1 5 JUN 2004 WO 01/46174 PCT/ SEO0/ 02562 1 NOVEL COVPOUNDS Fi el d of %Ee
invention 5 The present invention is directed to novel conpounds, t alUN 7004
process for their preparation, their use and pharmaceutical conpositions
conprising the novel conpounds. The novel conpounds are useful in therapy,
and in pakhhﬁghgr for the treatnent of pain. Background apgspid@Esart 10
The S receptor has been identified as having a role in many bodily
functions such as circulatory and.painl systens. Ligands for the b receptor
may therefore find potential use as anal gesics, and/or as anti
hypertensi ve agents. Ligands for the S receptor have also been, shown to

possess i ctivities. 15 The identification of at |east
t hree difﬁgggﬁiﬂgﬁgﬁ%gh¥g s of opioid receptors (, S and x) is now well

established and all three are apparent in both central and peripheral
nervous systens of nmany species including man. Anal gesia has been observed
i n vari ousFieldiofigle invamdeh s when one or nore of these receptors has been
activated. 20 25 Wth few exceptions, currently avail able sel ective opioid
S ligands, are peptidic in nature and are unsuitable for adm nistration by

2. ot al ThE SR np e teof b aRP o B o el reghbi (511 5K

their use and pharmaceutical compositions comprising the novel compounds. The novel

compounds are useful in therapy, and in particular for the treatment of pain.

Background and prior art

The & receptor has been identified as having a role in many bodily functions such as
circulatory and pain systems. Ligands for the & receptor may therefore find potential use as
analgesics, and/or as antihypertensive agents. Ligands for the & receptor have also been .
shown to possess immunomodulatory activities.

15
The identification of at least three different populations of opioid receptors (i, 0 and x) is
now well established and all three are apparent in both central and peripheral nervous
systems of many species including man. Analgesia has been observed in various animal
models when one or more of these receptors has been activated.

20 _
With few exceptions, currently available selective opioid d ligands, arr:, peptidic in nature
and are unsuitable for administration by systemic routes. One example of a non-peptidic
8-agonist is SNC80 (Bilsky E.J. et al., Journal of Pharmacology and Experimenial
Therapeutics, 273(1), pp. 359-366 (1995)). There is however still a need for selective

25 §-agonists having not only improved selectivity, but also an improvéd side-effect profile.

Thus, the problem underlying the present invention was to find new analgesics having
improved analgesic effects, but also with an improved side-effect profile over current u
agonists, as well as having improved systemic efficacy.

30



Therapeutics, 273(1), pp. 359-366 (1995)). There is however still a &em
for selective S-agonists having not only inproved selectivity, but 1 7;9%
i nproved side-effect profile. Thus, the problem underlying the present
invention was to find new anal gesics having inproved anal gesic effects,

but al sowgigifagiap | nproved side-effect profile over curreptT/SE00/®EENI StS, as
wel | as having inproved systemc effi c&gy. 30 1 5 JUN 2004 WO 01/ 46174

PCT/ 5E00/ 02562 2 Anal gesi cs that have en identified and are existing in
the prior art have many di sadvantages in that they suffer from poor

phar macoki neti cs and are not anal gesic when adm nistered by systemc
routes. Al I d t . Lr I conpounds,
descri bed %‘%H%S%S Fﬁgh%r%%g?n @?#ﬁghaggvaéﬁ%géﬁng léglgﬁ‘te pggﬁ%ﬁgl%\r}{éf ffects when 5
admi ni st er&@d&@fﬁ%@mmﬁﬂ ey SOfeNBYR PIBNOHLMAEbIEMALs SRY drdhdt HAIFRHE MEn NOt
specifically disclosed by, but included wthin the scope of WO 98/28270,
exhi bi t swudpinisendby syypnovedes Adspoitihgs bgpnaloenmersed tatpreferred Gwagompstt ency
relative to conpounds . disclosed in W98/ 28270, when adm nistered 10

syst eni calSPJPOHTHE. %Mﬁﬂ@%?’wm@r ﬁrﬁ,égems’a"eﬁfémqoaﬁg]éwarﬂ PEtS $Nghi fi cant

and unexp i evel s of delta receptor agoni smand netabolic

st abi | i%ty%(a&jgg%ﬁepigﬁsgétﬁﬁgyhe I nvention The novel conpounds according to the
present invention are defined by the fornula | CH3 CH3

We have now found that certain compounds not specifically disclosed by, but included
within the scope of WO 98/28270, exhibit surprisingly improved 8-agonist properties and
in vivo potency relative to compounds disclosed in WO98/28270, when administered

i systemically. The compounds of the present invention exhibit significant and unexpected

imcreased levels of delta receptor agonism and metabolic stability.

OQutline of the invention

The novel compounds according to the present invention are defined by the formula I

CH, O
L

aelosr
CH) e CH,

3

wherein



CH3 wherein 1 5 JUN 2004 WO 01/46174 PCT/5E00/ 02562 3 Rl is selected from
(i) phenyl; 5 (ii) pyridinyl (iii) thiophenyl S 0\/ (iv) furanyl {%)JUN 200t
i mdazolyl (vi) tniazolyl 20 where each Rl phenyl ring and Rl

het eroaromatic ring may optionally and i ndependently be further

substituﬂsq]@%ﬁé, 2 or 3 substituents selected from strapghip@ndsdr anched
Cl- C6 al kyl, , CF3, Cl-C6 al koxy, chloro, fluoro, brono, and iodo. The

substitutions on the phenyl ring and 8n the heteroaromatic ring my take
place in any position on said ring systens. 25 Wthin the scope of the
invention are al so pharmaceutically acceptable salts of the conpounds of
the formula |, as well as isoners thereof. When the phenyl ring and the
het eroaromatic ring(s) are substituted, the preferred 30 substituents are
sel ected fFf o pyanenef CF3, nethyl, iodo, bronp, fluoro and chloro.

(i) phenyl;

s (i1) pyndiny! N
=

(111) thiopheny]
S

L/

10

(iv) furanyl
(v) imidazolyl
(vi) triazolyl

20  where each R' phenyl ring and Rl heteroaromatic ring may optionally and independently
be further substituted by 1, 2 or 3 substituents selected from straight ar;d branched
C;-Cg alkyl, NO5, CF3, C1-Cg alkoxy, chloro, fluoro, bromo, and iodo. The substitutions
on the phenyl ring and on the heteroaromatic ring may take place in any position on said
ring systems.

25
Within the scope of the invention are also pharmaceutically acceptable salts of the

compounds of the formula 1, as well as 1somers thereof.

When the phenyl ring and the heteroaromatic ring(s) are substituted, the preferred

30  substituents are selected from anyone of CF3, methyl, iodo, brome, fluoro and chloro.



1 5 JUN 2004 WO 01/46174 PCT15E00102562 4 In a preferred enbodi nent of the
i nvention, the conpounds of fornula | are present as the (+)-enantilGn#m, 2004
or as the (-)-enantioner. 5 By "isonmers" we mean conpounds of the fornula
I, which differ by the position of their functional group and/or
orientathqnnmﬁﬁ "orientation" we nean stereoisoners, di aghREeHISETESrS,
regi oi somers and enantioners. The novel conpounds of the present invention
are useful in therapy, especially for tthe o treatment of various pain
conditions such as chronic pain, neuropathic pain, acute pain, cancer pain,
pai n caused by rheumatoid arthritis, mgraine, visceral pain etc. This |ist
shoul d however not be interpreted as exhaustive. Conpounds of the invention
are useful as immunonodul ators, especially for autoi mune is diseases,

such as arlwg{eﬁé e%g{odﬁﬁn@ofa{h@ﬁﬁvimiaf rbng%H{%dl%' GfoPmafad aﬁs;sﬁiea{assmégl cal

needs, for c agen di seases, various for use as ‘anti-tunour
agent s and+adgrahtiothérabr agkaf-Sendodomersnds of the invention are useful in
di sease states where degeneration or dysfunction of opioid receptors is
present or inplicated in that paradign1 This may involve the use of 20

| sot opi Cagy%/ é%ﬁ}ﬁmg’tgg Q}Enc?s 5tt}tn]eef8 n]g([fi ﬁ%h §1ff § %gtlllenvgﬁtoh WPrrell

di agno§t| I'TB.gI n I'tron €em ssion

t omogr aphyudcREdal gr&@m%adﬁerﬁimﬁmy k BYeRdtioAN walrhead $&kadisonRs, t he treat ment
of diarrhoea, depression, anxiety, urinary incontinence, various nental

illnesses dlasmnegtspmecsng:guadmm andgmamiysnegaist ro 25 i ntestinal disorders,
spinal injury and drug addiction, including the treatnent of al cohol,
ni cotine, opioid and ot her drug abuse and for disorders of the synpathetic

nervous syt Ghlei EOLp&IRATDE fie BYRET ERARAG are useful in therapy, especially for the
10 treatment of various pain conditions such as chronic pain, neuropathic pain, acute pain,
cancer pain, pain caused by rheumatoid arthritis, migraine, visceral pain etc. This list

should however not be interpreted as exhaustive.

