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NOVEL COMPOUNDS W TH ANALCESI C EFFECT Field of the invention 5 The
present invention is related to novel conpounds which are substituted

7-menbered nitrogen rings, to a process for their preparati L _use
paiss fosbsiids

and pharnacedw Bnpositions conprising the novel conpou ovel
conpounds are used in therapy, and in partjcular for the treatnent of pain.
10 Background and prior art The [err] receptor has been identified as
having a role in many bodily functions such as circulatory and pain
systens. Ligands for the [err] receptor may therefore find potential use as
15 anal gesi cNOVELCOMPOYUNDSE WETH ANALGESIC BFFBAL. Li gands for the [err]
receptor have al so been shown to posess i munonodul atory activities. The
identification of at |east three different popul ations of opioid receptors
([err], [err] 4gn Nnow wel | established and all three are apparent
i n both central and peripheral nervous 20 systens of many species including
man. Anal gesi a has been observed in various ani mal nodel s when one or nore

f th has b ' d. Wih f t | t |
avaiabl e sb oo Wereivafon, S feupidioGions! comonndl wpick 2 syt fredpered
unsui t abl e f orniGegenRings, 1k proBesd for i fREpacation, théif use RRdPhaiMicentidcat tothpositidhs |

ant agoni sts have 25 een avail able for some tine (see Takenori and

Port oghese, 19%mprising theroyel compeunds dThe novsl compmndsazensed dn thesgpy, and ine ) |
These conpoundﬁam&lagfmqﬁé&&mQLPpaﬁuffer fromrather poor

mkgmund_md_n;igm

The 3 receptor has been identified as having a role in many bodily functions such as
circulatory and pain systems. Ligands for the 3 receptor may therefore find potential use as
15 analgesics, and/or as antihypertensive agents. Ligands for the & receptor have also been

shown to posess immunomodulatory activities.

The identification of at least three different populations of opioid receptors (1, 8 and x) is
now well established and all three are apparent in both central and peripheral nervous

20  systems of many species including man. Analgesia has been observed in various animal
models when one or more of these receptors has been activated.

With few exceptions, currently available selective opioid 8 ligands are peptidic in nature and
are unsuitable for administration by systemic routes. Some non-peptidic 8 antagonists have

25 been available for some time (see Takemori and Portoghese, 1992, Ann. Rev. Pharmacol,
Tox., 32: 239-269. for review). These compounds, e.g. naltrindole, suffer from rather poor
(i.e., < 10-fold) selectivity for the & receptor vs pt receptor binding and exhibit no analgesic
activity, a fact which underscores the need for the development of highly selective non-
peptidic 8 ligands.



(i.e., < 10-fold) selectivity for the [err] receptor vs [err] receptor

bi ndi ng and exhibit no anal gesic activity, a fact which underscores the
need for the devel opnent of highly selective non- peptidic [err] |igands.
30 - WD 97/ 23467

PCT/ SE96/ 0169® %228%2ent | y, a non-peptidic [err] agonist, B\RCIBEMBDEI6NAS
descri bed by Chang et al., 1993, J. Pharmacol. Exp. Ther., 267: 852-857.,
as the first [err]-selective non-peptidezm th anal gesic activity, however,
it shows significant affinity for the [err] receptor. s Thus, the problem
underlying the present invention was to find new anal gesi cs havi ng

excel | ent an¥egélyCa fdn-Sepkidic 52pbnid BW I b %-w&agﬁ- f rofile
over current [erriy agonﬁtscang potent%?bsd?g‘f efficaCy. A éﬁé’ég%'sﬁt hat
have been i dd&hainiacokiExpTher.263x852:857 as the first Syselective aon-péptide with analgesic

di sadvant ages tn that th suffer. from poar pharmacoki netics and are not
anal gesi ¢ wh&fTAY P @W‘Wﬁ%‘?’gﬁﬁ‘g‘#’%@ﬁ? it has been
docunented that preferred conpounds, described within the prior art, show
significant convul sive effects when adm nistered systemcally. 15 In WO

93/ 15062 4nd Thes, 98/ pyalden undezlying thi prespntrimventionwasso find new analgesicshayinget hy| -
excellent analgesic effects, but also with an improved side-effect profile over current
agonists and potential oral efficacy.

Analgesics that have becn identified and are existing in the prior art have many
10 disadvantages in that they suffer from poor pharmacokinetics and are not analgesic when
administered by systemic routes. Also, it has been documented that preferred compounds,

described within the prior art, show significant convulsive effects when administered
systemically.

15 In WO 93/15062 and WO 95/045051, some diarylmethylipiperazine and diarylmethyl-
piperidine compounds, including BW 373U86. are disclosed, but these prior art compounds

are structurally distinct from the compounds acccording to the present invention.

The problem mentioned above has been solved by developing novel compounds which are
20 7-membered nitrogen rings, as will be described below.



pi peri di ne conmpounds, including BW373U86. are disclosed, but these prior
art conpounds are structurally distinct fromthe conpounds according to the
present invention. The problem nentioned above has been sol ved by

devel opi ng novel conpounds which are 20 7-nmenbered nitroge ' wil |
be descri bed WRPIBWMET WD 97/ 23467 "pCtsEmeds

PCT/ SE96/ 01636 3 CQutline of the inventiongThe novel conpounds according to
the present invention are defined by the general fornmula (1) [err] wherein
10 A is a substituted or unsubstituted aromatic; an optionally
substituted CJerr]-Cferr] hydroaromatic; a heteroaromatic or a

het er ohydr oar @uitline of the invegtionavi ng from5 to 10 atons sel ected from any of
C, S, Nand 0, each optionally and i ndependently substituted by 1 or 2
substituents i ndependently selected from hydrogen, CH err],

(CH err]) [ err iifEh6Vel bompbhdasording N the present Bvéntion aredMricdlbplRs generaorhela’ | .
(CHerr])[err]NRlerr]Rerr],

(CHerr])[err@H err](CH err])[err]SORlerr]Rlerr],
(CHerr])[err]SOerr]Rerr], 15 (CHerr])[err]SOerr]NRerr],
(Cl-l[err])[érr]NR[err]COQ[err] and -NR[grr] (CHerr])[err]CORerr]; wherein
ois 0, 1, or 2, and Rlerr], Rerr] a Rl err] are as defined bel ow

N

respectively;
w—{} ‘
R

N

AR?(

B
wherein

10 A isa substituted or unsubstituted aromatic; an optionally substituted Cs-Cjo -
hydroaromatic; a heteroaromatic or a heterohydroaromatic moiety having from 5 to 10
atoms selected from any of C, S, N and O, each optionally and independently substituted by

1 or 2 substituents independently selected from hydrogen, CH3, (CH2)oCF3, halogen,
~ CONR’R®, CO2R®, COR, (CH2)NRR® (CH3)6CH3(CH)oSORRE, (CH2)oSOR,

15 (CHp)eSOsNR>, (CH;)oNR COR® and —NR(CHp)oCOR;

whereino is0, 1, or 2, and Rl, Rs and R6 are as dd'uied below respectively;

R! is selected from hydrogen, a branched or straight C;-Cg alkyl, C3-Cg cycloalkyl, C4-Cg
(alkyl-cycloalkyl) wherein alky is C1-C3 alkyl and cycloalkyl is C3-Cg cycloalkyl; C4-Cio
20  aryl; and heteroaryl having from 5 to 10 atoms selected from any of C, S, N and O;

R’ and R® is cach and independently as defined for R above;

R is selected from hydrogen, CHs, OR', CO,R", and CH,CO,R! wherein
2 R!isas defined above;



R[efr] I's selected from hydrogen, a branched or straight (err]-Cerr]
alkyl, derr]-Cerr] cycloalkyl _Clerrl-Cerr] (alkyl-cycloal kyl) wherein

alkyl is (Jerr]-Cerr] alkyl a q'qusHEEtthBEE err]-Cerr] cycloal kyl;
Clerr]-Cferr] 20 aryl; and het¢roaryg tmg 5 to 10 atons sel ected
fromany of W9®3461 and O R[e ach and | HYENO3¢ | y as

defined for Rlerr] above; R err] is selected fromhydrogen, CHerr],
OR[err], Cerr]Rerr], and CHerr]CJerr4R err] wherein 25 Rlerr] is as
defi ned above; Bis a substituted or unsubstituted aromatic; an
optionally substituted CJerr]-Cferr] hydroaromatic; a heteroaromatic or a
het er ohydroaromati ¢ noiety having from5 to 10 atons sel ected from any of
C, S, Nand O optionally substituted by 1-2 substituents each 5 and

i ndependent | yB §sod snbstitated oxamistibsdiutegaromaticy afdphonﬂli[sabsuw@nqpn
(CHerr])[err CO\IR[err] err] (CH[err]) err]NRlerr]F r],

(CH[err])[err‘% R& panprais projety ingiiom 1 10

(CH
(G err])[er H@%%qg%v&wwéwﬁmﬁééwl oubgtingmcach
wherein R anohramrepm leoedﬁoim&:ogéxQCl-lgF{:Ej ihhlogendl (G NR§R ach and

d dent | t f
(Grorr]) [ er U TS ;% o (GrIROR, (CHRSOLR’, and
(CHerr])[err .(CH[err])[err] 3-indolyl, (CH[err])[err]SR[err] or
(Cl-l[err])[err%?’gﬁ s 6

wherempxso 1,2 or 3 and wherein R” and R are as defined above;

10 R°and R? is cach and independently selected from
R’, (CH2),CONR’RS, (CH2)pNR’RS, (CH);CONR’R®, (CH)pCO2R>, (CHp)pPh,
(CHy)p(p-OH Ph), (CH)y3-indolyl, (CH2)pSR® or (CH2)pOR’;
wherein pis 0, 1,2, 3, or 4, and wherein R> and R® are as defined above.

15 Within the scope of the invention are also pharmaceutically acceptable salts of the |
compounds of the formula (I), as well as isomers, hydrates, isoforms and prodrugs thereof.

Preferred coinpounds according to the invention are compounds of the formula (I)

wherein

A is selected from phenyl, naphthyl, indolyl, benzofuranyl, benzothiophenyl, pyrryl, furanyl,
quinolinyl, isoquinolinyl, cyclohexyl, cyclohexenyl, cyclopentyl, cyclopentenyl, indanyl,
indenyl, tetrahydronaphthyl, tetrahydroquinyl, tetrahydroisoquinolinyl, tetrahydrofuranyl,
and pyrrolidinyl; wherein

cach A group being optionally substituted by 1 or 2 substituents independently sclected
from hydrogen, CHy, (CHg)oCFs, F, C1, CONRR®, CO;R®, COR, (CH2),SOR’,
(CH2),SO2R>, (CH2)SO;NR>, (CH2)oNRCOR® and NR*(CH2),COR®; wherein R and
Rsareasdeﬁnedbelow, andoisOorl;

This Sheet Has Been Replaced
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wherein pis 0, 1, 2, 3, or 4, and wherein R err] and Rl err] are as defined
above. 15 Wthin the scopegef-the jpvention are al so pharmaceutically
acceptabl e salts of the conmpdHIBISHEET HaS %EFMT la (1), as well as isoners,
hydr ates, isofornms and prodfugs t reflerred conpoun Lhg to
the inventi ortW@PEMGpounds “of L.ﬁmgegna'a_(_l. wherein 20 g??@@g)f"%é{]ed
from phenyl, naphthyl, indolyl, benzofuranyl, benzothiophenyl, pyrryl,
furanyl, quinolinyl, isoquinolinyl, cyclohexyl, cyclohexenyl, cyclopentyl,
cycl opentenyl, indanyl, indenyl, tetrahydronaphthyl, tetrahydroquinyl,
tetrahydroi soqujng i nylg tetrahydrofuranyl, and p%rrol i dinyl; wherein 25
each A group bRi Ry andR dmeach gnd; indepandently sclpstedifrom hipdrogens 8 brapehed or straight

i nd dent | I o ; F,
O CONR or 1] REGARIS G R ER e ity Pbyctoaifitnieiy dfl S & anc

CH ] S N :

ECHSHMSFH R[(glrkrs'} r%&r?fl%}g'rﬁh %ﬁ?](&f};”]ﬁgmmerr] ; Wherein
Rlerr] and Rlerr] are as defined below, and o is 0 or 1; 30 Rerr],

Rlerr] and R egRl. 4l ng Fﬁ]e 1. %&iﬁg Jom hydrogen, a

br anched orsst?alisg%‘%% = é r W %ﬁ:rr - erv{:’]' cycl oal kyl

Cerr]-Cerr] (alkyl-cycloal kyl) wherein alkyl is (JQerr]-Cerr] alkyl and
B is selected from phenyl, naphthyl, indolyl, benzofuranyl, dihydrobenzofuranyl,
benzothiophenyl, pyrryl, furanyl, quinolinyl, isoquinolinyl, cyclohexyl, cyclohexenyl,

cyclopentyl, cyclopentenyl, indanyl. indenyl, tetrahydronaphthyl, tetrahydroquinyl,
10 tetrahydroisoquinolinyl, tetrahydrofuranyl, pyrrolidinyl, indazolinyl, and

X

each B group being optionally substituted by 1-2 substituents independently selected from
15 hydrogen, CHs, CF3, halogen, (CH2)pCONR’R®, (CH)pNR RS, (CH2);COR’,
(CH2)pCO2R’, and OR’;

wherein p is O or 1, and wherein R and R® are as defined above;

20 R3 and R4 are cach and independently selected from hydrogen, CHj3, CH(Me)»,
CH,CH(Me);, CH(Me)CH,CH3 (CH)pCON'R’, (CHz);NR RS, (CH),CONRR’,
(CH2)pCO2R’, (CHo)pPh, (CHy)p(p-OH Ph), (CHp)p-3-indolyl, (CHy)pSR>, and
(CH2)pOR’, wherein pis 0, 1, 2, or 3, and wherein R> and R® are as defined above.

I
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cycloal kyl is C3-C6 cycloal kyl, and phenyl; 5 Rlerr] is hydrogen, nethyl,
or ORerr] wherein R err] is as defined above; B is selected from phenyl,
napht hyl , i ndolyl, benzofuranyl, dihydrobenzofuranyl, benzot hi ophenyl,
pyrryd, furanyl, quinolinyl, i soqui nolinyl, cycl ohexyl, cycl ohexenyl,

cycl opentyl , WoAIR2M§ENt enyl , i ndanyl. indenyl, tetrahydronafCIrsEP6/01636

t et ahydroqui nyl, 10 tetrahydroisoquinolinyl, tetrahydrofuranyl,
pyrrolidinyl, indazolinyl, and [err] each group being optionally
substituted by 1-2 substituents independently selected from 15 hydr ogen,
CH err], CFlerr], hal ogen, (CH[err])[err]CCNR[err]R[err],

CH err err "’!2533"“ m}ﬁl Sikib
Em%err}g%err}%er&%ﬁferr] %&E&) ia erern ”o[r“dft':’fthefml erein
Rlerr] and R dfwvhermire as deflned above; 20 R[err] and Rlerr] are each and

i ndependently sel ected from hydrogen, CH err], CH(Me)[err],
CHerr]CH Me)[err], CI—|(IVE)CH[err]CH[err],(CI—|[err])[err]CO\|[err]R[err],

CH CH CON
Ferettlittns: o R R e A
(CH[err])[err] 3-indolyl, (CI-l[err])[err]SR[err] and 5

U
(CH[err])[err]q?[er , V\/nereln 94050 g , or 3, and Wne in Rand R are
as defined abdis WO 97/ 2346 !

