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neurological disorders.

(54) Title: 1'-[4-{1- (4-FLUOROPHENYL)- 1H-INDOLE-3-YL] -1-BUTYL]-SPIRO [ISOBENZOFURAN- 1(3H),4'- PIPERIDINE]
HYDROHALOGENIDES

The present invention relates to a hydrohalogenide of 1°— [4-[1~ (4~fluorophenyl) —1H-indole~ 3-yl}-1- butyl]- spiro[isobenzofuran—
1(3H),4’—piperidine], pharmaceutical compositions containing the acid addition salts and the use thereof for the treatment of psychic and




- Evi dence has:=been:presented from studi es of the biology and function of
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Neur opsychiatry 1989, 1, 7) and a group of 5 sigma receptor |igands have
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addi tion | schem épt ey may al so be useful in the treatnent of other such
NVDA r ec ehéreof foe diettcatment @fipsychéc and repidlegissl disviderainvul si on. Al so, sone
sigma receptor |igands have been found to show anti-amesic effects in an
animal 15 nodel (Early et al., Brain Research 1991, 546, 281-286). Signa

| i gands i nfluence central acetylcholine |levels in animal
nodel s (:g%lcgﬁgﬁ(gﬁ&ggﬁ%g&%th esearch 1992, 575, 315-319; Junien et al,
Eur. J. Pharm 1991, 200, 343-345) and may therefore have potential in the
treat¥ent of senile dementia of the Al zheiner type. 20 Finally, sone
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which are considered useful for the treatment of a range of psychic and neurological disorders.
The structure activity relationship of these compounds has been further investigated by
Perregaard, J. et al., J. Med. Chem. 1995, 38, 11, p. 1998-2008.
15

One of the compounds herein, which is the subject of the present invention, has the general

formula

20
This compound was shown in Perregaard, J. et al,, J. Med. Chem. 1995, 38, 11, p. 1998-2008
to be a potent and sélectivc sigma ligand. Furthermore, the anxiolytic potential of the
compound was tested in the black/white exploration test in rats, which is an animal model
predictive for anxiolytic activity, and was found to be active over a large dose range.

25 .
Evidence has been presented from studies of the biology and function of sigma receptors that
sigma receptor ligands may be useful in the treatment of a range of psychic and neurological

disorders, including psychosis and movement disorders, such as dystonia and tardive



useful as anxiolytics (International Patent Publication No. W 9014067).
Accordi ngly, a conpound which acts potently on the sigma receptors in the
central nerV’fRu’!&""‘Z‘g:5 systemis believed.to be of potential usBCTRKSHE0480
treatment of anxiety, psychosis, epilepsy, convul sion, novenent disorders,
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(b « o A REPEREsds scbie kel o el Eldpifeclertd Moottt on o

sol i d phll,VJSfS?.eEHeil&ﬁ\wn&iﬁﬂ@fe%&ét&nﬁgma%aﬁéletcﬁﬂicﬁﬂaf sitiwsS Rt irPfhe tRatniin|

admnistration of a solid entity 1s the preferred and nost conveni ent
met hod ¢HpsychesesdSnydest 831, bargeit, B.InhArMawepsyciiairy 1988p1) @) and @ grbup lof

Co 5 ke b 5 s A s i s o
' I [4?[ I *ﬁ?ﬂa?%‘gﬁ%h%}&ﬁ“?ﬁ%@g@y‘w P?%zt‘?/’?]rmggpr o[ i sobenzof ur an-
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convulsion.

Also, some sigma receptor ligands have been found to show anti-amnesic effects in an animal
15 model (Early et al., Brain Research 1991, 546 , 281-286).

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 of the Alzheimer

type.
20

Finally, some guanidine derivatives having sigma receptor activity have been disclosed to be -
useful as anxiolytics (International Patent Publication No. WO 9014067).

Accordingly, a compound which acts potently on the sigma receptors in the central nervous
25 system is believed to be of potential use in the treatment of anxiety, psychosis, epilepsy,
convulsion, movement disorders, motor disturbances, amnesia, cerebrovascular diseases,

senile dementia of Alzheimer type and Parkinson’s disease.

