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NEW OXABISPIDINE COMPOUNDS USEFUL IN THE

TREATMENT OF CARDIAC ARRHYTHMIAS

Field of the Invention

This invention relates to novel pharmaceutically useful compounds, in
particular compounds which are useful in the treatment of cardiac

arrhythmias.

Background and Prior Art

Cardiac arrhythmias may be defined as abnormalities in the rate, regularity,
or site of origin of the cardiac impulse or as disturbances in conduction
which causes an abnormal sequence of activation. Arrhythmias may be
classified clinically by means of the presumed site of origin (i.e. as
supraventricular, including atrial and atrioventricular, arrhythmias and
ventricular arrhythmias) and/or by means of rate (i.e. bradyarrhythmias

(slow) and tachyarrhythmias (fast)).

In the treatment of cardiac arrhythmias, the negative outcome in clinical
trials (see, for example, the outcome of the Cardiac Arrhythmia Suppression
Trial (CAST) reported in New England Journal of Medicire, 321, 406
(1989)) with “traditional” antiarrhythmic drugs, which act primarily by
slowing the conduction velocity (class I antiarthythmic drugs), has prompted
drug development towards compounds which selectively delay cardiac
repolarization, thus prolonging the QT interval. Class Il antiarrhythmic
drugs may be defined as drugs which prolong the trans-membrane action

potential duration (which can be caused by a block of outward K* currents
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or from an increase of inward ion currents) and refractoriness, without

affecting cardiac conduction.

One of the key disadvantages of hitherto known drugs which act by delaying
repolarization (class III or otherwise) is that they all are known to exhibit a
unique form of proarrhythmia known as torsades de pointes (turning of
points), which may, on occasion be fatal. From the point of view of safety,
the minimisation of this phenomenon (which has also been shown to be
exhibited as a result of administration of non-cardiac drugs such as
phenothiazines, tricyclic antidepressants, antihistamines and antibiotics) is a

key problem to be solved in the provision of effective antiarrhythmic drugs.

Antiarthythmic drugs based on bispidines (3,7-diazabicyclo[3.3 1]nonanes),
are known from inter alia international patent applications WO 91/07405
and WO 99/31100, European patent applications 306 871, 308 843 and 655
228 and US patents 3,962,449, 4,556,662, 4,550,112, 4,459,301 and
5,468,858, as well as journal articles including inter alia J. Med. Chem.
39, 2559, (1996), Pharmacol. Res., 24, 149 (1991), Circulation, 90, 2032
(1994) and Anal. Sci. 9, 429, (1993). Oxabispidine compounds are neither

disclosed nor suggested in any of these documents.

Certain oxabispidine compounds are disclosed as chemical curiosities in
Chem. Ber., 96, 2872 (1963). That these compounds may be used in the

treatment of arrhythmias is neither mentioned nor suggested.

We have surprisingly found that a novel group of oxabispidine-based
compounds exhibit electrophysiological activity, preferably class III
electrophysiological activity, and are therefore expected to be useful in the

treatment of cardiac arrhythmias.
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Disclosure of the Invention

According to the invention there is provided compounds of formula I,

wherein

R! represents C,. lz/alkyl (which alky! group is optionally substituted and/or
terminated by one or more groups selected from halo, cyano mtro aryl
HéD , -C(O)R*, -OR®, N(R6)R5°, -C(O)XR’, (O)N(RSI)B,
-
-S(0),R%), or R! represents -C(O)XR’, -C(O)N(R*R* or -S(0),R’;
e —

R*® to R* independently represent, at each occurrence, H, C,4 alkyl
(which latter group is optionally substituted and/or terminated by one or

. i - - L —
more substituents selected from —Oﬁ, halo, cydno, nitro, aryl and Het?),
aryl or HeP, or R¥®, together with R®, represents C;ﬁ(ylc:ne (which
alkylene group is optionally interrupted by an O atom and/or is optionally
substituted by one or more Cf alkyl groups);
R® represents F( C,,"alkyl (optionally substituted and/or terminated by
one or more substituents selected from OFl/halo C}/no mtrf)/z:nd aryl),

aryl, -C(O)R™, -C(OJOR'™ or -C(O)N(H)R‘O°;
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R“”,/ R'® and R'™ independently represent C,, alkyl (optionally
substituted and/or terminated by one or more substituents selected from
-OH, hals, cyan{hitroﬁi arylﬂryl,/or R“’qépresentﬁ-i;