PCT/ SE96/ 01636 6 N 10/N ﬁ \ﬂ/
éa O

ﬁ ?13

o R15
]
ﬁ_N\@}( and H‘s/u\/ N\@}(
0

10 wherein the phenyl ring of each A substituent may be optionally and independently
substituted by 1 or 2 substituents selected from H, CHs, (CHp)oCF3, F, Cl, CONRR®,
COR>, (CH2),SOR’, (CH,)0SO2R>, (CH2)oSO:NR RS, (CH2),NRCOR®, and
NR>(CH)oCORS; wherein R and R® are as defined below, and 0 is 0, 1 or 2;

s Rlis selected from hydrogen, methyl, ethyl, CH,CH=CHj, or CHz-cyclopropyl;

R and R® is each and independently selected from phenyl, methyl and efhyl; or
R and R6 taken together is -(CHa)r- wherein r is 4 or 5;

20 R2 is H, methyl, or ORI;

R, R% R, RO, RM, R'2 R™3, R, R", and R'S, is cach and independently as defined
forR above;



Especially preferred conpounds according to the invention are conpounds of
the formula (1) wherein Ais selected from[err] 10 wherein the phenyl
ring of each A substituent may be optionally and i ndependently substituted
by | ror 2 sub s selected fromH CHerr], (CHerr])] F,
a, CO\IR[err]QPQWfRI’CQerr]R[err], (Cl-l[err])[err]SGQ[err] ‘iﬁlsgﬂ;ﬁ&rﬁ
(CH err])[err]SOerr]Rerr], (CH[err])[err]78CIerr]NR[err]R[err],
(CHerr])[-err]NRlerr]COR[err], and NR[err](!CH err])[err]COR[err]; wherein
Rlerr] and R err] are as defined below, and o is O, 1 or 2; 15 Rerr] is
sel ected from hydrogen, nmethyl, ethyl, CHerr]CH=CHerr], or

CH err] - cycl opmig ¥electdd ffdnh theﬂﬁgnﬂ%{r indbl?l B&&Bﬁﬂ?\‘}l n&&a&aﬁ&aﬁhﬂ
from phenyl, nethyl and et ; err] Rl erf] taken together
-(CH err])r- Mﬂmﬂmﬁfm@l qminoligyl, m{qemoljnyﬂ cytlohaxyl, tmclohexmyl(}?xclapcqtyl,

R B

97/ 23467 trahydroisoquinolinyl, tetrahydrofuranyl, indazolinyl, and PCT/ SE96/ 01636 7
Bis selected fron1pheny| naphthyl |ndonI benzofuranyl
di hydr obenzéf ur anyl ,

O

each B group being optionally substituted by 1-2 substituents independently selected from
hydrogen, methyl, CF3, halogen, (CH2),CONR’R®, (CH)pNR’RS, (CH2),COR®,
10 (CH)pCOR’, and OR’, |

selected

wherein p is 0, 1, or 2, and wherein R and R6 are as defined above;

R’ and R* are each and independently selected from H, CHs, CH(Me)s, CH2CH(Me)s,
s CH(Me)CH,CH; (CH)CONR'R®, (CH)pNRR®, (CH2),CONRR®, (CH2),CO2R’,
(CHp)Ph, (CH;)p(p-OH Ph), (CHy)p-3-indolyl, (CH3)pSR>, and (CHy),0R>:

wherein pis 0, 1, 2, or 3, and wherein R® and R® are as defined above.

20 Even more preferred is to usc a compound where the A substituent is

1"
9

R ; 12 l
l:l R YN
R10 or 0
and wherein R”, R'®, R and R'2, are as defined above.



benzot hi ophenyl, furanyl, quinolinyl, isoquinolinyl, cyclohexyl,

cycl ohexenyl, cycl opentyl, cyclopentenyl, indanyl, indenyl,
t et rahydr onapht hyl , tetrahydroqui nyl, tetrahydroi soquinolinyl,
t etrahydr.of uranyl, indazolinyl, and [err] each B group being optionally

substituted WP I2M6Zubstituents i ndependently sel ected froRCH/SHINAENE,
methyl, CF[err], halogen, (CHerr])[err]CONRerr]Rerr],

(CHerr])[err]NRlerr]Rerr], (CH[err])[errfCCR[err] 10
(CH[err])[err]CQerr]R[err], and OR[err], wherein pis O, 1, or 2, and

wherein R err] and R err] are as defined above; R err] and R err] are each

and i ndepende nﬂd’suﬁﬁiuﬂ!ﬂ&eﬂaﬂd' ﬁcergﬁ? otpm[sﬁﬁsﬁhwd at any position of the

CHerr]CH(Me)[err], 15

(CH[err])[err]m\lR[err]R[err] (CH[err])[err]NR[err]R[err]
(Cl-l[err])[err]CO\IR[err]R[err]; (CI-l[err])[err]CCIerr]R[err],
(CHerr])[err]Ph, (CHerr])[err](p-OH Ph), (CHerr])[err]-3- indonI

(CH err]) [ err] ByYinidgen” WO thehd EMiGH0! fiddrs, bidhdduia ibdo. Wherein p is 0, 1, 2, or

3, and wherein Rerr] and Rerr] are as defined above. 20 Even nore
preferred i% to use a conpound where the A substltuent is K[err] and

wherein R err] b err] and rr as, def i ned -above.
97/ 23467 By % vJemﬂm nnRLEavulg gtofOcarbonamms.mmyI@g%
naphtyl.

By “heteroaryl” we mean an aromatic ring in which one or more of the from 5-10 atoms in

10 thering are elements other than carbon, such as N, S and O.

By “hydroaromatic™ we mean a partly or fuily saturated aromatic ring structure having 5-10
carbon atoms in the ring. '

15 By “heterohydroaromatic” we mean a partly or fully saturated aromatic ring structure in
which one or more of the 5-10 atoms in the ring are clements other than carbon. such as N, -
Sand O.

By “isomers” we mean compounds of the formula (I), which differ by the position of their
20 functional group and/or orientation. By “orientation” we mean stereoisomers,
diasterecisomers, regioisomers and enantiomers.

By “isoforms” we mean compounds of the formula (I) which differ by their crystal lattice,
such as crystalline compound and amorphous compounds.

By “prodrug” we mean pharmacologically acceptable derivatives, e.g. esters and amides,

such that the resulting biotransformation product of the derivative is the active drug. The

reference by Goodman and Gilmans, The Pharmacological basis of Therapeutics, 8th ed.,

McGraw-Hill, Int. Ed. 1992, “Biotransformation of Drugs, p. 13-15, describing prodrugs
30  generally, is hereby incorporated.



8 The substituents A and B respectively, my opti'onal |y be substituted at
any position of the ring. By "hal ogen" we nean chloro, fluoro, brono and
iodo. By "aryl" we mean an aromatic ring having from6 to 10 carbon atons,

such .as pheny] an phtyl. By "heteroaryl™ we nmean an aro ' ' in
whi ch one or W?’égﬁggt he from5-10 atons in 10 the ring a%{égﬁeﬂg’sﬁ ot her
than carbon, such as N, S and O By "hydraromatic" we nean a partly or
fully saturated aromatic ring structure hdving 5-10 carbon atons in the
ring. 15 By "heterohydroaromatic”" we nean a partly or fully saturated
aromatic ring structure in which one or nore of the 5-10 atons in the ring
are el ements other than carbon, such as N, S and O By "isoners" we nean
conpounds of the formula (1), which differ by the position of_ their 20
functional gr g nYRLCORPQYRdLOfithe Rresent ipyention are yscful in therapy, cipegiglly for the

St er eoi somer s, dirast &heal somers, regi oi soners and enantiomers. By

"isof orns" we mean corfpounds of the fornmula (1) which differ by their
crystal lattice, such as crystalline conpound and anor phous conpounds. 25
By "prodrug” accept abl e derivative esters

h | ogj cal | ..
and ani des,’ s\fﬁﬂ"q‘gan _ a&n‘g‘gg‘ﬁ&! Jig‘ ﬁ%’i‘r"!ﬂ%?ﬂﬁ’f’i H“’ﬁ?‘ﬂ&%?c&j @?"’ghe
derivative Is ghihgfadfubd ofa niditdment'T6r use in any of the diseases disclosed below.

The compounds are useful for modulating the analgesic effects acting at the p opioid-
receptor subtype, including for modulating side effects seen with agents acting at the p.

10 opioid receptor subtype such as morphine, especially respiratory depression, gut motility
and abuse liability.

Compounds of the invention are also useful as immunomodulators, especially for
autoimmune diseases, such as arthritis, for skin grafts, organ transplants and similar surgical
15 needs, for collagen diseases, various allergies, for use as anti tumour agents and anti viral

agents.

Compounds of the invention are useful also in disease states where degeneration or

dysfunction of opioid receptors is present or implicated in that paradigm. This may involve
20  the use of isotopically labeled 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 diarrhea, depression, urinary
incontinence, various mental illnesses, cough, lung oedema, various gastro-intestinal

25 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.



ref erence by Goodman and G | mans, The Pharnmacol ogi cal basis of
Therapeutics, 8th ed., MGawHi ||, Int Ed. 1992, "Biotransfornation of
Drugs, p. 13-15, describing prodrugs 30 generally, is hereby incorporated.
WD 97/ 23467 :

PCT/ SE96/ 016%¥8 82362 novel conpounds of the present invent PEA/SES&O1636ef ul in
t herapy, especially for the treatnent of pain. 5 A further aspect of the
invention is the use of a conpound of thelormula (1) for the manufacture
of a nmedi canment for use in any of the diseases disclosed below The
conpounds are useful for nodul ating the anal gesic effects acting at the

[err] opioid n e including for nodulating side effects seen
wi th agents aWN] 10 opi oid receptor subtype such as

nor phi ne, especially respiratory depression, gut notility and abuse
liability. @EOUW | nvention are al so useful as inmmunonodul ators,
especially fo 06 '%eases, such as arthritis, for skin grafts,
organ transplants and simlar surgical 15 needs, for collagen diseases,
various allergies, for use as anti tunour agents and anti viral agents.

Conpounds &f  tAncaldehydmor ketoneisdreatsd with a atcleophile slich ans Grighard ersorgieliium

degeneration %}r)ecies to produce the corresponding alcohol. This alcohol may then be converted into a
suitable leaving group (X) such as an ester, sulphonate or halide which may in turn be
displaoéd with a nucleophilic species such as a substituted or unsubstituted piperazine. N-
(4)-unsubstituted piperazine derivatives may then be suitably substituted with a variety of

1o groups via their organo halide or equivalent species, or acylated with a number of different
acylating compounds. This sequence of events will give rise to compounds according to

general formula .

Generalized Method B
15
An N-protected amino acid, as its activated ester, may be reacted with a second amino acid
ester. On treatment with an acid this species may then cyclize to form a piperazinedione.
This dione may be reduced via a number of standard methods to the corresponding
piperazine (e.g. a reducing agent such as lithium aluminium hydride, by conversion to the
20  thioamide and subsequent desulphurization, hydrogenation in the presence of POC); etc.)
This piperazine may then be alkylated or acylated on one or more of the nitrogens and/or
may be used subsequently in generalized method A.

Deprotection of functional groups or further modifications may then be necessary, these are
25 described for each individual case. Specific examples for the above transformations are
given in the experimental.



dysfunction of opioid receptors is present or inplicated in that paradigm
This may involve 20 the use of isotopically |abeled versions of the
conpounds of the invention in diagnostic techniques and inagi ng

appl i-cati ons C positron em ssion tonography (PET). Co t he
i nvention areaﬂygpgﬁ for the treatnent of diarrhea, depressﬁgﬁﬁaﬁﬁpﬁgry

i ncontinence, various nental illnesses, copgh, |lung oedema, various
gastro-intestinal 25 disorders, spinal inrﬁry and drug addiction,
including the treatnent of al cohol, nicotine, opioid and other drug abuse
and for disorders of the synpathetic nervous systemfor exanple

hypertensi on. Al udfdférfiatonsontemplated use reagents (including salts) and solvents known to the
PCT/ SE96/ 01636 10 General i zed, Ngthod A s An aldeﬁyde or ketone is treated
with a nucl eopﬂ?@%ﬂ&@&@%ﬁ%ﬁeﬂswwm?wm%@&‘@"t"é‘“ﬁ’rteduce

the correpondi g,

sui tabl e | eavi ng grogtp aogggﬁdlggitﬁéﬁswwtﬁ'ona%ﬁ&gm%wfp%l c)h may
in turn be di saﬂ&hﬁdmdtoﬁsﬂmlcmhﬂtfmmmhblogiwmm tuted or
unsubstituted piperazine. N (4)-unsubstituted piperazine derivatives may
then be suitably substituted with a variety of 10 groups via their organo
hal i de or equival ent species, or acylated with a nunber of different

acyl ating conpounds. This sequence of events will give rise to conpounds
accordi ng to The best mode of carrying out the invention known at present is to use the compounds 1, 2,

3,4,9and 10.

10

Dezailed description of the javent

The invention will now be described in more detail by the following examples, which are not
to be construed as limiting the invention.

