-y

22 FEB *96 '1@:13  MEDICINAL CHEM

- This Sheet Has Béen Replaced

Yot 1epe P.2711

R‘EPLACED SHEETS SG -
Descr:puon paged ..l... to paged ..30....

10

18

20

30

Claim(s)  :paged. ... to paged ..?2 .....
-] Drawing(s) :paged....... to paged ..........
1 MAbstract : paged ..?%. to paged .......

...................................

DIMERIC PIPERIDINE AND PIPERAZINE'DERIVATIVES
The present invention relates to a novel cl'éss of dimeric piperidine, 1,2,3,6-
tetrahydropyridine and piperazine derivatives in which the nitrogen atoms of the six-
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)
c_ompoun'd. These difners 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 ring 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 91/09594 generically describes a broad

- class of sigma receptor ligands some of whlch are 4-phenylpiperidine, ~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 pfperiiime] P

i
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European patent publication No EP 0 445 974 A2 generically describes the
corresponding spirofindane-1,4-piperidine] and spirojbenzocycloheptene-5,4"-

piperidine] derivatives. Again the compounds are only stated 1o displace tritiated di-

toly! guanidine (DTG) from sigma sites with potencies better than 200 nM

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

application exemplifies several compounds, the majority of which contain an oxo
and/or a sulfonylamino substituent in the spiro cyclic ring system. Of 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

15

piperidine N-atom. No suggestion or indication of effact of the compounds on the
sigma receptors Is given.

_ | From studies of the biology-and tunctlon.of sigma receptors, evidence has been

20

26

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
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-
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-
:schem,to agents.in In vivo tests (Rao, T. S. et &/, 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 g"-;-

]
..
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Also, soms sigma receptor ligands have been found to show anti-amnesic effects
in an animal mode! (Early et al., Brain Research 1991, 545, 281-286),

Sigma ligands have been shown to-influence central acetylicholine levels in animal
models (Matsuno et al, Brain Research 1992. 575, 315-319; Junien et al, Eur. J.
Pharm. 1991, 20'0, 343-345) and may, therefore, have potential In the treatment of
senile dementla, e.g. of the Alzheimer type. '

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
system may be usetul in the therapy of such conditions. '

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

-Aceordingly the present invention provides'the novel dimetic ,4-phenylpiperidi'ne. 4-

phenyl-1 ,2,3,6-tetrahydropyridines, or 4-phenylpiperazine derivatives or dimeric

spirocyclic piperidine compounds having the general Formula I :

R, 2 . F A : 2 R
nz_:_ 72 ‘q_ . —(CHa)n‘x"(cH_z)n w—— N ..Y—Zz © R2
R RO RS, e R¢ RI

wherem n is 1-5;

_'-Rl to R4 are. Independently selected from hydrogen halogen, lower alkyl, lower |
-alkoxy. hydroxy. lower alkylthlo. lower alkylsulfonyl lower alkyl- or dialkylamino,

 cyano, trlflueromethyl nitro, trifluoromethyithio or trifluoromethylsulfonyloxy;
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RS and R are Independently hydrogen, lower alkyl or they may be linked together
thereby forming an ethylene or propylene bridge; |

X is O, S, SO, 803, CO or (CHa)n, m being 0 or 1, Xis NR?, R7 being H, lower
alkyl, cycloalkyl, cycloalkylalkyl, phenyl, or. phenylalkyl, or X is CReRS, wherein R8

- 4

- and R9 are independently selected from the group consisting 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 :
) 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 '

CH3CH32S, CH=CH CH=CHCHz, CHgOCHz CH2SCHz, CH=CH-O, or CH=

CH-S;and - _ _
- Z2is 0, S, or {CHz)p, p being 0 or 1, with the proviso that Z1 may not be O,Sor

(CHz)q. whereinqis 1 when Z2Is (CHz)p wherein pis0;
or an acld addition salt or prodrug thereof.

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.

