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dimeric bis(1-piperidyl), bis(1 ,2,3,6-tetrahydro-1-pyridyl), or bis(1-piperazinyl) .

compound. These dimers potently bind to sigma receptors and are therefore useful

in the treatment of certain psychic and neurologic disorders. The piperidines,

1,2,3,6-tetrahydropyridines, or piperazines are substituted with 4-pheny! groups or
the piperidine derivatives might be spiro-joined in the 4-position to a hetero- or
carbocyclic fing system.

Various 4-phenylpiperidine, 4-phenyl-1,2,3,6-tetrahydropyridines, 4-phenylpiperazl-
nes, and spirocyclic piperidine derivatives have previously been described :

International Patent Application No WO 91/08594 generically describes a broad

- class of sigma receptor ligands some of Which are 4-phenylplperidine, —tetrahydro-

pyridine or —piperazine compounds having an optlonally substituted “aryl”- or
“heteroaryl” -alkyl, -alkenyl, -alkynyl, -alkoxy or -alkoxyalkyl substituent on the ring
N-atom. The terms “aryl” and ~"heteroaryl” are defined by mention of a number of

such 5ubstituents.

Eumpean patent publication No EP.0 414 289 A1 generically discloses a class of
1.2,3,4- tetrahydro-Splro[naphthalene-1 4’-piperidine] and 1 4-d|hydro-sp|ro[naph-
thalene-1,4"-piperidine] derivatives substituted at the piperidine N-atom with a
“hydrocarbon" group alleged to have selective sigma receptor antagonlstic activity.

The term "hydrocarbon" as defined in said patent covers all posslble straight.
chafned cycllc. heterocyclic, etc. groups. However, only compounds having benzyl,
phenethyl cycloalkylmethyl furyl- or thienylmsthyl or. lower alkyl or alkenyl as the

“hydroqarbon" substﬂuent at the piperidine nitrogen atom are Spacxflcally disclosed.
The compounds are stated to displace tritiated di-tolyl guamdme (DTG) from sigma

s:tes with potencies better than 200 nM,‘A;@,pamcularly pr.?fegreg congpound ls{,

mentncned1 ‘-benzyl-1, 2 3 4-tetrahydro-sp|ro[naphth ene«"1 f pfgeriiime}
{
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“het er }_l_% E o el kKynyl 4 -al koxy or -al koxyal kyl = pP.3r11
substi 0n the ri ng N-atom ™ The ternms "aryl" and-heteroaryl" are
defined by nmention of a number of such substituents. European patent
publication No EP O 414 289 Al generically discloses a class of

1,2,3,4-tetrahydrun hﬂne 1, 4' - pi peri di ne] and
1,4-dihydro-spiro[ e-1,4"- plpﬁrldlne] deri‘vati ves substltuted
at the plperldlne ﬂ hydrocarbo group alleged to have

sel ective sigma receptor an agonlstlc activity. The term "hydrocarbon” as
defined in said patent covers all possible stralght chai ned, cycllc

het efocyclic, etc. groups. However, only conpounds havi ng ben

plhﬁnet Ihyl ' CKEUg%déahd ipattéyt pbutmuayubrbz No ERi en94&eem|Azngetneﬂ§a"mdaﬁcribes the
gr eeggec?tsl E:afe?PSVQEPQ rﬂsggfgir&ﬁ@ Suﬂ%&bh@tﬂ;@é]&ﬁﬁe@i&gﬁ% ace% ﬁ qahom

di -tolyl guan giffthel doRspolirids er@on stetedatotdis |ateemttaedda-
nM As a partPgJ%a 'fey pre tl]e\‘rélrgi]eﬁbcorrpoun IS nmention i P :

1-benzy! - 1, 8, folyt-guaniding §OTG ﬁonbslgmnteelwﬂbpqteucwsfﬁ%wr han:£o0 nM

EP Application No. EP-A2-0 431 943 relates to a further extremely broad class of
soiropiperidine compounds substituted at the piperidine N-atom and claimed to be
“useful as antiarrhythmics and for impaired cardiac pump function. The said
10 application exemplifies several compounds, the majority of which contain an oxo
and/or a sulfonytamino, _sdbstituent in the spiro cyclic ring system. Of the remainder
compounds, the main part has another polar substituent attached to the spiro

" pucleus and/or they have some polar substiluents in the substituent on the
piperidine N-atom. No suggestion or indication of effect of the compounds on the

15 sigma receptors Is given.

| From studies of the biology-and tunctlon.of sigma receptors, evidence has been
| presented that s:gma receptor ltgands may be useful In the treatment of psychosls .
and movement d:sorders, such as dystonia and tardive dyskinesia, and motor
20 disturbances associated with Huntmgton s chorea or Tourette’s syndrome and in
Parkinson’s dtsease (Walker, J M. et a, Pharmacologrcal Reviews, 1890, 42, 355).
It has been reported that the known sigma. receptor ligand rmcazole clinically
‘shows effects in the treatment of psychosis (Snyder, S.H., Largent, B.L. J. Neuro-
psychiatry 1989, 1, 7) and that a group of sigma receptor ligands show antihalluci-
25 nogenic aottwty in animal modets (lnternattonal Patsnt Publication No WO
9103243).

Furthetm,ore. some stgma recepto.r--li'gands have been found to be invoived in
modulation of NMDA reCeptor mediated events In the brain and to act as anti-
30 :schem,tc agents.in In vivo tests (Rao. T. S. et dl, Molecular Pharmacology, 1990,
37, 978 and Rao, T 8. et al, Life Sciences, 1990, 47, PL1 - PL5). In addition to
|schemia they may also be usetut in the treatment of other such, events, e. g

epilepsy and convuision. . . | L ,
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2 Eurogga—ng@gerih ﬁjb|@fémmlcmq EP O 445 974 A2 generi cal |y descri lﬂes/mhe
correspondi ng” splro[lndaﬂe , 4" - pi peridine] and

spi ro[ benzocycl-ohept ene-5_4' piperidine] derivatives. Agal n the conpounds
dre only stated to displace trltlated di- 5 tolyl guani dine (DTG from
sigma sites with ph:ssmresB@e et han 200 nM EP Application No. EP-A2-0
431 943 relates to enely bro cl ass of spiropiperidine

- conpounds substitut ridine N-aomand clained to be useful as
antiarrhythm cs and Tor |rrpa| red cardi ac punp function. The said 10

application exenplifies several conpounds, the najorlty of mhlch contain an
oxo and/or a sul fonylam no substituent in the spiro cyclic rin ystem

t he remai nderAlsonpmmacsigmerrecemon ligamds have bﬁenrfeunw show anfl mggﬁqc effects

he. Subst | udnarRPmRLGESE s o, SR Rl TR 348, 28 L PO 1"

effect of the corrpounds on the

s Sigma ligands have been shown to-influence central acetylcholine levels in animal
models (Matsuno et al, Brain Research 1992. 575, 315-319; Junien et al, Eur. J.
Pharm. 1991, 200, 343-345) and may, therefore, have potential In the treatment of
senile dementia, e.g. of the Alzheimer type. '

10 Finally' some guanidine derivatives having sigma receptdr activity have been
disclosed 1o be useful as anxiolytics (International Patent Publication No. WO

80140867).

Accordingly, agents potently acting on the sigma receptors in the central nervous
15 system may be useful In the therapy of such conditions. '

it has .now been found that the novel e|ese of dimeric piperidine, 1,2,3,6-tetra-
hydropyridine and piperazine compounds are potent sigma receptor figands.

20 -Accordingly the present invention prowdes the novel dimeric 4-phenylp|peridme. 4-
phenyl-1,2,3,6 -tetrahydropyridines, or 4-phenylpiperazme derivatives or dimeric
‘spirocyclic pipeﬂdme compounds having the general Formula | :

R! 2 _ RS ' . g : AT -

nz_:_ 22 - N (CHa)n.x.\(CH?)n [ | Y_za © -4
R? R N .. RS R o ’ . Rﬁ_. R¢ R?

25
wherem n is1 5; . : _
_ '-Rl to R4 are. Independently selected from hydrogen halogen, lower alkyl, lower
- alkoxy. -hydroxy_. lower alkylthlo. lower alkylsulfonyl, lower alkyl- or dialkylamino,
.cyarid. irifiuémmethyl; nitro, triﬂuoromethy-ithio or trifluoromethylsulfonyloxy;
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15 si 08B EECeRt Qbse1 S MEb¥ARAL Crm st udi &s of the bi ol ogy and functi GaSaft
si gma receptors, evidence has been presented that sigme-receptor |igands
may be useful i.n the treat mant of psychosi s and novenent disorders, such as

dyst oni a and t ar di {ais IHa eplageti not or 20 di st urbances associated with
Hunt i ngton S chorea HTsyndrorre and in Parkinson's disease

(Wal ker, J. M et aI cal Revieps, 1990, 42, 355). ‘It has been
reported that the known SI gnma receptor |igand r| m:azol e clini cal I y shovvs

effects in the treatnment of psychosis (Snyder, S.H. , Largent
Neur o- psychi as Iay1d1ﬁ8 are Indeppndently hmrogeg.r lowsr alkyé pgﬂ@yrrae:é hedtnkﬁngt&lsmer

show anti hal I ne Y todel s (I nternational

Pat ent Publ i c %mﬁgﬁéggﬁ%ebwpbﬂlgﬁﬁme eéome signma receptor |igands
have been fougqst@ sesowsbgeoo or (Tl tm bemgowm X & Bift7o R7raing thh dlower
events in the brain and to act as anti - 30 i schem c gen&;ﬁm |vo teziss

(Rao, T. S. etlkyl, cytloalikylicycloafilatid oplgnyl, apenylaikylpos
al, Life Scjepcssg 199MhashbnaBhtly selRbRdd frirh tidhiolBedristing of hydroxy and the

substituents defined under R7, any phenyl group being optionally substituted; and
[) Z1isdefined as R!to R4and 22 is (CH2)p wherein p is 0; and
Y is N, CH or C; and the dotted line indicates an optional bond, l.e. represents

abondwhenY s C;or
10 ) Z1andY are linked together via a single bond, thereby forming a spirocyclic -

_ junction ; In which case

Y is C and the dotted line represent no bond; and
Z1 is O, S, (CHz)q. q belng 1,2, or 3, or Z1 is CH20, CHZS, CHchao '
CH3CH2S, CH=CH. CH=CHCH_, CHgOCHg, CH2SCHz, CH=CH-O, or CH=
.18 CH-S; and _ .
- o - Z2is0, S, or (CHZ)P, p being 0 or 1, with the proviso that Z1 may not be O,Sor
o (CHz)q. whereinqis 1 when Z2is (CHz)p wherein p i1s0; '

or an acld addition salt or prodrug thereof.

| 20 Some of the compounds of general Formula | may exist as optical isomers thefepf:
and such optical isomers are also smbraced by the invention.

In the dsfinition of_genérai Formula 'I., halogen means fluoro, chloro, bromo or lodo.

25 “The terms 'Iowér' alkyl, lower alkoxy, lower alkylthio and lower alkylsulphonyl, stc.
| des:gnate such branched or unbranched groups having from one to six carbon
. atoms inclusive. Exemplary of such g |roups are methyl, ethyl, 1-propyl, 2-propyl, 1-
- .butyl 2-butyl, 2- methyl-2-propyl 2-methyl-1 -propyl, methoxy, ethoxy,1-propoxy. 2-
| propoxy, methyithio, ethyithlo, 1-propylithio, 2-propylth|o. methylsulphony!, ethylsul- -

30 phonyl or the like.. Similarly, lower alkyl- or dialkylaminc designate such groups
containing lower alkyl as defined above and lower alkenyl is intended to mean an

| - alkenyl group (branched or unbranched) containing from two to six carbon atoms,

for example ethenyl, 1-propeny| 2-propenyl 3-propenyl, 2-buten-1-yletc.
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I"'schemza deipeyogTeii: 4 sopdrgcineefeHeni n t he M reatment of other such evenps/i11
e.g. epilepsy ‘and convul st-on. 3 Also, sone signma receptor |igands have

heen found to SM%WGC'[S in an ani mal nodel (Early et al.
Brain Research 1991, 546, 281-28 5 Sigma |igands have been shown to
i nfl uence central Tfaso%b Hcshszhﬂ aLe@vel s in an| mal nodel s (Matsuno et al,
Brai n Research 199 Juni en al, Eur. J. Pharm 1991, 200,
343-345) and may, potential- in the treatment of senile

denentia, e.g. of the z e type 10 Finally sonme guanidi ne derivatives
havi ng si gma receptor activity have been.disclosed to be useful as

anxi ol ytics (hpbqswat afgh'loR8F aikenil iberalkory Nower IR dawer alkylsulphonyl,
cycloalky! etc. may optionally be substituted with one or two hydroxy groups.

s The term cycloalkyl designates a carbocycle having 3-8 carbon atoms inclusive.

The optional substituents in the phenyl groups may independently be selected from

halogen, lower alkyl, lower alkoxy, hydroxy, lower alkyithio, lower alkylsuifonyl,

lower alkyl- or dialkylamino, cyano, triflucromethyl, or tritiuoromethylthio. Each
10 phenyl group may carry one or more substituenls.

In the defmmon of Z1under l) the groups listed may be oriented in both directions,
i.e. for example the group CH20 may be linked to the “Y*-group via either the C-
atom orthe O-atom.
15 .
The acid addition salts of the Invention are pharmaceutically acceptable salts of the
'compounds of Formula T formed with non-toxic acids. Exemplary of such organic
* salts are those with maleic, fumeric, benzoic, ascorbic, embonic, succinic, oxalic,
'.bxs-methylenesalacylio, methanesulfonic, ethanedisulfonic, acetle, proplonic,
‘20 tartaric, sahcyhc. citric, gluconlc. lactic, malic, mandelic, cinnamic, citraconic,
aspartic stearic, palmmc itaconic, glycolic, p-amino-benzoic, glutamic, benzene
sulfonic and -.theophyllme acetic acids, as well as the 8-halotheophyliines, for
-ex'ample. 8-bromo-theophylline.' Exemplary of such inorganic salts are those with
a hy'&'rochloric, hydrobromic, sulfuric, sulfamic. phosphoric and nitric acids. |

- The compounds of the invention have been found to be potent sigma receptor
ligands displaclng tritiated di-tolyl guanidine (DTG) from sigma sites in vitro with

o high potencies, l.e. for many of the compounds with ICso values below 1 nM.
Funhermore. many of the present compounds have proven to be very selective

30 hgands for s:gma receptors. For example with respect to o adrenoceptors and
'dopamms D-2, serotomn 5-HT1a and 5-HT2 receptors ratios of binding 1Cse values |
(alpha/sigma, dopamlnelslgma. 5- HT1AIs|gma, and 5-HT2/sigma, respectwely) of
100 - - >1000 have besen found. '
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Accordl—gzgl.-gg + 66 CRh 21 POheBidiMa et g -on the si gma receptors in the cept-f];:ll1
nervous 15 system nmay be ngeful in the therapy of such cenditions.
of dinmeric piperidine, 1,2,63,6-tetra-

new been found t*

.hydropyri di ne and glpera2|ne CcO Eiténds are potent signma receptor |igands.
20 Accordingly the n provides the novel dineric

4- phenyl pi peri di ne,j ﬁ[3 6-t et ralydropyri di nes, - or

4- phenyl pi per azi ne di meric sgirocyclic pi peri di ne conpounds
havi ng the general Formula I: [err] 25 wherein nis 1- 5; R to R4 are

I ndependent|y sel ected from hydrogen, hal ogen, .1 ower al kyl, |ower al koxy,

hydroxy, | owerrpa! domhbdis r y
di al kyl ani no. 8.0 pdliys SO mtaghf/drwé{lggwé ;urr# Hetaivantae 1p8f the salts thereof
trifluoronet hhaselsgood water solubility. Furthermore, due to the fact thal they are symmetncal

dimers, some obvious advantages are obtained in the manufacture of the com-
" § pounds.

Accordingly, the dimeric piperidine, 1,2,3,6-tetrahydropyridine, and piperazine
compounds of the present invention are useful in the treatment of anxiety, psycho-
sls, epilepsy, convulsion, movement disorders, motor disturbances, amnesia,

10 cerebrovascular diseases, senlle ‘dementia, e.g. of the Alzhemer type, and
Parkinson’s disease.

One preferred subgroup of the compounds of the invention comprises the com-
pounds of Formula [ wherein Z1 and Y are not linked together and Z2 is (CHz)p

_ 15 where p=0, i.e. 4-phenyl-piperidine, -1,2,3,6-tetrahydropyridine, and -piperazine
- . ~ compounds. ' '

Another preferred subgroup comprises compounds of Formuta | wherein 21 and Y
are linked together thereby forming a spirooyclic ring system.

.20 :
In Formula | the following are preferred defmltlons of the symbols

nis1, 20r 3;
X is (CHz)m, m being Q or 1, X.is NR7 R7 being lower alkyl, cycloalkyl or optlonally

substituted phenyl, or X is S, o or CReRs, wherein R8 s hydroxy or optionally

25 substrtuted phenyl and Reis hydrogen' _
- R2 - Ré are lndependently selected from hydrogen, halogen lower alkyl and

trifiuoromethyl; |
Rs and RS are hydrogen | |
~ AndifZ1 and Y are linked together in order to form a spirocyclic ring system, Z1 Is
30 (CHa)s. q belng 1.2 or3, CHzO {CHa)20, CH_CH 0, S or CHzS and
Z2is (QHz),, wherem pisOori, orO

Esoeclally preferr_ed eplropiperidine compounds of Formula | are those .whereln 22
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4 [errbrapf 18l Va5 € jeddenandsat! y hyddogen, |ower alkyl or they mayshm
| i nked toget her*therehy ftrm ng an ethylene or propyleng:-bridge; Xis 0, S,

SO SJerr],
kyl, cycl oal kyl , (Iyieslvetlfkirahk@feqahenyl , or phenyl alkyl, or Xis [err],

wherein [err]
consi sting of hydrox
group being optionally substitute

COor [err] mbeing 0 or 1, X is [err], [err] being H |ower
5 and | endently sel ected fron1the gr oup

I tuents gefined under [err], any phenyl
and | [err] is defined as [err] to

ot ted i ne- | OHa)d BRI 28 Chllsd be?rEéjﬁ%b?@?Q%ﬂb oo 8

or 1Q11) Z[e
formng a spi

oEelE ?WY?%ﬁP‘.a%F‘?‘sz‘ﬁ@ﬁfcc%@ZO% '<"C and the dotted | ne

represent no bond; and Z[err] is 0, S, [err], gq being 1,2, or 3, or Zerr]

Is [err],

[err

- 8

- 10

15

20

%

P]artichrlry] breferréd compounds are:
1,4-Bis[spiro[isobenzofuran-1(3H),4™piperidin]-1 ‘sylloutane;
1,4-Bis[4-(4-fluorophenyl)piperidin-1-yljbutane;

1 ,4-Bi's{4-(4-ﬂuo'rophenyl)pi perazin-1-y{jbutane; :
1,6-Bis[spiro[isobenzofuran-1{3H),4-pipetidin}-1°-yllhexane;
1,4-Bis[6-fluoro-spirofisobenzofuran-1(3H),4™-piperidin]- 1'-yl]butano;
1 5-Bls[spiro[|sobenzofuran-1(SH) 4“-piperidin}-1-yljpentane;

- 1.4-Bas_[sp:ro[asobenzothlophene-1 (3H).4"-piperidin]-1 -yl]butane;

1,4-Bis[spiro[1-benzopyran-2,4 -piperidin]-1 -yljbutane;
1,4-Bis[spiro{1-benzopyran-4,4 -piperidin]-1°-yljoutane;
1,3-Bis[spiro[isobenzofuran-1({3H),4"-pipéridin]-1"-yl]propane;

1 .S-Bié[4-(4-ﬂuorophenyl) piperidin-1-yljpropane; '
1,2-Bis[spirofisobenzofuran-1(3H),4"piperidin}+1°-yllethane;

1 2-Bis[4-(4-ﬂuorophenyl)pnpendm {-yljethane; .
N,N-Bis[2-spiro[isobenzofuran-1(3H),4 -plpendm] -1 -ylethy!]-N-cyclopentylamm.
1 4-Bls[4-(4-ﬂuorophenyl) -1,2,3,6-tetrahydropyridin-1-yijbutans;

N,N-Bls{2-[4- (4-fluorophenyl)p:perldm- -ylJethyl]aniline;

1 5-an[spnro[xsobenzofuran -1{3H).4'-plperidin]-1°-yl]- 3-(4-ﬂuorophenyl)pentane.
Bis{2-spiro[isobenzofuran-1(3H),4 -piperidin]-1 -ylethyl] sulphide, dufqmarate,

In another aspect the present invention relates to a pharmaceutical composition

comprising at least one novel dimeric piperidine, 1,2,3,6-tetrahydropyridine, or
piperazine compoUnds' having the above defined general Formulalora pharmaceu-
tically acceptable acid addition salt or prodrug thereof in combination wnth one or
more pharmaceutlcany aoceptable carriers or dlluents

| The pharmaoeutncal compositions of this invention may be admimstered by any

' -suntable, route, for example orally in the form of tablets capsules. powders, syrups,

'etc, or parenterally. in the form of soiuﬂons for |njactlon For preparing such
compositions methods well known in the art may be used, and any pharmao_euﬁ-
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C|-|2C:I-|2822%G§{,-J “GhizeH 1dIRél bwed €rr], br [err] 15 [err]; and [eErg,

O S, or[err];p being O.0or 1, wth the provi so that [Q[r] may not
oF [err], wher ei-n gis 1 when Jerr] is [err] wherein p is 0; or an acid
addi tion salt or prosegeet i B&ARepiadda SOMe of the conpounds of genera

Formula | may exist & rs thereof; and such optical isoners
are al so enbraced by. lugluﬁln t he geflnltlon of general Fornula I,
hal ogen means fl uoro, or 1odo® 25 The terns | ower alkyl,

| ower al koxy, | ower aIkyIthlo and | ower al kyl sul phonyl, etc. designate such
branched or ucalipacoeptableocarsers: ilugnts; @xipienis; or. other senyentional additive in the -

I ncl usi ve. uch groups are nethyl, ethyl, 1 -propyl, 2-propyl,
1- butyl, 2- b%ﬁﬁ%g§§eaéFﬁ -2-propyl, 2-nmethyl - 1-propy|, nethoxy, '
et hoxy, 1- propoxy, 2- propoxy, nethylthlo ethylthio,.l;propylthlo

2-propyl t hi o, qethy] ho eth nyl, .o h lke. mlarly,
Fover 2l kyl - GonyphleRyy e rompstingé sl dhe IiAnfos e sedindiefed p in dhstaeirh
as defined gbayfafiiflg 'saaaeéo;ﬁbdimwth érﬁam%ﬁﬂé‘ﬁébdtﬁ 0RPFD SUmg.

The total dally dose usually ranges from about 0.05 to 100 mg, preferably a_bcut 0.1
- 50 mg of the active compound of the invention.

10 In & further aspsct the present invention relates 1o the use of dimeric piperidine,
1.2,3,6-tetrahydropyridine. and piperazine compounds having the sbove defined
general Formula I oracid addition salts or prodrugs thereof for the manufacture of a
pharmaceutical preparation for the treatment of anxiety, psychosis, epilepsy,
convulsion, movement disorders, motor disturbances, amnesia, cerebrovascular

15 dlseases senile dementia of the Alzhemer type or Parkinson’s disease. '

The movement disorders and motor disturbances which may be treated by the
preparation according to the Invention are e.g. dystonia and tardive dyskinesia and
motor disturbances associated with Huntington’s chorea or Tourette’s syndrome.
20 Dystonia may be acute or tardive and may be caused by neuroleptics or have

anothe_r reason.

Cerebrovascular diséases are such disorders caused by cerebral infarction,
cerebral hemorrhage, cerebral arteriosclerosis, subarachnold hemorrhage, cerebral
2s thrombosis, cerebral embolism, or the like, e.g. ischemia,

The compounds of Formula I may be prebared by

a) fedUclng the aml_de céfb_onyl groups 6f-a compbund of F_ormulé n -

zZ A

—‘—Z‘-\_( -’(‘ca.h — >" h*“‘ _
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aI kenylzzgrg:mpge( Biaze he gemcinvibernched) containing fromtwo to six capbepia
atons, for eXanple et henyt, 1 -propenyl, 2-propenyl, 3-propenyl, 2-buten-1
-yl etc. 5 Any lower -al kyl, |ower al kenyl , | ower al koxy, | ower

al kylthio, |ower alkylsulp al kyl etc. may optionally be
substituted with oneniogrel, o, v d  oxy groups. 5 The term cycl oal kyl

desi gnates a car bocy c‘isiar bon agons I ncl usi ve. The optlonal
substi-tuents in the ”ﬂm y i ndependently be selected from

hal ogen, | ower al kyl, hydroxy, |ower alkylthio, |ower

al kyl sul fonyl, |ower alkyl- or di al kyl am no, cyano, trifl uororret hyl , or
trifluoronet hyI thio. Each 10 phenﬁl roup carry one or nor
subst i t uents. whereind ia€-dnX; YofRt1o sszrzz]andri e dotted ‘lﬂﬁ%aﬁﬁupﬁwa&‘bdeﬁﬁw.

be oriented in both directions, i.e. for exanple the group [err] may be
linked to the "Y"-group via either the G
5 b) reducing the amide carbonyl group a of compound of Formuia i

R! 2! RS ' | .
. /'__< o RS 7w
R 22—y’ N—< >—=\ m
\_< (CHpr- X+ (CHlg— N "y AR '
Rs Rl Rs N >—J .

Ré R¢ R

wherein n’is n-1, and n, X, Y R1 Ré, Z1, Z2 and the dotted lines are as previously
10 defined;

¢) alkylating a com_podnd of formula IV

- R' 2!
G- .
RS .a4 : RS

15 : |
whereln Y, R1-Rs, Z1, Z2 and the dotted lines are as previously defined;
with epichlorohydrin or an alkylating reagent of the formula V

- A-(CHeX-(CHpmA v
wherein X and n are as previously defined and A is a suitable leaving group such
as halogen, mesylate or tosylate; ' -

d) reductlve alkylation of an amine of Formula IV with a dlaldehyde of the Formula
25 Vlora dicarboxylic acid of the formula VIl

R

'OHG- (CHz),,'- -x;- (CHz),,--CHO_. VI
HOOC — (CHg)y—%~ (CHaw—=COOH 11
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af om orzzt fes &atmreaThamcmhLadm«t ion sdlts of the invention are P.11/11
pharnaceutlcalfy accept abke salts of the conpounds of FQJnuIa | formed with

non-toxic acids™* _Exenplary’ of . such organic salts are those wi th nmal ei c,

fumaric;, benzoic, ascorbic, enbonic, succinic, oxalic,

bi s- net hyI enesal i cThis Sheet Ew pefloni c, et hanedi sul f oni c, acetic,
" propionic, 20 tarta i L, citric, ¥ﬁuconic, lactic, malic,
mandel i ¢, cinnamc, partic, stearic, palmtic, itaconic,

gl ycolic, p-amno- ben20| C, gI ut am c, benzene sulfonic and theophylline
acetic acids, as well as the 8- hal ot heophyl lines, for exanple .