The free base of 1’-[4-[1-(4-ﬂuorophenyl)—lH—indole-B-yl]-l-butyl]-spiro[isobenzomran-
30 1(3H),4’-piperidine] is an oil and as such not useful for the production of solid
pharmaceutical preparations, such as tablets or capsules. As oral administration of a solid
entity is the preferred and most convenient method for the administration of a

pharmaceutical, a solid form of the compound, suitably a pharmaceutically acceptable salt



rats and dogs have: indicated a limted bioavailablity of the furarate of
" -[4-[1-(4- uorophenyl ) -1 H-indol e-3-yl -1 -butyl]-spirotisobgiggh 480
(3R), 4' - pi perW&”?éﬁ‘&lS It has now, surprisingly, been found that t%ies%b
relative bioavailability of the hydrochl oride of :
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preferred enbodi nent of the invention the acid addition salt according to
the invention is the hydrochloride of 1

' - [ 4- [ 4- (Axiothesr opdidnyaddition i rsdlsl eef3- i [4-{14¢4rflnoiophenyl)-bHi-indolerd-yijti-butyl]-
(3H), 4" - pi perj.di nej . I n _anot her enpbodi nent of the inventjon rglates to
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saltsi1of the invention and the use of the salts for the preparation of

phar maceuti cal conpositions and the use thereof for the treatment of =
anxiety, gdweaueans solbility pEhoth the free base and the fumarate is very low, a property which is

known to possibly compromise the bioavailability of the drug. Furthermore, experiments in
rats and dogs have indicated a limited bioavailablity of the fumarate of 1°-[4-[1-(4-
fluorophenyl)-1H-indole-3-yl]-1-butyl]}-spirofisobenzofuran-1(3H),4’-piperidine].

15
It has now, surprisingly, been found that the relative bioavailability of the hydrochloride of
1’-[4-[1-(4-fluorophenyl)-1H-indole-3-yl]-1-butyl]-spiro[isobenzofuran-1(3H),4’-piperidine]
is three times larger than that of the fumarate salt.

20 The hydrochloride of the invention also have improved water solubility compared to the
fumarate of 1°-[4-[1-(4-fluorophenyl)-1H-indole-3-y1]-1-butyl]-spirofisobenzofuran-1(3H),4’
-piperidine].

The Invention

25
According to the present invention new hydrohalogenides of 1°-[4-[1-(4-fluorophenyl)-1H-
indole-3-yl1]-1-butyl}-spiro[isobenzofuran-1(3H),4 -piperidine] with improved bioavailability
has been provided.

30 In a particularly preferred embodiment of the invention the acid addition salt according to the
invention is the hydrochloride of 1°-[4-[1-(4-fluorophenyl)-1H-indole-3-yl}-1-butyl]-
spirofisobenzofuran-1(3H),4’-piperidine].
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out i n senilé dementipaif\Mdzieimer type and Patkinsonisfliseaseol vent such as an al cohol
(e.g. ethanol, 2-propanol and n-propanol). 25 According to the invention,
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well as solvents thereof.

15
The hydrohalogenides according to the invention may be obtained by treatment of 1°-{4-[1-
(4-fluorophenyl)- 1 H-indole-3-yl}-1-butyl}-spirofisobenzofuran-1(3H),4 piperidine] with
hydrochloric, hydrobromic or hydroiodic acid in an inert solvent followed by precipitation,
isolation and optionally recrystallization by known methods and if desired micronisation of
20 the crystalline product by wet or dry milling or another convenient process, or preparation of

particles from a solvent-emulsification process.

Precipitation of the hydrohalogenide addition salt is preferably carried out in an inert solvent,
e.g. an inert polar solvent such as an alcohol (e.g. ethanol, 2-propanol and n-propanol).
25
According to the invention, hydrohalogenides of 1°-{4-[1-(4-fluorophenyl)-1H-indole-3-yl}-
1-butyl]-spiro[isobenzofuréh—l(3H),4’-piperidine] may be administered in any suitable way
e.g. orally or parenterally, and the salt may be presented in any suitable form for such
administration, e.g. in the form of tablets, capsules, powders, syrups or solutions or
30 dispersions for injection. Preferably, and in accordance with the purpose of the present
invention, the salt of the invention is administered in the form of a solid pharmaceutical

entity, suitably as a tablet or a capsule.