15



general formula I. Generalized Method B 15 An N-protected am no acid, as
I‘ts activated ester, nay be reacted with a second anmino acid ester. On
treatment with an acid this species may then cyclize to forma

pi per.azi nedi one. This dione may be reduced via a nunber of standard nethods
to the corre¥AT@346§ pi perazine (e.g. a reduci ng agent suclPCTSERé/01636UM

--alum ni um hydride, by conversion to the 20 thioam de and subsequent

desul phuri zati on, hydrogenation in the prEsence of POCl[err] etc.) This

pi perazine may then be al kyl ated or acyl ated on one or nore of the

ni trogens and/or may be used subsequently in generalized nmethod A
Deprotectionhggéhgaahgonal groups or further nodifications may then be
necessary, t 5 described for each individual case. Specific
exanpl es for the above transformations are given in the experinental. WO
97/ 23467 . PCT/ SE96/ 01636 11
Al'l transf or nheicompowulsacnopling wExamples t-3yeene synthiesizdd as ishawsinl Schome h Below.
solvents known to the art of chem stry and to biotransformations carried
out in a suitable biological mediumto bring about these transformations
and includes all reaction enhancing ageRhémég 9 HWPA),

0
Homopiperazine or ()
E‘? N-methylhomopiperazine ‘
= Et,N
A_C
Cl OMe

. O

- |
cyclopropylmethyl chioride ~ E%N O O
- -

N

OMe

@)

10

To a solution of 3-bromoanisole (5.61 g, 30.0 mmol) in dry THF (100 mL) was added

15 dropwise a solution of n-butyllithium in hexane (1.6 M, 20 mL, 32 mmol) under nitrogen at
-78°C. The mixture was stirred for 1 hr at the same temperature prior to the addition of 4-
formy}-N,N-diethyl-benzamide (6.15 g, 30.0 mmol) in dry THF (20mL). The reaction



and chiral resolutions using chiral salt formation and chiral biol ogical
resol utions. The best node of carrying out the invention known at present
is to use the conpounds 1, 2, 3,4,9 and 10. 10 Detail ed description of the
i nvention. The invention will now be described in nore detail b

he
fol | owi ng exdXPPUBMET\hi ch are not to be construed as |imti¥g" 1636
I nvention. 15- WO 97/ 23467

PCT/ SE96/ 01636 12 EXAMPLES The conpounds at¥or di ng to Exanples 1-3 were
synt hesi zed as shown in Schenme 1 below 5

Scheme 1 4-([err]-(1-Honopi perazinyl)-3-net hoxybenzyl)-N, N-di et hyl benzam de
(1,2 and 3). [ ffdnlre Wis alldieftho warm up to r.1 (4 h), and then quenched with ammonium chloride

(ag.). The solvent was removed in vacuo, the residue dissolved in cthyl acetate/heptane,
1:1, washed with brine and dried (MgSO4). Evaporation of solvent in vacuo gave a crude
product, which was purified by column chromatography on silica gel to afford 4-(c-

s hydroxyl-3-methoxybenzyl)-N,N-dicthylbenzamide (6.15 g, 66%): 'H-NMR (400 MHz,
CDCl3) 8 1.10 (3 H, br, CH3CH2N-), 1.22 (3 H, br, CH3CH2N-), 2.60 (1H, br, ORD, 324
(2 H, br, CH3CH,N-), 3.52 (2 H, br, CH3CH3N-), 3.79 (3H, s, OCH3), 5.80 (1H, s, CHN),
6.81 (1 H, m, AtH), 6.93 (1 H, m, ArH), 6.94 (1H, m, ArH), 7.25 (1 H, m, ArH), 7.31 (2H,

m, ArH), 7.39 (2 H, m, ArH).

10

15 To a solution of 4-(at-hydroxyl-3-methoxybenzyl)-N,N-dicthylbenzamide (3.13 g. 100
mmol), in AcOEt (20mL) was added 35% hydrochloric acid (20 mL) at 0° C. The reaction
mixture was stirred for 12 hr at r.t. and extracted with AcOEt. The organic layers was
washed with saturated ammonium chloride solution and brine, dried over MgSO4 and
evaporated to give a crude product, which was purified by column chromatography on silica

20 gel to afford 4-(ct-chloro-3-methoxybenzyl)-N,N-diethylbenzamide (compound A) (1.82 g,
55%). GC-MS: 331, 330, 296, 259, 224, 196, 165, 152, 112.

A mixture of homopiperazine (200 mg, 2.0 mmol), 4-(a-chloro-3-methoxybenzyl)-N,N-
diethylbenzamide (331 mg, 1.0 mmol) and K,CO, (276 mg, 2.0 mmol) in dry acetonitrile
30 (50 mL) was refluxed for 2 hr under nitrogen. after cooling down to r.t., the reaction



|. Preparation of 4([err]-Hydroxyl-3-nmethoxybenzyl)-N, N-di et hyl benzam de
To asolution of 3-bronpanisole (5.61 g, 30.0 mol) in dry THF (100 nlL) was
added 15 dropwi se a solution of n-butyllithiumin hexane (1.6 M 20 niL, 32
mrol ) under nitrogen at -78C. The mi xture was stirred for 1 hr at the sane
t enper at ur e WP9HRM46D the addition of 4- fornyl-N, N-di et hyl PEEREMNGE (6. 15
, 30.0 mml) in dry THF (20nL). The reaction WO 97/ 23467

PCT/ SE96/ 01636 13 m xture was allowed to Whrmup to r.t (4 h), and then
guenched with amoni um chloride (aq.). The solvent was renoved in vacuo,
the residue dissolved in et hyI acet ate/ heptane, 1:1, washed with brine and

dried SO e I

whi ch \(/vaNg ;c)IurH‘l&nE an\é?;CQrf ﬁé‘@(’grap yﬁgar?ﬂg ?@e&%ﬁ%ﬁ@r
4-([err]- s I(@dsowl) hmﬁmbmmﬂwwmmmm %)
[err] H-NWVR (400 M4z, CDC rrlﬁ [err] 1.10 (3 H, br, CI-l[err]Cl—l;_err]l\l—)
1.22 (3 H, br bringdded QuRgmoval of solvents gaye 4-(gx(j-h Oswrwe(a?n

CH CH

o i A R o (]
7.25 (1H m Aol elotidg with MeOH-CH:€3) (2 (9839 102190) w provide me]tillelcbmp&nﬂmmat I on
of 4([err]- Chln(!)gr 84%) met hoxybenzyl ) - N, N-di et hyl benzam de

GC-MS (R, = 17.35 min) 396.30 (M*+1, 0.4%), 395.30 (M+, 1.2), 380.25 (0.9), 337.20
(6.5), 325.25 (27.2), 297.15 (25.8), 251.10 (1.1), 224.10 (3.7), 196.10 (26.4), 165.15
10 (12.8), 152.10 (16.6), 112.15 (4.8), 99.20 (100); & (400 MHz, CDCl,) 1.10 (brs, 3H), 1.20
~ (brs, 3H), 1.82 (m, 2H), 2.66 (t, J=6.0 Hz, 2H), 2.72 (m, 2H), 2.97 (1, J=5.2 Hz, 2H), 3.12
( J=6.0 Hz, 2H), 3.23 (brs, 2H), 3.51 (brs, 2H), 3.77 (s, 3H), 4.60 (s, 1H), 5.26 (brs, 1H),
6.72 (m, 1H), 6.99 (m, 2H), 7.18 (t, J=8.0 Hz, 1H), 7.28 (d, J=8.0 Hz, 2H), 7.46 (d, J=8.0
Hz, 2H); &c.13 (100 MHz, CDCls) 12.8, 14.2, 29.0, 39.2, 43.3. 46.0, 48.6, 53.0, 53.6, 55.2,
15 74.9,112.3, 113.5, 120.2, 126.7, 127.8, 129.5, 135.9. 144.3, 144.4, 159.7, 171.0.

Its HBr salt: m.p. 137- 140.5°C (AcOEt-Ether); Vp, (KBr) cm™ 3500, 1600, 1288:
Anal.Calcd.for C24H33N530; .1.5HBr.0.8H,0: C, 54.25; H, 6.85; N, 7.91. Found: C. 54.36;
H, 6.839; N, 7.78.

A mixture of homopiperazine (114 mg, 1.14 mmol), 4-(c-chloro-3-methoxybenzyl)-N,N-

diethylbenzamide (compound A)(100 mg, 0.3 mmol) and K,CO, (138 mg, 1.0 mmol) in

dry acetonitrile (10 mL.) was refluxed for 5 hr under nitrogen. after cooling down to r.t., the

reaction mixture was quenched with IN aqueous NH,OH solution and extracted with ethyl
30  acetate (3 x 50 mL). The combined organic layers were washed with saturated aqueons



(conmpound A in Schene 1) 15 To a sol ution of
4- ([ err]-hydroxyl - 3- net hoxybenzyl ) - N, N-di et hyl benzam de (3.13 g. 10.0
nmol ), in AcCeEt (20nmL) was added 35% hydrochloric acid (20 nL) at O[err]C.

The r-eaction njx was stirred for 12 hr at r.t. and extr '
Yoty BETRRadild

AcCEt. The or yers was washed with saturated anmoni um<c

solution and brine, dried over MgSg err] and evaporated to give a crude
product, which was purified by colum chr ontet ography on silica 20 gel to
afford 4-([err]-chloro-3-net hoxybenzyl)-N, N-di et hyl benzam de (conmpound A)
(1.82 g, 55%: GC-Ms: 331, 330, 296, 259, 224, 196, 165, 152, 112. Exanple 1 25

Preparation of NH,CI and brine, dried over MgSO,. Removal of solvents,gave4-fa—(4—-mﬁ:yl-l-
4-([err]-(1-Honopl perazinyl) - 3- et oxﬁlbenz.yl )-N, N-di‘et hyl benzam de
(compound 1) A homepiperaziny!l)-Broethoxyhenzyl)-NN-diedplbengamitie ovhiehowas purified by silica gel

andl K or 1] Gl e PP I HARE RPN & B o AEORE R i il B[R

refluxed for 2y epger nitrogen, after cooling down to r.t., the reaction
WO 977 23467 PCT/ SE96/ 01636
14 m xture vias quenched with 1N aqueous NH err] OH sol ution and extracted

wth eyl acegl gl kX o Hidy460R VTR 058, 90830 oir! G915 S EE SR
(3.4), 296.15 (5.3), 264.10 (0.2), 237.00 (0.6), 224.05 (S.Q). 196.05 (6.2), 152.00 (5.6),
113.15 (100); & (400 MHz, CDCl,) 1.10 (brs, 3H), 1.20 (brs, 3H), 1.79 (m, 2H), 2.38 (s,
3H), 2.59 (m, 2H), 2.65 (m, 4H), 2.72 (t, J=6.0 Hz, 2H), 3.24 (brs, 2H), 3.54 (brs, 2H),

10 3.78 (s, 3H), 4.54 (s, 1H), 6.72 (dt, }=8.0, 1.2 Hz, iH), 6.99 (m, 2H), 7.18 (dt. J=8.0, 1.2
Hz, 1H), 7.27 (dd, J=8.4, 1.6 Hz, 2H), 7.44 (dd, J=8 4, 1.6_'5HZ, 2H); 8¢.13 (100 MHz,
CDCl3) 129, 14.2, 217, 39.1,43.2, 46.9, 52.7, 52.8, 55..2,.756.3. 59.1,75.3,112.0, 113.7,

120.4, 126.6, 127.9, 129.4, 135.7, 144.7, 144.8, 159.7, 171.1.

15 Its HBr salt: m.p. 165-178°C (AcOEt-Ether); v, (KBr) cm’! 3400, 1603, 1286;
Anal.Calcd.for C35HasN30,.2.0HBr .0.6H,O: C, 51.57; H, 6.61: N, 7.22. Found: C, 51.88;
H, 6.56; N, 6.92.

A mixture of 4-(o-(1-homopiperazinyl)-3-methoxybenzyl)-N,N-diethylbenzamide
25 (compound 1) (119 mg, 0.3 mmol), (chloromethyl)cyclopropane (45 mg, 0.5 mmol),
sodium iodide (75 mg, 0.5 mmol) and K,CO, (138 mg, 1.0 mmol) in MeCN (10 mL) was
refluxed for 2 hr. after cooling down to r.t., the reaction mixture was quenched with IN
aqueous NH,OH solution and extracted with ethyl acetate (3 X 50 mL). The combined
organic layers were washed with saturated aqueous NH,Cl and brine, dried over MgSO,.
3%  Removal of solvents gave 4-(a-(4-cyclopropylmethyl-1-homopiperazinyl)-3-



brine, dried over MgSO err]. Renoval of solvents gave

4-([err]-(1-honopi perazinyl)-3- methoxybenzyl)-N, N-di et hyl benzani de
(conpound 1), which was purified by silica gel s colum eluting with
MeOH-CH err]Cl [err] (2: 98 [err] 10: 90) to provide the title conpound (254
mg, 649 . GOMAIT2MEerr]= 17.35 nmin) 396.30 (Merr]+1, 0.4%PCTARI/HE36
(Merr], 1.2), 380.25 (0.9), 337.20 (6.5), 325.25 (27.2), 297.15 (25.8),
251.10 (1.1), 224.10 (3.7), 196.10 (26.4), 1165.15 10 (12.8), 152.10
(16.6), 112.15 (4 8) 99.20 (100); [err] (400 MHz, CDCI[err]) 1.10 (brs,
3H), 1.20 (brs, 1.82 (m 2H), 2.66 t,J60Hz 2.72 (m 2H),

w8 Zaﬁémiﬁ%'aﬂ?“*@fﬁw‘%n%g%%ﬁ%ﬁ 2'99‘ Mﬁ%‘ﬁ Oxsiga Bpi,

2H), 7.18 (t, Johnh chining %M&)ﬁ&ﬁ@z(ﬂ~®ﬂ+t(§t:9@k8%m31dé§:e(ﬂec hzzs
2H); [err] (100 M4z, CDCl[err]) 12.8, 14.2, 29.0, 3 3. 46.0, 48

53.0, 53.6, 55.M8.93%). 74.9 112.3. 113.5, 120.2 126.7, 127.8, 129.5.
135.9. 144.3, 144.4, 159.7, 171.0. Its HBr salt: mp. 137-140.5C
(AcCEt-Ether); v[err] (KBr) cnferr] 3500, 1600, 1288; Anal. Calcd. for

Clerr] H[ err]sN[ esm.m ﬂt.é]ZS Mnﬁhmms&biﬂzw),rie@w@ 3}345255 (03), $37500 (19), 323.38 -
Found: C. 54. 36; . 20 Pr;&gratl on of

4-([err]-(4- Met(%»}) 226 Béﬁéﬂ}.%@? H&(Qsﬁ)J 23705(33h 32400 (2.6), 196. 10 (RALS3:2061003,
SC?FE?‘#?"Cﬁ? or G0l B0 MISHRBIS RS e ol bkl 280 D B, 120 (00 g,
0.3 mmol) and HH) 2.} O¢h,2H)] 2.69 851=60¢ Ha, 200, 2081 , }46.6 Hz, 2H), 2.90 (m, 2H), 3.13 (brs,
2H), 3.25 (brs, 2H), 3.30 (m, 2H), 3.51 (brs, 2H), 3.79 (s. 3H), 4.59 (s, 1H), 6.75 (ddd,
10 J=8.4,2.4, 1.2 Hz, 1H), 6.98 (m, 2H), 7.21 (t, }=8.0 Hz, 1H), 7.30 (d, J=8.0 Hz, 2H), 7.44
(d, }=8.0 Hz, 2H); 8c.13 (100 MHz, CDCls) 4.6, 6.5, 12.3, 14.1, 24.9, 39.1, 433, 48.8,

524,525, 55.2,55.5,62.3,74.9, 112.2, 113.8, 120.2, 126.7, 127.8, 129.6, 136.1, 143.6,
143.7, 159.8, 170.9.