8- br ono-t heop I_ne. ar such i nor alts are those with N
hydr ochl ori c, Vé\ﬁﬂ? b?rpg s@'ﬁ?? gas E’[ﬁ“l‘%ﬂﬁggem oric and nitric acids.
25 The conpounds of the invention have been found to be potent sigma

receptor ligands displacing tritiated di-toly guanl di ne iDTG) from:si gma
sites in vitre) \Medu gthepdoubleibandsiinea compoua yofdformida & ineiderds abtain the

[err] val ueg beﬁgé"é%qdé‘%ﬁ s?ﬂlr&@?é%ﬁouﬁ@w FOFmUI. RS R 8buti8 BEREE e BHéEent

proven to pe &8
when the dotted line represents a bond and/or when Z1 and Y are linked together in

order to form a spiropiperidine compound a_nd_Z1 comprises a double bond
whereupon the compound of Formula | formed Is isolated as the free base ora
pharmaceutically acceptable acid addition salt thersof . :

10
- The reduction according to method a) may preferably be carried out In an inert
organic solvent such as dlethy! ether or '__tetrahydrofuran with reducing agents such

as eg. lithlum aluminium hydride, AlHz or diborane at appropriate iemperatures

~ which are generally from room temperature to reflux temperature, Reductions -of
1s amides according to method b) are performed similarly. |

Alkylation of compounds of Formula IV according fo method ¢) is conveniently per-

formed in an inert organic solvent such as an alcohol or a ketone with a sultable

bolling point, preferably in the presence of a base (potassium carbonate or triethyl

20 amme) at reflux temperature Epichlorohydrin is a particularly useful reagent for

intrcducmg a propylene chain substituted with hydroxy, I.e. for obtaining componds |

. of Formula | wherein n s 1 and X Is CHOH. |

. Reductive elky!'ation accordihg' to method d) is. p'erformed by standard literature

25 procedures The aldehydes VI and carboxylic acids Vil are elther commercially
available or are prepared accordmg to standard procedures

~ Reduction of doubre bonds according to me‘qu e) is generally performed by -
30 - catalytic hydrogenation using Pd or Pt as catalysts In protic solvents such as
ethanol or methanol under acidic-conditions. |

The alkylating reagents V are either commercially evallable or may be prepared
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?;0 | i gangpp f-aE "Shomp MEBRINAL SHEMFOr exabple with respect to [err] P.1/24
adrenoceptors-and dopamne D2 serotonin [err] and [ert] receptors, ratios

of binding [err] val ues (aI pha/5| gma, dopam ne/sigma, [eYr]/sigm, and
[err]/signa, respé‘htsSheeﬂ ed >1000 have been found. 6 The
conpounds of the m“ he further advantage that the salts

t hereof have a good |ty Furt nore, due to the fact that
they are symretrical di mers some obvi ous advant ages are obtained in the
manuf acture of the com 5 pounds Accordingly, the dineric piperidine,

1,2,3,6-tet raﬁé’éﬂr@iﬂ?ﬂodweﬂ knowh memoaslum:mgmmdm@botrbsp@mmﬂgrnlcohols or -
| nvent lon are useful in the treatnent of anxiety ycho- sis, epilepsy, '

convul si on, ntedueingttheicadaxylic acids:franprapiate Q?BE%‘R’%%GW

The diamides of Formula U are conveniently prepared by 'treating the
5 1-unsubstituted derivatives IV with a suitable activated dicarboxylic acid derivative
such as proper carboxylic acid chlorides or anhydrides according to known met-
hods. The carboxylic acid derivatives are either commercially available or prepared
according to sténdard procedures. Intermediate mono-amides Il are similarly
brepared by reaction of an w-halo substituted carboxylic acid-via its activated form,
10 such as the acid chloride or anhydride. The latter reaction might be performed in a
two step sequence: first reacting the activated acid part with one mole of com-
pounds [V followed by reaction of the w-halo part of the spacer group with another
mole of IV. These reactions are performed under standard acylafion/alkylation
conditions.
15 : .
4-Phenylpiperidines of formula IV (Y=C and the dotted line indiéating no bond) are
gither commercially available or prepafed'as described in eg. US Pat. No.
2,891,066; McElvain et al. J.Amer.Chem.Soc. 1950, 72,3134; Bally et al Chem.
Ber. 1887, 20.. The corresponding 4-phenyl-1,2,3,6-tetrahydropyridines of formula
20 1V (Y=C and the dotted line indicating an extra bond). are preparéd from
| N-prqtected 4-piperidones by addition of properly subétituted phenyl lithium or
phenyl mégnesium halides followed by acid catalyzed water efimination. The N-
pretecting group (carbamate, benzyl, sulphonyl, acetyl) is finally removed in a
“conventlonal manner. The 3-phenyl-8-azabicyclo[3,2,1]oct-2-ene derivatives were
25 prepared accordingly from N-protected 8-azabicycld[3,2._1]octan-3-ones.
4-Phénylpi§eridi'nes are also _conviniéntly prepared by catalytic hydrogenation of
the coryespbndi ng 4-phenyl-1 ,2.3,6—ietrahydropyridines_using Pt as catalyst.

" 4-Phenylpiperazines of formula IV (Y=N and the dotted line indicating no bond) are
30 either cgmr'ne'rciailly available or prepared according to the methods in Martin et al.
J.Med.Chem. 1989, 32, 1052-1056. These methods include ringclosure reaction of
properly substituted anili_ne's"with' bis-(2-chioroethyl)amine {eventually N-protected)

by refluxing in highboiling 'solvents as eg. chlorobenzene typically for some days (2-
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10 cer@rmmsgsrl a6:0di seesKRINaSeEM € demehtia, e.g. of the Al zhener tppgeg

and Parkinsori's di_sease. @ne preferred subgroup of the conpounds of the
i nvention conprirses the com pounds of Formula | wherein [err] and Y are

not |inked toget her TiisSheft&lagBeep Repfagsdy | 15 where p=0 i . e.

4- phenyl - pi peri di ne, hydropyridine, and - - pi per azi ne
conpounds. Anot her pr up conprises conpounds of Fornul a
wherein [err] and Y are |inked together thereby formng a spirocyclic ring
system 20 In Formula | the following are preferred definitions of the
synbol s: n i s 3), elzniualy, fol(owed [bgrdqgrotecﬂm afja0 optional N-pretetion gruM eFeerding

| ower- al kyl clo %¥I or o onaIIy substituted phenyl, or Xis S. Oor
[err], wher ei Fé#%%‘ or optionally 25 subst i t ut ed phenyl and
[err] is hydrogen; [err] - [err] are independently sel ected from hydrogen,

hal ogen, |ower al kyl and _ L ) .
The spiropiperidine derivatives of Formula IV wherein Z1 and Y are linked together

s andY is carbon are prepared as follows:

Spiro[isobenzofurand (3H).4-plperidineg] according to the method described by -
Marxér etal, J. Org. Chem. 1975, 40, 1427. In a corresponding manner spirofiso-
benzofuran-1(3H),3"-8"-azabicyclo[3",2",1Joctane] was prepared from N-methyl-8-
10 azablcyclo[3,2,1]Joctan-3-ones;
2,3-Dihydro-spiro[1 H-indene-1 ,4‘-piperidine] and 3,4-dihydro-spiro[naphtalene-1-
(2H),4'-piperidine] following a modification of the methed of J. Med. Chem., 1992,
35(11), 2033 - 2039 and French Patent. No. 1,335,831 ;
1*-Methyl-spiro[benzo[c]thiophene-1 (3H),4'-piperidine] according to the method
15 described by Parham et al, J. Org. Chem. 1976, 41, 2628. The corresponding
demethylated derivative was obtained by treatment with ethyl chloroformate
followed by alkaline hydrolysis of the intermediary ethyl carbamate;
-Phenylmethyl-sprro[1 H-2-benzopyran-4(3H),4'-piperidine] according to the
method described by Yamamoto et al, J. Med. Chem., 1981, 24, 194. The corre-
- 20 sponding debenzylated derivative is obtained by hydrogenation in .the presence of
" a palladium catalyst; |
3,4-Dihydro-1*-phenylmethyl-spiro[2H-2-benzopyran-1,4'-piperidine] and 3.4- -
dihydro-1 -phenylmethyl-sprro[1 H-1-benzopyran-2, 4‘-p|perrdme] according to the-
method described by Yamamoto et al, Chem. Pharm. Bul! 1981, 29, 3494. The cor-
‘25 responding debenzylated derivative is obtained by treatment with ethyl chlorofor—
mate followed by alkaline hydrolysis of the intermediary ethyl carbamate;
_ -Phenylmethyl-sprro[ZH—1 benzopyran-2,4'-piperidine] is obtained accordmg to
- the method described by Yamamoto et al, Chem. Pharm. Bull, 1981, 29, 3494, The B
corresponding debenzylated derivative is cbtained by hydrogenation in the
130 presence of a palladium catalyst; o |
. -PhenyImethyl-sprro[3H-2-benzopyran-3. -piperidine]-1(4H)-one according to the
method described by Yamamoto et al, J. Med. Chem. 1981, 24, 194. Reduction
with lithium'alti,minium- hydride fo!lowed by treatment with phosphoric acid accord-
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trrflqupﬁgghgg 169411 | veBEEINGY Blerpr € hydkogen And if [err] and Y are i&ﬁ
together in order—%e—#eFHFa—seeroeyelrc ring system [erL] is 30 [err q

being 1, 2 or 3; [err , [err], O S or CH2S;, and [err] is [err] wher ei n p

is Oor 1, or 0. ES © a B ded spi ropi peri di ne conpounds of Fornula
| are those V\/nereln p being O [err] is [err], q being 1,
2 or 3, [err], | n partiénﬂ ar [err], [err] or [err].

Particularly preferred conpounds ar e:
, 4-Bi s[ spiro[isobenzofuran-1(3H), 4" prperrdrn] 1'-yl]butane; 1
, 4- Bi s[ 4- (4- T ingptonhe prodedurerdeonibedyby Merree et al, J. Org. Chem. 1975, 40, 1427

'yields 1,4-dihydro-1'-phenylmethy!-spiro[3H-2-benzopyran-3,4™-piperidine] which is

debenzylated by hydrogenation in the presence of a palladium catalyst;
'1-Benzyl-spiro[4H-1-benzopyran-4,4-piperidine] is obtained by a method which Is
s analogeous to the one described in EP-A1-0 414 289 for the synthesis of 1™-benzyl-
1,4-dihydrospiro{naphthalene-1,4"-piperidine]. Hydrogenation in the presence of a

Pd catalyst gave 2,3-dlhydrospiro{4H-1 -benzopyran-4.4'-piperidine];
Spiro[1,3-benzodioxole-2,4'-piperidine] is obtained by refluxing 1-ethoxycarbonyl-4-
piperidinone and catechol in toluen solution in the preseni:e of p-toluenesulphonic
10 acid with continous removal of water followed by removal of the benzyl group by
| hydrogenation in the presence of a palladium catailyst.

The substituents R1—R8 are introduced by applying suitably substituted starting
compounds to methods analogously fo the above mentioned.

15
In the following the invention is further rllustrated by some examples whxch

however, may not be construed as limiting.

Melting points are determined on a Blchi SMP-20 apparatus and are uncorrected.
20 1H NMR spectra are recorded at 250 MHz on a Bruker AC 250 spectrometer.

Deuterated chloroform (99,8 %D), deuteriumoxide (99,8% D) or dimethylsulfoxide

(99,9 %D) were used as solvents. TMS was used as internal reference standard.

Chemical shift values are expressedin ppm values. The following abbreviations are

used for multiplicity of NMR signals : s=singlet, d=doublet, t=triplet, g=quartet,
25 p=p_entet. dd=double doublet, dt=double triplet, tt=triplet of friplets, m=multiplet.

EXA 1 (me
1 4-Brs[spiro[|sobenzofuran-1 (3H) 4’-plperidln]-1 -yl]butane 1a.

30 |
To a §olution of splro[isobenzofuran-1(3H),4"-piperidine] (3 g} in dichloromethane
(25 ml) was added triethylamine (3 ml). The mixture was cooled to 5 °C and a
solution of succinic acid dichloride (1 g) in dichloromethane (10 ml } was added
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1 , 4- Bi 8 ek 49 I yar@mphepyiomaperaei n- 1-yd] but ane; 1 P.4/24
, 6- Bi s[spiro[isobenzofuran-1 (3H) 4'-pjperidi n]-1'-yl]hexane; 1

, 4- Bi s[ 6-f | uor o- splro[lsobenzofuran 1(3H), 4' - pi peridin] - i'-yl]butane; 10 1

, 5- Bi s[ spi ro[ i sobenZbjs h@hH Hced pi peridin]-1'-yl]pentane; 1
,4-Bis[spiro[i sobenzo H),4' -piperidin]-1-yl]butane; 1
,4-Bi s[spiro[ 1- benzop ridin-1'¢4yl ] butane; 1
, 4-Bi s[ spiro(1- benzopyran p| per| din]-1" -yl ] but ane _

, 3-Bi s[ spiro[isobenzof uran- 1 (3H) 4' - pi peri di propane; 15

1, 3- B s[ 4- ( 4- dropwisedaring )152 peMnstlmngylbq gn mena hour at room temperature the

g B stspirol Iﬂaﬁbenzof s fdegunrbugh Sick gel wih dichioorh &t The ciamide was

N N- Bi s[ 2- spi I
am n; 1[ 4- Bpsfﬂéfﬁab?ﬁﬁﬁ% %h |&1d4w§§6§utb;stb rdgﬁﬂ;/ gﬁgé?gwrgm?gf glr?gm EZAO

N, N- Bi s[ 2- [ 4- muwrammpnbagatam and ThilFr(J 11}, The SolyPRiswereavapprated in vacuo and
;5 B STspi T ol RoRERARINY SHlic"Srolict wal'rBGkiiaka ront blewiyi(etnbt. AeRRNE W) RR"
212 °C . To a suspension of LIAIHs (3 g) in dry THF (150 mi) was added in small
porﬁons all of the diamide (2.8 g) prepared above. The temperature was slowly
raised to reflux and kept there for 2 hours. After cooling' to below 10 °C excess of
LiAlH4 was destroyed by cautious addition of concentrated aqueous NaOH solution-
10 (3 mi) and water (15 mt). Inorganic salts were filtered off and the solvents evapofa-
ted in vacvo. Thé_remaining solid product was stirred with diethyl ether and the
crystalline title compound 1a was filtered off and drled. Yield 1.4 g. Mp 128 °C. 1H
NMR (CDClz) 5 1.55-1.65 (m,4 H), 1.80 (d,4 H), 2.00 (dt.4 H), 2.45 (1.4 H), 2.45-
2.55 (m,4 H), 2.95 (broad d,4 H), 5.05 (s, 4 H), 7.10-7.30 (m,8H). |
15 . .
In a similar way the following compounds were prepared :
1,4-Bis(4-(4-fluorophenyl)pipericin-1-yljoutane 1b, mp 124 °C. TH NMR (CDCls) §
1.55-1.60 (m,4 H), 1.70-1.85 (mGH) 2.05 (dt,4 H), 2.40 (broad t,4 H), 2,45 (tt,2 H),
 6.95 (1, 4H), 7.20 (dd.4 H);
20 1,4-Bis[1,4-dihydro-spiro{2-benzopyran-3,4 -piperidin]-1 -ylJoutane 1¢, mp 147-148
°C. 1H NMR (CDCls} & 1.50-1.60 {m,4 H), 1.65 (dt,4 H), 1.80 (broad d,4 H), 2.35-
2.45 (m,8 H), 2.55-2.65 (m,4 H), 2.65 (5,4 H), 4.75 (s,4 H), 6.95-7.20 (m,8 H);
1,5=Bis[4-(4-fluorophenyl)piperidin-1-ylpentane, 2.5 fumarate 1d, mp 176 °C. H
NMR (DMSO-dg) & 1.35 (broad p,2 H), 1.65 (broad p,4 H), 1.80-1.90 (m,8 H), 2.50-
25 2.70 (m,6 H), 275(t4H) 3.30 (d,4 H), 6.55.(5,5 H), 7.10 (1.4 H), 725(dd 4 H);
1 4-Bls[4-(4-ﬂuorophenyl)puperazm- -yllbutane 1e, mp 156-158°C. 1H NMR
(CDCl3) & 1.60 (broad p,4 H), 2.45 (broad t,4 H), 2.60 (1,8 H), 3.15 (t,8 H), 6.85-
7.00 (m,8 H); - | -
.1.'6¢Bi_s[spiro[isoberizo_fura_n-1 (3H),4'-piperidin]-1°-yljhexane 1f, mp ©8-1 dzéc. 1H
30 NMR-(CDClg) 8 1.35 (broad p,4 H), 1.60 (broad p,4 H), 1.80 (d4 H), 2.00 (dit,4 H),
2.35-2.55 (M,8 H), 2.85 {broad d,4 H), 5.05 (5,4 H), 7.15-7.30 (m,8 H);
1.4-Bis_[6-ﬂuoro—splro[isdben_zofuran-1 (3H).4"-piperidin]-1°-yljbutane 1g, mp 134-
135°C. 1H NMR (CDClg) 8 1.55-1.65 (m,4 H), 1.75 (d,4 H), 2.00 (dt.4 H), 2.40 (dt .4
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Bi s[ 2- sp FEB i’Sebanzay unepidit@t)cHe - pi per#din]-1' -yl ethyl] sul phi de, P.5/24
difumarate; |In another aspect—the—present invention relates to a

phar maceutical conposition 25 conprisjing at | east one novel dineric _

pi peridine, 1,2,3,6-T4d 3 taiacide or pi per azi ne conpounds having the

above defined general 1 phar maceu- ‘tically acceptable acid

addition salt or prodr i|§l conbi najgon with one or nore

pharmaceutically acceptable carriers or diluents. 30 The pharmaceuti cal

conpositions of this invention nag be adm ni stered q¥ asé sui table route,
t bow

for exanpl e ort) 1240-R.85hmioin 290 ((braaskd.4 K $08 &, &0s(dd;g H)p 6,9%:(dt,2

or parenteral [y | okJn of solutions for injection. For preparing such
conposi tions @r?@i@é Fﬁ‘knovvn in the art nay be used, and any

pharmaceuti - 1 sBigapitofisobenzdfakde1 (BH)(4'Pigaridin}- 1eyljantane neralumarate Thhfip
conventional additive in the
156-157°C. 'H NMR (DMSO-dg) 6 1.35 (broad p,2 H), 1.60-1.80 (m,8 H), 2.25 (dt,4
5 H), 2.80-2.95 (m,8 H), 3.25 (broad d,4 H), 5.05 (5,4 H), 7.20-7.35 (m,8 H);
1,4-Bis[spiro[1,3-benzodioxol-2,4"-piperidin]-1 -yl]butane 1i, mp 164-167 °C. 1H
NMR (CDCl3) & 1.60 {broad p,4 H), 2.15 (1.8 H), 2.50 (.4 H), 2.70 (1,8 H),6.85 (s,8
R)
1,4-Bis{6-(triﬂuoromethyl)-spiro[isdbenzofuran-1 (3H).4'-piperidin}-1°-yl]butane,
10 dihydrochloride 1j, mp 305-310°C. 1H NMR (DMSO-dg) 5 1.70-1.95 (m,8 H), 2.30-
2.50 (m,4 H), 3.05-3.60 (m.12'H). 5.05 (5.4 H), 7.45 (broad s,2 H), 7.65 (d,2 H),
7.75 (d,2 H);
1.4-Bis[1,3-dihydro-spirof2-benzopyran-4,4 "-piperidin]-1°-ylJbutane 1k, mp 173-176
°C. 1H NMR (CDCl3) 8 1.55 (p,4 H), 1.75 (d,4 H), 2.05-2.20 {m,8 H), 2.45 (t.4 H),
-15 2.90 (d.4 H), 3.90 (s,4 H), 4.80 (s,4 H), 6.95(d,2 H), 7.15 (t,2 H), 7.25 (1,2 H), 7.50.
° {(d.2H); | '
1,4-Bis[5-methyl-spirofisobenzofuran-1(3H),4'-piperidin]-1°-yllbutane 1l, mp 149- .
151 °C. 1H NMR (CDCl3) 8 1.55 (p.4 H), 1.75 (d,4 H), 1.95 (dt,4 H), 2.90 (s, 6 H),
2.35-2.50 (m,8 H), 2.85 (d,4 H), 5.05 (5,4 H), 6.95-7.10 (m,8 H); -
20 1,4-Bis[7-fluoro-spirofisobenzofuran-1(3H),4'-piperidin}-1°-yljoutane 1m, mp 175-
179 °C. 1H NMR (CDCl3) § 1.55-1.65 (m,4 H), 1.80 (d,4 H), 2.00 (dt,4 H) , 2.30-
~ 2.50 (m,16 H), 2.90 (broad d,4 H), 5.05 (s, 4 H), 6.90-7.00 (m,4H), 7.20-7.25 (m,2
Hy- | _ :
1 .¢Bis[spiroﬁsobenzofuran-1 (3H),3'-8"-azabicyclof3",27,1 Joctan]-8"-yljbutane 1n,
25 mp 175-179 °C. 1H.NMA (CDCl3) 8 1.65 (p.4 H), 1.90 (d,4 H), 1.25-2.05 (m,4 H),
2.15 (dd,4 H), 2.15-2.30 (m,4 H),2.50 (broad s,4 H), 3.30 (broad s,4 H), 5.05 (s,4
H), 7.10-7.30 (m,8 H); o |
1,4—Bis[3-(4-ﬂuoropheny_l)-a-aZabicyclo[S.2.'l]octsz—en-a-yl]butan.e_10,. mp 163-165
°C. 1H NMR (CDCls) 5'1.55-_1 65 (m,6 H), 1.90 (dt,2 H), 1.95-2.25 (m,6 H), 2.55
30 (broad t4 H), 2.80 (dd,2 H), 3.50 (broad t,4 H), 6.20 (d,2 H), 7.00 (t,4 H), 7.30
4By o
1,4-Bis[spiro[ 1-benzopyran-2,4 "-piperidin}-1~-ylJbutane, difumarate 1p, mp 192-198
°C. 1H NMR (DMSO-de) 8 1.55-1.65 (m,4 H), 1.80-2.05 (m,8 H), 2.60-2,80 (m,8 H),
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art rra;ggbﬁ:gjsggj 1@@gvenm@t,hgu clighe corrpohnds of. the invention are P.6/24
adm ni strered-i'rm unit _dosage form5 containing said conpaund in an anount of

about 0.01 to 50 ng. The total dail y dose usual Iy ranges from about 0.05 to
ng, preferably abmsbeeﬂiasseen%plmgd t he .active conpound of the

i nventi on. 10 In a fu he present invention relates to the use

of dineric piperidi ne ahydropy{é di ne, and pi perazi ne conpounds

havi ng the above defi n genera Formula | or acid addition salts or

prodrugs thereof for the manufacture of a pharmaceutical preparation for

t he treat ment 2@0-208i(at,4 H)p S5y s2 ), Sﬁﬂl(dxﬁsbl) &:55 (84 H)p6.80r0 00 (B4 H), 7.10-

di sorders, notor disturbances, amesia, cerebrovascular 15 diseases senile

denenti a of t RROAMAdIer type or Parkinson's disease. The novenent

20 BB 1 sy YRmra e b -

according to thel ardi ve ski nesia and
not or di st ur bans e 1HENMR @l@l@)ﬁ&hSﬂ]rﬂQ (roi8ai), 9. 5,96 Me8 l‘%oﬂﬁ@t(dh*lé-l). 2.20-

Sy o 2 B ) Bas Brdsd L8 1, 2782108 T8 By P06 THRTE), Vs a2 1y;

neur ol ept i (o)

1,4-Bis[3,4-dihydro-spiro[1-benzopyran-2 ,4‘?piperidin]-1 “-ylJoutane, difumarate 1r,

mp 202-204 °C. 1H NMR (DMSO-dg) 8 1.50-1.60 (m,4 H), 1.70-1.90 (m,12 H), 2.60-

2.80 {m,12 H), 2.80-2.95 (m,4 H), 6.55 (s,4 H), 6.70-6.90 (m,4 H), 7.05-7.20 (m,4

10 H); , R ' | '

1,4-Bis[spiro[isobenzothiophene-1(3H),4*piperidin}-1°-yllbutane 1s, mp 155-160 °C
i NMR (CDCla) & 1.55-1.65 (m,4 H), 1.90-2.00 (m,4 H), 2.15-2.30 (m,8 H), 2.45
(broad 1,4 H),3.00-3.10-2.55 (m,4 H), 4.15 (s, 4 H), 7.25 (s,8H);
1,4-Bis[spiro[1-benzopyran-2,4°-piperidin}-1°-yljbutane, 1.25 fumarate 1t, mp 226-

15 230.°C. 1H NMR (D20) & 1.90 (broad s,4 H), 2.15-2.45 (m,8 H), 2.90 (t,4 H), 3.20-
3.65 (m,12 H), 3.95 (t.4 H), 6.65 (s,2.5 H), 7.15-7.40 (m,B H);
1,4-Bis[spiro[1-benzopyran-4,4"-plperidin}-1 -ylbutane, 1u, mp 163-165 °C. 1H -
NMR (CDCla) § 1.50-1 .65 (m,8 H), 1.95 {t.4 H), 2.10-2.25 (m,8 H), 2.40 (t.4 H), 2.75-
2.90 (m,4 ‘H). 4.10 (t,4 H), 6.80 (dd,2 H), 6,90 {dt, 2 H}, 7.05 (dt,2 H) 7.40 (dd,2 H).

2 D - - -

EXAMPLE 2 _ (method b)

1‘.3-Bi_s[spir‘o[isdbenzofuran—1 (3H),4'-piperidin]-1°-yljpropane difumarate 2a.

To a solutlon of spirofisobenzofuran-1(3H),4"-piperidine] (1.9 g) in dichlorome-

25 thane (40 ml) was added triethylamine (2.3 mi). After cooling to 10 °C a solution of
3-chloropropionic acld chloride (1.7 g) in dichloromethane (15 ml) was added
dropwise dﬁring 10 min. The. mixture was stirred at room temperature for another
hour, The J'--(3-chloroprop'anoyl)vspirO[isobenzofuran-1(3H),4'-piperidine] was
purified by subjecting -th'e.reac'ﬂon mixture to column chromatography on silica gel-

30 (eluted with ethyl acetate / heptane 60:40). Yield 1.8 g as an oil. As a result of
eliminéti_on of hydro’gén chioride 1'¥(2-propenoyi)-spiro[isobenzofuran-1 (3H),4-
piperidine] wa_é isolated as a .by-product. Yield 0.7 g as an oil. Both the
3-chloropropanoic acid amide-and the propenoic acid amide were dissolved in
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anot herazeasalss ‘Geradr MEdsEha IcHEN seaseslare such di sorders caused by 4,54

cerebral infarcti on—eerebral-henprrhage, cerebral artertosclerosis,

subar achnoi d herrorr hage, cerebral 25 thronbosis, cerebral enbolism or the
li ke, e.g. ischem a. Formula | may be prepared by a)
reduci ng the am de carﬁ E a conpound of Forrmula Il 30 [err]

9 wherein n is 0-4, X err], #ferr], Z[err] and the dotted

| i nes-are as previously defl ned 5 b) redu0| ng the am de car bonyl group a

of conmpound of Formula I1] Aﬂ
methy!l lsobutyl ketone (MIBK) (40 mi). To this solution K2CO;3 (1.5 g) and spiro{iso-

benzofuran- 1(3H),4‘-pnpendme] (1.8 g) were added. The resulting mixture was
refluxed overnight. Inorganic salts were subsequently filtered off and MIBK
evaporated in vacuo. The resulting 1,3-bis[spiro[lsobenzofuran-1(3H),4"-piperidin}-

s 1’-yllpropanoic acid amide was purified by column chromatography on silica gel
(eluted with ethyl acetate containing 4 % of triethylamine). Yield 2.2 g as a viscous

oil. To a suspension'of LiAlH4 (0.8g) in dry THF was added all of the above isolated
mono-amide (2.2 g) in THF solution (25 ml). The resulting mixture was refluxed for

2 hours. Excess LiAlHs was destroyed by cautiously adding concentrated aqueous

10 NaOH (1 mi) at 10 °C followéd by addition of water (5 ml). Inorganic salts were
filtered off and THF was evaporated in vacuo. The remaining oil was dissolved in
ethanol (15 mi) and fumaric acid was added (1.1 g). Upon heating to 60.°C the
fumaric acid salt of the title compound 2a crystaliized. Yield 2.2 g. Mp 232-233 °C,

, H NMR (DMSO-ds) 3 1.70 (d,4 H), 1.85 (broad p,2 H), 2.10 (dt,4 H), 2.65 (t,4 H),
15 2.70-2.80 (m,4 H), 3.15 (broad d.4 H), 5.00 (s, 4 H), 6.55 (s,4 H), 7.20-7.35 (m,8H).

In a similar way the fotlowing compounds were prepared :

1,3-Bis[4-(4-fluorophenyl)plperidin-1-yljpropane 2b, mp 59-61 °C. 1H NMR (CDCls)

51.75-1.90 (m,10 H), 2.05 (d1,4 H), 2.45 (1.4 H), 2.45-2.55 (m,2 H), 3.05 (broad d,4
20 H), 6.95 (t, 4H), 7.20 (dd,4H);

~ 1,2-Bis[spiro[isobenzofuran-1(3H).4"piperidin}-1 -yllethane 2c, mp 162-153 °C. 1H

NMR (CDCl) & 1.80 (d.4 H), 2.00 (dt,4 H), 2.50 (dt,4 ), 2.65 (s.4 H), 2.90 (broad

d 4-H) 5.05 (s, 4 H), 7.10-7.30 (m, BH),

1 2-B|s[4-(4-ﬂuorophenyl)piperldm-1 -yl]ethane 2d, mp 151 154 °C TH NMR
25 (CDCly) 6 1.70-1.85 (m,8 H), 2.10° (dt,4 H), 2.45-2.55 (m 2 H) 2.60 (s4 H), 3.05

(broad d,4 H), 6.95 (t 4H), 7.15 (dd, 4H)

N,N-Bis[2-spirofisobenzofuran-1 (3H).4’-p-iperldlh]-1 “-ylethyl]-N-c yclopentylamine,
30 trhydrochloride 3a.

To a solution of spiro[iSobén'zofuran-T(3H).4'—piperidine] (14g)in dichlororﬁethéne
(160 ml) triethylamine (11 ml) was added. After cooling to 10°C a solution of
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wher ei nenFis '86 11oa3d mepeind. cherr] - Rerr], Zlerr], Zerr] and thego4
dotted lines -are as previously 10 defined; c) alkylatlng a conpound of
formula IV [err]. 15 wher ei n Y Rlerr] - Rerr], Zerr], -Z[err] and the

dotted |ines

al kyl ati ng reagent of t
previ ously defined and
nmesyl ate or tosyl ate; reduct

err] 20 mhereln X and n are as
e Ieav g group such as hal ogen,

are as prTbig Bl mviIEehammmﬂd wi th epichl orohydr| n or an
|ve“ky atl of an am ne of Formula IV

wi th a dial dehyde of the Formula 25 VI or a. dicarboxylic acid of the
formd a Vi1 [ ehloroacetylchloride (8 mi) in dichloromethane (10 ml) was added dropwise during

10

15

20

0

20 minutes. The reaction mixiure was finally allowed to reach room tempera_ture.
The mixture was subsequently filtered through silica gel (eluted with ethy! acetate/n-
heptane 60:40) affording 12 g of the o-chloroacetamide derivative. A mixiure of the

. thus obtained «-chloroacetamide derivative (1.4 g) and cyclopentylamine in MIBK

(25 ml) was refluxed for 2 h. The solvent was evaporated in vacuo and the
cyclopentylamino derivative was extracted from an alkaline (pH>9) aqueous
solution with ethy! acetate. The organic phase was worked up as above yielding 2.0
g of the a-(cyclopentylamino)acetamide derivative as a visceous oil. To a solution
of the a-(cyclopentylamino)acetamide derivative (2 g) in MIBK 1°-chloracetyl-
spiro[isobenzofuran-1(3H),4'-piperidine] (1.4 g) and potassium carbonate (1 Q)
were added. The mixture was refluxed for 3 h. After cooling to room-temperature
the mixture was filtered through silica gel (eluted with 4 % triethylamine in ethyl
acetate. Evaporation of the solvents afforded 2.4 g of the diamide which was

reduced with LiAlH, as described in example 1. The title compound 3a crystallized

from a mixture of ethanol and acetone (1:4). Yield 1.3 g, mp 258-260°C. 1H NMR

' (DMSO-ds) & 1.50-2.45 (m, 16 H), 3.25-3.80 (m,17 H), 5.05 (s.4 H), 7.10-7.40 (m,8

H).