Compounds of the invention are useful as immunomodulators, especially for autoimmune
1s  diseases, such as arthritis, for skin grafts, organ transplants and similar surgical needs, for

collagen diseases, various allergies, for use as anti-tumour agents and anti viral agents.

Compounds of the invention are useful in disease states where degeneration or dysfunction
of opioid receptors is present or implicated in that paradigm. This may involve the use of
20 isotopically labelled versions of the compounds of the invention in diagnostic techniques

and imaging applications such as positron emission tomography (PET).

Compounds of the invention are useful for the treatment of diarrhoea, depression, anxiety,
urinary incontinence, various mental illnesses, cough, lung oedema, various gastro-

25 intestinal disorders, spinal injury and drug addiction, including the treatment of alcohol,
nicotine, opioid and other drug abuse and for disorders of the sympathetic nervous system

for example hypertension.

Compounds of the invention are useful as an analgesic agent for use dunng general

30 anaesthesia and monitored anaesthesia care. Combinations of agents with different



Compounds of the invention are useful as an anal gesic agent for use ? ,fﬂ%
general 30 anaesthesia and nonitored anaesthesia care. Conbi nations g UNZ004
agents with different 1 5 JUN 2004 WO 01/46174 PCT/ SEQQ 02562 5 properties
are often used to achieve a bal ance of effects needed to maintain the

anaest helyb@4ebat € (eg. ammesi a, anal gesi a, nuscl e rel axptTsBoKNSE2
sedation). Included in this conbinatiog are inhal ed anaestheti cs,

hypnoti ca, anxiolytics, neuronuscul.ar Bl ockers and opioids. Also within the
scope of the invention is the use of any of the conpounds according to the
formula | above, for t he nanufacture of a nedicanment for the treatnent of

any of [ GrofRReklons Jdlaguongt AhRRe of iU DERARRRR it B ugnt | on

is a neth erin

condi t i onga@i(s %%&ﬁﬂ@ia ahaMesia, \mﬁbl@b&lam ofifah@ eddaden d)amawm&d of thas &ﬁmmﬁaﬁ
according to the fornula | above, is adm nistered to a patient in need of

such t r eaemenitaledidngesthatics, igtpubtigat drixivl ytite, rsoopuisoflat Hecksremdmpididssenti on, is
any novel internediate as described in Schenme | hereinafter useful in the
synt hesi s of conpounds of fornula | above. 15 Methods of preparation The

ComPoune B 98 46,0, | SR RS AR B B 1

t he synt etic proce nowT procedure

i s descri heshulat abked, fort thk shandfactile, of laaﬁhdlc)érneﬁhemhe&!mmdﬂeuf anypyf.the363- 373
(1994), which is hereby incorporated 20 by reference. 1 5 JUN 2006 WO
01/ 46174 conditions discussed above.

A further aspect of the invention is a method for the treatment of a subject suffering from
10 any of the conditions discussed above, whereby an effective amount of a compound

according to the formula I above, is administered to a patient in need of such treatment.

Also included within the scope of the present invention, is any novel intermediate as

described in Scheme I hereinafter useful in the synthesis of compounds of formula I above.

Methods of preparation

The compounds according to the present invention may be prepared by following the
synthetic procedure described in Scheme I below. This known procedure is described in
Katritsky, A.R., Lan, X. Chem. Soc. Rev., pp. 363-373 (1994), which is hereby incorporated

20 by reference.



- 0 Et2N O Et2N 6 Schene | CHO Et2N 1) Deprotection 2) ArCH2L, base such as

triethyl anine, or ArCHO and reducing agent such as NaCNBH3, Na(Acd)i384 2004
P=a protecting group such as Bn, Boc, CBz M= Li, My, Zn X=Br, | L=C, Br,
Ovs, OIs, | R = as defined in fornmula (1) above PCTI SE00102562 1 5 JUN 2004
WO 01/ 4 Z,Zblﬁf;{%SEOO’ 02562 7 Exanples The invention w | pchggodhRsstescri bed
in nore detai y the follow ng Exarrpl%s, whi ch are

NR, N
P -
M
© 0
M X
O
Oy i
T
N O 1)Deprotection
ENJ 2) ArCH,L, base such as [Nj ©
P triethylamine, or ArCHO and
reducing agent such as NaCNBH;, )N
Na(Aco),BH R’

P=a protecting group such as Bn, Boc¢, CBz
M= Li, Mg, Zn

X=Br, |

L=C}, Br, OMs, OTs, |

R'= as defined in formula (l) above



not to be construed as limting the invention. 5 The conpounds according to
Exanpl es 1-3 were prepared by followi ng the synthetic procedure deddy et
in Schenme | below. Schenme 1 OH T120, pyr CH2Cl2 (86% OIf (1) Pd(QAc)?2
dppf, CO\~0 MOH, DVSO Bf 3N. 80. C CO2Me (69% (2) 1. DiBAL, THF, Tol, (90%
2. PDC, wbidthédrs (67%9 CHO (3) (a) 1 5 JUN 7004 PCT/SE00/02562

7

Examples

The invention will now be described in more detail by the following Examples, which are

not to be construed as limiting the invention.

5 The compounds according to Examples 1-3 were prepared by following the synthetic

procedure described in Scheme 1 below.

Scheme 1
THO, 1. DIBAL, THF,
TQ.eyr ka _Pd{OAS), Tol, {30%)
CH,Ci; dppf, CO o 0
{B6%) MeOH, DMSO 2. PDC, CH,Cl,
Et,N.80.°C  CO,Me (67%) CHO
(69%) @ (3)

o
ELN o 0
I 1. 50Cl, 1

I ELN O O CH,Cl, ELN O O

n-Buli, THF 2. Piperazine
-78°C OH 0 CH,CN, 8G*C

(73%) @ (66%) [ j

BnBr, Et,N
MeCN, 25 *C, ah
(65%])

4-1-BnBr, Et,N

NaBH,CN, HOAc
MeOH, 25°C, 12h

=y 0
l/

{34%}




- WD 01/ 46174 PCT/ SE00/ 02562 8 Exanple 1 Preparation of

4-1(4-benzyl -1 - pi perazi nyl ) (2, 2-di net hyi - 2, 3-di hvdr o- 1- benzof ur an- 71 5 JUN 200
yl)meth FI-N, N-di et hyl benzam de di hydrochl ori de (conmpound 6) s (1)

" Preparation of 2,2-D methyl-2.3-di hydro-I|-benzofuran-7-yl

trifluor f,m% sul fonate (conmpound 1) PCT/SE00/02562

2, 2-di met hyl -2, 3-di hydr o- 1- benzofuran-7-ol (19 g, 0.11 nol) and pyridi ne
(18 m., 0.23 nol) was dissolved in cHECl2 at 0 C. Triflic anhydri de (23
m., 0.14 nol) was added dropw se. After strirring 1 h at 25 Cthe mxture
was diluted with CH2Cl 2 and washed with io HOJ (aq.), dried (Mg SO4) and
evaporated.in vacuo. Yield 32 g (96% of conpound 1, which did not need

purificati was used directly in the following step. 'H NVR (CDCl 3) 8
(lEI5§) §rls Pleparitidf o@%!g@ﬁﬁnzxﬁl%}g&ﬁ%lg%!aj%z arnQe’ih¥l[Q:3-Hliﬂvdr3 BerzBiurdhly. 15 M5

2, 2-di net M]mah@-a}.i.ﬂwﬂethvlbebmmdtldl@dré’&lﬂmﬂmmh‘ﬂmandmorrpound 2) Conpound
1 prepared in the previous step above (32 g, 0.11 nol) was dissolved in 20
DVSO (200 L), MeOH (100 mi) and Et3N (34 ni, 0.25 nol). Carbon nonoxi de
was passBdrepautigh of RE-Bishethyloh3-Rilgydrp-i; betnh@fhlrya-ﬂl')ddl um acetate (0.24 @)

and dppf nd th xture heated at 70 C under CO
at nosphertg-huﬂf%?mgn?ﬁmﬂ’d%ﬁg(‘boé'i'?oé'd’i acetate (0.10 g) and dppf (0.50 g)

was added 2 Afrhedfiyl D23-Bihy &bmsewﬁaﬁraam-er(19%4oamﬁm)m hyridiie (08 gande3phase was
washed with HC (aq ), brine, dried and evaporated. 25

chr omat ognelphys disscdyddiin &31‘(2@122&@% €t lclmhyﬁpbé%yrﬂgadé mal) way Bide§ of
conpound cg'épwise. After strirring 1 h at 25 °C the mixture was dituted with CH;;C.lz and washed with

10 HCI (aq.), dried (Mg SO4) and evaporated in vacuo.

Yield 32 g (96%) of compound 1, which did not need punfication but was used directly in

the following step.