1s  Its HBr salt: m.p. 138- 147°%C (AcOEt-Ether); Vo (KBr) cm’! 3435, 1606, 1287;
Anal.Caled.for CpgH3gN30,.1.20HBr . 1.40H,0: C, 58.80; H, 7.58; N, 7.35. Found: C,
58.82; H,7.58; N, 7.24.



dry acetonitrile (10 nL) was refluxed for 5 hr under nitrogen, after
cooling down to r.t., the reaction m xture was quenched with 1N agueous

NH[ err] OH sol ution and extracted with ethyl 30 acetate (3 x 50 nL). The
conbi.ned organic |layers were washed with saturated aqueous 3467
PCT/ SE96/0163W°P§’2N¥| ferr]d and br| ne, dried over MySQ err] Pcﬁé%&i

sol vents gave 4-([err]-(4-methyl -

honopi per azi nyl ) - 3- met hoxybenzyl ) - N N- di et Wyl benzami de, which was purified
by silica gel colum eluting with MeOHCH err]dJerr] (5 : 95 [err] 10: 90)
to provide the title conmpound (82 ng, 67%. 5 GC-MS (Rl err]= 16.19 mn)

410.10 (Merr]+1, 0.3%,409.20 (Merr], 351.15 (1.7),324.15 (3.4),
296. 15 (5.3), 264. 10 (o 2), 237.00 (0. 6)2 “05 (3.0), 196.05 (6.2),
152. 00 (5.6), 4 : JN.Nvitiethyit »hydiiochls

(brs,-3H), 179(m 2H) 238(5 3H) 259(m 2H) 265(m 4H) 272(t
J=6.0 Hz, 2H)—)824(brs 2H), 3.54 (brs, 2H), 10 3.78 (s, 3H), 4.54 (s,
1H), 6.72 (dt, J=8.0, 1.2 Hz, IH), 6.99 (m 2H), 7.18 (dt, J=8.0, 1.2 Hz,-
1H), 7.27 (dd, J=8y4,1.6 Hz, 2H), 7.44 (dd, J=8.4, 1.6 Hz, 2H); [err] (100
MHz, CDCl[err])
12914227 TEBR"
120. 4, 126. 6, 1279

The compound according to Example 4 was symhesized as shown in Scheme 2 above. -

10 B)
. P tion of 4-(Phenvl- N, N-di 1ben

4-Formyl-N,N-diethyl-benzamide (19.5 g, 95 mmol) was dissolved in dry THF, cooled to
-78° C under nitrogen. Phenyl magnesium bromide (104 mL., 1.0M in THF) was added

15 dropwise at -78° C. The temperature was allowed to rise slowly until reaction complete (1
h). The reaction was quenched with ammonium chloride (aq.). The solvent was removed
in vacuo, the residue dissolved in ethyl acetate/heptane, 1:1, washed with brine and dried
(MgS0j4). Evaporation of solvent in vacuo gave 26.5 g (98%) of 4-(phenyl-
hydroxymethyl)-N,N-diethylbenzamide. MS: 282, 211, 165, 105, TH NMR: (CDCl3): &=

20 7.38-7.20 (m, 9H), 5.80 (d, J=3.5Hz, 1 H), 3.5, 3.2 (2br.s, 4H), 1.2, 1.05 (2br. s, 6H).



15 Its HBr salt: mp. 165-178[err]C (AcCEt-Ether); v[err] (KBr) cnferr]
3400; 1603, 1286; Anal.Calcd. for err]J]Herr]Nerr]Jerr].2. OHBr
.0.6Herr]CG C, 51.57; H, 6.61: N, 7.22. Found: C, 51.88; H, 6.56; N, 6.92.
20 _Exanple 3 Preparation of

4- ([ err] - (4~vayetrpsropy| met hyl - 1- honopi per azi nyl ) - 3- met hox yPEFSRS6/H1636

N, N- di et hyl benzam de (conpound 3) A m xture of

4-([err]-(1-honopi perazinyl) - 3- et hoxybenlzgyl )-N, N-di et hyl benzam de 25
(conpound 1) (119 ng, 0.3 mmol ), (chl oronethyl)cycl opropane (45 ng, 0.5
mol ), sodi um|0d| de (75 rrg, 0.5 rrrml) and K[err]CCIerr] (138 ng, 1.0 mmol)
in MeCN (10 ngp) pe@sars : RhivE thPBeniatiigéo r.t., the
reaction m xturé was quenc ed " aqueous \H T sof uti on and
extracted wi tfcompound Bin:Scheme2) x 50 ni). The conbined organic |ayers were
washed with saturated aqueous NH err]C and brine, dried over MgSg err]. 30
Renoval of sol vents gave

4- ([err] - (4- canesnn m 124.3 g,93 mmol) ¥ dissévédin
PCT/ SE96/ 01636 16 net hox benz | )N, N-di et h}/l benzam de (corrpound 3), which
was puri fi%d dstlepmedbaneN0mior dried withAA meleaplar evesomnd relerprasty flak1: 99

Lerr] 100 90) ;i dfrSth Hibr)Fchibride iy SHIL 10 ShntohWas THacd k6P €. Sotution stirred at

25° Cfor 1 h. Solvent evaporated in vacuo. Residue dissolved in toluenc and solvent

evaporated again. 4-(Chloro-phenyl-methyl)-N,N-diethylbenzamide (compound B) was

obtained as an oil (~100%) which crystallized in the freezer. GC-MS (2 peaks): 296, 225,
10 165, 121 and 300, 266, 229, 195, 165. 'H NMR: (CDCl3): 8 = 7.45-7.20 (m, 9H), 6.09 (s,

1H), 3.4 (br. m, 4H), 1.1 (br. m, 6H).

15

This compound was prepared as described for Example 1 {compound 1), but substituting

compound A for compound B.

4-(a~(1-homopiperazinyl)benzyl)-N,N-dicthylbenzamide (compound 4) as an oil. GC-MS:
365.30 (M*, 2.6%), 322.25 (5.7), 295.15 (42.5), 281.20 (22.4), 267.15 (45.4), 236.10
(0.9), 194.15 (28.8), 165.15 (62.7), 99.20 (100); 8y (400 MHz, CDCl,) 1.08 (brs, 3H), 1.18
(brs, 3H), 1.69 (m, 2H), 2.56 (s, 1H), 2.62 (m, 4H), 2.85 (m, 2H), 2.97 (m, 2H), 3.23 (brs,

25 2H), 3.50 (brs, 2H), 4.63 (s, 1H), 7.16 (m, 1H), 7.26 (m, 4H), 7.40 (d, J=8.0 Hz, 2H), 7.44
(d, 3=8.0 Hz, 2H); 8¢.13 (100 MHz, CDCl,) &: 12.6, 14.0, 30.7, 39.0, 43.1, 46.9, 49.6, 52.9,
56.1,74.9, 126.4, 126.7, 127.6, 127.7, 128.3, 135.5, 142.9, 144.8, 171.0.



5 GC-Ms (Rlerr]= 25.44 min) 377.15 (0.2%, 365.10 (0.3), 352.25 (0.3),
337.20 (1.9), 323.15 (3.2), 296.15 (6.3), 259.10 (0.3), 237.05 (0.3),
224.00 (2.6), 196.10 (7.3), 153.20 (100), 110.10(4.6); [err] (400 Mz,

CDCl [err]) 0.33 2H), 0.69 (m 2H), 1.11 (m 3H) 1.20 ( 11(m
oH), 2.69 (t,W92W6Ty, 'oH) 2,81 (d, J=6.6 Hz, 290(%’3&%"”

(brs, 2H), 3.25 (brs, 2H), 3.30 (m 2H),,3.51 (brs 2H) 3.79 (s, 3H) 459
(s, 1H), 6.75 (ddd, 10 J=8.4, 2.4, 1.21%% 1H), 6.98 (m 2H), 7.21 (t,
J=8.0 Hz, 1H), 7.30 (d, J=8.0 Hz, 2H), 7.44 (d, J=8.0 Hz, 2H); [err] (100
Miz, CDCl[err]) 4.6,6.5, 12.8, 14.1, 24.9, 39.1, 43.3,48.8. 52.4, 52.5,
55.2, 55.5, 6Rs BCT R compiurd 4y, ass-ﬂmcam@ﬁﬁeim)w,z, (KB} & 8418|3628,
143.6, 143.7, 159.8, 9. 15 " Its HBr salt: mp. 138-147C &ACCEt Et her);
v[err] (KBr) 15 074 ApaiSisicd fexSsHaNs.2.50HE).0.90H,Q G, §8.42; H, 7.52; 889

er T Her gl gl dti 1 40/Cor 10 0 0 800 1 708 N 735

PCT/ SE96/ 01636 17 Schene 2

4-([err]-(1-Honopi perazi nyl )benzyl)-N, N-di et hyl benzam de hydr ochl ori de
(corrpound’[err] The corrpound accordi ngﬁhﬂmﬂarrpl e 4 was synt hesized as
shown in SChﬂ [b-(1-Hono! i

(©) . OH
(5) and (6)

Ar=4-diethylaminocarbonyiphenyl (5)
Ar=2-naphthyl (6)

Socl, 4N
Ar Homoplparazme

(7) and (8)
Ar=4-disthylaminocarbonyiphenyl (7)
Ar=2-naphthyl (8) IEI
(9)and (10)
Ar=4-diethylaminocarbonylphenyl (9)

Ar=2-naphthy (10)

10

The compounds according to Examples 5-10 were synthesized as shown in Scheme 3
above. '



10 B) |I. Preparation of 4-(Phenyl-hydroxynethyl)-N, N-di et hyl benzam de

4- Fornyl - N, N-di et hyl - benzam de (19.5 g, 95 mmol) was dissolved in dry THF,
cooled to -78 C under nitrogen. Phenyl magnesi um brom de (104 nL, 1.0Min
THF) was added 15 dropwi se at -78[err] C. The tenperature was allowed to

ri se’ sl owl y wasttaséreacti on conplete (1 h). The reacti on waRCHSRIN8163€ Wit h
ammoni um chl oride (aq.). The solvent was renpbved in vacuo, the residue

di ssolved in ethyl acetate/heptane, 1:1, ggashed with brine and dried

(MgSO err]). Evaporation of solvent in vacuo gave 26.5 g (98% of

4- (phenyl - hydroxymet hyl ) -N, N-di et hyl benzam de. Ms: 282, 211, 165, 105, [err]H
NVR. (CDCl[err]): [err] =20 7.38-7.20 (m 9H), 5.80 (d, J=3.5Hz, 1 H),
3.5,3.2 (2br,s, 4H), 1.2, 1.05(2br, s, 6H). WO 97/ 23467

PCT/ SE96/ 016 18 Il. Preaparation of

4- ( Chl or o- phertyl - rret hyI) N, N—d| et hyI benzam de (corrpound B in Schene 2)

4- (Phenyl - hyqr opresirftidn pniige {céfhpound CIR Selidihy
dissolved in s drchlof onet hane ar 1 ed ecul ar si eves,

and transf er rkoc Sphmandﬂww.'-mid cblo!ide (lﬁiﬁg,égml)ﬂh dmjachlmmaue(soma m.,

cvapor at e | A 0y ke oiyemne P PLE 7L BAafiion e g mistie s

warmed to r.t. and stirred for one hour at r.t., and then quenched with aqueous K,CO,
solution, extracted with dicthyl ether (2 X 200 mL). The organic phases were washed with

brine, dried over MgSO,. Evaporation of solvents gave the crude product, which were
puried by silica gel column eluting with MeOH-CH,(l, (1 : 99) to provide 4-iodo-N,N-

10 diethylbenzamide (14.5 g, 95 %). GC-MS: 303.00 (M*, 20.2%), 302.00 (52.1), 231.85
(7.6), 230.85 (100), 203.85 (1.1).

15
To a solution of 4-iodo-N,N-diethylbenzamide (1.51 g, 5.0 mmol) in dry THF (10 mL) was
slowly added t-butylithium (5 mL, 1.7 M, 8.5 mmol) at -78 °C. After 10 min, 4-formyl-
N,N-diethylbenzamide (1.03 g, 5.0 mmol) in THF (5 mL) was dropwise added. the reaction
mixture was warmed to r.t. and then quenched with aqueous NH,Cl solution and extracted

20  with ethyl acetate (2 X 50 mL). The combined organic layers were washed with brine, dried
over MgSO,. Removal of solvents gave a crude product, which was purified by silica gel
column eluting with MeOH-CH,Cl; (1 : 99 - § : 95) to provide Di-(4-N,N-
dicthylaminocarbonylphenyl)methanol (725 mg, 38 %). GC-MS: 382.20 (M*, 2.9%),
364.15 (4.4), 310.05 (34.2), 283.15 (40.2), 204.05 (15.6), 154.55 (13.9), 119.05 (100); &y

s (400 MHz, CDCl;) 1.06 (brs, 6H), 1.19 {brs, 6H), 3.20 (brs, 4H), 3.48 (brs, 4H), 5.26 (s,
1H), 5.66 (s, 1H), 7.21 (d, }=8.0 Hz, 4H), 7.31 (d, J=8.0 Hz, 4H); 3c.13 (100 MHz, CD(Cl;)
8: 12.5, 13.9, 39.0, 43.0, 745, 125.9, 126.2, 135.3, 145.3, 171.0.



evaporat ed again. 4-(Chloro-phenyl-nethyl)-N, N-di et hyl benzam de (conpound
B) was obtained as an oil (~100% which crystallized in the freezer, GC M
(2 peaks): 296, 225, 10 165, 121 and 300, 266, 229, 195, 165. [err]H NWR
(cbd.[err]): [err] = 7.45-7.20 (m 9H), 6.09 (s, 1H), 3.4 (hr, 4 1.1
(br. m 6H). B&?&ﬁ-"tﬁu 15  Preparation of Yersberstels
4-([err]-(1-Honopi perazi nyl)benzyl)-N, N-di et hyl benzam de (conpound 4) This
conpound was prepared as described for Exakble I (conpound 1), but
substituting conmpound A for conpound B. 20

4-([err]-(1- honopi per azi nyI )benzyl) N, N—d| et hyI benzam de (corrpound 4) as an
oil. GC- M5 36pr38nll 1 ’ : 20 (22.4),
267.15 (45.4), (100);
[err] (400 M-izdieflifbenesmids poundrA 1. 18 (brs, 3H) 1. 69 (m 2H),
2.56 (s, 1H), 2.62 (m 4H) 2. 85 (m 2H) , '2.97 (m 2H), 3.23 (brs, 25 2H),
3.50 (brs, 2H), 4.63 (s, 1H, 7.16 (m 1H), 7.26 (m 4H), 7.40 (d, J=8.0
Hz, 2H), 7.44 = 7 A " N e

14.0,730.7, 39. ,‘i‘f}'.’%"%z{?? ¢ ﬁgﬁ ’,°["§5‘5.'Jé",d%@£.i‘i’%’.”éﬂ;@% 4“13% I?ﬂ%@ng&
127.7, 128.3, a3alichlordmehéhe (101hL3 wad drbp@ise added'Bichyl Secride (1.0 mL, 13.7 mmol) at
PCT/ SE96/ 01636

r.t. The reaction mixture was stirred for one hour at r.t. Evaporation of solvents gave 4-(c.-
chloro-4-N,N-diethylaminocarbonylbenzyl)-N,N-diethylbenzamide, which was used directly
in the next step: 8y (400 MHz, CDCl3) 1.16 (brs, 12 H), 3.38 (brs, 8H), 6.15 (s, 1H), 7.35
(d, J=8.0 Hz, 4H), 7.44 (d, }=8.0 Hz, 4H); 8.;; (100 MHz, CDCly) &: 13.1, 39.1, 42.5,

10 627, 1263, 127.5, 136.2, 141.3, 170.3.