In a similar way the following compdund was prepared :
N,N-Bis[2-spiro[isobenzofuran-1(3H),4 -piperidin}-1"-ylethyl]-N-methylamine,
trihydrochloride 3b. Mp 265-266°C 1H NMR (DMSO-ds) & 1.90 (d,4 H), 2 50-2.90
(7 H), 3.25 (t.4 H).350-3 80 (m, 12H) 5.05 (s4H) 7.15-7.40 (m,8 H).

EXA 4 (mat

1,4-Bis[spirofind-2-en-1,4"-piperidin)-1°-ylJbutane 4a.

The folloi:ving method is 'adapted from a method in J.Med.Chem. 1992, 35 (11),
2033-2039 A solution of mden (18 ml) in dry THF (75 ml) was cooled to 0 °C and
hthlum bzs(trimethylsnlyl)amlde (300 m| solution) was added dropwise during 20
mmutes. After stirring for 1/2 h ato 5C a solution of N-t-butyloxycarbonyl-N,N-bis(2-
chloroethyl)'_a.mi'ne (36 @) in dry THF (100 ml) was added during 1/2 h with ice
cooling. After 2 h Stirring at 0 °C the solvents were evaporated in vacuo. The
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1 0 whes ¢kp Bsi 909%4 0 MEpIGIEL XHES as prédviously defined; or e) redudi.ned he
doubl e bonds ih a eonpoeund—oef—Formuta-l in order to obtain the 5
correspondi ng saturated conmpound of -Formula |I. Such doubl e -bonds are

§ m :
present when the dotifisghgetkiasB $hts a bond and/or when Z[err] and Y are
| i nked together in or & spi ropi.peridi ne conpound and Z[ err]
conprises a double bo hillihe -conpound of Forrmula | formed is

i solated as the free base or a pharmaceutically acceptable acid addition
salt thereof. 10 The reduction according to nmethod a) nmay, prefera

carried out i reraainingeoll wagabjeatet toncolumehchromategiaphye _doY"tgl Kﬁ&g_ﬂe /

o beslan s B ABSRAR0FS10. LAV BT AR iR EhiRe.

tenperature tgqrehlad £F0es 81.UDEprofsdlisatdfens spifopiperidine was achieved by adding
it (14 ¢) cautiously to trifluoroacetic acld (75 ml) at room temperature. Excess

s trifluoroacetic acid was evaporated in vacuo. The remaining viscous oil was
dissolved in dichloromethane (150 ml) and triethyl amine (30 ml) was added. At 0-5
°C succinic acid dichloride (3.1 @) in dichloromethane (15 ml) was added dropwise.
The mixture was finally stirred for an hour at room temperature. Water (500 ml) and
hydrochloric acid (pH <1) were added. The organic phase was worked-up leaving

10 the diamide as an oii (11.6 g). A solution of the diamide (11 g) in dry THF (100 mi)
was added dropwise to a suspenslon of LiAlHg (5 g} In dry THF (100 ml) during 1/2
h at 40-50 °C. After refluxing for 2 h the mixture was cooled to 10 °C and conc.
aqueous NaOH solution (5 ml) and water (15 ml) were added cautiously. Inorganic
salts were filtered off and the solvents were evaporated in vacuo. The title com-

1s pound 4a was purifiéd by column chromatography on silica gel (elqted with ethyl
acetate / ethanol/ triethyl amine 90:10:4) and finally crystallized from ethy! acetate.
Yield 4.3 g. Mp 121-122 °C. 1H NMR (CDClg) § 1.40 (broad d,4 H), 1.65 (broad p,4
H), 2.25 (dt,4 H), 2.35 (1,4 H), 2.55 (broad t,4 H), 3.05 (broad d.4 H), 6.75 (d.2 H),
6.85 (d,2 H), 7.15-7.40 (m,8 H).

AMPLE 5 (meth
1,4-Bis[spiro[indan-1,4"-piperidin]-1"-ylJbutane Sa.
To a solution of 1 .4-Bis-spiro[ind-2-en-1,4"-piperidin-1 -yllbutane (compound 4a) (3
25 | g) in ethanol (90 ml) were added acstic acid (5 ml) and 5% palladium on carbon
(0.9 g). The mixture was hydrogenated in a Parr apparatus for 2 hours ar 3 atm.
: The_céta_iyst was filtered off ‘and the solvent evaporated. The remaining oil was
dissolved in diluted aqueous NH4OH (200 mi, pH > 9). The title compound 5a was
extracted with} ethyl acetate and worked-up as above and finally crystallized from
30 ethyl acetate. Yield 1.6 g. Mp 113-115 °C. 1H NMR (CDClg) & 1.55-1.65 (m,8 H),
1.95-2110 (.8 H), 2.15 (t.4 H), 2.45 (broad 5,4 H), 2.95 (.8 H), 7.10-7.30 (m,8 H).
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15 am ¢esrec esy dia’smt Opiched &kmare perforned simlarly. A kylation Cifa/
corrpounds of * For mul mmg—fo—ﬁ%t hod c) is convem.ently per- formed

in an inert organi c sgl\gAfySKeh as_an al cohol or a ketone with a suitable
boiling point, prefer €nce of a base (pot assi um car bonate or
triethyl 20 am'ne) at M] lﬁ&iﬁi ture. Epichlorohydrin is a particularly
useful reagent for int pyI ene oghai n substituted w th hydroxy,
i.e. for obtaining conponds of Forrmula | wherein nis 1 and X is CHOH.

Reductive al kyl ation according to frethod d) is perforned by standard
literature 25EXAMPII6es. The al dehydes VI and carboxylic acids VIl are

br ocedur es. - FddRe R Dy ABhEma- 1ot R R RR R it $87S Gener al 1y
performed by 30 catal ytic hydrogenation using Pd or Pt as catalysts in

protic solvents such as ethanol or nethanol und r e c%‘é tions. The
al kyl ating r eh@entsplution of pipgridintaihvienakelalyl H"B? !Y E@'E@%?EG

5 tnethylamme in dichloromethane (50 ml) was added dropwise succininc acid
dichloride (3.1 g) in dichloromethane (25 ml) at 10 °C during 15 minutes. After
~ stirring for 1 h at room temperature water (200 ml) was added and the organic
phase was subsequently worked-up. The crude crystalline diamide (7.4 g) melted
at 120 °C. To a suspension of LIAIH4 (20 g) in dry THF (400 ml) a soiution of the
10 diamide (70 g) in dry THF (700 ml) was added dropwise at 40 °C during 45
mihutes. Atter refluxing for 2 h the mixture was cooled to 10 °C and conc. aqueous
NaOH solution (10 ml) and water {30 ml) were added cautiously. Inorganic salts
wére filtered off and the solvents were evaporate_d in vacuo leaving the 1,4-bls-(1-
piperidino)butane derivative (62 g) as an oil. The ketone group was deprotected by
| 15 adding perchloric acid (240 ml) to a solution of the 1,4-bis(1-piperidino)butane
“ | . derivative (40 g) in dichloromethane at -10 °C. The resulting mixture was stirred at
. room temperature for 70 hours. Ice (2 kg) was added and pH was adjusted to >9 by
| addition of con¢. aqueous NaOH solution. The organic phase was separated and
subsequently worked up yielding the 1,4-bis(4-oxopiperidin-1-yl)butane (26 g) as
20 an oil which was used without further purification. A solution of n-butyllithium in.
hexane (200:ml, 1.6M) was added to dry diethyl ether (200 ml) while cooling. The
-'resulting solution was cooled to -50 °C and a solution of 1-bromo-4-flucrobenzene
in—dry diethy! ether (200 mi) was added during 1/2 h at -45 °C. After stirring for
‘another 1/2 h a solution of 1,4- -bis(4-oxopiperidin-1-yl)butane (24 g) in dry diethyl
25 ether was added Oropwise during 40 minutes. The temperature was finally allowed
to raise to 0 °C. The mixture was poured.onto ice (1.5 kg). To adjust pH <1 dil.
_ hydrochl,onc acid was cautiously added. The organic phase was separated and
discarded. To the acidic aqueous.solution was added NHsOH until pH > 9. The 1,4-
o | bis[4-(4-fiuorophenyI)v4-hydroxypiperidin-1-yl]butan_e (10 g) was extracted with
: éo ethyl acetate (2 x 50 ml) and isolated as an oil. Water elimination was accom-
' plishetf bj('dissolving the obtained piper,idin-4-ol derivative (10 g) in trifluoroacetic
acid (50 ml) éhd reﬂu'xing for-1 h. After cooling to room temperature the mixture
~ was poured onto ice (2 kg) and ethyl acetate (500 ml). Diluted aqueous NH4OH
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accordlzn‘ngEB)’sel tsigaowpepRiTR@deHepXi di zi ng either the correspondl ng apcqbhgh s
or reducing the chs or appropriate derivatives thereof. The

di am des of Formul a eet%a &}{ﬁaﬂ&&t Iy prepared by treating the 51
-unsubstituted deri a sui tabl e activated dicarboxylic acid
derivative such as pr c acid chlorides or anhydrides according

to known net- hods. aci d derdtvatives are either comercially
avai |l abl e or prepar ed accordl ng to standard procedures. Internbdiate

nono-am des |1l ‘are simlarly repareg rea%i on of an_c -tgal - '
SUbSt LUt ed cMeSGEHeR0 AEPHS AAdIRe AIGRIG Pha s pas GeBaETed andaubseayent-
o 0e. O i WBliteiSup 0 8pbi. ‘T 1RAESMBOUA BB orfMfalpAd MoMTAnylAcotiteo YRdIBP

sequence: fir Ieact n actlvate gart with one nole of com

pounds 1V fol Ismgdmm&aswm: bt NI (CDCig)l & 168 foroad piveHp2d8r2.66dam8uH).h
eyl at1 onf a B2 Uk (bR, 800 (%roa S5, 750 295! 735388 1.

g

XA 7(m
N, N-Bis[2-{4-(4-fluorophenyl)piperidin-1-yljethyl]aniline 7a

To a solution of aniline (49 g) in ethanol (400 ml) sodium acetate (130 g) and ethyl

10 bromoacetate (250 g) were'added. The mixturé was refluxed overnight and was

' subéeque'ntly filtered. The solvents were evaporated in vacuo and the remaining ol

was distilled at reduced pressure (12 mmHg). Unreacted ethyl bromoacetate and

the mono alkylated aniline were thus distilled off leaving the crude diethy! N,N-

anilinodiacetate (31 g) which was used without further purificatioﬁ. To a solution of

.15 this diester (31 g) In ethanol (200 mi) were added KOH (20 g) and water (30 ml).

- - Hydrolysis was accomplished by refluxing for 2 h. Ethanol and water were evapora-

ted in vacuo and the remaining di-potassium salt was dissolved in water (500 mi).
Concentrated hydrochloric acid was added to adjust pH <1. The N,N-bis{carboxy- -

“methyl)aniline was extracted with ethyl acetate (2 x 100 ml). The crude product (24

20 g) resulting after work-up of the organic phase was used without further purification.

A mixture of ihe crude N,N-bis(carboxymethyl),'aniline_ (3.4 g), 4-(4-fluorophenyl)pipe-

- ridine (6 g), di{:yclohexylcarbodiimide (8.5 g), p-toluenesulphonic acid (150 mg) in
anh. pyridine (50 ml) was stirred overnight at 25-30 °C. Water (500 ml) and ethyl
acetaie (300 ml) were added and concentrated hydrochloric acid was cautiously

‘25 added until pH = 3. The organic phase was_worked-up as above. The crude
diamide was purified by. column chi'omatography_ on silica gel (eluted with ethyl.
acetate). Yield 4.2 g, mp 167-168 °C. Reduction of the diamide (4.2 g) with LiAlHs
according to the method described in Example 1 afforded the _tiﬂe compound 7a.

~ Yield 0.9 g. Mp 104-105 °C {orystallized from diethyl ether). TH NMR (CDClg) 8 1.75-

30 2.00 (m,8 H), 2.20 (dt,4 H), 2.60 (1,4 H), 2.45-2.55 (m,2 H), 3.15 (broad d.4 H),
355 (.4 H), 6.70-6.80 (m.3 H), 7.05 (t, 4H), 7.20-7.30 {m,6H). |

In a corresponding way the following compound was prepared from

Received Time 22, Feb, 16:55 Print Time 22. Feb, 17:07



15 4- Phgaytpi-per iidies vpbrdmamelgy | V (Y=€ and the dotted line indicatg 0
bond) are either comrereially available or prepared as gescribed in e’g. US

Pat. No. 2,891, 066; l\/t:EIvaln et al. J.Amer. Chem Soc. 1950, 72, 3134; Bal |y
et al Chem Ber. 1887, jﬁeﬂmﬂ&emmmzﬁ@pondl ng

4-phenyl-1,2,3,6-tetra of formula 20 1V (Y=C and the dotted
epar e@j rom N-protected 4-piperidones

| ine indicating an ext
by addition of properly substitute henyl [ithium or phenyl nagnesium

hal ides foll owed by acid catalyzed water elinmnation. The N protectin

group (car barret-(et-flmmpﬁenyﬁgImanayapndacdtthprnds f and| sgxro[mhﬁétzofwam 1?3F0.
conventi onal i i]e 3- phenyl - 8-azabi cycl o[ 3, 2, 1] oct - 2- ene derivatives
were 25 prepafé 35{998 dingly from N-protected

8- azabi Cyc|0[3é’—ei§ Sitsissbanzeturaf- RS A pigeridiel 1o 35H-Rloropheny pentins,

prepared by catal yt I C enation correspo

4- phenyl -1, 2, s;fmaateé}wdmg%wh??ﬁ&, 1%NW @N@-éak%ﬂygk(ﬂ H), 1.80-2.20 (m,8
4- Phenyl t i
pondy ar o 55 B 2250 (AL TH2 BYA 0NN, 90 kBT b gg"’?j S 58 s,

met hods in Nautn)nms-atas (m,12H).

EXAMPLE 8 (method a)
Bis{2-spiro[isobenzofuran-1 (SH) 4 -p:pendm]—1 -ylethyl] sulphide, dlfumarate 8a

10 :
To a solution of spiro[isobenzofuran-1(3/-/),4'-piperidine] (14 g) and triethylamine
(12 ml) in dichloromethane (140 mi) cooled to 10 °C a solution of bromoacetyl
bromide (7 ml) in dichloromethane (25 ml) was added dropwise duriﬁg 15 minutes.
The mixture was further stirred at room temperature for 45 minutes.The crude
15 reaction mixture was directly poured onto silica gel and the bromoacetamide of
spirofisobenzofuran-1(3H),4'-piperidine] was eluted with ethyl acetate / heptane
3:2. Yleld 5.6 g. To ethyl thioglycolate (2.4 g) in sthanol (40 ml) was added solid
potassium t-butoxide (2.3 g)in smail portions. To the resulting potassium ethyl
thioglycolate was added the bromoacetamide (3.8 g) from above. The mixture was
20 stirred overriight and the 1°-ethoxycarbonyimethylthiomethylcarbonyl- spiro[isoben-
zofuran-1(3H),4"-piperidine] (3.8 g) was worked up by éxt_raction with diethyl ether
from water. The ethyl ester (3.8 g) was hydrolyzed to the corresponding 1°-
carboxymethyithiomethylcarbonyl- spirofisobenzofuran-1(3H).4'-piperidine] (3.2 g)
by refluxing with KOH in aqueoi.:s ethanol according to the procedure in Example 7. |
2s The carboxylic acld (3.1 g) was refluxed with thionylchloride (1.5 mi) and a drop of
OMF in dichloromethane (50 mi) for 1 h. Excess of thionylchloride was carefully
evapbratéd twice with n-heptane in vacuo. To a cooled {10 °C) solution of spifofiso--
benzofuran-1(3H).4-piperidine] (2 g) and triethylamine (2.5 ml) in dichloromethane
{40 mi) was added dropwise a solution of the above obtained crude carboxylic acid
30 chloride (3 g) in dichloromethane (25 ml). After stirring for another hour at room
| "tempeF;ture the diamide (2.9 g) was isolated by subjecting the crude reaction
mixture to column chromatography on silica gel (eluted with ethyl acetate). The . |
total amount of diamide was reduced with LiAlH, according to the method describ-
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J. I\/Ed GRRFEB 1989,183%, MISICIMISEHEThese bt hods include ringcl osure rgagijgn
of properly substi tuted—ahi-t-+hres—w-th-bis-(2-chl oroethyl)amne (eventually
N-prot ected) by refl uxi ng i n hi ghb0| I ing solvents as eg. chl orobenzene

typically for some

of an opti onal N—protgiﬁl

splroplperldlne deriv

Has Bee d eventual |y foll owed by deprotection
l cordr ng to standard procedures. The
la IV wpgrein Z[err] and Y are |inked

together 5 and Y is carbon are prepared as follows:

Spi ro[ i sobenzof uran- 1( 3H) £
by Mar xer et &d in Example bﬁéﬁ*d B85, Thﬂ)difurmerate S8

spirof[iso-
from N- et hyl

10

15

25

eridi nej accordlng to the nmet hod descri bed
Stthe H&%MPHQ @eerstal-

84 ohdifac oy £70B G0k 2 e (OHSOSh) ¥ a8 @D !

2.05 (dt.4 H), 2.65 (1,4 H), 2.85 (sGH) 3.05 (d,4 H), 5,00 (s,4 H), 6.60 (s.4 H), 7.20-

7,35 (m,8 H).

EXAMPLEQ
Bis{2-spiro[isobenzofuran-1(3H),4"-piperidin]-1 -ylethyl] sulphone 9a

Bis[2~spiro[isobenzofuran-1(3H),4'-piperidin-1 “-yljethyijsulphide (0.8 g) from
Example 8 was dissolved in trifluoroacetic acid (10 mi) and cooled to 0 °C. A cold |
solution of 35 % H02 {1 ml) in triflucroacetic acid (4 ml) was added dropwise
during 5 minutes. After heating for 1 b at 50 °C the reaction mixture was poured
into ethyl acetate (200 ml) and diluted aqueous NH4OH (500 ml) (cooled with ice). |
The organic phase was separated and worked up as above. The crude product
was purified by column chromatography on silica gel (eluted with ethyl acetate /
triethylamine 100:4). The title compund 9a crystallized by sfirring with di iethyl ether.
Yield 0.6 g. Mp 170-172 °C. 1H NMR (CDCl3) 51.80 (d,4 H), 1.95 (dt,4 H), 2.55
{dt.4 H), 2.85 (broad d;4 H), 3.00 (t.4 H), 3.35 (t.4 H), 5.05 (s. 4 H), 7.10-7.30
(m,8H). :

AMPLE 10 {metho _ _

Bis[2-spiro[isobénzofur’anq (3H),4'-piperidin]-1_ “-ylethyl] ether, dihydrochloride 10a
To spirofisobenzofuran-1(3H),4"-piperidine] (15 g) in ethanof (150 ml) was added
finely powdered potassium carbonate. Ethyl bromoacetate (10 ml) was added
dropwise at 25-30 °C. The mixture was finally stirred at 50-55 °C for 1 h. lnorganic
salts were filtered off and the ethanol evaporated in vacuo. The crude 1°-ethoxycar- |
bonylmethyl—spiro[isobenzofurén-1 (3H),4"-piperidine] was extracted from water with

- diethyl ether and worked-up as above..Yield 20 g as an oil. The ethyl ester (20 g)

30

was reduced with LIAIH4 aocordlng to the method in Example 1 yielding the 1°-(2-

'hydroxyethyl)-spuro[rsobenzofuran-‘i(3H) 4'-piperidine] (12 g) as an orl To a

suspension of NaH (1.4 g 50 % in oil) in'dry THF (40 ml) was added_drop_wxse at
room temperature a solution of 1°-(2-hydroxyethyl)-spirofisobenzofuran-1(3+).4™
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2, 3- Di bypchea- s 1 -+ | stBeNeL, digpi per i dhi ne] and ; P.14/24
3, 4- di h{ydr o-'spir o[ napht akene-1- (2H), 4' - pi peridine] following a

nodi fication of-the nethod of J. Med. Chem 1992, 35(11), 2033 - 2039 and
French Patent. No. Thi3SiRet3RBdBeen Replaced

1' - Met hyl - spiro(benz (3H) 4' -pi peridine] according to the
~methad 15 descri bed . Ogy Chem 1976, 41, 2628. The
correspondi ng deneth ve vvas obt ai ned by treatnent W|th et hyl

chl oroforrrate foll ovved by alkaline hydrolysis of the internediar

car banat e; Fﬁhﬁd}deﬂrﬁ gyin drnglﬂE 126 mlhmmmgme& ‘Al rﬁgm&b fgg]another

according to

24, 194. The 38%5%83@5 in W??F @#P@%@?%‘é’a%ﬁ? @e"oﬁrﬁ% 4
hydr ogenat i ong; &Eﬁérﬁrfiﬂ%rﬁsﬁnlﬂd a@nwacetyu desivdtive in Example 8) in dry THF

g j Ddlthr o-1 Spir _%2 H2- be nzop fr ag- 1e[ 415p'£ l?erl dlilpo?segen-
ydr o- Wasrﬂweﬂldmpw;aeatpﬂs 0 G- Afige stinsingrfananother 1:SJa the 2rsA
S5 6.t asonrde (8 SERRIADIH Y R S eops Rt A iy
by treatnment ichihdHybtiaftleiel (8 g) was Isolated by extraction with ethyl acetate from
water and finally purified by column chromatography on silica gel (eluted with ethyl
acetate / ethanol / triethylamine 80:20:4). The thus isolated mono-amide (4.5 g)
was reduced with LiAlH4 according to the method in Example 2 affording the title
10 compound 10a. The dihydrochloride salt crystaliized from acetone. Yield 2.2 g. Mp
141-143 °C. 1H NMR (DMSO-dg) §-1.85 (d,4 H), 2.50-2.75 (m,4 H), 3.10-3.70
(m,12 H), 3.85 (broad s,4 H), 5.05 (s,4 H), 7.15-7.40 (m,8 H), 10.60 (broad 5,2 H).

EXAMPLE 11 (method ¢)
15 1 B—Brs[s-methyl-spuro[:sobenzofuran—1 (3H), 4'-pxpend|n] -1"-yllhexane 11a

A solution of 5-methyI-spiro[isobenzofurah-1(3H),4'—piperldine] (4 g), 1,6-dibromo-
hexane (2.2 g), finely powdered potassium carbonate (2.7 g) and a crystal of
potassium' iodide in MIBK (150 ml) was refluxed for 4 h. Inorganic salts were

20 filtered off and MIBK evaporated. Column chromatography on silica gel (eluted with
ethyl acetate / ethanol / triethylamine 75:25:4) gave the pure title compound 11a.
Yield 1.0 g. Mp 113116 °C (recrystallized from 2-propy! ether). 1H NMR (COCla) &
1.30-1.45 (m,4 H), 1 .50-1.65 (m,4 H), 1 .80 (d,4 H), 2.00 (dt,4 H), 2.35 (sGH) 2.45-
2.50 (m 8 H), 2.85 (broad d,4 H), 5.05 (s, 4 H), 6.95-7.10 (m,6H).

EXAMPLE 12 (method ¢)
| 1 3-Bls[4-(4-ﬂuorophenyl)pnperidm 1-yl1-2-propano| 12a
A mixture of 4-(4-ﬂuorophenyl)p|pendme (2.6 g), eplchlorhydrme (1.1 ml), potas-
sium carbonate (2.0 @) in.MIBK was stirred overnight at room temperature.
30 lnorgamc salts were flltered off and the solution was subsequently refluxed for 3
o hours ‘After addition of triethylamine (1 mI) the crude reaction mixture was directly
subjected to column chromatography on suhca gel (eluted with ethyl acetate /
triethylamine 100:4). The title compou_nd 12a crystallized from 2-propyl ether. Yield
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mat e fgtlme@sbmaadaekalmmcmmmtum s of dthe Internediary ethyl carbamatezs
1' - Phenyl net hyl - spiTo[ 21~ DEIILUpyl an=2,4' -pi peridine] is obtained

according to the matﬂ?s%hee?ﬁ b Yamanoto et al, Chem Pharm Bull.
1981, 29, 3494. The ¢ X ﬁenzylated derlvatlve i s obtained by
hydrogenat lon in the Emﬁﬂ g a palladiumcatalyst; 1

' - Phenyl et hyl - spi ro[ i n-3, 4' - @%eridi ne] - 1(4H) - one accordi ng
to the nethod described by Yamanoto et al, J. Med. Chem 1981, 24, 194.

EﬁSSSLL?PCWaE?é Gl 7380 “Ca S T 486 %a&é“%%i%@ reﬁeﬁ?@,ﬂ%a@ﬁ @s 2
il, 4- él 'h;%?o eégﬁ%ﬁ&z &é‘%?s%rﬁgﬁ%e%gg (yr4a 1?5 (8 ¥ H i ?jlgr?et 4\/\5;1'?

debenzyl at ed (:dd&hy-ljr ogenation in the presence of a pal I ad| um catal yst;

5 EXAMPLE 13 (methodc)
1,3-Bis[4-(4-fluorophenyl)piperazin-1-yl}-2-propanone 13a

To a solution of 1-(4-fluorophenyl)piperazine (12 g) in acetone (40 ml) kept at reflux
temperature a solution of 1.3-¢Ichloroacetone (1.3g) in acetone (10 ml) was added

10 dropwise. _'The' mixture was refluxed for another 2 hours. Acetone was evaporated
in vacuo. The remaining viscous oil was subjected to column chromatography on
silica ge! (eluted with ethyl acetate / ethanol / triethylamine 80:20:4). The title
compound 13a crystallized from diethyl ether. Yield 0.6 g. Mp 106-107 °C. t{H NMR
(CDCl3) §2.70 {t,8 H), 3.15 - (1,8 H), 3.45 (s, 4 H), 6.85-7.00 (m,8 H).

15 | '

- ' PHARMACOLOGY

The compounds of the invention were tested by well recognized and reliable test
methods as follows, -
0 .
Inhibition of 3H-DTG Binding to Sigma Receptors in Rat Brain /n vitro.

 Bythis method the inhibition by drugs of the binding of 2 nM 3H-DTG (1,3-di-o-toly!

guanidine) to sigma receptors in' homogenates or membranes from rat brain

25 without cerebellum is determmed in vitro as modified from Weber et al. Proc. Natl '
Acad. Sci. 1986 83 8784 '

Tissue prep'ar.ations':j 3 . |
Homogenéfe: Rats (1,50-25_0 g) aré decapitated and the brains (without cerebellum) -
30 quickly'removed and placéd on ice' weighed and homogenized in 100 vol ice-cold
(0 °C) '50 mM Tris-buffer (pH 7. 7) m an ethanol rinsed glass/teflon homogemzer at

0 °C and kept on ice until use. )
P2-membranes- Brains are homogemzed in 10 vol 0.32 M sucrose in an ethanol
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1' - Benzy IFes o O[14tbel - REDICIPML ZREM, 4' - DI beridine] is obtained by a gt e,
which is 5 anal ogeous-to~the one-deseribed in EP-Al -0 414 289 for the

synthesis of 1 - benzyl- 1, 4- dlhydrosplro[naphthalene 1, 4" -piperidine].

Hydr ogenati on i n t Haisgh epbd catal yst gave 2, 3-di hydrospiro[ 4H1
- benzopyran-4,4' -pip o[ 1, 3- benzodi oxol e- 2 4' -piperidine] is
obt ai.ned by refluxin onyl 4- migoeri di none and catechol in

toluen solution in the presence of p-toluenesul phonic io acid with
continous renoval of water followed by renoval - of the benzyl_group
hydr ogenat i onrinsed ghstMogeuZpaMthdlwﬂf@iﬁsamand dowa. J@Bdlqmgaﬂ@%te is

et hods. anal oRpSpeddor A0 b 38 Shnk o Bh3" 15 i filbethfan s SRRRRT Bnt®
invention is ééﬂtﬁf‘u%"ed'fbfEGt:ﬁxﬁtaiCBdngmﬁate«ané w&uu? pélietds eesuspendedtin

be construed as | ting points are dete on_a BCchi
appar at us andi@wvel i m&ﬂlg §6tndd TrisecbufferNpR 4k apddn i%ﬁﬂaﬂ""&tatz%%g% '

a Bruker AG 250 Spect LOURIMion is then centrifuged for further 20 min. at 50,000 g at 4 °C.
The pellet is resupended in 50 vol. of ice-cold Tris-buffer and used immediately.

Binding analysis: ~

0.5 ml 50 mM Tris-buffer (pH 7.7), 0.25 mi displacer (6 x 100 uM DTG, 6 x {test
10 compound], or Tris-buffer), and 0.25 ml 6 x 2 nM 3H-DTG are mixed into 5 ml

plastic test tubes and kept at 4 °C until use. The binding reaction are initiated by

. mixing 0.5 ml tissue suspension into this solution and incubate at 25 °C for 20 min.

