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e hydrogen, C;-C,4 alkoxy, C;-C, alkylthio, C;-C, alkyl, CHO, CH=NOH,CH,OH. The formula (I) compounds are endowed with
characteristic atypical anti-psychotic activity, and are therefore useful as medicaments, in particular for the treatment and prevention
of schizophrenia, paranoid states, manic-depressive states, disorders of the affective sphere, social regression, personality regression,
g and hallucinations. Said compounds also present advantageous pharmacokinetic properties.
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Dealkylated derivatives of pyrrolo[2,1-blbenzothiazepines with atypi-
cal antipsychotic activity

Field of the invention

The present invention relates to derivatives of pyrrolo[2,1-
b]benzothiazepines with atypical antipsychotic activity, characterised
by a good pharmacokinetic profile. The present invention also relates
to procedures for the preparation of said compounds, their use as me-
dicaments, in particular as atypical anti-psychotics and to pharmaceu-
tical compositions containing them.

Background to the invention

The atypical antipsychotics constitute an important class of drugs for
the treatment and prevention of psychotic disorders.

Such drugs were proposed as a means for overcoming the problems
arising with the use of antipsychotics of the previous generation,
namely, the typical antipsychotics, associated with major and severe
side effects.

An example of an atypical antipsychotic agent with a favourable
therapeutic application is to be found in the class of polycondensed
heterocycles with a pyrrolo[2,1-b]benzothiazepine structure described
in the international patent applications WO 00/06579 and WO
02/10175, both filed in the name of the present applicant. The first of
these applications describes compounds in which, in the thiazepine
ring, the bond between carbons 9 and 10 is saturated; conversely, in
the second application said bond is unsaturated, and this latter class of
compounds is also generically called "enamines". Both classes of com-
pounds have in common, at position 9, a group that can be selected
from C;-Cs4 dialkylamine, 4-alkyl-1-piperazinyl, 4-hydroxyalkyl-1-
piperazinyl, 4-alkyl-1-piperidinyl, and 4-alkyl-1-homopiperazinyl. Par-
ticularly preferred are compounds bearing, at position 9, one of the
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groups 4-alkyl-1-piperazinyl, 4-hydroxyalkyl-1-piperazinyl, 4-alkyl-1-
piperidinyl, 4-alkyl-1-homopiperazinyl, all commonly characterised by
an alkyl group at position 4 of the heterocyclic ring.

In particular, the compound (S)(+) 7-chloro-9-(4-methylpiperazin-1-yl)-
9,10-dihydropyrrolo[2,1-b][1,3]benzothiazepine, described in patent
application WO 00/06579 and hereinafter referred to for short as
ST1460, has demonstrated atypical antipsychotic properties compara-
ble with those of the clinical reference compounds (clozapine and olan-
zapine) and is associated with lower risks of occurrence of extrapyra-
midal and/or neuroendocrine effects, characteristic of the typical anti-
psychotics.

The compound 9-(4-methylpiperazin-1-yl)-pyrrolo[2,1-b]-[1,3]benzo-
thiazepine, described in patent application WO 02/10175 and hereinaf-
ter referred to in short as ST1899, also presents favourable pharma-
cological characteristics and affords the advantage, compared to the
preceding compound, of greater activity and greater simplicity of syn-
thesis.

Though endowed with a satisfactory pharmacological profile, the com-
pounds described in the above-mentioned patent applications present
kinetics calling for some improvement, in that they are characterised
by rapid clearance. It is therefore desirable to have compounds with a
similar, if not better, pharmacological profile, but most certainly with
an improved pharmacokinetic profile.

Summary of the invention

The main object of the present invention is to provide compounds
bearing, at position 9, a group selected from 1-piperazinyl or 1-
homopiperazinyl, or 1-piperidinyl, that is to say, the dealkylated ana-
logues described in the above-mentioned patent applications, which
are endowed with favourable pharmacological activity as atypical an-



WO 2005/108403 PCT/IT2005/000246

tipsychotics and are also characterised by an advantageous pharmaco-
kinetic profile.

A further object of the present invention consists in methods for the
preparation of said compounds.

A further object of the present invention consists in the use of said
compounds as medicaments, particularly for the preparation of phar-
maceutical compositions useful for the treatment and prevention of
psychotic, psychiatric and neurological disorders, particularly disor-
ders related to increased activity of the mesolimbic dopaminergic
pathway and/or to mesocortical dopaminergic hypofunctionality, such
as, for example, schizophrenia in its positive and negative symptoms,
paranoid states, manic-depressive states, disorders of the affective
sphere, social regression, personality regression, and hallucinations.
Said compounds are characterised by atypical antipsychotic activity.

A further object of the present invention consists in pharmaceutical
compositions containing at least one compound according to the inven-
tion in a mixture with pharmaceutically acceptable vehicles and/or ex-

cipients.

The invention will now be described in detail, also with the aid of Ex-
amples and Figures.