15

This compound was prepared as described for compounds 1 and 4.

GC-MS: 407.20 (1.5%), 394.25 (9.3), 366.15 (12.4), 293.15 (4.1), 265.15 (11.6), 165.15
(19.1), 99.10 (100); & (400 MHz, CDCls) 1.11 (brs, 6H), 1.21 (brs, 6H), 1.69 (m, 2H),

20 2.36 (brs, 1H), 2.63 (m, 4H), 2.97 (m, 2H), 3.00 (m, 2H), 3.25 (brs, 4H), 3.52 (brs, 4H),
4.63 (s, 1H), 7.27 (d, J=8.4 Hz, 4H), 7.43 (d, }=8.4 Hz, 4H); 8c.13 (100 MHz, CDCl,) &:
12.8, 14.1, 30.9, 39.1, 43.2, 47.1, 49.7, 53.0, 56.4, 74.9, 126.5, 127.7, 135.8, 144.5, 171.1.

Its HCI salt: m.p. 158-164 °C (ACOEt-Ether); Va.: (KBr) cm™ 3498, 1627, 1047;
25 Anal.Caled.for CosHyoN,O; . 2.70HCL . 0.30H,0: C, 59.16; H, 7.68; N, 9.86. Found: C,
59.25: H, 7.66; N, 9.63.



19 Its HCl salt (compound 4): mp. 155-165 [err]C (AcOEt-Ether); v[err]
(KBr) cnierr] 3418, 1628, 1591, 1074; Anal.Cal cd.for

Cerr]Herr]Nerr]O 2.50HCI.0.90H err] G C, 58.42; H, 7.52; N, 8.89. Found:
C, 5835; H 7.52; N, 8.62. Schene 3

4-([err] - (1-worsapies®razinyl ) aryl)-N, N-di et hyl benzami de hydrpavisissroiehe
(conpounds 9 and 10). [err] Ar=4-diethylam nocarbonyl phenyl (5)
Ar=2-naphthyl (6) [err] Ar=4-diethyl am no@arbonyl phenyl (7)

[err] Ar-2-naphthyl (8) Ar=4-diethylam nocarbonyl phenyl (9) Ar=2-naphthyl
(10) 10 The conpounds accord| ng to Exanples 5-10 were synthesized as shown
in Scheme 3 ahQVPrepars , ‘ . R

This compound was prepared as described for compounds 1 and 4.

GC-MS: 333.20 (M*, 58.2%), 332.20 (100), 316.15 (2.6), 261.10 (88.3), 215.05 (18.8),
155.05 (54.8), 127.10 (29.0); 8y (400 MHz, CDCl,) 0.93 (brs, 3H), 1.11 (brs, 3H), 3.08
(brs, 2H), 3.38 (brs, 2H), 4.80 (brs, 1H), 5.73 (s, 1H), 7.13 (d, J=8.0 Hz, 2H), 7.27 (d,
J=8.0 Hz, 2H), 7.30 (dd, J=8.4, 1.6 Hz, 1H), 7.37 (m, 2H), 7.63 (d, J=8.4 Hz, 1H), 7.70

10 (m, 2H), 7.74 (s, 1H); 8¢c.13 (100 MHz, CDCly) 8: 12.5, 13.8, 39.0. 43.0, 75.0, 124.7, 124.8
125.5, 125.7, 126.0, 126.3, 127.3, 127.6, 127.7, 132.4, 132.7, 135.2, 141.3, 145.2, 171.1.

*

15 This compound was prepared as described for compounds 1 and 4.

Used directly in the next step: &y (400 MHz, CDCl,) 1.15 (brs. 6H), 3.38 (brs, 4H), 6.28 (s,
1H), 7.35 {m, 2H), 7.47 (m, 5H), 7.80 (m, 4H).

This compound was prepared as described for compounds 1 and 4.

25

GC-MS: 415.15 (M*, 1.0%), 400.20 (0.6), 356.20 (4.0), 345.25 (14.8), 317.15 (15.7),
244.00 (7.7), 215.15 (44.4), 99.15 (100); 8y (400 MHz, CDCl5) 1.07 (brs, 3H), 1.17 (brs,
3H). 1.69 (m, 2H), 2.63 (brs, 1H), 2.67 (m, 4H), 2.86 (m, 2H), 2.98 (m, 2H), 3.20 (brs,
2H), 3.48 (brs, 2H), 4.80 (s, 1H), 7.30 (d, J=8.0 Hz, 2H), 7.42 (m, 2H), 7.52 (d, J=8.0 Hz,
30  2H), 7.61 (m, 1H), 7.78 (m, 4H); 8..13 (100 MHz, CDCl,) &: 12.7, 14.0, 30.9, 39.0, 43.1,



WD 97/ 23467 PCT/ SE96/ 01636 20
C L Preparation of 4-1odo-N, N-di ethyl benzam de (conpound C in Schene 3)
To a solution 4-iodobenzoyl chloride (13.3 g, 50 mmol) in dry

di chl.oronet hane (50 nL) 5 was slowy added diethylamne (30 nL) at O
[err] C. Afterwad#Mbon, the reaction mxture was warnmed to PCUSESMAH3S: | rred
for one hour at r.t., and then quenched with aqueous Kl err]CJerr]
solution, extracted with diethyl ether (2 28 200 nlL). The organi ¢ phases
were washed with brine, dried over MgSO err]. Evaporati on of sol vents gave
the crude product, which were puried by silica gel colum eluting with

(145 g, o5 o1 LM 330582, A0S, s BRI vt SRR ERES )
230,85 (100), 1303, #§8.4,135, 14046, BAZPIAL.i On of

Di - (4- N, N-di et hyl am nocar bonyl phenyl ) met hanol (conpound 5) To a sol ution of
4-io0do- N, N-di et hyl benzam de (1.51 g, 5.0 nmol) in dry THF (10 nL) was

slow y added tg JLhi , _EMEI. 5 a er 10 mn,
4-formyl - N, Nl&mﬁtb%ﬁz%@ﬁﬁéﬁé )ngrgﬁ)‘}’ %’H %ﬁ&i?gﬁﬁﬁw\/\’as
dropwi se addedind.Calcd.Coir Qo HASNJO X2.0HE] VE6OHYO: Tp62.69) H, 7i44; Nn8L12.[Reandj B nched
W t h aqueous NH! err] Cl solution and extracted 20 with ethyl acetate (2 x 50
m.). The conbi s @éﬁi’@’&%ers were washed with brine, dried over
MySO err]. Renoval of solvents gave a crude product, which was purified by
silica gel colum eluting with MeOHCH err]d[err] (1: 99 [err] 5 : 95) to
provide Di-(4-N, N diethyl am nocar bonyl phenyl ) net hanol (725 ng, 38 %.
GC- Ms: 382. 20 lghl\/[err] . 2.99,. .
_ Pharmaceutical compositions
10
The novel compounds according to the present invention may be administered orally,
intramuscularly, subcutaneously, intraperitoneally, intrathoracially, intravgnously.’

intrathecally and intracerebroventricularly.

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

particular patient.

20  For preparing pharmaceutical compositions from the compounds of this invention, inest,
pharmaceutically acceptable carriers can be either solid or liquid. Solid form preparations
include powders, tablets, dispersible granules, capsules, cachets, and suppositories.

A solid carrier can be one or more substances which may also act as diluents, flavoring
25 agents, solubilizers, Iubricants, 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

active component. In tablets, the active component is mixed with the carrier having the



364.15 (4.4), 310.05 (34.2), 283.15 (40.2), 204.05 (15.6), 154.55 (13.9),
119.05 (100); [err] 25 (400 MHz, CDCl[err]) 1.06 (brs, 6H), 1.19 (brs,
6H), 3.20 (brs, 4H), 3.48 (brs, 4H), 5.26 (s, 1H, 5.66 (s, 1H, 7.21 (d,
J=8.0 Hz, 4H), 7.31 (d, J=8.0 Hz, 4H); [err] (100 MHz, CDCl[err])
[err]:12.5, WO%2%870,43.0,74.5, 125.9, 126.2, 135.3, 145. PCT/SE/N0636 WO
97/ 23467 PCT/ SE96/ 01636 21
I11. Preparation of 4-([err]-chloro-4-N, N-# ethyl ani nocar bonyl benzyl ) - N, N-
di et hyl benzam de (conmpound 7) To a sol ution of

I - (4-N, N-di et hyl am nocar bonyl phenyl ) net hanol (400 ng, 1.05 mmol) in 5

di
ggy7d|m(3£: ;)rgt ﬁ&ega&*he rrgg% I on mxturewgﬁ rrWone ﬁﬁ?e‘ﬂl{&zem‘

Evapor ati on ofdesiéd/ents gave 4-([err]-
chl oro-4- N, N-di et hyl am nocar bonyl benzyl ) - N, N-di et hyl benzam de, which was
used directly in the next step: [err] (400 WHz, CDCl[err]) 1.16 (brs,

Ak, Lot T EoBHiE omppry Sompleiis f‘%%?%@%%ﬁdo

126. 3, 127 5 nlsanﬂt:sahdm;lbﬁﬂﬂ'xgﬁrsﬁndmlandﬁe&m&i prédienp isafispersed therein by,
4-([err]- eraz |eth | am pocar bonyl benzyl ) - N, N-
di et hyl benzam }(}D% er%&l‘a's"e s mixture is then poured into convenient

sized molds and allowed to cool and solidify.

Suitable carriers are magnesium carbonate, magnesium steafate, talc, lactose, sugar, pectin,
10 dextrin, starch, tragacanth, methyl cellulose, sodium carboxymethyl cellulose, a low-melting
wax, cocoa butter, and the like. -

Pharmaceutically acceptable salts are acetate, benzenesulfonate, benzoate, bicarbonate,
bitartrate, bromide, calcium acetate, camsylate, carbonate, chloride, cetrate,

15 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, pamoate
(embonate), pantothenate, phosphate/diphosphate, polygalacturonate, salicylate, stearate,

0 subacctate, succinate, sulfate, tannata, tartrate, teoclate, uiethiodide, benzathine,
chloroprocaine, choline, diethanolamine, ethylenediamine, meglumine, procaine, aluminium,
calcium, lithium, magnesium, potassium, sodium, and zinc.

Preferred pharmaceutically acceptable salts are the hydrochlorides and citrates.

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



15 This conmpound was prepared as described for conmpounds 1 and 4. GC- Ms:
407.20 (1.5%, 394.25 (9.3), 366.15 (12.4), 293.15 (4.1), 265.15 (11.6),
165.15 (19.1), 99.10 (100); [err] (400 MHz, CDCl[err]) 1.11 (brs, 6H), 1.21

(brs,. 6H), 1.69 (m 2H), 20 2.36 (brs, 1H), 2.63 (m 4H), 2.97 2H) ,
3.00 (m 2H) WOIMBMLrs 4H), 3.52 (brs, 4H), 4.63 (s, 1H), Wn#" =8. 4
Hz, 4H), 7.43 (d, J=8.4 Hz, 4H); [err] (10Q_MHz, CDCl[err]) & 12.8,
14.1,30.9,39.1,43.2,47.1,49.7, 53.0,56.4,7 ?9, 126.5, 127.7, 135.8, 144.5,
171.1. Its HO salt: mp. 158-164 C (AcOEt-Ether); v[err] (KBr) cnferr]
3498, 1627, 1047; 25 Anal . Calcd. for Cerr]J]Herr]Nerr]gerr] . 2.70HC

0.30H err] O CiTabidts/sfiwdeks, chckis, ahd casul cak Beindd ad3oli6 Bosafi foins shithe fdilordl. 63.
WO 97/ 23467 PCT/ SE96/ 01636

22 1V. Prepar a@foinisgation.
4- ([ err] - hydroxy-2- napht hyl met hyl ) - N, N-di et hyl benzam de (conpound 6) This
conpound was prepared as described for conpounds 1 and 4. GC-Ms: 333. 20

(Merr], 58. 2‘%).1 u?@ﬂmﬂ@oﬁﬂ&iﬁons héRdd soltidng susperiaibns, And Effulsions. StkHleQiatdr b8 8)
155. 05 (54.8) 7 10 Eﬂ‘% . [err] (400 MHz, CDCl[err]) 0.93 (brs, 3

1.11 (brs, H) waser slmlifolmmse the pasive opmpoundsynay bsmentiongd as gn
19, 7.13 (d, ‘Lfﬁqxgd Wepargtwns sﬁu&Z f((rqmenwral administration. Liquid compositions can also be

formulated in solution in aqueous polyethylene glycol solution.

Aqueous solutions for oral administration can be prepared by dissolving the active

10 component in water and adding suitable colorants, flavoring agents, stabilizers, and
thickening agents as desired. Aqueous suspensions for oral use can be made by dispersing
the finely divided active component in water together with a viscous material such as natural
synthetic gums, rcsihs. methyl cellulose, sodium carboxyméthyl cellulose, and other
suspending agents known to the pharmaceutical formulation art.

15
Preferably the pharmaceutical compositions is in unit dosage form. In such form, the
composition is 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

20  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.