Glass fiber filters (Whatman GF/B) are placed on the filter machine which is then

closed tight. Just before filtration vacuum is turned on, and the filters washed with
15 0.1% PEI solution from a spray bottle followed by one wash with Tris-buffer.
‘ " The binding reaction is stopped by filtration of the assay mixture at reduced

pressure (750 mbar) followed by further 3 washes with 5 ml ice-cold Tris-buffer.

'The, filters are placed in counting vials and 4 ml scintillation solution added. The

vials are counted in a Beckmann scintillation counter. '
20 | |

Buffers and. solutlons'

50 mM Tris-buffer pH 7.7: 7.38 g Trizma - 7.7 plus distilled HZO up to 1 liter.

100 ml 10% polyethylenimin (PEI). 100 mi dest. H2O is added to approx. 20 g S0%

PE( which.is s'olubilize_d' by stirririg and heating. Diluted (1 +_99)' before use.
25 6 x 2 nM 3H-DTG: The exact volume depends on the actual coricentration of the

baich but is rhade as close as possible to 12 nM. The contalners for the radioac-

 tive solution is rinsed In 96% ethanol before use.

6 x 100 p.M DTG: 14. 36 mg/100 ml is kept frozen in 10 ml aligouts.

3H-DTG was obtained from NEN Research Products, Du Pont Denmark, Specific
30 activity 62.3 Cifmmol. |

The known sigma receptor ligands BMY 14802 and rimcazole were included in the
test for comparizon purposes. |

Received Time - 22.Feb. 16:55 Print Time 22. Feb, 17:06



Deut er @2eREBC 60T 1e: @7 m (l&ﬁﬁcfw:%l)ﬂmdeut eribunoxi de (99, 9% D) or P.17/24
di met hy( sul foxi de (99, 9 %) were used as solvents. TMS"was used as internal
ref erence standard. Chemi-eat——shift val ues are expressed’ in ppmval ues. The
fol l owi ng abbreviati ons ar e, dlacegr mul.tiplicity of NI\/R si gnal s:

s=singlet, d= doubl g=quartet, 25 p=pentet, dd=doubl e doublet
dt =doubl e triplet, '\i r|pI ets, 2fmul tiplet. EXAMPLE 1 (nethod
a) 1 ,4-Bis[spi ro[ ,4' -piperidin]-1 -yl]butane la. 30 To
a sol ut ion of spirofi sobenzof ur an- 1q(3H) iperidinel] (3 g) in

di chl oromet hane (25 m) was added tri et hyTaemgﬁe (3 mM). The m xture was

cooled to 5 [err]C and a solution g chloride (1 g) in
di chl oronet hane (10 m ) was added It-llf' %N%RAE&E

Compound No. ICso (nM) Compound No {Cso NM
5 1a 0.64 1u 0.17
b 041 2a '0.76
1c . 16 2b - 017
1d ' 1.4 2c 0.23
. 1e | - 0.89 2d 0.50
10 1f ) 0.71 3a 1.5
19 0.44 3b 4.9
th .20 4a .40
1i | 45 5a | 31
1j 19 6a - 0.31
15 1k 8.7 7a o 3.6
A 23 7b - 0.72
1m o 5.1 _. 8a 0.78
1n 99 | 9a 1800
10 74 10a | 25
20 1p ' 32 . 11a 9.7
19 40 12a 2.4
1 . 130 "13a 2500
_1s 0.04 BMY 14802 230
1t 0.38 Rimcazole 180

2s It is seen from Table | that the compounds used In the present invention are very
potent sigma receptor ligands as compared to the reference compounds which are
known in the art to be sigma receptor ligands. As seen many of the compounds
tested showed EDso values in the area below 1 nM.

30 F_urthermore, the ability of the present compounds In inhibiting the binding of 3H-
Prazosin to &; adrenoceptors in membranes from rat brain wers determined /n vitro

according to Hyttel, J et al, J. Neurochem, 1985, 44, 1615; Skarsfeldt, T. et al, Eur.
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14 dr opRiFEB ther | 18307/ 2MIDICINALetHESt i rri nd for an additional hour at rmamrza
tenperature 't he rri-xL&r-e—was—eJ—u—t—ed—k?rough silica gel wth dichloronethane.
The di am de was' r et ai ned by the silica gel and was subsequently extracted
fromthe gel with éfh acetate and THF (1:1). The solvents
were evaporated in v renalnlng solid product was
recry.stallizedfrom Yield: 28 g. M 212 [err]C To a

suspensi on of [err] (3 g) |n dry THF (150 m ) was added in small -portions
repared above. The tenperature was slowy

all of the diam de ( 3
rai sed to ref UuRhaﬁﬂamé-p‘? &£é?§ B38.Addiiomadly spme-p tbe&ompgunssmwrmmlon

squeous. Nacr BaretTuRe pif veSRR G R Rne BBl B By SRR Hn
filtered of f geewWélde et alcBUE L \RiammaCOl, a@avn 1\3#(;2@1 With respmtrtorseretdnmi 5-
product was stirred with di et

h d 1] tl d
la was filterEd1afrecepiar Binding. gqtl"eé}/@%rfo%r‘]@ﬂ WE'Y é I‘@%ﬁ é)qun 5,

RIS CHE o e e ot e

Hyttel, Pharmacology & Toxicology, 1987, 61, 126-129. .

For most compounds, the affinities for &y adrenoceptors and Dy, 5-HT14, and 5-HT>

receptors were very inferior as compared to the potent binding to sigma receptors.

10 Thus many of the compounds are very selective sigma receptor ligands. For

example with respect to the o1 adrenoceptors and dopamine D2, serotonin 5-HT 14

| and 5-HTp receptors, ratios of binding ICso values (alpha/sigma, dopamine/sigma,
5-HT1a/sigma, and §-HTz/sigma, respectively) of 100 —1000 have been foﬁnd_.

16 FORMULATION EXAMPLES

The pharmaceutical formulations of the Invention may be prepared by conventional
methods in' the art. For exém_ple: Tablets may be prepared by mixing the active
_ ingredient with ordinary adjuvants and/or diluents and subsequently compressing
20 the mixiure in a conventional tabletting maschine.  Examples of adjuvants or
diluents comprise: corn starch, lactose, talcum, magnesium stearate, gelatine,
lactose, gums, etc..Other adjuvants or additives usually used for such purposes
such as colourings, flavourings, preservatives etc. may be used provided that they
are compatible with the active ingredients. Solutions for injections may be prepared
25 by dissolving the active ingredient and possible additives in a part of the vehicle,
preferably sterile water, adjusting the solution to desired volun'ie, sterilization of the
| ‘solution and filling In sﬁitable ampules or vials. Any suitable additive conventiohally

- usedin the art may be added, e.g. tonicity agents, preservatives, antioxidants, ete.

30 Typica'l examples of recipes for the formulation of the invention are as follows:

1) Tablets containing 5.0 mg‘ﬂof Combound 1b calculated as the free base:
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I n a seaiFERr’98aet e frgbicinangHEONpoundd wer e prepar ed: P.19/24
1, 4-Bi s[4- (4 f | uor ophenyt) pi peridin-1-yl]butane 1 b, np- 124 [err]C [err]H

NVR [err] 1.55-1.60—¢m4H), I1.70-1.85 (m6 H), 2.05 (dt,4 H), 2.40 (broad
t,4 H, 2.45 (tt,2 : g“Reﬂl;\Qed 7.20 (dd, 4 H; 20

14 Bls[14d|hydro- ran-3,4' -piperidin]-1-yl]butane 1c, np
147-148 [err]C. 1H N \iﬁﬁ MBW 60 (m 49, 1.65 (dt,4 H, 1.80 (broad
d,4 H, 2.35- 2.45 ( 65 (m4 H; 2.65 (s,4 H), 4.75 (s,4 H),

6.95-7.20 (m8 H); 1,5-Bis[4-(4-fluorophenyl)piperidin-1-yl]pentane, 2.5
fumarate 1d, np 176 [err]C. [err]H NVMR (DVSO-d[err]) 1.35 (broad p,2 H),
1.65 (broad p, 4 H?O{Iéb <1.90 (m8 H, 2. 505_?2,5 2.70 (m6 H, 2.75 (t,4 H),
3.30 (d,4 H), 6.5 77,10 (t,4'H). Bdd, 4 1) |
1, 4-Bis[4-(4- fI uoLactbseyI)pi perazin-1-yl ] butt®ragl e, np 156-158[err]C.
[err]H NVR [err] 60 road p, 4 H), 2.45 ( roadt,4 H, 2.60 (t,8 H, 3.15
(t,8 H, 6.85- 7&?#3“26 % -
1, 6-Bi s[spigo[iso b;—w ckligidsed’ - pl,perlglm}, 1' -yl ] hexane 1f, np
99-102[err] C [err err] 1.35 (broa% p, 4 H, 1.60 (broad p,4 H,
mg

1.80 (d, 4 H), OMm;rocryz.stall)ne Cellulose 19
Croscarmellose Sodium TypeA 24mg
Magnesium Stearate 0.84 mg

10 2) Tableis containing 1.0 mg of Compound 1e calcutated as the free base:

Comp.1e _ - 1.0mg

Lactose | 23.5 mg

Maize Starch - 46.9mg

15 Povidone 1.8 mg

- . Microcrystalline Cellulose 14.4 mg

Croscarmellose Sodium Type A 1.8mg
- Magnesium stearate 0.63 mg

20 3)  Syrup containing per miliiliter:

Comp. 1s - ' o 2.5 mg

- Sorbitol  500mg
~ Hydroxyethylcellulose - 16 mg
25 Glycero! ' 50mg
| " Methyl-paraben. 1'mg
) . Propyl-paraben - - 0.1mg
Ethanol 0.005 mi
~ Flavour | | 0.05.mg
30 Sacchann Natrlum . 0.5 mg

Water |  ad1ml
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2. 35- 2255k o8 “hibsoe?. &bfézm@dww .05 (s,4 H, 7.15-7.30 (m 8phaeq
1, 4- Bi s| 6-f | 'udf o- spi ro[ i sQbenzof uran-1(3H), 4' -pi peridip;1' -yl ] butane 1 g,

np 134- 135[err]C_[err]H'NMR [err] 1.55-1.65 (m4 H), 175(d4H) 2. 00

(dt4H) 2.40 (dt, 4 15 H), 240250(m4 Hy, 2.90 (broad d,4 H, 5.05

(s, 4 , 6.80° (ddTﬂlslsBegt}ﬁsEEnn a,ca:lH) 7.15 (dd,2 H); 1

, 5- Bl-s[splro[lsobenz 4 - pi pe |n] 1 -yl ] pentane

tetratumarate 1 h, ZE [err] MR (DVMBO-d[err]) 1.35 (broad
p,2 H). 160180( dt 4 5 , 2.80-2.95 (m8 H), 3.25 (broad

d41-|) 505(54 ,720735(m8H)

1, 4- Bi 2 d 1] but 11 164- 167
Cer 11 Lor 1 B wiRokaioRon tgstioh contaning ey Milities” | 5 1'° 3' 50" (1 4 .
2.70 (1.8 H),6.85 (s,8 H);

Comp. 2b | 0.5 mg

5 Sorbitol . 51mg
- Acetic acld, Glaclal _ 0.08 mg
Water for injection ad 1 ml

-
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4- Bi 95 Gebtgs! MeosmaidytinvE RiHER( | SObedzof ur an- 1 P.21/24
-piperidin]-1' -yl ]butane, 10 di hydrochloride 1J,- nmp 305-310[err] C.

3H), 4' -
rr]H NVR (DVBO-d[err]) 8 1.70-1.95 (m8 H, 2.30- 2.50 (m4 H), . 3.05-3. 60

2 H, 505 (s,4H), 7.45 (broad s,?2 H),765(d

1, 4-Bi s[ 1, 3-di hydr o-spi ro[ 2- benzopyran-4, 4' - pi peri di but ane 1k, np
173-176 [err]C. 1H p, 4 H) 31 75 (d, 4 plémi
2.45-(t, 4 H, 15 2|m,z||]ﬂl|m| Ilﬁfﬂl . 4.80 (s 4 ff
7.15 (t,2 H, 7.25 (t,2 Hy, 7.50 (4,
1, 4-Bi s[ 5- et hyl - spi ro[ i sobenzof ur an- 1(3|$LQIM%| peri di n] 1' -yl ]but ane 11,
mp 149- 151 [err]C. [err]H NWVR [err] 1.55 (p,4 H), 175(d4 , 195(dt 4
H, 2.90 (s, 6:H, 2.35-2.50 (m8 H), 2.85 (d,4 H, 5.05 (s, 4 H, 6.95-7.10
(m6 H; 20 1. A novel dimeric 4-phenylpiperidine, 4-phenyl-1,2,3,6-tetrahydropyridine, or 4-
1,4-Bis[7-flugfo- ,sobenzof ura [ di.n Y, 1 '
T 175 179 [ BhRpabine é#ﬁ’mm%gnﬁ&%%ﬂssspf’rn?ﬁdﬁ)mp%"%aeﬁﬂﬂiﬁ’ iy
(dt,4 H , g%gné}g[ @ﬂrﬁLﬂaH} 2.90 (broad d, 4 : 05(5 4
690700(m4H) .20-7.25 (m2 H)- _

R Z Lo RS . RS 2! R! -

(4 . .
R? — 22—y’ Ne= (CHp)p - X - (CHa)y —— N \'Y—Zz B2
R? R . RS RS . R4 R3

wherein nis 1- 5;
10 R1 to Ré are Independently selected from hydrogen, halogen, lower alkyl, lower
alkoxy, hydroxy, lower alkyithio, lower alkylsulfonyl, lower alkyl- or dialkylamino,
- cyano, trifluoromethyl, nitro, {rifluoromethylthio or trifluoromethyisulfonyloxy;
RS and Ré are independently hydrogen, lower alkyl or they ma_y' be linked together
. thereby fokming an ethyiene or propylene bridge;
15 Xis O, §, SO, SOz, CO or (CHz)m, m being 0 or 1, X is NR7, R7 being H, lower
" alkyl, cycloalkyl, cycloalkylalkyl, phenyl, or phenylalkyl, or X is CRER®, wherein Re
and R? are independe_ntly selected from the group consisting of hydroxy and the
substituents defi ned under R?, any phenyl group being optionally substituted; and
I) Z1 is defined as R1 to Réand Z2 is (CHz)p whereln p fs 0; and
2  YisN,CHorC; and the dotted line indicates an optuonal bond, i.e. represents
abondwhenYisC;or
) Ztand Y are Ilnked together via a single bond thereby forming a spirocyclic
junction ; in which case Yis C and the dotted line represent no bond
Z1 is O S, (CHz)q, q being 1,2, or 3, or Z1is CHzO, CHzS, CH;CH20,
2 CHzCst CH-CH CH_CHCHz, CH20CHz, CH2SCH3,, CH=CH-O, or CH=
CH-S; and
22450, S, or (CHg)p. P bemg 0 or 1, with the proviso that Z' may not be O, S or
(CH2)q, wherem qis 1 when Z2is (CHz)p wherein p is 0
oran acid addmon salt or prodrug thereof. -
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1, 4- Bi 82 €BB 'O sam\zmmmumm A . P.2224
C3H) 3'-8' -azabicyclo[3' , 2,1 Joctan]-8 -yl]butane 1 n,” 25 np 175-179
[err]C. [err]HNWR [err] 1. 65 (p,4 H, 1.90 (d,4 H, 1.95-2.05 (n14 H)

et e i
e np :

, 4- BIS[3 (4- %Iuordphény%) '8- &zalbii cycl o[ 3, 2,38 oct

163- 165 [err]C. [err]HNWR [err] 1.55-1.65 (m6 H)

195225(m6H), 2.55 30 (broad t,4 H), 2.80 (dd,2 H), 3.50 (broad t, 4
6.20 (d, 7.00 (t 7.3

4.5 o[ spi 1 A1 bR PRRIIA acdsroigiao, et v arpstarizad nithakzl ape Y gremot

192-198 4 1.80-2.05 8

2. 60-2.8%62H'@kﬁésbééﬁfwgﬁg%dffgq%%)s?'rﬁez{é%o'?ma wap (d.2 H, 6. ng(d,gl) H |

6.55 (s,4 H), 6.80-6.90 (m4 H), 7.10-

5 3. - A compound according to Claim 1, characterized in that Z1 and Y are linked
together thereby forming a spirocyclic ring system.

4. A compound according o Claim 1, characterized in thatnis 1, 2o r 3.

1 5. A compound according to Claim 1, characterized in that X is (CHz)m, m
being 0 or 1, X is NR7, R7 being lower élkyl. ‘cycloalkyl or optionally substituted
pﬁenyl. or X is S, O or CReRS3, wherein R8 is hydroxy or optionally substituted
phenyl and R8is hydrogen.

15 6. A compound according to Claim 1, characterized in that R2 - Ré are indepen-
dently selected from hydrogen, halogen, lower alkyl and triflucromethyl, and Rs and

Re are hydrogen.

7. A compound according to Claim 3, characterized in that Z1 is (CHa)q, q
20 being 1, 2 or 3, or Z1is CHz0, (CH2)20, CH=CH, O, § or CH:S; and Z2is O or
(CHz)p wherein pisOor 1. '

8... A compound éccording to Claim 7, characterized in that 22 is (CHz)p, p

Lo

being 0, and Z1 is CHz0, CH2S or (CH2)20.

9. A ph'arméc'eutical' composition characterized in that it comprises at least one

novel dimeric. pxpendme 1,2,3,6-tetrahydropyridine, or piperazine compounds of

any of Claims 1-8 or a pharmaceutncally acceptable acid addition salt or prodrug -
thereof in combination ‘with one or more pharmaceut:cally acceptable carriers or
30 dsluents. preferably in unit dosage form contammg saxd compound in an amount of
about 0,.01 to 50 mg.
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7.720 (mzﬁﬁﬁ)a- ’96, A93P% | NMEDIAINMLACHEMS pi T of rfapht hal ene- 1 2a
(2H), 4' -piperidin]-1' -yl Fhutane 1 q, np 167- 175[err]CTerr]H NVR [err']Z

8155170(m8H) 1701QnJ_m_8—H) 2.20 (dt, 4 235(m4 H,
2.45 (broad t,4 Hy, 2.75-2.90. H, 7.00-7.20 ( 755(d
1, 4- BLs[ 3, 4-di hy ﬂ“ %‘* ran-2, 4' - pi peri ed}g&g@

di funerate. 1r, mﬂmglg err]H NI\/I33[ err] 1 5
1.70-1.90 (m12.-H* £ 60 (m12 H), 2.80-2.95 (s4H)
670690(m4H) 705720(m4 10 H); 14B|s[sp|ro[|so en |ophene1

(300, % 21 Per it sa agcd Shigaie Woangine oy 25 550 anisoksias: bk Fraraaher sdm-
H), 3. 00- 3. 10- é{ouﬁés (dPethy'dr Cl%irﬂ& 18 fof thh mintﬂ&ctpﬁﬂ'% Rhamla%eémfal  preparation

1, 4- Bi s[ spi rg[ 1- benzopyra pi peri di
rrp 226- 15 2dor thertreatmend of grxiaty psyichpsis, epllqpayoadnwlaon»mozementdmmens

1527930( ' by dgfiaed) Eﬁ%ﬁ%ﬁ%’ﬁ?&%ﬁk g} GPoggts Sarify fetheilia of the

-yl ] but ane, Mzhemmypé@f%klhsum'b@séae] H

...,
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NVR [ eprgenlesd-19:60 (Mascia GRS (t,44), 2.10-2.25 (m8 H), 2.40 Rizased),

spi ro[isobenzofuran-1(3H),4' -piperidine] (1.9 g) in dnﬁggﬂ£ = 25 thane
(404 ) was added triethylanmine (2.3 m). Ater coolin '
que (15
terrperature for another hour. The-
- (3-chl or opr opanoyl ) - spi ro[ i sobenzof UABSTRATT , 4' - plperldlne] was
an ol | t A dro&?éh 1|25l dlfetrahydropyr
-(2- propenoyﬁ? l{spclmr;l‘ic |so ngh uran %?g ) ﬁ p%)rl di ne] yvvasp}ls“(j)mgt'eo

2.75- 2.90 (m4 H), 4.10 {t,4 H, 6.80 (dd,2 H), 6,90 (df, 2 H), 7.05 (dt,2
H 7.40 (dd, 2 H). 20 EXAMPLE 2 (nethod b) 1,3- Bls[SpW
(3H),4" -piperidin]-1'-yl]propane difumarate 2a. To a solution
sol ution of 3-chl oropropionic acid chloride (1.7 g) in
m) -was added dropwi se during 10 min. :-The m xture was
purlfled by subjecting the reaction mxture to colum chromatography on
silica gel 30 (eluted W|th ethyl acetate / heptane 60:40). Yield 1.8 g as
a by- produdt . phénytpipéraZing campaunds or @lirnari¢ Ispar@emhc@mmiduwnompwndd taamng

~and the pr opeﬂm C _aci Iq’o?muflal were dissolved in

e genera
RL z! RS ‘ RS 1 R!
~ 8
i @ Z= Y\ ‘:"" (CHp-X-(CHa N  ‘y—22 R?
4 € _ :
R . R RE Re RS
I

10 whereln nis 1- 5;
R1 to R4 are substituents; .
R5 and R6 each hydrogen or alkyl or form together an ethylene or propylene bridge;
Xis O, S, SO, SOz, CO or (CH2)m, m being 0 or 1, X is NR7, R7 being H, alkyl,
cycloalkyl, cycloalkylalkyl, phenyl, or phenylatkyl, or X is CRER9, wherein R® and R®
15 are selected from hydroxy and the substituents defined under R7; and
) Zlisa substituent and Z2 is (CHa)p wherein pis 0;and Y is N, C or CH;
{ly Z1 andY are linked together via a single boﬁd, thereby forming a spirocyclic ,
~ junction ; in which case Y is C; Z1 is O, S, (CHz)q, q being 1,2, or 3, or Z1 is
..C_Hg_o. CHzS, CHaCH20, CHCH,S, CH=CH, CHx=CHCH,, CH20 CHZ.
20 CH2SCH, CH=CH-O, or CH=CH-S; and Z2is O, S, or (CHa)p, p being 0 or 1;
are potent sigma receptor ligands thus being useful as drags for the treatment of
_anxiety, psychosis epilepsy, con'vu'lsion movement disorders, motor disturbances,
amnesia, cerebrovascular dlseases senlle dementia of the Alzhemer type or
Parkinson’s dlsease

-,

S v " I T R ™
"W jk?; ", ;;t {s L X '}c" _53
. [ S ‘
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REPLACEMENT SHEET 24 JAN 1997 17 nethyl isobutyl ketpppg R T S 55

< this sol ytionJerrl Ll.5.g)..and spiroliso- benzo Uﬁ&rﬂ Jpen »
(1.8 g) Wer e RERGECETRHEREY ¢ | rﬁﬁm xtfure was refl edsloflerm I nQ?é;gaE%%P
sal ts weff Beospiprengdgyd 17 e pagtdoff..dnd M BK ev p at ed. 1o, vacuca Them od.
resul ti ngZlCBinkis| spoaged i 3obepagliuran{1(3H) , 4' - g;,r; g S
' -yl ] pr gpaDaWengli dpagea de.. wapagedr.i.f.igd by col u HPBe %gra{rhy‘ dgﬁ {S’lfﬁ"cg
gel (el u1|EﬁAwt{Eabg et fpdge@G8L.ab pageantalnpi ng 4 % of triethylam ne ld 2.2
gas av ﬂu:cﬁfla suspen5| on_of [err] gPALE OF K IR&S Wled..
~all of thke : A ErPi

- = AZI&EQ)ERWA‘HWE&I ution (25 m). The
resulting mxture was refl uxed for 2 hours. Excess [err] was destroyed by-
cautiously addi ng concentrated aqueous '

The present invention relates to a novel class of dimeric piperidine, 1,2,3,6-
tetrahydropyridine and piperazine derivatives in which the nitrogen atoms of the six-
5 membered basic rings are linked together via a spacer chain to form a symmetrical
dimeric bis(1-piperidyl), bis(1,2,3,6-tetrahydro-1-pyridyl), or bis(1-piperazinyl)
compound. These dimers potently bind to sigma receptors and are therefore useful
in the treatment of certain psychic and neurologic disorders. The piperidines,
1,2,3,6-tetrahydropyridines, or piperazines are substituted with 4-pheny! groups or

10 the piperidine derivatives might be spiro-joined in the 4-position to a hetero- or
carbocyclic ring system.

Various 4-phenylpiperidine, 4-phenyl-1,2,3,6-tetrahydropyridines, 4-phenylpiperazi-
nes, and spirocyclic piperidine derivatives have préviously been described :

15
International Patent Application No WO 91/09594 generically describes a broéd
class of sigma receptor ligands some of which are 4-phenylpiperidine, —tetrahydro-
pyridine or —piperazine compounds having an optionally substituted “aryl"- or
“heteroaryl” -alkyl, -alkenyl, -alkynyl, -alkoxy or -alkoxyalkyl substituent on the ring

20 N-atom. The terms "aryl" and “heteroaryl” are defined by mention of a number of
such substituents.

European patent publication No EP 0 414 289 A1 generically discloses a class of
1,2,3,4-tetrahydro-spiro[naphthalene-1,4"-piperidine] and 1,4-dihydro-spiro[naph-
- 25 thalene-1,4"-piperidine] derivatives substituted at the piperidine N-atom with a
"hydrocarbon""group alleged to have selective sigma receptor antagonistic activity.
The term "hydrocarbon" as defined in said patent covers all possible straight
chained, cyclic, heterocyclic, etc. groups. Hdwever. only combounds having benzyl,
phenethyl, cycloalkylmethyl, furyl- or thienylmethy! or lower alkyl or alkenyl as the
30 "hydrocarbon” substituent at the piperidine nitrogen atom are specifically disclosed.
The compounds are stated to displace tritiated di-tolyl guanidine (DTG) from sigma
sites with potencies better than 200 nM. As a particularly preferred compound is
mentioned 1°-benzyl-1,2,3,4-tetrahydro-spiro[naphthalene-1,4"-piperidine].

This is the replacement sheet

Due: 124 0N 931 I



10 NaOH (1 m) at 10 [err]C followed by addition of water (5 nm). Inorganic
salts were filtered off and THF was evapor at egdelnMacuo—Fhe—gqnai ni ng oi l

" was dissolved in ethanol (15 m) and fumaric ad{BPLMHIIENTdSHEETl 1 g). Upon
heating to 60 [err]C the fumaric acid salt of d 2a
crystallized. Yield 2.2 g. M 232-233 [err]C 1.70 (d, 4

, 1.95 (broad p,2 H), 2.10 (dt,4 H), 2.85 (}, -12.180 (m4 H),
3.15 (broad-d,4 H,; 5.00 (s, 4 H, 6.55 (s,4 L .4H). In a
simlar way the follow ng conpounds were prepgred:

1, 3-Bi s[ 4- (4 fl uor ophenyl ) pi peridin-1-yl]prop err]C. 1H
NVR 4 Sthel M 2
Y %e{)[;] (br ?ggépdé'afgs(ﬁt ]&gr%%tlc% ) E;#" 0745% Q?d%‘]@z H%‘énénb‘ﬁlly deéGitesdfhe

1, 2- Bi s[ spi r cpirespendiog mmw{lmdam-m M*plpermnebian)i spitafbenzasyaiehepteneps,4 -

5571l g oy s o

1, 2- Bi s[ 4- 64-tblyLguamidiesa {DT@) fremisigma sites With patencied, better tHeh-200nMerr] C. 1 H

NVR 25 [err] 1.70-1.85 (m8 H), 2.10 (dt,4 H), 2.45-2.55 (m2 H), 2.60 (s,4
H, 3.05 '

EP Application No. EP-A2-0 431 943 relates to a further extremely broad class of _
spiropiperidine compounds substituted at the piperidine N-atom and claimed to be
useful as antiarrhythmics and for impaired cardiac pump function. The said
10 application exemplifies several compounds, the majority of which contain an oxo
and/or a sulfonylamino substituent in the spiro cyclic ring system. Ot the remainder
compounds, the main part has another polar substituent attached to the spiro
nucleus and/or they have some polar substituents in the substituent on the

piperidine N-atom. No suggestion or indication of effect of the compounds on the.
15 sigma receptors is given. '

From studies of the biology: and function of sigma receptors, evidence has been
presented that sigma receptor ligands may be useful in the treatmént of psychosis
and movement disorders, such as dystonia and tardive dyskinesia, and motor
20 disturbances associated with Huntington’s chorea or Tourette’s syndrome and in
Parkinson’s disease (Walker, J. M. et al, Pharmacological Reviews, 1990, 42, 355).
It has been reported that the known sigma receptor ligand rimcazole clinically
shows effects in the treatment of psychosis (Snyder, S.H., Largent, B.L. J. Neuro-
psychiatry 1989, 1, 7) and that a group of sigma receptor ligands show antihalluci-

25 nogenic activity in animal models (International Patent Publication No WO
9103243).

Furthermore, some sigma receptor ligands have been found to be involved in
modulation of NMDA receptor mediated events in the brain and to act as anti-
30 ischemic agents in in vivo tests (Rad, T. S. et al, Molecular Pharmacology, 1990,
37,978 and Rao, T. S. et al, Life Sciences, 1990, 47, PL1 - PL5). In addition to

ischemia they niay' also be useful in the treatment of other such events, e.g.
epilepsy and convulsion.



