PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6 :

A61K 31/00 A2

(11) International Publication Number:

(43) International Publication Date:

WO 00/02549

20 January 2000 (20.01.00)

(21) International Application Number: PCT/US99/15537

(22) International Filing Date: 9 July 1999 (09.07.99)

(30) Priority Data:

60/092,341 Us

10 July 1998 (10.07.98)

(71) Applicant: DU PONT PHARMACEUTICALS COMPANY
[US/US]; 974 Centre Road, WR-1ST18, Wilmington, DE
19807 (US).

(72) Inventor: ZACZEK, Robert; 18 Roosevelt Way, Avondale, PA
19311-9336 (US).

(74) Agent: FERGUSON, Blair, Q.; Du Pont Pharmaceuticals
Company, Legal Patent Records Center, 1007 Market Street,
Wilmington, DE 19898 (US).

(81) Designated States: AU, BR, CA, CN, CZ, EE, HU, IL, IN, JP,
KR, LT, LV, MX, NO, NZ, PL, RO, SG, SI, SK, UA, YU,
ZA, Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European patent (AT, BE, CH, CY, DE, DK, ES, FI,
FR, GB, GR, IE, IT, LU, MC, NL, PT, SE).

Published
Without international search report and to be republished
upon receipt of that report.

(57) Abstract

(54) Title: COMPOSITION FOR AND METHOD OF TREATING NEUROLOGICAL DISORDERS

The invention relates to a method of treating neurological disorders associated with neurotransmitter deficit in a mammal comprising
administering to the mammal a therapeutically effective amount of a combination of: (i) at least one neurotransmitter release enhancer, and
(ii) at least one acetylcholinesterase inhibitor. The invention also relates to compositions and kits containing the same.
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TITLE

COMPOSITION FOR AND METHOD OF TREATING NEUROLOGICAL
DISORDERS

FIELD OF THE INVENTION

This invention relates to a method of
treating neurological disorders associated with
neurotransmitter deficit in a mammal comprising
administering to the mammal a therapeutically effective
amount of a combination of: (i) at least one
neurotransmitter release enhancer and (ii) at least one
acetylcholinesterase inhibitor. This invention also

relates to compositions and kit containing the same.

BACKGROUND OF THE INVENTION

The hypothesis that the symptoms of
neurodegenerative diseases such as Alzheimer’s Disease
are the result of reduced neuronal function has led to
the development of therapies aimed at reversing these
deficits. 1In an attempt at neurotransmitter
replacement, neurotransmitter precursor supplementation
has been used to treat neurodegenerative diseases.
Cotzias, et al. New Engl. J. Med. 276:374-379 (1967).

Another means of enhancing neurotransmission
is to increase stimulated, but not basal, release of

neurotransmitters, thereby specifically increasing
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normal synaptic activity. Substituted oxindoles such
as 3,3—bis(4—pyridinylmethyl)—1-pheﬁylindolin-2—one are
agents under investigation as a palliative treatment
for the dementia associated with Alzheimer's disease.
Compounds of this structural type have been shown to
enhance potassium(K*)-stimulated release of tritium
from rat brain slices preloaded with [3H] choline,

[3H] dopamine, and [3H] serotonin without affecting basal
efflux. Nickolson et al., Drug Dev. Res. 19:285-300
(1990) ; Zaczek et al. Neurosci. Lett. (1993); Zaczek et
al., Drug Dev. Res. 29:203-208 (1993).

The present invention is based on a synergy
found with a combination therapy involving
neurotransmitter release enhancers, and
acetylcholinesterase inhibitors. Such a therapy
provides higher extracellular levels of acetylcholine
and a greater improvement for the treatment of

neurological disorders such as Alzheimer’s disease.

SUMMARY OF THE INVENTION

The present invention provides a method of
treating neurological disorders associated with
neurotransmitter deficit in a mammal comprising
administering to the mammal a therapeutically effective
amount of a combination of: (i) at least one

neurotransmitter release enhancer, such as a compound
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of Formula (I) (shown below); and (ii) at least one
acetylcholinesterase inhibitor. The present invention
is also directed to pharmaceutical compositions and

pharmaceutical kits containing the same.