Met hods for the preparation of solid pharmaceutical preparations are well
known in the art. Tablets may thus be prepared by m xing the 8/00480
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+ 1 (3H), 4" -pi peridine] can be prepared as described in Perregaard, J. et al.
; J. Med. Chem 1995, 38, 11, p. 1998-2008 (conmpound 14f). 20 Exanule 1 1
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(3B) 4' - piperidine], fumarate (69 g) was suspended in water (350 ml) and
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The invention will be illustrated in the following examples. The examples may not be

15  construed as limiting.

The fumarate of 1’-[4-[1-(4-fluorophenyl)-1H-indole-3-yl}-1-butyl]-spirofisobenzofuran-
1(3H),4’-piperidine] can be prepared as described in Perregaard, J. et al, J. Med. Chem.

1995, 38, 11, p. 1998-2008 (compound 14f).
20

Example 1
1°-{4-[1-(4-fluorophenyl)-1H-indole-3-y1]-1-butyl]-spiro[isobenzofuran-1(3H),4’-piperidine]

25  1’-[4-[1-(4-fluorophenyl)-1 H-indole-3-yl}-1-butyl]-spiro[isobenzofuran-1(3H),4’-
piperidine], fumarate (69 g) was suspended in water (350 ml) and ethylacetate (350 ml). The
mixture was made alkaline (pH 10-12) by the addition of concentrated aqueous sodium
hydroxide and stirred until all solids were dissolved. The aqueous layer was extracted with
ethylacetate (2x 100 ml) and the combined organic extracts were dried over sodium sulphate

30  and evaporated in vacuo.



et hyl acetate (2x 100 m) and the conbi ned organic extracts were drjed over
sodlunrsulphate 30 and evaporated in vacua. Exanple 2 1

-[4- 1- (4-MOU9R44¥6enyl ) - | H-i ndol e- 3- yI] 1- but yl ] - spi r ol i sobRGEBKIHUMSN ( 3H)
4 - piperidine], hydrochloride 5 1

-[4-]1-(4- quorophenyI) 1Hi ndol e- 3- yI]-1-butyI]-sp|ro[rsobenzofuran-l(SFD
,4'-pipEﬁEnuﬂml (10.3 g) and 2-propanole (100 m ) were heated to refl ux.
The solution was allowed to cool to 45 'C. Aqueous hydrochloric acid (2.2
m, 369 was added dropw se and a precipitate of the title conpound was

f or med. @P{galsn R to 10
anbi ent tgﬁngetﬁgﬁé}éb uspe?rflg Olﬁ&%é:%frg@&’b% ce f]'lt(?{ig ed off and
dried. pipetidine], Bydroghlofidé) . The salt is a nono salt and according to our
i nvestigations an anhydrate. KF: 0.51% HPLC 100.8% DSC (onset/ peak, .)

222.%5[err] C /223. 8| err] C. CHN (cal cul ated/ neasured): C. 73.38173.13; H
6 57/ 6.
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heat ed g‘ntllfe‘d’he 0|I vvas di ssol ved. Aqueous_hydrobrgogmc acid (2.5 m, 47 %
HBr) wa mpoyBdives farmeeds The suspphsion wagheaterktorreflig apd alloweritogool tor med.

Mor gy 2- Meﬁper@ngéﬁaa? &n@@%@ﬁ&&&%&%&e@&g Qﬁtéemffagz dried! 5\;@% 1g§'ged

to the suspens He SUSpPENnsi on was coo I ce an
(90%). The salt is a mono salt and according to our investigations an anhydrate.

KF: 0.51%; HPLC 100.8%; DSC (onset/peak,,,) 222.5°C /223.8°C.
CHN (calculated/measured): C: 73.38/73.13; H: 6.57/6.56; N: 5.70/5.80.