“The terms 'Iowér' alkyl, lower alkoxy, lower ailkylthio 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-

30

| propoxy, methyithio, ethyithlo, 1-propylithio, 2-propylth|o. methylsulphony!, ethylsul- -

phonyl, orthe 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-propeny| 2-propenyl 3-propenyl, 2-buten=1-yl elc.
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Any lower alky!, lower alkenyl. lower alkoxy, lower alkylthio, lower alkylsulphonyl,
cycloalky! etc. may optionally be substituted with one or two hydroxy groups.

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
phenyl group may carry one or more subs_tituenls..

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.

The acid addition salts of the lnvention are pharmaceutically acceptable salts of the
compounds of Formula 1 formed with non-toxic acids. Exemplary of such organic

~ salts are those with maleic, fumaric, benzoic, ascorbic, embonic, succinic, oxalic,

20

' bls-methylenesallcylio, methanesulfonic, ethanedisulfonic, acetle, proplonic,

tartaric, sahcyhc. citrie, gluconlc. lactic, malic, mandelic, cinnamic, citraconic,
espartic stearic, palmmc itaconic, glycolic, p-amino-benzoic, glutamic, benzene

sulfonic and theophyllme acetic acids, as well as the 8-halotheophyllines, for

example 8-bromo-theophyliine. Exemplary of such inorganic salts are those wuh

a hydroohlonc, hydrobromic, sulfuric, sulfamic, phosphoric and nitric acids.

- The c0mpounds 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
hgands for s:gma reoeptors For example with respect to o adrenoceptors and

'dopamme 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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The compounds of the invenli'.on have the further advantage that the salts thereof
have a good water solubility. Furthermors, due to the fact that they are symmetrical
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,
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 Zf and Y are not linked together and Z2 is (CHz)p
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 splrooyclic ring system.

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
substltuted phenyl and Reis hydrogen

R2 - R¢ are lndependently selected from hydrogen, halogen lower alkyl and
trifiuoromethyl; |

Rs and RS are hydrogen | |

And if Z1 and Y are linked together in order to form a spirocyclic ring system, Z1 Is
{CHa)a, 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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is (CH2)p, p being 0, Z1 is (CHz)q, q being 1, 2 or 3, CHz0, (CH2)20, CH=CH, O, S
or CHzS, in particular CH20, CH2S or (CH2)20.

7

| Particularly preferréd compounds are:

1 .4-Bis[spiro[l;oben_zoiuran-1 {(3H),4-piperidin]~1 -ylloutane;

: 1,4-Bis[4-(4-ﬂu_orophenyl)piperidin-1-yl]butane;

- 10

15

20

%

1 ,4-Bis{4-(4-ﬂuorophenyl)piperazin-1 -yijbutane; :
1,6-Bis[spiro[isobenzofuran-1{3H),4-pipetidin}-1°-yllhexane;
1,4-Bis[6-fluoro-spirofisobenzofuran-1(3H),4™-piperidin]-1~yllbutane;
1,5-Bis[spirolisobenzofuran-1(3H),4"-piperidin}-1 “yllpentane; |

1 .4-Bis_[spiro[isobenzothiophene-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-Bisspiro[isobenzofuran-1(3H),4"-pipéridin]-1 -yl]propane

1,3- Bxs[4-(4~ﬂuorophenyl)pipendm- -yllpropane;
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,

InBnother aspsct the present invention relates to & 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

o -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-

. Received Time = 22 Feb [7:14 Print Time 22. Feb, 17:19
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cally acceptable carriers, diluents, exiplents, or other conventional additive in the -
art may be used. '

Conveniently, the compounds of the invention are administered in unit dosage form
containing said compound in an amount of about 0.01 to 50 mg.

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

In a further aspact 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
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 Huntingtons chorea or Tourette’s syndrome.
Dystonia may be acute or tardive and may be caused by neuroleptics or have

another reason.

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

The compounds of Formula I may be prebared by

a) reducing the amide céfb_onyl groups ofa compbund of F_ormulé n -
R 2 R

X

R® R,

Received Time 22 Feb. 17:14 Print Time 22 Feb. 17:18
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wherein n’fs 0-4, X, Y, R1- RS, Z1, Z2and the dotted lines are as previously defined;

b) reducing the amide carbonyl group a of compound of Formuia It

R z! RS | .
N aY: AT
R 22—y’ N—< >—=\ m
\_< (CHly- X~ (CHely— N, Y—22 e |
RS RS RS : >—j '

Ré R¢ R

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

¢) alkylating a com_podnd of formula IV

R b4 ] RS : . ' ’
R? Zi—y N=H - IV
R3 RY | RS o ..

