USE OF | NDAZCOLE DERI VATI VES FOR THE TREATMENT OF

NEUROPATHI C PAIN The present invention relates to the
wae®s0i398n i ndazol e conpound for the prepar at i PCT/8P2084/007635

phar maceuti cal conposition active in the treatnent of

neur opat hi ¢ pain. Patent applications EP-A-O 975 623

and WD 93/03725 relate to a | arge nunber of conpounds

of ft%rEnHIL‘ 3INDA£51)E bﬁ&lvﬂgi\fk% HIQ%EE WHGH Bl o %Eg{_bﬁrTHH: PAIN

and when X 1s CH, H OH, I'i near or branched

al kyl chai n havi ng from 1to 3 carbon atons, a |inear

or branched al koxy chain having from1l to 3 carbon

atons, or a halogen atom and when Xis N, Ris H

Herei nafter, the conpounds of fornula (1) wherein R

and X [ [ Vi
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af orisgirdpamtionsitesph@omueutidal(dompasitiart asive in thbereatment

treatrent of, disarders of gastrointestinal notility,
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and anxi etrﬁ)ergthas now sur{)rl singly been found that

ConpalHfNY SRIPPPEIFRP] }prabta e in neuropat hi c
pain.t is known that on average about 10-20% of the
adul t popul ation suffer fromchronic pain. The chronic
clinical conditions
degener e | esions.

characteri sed by
Typi cal exanpl es
characteri sed by chronfic pain are r heunatoi d”

arthritis, osteoarthrLﬂks, fibronyal gi a, neuropathy,

(N
including those wherein
10 Xis CHorN, and
when X is CH, R is H, OH, a linear or branched alkyl chain having from
1 to 3 carbon atoms, a linear or branched alkoxy chain having from 1 to
3 carbon atoms, or a halogen atom, and
when X is N, R is H.
15 Hereinafter, the compounds of formula (I) wherein R and X have the
aforesaid meanings will for brevity be referred to as “Compound (I)”.
According to the aforesaid documents, Compound (l) is active in the
treatment of disorders of gastrointestinal motility, urinary incontinence,
cardiac arrhythmia and disorders of the central nervous system such as
20  memory disorders and anxiety.
It has now surprisingly been found that Compound (1) is particularly

active in neuropathic pain.



and the like [Ashburn M A Staats P S, Mnagenent of

chronic pain. Lancet 1999; 353: 1865-69]. Chronic
W@ai08/013989 par ti cul ar neur opat hi c pain, is oftePCI/EP2004/007635

debilitating and is a cause of |oss of working _

capacity and poor quality of life. Consequently, it

al so results in economc and sgcial | osses. The

anal gesi c drugs currently used“in the treatnent of
neur opat hi ¢ pain i ncl ude non-steroi dal o
antiinflammatories (NSAIDs), antidepressants, opioid

anal gegiis Sanoafd it ot ¥ RARbSuT Y§2b, %thhé/‘aéHUIPpnoﬁnéﬁon
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antidepressants, opioid analgesics, and anticonvulsants [Woolf C J,
Mannion R J. Neuropathic pain: aetiology, symptoms, mechanism, and

15 management. Lancet 1999; 353: 1959-1964].

However, chronic pain and, in particular, neuropathic pain is
notoriously difficult to treat with the drugs currently available.
Consequently, the development of novel analgesics has always been
one of the major targets of the pharmaceutical industry. Moreover, in

20 spite of the many research efforts intended to identify a suitable
analgesic compound, there are a significant number of patients for
whose pain condition there is still no satisfactory treatment [Scholz J,
Woolf C J. Can we conquer pain? Nat Neusci. 2002; 5: 1062-76].