J=8.0 Hz, 2H), 7.30 (dd, J=8.4, 1.6 Hz, 1H), 7.37 (m 2H), 7.63 (d, J=8.4
Hz, 1H) 7.70 10 (m 2H), 7.74 (s, 1H); [err] (100 MHz, CDO[err]) [err]
12.5, 13.8,39.0, 43.0,75.0,124.7, 124.8, _

125.5,125.7,126.0, 126. 3, 127] 44 132.7,135. 2, 141. 3, 145. 2,
171.1. V. Prwpam.%ﬁ'bn of 4 (Srmg@'ﬂ%*zm\ggém ht hyl ) - N I\Ldrerlsmmmnam de
(compound 8) 15 This conp s described for conpounds 1
and 4. Used directly in the next step: [e26] (400 Mz, CDCl[err]) 1.15
(brs, 6H), 3.38 (brs, 4H), 6.28 (s, 1H). 7.35 (m 2H), 7.47 (m 5H), 7.80
(m 4H. 20 Exanpl e 6 Preparation of

4-([err]-(1- L perazi nyl ) -2-napht hyl met hyl ) - N, N- di et hyl benzam de
hydrochl ori d Thi s conpound was prepared as described for
conpounds 1 and 4. 25 GC-Ms: 415.15 (Merr], 1.0%, 400.20 (0.6), 35620
(4.0), 345. 25 314 8),317.15 (15.7), 244.00 (7.7),215.15 (44.4), 99.15 (100);
[err] (400 MHz4 7 (brs, 3H, 1.17 (brs, 3H), 1.69 (m 2H),
2.63 (brs, 1||:G,‘el|§ﬂ&5e(m 4H), 2.86 (m 2H), 2.98 (m 2H), 3.20 (brs, 2H),
3.48 (brs, 7.30 (d, J=8.0 Hz, 2H), 7.42 (m 2H), 7.52
(d, J=8.0 ¢z, 30 2H), 7. 61 (m 1H, 7.78 (m 4H); [err] (100 MHz,

CDCl [err]) [err]: 12.7, 14.0,30.9,39.0,43. 1. WO 97/ 23467

PCT/ SE96/ 0 1633uman 2938 cells expressing cloned human K, 8, and x receptors and neomycin resistance

were grown in suspension at 37°C and 5% CO; in shaker flasks containing calcium-free
DMEM10% FBS, 5% BCS, 0.1% Pluronic F-68, and 600 pg/ml geneticin.

10 Membrane preparation

Cells were pelleted and resuspended in lysis buffer (S0 mM Tris, pH 7.0, 2.5 mM EDTA,
with PMSF added just prior to use to 0.1 mM from a 0.1 M stock in ethanol), incubated on
ice for 15 min, then homogenized with a polytron for 30 sec. The suspension was spun at

15 1000g (max) for 10 min at 4°C. The supernatant was saved on ice and the pellets
resuspended and spun as before. The supernatants from both spins were combined and 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 resuspended in membrane buffer ( 50
mM Tris, 0.32 M sucrose, pH 7.0). Aliquots (1 ml) in polypropylene tubes were frozen in

20  dry ice/ethanol and stored at -70°C until use. The protein concentrations were determined
by a modified Lowry assay with SDS.

Binding assays

25 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/m] 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 pM bestatin, 10 M diprotin A, no DTT).
Aliquots of 100 pl (for pg protein, see Table 1) were added to iced 12x75 mm

%  polypropylene tubes containing 100 pl of the appropriate radioligand (see Table 1) and 100

_
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23 47.0,49.6,53.0, 56.2,75.0, 125.5, 125.7, 125.8, 126.4, 126.5, 127.4,
127.6, 127.7, 128.1, 132.5, 133.2, 135.5, 140.6, 144.7, 171.0. Its HC
salt: mp. 165-172 [err]C (AcOEt-Ether); v[err] (KBr) cnferr] 3462, 1612,
1106;- 5 Anal . Calcd. for CJerr]Herr]Nerr]O. 2.0HO . 1.60Herr]O C,
62.69; H, 7.4WO%234712. Found: C, 62.80, H, 7.37; N, 8.03. PEHIFHRLSE:i cal
conpositions 10 The novel conpounds according to the present invention nmay
be administered orally, intranuscularly, suBtutaneously, intraperitoneally,
intrathoracially, intravenously, intrathecally and
intracerebroventricularly. 15 The dosage will depend on the route of

adm ni stration fl L mgg‘l :bﬂm t
and ot her fact OPltSOt}E%fw % %i gg‘?“@%‘“}g&?"’h %9 e |n\g%p ysﬂ‘gli%gr?%mm
det er m ni ng thedttﬂﬂhhﬁddﬂﬁieabﬂbmﬂ ﬂdmdaﬁ IngloRbnextspettivelyd Thedyties apre at e
for a particular patient. 20 For 8repar| ng phar maceut i cal congom ti ons

from the conpoumersxed mm@bﬂmm for 60,75 min, aferwhigh tmeithegonten

powder 5.t ani of HEvhAGHEREshf e wil afh ca‘a‘éflﬁﬂe?@e‘éﬁé‘ﬁ@ﬁﬂmﬁﬁwbﬁ%3

suppositori es. mmmmu@mmmmmypmmmﬂauth may al so
act as diluents, flavoring agents, soI ubi | i zers l.ubricants, su_stg(;r&gtiang

agents, bi nder spolysth xlamremedm Igaptixity (dgm) Fpained onithe filters
encapsul ating rT%tﬁ‘nﬁé;’%&%fsuak:mgthei’ilterst‘oratleast 12h in minivials containing 6-7 ml scintillation

fluid. If the assay is set up in 96-place deep well plates, the filtration is over 96-place PEI-
soaked unifilters, which were washed with 3 x 1 ml wash buffer, and dried in an oven at

10 55°C for 2h. The filter plates were counted in a TopCount (Packard) after adding 50 p!
MS-20 scintillation fluid/well. |

Data analysis

ts  The specific binding (SB) was calculated as TB-NS, and the SB in the presence of various
test peptides was expressed as percentage of control SB. Values of 1Csq and Hill coefficient
{ny) for ligands in displacing specifically bound radioligand were calculated from logit plots
or curve fitting programs such as Ligand, GraphPad Prism, SigmaPlot, or ReceptorFit.
Values of K; were calcnlated from the Cheng-Prussoff equation. Mean + S.E.M. values of
20 ICsp, K; and ny were reported for ligands tested in at least three displacement curves.

Receptor saturation experiments

Radioligand K values were determined by performing the binding assays on cell

25  membranes with the appropriate radioligénds at concentrations ranging from 0.2 to 5 times
the estimated Kg (up to 10 times if amounts of radioligand required are feasable). The
specific radioligand binding was expressed as pmole/mg membrane protein. Values of Kg
and By,ax 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.
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In powders, the carrier is a finely divided solid which is in a mxture
wth the finely divided active conponent. In tablets, the active conponent
is mxed with the carrier having the WO 97/ 23467

PCT/ SE96/ 01636 24 necessary binding properties in suitable proportions and
conpact ed | wddreashape and size desired. For preparing sufRCISENHNIE6
conpositions, a lownelting wax such as a mxture of fatty acid s

gl ycerides and cocoa butter is first nmel 28d and the active ingredient is
di spersed therein by, for exanple, stirring. The nolten honpgeneous m xture
is then poured into convenlent sized nol ds and allowed to cool and
solidify. Sug 3 arbonat e, magnesi um st ear at e,
talc, lactos tarch, tragacanth, nethyl

cel I ul ose, sefi aﬁ%@ﬁm}& ofal 998 Q99T NeddGeRFbral SABARC B t €
and the |iKke. Phar maceut| ca |§ accepta salt's are acet at e,

benzenesul fo agdh&ﬂidﬁ@ttﬁofthtﬁﬁiﬂhﬁﬂﬁﬂ&waﬂbﬁ%bf 8okaycidfphag al Ci um
acetate, cansylate, carbonate, chloride, cetrate, 15 dihydrochloride,

edet ate, edi mﬂ(anm) "eRhaghadob B:eel;elnatkhaﬂﬂ%aﬂt-ms yohd asipflick eest {'Amouat e,
gl ut anmat e, ¥£0II Iarsanllate hex Iresor0|nate hydrabanlne
hydr obr onf deF Ky & fetermining josyef pain seamtigd o hat e,

lactate, 'aci’ﬁa?h%i‘.t E*p. “ﬁae‘r"‘.tﬁ. 74{1%,‘%? e, PRMG S2L%r, 1. (1987): “Substance P-

induced long-term blockade of spinal adrenergic analgesia: reversal by morphine and

naloxone™; J. Pharm. Exp. Ther. 340: 972-977) were used to evaluate the effectiveness of
compounds of the present invention as potent analgesics.



mesyl ate, methyl brom de met hyl sul fate, nucate, napsyl ate,
mtrate, panpate (embon m, ﬂ{u&&ﬂﬂfﬂl’ phosphat e/ di phosphat e,
pol ygal acturonate, salicyla subacet at e, succinate,

sul fate, tannata, tartrate, t eocl ate, tri et hi odi de, benzat hj ne

chl or opr ocai nWO%RYFT ne, di et hanol ani ne, et hyl enedi ani ne, nEﬁF’ﬁ?ﬂ‘ﬁé‘"
procaine, alumnium calcium I|ithium mag%esi um potassium sodium and
zinc. Preferred pharmaceutically acceptabl® salts are the hydrochl ori des
and citrates. 25 The term conposition is iperded—to-iaclude the

formul ation of the active conponent with dritH§<SHEETiHAS BEEN|i al as a
carrier provi dQiime capsule in which the gctiveRERDABEDent (Y th or without
other carriers) is surrounded by a carrier wnrchTs—tfos=r associ ati on
with it. Simlarly, cachets are included. 30 WO 97/ 23467

PCT/ SE96/ 016365 25 T and capsul es can be used as
solid dosage for ne ?%%%@P“‘PW‘?%‘?“T‘%%&%?‘& ration. Liquid from

conposi tions include solutions, suspensions, and enulsions. Sterile water
or s wat er - pr opyl ene glycoln‘sol utions of the active compounds may be
menti oned as an exanpl e N

wherein

A is a substituted or unsubstituted aromatic; an optionally substituted Cs-Cjo

10 hydroaromatic; a heteroaromatic or a heterohydroaromatic moiety having from 5 to 10
atoms selected from any of C, S, N and O, each optionally and independently substituted by
1 or 2 substituents independently selected from hydrogen, CHs3, (CH2)oCF3. halogen,
CONRR®, CO,R®, COR®, (CHR)NRPR® (CH2)oCH3(CH)SOR R, (CHy)oSO5R,
(CH2)oSOsNR>, (CH2)oNRCOR® and —NR®(CH,),COR;

15 whereinois0, 1, 0r2, and Rl, R5 and R6 are as defined below respectively;

R! is sclected from hydrogen, a branched or straight C;-C alkyl, Ca-Cg cycloalkyl, C4-Cg
(alkyl-cycloalkyl) wherein alkyl is Cy-Cj alkyl and cycloalkyl is C3-Cg cycloalkyl; Cg-Cyo
aryl; and heteroaryl having from 5 to 10 atoms selected from any of C, S, Nand O;

R and RS is cach and independently as defined for R! above;

R? is selected from hydrogen, CHs, OR', COsR!, and CHoCO,R! whezein
R! is as defined above;

\
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of liquid preparati ons ent eral admnistration. Liquid
conpositions can al so n!ﬂmm&@” sol ution in aqueous polyethylene

gl ycol sol ution. Aqueou oraI adm ni strati on can be prepared
by di.ssolving the active 10 conponent in water and addi ng suitable
colorants, fWesGR3468 agents, stabilizers, and thickening agensEssasedesired.
Agueous suspensions for oral use can be nmade by dispersing the finely

di vi ded active conponent in water togethegowi th a viscous nmaterial such as
natural synthetic guns, resins, nethyl cellul ose, sodium carboxynet hyl

cel lul ose, and ot her suspending agents known to the pharnaceuti cal
formulation art 15 Preferably the pharnaceutical conpositions is in unit
dosage form In such form the conposition is divided into unit doses

contai ni ng apBhPPsubsited bPiMsubdtiffediromiiRt; A bpsRalAIBGRRH C5-E)¢ Unit dosage
form can be a packaged preparation, the package containing discrete

quantities of hxdmmmmahmmﬁomehmﬁiydma;mﬁnemmwmngmﬁapmﬂ es,

and powders 20 _in.vi |l es. .The unit dosage.form can al so bea

capsul e, cach¥pms %aﬂé%l?'% a’ %&%&%W{)EWW@%%r of

any of these W&wmw%ﬁﬁﬁ%@ﬁ&&%ﬁ &mbggomﬁn@val uation
(CHZ)pNR r® , (CHz)p00R R (CHZ)pCOZR ,OR® s (Cﬂz)pSOR » (CH2)p302R » and
(CH)pSONRR®,

wherein p is 0, 1, 2 or 3 and wherein R° and R® are as defined above;

10 R>and R* is each and independently selected from
R®, (CHppCONRR®, (CH)pNRRS, (CHz)pCONR R® (CHz)pC02R (CHg)Pn.
(CHy)p(p-OH Ph), (CHy)p-3-indolyl, (cuz)pSR or (cuz)pmz
wherein pis G, 1,2, 3, or 4, and wheremR and R® are as defined above;

1 as well as pharmaceutically acceptable salts of the compounds of the formula (I), isomers,
hydrates, isoforms and prodrugs thereof.

2. A compound of the formula I according to claim 1, wherein

20
A is selected from phenyl, naphthyl, indolyl, benzofuranyl, benzothiophenyl, pyrryl, furanyl,
quinolinyl, isoquinoliny}, cyclohexyl, cyclohexenyl, cyclopentyl, cyclopentenyl, indanyl,
indenyl, tetrahydronaphthy!, tetrahydroquinyl, tetrahydroisoquinolinyl, tetrahydrofuranyl,
and pyrrolidinyl; wherein

25

cach A group being optionally substituted by-1-2 substiments independently selected from
hydrogen, CHs, (CHy)oCF3, F, C1, CONR’R®, CO.R®, COR®, (CH2),SOR?,
(CH2)SO2R>, (CH)oSO2NR®, (CH;)oNRCOR® and NR(CH,),COR®; wherein R® and
Rﬁareasdeﬁnedbelow.andoisOOr |
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A) IN VITRO MODEL Celt cul tur ms cell s expressing cloned human
[err], and [err] recept “\‘m\“ : resi stance were grown in suspension
at 37[err]C and 5%qu“ | aker flasks containing cal ciumfree DVEMLO%
FBS, -5% BECS, 0. 1% Pl uroni' F- 68, and 600 [err]g/m geneticin. 10 Menbr ane
preparati on CHANE2¥7 e pelleted and resuspended in [ysis bufFES

Tris, pH 7.0, 2.5 nM EDTA, with PNMSF addeds'&ust prior to use to 0.1 mMfrom
a 0.1 Mstock in ethanol), incubated on icé for 15 mn, then honogeni zed
with a polytron for 30 sec. The suspension was spun at 15 1000g (max) for
10 mn at 4C. The gupernatant was saved on ice and the pellets resuspended
and spun as beRo/R andie iscach and: independentiyselected fromihydropen, @ branchied oestraightl spun

Dut fer (50 o oyl GshppalEtCe b (e Epciodibilateng g s sl
resuspended i neydRiiiy B €510 chQbalkylihd phénil;i S, 0. 32 M sucrose, pH 7.0).

