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USE OF 3,7-DIAZABICYCLO (3.3.1) NONANE COMPOUNDS FOR THE TREATMENT OF BRUGADA
SYNDROME

Description

The present invention relates to a novel medicinal use of 3,7-diazabicyclo-
[3,3,1lnonane compounds, preferably of 9,9-alkylene-3,7-diazabicyclo[3,3,1]-nonane
compounds, and most preferably to a novel medicinal use of tedisamil, and of
pharmaceutically acceptable acid addition salts and/or solvates of said compounds.

9,9-Alkylene-3,7-diazabicyclononane compounds of formula | and their
pharmacological activities are known from published European Patent No. EP 103,833
and the corresponding U.S. Pat. No. 4,550,112, and Finnish Patent No. FI 76,338.
Compounds of formula | are a sub-group of the 9,9-N,N'-tetra-substituted 3,7-diaza-
bicyclo[3.3.1]nonane compounds described in the aforementioned patent specifications
and can be prepared by the methods described therein. The aforementioned patent
specifications disclose that the compounds have useful cardio-active properties,
particularly oxygen-saving effects and effects on the heart rate and heart rhythm in
general, and are distinguished by a high physiological tolerance. Thus, the compounds
show a satisfactory anti-arrhythmic action even at low doses. Moreover, the undesired
negative effect on the contractile power of the heart is extremely low; i.e. the compounds
have a particularly favourable ratio of anti-arrhythmic or the refractory period of the heart
prolonging activities, to negative inotropic secondary activities.

Moreover, it is described in Burow et al., U.S. Pat. No. 5,164,401, the compounds
also have a pronounced diuretic effect with a favourable ratio between sodium and

potassium excretion.

Furthermore special salts and their manufacture of the 3,7-diazabicyclo[3,3,1]-
nonane compounds, in particular of 9,9-alkylene-3,7-diazabicyclo[3,3,1]nonane
compounds are described in US 5,324,732. Thus, US 5,324,732 describes fumaric acid
salts of said compounds containing 1.5 moles of fumaric acid per mole of the compound.
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It is the object of the invention to provide a novel medical use or a new method of
treating patients in need of treatment and/or prophylaxis of the Brugada syndrome.
Another object of the invention is to provide new pharmaceutical compositions suitable
for the treatment and/or prophylaxis of the Brugada syndrome.

The objects of the invention are achieved by surprisingly discovering that 3,7-
diazabicyclo-[3,3,1]Jnonane compounds, preferably of 9,9-alkylene-3,7-
diazabicyclo[3,3,1]-nonane compounds, and most preferably tedisamil, and of
pharmaceutically acceptable acid addition salts and/or solvates of said compounds are
particularly suitable for the treatment and/or prophylaxis of the Brugada syndrome.
According to a further aspect of the invention, the objects are achieved by providing a
pharmaceutical composition comprising an effective amount of at least one 3,7 -diaza-
bicyclo[3,3,1Jnonane compound as described in the present invention, which are suitable
for the treatment and/or prophylaxis of the Brugada syndrome.

Brugada syndrome (Mattu A; Rogers RL; Kim H; Perron AD; Brady WJ, “The
Brugada syndrome”, The American journal of emergency medicine; VOL: 21 (2); p. 146-
51 /200303) describes the syndrome of sudden cardiac death in the setting of the
following electrocardiographic findings: right bundie branch block pattern with ST-
segment elevation in the right precordial leads. The right bundle branch block may be
incomplete while the ST segment elevation is minimal. The electrocardiographic findings
are not constant. In other words, the Brugada syndrome describes a group of patients at
risk for the occurrence of ventricular fibrillation who have no definable structural heart
disease associated with the right bundle branch block conduction pattern and ST-
segment elevation in the right precordial leads. Patients suspected of having Brugada
syndrome should be promptly referred for electrophysiological testing and appropriate
treatment and/or prophylaxis. Thus, in the state of the art rapid referral of the patients
and placement of an implantable cardioverter defibrillator (ICD) is associated with an
excellent prognosis, whereas failure to diagnose this condition is associated with a high
risk for sudden death. Because of the poor prognosis of Brugada patients (with up to a
10 % per year mortality), symptomatic patients are recommended in the state of the art
to prophylactic implantation of an implantable cardioverter defibrillator to prevent sudden

cardiac death.