Detailed description of the invention

The compounds according to the present invention are described by the
following formula (I)
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where:

A is CH-CH2 or C=CH;

R is hydrogen, halogen, Ci-C4 alkoxy, C;-C4 alkylthio, C1-C4 al-
kyl, Cs-Cs cycloalkyl;

Ri is 1-piperazinyl, 1-homopiperazinyl and 1-piperidinyl;

Rz is hydrogen, Ci-C4 alkoxy, C1-Cy4 alkylthio, Ci-C4 alkyl, CHO,
CH=NOH, CH20H;

provided that when R is Cl, A is not C=CH

their single optical isomers, mixtures thereof and their pharma-
ceutically acceptable salts.

In the case of formula (I) compounds with the saturated thiazepine
ring at positions 9 and 10, position 9 is characterised by a chiral cen-
tre. The present invention comprises compounds both as racemic mix-

tures and separately as single isomers (R) and (S).

In formula (I), R represents preferably bromine, chlorine (except when
A is C=CH), fluorine or hydrogen, more preferably hydrogen, chlorine
or fluorine; R is preferably the piperazin-1-yl group and Rz is prefera-
bly hydrogen.

Preferred compounds according to the present invention are:
(+)9-(piperazin-1-y1)-9,10-dihydropyrrolo[2,1-b][1,3]benzothiazepine;
(-)9-(piperazin-1-yl)-9,10-dihydropyrrolo[2,1-b][1,3]benzothiazepine;
(3)-7-chloro-9-(piperazin-1-yl)-9,10-dihydropyrrolo[2,1-b][1,3]-
benzothiazepine (ST2087);
(S)-7-chloro-9-(piperazin-1-yl)-9,10-dihydropyrrolo[2,1-b][1,3]-
benzothiazepine (ST2432);
(R)-7-chloro-9-(piperazin-1-yl)-9,10-dihydropyrrolo[2,1b]}[1,3]-
benzothiazepine;
(+)-7-fluoro-9-(piperazin-1-yl)-9,10dihydropyrrolo[2,1b][1,3]-
benzothiazepine;
9-(piperazin-1-yl)-pyrrolo[2,1-b][1,3]benzothiazepine (ST2472);
7-fluoro-9-(piperazin-1-yl)-pyrrolo[2,1-b][1,3]benzothiazepine;
1-methyl-9-(piperazin-1-yl)-pyrrolo[2,1-b][1,3]benzothiazepine.
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A further subject of the present invention consists in procedures for
the preparation of formula (I) compounds. In a first embodiment of the
invention, the procedure consists of the following stages:

a) treatment of the corresponding 4-alkyl-(homo)piperazin-1-yl-
pyrrolo[2,1-b]benzothiazepine or 4-alkyl-piperidin-1-yl-pyrrolo-[2,1-
b]benzothiazepine or 4-alkyl-(homo)piperazin-1-yl-dihydropyrrolo-[2,1-
b]benzothiazepine or  4-alkyl-piperidin-1-yl-dihydropyrrolo[2,1-b]-
benzothiazepine, with the desired alkyl-chloroformiate to give the cor-
responding amide of the nitrogen atom at position 4 of the
(homo)piperazine or piperidine ring;

b) subsequent hydrolysis of the amide thus obtained, releasing said ni-
trogen atom;

¢) possible salification of the compound obtained in stage b).

Alternatively, the formula (I) compounds can be prepared with the
procedure comprising the following stages:

a) treatment of the corresponding ketones at position 9, obtained as
described in patent application WO 00/06579 with p-toluenesulphonic
acid and piperazine hexahydrate, so as to yield the corresponding en-
amines;

b) subsequent reduction of the corresponding enamines with hydrides
in acetic acid, to yield the corresponding saturated pro-ducts;

¢) possible salification of the compound obtained in stage b).

The compounds according to the present invention are easily prepared
starting from those described in the above-mentioned patent applica-
tions, that is to say, from the corresponding ketones, the synthesis of
which is described in patent application WO 00/06579. Once the pre-
‘cursor has been prepared, it is treated according to the procedures of
the invention, as illustrated in the following schemes, with examples
given for a number of preferred products, but easily generalisable to all
formula (I) compounds thanks to the normal general knowledge avail-
able to the technician of average experience in the sector.
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Scheme 1

H,C O§(\ CH, H
\ \
C3 ’ )
N

) )

_ . R=Cl, R2=H, A=CHCH,
R=Cl,R2=H,A=CHCH, ST 1460 {(dihydrochloride ST 2432)

R=H,R2=HA=C=CH  ST1899 R=H, R2=H, A=C=CH ST 2472

The precursor (e.g. ST1460 or ST1899) is treated with an alkyl- -
chloroformiate, for example, ethyl-chloroformiate, so as to yield the
corresponding amide of the nitrogen atom at position 4 of the pipera-
zine ring. The subsequent hydrolysis of the amide thus obtained re-
leases said nitrogen atom. The compound thus obtained can possibly
be salified with entirely conventional methods in the art.

Scheme 2

S S
R=H,CI R=H ST 2472 R=Cl ST 2087
R=Cl R=Cl ST 2516 (acetate ST 2516)

The ketone synthesised as described in patent application WO
00/06579 is treated with p-toluenesulphonic acid and piperazine, so as
to yield the corresponding enamine. The sub-sequent reduction with
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hydrides in acetic acid yields the corresponding hydrogenated prod-
ucts.