The present invention thus relates to the use of a compound of

25 formula (I):



when X is NRis H or of an acid addition salt
thereof with a pharmaceutical® acceptabl e organic or
W0 p@sQaBe acid, to prepare a pharmaceutical PCT/EP2004/007635
conposition active in the treatnment of neuropathic
pain. Typical exanples of pharmaceutically acceptable
organic and i norganic acids are: oxalic, nmaleic,
nmet hanesul phoni c, paratolueneéﬁlphonlc succini c,
citric, tartaric, lactic, hydrochloric, phosphoric and
sul phuric. Typical exanples of pathol ogi cal conditions
characterised by neuropathic pain are diabetes,
cancer, inmmunodefi ci efigy, traunas, i schaem a, nultiple

sclerosis, sciatic neuya ia em nal neuralgia and
post - herpetlc ; : rab

phar maceut i cal mosﬁ ions of pr entlon
are prepared in £.orm of suitabl e dosa

contai ning an effectilve dose of at |east one Cbnpound
(1) or of an acid additdion salt thereof with a

phar maceutical ly acceptable organic or inorganic acid
and at | east one pharmaceutically acceptable inert

i ngredi ent. Exanpl es of suitable dpsage forns are

tabl ets, capsules, coated tablets, granules, solutions
and syrups for oral adm nistration; nedicated
pla§Wé?§”nsolut|ons pastes, creams and oi ntnents for

trangdecrpbr RAghdi stration; suppositories for rectal
admini stration and sterile solutions for
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h i N :
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for @catbwratbmseorad‘ml@bn afiost,reatci on. The dosage forns

may ﬁ%&?xﬁ%?@ﬁﬁﬁ?HPther conventional ingredients
or of an acid addition salt thereof with a pharmaceutically acceptable
organic or inorganic acid, to prepare a pharmaceutical composition

10  active in the treatment of neuropathic pain.

Typical examples of pharmaceutically acceptable organic and
inorganic acids are: oxalic, maleic, methanesulphonic,
paratoluenesulphonic, succinic, citric, tartaric, lactic, hydrochloric,
phosphoric and sulphuric.

15 Typical examples of pathological conditions characterised by
neuropathic pain are diabetes, cancer, immunodeficiency, traumas,
ischaemia, multiple sclerosis, sciatic neuralgia, trigeminal neuralgia and
post-herpetic syndromes

Preferably, the pharmaceutical compositions of the present invention

20 are prepared in the form of suitable dosage forms containing an
effective dose of at least one Compound () or of an acid addition salt
thereof with a pharmaceutically acceptable organic or inorganic acid
and at least-one pharmaceutically acceptable inert ingredient.



such as: preservatives, stabilisers, surfactants,
buffers, salts to regulate the osnotic pressure,
werwbs1Io8er s, sweeteners, colorants, flavouri NBGST/BPIH04/007635
the like. f required by particular therapies, the
pharmaceuti cal conposition of the present invention
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The amount of Compound (l) or of an acid addition salt thereof with a
pharmaceutically acceptable acid in the pharmaceutical composition of
the present invention can vary over a wide range depending on known
factors such as, for example, the type of pathology with which the

20  neuropathic pain to be treated is associated, the severity of the disease,
the patient’s body weight, the dosage form, the chosen administration
route, the number of administrations per day and the efficacy of the
chosen compound of formula (1). However, the optimal amount can be
determined in a simple and routine manner by the person skilled in the

25 art.

Typically, the amount of Compound (l) or of an acid addition salt
thereof with a pharmaceutically acceptable acid in the pharmaceutical
composition of the present invention will be such as to ensure an
administration level of from 0.001 to 100 mg/kg/day of Compound (1), as



The anal gesic activity of Conpound (1) has been proved
by means of two experinental nodels in the rat:
wabdosgyiesa i nduced by |igature of the sciatic PET/ER208410D7635

mechani cal hyperal gesia in diabetic neuropathy induced

by streptozotocin. As is known to the person skilled
inthe art, the aforesaid expegi mental nodels can be
considered to be predictive of "activity in man. The
experimental nodel of ligature of the sciatic nerve in
the rat is a neuropathy which reproduces a series of
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pai nman. man. n particul ar, the rmdel is a valid exanple

Ohar ac ¥ EBRHE B AAEHLFR Wbl BEU SURES pesianani atis o

‘@ | odguropathyewhizh reproduces a series of responses similar to those
observed in man in many traumatic and pathological conditions
associated with neuropathic pain. Ligature of the sciatic nerve is in fact
capable of inducing a syndrome associated with the activation of
specific circuits responsible for the control of the perception of pain and

20  characterised by the appearance of allodynia, hyperalgesia and
spontaneous pain. As is well known, this model is an effective
instrument for the study of drugs for use in the treatment of neuropathic
pain in man and, in particular, in the control of conditions such as
allodynia and hyperalgesia.