DETAILED DESCRIPTION OF THE INVENTION

This present invention provides a method of
treating neurological disorders associated with
neurotransmitter deficit in a mammal comprising
administering to the mammal, in combination, a
therapeutically effective amount of: (1) at least one
neurotransmitter release enhancer, such as of the
Formula (I) (shown below); and (ii) at least one
acetylcholinesterase inhibitor.

In the present invention, it has been
discovered that the administration of a
neurotransmitter release enhancer such as of Formula
(I) (component (i)) in combination with an
acetylcholinesterase inhibitor precursor (component
(ii)) may result in an unexpected synergistic effect in
providing higher extracellular levels of acetylcholine.
Thus, the amount of acetylcholine which is released
when a neurotransmitter release enhancer is
administered in combination with an
acetylcholinesterase inhibitor is at least additive

over each agent when administered alone. This additive
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and believed to be synergistic combination is expected
to greatly increase the efficacy of single agent or
multiple agent treatments of neurological disorders
associated with neurotransmitter deficits, such as
Alzheimer's Disease, disorders which are associated
with acetylcholine deficits.

Thus, it has been discovered that the
neurotransmitter release enhancers useful in the
present invention may be administered in combination
with an acetylcholinesterase inhibitor, thereby
reducing the doses of each drug required to achieve the
amounts of neurotransmitter, such as acetylcholine,
released. Moreover, it has been discovered that the
use of the compounds of component (i) and component
(ii) of the invention in combination results in a
greater than additive acetylcholine releasing effect
over component (i) alone. Thus, the combination
treatment of the present invention of components (1)
and (ii) permits the use of lower doses of each
component, with reduced adverse, toxic effects of each
component. It also provides for a greater window of
efficacy, since the same maximum tolerated doses can be
administered before toxic effects associated with each
agent are observed. A lower dosage minimizes the
potential of side effects of the compounds, thereby

providing an increased margin of safety relative to the
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margin of safety for each component when used as a
single agent.

As used herein, the term "neurotransmitter
release enhancer" or "neurotransmitter release
enhancing agent" refers to compounds or compositions
which serve to increase the cellular release of one or
more neurotransmitters and includes the compounds of
Formula (I) described below. The neurotransmitter
release enhancer compounds of Formula (I) are also
described in U.S. Patent No. 4,760,083, U.S. Patent No.
5,173,489, the disclosures of each of which are hereby
incorporated herein by reference in their entirety.
Other compounds and compositions are known and will be
readily apparent to those skilled in the art, once
armed with the present disclosure. Such
neurotransmitter release enhancers may Serve to
increase the cellular release of one or more
neurotransmitters, such as, for example, the
neurotransmitters dopamine, acetylcholine, choline,
serotonin, noradrenaline, adrenaline and glutamic acid.
Preferably, the neurotransmitter release enhancers
serve to increase the release of acetylcholine, and are

preferably the compounds of Formula (I).
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The phrase "acetylcholinesterase inhibitor",
as used throughout, refers to compounds which inhibit
the acetylcholinesterase enzyme.

By "therapeutically effective amount" it is
meant an amount of component (i)and component (ii) that
when administered alone or in combination to a mammal
is effective to treat the neurological disorder, such
as by increasing the amount of the neurotransmitter(s)
in deficit, especially the neurotransmitter
acetylcholine.

By "administered in combination", or the
like, when referring to component (i) and component
(ii) of the present invention, it is meant that the
components are administered concurrently to a mammal
being treated. By concurrently, it is meant that each
component may be administered at the same time or
sequentially in any order at different points in time,
however if not administered at the same time, they
should be administered sufficiently closely in time so
as to provide the desired treatment effect. Suitable
dosing intervals and dosing order with such compounds
will be readily apparent to those skilled in the art,
once armed with the present disclosure. Preferably,
all components are administered at the same time, and

if not administered at the same time, preferably they
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are all administered less than one hour apart from one
another.