The separation of the single enantiomeric forms can be obtained ac-
cording to the normal methods with which the expert in the sector is
familiar, for example, as described in WO 00/06579.

A further subject of the present invention consists in pharmaceutical
compositions containing at least one formula (I) compound in a mix-
ture with pharmaceutically acceptable excipients and/or vehicles and
possibly additional active ingredients useful in the treatment and pre-
vention of psychoses, to be used in combination therapy.

For a detailed description of the pharmaceutical compositions, explicit
reference is made to patent applications WO 00/06579 and WO
02/10175, particularly with regard to combinations with other active
ingredients useful for the treatment and prevention of psychoses.

The compounds according to the present invention are endowed with
pronounced antipsychotic activity and possess a pharmacological pro-
file characteristic of the atypical anti-psychotics, as demonstrated by
the pharmacological assays carried out as described in WO 00/06579
and WO 02/10175, and therefore are useful for the preparation of a
medicament for the treatment and prevention of acute and chronic
psychotic disorders.

Examples of acute and chronic psychotic disorders which can be
treated with the compounds according to the present invention are
schizophrenia, paranoid states, manic-depressive states, disorders of
the affective sphere, social regression, personality regression, halluci-
nations, appetite disorders (such as anorexia) and related disorders.
Further indications may include analgesia/anaesthesia, neuroleptic
anaesthesia, anxiety manifestations in the elderly, and extrapyramidal
disorders.
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In the particular case of the formula (I) compounds in which the bond
between the carbon atoms 9 and 10 is single and R is hydrogen, fluo-
rine, or bromine, these are useful for the preparation of a medicament
for the treatment of the negative symptoms of schizophrenia involving
the emotional and cognitive spheres, particularly when said negative
symptoms take the form of dementia.

In the particular case of the formula (I) compounds in which the bond
between the carbon atoms 9 and 10 is unsaturated, these are useful for
the preparation of a medicament for the treatment of conditions of hy-
peractivation of the dopaminergic neurotrans-mission, particularly
when this affects the mesolimbic pathway, and/or of conditions of
mesocortical dopaminergic hypofunctionality. For example, said condi-
tions take the form of schizophrenia in its positive and negative symp-
toms.

The formula (I) compounds in which the bond between the carbon at-
oms 9 and 10 is unsaturated are also indicated for the preparation of a
medicament useful for the treatment and prevention of paranoid
states, manic-depressive states, disorders of the affective sphere, social
regression, personality regression, hallucinations or cognitive dysfunc-
tions.

The formula (I) compounds can be administered over a dosage range
that may vary as a rule from 1 to 200 mg/die according to the severity
of the disease to be treated and its acute or chronic component. Doses
beyond the range indicated can be used, however, as decided by the
primary care physician..

The compounds according to the present invention are characterised
by a favourable pharmacokinetic profile.

The following examples further illustrate the invention.
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Description of the Figures

Figure 1: Metabolic profile obtained for ST1899 in rat and mouse
microsomes at 120 minutes in comparison to the basal. Results of the
HPLC analysis of the supernatants after incubation with the hepatic

microsomes.

Figure 2: Metabolic profile obtained for ST1899 monkey microsomes
at 120 minutes in comparison to the basal. Results of the HPLC analy-
sis of the supernatants after incubation with the hepatic microsomes

Figure 3: Metabolic profile obtained for ST2472 in rat and mouse
microsomes at 120 minutes in comparison to the basal. Results of the
HPLC analysis of the supernatants after incubation with the hepatic
microsomes

Figure 4: Metabolic profile obtained for ST2472 in monkey micro-
somes at 120 minutes in comparison to the basal. Results of the HPLC
analysis of the supernatants after incubation with the hepatic micro-
somes.

Examples

Example 1 (Scheme 1)
a) Ethvl-4-(7-chloro-9,10-dihydropyrrolo-[2,1-b][1,3]-benzo-thiazepin-9-
yl)-1-piperazine-carboxylate

ST1460 (mg 340, 1.02 mmol), 1,2-dichloroethane (3 mL), 10 mL of
ethyl-chloroformiate and 150 mg of dimethylaminopyridine) were
placed in a double-neck 50 mL anhydroué flask equipped with a reflux
condenser with calcium chloride cap and thermo-meter. The mixture
was maintained under stirring at reflux temperature for three hours.

The reaction mixture was then cooled to room temperature, diluted
with methylene chloride (50 mL) and washed with water until neutral
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pH was obtained (3 x 50 mL). The methylene solution, anhydrified on
sodium sulphate and after evaporation of the solvent, yielded an oil
(400 mg) which was purified by chromatography on silica gel (solvent:
hexane-ethyl acetate 80:20). 280 mg of the title product were obtained
(vield: 70%).

TLC: petroleum ether [40-70]/AcOEt (80:20); Rf: 0.70.

HPLC: LiChrosorb RP-18 (5 pm); water/acetonitrile (40:60); 0.8
ml/min; U.V. A = MaxAbs; Rt 25.78 min corresponding to the title
product.

IH-NMR [CDCl3]: structure within the given range.