25 In its turn, the diabetic neuropathy induced by streptozotocin in the
rat is an insulin-dependent syndrome characterised by a concomitant
decrease in the conduction speed of the motor and sensory nerves and
the appearance of a series of anomalies in the perception of pain. As is
well known, this model is a useful instrument for the study of drugs for

30  use in the treatment of neuropathic pain in man. In particular, the model



primary | esions or dysfunctions of the nervous system
Typi cal exanpl es of human pat hol ogi es characteri sed by

wo b@say®Bunct i ons described in the two experi neet/aP2004/007635
nodel s cited above and characteri sed by the presence
of neuropathic pain are diabetes, cancer,
i mmunodefi ci ency, traum, iscq?enia, mul tiple
sclerosis, sciatic neuralgia, Trigemnmnal neuralgia and
post - herpetic syndrones. TESTS 1. Allodvnia induced by
ligature of the sciatic nerve in the rat Male CD rates
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18ndegartigisdciatic nerve injury. Pain 1990; 43: 205-218: Bennett G J, Xie Y
K. A peripheral mononeuropathy in rat that produces disorders of pain
sensation like those seen in man. Pain 1998; 33: 87-107]. After at least
two weeks following the ligature of the sciatic nerve, rats which showed
a reduction of a least 50% in the response threshold recorded before

20 the operation were selected. The pain threshold was measured by
means of a von Frey instrument which, by applying a gradual increase
in pressure on the plantar zone of the left hind paw of the rat, makes it
possible to record the nocifensive response, expressed in grams,
corresponding to the moment at which the animal withdraws its paw.

25 At 30 minutes, 1, 2 and 4 hrs after the treatment, the pain threshold
measured in control animals was compared with that measured in
animals treated with the hydrochloride salt of Compound (l) under test
wherein R = 4-OH and X = CH.



wherein R = 4-0CH and X CH. The control animals were

treated with sane vehicle (water) as was used for
waowshimsr ati on of the product under test. ThePCEEPI00§007635

are shown in Figure 1. Simlar results were obtained

wi th the hydrochl oride salts of Conmpounds (1) prepared

according to Exanples 2 (I, X_NgH, R=H and (I X =N

R =H of EP-A-O 975 623. 2. hani cal hyper al gesi a

inrats with diabetes induced by streptozotocin Mle

CD rates of weight 240-300 g on arrival were used. The

di abet rrhesamﬂrdprmumal% WerEestRywRh ShRH 9 hlcle water) as was
i ntraperiton (t i njection of 8Ongla1
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L ypelalgesia, ra , d
foIIeMem@zbhen1nJect|on of streptozot00|n Latshm1gh
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| ect r
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reflectometer uti’lising reactive strips
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| ef t diabatic pais: @bhahleur&ltewdsmoesfdrta prasizl D e&hirénie g0 .0Pain,
the ’i@é\éfﬁ"?séﬁ’%B[ BARCA \ﬁlx%ecise?%l \Rl %mrrBj, Campbell J E,
15 Americ S P. ABT-594, a novel cholinergic channel modulator, is
efficacious in nerve ligation and diabetic neuropathy models of
neuropathic pain. Brain Res. 1998; 801: 158-63].
After at least three weeks following the injection of streptozotocin,
rats with a;glyoaemia level =2 300 mg/dl and a response threshold < 120

20 g to a mechanical nociceptive stimulus were selected. The glycaemia

Bral n

levels were measured using a reflectometer utilising reactive strips
impregnated with glucose oxidase. The pain threshold was measured
using an analgesimeter. The instrument, by applying a gradual increase
in pressure on the dorsal zone of the left hind paw of the rat, makes it
25 possible to record the nocifensive response, expressed in grams,
corresponding to the moment at which the animal withdraws its paw.