"H NMR (CDCl3) § 1.50 (s, 6H), 3.09 (s, 2H), 6.81 (m, 1H), 7.03 (m, 1H), 7.11 (m, 1H),
15 MS (EI} m/e 296, 163, 135, 107.

(ii) Preparation of Methyl 2,2-dimethyl-2,3-dihydro-1-benzofuran-7-carboxylate
(compound 2)
Compound 1 prepared in the previous step above (32 g, 0.11 mol) was dissolved in

20 DMSGO (200 mL), MeOH (100 mL) and EtsN (34 mL., 0.25 mol). Carbon monoxide was
passed through the solution 2-3 min, then palladium acetate (0.24 g) and dppf (1.1 g) was
added and the mixture heated at 70 °C under CO atmosphere. After 4 h, more palladium
acetate (0.10 g) and dppf (0.50 g) was added. After 12 h, EtOAc and water was added and
the organic phase was washed with HCI (aq.), brine , dried (MgSOy) and evaporated.

25 chromatography on silica (0-20% EtOAc in heptane) gave 12 g (52%) of compound 2.

"H NMR ( CDCl3) & 1.52 (s, 6H), 3.00 (s, 2H), 3.88 (s, 3H), 6.82 (m, 1H), 7.27 (m, 1H),
7.70 (m, 1H). MS (EI) m/e 206, 174, 159, 146, 131.



"H NWR (CDC13) 6 1.52 (s, 6H), 3.00 (s, 2H), 3.88 (s, 3H), 6.82 (m ]5%
7.27 (m IH), 7.70 (m 1H. MS (EI) me 206, 174, 159, 146, 131. 1 3 ¢4y 2004
2004 WO 01/46174 PCT/ SE00102562 9 (iii) Preparation of

2, 2-Di et hyl - 2, 3-di hydr o-1 - benzof ur an- 7- car bal dehyde (conmpound 3) Conpound
2 (5.0 gwosieeimal ) was dissolved in toluene (100 nli) and pirBAR/2362 Ol uene 5
(33 nm, 1.5 M 50 mol) was added at -78 C under nitrogen atnosphere. After
30 min, the reaction was worked up by %ddition of HCl (ag.), the organic
phase was dried (MgSO4) and evaporated in vacuo. The residue was di ssol ved
in CH2ClI 2 (50 nL) and finely ground pyridiniumdichromate (PDC) (11 g, 29
nmol ) was added in portions. The m xture was heated at 40 C and portions

neptane, GOEEPrAGORRY suoparthFESS a3 AREB AR T- bR, ° i

whi ch wascomybimd §4 by chromatography on silica (0-20%EtOAc in heptane) to

gi ve conmpound 3 (3.3 g, 19 mmol, 67% from conpound 2. 'H NVR (CDC13) S

1.54 (s, Gofppodnd)3 (3.8 g. 2Hpmob. 88 dissplvedin toluegi(10Mmrnd DABIE. ipripluang) | i s

4119[ (23, (25_S 6@3%31 L, J:\g_sbz‘[,(, gb )H}I?lr%}g}wés? :]?cldstigt;—gﬁa" ;q{]_d%r?’ rgiroéénvgtmgséh\éze. E;‘rft% %%Erlm he of

yl) Chydr gpé &i&ﬁ%'xﬂo‘rﬂ»dﬁ&ﬂ oA TRIT(AE), (&Qﬁ?&%a@ wabried (MgSOy and
i met hyl 1-

4-1 (2, 2- yl -2, 3-di hydro-|-benzofuran-7-yl)(1-piperazinyl)methyl]-N N
20 di et hydvaporaadiindeaci:c chpoasiductyashisgoDied ith(H: Gz ( Yimbe ardiviale stogodpound 1)

(14 S A HORTRI o b5 Bl P s e
heated at 40 °C and portions of PDC (1 g) was added until reaction was complete. Dilution
10 with heptane, filtering through silica and evaporation gave a crude product which was
purified by chromatography on silica (0-20% EtOAc in heptane) to give compound 3
(3.3 g, 19 mmol, 67% from compound 2.

"H NMR ( CDCl3) § 1.54 (s, 6H), 3.03 (s, 2H), 6.88 (m, 1H), 7.34 (m, 1H), 7.58 (m, 1H),
15 10.22 (s, 1H). MS (EI) m/e 176, 161, 147, 130.

(iv) & (v) Preparation of 4-[(2,2-dimethyl-2,3-dihydro-1-benzofuran-7-
yh(hydroxy)methyl]-N,N-diethylbenzamide (compound 4) and
4-[(2,2-dimethyl-2,3-dihydro-1-benzofuran-7-yl)(1-piperazinyl)methyl]- ¥, V-

20 diethylbenzamide (compound 5)
N,N-Diethyl-4-iodobenzamide (compound I) (14 g, 47 mmol) was dissolved in THF (150
ml) and cooled to -78 °C under nitrogen atmosphere. n-BuLi (21 mL, 2.2 M solution in
hexane, 47 mmol) was added dropwise. Stirring was continued for 30 min at -78 °C. The
aldehyde (compound 3) (4.1 g, 24 mmol) was added dropwise dissolved in THF ( 2 mL).

25 NH,C (aq.) was added after 30 min. After concentration in vacuo, extraction with EtOAc /
water, drying (MgSO,) and evaporation of the organic phase, the residue was purified by
chromatography on silica to (compound 4) (6.1 g, 17 mmol). After treatment with SOCl,
(1.5 mL, 20 mmol) in dry CH,Cl; (200 mL) at 0 to 25 °C for 1 h, the solvent was
evaporated in vacuo. The residue was dissolved in MeCN (100 mL) and reacted with

30 piperazine (5.8 g, 68 mmol) at 80 °C for 12h. After concentration ir vacuo and



- hexane, 47 mmol) was added dropwi se. Stirring was continued for 30 mn at
-78 C. The aldehyde (conmpound 3) (4.1 g, 24 mol) was added dropw $& JUN 2004
dissolved in THE (2 nmL). 25 NHACI (aq.) was added after 30 mn. After
concentration in vacuo, extraction with EtQAc / water, drying (MpSOH) and
evapor at worni@é17s he or gani ¢ phase, the resi due was purifi 84T}00/02562
chromat ography on silica to (conpound (6.1 g, 17 mmol ). After treatnent
with SOC12 (1.5 nm, 20 nmol) in dry Cl2 (200 nL) at 0 to 25 C for 1 h,
the solvent was evaporated in vacuo. The residue was dissolved in MeCN (100

nL) and reacted th 0 pj C for 12h., After
Concont r SRR bER R R0 16 bR RFoRi Bl os Pt N R s (Smasoniy

h t 9 % NH4
Cconpound) W&y % 5. D Bochfbrii o Sl R St il adibnys Nagq) and

| yophi |'i zrﬁlbﬂWOﬂtD(da?t{Cllb@h)C (di HCl sal t) I R (KBr, v.,,) 2982, 2722, 2481,
1628, 1450, 1371, 1292, 1140. s ' )l 81.1,1.2 (2m 6H), 1.36,
1. 43 (2s,IRAKET. R 298272742485, 1355?;8( }ﬁ502l—§7 !32925 146wy 6H), 3.5 (m 2H), 4.8

0 onets B S e [ gty (S REHDRR) STl A b R o

di hydr o- l(nheR7.0f AP H); afls)(.mal}nyéa 174M6ﬁdh€iq-hyAﬁzﬂrKﬁmﬂN3@1)f@(H ochloride to
(conpound 6) Conpound 5 (O. g, 1.5 mol) and triethylamne (0.41 nL, 2.9

mmol ) was di ssolved in I\/ECN (5 nm) and r eact ed with benzy] brom de (0. 17
ORI M e AR W T TRt S
chr omat Ogiiﬁjzﬁhs-pﬂer%fdraﬁ-vcﬂ)xh@thgaﬂ%,bvcbﬂémym%%d;h?d.wcmnde
10 (compound 6)
Compound 5 (0.62 g, 1.5 mmol) and triethylamine {0.41 mL, 2.9 mmol) was dissolved in
MeCN (5 mL) and reacted with benzyl bromide (0.17 mL, 1.5 mmol) at 25 °C. After 2h a
second portion benzyl bromide was added, and after 4h the reaction was worked up by
concentration in vacuo and chromatography on silica (0 to 10% MeOH in CH;Cl;) to give
15 the title compound 6 (0.49 g, 0.95 mmol). Dihydrochloride made with HCl (aq) and
lyophilization. MS (ES) 512.08 (MH+).
IR (NaCl, free amine, vimax) 2969, 2806, 2360, 1630, 1451, 1368, 1289, 1135 cm.
"H NMR (CDCls, free amine) § 1.1, 1.2 (2m, 6H, amide-Me), 1.36, 1.46 (2s, 6H, Me2C), 2.5
(m, 8H, piperazine-H), 2.92 (m, 2H, ArCH2), 3.2, 3.5 (Zm, amide-CH2), 3.51 (s, 2H,
20 ArCH2N), 4.62 (s, 1H, Ar2CH), 6.72 -7.52 (m, 7H, Ar-H).
Anal. (Cs3H41N3Os x 3.4 HCI) C, H; N: caled, 6.61; found, 7.19.