The present invention also includes
pharmaceutical compositions (that is, combination
products), such pharmaceutical compositions
(combination products) comprising or consisting
essentially of, in combination, a neurotransmitter
release enhancing compound (such as Formula (I)), and
an acetylcholinesterose inhibitor. Such compositions
may be in solid or liquid dosage units, and may further
include a suitable pharmaceutical carrier.

The present invention also includes
pharmaceutical kits comprising or consisting
essentially of a neurotransmitter release enhancer
(such as compound of Formula (I)), together with an
acetylcholinesterase inhibitor. 1In the kit, the
neurotransmitter release enhancer and
acetylcholinesterase inhibitor may each be presented in
separate vials as compounds, and/or in separate vials
as compounds in combination with a pharmaceutically
acceptable carrier. Alternatively, one or more of the
neurotransmitter release enhancers and
acetylcholinesterase inhibitors may be combined
together in one or more vials, with or without a
carrier. Thus, for example, the invention includes

pharmaceutical kits comprising a separate vial
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comprising the neurotransmitter release enhancer
compound of Formula (I), and a separate vial comprising
acetylcholinesterase inhibitor, each wvial also
containing, if desired, a carrier.

The compositions and kits of the present
invention may be employed in the treatment of
neurological diseases characterized by deficit levels
(that is, abnormally low levels) of a neurotransmitter,
such as, for example, acetylcholine. Such diseases are
well known and include, for example, Alzheimer's
Disease, as well as other central nervous system
disorders or degenerative diseases. The compositions
and kits may also be employed for the standardization
of biochemical assays dependant on defined levels of
released neurotransmitters, such as acetylcholine.

In the method of the present invention, the
neurotransmitter release enhancing compound (such as a
compound of Formula (I)) may be administered in
combination with an acetylcholinesterase inhibitor to
achieve a synergistic increase in acetylcholine.
Synergy occurs when the effect (such as release of the
neurotransmitter acetylcholine) of the compounds when
administered in combination is greater than the
additive effect of the compounds when administered

alone as a single agent. In general, a synergistic

PCT/US99/15537
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effect is most clearly demonstrated at suboptimal
concentrations of the compounds.

The method of the present invention provides
for an enhanced effect of the two drugs when
administered in combination. Thus, the claimed
combination treatment allows for the use of lowered
clinical doses and increases the window of efficacy.
In view of the marginal effects associated with the
presently approved therapies for treating diseases
characterized by abnormally low levels of brain
neurotransmitters like acetylcholine, such as
Alzheimer's Disease, the present invention provides an
important advantage over current therapies.

Acetylcholinesterase inhibitors useful in the
present invention include tacrine (a
tetrahydroacridine) and compounds described in U.S.
Patent 4,895,841, particularly the compound donepezil
HC1l sold under the tradename ARICEPT.

As discussed in U.S. Patent Nos. 4,760,083
and 5,173,489, compounds of the a,0-disubstituted ring
systems of Formula (I) represent a new class of
neurotransmitter release enhancers which are useful for
the treatment of diseases characterized by abnormally
low levels of brain neurotransmitter acetylcholine,

such as Alzheimer's Disease. In certain instances, the



10

15

20

WO 00/02549 PCT/US99/15537

compounds disclosed were also found to enhance the
release of dopamine.

The neurotransmitter release enhancers of
component (i) useful in this invention include

o,o0~ disubstituted ring systems of the Formula (I):

P CH,-Het!?
/
f \c
\ _ Y/ CH,-Het?
(I)
or a pharmaceutically acceptable salt
thereof, wherein X and Y are taken together to form a
saturated or unsaturated carbocyclic first ring and the
shown carbon in said ring is a to at least one
additional carbocyclic aromatic ring fused to the first
ring, the total number of carbocyclic fused rings being
3-5, the sole heterocyclic substituents on said fused
rings being Hetl and Het2; and
one of Hetl or Het2? is 2, 3, or 4-pyridyl or
2, 4, or 5-pyrimidinyl and the other is selected from
(a) 2, 3, or 4-pyridyl
(b) 2, 4, or 5-pyrimidinyl,
(c) 2-pyrazinyl,
(d) 3 or 4-pyridazinyl,
(e) 3 or 4-pyrazolyl,