At 30 minutes, 1, 2 and 4 hrs after the treatment, the pain threshold
measured in control animals was compared with that measured in
animals treated with the hydrochloride salt of Compound (I) under test

30 wherein R=4-OH and X = CH.



corresponding to the nonent at which the ani nal
Wthdraws its paw. At 30 mnutes, , 2 and 4 hrs after

wWo b@s01»8e nent, the pain threshold neasured i NnPCDEP2004/007635
ani mal s was conpared with that nmeasured in animals
treated with the hydrochloride salt of Conmpound (I)
under test wherein R = 4-OH ang X = CH. The control
animals were treated with same vehicle (water) as was
used for adm nistration of the hydrochl oride salt of
Compound (I) under test. The results are shown in
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N tggt,= H of EP-A-O 975 623. Exanples Exanple 1
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1- i soptopyesultsiiradaevindn Fdwardboxani de hydr ochl ori de
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t hus obt ai ned was Ieft at rmcermémperature wi th
stirring for 3 hrs. The sol ent vvas then renoved by
evapor ati on under reduced d and the residue was

t@kenNgp - m&ﬁyd)ﬂoki?pﬁéﬂyl)@ﬂﬁ/l t@pge\fﬂlﬁybﬁ\&ﬁﬁk I‘ﬂﬂgopropyl 1H-

pr oduct ich wa rther puriticatio

b) lndazole 3 carboxamlde hydrochlorlde

1-(2-(4-hydr oxyphenédarﬁb&yrga IR glcm_quq_j @Vl') nmet hanam ne
Method A)

a) N-hexahydro-4-piperidinylmethyl-N-phenylmethylideneamine
15 Benzaldehyde (38.2 g, 0.36 moles) was added dropwise to a solution
of 4-aminomethyl-piperidine (41.1 g, 0.36 moles) in toluene (180 ml).
The solution thus obtained was left at room temperature with stirring for
3 hrs. The solvent was then removed by evaporation under reduced
pressure and the residue was taken up twice with toluene to give the
20  desired product which was used without further purification.
b) 1-(2-(4-hydroxyphenyl)ethyl)-4-piperidinylmethanamine
The product obtained in step 1a) (63.2 g, 0.31 moles) was dissolved
in absolute ethanol (50 ml) and added to a suspension of 2-(4-
hydroxyphenyl)ethyl bromide (prepared as described in Acta Chem.
25 Scand. 21 (1) 53-62, 1967) (62.8 g, 0.31 moles), and anhydrous
potassium carbonate (64.7 g, 0.47 moles) in 150 ml of absolute ethanol.
The suspension thus obtained was boiled under reflux for 16 hours. The
reaction mixture was then allowed to cool to ambient temperature and
fitered. The filtrate was evaporated under reduced pressure. The
30 residue thus obtained was suspended in 3N HCI (280 ml) and left at



The product obtained in step 1la) (63.2 g 0.31 nol es)

was di ssolved in absolute ethanol (50 m) and added to
w@2@8sp®8si on of 2-(4- hydroxyphenyl)ethyl bror¢T€P2004/007635

(prepared as described in Acta Chem Scand. 21 (1)

53-62, 1967) (62.8 g, 0.31 noles), and anhydrous

pot assi um carbonate (64.7 g, 0.47 noles) in 150 m of

absol ute ethanol. The suspen3|§n t hus obtai ned was

boi | ed under reflux for hours. The reaction m xture

was then allowed to cool to anbient tenperature and
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pressure. The residue thus al ned was susSpe
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aquemeadehikabnevis pHasmaibwat!hlltmh@fljﬁmdﬁ(@fieggétégmaQﬂat was
n ma a al | =
1) P W SRR B O oRng Sallaad Fomeabsolute
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e esire ro
s Oh SRl B ARSH ke s (g G BE s #mon B 1.90
3H) (t1J5=2‘11 H3 ém)l 223ﬂ) 2.75 89 é}m 2’.5&5124995 t: ggﬁ')%esg (g J =

2.30-2. 75
oH) : Hg, 8B (@981d=39=9rlzlz alﬁi)