(Broad d, 4 H), 6.95 (t, 4H), 7.15 (dd, 4H). EXAMPLE 3 (nmethod a)
. N, N-Bi s[2-spiro[isobenzofuran-1 (3H),4' -piperidin]-1

"-ylethyl]-Ncycl opentyl am ne, 30 trihydrochl{org N ocams'ol‘ut i on of
i b (160 m)

s 1 |

spiro[isobenzofuran-1 (3, 4' -piperidine] (14
triethylamne (11 m) was added. After cooling fo 10[err a |sdl ution of
18 chl oroacetylchloride (8 m) in dichloronmethahe2&d ms

dropwi se during 20 mnutes. The reaction %ixthrf was finally
reach roomtenperature. The mxture was subsegquently filtered t
silica gel (eluted with ethyl acetate/n- hept §ne 60.40) g 12 g of
the [err]-chl oroacetam de derivative. A mxture of the 5 thus obtai ned

[err]-chl or cAlset seMasians Fecepterdigands *@vemncfyewé&ﬁhwm'r%nmwmts
in an animal model (Early et al., Brain Research 1991, 546 , 281-286).

- s Sigma ligands have been shown to.influence cenlrél acetylcholine-levels in animal
models (Matsuno et al, Brain Research 1992, 5§75, 315-319; Junien et al, Eur. J.
Pharm. 1991, 200, 343-345) and may, therefore, have potential in the treatment of
senile dementia, e;g. of the Alzheimer type.

10 Finally some guanidine derivatives. having sigma receptor activity have been

disclosed to be useful as anxiolytics (International Patent Publication No. WO
9014067).

Accordingly, agents potently acting on the sigma receptors in_the central nervous
15 system may be useful in the therapy of such conditions.

It has now been found that the novel class of dimeric piperidine, 1,2,3,6-tetra-
hydropyridine and piperazine compounds are potent sigma receptor ligands.

20 Accordingly the present invention provides the novel dimeric 4-phenylpiperidine, 4-
phenyl-1,2,3,6-tetrahydropyridines, or 4-phenylpiperazine derivatives or dimeric
spirocyclic piperidine compounds having the general Formulal :

R? A -RS

RS ril R!
lol : - . : p
R @ ey Ne— {CHp)y - X-{CHa)n N Y22 R2
R3 R‘ RG Rs R‘ Rs

- 25
wherein nis 1- 5;

R1 to R4 are independently selected frdm hydrogen, halogen, lower alkyl, lower

alkoxy, hydroxy, lower alkylthio, lower alkylsulfonyl, lower alkyl- or dialkylamino,
cyano, trifluoromethyl, nitro, trifluoromethyithio or trifluoromethyisulfonyloxy:



(25 m) was refluxed for 2 h. The solvent wa WQ E A uo and the

. cycl opentyl am no derivative was extracted frpnmer- ' pPH>9) aqueous
solution with ethyl acetate. The organi c phage s worked upg gs above
yielding 2.0 g of the [err]-(cycl opentyl am )amgl“adANemgrl vgtive as a
visceous oil. To a solution 10 of the [err]-j(dycl opentyl am gjojacet am de
derivative (2 g) in MBK 1'-chl oracetyl - -

spi ro[isobenzofuran A1(3H), 4" - pi peri di ne] ?1 gy—and_pot assi ufn carbonate (1
g) were addeg mxture er co

room t enper ab'tPBdtHeamg;i ??R%‘%ﬁ/ﬁgy LY$P@?%’J°§VI‘??8E‘%§ '%‘FYE}P Oté? P‘?‘rﬁ%‘f’@&“\ﬁf th 4

%t][l eL hygamh%ékbyﬁoﬂhlhwamﬁyléheorﬁ'o@ptenatrl]:indgepf the sol vents afforded 2.4

il ; 1
Tne (it e coRyBihaoatOe i G0 P LRI i Reiad of oot FRET Bald HrEree
(1:4). Yiel dali%l(;}zcloﬁiﬂgzégclgﬁ%)ﬁkﬂl]&enﬁ N\ﬂlérﬁ‘/ldl 86”5@5 @Mﬁﬂﬁhé@lrﬂm
3.25-3.80 (m

the T ol | owb ngd difperiadaee syl selesieciraineshe| Goupicoapielan ot Bufiaru ans ther)
, 4" - pi pe ri dgistituents 8bidd uldereizhyhy?phdlfA group being optionally substituted; and

) Z1isdefined as R to R4and Z2 is (CH2), wherein p is 0; and

Y is N, CH or C; and the dotted line indicates an optional bond, i.e. represents
abondwhen Y isC; or

10 H) Zt andY are linked together via a single bond, thereby forming a spirocyclic
junction ; in which case
Y is C and the dotted line represent no bond; and
Z1 is O, S, (CHa)q, q being 1,2, or 3, or Z1is CH20, CH,S, CHaCH;0,
CH2CH,S, CH=CH, CH=CHCH,, CH,OCH;, CH2SCHj, CH=CH-O, or CH=

15 CH-S; and
Z2is 0, S, or (CHg)p, p being 0 or 1, with the proviso that Z1 may not be O, S or
(CHz2)q, wherein q is 1 when Z2 is (CH2)p wherein p is 0;

- oran acid addition salt or prodrug thereof.

20 Some of the compounds of general Formula | may exist as optical isomers thereof;
and such optical isomers are also embraced by the invention.

In the definition of general Formula 1, halogen means fluoro, chloro, bromo or iodo.

25 The terms lower alkyl, lower alkoxy, lower alkyithio and lower alkylsulphonyl, etc.
designate such branched or unbranched groups having from one to six carbon
atoms inclusive. Exemplary of such groups are methyl, ethyl, 1-propyl, 2-propyi, 1-
butyl, 2-butyl, 2-methyl-2-propyl, 2-méthyl-1—propyl. methoxy, ethoxy,1-propoxy, 2-
propoxy, methylthio, ethylthio, 1-propylthio, 2-propylthio, methylsulphonyl, ethylsul-

30" phonyl, or the like. Similarly, lower alkyl- or dialkylamino designate such groups

- containing lower alkyl as defined above and lower alkenyl is intended to mean an
alkenyl group (branched or unbranched) containing from two to six carbon atoms,
for example ethenyl, 1-propenyl, 2-propenyl, 3-propenyl, 2-buten-1-yl etc.



trihydrochloride 3b. M 265-266[err]C [err]H NVR [err] 1.90 (d, 4 H),
:2.50-2.90 (m7 H), 3.25 (t,4 H), 3.50-3.90 (n b x
7.15-7.40 (m8 H). 25 EXAVPLE 4 (nethod a) REPLAGEMENT <HFET
1, 4-Bi s[spiro[ind-2-en-1,4"-piperidin]-1'-yl]ibyrane—Za The "jol| ow ng
method i s adapted froma nethod in J. Med. Cherp 192% &'3 1?#.)1 033-2039. A
solution of inden (18 m) in dry THF (75 m) Jwgs ‘H efr] C and 30
lithiumbis(trinethylsilyl)amde (300 m %ol dt i dfopw se
during 20 minutes. After stirring for 1/2 h dt 0 [err] € a sol ufi on of
N-t - but'yl oxycar bonyl - N, N-bi s(2- chl oroethyl)damme— (369 rm ary THF (100 .

n) was addesalnql%Wé}%uMIZIomeWamdyP%w@phvkagy l%b?élk?ltﬁloslb\nfe? b»@ls@tph%nbﬁrr] c

t he sol vents were evapor at ed 1 n vacuo. The remai ni ng oil

subj ect ed t oCYa0alk etch mayaptignralihige E'éb%vsléad W'li‘rP'}?éHt“é{ﬂé‘Wj'%XY groups.

s The term cycloalkyl designates a carbocycle having 3-8 carbon atoms inclusive.

The optional substituents in the phenyl groups may independently be selected from

halogen, lower alkyl, lower alkoxy, hydroxy, lower alkylthio, lower alkylsulfonyl,

lower alkyl- or dialkkylamino, cyano, trifluoromethyl, or trifluoromethyithio. Each
10 phenyl group may carry one or more substituents.

In the definition of Z1 under 1I) the groups listed may be oriented in both directions,

i.e. for example the group CH>0 may be linked to the “Y"-group via either the C- -
‘atom or the O-atom.
15

The acid addition salts of the invention are pharmaceutically acceptable salts of the
compounds of Formula | formed with non-toxic acids. Exemplary of such organic
salts are those with maleic, fumaric, benzoic, ascorbic, embonic, succinic, oxalic,
bis-methylenesalicylic, methanesulfonic, ethanedisulfonic, acetic, propionic,
20 tartaric, salicylic, citric, gluconic, lactic, malic, mandelic, cinnamie, citraconic,
aspartic, stearic, palmitic, itaconic, glycolic, p-amino-benzoic, glutamic, benzene
sulfonic and theophylline acetic acids, as well as the 8;halotheophyllines, for
example 8-bromo-theophylline.. Exemplary of such inorganic salts are those with
hydrochloric, hydrobromic, sulfuric, sulfamic, phosphoric and nitric-acids.

The compounds of the invention have been found to be potent sigma réceptor
ligands displacing tritiated di-tolyl guanidine (DTG) from sigma sites in vitro with
high potencies, i.e. for many of the compounds with ICsq values below 1 nM.
Furthermore, many of the present compounds have proven to be very selective
30 ligands for sigma receptors. For example with respect to o adrenoceptors and

dopamine D-2, serotonin 5-HT 14 and 5-HT> receptors, ratios of binding 1Cso values

(alpha/sigma, dopamine/sigma, 5-HT1a/sigma, and 5-HTa/sigma, respectively) of
100 - >1000 have been found.



di ethyl ether 80:20) affording 19 g of the t-butyl oxycarbonyl
.Spiropiperidine derivative as a pure oil. Depr |
spi ropi peri di ne was achi eved by adding it (14 |gRERRACEMENT| SHRED
trifluoroacetic acid (75 m) at roomtenperat(r g—Excess—s—trif f uoroacetic

acid was evaporated in vacuo. The remai ning vijsqoys, ol difs$ol ved in
di chl or onet hane (150 m) and triethyl anipe (30 mﬁ“w@é"‘md t 0-5

[err] C succinic aci-d dichloride (3.1 g) iR didhllaromethane (1% ) was
added dropwi se. The m xture was finally stirrgd for an hour at foom _
tenperature. Water (500 m) and hydrochloric aet dded. The

or gani ¢ phas&heapmpoukas of thd Rehiign havé it flirthet ddvatagetit the¢ $aitStibreoA
solution of the diam de ;11 S%l n glrﬁx THF (100 n‘n% was, aq?Ped dropwi se to a
suspensi on offaygagoodavaler solubjfity. Fughermese fue g ipe fret 108 thpy.gregymypetrical | c
Af ter refl uxidir@ledsO somehobvisusTadiaritagea are eblaited i R hanufactursbiatBcom-
aqueous NaOH soluytion (5 m) and water (15 m) were added cautiously.

| norgani'c $alPP¥Ndre filtered of f and the sol vents were evaporated in
vacuo. The title com 15 pound 4a was purified by colum chromat ography on

siltica gel (elute ith ethyl .acetate / ethanol ./ triethyl am ne 90:10:4)

Snd 1 inatly' Acerdnglys the KRrie Piparidag, vaa.betiahydropyrdine.” nd piperazine
compounds of the present invention are useful in the treatment of anxiety, psycho-
sis, epilepsy, convulsion, movement disorders, motor disturbances, amnesia,

10 cerebrovascular diseases, senile dementia, e.g. of the Alzhemer type, and
Parkinson’s disease. '

One preferred subgroup of ihe compounds of the invention comprises the com-
pounds of Formula 1 wherein Z1 and Y are not linked together and Z2 is (CHz),

15 where p=0, i.e. 4-phenyl-piperidine, -1,2,3,6-tetrahydropyridine, and -piperazine
compounds.

Another preferred subgroup comprises compounds of Formula | wherein Z1 and Y
are linked together thereby forming a spirocyclic ring system.
20
In Formula | the following are preferred definitions of the Symb_ols:
nis1,20r3,; ' -
X is (CH2)m, m being 0 or 1, X is NR7, R7 being lower alkyl, cycloalkyl or optionally
substituted phenyl, or X is S, O or CReR9, wherein R8 is hydroxy or optionally
25 substituted phenyl and R9 is hydrogen; '
~ R2 - R4 are indebendently selected from hydrogen, halogen, lower alkyl and
trifluoromethyi; ' )
RS and RS are hydrogen

And if Z1 and Y are linked together in order to form a spirocyclic ring system, Z1is
30 (CHz)q, q being 1, 2 or 3, CH20, (CH2)20,CH=CH, O, S or CH,S; and
Z2 is (CHp)p whereinpis O or 1, or O.

Especially preferred spiropiperidine compounds of Formula | are those wherein z2



Yi‘eld 4.3 g. Mp 121-122 [err]C. 1H NWR [err] LBrE Wr@@ﬂ' B 1.65
C(broad p,4 H, 2.25 (dt,4 H, 2.35 (t,4 Hy, 2|5BEQLACEMENT 3.05 (broad
" d,4H, 6.75 (d,2 H, 6.85 (d, 2 H), 7.15-7.40|(h 8 H. 20 EXAMPLE 5 (nethod
e) 1,4-Bis[spiro[indan-1,4"'-piperidin]-1-yl]RQutjar@43ANTO9A $ofution of 1
,4-Bi s-spiro[ind-2-en-1,4"-piperidin-1"'-yl]bytgne (conpound Aja . (3 25 Q)
in ethanol (90 m) were added acetic acid (5 i )—and~ 5% pal T adi §im on car bon
(0.9 g). The mixture was hydrogenated in7a Parlr apparatus for 2lhours ar 3
atm The catalyst was filtered off and the solvent evaporated. The

remai ni ng oiib (GH3)pdp beblgREiia (GHR)4t adeingubdier BeCHRO( @r)ed, CHECH, ©,.S The

and Tinal |y SrGRe palkulr SHR, Ea F CHARTe. “Vreld 16 o Np 103- 115
[err]C. [err]H NWR [err] 1.55-1.65 (m8 H), 1.95-2.10 (m8 H), 2.15 (t,4
W, 2.45 (brlgglgcgl’ary E‘)éfer%éggo&mgn@are:?' 10-7.30 (m 8 H).

5 1,4-Bis[spiro[isobenzofuran-1(3H),4"-piperidin]-1°-yljbutane;
1,4-Bis[4-(4-fluorophenyl)piperidin-1-yllbutane;
1,4-Bis[4-(4-fluorophenyl)piperazin-1-yl]butane;

1 ,S-Bis[spiro[isobénzofuran-1 (3H),4'-piperidin}-1°-yljhexane;
1,4-Bis[6-fluoro-spiro[isobenzofuran-1(3H),4'-piperidin]-1°-yllbutane;

10 1,5-Bis[spiro[isobenzofuran-1(3H),4"-piperidin}-1°-yl]pentane;
1,4-Bis[spiro[isobenzothiophene-1{3H),4'-piperidin}-1°-yl]butane;

1,4-Bis[spiro[1-benzopyran-2,4°-piperidin}-1"-yl]butane;
1,4-Bis[spiro[1-benzopyran-4,4"-piperidin}-1 -yl]butane;
1,3-Bis[spiro[isobenzofuran-1(3H),4'-piperidin]-1°-yiJpropane;

15 1,3-Bis{4-(4-fluorophenyl)piperidin-1-yl]propane;
1,2-Bis[spiro[isobenzofuran-1(3H),4"-piperidin]-1 '¥yl]ethane;
1,2-Bis[4-(4-fluorophenyl)piperidin-1-yl]lethane;

. N,N-Bis[2-spiro[isobenzofuran-1(3H),4 -piperidin}-1°-ylethyl]-N-cyclopentylamin;
1,4-Bis[4-(4-fluorophenyl)-1,2,3,6-tetrahydropyridin-1-yljbutane;

20 N,N-Bis[2-[4-(4-iluorophenyl)piperidin-1-ylJethyllaniline;

1 ,5-Bis[spiro[isobenzofuran-1 (3H),4*-piperidin]-1“-yl]-3-(4-fluorophenyl)pentane;
Bis[2-spiro[isobenzofuran-1(3H),4 -piperidin]-1 -ylethyl] sulphide, difumarate;

B |

in another aspect the present invention relates to a pharmaceutical composition
25 comprising at least one novel dimeric piperidine, 1,2,3,6-tetrahydropyridine, or
. ! )

piperazine compounds having the above defined general Formula I or a pharmaceu-

tically acceptable acid addition salt or prodrug thereof in combination with one or
more pharmaceutically acceptable carriers or diluents.

30 The pharmaceutical compositions of this invention may be administered by any
suilable route, for example orally in the form of tablets, capsules, powders, syrups,
etc., or parenterally in the form of solutions for injection. For preparing such
compositions methods well known in the art may be used, and any pharmaceuti-



20 EXAMPLE 6 1, 4-Bi s[ 4-(4-fluorophenyl)- 1,2,3
-yl ]butane 6a To a solution of piperidin-4-ethyl'ts
(commercially available) and s triethylam ne ih Hichloronmetharle (50 m) was
added dropw se succinic acid dichloride (3.1 I R4 JAN w9egt Hane (25 m)
at 10 [err]C during 15 mnutes. After stirringjfpr 1 h at roop1tenperature
water (200 m) was added and the organic 8hase was—sutseguentty jwor ked- up.
The clude crystalline diamde (7.4 g) ma: ed aj ]}20h[er16]ccil Toda ?ggpe;m on
of [err 20 |ndr THF (400 m ) a solution of the I'am de g
dry[ THF] ((7_00 %436 amt ﬂsa"mf%pqu%et%texwquchammwgnhsn% aflditive. ingtheer
refl uxing foartandy bdased.xture was cooled to 10 [err]C and conc. aqueous
NaCH solution (10 m) and water (30 m) were added cautiously. Inorganic
salts were filtered off and the solvents were evaporated in vacuo | eaving

t he 1, 4- bi s- Cbnveniently, the compounds of the invention are administered in unit dosage form
5 containing said compound in an amount of about 0.01 to 50 mg.

in-1

o —

The total daily dose usually ranges from about 0.05 to 100 mg, preferably about 0.1
- 50 mg of the active compound of the invention.

10 In a further aspect the present invention relates to the use of dimeric piperidine,
1,2,3,6-tetrahydropyridine, and piperazine compounds having the above defi_néd
general Formula | or acid addition salts or prodrugs thereof for the manufacture of a
pharmaceutical preparation for the treatment of anxiety, psychosis, epilepsy,
convulsion, movement disorders, motor disturbances, amnesia, cerebrovascular

15 diseases senile dementia of the Alzhemer type or Parkinson’s disease.

The movement disorders and motor disturbances which .may be treated by the
preparation according to the invention are e.g. dystonia and tardive dyskinesia and
motor disturbances associated with Huntington’s chorea or Tourette’s syndrome.

20 Dystonia may be acute or tardive and may be caused by neuroleptics or have
another reason.

Cerebrovascular diseases are such disorders caused by cerebral infarction,
cerebral hemorrhage, cerebral arteriosclerosis, subarachnoid hemorrhage, cerebral
25 thrombosis, cerebral embolism, or the like, e.g. ischemia.

“ The compounds of Formula | may be prepared by

a) reducing the amide carbonyl groups of a compound of Formula [l

2 R!
-—©~ 2 —< >— >—\v—z‘*‘ ‘R2 II
L( (CHa)u - X - (CHy)ys

30



-deprotected by 15 adding perchloric acid (240 g ) to a . solutieryof the
1, 4- bi s( 1- pi peri di no) butane derivative (40 g) |i REFLACEMENGnEHBEANG at - 10
JUTE
lce (2 kg) was added and pH was adjusted to > diéQQ@ ?:f cgnc. aqueous
NaCH sol ution. The organi c phase was separate uﬂ q 3 t {y |wor ked up
an |oi | which
was used wi.thout further purification. A solutjon of n-butyllithiumin
hexane (200 m, 1.6M was added to dry di et hyl lethrer—2686—m—wHi | e
1 - br ono- 4- f Iwhareipdhisdhé, X0y Rf, €1 H4A anstthedofted dines pregssprevieuslydefinad: 1/ 2
h at -45 [err]C. After stirring for another 1/2 h a solution of
dropvi se duf ideducing thetanide tadanyhgrera @ compound whFoimulailwed to raise to
O [err]C. The mi xture was poured onto ice (1.5 kg). To adjust pH <1 dil.
di scarded. To thé\acidic aqu/gc_)_% solution was adged [err] gntilgpH > 9. The
1, 4- fm\ 0
2y N—< R I
\'__< {CHo - X- (CHa)g—N  ‘y—22

piheridino)butane derivative (62 g) as an oil. The ketone group was
[err]C. The resulting m xture was stirred at rjo fer 70 hours.

Y 2

nd
yi el di ng the 1,4-bis(4-oxopiperidin-l-yl)@uta
cooling. The resulting solution was cooled to -50 [err]C and a sol ution of
1, 4- bi s(4-oxopi peridin-1-yl)butane (24 g) in dry diethyl 25 ether was added
hydrochl oric acigd maspcautiouslxgadded. The organi ¢ phase was separated and

R2
R2

R? R R®
RS R* Ry

wherein n‘is n-1, and n, X, Y, R1-R8, Z1, Z2 and the dotted lines are as previously

10 defined;

c) alkylating a compound of formula IV

yA RS
22—y’ N—H

R? R RS

R
v

15
wherein Y, R!-RS, Z1, Z2 and the dotted lines are as previously defined;
with epichlorohydrin or an alkylating reagent of the formula V

- A = (CHa)q=X— (CHp)n— A \'

20

wherein X and n are as previously defined and A is a suitable leaving group such
as halogen, mesylate or tosylate;

_d) reductive alkylétion of an amine of Formula IV with a dialdehyde of the Formula
25 Vlor a dicarboxylic acid of the formula Vil

OHC ~ (CHy) =X~ (CHz)y = CHO VI

HOOC — (CHa)y =X~ (CHg)y — COOH VIl



bIS[4 (4 fl
-wth 30 eth
was accom
g) intrifl

roomtenperature the m xture was poured onto ice |
(500 mM). Diluted aqueous [err] 21 Waﬁtoadded t

organi ¢ pha
title conpo
[err]C. [er

uor ophenyl ) - 4- hydr oxypi peri di n- 1-yl ] but ane (10 g) was extracted

yl acetate (2 x 50 nl) and isolated as t eftjm nati on
pli shed by dissol ving the obtained pi Wﬁmwlﬁw gEEETVct ive (10
1 h. After dodling to

uoroacetic acid (50 m) and refl uxing
kg ans pohyl| dcetate

adj ust pH >9. gnd the
se was separated and subseque r Ked=—op—as—above. |The
und 6a crystallized from et hyI acetate _Yield 6.1 g. Mp|165-167
r]HNIVR[err] 1.65 (broad p,4 H), 2.45-2.55 (m8 H), 2.75 (t,4

EDXAI\/?I;LE?(?H@PE%H' %) ttg l%,r oa% X is asl_%rev%uggf cgefmedl_gr 7.35 (dd, 4 H. 5

10

15

20

30

e) reducing the double bonds in a compound of Formula 1 in order to obtain the
corresponding saturated compound of Formula 1. Such double bonds are present
when the dolted line represents a bond and/or when Z1 and Y are linked together in
order to form a spiropiperidine compound and Z1 comprises a double bond
whereupon the compound of Formula I formed is isolated as the free base or a
pharmaceutically acceptable acid addition salt thereof .

The reduction according to method a) may preferably be carried out in an inert
organic solvent such as diethyl ether or tetrahydrofuran with reducing agents such
as eg. lithium aluminium hydride, AlHs or diborane at a_ppropriate temperatures
which are generally from room temperature to reflux temperature. Reductions of
amides according to method b) are performed similarly.

Alkylation of compounds of Formula IV according to method c) is conveniently per-
formed in an inert organic solvent such as an alcohol or a ketone with a suitable
boiling point, preferably in the presence of a base (potassium carbonate or triethyl
amine) at reflux temperature. Epichlorohydrin is a particularly useful reagent for

introducing -a propylene chain substituted with hydroxy, i.e. for obtaining componds
of Formula 1 wherein n is 1 and X is CHOH.

Reductive alkylation according to method d) is performed by standard literature
procedures. The aldehydes V1 and carboxylic acids VIl are either commercially
available or are prepared according to standard procedures.

Reductiqn of double bonds according to method e) is generally performed by

catalylic hydrogenation using Pd or Pt as catalysts in protic solvents such as
ethanol or methanol under acidic conditions.

The alkylating reagents V are either commercially available or may be prepared



N, N—BIS[2 [4- (4-fluorophenyl)piperidin-1-yl]eth sol ution
-of aniline (49 g) in ethanol (400 nl) sodlun1aéem&PHWENE@Tg} éﬂd et hyl 10
bronpacetate (250 g) were added. The m xture wa ght and was
subsequently filtered. The solvents were evapor t he
remaining oil was distilled at reduced pressure ted ethyl
bronbacetate and the nono al kyl ated aniline wer ff leaving
the crude diethyl N, N- anilinodiacetate (31 g) jhich was used wi tlhout
further purification. To a solution of 15 this Hester—3t—gy—TT et hanol

(200 m) werecaﬁdie.fg Qe Rﬁo@h rﬁétﬂno\d@t@;ﬁd-ﬁa@ ernhbr tHdYéUrﬁés)p%ham‘ga&lcoh?lsdor i
acconplished by re ' r were evapora- ted i
Vacuo, and « nESHEIRGITS FerRdry BACHS pr ApRIapRata A8TaLHes MATAOR n viat er (500 i ).
Concentrat ed hydr ochl oric acid was added to adjust pH <l1l. The

N, N—bls(carboxy rreth | )aniline was extracted with ethyl acetate (2 x 100
m). The crud&epdizmides A f@fgbulaeﬂmei r@né{ﬁm&nﬂmmnﬁﬁe%fbx Heeasingarthe

phase was HSQ%Mbm%dfd&Nﬁﬁes‘JW with (‘aaédll?ﬂle t%iéﬁhkgﬁar?{) p)‘lilaeac% | ﬁvatw

N, N- bi s(car boxynet hyl ) aniline . oro | pe- I ne
g), di cycl oh&xGh @srriepen %rb@xs(l@ @:l@)chlq@sldrsg|Q§mmn¢ﬁsomcs>r@ogdo(km@:rr@)et-u n

hods. The carboxylic acid derivatives are either commercially available or prepared
according to standard procedures. Intermediate mono-amides Ill are similarly
prepared by reaction of an w-halo substituted carboxylic acid via its activated form,
10 such as the acid chloride or anhydride. The latter reaction might be performed in a
two step sequent:e: first reacting the activated acid part with one mole of com-
pounds 1V followed by reaction of the w-halo part of the spacer group with another

mole of IV. These reactions are performed under standard acylation/alkylation
conditions.

15

4-Phenylpiperidines of formula IV (Y=C and the dotted line indicating no bond) are
either commercially available or prepared as described in eg. US Pat. No.
2,891,066; McElvain et al. J.Amer.Chem.Soc. 1950, 72, 3134; Bally et al Chem.
Ber. 1887, 20,. The corresponding 4-bhenyl-1 .2,3.6-tetrahydrop&ridines of formula

20 IV (Y=C and the dotted line indicating an extra bond) are prepared from
N-protected 4-piperidones by addition of properly- substituted phenyl lithium or
phenyl magnesium halides followed by acid catalyzed water elimination. The N-
pretecting group (carbamate, benzyl, sulphonyl, acetyl) is finally removed in a
conventional manner. The 3-phenyl-8-azabicyclo[3,2,1]oct-2-ene derivatives were

25 'prepared accordingly from N-protected 8-azabicyclo[3,2,1]Joctan-3-ones.
4-Phenylpiperidines are also conviniently prepared by catalytic hydrogenation of
the corresponding 4-phenyl-1,2,3,6-tetrahydropyridines using Pt as catalyst.

4-Phenylpiperazines of formula IV (Y=N and the dotted line indicating no bond) are
30 either commercially available or prepared according to the methods in Martin et al.
J.Med.Chem. 1989, 32, 1052-1056. These methods include ringclosure reaction of
properly substituted anilines with bis-(2-chloroethyl)amine (eventually N-protected)
by refluxing in highboiling solvents as eg. chlorobenzene typically for some days (2-

This Sheet Has Been Reraced
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anh. pyridine (50 m) was stirred overni ght ﬁécgaﬂ' prer G \vat er (500 ni)
and ethyl acetate (300 m) were added and c ﬁ rmte hydrodhl oric acid
was cautiously 25 added until pH = 3. The ofghni c phase Wia rked-up as

above. The crude di anide was purified by co| ufm2dhJéMe¥3dr apHy on silica
gel (eluted wth ethyl acetate). Yield 4.2 p,{np 167-168 rrif C. Reduction
of the diamde (4.2 g) with [err] accordi1 to the nmethod deskribed in
Exanple 1 afforded-the title conpound 7a. eld 0.9 g —M—484 105 [err]C

= =AY A

(crystallized fromdiethyl ether). [err] H NVR [err] 1. 75- 30 2.00 (m8 H),
2.20 (dt, 4 Hp), eveeWally follomed Ly, deprotetion of an pptioral Nsproteabiad gEoup ahcorgings

(t.4 H, 6.7¢; Qaﬁggﬁg%ﬁc&ﬁweg 05 (t, 4H), 7.20-7.30 (m6H). In a
(6]

correspondi ng Way ow'ng conpound was prepared from REPLACENMENT
SHEET 24 JAN 1997 .