R represents C, 17 alky!l (optionally substituted and/or terminated by one

s or more substituents selected from -OtI, halo;” cyans, nitro, aryl,
C,. alkoxy and Héf‘g;

. - R?® represents H,/CH2 ﬁyl, C,¢ alkoxy (which latter two groups are
optionally substituted and/or terminated by one or more substituents
selected from -OH; haloy”Cyand, nitro, C,, alkyl and C,, alkoxy),

10 -D-arﬁf D-aryléky, -D-Het’, -D-NH)COR'™, -D-S(O)R™,
-D-C(O®)R™®, -D-C(O)OR™, -D-C(O)NR*)R*™, or ‘R?, together with
R¥, represents Cyz alkylene (which alkylene group is optionally
interrupted By an O atom and/or is optionally substituted by one or more
C,., alkyl groups);

-5~ R!"* to R independently represent H, C, alkyl (optionally substituted
and/or terminated by one or more substituents selected from -OH, halo,
cyarg, niteo and apyd), aryl/'".or R' apd RS together represent
Cy alkyledé;

R, R and R independently represent C. ¢ alkyl (optionally substituted

20 and/or terminated by one or more substituents selected from tﬁﬁ halo,
cyano, nitro ’aﬁ’aryl) or arylf

/ D represents a direct bond or C, 4 alkylene;

, X represents O or S;

/.d / ’/

25 R? represents H, halo, C, alkyl, -OR‘3 -E-N(R**R" or, together with
represeﬁtsﬂ
R’ represents H C16 alkyl or, together with R?, represents =0,
R™ represents H, C, alKyl, -E-aryl, -E-Het*, -C(O)R'®, -C(0)OK!*® or
<C(O)N(R'"™)R'™;

T
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R" represents H,/.CM alkyl, -E-ar;l,’ -E-Pb.@, -C(O)R"é:, -C(O)OR”(
-S(0),R*, -[C(O),N(R™R'™ or -C(NH)KH,;
R" represents.H, C,, alkyl, -E-aryl or -C(O)R'®;
R!% to R'* independently represent, at each occurrence when used herein,
Cis alkyl (optionally substituted and/or terminated by onme or more
substituents selected from hale; aryt"and H};(i), aryl, Het’, or R* and R'™
independently repres nf H;
R and R'™ independently represent, at each occurrence when used
herein, H or C, 4 a1k§/l (optionally substituted and/or terminated by one or
more substituents selected from halo, aryl and H’,;tg), aryl, H‘etﬁj“’, or

together represent C, 4 alkylene, optionally interrupted by za O atom;

E represents, at each occurrence when used herein, a direct bond or

C, 4 alkylene;
p represents 1 or 2,

s . -~ —
Het' to Het' independently represent five- to twelve-membered
beterocyclic groups containing one or more hetercatoms selected from
oxyge/n, nitrog::n and/or sulfur, which groups are optionally substituted by
one or more substituents selected from -OH, oxo, halo, cyaﬁb, nitro,
C,¢ alkyl, C, alkoxy, aryl, aryloxy, -N(R'*™R'® -C(O)R'¥, -C(O)ORT&’,
-C(O)N(R*#)R'®  -N(R'®)C(O)R'®" and -N(R'™)S(0),R;

R™ to R'™ independently represent C,¢ alkyl, aryl or R'® o R'

independently represent H; <~

A represents a%rect bond, -J-, -J-N(R*)- or -J-O- (in which latter two

groups, N(R? 9) or O- i s attached to the carbon atom bearin R*and R%);~ .
g R '

. B‘ represents - L— -Z- l\(RZO) -NR™)-Z-, -Z- S(O)‘ , -Z- O (in which lattér

two groups, Z is attached to the carbon atlom bearing R? and R®),

“NR*CO0 Z-, (in which latter group, -N(R™) is attached 1o the carbon

PCT/SEQ0/01994

207
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atom bearing R* and R’) or -C(O)N(R™)- (in which latter group,
-C(0O) is attached to the carbon atom bearing R2 and R%);

oy represents Cmﬁylene optionally'ﬁbstituted by one or more

5

10

. ~ ~
substituents selected from —OHﬁxalo and amino;
—

Z/represents a direct bond or C, 4 alkylene;
’
n represents 0, 1 or 2;

% ot
R" and R™ independently represent H or C,4 alkyl;

("' - ™
G represents CH or N;