8 St A
sol utﬁdﬂioé‘Stcla&qxe@ddehydmoaimm instep) ( 0.0 g,
0,0 IO 38N ld KA SRS (20 yp b B s b
1- (1andttptiet-aydine X801 mijad ol emdtex riRoBVIF ¢1@Fingl) | was added
ohl oL 856887 B sIoE Elhmh BT ndiags b ooyl
ﬁq Ie r ?ggcmdérqn(g;%lglr g O\%E;ﬁ?%%)éﬁ%?& egtalh*{] %?%sfcgf‘o'edgn BEA-0 975
623, in DMF (50 ml). After having been stirred continuously at room
temperature for 18 hrs, the reaction mixture was transferred into a
separatory funnel, added with H>O, and extracted with ethyl acetate (3 x
150 ml). The organic phase was separated and dried over Na,SQ,. The
20 solvent was removed by evaporation under reduced pressure. The
residue thus obtained was taken up with absolute ethanol and
transformed into the corresponding hydrochloride salt by addition of
ethanolic hydrogen chioride. The solution was evaporated under
reduced pressure and the residue was crystallised from ethanol to give
25  the desired product (20 g).
Method B)
2-(4-hydroxyphenyl)ethyl bromide (prepared as described in Acta
Chem. Scand. 21 (1) 53-62, 1967) (3.4 g, 0.017 moles) and anhydrous
potassium carbonate (4.6 g, 0.033 moles) in absolute ethanol (100 mi)
30 were added to a solution of N-(4-piperidinylmethyl)-1-isopropyl-1H-3-



separatory funnel, added with H O and extracted with
ethyl acetate (3 x 150 m). The organi c phase was

waeepansoerd and dried over Na SO . The sol vent REBEP2004/007635

renmoved by evaporation under reduced pressure. The
resi due thus obtained was taken up with absolute

et hanol and transforned into th@ correspondi ng
hydrochl ori de salt by addi tion 9 et hanol i c hydr ogen
chl oride. The solution was evaporated under reduced
pressure and the residue was crystallised from ethano

to giw@aidl@caisﬁkérﬁ@epkﬂgu%tobm 9 lesz/eg.tég%r@ as described in

rom de

2-(4- é]%gﬂox%;)he%l ) et

descr @J‘leﬁhSO@é%trﬁihaM (81.) mﬂ)a Bhe dieHBnsion thus
3.4 1

(a6 el g8aTopiida FEhERBHEN CUToRR BTy Bt oY il e

added;uegelaSIQthaSoHt&réd and the flltrate evaporated under reduced

4- dipnyl 3-i ndazol b
o FoRns: P REIOG i b e ives theh diuisformeen imo the
EP- Ao@rrezﬁomaguhydmmndeeeeet adiebolu&en i e’shyTHSetate addition
susp%l'f15| US obt ai ned wa St red conti nuousl Yy

under %‘?]Ia{?? oPYOIBORI pryor sigenstalisaties ffidm ealkeplute

and teltiearfol k6 gazeahe\mnéatpﬁe@duaw@a educed pressure.
The reS|d e thus obtai ned was then transfornmed into

t he §nd?3f91 yvdrochloride salt by dissolution in
et hyl @@ﬁ{@ﬁg rpdqlgg t al i ¢ hydrjogep, chlori de
and recrystal |a| Sat |I§unt|:9|$.:| UIH?C?WEI? d1h:”‘“| o glve ’q

t he debifpaad pr oduct (2.2 g). mp. =6868 2206C 12.14

El emer%% a sis 5H3 HO CHN %éé’:ﬁ[l}nd bbb%té 7 ?2.26

12 14 @&Lﬁ@%ﬁ?gtm 65.70 728 12 |2 R ( Q.| d)':

1055 "HANMR DRI, 5)8H)55 16,6327 492, (601); 55-2219 O, 5H); 2.70-
3.75 (m, 10H); 5.09 (heptet, J = 7 Hz, 1H); 6.75 (d, J = 8 Hz, 2H); 7.06
(d, J = 8 Hz, 2H); 7.21-7.30 (m, 1H); 7.40-7.50 (m, 1H); 7.8 (d, J = 8 Hz,
1H); 8.21 (d, J = 8 Hz, 1H); 8.46 (m, 1H); 9.40 (s, 1H); 10.80 (s broad,
1H).

