

transmembrane domains and an intracellular C-terminal tail structure. Pharmacological



Opi oi d anal gesi cs are recommended for the managenent of noderate to severe
pai n including that which occurs follow ng surgery and trauma and i n many
pati ents wotzh12oapeser. Apart frompain relief, opioid an2CHEPR€I3/0632860
produce a range of common wel |l -known side effects (e.g., sedation, enesis,
constipation, respiratori depression, 10 dependence). In addition to the
af ore-nentioned side-effects, it has beén appreciated nore recently that
opi oi d anal gesics nmay al so activate a pro-nociceptive nechanismresulting
in the phe e | [ a
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neur obi ol ogi cal mechani sns scussed for O1H involving the central
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system, the spinal dynorphins or the descending facilitation.

OIH is evidenced by individuals taking opioids, which can develop an increasing
sensitivity to noxious stimuli (hyperalgesia), even evolving a painful response to
previously non-noxious stimuli (allodynia). Increased pain in OIH may result from one
30 or more of the following: pain in the absence of a noxious stimulus (spontaneous pain),
increased duration of pain in response to brief stimulation (ongoing pain or
hyperpathia), reduced pain threshold (allodynia), increased responsiveness to

suprathreshold stimulation (hyperalgesia), spread of pain and hyperalgesia to uninjured



15 those of neuropathic pain and anal gesic tol erance invol ving augnent ed
glutamatergi c signaling and persistent activation of the

N- net hyl -Woaspzartmbe (NVDA)-nitric oxi de synt hase (NOS) Pairteree10xi2de ( NO)
signal i ng cascade. Anot her nechani sm proposed to underpi n opi oi d-induced
excitatory signaling involves stimulation of adenylate cycl ase formation
via Gb-coupl ed opioid receptors that 20 3opposes inhibition of adenyl ate
cyclise formation via G 10-coupl ed opioid receptors to attenuate |evels of
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sigma-1 receptor antagoni sts potentiate opioid analgesia in nodels of acute
t her mal nodyeBpss NOPaMiticxidet(NSY SioRRNIFSE348 at i on of anal gesia is not
acconpani ed by potentiation of opioid side 15 effects (i.e., dependence)
(VWO 2009/ 230$ED mechHanemasropdsadito fubtemin arloitsndircad leatitatory egmathgigvolves
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25 oploid analgesics with NMDA-receptor antagonists, such as low dose ketamine, and

25 more recently, clinical trials have investigated combinations of ultra-low dose
naltrexone (non-selective opioid antagonist) and opioid agonists such as morphine and
oxycodone to selective block signaling via Gs-coupled opioid receptors (Smith,M.T.;
Acute Pain; 2008;10; 199-200) that are useful in the prevention and/or treatment of

opioid-induced hyperalgesia.

30 Sigma receptors are non-opioid receptors of great interest in pharmacology. The sigma
binding sites have preferential affinity for the dextrorotatory isomers of certain opiate

benzomorphans, such as (+)SKF 10047, (+)cyclazocine, and (+)pentazocine and also



BRI EF DESCRI PTI ON OF THE | NVENTI ON The present invention relates to the use
of a sigma ligand as adjuvant in the opioid therapy of pain for the

prevent i omOant/ws9svr eat nent of O H associ ated to sai d opCoiER2athesapy. This
benefit of the invention is nore evident when the signa ligand is 30
specifically a sigma-1 receptor antagonist, preferably in the formof a
(neutral) antagoni st, an inverse agonist4d or a partial antagonist. WO

2012/ 016980PCT/ EP2011/ 063286 5 Therefore, one aspect of the present
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or unsubst iif HidM; Yl andasesdrhak e Slémblrﬂsﬂébéﬁtbrt Mb@@la@drvéfaédm an8lybsih it ut ed

or unsubstituted, aromatic or non-arommtic eteroc substltut ed or
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20R3 and R4 are |ndeﬁ) ndentIF%/ sel ect ed fromthe group consisting of
hydr ogen, 1995, 190(2):137-139). Recently it has been shown™ that some sigma-1Teceptor

antagonists potentiate opioid analgesia in models of acute thermal nociceptive pain
and that this potentiation of analgesia is not accompanied by potentiation of opioid side

15 effects (i.e., dependence) (WO 2009/130310). However, no information is available
regarding inhibition of OIH by sigma-1 receptor ligands.

The treatment of OIH can be time-consuming and, at times, impractical. Weaning
patients from high dose opioids usually requires time and patience. While reducing the
opioid dose, patients may experience transient increases in pain or exacerbation of
20 pain and the hyperalgesic effect may not be mitigated until a certain critical dose of

opioid is reached.

Breaking the cycle of OIH is an attractive course of action for the interventional pain
specialist. Thus, there is still a need for substances that could be used as an adjuvant

to opioid therapy for the prevention and/or treatment of the associated OIH.

25
BRIEF DESCRIPTION OF THE INVENTION

The present invention relates to the use of a sigma ligand as adjuvant in the opioid
therapy of pain for the prevention and/or treatment of OIH associated to said opioid
therapy. This benefit of the invention is more evident when the sigma ligand is
30 specifically a sigma-1 receptor antagonist, preferably in the form of a (neutral)

antagonist, an inverse agonist or a partial antagonist.



substituted or unsubstituted al kyl, substituted or unsubstituted
cycl oal kyl, substituted or unsubstituted al kenyl, substituted or

unsubst i twDed12any48p substituted or unsubstituted aryl al pgir/EPsubatizBut ed or
unsubstituted, aromatic or non-aromatic W) 2012/ 016980PCT/ EP2011/ 063286 6
het erocycl yl, substituted or unsubstituted heterocyclylal kyl, -CORS,
-C(0)OR8, - C(0)NRBR9, -CH=NR8, -ON, -0RB, -0C(0)R8, -S(0)-R8, -NR8R9,
-NR8C(0) R9, - N2, -N=CR8R9, and hal ogen, or together they form an
optionally .t i 5 - ] )

sel ected frT?)]% #8’ géegg%aet:&gﬁgtlh%tp?%sgé%ﬁ R’E@%cﬂnoggggaﬁ?y%u%g?ﬁ{aﬁ{dgﬁg%ﬁqﬁgqmﬁé,
unsubst i t utpeeveatitryand/entbssatinenttaf !d aseociated ta opividdhergrey.oal kyl , substit ut ed
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unsubsti t uted prdr¥tred KmbodifeRs shidWidta Rjandhadbsd déndr@dermmnPRpt i ¢ or
non-aromati c heterocyclyl, substituted or unsubstituted heterocyclylal kyl,
-COR8, -C(0)OR8, - 10 C(0)NR8R9, -CH=NR8, -0ON, -OR8, -0C(0)R8, -S(0)-Rs,
-NR8R9, -NR8C(0)R9, - N2, -N-=0R8R9, and hal ogen, or together form wth
the nitrogen atomto which they ar|8 attached, a substituted or
unsubstituted, aromatic or non- pb'ﬁtic het erocycl yl group; nis
selected from1, 2, 3, 4, 5, 6,67 a E;H§'_1j5t iR,2 or 3; RB and RO are
each independently sel ected from hydrogen, tituted or unsubstituted

al kyl, substituted or unsubstituted cycl oamwsti tuted or
unsubstituted al kenyl, substituted or unsu } £d aryl, substituted or
unsubstituted, aromatic or non-aromatic hetefocyclyl, substituted or
unsubstituted 20al koxy, substituted or unsu ituted aryl oxy, and hal ogen;
or a pharmaceutically acceptable salt, iso od rug or solvate thereof.
Anot her aspect of this invention refers to use of sigma ligand as

defi ned above for the manufacture of a nedic t for the prevention and/or
treatment of O1H 25 associated to opioid therapy. Another aspect of the
invention is a method of treatnment of a patient suffering fromO1H

associ atged to opioid therapy, which con@i ses adm nistering to the patient
in need of such a treatnent or prophylaxis a therapeutically effective
anount of a sigma |igand as defined above. WO 2012/ 016980PCT/ EP2011/ 063286
7 Another X4WE&¥R of the invention refers to a combination of at |east one
sigma |ligand as defined above and at | east one opioid or opiate conpound
for sinmultaneoRs|s sagraedfremdine gegpentsisiingaafydrogen agubstitytedar unsdostitutéche

i d/ f i.0i di h | i i d
DrCoent oo, anoaRl. WSBEL b St SRt JAUSRY, SRBLAOE B PRRTE By °
addi tional | y akslostitle¢d oewhsubstitined @k substitBieh efF ubiSEHRIuREH dDiNalkiy, Sitistikit<d JRES

10 or unsubstituted non-aromatic heterocyclyl, substituted or unsubstituted aromatic

heterocyclyl, substituted or unsubstituted heterocyclylalkyl, -CORs, -C(O)ORs, -
C(O)NRgRg, -CH=NRs, -CN, -ORg, -OC(O)Rs, -S(O)-Rs, -NRgRg, -NRsC(O)Rg, -
NO., -N=CRgRg, and halogen;

R; is selected from the group consisting of hydrogen, substituted or unsubstituted
15 alkyl, substituted or unsubstituted cycloalkyl, substituted or unsubstituted alkenyl,
substituted or unsubstituted aryl, substituted or unsubstituted arylalkyl, substituted
or unsubstituted, aromatic or non-aromatic heterocyclyl, substituted or
unsubstituted heterocyclylalkyl, -CORs, -C(O)ORs, -C(O)NRgRg, -CH=NRs, -CN, -
ORg, -OC(O)Rs, -S(O)-Rs, -NR3gRg, -NRgC(O)Rg, -NO,, -N=CRsRg, and halogen;

20 R; and R, are independently selected from the group consisting of hydrogen,
substituted or unsubstituted alkyl, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted aryl, substituted

or unsubstituted arylalkyl, substituted or unsubstituted, aromatic or non-aromatic



Figure 1. Schematic representation of experinental protocol n 1

(co-adm nistration 10 studies in the perioperative period) showing the tine
course fowothe/assessnent of mechanical sensitization i rdéu@EPdolpeizB@Nt ar
incision. The opioid ligand was adm nistered imedi atly after the surgery
in three consecutive intraperitoneally injections (every 15 m nutes).
Paradigm 1 corresponds to a single adm i stration of the signa receptor

| igand i medi ately before surgery and hence before opioid injection 15
wher eas Par adi A1) Lgma
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hyper al gesi a déwseHaoipg systemFi gure 2: It shows the effect of Renmifentanil
(opioid receptor agonist) and conpound n 63 (sigma antagoni st) approached
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approached by BassttlitedbPums®efitdicahikedyesn8stittBd bAlindDsPuRdos P sioskituted
(co-adm nistration studies in the perioperative period). Figures 2 and 3

Show that  adm AF S0suRelgedcarviBl SHIBSTRHIPY Gh HBSUDS LIRS, BEIMAEAY OO od
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before (Paradigm 1) and after (Paradi @ﬁ Pﬁ?n admni'stration, At 40 and
80 ny/ kg’ t he sgé@ﬂiﬁaﬁg’aﬁi":( GUnOO'ﬁS 6L (PNt bPtQr-Bs:| H&y'ﬁ? a &@@H%ry to

both surgery aﬂld)zom:QIF(%Rgoa(@ﬂBlo Gﬁtcﬁﬂbééthéﬁf@rrﬁlwuﬂw the@ithgen¥iem teWRR@HNd n
63 is adninisteréed at the dose o kg OH i1s selectively blocked. WO

2012/ 016980PCTINEM287E1 AHRHEY6 %Sﬁ?%jwt%d £r Wst@ﬁwréadt [RECTBR e Of ON-ABMBYG ne
(opi oi d recept aeter@9Blysdrdu@nd conmpound n 63 (signma antagoni st) approached
by Paradi gm 2 according to experinental protocol n 1 (co-administration
studies in the p Ve per l]ar to previous figures show ng
the effect on ﬂ?gélgé’(?gﬁrﬂn ﬁszeg 4%2%?5@1 i gand (conmpound n 63) also 5
inhibits allodynia secondary to surgery and O H when Mr phi ne was used.
Figure ® 1t shsws2Phé ef fect of Morphine (opioid receptor agonist) and
BD- 1063 (si gnma ant agoni st) approached by Paradigm 2 according to
experinmental pRetaebIR;nade (aaoh adapengéntst 'selacteu umbreshyrdnogdwe qubsiitofeer at | ve

e 0 e AR R 063 b S0 U, DD BB oEP™

experinment al pupsubstiuted 3alkeny, adsubsiitstedat bronursibstitesdi rarylav eubssatusgd SbDWI ng

the tine course f asse o] ni cal i zation

| nduced by opi STHLSHHEGH BT Y PORIRME e T PR B HER S CRRTSIRERH of o

| i gand)2and coajroxydubstiicied sr gmsubatittieg@nyisty) aad balbgemg t o experi nent al

protocol n 3 (co-adm nistration studies in 15 nave rats). The figure 7

shows the i nhi gt b Bhnflcb6lanp he RO Rofid: WodiBFlf S AR Bguced

hyper al gesi a. TLeglhnrh CI toryyeﬁ}%t on O ﬁﬁﬁg c?eagbat 20 an 40 ng/ kg.

Figure 8 It shows the effect of Remfentanil (opioid |Iigand) and conpound

BD- 1063 (si gnma antagoni st) according to experinental protocol n 3

(co-adm nistration studies in nave rats). Simlar to conpound n 63, BD 1063

i s abl e toAnothesiaspexttof(thisenyentionrefers enthenide- ofraigroa dighypas alefjesd apowehen

adm ni st er ff [ pi oi d
i gand) anz&cg‘tﬁpégnga%@?i@gfg H{e‘&c%meg%tfcz‘g@‘gls%r{e?&gé%c Srgpﬁ/opftr{a gp@eggedgﬁ)rrleq-ﬁt al

prot oca2d n a8s¢gateddoropiogt thatdpyn studi es in nave rats). Not only

rem fentanil- but al so norphine-induced hyperalgesia is inhibited by the

si gma | i ganchoBar HapactdiaRe GReAtion I & hitesh bord@mMRnt 8t § patietGualikg florpet her

25 with the_opioid,
OIH associated to opioid therapy, which comprises administering to the patient in

need of such a treatment or prophylaxis a therapeutically effective amount of a

sigma ligand as defined above.



Figure 10: It shows the effect of Fentanyl (opioid receptor agonist) and
conpound n 63 (sigma antagoni st) approached by Paradigm 2 according to
experi nerwal2oprosweol n 1 (co-adm nistration studi es i nPCHEPRP@NI063286 at | ve
period). Figure 11: It shows the effect of Sufentanil (opioid receptor
agoni st) and conpound n 30 63 (signma antagoni st) approached by Paradi gm 2
according to experinental protocol n 1 (cco-adm nistration studies in the
perioperative period). WD 2012/ 016980PCT/ EP2011/ 063286 9 Fi gure 12:
Schematic r i - i I 9 i d by
il oxone) . ~Toes 08484 o ey EORTRR bR oSHRER ot Bt Eap il S BE NG
receptor agefinest ;zbcanobrtdoanmmona op®iq sii gpiateznoNEgond Mr)smulta@ledus]gseparate

experi ment %' @&‘&%‘P dfh r%st?eﬁ.%ﬁ PJreEré i} §lee gré%néorpgh PéP’?r%étmé:r!t

shows the ef op1 ol rece or —agoni s n 63
(sigma ant a@ﬂmeéhypeielge$ld|aag>onajedatoprmwldﬁmra¢y protocol n 2 (OlH pr eC| pitated
by nal oxone). Figure 15: It shows the effect of Fentanyl (opioid receptor

agoni st )5 anthes8FEBPEEE ahd e BreldSd rHbdiRRh 0PRSS ar@ea8itidh A, 4190 ¥%RREH FENt al
protocol n 2 $01H precipitated by nal oxone). Figure 16: It shows the effect

of Suf ent ad§ C@BP%-0i d receptor agonist) and conpound n 63 (signma

ant agoni st) according to experinental protocol n 2 (01H precipitated by
nal oxone). 15 DETAI LED DESCRI PTION OF THE I NVENTION I n the context of the
present invention, the follow ng terns have the meani ng detail ed bel ow.

"Alkyl" relgIBFIPESCRIPBOMNOF AHPERSSREY hydrocarbon chai n radical
consisting of 1 to 12 20 carbon atons, containing no unsaturation, and

whi ch is attache rest of ecul e .b
met hyl , et ygurenpp$gwa%c rqueaﬁ@/t o%ogD)[(@/efrlm?ntalﬁqrg oc:oﬂgJ ﬁt(%ﬂ aéjrglpl?’tragﬂ)r[(yl
r ad: cth'E{)I ms}udt? mahemabb«yrasu@ﬁénéd;t sitbwang ﬂf@tlmébdﬂim‘ﬁ &uhﬁdl asdmpBinensoth as
aryl, al O roxy oxy cyano car pony. aCVl. .
o Foxyoar aanahgay eshsiieivy. TS by “HEREY | BRREN uhe (et v avas
radi cal s gmmumstemdl|rhme|6|l?ﬂlyaréfmnd% latmgmsy hrh fthset)dos:bhieme@b lr::mraclfejrhutoneiall;qc
corresponds_t n,"Ar kyl" radic such as enet
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| east one

r adi cal 8‘&1' Sti n d t20 12 car(gsdP ato {I"r}i

unsat ur aﬁn B v “HISRAAEH 12 8 ?' '”'8 NeCriHE SN rBSPRCSH ngl e
bond. Al kemghrhd rraﬁhledaiety raftgr Rige O4udti apiait | mjesmbstTHeJéﬂ@rbyerﬁi@I prigocd| nior e
substituents such,as ar
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periooperative period (before-Paradigm 1 or immediately after-Paradigm 2 the opioid

administration), long before hyperalgesia develops.

20 Figure 2: It shows the effect of Remifentanil (opioid receptor agonist) and compound
n® 63 (sigma antagonist) approached by Paradigm 1 according to experimental

protocol n° 1 (co-administration studies in the perioperative period).

Figure 3: It shows the effect of Remifentanil (opioid receptor agonist) and compound
n°® 63 (sigma antagonist) approached by Paradigm 2 according to experimental

25 protocol n°® 1 (co-administration studies in the perioperative period).