Early diagnosis of conditions associated with Brugada or of the susceptibility to
Brugada is essential to minimize the high risk for sudden death or life-threatening
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ventricular arrhythmias. The Brugada syndrome is an arrhythmic syndrome which can be
characterized as a primary electrical disease of the heart that causes sudden cardiac
death, in particular secondary to ventricular tachyarrhythmias, or life-threatening
ventricular arrhythmias, especially in younger men. Genetic analysis supports that this
syndrome is a cardiac ion channel disease (defects in the alpha subunit of the sodium
channel). This defect causes a reduction in the sodium channel current, which
attenuates the epicardial action potential notch leading to ST-segment elevation.
Consequently, as stated above a typical electrocardiographic finding consists of a right
bundle branch block pattern and ST-segment elevation in the right precordial leads. The
higher intercostal space V(1) to V(3) lead electrocardiogram and are discussed in the
literature to potentially be helpful in detecting Brugada patients (lkeda T, “Brugada
syndrome: current clinical aspects and risk stratification.”, Annals of noninvasive
electrocardiology: the official journal of the International Society for Holter and Non-
invasive Electrocardiology, Inc; VOL: 7 (3); p. 251-62 /200207). Although two types of
the ST-segment elevation are present, the coved type is more relevant to the Brugada
syndrome than the saddle-back type. These patterns can be present permanently or
intermittently. The scientific literature also suggests that the Brugada-type electrocardio-
gram is more prevalent than the manifest Brugada syndrome. Asymptomatic individuals
have a much lower incidence of future cardiac events than the symptomatic patients.
Although risk stratification for the Brugada syndrome is still incomplete in the state of the
art, the inducibility of sustained ventricular arrhythmias has been proposed as a good
outcome predictor in this syndrome. In noninvasive techniques, some clinical evidence
supports that late potentials detected by signal-averaged electrocardiography are a
useful index for identifying patients at risk of Brugada syndrome.

It is also known from the state of the art that usually antiarrhythmic drugs,
including beta-blockers and amiodarone have no beneficial effects in prolonging survival
(Naccarelli GV; Antzelevitch C; “The Brugada syndrome: clinical, genetic, cellular, and
molecular abnormalities.”, The American journal of medicine; VOL: 110 (7); p. 573-81
/200105). In view of the ionic basis and arrhythmia mechanisms underlying the Brugada
syndrome (Antzelevitch C; “The Brugada syndrome: lonic Basis and Arrhythmia
Mechanisms”, Journal of Cardiovascular Electrophysiology, Vol. 12, No.2, Feb. 2001,
268-272), up to date, the treatment of choice is still the insertion of an implantable
cardioverter-defibrillator (ICD). An state-of-the-art paper (Antzelevitch C; “The Brugada
syndrome: 1992-2002, A Historical Perspective”, Journal of the American College of
Cardiology, Vol. 41, No. 10, 2003, 1665-71) gives a historical perspective on the
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Brugada syndrome, an intriguing new clinical entity characterized by ST-segment
evaluation in the right precordial electrocardiographic leads and a high incidence of
sudden death in individuals with structurally normal hearts, which was first described by
Pedro and Josep Brugada in 1992. Although great progress has been achieved in the
characterization of the Brugada syndrome over the past decade, relatively little progress
has been made in the approach to therapy. Implantation of an ICD is the only
established effective treatment for this life-threatening disease. The need for cost-
effective treatment or preventive measures is evident.

Therefore, it is not only imperative that all emergency physicians are familiar with
the typical ECG manifestations of Brugada syndrome and the diagnosis thereof, but it is
also rather essential that also beneficial methods of drug treatment and/or prophylaxis
are available in order to reduce the high risk of sudden cardiac death and/or life-
threatening ventricular arrhythmias in patients being susceptible to or with high risk at the
Brugada syndrome or being symptomatic.