(£) 2 or 3-tetrahydrofuranyl, and

- 10 -
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PCT/US99/15537

Preferred compounds of component (i) useful

in the present invention are compounds of Formula (Ia):

CH

Y I
(CHo)

wherein:
p is 0 or 1;

Z is O or S;

R is Cq-Cio alkyl, C3-Cg cycloalkyl,

pyridyl, 4-pyridyl, or

2-pyridyl, 3-

V,W,X, and Y independently are H, halo, C;1-Cj3

alkyl, OR, NO,, CF3, CN or NRIRZ;

Rl and R? independently are H or C;-C3 alkyl;
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Hetl and Het? independently are 6-membered
heterocyclic aromatic rings containing one or
two nitrogen atoms as part of the ring
optionally substituted with one substituent

5 selected from the group C,-Ci3 alkyl, halo,
OR!l or NRIR?; or

an N-oxide or pharmaceutically acceptable acid
addition salt thereof.

Also preferred compounds of component (i)
10 useful in the method of the present invention are

compounds of Formula (Ib):

(Ib)

15 or a pharmaceutically acceptable salt thereof, wherein:

each J, K, L and M independently are N, CR!, CR> or CRZ
with the proviso that when either My, Ms or both

is N, then B, D or both cannot be R! or RZ;

20
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A is (CH2)p, C(=8), O, S(0);, S(0),, S, NR3, -CH=CH-,
-C(=0)-, -CH(OR3)-, C(=NOH) -,

_C. _C_ -CH-CH-
0] O S S \ /

5 \___/ p \___/ , Or CH,;

n is 0, 1, 2 or 3;

Rl and R2 independently are H, halo, alkyl of 2-3

carbon atoms, acetyl, OR3, NO,, CN, NR3R%, or

10 fluoroalkyl of 1-3 carbon atoms;
R3 and R4 independently are H, alkyl of 1-3 carbon
atoms, or acyl;
15

can be taken together to form -CH=CH-,

B and D independently are Rl or RZ or, when A is (CHjy)o,

or -CHp-CHjp-

~e

R® independently is H, or is taken together with R to

form a 2,3- or a 3,4-fused benzo ring;

from:

20
one of Hetl or Het? is 2, 3, or 4-pyridyl or 2, 4 or
5-pyrimidinyl and the other is selected
(a) 2, 3 or 4-pyridyl,
(b) 2, 4, or 5-pyrimidinyl,
25 (c)

2-pyrazinyl,
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(d) 3 or 4-pyridazinyl,
(e) 3 or 4-pyrazolyl,
(£) 2 or 3-tetrahydrofuranyl, and

(g) 3-thienyl.

5 Also preferred compounds of component (i)
useful in the present invention are compounds of
Formula (Ic):

Het!cH, CHyHet?
W\/ 1 Q
| as
— !
Z X
\ l
/
Yo — /
10 (Ic)
or a pharmaceutically acceptable salt thereof, wherein;
a is a single bond or double bond;
X and Y taken together when a is a single bond is
-CH=CH-CH=CH- ;
15 | I
W Z
X and Y taken together when a is a double bond is
-CHy- (CH2-) nCH-CH-;
i |
20 W Z

where n is 1 or 2;

Q when a is a single bond is =0; =S; Hp, =NOR1,
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-O(CH2)pO-, -S(CH2)pS-, - (H)F, = NORL, Fy;

(R1)OR3, =CRrRIRZ;

Q, when a is a double bond is R2, OR3 or halo;

5
p is 2 or 3;
Rl is H, alkyl of 1-10 carbon atoms, cycloalkyl of 3-8
carbon atoms, or
10
//VV

R2 is Rl, NO,, CN, COoRL, C(=0)R! or halo;