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-(CHp)=X~=(CHp)mA - 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
Viora dicarboxylic acid of the formula VIl

R

'OHG- (CHz),,'- -x;- (CHz),,--CHO_. VI

HOOC - (CHaly—X~ (CHay-COOH VI
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wherein n’is 0 to 4, and X is as previously defined; or

e) reducing the double bonds in a compound of Formula | in order to obtain the

- § corresponding saturated compound of Formula 1. Such double bonds are present
when the dotted line represents a bond and/or when Z1 and Y are linked together in
order to form a spiropiperidine compound e_nd_21 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 amine) at reflux temperature. Epichlorohydrin is a particularly useful reagent for
introducing a pfopylene_chain_ substltuted with hydroxy, i.e. for obtaining componds |
. of For_mi_:la I whereinnis 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 doub!a bonds according to me‘qu e) is generally performed by I
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 avallable or may be prepared
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according 1o well known methods oxidizing either the corresponding alcohols or -

11

reducing the carboxylic a_cids or appropriate derivatives thereof.

The diamides of Formula U are conveniently prepared by 'treating the
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,
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 acylation/alkylation
conditions.

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
IV (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

prepared accordingly from N-protected 8-azabicycld[3,2._1]octan-3-ones.
4-Phenylpiperidi'ne_s are also. conviniently prepared by catalytic hydrogenation of
the coryespbndi ng 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

either cgmme'rciélly 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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3). eventually followed by dépmteqtion of an optional N-protection group according
to standard procedures.

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

Spiro[_isobenzofurand (3H).4-plperidineg] according to the method described by -
Marxer 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-

' azablcyclo[3,2,1)octan-3-ones:

2,3-Dihydro-spiro[1H-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
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-splroﬁ H-2-benzopyran-4(3H),4'-piperidine] according to the
method described by Yamamoto et al, J. Med. Chem., 1981, 24, 194. The corre-
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-spnro[1 H-1-benzopyran-2, 4‘-p|pendme] according to the-
method described by Yamamoto et al, Chem. Pharm. Bul! 1981, 29, 3494. The cor-
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

corresponding debenzylated derivative is cbtained by hydrogenation in the
presence of a palladium catalyst; - |

1'-Phe’nyImethyl-spiro[3H-2-b_enzopyran-3. "-piperidine]-1(4H)-one according to the
method described by Yamamoto et al, J. Med. Chem. 1981, 24, 194. Reduction
with lithium'ald,minium- hydride fo!lowed by treatment with phosphoric acid accord-
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ing to the procedure descnbed by Marxer et al, J. Org. Chem. 1975, 40, 1427

13

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

débenzylated 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

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
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.

in the following the invention is further |llustrated by some examples whxch
however, may not be construed as limiting.

Melting points are determined on a Blchi SMP-20 apparatus and are uncorrected.
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,
p=p_entet. dd=double doublet, dt=double triplet, tt=triplet of friplets, m=multiplet.

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

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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dropwise during 1/2 h. After stirring for an additional hour at room temperature the
mixture was eluted through silica gel with dichloromethane. The diamide was

14

“retained by the silica gel and was subsequently extracted from t_h'e gel with a

mixture of ethyl acetate and THF (1:1). The solvents were evaporated in vacuo and
the remaining solid product was recrystallized from diethyl ether. Yield ; 2.8 g- Mp
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-
(3 ml) 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 (CDCls) 3 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). |

In a similar way the following compounds were prepared :
1,4-Bis(4-(4-fluorophenyl)piperidin-1 -ylJoutane 1b, mp 124 °C. 1H 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),

1 6.95 (t, 4H), 7.20 (dd.4 H);

1,4-Bis[1,4-dihydro-spiro{2-benzopyran-3,4 -piperidin}-1"-ylJoutane 1c, 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 (s,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-