13C-NMR [CDCl3]: structure within the given range.

b)1-[(9S)-7-chloro-9,10-dihydropyrrolo[2,1-b][1,3]benzothiazepin-9-
yl]piperazinium dichloride (ST2432)

The product obtained in the previous stage (mg 280; 0.715 mmol), n-
butanol (5 mL) and potassium hydroxide (mg 400; 7.0 mmol) were
placed in a double-neck 50 mL anhydrous flask equipped with a reflux
condenser with calcium chloride cap and thermometer. The mixture
was stirred at reflux temperature for one hour. Removal of the solvent
at reduced pressure yielded an oil which, when purified by chromatog-
raphy on silica gel (ethyl acetate/methanol gradient: 8:2/6:4), yielded
186 mg of product (yield: 81.3%) which was subsequently chlorhy-
drated to obtain the title compound.

TLC: methanol/AcOEt/EtsN (1:1 + 0.5 cc); Rf: 0.15.

HPLC: LiChrosorb RP-18 (5 um); water/acetonitrile (40:60); 0.8
mL/min; U.V. A = MaxAbs; Rt: 25.78 min.

1H NMR (CDCls) 6 7.51 (d,1H, J = 2.4 Hz), 7.30 (d, 1H, J=8.5 Hz), 7.06
(dd, 1H, J = 8.5, 2.4 Hz), 6.86 (m, 1H), 6.29 (m, 1H), 6.05 (m, 1H), 4.71
(dd, 1H, J = 14.0, 8.6 Hz), 4.45 (dd, 1H, J = 14.0, 3.4 Hz), 3.95 (dd, 1H,
J = 8.6, 3.4 Hz), 2.61-2.25 (m, 8H).
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Example 2 (Scheme 2)
a) 9-Piperazin-1-yl-pyrrolo[2.1-b}[1,3]benzothiazepine (ST2472)

190 mg (0.88 mmol) of pyrrolo[2,1-b]benzothiazepin-9(10H)-one, 5.13 g
of piperazine hexahydrate (0.026 mol) and 4.53 g (0.024 mol) of p-
toluenesulphonic acid were reacted under stirring in a flask. The reac-
tion mixture was heated to a temperature of 180°C and left to react for
7 hours. The gelatinous mass obtained was dissolved in ethyl acetate
and the organic phase was washed three times with water, and then
dried on anhydrous sodium sulphate and evaporated. 150 mg of prod-

uct were obtained which were purified on silica gel, eluting with
AcOEt/MeOH 1:1.

43 mg of an oil were obtained

Yield = 17.2%

TLC: AcOEt/MeOH/NH3 (1:1:0.3 ml) Rf = 0.4 ‘
HPLC: LunaCN (5 pm); water/CH3COONH4 (25:75); 1.0 mL/min; U.V.
A =220 nm; Rt: 12.045 min.

'H NMR (CDCls) 8 7.65 (d,1H), 7.5 (d, 1H), 7.3 (dd, 2H), 6.75 (m, 1H),
6.6 (s, 1H), 6.2 (m, 1H), 6.1 (m, 1H), 3 (4H,), 2.95 (4H), 2.65 (broad,
1H,NH).

Example 3 (Scheme 2)
a) 7-chloro-9-(1-piperazinyl)-9, 10-dihvdropyrrolo [2,1b][1,3]-benzothia-
zepine acetate (ST2516)

500 mg (1.57 mmol) of 1-[(9S)-7-chloro-9,10-dihydro-pyrrolo[2,1-
b][1,3]benzothiazepin-9-yl]piperazine, (synthesised starting from 7-
chloropyrrolo[2,1b][1,3]benzothiazepin-9(10H)-one with the same pro-
cedure described in Example 2 for ST2472) were solubilised in a flask
equipped with a stirring system in 30 ml of CH3COOH; 400 mg of
NaBH4 were added cautiously at 0°C and left to stir at room tempera-
ture for two hours.
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The solvent was evaporated under reduced pressure and an oil was ob-
tained which was solubilised in AcOEt, washed twice with NaOH 1 N
and finally with H2O; the organic phase was then dried on anhydrous
sodium sulphate and the solvent was evaporated.

300 mg of a white solid were obtained (yield: 52%).

Analysis: within the given range for the structure (see ST2432).

Example 4 (Scheme 1)

a) Ethvl 4-pvrrolo[2,1-b][1,3lbenzothiazepin-9-ylpiperazine-1-
carboxylate

ST1899 (3 g, 0.01 mol), dissolved in anhydrous methylene (120 mL),
and dimethylaminopyridine (DMAP, 1.5 g) were placed in an anhy-
drous flask; ethyl-chloroformiate (10 mL) was added dropwise to the
solution. The reaction mixture was maintained under stirring at room
temperature and in a perfectly closed system for five hours. The sol-
vent was then evaporated from the reaction mixture in vacuo with a
calcium chloride trap. A white solid was obtained which was purified
by chromatography on silica gel (ethyl acetate/hexane - gradient
95:5/80:20). 3 g of the title product were obtained.

Yield = 90%.

TLC: (ethyl acetate/hexane 2:8; Rf=0.3.