The spiropiperidine derivatives of Formula IV wherein Z1 and Y are linked together
s and is carbon are prepared as follows:

Spiro[isobenzofuran-1(3H),4"-piperidine] according to the method described by
Marxer et al, J. Org. Chem. 1975, 40, 1427. In a corresponding manner spirofiso-
benzofuran-1(3H),3°-8"-azabicyclo[3°,2°,1 Joctane] was prepared from N-methyl-8-
10 azabicyclo[3,2,1]octan-3-ones;
2,3-Dihydro-spiro[1 H-indene-1 4'-p1per|dme] and 3,4-dihydro-spiro[naphtalene-1-
(2H),4'"-piperidine] following a modification of the method of J. Med. Chem., 1992,
35(11), 2033 - 2039 and French Patent. No. 1,335,831 ;
1'-Methyl-spiro[benzo[c]thiophene-1(3H),4'-piperidine] according to the method
15 described by Parham et af; J. Org. Chem. 1976, 41, 2628. The corresponding
demethylated derivative was obtained by treatment with ethyl chloroformate
followed by alkaline hydrolysis of the intermediary ethyl carbamate; |
1*-Phenyimethyl-spirof1 H—2-benzopyran-4(3H),4'-piperidine] abcording to the
method described by Yamamoto et al, J. Med. Chem., 1981, 24, 194. The corre-
20 sponding debenzylated derivative is obtained by hydrogenation in the presence of
a palladium_catalyst;
3,4-Dihydro-1'"-phenylmethyl-spiro[2 H-2-benzopyran-1,4'-piperidine] and 3,4-
dihydro-1'-phenylmethyl-spiro[ 1 H-1-benzopyran-2,4'-piperidine] according to the
method described by Yamamoto et al, Chem. Pharm. Bull. 1981, 29, 3494. The cor-
25 responding debenzyléted derivative is obtained by treatment with ethyl chiorofor-
mate followed by alkaline hydrolysis of the intermediary ethyl carbamate; |
1-Phenylmethyl-spiro[2H-1-benzopyran-2,4'-piperidine] is obtained according to -
the method described by Yamamoto et al, Chem. Pharm. Bull. 1981, 29, 3494. The
corresponding debenzylated derivative is obtained by hydrogenation in the
30 presence of a palladium catalyst; :
1-Phenylmethyi-spiro[3H-2-benzopyran-3,4"-piperidine]-1(4 H)-one according to the
method described by Yamamoto et al, J. Med. Chem. 1981, 24, 194. Reduction
with lithium aluminium hydride followed by treatment with phosphoric acid accord-



22 3- (4-f

uor ophenyl ) gl utaric acid dichloride

e,t“'i!”z"'ﬁf uran-1

| 5T
.(3H), 4" -piperidinel: 1 ,5-Bis[spiro[isobenzou r%ﬁ&- C@"- s =piperidin]-1
4

C-yl]-3-(
NVR [err]

(
(
(

-f 1 uor ophenyl )pent ane, difumarate 7b

‘wp 175- 177 [erlr]c. [err]H

err] 1.70 (d, 4 H), 1.80-2.20 (m8 5 H), 2|4b Q@gmqgm). 2. 60-2. 80
m8 H), 3.10 (broad s,4 H), 5.00 (s, 4 H, 6.55 } 35
m

12H). EXAMPLE 8 (nethod a) Bis|2- spiro{'sob n_ fur—arr= J.
3H), 4' -piperidin]-1"'-ylethyl] sulphide,

rate 8a 10 To a kol ution of

spiro[isobenzofuran-1 (3H), 4" -pi peri di nel (14 g) and triethylamne (12 m)
i n di chl or onBidiadend pdtediule Bestisbd By Mardxer e} G/, ¥. VriglChem.of975, omamzwl

bromde (7 m) in dichloronet ha added dr se dur
m nut es. (The Y?’ﬁ'% bieiydiorisphaRy "Be(&hﬁrsBHz’@?ﬁé@&HF?%%%pﬂﬂ%er 914'%“0" IS

m nutes. The Cde%dﬁzyl&eﬁW%U%éﬁbﬁéﬂiﬂh\é@ﬁeﬁﬁc@@b)péﬂ@ﬁbﬁdcalalygt silica gel
and the bronpacetamnm de 0

10

15 -

20

25

1'-Benzyl- splro[4H- -benzopyran-4,4'-piperidine] is obtained by a method which is
analogeous to the one described in EP-A1-0 414 289 for the synthesis of 1°-benzyl-
1,4-dihydrospiro{naphthalene-1,4"-piperidine). Hydrogenation in the presence of a
Pd catalyst gave 2,3-dihydrospiro[4H-1-benzopyran-4,4'-piperidine];
Spiro[1,3-benzodioxole-2,4'-piperidine] is obtained by refluxing 1-ethoxycarbonyl-4-
piperidinone and catechol in toluen solution in the presence of p—tolueneshlphonic
acid with continous removal of water followed by removal of the benzyl group by
hydrogenation in the presence of a palladium catalyst.

The substituents R1-R& are introduced by applying suitably substituted starting
compounds to methods analogously to the above mentioned.

“In the following the invention is further illustrated by some examples which,

however, may not be construed as limiting.

Melting points are determined on a Biichi SMP-20 apparatus and are uncorrected.
'H NMR spectra are recorded at 250 MHz on a Bruker AC 250 spectrometer.
Deuterated chloroform (99,8 %D), deuteriumoxide (99,9% D) or dimethylsulfoxide
(99,9 %D) were used as solvents. TMS was used as internal reference standard.
Chemical shift values are expressed in ppm values. The folldwing abbreviations are
used for multiplicity of NMR signals : s=singlet._d=doublet. t=triplet, c{=quartet,
p=pentet, dd=double doublet, dt=double triplet, tt=triplet of triplets, m=multiplet.

EXAMPLE 1 _{metho
1,4-Bis[spiro[isobenzofuran-1({3H),4'-piperidin]-1"-yllbutane 1a.

To a solution of spiro[i'sobenzofuran-1(3H),4'-piperidine] (3 g) in dichloromethane
(25 ml) was added triethylamine (3 ml). The mixiure was cooled to 5 °C and a
solution of succin_ic acid dichloride (1 g) in dichloromethane (10 mi ) was added



spiro[isobenzofuran-1 (3H), 4' - pi peri d| ne] wa

. heptane 3:2. Yield 5.6 g. To ethyl thioglycollatREPLACEMENT SMEETt Ranol (40 nl)
was added solid potassiumt-butoxide (2.3 g)ijn ttorg. |To the

resul ting potassiumethyl thioglycolate was gdded, | ,@Hzadet am de (3.8
g) from above. The m xture was 20 stirred ovdrni

- et hoxycar bonyl net hyl t hi onet hyl car bonyl - ,spifr diisohen-

zofuran-1(3H), 4" -piperidine] (3.8 g) was ﬁ/or ed up by extractlJ»n W th
di ethyl ether fromwater. The ethyl ester (3. 'd to the

cor r espondi ndropwisecduringxiy/8i iftier limingtitnyan additional-hour at room temperature the
spi ro[i soben a ' x-E !ng
aqueous et ha@gﬂ{fcg’ggﬁ %f@rgﬁﬁpgée@dréﬁv ﬁj @%@é’%ﬁ%é{z ﬁgré@re g%%/l iC
acid (3.1 g)retained diyl theediliva tgel tamdowgb chubsequientlyleractgd odn dhelgep with BIVF
i n di chl oronet 0 on oride was careful |y
evapor at od ¢ TGt e Brbiplend THF oTRe S0t ek SPagh il HaaciBpie i on
of Spl r o[ i § othebrenvaining 3olid ptotidet 4Jaspemstagzee]ro(n?dug)hymamdrrYeldwEﬁng I"lgp( 2.5
i n dichl n 40 mi ro tion e abgve
obt ai ned cr ugﬁg h@&?l ép%‘lsi'%f" mgf'&wbﬁiﬁ)am(@ygﬁf% %?%ﬁ@?ﬁ (“?g
m). After spbriohBQlifsirtherdiamede (R87g)Frepared above. The temperature was slowly
raised to reflux and kept there for 2 hours. After cooling to below 10 °C excess of
LiAlH4 was destroyed by cautious addition of concentrated aqueous NaOH solution
10 (3 ml) and water (15 ml). Inorganic salts were filtered off and the solvents evapora-
ted in vacuo. The remaining solid product was stirred with diethyl ether and the
crystalline title compound 1a was filtered off and dried. Yield 1.4 g. Mp 128 °C. H
NMR (CDCl3) & 1.55-1.65 (m,4 H), 1.80 (d,4 H), 2.00 (dt,4 H), 2.45 (t,4 H), 2.45-
2.55 (m,4 H), 2.95 (broad d,4 H), 5.05 {s, 4 H), 7.10-7.30 (m,8H).

acetate /

15

In a similar way the following compounds were prepared :

1 4-Bis[4-(4-fluorophenyl)piperidin-1-yl]butane 1b, mp 124 °C. 1H NMR (CDCls) &
1.55-1.60 (m,4 H), 1.70-1.85 (m,6 H), 2.05 (dt,4 H), 2.40 (broad t,4 H), 2.45 (it,2 H),
6.95 (t, 4H), 7.20 (dd,4 H);

20 1,4-Bis[1,4-dihydro-spiro[2-benzopyran-3,4 -piperidin}-1°-yl]butane 1c, mp 147-148
°C. 1H NMR (CDClg) 8 1.50-1.60 (m,4.H), 1.65 (dt,4 H), 1.80 (broad d,4 H). 2.35-
2.45 (m,8 H), 2.55-2.65 (m,4 H), 2.65 (5,4 H), 4.75 (s,4 H), 6.95-7.20 (m,8 H);
1,5=Bis[4-(4-fluorophenyl)piperidin-1-yl]pentane, 2.5 fumarate 1d, mp 176 °C. 1H
NMR (DMSO-ds) & 1.35 (broad p,2 H), 1.65 (broad p,4 H), 1.80-1.90 {m,8 H), 2.50-

25 2.70 (m,6 H), 2.75 (t,4 H), 3.30 (d,4 H), 6.55 (s,5 H), 7.10 (t,4 H), 7.25 (dd, 4 H);
1,4-Bis[4-(4-fluorophenyl)piperazin-1-yllbutane 1e, mp 156-158°C. 1H NMR
(CDCl3) & 1.60 (broad p,4 H), 2.45 (broad t,4 H), 2.60 (t 8 H), 3.15 (t 8 H), 6.85-
7.00 (m,8 H);
1,6-Bis[spiro[isobenzofuran-1(3H),4'-piperidin])-1°-yl)hexane 1f, mp 99-102°C. 1H

30 NMR (CDClg) 6 1.35 (broad p,4 H), 1.60 (broad p,4 H), 1.80 (d,4 H), 2.00 (dt,4 H),
2.35-2.55 (m,8 H), 2.85 (broad d,4 H), 5.05 (s,4 H), 7.15-7.30 (m,8 H); |
1,4-Bis[6-fluoro-spirofisobenzofuran-1(3H),4'-piperidin]-1°-yl]butane 1g, mp 134-
135°C. 'H NMR (CDCl) 5 1.55-1.65 (m,4 H),.1.75 (d,4 H), 2.00 (dt,4 H), 2.40 (dt,4



rude
i th ethyl

tenperature the di anide (2. 9'g) was isolated by _subjecting.th
. reaction mxture to colum chromatography on s} |ggPAAQEMENTRRHEET

acetate). The total ampunt of di ani de was redu,e f [err] cording to
the nethod describ- . 23 ed in Exanple 1. Yield uprar at e sal t
of the title conpound 8a crystal - Iizedfrome1h n&‘?a@@{ 311 M 92-94
[err]C. [err]HNWR [err] 1.65 (d,4 H), 85(d1 2.65 (t 1), 2.85
(s,8 H, 3.05 (d,4-H), 5.00 (s,4 H), 666(54H),720 735(8H).5

EXAMPLE 9 Bi s[2-spiro[isobenzofuran-1 (3H), 4'- :
sul phone 9a H), 2.40-2.50 (m4H) 2.90 (broad d.4 H), 5.05 (s, 4 H), 6.80 (dd2H) 6.95 (dt,2
ElrgEnz spirol, )S(}b%né%f s?l'n 1(3H), 4' - pll peridin-1"-yl]ethyl]sul phide (0.8 Q)
1,5-Bis[spirofisobenzofuran-1(3H),4'-piperidin}-1°-yl]pentane tetrafumarate 1h, mp
156-157°C. 1H NMR (DMSO-dg)  1.35 (broad p,2 H), 1.60-1.80 (m,8 H), 2.25 (dt,4
5 H), 2.80-2.95 (m,8 H), 3.25 (broad d,4 H), 5.05 {s,4 H), 7.20-7.35 (m,8 H);
1.4-Bis[spiro[1.3-benzodioxol-2.4'-piperidin]-1'-yl]butane 11, mp 164-167 °C. 1H
NMR (CDCl3) 8 1.60 (broad p,4 H), 2.15 (t,8 H), 2.50 (t,4 H), 2.70 (t,8 H),6.85 (s,8
H); | .
1,4-Bis[6-(trifluoromethyl)-spirofisobenzofuran-1(3H),4'-piperidin}-1°-yl]butane,
10 dihydrochloride 1j, mp 305-310°C. 1H NMR (DMSO-dg) 8 1.70-1.95 (m,8 H), 2.30-
2.50 (m,4 H), 3.05-3.60 (m,12 H), 5.05 (s,4 H), 7.45 (broad s,2 H), 7.65 (d,2 H),
7.75 (d;2 H); '
1,4-Bis[1,3-dihydro-spiro[2-benzopyran-4,4°-piperidin]-1 -yl]butane 1k, mp 173-176
°C. tH NMR (CDCl3) 8 1.55 (p,4 H), 1.75 (d,4 H), 2.05-2.20 {m,8 H), 2.45 {t,4 H),
15 2.90 (d,4 H), 3.90 (s,4 H), 4.80 (s,4 H), 6.95(d,2 H), 7.15 (t,2 H), 7.25 (t,2 H), 7.50
(d,2 H);
1,4-Bis[5-methyl-spiro[isobenzofuran-1(3H),4'-piperidin}-1 -yl]butane 11, mp 149-
151 °C. 1H NMR (CDCI3) 51.55 {p,4 H), 1.75 {d,4 H), 1.95 (dt,4 H), 2.90 (s, 6 H),
2.35-2.50 (m,8 H), 2.85 (d,4 H), 5.05 (s,4 H), 6.95-7.10 (m,6 H);
20. 1,4-Bis[7-fluoro-spiro[isobenzofuran-1(3H),4™-piperidin}-1 -yllbutane 1m, mp 175-
179 °C. tH NMR (CDCl3) 5 1.55-1.65 (m,4 H), 1.80 (d,4 H), 2.00 (dt,4 H) , 2.30-
2.50 (m,16 H), 2.90 (broad d,4 H), 6.05 (s, 4 H), 6.90-7.00 (m,4H), 7.20-7.25 (m,2 .
- 1,4-Bis[spiro[isobenzofuran-1(3H),3'-8"-azabicyclo[3",2°,1 ]Joctan]-8"-yl]butane 1n,
25 mp 175-179 °C. 1H NMR (CDCl3) & 1.65 (p,4 H), 1.80 (d,4 H), 1.95-2.05 (m,4 H),
2.15 (dd,4 H), 2.15-2.30 (m,4 H), 2.50 (broad s,4 H), 3.30 (broad é,4 H), 5.05 (s;4
H), 7.10-7.30 (m,8 H); :
1,4-Bis[3-(4-fluorophenyl)-8-azabicyclo(3,2,1]oct-2-en-8-yl]butane 1o, mp 163-165
°C. TH NMR (CDCl3) & 1.55-1.65 (m,6 H), 1.90 (dt,2 H), 1.95-2.25 (m,6 H), 2.55
30 (broad t,4 H), 2.80 (dd,2 H), 3.50 (broad t,4 H), 6.20 (d,2 H), 7.00 (t,4 H), 7.30
(dd.4 H);
1,4-Bis{spiro[1-benzopyran-2,4° -p:pendln] -1 -yl]butane dlfumarate 1p, mp 192-198
°C. 'H NMR (DMSO-dg) & 1.55-1.65 (m,4 H), 1.80-2.05 (m,8 H), 2.60-2.80 (m,8 H),



10 Exanpl e 8 was dissolved in trifluoroacetic acid (10 m) and cooled to 0
_[err]C. A cold solution of 35 % H202 (1 m) in WP[AG&M@C%dﬁ cid (4 m)
5

was added dropwi se during 5 mnutes. After hedti [err]C the
reaction mxture was poured into ethyl acetatse (22£ wé& and d|| ted agueous
[err] (500 M) (cooled with ice). The organic |pha 8P4 4t ¢d and
puiified by colu
I

wor ked up as above. The crude product 15 y@
chromat ography on silica gel (eluted wth et hy
100:4). The title compund 9a crystallized by d yl ether.
Yield 0.6 g. 2M® 2.96{1317¢2H|5657$¢d 21H, BIF® (dear H), 6158 (5,4 ¢H)46.89-6.90 08,4 ), 74104 ,
2.55(dt,4 8 broad d,4.H), 3.00 (t,4 H, 3.35 (t,4 H, 505 (s, 4
H, 7.10-7. 2{)"‘) 20 EXAMPLE 10 (method b) Bi s[2-spiro[isobenzofuran- 1
(3H), 4’ -pi pem,mlsisla 4-dihydrespiydfhaphtharenedi (hmlmpipbﬁminpe -JllsMad® 1q, mp 167-

2aded 25 11 ndry ‘GonmMEGRe L8 o Lablm i1 B0 G e Hioeeplvie flep 465

was added s 2,35 (m,4 H), 2.45 (broad t,4 H), 2.75-2.90 (m,8 H), 7.00-7.20 (m,6 H), 7.55 (d.2 H);

acetate trlethy am ne

1,4-Bis[3,4-dihydro-spiro{1-benzopyran-2,4°-piperidin}-1°-yllbutane, difumarate 1r,
mp 202-204 °C. 1H NMR (DMSO-dg) & 1.50-1.60 (m,4 H), 1.70-1.90 (m,12 H), 2.60-
2.80 (m,12 H), 2.80-2.95 (m,4 H), 6.55 (s,4 H), 6.70-6.90 (m,4 H), 7.05-7.20 (m,4
10 H); .
1,4-Bis[spiro[isobenzothiophene-1(3H),4'"-piperidin}-1 '-yl]butahe 1s, mp 155-160 °C
TH NMR (CDCl3) & 1.55-1.65 (m,4 H), 1.90-2.00 (m,4 H), 2.15-2.30 (m,8 H), 2.45
(broad t,4 H),3.00-3.10-2.55 (m,4 H), 4.15 (s, 4 H), 7.25 (s,8H);
1,4-Bis[spiro{1-benzopyran-2,4°-piperidin}-1°-yljbutane, 1.25 fumarate 1t, mp 226-
15 230 °C. 1H NMR (D20) & 1.90 (broad s,4 H), 2.15-2.45 (m,8 H), 2.90 (t,4 H), 3.20-
3.65 (m,12 H), 3.95 (1,4 H), 6.65 (s,2.5 H), 7.15-7.40 (m,8 H); |
1,4-Bis[spiro[1-benzopyran—4.4'-p’iperidin]-1’-yl]butane. 1u, mp 163-165 °C. 1H -
NMR (CDCl3) & 1.50-1.65 (m,8 H), 1.95 (t,4 H), 2.10-2.25 (m,8 H), 2.40 (t,4 H), 2.75-
2.90 (m,4 H), 4.10 (t,4 H), 6.80 (dd,2 H), 6,90 (dt, 2 H), 7.05 (dt,2 H) 7.40 (dd,2 H).
20 '
EXAMPLE 2 {method b)
1,3-Bis[spiro[isobenzofuran-1(3H),4"-piperidin]-1°-yl]propane difumarate 2a.
- To a solution of spiro[isobenzofuran-1(3H),4"-piperidine] (1.9 g) in dichlorome-
25 thane (40 ml) was added triethylamine (2.3 ml). After cooling to 10 °C a s_olutibn of
3-chloropropionic acid chloride (1.7 g) in dichlororhethane (15 ml) was added
dropwise during 10 min. The mixture was stirred at room temperature for anothe}
hour. The 1°-(3-chloropropanoyl)-spiro{isobenzofuran-1(3H),4'-piperidine] was
purified by subjecting the reaction mixture to column chromatography on silica gel
30 (eluted with ethyl acetate / heptane 60:40). Yield 1.8 g as an oil. As a result of
elimination of hydrogen chloride 1°-(2-propenoyl)-spirofisobenzofuran-1(3H),4™-
piperidine] was isolated as a by-product. Yield 0.7 g as an oil. Both the
3-chloropropanoic acid amide and the propenoic acid amide were dissolved in



dropw se at

for 1 h. Inorganic salts were filtered off and
vacuo. The crude 1'-ethoxycar- bonyl net hyl - spin
(3H), 4" -piperidine] was extracted from water wijtHh 'gthm{j g—pe

wor ked-up as above. Yield 20 g as an oil. The 4qthyl " ester 1? 0 @)
reduced with [err] according to the nethqg in Bxe ' g
hydr oxyet hyl ) - spi re[i sobenzof uran-1(3H), 4' - pi pe
a suspension of NaH (1.4 g 50 %in o

dropw se at

1' - (2-hyd | anSRBEPkI f ' LRg
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25-30 [err]C. The m xture was final
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1°-ylJpropanoic acid amic}/e was purified by column chromatograghy on silica gel

(eluted with ethyl acetate containing 4 % of triethylamine). Yield 2.2 g as a viscous
oil. To a suspension of LiAlH4 (0.8g) in dry THF was added all of the above isolated
mono-amide (2.2 g) in THF solution (25 ml). The resulting mixture was refluxed for
2 hours. Excess LiAlH4 was destroyed by cautiously adding concentrated aqueous
NaOH (1 ml) at 10 °C followed by addition of water (5§ ml). Inorganic salts were
filtered off and THF was evaporated in vacuo. The remaining oil was dissolved in
ethanol (15 ml) and fumaric acid was added (1.1 g). Upon heating to 60 °C the
fumaric acid salt of the title compound 2a crystallized. Yield 2.2 g. Mp 232-233 °C.
1H NMR (DMSO-dg) 8 1.70 (d,4 H), 1.95 (broad p,2 H), 2.10 (dt,4 H), 2.65 (t,4 H),
2.70-2.80 (m,4 H), 3.15 (broad d,4 H), 5.00 (s, 4 H), 6.55 (s,4 H), 7.20-7.35 (m,8H).

In a similar way the following conipounds were prepared :
1,3-Bis[4-(4-fluorophenyl)piperidin-1-yl]propane 2b, mp 59-61 °C. 1H NMR (CDCls)
81.75-1.90 (m,10 H), 2.05 (dt,4 H), 2.45 (1,4 H), 2.45-2.55 (m,2 H), 3.05 (broad d,4
H), 6.95 {t, 4H), 7.20 (dd,4H);
1,2-Bis[spirofisobenzofuran-1(3H),4'-piperidin}-1°-yllethane 2c, mp 152-153 °C. H
NMR (CDCig) 5 1.80 (d,4 H), 2.00 (dt,4 H), 2.50 (dt,4 H), 2.65 (s,4 H), 2.90 (broad
d,4H), 5.05 (s, 4 H), 7.10-7.30 (m,8H);
1,2-Bis[4-(4-fluorophenyl)piperidin-1-yllethane 2d, mp 151-154 °C. 1H NMR
(CDCl3) & 1.70-1.85 (m,8 H), 2.10 (dt,4 H), 2.45-2.55 (m,2 H), 2.60 (s,4 H), 3.05
(broad d,4 H), 6.95 (t, 4H), 7.15 (dd,4R).

EXAMPLE 3 (method a)
N,N-Bistz-spiro[isobenzofuran-1 (3H),4"-piperidin]-1°-ylethyl}-N-cyclopentylamine,
trinydrochloride 3a. '

To a solution of spirofisobenzofuran-1(3H),4'-piperidine] (14 g) in dichloromethane
(160 ml) triethylamine (11 ml) was added. After cooling to 10°C a solution of

5 Jerr]C



was added dropwi se at 25-30 [err]C After stireing-for—anothe .5 h the
. 2-spiro[isoben- 5 zofuran-1(3H), 4" -piperidin]- 1 REPLAGEMENT SHEET
spiro[i sobenzofuran-1(3H), 4" -piperidin]-1- yljc

uunylnethyr 't her (6 Q)
was i sol ated by extraction with ethyl acetate fron?gp gN flinal ly
purified by colum chromatography on silica g¢ (e g dt Hyl acetate

/ ethanol / triethylam ne 80:20:4). The tygus i +dg (4.5 Q)
was reduced with [err] according to the nmethod]in Exanple 2 affqgrding the
title 10 conpound 10a. The di hydroch] ori de sal b staltzed 1 rom acet one.
Yield 2.2 gnB'NB‘%EW!F@@"F&r@] } i dichlorompikang 419 M) wes @gdad dyopvise giting 5

(M4 H), 3.1003niRte6MTAR rfctiod. rﬁﬁtdr@rﬁﬁéjhﬁalf}/ éﬁowe'i} t@%ééh 4odhh terfipératare, 40
(m8 H), 10.60 (broad s,2 H). E 11 (met hod

, 6- Bi s[ 5- net Aye nyﬁureo\pfa%mgéemlwfawad (fgpygms'hcfﬁ @@r(elate\ﬁi]wh ethy| anstatem- 11 a
6551t on hopeFE ey oy FACIINS Hicbaldiiidh aghalio A foliofihe L
a crystal &f trp@t@mgmemq-ddomceiammeldeo!wenﬂp 1)4 ghgnd @ng&%rdylanvneuliBK
'Cﬂfggrgt“'oc sal éé Mﬁrv?zrszf’et dxbf:effa? af fTI‘?dng%ﬁ{(vﬁéaMp%trﬁgd £OV48D0 and the

grap y on‘silica gel (el
cyclopentylamino derlvatlve was extracted from an alkaline (pH>9) aqueous
solution with ethyl acetate. The organic phase was worked up as above yielding 2.0
g of the a-(cyclopentylamino)acetamide derivative as a visceous oil. To a solution
10 of the a-(cyclopentylamino)acetamide derivative (2 g) in MIBK 1°-chloracetyl-
spiro[isobenzofuran-1(3H),4'-piperidine] (1.4 g) and potassium carbonate (1 g)
were added. The mixture was refluxed for 3 h. After cooling to room-temperature
the mixture was filtered through silica gel (eluted with 4 % triethylamine in ethyl
acetate. Evaporation of the solvénts afforded 2.4 g of the diamide which was
15 reduced with LiAlH4 as described in example 1. The title compound 3a crystallized
from a mixture of ethanol and acetone (1:4). Yield 1.3 g, mp 258-260°C. 1H NMR

(DMSO-dg) & 1.50-2.45 (m,16 H), 3.25-3.80 (m,17 H), 5.05 (s,4 H), 7.10-7.40 (m,8
H).

20 In a similar way the following compound was prepared :
N.N-Bis[2-$p‘|ro[isobenzofura n-1(3H),4 -piperidin}-1°-ylethyl]-N-methylamine,
trihydrochloride 3b. Mp 265-266°C 1H NMR (DMSO-dg) 5 1.90 (d,4 H), 2.50-2.90
(m7 H), 3.25 (t,4 H), 3.50-3.90 (m,12 H), 5.05 (s,4 H), 7.15-7.40 (m,8 H).

25 EXAMPLE 4 {method a)
1,4-Bis[spiro[ind-2-en-1,4"-piperidin]-1 "-yl]butane 4a.

The following method is adapted from a method in J.Med.Chem. 1992, 35 (11),
2033-2039. A solution of inden (18 ml) in dry THF (75 ml) was cooled to 0 °C and
30 lithium bis(trimethylsilyl)amide (300 mi solution) was added dropwise during 20
minutes. After stirring for 1/2 h at 0 °C a solution of N-t-butyloxycarbonyl-N,N-bis(2-
chloroethyl)amine (36 g) in dry THF (100 ml) was added during 1/2 h with ice
cooling. After 2 h stirring at 0 °C the solvents were evaporaied in vacuo. The



tHyI acetate / ethanol / triethylamne 75:25:4)_gave the pure title

.conmpound 1la. Yield 1.0 g. M 113-116 [err]C (r cnypy@j MER® H 2- propyl
e”r]rgr) [err]H NVMR [err] 1.30-1.45 (m4 H), 1.50-% ﬁ.-ﬁ,_fétz. 0 (d, 4

H, 2.00 (dt,4 H, 2.35 (s,6 H, 2.45- 2.50 (m n 2. 85 (broa , 4 H),

5.05 (s, 4 H, 6.95-7.10 (m6H). 25 EXAVPLE 12 (mpt tfof JAN 1997

1, 3-Bi s[4-(4-fluorophenyl)piperidin-1 -ylj %2 pr Ql 12a A m xfufe of

p . ,
4- (4-fl uorophenyl ) piperidine (2.6 g), epic Iorh drine (1.1 m), p taséosmm
carbonate (2.0 in MBK was_stirred overnig e.
| nor gani c gal’?@‘%bﬁ-:‘?% ofl wa SuRiested i gotumen §Bf%1”'@§’% @wgéqw@hmleptane /

refluxed for d?et'ﬁ?l”e%erAéb% a8 rkirgn 19f gt b %Fy} ﬁurlzﬁ%éa’lrb% Istiﬂ::l%pg

reaction m xture was direct sub ected to col umm |ca
gel (el uted eriMalie3s a s @ﬁlé)qpr@ﬁepwmgi theispiropiperidipe was@qhiemed hycnquhnmd

12a crystal | ijzefh i) YRuboREIPRY 'tnﬁ’ﬁé_?@écet_@ §&id (75 ml) at room temperature. Excess

5 ftrifluoroacetic acid was evaporated in vacuo. The remaining viscous oil was
dissolved in dichloromethane (150 ml) and triethyl amine (30 mi) wmés added. At 0-5
°C succinic acid dichloride (3.1 g) in dichloromethane (15 ml) was added dropwise.
The mixture was finally stirred for an hour at room temperature. Water (500 mi) and
hydrochloric acid (pH <1) were added. The organic phase was worked-up leaving

10 the diamide as an 0il {(11.6 g). A solution of the diamide (11 g) in dry THF (100 mi)
was added dropwise to a suspension of LiAlH, (5 g) in dry THF (100 ml) during 1/2
h at 40-50 °C. After refluxing for 2 h the mixture was cooled to 10 °C and conc.
aqueous NaOH solution (5 ml) and water (15 ml) were added cautiously. Inorganic
salts were filtered off.and the solvents were evaporated in vacuo. The title com-

15 pound 4a was purified by column chromatography on silica gel (eluted with ethyl
acetate / ethanol/ triethyl amine 90:10:4) and finally crystallized from -ethyl acetate.
Yield 4.3 g. Mp 121-122 °C. 1H NMR (CDCla) & 1.40 (broad d,4 H), 1.65 (broad p.4
H), 2.25 (dt,4 H), 2.35 (t,4 H), 2.55 (broad t,4 H), 3.05 (broad d,4 H), 6.75 (d.2 H),
6.85 (d,2 H), 7.15-7.40 (m,8 H).