Figures 2 and 3 show that administration of the sigma ligand in the perioperative period
inhibits the development of mechanical allodynia when administered both before
(Paradigm 1) and after (Paradigm 2) opiod administration. At 40 and 80 mg/kg the
sigma ligand (compound n° 63) inhibits allodynia secondary to both surgery and opioid
30 (Remifentanil) use (i.e., OIH). When compound n° 63 is administered at the dose of 20

mg/kg OIH is selectively blocked.



acyl, al koxycarbonyl, am no, nitro, nercapto, alkylthio, etc. Preferred

al kenyl radicals have from2 to 6 carbon atons. "Cycloal kyl" refers to a

st abl e 3-woO 2002/are98ber ed nonocyclic or bicyclic radical Wwairmr2e13/06828ar at ed
or partially saturated, and which consist solely of carbon and hydrogen 5
atons, such as cycl ohexyl or adamantyl. Unl ess otherw se stated
specifically in the specification, the t.rm"cycloalkyl" is nmeant to

i ncl ude cycl oal kyl radicals which are optionally substituted by one or nor e

bstit L.,
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benzi m dazol e, benzot hi azol e, furan, isothiazole, 25imdazole, indole,
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al kyl t hhep QiRURS obiBgl udi ng those noi eties having one or nore thioether

| i nkages ano'l from1l to about 12 carbon atons or from1 to about 6 carbon

atons; al kyl. sul fjnyl r oups C se . noi etjes hav one or
STy 1 e aReRe £BY of sy G e chbt peo gt BRe P TeendBh o 6
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S
about 6 carbd AC%ES’HEI'St%ﬁ?'P]B%ﬂsﬁl'” @Fcﬁ?ﬂgp%@%‘f‘? RRI9G} oups having one or nore N
atons and from1 to about 12 carbon atons or from1l to about 6 carbon
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20 positi orm df(ce-admipistiation atudies aictheqebspéretineg ratiods | ndependent of t he
other. The term"salt" nust be understood as any form of an active conpound
used in accordance with this invention in which said conmpound is in ionic
formor is charged and coupled to a counter-ion (a cation or anion) or is
in solution. This definition also includes quaternary amoni um salts and
conpl exes of the active nolecule with other 25 nol ecul es and ions,

particul arly, corrpl exes for rred VI a | on| c i nter act| ons. The def| ni t| on
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The term "pharmaceutically acceptable salts” in the context of this

i nvention neans any 30 salt that is tolerated physiologically (normally
meani ng twet20izo1s9onot toxic, particularly, as a result Pofi/HPR@®106328¢ er - i on)
when used in an appropriate nmanner for a treatnent, applied or used,
particularly, in humans and/or manmmal s. These physi ol ogically acceptabl e
salts may be fornmed with cations or basés and, in the context of this

i nvention, are understood to be salts fornmed by at | east one conpound used
in WD 2012/ P of

mormal Ly GOS0 CaagT A anar e e, 8 AEERRCAR ROt DIHBEH LR by
physi ol ogi caloxgng)ol er at ed cation, preferably inorganic, particularly when
used on humans and/or mammals. Salts with alkali and alkali earth metals

are prefer rggiiarst i Eshawd the eﬁéctvwIdena@ntam%ao.&erré@%tdmtgbnua 6'c6ﬂﬁ]o§@’4d ons
(NH4+). 5 Preferred salts are those forned wt non ) ) sodi um

(mono) or (APPPHERSANFEONFMGFRESIAINg B ©PLriEieqta! pﬂ‘ﬁ%%‘é n)i)ﬁy@' I Bﬁi'@téi‘ﬁck/by
accept aly e ngpixbse)may al so be formed with anions or acids and, in the
context of this |nvent| on, are understood as being salts for rred by at |east
one conpou Iy N | ] t ed,
for exanpl gd djn'%(r:;flj‘t r”osg@ngﬁﬁ‘g%ﬁ%&é’\sﬁ‘ﬁé’?c@@?e&é&' dé ragsﬁlsggnd%ﬁyggorﬁd;ﬁf caI |y
10 tol erat &3 (argnmantpgomst()abmrbmgvbbeaxpasm@nm pmmaoim%mdbm preaipitates). byThi s
definition %%%&l]é)l cally includes in the context of this invention a salt

formed by a y5| ologically tolerated acid, i.e. salts of a specific active
conpound w t h p %SI ologically tolerated organic or inorganic acids -
parti cul ar IRj9 UlsEwwsnihe gifaetisof dieatany! (aRidrecertok agapniss ape cempeurd pe of

sal ts &g %@Q%%n%‘aoérﬁggoﬁ%t? Eccé}}dﬁ’\b%mx%hﬁeﬁ?ell%rotBMé’lrerz' %H—Fprje'éup%{e‘é by

sul phuric acid,” nmethanesulfonic acid, formc acid, acetic acid, oxalic
aci d, succmﬁl%@%l d, malic acid, tartaric acid, mandelic acid, funmaric
aci d, lactic acid or citric aci d The term "sol vate" in accordance wth
this i nventﬁuglnemtmulmohe then et s bb Bdfeataniréaioit ge@pyorfagonist) fant ktér’n@tf)inhd/&o

conpound i ccorda wi ventiaon in which sai oun bonded
by 5 non- cOoarGAE SRRECTS) Aatetiine Hareetmeniharare T SaFhpresalaBhr

i ncludi ng empeong)l | y hydrates and al cohol ates, |ike for exanple,

nmet hanol ate. A preferred solvate is the hydrate. Any conpound that is a
prodrug“ii)f a sigma ligand, in particular a prodrug of a conpound of fornula
(I') is also within the scope of the invention. The term "prodrug" is used

inits bro erivatives that are converted
in 25 vivo ?ng‘{'hgﬁgiﬁégﬁﬂ%@w@ﬁ@fﬁem@ﬁw Exanpl es of prodrugs incl ude,
but are not Iimted to, derivatives and netabolites of the conpounds of
formul a I tlrtnme conddxd abé the prleyehtohyentitin, ghenbilionvingstesug haws thei roegring Hetaddd e

am des, Eo drol yzabl e esters, biohydrolyzable carbamates, biohydrolyzable
carbonates Iohydrol yzabl e ureides, and biohydrolyzabl e phosphate

anal ogues. Preferably, prodrugs of conmpounds with 30 carboxyl functional
groups are Pk¥" refgrsrton sjaight oF éranched PM@OE%PB@)EW'Féacﬁﬁ|&°n§*ﬁt§‘gc<afrb¥9xﬁ ate

esters A&y e carbeofidl k¥ntaingHo kins 88 fidr ¥ha Qe istditddhadag ikt bf trrei d
molecule by a single bond, e. g., methyl, ethyl, n-propyl, i-propyl, n-butyl, t-butyl, n-

pentyl, etc. Alkyl radicals may be optionally substituted by one or more substituents
such as aryl, halo, hydroxy, alkoxy, carboxy, cyano, carbonyl, acyl, alkoxycarbonyl,
amino, nitro, mercapto, alkylthio, etc. Preferred alkyl radicals have from 1 to 6 carbon
25 atoms. If substituted by aryl, it corresponds to an "Arylalkyl" radical, such as benzyl or

phenethyl. If substituted by heterocyclyl, it corresponds to a “Heterocyclylalkyl” radical.

“‘Alkenyl” refers to a straight or branched hydrocarbon chain radical consisting of 2 to
12 carbon atoms, containing at least one unsaturation, and which is attached to the
rest of the molecule by a single bond. Alkenill radicals may be optionally substituted by

30 one or more substituents such as aryl, halo, hydroxy, alkoxy, carboxy, cyano, carbonyl,



noi eti es present on the nolecule. Prodrugs can typically be prepared using
wel | - known net hods, such as those described by Burger "Medicinal Chem stry
and Drug Wo20mva69806t h ed. (Donald J. Abraham ed., 2001pPCWHPe§/0632BeSi gn
and Applications of Prodrugs" WD 2012/016980PCT/ EP2011/063286 13 (H
Bundgaard ed., 1985, Harwood Academ ¢ Publishers) and Krogsgaard-Larsen et
al . "Textbook of Drug design and Di scovédy" Taylor & Francis (April 2002).
Any conpound referred to herein is i ntended to represent such specific
conpound a i r u nds
rerorrod g RerkeRtaiBnr S T BERa00 WRIFle, o PRI R SRR T

di fferent @naﬂﬂpmdbwmbmnbOMamsﬁereoner|c fornms. Thus, any given conpound
referred to herein is intended to represent any one of a racemate, one or

nore enant "'9{]@6élﬁyl'f @FFE to 83RbR 3-8 EmdhetRy rﬂ@ﬁ&iybl‘?c éer“ &Rlic P A VKicH €S
t hereof. Likew se, stereoisonerismor %éorret ric isoneri smabout the doubl e

bond i s al $8URIES| | RaAMtiRIesateGRs, jandswhih cRpsist spAEIVRT &aTPR FWUNYATESESt as

(E) -isoner além@rsuck)asi ebhexyltdr asnmane wrﬂew@mﬁhﬁ.)se stefte& BBe G Uh he
cont ai ns several double bonds, each double bond will have its own

st er eoi sonéPPefigatiphatnecisln doyaoaling’ sameanisto ipelues Cyepalky r?6'03'§ tghich are

st er eoi SOMRLLi&HBIPsubstRuted B?rondwlﬂ«\cﬁ‘e Ropsitucts st dB0AIRE UhRo, H@urdxbeérﬁ%e
conmpounds referred to herein exi st as atropisoners. All

st er eoi son€¥aN9, A% AlkAYY: éﬁ%‘?‘i‘i’ ¥eargeny8&s-eoi somer s, georret r| c isonmers

and 15 atropi soners of the conpounds referred to herein, and m xtures
t her eof arArytoefze'rs:ltersm:glelxbmdlinluItbleearemamenmg retdhaalspmtudmg multhgle tingmdicals

Speci 11 01 op 2Pt ERar T8 DL Bl e s, nae < g b B B o
i soners of saparatqdomrrfdsemangeamd;fromrﬁ dégaboutbry carrbemdngua&mnseaadcm s phiengr t ed

from one i S%nﬁth_}/ nyldrfena%%?{qheraqt%mpr?dl%glaé'ﬁ %aro%'a &P e %ﬁt'onal

ani ne-i m ne | m e
ot herw se suastemied lbheneorrpmmslsbsmfuehtsesuch\aemwr@ny anercaﬂnsohateamityl tpenylcl ude

| S0t OBl Lo SR e PSRN Lo U] ! LB ltplinett e

presence o 1% oY op |ca y-enric or exa conpounds
havi ng t he pr esent structures except for the replacenent of at I east one
hydr ogelP at Oftemeyalyldeafersrte armianie 340 {» mempgrediing radicabynigle eprsitts 8f cagpon east
one carbon Jaymd 384 fréh ohdGo B hEBRMAtSGARS QQQGte@Froﬂhhﬁe E%&b%ﬁ%ﬂb éffmt?égeheaSt

one nitrogen by 15N-enriched nitrogen are wthin the scope of
i nvent i on. OXKEeENs@gaBulfirgareiRyably @ 4 8imamkared Fag MH&B‘GM@Q{? W%P@S(I) or

their salt$,Qe sfeVadia RbeeRhEhEERB! dhgl Witk BRE MRGRGE K&bloktdReC aPhRR! Ko Or
substantially pure form By 30 pharmaceutically acceptable formis neant,

inter aliaar®BIiTR et BFrRIRatEe Eot heaurResas ok fiaibventiosy e hsterpeydle aybelaidi ng

nor nal zdﬂarrﬁ@%wnbcaky@é@r tricy&R rfﬁ?(‘s@st@% Whidﬁ@ﬁé;ﬁmé‘mée ﬁ%%ﬂ'n%%yst@r?@ and
including no material” considered toxic at nornal osag levelS. Purity
the nitrogen, carbon or sulfur atoms in the heterocyclyl radical may be optionally

oxidised; the nitrogen atom may be optionally quaternized; and the heterocyclyl radical
may be partially or fully saturated or aromatic. Examples of such heterocycles include,
but are not limited to, azepines, benzimidazole, benzothiazole, furan, isothiazole,
25 imidazole, indole, piperidine, piperazine, purine, quinoline, thiadiazole, tetrahydrofuran,

coumarine, morpholine; pyrrole, pyrazole, oxazole, isoxazole, triazole, imidazole, etc.

"Alkoxy" refers to a radical of the formula -OR, where R, is an alkyl radical as defined

above, e. g., methoxy, ethoxy, propoxy, etc.

"Amino" refers to a radical of the formula -NH,, -NHR, or —NR Ry, optionally
30 quaternized, e.g., methylamino, ethylamino, dimethylamino, diethylamino, propylamino,
etc.

“Halogen”, "halo" or “hal” refers to bromo, chloro, iodo or fluoro.



| evel s for the drug substance are preferably above 50% nore preferably
above 70% WO 2012/ 016980PCT/ EP2011/ 063286 14 nost preferably above 90%
In a prefworetk/ansodi nent it is above 95% of the conpoumrdTaiP2diamazia (1),
or of its salts, solvates or prodrugs. As noted previously, the term
"pharmaceutically acceptable salts, solvates, prodrugs" refers to any salt,
sol vate, or any other conpound which, upbtn adm nistration to the 5

reci pient is capabl e of providing (directly or indirectly) a conpound as
descri bed er, c cally
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carbons, partlcularly phenyl or naphthyl and aralkyl such as benzyl. Unless otherwise

indicated, an optionally substituted group may have a substituent at each substitutable

20 position of the group, and each substitution is independent of the other.

The term “salt” must be understood as any form of an active compound used in
accordance with this invention in which said compound is in ionic form or is charged
and coupled to a counter-ion (a cation or anion) or is in solution. This definition also
includes quaternary ammonium salts and complexes of the active molecule with other
25 molecules and ions, particularly, complexes formed via ionic interactions. The definition
includes in particular physiologically acceptable salts; this term must be understood as
equivalent to “pharmacologically acceptable salts” or “pharmaceutically acceptable

salts”.

The term “pharmaceutically acceptable salts” in the context of this invention means any
30 salt that is tolerated physiologically (normally meaning that it is not toxic, particularly, as
a result of the counter-ion) when used in an appropriate manner for a treatment,
applied or used, particularly, in humans and/or mammals. These physiologically
acceptable salts may be formed with cations or bases and, in the context of this

invention, are understood to be salts formed by at least one compound used in
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forms. Thus, any given compound referred to herein is’intended to represent any one
of a racemate, one or more enantiomeric forms, one or more diastereomeric forms, and
mixtures thereof. Likewise, stereocisomerism or geometric isomerism about the double
bond is also possible, therefore in some cases the molecule could exist as (E)-isomer
10 or (£)-isomer (trans and cis isomers). If the molecule contains several double bonds,
each double bond will have its own stereocisomerism, that could be the same as, or
different to, the sterecisomerism of the other double bonds of the molecule.
Furthermore, compounds referred to herein may exist as atropisomers. All the
stereoisomers including enantiomers, diastereoisomers, geometric isomers and
15 atropisomers of the compounds referred to herein, and mixtures thereof, are

considered within the scope of the present invention.

Furthermore, any compound referred to herein may exist as tautomers. Specifically, the
term tautomer refers to one of two or more structural isomers of a compound that exist
in equilibrium and are readily converted from one isomeric form to another. Common

20 tautomeric pairs are amine-imine, amide-imidic acid, keto-enol, lactam-lactim, etc.

Unless otherwise stated, the compounds of the invention are also meant to include
isotopically-labelled forms i.e. compounds which differ only in the presence of one or
more isotopically-enriched atoms. For example, compounds having the present
structures except for the replacement of at least one hydrogen atom by a deuterium or

25 tritium, or the replacement of at least one carbon by "*C- or "*C-enriched carbon, or the
replacement of at least one nitrogen by "°N-enriched nitrogen are within the scope of
this invention.

The sigma ligands, in particular the compounds of formula (l) or their salts or solvates
are preferably in pharmaceutically acceptable or substantially pure form. By
30 pharmaceutically acceptable form is meant, inter alia, having a pharmaceutically
acceptable level of purity excluding normal pharmaceutical additives such as diluents
and carriers, and including no material considered toxic at normal dosage levels. Purity

levels for the drug substance are preferably above 50%, more preferably above 70%,
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10 art.

As used herein, the terms “treat’, “treating” and “treatment” include the eradication,
removal, reversion, alleviation, modification, or control of opioid-induced hyperalgesia
(OIH).

»oou

As used herein, the terms “prevention”, “preventing”, “preventive” “prevent’ and
15 prophylaxis refer to the capacity of a therapeutic to avoid, minimize or difficult the onset
or development of a disease or condition before its onset, in this case opioid-induced

hyperalgesia (OIH).

Therefore, by "treating" or "treatment" and “preventing” or “prevention”, as a whole, is
meant at least a suppression or an amelioration of the symptoms associated with the
20 condition afflicting the subject, where suppression and amelioration are used in a broad
sense to refer to at least a reduction in the magnitude of a parameter, e.g., symptom
associated with the condition being treated, such as OIH. As such, the method of the
present invention also includes situations where the condition is completely inhibited,
e.g., prevented from happening, or stopped, e.g., terminated, such that the subject no
25 longer experiences the condition. As such, the present method includes both

preventing and managing acute and chronic OIH.

As used herein, the terms “sigma ligand” or “sigma receptor ligand” refer to any
compound binding to the sigma receptor. As stated previously, the sigma ligand is
preferebly a sigma receptor antagonist in the form of a (neutral) antagonist, an inverse

30 agonist or a partial antagonist.

An “agonist" is defined as a compound that binds to a receptor and has an intrinsic

effect, and thus, increases the basal activity of a receptor when it contacts the receptor.