Aliquots (1 m) in polypropylene tubés were frozen in 20 dry ice/ethanol
and stored at -70[err]C until use. The protein concentrations were

deterni ned by g2mdi.fied Lawy asdayv . witht SDS. Bindi ng assays 25

Merbr anes wgrei[ Mﬂgﬁ%&l\%ﬂ?& ‘%’&ﬁ"é 5?9?@9"8@%’%% 3 times through a
25- gauge needle, and diluted into binding buffer (50 MM Tris, 3 nmM

MyCl [err], 1 ng/m BSA (Sigma A- 7888), pH 7.4, which was stored at 4[err]C

after filtrati Bris selected flomephenyd naphthyl| indelyl, bendofuranyldibydrétenzafwranyl,f r eshl y
added 5 [er 1] O gl o0 it Ko, PSRN, Biaub bl GuBASS efinesi™™
cyclopentyl, cyclopentenyl, indanyl, indeny], tetrahydroﬁaphthyl, tetrahydroquinyl,
10 tetrahydroisoquinolinyl, tetrahydrofuranyl, pyrrolidinyl, indazolinyl, and

Sl

each B group being optionally substituted by 1-2 substituents independently selected from
15 hydrogen, CHy, CF3, halogen, (CH)pCONR’R®, (CHo)pNR’R, (CHR),COR’,
(CH3);CO2R’, and OR’, |

wherein p is 0 or 1, and wherein RS and R6 are as defined above;

2 R and R* are cach and independently selected from hydrogen, CHs, CH(Me)s,
CH2CH(Me),, CH(Me)CH2CH3 (CH2)yCON"R®, (CH)pNR RS, (CH2),CONR'RE,,
(CH2),CO;R’, (CHy)pPh, (CH,)p(p-OH Ph), (CHz)y3-indolyl, (CH2);SR°, and
(CH2)HOR’, wherein pis 0, 1, 2, or 3, and wherein R and RC are as defined above.



Aliquots of 100 [err]T (for pg protein) were added to iced 12x75 mm 30

?g'egb[rggl)"eeg? ;ﬁgeiogorn“w“wlmﬂmmmlI of the appropriate radioligand

PCT/ SE96/ 01636 27 [err] |+ ofc t &st®pebti'des at various concentrations. Total
(TB) and noregeriié?c (NS) binding were determ ned in the abcESEYeOR3E
presence of 10 [err] M nal oxone respectively. The tubes were vortexed and
i ncubated at 25[err]C for 60-75 mn, aft 82 which time the contents are
rapidly vacuumfiltered and washed with about 12 nml/tube iced wash buffer
(50 MM Tris, pH7.0, 35 mM MgCl [err]) through G-/ B filters (What man)
presoaked for at least 2h in 0.1% pol yet hyl enei m ne. The radi oactivity
(dpm) retained on the filters was nmeasured with a beta counter after
soaki ng the 3|t er 4 dompournd acemding toxllaim2, whexeini al s containing 6-7 ni
scintillation fluid. If the assay is set up in 96-place deep well plates,
the filtration is over 96-place PElI- soaked unifilters, which were washed
with 3 x 1 ma wasBebikdR’. and dried in an oven at 10 55 err]C for 2h. The
filter plgtes were counted in a TopCount (Packard) after adding 50 [err]l
M5-20 scintillation fluid/well. Data analysis 15 The spegific binding
(SB) was cal culate@ as TB-NS, the(sB in the presence various test
peptides was BXxQregksed as percent e~ control SB.RMaI uesyof Ierr] and
H 1l coefficientN o il
] R o

R®-

o)

o) | R? o RS

|
) Isl N\@}( . R’Vu\/
o)

10 wherein the phenyl ring of each A substituent may be optionally and independently
substituted by 1 or 2 substitwents selected from H, CH3, (CHy),CF3, F, C1, CONRR®,
COR>, (CH),SOR>, (CH2)0SO,R>, (CH2),SO;NR RS, (CH2),NR3CORS, and
NR(CH2)oCORS; wherein R® and R® are as defined below. and 0is 0, 1 or 2;

15 R is selected from hydrogea. methyl, ethyl, CHzCH=CHy, or CHy-cyclopropyl;

R’ and R® is each and independently selected from phenyl, methyl and ethyl; or
R and R® taken together is {(CHy)r- wherein 1 is4 or 5

2 R%is H, methyl, or ORY;

R”, RS, R%, R'% RM R'2 R R™ R, and R'®,is each and independently as defined

for Rl above;



([err]) for ligands in displacing specifically bound radioligand were
calculated fromlogit gl gt ti ng prograns such as Ligand,
apnpad Pri s s gmeell QAN BTN | VP led” 6 Cer ) “vere cal cu at ec
from:t he Cheng-Prussoff "eqdat fon® Meat S.E.M values of 20 I1(err],
Klerr] and n[We8T236% e reported for ligands tested in at | cBESI/SEN/PE36

di spl acenent curves. Receptor saturation experinents Radioligand Klerr]

val ues were determ ned by perform ng the # ndi ng assays on cell 25

menbranes with the appropriate radioligands at concentrations ranging from
0.2 to 5 times the estimated K[err] (up to 10 times if amounts of

radi ol i gand r @slidlétddom ghemyabithyl, i %i&ﬁhhfyl,r&[%m&m% nding was
expressed as pnol e/ ng nmenbrane protein.” Val ues of K[err] an [lerr] from
i ndi vi dual ex gelﬂpmmym%lqﬁaﬂhvﬂ isbquinolinylndyiclobexy], cydlsheaényt,myclopentyl| | v
bound (B) vs. nMfree (.F) r.adioligan romJ ndividyal .according to a
one- si 'Ee) modef© M%mmyl‘\(}é@»lf Mi}.%ﬂaﬁy&mz&tﬁyi tetrahydroguinyl, °

PCT/ SE96/ 0163 Getrafydiisoghinbligl, eiah 1} s, MDEL)  The veel |

characterized hot plate test (Jolicoeur et al., 1991, "Neurobehavi oral
evi dence fér kappa agonist activity of the norphinan derivation 14-b-nethyl

8- oxacycl or phan [ XB)]": Pharmacol. Biochem Behav. 38: 401-405.) and
tail flick te H—R* .
(8]

cach B group being optionally substituted by 1-2 substituents independently selected from
hydrogen, methyl, CF3, halogen, (CH;);CONRR®, (CH2),NR°R®, (CHy),COR®,
10 (CHz}pCOR®, and OR®, |

i

wherein p is 0, 1, or 2, and wherein Rs and R6 are as defined above;
R3 and R4 are each and independently selected from H, CH3, CH(Me);, CH,CH(Me),,
15 CH(Me)CHCH; (CH2)pCONR R’ (CHp)pNR R®, (CH2),CONR RS, (CH2),COR’,

(CHg)pPh, (CHy)p(p-OH Ph), (CHy)p-3-indolyl, (CH2),SR, and (CH2),0R®

wherein pis 0, 1, 2, or 3, and wherein Rs and R6 are as defined above.

20
4, A compound according to claim 3, wherein
A is defined as
R"
Rs\ 12 '
R1° or o
25

and wherein R°, R'®, R!! and R'2, are as defined in claim 3.



s F.E and Smth D. L. thod for determning |oss of pain
sensatlon . Pharmaccl u I 74-79; Nance, PA. and Sanyor, J.
(1987): Substance P- bl ockade of spinal adrenergic

anal.gesi a: reversal by nor phi ne and naI oxone" . Pharm Exp. Ther. 340:
972-977) wewWOuRME?7t 0 eval uate the effecti veness of conpowrcuSESH1636E
present invention as potent anal gesics. 10 29 REPLACEMENT SHEET d ai ns
1. A compound of the general fornula 34) [err] wherein Ais a
substituted or unsubstituted aromatic; an optionally substituted
Cerr]-Cerr] 10 hydr oaromatic; a heteroaromatic or a heterohydroaromatic
noi ety having from5 to 10 atons selected fromany of C, S, N and O each
optional Iy and independently substituted by 1 or 2 substituents

i ndependent | ygsel gg¢ fidih h&ﬁl% r],

hal ogen, CONR[ err] R[gﬁho]m&%&gr rﬁqg%? §[.]4 m(ff?ﬁ[&‘“xfﬁ fibdidel s
(CHerr])[err]NRlerr]Rerr], (CHerr]) [err]CH[err] (CH[err])

[err] SOR[ err] r rr rr r

(CH[err])[errF[S A?ﬁw‘f ’i‘l‘gf@ l@kﬁ%%‘f‘l% ]

-NRerr] (CH err])[err]COR[err] and (CHerr])[err] SOR err]

7. A compound of the formula (T) of claim 1, which compound is

10

0

U,
®

N
Me



15  wherein o is 0, 1, ﬂlllﬁﬂllmmmmuml Rlerr] and Rlerr] are as defined
bel ow respecti vel y; R[e CH=CH err]; Rerr] is selected from
hydrogen, a branched or Stréight 'ge&rr-err] al kyI C[err]-C[err]

cycl eal kyl err qerr] (al kyl -cycl oal kyl ) wherin aI kyl is rr -C[err]
al kyl and cycVoaF )Hﬁ‘ is Cerr]-Cerr] cycloalkyl; (err]-cEFFFE 6 and
heteroaryl having from5 to 10 atons sel ected from any of C, S, Nand O 20
Rlerr] and Rlerr] is each and i ndependent|$3as defined for Rlerr] above;
Rlerr] and Rlerr] together is (-CHerr]) [err] whereinr is 4 or 5; Rerr]
is selected fromhydrogen, CHerr], ORerr], CJerr]Rerr], and
CHerr]COJerr]Rerr] wherein Rlerr] is as defined above; WO 97/ 23467
PCT/ SE96/ 01636 30 B is a substituted or unsubstituted aromatic; an
optionally sub8tit uAedmphmdiof thefdimula ()\of laii 0/ WHitlCconipodad 8 oar omatic or a
het er ohydroaromati c noiety having fromb5 to 10 atons sel ected from any of
C, S, Nand O, optionally substituted by 1-2 substituents each 5 and

i ndependently sel ected om hydrogen, CH err], CF[err], hal ogen,
(CI—I[err])[err]CO\lR[E{zr xJ])[err]NRlerr]Rerr],
(CHerr])[err]COR e P CJerr]Rerr], ORerr],
(CHerr])[err]SOR err], N %err]R[err], and
(CHerr])[err]SOerr]NR err Me

9, A compound of the formula (I) of claim 1, which compound is

0

QG
®



wherein pis 0, 1, 2 or 3 and wherein Rlerr] and Rlerr] are as defined
above; 10 R[err] and Rerr] is each and |ndependently sel ected from

Rlerr], (CHerr])[err] CONR mrr])[err]NR err] Rl er]
(CHerr])[err] CONRlerr] R e Eﬁ[aAS]BﬁErr]CQerr]R[err]

(CHerr])[ ewa®nr34sgCH err ] {epL ALEDD) | [err])[err]-r&q'rsnmms,

(CH err])[err]SR err] or (CH ' epr L CIr]; whereinpis O, 1, 2, 3, or

4, and wherein R err] and R[err] are as dgfi ned above; 15 as well as

pharmaceutically acceptable salts of the corrpounds of the fornmula (1),

i soners, hydrates, isoforns and prodrugs thereof. 2.

formula | according to claim1, wherein 20 Ais sel ect edlmlmm":mw"mm"l

napht hyl , indolyl, benzofuranyl, benzothiophenyl, pyrryl, *fufanyl ,» s

qui nol i nyl, isoquinolinyl, cyclohexyl, cyclohexenyl cyclopentyl

cycl opentenyl, indanyl, indenyl, tetrahydronaphthyl, tetrahydroquinyl,

t et rahydr oi s00UAROGMpoNd of the foraiutaiTpéf el whieh dorpouidlis di nyl ; wherei n each

A group being optionally substituted by 1-2 substituents independently

sel ected from hydrogen, CHerr], (CHerr])[err]CF[err], F, d,

CONR[err]Rerr], qurr]R[rr] COR[err], (CHerr])[err]SOR err],

(CH err])[err]Sgerr] ] A err])[err]SOerr]NRlerr],

(CH[err])[err]NR[err]%err NR[err] (CHerr])[err]CORerr]; wherein
REQ

Rlerr] and Rlerr] are as def QelLgw, and o is or 1;; 30
C :
N
|
R
wherein R is 4-diethylaminocarbonylphenyl.

11. A compound of the formula (I) of claim 1, which compound is

Et,N
Ar
N
R
10 wherein R is 2-naphtyl.

12. A compound ac&_:ording to any of claims 1-11, for use in therapy.

—_—
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WO 97/ 23467

PCT/ SE96/ 01636 31 R[ err] I s each and i ndependently

sel ected from hydrogen, H"E! F W}“ aight Cferr]-Cerr] alkyl,
Clerr]-Cerr] cycloal kyl ,* Ceern g r |~ (al kyl -cycl oal kyl ) wherein al kyl is
Clerr]-d err woAmTRy467and cycl oal kyl | s Jerr]-Cerr] cycl oalPEFISEdMBophenyl ;
5 Rl err] is hydrogen, nethyl, or OR[err] _y\/nerein Rlerr] is as defined
above; B is selected from phenyl, napht hyI,3 i ndol yl, benzof uranyl,

di hydr obenzof uranyl, benzot hi ophenyl, pyrryl, furanyl, quinolinyl,
I soqui nol i nyl, cyclohexyl cycl ohexenyl, cycl opentyl, cycl opentenyl,

i ndanyl, indeny3, %Rﬁ%'ﬁ‘%hnﬁ rﬁ%gﬂlﬁ%, management.

t et rahydr0| soqui noI | nyI t et rahydr of uranyl, pyrrolidi nylﬂﬂ? ndazol i nyl, and
[err] each B group bei ng optionally substltut ed by 1-2 substituents

I ndependent |y ecied from15 .h dr err er I | o
(CH[err])[err]i%\l é {’n ?’eww fl‘}dc&w
(CH[err])[err]CCR[egagﬂ-o mlqﬁgo}a&serr]cqerr]R[err] and OR[err], wherein p

is 0 or 1, and wherein Rerr] and Rerr] are as defined above; 20 Rl err]
and Rlerr] &re each and i ndependently sel ected from hydrogen, CHerr],

?&&F‘Z? E D1 L r] BN gﬂiﬁ"é‘}’{‘er rm%%@rﬁ#%%’ﬁd"m fowards spinal

(CHerr])[err] CONRligjafigsRl err], (CHerr])CJerr]Rerr], (CHerr])[err]Ph,
(CHerr])[err](p-CH Ph), (CI-l[err])[err]-S-indonI, (CI-l[err])[err]SR[err],
and (CHerr])[err]OR err], wherein pis 0, 1, 2, or 3, and wherein R err]

and Rierr] are;@s dgfifiGshngd B&bfting to claim 12, wherein the therapy is directed to disorders of
' 10 the sympathetic nervous system. '

17.  Use of a compound according to any of claims 1-11 for the manufacture of a

medicament for use in the treatment of pain.