/ﬁ“ represents one or more optional substituents selected from -OT{ cyano,

207

25

alo, nitrd, C,z alkyl (optionally terminated by -N(H)/C&b)O_R“’),
Cus “Alkoxy, NRHR™, -COFR™, -C(O)OR™, _CONR™R™,
NEHCOR™, -NRHEGONRARE:, -NRFSO)RY, -SOFR,
and/or -OS(0),R*;

R? to R% independently represent C, ¢ alkyl;

- R and R™ independently represent H, C, 4 alkyl or together represent

C,.¢ alkylene, resulting in a four- to seven-membered nitrogen-containing
ring;

R™ to R?™ independently represent H or C, 4 alkyl; and

R* to R* independently represent H or C, ; alkyl;

wherein each aryl and aryloxy group, unless otherwise specified, is

optionally substituted;

provided that
(a) the compound is not:

3,7-dibenzoyl-9-0xa-3,7-diazabicyclo[3.3.1]nonane;

/léf
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(b) when A represents -J-N(R')- or -J-O-, then:

(i) T does not represent C, alky“x[éhe;\ and

(i1) B does not represent -N(R*)-, -N(R™)-Z- (in which latter group
N(R®) is attached to the carbon atom bearing R® and R?),
-8(0),-, -O- or -N(R¥)C(0)0O-Z- when R? and R* do not together
represent =Q; and

(c) when R? represents -OR" or -N(R')(R'"), then:

(i) A does not represent -J-N(R")- or -J-O-; and

(i) B does not represent -NR¥)-, -N(R¥)-Z- (in which latter group
N@R?®) is attached to the carbon atom bearing R* and R’),
S(0);-, -0- or -NETC(0)0-Z-;

or a pharmaceutically acceptable derivative thereof;

which compounds are referred to hereinafter as “the compounds of the

invention”.

Unless otherwise specified, alkyl groups and alkoxy groups as defined
berein may be straight-chain or, when there is a sufficient number (i.e. a
minimum of three) of carbon atoms be branched-chain, and/or cyclic.

Further, when there is a sufficient number (i.e. a minimum of four) of
carbon atoms, such alkyl and alkoxy groups may also be part
cyclic/acyclic. Such alkyl and alkoxy groups may also be saturated or,
when there is a sufficient number (i.e. a minimum of two) of carbon
atoms, be unsaturated and/or interrupted by one or more oxygen and/or
sulfur atoms. Unless otherwise specified, alkyl and alkoxy groups may

also be substituted by one or more halo, and especially fluoro, atoms.

PCT/SE00/01994
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Unless otherwise specified, alkylene groups as defined herein may be

straight-chain or, when there is a sufficient number (i.e. a minimum of
two) of carbon atoms, be branched-chain. Such alkylene chains may also
be saturated or, when there is a sufficient number (i.e. a minimum of two)
of carbon atoms, be unsaturated and/or interrupted by one or more oxygen
and/or sulfur atoms. Unless otherwise specified, alkylene groups may

also be substituted by one or more halo atoms.

The term “aryl”, when used herein, includes Cq,, aryl groups such as
phenyl, naphthyl and the like. The term “aryloxy”, when used herein
includes C,.,, aryloxy groups such as phenoxy, naphthoxy aand the like.
For the avoidance of doubt, aryloxy groups referred to herein are attached
to the rest of the molecule via the O-atom of the oxy-group. Unless
otherwise specified, aryl and aryloxy groups may be substituted by one or
more substituents including -OH, halo, cyano, nitro, C,4 alkyl,
C,s alkoxy, -NRZR™, -C(O)R™, -C(O)OR™, -C(O)N(R®)R¥
-NRZ)C(O)R™?*, -NR®™S(0),R*®, -S(0),R*¢, and/or -0S(0),R*"
(wherein R*® to R*¢ and R** to R®™ are as hereinbefore defined). When
substituted, aryl and aryloxy groups are preferabiy substiruted by between

one and three substitutents.

The term “halo”, when used herein, includes fluoro, chloro, bromo and

iodo.

Het (Het', Het?, Het’, Het*, Het’, Het®, Het', Het}, Het® and Het*) groups
that may be mentioned include those containing 1 to 4 heteroatoms
(selected from the group oxygen, nitrogen and/or sulfur) and in which the
total number of atoms in the ring system are between five and twelve. Het

(Het', Het’, Het’, Het', Het’, Het’, Het!, Het}, Het’ and Het'®) groups

PCT/SE00/01994
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R¢ does not represent ~-C(O)N(H)R'%;

R and R*™ do not together represent C, ¢ alkylene.