Hence, it is clear that there is a high unmet medical need to reduce the high risks
caused by the Brugada syndrome, e.g. in particular to reduce the high risk of sudden
cardiac death and/or life-threatening ventricular arrhythmias in Brugada patients or
symptomatic patients, by suitable medication with drugs, either as sole preventive
treating or in addition, e.g. as adjuvant treatment to ICD placement, and even before and
still after ICD placement.

The subject of the invention is therefore directed to the use of the use of 3,7-
diaza-bicyclo[3,3,1]nonane compounds, its physiologically acceptable acid addition salts
and/or solvates thereof for the production of a pharmaceutical preparation for the
treatment and/or prophylaxis of the Brugada syndrome and/or patients being
symptomatic. The findings of the present invention generally apply equally to both
genders, e.g. male and female patients, at any age. However, usually males are
susceptible to a higher degree than females to the Brugada syndrome or to the
symptomatic conditions, e.g. life-threatening ventricular arrhythmias, especially in
younger men. Hence, about 90 % of the patients are male and only about 10 % are
female. Furthermore, the invention is particularly suitable also for infants and young
children or for adults residing in regions of the world where an ICD is unaffordable.
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The compounds suitable for this novel medicinal use are 3,7-
diazabicyclo[3,3,1]nonane compounds corresponding to the Formula I:

R2 R3

N N
R17 R4

wherein

R1 represents an alkyl group containing from 1 to 6 carbon atoms, an alkylene group
containing from 3 to 6 carbon atoms having a double bond which is not linked directly
to the nitrogen atom, a cycloalkylalkyl group containing from 4 to 9 carbon atoms, or
a benzyl group,

R2 represents a lower alkyl group, and

R3 represents a lower alkyl group, or

R2 and R3 together form an alkylene chain containing from 3 to 6 carbon atoms, and

R4 represents an alkyl group containing from 1 to 6 carbon atoms, an alkenyl group
containing from 3 to 6 carbon atoms having a double bond which is not linked directly
to the nitrogen atom, a cycloalkylalkyl group containing from 4 to 9 carbon atoms,
a group corresponding to the Formula a:

R5

wherein
R5 represents hydrogen, halogen, lower alkyl or lower alkoxy, and
Z represents an alkylene chain containing from 1 to 3 carbon atoms or a
propenylene chain having a double bond which is conjugated with the phenyl
group, or
a group corresponding to the Formula b:



WO 2005/030207 PCT/EP2004/052310

/©R6

—CH

e
wherein

R6 represents hydrogen, halogen, lower alkyl or lower alkoxy, and
R7 represents hydrogen, halogen, lower alkyl or lower alkoxy,

or a physiologically acceptable acid addition salt and/or solvate thereof.

Particularly suited compounds for the novel medicinal use according to the
invention are compounds of Formula |, wherein R1 represents an alkyl group containing
from 1 to 6 carbon atoms or a cycloalkylalkyl group containing from 4 to 7 carbon atoms.
In further preferred compounds of Formula | the substituent R4 represents an alkyl group
containing from 1 to 6 carbon atoms, a cycloalkylalkyl group containing from 4 to 7
carbon atoms, or a group corresponding to Formula b.

Preferred compounds for the novel medicinal use according to the invention are
compounds of Formula |, wherein R1 represents an alkyl group containing from 3 to 6
carbon atoms or a cycloalkylalkyl group containing from 4 to 7 carbon atoms, and R4
represents an alkyl group containing from 3 to 6 carbon atoms or a cycloalkylalkyl group
containing from 4 to 7 carbon atoms. Said 3,7-diazabicyclo-[3,3,1]Jnonane compound
may be a 9,9-alkylene-3,7-diazabicyclo[3.3.1]Jnonane compound of Formula [ wherein R2
and R3 together form an alkylene chain containing from 4 to 5 carbon atoms, and R1
and R4 independently of one another each denote a straight-chain or branched alkyl
group of 3-4 carbon atoms or the cyclopropylmethyl group, and physiologically
acceptable acid addition salts and/or solvates thereof. Preferred salts for this group of
compounds are fumaric acid salts of 9,9-alkylene-3,7-diazabicyclo[3.3.1]Jnonane
compounds containing 1.5 moles of fumaric acid per mole of compound of formula I.