15 18.  Use of a compound according to any of claims 1-11 for the manufacture of a

medicament for use in the treatment of gastrointestinal disorders.

19. Useofa compound according to any of claims 1-11 for the manufacture of a
medicament for use in the treatment of spinal injurics.

20
20. A compound according to any of claims 1-11, further characterized in that it is
isotopically labelled.
21.  Use of a compound according to claim 20 as a diagnostic agent.
25

22. A pharmaceatical composition comprising a compound of the formula 1 according
to claim 1 as an active ingredient, together with a pharmaceutically acceptable

carrier.



W 97/ 23467

"PCT7 SE96/ 01636 32 3. m ording to claim2, wherein Ais
selected fromb5 [err] mn m henyl ring of each A substituent may
be optionally and mdependen | y*substituted by 1 or 2 substituents sel ected
fromH CHwetbinsaéCH err])[err]CFerr], F, O, CONR err] RCISHI601636
Cderr]Rerr], (CHerr])[err]SOR err], (CH[err])oSCIerr]R[err],
(CHerr])[err]SOerr]NRerr]Rerr], (CHqrr])[err]NRlerr]CORlerr], and
NR[err](CH err])[err]COR[err]; wherein I%err] and R[err] are as defined
below, and o is 0, 1 or 2; 15 Rlerr] is selected from hydrogen, mnethyl,
ethyl, CHerr]CH=CH err or CH[err] cyclopropyl; R err] and Rlerr] is each
and i ndender®3y deproenssr theqprepatation ammyndmgrdmgnymefmtﬂqe)@f]dQnd
Rlerr] taken togqth I S -(CH[err])r- whereinr is 4 or 5; 20 Rlerr] is
H, nethyl, or OR® T‘b err], Rlerr], Rerr], Rerr], Rerr], Rerr],

Rerr], R[err] and Rlerr], 1is each and indendently as defined for Rl err]
above; 25 A

s (i) An aldehyde or ketone is treated with a nucleophile, giving the corresponding alcohol;

(ii) the alcohol is converted into a suitable leaving group, which in wm is displaced with a
nucleophile; and

10 (iii) a N-(4)-unsubstituted piperazine derivative is substituted via its organo halide or
equivalent species, or acylated; or

B)
(i) A N-protected amino acid ester is reacted with a second amino acid ester, and thereafter

15 treated with an acid, giving a piparazinedione;
(ii) the dione is reduced to the corresponding piperazine: and
(iii) the piperazine is alkylated or acylated on one or more of the nitrogens.
24. A method for the treatment of pain, whereby an effective amount of a compound

according to any of claims 1-11 is administered to a subject in need of pain
management.



-33 B is selected from phenyl na ht hyl, indolyl, | benzof ur anyl %692?'3

‘di hydr obenzof ur an, a Y furanyl qU|noI|nyI i soqui nol i nyl,
cycl ohexyl, cycl ohe w |, ycI h nyl ,

t et r ahydr onapht hyl, etrahydr | . tet ah%ﬁ?g’aﬁﬁﬁh Eliﬁ'I“ EET
tetrahydrof uranyl | iAndaaqjUhh d 5 [err] each B group be| ng optionally
substituted by 1-2 qubstituents | dependently sel ected from hydrogen,

met hyl, CF[err], HRallegerm (u-i[err]) err]CONRlerr]Rferr],

(CH err]) [Bigd B duct e biaﬁKHRhymﬁt}snuﬁai Cs-C10
(CHerr])[err]Cq ert and OR[err], wherein pis 0, 1, or 2, and
wher ei n R[hy&@remahd?ﬁé:@omamﬁéfum%da@mmnﬂ[nemt}] haymg Wmértp 18re each

?:H:J[ielr ngg(e%g%]té?l ¥qmde§§r%tagaebg) Q_I[J@p gﬁ?‘e‘? MYGWQ‘F{ b %Prsrbfawmafh[ err], |
(S o Sy o
(Cerr]) [ pRRIR qcrlz)pc( SORET (QH)FBOR @esq;gsmkérxﬂdm[ err]

wherein p.is O, ~or 3, and reln Rlerr] and Rlerr] &are as defined
above. 20 @CH2) SOZNBo‘Rrpound according to claim3, wherein A is defined as

Lerr] 25 ang whor el R 15 Lig GhLIRS SHS be o20ehuiGhide; 7@ 2 defined in

™ 10 R3 and R-A is each and independently sel;cted from
| R®, (CHz)pCONR’R®, (CHp)pNR R, (€HppEoNR R, (CH2),CO2R’, (CHo)Ph,
(CH)p(p-OH Ph), (CHy)yy-3-indolyl, (CH)pSR” or (CH2)pOR”; *

wherein pis 0, 1, 2, 3, or 4, and wherein R’ and RS are as defined above.

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

compounds of the formula (I), as well as isomers, hydrates, isoforms and prodrugs thereof.

Prcfcfrcd compounds according to the invention are compounds of the formula (1)
wherein’

20
A is selected from phenyl, naphthyl, indolyl, benzofuranyl, benzor.hiophcnyi, pyrryl, furanyl,
quinolinyl, isoquinolinyl, cyclohexyl, cyclohexenyl, cyclopentyl, cyclopentenyl, indanyl,
indenyl, tetrahydronaphthyl, tetrahydroquinyl, tetrahydroisoquinolinyl, terahydrofuranyl,
and pyrrolidinyl; wherein

each A group being optionally substituted by 1 or 2 substituents independently selected
from hydrogen, CH3, (CH)oCF3, F, C1, CONR’R®, CO3R®, COR®, (CH2),SOR’,
(CH2)oSO5R’, (CHy)oSO2NR>, (CH2)oNR COR® and NR*(CH,),COR®:; wherein R and
R6 are as defined below, and oisQ or 1;

30
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“34 5. A corpound acto
hydrochl ori de salt. 6
compound is [err] 7.

conpound is [err] 97/ 23467
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35 . A—conpound—of—the farnula, (1) of claiml1l | ch
conpound i $ | r?’]dg"s °3°W0H{é5ﬁ?a°'_34y %‘F?@@ﬁ?%h%ﬁ’%’%“réwgﬁﬁffﬁfﬂgﬁf ch
- conpound i &, [y, C3-Cs cycloalkyl, C4-Cg (alkyl-cycloalkyl) wherein alicyl is C;-Cj alkyl and
cycloalkyl is C3-Cg cycloalkyl, and phenyl;

. . PCT/ SE96/ 01636
st ﬁ%ﬁ%@?ﬂ”%“@i@ﬁ%ﬁfl whi ch

he formula. (1) of claim1, which

—

—+

s R2 is hydrogen, methyl, or ORl wherein R! is as defined above;

B is selected from phenyl, naphthyl, indolyl, benzofuranyl, dihydrobenzofuranyl,

benzothiophenyl, pyrryl, furanyl, quinolinyl, isoquinolinyl, cyclohexyl, cyclohexenyl,

cyclopentyl, cyclopentenyl, indanyl. indenyl, tetrahydronaphthyl, terahydroguinyl,
) 10 'tcu'ahydroisoquinolinyl, tetrahydrofuranyl, pyrrolidinyl, indazolinyl, and

! @ c;>_ . _.

each B group being optionally substituted by 1-2 substituents independently selected from
s hydrogen, CHs, CF3, halogen, (CH2)pCONR’R®, (CH2)pNR°R®, (CH2),COR’,
(CH2)pCO2R”, and OR®;

wherein pis Qor 1, and wherein R’ and R6 are as defined above;

» R’ and R" are each and independently selected from hydrogen, CHs, CH(Me),,
CH;CH(Me)2, CH(Me)CH,CH3,(CH)CON R, (CH)pNRR®, (CHp),CONR’R®,
(CH2)pCO2R>, (CHa)yPh, (CHz)p(p-OH Ph), (CH)p-3-indolyl, (CH2)pSR®, and
(CH2)pOR, wherein pis 0, 1, 2, or 3, and wherein R> and R® are as defined above.



36 1Q. A conpound of the fornula (I) of claim1, which corrpound S [err]
Jwherein Ar is 4-diet hyI am nocar bonyl phenyl. .11. A conpound of the fornula
(1) of claim1, which conmpound is [err] 2§here|n Ar is 2-naphtyl. 10 12.

1

A compound according to any of clains 1 for use in thera
97/ 23467 @E%/§3-6/01636 37

13. A conmpound according to claim12, WnereREPLréQE'erapy IS pain
managemnent B!ﬂﬂ%fsél efalgatigaound according to claim 12,

directed towards gastrointestinal disorders. 15. A REPIADEMENT CSHEET
claim 12, wherein the therapy is directed towards sgi qat—TmrurTes—16

conpound acgcor. ES E ﬁ m 12, wherein the therapy {is I4€ dl9§§)
di sorders (f'fc)’ﬂ’ ?W Dji dﬁ%ﬁ

Cell culture

Human 2938 cells expressing cloned human i, 3, and X receptors and neomycin resistance
were grown in suspension at 37°C and 5% CO; in shaker flasks containing calcium-free
DMEM10% FBS, 5% BCS, 0.1% Pluronic F-68, and 600 pg/ml genedcin,

) 10 Membrane preparation

Cells were pelleted and resuspended in lysis buffer (50 mM Tris, pH 7.0, 2.5 mM EDTA,
with PMSF added just prior to use to 0.1 mM from a 0.1 M stock in ethanol), incubated on
ice for 15 min, then homogenized with a polytron for 30 sec. The suspension was spun at

15 1000g (max) for 10 min at 4°C. The supernatant was saved on ice and the pellets
resuspended and spun as before. The supernatants from both spins were combined and spun
at 46,000 g(max) for 30 min. The pellets were resuspended in cold Tris buffer (50 mM
Tns/Cl. pH 7.0) and spun again. The final pcilcts were resuspended in membrane buffer ( 50
mM Tﬁs, 0.32 M sucrose, pH 7.0). Aliquots (1 ml) in polypropylene rubes were frozen in

B dry ice/ethanol and stored at -70°C until use. The protein concentrations were determined
' by a modified Lowry assay with SDS.

Binding assays

25 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 pM bestatin, 10 pM diprotin A, no DTT).
Aliquots of 100 pl (for pg proteins-see-Fable}) were added to iced 12x75 mm

30  polypropylene tubes containing 100 pl of the appropriate radioligand (see Table 1) and 100



-WI Cc .nervous- system 17. Use of a conpound according
‘td a 1- 11 for the manufacture ‘of. ,a nedi canent for use in the
treaum”mzi 18. Use of a Qgrrpound according to any of clains
1-11 fror ct re of a nedicanent for use in the treatnment of
gastroi ntesti nal d| sorders. 19. Use of. a, conpou ' any of
clainms 1-11 for the manufacture of a nedic TA&%%‘P% eat nent of
spinal injQams. 20 20. A conpound according to any of claims 1- 11,

further characterized in that it is isotopically labelled. 21. Use of a
conmpound according to claim20 as a diagnostic agent. 25 22. A

phar maceuti.cal c 1.1 ] | npound of the fornmula | according
1231 CREBARbLALG: 0 BRI bl 1

to claiml™as an actrve 1ngre er withfa t'¢ K
acceptabl e carrier. WO 97/ 23467 REPEACEMER! SIREET

PCT/ E996/ 01636 38 23. A gr ocess for the preparat' n of a conpoumd
according to the fornula (f) of claim 21 JUN

-

O

wherein

A is a substituted or unsubstituted aromatic; an optonally substituted Cs-Cyq

10 hydroaromatic; a heteroaromatic or a heterohydroaromatic moiety having from 5 to 10
atoms selected from any of C, S, N and O, each optionally and independently substituted by
1 or 2 substituents independently selected from hydrogen. CHa. (CH3)oCFs. halogen, |
CONR’R®, CO5R®, COR®, (CHy)NRR® (CH,) (CH,, (CH,)  SOR®R®, (CH,),SO,R®,
(CH)oSOINR®, (CHp)oNR*COR® ;- —NR*(CH)6COR ' and_(ch,) ,s0g?

15 whereinois0, 1, or 2, and Rl, R5 and R6 are as defined below respectively;
R! being CH,CH=CH,;

R! is selected from hydrogen, a branched or straight C;-Cg alkyl, C3-Cg cycloalkyl, C4-Cg
(alkyl-cycloalkyl) wherein alkyl is C;-C> alkyl and cycloalkyl is C3-Cg cycloalkyt; Cg-Cjo
aryl; and heteroaryl having from 5 to 10 atoms selected from any of C, S, Nand O;

20

R® and R® is each and independently as defined for R above;
R® and R® together is (-CH,), wherein r is 4 or 5;

R? is selected from hydrogen, CHs, OR}, CO2R', and CH,CO5R! wherein
R! is as defined above:



1, whereby A) s (|) An al dehyde or ketone is treated with a nucl eophile,
gIV|ng g al cohol ; . (ii) ‘the -al cohol is converted into a
SUI tabmﬂm 'ﬂ which in furn is36li spl aced with a nucl eophile; and
I )¢ M)Junsubstltuted pi perazine derivativ Vi a
|ts organo halide or equival ent species, or adR[é? éﬁfgbjgﬁﬁ?ﬁ$Li§E§d
N-protected amno acid ester is reacted with a second amno acid ester, and
thereafter 15 treated with an acid, giving a piparazinedione; (ii) t he
dione is reduced to the correspondlng pi perazine: and (iii) the piperazine
is alkylated or acylated on one or nore of the nitrogens. 20 24. A net hod
for the trem BBém ?tfunﬂ%‘f'ﬂlefﬁﬂﬁﬁﬁf{'ﬂ) o?maﬁme@mcx%oaagewmsof a conpound
according to any-of clains 11 i's adm ni stered t0 a subject in need of
pai n managemnent

0 |
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vherein Ar is 4-diechylaminocarbonylphenyl.

11. A compound of the formula (I) of claim 1, which compound is |

O

Et,N
Ar

-

wherein Ar is 2-naphtyl.

10

12. A compound according to any of claims 1-11, for use in therapy.
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