D phenoxyl ate HCl 1-(1-Adamantyl)-2-[4-(2H naphthol[ 1, 8-

cd] i sot hi azol - 2-yl net hyDpi peri di n-1- yl]ethanone S, S-di oxi de hydrochl ori de
D phenyl pyoabiztae4dCl 1- ( 1- Napht hyl ) Pi per azi ne HCl D pr opgrdep@mions2séBr

1- (2- Benzyl oxyet hyl ) - 4- (3- phenyl propyl ) pi perazi ne di hydrochl ori de Doxepin
HCl 1-(2- Phenyl et hyl ) pi peri di ne oxal ate Dycl oni ne HC

1- (3-Chl orophenyl ) Pi perazi ne HCl Ebastimng 1-(3-Chlorothien-2-yl)-2-[4-(4-
fl uorobenzyl ) pi peridin-1- yI ] et hanol Econazole Nitrate

1- (4- Brom@g%gﬁb?ﬁ%&? PI%dA'ﬁgc??chﬁ‘ﬁls unﬁutf%! g&%ée@%‘é’ WitReZ ¥4t P aRRFLdIe

Epi nasti ne
f | uor obenz@gppispier |buhdmgltoya }@Bh@ndherlébhmmngdhdﬁ@btlon of an agonist or inverse

E: hopr opasiHETHAT TS SO FERRRACH) St st TEBKPRY 5 S, el fer*aifonis

1- pi per azi b met Bifédtpyr contstitlitime 2ecaptor( agtivity. Aibtagdrogts i rdedit€l theig(effpcts D

2012/ 01%98%PHA&EF@%1£CQIQ§%§Q or to allosteric sites on receptors, or they may interact at
unique binding sites not normally involved in the biological regulation of the receptor's
activity. Antagonist activity may be reversible or irreversible depending on the longevity

of the antagonist-receptor complex, which, in turn, depends on the nature of antagonist

receptor binding.

10 A “partial antagonist” is defined as a compound that binds to the receptor and
generates an antagonist response; however, a partial antagonist does not generate the
full antagonist response. Partial antagonists are weak antagonists, thereby blocking

partially the action of an agonist or inverse agonist on the receptor.

An "inverse agonist" is defined as a compound that produces an effect opposite to that
15 of the agonist by occupying the same receptor and, thus, decreases the basal activity
of a receptor (i.e., signalling mediated by the receptor). Such compounds are also
known as negative antagonists. An inverse agonist is a ligand for a receptor that
causes the receptor to adopt an inactive state relative to a basal state occurring in the
absence of any ligand. Thus, while an antagonist can inhibit the activity of an agonist,
20 an inverse agonist is a ligand that can alter the conformation of the receptor in the

absence of an agonist.

“The sigma receptor/s” as used in this application is/are well known and defined using
the following citation: “this binding site represents a typical protein different from opioid,
NMDA, dopaminergic, and other known neurotransmitter or hormone receptor families”
25 (G. Ronsisvalle et al. Pure Appl. Chem. 73, 1499-1509 (2001)). Pharmacological data
based on ligand binding studies, anatomical distribution and biochemical features
distinguish at least two subtypes of o receptors (R. Quiron et al., Trends Pharmacol.
Sci. 13, 85-86 (1992); M.L.Leitner, Eur. J. Pharmacol. 259, 65-69 (1994); S.B. Hellewell
and W.D. Bowen; Brain Res. 527, 244-253 (1990)) (G. Ronsisvalle et al. Pure Appl.
30 Chem. 73, 1499-1509 (2001)). The protein sequences of the sigma receptors (Sigma 1
(c1) and Sigma 2 (c2)) are known in the art (e.g. Prasad, P.D. et al., J. Neurochem. 70
(2), 443-451 (1998)). They show a very high affinity to various analgesics (e.g.

pentazocine).
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dlsplaces 50% of the specific binding of the radioligand. Additionally, the wording
“Compound/s binding to the sigma receptor”, as used in the present application is
10 defined as having at least >50% displacement using 10 nM radioligand specific for the
sigma receptor (e.g. preferably [*H]-(+) pentazocine) whereby the sigma receptor may
be any sigma receptor subtype. Preferably, said compounds bind to the sigma-1

receptor subtype.

Compounds binding to the sigma receptor, generally also referred to as sigma ligands,
15 are well known in the art. Many of them are encompassed by the “Compound/s binding
to the sigma receptor” definition above. Although there are many known uses for sigma
ligands, such as antipsychotic drugs, anxiolytics, antidepressants, stroke treatment,
antiepileptic drugs and many other indications, including anti-migraine and general
pain, there is no mention in the art of these compounds as useful for the treatment of

20 opioid-induced hyperalgesia (OIH) associated to opioid therapy.

Table 1 lists some sigma ligands known in the art (i.e. having an ICs, < 5000 nM).
Some of these compounds may bind to the sigma-1 and/or to the sigma-2 receptor.

These sigma ligands also include their respective salts, bases, and acids.
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Yimethyl Ester

Desloratadine

(4aalpha,8aalpha)-6-(4-Fluorophenyl)-2-(4-
pyridylmethyl)-6-
hydroxydecahydroisoquinoline; (4a,8a-cis)-6-
(4-Fluorophenyl)-2-(pyridin-4-
yimethyl)perhydroisoquinolin-6-ol

Dexbrompheniramine Maleate

(4aalpha,8abeta)-2-Benzyl-6-(4-fluorophenyl)-

6-hydroxydecahydroisoquinoline

Dexchlorpheniramine Maleate

(6aR,9R)-5-Bromo-7-methyl-N-(2-propynyl)-
4,6,6a,7,8,9-hexahydroindolo[4,3-fg]quinoline-
9-carboxamide

Dexfenfluramine HCI

(S)-(-)-N-(2-Amino-3-phenylpropyl)-2-(3,4-
dichlorophenyl)-N-methylacetamide

hydrochloride

Dicyclomine HCI

(S)-Methamphetamine HCI

Diethylpropion HCI

[1-(9-Ethyl-9H-Carbazol-3-YImethyl)-
Pyrrolidin-3-YI]-Carbamic Acid 1-(3-
Benzyloxy-4-Methoxy-Benzyl)-Piperidin-3-
Yimethyl Ester

Dimethisoquin HCI

142- (3, 4- Di chl or ophenypet hyl ] - 4- (3- phenyl propyl ) pi per azi ne
WO 2012/ 016980PCT/ EP2011/ @63X22012063286

ne
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GR 89696 Fumarate 1444241-(3, 4-Di chl orophenyl)-1H pyrazol

-3-

yl oxy] et hD]2pizpas®ai n-1 -yl ] et hanone oxal at e Guanabenz AeeraPe011063286
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2al pha, 3al péa, 4bet a-tri net hyl pi peri di ne
WO 2012/016980PCT/EP2011/063286 21
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1-(1,2-Diphenylethyl)Piperidine Maleate, (+/-)

Diphenidol HCI

1-(1,4-Ethano-1,2,3,4-tetrahydro-2-
naphthylmethyl)-4-methylpiperazine hydrate;
1-(Benzobicyclo[2.2.2]octen-2-ylmethyl)-4-

methylpiperazine hydrate

Diphenoxylate HCI

1-(1-Adamantyl)-2-[4-(2H-naphtho[1,8-
cdlisothiazol-2-ylmethyl)piperidin-1-
yllethanone S,S-dioxide hydrochloride

Diphenylpyraline HCI

1-(1-Naphthyl)Piperazine HCI

Dipropyldopamine HBr

1-(2-Benzyloxyethyl)-4-(3- Doxepin HCI
phenylpropyl)piperazine dihydrochloride
1-(2-Phenylethyl)piperidine oxalate Dyclonine HCI
1-(3-Chlorophenyl)Piperazine HCI Ebastine

1-(3-Chlorothien-2-yl)-2-[4-(4-
fluorobenzyl)piperidin-1-yllethanol

Econazole Nitrate

1-(4-Bromo-Benzenesulfonyl)-4-(2-Tert-
Butylsulfanyl-Benzyl)-Piperazine

Epinastine HCI

1-(4-Chloro-3-hydroxyphenyl)-2-[4-(4-
fluorobenzyl)piperidin-1-yl]ethanol

Ethaverine HCI

1-(4-Chlorophenyl)-3-(hexahydroazepin-1-
yimethyl)pyrrolidin-2-one

Ethopropazine HCI

1-(4-Chlorophenyl)-3(R)-[4-(2-methoxyethyl)-
1-piperazinylmethyl]pyrrolidin-2-one (-)-D-

Eticlopride HCI, S(-)-
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| ndat r al iwe 2piQJo18980 But y1- 3- Met hoxy- 4- pheny1- 3, 4- PCT/EP2011/063286

di hydrospiro[furo[ 3, 4-c] pyrazol e-1,4' - piperidine] |ofetam ne HC

1- Cycl ohexyl- 4- ( 3- phenoxypr opyl ) pi perazi ne di hydrochl ori de |sanvoltane

Hem fumarate 1-Hydroxy-1'-(2-phenylethyli§spiro[1, 2,3, 4-

t et rahydronapht haI ene-2,4" - p| per| di ne] hydrochl oride | soxsuprl ne HCl

1 I\/Et hyl' PIIUII_yI pl pC| I UI = J_ _yLJULII II_ ‘-|- J U I'LULIaIIyUI U= J_I_I'I IIUClLOl e
oxal at e Ket otlgen Fumarate Salt 1- Pheny1-3 (1 propyl-1, 2,5, 6-

tetrahydr( panone—oxiHe oxalate | ROQ /an Mel eate WO
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1-(4-Fluorophenyl)-4-[4-(5-fluoro-2- Femoxetine HCI
pyrimidinyl)-1-piperazinyl]butan-1-ol
hydrochloride

1-(4-Fluorophenyl)-4-[4-(5-fluoropyrimidin-2- Fenfluramine HCI
yl)piperazin-1-yl]butan-1-ol; 1-[4-(4-
Fluorophenyl)-4-hydroxybutyl]-4-(5-

fluoropyrimidin-2-yl)piperazine

1'-(4-Phenylbutyl)spiro[1,3- Fenticonazole Nitrate
dihydroisobenzofuran-1,4'-piperidine]

1-(Cyclobutylmethyl)-2-[3-phenyl-2(E)- Fipexide HCI
propenyl]pyrrolidine hydrochloride

1-(Cyclohexylmethyl)-3'-methoxy-5'-phenyl- Flavoxate HCI
4' 5'-dihydro-3'H-spiro[piperidine-4,1'-
pyrano[4,3-c]pyrazole]

1-(Cyclopropylmethyl)-4-[2-(4-fluorophenyl)-2- | Flunarizine diHCI
oxoethyl]piperidine hydrobromide

1,4-Bis[spiro[isobenzofuran-1(3H),4'- Fluoxetine Related Compound B
piperidin]-1'-yl]butane

1-[(1R,3R)-2,2-Dimethyl-3-(2- Fluperlapine
phenoxyethyl)cyclobutylmethyl]piperidine

1-[2-(3,4-Dichlorophenyl)ethyl]-3-(pyrrolidin-1- | Fluphenazine Decanoate DiHCI
yl)piperidine

1-[2-(3,4-Dichlorophenyl)ethyl]-4-(3- Fluphenazine Enanthate DiHCI
phenylpropyl)piperazine
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WO
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1,2,4-triazol-3-ylsulfanyl]ethyl]piperidine

Flurazepam Related Compound C

oxalate

1-[2-Benzyloxy-1(R)-phenylethyl]-4-

cyclohexylpiperazine dihydrochloride

Fluspirilene

1-[3-(2-Oxo0-3-phenylimidazolin-1- GBR 12783 DiHCI
yl)propyl]spiro[piperidine-4,1'(3H)-
isobenzofuran] hydrochloride; 1-Phenyl-3-[3-
[spiro[piperidine-4,1'(3H)-isobenzofuran]-1-

yl]propyllimidazolin-2-one hydrochloride

1-[3-(3,4-Dimethoxyphenyl)propyl]-4-(4-
phenylbutyl)perhydro-1,4-diazepine

GBR 12909 DiHCI

dihydrochloride

1-[3-(4-Chlorophenoxy)propyl]-4- GBR 13069 DiHCI

methylpiperidine hydrochloride

1-[3-(4-Phenyl-2H-1,2,3-triazol-2-
yl)propyl]piperidine

GBR-12935 DiHCI

1-[4-(6-Methoxynaphthalen-1-yl)butyl]-3,3-
dimethylpiperidine hydrochloride

GR 89696 Fumarate

1-[4-[2-[1-(3,4-Dichlorophenyl)-1H-pyrazol-3-

yloxy]ethyl]piperazin-1-yllethanone oxalate

Guanabenz Acetate

11-[5-(4-Fluorophenyl)-5-oxopentyl]- Guanadrel Sulfate
5,6,7,8,9,10-hexahydro-7,10-

iminocyclohept[blindole

1-Benzyl-3beta-[3- Halofantrine HCI
(cyclopropylmethoxy)propyl]-

2alpha,3alpha,4beta-trimethylpiperidine
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quorophenypethyIF

hdi | azi ne 3a, 6- Epoxy-2-[ 2-(4-

1-Benzyl-4-(4-fluorophenoxymethyl)piperidine

Hycanthone

1-Benzyl-4-[2-(4-fluorophenyl)-2-

oxoethyl]piperidine maleate

Hydroxychloroquine Sulfate

1-yl]piperazine dihydrochloride hemihydrate

1-Benzyl-4-[3-phenyl-2(E)- IBZM, S(-)-
propenyloxymethyl]piperidine hydrochloride
1-Benzyl-4-[4-(4-fluorophenyl)-3-cyclohexen- ICI-199,441 HCI

1'-Benzylspiro[1,2,3,4-tetrahydronaphthalene-
1,4'-piperidine]

Ifenprodil Tartrate

1'-Benzylspirofindane-1,4'-piperidine]

Indatraline HCI

1'-Butyl-3-Methoxy-4-phenyl-3,4-
dihydrospiro[furo[3,4-c]pyrazole-1,4'-
piperidine]

lofetamine HCI

1-Cyclohexyl-4-(3-phenoxypropyl)piperazine
dihydrochloride

Isamoltane Hemifumarate

1-Hydroxy-1'-(2-phenylethyl)spiro[1,2,3,4-
tetrahydronaphthalene-2,4'-piperidine]
hydrochloride

Isoxsuprine HCI

1-Methyl-4-[2-(4-phenylpiperidin-1-yl)ethyl]-
4,5,6,7-tetrahydro-1H-indazole oxalate

Ketotifen Fumarate Salt

1-Phenyl-3-(1-propyl-1,2,5,6-
tetrahydropyridin-3-yl)-1-propanone oxime

oxalate

L-693,403 Maleate
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2-(3,4-Dichlorophenyl)-N-methyl-N-[2- L-745,870 TriHCI
(1,2alpha,3alpha,4beta-tetramethylpiperidin-
3beta-yl)ethyllacetamide

2-(Cyclohexylmethylaminomethyl)-8-methoxy- | Levetimide HCI, R(-)
3,4-dihydro-2H-1-benzopyran hydrochloride

2(S)-[(3aS,6aR)-5-Butyl-4-0xo0-1,2,3,3a,4,6a- Levobunolol HCI
hexahydrocyclopenta[c]pyrrol-2-yl]propionic

acid ethyl ester

2-[2-[5-Methyl-1-(2-naphthyl)-1H-pyrazol-3- Lidoflazine
yloxy]ethylamino]ethanol hydrochloride

2-[2-[N-(Cyclobutylmethyl)-N- Lobeline HCI
methylamino]ethyl]-1,2,3,4-

tetrahydronaphthalen-2-one

2-[3-[4-(2-Methoxyphenyl)piperazin-1- lomerizine diHCI
yllpropoxy]-9H-carbazole

2-[4-(4-Methoxybenzyl)piperazin-1-ylmethyl]- Loxapine Succinate

4H-1-benzopyran-4-one

2-[N-[2-(3,4-Dichlorophenyl)ethyl]-N- LY-53,857 Maleate
methylaminomethyl]-1-ethylpyrrolidine

2-Benzyl-3,4,8-trimethyl-2- Maprotiline HCI
azabicyclo[2.2.2]octane-6-carboxylic acid

ethyl ester

2-Butyl-2,3,4,4a,9,9a-hexahydro-1H- Mazindol

indeno[2,1-C]pyridine

2-Chloro-11-(4- MDL 12,330A HCI
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3-(4-Methylphenyl)-5-(1-propyl-1,2,5,6-

tetrahydropyridin-3-yl)isoxazole oxalate

Mefloquine HCI

3-(N-Benzyl-N-methylamino)-1-(4-
nitrophenyl)piperidine

Meprylcaine HCI

3,3'-Diethylthiacarbocyanine lodide

Mesoridazine Besylate

3-[1-(Benzocyclobutan-1-yImethyl)piperidin-4-

yl]-6-fluoro-1,2-benzisoxazole

Metaphit Methanesulfonate

3-[2-(2-Adamantyl)ethyl]-3-

azabicyclo[3.2.2]nonane

Metaphit

3-[3-(4-Methylphenyl)isoxazol-5-yl]-1-propyl-
1,2,5,6-tetrahydropyridine

Methantheline Bromide

3a,6-Epoxy-2-[2-(4-fluorophenyl)ethyl]-
2,3,3a,6,7,7a-hexahydro-1H-isoindole

Methdilazine

3a,6-Epoxy-2-[2-(4-
fluorophenyl)ethyl]perhydroisoindole

Methiothepin Mesylate

3-Mercapto-2-Methylpropanoic Acid 1,2-
Diphenylethylamine Salt

Methixene HCI

3-Phenyl-1-(1-propyl-1,2,5,6-tetrahydro-3-
pyridyl)-1-propanone oxime

monohydrochloride

Methylene Violet 3Rax HCI

3-Quinuclidinyl Benzilate

Metipranolol
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Est er Nyl i| drartoxyfi€lAcid 2-Thiophen-2-YI-Ethyl Ester

4-(3,5-Dimethoxy-Phenyl)-Piperazine-1- MR 16728 HCI
Carboxylic Acid 1-(2-Fluoro-Benzyl)-Piperidin-

2-Ylmethyl Ester

4-(3-Nitro-5-Sulfamoyl-Thiophen-2-Y1)- MT-210

Piperazine-1-Carboxylic Acid 1-(2-Fluoro-5-
Methoxy-Benzyl)-Piperidin-3-YImethyl Ester