Further preferred compounds for the novel medicinal use according to the
invention are compounds selected from the group consisting of N,N'-dicyclopropyl-
methyl-9, 9-tetramethylen-3,7-diazabicyclo[3,3,1lnonane (tedisamil), N-isobutyl-N'-
isopropyl-9,9-pentamethylen-3,7-diazabicyclo[3,3,1]nonane, and physiologically
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acceptable acid addition salts and/or solvates thereof. Preferred salts for this group of
compounds are fumaric acid salts of N,N'-dicyclopropylmethyl-9, 9-tetramethylene-3,7-
diazabicyclo[3,3,1]nonane (tedisamil) or of N-isobutyl-N'-isopropyl-9,8-pentamethylene-
3,7-diazabicyclo[3,3,1]nonane containing 1.5 moles of fumaric acid per mole of said 9,9-
alkylene-3,7-diazabicyclo[3.3.1]-nonane compound.

Alternatively, as acid addition salts of the 3,7-diazabicyclo[3,3,1]nonane
compounds the hydrochloride salts are also very suitable for the novel medicinal use
according to the present invention.

Particularly preferred 3,7-diazabicyclo[3,3,1]nonane compounds are the 9,9-
alkylene-3,7-diazabicyclo[3.3.1]nonane compound tedisamil and the physiologically
compatible acid addition salts and/or solvates thereof, these are most preferably used as
compounds for the production of pharmaceutical preparations for the treatment and/or
prophylaxis of of antiarrhythmic male patients, preferably in conversion of recent anset of
atrial fibrillation (Afib) or flutter to normal sinus rhythm (NSR) in male patients. if a
tedisamil acid addition salt is used, it may preferably be used according to the invention
in the form of tedisamil hydrochloride or in the form of tedisamil sesquifumarate. Further
pharmacologic-ally compatible acid addition salts of tedisamil are known from European
Patent No. EP 103,833. Thus, salts with inorganic acids, e.g. sulfuric acid or hydrohalic
acids, especially hydrochloric acid; or with organic acids, for instance lower aliphatic
monacarboxylic or dicarboxylic acids such as acetic acid, fumaric acid, tartaric acid, lactic
acid, maleic acid, citric acid or salicylic acid; or with sulfonic acids, for instance lower
alkyl sulfonic acids such as methane sulfonic acid, or benzene sulfonic acids optionally
substituted in the benzene ring by halogen or lower alkyl, such as p-toluene sulfonic
acid, are suitable as physiologically acceptable acid addition salts of the compounds of
Formula I.

Surprisingly, it has been found that the 3,7,9, 9-tetra-substituted 3,7-
diazabicyclo[3,3,1]Jnonane compounds corresponding to Formula | are distinguished by
superior effects in patients being subject to the Brugada syndrome or being diagnosed to
be symptomatic, in addition to the aforementioned already known general heart-affecting
properties. The superior effects of the compounds of Formula | in Brugada syndrome
patients can be demonstrated by data derived from an experimental Brugada syndrome
model, which data prove the surprising suitability of 3,7-diazabicyclo[3,3,1Jnonane
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compounds, e.g. of tedisamil and its acid addition salts, for the treatment and/or
prophylaxis of the Brugada syndrome.

EXPERIMENTAL BRUGADA SYNDROME MODEL AND TEST RESULTS

The following experimental model shows that Tedisamil and comparable
compounds, e.g. 3,7,9, 9-tetra-substituted 3,7-diazabicyclo[3,3,1]nonane compounds
corresponding to Formula I, abolishe the arrhythmogenic substrate responsible for
VTIVF in the Brugada Syndrome (VT = ventricular tachycardia; VF = ventricular
fibrillation).

The Brugada syndrome (BS) is characterized by ST segment elevation in V1-V3
and the appearance of closely coupled extrasystoles capable of triggering polymorphic
VT/VF. Previous studies from our laboratory have shown that a prominent transient
outward current (l¢o)-mediated action potential (AP) notch in the right ventricular (RV)
epicaridium (Epi) contributes to the electrocardiographic (ECG) characteristics of the
syndrome. In the presence of a prominent l¢y, INg inhibition can result in all-or-none
repolarization at the end phase 1 of the AP at some Epi sites but not others, leading to
phase 2 reentry and VT/VF. lig block normalizes ST segment elevation and abolishes
VT/VF. Tedisamil, an agent in clinical trials for atrial fibrillation indications, blocks l¢g at
clinically relevant concentrations. The actions of tedisamil in an arterially-perfused canine
RV wedge model of the Brugada syndrome were evaluated.