Preferred compounds of the invention also include those which are not:
tert-butyl 7-benzyl-9-oxa-3,7-diazabicyclo[3.3.1]nonane-3-carboxylate, or
ethyl 7-[(2S)-3-(4-cyanophenoxy)-2-hydroxypropyl]-9-oxa-3,7-diaza-

bicyclo[3.3.1]nonane-3-carboxylate;

Preparation

According to the invention there is also provided a process for the .

preparation of compounds of formula I which comprises:

(2) reaction of a compound of formula II,

wherein R%, R®, R*, R* to R%, A, B and G are as hereinbefore defined,
with a compound of formula III,

R-L! I
wherein L' represents a leaving group such as halo, alkanesulfonate,
perfluoroalkanesulfonate, arenesulfonate, -OC(0)XR’, imidazole or R*O-
(wherein R* represents, for example, C,., alkyl or aryl, which groups are
optionally substituted by one or more halo or nitro groups) and X, R' and

R7 are as hereinbefore defined, for example at between room and reflux
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temperature in the presence of a suitable base (e.g. triethylamine, potassium
carbonate or a bicarbonate, such as sodium bicarbonate) and an appropriate
solvent (e.g.  dichloromethane, chloroform, acetonitrile, N,N-
dimethylformamide, THF, toluene, water, a lower alkyl alcohol (e.g.

ethanol) or mixtures thereof);

(b) for compounds of formula I in which R' represents -C(O)XR’ or
-C(O)NR®*R¥, reaction of a compound of formula IV,

wherein R?, R%, R?, R* to R¥%, A, B, G and L' are as hereinbefore defined,
with a compound of formula V,

R*-H \%
wherein R* represents -XR’ or -N(R)R* and R*, R’, R® and X are as
hereinbefore defined, for example under similar conditions to those

described hereinbefore (process step (a));

(c) for compounds in which R' represents -C(O)N(H)R®, reaction of a
compound of formula II, as hereinbefore defined, with a compound of
formula VI,

R-N=C=0 VI
wherein R® is as hereinbefore defined, for example at between 0°C and

reflux temperature in the presence of an appropriate organic solvent (e.g.
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dichloromethane), or via solid phase synthesis under conditions known to

those skilled in the art;

(d) reaction of a compound of formula VII,

R41

I
N

N Ras N—R!
Vi
wherein R' and R*' to R* are as hereinbefore defined, with a compound of

formula VIII,
RZ

R%"*““ y

B
Vil

R4
wherein L? represents a leaving group such as halo, alkanesulfonate (e.g.
mesylate), perfluoroalkanesulfonate or arenesulfonate (e.g. 2- or 4-
nitrobenzenesulfonate, toluenesulfonate or benzenesulfonate) and R?, R?, RY,
A, B and G are as hereinbefore defined, for example at elevated
temperature (e.g. between 35°C and reflux temperature) in the presence of
a suitable base (e.g. triethylamine or potassium carbonate) and an
appropriate organic solvent (e.g. acetonitrile, dichloromethane, chloroform,
dimethylsulfoxide, N,N-dimethylformamide, a lower alkyl alcohol (e.g.

ethanol), isopropyl acetate or mixtures thereof);

(e) for compounds of formula I in which A represents CH, and R®
represents -OH or -N(H)R!, reaction of a compound of formula VII, as

hereinbefore defined, with a compound of formula IX,
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G
R4
wherein Y represents O or N(R") and R’, R*, R, B and G are as
hereinbefore defined, for example at elevated temperature (e.g. 60°C to
reflux) in the presence of a suitable solvent (e.g. a lower alkyl alcohol (e.g.

s IPA), acetonimile, or a mixture of a lower alkyl alcohol and water);

(f) for compounds of formula I in which B represents -Z-O-, reaction of a

compound of formula X,

45 R43 R4

R2

N R46 N—Rt
R3 A
X

V4
\
OH
10 wherein R!, R%, R?, R* to R®, A and Z are as hereinbefore defined, with a

compound of formula XI,
OH

R4
wherein R* and G are as hereinbefore defined, for example under
Mitsunobu-type conditions e.g. at between ambient (e.g. 25°C) and reflux
15 temperature in the presence of a tertiary phosphine (e.g. tributylphosphine

or triphenylphosphine), an  azodicarboxylate  derivative  (e.g.