4

15 Example3

1°-[4-[1-(4-fluorophenyl)-1H-indole-3-y1]-1-butyl]-spiro[isobenzofuran-1(3H),4’-piperidine]
hydrobromide

20  1’-[4-[1-(4-fluorophenyl)-1H-indole-3-yl]-1-butyl]-spiro[isobenzofuran-1(3H),4’-piperidine]
(1.05 g, oil) and 2-propanole (10 ml) was stirred and heated until the oil was dissolved.
Aqueous hydrobromic acid (2.5 ml, 47 % HBr) was added dropwise and a precipitate of the
title compound was formed. More 2-propanole (5 ml) and hydrobromic acid (2.5 ml, 47 %
HBr) was added to the suspension. The suspension was cooled on ice and the precipitate

25 was filtered off and dried. |

Example 4

30 1’-[4-[1-(4-fluorophenyl)-1 H-indole-3-yl}-1-butyl]-spirofisobenzofuran-1(3H),4’-piperidine]
hydroiodide



25 was filtered aff and dried. Exarrple 4 30

-[4-[21-(4-f]l uorophenyl)-1 Hindol e-3 yI]-I-butyI]-spiro[isobmﬂgm§d38
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-[4-[1-(4- quorophenyI)-II—I-lndoIe 3- yI]-I

2" or opanbh U fsmopben b Hrdpld v RSl SifobaneSao-SLaebf Herridinel

Aqueous gys'g mﬁggg?@%ggm@b sk WS naMelP el OB Sas WoRGESt 3l S Of

the titl re 2-propanole (10 nl) and hydrobronic
acid (4 mque&% Hydrbjodf acid g1 adjesy Yo HIjevas Laided sirapwisd aed serystals sofothevtitle
cooled on ice and the precipitate vvas filtered nd drie

Bi oavai | gempeund was,frmed. Merecd-prepenolp (K0 mihand gﬂﬁ‘&ﬁ%"@ﬁ“ﬁ@a@%ﬂi D t he

]? : Sg\r/g ;)Lgr%:a}ﬁwq #&2?@%8&5'1 fl'hé‘ Eu{pip%xlné ora o %Ih %%ﬁ zl)jnrd ’theI precipitate was

- (3H), 4" - piRRd Jif ARl dried@s 1 nvestigated as descrl bed in the follow ng study:
Two groups, each consisting of four Beagle dogs (2 nmales and 2 fenal es)
were used in the 15 study. The dogs in the individual groups were given

single dai.ly do %s of 10 ng/kg/day (cal cul ated as free base) of the
' fumrategﬂéﬂﬁg'—lﬂi&@hl oride of 1 '-[4-[1-(4-fluorophenyl)-IHindole-3-
yl]-1-butyl]-spiro[isobenzofuran-1(31),4'-piperidine] for seven days. 20
Bl ood sanples for serum preparation were drawn fromthe test animals
speciidi c Aftarinmadtiple administration in Beagle dogs, the bioavailability of the salts of 1’-[4-[1- (4—
fluorophenyl)-1H-indole-3-yl]-1-butyl]-spirofisobenzofuran-1(3H),4’-piperidine] was

investigated as described in the following study:

Two groups, each consisting of four Beagle dogs (2 males and 2 females) were used in the

15  study.

The dogs in the individual groups were given single daily doses of 10 mg/kg/day (calculated
as free base) of the fumarate and the hydrochloride of 1°-[4-[1-(4-flucrophenyl)-1H-indole-3-
yl]-1-butyl]-spiro[isobenzofuran-1(3H),4’-piperidine] for seven days.

20
Blood samples for serum preparation were drawn from the test animals at specific nominal

time points before and after dosing on each day and analyzed using HPLC.
Test Animals

25  Four male and four female purpose-bred Beagle dogs all from Interfauna, Ltd., Huntingdon,
UK were allocated at random in pairs to one of the two study groups.

At the start of the treatment, the dogs were approximately 12 - 38 months old and
weighed 9.8 - 13.0kg.
30



time points before and after dosing on each day and anal yzed, usi ng HPLC.
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ore, 1, , and 12 hours af osing. Day 2 - 6:
Before and 3 hours after dosing.
Dosing

The test animals were dosed once daily between 08:00 and 09:00 (24-hour clock) for 7 days.
10

Blood Sampling and Serum Preparation

Blood samples (approx. 3 ml) for serum preparation were drawn from the jugular vein of the
test animals at the following nominal time points before and after dosing on each day:
15
Day 1: Before, 1, 2, 3, 4, 6, 8 and 12 hours after dosing.
Day2-6: Before and 3 hours after dosing.
Day 7: Before, 1, 2, 3, 4, 6, 8, 12, 24, 48, 72 and 96 hours after dosing.