Results: Terfenadine (5-7 uM) was used to create the BS phenotype. Floating
microelectrode AP recordings were simultaneously obtained from epicardial and
endocardial sites together with an ECG. At a basic cycle length (BCL) of 2000 msec,
terfenadine accentuated Epi AP notch and ECG J wave, reducing Epi phase 1 amplitude
from 66.1+3.9% to 55.1+2.4% of phase 2 amplitude (n=6, p<0.05). All-or-none
repolarization was observed at some Epi sites but not others, leading to ST segment
elevation in the ECG and development of phase 2 reentry. The closely coupled
extrasystoles thus generated precipitated polymorphic VT/VF. Addition of tedisamil (2
pM) to the coronary perfusate restored the Epi AP dome, thus diminishing transmural
and epicardial dispersion of repolarization. Phase 1 amplitude in Epi increased to
64.2+1.2% of phase 2 (n=6, p<0.05 vs. terfenadine alone). Tedisamil abolished phase 2
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reentry-induced extrasystoles in 6/6 preparations, and polymorphic VT/VF in 3/3
preparations.

Conclusions: Tedisamil is effective in abolishing the arrhythmogenic substrate
responsible for VT/VF in an experimental model of the Brugada syndrome and may be
useful as an adjunct or alternative to ICD therapy in the clinic.

What is particularly surprising is the effectiveness of 3,7-diazabicyclo-
[3,3,1]nonane compounds, preferably of 9,9-alkylene-3,7-diazabicyclo[3,3,1]-nonane
compounds, and most preferably of tedisamil, and of pharmaceutically acceptable acid
addition salts and/or solvates in the treatment of patients showing the Brugada syndrome
or being diagnosed to be symptomatic. This efficacy has never been observed before in
a vast variety of investigations with tedisamil in many patients. This result is even more
surprising as up to date there is no drug medication available to effectively prevent the
risks associated with the Brugada syndrome, e.g. such as high risk of sudden cardiac
death and/or life-threatening ventricular arrhythmias in Brugada patients or symptomatic
patients. Nowhere, the present invention for the first time provides a promising and
beneficial drug medication for the treatment and/or prophylaxis of the Brugada
syndrome, substantially improving the prognosis of Brugada patients or symptomatic
patients. The drug medication according to the present invention may by applied either
as sole preventive treating, e.g. where no ICD placement is available at all or right away,
or in addition to ICD placement, and even before and cotreatment siill after ICD
placement.

Finally, from the results regarding efficacy of tedisamil found in the experiments it
may be summarized that tedisamil-like 3,7-diazabicyclo-[3,3,1Jnonane compounds,
preferably of 9,9-alkylene-3,7-diazabicyclo[3,3,1]-nonane compounds, and most
preferably tedisamil itself, as well as the acid addition salts, are particularly suited for the
treatment and/or prophylaxis of the Brugada syndrome or symptomatic patients.