4-(4-Benzylpiperazin-1-ylmethyl)-7-methoxy-
2H-1-benzopyran-2-one

N-(2-Adamantyl)-N-[2-(2-adamantyl)ethyl]-N-

methylamine hydrochloride

4-(4-Bromophenyl)-5-[2-
(dihexylamino)ethyljthiazol-2-amine
dihydrochloride

N-[1-(2-Indanyl)piperidin-4-yl]-N-

methylcarbamic acid isobutyl ester fumarate

4-(4-Fluorobenzoyl)-1-(4-
Phenylbutyl)Piperidine Oxalate

N-[1-[4-Methoxy-3-(2-phenylethoxy)benzyl]-4-
methylpentyl]-N-propylamine

4-(4-Methylphenyl)-1-(3-morpholinopropyl)-
1,2,3,6-tetrahydropyridine

N-[2-(3,4-Dichlorophenyl)ethyl]-N-ethyl-N-[2-
(1-pyrrolidinyl)ethyllJamine

4-(5-Trifluoromethyl-Pyridin-2-YI)-Piperazine-
1-Carboxylic Acid Pent-2-Ynyl Ester

N-[2-(3,4-Dichlorophenyl)ethyl]-N-methyl-N-
(2-pyrrolidinoethyl)amine dihydrobromide

4-(Dimethylamino)-1-phenylcyclohexanol

N-[4-[4-(Diethylamino)piperidin-1-

yllphenyllmethanesulfonamide

4,7-Epoxy-2-[2-(4-fluorophenyl)ethyl]-
2,3,3a,4,7,7a-hexahydro-1H-isoindole

N1-(1-Adamantyl)-N2-(2-

methylphenyl)acetamidine

4-[1-(3-[18F]fluoropropyl)piperidin-4-

N1-[2-(3,4-Dichlorophenyl)ethyl]-N1,N2,N2-

ti ne

hyl



4- Met hoxy- 142- (4- phenyl pi perazi n-1-yDet hyl F Cct ocl ot hepin Mal eate, ()- WO
2012/ 016980PCT/ EP2011/ 063286 26 6H di benzo[ b, d] pyran hydrochl ori de

4- Met hoxywdi20t2(0ded9Bt hoxy- Benzo[ 1, 3] Di oxol - 5-YI et hyl ) - Pgrmekéidions286 Y1] -
Benzenesul f onam de Oxammi qui ne 4- Phenyl - 1- ( 3- phenyl propyl) - 4- (pyrrolidin-1-
yl carbonyl ) pi peri di ne Oxammi qui ne Rel ated Conpound A
5-(2-Pyrrolidinoethyl)-4-(2,4,6- trimetB9Sxyphenyl)thiazol e-2-am ne

di hydr ochl ori de Oxamni qU| ne Rel at ed Corrpound B

5- (N Et hyl=N3is0 I'-\IIIIUIIUU Oxat-ot
6El - Hydr 0) l@ejlé X(‘Bémﬁ%"w et hprI peri d| n- iMﬁethyl 1,2-ethanediamine
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Pananesi ne 2iydmorc#ioxbugze®i2dctt ( 2- Phenyllet hyl ) pi peridin-1-yl]ethyl F
1, 2, 3, 4-t et rahydroqui nol i n- 2- one Panaxat|ri ol

6[ 3- ( Mor phal [ ¥-AruyrbpiehAPYhidPeq@elhn- /0l -| NG - one PAPP

(4-fluorophenoxy)propyl]piperidine

4-[2-(Dipropylamino)ethyl]-2-(2- Naftopidil diHCI

phenylethoxy)anisole hydrochloride

4-[2-(Dipropylamino)ethyl]-5,8- Naltriben Mesylate

dimethylcarbazole hydrochloride

4-[2-[1-(3,4-Dichlorophenyl)-5-methyl-1H- NE-100
pyrazol-3-yloxy]ethyllmorpholine

4-[2-[1-(Cyclopropylmethyl)piperidin-4- Nefazodone
yllacetyllbenzonitrile fumarate

4-[4-(N-Benzyl-N-methylamino)piperidin-1- N-Ethyl-N-[2-(1-piperidinyl)ethyl]-N-[2-[4-
yllbenzonitrile (trifluoromethoxy)phenyl]ethyllJamine
4-[N-[2-[N'-(4-Fluorobenzyl)-N'- Nicergoline

methylamino]ethyl]-N-methylamino]-1-(4-
fluorophenyl)-1-butanone dihydrochloride

4-Benzyl-1-[4-(4-fluorophenyl)-4- Niguldipine HCI, (+/-)-
hydroxybutyl]piperidine hydrochloride

4-Bromo-N-[1-(9-Ethyl-9H-Carbazol-3- Nisoxetine HCI
Yimethyl)-Pyrrolidin-3-YI1]-2-Trifluoromethoxy-

Benzenesulfonamide

4'-Chloro-3-Alpha-(Diphenylmethoxy)Tropane | NP-07
HCI

4-Furan-2-Ylmethyl-Piperazine-1-Carboxylic Nylidrin HCI
Acid 2-{4-[3-(2-Trifluoromethyl-Phenothiazin-
10-YI)-Propyl]-Piperazin-1-YI}-Ethyl Ester

4-Methoxy-1-[2-(4-phenylpiperazin-1-yl)ethyl]- | Octoclothepin Maleate, (£)-




6- [ 6- (4- Hydr oxypi peridi n-1-yl) hexyl oxy] -

nmet hyl - 2- phenyl - 4H 1- benzopyr an- 4- one Par oxeti ne
7- (4- Met hoyepieanygdsy- 4- [ 4- (4- pyridyl) but ypexahydr o- 1, 4- Phirareqitne2Baxi | | i ne
7-[3-[4-(4-Fl uorobenzoyl ) pi peridin-1- yl]propoxy]-4H 1-benzopyr an-4-one
hydr ochl ori de p- Chl or obenzhydryl pi perazi ne

944- ({[4' -(trifluoronethyl)-1, 1" -bi phengd- 2-
yI]carbonyI}anino)piperidin-l-ylFN—(Z 2, 2-

trifluor OEWW boxamdePenbutotol—Sulfate

9- Hydr oxy{2, 3 f b, 12¢ octahydrc Pent am di ne | sethionate WD
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Al mal i ne Plefimathyl)-Rigtohidim@silt f onat e Al apr|locl ate HCl Phenosafrani n HC

Benzenesulfonamide

4-Phenyl-1-(3-phenylpropyl)-4-(pyrrolidin-1- Oxamniquine Related Compound A
ylcarbonyl)piperidine

5-(2-Pyrrolidinoethyl)-4-(2,4,6- Oxamniquine Related Compound B
trimethoxyphenyl)thiazole-2-amine

dihydrochloride

5-(N-Ethyl-N-Isopropyl)-Amiloride Oxatomide

6-[1-Hydroxy-2-[4-(2-phenylethyl)piperidin-1- Oxiconazole Nitrate
yllethyl]-1,2,3,4-tetrahydroquinolin-2-one

6-[2-(4-Benzylpiperidin-1-yl)ethyl]-3- Panamesine hydrochloride
methylbenzothiazol-2(3H)-one

6-[2-[4-(2-Phenylethyl)piperidin-1-yl]ethyl]- Panaxatriol
1,2,3,4-tetrahydroquinolin-2-one

6-[3-(Morpholin-4-yl)propyl]benzothiazol- PAPP
2(3H)-one
6-[6-(4-Hydroxypiperidin-1-yl)hexyloxy]-3- Paroxetine

methyl-2-phenyl-4H-1-benzopyran-4-one

7-(4-Methoxyphenyl)-4-[4-(4- Paxilline
pyridyl)butyllhexahydro-1,4-thiazepine

7-[3-[4-(4-Fluorobenzoyl)piperidin-1- p-Chlorobenzhydrylpiperazine
yllpropoxy]-4H-1-benzopyran-4-one
hydrochloride

9-[4-({[4'- (trifluoromethyl)-1,1'-biphenyl-2- Penbutolol Sulfate
yl]carbonyl}amino)piperidin-1-yl]-N-(2,2,2-

trifluoroethyl)-9H-fluorene-9-carboxamide

9-Hydroxy-2,3,6,7,7a,8,12b,12c-octahydro- Pentamidine Isethionate




Al oe- Enodi n Pi boserod Al prenol ol
Al prenol ol HCl Pinacyanol Chloride AM-193 Pindobind, (+/-)-

Am nobenzwoapixmae®Bper acet azi ne Am odarone HCl Pi peri dolPatr&PriGil/oé8m6li aqui ne
HCl Pirenperone Anorol fine HCI PPHT HCI, ()- Anobxapine Prenylam ne Lactate
Salt AN2/ AVex-73; AE-37; ANAVEX 2-73; N-(2,2-

D phenyl t et r ahydr of ur an- 3-yl net hyl ) - N, N@d7 net hyl am ne Pri di nol

Met hanesul fonate Salt Anavex 1-41; AE-14; N (5, 5-

In In

Di phenyl t ettahydr-pt e yH-nEthy =N
Procycl 1 dijne P PGV ax T8 TkA S AE 37ret

D-Tartrate Salt Hydrate Pinopzide

H + ozl o Iaa sl Ial HEPA |
et ity anrime TTyur ultimt Ul T uc

AE- 37net|; AN19/ AVex- 144

Acetophenazine Maleate

Pergolide Methanesulfonate

Acrinol

Perospirone

Ajmaline

Phenamil Methanesulfonate

Alaproclate HCI

Phenosafranin HCI

Aloe-Emodin

Piboserod

Alprenolol D-Tartrate Salt Hydrate

Pimozide

Alprenolol HCI

Pinacyanol Chloride

AMI-193

Pindobind, (+/-)-

Aminobenztropine

Piperacetazine

Amiodarone HCI

Piperidolate HCI

Amodiaquine HCI

Pirenperone

Amorolfine HCI

PPHT HCI, (%)-

Amoxapine

Prenylamine Lactate Salt

AN2/AVex-73; AE-37; ANAVEX 2-73; N-(2,2-
Diphenyltetrahydrofuran-3-ylmethyl)-N,N-

dimethylamine

Pridinol Methanesulfonate Salt

Anavex 1-41; AE-14; N-(5,5-

Diphenyltetrahydrofuran-3-ylmethyl)-N,N-

dimethylamine hydrochloride

Procyclidine HCI

Anavex 19-144; AE-37met; AN19/AVex-144

Proflavine Hemisulfate Salt

Anavex 7-1037

Propafenone HCI

Anisotropine Methylbromide

Proparacaine HCI

Anpirtoline

Propiomazine

ARC 239 DiHCI

Protokylol




Profl avine Hem sulfate Salt Anavex 7-1037 Propafenone HCI Anisotropine

Met hyl brom de Proparacai ne HCl Anpirtoline Propiomazi ne ARC 239 D HCl

Pr ot okyl oWwoO 202/@6988/ 016980PCT/ EP2011/ 063286 28 Aur am ne POTH®R01R06328¢ pt yI i ne
HCl Azaperone Pyrilam ne Mal eate Azat adi ne Mal eate Pyrinet ham ne Azel asti ne
HCl Pyrrolidine-1,2-Dicarboxylic Acid 14144-

Al | yl oxy-Benzyl)-Pi peridin-2-Yl nmethyl] BESter 2- Benzyl Ester Banet han

sul fate Pyrvi ni um Panoate BD 1008 Di HBr

Auramine O HCI

Protriptyline HCI

Azaperone

Pyrilamine Maleate

Azatadine Maleate

Pyrimethamine

Azelastine HCI

Pyrrolidine-1,2-Dicarboxylic Acid 1-[1-(4-
Allyloxy-Benzyl)-Piperidin-2-Yimethyl] Ester 2-
Benzyl Ester

Bamethan sulfate

Pyrvinium Pamoate

BD 1008 DiHBr

Quetiapine Fumarate

BD-1063

Quinacrine HCI

Benextramine TetraHCI

Quinaldine Red

Benfluorex HCI

Quipazine Dimaleate

Benidipine HCI

Quipazine, 6-Nitro-, Maleate

Benoxathian HCI

Raloxifene

Benproperine Phosphate

Rimantadine HCI

Benzododecinium bromide

Rimcazole hydrochloride

Benzphetamine HCI Risperidone
Benztropine Mesylate Ritanserin
Bephenium Hydroxynaphthoate Ritodrine HCI

Bepridil HCI RS 23597-190 HCI
Berberine chloride RS 67333 HCI
Betaxolol HCI RS 67506 HCI
Bifemelane Safranin O HCI
BMY 7378 DiHCI Salmeterol
Bopindolol Malonate SB203186




Queti api ne Fumarate BD- 1063 Qui nacri ne HCl

Red Benfl uorex HCl Qui pazi ne D nal eat e Beni di pi ne HCl

Benextram ne Tetr aHC
Qui pazi ne,

Qui nal di ne
6-Nitro-,

Mal eat e BEocoretdisesn HCl Ral oxi f ene Benproperi ne PhosphateTRPr@Eneait8ane HCl

Benzododeci ni um brom de Ri ntazol e hydrochl ori de Benzphet am ne HCl

Ri speri done Benztropi ne Mesylate Ritanserin Bepheni um Hydr oxynapht hoat e
HCl Bepridil HCl RS 23597- 19028iCl

Ri t odri ne

BP 554 Maleate

SCH-23390 HCI, R(+)-

Bromhexine HCI

Sertaconazole Nitrate

Bromodiphenhydramine HCI

Sertindole

Bromperidol

Sertraline

Brompheniramine Maleate

Sibutramine HCI

BTCP HCI Siramesine hydrochloride
Buclizine HCI SKF-525A HCI
Buflomedil HCI SKF-96365 HCI

Bupropion HCI

SNC 121

Buspirone HCI

Spiperone HCI

Butacaine Sulfate

T-226296

Butaclamol HCI, (£)-

Tegaserod Maleate

Butenafine HCI

Terbinafine HCI

Butoconazole Nitrate

Terconazole

BW 723C86 HCI

Terfenadine

Carbetapentane Citrate

Terfenadine Related Compound A

Carbinoxamine Maleate

Tetrindole Mesylate

Carpipramine DiHCI DiH20

Thiethylperazine Malate

Carvedilol

Thioperamide Maleate

Cephapirin Benzathine

Thioproperazine

CGS-12066A Maleate

Thioridazine

Chloroprocaine HCI

Thiothixene

Chlorpheniramine Maleate

Thiothixene, (E)-




Berberine chloride RS 67333 HCI

Safranin O

Bet axol ol

HCl BMWY 7378 D HCl Sal net er ol

HCl RS 67506 HCl Bif

Bopi ndol ol

enel ane

Mal onat e SB203186 WO

2012/ 016980RCI/HFB011/ 063286 29 BP 554 Mal eat e SCH 2339@CHEP201R(063286

Br omhexi ne
Br onperi dol

HCI

Sertaconazol e Nitrate Bronodi phenhydram ne HCl

Sertraline Bronpheniram ne Ml eate Sibutram ne HCl
30

Sertindol e

Chlorphenoxamine HCI

Thonzonium Bromide

Chlorprothixene

Tioconazole Related Compound A

Cinanserin HCI

TMB-8 HCI

Cinnarizine

Tolterodine L-Tartrate

Cirazoline HCI

Toremifene Citrate

Cis-(+/-)-N-Methyl-N-[2-(3,4-
Dichlorophenyl)Ethyl]-2-(1-
Pyrrolidinyl)Cyclohexamine DiHBr

Tramazoline HCI

Cis(Z)-Flupentixol DiHCI

Trans-U-50488 Methanesulfonate,

#)-

cis-2-(Cyclopropylmethyl)-7-(4-
fluorobenzoyl)perhydropyrido[1,2-a]pyrazine

Tridihexethyl Chloride

Cis-2-[4-(Trifluoromethyl)benzyl]-3a,4,7,7a-

tetrahydroisoindoline

Trifluoperazine HCI

Cisapride Hydrate

Trifluperidol HCI

Citalopram HBr

Trihexyphenidyl HCI

Clemastine Fumarate

Trimeprazine Hemi-L-Tartrate

Clemizole HCI

Trimipramine Maleate

Clenbuterol HCI

Tripelennamine HCI

Clidinium Bromide

Triprolidine HCI

Clobenpropit 2HBr

Triprolidine HCI Z Isomer

Clofazimine

Tropanyl 3,5-Dimethylbenzoate

Clofilium Tosylate

Tropine 2-(4-Chlorophenoxy)Butanoate,

Maleate

Clomiphene Citrate

U-50488 HCI, (-)-

Clomiphene Related Compound A

U-62066




BTCP HClI Siranesi ne hydrochl ori de Buclizine HC SKF-525A HCl Bufl onedi|l HC
SKF- 96365 HClI Bupropion HCl SNC 121 Buspi rone HCl Spi perone HCl Butacai ne
Sul f at e ™W02629668at acl anol HCl, ()- Tegaserod Ml eat e BaTaradiii0e32BiCl

Ter bi nafi ne HCl Butoconazole Nitrate Terconazol e BW 723C86 HCI Terfenadi ne
Car bet apentane Citrate Terfenadi ne Rel ated Conpound A Car bi noxam ne Ml eate
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Clomipramine UH 232 Maleate, (+)-
Cloperastine HCI Vesamicol HCI
Clorgyline HCI Vinpocetine
Clozapine W-7 HCI
Conessine WB-4101 HCI

Preferably, the table above includes also reduced haloperidol. Reduced haloperidol is
an active metabolite of haloperidol that is produced in humans, shows a high affinity (in
the low nanomolar range) for sigma-1 receptors, and produces an irreversible blockade

5 of sigma-1 receptors both in experimental animals and human cells.

Examples of well known methods of producing a prodrug of a given acting compound
are known to those skilled in the art (e.g. in Krogsgaard-Larsen et al., Textbook of Drug

design and Discovery, Taylor & Francis (April 2002)).

In a preferred embodiment, the sigma ligand in the context of the present invention has

10 the general formula (I) as depicted above.