- 1s the title conpound 6 (0.49 g, 0.95 mol.). D hydrochl ori de nade Wt?m
(agq) and |yophilization. Ms (ES) 512.08 (MH). IR (NaCl, free am nd 4
2969, 2806, 2360, 1630, 1451, 1368, 1289, 1135 cm1. 'H NWR (CDC) 3, free
amne) 8 1.1, 1.2 (2m 6H amde-M), 1.36, 1.46 (2s, 6H M2C), 2.5 (m
8H, pipepgzaMgiA) . 2.92 (m 2H, ArCH2), 3.2, 3.5 (2m ampdgEiizses. 51 (s,
2H, 20 ArCHZW .62 (s, 1H, Ar2CH), 6.72 -7.52 (m 7H, Ar-H). Anal.
(C331-L N30, x 3. 4 HO) C H N calcd116.61; found, 7.19. 1 5 JUN 2004 WO
01/ 46174 PCT/ SEOOI 02562 11 Exanple 2 Preparation of 4-;

(2, 2-di met hyl -2, 3-di hvdr o- 1- benzof uran-7-yl ) f 4- (4-i odobenzyl)-1

pi per azi nyl ) met hyl I - N, N-di et hvl benzam de di hydrochl ori de (conmpound 7) s
Procedure as for conpound 6. Conpound 5 (0.12 g, 0.29 mmol) was reacted
wth 4- mp_-" brom de (96 ng, 0.32 mmvl) for 48 h to give the title

compound gresh g 435 ko5 Ly 2P T (ikiBa, o e
free am erSzi'h meih lbaﬂia(ilﬁidé/ﬂh di:ocfmonde b ﬁnde ME‘ZC) 2.4

(m 8H, piperazine-H) 2 94 r(T:] 2H, ArCH?2), 3.2, 3.5 (2m am de- CH2), 3.43
(s, 2H5 Expegdonas for qompound 6Coppppapl 5 (8.123, 028 mmol) wag reppted giha (d, J =

IH?Alr_EH) ]z!;foé@g%v] bjm%] ((gﬁ Ogﬁ%rﬁolm % h A{g g vH)the tltl%gorgﬁmglq_g 623, H'ZA\r H) |

7.61 (d, @6meBsOuhiel). 2H ArH). Anal . (C26HB7CI 2N302) C, H N Exanple 3

MS (ES) 638.24 (MH+). IR (NaCl, free amine, vy,,) 2969, 2810, 1630,- 1451, 1288, 1135,
10 1007 cm’,

'H NMR (CDCls, free amine) § 1.1, 1.2 (2m, 6H, amide-Me), 1.36, 1.45 (2s, 6H, Me2C), 2.4

(m, 8H, piperazine-H), 2.94 (m, 2H, ArCH2), 3.2, 3.5 (2m, amide-CH2), 3.43 (s, 2H,

ArCH2N), 4.62 (s, 1H, Ar2CH), 6.73 (m, 1H, Ar-H), 6.94 (d, J = 7.3 Hz, 1H, ArH), 7.05 (d,

J=8.0Hz, 2H, ArH), 7.19 (d, J = 6.6 Hz, 1H, ArH), 7.25 (d, J = 8.0 Hz, 2H, ArH), 7.48 (d,
15 J=8.0Hz, 2H, ArH), 7.61 (d, J = 8.0 Hz, 2H, ArH). Anal. {C¢H37CI;N30,) C, H, N.

Example 3
Preparation of 4-{(2.2-dimethvl-2,3-dihvdro-1-benzofuran-7-yI}[4-(3-

pyridinylmethyl)-1-piperazinyl]methyi}-N.N-diethvlbenzamide dihydrochloride

20 (compound 8}
Compound 5 (0.20 g, 0.47 mmol) was dissolved in MeOH (2 mL) with 3-pyridine

carboxaldehyde{90 uL, 0.95 mmol) and HOAc (3 pL, 50 pmol). Sodium cyanoborohydride

(60 mg, 0.95 mmol) was added at 0 °C and reaction stirred 48 h at 25 °C. Reaction was
worked up by concentration in vacuo, extraction (CH,Cl; /K;COs(aq)) and chromatography

25 on silica (0 to 10% MeOH in CH,Cl,) to give the title compound 8 (82 mg, 0.16 mmol).
Dihydrochloride made with HCI (aq) and Iyophilizatibn.

MS 513.25 (MH+). IR (NaCl, free amine, vma,) 2970, 2808, 2360, 1631, 1452, 1425, 1290,
1135, 1096, 1009 cm™ .



Preparation of 4-{(2,2-dinethvl-2 3 di hydro-I|-benzofuran-7-yl)[4-(3-

pyridi nyl met hyl)-1-pi perazinyl | metnyl | -NJ, V-di et hvl benzam de 15 JUN 2004
di hydrochl oride 20 com ound 8) Conpound 5 (0.20 g, 0.47 mmol) was
dissolved in McOH (2 nL) with 3-pyridine carboxal dehyde(90.tL, 0.95 mmol)
and HOAc W®B01k461780 p. nol ). Sodi um cyanobor ohydride (60 niPCTGEIRIZMDI ) was
added at 0 C and reaction stirred 48 h. gt 25 C. Reaction was worked up by
concentration in vacua, extractionl(CHé 121K2C03(aqg)) and chronat ography 25
on silica (0 to 10% MeOH in CH2ClI 2) to give the title conmpound 8 (82 ny,

2 R S s T 14 T b0l OB Wit o

1425, 12 11 1098, 4 ] 102562 12
I R ( QB PPReaie 2 0P RR A A B SR TR ST A8 26,
6H, Me2O)ArCH2), 4.6 (sSHI, AraEH)aA70e7 66 (mOHDAALH), 82M, -845dChi2 PH, Ar-B). 3.5 (2m
am de-CH2), 3.51 (s, 2H, . ArCH2N), 4.64 (s, 1H, Ar2CH), 6.72 -7.66 (m 9H
Ar-H), 8. 1.-(§32@42<q1ﬁ402}-|,c-ﬂr1‘1l—|). Anal . (C32H42C12N402) C, H, N. 5 Exanple 4
Preparation of 4-;

(2, 2-dismet hyl - 2, 3-di hvdro-1 - benzof uran-7-vl)[4-(2-pvridinvl nethvl) -

1- pi perazinyl | met hyl } - N, N-di et hyl benzam de ditrifuroacetae (conpound 9) CH3

CH3 Example 4
Preparation of 4-{(2.2-dimethyi-2,3-dihvdro-1-benzofuran-7-y1)[4-(2-pvridinvimethv])-

1-piperazinylimethyl}-N,N-diethylbenzamide ditrifuroacetae (compound 9

CH, O

Jaelest
CH; o~ TCH,
@

N

{9)

The title compound 9 was prepared by dissolving compound 5 (0.45 g, 0.98 mmol) in

MeOH (10 mL) with 2-pyridine carboxaldehyde (110 pL., 1.18 mmol) and HOAc (3 uL, 50

umol). Sodium cyanoborohydride (70 mg, 1.18 mmol) was added at 0 °C and reaction

stirred 48 h at 25 °C. Reaction was worked up by concentration irn vacuo, extraction (CH;Cl;
15 /K,COs(2aq)) and chromatography by reverse phase HPLC to give the title compound 9, 461

mg(63%).

MS 513.04 (MH+).



10 The title conmpound 9 was prepared by dissolving conpound 5 (0. 45 miﬁﬁ
mmol) in MOH (10 nmL) with 2-pyri dine carboxal dehyde (110 L, 1. 14 4
and HOAc (3 L, 50 [I.nol). Sodium cyanoborohydride (70 ng, 1.18 mmol) was
added at 0 C and reaction stirred 48 h at 25 C. Reaction was worked up by
concent r 3td fksi7a vacuo, extraction (CH2Cl2 1s 1K2CO3( aq) pcaikkoo/02562

chr onmat ograp(‘uy by reverse phase HPLC to give the title conmpound 9, 461
ng(63% . Ms 513.04 (MS+). 1 5 JUN.20043\0 01/ 46174 PCT/ SE00102562 13

Phar maceuti cal conpositions The novel conpounds according to the present
invention may be adm nistered orally, 5 intramuscul arly, subcutaneously,
topically, intranasally, intraperitoneally, intrathoraci ally,

i ntravenously, epidurally, intrathecally, intracerebroventricularly and by

i njection ﬁ?@kﬂacﬁ:{?j_c'a! L&hg%sﬁig]né‘ preferred route of adm nistration is orally,
i ntraveno I ararly. 10 The dosage will depend on the route of
adm ni stration, the severity of the disease, age and weight of the patient

and other factors normally considered by the attendi ng physi ci an, when
det er ni ni nigetrioseli ceEIPePTHsAcCoTeRE AR thedmesetloB ypEion By be g8mpmicigd 9FallXppr opri at e

for a particular, patient. 15 For .pr.eparin harmaceut i cal . Ltions
from tro. dbibime Gy sbrienieAbrBhE Fiispally WERERhedR, naHRRIY,
intravenously, epidurally, intrathecally, intracerebroventricularly and by injection into the

joints.
A preferred route of administration is orally, intravenously or intramuscularly.