The invention therefore also pertains to a method of treatment and/or prophylaxis
of the Brugada syndrome and/or Brugada-related symptoms characterized in that a 3,7- '
diazabicyclo[3,3,1]nonane compound corresponding to the Formula | (as defined above)
is administered to a patient in need of such treatment and/or prophylaxis in an amount
being effective to relieve, ameliorate and/or prevent said syndrome and/or symptoms,
and in particular to minimize and/or prevent the risk of sudden cardiac death and/or life-
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threatening ventricular arrhythmias. The treatment and/or prophylaxis according to the
present invention generally apply equally to both genders, e.g. male and female patients,
at any age. However, usually males are susceptible to a higher degree than females to
the Brugada syndrome or to the symptomatic conditions, e.g. life-threatening ventricular
arrhythmias, especially in younger men. Thus, in another aspect of the present invention
the method of freatment and/or prophylaxis is characterized in that the Brugada
syndrome and/or Brugada-symptomatic patients are male. In yet a further aspect of the
present invention the method of treatment and/or prophylaxis is characterized in that the
Brugada syndrome and/or Brugada-symptomatic patients are younger men, and then
preferably the treatment and/or prophylaxis is directed to relieve, ameliorate and/or
prevent life-threatening ventricular arrhythmias in said patients. The invention also
pertains to a method of treatment and/or prophylaxis which is characterized in that the
patients in need are infants and/or young children. In still further aspects of the invention
the method of treatment and/or prophylaxis of the Brugada syndrome and/or Brugada-
related symptoms is characterized in that the 3,7-diazabicyclo[3,3,1Jnonane compound
corresponding to the Formula | (as defined above) is administered either as sole
preventive medical drug treating, e.g. where no ICD placement is available at all or right
away, or in addition, e.g. as adjuvant freatment to ICD placement, in particular before
and/or still after ICD placement.

As a therapeutic agent, 3,7-diazabicyclo-[3,3,1]nonane compounds, preferably of
9,9-alkylene-3,7-diazabicyclo[3,3,1]-nonane compounds, and most preferably of
tedisamil, and of pharmaceutically acceptable acid addition salts and/or solvates, may be
contained according to the invention, together with conventional pharmace utical
auxiliaries and/or carriers, in solid or liquid pharmaceutical preparations. Examples of
solid preparations are preparations which can be administered orally, such as fablets,
coated tablets, capsules, powders or granules, or alternatively suppositories. These
preparations may contain conventional pharmaceutical inorganic and/or organic carriers,
such as talcum, lactose or starch, in addition to conventional pharmaceutical auxiliaries,
for example lubricants or tablet disintegrating agents. Liquid preparations such as
suspensions or emulsions of 3,7-diazabicyclo-[3,3,1]nonane compounds, preferably of
9,9-alkylene-3,7-diazabicyclo[3,3,1]-nonane compounds, and most preferably of
tedisamil, and of pharmaceutically acceptable acid addition salts and/or solvates thereof,
may contain the usual diluents such as water, oils and/or suspension agents such as
polyethylene glycals and the like. Other auxiliaries may additionally be added, such as
preservatives, taste correctives and the like.
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The 3,7-diazabicyclo-[3,3,1]nonane compounds, preferably of 9,9-alkylene-3,7-
diazabicyclo[3,3,1]-nonane compounds, and most preferably tedisamil, and
pharmaceutically acceptable acid addition salts and/or solvates thereof, can be mixed
and formulated with the pharmaceutical auxiliaries and/or carriers in known manner. For
the production of solid medicament forms, 3,7-diazabicyclo-[3,3,1]nonane compounds,
preferably of 9,9-alkylene-3,7-diazabicyclo[3,3,1]-nonane compounds, and most
preferably tedisamil, and pharmaceutically acceptable acid addition salts and/or solvates
thereof, can for example be mixed with the auxiliaries and/or carriers in conventional
manner and can be wet or dry granulated. The granules or powder can be poured
directly into capsules or be pressed into tablet cores in conventional manner. These can
be coated in known manner if desired.

EXAMPLES

The following Examples 1 to 3 describe pharmaceutical preparations according to
the invention which contain an active substance of Formula I, and also the production of
such pharmaceutical preparations. The following examples explain the production of
pharmaceutical preparations containing tedisamil dihydrochloride. Pharmaceutical
preparations containing tedisamil sesquifumarate may be obtained in an analogous
manner.

Example 1: Tablets Composition:

20 parts of N,N'-dicyclopropyimethyl-9,9-tetramethylen-3,7-
diazabicyclo[3,3,1]-nonane dihydrochloride

30 parts of corn starch

55 parts of lactose

5 parts of polyvinylpyrrolidone
2 parts of magnesium stearate
3 parts of talcum

Total 115 parts

PREPARATION METHOD
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The active substance was mixed with corn starch and finely powdered lactose in a mixer.
The resulting mixture was thoroughly moistened with a 20% solution of
polyvinylpyrrolidone ("Kollidon 25", from BASF) in deionized water. If necessary,
additional deionized water was added. The moist granules were passed through a2 mm
sieve, dried on trays at 40 DEG C. and then passed through a 1 mm sieve (Frewitt
machine). After the granules had been mixed with magnesium stearate and talcum,
tablets weighing 115 mg were pressed therefrom, so that each tablet contained 20 mg of
the active substance.