20 .
EXAMPLE 5 (methiod e)
1,4-Bis[spiro[indan-1,4"-piperidin]-1"-yljbutane 5a.
To a solution of 1,4-Bis-spiro[ind-2-en-1,4"-piperidin-1°-yljbutane (compound 4a) (3
25 g) in ethanol (90 ml) were added acetic acid (5 ml) and 5% palladium on carbon
(0.9 g). The mixture was hydrogenated in a Parr apparatus for 2 hours ar 3 atm.
The catalyst was filtered off and the solvent evaporated. The remaining oil was
dissolved in diluted aqueous NH4OH (200 ml, pH > 9). The title compound 5a was
extracted with ethyl acetate and worked-up és above and finally crystallized from
30 ethyl acetate. Yield 1.6 g. Mp 113-115 °C. tH NMR (CDCl3) & 1.55-1.65 (m,8 H),.
1.85-2.10 (m,8 H), 2.15 (t;4 H), 2.45 (broad s,4 H), 2.95 (1,8 H), 7.10-7.30 (m,8 H).



e

[er
_H, 2.35 (dt,2 H), 2.40 (d, 4 H), 2.45-2.60 (m} REPLAEEMEN'(tSHEET , 3.95
(p,1 H, 6.95 (t,4 H, 7.15 (dd, 4 H. 5 EXAMPLE

1, 3-Bi s[ 4- (4-fl uorophenyl ) pi perazin-1-yl]-2-pr )pan%ma{ a spl uti on of
1- (4-f 1l uorophenyl ) pi perazine (12 g) in acetone (#0 refl ux
tenperature a solution of 1, 3-dichl oroac% 1 10 M) was
added 10 dropwi se. The m xture was refluxed fof another 2 hours.j Acetone
was evaporated in vacuo. The remaini ng vi scous Oi ] to colum

chromat ogr apEXAMPISE Bi ca gel (eluted with ethyl acetate / ethanol /
L e LA oS PR ol £ AR R L e L
H, 3.45 (s, 4 H, 6.85-7.00 (m8 H). 15
: To a solution of piperidin-4-ethylene ketal (7 g) (commercially available) and
5 triethylamine in dichloromethane (50 ml) was added dropwise succininc acid
dichloride (3.1 g) in dichloromethane (25 ml) at 10 °C during 15 minutes. After
stirring for 1 h at room temperature water (200 ml) was added and the organic
phase was subsequently worked-up. The crude crystalline diamide (7.4 g) melted
at 120 °C. To a suspension of LiAlH4 (20 g) in dry THF (400 ml) a solution of the
10 diamide (70 g) in dry THF (700 ml) was added dropwise at 40 °C during 45
minutes. After refluxing for 2 h the mixture was cooled to 10 °C and conc. aqueous
NaOH solution (10 mi) and water (30 ml) were added cautiously. Inorganic salts
were filtered off and the solvents were.evaporated'in vacuo leaving the 1,4-bis-(1-
pipetidino)butane defivative (62 g) as an oil. The ketone group was deprotected by
15 adding perchloric acid (240 ml) to a solution of the 1,4-bis(1-piperidino)butane
derivative {40 g) in dichloromethane at -10 °C. The resulting mixture was stirred at
room temperature for 70 hours. Ice (2 kg) was added and pH was adjusted to >9 by
addition of conc. aqueous NaOH solution. The organic phase was separated and
subsequently worked up yielding the 1,4-bis(4-oxopiperidin-1-yl)butane (26 g) as
20 an oil which was used without further purification. A solution of n-butylfithium in
hexane (200 mi, 1.6M) was added to dry diethyl ether (200 ml) while cooling. The
resulting solution was cooled to -50 °C and a solution of 1-bromo-4-fluorobenzene
in-dry diethyl ether (200 ml) was added during 1/2 h at -45 °C. After stirring for
- another 1/2 h a solution of 1,4-bis(4-oxopiperidin-1-yl)butane (24 g) in dry diethy!
25 ether was added dropwise during 40 minutes. The temperature was finally allowed
to raise to 0 °C. The mixture was poured onto ice (1'.5 kg). To adjust pH <1 dil.
hydrochloric acid was cautiously added. The organic phase was separated and
discarded. To the acidic aqueous solution was-added NH4OH until pH > 9. The 1,4-
bis[4-(4-fluorophenyl)-4-hydroxypiperidin-1-ylJbutane (10 g) was extracted with
30 ethyl acetate (2 x 50 ml) and isolated as an oil. Water elimination was accom-
- plished by dissolving the obtained piperidin-4-ol derivative (10 g) in trifluoroacetic
acid (50 ml) and refluxing for 1 h. After cooling to room temperature the mixture
was poured onto ice (2 kg) and ethyl acetate (500 mi). Dil_uted aqueous NH4OH

25 1.2 g. M 79-80 [err]C. rTHNWR [err] 1.66~1-90 (m.8 H) 2 15 (dt,?2
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PHARMACOLOGY The compounds of the invention \A/em‘r-ed—by—vﬂ—&—’recogm zed
.and reliable test rrerr}t)hods as follows. 20 Inhihb (EMEBT SHEETRI| ndi ng to
Sigma Receptors in Rat Brain in vitro. By-thig nethod the in |b|t|on_ by
drugs of the binding of 2 nM3H DTG (1 ,3-di-g-tjolglh .gwﬂn,gﬂ] to sigm
receptors in honpgenates or nenbranes fromrat tral n 25 wtho t cerebel | um
Is determned in vitro as m)dlfledfromvgﬁ et—at~—Pr-ee—Nad Acad. Sci .
1986, 83,8784. Tissue preparations Rat s (150-250 g are
decapitated and the brains (wthout cerebel I un) 30 qui ckTy removed and

pl aced on i ceyaswaddgiddd amijubt pbintyand ﬁwlonganﬂ:%aselwampatdteld afd[sebs¢qyerft0 MM

d n| Zer
(ert] o ana kahiofkethud 8 8808, 138 Shng'daiifehnd 3 ety v R BT B Bhe i
10 vol 0.32 M.$gcMrse65116ArPCetihaNMR (CDCls) & 1.65 (broad p,4 H), 2.45-2.55 (m,8 H),
2.75 (t,4 H), 3.15 (q,4 H), 6.00 (broad s,2 H), 7.00 (t,4 H), 7.35 (dd,4 H).

AMPL h
N,N-Bis[2-[{4-(4-fluorophenyl)piperidin-1-yl]ethyl]aniline 7a

To a solution of anil'ine (49 g) in ethanol (400 ml) sodium acetate (130 g) and ethyl
10 bromoacetate (250 g) were-added. The mixture was refluxed overnight and was
subsequently filtered. The solvents were evaporated in vacuo and the remaining oil
was distilled at reduced pressure (12 mmHg). Unreacted ethyl bromoacetate and
the mono alkylated aniline were thus distilled off leaving the crude diethyl N,N-
anilinodiacetate (31 g) which was used without further purification. To a solution of
15 this diester (31 g) in ethanol (200 ml) were added KOH (20 g) and water (30 ml).
Hydrolysis was accomplished by refluxing for 2 h. Ethanol and water wére evapora-
ted in vacuo and the remaining di-potassium salt was dissolved in water (500 ml).
Concentrated hydrochloric acid was added to adjust pH <1. The N,N-bis(carboxy-
methyl)aniline was extracted with ethyl acetate (2 x 100 ml). The crude product (24
20 g) resulting after work-up of the organic phase was used without further purification.
A mixture of the crude N,N-bis(carboxymethyl)aniline (3.4 g), 4-(4-fluorophenyl)pipe-
“ridine (6 g), dicyclohexylcarbodiimide (8.5 g), p-toluenesulphonic acid (150 mg) in
anh. pyridine (50 ml) was stirred overnight at 25-30 °C. Water (500 ml) and ethyl .
acetate (300 ml) were added and concentrated hydrochloric acid was cautiously
25 added until pH = 3. The organic phase was worked-up as above. The crude
diamide was purified by column chromatography on silica_gel {(eluted with ethyl
acetate). Yield 4.2 g, mp 167-168 °C. Reduction of the diamide (4.2 g) with LiAlH,
according to the method described in Example 1 afforded the title compound 7a. |
Yield 0.9 g. Mp 104-105 °C (crystallized from diethyl ether). 1H NMR (CDClg) § 1.75-
30 2.00 (m,28 H), 2.20 (dt,4 H), 2.60 (t,4 H), 2.45-2.55 (m,2 H), 3.15 (broad d,4 H),
3.55 (1,4 H), 6.70-6.80 (m,3 H), 7.05 (t, 4H), 7.20-7.30 (m,6H).

In a corresponding way the following compound was prepared from



REPLACEMENT SHEET 26 rinsed gl ass/tefl on honog
. down.- The honpgenate is centrifuged for 10 mn
supernat ant are decanted and centrifuged for n at 50.00019g
[err]C. The resulting pellet is resuspended i ggl Aﬂ
Tris-buffer (pH 7.7) and incubated for 30 m n:}] gt ferr
suspension is then centrifuged for furth 20 Jm n-

[err][C. The pellet .is resupended in 50 Vil. df ice- cold Tris- b ffer and
used i medi ately. Binding analysis: 0.5 mM 50 mMTrrs-puffer—pH 7.7), 0.25
m di spl acer 3((@ ﬂuo”rﬁﬁhétwlrthIaBEGacﬁj x di¢rdstide0 smdrpspirefisobenzofuran-h(8HEr ) ,
and 0.25 i AM.3H DTG are m xed into 5 m plastic test tubes and kept
at 4 [err]C nPPF (E| %‘ The binding reaction are initiated by

1,5-Bis|spiro[isobenzofuran-1(3H),4'-piperidin]-1 -yl}-3-(4-fluorophenyli)pentane,
difumarate 7b, mp 175-177 °C. {H NMR (DMSO-dg) 8 1.70 (d,4 H), 1.80-2.20 (m,8

s H), 2.40-2.50 (m,1 H), 2.60-2.80 (m,8 H), 3.10 (broad s,4 H), 5.00 (s, 4 H), 6.55 (s,
4 H), 7.05-7.35 (m,12H).

' okes up and
aBEPbéchﬂrgnsaEEm [err]C. The

EXAMPLE 8 (method a)
Bis[2-spiro[isobenzofuran-1(3H),4 -piperidin)-1°-ylethyl] sulphide, difumarate 8a
10
To a solution of spiro[isobenzofuran-1(3H),4'-piperidine] (14 g) and triethylamine
(12 mi) in dichloromethane (140 ml) cooled to 10 °C a solution of bromoacetyl
bromide {7 ml) in dichloromethane (25 ml) was added dropwise during 15 minutes.
The mixture was further stirred at room temperature for 45 minutes.The crude
15 reaction mixture was directly poured onto silica gel and the bromoacetamide of
spirofisobenzofuran-1(3H),4'-piperidine] was eluted with ethyl acetate / heptane
3:2. Yield 5.6 g. To ethyl thi'oglycolate (2.4 g) in ethano! (40 ml) was added solid
~ potassium t-butoxide (2.3 g)in small portions. To fhe resulting potassium ethyl
thioglycolate was added the bromoacetamide (3.8 g) from above. The mixture was
20 stirred overnight and the 1°-ethoxycarbonylmethylthiomethyicarbonyl- spiro[isoben-
zofuran-1(3H),4'-piperidine] (3.8 g) was worked up by extraction with diethyl ether
from water. The ethyl ester (3.8 g) was hydrolyzed to the corresponding 1°-
carboxymethylithiomethylcarbonyl- spirofisobenzofuran-1{3H),4'-piperidine] (3.2 g)
by refluxing with KOH in aqueous ethanol according to the procedure in Example 7..
25 The carboxylic acid (3.1 g) was refluxed with thionylichloride (1.5 ml) and a di'op of
- DMF in dichloromethane (50 ml) for 1 h. Excess of thionyichloride was carefully
evaporated twice with n-heptane in vacuo. To a cooled (10 °C) solution of spirofiso-
benzofuran-1(3H),4'-piperidine] (2 g) and triethylamihe (2.5 ml) in dichloromethane
* (40 ml) was added dropwise a solution of the above obtained crude carboxylic acid
30 chloride (3 g) in dichloromethane (25 ml). After stirring for another hour at room
temperature the diamide (2.9 g) was isolated by subjecting. the crude reaction
mixture to column chromatography on silica gel (eluted with ethyl acetate). The .
total amount of diamide was reduced with LiAlH4 according to the method describ-
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Bis[2-spiro[isobenzofuran-1(3H),4 -piperidin]-1"-ylethyl] sulphone 9a

Bis[2-spiro[isobenzofuran-1(3H),4'-piperidin-1 ‘-yl]ethyljsulphide (0.8 g) from
Example 8 was dissolved in trifluoroacetic acid (10 ml) and cooled to 0 °C. A cold
solution of 35 % H02 (1 ml) in trifluoroacetic acid (4 ml) was added dropwise
during 5 minutes. After heating for 1 h at 50 °C the reaction mixture was poured
into ethyl acetate (200 ml) and diluted aqueous NH4OH (500 ml) (cooled with ice).
The organic phase was separated and worked up as above. The crude product
was purified by column chromatography on silica gel (eluted with ethyl acetate /
triethylamine 100:4). The title compund 9a crystallizéd by stirring with diethyl ether.
Yield 0.6 g. Mp 170-172 °C. tH NMR (CDCl3) 81.80 (d,4 H), 1.95 (dt,4 H), 2.65
(dt,4 H), 2.85 (broad d,4 H), 3.00 (t,4 H), 3.35 (1,4 H), 5.05 (s, 4 H), 7.10-7.30
(m,8H). :

EXAMPLE 10 (method b)

Bis[2-spiro[isobenzofuran-1(3H),4 -piperidin}-1°-ylethyl] ether, dihydrochloride 10a
To spiro[isobenzofuran-1(3H),4'-piperidine] (15 g) in ethanol (150 ml) was added
finely powdered potassium carbonate. Ethyl bromoacetate (10 ml) was added
dropwise at 25-30 °C. The mixture was finally stirred at 50-55 °C for 1 h. Inorganic
salts were filtered off and the ethanol evaporated in vacuo. The crude 1’-ethoxycar-
bonylmethyl-spiro[isobenzofuran-1(3H),4'"-piperidine] was extracted from water with
diethyl ether and worked-up as above. Yield 20 g as an oil. The ethyl ester (20 g)
was reduced with LiAlH4 according to the method in Example 1 yielding the 1°-(2-
hydroxyethyl)-spirofisobenzofuran- 1{3H),4'-piperidine] (12 g) as an oil. To a
suspension of NaH (1.4 g 50 % in oil) in dry THF (40 ml) was added dropwise at
room temperature a solution of 1°-(2-hydroxyethyl)-spirofisobenzofuran-1 (3H),4'-



tive solution is rinsed in 96% et hanol before %P A0z b }M DTG

.14.36 ng/ 100 M is kept frozen in 10 m aliqout s}  was-qbtlai ned from
NEN Research Products, Du Pont Denmark. Specif§ct 30 activit 243 G/ mmol .

The known sigma receptor |igands BMY 14802 andyr n@akz JAN W9 e i ncl uded in

the test for conparison purposes. 27 Tabl e H DTG BI NDI_N TA
Conpound No. [err} (nM Con%)und NO~ [err] nM5
| a 0.64 - 1u , 0171k

0.41 2a 0.76

piperidine] (6 g) in dry THF (25 ml). Hydrogen gas evolves. After stirring for another
20 minutes a solution of 1°-chloroacetyl-spiro[isobenzofuran-1(3H),4'-piperidine] (4
g) (prepared as the corresponding bromoacetyl derivative in Example 8) in dry THF
was added dropwise at 25-30 °C. After stirring for another 1.5 h the 2-spiro[isoben-
s zofuran-1(3H),4'-piperidin}-1°-ylethyl spiro[isobenzofuran-1(3H),4"-piperidin}-1°-
ylcarbonylmethyl ether (6 g) was isolated by extraction with ethyl acetate from
water and finally purified by column chromatography on silica gel (eluted with ethyl
acetate / ethanol / triethylamine 80:20:4). The thus isolated mono-amide (4.5 g)
was reduced with LiAlH4 according to the method in Example 2 affording the title
10 compound 10a. The dihydrochloride salt crystallized from acetone. Yield 2.2 g. Mp
141-143 °C. 1H NMR (DMSO-dg) & 1.85 (d,4 H), 2.50-2.75 (m,4 H), 3.10-3.70
(m,12 H), 3.85 (broad s,4 H), 5.05 (s,4 H), 7.15-7.40 (m,8 H), 10.60 (broad s,2 H).

- EXAMPLE 11 (method ¢)
15 1,6-Bis[5-methyl-spiro[isobenzofuran-1(3H),4'-piperidin}-1°-yllhexane 11a

A solution of 5-methyl-spiro[isobenzofuran-1(3H).4'-pipeﬁdine] (4 g), 1,6-dibromo-
hexane (2.2 g), finely powdered po'tassiurri carbonate (2.7 g) and a crystal of
potassium iodide in MIBK {150 ml) was refluxed for 4 h. Inorganic salts were

20 filtered off and MIBK evaporated. Column chromatography on silica gel (eluted with
ethyl acetate / ethanol / triethylamine 75:25:4) gave the pure title compound 11a.
Yield 1.0 g. Mp 113-116 °C (recrystéllized from 2-propyl ether). 1H NMR (CDClg) 8
1.30-1.45 (m,4 H), 1.50-1.65 (m,4 H), 1.80 (d,4 H), 2.00 (dt,4 H), 2.35 (s,6 H), 2.45-
2.50 (m,8 H), 2.85 (broad d,4 H), 5.05 (s, 4 H), 6.95-7.10 (m,6H).

EXAMPLE 12 (method ¢)

1,3-Bis{4-(4-fluorophenyl)piperidin-1-yl}-2-propanol 12a

A mixture of 4-(4-fluorophenyl)piperidine (2.6 g), epichlorhydrine (1.1 ml), potas-

sium carbonate (2.0 g) in MIBK was stirred overnight at room temperature.
30 Inorganic salts were filtered off and the solution was subsequently refluxed for 3

hours. After addition of triethylamine (1 ml) the crude reaction mixture was directly

subjected to column chromatography on silica gel (eluted with ethyl acetate /

triethylamine 100:4). The title compound 12a crystallized from 2-propyl ether. Yield
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(dd4H). 2.4 ' o

EXAMPLE 13 (method c) |
1,3-Bis[4-(4-fluorophenyl)piperazin-1-yl}-2-propanone 13a

To a solution of 1-(4-fluorophenyl)piperazine (12 g) in acetone (40 mi) kept at reflux
temperature a solution of 1,3-dichloroacetone (1.3g) in acetone (10 ml) was added

dropwise. The mixture was refluxed for another 2 hours. Acetone was evaporated:

in vacuo. The remaining viscous oil was subjected to column chromatography on
silica gel (eluted with ethyl acetate / ethanol / triethylamine 80:20:4). The title
compound 13a crystallized from diethyl ether. Yield 0.6 g. Mp 106-107 °C. 1H NMR
(CDClg) §2.70 (1,8 H), 3.15 (t,8 H), 3.45 (s, 4 H), 6.85-7.00 (m,8 H).

PHARMACOLOGY

The compounds of the invention were tested by well recognizéd and reliable test
methods as follows. | '

Inhibition of 3H-DTG Binding to Sigma Receptors in Rat Brain in vitro.

Bythis method the inhibition by drugs of the binding of 2 nM 3H-DTG (1,3-di-o-tolyl
guanidine) to sigma receptors in homogenates or membranes from rat brain

without cerebellum is determined in vitro as modified from Weber et al. Proc. Natl.
Acad. Sci. 1986, 83, 8784.

Tissue preparations:
Homogenate: Rats (150-250 g) are decapitated and the brains {without cerebellum)

quickly removed and placed on ice, weighed and homogenized in 100 vol ice-cold

(0 °C) 50.mM Tris-buffer (pH 7.7) in an ethanol rinsed glass/teflon homogenizer at
0 °C and kept on ice until use. '

P2-membranes: Brains are homogenized in 10 vol 0.32 M sucrose in an ethanol

1p
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centrifuged for 20 min at 50,000 gm at 4 °C. The resulting pellet is resuspended in
10 vol ice-cold 50 nM Tris-buffer (pH 7.7) and incubated for 30 min. at 37 °C. The
membrane suspension is then centrifuged for further 20 min. at 50,000 g, at 4 °C.
The pellet is resupended in 50 vol. of ice-cold Tris-bufter and used immediately.

Binding analysis:

. 0.5 ml 50 mM Tris-buffer (pH 7.7), 0.25 rﬁl displacer (6 x 100 uM DTG, 6 x [test

10
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compound], or Tris-buffer), and 0.25 ml 6 x 2 nM 3H-DTG are mixed into 5 ml
plastic t'est tubes and kept at 4 °C until use. The binding reaction are initiated by
mixing 0.5 ml tissue suspension into this solution and incubate at 25 °C for 20 min.
Glass fiber filters (Whatman GF/B) are placed on the filter machine which is then
closed tight. Just before filtration vacuum is turned on, and the filters washed with
0.1% PEI solution from a spray bottle followed by one wash with Tris-buffer.

The binding reaction is stopped by filtration of the assay mixture at reduced
pressure (750 mbar) followed by further 3 washes with 5 ml ice-cold Tris-butfer.
The filters are placed in counting vials and 4 m! scintillation solution added. The
vials are counted in a Beckmann scintillation counter.

Buffers and solutions:

50 mM Tris-buffer pH 7.7: 7.38 g Trizma - 7.7 plus distilled HoO up to 1 liter.

100 m! 10% polyethylenimin (PEI): 100 m! dest. H2O is added to approx. 20 g 50%
PEI which is solubilized by stirring and heating. Diluted (1+99) before use.

6 x 2 nM 3H-DTG: The exact volume depends on the actual concentration of the

batch, but is made as close as possible to 12 nM. The containers for the radioac-
tive solution is rinsed in 96% ethanol before use.

6 x 100 uM DTG: 14.36 mg/100 ml is kept frozen in 10 ml aliqouts.

3H-DTG was obtained from NEN Research Products, Du Pont Denmark. Specific
activity 62.3 Ci/mmol.

The known sigma receptor ligands BMY 14802 and rimcazole were included in the
test for comparizon purposes.
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25 It is seen from Table | that the compounds used in the present invention are very
potent sigma receptor ligands as compared to the reference compounds which are

known in the art to be sigma receptor ligands. As seen many of the compounds
tested showed EDso values in the area below 1 nM.

30 Furthermore, the ability of the present compounds in inhibiting the binding of 3H-
Prazosin to oy adrenoceptors in membranes from rat brain were determined in vitro
according to Hyttel, J et al, J. Neurochem, 1985, 44, 1615; Skarsfeldt, T. et al, Eur.
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5 389-404, and with respect to serotonin 5-HT2 receptor binding activity according to

Hyttel, Pharmacology & Toxicology, 1987, 61,126-129. .

For most compounds, the affinities for oy adrenoceptors and Da, 5-HT 14, and 5-HT>
recepiors were very inferior as compared to the potent binding to sigma receptors.
10 Thus many of the compounds are very selective sigma receptor ligands. For
example with respect to the a4 adrenoceptors and dopamine Dy, serotonin 5-HT4a
and 5-HT; receptors, ratios of binding ICso values (alpha/sigma, dopamine/sigma,
5-HTa/sigma, and 5-HTo/sigma, respectively) of 100 —>1000 have been found.

15 FORMULATION EXAMPLES

The pharmaceutical formulations of the invention may be prepared by conventional
methods in the art. For example: Tablets may be prepared by mixing'the'active
ingredient with ordinary adjuvants and/or diluents and subsequently compressing
20 the mixture in a conventional tabletting maschine. Examples of adjuvants or
diluents comprise: corn starch, lactose, talcum, magnesium stearate, gelatine,
lactose, gums, etc. Other adjdvants or additives usually used for such purposes
such as colourings, flavourings, preservatives etc. may be used provided that they
are compatible with the active ingredients. Solutions for injections may be prepared
% by dissolving the active ingredient and possible additives in a part of the vehicle,
preferably sterile water, adjusting the solution to desired volume, sterilization of the
solution and filling in suitable ampules or vials. Any suitable additive conventionally
used in the art may be added, e.g. tonicity agents, preservatives, antioxidants, etc.

30 Typical examples of recipes for the formulation of the invention are as follows:

1)  Tablets containing 5.0 mg of Compound 1b calculated as the free base:



Conp. 1b 5.0 ng Lactose
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Comp. 1b - 5.0 mg

Lactose | 60 mg"

Maize Starch 30 mg

s _ Hydroxypropylcellulose - 2.4 mg

Microcrystalline Cellulose 19.2 mg

Croscarmellose Sodium Type A 2.4 mg

Magnesium Stearate 0.84 mg

10° 2) Tablets containing 1.0 mg of Compound 1e calculated as the free base:

Comp. 1e 1.0 mg
Lactose - 23.5mg
Maize Starch | 46.9 mg
15 Povidone 1.8 mg
Microcrystalline Cellulose 14.4 mg
Croscarmellose Sodium Type A 1.8 mg
Magnesium stearate ' 0.63 mg

20 3) Syrup containing per milliliter:

Comp. 1s : 2.5 mg

— Sorbitol . 500 mg
Hydroxyethylcellulose 15 mg

25 Glycerol 50 mg
Methyl-paraben img
Propyl-paraben _ 0.1 mg

Ethanol | 0.005 ml

Flavour 0.05 mg

30 Saccharin Natriﬁm 0.5mg

Water ~ adiml



20 3) Syrup containing per milliliter: Conp. 1s
Sor bi t ol 500 ng Hydroxyet hy
d ycerol 50 ng Met hyl - para
Propyl - par aben 0.1 ng Et hanol

Fl avour 0.05 ng 30 Sacch
0.5 ng Water : ad 1381 3

7
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4)  Solution for injection'containing per milliliter:

Comp. 2b - 0.5mg
5 Sorbitol . 5.1mg
Acetic acid, Glacial ) 0.08 mg

Water for injection ad 1 mi

<
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4)" Solution for injection containing per milliliter: Conp. 2b

. 0.5 ng 5 Sor bi t ol 5.1 ng.Aceti ¢ acid. dacial
0.08 ng Water for injection ad 1 m ERM@EWWT%T Al'MS 1.
A novel dineric 4-phenytprperid ne, 4-phenyl - | 3 po—t-et+-a sk a-Qpy I chzi)l ne, or
4- phenyl pi pen g ~adineric splrocy(li perldlne Cofrpound
having 5 the'ﬂ]‘mmuﬂmﬂm W [err] 10 g 247N 57

* c L n [ * -
CLAIMS

1. A novel dimeric 4-phenylpiperidine, 4-pheny!-1,2,3,6-tetrahydropyridine, or 4-
phenylpiperazine compound or a dimeric spirocyclic piperidine compound having
5 the general Formulal:

R! PA RS

RS 2 R
2 72 o R
R 22—y Ne= (CH)y-X-(CHz)n — N Y —22 R2
R " R4 RS R R4 R

whereinnis 1-5; -
10 R1 to R4 are independently selected from hydrogen, halogen, lower alkyl, lower
- alkoxy, hydroxy, lower alkylthio, lower alkylsulfonyl, lower alkyl- or dialkylamino,
cyano, trifluoromethyl, nitro, triﬂuoromethylthio or trifluoromethylsulfonyloxy;

RS and Ré are independently hydrogen, lower alkyl or they may be linked together
thereby forming an ethylene or propylene bridge;

15 Xis O, S, SO, SO;, CO or (CHa)m, m being 0 or 1, X is NR7, R7 being H, lower
alkyl, cycloalkyl, cycloalkylalkyl, phenyl, or phenylalkyl, or X is CR8R9, wherein R8
and R are independently selected from the group consisting of hydrbxy and the
substituents defined under R?, any phenyl group being optionally substituted; and
) _Z1isdefined as R! to R4and Z2 is (CH2), wherein p is 0; and

20 Y is N, CH or C; and the dotted line iﬁdicates an optional bond, i.e. represents

~ abondwhen Y is C; or |
Iy Zt and Y are linked together via a single bond, thereby forming a spirocyclic
junction ; in which case Y is C and the dotted line represent no bond;
Z1 is O, S, (CHz)q, q being 1,2, or 3, or Z1is CH,0, CH,S, CH,CH0,

25 ‘ CH2CH2S, CH=CH, CH=CHCH,, CH,0OCH,, CH,SCHj> CH=CH-O, or CH=

CH-S; and _
Z22is O, S, or (CHz)p, p being 0 or 1, with the proviso that Z1 may not be O,Sor
(CHg)q, wherein q is 1 when 22 is (CH2)p wherein p is 0;

or an acid addition salt or prodrug thereof.

is Shy eet Has Been Replaced
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wherein nis 1- 5, R

to R4 are independently sg en,

. halogen, [err] alkyl, [err] alkoxy, hydroxy, [errﬁ, EBII-A@EMENW&RF{HH]
al kyl sul f onyl , Wr] am no, cyanq, [tritluoronet n‘ |} nitro,
trifluoronet hyI onet hyl sul fonyl o)y;| 1p4[ g dﬂ di[err] are
I ndependent |y h 'mmiu!”& ,mwl or they nmy jb¢ |1 nked toget hef thereby
formng an et hyl enecore I dge; Is O ; or [err],
mbeing O or 1, X is [err], [err] being H-[err] aIkyI, cycloalky,
cycl oal kyl al kyl , phenyl, or phenylalkyl, or X is [err], whérermferr] and

[err]

are independently selected fromthe group consisting of hydroxy and

t he substitug. 20Aanspaleid suedrdingles Glainy §, clamacpdrézed ingthatZ bandy are not

optionally s
[err] alkyl,
[err] alkyl -
trlfluoronethylthlo

e e

[err] is [&r Rt vvﬁé?"é’?ﬂ?uﬁ'% %ﬂ)cefd"ééﬂ?é%'m charg ewec&q@}a]tét a&‘hevrrh’eﬁ

or di([err]

al kyl')am no, cyano,

|sdf|n

or

l'ine indicat ?&ge@ﬁbrqﬁél‘eﬁﬁémhﬁﬁ‘d,spiro@ychc fing system.