The dosage will depend on the route of administration, the severity of the disease, age and
weight of the patient and other factors normally considered by the attending physician,
when determining the individual regimen and dosage level as the most appropriate for a

particular patient.

For preparing pharmaceutical compositions from the compounds of this invention, inert,
pharmaceutically acceptable carriers can be either solid or liquid. Solid form preparations

include powders, tablets, dispersible granules, capsules, cachets, and suppositories.

20 A solid carrier can be one or more substances which may also act as diluents, flavoring
agents, solubilizers, lubricants, suspending agents, binders, or tablet disintegrating agents;

it can also be an encapsulating material.

In powders, the carrier is a finely divided solid which is in a mixture with the finely divided
25 active component. In tablets, the active component is mixed with the carrier having the
necessary binding properties in suitable proportions and compacted in the shape and size

desired.

For preparing suppository compositions, a low-melting wax such as a mixture of fatty acid

30 glycerides and cocoa butter is first melted and the active ingredient is dispersed therein by,



pharmaceutically acceptable carriers can be either solid or liquid. Solid
form preparations include powders, tablets, dispersible granules, 135 JUNZ2004
capsul es, cachets, and suppositories. 21) A solid carrier can be one or
nore substances which nmay al so act as diluents, flavoring agents,

sol ubi | | 20 81/461Ubr i cants, suspendi ng agents, binders, or 1{(5{53%@9/02562
disintegrating agents; it can also be gn encapsulating material. In
powders, the carrier is a finely divided solid which is in a mxture with
the finely divided 25 active conponent. In tablets, the active conponent
is mxed with the carrier having the necessary binding properties in

sui t abl e ploepInMplaQRGrrardTomMpRat Idndgenddue nEkmpes g (inzed indedhvedtbnt For
preparing suppository conpositions, a |lownelting wax such as a m xture of
fatty aci cizeganqjisansraligesd imepot srbsplidif¥ter is first nelted and the active
ingredient is dispersed therein by, 1 5 JUN 2004 WO 01/ 46174 PCT/ SEQQ 02562
14 for exanple, stirring. The nolten honbgeneous m xture is then poured

i nto convedlji@hl caslerSfe H’ﬁhﬁéi&%ﬁr@&ﬂa@{‘ﬁﬁgﬁé&i&ﬂ%m@f&jta@|le%c€HsE,|>§uga$}’fJ§cﬁ9,l e

carriers are nmagnesi um carbonate, magnesium stearate, talc, |actose, sugar,
pectin,s Sdedeit sthreh, sdgacaith, nietiad aclanidde, scafinydrboximathyiselluleedh low-
carboxynet hyl cellulose, a low nelting wax, cocoa butter, and the I|ike.
Phar maceut el Ya%ceen tisic 28dthedikgr e acet ate, benzenesul fonate, benzoat e,
bi carbonate, bitartrate, brom de, calcium acetate, cansylate, carbonate,
chloride, citrate, io di hydrochloride, edetate, edisylate, estolate,

esyl ate, fRHEBh&@eBticalll de@plablesaltgird GAL Denzddkslll RiNBleEben@bite Midaydonagani | at e,
hexyl resor ci nate, hydrabam ne, hydrobrom de, hydrochl oride,

hydr oxynapghwarse. éromideicalsium geetdi¢. sampdate| cachanele, chlegdepbitvitat e, nal at e,
1w dihydrochloride, edetate, edisylate, estolate, esylate, fumarate, glucaptate, gluconate,
glutamate, glycollylarsanilate, hexylresorcinate, hydrabamine, hydrobromide,
hydrochloride, hydroxynaphthoate, iodide, isethionate, lactate, lactobionate, malate,
maleate, mandelate mesylate, methylbromide, methylnitrate, methylsulfate, mucate,
napsylate, nitrate, parmoate (embonate), pantothenate, phosphate/diphosphate,

15 polygalacturonate, salicylate, stearate, subacetate, succinate, sulfate, tannate, tartrate,
teoclate, triethiodide, benzathine, chloroprocaine, choline, diethanolamine,
ethylenediamine, meglumine, procaine, aluminium, calcium, lithium, magnesium,
potassium, sodium, and zinc. Preferred pharmaceutically acceptable salts are the
hydrochlorides, and bitartrates. The hydrochloride salts are particularly preferred.

20
The term composition is intended to include the formulation of the active component with
encapsulating material as a carrier providing a capsule in which thé active component (with
or without other carriers) is surrounded by a carrier which 1s thus in association with it.
Similarly, cachets are included.

25
Tablets, powders, cachets, and capsules can be used as solid dosage forms suitable for oral

administration.

Liquid from compositions include solutions, suspensions, and emulsions. Sterile water or

30 water-propylene glycol solutions of the active compounds may be mentioned as an



- mal eate, mandel ate nesyl ate, nethyl brom de, nethylnitrate, nethyl SLil f?l}l\F
mucate, napsylate, nitrate, panoate (enbonate), pantothenate, ph d 1004

osphat e/ di phosphate, 15 pol ygal acturonate, salicylate, stearate,

subacetate, succinate, sulfate, tannate, tartrate, teoclate @ri hi odi de,

benzat hi & Y46 Hr opr ocai ne, chol i ne, di et hanol ami ne, et hyiCT&T Sg i ne,

megl um ne, procaine, alumnium calciumslithium magnesium potassium

sodium and zinc. Preferred pharmaceutically acceptable salts are the

hydrochl ori des, and bitartrates. The hydrochloride salts are particularly

preferred. 20 The term conposition is intended to include the fornulation

of the actéxsexphovfdopehprepirations ewitzabsior asremgrahedremistiations Laguwdcompesitmmevi di ng

a capsule in which the active conponent (with_ or wthout other carriers)

i s surrounghBlsspedomylzied in wﬁit@ﬁ 1 aquequsPolyethdenscglygal suter-n it .

Simlarly, cachets are included. 25 Tablets, powders, cachets, and capsul es

can be used as solid dosage forns suitable for oral admnistration. Liquid

from C0”poﬁgﬁdoﬁﬁl%lhﬁ&isw&eorm&ﬁhi@dﬂ&oniﬂﬁ Bepebeas by divdolemelisd lise Sterile

wat er or 30 water-propyl ene glycol solutions of the active conpounds nmay

be nenti onednpeseririn wagr Juhagiinzsuiable tolvemv4 [IPETIrgEgette zeblizerssamdkanpl e of

i quid preparat.ions suitable for parenteral .admnistration., Liquid.

composi 1 oHERCEER GBS AGTSE S PRLOR {01 B 1A AL 0ate BORVETHOS ene

gl ycol sol it by oPAHEPAS S BbbdRAS\Oer b tneA U Hlcoal RrERRCRSS Pr epar ed

by di ssol ving tHe active 5 conponent in ter and adding suitable

col or ant s, ndtiravgynihetdc garesntrasinss mathiyl cetlatose, sadidm carboxymethyl cellulose, and other

suspending agents known to the pharmaceutical formnulation art.