In a preferred embodiment, R, in the compounds of formula (1) is selected from H, -
CORs, and substituted or unsubstituted alkyl. More preferably, R, is selected from H,

methyl and acetyl. A more preferred embodiment is when Ry is H.

In another preferred embodiment, R, in the compounds of formula (I) represents H or

15 alkyl, more preferably methyl.

In yet another preferred embodiment of the invention, R; and R4 in the compounds of
formula (I) are situated in the meta and para positions of the phenyl group, and
preferably, they are selected independently from halogen and substituted or

unsubstituted alkyl.

20 In an especially preferred embodiment of the invention, in the compounds of formula (1)
both R; and R, together with the phenyl group form an optionally substituted fused ring
system (for example, a substituted or unsubstituted aryl group or a substituted or
unsubsituted, aromatic or non-aromatic heterocyclyl group may be fused), more

preferably, a naphthyl ring system.



Tetrindol e Mesyl ate Carpi pram ne Di HCI D H20 Thi et hyl perazi ne Mal ate
Carvedi |l ol Thi operam de Mal eate Cephapirin Benzat hi ne Thi oproperazi ne

CGS- 12066W0NB1 2886980 Thi or i dazi ne Chl or oprocai ne HCI Thi oPkir#eae 1/063286

Chl or pheni ram ne Mal eate Thi ot hi xene, (E)- WD 2012/016980PCT/ EP2011/ 063286
30 Chl or phenoxam ne HCI Thonzoni um Brom de Chl or prot hi xene Ti oconazol e

Rel ated Conmpound A G nanserin HCI TMB-83HCI C nnari zi ne

Also in the compounds of formula (l), embodiments where n is selected from 2, 3, 4 are

preferred in the context of the present invention, more preferably n is 2.

Finally, in another embodiment it is preferred in the compounds of formula (I) that Rs
and Rs are, each independently, C1.5 alkyl, or together with the nitrogen atom to which
5 they are attached form a substituted or unsubstituted heterocyclyl group a, in particular
a group chosen among morpholinyl, piperidinyl, and pyrrolidinyl group. More preferably,

Rs and Re together form a morpholine-4-yl group.
In preferred variants of the invention, the sigma ligand of formula (1) is selected from:
[1] 4-{2-(1-(3,4-dichlorophenyl)-5-methyl-1H pyrazol-3-yloxy)ethyl}morpholine
10 [2] 2-[1-(3,4-Dichlorophenyl)-5-methyl-1H-pyrazol-3-yloxy]-N,N-diethylethanamine
[3] 1-(3,4-Dichlorophenyl)-5-methyl-3-[2-(pyrrolidin-1-yl)ethoxy]-1H-pyrazole
[4] 1-(3,4-Dichlorophenyl)-5-methyl-3-[3-(pyrrolidin-1-yl)propoxy]-1H-pyrazole
[5] 1-{2-[1-(3,4-Dichlorophenyl)-5-methyl-1H-pyrazol-3-yloxylethyl}piperidine
[6] 1-{2-[1-(3,4-dichlorophenyl)-5-methyl-1H-pyrazol-3-yloxylethyl}-1H-imidazole

15 [7] 3-{1-[2-(1-(3,4-Dichlorophenyl)-5-methyl-1H-pyrazol-3-yloxy)ethyl]piperidin-4-y[}-3H-
imidazo[4,5-b]pyridine

[8]1-{2-[1-(3,4-Dichlorophenyl)-5-methyl-1H-pyrazol-3-yloxylethyl}-4-methylpiperazine

[O] Ethyl 4-{2-[1-(3,4-dichlorophenyl)-5-methyl-1H-pyrazol-3-yloxy]ethyl}piperazine

carboxylate

20 [10] 1-(4-(2-(1-(3,4-dichlorophenyl)-5-methyl-1H-pyrazol-3-yloxy)ethyl)piperazin-1-

ylethanone

[11] 4-{2-[1-(4-Methoxyphenyl)-5-methyl-1H-pyrazol-3-yloxylethyl}morpholine

[12] 1-(4-Methoxyphenyl)-5-methyl-3-[2-(pyrrolidin-1-yl)ethoxy]-1H-pyrazole

[13] 1-(4-Methoxyphenyl)-5-methyl-3-[3-(pyrrolidin-1-yl)propoxy]-1H-pyrazole
25 [14] 1-[2-(1-(4-Methoxyphenyl)-5-methyl-1H-pyrazol-3-yloxy)ethyl]piperidine

[15] 1-{2-[1-(4-Methoxyphenyl)-5-methyl-1H-pyrazol-3-yloxy]ethyl}-1H-imidazole



Tolterodine L-Tartrate Crazoline HCl Toremfene Ctrate
Cis-(+-)-NMethyl-N[2-(3,4- D chlorophenyl)Ethyl]-2-(1-

Pyrrol i diwgl2pQyaabashexam ne Di HBr Tramazol i ne HCl G s( Z) PETmpedritiosi2Be Di HCI
Trans- U- 50488 Met hanesul fonate, ()- cis-2-(Cyclopropyl nethyl)-7-(4-

f I uor obenzoyDper hydr opyri do[ 1, 2- a] pyr azi ne Tri di hexet hyl Chloride
cis-2[4-(Trifluoronethyl)benzyl]-3a,4, 73Fa- tetrahydroi soi ndoline
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[17] 1-(3,4-Dichlorophenyl)- 5 phenyl-3-[2-(pyrrolidin-1-yl)ethoxy]-1H-pyrazole
[18] 1-(3,4-Dichlorophenyl)-5-phenyl-3-[3-(pyrrolidin-1-yl)propoxy]-1H-pyrazole
[19] 1-{2-[1-(3,4-Dichlorophenyl)-5-phenyl-1H-pyrazol-3-yloxylethyl}piperidine

5 [20] 1-{2-[1-(3,4-Dichlorophenyl)-5-phenyl-1H-pyrazol-3-yloxy]ethyl}-1H-imidazole

[21]2-{2-[1-(3,4-dichlorophenyl)-5-phenyl-1H-pyrazol-3-yloxylethyl}-1,2,3,4-

tetrahydroisoquinoline
[22] 4-{4-[1-(3,4-Dichlorophenyl)-5-methyl-1H-pyrazol-3-yloxy]butyl}morpholine
[23] 1-(3,4-Dichlorophenyl)-5-methyl-3-[4-(pyrrolidin-1-yl)butoxy]-1H-pyrazole

10 [24] 1-{4-[1-(3,4-Dichlorophenyl)-5-methyl-1H-pyrazol-3-yloxy]butyl}piperidine
[25]1-{4-[1-(3,4-Dichlorophenyl)-5-methyl-1H-pyrazol-3-yloxy]butyl}-4-methylpiperazine
[26] 1-{4-[1-(3,4-Dichlorophenyl)-5-methyl-1H-pyrazol-3-yloxy]butyl}-1H-imidazole
[27] 4-[1-(3,4-Dichlorophenyl)-5-methyl-1H-pyrazol-3-yloxy]-N,N-diethylbutan-1-amine
[28]1-{4-[1-(3,4-dichlorophenyl)-5-methyl-1H-pyrazol-3-yloxy]butyl}-4-phenylpiperidine

15  [29] 1-{4-[1-(3,4-dichlorophenyl)-5-methyl-1H-pyrazol-3-yloxy]butyl}-6,7-dihydro-1H-
indol-4(5H)-one

[30] 2-{4-[1-(3,4-dichlorophenyl)-5-methyl-1H-pyrazol-3-yloxylbutyl}-1,2,3,4-

tetrahydroisoquinoline
[31] 4-{2-[1-(3,4-dichlorophenyl)-5-isopropyl-1H-pyrazol-3-yloxy]ethyl}morpholine
20 [32]2-[1-(3,4-Dichlorophenyl)-5-isopropyl-1H-pyrazol-3-yloxy]-N,N-diethylethanamine
[33] 1-(3,4-Dichlorophenyl)-5-isopropyl-3-[2-(pyrrolidin-1-yl)ethoxy]-1H-pyrazole
[34] 1-(3,4-Dichlorophenyl)-5-isopropyl-3-[3-(pyrrolidin-1-yl)propoxy]-1H-pyrazole

[35] 1-{2-[1-(3,4-Dichlorophenyl)-5-isopropyl-1H-pyrazol-3-yloxy]ethyl}piperidine



Cl obenpropit 2HBr Triprolidine HCl Z Isonmer C ofazimne Tropanyl

3, 5-Di net hyl benzoate C ofilium Tosyl ate Tropi ne

2- (4- Chl ovophexmargsy) But anoat e, Mal eate C om phene Citrat @eCOEPOIZB6IIH , (-) -
Cl om phene Rel ated Conpound A U- 62066 WD 2012/ 016980PCT/ EP2011/ 063286 31
Cl om pram ne UH 232 Mal eate, (+)- O operastine HCl Vesam col HC Corgyline
HCl Vi npocetine O ozapine W7 HClI Cones84ne WB-4101 HC

[36] 2-{2-[1-(3,4-dichlorophenyl)-5-isopropyl-1H-pyrazol-3-yloxylethyl}-1,2,3,4-

tetrahydroisoquinoline
[37] 4-{2-[1-(3,4-dichlorophenyl)-1H-pyrazol-3-yloxy]ethyl}morpholine
[38] 2-[1-(3,4-dichlorophenyl)-1H-pyrazol-3-yloxy] N,N-diethylethanamine
5 [39] 1-(3,4-dichlorophenyl)-3-[2-(pyrrolidin-1-yl)ethoxy]-1H-pyrazole

[40] 1-{2-[1-(3,4-dichlorophenyl)-1H-pyrazol-3-yloxy]ethyl}piperidine
[41] 1-(3,4-dichlorophenyl)-3-[3-(pyrrolidin-1-yl)propoxy]-1H-pyrazole
[42]1-{2-[1-(3,4-Dichlorophenyl)-5-methyl-1H-pyrazol-3-yloxylethyl}piperazine
[43] 1-{2-[1-(3,4-Dichlorophenyl)-5-methyl-1H-pyrazol-3-yloxylethyl}pyrrolidin-3-amine

10 [44]4-{2-[1-(3,4-Dichlorophenyl)-4,5-dimethyl-1H-pyrazol-3-yloxylethyl}morpholine
[45]4-{2-[1-(3,4-Dichlorophenyl)-4,5-dimethyl-1H-pyrazol-3-yloxy]ethyl}morpholine
[46]2-[1-(3,4-Dichlorophenyl)-4,5-dimethyl-1H-pyrazol-3-yloxy]-N,N-diethylethanamine
[47] 1-(3,4-Dichlorophenyl)-4,5-dimethyl-3-[2-(pyrrolidin-1-yl)ethoxy]-1H-pyrazole
[48] 1-(3,4-Dichlorophenyl)-4,5-dimethyl-3-[3-(pyrrolidin-1-yl)propoxy]-1H-pyrazole

15  [49] 1-{2-[1-(3,4-Dichlorophenyl)-4,5-dimethyl-1H-pyrazol-3-yloxylethyl}piperidine
[50] 4-{4-[1-(3,4-dichlorophenyl)-1H-pyrazol-3-yloxy]butyl}morpholine

[51](2S,6R)-4-{4-[1-(3,4-dichlorophenyl)-1H-pyrazol-3-yloxylbutyl}-2,6-

dimethylmorpholine
[52] 1-{4-[1-(3,4-Dichlorophenyl)-1H-pyrazol-3-yloxy]butyl}piperidine
20 [53] 1-(3,4-Dichlorophenyl)-3-[4-(pyrrolidin-1-yl)butoxy]-1H-pyrazole
[55] 4-[1-(3,4-dichlorophenyl)-1H-pyrazol-3-yloxy]-N,N-diethylbutan-1-amine
[56] N-benzyl-4-[1-(3,4-dichlorophenyl)-1H-pyrazol-3-yloxy]-N-methylbutan-1-amine

[567]4-[1-(3,4-dichlorophenyl)-1H-pyrazol-3-yloxy]-N-(2-methoxyethyl)-N-methylbutan-1-

amine



Preferably, the table above includes al so reduced hal operidol. Reduced
hal operidol is an active netabolite of hal operidol that is produced in
humans, swows12z1bdsgh affinity (in the | ow nanonol ar ran@eyx/Hroor11895338@- 1
receptors, and produces an irreversible blockade 5 of sigma-1 receptors
both in experinental animals and human cells. Exanples of well known

nmet hods of producing a prodrug of a givéh acting conpound are known to
those skilled in the art (e.g. in Krogsgaard-Larsen et al., Textbook of

Drug desig d D seqv 1 8 Gl [ , In a
preferred @ﬁﬂgdfﬁgﬁgg‘ﬁ%é”gﬁgﬁgﬁﬂfg%ﬁéﬂﬁﬁ’@ﬁ@ﬁ@@%$%§@9§%bWﬁ% pr esent

i nvention has 10 the general forml abélﬁ% as depicted above. In a preferred
enbodi ment [SA-[1-3 HRenspprambr-Bethylor-rimarRhelingedhay)-ddyeRzekdm H, - CORS,
and substi t|jépdnéHe Uunsubstituted al kyl. Mre preferably, Rl is selected
fromH nethyl and acetyl. A nore preferred enbodinent is when RL is H.

Lo, AT o R e oS Y o o

enbodi ment ygéthehend nvention, R3 and R4 in the conpounds of fornula (1) are
situated in the nmeta and para positions of the phenyl group, and

pr ef er abl y,[6ﬂhey ang -§§,|49d?érﬁé’robm‘@/ﬁ@ﬂ@f%'-ﬁ-[ﬁ-(p%@ri'aﬂ-ﬁgﬁé}hé&&‘]‘-1Fi%ﬁéio‘i-u-t ed or
unsubstituted alkyl. 20 In an espécially preferred enbodi nent of the

i nventi on, YiftheRe&onpounds of fornula (1) both R3 and R4 together with the
phenyl group forman optionally substituted fused ring system (for exanple,
a substitutez] or unsubSi4-dictiedphsl)-J2oudRtBNaraing isixy |- SHthydr Hpysados 4t ut ed,
aromatic or non-aromati c heterocyclyl group may be fused), nore preferably,
a napht hyl yp?tﬁﬁn%nfstem WD 2012/ 016980PCT/ EP2011/ 063286 32 Also in the
conpounds of fornula (1), enbodinents where n is selected from2, 3, 4 are
pref er réd i@8]tH2-[e-dfatewtl-GRrhthalepede i-pyiazeini-yioxylethwiirgorpheliner ably n is 2.
Finally, in another enbodinent it is preferred in the conmpounds of fornula
(1) that RisgamiNRSemdyee-[asthyi-ngepandentd-y)-10lyeai-ByloxyRthdnagiidier with
the nitrogen atomto which 5 they are attached forma substituted or

unsubstitu heten 1y 3,0 Lcu - £hosen anong

nmor phol i nyf[iéﬂai %é?i“@%ﬁmlténgﬁlﬁ}ﬂ%ﬁg? %O\il)l ﬂ?ﬁg’{&g‘?’gbg{‘yl%ﬂ‘?@%@%r ably, R5 and
R6 together form a norpholine-4- %lﬂ%r oup. In preferred variants of the

i nventi on, BHe-Meigal-(Maghikglesr2-yisigiRyreliginglayhedhayt-dd-pyrgate [ 1]
4-{2-(1-(3, 4-di chl orophenyl)-5-net hyl - 1H pyrazol - 3-yl oxy) et hyl | nor phol i ne
0 [2] or their pharmaceutically acceptable salts, isomers, prodrugs or solvates.

[ 1- (3, 4-Di chl orophenyl ) - 5- net hyl - 1H pyr azol - 3-yl oxy] - N, N-di et hyl et hanam n
[3] 15

(3, 4-Dichl orophenyl) - 5- met hyl - 342- (pyrrolidin-1-Aet hoxy] - 1H pyrazol e [4]
304 O chl oroBReRYlol o VIR s el B ) Lk ibad bPARSIV 1 Bypaze! ©
-{ 241- ( 3, Mdihghl @eapmhaBy-R)yBt el ybldidopye@yp| - Boydhoknd. et Myis! ppakiculdi ne

compound is designated in the examples of the present invention as compound 63.

1
2
e
1
1
[

1

The compounds of formula (I) and their salts or solvates can be prepared as disclosed
20 in the previous application W02006/021462.

As stated previously, one aspect of this invention refers to the use of sigma ligand as
defined above for the manufacture of a medicament for the prevention and/or

treatment of OIH associated to opioid therapy.

According to the IASP “hyperalgesia” is defined as “an increased response to a
25 stimulus which is normally painful” (IASP, Classification of chronic pain, 2™ Edition,
IASP Press (2002), 211).



[ 6]

1-{241- (3, 4-di chl or ophenyl) - 5- net hyl - 1H pyrazol - 3-yl oxy] et hyll- 1Hi m dazol e
15[ 7] WO 2012/016980 PCT/EP2011/063286
3-{1-[2-(1-(3, 4-Di chl orophenyl) - 5-net hyl - 1H pyr azol - 3-yl oxy) et hyl ] pi peri din
-4-y11-3H i m dazo[ 4, 5-b] pyri di ne

[ 811-{241-(3, 4-D chl orophenyl) - 5- net hyl 3@H- pyr azol - 3-yl oxy] et hyl1l- 4-net hyl p
| perazi ne

[ 9] Et hyl 4- {A%“ﬂrott(ag graftb 6L, 6 ABRSIY bka Xy BFdNdsiatl ' ROPFGAEMatdsd 1aBrYhEh ek P1 per

azi ne carbox
20[ 10] 1- (46(923|(\th-y(i3 al pendrhenarpasaogiajedswitie tthe lusd Hf pypicido Isudr vk orgpbinky | ) pi p

erazin-1-

& (241 (- DAEBRBIREFemyertarh, epodons or metjadans, Induidusls pking <BRids 6 [ 1)
1- (4- Met hoﬂfpéiemh)nﬁemggelns@wgyzto(rpynoualsurdulnejzey eYy@vihg aydainfidresponze ke

[ 13]

1 4- Mot hoRyBIRY HorEIRR S (gladypia) hora stufies, JommonsRtey e LSl e 25
[ 14] 142- (bc(:wswmttvmﬂwpfh@nipmg LSen@tMIdaHupwsazaﬂer&rw exginge ydh goseerf di ne
[15]

1 { 241- (4- GBIUBs /R oI2nes ADR pigh s MRSTPIgESiPRq iU P ARl ¢
WO 2012/ 016198@%(21@1@2@}53@%@@3286}/ e neverth[a@6§ caused by two distinct mechanisms.