1H NMR (CDCls) 6 7.65 (d,1H), 7.5 (d, 1H), 7.3 (dd, 2H), 6.75 (m, 1H),
6.6 (s, 1H), 6.2 (m, 1H), 6.1 (m, 1H), 4.1 (q, 2H), 3.5 (4H,), 2.8 (4H,), 1.2
(t, 1H).

b) 9-piperazin-1-yl-pyrrolo[2,1-b][1,3]benzothiazepine (ST2472).

The product obtained in the previous stage (3 g; 8.9 mmol), n-butanol
(22 mL) and potassium hydroxide (4.9 g; 8.9 mmol) were placed in a
double-neck 50 mL anhydrous flask equipped with a reflux condenser
with calcium chloride cap and thermometer. The mixture was stirred
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for three hours at reflux temperature. The solvent was removed under
reduced pressure, yielding a solid which was solubilised in AcOEt and
washed with H20 to neutral pH. The organic phase was then dried on
anhydrous sodium sulphate and evaporated. 2 g of product were ob-
tained which, when purified by chromatography on silica gel (ethyl
acetate/methanol gradient: 7:3/6:4), yielded 1.5 g of product (yield:
60%).

For analysis: see Example 2 (Scheme 2). A

As regards the possible resolution of racemic mixtures, the reader is

referred to the description in the above-mentioned patent application
WO 00/06579.

Example 5
Pharmacokinetics of the compound ST1469 and its corresponding des

methyl derivative ST2087. Effect of the oral administration of a 60 |
umol/kg dose of each product in the rat.

Administration of ST1469 in the rat (Table 1).

Following oral administration of ST1469, the plasma concentrations of
the molecule increase until they reach the maximum concentration
(Cmax) of approximately 280 pmol/mL, two hours after administration.
The elimination of ST1469 is rapid, as can be seen from the half-life
which is less than 3 hours.

Metabolism would appear to be the main process of elimination of the
product ST1469, as shown by the immediate appearance of its de-
methylated metabolite (ST2087) which right from the first sample (0.5
h) presents higher plasma concentrations than the product ST1469 as
such.

ST2087 reaches its Cmax more slowly (Tmax ~ 3 h) and is also elimi-
nated more slowly than ST1469, (t1/2 ~ 5 h).
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Administration of ST2087 in the rat (Table 1)

After administration of the product ST2087, the absorption rate is
comparable to that observed for ST1469, and, in fact, the Cmax is
reached within 2 hours of administration.

The elimination rate of ST2087 remains of the same order of magni-

tude as that observed for the same molecule, after administration of
ST1469.

From this study it emerges that the metabolite ad-ministered as such
produces, at the systemic level, much higher concentrations than those
measured after its formation as a result of administration of ST1469,

as demonstrated by the pharmaco-kinetic parameters reported in Ta-
ble 1.

Table 1

Pharmacokinetic parameters of the product ST1469 and the corre-
sponding desmethyl derivative ST2087, after oral administration of a
. 60 pmol/kg dose of each product in the rat.

A) Treatment Analyte Tmax Cmax AUCz tie
(h) (pmol/mL) (pmol*h/mL) (h)

ST1469 ST1469 Mean 1.8 280 1480 2.9
: SD 1.3 123 780 0.8
CV% 68.6 43.8 52.7 28.5

ST1469 ST2087 Mean 3.2 447 4110 4.9
SD 2.8 103 3106 1.3
CV% 87 23.1 75.6 25.9

B) Treatment Analyte Tmax Cmax AUCz Tz

(h) (pmol/mL) (pmol*h/mL)

(h)

ST2087 ST2087 Mean 2.0 4089 32227 4.4
SD 1.0 2025 21078 1.2

CV% 50.0 49.5 65.4 26.8
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Evaluation of the antipsychotic potency of ST1469 and ST1899 and
their respective desmethyl derivatives ST2087 and ST2472. Effect of
treatment in the active avoidance test. '

The administration of incremental doses of an antipsychotic drug in
the rat causes the inhibition of the avoidance response and an increase
in the number of escape responses without any increase in non-
responses (failures). This modification of the avoidance behaviour of
the animals is characteristic of the effect of the administration of a
compound with antipsychotic activity, which selectively blocks the
conditioned response within given dosage ranges. This behavioural as-
sessment makes it possible to detect and determine the antipsychotic
capacity of a product.

Experimental procedure

Male Fischer 344 rats weighing 180 g (Charles River) were used. The
products ST1469 and ST2087 were administered to the animals orally,
60 minutes prior to the test. The product ST1469 was administered at
doses of 0.75 mg/5 ml/kg (1.84 pmol/kg), 1.5 mg/5 ml/kg (3.69 pmol/kg),
3 mg/5 ml/kg (7.37 pmol/kg), and 6.0 mg/5 ml/kg (14.7 pumol/kg).

For the product ST2087 the following doses were used: 2 mg/5 ml/kg
(6.25 pmol/kg), 3 mg/5 ml/kg (9.38 pmol/kg), 4 mg/5 ml/kg (12.50
pmol/kg), 6 mg/5 ml/kg (18.76 pumol/kg) and 8 mg/5 ml/kg (25.01
umol/kg).