Preferably the pharmaceutical compositions is in unit dosage form. In such form, the
composition 1s divided into unit doses containing appropriate quantities of the active
component. The unit dosage form can be a packaged preparation, the package containing
discrete quantities of the preparations, for example, packeted tablets, capsules, and powders
15 in vials or ampoules. The unit dosage form can also be a capsule, cachet, or tablet itself, or

it can be the appropriate number of any of these packaged forms.
BIOLOGICAL EVALUATION

20 In vitro model

Cell cujture

Human 2938 cells expressing cloned human p, 8, and x receptors and neomycin resistance
were grown in suspension at 37°C and 5% CO; in shaker flasks containing calcium-free

5 DMEMI0% FBS, 5% BCS, 0.1% Pluronic F-68, and 600 ug/ml geneticin,



t hi ckeni ng agents as desired. Aqueous suspensions for oral use can be nade
by di spersing the finely divided active conmponent in water together?oilN 2604
viscous material such as natural synthetic gums, resins, nethyl cellul ose,
sodi um car boxynet hyl cellul ose, and other suspending agents _k ﬁ%&&to t he
phar maceMQ 84617 or nul ation art. 10 Preferably the pharnaé@ﬂ#*%@
conpositions is in unit dosage form Inguch form the conposition is
divided into unit doses containing.appropriate quantities of the active
conmponent. The unit dosage form can be a packaged preparation, the package
containing discrete quantities of the preparations, for exanple, packeted

tabl ets, cdpmhbiane prepamdtigpwders is in vials or anpoul es. The unit dosage
formcan al so be a capsule, cachet, or tablet itself, or it can be the

appropriate nunber of any of these packaged forms. BI OLOG CAL EVALUATI ON 20
In vitro r@gﬁlweré:ﬁéciiet&l"gnhH'és%sﬂ%ﬂ?dqinaﬁsggnﬁ?ér|(§O Wﬁ'ﬁﬁ%l—ﬂgﬂ?ﬁ.grﬁﬁ\q EBRN . b,

and x receptors ahd neonycin resista were grown i'n suspension at' 37C

and 5% CO2withnPMis&kadded juaisptior c@adead 01 IngMefabraialdn} M feckZn eBiEd GhodbaEd 0% BCS,
0.1% Pluronic F-68, and 600 p.g/m geneticin. 1 5 JUN 2004 WO 01/ 46174
PCT/ SECO/ 02682 15 men Nbemhemesepizep atdata rolytmal fps3Gmee eTipequspansign avi spwsdispended
in lysis W th PI\/BFéqdded j ust

prior to Sf;)fg[)g E)m&.%?or ﬁnl) ’42185]1.‘% %P%%gtgﬁt@wﬁ%g{ T0FT 279 REBB 2d on 5 i ce
fsgL . 1gt M NesdsP&iicNPERAIaE BekoW. te fufRaaydntsHPorh 85th3Bind Were ddfviRABRRANST ON was
spun at 46,000 g(max) for 30 min. The pellets were resuspended in cold Tris buffer (50
mM Tris/Cl, pH 7.0) and spun again. The final pellets were rcsuspendc.d in membrane
10 buffer ( 50 mM Trns, 0.32 M sucrose, pH 7.0). Aliquots (1 ml) in polypropylene tubes were
frozen in dry ice/ethanol and stored at -70°C until use. The protein concentrations were

determined by a modified Lowry assay with SDS.

Binding assays

15
Membranes were thawed at 37°C, cooled on ice, passed 3 times through a 25-gauge
needle, and diluted into binding buffer (50 mM Tris, 3 mM MgCl,, 1 mg/ml BSA (Sigma
A-7888), pH 7.4, which was stored at 4°C after filtration through a 0.22 m filter, and to
which had been freshly added 5 pg/ml aprotinin, 10 uM bestatin, 10 uM diprotin A, no

20  DTT). Aliquots of 100 ul (for “e protein, see Table 1) were added to iced 12x75 mm
polypropylene tubes containing 100 ul of the appropriate radioligand (see Table 1) and
100 ul of test peptides at various concentrations. Total (TB) and nbnspeciﬁc (NS) binding
were determined in the absence and presence of 10 gM naloxone respectively. The tubes
were voriexed and incubated at 25°C for 60-75 min, after which time the contents are

35 rapidly vacuum-filtered and washed with about 12 ml/tube iced wash buffer (50 mM Tris,
pH 7.0, 3 mM MgCl,) through GF/B filters (Whatman) presoaked for at least 2h in 0.1%
polyethyleneimine. The radioactivity (dpm) retained on the filters was measured with a
beta counter after soaking the filters for at least 12h in minivials containing 6-7 m]
scintillation fluid. If the assay is set up in 96-place deep well plates, the filtration is over

30 96-place PEl-soaked unifilters, which were washed with 3 x 1 ml wash buffer, and dried in



- 1000g (rmax) for 10 mn at 4C. The supernatant was saved on ice and the
pellets resuspended and spun as before. The supernatants from both k&iJHH 2004
were conbi ned and spun at 46,000 g(rmax) for 30 mn. The pellets were
resuspended in cold Tris buffer (50 nmMTris/d, pH 7.0) and spun again.
The fi nawomalkeias were resuspended in nmenbrane ro buffer pCTBROMASAY i s, 0. 32
M sucrose, pH 7.0). Aliquots (1 m) in 1Qol ypropyl ene tubes were frozen in
dry icelethanol and stored at -70C.until’ use. The protein concentrations
were determned by a nodified Lowy assay with SDS. Bi ndi ng assays 15
Menbranes were thawed at 37C, cooled on ice, passed 3 tinmes through a

25- gauge , hH. ! L adi f I M MyCl 2,
Lo B o e R e £l b ot

filtrati oradting 60 gt MS5-Q0 8&ntiliatbh flugywelind to whi ch had been freshly added
59/m aprotinin, 10 Mbestatin, 10 Mdiprotin A, no 20 DIT). Aliquots of
100 Al (for jig protein, see Table 1) were added to iced 12x75 mm

pol ypropylﬁz e, &s cont ai ning 100 Al of the appropriate radioligand (see
Table 1) Al of test peptides at various concentrations. Total (TB)
and nonspecific (NS) binding were determned in the absence and presence
of 10 AM nal oxone respectively. The tubes were vortexed and i ncubated at
25C for 60hg5psrifrr, binding (SEhwasteatculagedtds RISt &k the §Ben B pregencl of various

vacuumfiltered and washed with about 12 ni ice sh fer (50 nM
Trrer™ s hRgR s SRS e o BRRts ot orToh S TR sy grdoaked for at
| east 2h i-Bef@cid¥e Forei-hydsen Bishiaf8e [ dpR L.ped on
the fil tercse vvglls rr(gg[gs)ureg vvistﬂ gﬁpagg?gg%gb%tﬁgpegﬁﬂgébg%?&i ng 'E: ﬂglh?ﬂlc ?]t ers for
at | east TIidim Joit plons ofi calre: fixong piogtang sGely agiligsmd, GraghiPad Pebmf Sigir@Plot fort he

assay is set up_jn -pl ace deep well plates, the filtration _is over 30
96- pi atle %Equéﬁg'gﬂeﬁ%ﬁﬁgPFﬁt W calsplated fipsn thefehspednimath eanaion. Meangsh
buffer, ardsfif heed & ICs0. K; and ny were reported for ligands tested in at least three

displacement curves. Biological data are reported below in Table 1.

Example[HDeltal  HDelta Rat Brain | Mouse Brain MLM RIM
#

EC50}) % | EC50 % EC50 % 10000 [100000] 10000100000
EMAX EMAX EMAX|% rem.|% rem.|% rem.|% rem.

3 3.519 | 19.47 | 103.1 |133.72] 92.97

4 3.264 | 7.38 | 103.9 {7259 {118.04|144.13] 118.5 | 44.5 93 425 | 90.5

15 Table 1. Summary of biological data.



-1 5 JUN 2004 WO 01/46174 PCT/ SEO0/ 02562 17 an oven at 55C for hse
filter plates were counted in a TopCount (Packard) after addi ng 50‘I et 26
scintillation fluid/well. Data analysis 5 The specific binding (SB) was
calculated as TB-NS, and the SB in the presence of various test peptides
was expr eesexkedss percentage of control SB. Val ues of | Co0pmnskobiotse:
coefficient (nH) for ligands in displ acH;g specifically bound radioligand
were calculated fromlogit plots aor cut¥e fitting progranms such as Ligand,
G aphPad Prism SigmaPlot, or 10 ReceptorFit. Values of K, were cal cul ated
fromthe Cheng-Prussoff equation. Mean S.E.M values of 1C50, Ki and nH
were repor din at |east three displacenent curves.

Bi ol ogi cal ﬁ%%?%?g?{eﬂagg’gg&e{ggéggl ow in Table 1. Exanpl eDel t aHDel t aRat

Br ai nMbuse Brai nMLMRLM EC50% EC50% EC50% 10000 100000 % rem 100000

EMAXEMAXENAX% rem % rem % rem 33.51919.47103. 1133. 7292.97 4
Radioligand K& values were determined by performing the binding assays on cell

membranes with the appropriate radioligands at concentrations ranging from 0.2 to 5 times
s the estimated K8 (up to 10 times if amounts of radioligand required are feasable). The

specific radioligand binding was expressed as pmole/mg membrane protein. Values of K&

and Bray from individual experiments were obtained from nonlinear fits of specifically

bound (B) vs. nM free (F) radioligand from individual according to a one-site model.