'270(m6H) 275(t4H) 3.30 (d,4 H), 6.55.(5,5 H), 7.10 (1.4 H), 725(dd 4 Hy;

14-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 (t,8 H), 3.15 (1,8 H), 6.85-

7.00 (m,8 H);
-1.67_B:_s[spu_ro[lsobenzofura_n-1 (3'.‘-0,47-piperldin]-1 “.yljhexane 1f, mp 99-1 ozéc. 1H

NM'R-(C;DCIs) & 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 (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 (CDCk) & 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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H), 2.40-2.50 (m,4 H), 2.90 (broad d.4 H), 5.05 (s, 4 H), 6.80 (dd,2 H), 6.95 (dt,2
H), 7.15 (dd,2 H) '

1,5-Bis[spirofisobenzofuran-1(3H), 4'-p:pendm] -1°-yllpentane tetrafumarate 1h, mp
156-157°C. 'H NMR (_DMSO-ds) $ 1.35 (broad p,2 H), 1.60-1.80 (m,8 H), 2.25 (¢t,4
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
H);

1,4-Bis{6-(triﬂuoromethyl)-spiro[isdbenzofuran-1 (3H).4'-piperidin}-1°-yl]butane,
dihydrochloride 1j, mp 305-310°C. 1H NMR (DMSO-dg) 8 1.70-1.85 (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),
2.90 (d.4 H), 3.90 (s,4 H), 4.80 (s,4 H), 6.95(d,2 H), 7.15 (1,2 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);

1,4-Bis[7-fluoro-spirofisobenzofuran-1(3H),4'-piperidin}-1-yljbutane tm, 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- _ :
1,4-Bis[spiro[isobenzofuran-1 (3H),3'-8"-azabicyclof3",27,1 Joctan]-8"-yljbutane 1n,
mp 175-179 °C. 1H.NMR (CDCl3) 8 1.65 (p.4 H), 1.90 (d,4 H), 1.25-2.05 (m,4 H),
2.18 (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),

1 4-B|s[3-(4-fluorophenyl)-a-azabncyclo[s 2,1Joct-2-en-8 -yl]butane 1o mp 163-165
°C. TH NMR (CDClI3) & 1 -55-1.65 (m,6 H), 1.90 (d1,2 H), 1.95-2:25 (m,6 H), 2.55
(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—?. 4" -p|peridm]- “-yljbutane, difumarate 1p, mp 192-198
°C. 1H NMR (DMSOQ-dg) 3 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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2.80-2.95 (m,4 H), 5.75 (d,2 H), 6.50 (d,2 H), 6.55 (s,4 H), 6.80-6.90 (m 4 H), 7.10-
7.20 (m,4 H); |
1,4-Bis[3,4-dihydro-spiro[naphthalene-1(2H),4"-piperidin]-1 -yljbutane 1q, mp 167- .
175 °C 1H NMR (CDClg) § 1.55-1.70 (m,8 H), 1.70-1.90 (m,8 H), 2,20 (dt,4 H), 2.20-
2,35 (m,4 H), 2.45 (broad 1,4 H), 2.75-2.90 (m.,B'H), 7.00-7.20 (m,6 H), 7.55 (d,2 H);

16

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
" | B | . |
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-
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).
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-
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'énoyl)vspirO[isobenzofuran-1(3H),4'-piperiding] was
purified by subjecting -th'e.reac'ﬂon mixture to column chromatography on silica gel-
(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 aéid amide-and the propenoic acid amide were dissolved in
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methyl isobhtyl ketone (MIBK) (40 ml). To this solution K2CO;3 (1.5 g) and spirofiso-
benzofuran-1(3H),4‘-pipéridine] (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}-
1°-ylJpropanoic 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

NaOH (1 mi) 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 mi) 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), 1.85 (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).

17

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 (dt,4 H), 2.45 (.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[spiro[isobenzofuran-1(3H),4'-piperidin}-1 “-yllethane 2¢, mp 152-153 °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,4H), 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
(CDClg) & 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 (4 4H), 7.15 (dd 4H).