E"l{?]%l' (3, 1R GhIS" CANGRYL hiaRe® R Wds bReRhEEChRLX 1 HiREMNA e BRI ne

1- (3, 4-10 cisktingpHedsriohr&nrip bpigiditraatfrent, gywartidulal inditidyhlsetelqoixghentHopgoesez ol e
125, 4- 0 cAPERINMI o5 B P S PR ITERIRR & ISP S S Pazor ¢
[ 19] 1-{24Dpioid-induced hyperalge3|a (sensitization of pronociceptlve mechanisms), or a
-(3,4-Dichl I 20

1 2o EEEBRRR B R Dbk e MBI Bl 20
[ 21] 2- { 24 1ifBortangiec kinoe opétienysl regeiphe ngrioits pyrralzezyle Baipl onay] eangdaxicaly, 3, 4-
tetrah I

4e{ Lzly‘f(:géo §%<9ﬂ'5hnl'3§rrf6& ain %szé]_res%lt offreﬂ_rp%ri}r\évzhg ea§ |n?reaS|T%ur} chse of OPlIO|| | e

[ 23] ~ can be an effectlve way to overcome toleranc:(_a QOlng so to compensate for op|0|d-

1'22”31 4- D chl QI8 MY bigeRmTRb b skt e PYdteRtd Boitidony By Rty dddsRvRpEP! € 10
1-{441- ( 3, $abi vhll®respiiatngl phsicatdependancpy H aarp linddkguab iy |taiing lopjsidsefaor i ne
[25] 1- {441 cﬁﬁaf&l Phif oRBRBR I LarmioTRich te BreaWea58h TaieY | REYlP Itk et Y

pi per azi ne

1- {441-3@, 4loBk dhéyomep he eyagriehcimg opipid-mEvead kyperal@sid. oxy] but yl | - 1H-i m dazol e
[ 27]

441- (3, 4- Dipligvepnbe Rydiso GirétRédnbla bnPNERFADOF a3 18ds0¥dié syt Il R deHkan- 1- am

I[ gg] 1- { 441308V 30A 1 6ARpPIdh PRICIS OhOPIRfA -COMPRYRA SR SIGIUIRRSRHSH §ERFRIS49hheny |

pi peri di ne sequential administration, for use in the prevention and/or treatment of opioid-induced
hyperalgesia associated to opioid therapy. Compounds that bind to the opioid receptor

25 within the scope of the present invention include natural opiates, such as morphine,

codeine and thebaine; semi-synthetic opiates, derived from the natural opioids, such as
hydromorphone, hydrocodone, oxycodone, oxymorphone, desomorphine,
diacetylmorphine,  nicomorphine, dipropanoylmorphine, benzylmorphine and
ethylmorphine; fully synthetic opioids, such as fentanyl, pethidine, methadone,

30 tramadol and propoxyphene; and endogenous opioid peptides, produced naturally in

the body, such as endorphins, enkephalins, dynorphins, and endomorphins and their

analogues. Preferably, the combination according to this invention comprises morphine

or its analogues.



15
[ 29] 1- {441- (3, 4-di chl orophenyl) - 5- net hyl- 1H pyrazol - 3-yl oxy] butyl | -6, 7-di hy

dro- 1H iwdebhr4(164d)- one [ 30] PCT/EP2011/063286
2-{441- (3, 4-di chl orophenyl) - 5- net hy1- 1H pyrazol - 3-yl oxy] butyl I -1, 2, 3, 4-
t et rahydr oi soqui nol i ne [ 31]

4-{241- (3, 4-di chl orophenyl)-5-isopropyl3a1H pyrazol - 3-yl oxy] et hyl | nor phol i ne
20

gﬁz]n?ﬁé EB e[ao?rm R %?Welmvénﬂoﬁorﬂé)?Bglfom&t&E ﬁ%grc?t s‘?’mMI em(%ljs 'éleﬂ)\grgt 6#3" eth
1- (3, 4- Di csequanpiabagnipisFaiigopitomf IsaBia phpynaceliichlly atcoptathe xgiied ldddifivazol e

[ 34] : T
1- (3, 4- Di cRIBM PNy )25 XR8P0 BR1 B Uy O GPRPTANPT SF 86X 2 yr azo
| e [35] compounds may be administered:

1-{241- (3, 4- Di chl or ophenyl) - 5-i sopropyl- 1H pyrazol - 3-yl oxy] et hyl | pi peri di ne
WD 2012/4)16980P AEMl%%H%t%bemg Eavﬁ%ﬁ]he same medlcament formulation, the
2-{241- (3, 4-dichlor ophenyl) | Sopr opy razol - g/l oxg/n] eth 11-1, 2,3, 4-
et r ahydr oi soqthH‘oIaF @qognﬂounds being then admini tered always simult

41- (3, 4-di chl or ophenyl) - 1H pyr azol - 3-yl oxy] et hyl | nor phol i ne [ 38]
- (3, 4-dichl & ephecwrit)lna]tidnmyt\momlts?)eyd:towm ohe thH\ieetchvé sibstanans geing[ 39]

i
-11
(30t romenyl: ket Py ALl S Oy AR o
- (3,
421

eousl| y

4-di chl or oyahﬁwdu)ar:?er{ntﬁaolqrpgmtr tlei sigma liggn {sringepepperit admiaztered from .

[ 451 Lt (3. 4408 GALA'PRBERY kit I L] b EAKE 380k e h PEVIRE ARl ger azi n
1-{241- (3, 4- D clehtodipfesny the- Sigmat Ilyahd list-qoyricizered3fisst, oand étemy thiepgwioid| ordi n- 3-
am ne 10

[ 44] 4- { 241- (3, 4°B¥HI'Dr ERREINMYY £ R TR 42 of <t 2L A XA ror ph
ol ine embodiment, the opioid or opiate is admlnlstered first, and then the sigma

[ 45] 4-{241- (3, 45 ghlofy %ﬁa%%) séharardly B LBy drbhP 4L %t?ne'd?" y! oxy] et hy! | mor ph
oline

[ 46] 241- (3, 4-Di chl or ophenyl 5-di et h?ql - 1H pyrazol - 3-yl oxy] - N, N-di et hyl et
hanam nt [2[ B auxiliary materials or addltlves of a pharmaceutical comp03| on accordlng to the

[14§3 ]3 4- D ch-fpphvkon 4.0 81 (B dbskioR oriihsiigCht ®dit bnletigeuyligakd By mazol e
1- (3, 4- Di clfPBwep@hganprsing @t aashyne sigeng figandorndighleastapne pBiRiA orL epigler azol e
15 [49] compound) can be selected among carriers, excipients, support materials, Iubrlcants
1-{241- (3, 4- Di chl oropheny1l) - 4, 5-di et hy1-'1H pyr azol - 3-yl oxy] et hyl I pi peri din
e [50] 4- {ztlltqu(eoMertt% @Hpemtép%wynt)s ﬂwwypa%tlar@rw%tya%wqart rﬁﬂhgﬁ@m fe

[ 51] (25265R)o rﬂj'e{’s4‘b%|hé§vés GG GERRNEAY. AdnekEhiRY §iRERLs shid/brodiiRIMakts. 1reen@-

di met hyl nor phol i ne
case of suppositories, this may imply waxes or fatty acid esters or preservatives,

t

4-
2
1
1
1
[

e

emulsifiers and/or carriers for parenteral application. The selection of these auxiliary
materials and/or additives and the amounts to be used will depend on the form of

application of the pharmaceutical composition.

25 The pharmaceutical composition in accordance with the invention can be adapted to
any form of administration, be it orally or parenterally, for example pulmonar, nasally,
rectally and/or intravenously. Therefore, the formulation in accordance with the
invention may be adapted for topical or systemic application, particularly for dermal,
transdermal, subcutaneous, intramuscular, intra-articular, intraperitoneal, intravenous,

30 intra-arterial, intravesical, intraosseous, intracavernosal, pulmonary, buccal,
sublingual, ocular, intravitreal, intranasal, percutaneous, rectal, vaginal, oral, epidural,

intrathecal, intraventricular, intracerebral, intracerebroventricular, intracisternal,



52] 1-{441-(3,4-D chl orophenyl)-1H pyrazol - 3-yl oxy] but yl | pi peri di ne 20[ 53]
3,4-Dichl orophenyl)-3-[4-(pyrrolidin-1-yl)butoxy]-1H pyrazole [55]
1-(

- (3, awoizetaaswsphenyl) - 1H pyrazol - 3-yl oxy] - N, N- di et hpChpran1/06x8s ne

[52] 1-
1-( -
4- |

[ 56]
N-benzyl-4-[1-(3, 4-di chl orophenyl) - 1H pyrazol - 3-yl oxy] - N- et hyl but an- 1-am n
e 38

[ 57] 4-[ 1- (3, 4-di chl orophenyl) - 1H pyrazol - 3-yl oxy] - N- (2- net hoxyet hyl ) - N- et h
yl but an- 1- . 0 1 8 - -

A (as1- (3, PEERRRL SR TR S0 o YR SR S s e o

[ 591141- ( 3,p4wDi dsvices.optedirey Bpplatien routes3- ( 2- nor phol i noet hoxy) - 1H pyrazol - 4-
yl ] et hanone

[ 6011- { 1- ( Suftaklc phépr&RINE R loraPagPhbitiohs 3 tabRits, 'ils! Bapletd - A8 1cBEX YehelirgPyr azo

| -4- 5 yl |l ethanone [61

1-{1-(3, 4- §YEW %%Wén&fPU'SS’rPé?WF-%’W-S( pi peri di n- 1- Aet hoxy] - 1H pyr azol - 4-
yl | et hanone [62]

1-{1- (3,%- dutadbte ppdyamalipn84@r pdieziténdl apphica by sdlutiehbybudpensyorz ol - 4-

| | et hanon ) .
o (Sane et Tedohstiithie i preparsfions. aefosals er.spravss (1ot ot o phol i ne
64
[N, N]- Di et hy Thesempesitign ofithe invsAtienaman be fgrmulate gy Aepcsits & §issptyaddomR AR ne

[65] 1-{24%Mpkb\br JerbitaRdtialBlicationl) - 1H pyrazol - 3-yl oxy] et hyl | pi peri di ne
[ 66] 5-Methyl -1-(naphthal en-2-y1)-342-(pyrrolidin-1-yl)ethoxy]-1H pyrazole

or their pharmaceut. call cceptaple salts, isomers rodrugs or .sol vates.
75 1n-a norBrpREErDs nAR s, ReS AR T teeBRSHS Thegii Sy
formula (1) is 4-{245- Methyl -1-(naphthal en-2-y1)-1H pyrazol - 3-yl oxy] et hyl |
mor phol 1the Suitablg f@meir@@Bhappﬂwbﬁdmgy neageef yivaeiterien t he exanpl es of the
present invention as conpound 63. The conpounds of forrmula (I) and

their salt Qeowp] atcempbsitiod Map e Sshtabind Berh @uirsbld fridhce RRiD mekgus
application vwzg]96/9214§2._ As stated previously, one aspect of this

i nvention PEMANETY BIPRBIGEN.of signma |igand as defined above for the
manuf acture of a medi canment for the prevention and/or treatnent of OH
associ at ed Acoomlpigh, dn tametrepyaspect iheciorehitiog providee a ASkhdohybéealngasich™a i s

defined as .. i 0, . t Ll I GR i I
pai nful " (Ipﬁg(%]t’ %8 %@&S? ﬂ&%ﬁ%ﬁn o@r'c rf'(;%rr{% C%Iﬁa%ﬁécgﬁeg“@dﬁp 50@1,t%?% V{ﬁ{%hss
(2002) ,121Tpmprises administering to the patient in need of such a treatment or prophylaxis a

therapeutically effective amount of a sigma ligand as defined above.

In certain embodiments, hyperalgesia is suppressed, ameliorated and/or prevented. In
certain embodiments, the sigma ligand can be administered prior to an activity likely to
result in hyperalgelsia, i.e. opioid administration. For example, the formulation can be
20 administered 30 minutes, 1 hour, 2 hours, 5 hours, 10 hours, 15 hours, 24 hours or
even more, such as 1 day, several days, or even a week, two weeks, three weeks, or
more prior to the activity likely to result in hyperalgelsia, i.e. prior to opioid
administration. In other embodiments, the sigma ligand can be administered during
and/or after the administration of the opioid. In some instances, the sigma ligand is
25 administered 1 hour, 2 hours, 3 hours, 4 hours, 6 hours, 8 hours, 12 hours, 24 hours,

30 hours, 36 hours, or more, after the administration of the opioid.

In one embodiment of the invention it is preferred that the sigma ligand is used in
therapeutically effective amounts. The physician will determine the dosage of the
present therapeutic agents which will be most suitable and it will vary with the form of

30 administration and the particular compound chosen, and furthermore, it will vary with



WO 2012/ 016980PCT/ EP2011/ 063286 36 As noted previously, opioid-induced
hyper al gesi a or opi oi d-i nduced abnornal pain sensitivity is a phenonenon
associ at edowntdnitese use of opi oi ds such as norphi ne, hy@#coEPdON®63286

rem fentanyl, oxycodone or nethadone. |ndividuals taking opioids can
devel op an increasing sensitivity to noxious stimuli, even evolving a
pai nful response to 5 previously non-nogous stimuli (allodynia). Sone
studi es denonstrated that this effect occurs not only after |ong use of
opi oi ds bu i< Qi . .

t ol erance g%%b%t%ng%&ért n%le Ofg}léegg tgegf,ﬁh(?é/g‘éﬁf%Fﬂ&go@%ﬂ?%gtﬁged fo
dose escal ata o, getrieegllyamsh mmmm&emm&ubeametﬂydczswgesj'sebsitmﬁiallyrmshaMrsms
e S L 2ind Bl 86be BREETohEub N AnE DERCIENA. Bbddey) dmd OnHbREnidPh | "
a clinical et t der chroni C OpIO

i ndi vi dual 'tle roeqmumeaféectt Ufrmier dmselresnsaamasom neayh@e \Wben ttkne tcomgpsitiare is
(desensidi C Qi

hypor al ges e Taaft Faly PAG-GRRRINE (TR AMETon k8 Lol RdiEBlhauce e o1 on
of both. | demeidffgchags arsmaﬂewlmpMVemmarhlyqaaﬂml‘@imccampcwnds agr esafulghitrg cal

i nportance _gj I to reli

par adoxi caISPb{é %ﬁa'giérgr%:b tgrﬁn ea?%é \éﬂe?%)é%}?g%'ggﬁts ahd tﬁ L d? ¥%GD%%/ %e%tg)/tr\%hsgrrn eas

i ncr easi ng ordes oﬁmnmdeoapq Ialdneraﬂv @eplavecbwmetneseetmawerapetweag@ﬂe

tol erance, doing so to conpensate for opioidinduced hyperal gesia nay worsen

the patientFop ek@@ic tNdEsadeTeHRRS tHRE mReNSd éélrﬁinis‘!erb@ tPHerpatiBht il @8 gt | ng
physi cal dependence. 1f an individual is taking opioids for a chronic pain

condi t i th, CAnteceieot’s gy dheatirsceh derlisalion rtBei @ndies AndesevsEiegEde i n 20

dose, they gEawsben FRFbE oAt PjirAk Gbf i ORpFSss EMF&Iﬁﬁhgﬁﬁloﬁ of ARomPY&RY | on
is also directed to a conbjnation of at | east one si gand as_ defi ned

above and &CCordiagrthe Reesspt Bivention ‘MB]”?A?éa'&Qﬁr%Qrﬁa t 3’98@9@ trAPERIgfer&dhar at e

or sequent ipad1 RAMOM kY, Hndost bRsferdble 0.0M folBd mgRYent i on and/ or treat ment of
opi 0i d-i nduced hyperal gesi a associated to opioid therapy. Conpounds that

nc ude nad PRI SEE0E, o mEleOh i SE AR RemfrBREE S he iMERA 7

seni-syﬁihemd@enmﬂ@bﬂunmdeedwsdeﬁnmm@ﬁﬁeanaMuyaI opi oi ds, such as

hydr onmor phone, hydrocodone, oxycodone, oxynor phone, desonor phi ne,

di acet yl nor phi ne, ni conor phi ne, di pr opanoyl nor phi ne, benzyl nor phi neand

et hyl norphine; fully synthetic opioids, such as fentanyl, pethidine,

nmet hadone, 30 tﬁanadol and propoxyphene; and endogenous opi oid pepti des,
produced n in the body, such as endorphins, enkephalins,

dynor phi ns, and endonor phins and their anal ogues. Preferably, the
conbi nat i ofExaoue di hg Syntheists | mfenﬂ1{61ﬁ5-d/lﬂﬂpvlr1s@§lgphﬂ19ﬂﬁn -A¢/l)otH-pyrazol-3-

anal ogues. %&ﬂ}@r R g?ﬁﬁq t3HydrBenforiBidat | on of the

i nvention Its S|nu aneous separate or sequenti al
adninistratlon with at | east a pharmaceutically acceptable carrier,
additive, adjuvant or vehi §ﬁ9§ has the inplic LﬂﬁN?L§t t he

conbi nati on of the two ﬂmve c ounds may be géﬁ?hlStéPE’ 5a) As a

conmbi nation that is Hefng'part of the sane nedﬁbaNent formul ation, the two
active conpounds being t#e adnlnlstﬁgﬁgnelmays ciqul t afdously. b) As a
conbi nation of two units{_gach with one of the a e substances givVving
rise to the possibility | nul taneous, sequenti @l [pr separate

adm nistration. In a partircul ar enbodi nent, the sighs I|gand IS

i ndeperdfent |y admi ni st 5WWORSH 10 the opi oi d BPPERIETHEC i e in two units)
but at the sane tinme. In another particul ar enbodi nent, the sigma ligand is
adm nistered first, and then the opioid or opiate is separately or
sequential ly admi nistered. In yet another particular enmbodi ment, the opioid

or opiate icondsbungi &3 %bﬁdoé icaftbe ?fr‘ébéré@%st Bi8cI8 s lthd PRElidiss agmcat.&{ ered,
separately or seguent as defined. 15 The aUX|I|ar¥Hnater|a S or

addi tives #OR0 %W@@e‘u‘ih@é?cr%%@ﬂp?(ﬂ'?twwwqt@e leWHayBeRAure:

invention (i.e. a conposition conprising at |east one sigma |ligand or a
conposi t i orCangpyind S3nEG, 3 g)l was tissoleed ingethaihdl gandatad dvitit HCbalsé mixtereopai d or

O S R e 7o S Snd FTBR8S I dldesshe Bsiieas tpfilitsn

conditioners such as sugars, ant|OX|dants,




20 bi nders, adhesives, disintegrants, anti-adherents, glidants and/or
agglutinants. In the case of suppositories, this may inply waxes or fatty
aci d est ew®20rz/qomgervati ves, emnul sifiers and/ or carri ePSTEPROIPAsEAS er al
application. The selection of these auxiliary materials and/or additives
and the amounts to be used will depend on the form of application of the
phar maceuti cal conposition. 25 The phar#@ceutical conposition in accordance
with the invention can be adapted to any formof adm nistration, be it
orally or r leiees LV L€

or a1y o BREPUEEIALY, ThOmANGTRLE PHbIRS s BRAblch o A R
nmay be adaptystalifzation bpicosdentatirgy Sodntysiapipatiaattaian topether vielded 1524 @(63

der mal , ”Q);?Sé?%é@éres HhgH ﬂyrb%@ﬁonde@art? YA 194 ‘*&bra‘ar.ﬂcu' ar,

ntraci st emal WO 2012/ 016980P /E 011/ 063286 38 intraspinal, perispinal,
nt racr ani &2 (BAH) very &i%hneedl es or catheters with or wi t hout punp

devi ces, or ot her application routes. Suitable preparations for oral

appl i cat i on¥PLa) purttyl®loed®%s., pills, caplets, gel caps, chew ng gums, capsul es,
granul es, drops or syrups. 5 Suitable preparations for parenteral
applications are solutions, suspensions, reconstitutable dry preparations,
aerosol s or sprays The conposition of the invention may be fornulated as

deposits indis f p hes, .f [ cut aneo pplicat.i on.