For the evaluation of the antipsychotic potency of the pro-duct ST 1899
and its derivative ST2472, each compound was administered respec-
tively at doses of: 0.75 mg/5 ml/kg (umol/kg), 1.5 mg/5 ml/kg (umol/kg),
3 mg/5 ml/kg (umol/kg); and 0.25 mg/kg (0.88 umol/kg), 0.5 mgrkg (1.76
umol/kg), 1.05 mg/kg (3.71 umol/kg) and 2 mg/kg (7.06 pmol/kg).

To perform the avoidance behaviour assessment test, a piece of equip-
ment (Ugo Basile) was used consisting of a plastic cage divided into
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two compartments by a partition wall with an opening in it allowing
communication between the two sectors. Each of the two sectors can be
illuminated by a 10-Watt lamp placed above a plexiglass cover cover-
ing the cage. A programming device permits the regulation of the du-
ration and frequency of the un-conditioned and discriminatory stimuli,
and a computerised system acquires the experimental data. During the
study the discriminatory stimulus (light was delivered 3 seconds prior
to the unconditioned stimulus (0.3 mA electric shock for 4 seconds).
One test per minute was performed in each session making a total of
20 tests per day. One session per day administered.

The procedure consists in a 1 minute period of familiarisation of the
rats in the test cage, followed by the series of tests the start of which is
signalled by the light stimulus; the discriminatory stimulus is fol-
lowed, a few seconds later, by the administration of an electric shock.
The rats can avoid the shock by escaping into the adjoining compart-
ment. The responses produced after switching on the light and before
the electric shock interrupt the discriminatory stimulus and are con-
sidered “avoidances”; the responses produced during the shock period
terminate both the discriminatory stimulus and the unconditioned
stimulus and are considered “escapes”; non-avoidances are considered
“failures”.

Prior to the treatment with the study compounds, the animals were
selected in relation to their ability to acquire the task. Admitted to the
test assessing the effect of treatment were those rats that produced at
least 75% of avoidances in the basal tests.

The results were expressed as means and standard errors. On the ba-
sis of the number of conditioned responses (avoidances), the dose of
product capable of reducing the value of this variable by 50% (EDso)
compared to basal values was calculated by means of non-linear re-
gression using the GraphPad Prism data analysis program.
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Results
Effect of ST1469 and ST2087

The product ST1469 inhibits the ability of the animals to produce an
avoidance response in a dose-dependent manner,.

The study product ST2087, administered orally, is capable of reducing
the production of avoidance responses of the animals at the doses of 2
mg/kg (6.25 umol/kg), 3 mg/kg (9.38 umol/kg), 4 mg/kg (12.50 umol/kg),
6 mg/kg (18.76 umol/kg) and 8 mg/kg (25.01 umol/kg). The value of the
dose capable of reducing the production of avoidance responses by 50%
(EDso) is 3.27 mg/kg corresponding to 10.22 pmol/kg.

The data obtained in this study show that the efficacy of the compound
ST2087 is similar to that of the compound of origin ST1469 (EDso: 3.71
mg/kg corresponding to 9.11 pmol/kg) (Table 2).

Effect of ST1899 and ST2472

Treatment with ST2472 causes a progressive reduction of the avoid-
ance responses and an increase in escapes at the doses of 0.5 mg/kg
(1.76 pmol/kg), 1.05 mg/kg (3.71 pmol/kg) and 2 mg/kg (7.06 pmol/kg);
at the doses of 0.5 mg/kg and 1.05 mg/kg the failure rate proves par-
ticularly limited. Treatment with 0.25 mg/kg (0.88 umol/kg) does not
significantly modify the behaviour of the animals.

The dose capable of reducing the production of the conditioned re-
sponse by 50% (EDso) compared to basal values is 1.43 mg/kg (5.05
umol/kg) (Table 2).

The test allowed an adequate assessment of the anti-psychotic capaci-
ties of this molecule, which prove comparable to those measured for
the product of origin ST1899 (Table 2).
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Table 2.

Active Avoidance Test. Oral treatment with the substances indicated.
The table gives the EDsp values, calculated on the basis of the avoid-
ance rate variable.

Compound EDso

ST2087 3.27 mg/kg
10.22 pmol/kg

ST1469 3.71 mg/kg
9.11 pmol/kg

ST2472 1.43 mg/kg
5.05 pmol/kg

ST1899 1-09 mg/kg
3.66 pmol/kg

Example 6

In vitro metabolic stability of ST1899 and its N-demethylated metabo-
lite ST2472

In this study the metabolic profiles of ST1899 and its metabolite
ST2472 were determined in rat, mouse and monkey microsomes.

Materials and Methods |

ST1899 and ST2472 were separately incubated with the hepatic mi-
crosomes. Separate experiments were carried out for each animal spe-
cies investigated. For each experiment, in addition to the test item, 7-
ethoxycoumarin (Sigma-Aldrich) was also incubated as a probe for
evaluating the metabolic activity of the microsomes: 7-
hydroxycoumarin was identified on the basis of the retention times in
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comparison with those of synthesized standard and used as marker of
oxidative metabolism Both the test item and the 7-ethoxycoumarin
were incubated at 37 °C up to 120 minutes.