10

DETERMINATION OF MECHANO-ALLODYNIA USING VON FREY TESTING

Testing was performed between 08:00 and 16:00h using the method described by Chaplan

et al. (1994). Rats were placed in Plexiglas cages on top of a wire mesh bottorn which

- allowed access to the paw, and were left to habituate for 10-15 min. The area tested was

15 the mid-plantar left hind paw, avoiding the less sensitive foot pads. The paw was touched
with a series of 8 Von Frey hairs with logarithmically incremental stiffness (0.41, 0.69,
1.20, 2.04, 3.63, 5.50, 8.51, and 15.14 grams; Stoelting, Ill, USA). The von Frey hair was
applied from undemeath the mesh floor perpendicular to the plantar surface with sufficient
force to cause a slight buckling against the paw, and held for approximately 6-8 seconds.

20 A positive response was noted if the paw was sharply withdrawn. Flinching immediately
upon removal of the hair was also considered a positive response. Ambulation was

considered an ambiguous response, and in such cases the stimulus was repeated.

TESTING PROTOCOL

25 The animals were tested on postoperative day l-for the FCA-treated group. The 50%
withdrawal threshold was determined using the up-down method of Dixon (1980). Testing
was started with the 2.04 g hair, in the middie of the series. Stimuli were always presented
in a consecutive way, whether ascending or descending. In the absence of a paw

withdrawal response to the initially selected hair, a stronger stimulus was presented; in the



3.2647.38103.972.59118. 04144. 13118. 544. 593 42.590.5 1-1 15 Table 1. W{h’
of biological data. 1 5 JUN 2004 WD 61146174 PCT/ SEQOD/ 02562 18 Recéﬁ? WN 2004
saturation experinments Radioligand KS val ues were determ ned by perform ng

~ the binding assays on cell nenbranes with the appropriate radioligands at
concent r Y0 ems1Tdanging from0.2 to 5 tines s the estinat RCTREONFF62 0 10
times if anmounts of radioligand required,are feasable). The specific
radi ol i gand bi ndi ng was expressed as pnol e/ ng nenbrane protein. Val ues of
K5 and Bmax fromindivi dual experinents were obtained fromnonlinear fits
of specifically bound (B) vs. nMfree (F) radioligand fromindividual

accordi ng §@ene ob iviithdrave®] thelRePEIERM NATUEN Gas MecHANDG YiPds 1S NG
VON FREY TESTI NG Testi ng was performed between 08: 00 and 16: 00h using the

met hod deseal¢ubasignby Ghamhesrod requisds 6(reg@ades iRathe imarediad awendtyi of PleeXi%! as
cages on t f.,.a wire nesh ttomwhich allowed access to the paw, and
were I oft DEFsRAIf: FHhERUTGR ofODESs BiTSPORES LERER WHER (i) TURlsohFBES, i Coponse

m d- pl ant i [Wol: | ess i - paw
s Fouchesr ikt e BRRRERITRD cfifed. PRIkt Vel O B thysid e

i ncr ement atangd bf §tiresls vVathed bf 16.18 Ynormal 2éhsitRit®hor 846 Imadinilly aBobynic)amete 15. 14

granms; Stoelting, Ill, USA). The von Frey hair was applied from underneath
the nesh flesRsctpy pspigned| Bhe resultiig patemt f RUSiFVEc andynepALYaf FEPRITESR Wabor ce

to cause a5l alt, BClld B6hvAIRNISK LN% RAM-A BeLOIRE.BRPTRY EL S -8

withdrawal threshold was interpolated using the formula:
0 50% g threshold = 10%"**5’ / 10,000

where Xf = value of the last von Frey hair used (log units); k = tabular value (from Chaplan
et al. (1994)) for the pattern of positive / negative responses; and 8 = mean difference

between stimuli (log units). Here & = 0.224.

Von Frey thresholds were converted to percent of maximum possible effect (% MPE),

according to Chaplan et al. 1994. The following equation was used to compute % MPE:

% MPE = Drug treated threshold (g} - allodynia threshold (g) X 100

20 Control threshold (g) - aliodynia threshold (g)

ADMINISTRATION OF TEST SUBSTANCE

Rats were injected (subcutaneously, intraperitoneally, or orally) with a test substance prior
25 to von Frey testing, the time between administration of test compound and the von Frey test

varied depending upon the nature of the test compound.



20 A positive response was noted if the paw was sharply w t hdrawn.
Fl'inching imedi ately wupon renoval of the hair was al so considered 1a5 JUN 2004
positive response. Anbul ati on was consi dered an anbi guous response, and in
such cases the stinmulus was repeated. TESTI NG PROTOCOL 25 The ani mals were
tested ow@ondspaerative day 1 for the FCA-treated group. pOTsEDO6D562
w t hdrawal threshold was determ ned usizﬂg t he up-down net hod of D xon
(1980). Testing was started with the 2504 g hair, in the mddle of the
series. Stimuli were always presented 1in a consecutive way, whether
ascendi ng or descending. In the absence of a paw w thdrawal response to
the initiaffyTaRl€eisge hair, a stronger stinulus was presented; in the 1 5
JUN 2004 WO 01746174 PCT/ SEQCQ 02562 19 event of paw withdrawal, the next
weaker st i Atdtidacided]] bhiag @bdonGpilicoairadiibneshel simiaitegad iatrhgbiitdhiéall insmiget hod
requires 6 _responses in the imediate vicinity of the 50% threshold, and
count i ng ofheshwdbthgn pxerbiheis dodeigatynselpaitere. Pihes enalgesingdugvare esponse
occurred, e.9g...th reshaol d was first crossed. |In cagses where threshol ds
Por | out si b, i SRR d ol ieh sl TEDRGHY ortafaERE MRS sirai e 1 y)
or 0.4 (rexdetRial Yoodlcapsliistbc) were respectively assigned. The resulting
pattern of ‘positive and negative responses was tabulated using the
convention, X = no withdrawal; 0 = withdrawal, and the 50% w thdrawal
t hreshol d S interﬁol atagg‘{ugj ngfﬁhe_forrr_ul a: 10 50%? threshold = 10(Xf +
k5) / 10, ObE REEANK{YRCa) {Hjaingfelieyg iy canpidgish opprayhenahe fahlowingqlepenin ts) ; k
- tabul ar yabigrthOMifRARk8Mn tidveflent (AT bal R1s il PHHEL:; Hle iRkt 1 VO /
negative responses; and & = nean difference

aspect of both paws is observable.

(i) Solutions preparation

Acetic acid (AcOH): 120 uL of Acetic Acid is added to 19.88 mi of distilled water in order

to obtain a final volume of 20 ml] with a final concentration of 0.6% AcOH. The solution is

then mixed (vortex) and ready for injection.

Compound (drug): Each compound is prepared and dissolved in the most suitable vehicle

according to standard procedures.

(ii) Solutions administration

20 The compound (drug) is administered orally, intraperitoneally (i.p.) , subcutaneously (s.c.)
or intravenously (i.v.)) at 10 ml/kg (considering the average mice bpd); weight) 20, 30 or 40
minutes (according to the class of compound and its characteristics) prior to testing. When
the compound is delivered centrally: Intraventricularly (i.c.v.) or ihtrathccal]y (i.t)a
volume of 5 yL is administered.

25
The AcOH is administered intraperitoneally (i.p.) in two sites at 10 ml/kg (considering the

average mice body weight) immediately prior to testing.



between stimuli (log units). Here S = 0.224. 15 Von Frey threshol ds were
converted to percent of maximum possible effect (% MPE), according %D JUN 2004
Chapl an et al. 1994. The foll ow ng equation was used to conpute % MPE: MPE
= Drug treated threshold (g) - allodynia threshold (g) X 100 20 Control

t hr eshol WO(@#6174 3] | odyni a t hreshol d (g) ADM NI STRATI ON OPCTSESV/IFEBSTANCE
Rats were injected (subcutaneously, intnaperitoneally, or orally) with a
test substance prior 25 to von Frey testing, the tine between

adm ni stration of test conpound and the von Frey test varied depending
upon the nature of the test conmpound. 1 5 JUN 7001 WD 01/46174

PCT/ SEQQ qiap @2sti®) WRI THI NG TEST Acetic acid will bring abdom nal
contractions when admnistered intraperitoneally-in mce. These will then

ext end t hdibg apidRa) (Ausg) tsyabsenygd fon e pesiod o ARaRIngiFa PR die aumbegRf ageesions

adm ni ster £ hi [ v i.S. | fr t\ly observed and the
drug sel eétwe;i&hlég rgﬂseq‘zﬁ%%{l gﬁcf?oa Plgggg{héﬁﬁ%f’g‘z‘? &S g%%ﬂp%? AR ]tnypi cal