Sk - appl | CXATIE. EncHadRRYRR, abnBectiicar’ Seskizatb; oty cibbhs o
enmul si o1s. atithifistriatibh einf opénatéd I(plaindar imedioapthdmadige ratsTesffext odf sigma
supposi tori e§ I\/brteover the conposition may be presented in a form

sui tabl e f MRS ai | y, weekly, or nmonthly adm nistration. Accordingly, in
anot her aspect the i nvention provides a nethod of treatnent of a patient,
not ably a igntar inesiph s¥iaaly from O H associ ated to opioid therapy, which 15
conpri ses adm ni stering to the patient in need of such a treatnent or

prophyl axi Tha ih&1sibaR i ﬁ'@'dbb’wgiﬁ faﬁéﬁtb&GPro&anﬁnaﬁfet%I S(hggﬁ Wh@&f@cﬂ@n dgf i ned
anel | orate

above. In certajn enbodi nents pe i S resse

Sodl or pr o PBRE SRS i BU VES ROIRMIO G ool MR P e BRS STRRIG o1

admi ni stser eﬁnrﬂéd@f/am.zanaa@tah\/ada)ésiwek@l %Mdreﬂhéésthéhuamr@pgehﬁ.hg?tthd e.
opi oi d adm ni stration. m ni st er ed

or e | ati on can be 20 a
36! M nut o5 SIS QPer2BoR Bl AL SEE WRsT e g ha S M PR S oA SNOR. oven
nmore, such Geelhdayts vﬁeeaahaéstﬁl@ws“ed Heyavard |aid\wRak, in tavsrone glssitioh Bheehareeks,
or nore prlohtothe actl to result in hyperalgelsia, i.e. prior

el

to opioid ad fﬂp%&%W%{ﬁanﬁgngte 't%ﬂﬁmﬂlnents the sigma |igand can be
adm ni stered during and/or after the adm ni strati on of the opioid. In sone
i nst ances Thie, a;islglrrmcis'icmndlhé Bin@ pawdhiiakdytt ¥rrooh ashwade b neaos of a 8cdipelr s, 4
hour s, r r 3 re,
after t Eg rﬁnrﬂ g?c;rlg'té i @W f(il)tﬁn t heﬁéel a%éé& Hﬁ%dﬁ%’ tg\QaQOtHéﬁoes @a?cﬁé'(/\ﬁas I?c%\’}%};t ion
it is pr ef @ndey tkans Dheuwegmsbnsqan@ble svagselevated aherealpegitudia! lincisdrf etti ve
anounts. S d e dg},ﬁﬁg f r %EPR peutic
agent s whi C%OQ\API)‘LJI awrr%%\%%duel %E% gln gnrgh&? \e?é](ra mtsgﬁ'ﬁﬂ % oerotmhrg%&'

Therefore, both superficial (skin) and deep (muscle) tlssues and nerves were injured.

i ntraperitoneal veno tra erl aI ravesi cal

i ntraosseoys, i ntracavernosal, u‘? rl_x buccal , subli ngual

i ntravi t r eal"NVMR{(PMSZEs) 0 pripcl ﬁ?.é*emé r &8P &M, 4%@ hifd, J52.8i 88e'b'¥ dh"bal
i ntrat hexalz,s5 (H rAY)eBlo (sCyHRr4 55 eBesr @, 2H) NS 78GRl el aysRBI4 @l4R),
[
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The skin of the paw was stitched with a suturing stitch with breaded silk (3.0) and the

25 wound was cleaned out with iodinated povidone.

Behavioural test

Mechanical allodynia was tested using von Frey filaments: Animals were placed in
methacrylate cylinders on an elevated surface, with metallic mesh floor perforated in

30 order to apply the filaments. After an acclimation period of about 30 minutes within the



30 adm ni stration and the particul ar conpound chosen, and furthernore, it
will vary with WD 2012/ 016980PCT/ EP2011/ 063286 39 the patient under
t r eat mrentwotzhe/agsoof the patient, the type of conditi omChaiPaggiosz2a¢ ed. He
will generally wish to initiate treatnent with small dosages substantially
| ess than the opti num dose of the conpound and increase the dosage by small
increments until the optinum effect undét the circunstances is reached.
When the conposition is 5 adm nistered orally, larger quantities of the
active agen fect ||.e
quantity gi %Iéﬁr?e;lr)éarbgﬁ}ﬁ R%WSE\HQTFE%“% ﬁ%ﬂ@r«%@%ﬁ%ﬁﬁl e mj‘['ﬁ’l ﬁeeﬂ%a;'v%ermrﬁ‘?ner as
conpar abl e tlnmkattapmjcontroageattmganm thh@vmsmgee filement (04 g))fartdreasra'n@adﬁ(nar of
magni t ude I For
oxanpl o, -t AEiuaRIEdhners FERORuEh dhih ek dfeClety sho SFARGHI br ASTR
depend 10 @s & dmmspaverentof thenedigfiot stinolles tyyseddly aatﬂpllnleoatThemreStshEe @@ndirt i on
and sevefi of conprises an
adm ni st%; aw%rﬂg)gbgghgbﬁﬁ&ﬁﬁ’dthé\@%raﬁ %égﬂﬂg%‘?g’gaén@g‘?r%denu on within a range
of 0.01 to 300 ng/ kg, nore preferably 0.01 to 100 ng/ kg, and nost
preferable 0.01 to 50 ng/Kkg. The follow ng exanples are nerely
illustrative of certain enbodinments of the invention 15 and cannot be
consi der ed Expermsttal wotaeg/ 1:tCoadmamnsiratiey stuBieampbearateBxatspl e 1. Synt hesi s of
4-{2-[5- Met hyl - 1- (napht hal en-2-y1) - 1H pyrazol - 3- yl oxy] et hyl ) nmor phol i ne
(conpound &3) aﬁ&tléfs obwsoah&@mn@e réflréntanil, Zf%%pwn% ﬁ;ﬁdﬂ
Conmpound 63 can be can prepared as disclosed in the previ ous application
WD2006/ 0214688gJ0Nists @mp@énqi &3 ae BEaHOGse iBmRRerFed ra@cwem RYRlvgted fin|a @i ng
procedufe: 1d2 HPAGIRDECTORERILHDBBRAS iq i€ A iARAREAMGloygHiaTO! her
liquors fromthe first crystallization afforded a second crystall |zat|on by
concent r at iiMEEPeBeNRalcioyts @I threea eonsesutivekadiministiations; al thel e of spugely. (63 %)
of the cor rn%ﬁlmegwtagar{ayﬁ ﬂ%'té%réffé‘? sﬁ%’el’ry (I'Hbgngma atdgdist |Qdm|n|strateH%HwVR
(DVBO-d6) 6 ppm 10, 85 (bs, A s o o 2
5 7,55 (m OPFg eitgen 3psm|nypqas bq05=.5 sg@em@aragg@th 32)|_|)n|mge$@ft(amsugq)'y
3,55-3, 4 Mbardlihm 3. Zidumd 138 scRerdatid ?epr&@ntatlbﬁlsﬁoﬂh‘mb'thé! tm’%gccﬁlr@e for thexanpl e
2: Modul atl on on Mechani cal Sensitization i nduced by opioid
admi ni st attve RafadiggsiPbavRS 0 FHaPIBeNIAIREPIEYIAY Tand nave rats: effect of
si gma ant agoni sts

The doses of remifentanil per administration were 0.066 mg/kg each time (0.2 mg/kg

total). The doses of morphine were 3.3 mg/kg each time (10 mg/kg in total). The doses
of fentanyl per administration were 0.16 mg/kg each time (0.48 mg/kg total). The doses
of sufentanil per administration were 0.05 mg/kg each time (0.15 mg/kg total). The

20 doses used for the single administration of sigma antagonist (BD-1063 and compound
63) were 20, 40 and 80 mg/kg.

Assessment of mechanical allodynia was done 4, 24, 48, 72 and 96 hours after

surgery. Additional evaluations were performed on days 5, 6, 7 and 8 after surgery

when coadministration of compound 63 and opioids were assessed. The results are
25 shown in Figures 2-5 and 10-11.

As expected, the plantar incision surgery produced a significant decrease of the
mechanical sensitization threshold as measured with the von Frey filaments application
(tactile allodynia for 2 days, figures 2-5) in control rats (vehicle group) that almost
recovered their normal threshold at day 3-4. Opioid administration (remiphentanyl in
30 figures 2 and 3; morphine in figures 4 and 5; fentanyl in figure 10; sufentanil in figure
11) initially induced an analgesic effect 4 hours after operation. However, the analgesic

effect disappeared 24 hours later and consecutive daily measurements of paw



Pl antar incision surgery The incisional pain nodel was adapted from Brennan
et al. (1996). The induction of anaesthesia in rats was perforned with 3%
i sof | uor amof2or2/aeqser i nary use, enploying an 15 Chneda va&p®EP2@n/oedzde an
anaest hesi a chanber. Anaesthesia was kept during the surgical operation by
a tube which directs the isofluran vapours to the animal's snout. Once the
rats were anaesthetised, they were | aid42lown in a prone position and their
right hind pavvs were cleaned out with al cohol. Then, a skin incision in the

hi nd paw of, - ; I out 5
O BB Ml AR O SRR SRR o 7Rkl MhAROUt
means of c&m@@ﬁﬂ@mwldm‘s‘@b@fvmdey 8vadadbdnd a | ongi tudinal incision of
about 5 mm was made, thus the nuscle origin and insertion renai ned intact.

Theref ore, ARptifis®atRAIdr LOINA/Kkd SKddmpornd ndégléluﬁr(ﬁ;gf'%|pé}loﬁéréﬁ\%eﬁerﬁ)ﬂd)nﬂﬂy\(ﬁs
were injured. The skin of the paw was stitch a suturing stitch with

breaded si ISKopgly cadusag) tften%WBC%%chf RERAYPIadBEGd Y tPeRPRerati uicHRhsatany!
povi dones Behipyd oW 3} %rpﬁ(ﬁé'@ﬁ’g’ﬂréaﬂ) f@h{a‘h Y figar Ve ér@ssr,@dntuﬁn (Fhuy&n1fr ey

filanments: Aninals were placed in neth acr ?atec | inders on angevate

surface, wadRREfation; Eurﬁliegworq &9@%?@6?91 @af F?f“B@UrtSjr BieP3 o pibyt

filaments. gebbRderly tAE Gtk AN tHekeRaméal 3RALIIz b MnReEHR Wdhtléd\bihfé WO
2012/ 016980PCT/ EP2011/ 063286 41 cylinders, both hindpaws were stimul ated
(the injuré&d%M the non-injured paw, serving the latter as control),
starting with the lowest force filament (0.4 g) and reaching a 15 g
filament. TPumisisiratoh’ of Bespghgeoft BDHl@BA duamgnthei perdipechtioy deniedvert lddy dval of

or estur 9 ( PRp A8V TEBUEr Be ol Ea R aicth Rl Al BT paw

was recor défiguré&spedmimstratdn. pr ot ocol 1: Coadmi ni stration studl es in operated

rats The effect of opioids (norphine, remfentanil, fentanyl or sufentanil)
and sigma _W‘tbé&ﬁ@# Séla?ta(Mﬁﬁ@d’qgllcﬁﬁn&rthlg%)&ﬁ%nlan éb‘b%a%BGGbeFuébéraM‘Fer €o-
evaluated in a co- 10 treatnent paradi gm as opioid drug is

admi ni st r atBdinisiradion rof 14 Agangseand epieiss) fr@lma@e mat tsml'gﬁiﬁ§e%9tqb\|/%t°

adm ni stratﬂr%tth@tdeyggphbﬁ%f(@jﬁsurgery 15 mnutes later and 30 m nutes
after surgery. The signma antagonist is adm nistrated only once either 30
m nut eslr,{)ef ore surgery (paradigm1l) or 30 mnutes after surgery (paradigm
2). Figure 1 is a schematic representation showing the tine course for the
15 two paradigns followed in experinental protocol n 1. The doses of

r em f ent anixpg@émnentahpratocelr2i1Q/Hwreppitateay Mawl/enpneg each time (0.2 ng/ kg
total ). The doses of norphine were 3.3 ng/kg each tine (10 ng/kg in total).
The doses of thenbaNbusPetudpd@xpérEhémbl @fbtmem il 6 /begn edfdwri | tAEt (th‘b 48
ng/ kg total). The doses of sufentanij] ge@ gn str t|on were 0. CL ng
each tinme (PEMIRCTAYAGITIBELRTON 4 ROPHINGoEHANYL SHfen t%ée@if%?@' enhances

admi ni str atherRx@int Sngnauraidra@e fostopbRitvd Gz ANPHLAFRMINTN GDhtri&! ehe?Go- 40

and 80 ny/kg.
Zr(rTq a%ministration of compound n°® 63 inhibits dose-dependently the development of OIH.

To further study the effect on OIH, the mechanical threshold in these opioid-treated rats
was evaluated by administering naloxone since naloxone-precipitated opioid
abstinence is associated with an enhancement of reflex responses to noxious

stimulation (hyperalgesia).

25 Thus, when rats had recovered their pre-drug nociceptive threshold value after the
opioid or co-administration treatment (21 days later), the ability of naloxone to
precipitate hyperalgesia in rats was tested by measuring the withdrawal responses
using the von Frey filaments._Figure 12 is a schematic representation showing the time

course for experimental protocol n° 2.

30 The long lasting effects of morphine, remifentanil, fentanyl and sufentanil, and the

effects of compound n° 63 co-administration on pharmacological effects of the opioids



Assessnent of mechanical allodynia was done 4, 24, 48, 72 and 96 hours
after surgery. Additional evaluations were perforned on days 5, 6, 7 and 8
af ter suryeryimhessocoadnm ni stration of conpound 63 and @pPIrEPAG1WEI286
assessed. The results are 25 shown in Figures 2-5 and 10-11. As expected,
the plantar incision surgery produced a significant decrease of the

mechani cal sensitization threshold as méasured with the von Frey filanents
application (tactile allodynia for 2 days; figures 2-5) in control rats
(vehicle gr ) d I r yal

Opi 01 d adm'Bsagias, (MR HERPUEER" it Relye, BETIFE. wiAlRRNSEfeckle AL 25
figures 4 doidws; rﬁenphmayw Bnmgikgweemlﬁgntmilf é@IEamgIng n feritanyt e(O:LIﬁ) nmgikg)i al |y
i nduced an t r r gesic
croct d odauneria09s el or e e hleEloadREE Ao YU s B AR 0T
WO 2012/ 016e80¢IPIAEROLEDG TA8BingRe wnjectidn ahabmehavkd® &h weis rarasiemeinterest
tactil e all aody t I t that_

evi denm%bl@tﬂf@%%% Jb%% (%f p% ED'%[ gﬁogdamohﬂ]se;ér%a ﬁ%gﬁm%egn‘?% gﬁr&%% 2h|C)fa”crsﬁrﬁsi)ound
n 63 duri ngectdmeedpaanalop@‘reanemorpé? mg&gbmrdatpe@osmemwgltyresle@dm méasured
enhancenent I perative rem phentanyl 5 (figures
2 and 3), ] Qﬁﬁﬁb 48?¥U#Sqaﬂep%)lég%?gebp¥aﬁ§ﬁé(fl gure 10) and sufentanil (figure
11) administration. Furthernore, 40 and 80 g of conmpound n 63 al so

i nhi bi t dod\- OYBRRONE I SXRAEMES PERCIT Eh‘?é“%&?ﬁﬁ\fﬁ EFShekhnens fFUNeHIP
threshol d ipadaicRradys s owﬁ&eéarm.n.snéﬂmsnlmnﬁbtm &f naiékoRB/ dddyf 2 BPr 1063

during the periogperative period on day 0 10 strongly reduced the

enhancelfontdas 6T BayFEaS Rad AR ey SPFSEBINEY T REFySHITRCSPHT Ryl eshs)d

adm ni st rat/RR) iMucedet BRhificat dochsal IHetﬂefrfﬂclc@kﬁllthHréﬁr@loewlew fRenbaal
approach (peri OE)@L%gl(%e co-adm ni stration of si gands and opi oi ds)
I

i ndi cat e t Ngtues BemtRNda e sigificany effied\E i %ixﬁ@e JEFPRISAE INoreheIH. 15

Experi ment abifd-0éR6@ratd: MokddvRF, edidichatess Bio NHaBKOREplelipitite MipRIHIgdsRa St udy
(experimental protocal 1), it has been shown that the
when' it was injected on day 21 in opioid-treated rats that had been co-administrated
15 with 80 mg/kg of compound n® 63 (20 and 40 mg/kg produced an attenuation of

naloxone-precipitated hyperalgesia) (see Figures 13-16).