15 R3 is C(=0)R1l or Crl;

W, Z independently are H, halo, alkyl of 1-3 carbon
atoms, OR3, NO,, CF3, fluoroalkyl, CN, or N(R1)2;
and
20
one of Hetl or Het? is 2, 3, or 4-pyridyl or 2, 4, or
5-pyrimidinyl and the other is selected from
(a) 2, 3, or 4-pyridyl,

(b) 2, 4, or 5-pyrimidinyl,
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(c) 1l-pyrazinyl,
(d) 3 or 4-pyridazinyl,
(e) 3 or 4-pyrazolyl,
(f) 2 or 3-tetrahydrofuranyl, and
5 (g) 3-thienyl.
Also preferred compounds of component (i)

useful in the present invention are compounds of

Formula (Id):

10

(1d)

or a pharmaceutically acceptable salt thereof,

wherein:

15 a is a single bond or double bond;

b is a single bond or double bond, provided one of a or

b is a single bond;

20 X independently when a and b are single bonds is:
0,8, CRIR2, CQ, CRIOR3 or -(CHy)N- where N is 1-3,

N (CHy) pR® where p is 0-1, or NC(=0)RI1;



10

15

20

25

WO 00/02549 PCT/US99/15537

X independently when one of a or b is a double bond is

CR2, COR3, or N;
V independently when b is a single bond is CQ;

V independently when b is a double bond is CR2 or COR3;

A is a single bond, —(—CR; -)n-, -X-, —(—CR; - n-X,
where n is 1, 2 or 3 and

X is as defined above when a is a single bond;

Y and V taken together when A and b are single bonds is

-C=C-CH=CH-;
/N
W Z

Y and V taken together when A is a single bond is -CH2-
(CHo)m-CHy- where m is 1 or 2; provided that when Y

and V are connected, then V and X are not

connected;

V and X taken together when b is a double bond is C-

CH=CH-CH=CH-C-, or, C—(—CH2—)p—C; provided that
when V and X are connected, then Y and V are not

connected;
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Q when a is a single bond is =0, =S, Hy, =NOR!, -
=CR1RZ;
Q when a is a double bond is R2, OR3 or halo;

p is 2 or 3;

10 R! is H, alkyl of 1-10 carbon atoms, cycleoalkyl of 3-8

carbon atoms, or

15 RZ2 is R, NO,, CN, CN,RY, C(=0)R! or halo;

R3 is Rl or C(=0)RY;

W, Y, Z independently are H, halo, alkyl of 1-3 carbon
20 atoms, OR3, NOy, CF3, fluorcalkyl, CN, or N(R1),;

and

one of Hetl or Het? is 2, 3, or 4-pyridyl or 2, 4, or

5-pyrimidinyl and the other is selected from
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(a) 2, 3, or 4-pyridyl,

(b) 2, 4, or 5-pyrimidinyl,

(c) 2-pyrazinyl,

(a) 3, or 4-pyridazinyl,

(e) 3, or 4-pyrazolyl,

(f) 2, or 3-tetrahydrofuranyl, and
(9) 3-thienyl.

More preferred compounds of component (i)
useful in the present invention are compounds of

Formula (I) wherein:

Het! or Het? is 2-, 3-,or 4-pyridyl or 2-, 4-, or 5-
pyrimidinyl and the other is 2-, 3-, or 4-
pyridinyl, 2-, 4-, or 5-pyrimidinyl, or 2-, or 3-
tetrahydrofuranyl.

Most preferred compounds of component (i)
useful in the present invention are compounds of

Formula (I) wherein:

Hetl and Het? is most preferably selected from:
(a) 4-pyridinyl and 4-pyridazinyl,
(b) 4-pyrimidinyl and 4-pyrimidinyl,
(c) 4-pyridinyl and 4-pyrimidinyl,

(d) 4-pyridinyl and 3-tetrahydrofuranyl.
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Preferred compounds of component (i) useful in the
present invention are the compounds of Formula (Ia)
wherein:

p is 0;

Z is O;

W, X, Y and Z are hydrogen;

R is methyl, phenyl or m-chlorophenyl; and

Hetl and Het? are each pyridinyl attached by a ring
carbon atom.