Microsomes information are summarized in the following Table 3:

Table 3
Species Strain Sex Supplire
Mouse CD1 : Male Prassis
Rat Sprague Dawley Male Prassis
Monkey Cynomolgus Male In Vitro Technologies

The test items, microsomes and reagents nominal concentrations used
in the samples are reported in the following Table 4:

Table 4
Substance Concentration
ST1899 10 pug/ml
ST2472 _ 10 pg/ml
7-ethoxycoumarin 10 pg/ml
Microsome‘s 0.5 mg/ml
MgCle 4 mM
B-D-glucose-6-phosphate 10 mM
BNADP 1mM
Glucose-6-phosphate dehydroge- 1.5 units/ml
nase
Saccharic acid 1,4 lactone 5 mM

MgClg, B-D-glucose-6-phosphate, BNADP and Glucose-6-phosphate de-
hydrogenase were used for preparing the NADPH regenerating solu-
tion (NRS). 250 pl of 0.1 M pH 7.4 KH2PO4 buffer, 100 pl of NRS and
50 pl of test item (or 7-ethoxycoumarin) standard solution were added
to 2 ml Eppendorf test tubes. In the samples, incubated either without
microsomes or test items, an equal volume of 0.1 M pH 7.4 KH2PO4
buffer was added.
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The reaction was started by adding 100 ul of the microsomal suspen-
sion to the samples and stopped at selected times by adding 500 pl of
methanol. Samples were shaken and centrifuged at 8000 RPM for 10
minutes at 4 °C. Supernatants were used for the HPLC analysis. 7-
ethoxycoumarin, ST1899 and ST2472 were analyzed according to the
HPLC methods described below.

HPLC conditions

HPLCdJasco PU-2080 plus, intelligent HPLC pumi) equipped with
Jasco LG-2080-02 ternary gradient unit and Jasco DG-2080-53 3 line
degasser (or equivalents). Jasco AS-950 intelligent autosampler (or
equivalent).

Flush: H2O/CH3OH 50/50; 3 flushes.

Detector Jasco UV-1575 Intelligent UV/VIS detector (or equiva-
lent);

A 320 nm; Mode NORMAL,; response STD.

Column Luna (Phenomenex) C18, 150x 4.60 mm, 3 um; with C18

SecurityGuard

Mobile phase A: 0.5 % (v/v) acetic acid
Mobile phase B: Acetonitrile

Injection volume 10 pl

Flow rate 0.8 ml/min

Run time: 25 minutes

Gradient elution program:
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Time (min.) % A %B
0 93 ' 7
5 ‘ 80 20
13 40 60
18 40 60
19 93 7
24 93 7

7-Ethoxycoumarin retention time: about 18 minutes.
7-Hydroxycoumarin retention time: about 12 minutes

Results
Incubation with ST1899

In rat microsomes ST1899 is extensively metabolized to ST2472 (Fig-
ure 1) metabolites M1 and M2 were also present as major metabolites.
ST1899 in mouse microsomes is metabolized mainly to M1 (Figure 1);
ST2472 1s also generated but to a limited extent. Two other metabo-
lites, which may be M3 and M4, were found: their intensity changed
during the incubation (Figure 1) and M4 predominated at 120 minutes.
In monkey microsomes ST1899 was metabolized to ST2472 and to the
metabolites M3 and M4 (Figure 2). Only small amounts of the metabo-
lite M1 were generated.

Incubation with ST2472

ST2472 in rat microsomes was almost exclusively metabolized to M2
(Figure 3); therefore it may be hypothesized that metabolites M1 and
M2 arise from ST1899 and ST2472 metabolism, respectively.

In mouse microsomes ST2472 was metabolized almost exclusively to
M2 (Figure 3). The metabolite M2 was also present in samples incu-
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bated with ST1899, where it may arise from sequential metabolism of
ST1899 to ST2472 and then to M2.

ST2472 was metabolically more stable than ST1899: the main me-
tabolite obtained was M3 (Figure 4). Only small amounts of the me-
tabolite M2 were formed.

The N-demethylation of ST1899 to provide ST2472 is a metabolic bio-
transformation quantitatively prominent in rats. This metabolism is
thought to be also responsible for the low bioavailability of ST1899
orally administered in rats because of an extensive hepatic first pass
effect. This metabolic reaction was found to be extensive also in the
other species investigated in this study. Incubation of ST1899 in rat,
mouse and monkey microsomes led to formation of two or three me-
tabolites other than ST2742, producing a rapid decrease of ST1899
concentration in the medium.

On the other hand, the incubation of ST2472 in rat, mouse and mon-
key microsomes was characterised by a lower extent of metabolism,
which produced a single' metabolite although different among rodent
and non rodent species.

In conclusion, ST2742 resulted metabolically more stable than ST1899
in all the species tested and this is indicative of a higher bioavailavility
and a longer systemic half-life of the parent drug after oral admini-
stration.
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CLAIMS

1. Formula (I) compounds:

where

A is CH-CH: or C=CH;

R is hydrogen, halogen, alkoxy Ci-C4, alkylthio Ci-C4, alkyl C;-
C4, cycloalkyl Cs-Ceg;

R1 is 1-piperazinyl, 1-homopiperazinyl and 1-piperidinyl;

Rz is hydrogen, alkoxy Ci-C4, alkylthio Ci-C4, alkyl C;-C4, CHO,
CH=NOH, CH:0H;

on condition that when R is Cl, A is not C=CH

their single optical isomers, mixtures thereof, and their pharma-
ceutically acceptable salts.