J tit t | ected f hal ,
RE290 2 R PR Ar k1 Chio. Lorr] al kyl sul fonyl

trifluoronethyl,

t ed

10

15

20

30

4. A compound according to Claim 1, characterizedinthatnis1,2o0r 3.

5. A compound according to Claim 1, characterized in that X is (CHz),, m
being 0 or 1, X is NR7, R7 being lower alkyl, cycldalkyl or optionally substituted
phenyl, or X is S, O or CR8R®, wherein R8 is hydroxy or optionally substituted
phenyl and R? is hydrogen.

6. A compound according to Claim 1, characterized in that R2 - R4 are indepen-
dently selected from hydrogen, halogen, lower alkyl and trifluoromethyl, and RS and
Ré are hydrogen. '

7. A cbmpound according to Claim 3, characterized in that Z1is (CHy)q, q

being 1, 2 or 3, or Z1is CH20, (CH3)20, CH=CH, O, S or CH2S; and Z2is O or
(CHo), wherein p is 0 or 1. '

8._ A compound according to Claim 7, characterized in that Z2 is {CHz)p, p
being 0, and Z1 is CH20, CH2S or (CHp)20.

8. A pharmaceutical composition characterized in that it comprises at least one
novel dimeric piperidine, 1,2,3,6-tetrahydropyridine, or piperazine compounds of
any of Claims 1-8 or a pharmaceutically acceptable acid addition salt or prodrug - |
thereof in combination with one or more pharmaceutically acceptable carriers or

diluents, preferably in unit dosage form containing said compound in an amount of
about 0.01 to 50 mg. '

___—————’—’—”——_'
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represents a bond when Y is C or 11) [err] a:d Y are |inked toget her via
‘a single bond, therebyform’ngaspirocyclicjuc . ase Y is
C and the dotted time represent-no bond; [err] sR IAQW ﬁg?‘]Et being 1, 2,
or 3, or [err] [err] 30 :H_CHZS CH=CH, ferr],
[err], [err], il [/m M&&:{“I and 32 [err s201 JBN 997(errf], p being
Oorl vmth | may notg br [err], wherjeijn g is 1
when [err] is [err] wherein p is 0; or ﬁamd addl t1on sart—tHer|eof. 5 2.
A compound according to Claim1l, characterized that [err] and{Y are not

| i nked together and [err] is [err] where p=0.
10. Use of a dimeric piperidine, 1,2,3,6-tetrahydropyridine, or piperazine com-

92

pounds of any of Claims 1-8 for the manufacture of a pharmaceutical preparation
for the treatment of anxiety, psychosis, epilepsy, convulsion, movement disorders,

5 motor disturbances, amnesia, cerebrovascular diseases senile dementla of the
Alzhemer type or Parkinson’s disease.

//
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i;

3. ' A conpound according to Cdaim]1, character| 3@ iand Y are
Beiafei, bkt

1inked together thereby formng a spirocyclic ri A
conmpound according to Claim1, characterized in t nis 1,727dr {3. 5. A
conmpound according to Claim1l, characterized in t24 JAN[1997] m being O
or 1, Xis NR7, [err] being [err] alkyl, cycloalkyl, phenyl henyl
substituted 15 with halogen, or Xis S, 0 or [erf]5; wucuc...{ ] s

hydr oxy, phenyl or phenyl substituted wi 84 hal oden, and [err] is Iinydrogen.
6. A compound_accor di ng to Claim1, characteri Zed Th That RZ=— are ’
i ndependent | PTMERZIC BEPERTRINE (AND cRIPERAZENE DERFVATEVES/| and

trifluoromethyl, and 20 [err] and ;[e.r‘&é ﬁg? ydrogen. 7. A conpound
according to Claim3, characterized i ? err] is [err], q being 1, 2 or

3, or [err] is [err], [err], CH=CH, O, Sor [err]; and [err] is Oor [err]
wherein p | sNoveci dumeng 4-phenylpiperidine, 4-phenyl-1,2,3,6-tetrahydropyridine, or 4-

5 phenylpiperazine compounds or dimeric spirocyclic piperidine compounds having
the general Formula i : -

R? z RS RS z! R!
'I A Y
R? - Z2—, N— (CHy)y - X+ (CHply — N y—22 R?
Fl3 R4 RS Rs R‘ RS

10 wherein nis 1- 5;
R1 to R4 are substituents;
R5 and Ré each hydrogen or alkyl or form together an ethylene or propylene bridge;
Xis O.-S, SO, 802, CO or (CH2)m, m beihg 0 or 1, X is NR7, R7 being H, alkyl;
cycloalkyl, cycloalkylalkyl, phenyl, or phenylalkyl, or X is CR8R9, wherein R8 and R9
15 are selected from hydroxy and the substituents defined under R7,; and
) Z1is a substituent and Z2 is (CH), wherein pis 0;and Y is N, C or CH;.
i) Z1 and-Y are linked together via a single bond, thereby forming a spirocyclic
junction ; in which case Y is C; Z1 is O, S, (CHy)q, q being 1,2, or 3, or Ziis
-CH20, CH2S, CHaCH,0, CH2CH2S, CH=CH, CH=CHCH,, CH,OCH,,
20 CH2SCH2, CH=CH-O, or CH=CH--S; and Z2is O, S, or (CH2)p, p being 0 or 1;
are potent sigma receptor ligands thus being useful as drags for the treatment of
anxiety, psychosis, epilepsy, convulsion, movement disorders, motor disturbances,

amnesia, cerebrovascular diseases senile dementia of the Alzhemer type or
-Parkinson’s disease.

heet Has Been Reflaced '
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8. 7 A donpBERUAGEMENI SHEEDS Cl &8Gn 7,| chara

b bei ng |05 Bust: ket } paged[ BT pagedrr] pr [erd] REBLH‘
“conposi tfi mﬁ* charact ert Zad. A bhad 44t ponpri
di meri c iprpeki. Ql ne1 1,2,:3, 6rf gggaah_ydr ppyr i dijn (?é
any of @ mfm‘mldcg ougug 3;ahaar{r‘l_gxatrz.a)tg,gil.cal y accg¢p ab

—nthat [SFFTIETerr],
Aﬂ[ﬁhﬁﬂﬁfﬁcegut i cal

east—36—pn¢ novel
he| conpound of

.......... AP
t hereof lin conbi nati dn- Wit h ohe or nofe p{'ua

t{on salt
carriers I - feqay y in upit dogage form containipg said
corrpouncm -% &irreahnut_ﬂ_nl_t_o 50 33—4+6

Cept abl e
33—46- Use of a
dimeric pi peeardingeto web kgownt methadsdoxidiginadeither the corrpapending aleahebung of
any of O ai pgydidy mercardmyr@aa&éﬁ 4pfrofia® dUMRERREAHBIA!

The diamides of Formula I are conveniently prepared by treating the
s 1-unsubstituted derivatives IV with a suitable activated dicarboxylic acid derivative
such as proper carboxylic acid chlorides or anhydrides according to known met-
hods. The carboxylic acid derivatives are either commercially available or prepared
according to standard procedures. intermédiate mono-amides It are similarly
prepared by reaction of an w-halo substituted carboxylic acid via its activated form,
10 such as the acid chloride or anhydride. The latter reaction might be performed in a
two step sequence: first reacting the activated acid part with one mole of com-
pounds IV followed by reaction of the w-halo part of the spacer group with another

mole of IV. These reactions are performed under standard acylation/alkylation
conditions. '
15

4-Phenylpiperidines of formula IV (Y=C and the dotted line indicating no bond) are
either commercially available or prepared as described in e.g. US Pat. No.
2,891,066; McElvain et al. J.Amer.Chem.Soc. 1950, 72, 3134; Bally et al Chem.
Ber. 1887, 20,. The corresponding 4-phenyl-1,2,3,6-tetrahydropyridines of formula

20 1V (Y=C and the dotted line indicating an extra bond) are prepared from
N-protected 4-piperidones by addition of properly substituted phenyl lithium or
phenyl magnesium halides followed by acid catalyzed water elimination. The N-
protecting group (carbamate, benzyl. sulphonyl, acetyl) is finally removed in a
conventional manner. The 3-phenyl-8-azabicyclo[3,2,1]oct-2-ene derivatives were

25 prepared accordingly from. N-protected B-azabicyclo{3,2,1}octan-3-ones.
4-Phenylpiperidines are also conviniently prepared by catalytic hydrogenation of
the corresponding 4-phenyi-1,2,3,6-tetrahydropyridines using Pt as catalyst.

4-Phenylpiperazines of formula 1V (Y=N and the dotted line indicating no bond) are
30 either commercially available or prepared according to the methods in Martin et al.
J.Med.Chem. 1989, 32, 1052-1056. These methods include ringclosure reaction of
prop"'é'r-ly substituted anilines with bis-(2-chloroethyl)amine (eventually N-protected)

by refluxing in highboiling solvents as eg. chlorobenzene typically for some days (2-



preparation for the treatnent of anxiety, psychosis, epi | epsy, convul sion,
novenment di sorders, notor disturbances, amegi r di seases 5

¢ senile denmentia of the Al zhenmer type or Park . A conpound
according to Claim1l, characterized in that }t 1
, 4-Bi s[spiro[isobenzofuran-1(3H), 4" - pi peridi ] G
, 4- Bi.s[ 4- (4-fl uorophenyl ) pi peridin-1 -yl pgut png, ~F .
1, 4-Bi s[ 1, 4- di hydr o- spi ro[ 2- benzopyran- 3, 4' - pi pecidinl 1. -ylj but ane, 1
, 5-Bi s[4- (4-f] uorophenyl ) piperidin-1 -yl]penfane, 1 : B
, 4- Bi s[4-(4§5@é&%§ﬁeny| ) pi perazin-1 -yl ] but Sre—t—

B o Tl e e R %, T but ane, 15
1, 5-Bi s[spiro[isobenzofuran-1 (3H? , 4' - pi peridin] - 1' -yl ] pentane, 1
R SR e Rt ek Souman o'yl et shpigp g
' -yl ] but ase trigthylaniing [in " dighlgramperhgnep(3G i) eas @gged rdapwise pugeinicdi agid1
-yl ]but ane.gichloride (3.1 g) in dichloromethane (25 ml) at 10 ‘fC during 15 mihutes. After
stirring for 1 h at room temperature water (200 ml) was added and the organic
phase was subsequently worked-up. The cfude crystalline diamide (7.4 g) melted
at 120 °C. To a suspension of LiAlH4 (20 g) in dry THF (400 ml) a solution of the
10 diamide (70 g) in dry THF (700 ml) was added dropwise at 40 °C during 45
minutes. After refluxing for 2 h the mixture was cooled to 10 °C and conc. aqueous
NaOH solution (10 ml) and water (30 ml) were added cautiously. Inorganic salts
were filtered off and the solvents were evaporated in vacuo leaving the 1,4-bis-(1-
piperidino)butane derivative (62 g) as an ail. The ketone group was deprotected by
15 adding perchloric acid (240 ml) to a solution of the 1.4-bis(1-piperidino)butane
derivative (40 g) in dichloromethane at-10 °C. The resulting mixture was stirred at
room temperature for 70 hours. Ice (2 kg) was added and pH was adjusted to >9 by
addition of conc. aqueous NaOH solution. The organic phase was separated and
subsequently worked up yiélding the 1,4-bis(4-oxopiperidin-1-yl)butane (26 g) as
20 an oil which was used without further purification. A solution of n-butyllithium in
hexane (200 ml, 1.6M) was added to dry diethyl ether (200 ml) while cooling. The
resulting solution was cooled to -50 °C and a solution of 1-bromo-4-fluorobenzene
indry diethyl ether (200 ml) was added during 1/2 h at -45 °C. After stirring for
another 1/2 h a solution of 1.4-bis(4-oxopiperidin-1-yl)butane (24 g) in dry diethyl
25 ether was added dropwise during 40 minutes. The temperature was finally allowed
to raise 1o 0 °C. The mixture was poured onto ice (1.5 kg). To adjust pH <1 dil.
hydrochloric acid was cautiously added. The organic phase was separated and
discarded. To the acidic aqueous solution was added NH4OH untit pH> 9. The 1,4-
bis[4-(4-fluorophenyl)-4-hydroxypiperidin-1-yljbutane (10 g} was extracted with
30 ethyl acetate (2 x 50.ml) and isola{ed as an oil. Water elimination was accom-
plished by dissolving the obtained piperidin-4-ol derivative (10 g) in trifluoroacetic
acid (50 ml) and refluxing for 1 h. After cooling to room temperature the mixture
was poured onto ice (2 kg) and ethyl acetate (500 mt). Diluted aqueous NH,OH



1 ,4-Bis[5-nmethyl-spiro[isobenzofuran-1 (3H), 4REPLMEMEMF8HEET yl ] but ane,

20 1 ,4-Bis[7-fluoro-spiro[isobenzofuran-1 (JH H. petrtcimi- 1
-yI]butane 1 ,4-Bis[spiro[isoberizofuran-1 }3H ﬁY 8
'-azabicyclo[3',2",1 ]Joctan] -8 '-yl]butane, 1 M 199

, 4- Bi s[ 3- (4-fl uorophenyl) - 8-azabi cycl o] , A ]oct 2-en-8:-yllibytane, 1
,4-Bis[spiro[1 -benzopyran-2,4'-piperidin]-1 -yI]butane 1
, 4- Bi s[ 3, 4-di hydr o-spiro] napht hal ene-1 (2H), 4t-pi-petrei-r}—t——y| | but ane, 25

1 4-Bi s[ 3, 4nd$ewqia§s/§qjlqnd[oln¢mmzqmwlﬁm@$mokq@| qmandidn}vnl’fhylriomumeils

4B oL P SRR NooRPRPad (O of PR lechtant b YRR atng,
- benzopyr ancénmiiugm'dﬁer 2alimmih-at 50; QUO] anebaéeC. Ihe :Be:B:IMgspeltem[s seduspeolied ém- 1

3H), 4' 3 Bi 4-1 | heny!l ryedin-1
917 pr opane.10x0! Besgata SR ETSe? () 2o degeiiog IR Hiecs #E! e

-yl ] et hale,mémbr&nBlssfsﬂer(sﬂorf isuhempbeunng)em fpeturtdenza mity 3te50000,g, at 4 °C.
N_ le- E![ ﬁ£/|2] Sﬁ_ | sobenzo{f?ﬁ%ﬁg in 56 v'o_p of |ce-co%e+ns Hu](]ler and used immediately.

Binding analysis:

0.5 m! 50 mM Tris-buffer (pH 7.7), 0.25 ml dlsplacer (6 x 100 uM DTG, 6 x [test
to compound], or Tris-buffer), and 0.25 m! 6 x 2 nM 3H-DTG are mixed into 5 mi
plastic test tubes and kept at 4 °C until use. The binding reaction are initiated by
mixing 0.5 ml tissue suspension into this solution and incubate at 25 °C for 20 min.
Glass fiber filters (Whatman GF/B) are placed on the filter machine which is then
closed tight. Just before filtration vacuum is turned on, and the filters washed with
15 0.1% PEI solution from a spray bottle followed by one wash with Tris-buffer.
The binding reaction is stopped by filtration of the assay mixture at reduced
pressure (750 mbar) followed by further 3 washes with 5 ml ice-cold Tris-buffer.

The filters are placed in counting vials and 4 ml scintillation solution added. The
vials are counted in a Beckmann scintillation counter.
20

Buffers and solutions:

50 mM Tris-buffer pH 7.7: 7.38 g Trizma - 7.7 plus distilled HyO up to 1 liter.

100 mi 10% polyethylenimin (PEI): 100 ml dest. H,0 is added to approx. 20 g 50%
PEI which is solubilized by stirring and heating. Diluted (1+99) before use.
25 6 x 2 nM 3H-DTG: The exact volume depends on the actual concentration of the
batch, but is made as close as possible to 12 nM. The containers for the radioac-
tive solution is rinsed in 96% ethanol before use.
6 x 100 uM DTG: 14.36 mg/100 ml is kept frozen in 10 ml aliqouts.
3H-DTG was obtained from NEN Research Products, Du Pont Denmark. Specific
30 activity 62.3 Ci/mmol.

The known sigma receplor Iigand's:BMY 14802 and rimcazole were included in the
test for comparison purposes.



NN-=Bi s[ 2- spiro[ i sobenzofuran-1 (3H), 4" -piperidin]-
"-ylethyl]-N nethylam ne, 35

*1,4-Bis[spiro[ind-2-en-1,4"-piperidin]-1"-yl]but ane,R'ﬂl’L’”‘CEME"‘JT SHEET
, 4- Bi s[ spi rﬁ[ﬁm&i din]-1 '-yl]butane,

,4-Bis[4-(4 2,3, 6-tetradhydropyridir- 106MAbusgge, 34
N, N-BBi [s[ 2- [4{\‘m£m!lqmgﬁlmﬂlnpl peridin-1-yl]ethyl]fagiline, 1 _

- Bi s[ spi ro[ ksobenzoftur &
(3H) 4' -piperidin]-1'-yl]-3-(4-fl uoropﬁenyV?penta e,
Bi s[ 2- spi ro[i sobenzof uran-1(3H), 4' - pi dl?_n] 1'-ylethyl] sulphrde;
Bi s[ 2- spi ro[ﬁobemznbuelanﬁﬂibnb%bhéhyl” i phényly1 2138t dtrahydrdpyridine’ or

6- B <[ 5. mothOre P f fsenrindbrgupinge Soiiic e b nanns |

, 3- Bi s[ 4- (1-the gener ERPMGilseri di p- | -yl} 124pr opanol ,

R z RS

Rs
R2 v’ N— (CHala- X~ (CHp)y __ ,; ‘\\Y___
R®

R® R* - R®

10
wherein n is 1- 5;

R! to R* are independently selected from hydrogen, halogen, C, alkyl, C, 4 alkoxy,
hydroxy, C, alkylthio, C,¢ alkylsulfonyl, C,¢ alkyl- or di(C,s alkyl)amino, cyano,
trifluoromethyl, nitro, trifluoromethylthio or trifluoromethylsulfonyloxy;
15 R® and R® are independently hydrogen, C,, alkyl or they may be linked together
thereby forming an ethylene or propylene bridge;
Xis O, 8, SO, SO,, CO or (CH,),,, m being 0 or 1, X is NR?, R” being H, C, alkyl,
cycloalkyl, cycloalkylalkyl, phenyl, or phenylalkyl, or X is CR®R®, wherein R® and R®
are independently selected from the group consisting of hydroxy and the substitu-
20 ents defined under R’, any phenyl group being optionally substituted with one or
more substituents selected from halogen, C,; alkyl, C,; alkoxy, hydroxy, C,s
alkylthio, C, ¢ alkylsulfonyl, C, alkyl- or di(C, alkyl)amino, cyano, trifluoromethyl,
or trifluoromethylthio.; and
) Z'is defined as R' to R*and Z? is (CH,), wherein p is 0; and
25 Y is N, CH or C; and the dotted line indicates an optional bond, i.e
represents a bond when Y is C; or
1)) Z!.and Y are linked together via a single bond, thereby forming a spirocyclic
junction ; in which case Y is C and the dotted line represent no bond;
Z'is O, S, (CH,), q being 1,2, or 3, or Z' is CH,0, CH,S, CH,CH,0,
30 CH,CH,S, CH=CH, CH=CHCH,, (:HZOCH2 CH,SCH, CH=CH-O, or
CH=CH-S; and



1 , 3- Bi s[ 4- (4-f 1 uor ophenyl ) pi perazin-1 -yl]-2- PIR%WA&E!{I%NT@*!EET

AR T 06 WAy 8

32

Z2is 0, S, or (CH,),, p being O or 1, With the proviso that Z' may not be O, S
or (CH,),, wherein q is 1 when Z2 is (CH,), wherein p is 0;
or an acid addition salt thereof.

5 2. A compound according to Claim 1, characterized in that Z' and Y are not
linked together and Z? is (CH,), where p=0.

3. A compound according to Claim 1, characterized in that Z' and Y are
&
linked together thereby forming a spirocyclic ring system.
10

4. A compound according to Claim 1, characterized in that nis 1, 2 or 3.

5. A compound according to Claim 1, characterized in that X is (CH,),, m
being 0 or 1, X is NR?, R” being C,, alkyl, cycloalkyl, phenyl or phenyl substituted

15 with halogen, or X is S, O or CR®R®, wherein R® is hydroxy, phenyl or phenyl
substituted with halogen, and R? is hydrogen.

6. A compound according to Claim 1, characterized in that R? - R* are

independently selected from hydrogen, halogen, C, alkyl and trifluoromethyl, and
20 R®and R® are hydrogen.

7. A compound according to Claim 3, characterized in that Z' is (CH,),, q
being 1, 2 or 3, or Z' is CH,0, (CH,),0, CH=CH, O, S or CH,S; and Z?is O or
(CH,), whereinpisOor 1.

25

8. A compound according to Claim 7, characterized in that Z> is (CH,),, p
being 0, and Z' is CH,0, CH,S or (CH,),0.

9. A pharmaceutical composition characterized in that it comprises at least
30 one novel dimeric piperidine, 1,2,3,6-tetrahydropyridine, or piperazine compound
of any of Claims 1-8 or a pharmaceutically acceptable acid addition salt thereof in
combination with one or more pharmaceutically acceptable carriers or diluents,

preferably in unit dosage form containing said compound in an amount of about
0.01 to 50 mg.

35
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10. Use of a dimeric piperidine, 1,2,3,6-fetrahydropyridine—or piperazine
compound of any of Claims 1-8 for the manufacture of a pharmaceutical
preparation for the treatment of anxiety, psychosis, epilepsy, convulsion,
movement disorders, motor disturbances, amnesia, cerebrovascular diseases
senile dementia of the Alzhemer type or Parkinson’s disease.

11. A compound according to Claim 1, characterized in that it is selected from
1,4-Bis[spirofisobenzofuran-1 (31-!).4'-piperic¥n]—1 ‘~ylJbutane,
1,4-Bis[4-(4-fluorophenyl)piperidin-1-yi]butane, .
1,4-Bis[1,4-dihydro-spiro[2-benzopyran-3,4 "-piperidin]-1°-yl]butane,

1 ,5-Bis[4-(4-ﬂuorophenyl)piperidin—1 -yllpentane,
1,4-Bis[4-(4-fluorophenyl)piperazin-1-yl]butane,
1,6-Bis[spiro[isobenzofuran-1(3H),4"-piperidin}-1°-yl]hexane,
1,4-Bis[6-fluoro-spirofisobenzofuran-1(3H),4'-piperidin]-1"-yl]butane,
1,5-Bis[spirofisobenzofuran-1(3H),4'-piperidin]-1 -yljpentane,
1,4-Bis[spiro[1,3-benzodioxol-2,4 -piperidin}-1"-ylJbutane,
1,4-Bis[6-(trifluoromethyl)-spirofisobenzofuran-1(3H),4'-piperidin]-1 -y(Jbutane,
1,4-Bis[1,3-dihydro-spiro[2-benzopyran-4,4 -piperidin}-1 -y(]Jbutane,
1,4-Bis[6-methyl-spirolisobenzofuran-1(3H),4'-piperidin]-1 "-yl]butane,
1,4-Bis[7-fluoro-spirofisobenzofuran-1(3H),4'-piperidin}-1°-yljbutane,
1,4-Bis[spirofisobenzofuran-1(3H),3'-8"-azabicyclo[3",2",1 Joctan]-8 "-yi]butane,
1,4-Bis[3-(4-fluorophenyl)-8-azabicyclo[3,2, 1]oct-2-en-8-yl]butane,
1,4-Bis[spiro[1-benzopyran-2,4 "-piperidin]-1 -ylJbutane,
1,4-Bis[3,4-dihydro-spiro[naphthalene-1(2H),4 -piperidin]-1"-yl]butane,
1,4-Bis[3,4-dihydro-spiro[1-benzopyran-2,4 -piperidin}-1-yiJbutane,
1,4-Bis[spiro[isobenzothiophene-1(3H),4"-piperidin]-1°-yl]butane,
1,4-Bis[spiro[1-benzopyran-2,4 -piperidin}-1-yl]butane,
1,4-Bis[spiro[1-benzopyran-4,4° -piperidin]-1 -yl]butane,
1,3-Bis[spirofisobenzofuran-1(3H),4'-piperidin]-1“-yljpropane,
1,3-Bis[4-(4-fluorophenyl)piperidin-1-yljpropane,
1,2-Bis[spiro[isobenzofuran-1(3H),4'-piperidin}-1 -yllethane,

1 ,2—Bisi4a(4-ﬂuorophenyl)piperidin-1 -yllethane,
N,N-Bis[2-spirofisobenzofuran-1(3H),4 "-piperidin]-1“-ylethyl}-N-cyclopentylamin,
N,N-Bis[2-spiro[isobenzofuran-1(3H),4 -piperidin]-1 -ylethyl]-N-methylamine,
1,4-Bis[spiro[ind-2-en-1,4 -piperidin]-1°-yl]butane,

1,4-Bis[spiro{indan-1,4 "-piperidin]-1"-yl]butane,
1,4-Bis[4-(4-fluorophenyi)-1,2,3,6-tetrahydropyridin-1-yl]Jbutane,
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N,N-Bis[2-[4-(4-fluorophenyl)pipéridin-1-ylléthylJaniline,
1,5-Bis[spiro[isobenzofuran-1(3H),4"-piperidin}-1°-yl}-3-(4-fluorophenyl)pentane,
Bis[2-spirofisobenzofuran-1(3H),4 "-piperidin]-1°-ylethyl] sUIphide,
Bis[2-spiro[isobenzofuran-1(3H),4 -piperidin]-1"-ylethyl] sulphone,
Bis[2-spiro[isobenzofuran-1(3H),4 -piperidin]-1 -ylethyl] ether,
1,6-Bis[5-methyl-spiro[isobenzofuran-1(3H),4'-piperidin]-1°-yilhexane,
1,3-Bis[4-(4-fluorophenyl)piperidin-1-yl}-2-propanol,
1,3-Bis[4-(4-fluorophenyl)piperazin-1-yl]-2-propanone.

&
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DIMERIC PIPERIDINE AND PIPERAZINE DERIVATIVES

ABSTRACT

Novel dimeric 4-phenylpiperidine, 4-phenyi-1,2,3,6-tetrahydropyridine, or 4-

s phenylpiperazine compounds or dimeric spirocyclic piperidine compounds having
the general Formula l : : '

R2

R1 to R4 are substituents;

R\

Z‘l

Z2—y

wherein nis 1- 5;

(4
.

&
B

RS

|5 z =X
\
N— (CHa)o- X-(CHa)y — N Y—22 R2
RE RS R4 R3

RS and Re each hydrogen or alky! or form together an ethylene or propylene bridge;
Xis O, S, SO, SO, CO or (CHa)m, m being 0 or 1, X is NR7, R7 being H, alkyl,
cycloalkyl, cycloalkylalkyl, phenyl, or phenylalkyl, or X is CR8RS, wherein R8 and R?®
are selected from hydroxy and the substituents defined under R7; and

1)

Z1is a substiluent and Z2 is (CHy), wherein pis 0; and Yis N, C or CH;

) Z1 and Y are linked together via a single bond, thereby forming a spirocyclic

junction ; in which case Y is C; Z1is O, S, (CHy)q, q being 1,2, or 3, or Z1 is

-CH20, CH2S, CH>CH20, CHCH,S, CH=CH, CH=CHCH;, CH2OCH,,

CH2SCHj, CH=CH-O, or CH=CH-S; and Z2is O, S, or (CH2)p, p being 0 or 1;

are potent sigma receptor ligands thus being useful as drags for the treatment of

anxiety, psychosis, epilepsy, cdﬁi,i}dlsion. movement disorders, motor disturbances,

amnesia, cerebrovascular diseases senile dementia of the Alzhemer type or
. Parkinson’s disease.