Example 2: Capsules Conhposition

20 parts of N-isobutyl-N'-isopropyl-2,9-pentamethylen-3,7-
diazabicyclo[3,3,1]nonane dihydrogen fumarate

20 parts of corn starch

45 parts of lactose

3 parts of polyvinylpyrrolidone
1.5 parts of magnesium stearate

0.5 parts of highly dispersed silicic acid
Total 90 parts

PREPARATION METHOD

The active substance was mixed with corn starch and finely powdered lactose in a mixer.
The resulting mixture was thoroughly moistened with a 20% solution of
polyvinylpyrrolidone ("Kollidon 25", from BASF) in deionized water. If necessary,
deionized water was added. The moist granules were passed through a 1.6 mm sieve
(Frewitt machine), dried on trays at 40 DEG C., and then passed through a 1 mm sieve
(Frewitt). After the granules had been mixed with magnesium stearate and highly
dispersed silicic acid ("Aerosil 200", from Degussa), 90 mg thereof in each case were
filled by means of an automatic encapsulating machine into size 4 hard gelatin capsules,
so that each capsule contained 20 mg of active substance.
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Example 3: Ampoules Composition (per ampoule)

5mg N,N'-dicyclopropylmethyl-9,9-tetramethylen-3,7-diazabicyclo[3,3, 1Jnonane
dihydrochloride
16 mg Sodium chloride

Water for injection purposes to make up to 2.0 mi

PREPARATION METHOD

Sodium chloride was dissolved in water for injection purposes. The active substance was
added and dissolved while stirring. Sufficient water for injection purposes was added to
make up the final volume. The mixture was passed through a 0.25 .mu. membrane filter.
2.15 ml aliquots were filled into brown glass ampoules, and the ampoules were
hermetically closed. The ampoules were sterilized with steam for 30 minutes at 121 DEG
C. 2 ml of the resulting injection solution contains 5 mg of the active substance.
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Claims

1. The use of 3,7-diazabicyclo[3,3,1]nonane compounds, its physiologically
acceptable acid addition salts and/or solvates thereof for the production of a
pharmaceutical preparation for the treatment and/or prophylaxis of the Brugada
syndrome and/or Brugada-related symptoms.

2. Use according to claim 1 wherein the 3,7-diazabicyclo[3,3,1]nonane
compounds are corresponding to the Formula I

R2 R3

N N
R17 “R4

wherein

R1 represents an alkyl group containing from 1 to 6 carbon atoms, an alkylene group
containing from 3 to 6 carbon atoms having a double bond which is not linked directly
to the nitrogen atom, a cycloalkylalkyl group containing from 4 to 9 carbon atoms, or
a benzyl group,

R2 represents a lower alky! group, and

R3 represents a lower alkyl group, or

R2 and R3 together form an alkylene chain containing from 3 to 6 carbon atoms, and

R4 represents an alkyl group containing from 1 to 6 carbon atoms, an alkenyl group
containing from 3 to 6 carbon atoms having a double bond which is not linked directly
to the nitrogen atom, a cycloalkylalkyl group containing from 4 to 9 carbon atoms,

a group corresponding to the Formula a:

R5
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wherein

RS represents hydrogen, halogen, lower alkyl or lower alkoxy, and

Z represents an alkylene chain containing from 1 to 3 carbon atoms or a
propenylene chain having a double bond which is conjugated with the phenyl
group, or

a group corresponding to the Formula b:

/@m

— CH

@R7
wherein

R6 represents hydrogen, halogen, lower alkyl or lower alkoxy, and
R7 represents hydrogen, halogen, lower alkyl or lower alkoxy,

or a physiologically acceptable acid addition salt and/or solvate thereof.

3. Use according to claim 1, wherein R1 represents an alkyl group containing
from 1 to 6 carbon atoms or a cycloalkylalkyl group containing from 4 to 7 carbon atoms.