2. Compound according to claim 1, selected from the group con-
sisting of:
(+)-9-(piperazin-1-yl)-9,10-dihydropyrrolo[2,1-b][1,3]benzo-
thiazepine; :
(-)-9-(piperazin-1-yl1)-9,10-dihydropyrrolo[2,1-b][1,3]benzo-
thiazepine;
(£)-7-chloro-9-(piperazin-1-yl)-9,10-dihydropyrrolo[2,1-b][1,3]-
benzothiazepine;
(S)-7-chloro-9-(piperazin-1-y1)-9,10-dihydropyrrolo[2,1-b][1,3]-
benzothiazepine;
(R)-7-chloro-9-(piperazin-1-yl1)-9,10-dihydropyrrolo[2,1-b][1,3]-
benzothiazepine;
(+)-7-fluoro-9-(piperazin-1-yl)-9,10-dihydropyrrolo[2,1-b][1,3]-
benzothiazepine;

9-(piperazin-1-yl)-pyrrolo[2,1-b][1,3]benzothiazepine;
7-fluoro-9-(piperazin-1-yl)-pyrrolo[2,1-b][1,3]benzo-thiazepine;
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1-methyl-9-(piperazin-1-yl)-pyrrolo[2,1-b][1,3]benzo-thiazepine.

3. Procedure for the preparation of compounds according to claims
1 and 2, comprising the following stages:

a) treatment of the corresponding 4-alkyl-(homo)piperazin-1-yl-
pyrrolo[2,1-b]lbenzothiazepine or 4-alkyl-piperidin-1-yl-pyrrolo-[2,1-
b]benzothiazepine or 4-alkyl-(homo)piperazin-1-yl-dihydropyrrolo-[2,1-
b]benzothiazepine or  4-alkyl-piperidin-1-yl-dihydropyrrolo[2,1-b]-
benzothiazepine, with the desired alkyl- chloroformiate to give the cor-
responding amide of the nitrogen atom at position 4 of the
(homo)piperazine or piperidine ring;

b) subsequent hydrolysis of the amide thus obtained, releasing
said nitrogen atom;

c) possible salification of the compound obtained in stage b).

4. Procedure for the preparation of compounds according to claims
1 and 2, comprising the following stages:

a) treatment of the corresponding 9-keto-pyrrolo[2,1-b] benzo-
thiazepine or 9-keto-pyrrolo[2,1-b]benzothiazepine or 9-keto-
dihydropyrrolo[2,1-b]benzothiazepine or 9-keto-dihydropyrrolo[2,1-b]-
benzothiazepine with p-toluenesulphonic acid and piperazine hexahy-
drate, so as to yield the corresponding enamine;

b) subsequent reduction of the corresponding enamine with hy-
drides in acetic acid, to yield the corresponding saturated pro-duct;

c) possible salification of the compound obtained in stage b).

5. Pharmaceutical compositions containing at least one compound
according to claims 1 and 2 in a mixture with pharmaceutically ac-
ceptable vehicles and/or excipients.

6. Use of the compounds according to claims 1 and 2 for the prepa-
ration of medicaments.
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7. Use of the compounds according to claims 1 and 2 for the prepa-
ration of a medicament useful for the treatment and prevention of
acute and chronic psychotic disorders.

8. Use according to claim 7, where said psychotic disorder is se-
lected from the group consisting of schizophrenia, paranoid states,
manic-depressive states, disorders of the affective sphere, social re-
gression, personality regression, hallucinations, appetite disorders and
related disorders.

9. Use according to claim 7, in particular of the compounds ac-
cording to claim 1, where the bond between carbon atoms 9 and 10 is
single and R is hydrogen, fluorine, or bromine, for the treatment of the
negative symptoms of schizophrenia involving the emotional and cog-

nitive spheres.

10. Use according to claim 9, where said negative symptoms take
the form of dementia.

11. Use according to claim 7, where, in the compounds according to
claims 1 and 2, the bond between the carbon atoms 9 and 10 is unsatu-
rated, for the preparation of a medicament useful for the treatment of
conditions of hyperactivation of dopaminergic neurotransmission.

12. Use according to claim 11, where said dopaminergic hyperacti-
vation affects the mesolimbic pathway.

13. Use according to claim 7, where, in the compounds according to
claims 1 and 2, the bond between the carbon atoms 9 and 10 is unsatu-
rated, for the preparation of a medicament useful for the treatment of
conditions of hyperactivation of the dopaminergic neurotransmission of
the mesolimbic pathway and/or of mesocortical dopamnergic hypofunc-
tionality.
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14. Use according to claim 13, where said conditions take the form

of schizophrenia in its positive and negative symptoms.

15. Use according to claim 13 for the preparation of a medicament
useful for the treatment and prevention of paranoid states, manic-
depressive states, disorders of the affective sphere, social regression,
personality regression, hallucinations or cognitive dysfunctions.
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