Preferred compounds of component (i) of the

present invention also include compounds of Formula

(V> :

Het-1

Formula (V)

and pharmaceutically acceptable salt or prodrug forms
thereof, wherein:

A is N or CH;
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Het-1 and Het-2 are each independently selected from 2-
pyridyl, 3-pyridyl or 4-pyridyl substituted with X;

R? and R’ are independently selected from H, F, Cl, Br,
I, CF,, R, or —C=CH;

R* is alkyl of 1 to 4 carbons;

X in each instance is independently selected from H, F,

Ccl, Br, I, or CF,, provided that at least one X is

other than H.

Preferred compounds of Formula (V) are compounds wherein:
Het-1 and Het-2 are independently 4-pyridyl substituted
with X; and/or

A is CH; and/or

R?> and R® are independently H, F, Br, or CF,.

Preferred compounds of Formula (V) are those wherein

one X is H and the other F; and R? and R’ are each

H.

Preferred compounds of Formula (V) also include those

wherein each X is F and R? and R’ are each H.

Preferred compounds of Formula (V) are 10-((2-fluoro-4-
pyridyl)methyl)-10- (4-pyridylmethyl) -9 (10H) -
anthracenone and 10,10-bis((2-fluoro-4-

pyridinyl)methyl) -9 (10H) -anthracenone.
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Preferred compounds of component (i) useful
in the present invention include: 3,3-bis(4-
pyridinylmethyl) -1-phenylindolin-2-one; 3,3-bis (4-
pyridinylmethyl) -1-phenylindolin-2-one; and 10,10-bis
(2-fluoro-4-pyridinyl)methyl) -9 (10H) anthracenone.

Methods for the preparation of the compounds
of Formula (I) are described in great detail in Myers
et al., U.S. Patent No. 4,760,083 and Earl et al., U.S.
Patent No. 5,173,489, and United States Patent
Application Serial No. 08/216,881 filed March 28, 1994,
all of which are incorporated herein by reference in
their entirety.

The preferred compound of component (ii)
useful in the present invention is the compound
donepezil HCIL.

Component (i) of the present invention may
also be provided as a pharmaceutical composition
comprising an therapeutically effective amount of a
compound of Formula (I) (including those of the
subformulae Ia, Ib, Ic and Id) and a pharmaceutically
acceptable carrier. Component (ii) of the present
invention may likewise be presented as a pharmaceutical
composition comprising a therapeutically effective
amount of an acetylcholinesterase inhibitor and a
pharmaceutically acceptable carrier. Mixtures of the

components (i) and (ii) with or without a
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pharmaceutically acceptable carrier, are also within
the ambit of the present invention.

Neurological disorders associated with
neurotransmitter deficit include, but are not limited
to Alzheimer's Disease, as well as other central
nervous system disorders or degenerative diseases.

When any variable occurs more than one time
in any constituent in formula (I), or any other formula
herein, its definition on each occurrence is
independent of its definition at every other
occurrence. Also combinations of substituents and/or
variables are permissable only if such combinations
result in stable compounds.

As used herein, “alkyl” is intended to
include both branched and straight-chain saturated
aliphatic hydrocarbon groups having the specified
number of carbon atoms. As used herein “alkoxy”
represents an alkyl group of indicated number of carbon
atoms attached through an oxygen bridge; “cycloalkyl”
is intended to include saturated ring groups, such as
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl and cyclooctyl; and “biycloalkyl” is
intended to include saturated bicyclic ring groups such
as [3.3.0]lbicyclooctane, [4.3.0lbicyclononane,
[4.4.0]bicyclodecane (decalin), [2.2.2]bicyclooctane,

and so forth. “Alkenyl” is intended to include
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hydrocarbon chains of either a straight or branched
configuratioﬁ and one or more unsaturated carbon-carbon
bonds which may occur in any stable point along the
chain, such as ethenyl, propenyl, and the like; and
“alkynyl” is intended to include hydrocarbon chains of
either a straight or branched configuration and one or
more triple carbon-carbon bonds which may occur in any
stable point along the chain, such as ethynl, propynyl
and the like. *“Cycloalkyl-alkyl” is intended to
include cycloalkyl attached to alkyl. “Halogen” as
used herein refers to fluoro, chloro, bromo, and iodo;
and “counterion” is used to represent a small,
negatively charged species such as chloride; bromide,
hydroxide, acetate, sulfate, and the like.