' EXAMPLE 3 (method a)

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

To a solution of spiro[iSobén'zofuran-T(3H).4'—piperidine] (14g)in dichlororﬁethane

(160 ml) triethylamine (11 ml) was added. After cooling to 10°C a solution of
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chloroacetylchloride (8 ml) in dichloromethane (10 ml) was added dropwise during
20 minutes. The reaction mixiure was finally allowed to reach room temperature.
The mixture was subsequently filtered through silica gel (eluted with ethy! acetate/n-
heptane 60:40) affording 12 g of the a-chloroacetamide derivative. A mixture 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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remaining oil was subjected to column chromatography (eluted W|th heptane /
diethy! ether 80:20) affording 19 g of the t-butyloxycarbonyl spiropiperidine
derivative as a pure oil. Deprotection of the spiropiperidine was achieved by adding
it (14 ¢) cautiously to trifluoroacetic acld (75 ml) at room temperature. Excess
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
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 suspension of LiAlH4 (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-
pound 4a was purified by column chromatography on silica gel (eluted with ethyl
acetate / ethanol/ triethyl amine 90:10:4) and finally crystallized from ethy,l 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

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 cétaiyst was filtered -off and the soivent evaporated. The remaining oil was

dissolved in diluted aqueous. NH4OH (200 mi, pH > 9). The title compound 5a was
extracted wnth ethyl acetate and worked-up as above and finally crystallized from
ethyl acetate. Yield 1.6 g. Mp 113-115 °C. 'H NMR (CDCls) & 1.55-1.65 (m,8 H),

-195-210(m8H) 2.15 (t,4 H), 2.45 (broad s,4 H), 2.95 (.8 H), 7.10-7.30 (m,8 H).
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EXAMPLE 6 _
1,4-Bis[4-(4-fluorophenyl)-1,2,3,6-tetrahydropyridin-1 -yllbutane 6a

To a solution of piperidin-4-ethylene ketal (7 g) (commércially available) and
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 LIAIH4 (20 g) in dry THF (400 ml) a soiution of the
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
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. fce (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
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 q) in dry diethyl

ether was added dropwise during 40 minutes. The iemperature was finally allowed
to raise to 0 °C. The mixture was poured.onto ice (1.5 kg). To adjust pH <1 dil.

_ hydrochl,oricl-_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-fiuorophenyI)v4-hydroxypiperidin-1-yl]butan_e (10 g) was extracted with

30

ethyl acetate (2 x 50 ml) and .isolated as an oil. Water elim|nation 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 ml). Diluted aqueous NH4OH
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waé added to adjust pH >9 and the organic phase was separated and subséquent—
ly worked-up as above. The title compound 6a crystaliized from ethyl acetate. Yield
6.1 g. Mp 165-167 °C. 1H NMR (CDCh) & 1.65 {broad p,4 H), 2.45-2.55 (m,8 H),
2.75 (t,4 H), 3.15 (9,4 H), 6.00 (broad s,2 H), 7.00 (t,4 H), 7.35 (dd,4 H).

XA 7 {m
N.N-Bis[2-{4-(4-fluorophenyl)piperidin-1-yljethyljaniline 7a

To a solution of aniline (49 g) in ethanol (400 ml) sodium acetate (130 g) and ethyl
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
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 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 mi). The crude product (24

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), di{:yclohexylcarbodiimide (8.5 g), p-toluenesulphonic acid (150 mg) in

- 30

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
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 0.8 g. Mp 104-105 °C (crystallized from diethyl ether). TH NMR (CDCl) 8 1.75-

2.00 (,8 H), 220 (dt.4 H), 2.60 (1,4 H), 2.45-2.55 (.2 H), 3.15 (broad d.4 H),
3,55 (f,4 H), 6.70-6.80 (m,3 H), 705(t 4H), 7.20-7.30 (m,6H). |

In a corresponding way the following compound was prepared from
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3-(4-fluorophenyl)gIutaric_ acid dichloride and ‘spiro[isobenzofuran-1(3H),
4'-piperiding] :

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

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

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
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
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. |
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

~ evaporated twice with n-heptane in vacuo. To a cooled (10 °C) solution of spifofiso-