Experimental protocol 3: Coadministration studies in naive rats.

The effect of opioids (morphine or remiphentanyl) and sigma antagonists (compound
20 63 or BD-1063) in naive rats was evaluated in a co-treatment paradigm by

intraperitoneal administration at the same time (figure 6).

Naive rats were administrated with 0.3 mg/kg of remifentanil or 10 mg/kg of morphine.
The doses of BD-1063 or compound n° 63 were 20, 40 and 80 mg/kg.

Assessment of mechanical allodynia was done 4, 24, 48 and 72 hours after surgery.

25 The results are shown in Figures 7-9.

Opioid administration to naive rats produces, 24 hours after, a significant decrease of
the mechanical threshold (that is OIH) as measured with the von Frey filaments
application (tactile allodynia for 2 days; figures 7-9). Three days later rats recovered
their normal threshold.

30 Compound n°® 63 coadministration reduces dose-dependently the enhancement of

allodynia induced by remifentanil administration (figure 7).



perioperative adm nistration of norphine, fentanyl, sufentanil or

rem fentanil enhances the extent and duration of postoperative pain

(hyper al geei2a)2/016980cont rast, the co- 20 adm ni stration eCTEra@OOGEES6 63

i nhi bits dose-dependently the devel opment of O H To further study the
effect on O1H, the nechanical threshold in these opioid-treated rats was
eval uated by adm ni stering nal oxone si nd4¢ nal oxone-precipitated opioid
abstinence is associated with an enhancenent of reflex responses t o noxi ous
sti mul ati o hyperaLaRRIAhtor? 3 Honc D8R ahshddfb 6 MR [AGIdeaPP- dr g
noci ceptive hr 8sho value a he opi oi d Or co-admni's atlo at ment
(21 days | agwifgntanin@garkeia) ang rTmTpmlae (fbgorﬁe9)ta@|npmle’m:¢ti@ht ate hyperalgesia in
rats was tested by nmeasuring the withdrawal responses using the von Frey
filaments. afogether, litd %b@m’%@h@n&kuhg this %&ﬁﬂﬂbﬁ@ 8PproBEW(¢tadRistialiBn ePUr S€
for experinental protocol n 2. WO 2012/ 16980PCT/EP201 /063286 43 were

st udi ed f olSI%Nd Wnﬁﬁﬁﬁd BPtS’!Q%BI”a'VIerFaBéFIdIC@Eﬂ that opigids fnduse Rt eddecii®e was

as fol | esfrofPdsM Q%ftéso&o.a@/dm.strét@m Arenthatthk coGddimBitoh of EigMadidghad 0. 16

ng/ kg), sufentanil lﬁ%ﬁég or vehicle was injected three tines every
15 nin staﬁY?WﬁF%ﬁm %?WW t antar incision. The single injection of

conpound n 63 was co-admnistered 5 with the | ast dose of opioid. At the
end of these experinents, on day 21, all rats received a nal oxone injection
(2 mg/kg), and the nociceptive threshold was nmeasured 1,24 and 48 hours

| ater (see Figures 13-16). As shown above in experinental protocol 1, the
noci ceptive threshold was returned to basal 10 days after opioids

adm ni strations. The injection of nal oxone on day 21 (11 10 days after the
animal s had conpletely recovered their pre-drug nociceptive threshold

val ue) induced a significant decrease in the nociceptive threshold bel ow
the basal value. On the other hand, no significant effect of nal oxone was
observed in vehicle saline-treated rats. Mreover, nal oxone was al so unabl e
to precipitate hyperal gesia when it was injected on day 21 in
opioid-treated rats that had been co-adm nistrated 15 with 80 ng/ kg of
conpound n 63 (20 and 40 ng/ kg produced an attenuation of

nal oxone- preci pi tated hyperal gesia) (see Figures 13-16). Experinental
protocol 3: Coadm nistration studies in nave rats. The effect of
opi oi ds (norphine or rem phentanyl) and signma antagoni sts (conpound 20 63
or BD-1063) in nave rats was evaluated in a co-treatnent paradi gm by
intraperitoneal administration at the sane tine (figure 6). Nave rats were
adm nistrated with 0.3 ng/kg of remfentanil or 10 ng/ kg of norphine. The
doses of BD- 1063 or compound n 63 were 20, 40 and 80 ng/kg. Assessnent
of mechani cal allodynia was done 4, 24, 48 and 72 hours after surgery. 25
The results are shown in Figures 7-9. Opioid admnistration to nave rats
produces, 24 hours after, a significant decrease of the nmechanica

threshold (that is OH) as neasured with the von Frey filanments application
(tactile allodynia for 2 days; figures 7-9). Three days later rats
recovered their normal threshold. 44 BD- 1063 coadm nistration al so reduces
t he enhancenent of allodynia induced by remfentanil (figure 8) and

nor phine (figure 9) adm nistration. Altogether, data obtained follow ng
this experinental approach (co-adm nistration of sigma |igands and opi oi ds
to nave rats) indicate that opioids induce 01H, evidenciable
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CLAIMS

Use of a sigma ligand in the manufacture of a medicament for the treatment of
opioid-induced hyperalgesia associated to opioid therapy, wherein the sigma

ligand has the general formula (1):

wherein

R, is selected from the group consisting of hydrogen, C-C¢ alkyl, and -
CORs,;

R, is selected from the group consisting of hydrogen, C;-Cs alkyl, and

phenyl;

R; and R, are independently selected from the group consisting of
hydrogen, -ORg, and halogen, or together they form a fused naphthyl ring

system,;

Rs and R are independently selected from substituted or unsubstituted
C4-Cs alkyl, or together form, with the nitrogen atom to which they are
attached, a substituted or unsubstituted, 5-6 membered aromatic or non-
aromatic heterocyclyl group containing one to five heteroatoms selected
form the group consisting of nitrogen, oxygen and sulphur, optionally
fused to a 6-membered carbocyclic ring; wherein the substituent is

selected from C;-C; alkyl, -CORg, phenyl;

nis selected from 2, 3, and 4;
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Rs is C4-Cq alkyl,;
or a pharmaceutically acceptable salt or stereoisomer thereof.

2. Use of a sigma ligand according to claim 1, wherein the sigma ligand is selected
from the group consisting of a sigma receptor antagonist, preferably selected from
a neutral antagonist, an inverse agonist, or a partial antagonist.

3. Use of a sigma ligand according to claim 1 or 2, wherein R; is H or C4-C4 alkyl.
Use of a sigma ligand according to any of claims 1 to 3, wherein R; and R,
together form a fused naphthyl ring system.

5. Use of a sigma ligand according to any of claims 1 to 4, wherein Rs and Rs
together form a morpholine-4-yl group.

6. Use of a sigma ligand according to claim 1, which is selected from the group

consisting of:
4-{2-(1-(3,4-dichlorophenyl)-5-methyl-1H pyrazol-3-yloxy)ethyl}morpholine,
2-[1-(3,4-Dichlorophenyl)-5-methyl-1H-pyrazoi-3-yloxy]-N,N-diethylethanamine,
1-(3,4-Dichlorophenyl)-5-methyl-3-[2-(pyrrolidin-1-yl)ethoxy]-1H-pyrazole,
1-(3,4-Dichlorophenyl)-5-methyl-3-[3-(pyrrolidin-1-yl)propoxy]-1H-pyrazole,
1-{2-[1-(3,4-Dichlorophenyl)-5-methyl-1H-pyrazol-3-yloxylethyl}piperidine,
1-{2-[1~(3,4-dichlorophenyl)-5-methyl-1H-pyrazol-3-yloxylethyl}-1H-imidazole,
1-{2-[1-(3,4-Dichlorophenyl)-5-methyl-1H-pyrazol-3-yloxylethyl}-4-methylpiperazine,

1-(4-(2-(1-(3,4-dichlorophenyl)-5-methyl-1H-pyrazol-3-yloxy)ethyl)piperazin-1-

ylhethanone,
4-{2-[1-(4-Methoxyphenyl)-5-methyl-1H-pyrazol-3-yloxylethyl}morpholine,
1-(4-Methoxyphenyl)-5-methyl-3-[2-(pyrrolidin-1-yl)ethoxy]-1H-pyrazole,
1-(4-Methoxyphenyl)-5-methyl-3-[3-(pyrrolidin-1-yl)propoxy]-1H-pyrazole,
1-[2-(1-(4-Methoxyphenyl)-5-methyl-1H-pyrazol-3-yloxy)ethyl]piperidine,
1-{2-[1-(4-Methoxyphenyl)-5-methyl-1H-pyrazol-3-yloxy]ethyl}-1H-imidazole,
4-{2-[1-(3,4-Dichlorophenyl)-5-phenyl-1H-pyrazol-3-yloxylethyl}morpholine,
1-(3,4-Dichlorophenyl)-5-phenyl-3-[2-(pyrrolidin-1-yl)ethoxy]-1H-pyrazole,

1-(3,4-Dichlorophenyl)-5-phenyl-3-[3-(pyrrolidin-1-yl)propoxy}-1H-pyrazole,
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1-{2-[1-(3,4-Dichlorophenyl)-5-phenyl-1H-pyrazol-3-yloxylethyl}piperidine,
1-{2-[1-(3,4-Dichlorophenyl)-5-phenyl-1H-pyrazol-3-yloxylethyl}-1H-imidazole,
4-{4-[1-(3,4-Dichlorophenyl)-5-methyl-1H-pyrazol-3-yloxy]butyl}morpholine,
1-(3,4-Dichlorophenyl)-5-methyl-3-[4-(pyrrolidin-1-yl)butoxy]-1H-pyrazole,
1-{4-[1-(3,4-Dichlorophenyl)-5-methyl-1H-pyrazol-3-yloxy]butyl}piperidine,
1-{4-[1-(3,4-Dichlorophenyl)-5-methyl-1H-pyrazol-3-yloxylbutyl}-4-methylpiperazine,
1-{4-[1-(3,4-Dichlorophenyl)-5-methyl-1H-pyrazol-3-yloxy]butyl}-1H-imidazole,
4-[1-(3,4-Dichlorophenyl)-5-methyl-1H-pyrazol-3-yloxy]-N,N-diethylbutan-1-amine,
1-{4-[1-(3,4-dichlorophenyl)-5-methyl-1H-pyrazol-3-yloxy]butyl}-4-phenylpiperidine,
4-{2-[1~(3,4-dichlorophenyl)-5-isopropyl-1H-pyrazol-3-yloxylethyl}morpholine,
2-[1-(3,4-Dichlorophenyl)-5-isopropyl-1H-pyrazol-3-yloxy]-N,N-diethylethanamine,
1-(3,4-Dichlorophenyl)-5-isopropyl-3-[2-(pyrrolidin-1-yl)ethoxy]-1H-pyrazole,
1-(3,4-Dichlorophenyl)-5-isopropyl-3-[3-(pyrrolidin-1-yl)propoxy]-1H-pyrazole,
1-{2-[1-(3,4-Dichlorophenyl)-5-isopropyl-1H-pyrazol-3-yloxylethyl}piperidine,
4-{2-[1-(8,4-dichlorophenyl)-1H-pyrazol-3-yloxylethyl}morpholine,
2-[1-(3,4-dichlorophenyl)-1H-pyrazol-3-yloxy] N,N-diethylethanamine,
1-(3,4-dichlorophenyl)-3-[2-(pyrrolidin-1-yl)ethoxy]-1H-pyrazole,
1-{2-[1-(3,4-dichlorophenyl)-1H-pyrazol-3-yloxylethyl}piperidine,
1-(3,4-dichlorophenyl)-3-[3-(pyrrolidin-1-yl)propoxyl-1H-pyrazole,
1-{2-[1-(3,4-Dichlorophenyl)-5-methyl-1H-pyrazol-3-yloxylethyl}piperazine,
4-{2-[1-(3,4-Dichlorophenyl)-4,5-dimethyl-1H-pyrazol-3-yloxy]ethyl}morpholine,
4-{2-[1-(3,4-Dichlorophenyl)-4,5-dimethyl-1H-pyrazol-3-yloxylethyl}morpholine,
2-[1-(3,4-Dichlorophenyl)-4,5-dimethyl-1H-pyrazol-3-yloxy]-N,N-diethylethanamine,
1-(3,4-Dichlorophenyl)-4,5-dimethyl-3-[2-(pyrrolidin-1-yl)ethoxy]-1H-pyrazole,
1-(3,4-Dichlorophenyl)-4,5-dimethyl-3-[3-(pyrrolidin-1-yl)propoxyl-1H-pyrazole,
1-{2-[1-(3,4-Dichlorophenyl)-4,5-dimethyl-1H-pyrazol-3-yloxylethyl}piperidine,

4-{4-[1-(3,4-dichlorophenyl)-1H-pyrazol-3-yloxy]butyl}morpholine,
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(2S,6R)-4-{4-[1-(3,4-dichlorophenyl)-1H-pyrazol-3-yloxy]butyl}-2,6-dimethylmorpholine,
1-{4-[1-(3,4-Dichlorophenyl)-1H-pyrazol-3-yloxy]butyl}piperidine,
1-(3,4-Dichlorophenyl)-3-[4-(pyrrolidin-1-yl)butoxy]-1H-pyrazole,
4-[1-(3,4-dichlorophenyl)-1H-pyrazol-3-yloxy]-N,N-diethylbutan-1-amine,
N-benzyl-4-[1-(3,4-dichlorophenyl)-1H-pyrazol-3-yloxy]-N-methylbutan-1-amine,

4-[1-(3,4-dichlorophenyl)-1H-pyrazol-3-yloxy]-N-(2-methoxyethyl)-N-methylbutan-1-

amine,
4-{4-[1-(3,4-dichlorophenyl)-1H-pyrazol-3-yloxylbutyl}thiomorpholine,
1-[1-(3,4-Dichlorophenyl)-5-methyl-3-(2-morpholinoethoxy)-1H-pyrazol-4-ylJethanone,

1-{1-(3,4-dichlorophenyl)-5-methyl-3-[2-(pyrrolidin-1-yl)ethoxy]-1H-pyrazol-4-

yl}ethanone,

1-{1-(3,4-dichlorophenyl)-5-methyl-3-[2-(piperidin-1-yl)ethoxy]-1H-pyrazol-4-

yl}ethanone,

1-{1-(8,4-dichlorophenyl)-3-[2-(diethylamino)ethoxy]-5-methyl-1H-pyrazol-4-

yl}ethanone,
4-{2-[5-Methyl-1-(naphthalen-2-yl)-1H-pyrazol-3-yloxylethyl}morpholine,
N,N-Diethyl-2-[5-methyl-1-(naphthalen-2-yl)-1H-pyrazol-3-yloxylethanamine,
1-{2-[5-Methyl-1-(naphthalen-2-yl)-1H-pyrazol-3-yloxylethyl}piperidine, and
5-Methyl-1-(naphthalen-2-yl)-3-[2-(pyrrolidin-1-yl)ethoxy]-1H-pyrazole,

or a pharmaceutically acceptable salt thereof.
7. Use of a sigma ligand according to any of claims 1 to 6, wherein the sigma ligand
is 4-{2-[5-methyl-1-(naphthalen-2-yl)-1H-pyrazol-3-yloxylethyl} morpholine, or a
pharmaceutically acceptable salt or stereoisomer thereof.
8. Use of a sigma ligand according to claim 7, wherein the sigma ligand is 4-{2-[5-
methyl-1-(naphthalen-2-yl)-1H-pyrazol-3-yloxylethyl} morpholine hydrochloride.
9. Use of a combination of at least one sigma ligand as defined in any preceding
claim and at least one opioid or opiate compound for simultaneous, separate or
sequential administration, in the manufacture of a medicament forthe treatment of

opioid-induced hyperalgesia associated to opioid therapy.
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10. Use of a sigma ligand in the manufacture of a medicament for the treatment of

opioid-induced hyperalgesia associated to opioid therapy, wherein the sigma
ligand is selected from the group consisting of
3-{1-[2-(1-(3,4-Dichlorophenyl)-5-methyl-1H-pyrazol-3-yloxy)ethyl]piperidin-4-
yl}-3H-imidazo[4,5-b]pyridine,

Ethyl 4-{2-[1-(3,4-dichlorophenyl)-5-methyl-1H-pyrazol-3-yloxylethyl}piperazine
carboxylate,
2-{2-[1-(3,4-dichlorophenyl)-5-phenyl-1H-pyrazol-3-yloxylethyl}-1,2,3,4-
tetrahydroisoquinoline,
1-{4-[1-(3,4-dichlorophenyl)-5-methyl-1H-pyrazol-3-yloxy]butyl}-6,7-dihydro-1H-
indol-4(5H)-one,
2-{4-[1-(3,4-dichlorophenyl)-5-methyl-1H-pyrazol-3-yloxy]butyl}-1,2,3,4-
tetrahydroisoquinoline,
2-{2-[1-(3,4-dichlorophenyl)-5-isopropyl-1H-pyrazol-3-yloxy]ethyl}-1,2,3,4-
tetrahydroisoquinoline, and
1-{2-[1-(3,4-Dichlorophenyl)-5-methyl-1H-pyrazol-3-yloxylethyl}pyrrolidin-3-
amine,

or a pharmaceutically acceptable salt thereof.