20  The time points above corresponds to: before, 1, 2, 3, 4, 6, 8, 12, 24, 27, 48, 51, 72, 75, 96,
99, 120, 123, 144, 145, 146, 147, 148, 150, 152, 156, 168, 192, 216 and 240 hours after the
first dosing on day 1.

The exact blood sampling times for each dog relative to the first dose were recorded.

25  Blood samples were allowed to clot at room temperature for 30 - 90 minutes after sampling.
The clotted samples were centrifuged at 1000 g for 15 minutes and separated serum

transferred to clean test tubes. Serum samples were stored at approx. -20 °C until analysis.

Drug Assay

30  The serum samples obtained were analysed for content of 1°-[4-[1-(4-fluorophenyl)-1H-
indole-3-yl}-1-butyl]-spirofisobenzofuran-1(3H),4’-piperidine] by a pseudo-normal phase-
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30 The serum sanpl es obtai ned were anal ysed for content of 1
' - [ 4- [ 1- (bmtyl]spirolisebanzofurant1(3H),4’-piperidine] using the following reference substances,
i ndol e-3-yl]-1-butyl]-spirofisohenzofuran-.1¢(3H) 6 4'-pj i di Qe a
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"-[4-[1-(4-fluorophenyl)-1Hindole-3-yl]-1I-
butyl]-spirol 5-fl uoro-i sobenzofuran- |1(3H), 4" -piperidine] was used as
i nt er nal Referetae sibstapcesm sanpl es were anal ysed for content of
I'-[4-[I-{,4-fl uor ophenyl ) - | H-i_nd(i)l e-3-yl]-1- . ,

f rilsdrbicrertiens-17 dp! eﬁﬂ&%&\l‘iygrﬁeg})[w%heﬁgofilmh 16ding
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cPRBAEREY Bty

chromat o tret hod. Reference substances 1

" - [ 4-{ol- (f=f4-pomomitopenyl) HHA-HdlL3-31V1 -Lm%'gtv[@irh[ﬂ-ﬂﬁ&io'li%ﬁeiﬁbﬂﬁﬁﬁfll@ﬁnzt’l
(3B),4"- piperidine], fumarate, 10 1'-[4-
1- (4- f | uopipgttiding) JSTP),i ndol e- 3-yl ] - 1-but yl ] - spi ro[ 5-f | uor o-i sobenzo-furan-1

(3K, 4" Pj-g%lilecrixiyﬂ?-]pexgtl}’ﬁ:r[I%}fO[isobenzo-ﬁxran-1(31'1),4"Piperidine] (stabilising agent).

Extraction procedure _ _
15  Ethanol (50 pl), 100 pl 2 N NaOH and 4.0 ml n-heptane containing 1% isobutanol was

added to serum samples of 500 pl. The samples were shaken for 15 minutes, centrifuged for
5 minutes at approximately 2000 g and then frozen in an ethanol / dry ice bath. The organic
phase was transferred to a clean test tube and evaporated under nitrogen (N,) at 40 °C. The
residue was dissolved in 150 pl mobile phase for HPLC (se below) and 75 pl analysed by

20 HPLC.
HPLC method
Column: HP Hypersil (100 x 4.6 mm LD., 5 pm particles)
25  Column temperature: 35°C
Mobile phase composition: Acetonitrile : 0.25 M Ammonium acetate (98:2 v/v)
Mobile phase flow: 1.0 ml/min
Detection: Fluorescence (Excitation: 257 nm, Emission: 380
nm)
30 Injection volume: 75 ul

Runtime: 14 min



| ' -[5-phenyl -1 -pentyl]-spiro[isobenzo-furan-1(3H), 4'-pi peridine]
(stabilising agent). Extraction procedure 15 Et hanol (50 [er%{&, 100
[err]] 2 NYVNOQO2488 4.0 m n-heptane containing 1% i sobut and®C UMY t o
serum sanpl es of 500 [err]d The sanpl e were shaken for 15 ni nut es,
centrifuged for 5 mnutes at approximately 2000 g and then frozen in an
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HPLC. HPLC net hod Col umm: _EA T (A Fhrc Hi2y 2R S X 4.6 mMm
co urth TéeHlé yemoabenst) T BUBESS)L1 A

|.D., 5 pmparticles) 25 C Mobile
phase conposition: Acet oni t gpitof5-fllordisoberyofiran-1 (B R4t siperidiRé 2 v/ V)
Mobi | e phase fl ow 1.0 m/mn Detection:

Fl uot escence (Excitation: 257 nn{ISEM:ss$.8Min380 nm) 30 | njection vol ume:
75 [err]l Runtine: 14 mn Retention tine:
1'-[4-[1-(4-fluorophenyl)-1Hindol-3-yl]-1 -butyl]-

spiro[i sobenzofuran-1(3H,4' -piperidine]: - 9.7 mn, 1

'-[4-[1-(4-fluorophenyl)-1Hindol-3-yl]-1-butyl]-
spi r o[ SAllisemnvsasugiieswere analysetl ag 3igleddeterinmmatiods.nel 5
(ISTD): - 6.5 nin.
10 The limit of quantification was 2 ng per sample for 1°-[4-[1-(4-fluorophenyl)-1H-indole-3-
yl]-1-butyl]-spiro[isobenzofuran-1(3H),4’-piperidine] corresponding to 8.80 nmol/l serum

using 500 pl serum for analysis.

Calibration samples for calculation of serum concentrations of 1°-[4-[1-(4-fluorophenyl)-1H-
15  indole-3-yl]-1-butyl]-spiro[isobenzofuran-1(3H),4’-piperidine] were prepared and analysed

on each day of analysis from control dog serum spiked with known amounts of 1°-[4-[1-(4-

fluorophenyl)-1H-indole-3-yl]-1-butyl]-spirofisobenzofuran-1(3H),4 -piperidine] in the

range 0 - 500 ng of each compound per sample.

20  Quality control (QC) samples were prepared and analysed on each day of analysis from
control dog serum spiked with known amounts (1, 50 or 400 ng per sample) of 1’-[4-[1-(4-
fluorophenyl)-1H-indole-3-yl]-1-butyl]-spiro[isobenzofuran-1(3H),4’-piperidine.

Calculation

25
Serum concentrations of 1 ’-[4-[1-(4-ﬂuorophenyl)-lH-indole—3-yl]—1-butyl]-spiro[isobenzo—
furan-1(3H),4’-piperidine] (ng/ml and nmol/l) were calculated from the actual amounts (ng)

found by analysis and the serum volume used for analysis.

30 The area under the serum concentration versus time curve from time zero to 24 hours after

dosing on day 7 (AUC,,,,) was calculated by the linear trapezoidal rule.
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1H-indole-3-y1]-1-butyl]-spiro[isobenzofuran-1(3H),4’-piperidine] after oral administration.
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phar maceut i d)aﬂra@m;déslatsobmaihmoﬂl ng to claim3 wherein the hydrohal ogeni de
is the hydrochloride. 15 5. A nmethod for the treatnent of anxiety,
psychosi s, epil epsy, convulsion, novenent

10 3. A pharmaceutical cdmposition comprising a hydrohalogenide according to claim 1

together with at least one pharmaceutically acceptable carrier or diluent.

4, A pharmaceutical composition according to claim 3 wherein the hydrohalogenide is
the hydrochloride.
15
5. A method for the treatment of anxiety, psychosis, epilepsy, convulsion, movement
disorders, motor disturbeances, amnesia, cerebrovascular diseases, senile dementia of
Alzheimer type and Parkinson’s disease, comprising administering a therapeutically
effective amount of a hydrohalogenide according to claim 1 to a subject suffering

20 from such a disorder.
6. The method according to claim 5 wherein anxiety is treated.

7. A method according to claims 5 to 6 wherein the hydrohalogenide used is the
25 hydrochloride.

8. The use of a hydrohalogenide according to claim 1 for the preparation of a
pharmaceutical composition for the treatment of anxiety, psychosis, epilepsy,
convulsion, movement disorders, motor disturbances, amnesia, cerebrovascular

30 diseases, senile dementia of Alzheimer type or Parkinson's disease.

9. The use according to claim 8 wherein the disease is anxiety.
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