30

~‘temperature the diamide (2.9 g) was isolated by subjecting the crude reaction _' '

benzofuran-1(3H),4*piperidine] (2 g) and triethylamine (2.5 mi) in dichloromethane
{40 mi) was added dropwise a solution of the above obtained crude carboxylic acid
chloride (3 g) in dichloromethane (25 ml). After stirring for another hour at room

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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ed in Example 1. Yield 2.2 g. The difumarate salt of the title compound 8a crystal-
lized from ethanolacetone1:1. Mp 92-94 °C. 1H NMR (DMSO-ds) & 1.65 (d.4 H),
2,05 (dt.4 H), 2.65 (1,4 H), 2.85 (s,8 H), 3.05 (d,4 H), 5.00 (5,4 H), 6.60 (s.4 H), 7.20-

7,35 (m,8 H).

23

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

Bis[2~spiro[isobenzofukan-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 h at 50 °C the reaction mixture was poured
into ethyl acetate (200 ml) and diluted aqueous NH4OH (500 mi) (cooled with ice).'
The organic phase was separated and worked up as above. The crude product
was purified by column chromatogréphy on silica gel (eluted with ethyl acetate /
triethylamine 100:4). The title compund 9a crystallized by sfirring with diethyl 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[|sobenzofuran-1(3H) 4'-piperidine] (12 g) as an 0|I 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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piperidine] (6 g) in dry THF (25 mi). 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 correspondxn’ 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-
zofuran-1(3H),4'-piperidin]-1°-ylethyl spirofisobenzofuran-1{3H),4-piperidin]-1°-
ylearbonylmethyl 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
compound 10a. The dihydrochleride 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 5,2 H).

EXAMPLE 11 (method ¢)
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
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).

1 3-Bls[4-(4-ﬂuorophenyl)pnperidm -1-yl]-2-propanol 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.
lnorgamc salts were flltered off and the solution was subsequently refluxed for 3

" 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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1.2 g. Mp 79-80 °C. 1H NMR (CDCls) § 1.65-1.90 (m,8 H), 2.15 (dt,2 H), 2.35 (dt,2
H), 240 (d.4 H), 2.45-2,60 (m,2 H), 3.10 (t, 4 H), 3.95 (p,1 H), 6.95 (1.4 H), 7.15
(dd,4 H). '

EXAMPLE 13 (method ¢)
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
tempereture a solution of 1.3-gllchloroacetone (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 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).

PHARMACOLOGY

The compounds of the invention were tested by well recognized and reliable test
methods as follows. o

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!

guanldlne) to sigma receptors ln' homogenates or membranes from rat brain
without cerebellum is determmed in vitro as modified from Weber et al. Proc. Natl '
Acad. Sci. 1986 83 8784

Tissue preparatlons

Homogenate Rats (150-250 g) are decapitated and the brains (without cerebellum) :
qunckly removed and placed on ice, wexghed and homogenized in 100 vol ice-cold
(0 °C) '50 mM Tris-buffer (pH 7. 7) ln an ethanol rinsed glass/teflon homogenizer 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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rinsed gfass/efion homogenizer with 10 strokés up and down. The homogenate is
c_:entrifuged for 10 min at 900 x gm at 4- °C. The supernatant are decanted and
cenirifdged for 20 min at 50,000 gm at 4 °C. The resutting pellet is resuspended in
10 vol ice-cold 50 nM Tris-butfer (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-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
compound)}, or Tris-buffer), and 0.25 ml 6 x 2 nM 3H-DTG are mixed into & 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
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

20

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.

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% polyethylemmm (PEI) 100 ml dest. H2O is added to approx. 20 g S0%
PE( 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
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.