Wi thing ngfiligds “sisoeQdRs caes QﬁkhQBﬁMcW&ﬁﬁin%h@ (Al If AWhid8 a RIBRM SbserdE®at
present: the animal is not in novenent; the |ower back is slightly

depr essed;the fagmegimmoae cordmpend thofe doststofdawgs i s observable. 10 (i) Sol utions
preparation Acetic acid (AcOH): 120 AL of Acetic Acid is added to 19.88 ni
of distilled water in order



to obtain a final volunme of 20 M with a final concentration of 0.6% AcOH.
The solution is then mixed (vortex) and ready for injection. 15 CorfpouiZ00t
(drug) : Each conpound is prepared antt“di ssolved in the nost suitable
vehicle according to standard procedures. (ii) Solutions adm nistration 20
The co ouﬂg (drug) is admnistered orally, intraperitoneally (i.p.) ,
subcut ously (s.c.) or intravenously (i.v.)) at 10 m/kg (considering
t he average m ce body weight) 20, 30 or 40 mnutes (according to the class
of conpound and its characteristics) prior to testing. Wen the conpound
i s del ilvék eempamdragtordingtadorgydnt ri cularly (i.c.v.) or intrathecally (i.t.)
a volunme of 5 JCL is adm nistered. 25 The AcOH is adm ni stered
intraperitoneally QH,. ) in two sites at 10 m/kg (considering the average
m ce body wei ght) pdi ately priNgr_to testing. 1 5 JUN 2004 WO 41/ 46174
pcT/ SEGO 02562 21 (iNi) i e anigml (nouse) is observed for a period
of 20 mnutes and the n (Withing reflex) noted and
conpiled at the Ehd periment. Mce are kept in individual "shoe
box" cages with contact beddiNg, A total of 4 mce are usually observed at
S the sane tine: one contro{taﬁﬁ t hree doses of drug. Cainms 1. A conpound
N
»

according to formula |

R

wherein

1.
R is selected from

(i) phenyl;
(11) pyridinyl
N
| -
/ 1
{1i1) thiophen

(1v) furanyl

i o
\n.

(v) imidazolyl

Y
=
Z
XI

{(vi) triazolyl

=z

|
Z
I



wherein RI| is selected from (i) phenyl; (ii) pyridinyl (iii) tth{lJ

(iv) furanyl (v) imdazolyl (vi) triazolyl N NNH 22 CH3 5 13NN 56
1 5 JUN 2004 WO 01/46174 PCT/ SPO0/ 02562 23 where each Rl phenyl ring and Rl
het eroaromatic ring may optionally and i ndependently be further
subst it ut@ome1T, 2 or 3 substituents sel ected from straiRfFH/SENGZI? anched
Cl-C6 al kyl, N2, CF3, C-C6 al koxy, chhgro, fluoro, brono, and iodo. The
substitutions 5 on the phenyl ring and on the heteroaromatic ring may take
pl ace in any position on said ring systens; as well|l as pharnaceutically
acceptabl e salts and isoners thereof. 10 2. A conpound according to claim
1, wherein the optional substituent(s) on the aronmatic

where each R1 phenyl ring and R1 heteroaromatic ring may optionally and independently

be further substituted by 1, 2 or 3 substituents selected from straight and branched

Cy-Cg alkyl, NO», CF3, C1-Cg alkoxy, chloro, fluoro, bromo, and iodo. The substitutions
s on the phenyl ring and on the heteroaromatic ring may take place in any position on said

ring systems,
as well as pharmaceutically acceptable salts and isomers thereof.

10 2. A compound according to claim 1, wherein the optional substituent(s) on the aromatic

or the heteroaromatic ring(s) is selected from anyone of NO», iso-butyl, CF3, methoxy,

methyl, or chloro.
3. A compound according to claim 1 or 2, selected from any one of

*  4-[(4-benzyl-1-piperazinyl)(2,2-dimethyl-2,3-dihydro-1-benzofuran-7-yl)methyl)-N,N-
diethylbenzamide dihydrochloride (compound 6};

»  4-{(2,2-dimethyl-2,3-dihydro-1-benzofuran-7-yl)[4-(4-iodobenzyl)-1-
20 piperazinyljmethyl }-N . N-diethylbenzamide dihydrochloride (compound 7);
»  4.{(2,2-dimethyl-2,3-dihydro- 1-benzofuran-7-yl){4-(3-pyri din)}]methyl)-l-
piperazinyl]methyl}-N N-diethylbenzamide dihydrochloride {compound 8); and
25 & 4-{(2,2-dimethyl-2,3-dihydro-1 -bcnzofuran-?—yl)[4L(2-pyridinyl.methyl)- 1-

piperazinyljmethyl}-N,N-diethylbenzamide ditrifuroacetae (compound 9).

4. A compound according to any one of claims 1-3, which compound is present as the

{+)-enantiomer.



or the heteroaromatic ring(s) is selected fromanyone of NO2, iso-butyl, .
CF3, nethoxy, mnmethyl, or chloro. 3. A conpound according to claim 1 %HUNZZUUﬂ
sel ected fromany one of 15

" 4-[(4-benzyl -1 - pi perazi nyl ) (2. 2-di net hyl - 2, 3-di hydro-| - benzof uran-7-yl)nmeth
yl]-N, N "tg@(‘ﬁy dpenzani de di hydrochl oride (conpound 6); PCA/SE00/02562

(2, 2-di net hyl -2, 3-di hydro-1-benzof uran-3 yl ) [ 4- (4-1iodobenzyl)-1 20

pi perazi nyl ] met hyl }- N, N-di et hyl benzam de di hydrochl oride (conpound 7); 4-{
(2, 2-di net hyl -2, 3-di hydro-1-benzofuran-7-yl)[4-(3-pyridinyl methyl)-1-

pi perazi nyl ] met hyl }- N, N-di et hyl benzam de di hydrochl ori de (conpound 8); and
25

4-{(2, 2-di pet hyl - 2, 3-di hydro-| - benzofuran-7-yl).[4-(2-pyridi nyl nethyl)-1-

O bt not AT oL e P SR B i TGRS S HEGh 1T Tl USRS ' RORPOIIt o) 4. A
conpound a(ggé;,ragﬂ'i(g]gergo any one of clainms 1-3, which compound is present as
the (+)-erantioner. 15 JUN 2004 WO 01/46174 PCTI SEQQ 02562 24 5. A
conpound according to anyone of clains 1-3, which conpound is present as
the (-)-enantionmer. 5 6. A conpound according to any of the preceding

cl ai ns,5 i rb-f or iy eAmpquad apsadiag i ayi aldhe pracadingeclaimgrin femeoiots citrate salts.
7. A conpound accorgding t ny. of clai. 1-6 for use in therapy. 1D S. A
conpound accor%iyﬁﬁcﬁ(?ng?‘ﬁ}?ﬁ&?, t%aé?gli%g?[ﬁéalfsherapy i s pain managenent. 9.

A compound according to claim7, wherein the therapy is directed towards

7. A compound according to any of claims 1-6 for use in therapy.
o 8. A compound according to claim 7, wherein the therapy is pain management.
9. A compound according to claim 7, wherein the therapy is directed towards

gastrointestinal disorders.

15 10. A compound according to claim 7, wherein the therapy is directed towards spinal

injuries.

I1. A compound according to claim 7, wherem the therapy is directed to disorders of
the sympathetic nervous system.
20
12, Use of a compound according to formula I of claim 1 for the manufacture of a

medicament for use in the treatment of pain.

13. Use of a compound according to formula I of claim 1 for the manufacture of a

25 medicament for use in the treatment of gastrointestinal disorders.

14.  Use of a compound according to formula I of claim 1 for the manufacture of a

medicament for use in the treatment of spinal injuries.



gastrointestinal disorders. 15 10. A conpound according to claim?7, wherein
the therapy is directed towards spi na{z injuries. 11. A conpound acgadr djNm;
to claim7, wherein the therapy is di ®cted to disorders of the
synpat heti ¢ nervous system 20 12. Use of a conpound according to fornula I
of claiml for, the manufacture of a .nedicapent for.use in the treatnment of
pai 13 udSPhEeBR Dok Tiod ey e <RSP £ of R SEplf R
manuf agldime] &fandacti?® ingeeli@an®pEhéOritig hirmat fegicalpin@Esiar@hceutically
gastrointestinal disorders. 14. Use of a conpound according to formula | of
cl ai m Be¢eptabihearighuf acture of a nedicament for use in the treatnent of
spinal injuries. 25 15 JUN 2004 15. A pharmaceutical conposition conprising
a conmpound of the fornmula | according to claiml as an active ingredient,
t oget heis. W tUseaf plrampasel agobeiugd t fardulphal oatedtfoctk imanufeaspbdbl e carrier.
16. Use of a conpound according to fornmula I of claiml| for the manufacture
of a MeeicampshioTgin PanagemERtagenent. 17, Use of a conpound according to
formula | of claiml for the manufacture of a nedicament for the treatnent
of gastrointestinal disorders. 18. Use of a conpound according to fornula I
of claillh| flise dfaeompoufidadcordingfo farmutediof alaentl foothe tnemutaceat vbat of spi nal
injuries. . . . .

medicament for the treatment of gastrointestinal disorders.

18.  Use of a compound according to formula I of claim 1 for the manufacture of a

medicament for the treatment of spinal injuries.