4. Use according to claim 1, wherein R4 represents an alkyl group containing
from 1 to 6 carbon atoms, a cycloalkylalkyl group containing from 4 to 7 carbon atoms, or
a group corresponding to Formula b.

5. Use according to claim 1, wherein R1 represents an alkyl group containing
from 3 to 6 carbon atoms or a cycloalkylalkyl group containing from 4 to 7 carbon atoms,
and R4 represents an alkyl group containing from 3 to 6 carbon atoms or a
cycloalkylalkyl group containing from 4 to 7 carbon atoms.

6. Use according to claim 1, wherein said 3,7-diazabicyclo[3,3,1]nonane
compound is a 9,9-alkylene-3,7-diazabicyclo[3.3.1]nonane compound of Formula |
wherein R2 and R3 together form an alkylene chain containing from 4 to 5 carbon atoms,
and R1 and R4 independently of one another each denote a straight-chain or branched
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alkyl group of 3-4 carbon atoms or the cyclopropylmethyl group, and physiologically
acceptable acid addition salts and/or solvates thereof.

7. Use according to claim 6, wherein said 3,7-diazabicyclo[3,3,1]Jnonane
compound is a fumaric acid salt of said 9,9-alkylene-3,7-diazabicyclo[3.3.1]Jnonane
compound containing 1.5 moles of fumaric acid per mole of compound of formula 1.

8. Use according to claim 1, wherein said 3,7-diazabicyclo[3,3,1]Jnonane
compound is selected from the group consisting of N,N'-dicyclopropylmethyl-9, 9-
tetramethylen-3,7-diazabicyclo[3,3,1]nonane, N-isobutyl-N'-isopropyl-9,9-pentamethylen-
3, 7-diazabicyclo[3,3,1]nonane, and physiologically acceptable acid addition salts and/or
solvates thereof.

9. Use according to claim 8, wherein said 3,7-diazabicyclo[3,3,1]nonane
compound is a fumaric acid salt of N,N'-dicyclopropylmethyl-9, 9-tetramethylene-3,7-
diazabicyclo[3,3,1]lnonane or of N-isobutyl-N'-isopropyl-9,9-pentamethylene-3, 7-
diazabicyclo[3,3,1]nonane containing 1.5 moles of fumaric acid per mole of said 9,9-
alkylene-3,7-diazabicyclo[3.3.1]-nonane compound.

10. The use according to any of the Claims 1, 5 and 7, wherein said 3,7-
diazabicyclo[3,3,1]nonane compound is a hydrochloride salt.

11. Method of treatment and/or prophylaxis of the Brugada syndrome and/or
Brugada-related symptoms characterized in that a 3,7-diazabicyclo[3,3,1]nonane
compound corresponding to the Formula | as defined in one of the claims 1 to 10 is
administered to a patient in need of such treatment and/or prophylaxis in an amount
being effective to relieve, ameliorate and/or prevent said syndrome and/or symptoms.

12. Method of treatment and/or prophylaxis according to claim 11 characterized in
that the 3,7-diazabicyclo[3,3,1]Jnonane compound is administered to a patient in need of
such treatment and/or prophylaxis in an amount being effective to minimize and/or
prevent the risk of sudden cardiac death and/or life-threatening ventricular arrhythmias.

13. Method of treatment and/or prophylaxis according to claim 11 characterized in
that the patients in need of such treatment and/or prophylaxis are of male gender.
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14. Method of freatment and/or prophylaxis according to claim 11 characterized in
that the patients in need of such treatment and/or prophylaxis are infants and/or young

children.

15. Method of treatment and/or prophylaxis according to claim 13 characterized in
that the male Brugada syndrome or symptomatic patients are younger men, preferably
younger men with life-threatening ventricular arrhythmias.

16. Method of treatment and/or prophylaxis according to one of the claims 11 to
15 characterized in that the 3,7-diazabicyclo[3,3,1]nonane compound is administered
either as sole preventive medical drug treating, in particular where no ICD placement is
available at all or right away, or adjuvant to ICD placement, in particular before and/or
still after ICD placement.
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