15 Example 2

A tablet comprising, as the active principle, a Compound () of the

present invention, has the following composition:

Active principle 50 mg
Lactose monohydrate 161 mg
Dibasic calCium phosphate dihydrate 161 mg
Microcrystalline cellulose 95 mg
Maize starch 30 mg
Sodium carboxymethyl starch 24 mg
Povidone 11 mg
Magnesium stearate 3 mg

Example 3



3.75 (m 10H); 5.09 (heptet, J 7 Hz, H; 6.75 (d, J
=8 Hz, 2H); 7.06 (d, J =8 Hz, 2H); 7.21-7.30 (m H);
WQ 2000073980 (m H); 7.8 (d, J = 8 Hz, H); 8.21 PdI/EB2064/@7635
Hz, H; 8.46 (m H); 9.40 (s, H; 10.80 (s broad, 1H).

Exanple 2 A tablet conprising, .as the active
principle, a Conpound (I) of t1he present invention,
has the foll ow ng conposition: hetive principle 50 g
Lact ose nonohydrate 161 ng Di basi c cal ci um phosphat e
di hydrate 161 ng M crocrystalline cellul ose 95 ng
Mai ze m t a
Pov! done aipoRts, o EASE 5 2N UHTE ehflciib ot Lhorfbollfu
anmpoifte Pfﬁﬁ?ﬁi iréfﬁﬁt:lon das the fa&Qng qEnpusitidre, a
Comp t he,present i nvention, has the
foll %vl{&ﬂﬂeg”)‘n% iti 8§n‘? ctive princi pI e 25 g Sorbitol
g.s. S‘ombltolsosrmtl c gl firiisosiétiesolgtiont o 100 m

e 4 A pharnmaceut, nposition in granul es
con‘p%@ tehg, as the géttpv@%m?nci pl e, a Compound (1) of
the present i nventl on, has gxemprel4 owi ng conposi tion:

Active .principle 50 ng
A pharm ceutloal composition in granules comprising, as the active

5 principle, a Compound (l) of the present invention, has the following

composition:

Active principle 50 mg
Maltitol , 1300 mg
Mannitol 2700 mg
Saccharose 1000 mg
Citric acid 20 mg
Aspartame 20 mg

Flavourings . 200 mg



Maltitol , 1300 ng Mannitol 2700 ng Saccharose 1000 ngy
Citric acid 20 ng Aspartane 20 ng Fl avourings 200
wWOo@EAII® . Use of a conpound of formula : (i)P@ITEP®04007635
Xis CHor N and when Xis CH Ris HOH a linear ‘or
branched al kyl chain having from1 to 3 carbon atons,

a linear or branched al koxy chain having from1 to 3
carbon atons, or a hal ogen atoﬁ%’énd when Xis NRis
H or an acid addition salt thereof with a

phar maceuti cal » acceptabl e organic or inorganic acid,
to prepare a pharmaceutical CoMMSition active in the
treatment of neuropathic pain. 2. Use of a conmpound of
f or mlt a Yse)ofse@napund ebfaomailad:1 wherein X is CH and R
is H 3. Use of a conpound of fornula (1) according to
Caim1l wherein X isWN and Ris H

¥
T

()

wherein
5 X is CH or N, and
when X is CH, R is H, OH, a linear or branched alkyl chain having
from 1 to 3 carbon atoms, a linear or branched alkoxy chain having
from 1 to 3 carbon atoms, or a halogen atom, and
when Xis N, Ris H,
10 or an acid addition salt thereof with a pharmaceutically acceptable
organic or inorganic acid,
to prepare a pharmaceutical composition active in the treatment of
neuropathic pain.
2. Use of a compound of formula (1) according to Claim 1 wherein X is
15 CHand R is H.

3. Use of'a compound of formula (1) according to Claim 1 wherein X is
N and Ris H.