30

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
activity 62.3 Cifmmol. |

The known sigma receptor ligands BMY 14802 and rimcazole were included in the

test for comparizon purposes.
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Table |
34 DTG BINDING DATA
' Compound No. [Cso (M) Compound No. {Cso NM
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
1f ) 0.71 3a 1.5
19 0.44 3b 4.9
1th .20 4a . 4.0
1i | 45 5a | 3.
1j 19 6a - 0.31
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
1p ' 32 : 11a 9.7
19 40 122 2.4
1r- . 130 "13a 2500
_1s 0.04 BMY 14802 230
1t 0.38 Rimcazole 180

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. '

Furthetmore, the ability of the present compounds In inihibiting 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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J. Pharmacol. 1986, 725, 323.Additionally some of the compounds of the invention
were tested with respect to dopamine Dg-receptor binding activity according to van
der Welde et al, Eur. J. Pharmacol. 1987, 134, 211, with respect to serotonin 5-
HT4a receptor binding activity according to Hyttel et al. Drug Dev. fes., 1988. 15,
389-404, and with respect to serotonin 5-HT> receptor binding activity according to
Hyttel, Pharmacology & Toxicology, 1987, 61, 126-129. .

28

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.
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_.

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
the mixture 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
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 suitable ampules or vials. Any suitable additive conventiohally
- used in the art may be added, e.g. tonicity agents, preservatives, antioxidants, ete.

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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Comp. 1b 5.0 mg
Lactose -~ 60mg
Maize Starch _ 30 mg
Hydroxypropylcellulose . 24mg
Microcrystalline Cellulose 19.2 mg
Croscarmellose Sodium TypeA 24mg
Magnesium Stearate 0.84 mg

Tab_leis containing 1.0 mg of Compound 1e calcutated as the free base:

Comp.1e _ - 1.0mg
Lactose | 23.5 mg
Maize Starch - 46.9mg
Povidone 1.8 mg
. Microcrystalline Cellulose 14.4 mg

Croscarmellose Sodium Type A 1.8mg

- Magnesium stearate 0.63 mg

'Syrup containing per milliliter:

Comp. 1s - ' o 2.5 mg

' Sorbitol  500mg
Hydroxyethylceliulose 16 mg
Glycero! ' 50mg

" Methyl-paraben. 1'mg
. Propyl-paraben - - 0.1mg

Ethanol 0.005 mi
Flavour | | 0.05.mg
Sacchann Natnum . 0.5 mg

Water |  ad1ml
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4)  Solution for injection containing per milliliter:

Comp. 2b | 0.5 mg
5 Sorbitol . 51mg
Acetic acld, Glacial _ 0.08 mg

Water for injection ad 1 ml

-
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1. A novel dimeric 4-phenylipiperidine, 4-phenyl-1,2,3,6-tetrahydropyridine, or 4-
phenylpiperazine compound or a dimeric spirocychc piperidine compound having |

A

CLAIMS

s the general Formulal:

R! Z! Lo RS : RS 2! R! -
" | . \
R? - z2—Y Ne= (CHglq- X - (CHJ)n — N y—22 R2
R R R RS R R

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, trifluoromethylthio or trifluo romethylsulfonyloxy;

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

15 Xis O, §, SO, SOz, CO or (CHz)m, m bemg 0 or 1, Xis NR7, R7 being H, lower
aikyl, cycloalkyl, cycloélkyla!kyl, phenyl, or phenylalkyl, or X is CR8R?, wherein R
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,

| 25 CHzCHzS CH—CH CH=CHCHz, CH20CHz, CH2SCH3 CH=CH-O, or CH=

CH-S; and
22450, S, or (CHz)p. p bemg 0 or 1, with the proviso that Z' may not be O, S or

(CH2)q, wherein Gis 1 when Z2is (CHz)p wherein p is 0
oran acid addmon salt or prodrug thereof. -
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2. A compound according to Claim 1, characterized in that Z! and Y. are not |
linked together and Z2 is (CHz), where p=0. |

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.

5. A compound according to Claim 1, characterized in that X is (CHz)n, 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.

6. A compound according to Claim 1, characterized in that R2 - R4 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
being 1, 2 or 3, or Z1Is CHz0, (CH2)20, CH=CH, O, S or CH2S; 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

dsluents. preferably in unit dosage form contammg saxd compound in an amount of

about 0,.01 to 50 mg.
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10. Use of a dimeric 'piperidine, 1,2,3,6-tetrahydropyridine, or piperazine com-
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
A!zhemer type or Parkmson s dlsease

o e
-4

-,
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