As used herein, “aryl” or “aromatic residue”
is intended to mean phenyl or naphthyl; “carbocyclic”
is intended to mean any stable 5- or 7- membered
monocyclic or bicyclic or 7- to l4-membered bicyclic or
tricyclic carbon ring, any of which may be saturated,
partially unsaturated or aromatic, for example, indanyl
or tetrahydronaphthyl (tetralin).

Ags used herein, “aralkyl” is intended to mean
any aryl group bearing the alkyl group. The aralkyl
group may be attached at any of its carbon atoms.

The term “substituted”, as used herein, means

that one or more hydrogen on the designated atom is
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replaced with a selection from the indicated group,
provided that the designated atom’s normal valency is
not exceeded, and that the substitution results in a
stable compound.

By “stable compound” or “stable structure” is
meant herein a compound that is sufficiently robust to
survive isolation to a useful degree of purity from a
reaction mixture, and formulation into an efficacious
therapeutic agent.

As used herein, “pharmaceutically acceptable
salts” refer to derivatives of the disclosed compounds
that are modified by making acid or base salts.
Examples include, but are not limited to, mineral or
organic acid salts of basic residues such as amines;
alkali or organic salts of acidic residues such as
carboxylic acids.

As used herein, “therapeutically effective
amount” means the amount capable of achieving the
desired clinical effect.

Pharmaceutically acceptable salts of the
compounds of the invention can be prepared by reacting
the free acid or base forms of these compounds with a
stoichiometric amount of the appropriate base or acid
in water or in an organic solvent, or in a mixture of
the two; generally, nonaqueous media like ether, ethyl

acetate, ethanol, isopropanol, or acetonitrile are

PCT/US99/15537
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preferred. Lists of suitable salts are found in

Remington’s Pharmaceutical Sciences, 17th ed., Mack

Publishing Company, Easton, PA, 1985, p. 1418, the

disclosure of which is hereby incorporated by

reference.

Dosage and Formulation

The neurotransmitter release enhancer
(component (i)), and acetylcholinesterase inhibitor
(component (ii)) combination treatment of the invention
can be administered by any conventional means available
for the use in conjunction with pharmaceuticals, either
as individual separate dosage units administered
simultaneously or concurrently, or in a physical
combination of each component therapeutic agent in a
single or combined dosage unit. The active agents can
be administered alone, but are generally administered
with a pharmaceutical carrier selected on the basis of
the chosen route of administration and standard
pharmaceutical practice. 1In general, the weight ratio
of component (i) to component (ii) will be in the range
of 1:1 to 1:100, preferably 1:1 to 1:50.

The dosage administered will, of course vary
depending on the use and known factors such as the
pharmacodynamic characteristics of the particular

agent, and its mode and route of administration; age,
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health, and weight of the recipient; nature and extent
of symptoms, kind of concurrent treatment, frequency of
treatment, and the effect desired. The recipient may
be any type of mammal, but is preferably a human.

For use in the treatment of diseases
characterized by abnormally low levels of
acetylcholine, such as Alzheimer's disease, by way of
general guidance, a daily oral dosage of active
ingredient (s) can be about 0.001 to 1000 mg/kg of body
weight. Ordinarily a dose of 0.1 to 500 mg/kg per day
in divided doses one to four times a day or in
sustained release form is effective to obtain the
desired results.

Dosage forms (compositionsg) suitable for
administration contain about 1 milligram to 100
milligrams of active ingredient per unit. In these
pharmaceutical compositions, the active ingredient will
ordinarily be present in an amount of about 0.5-95% by
weight based on the total weight of the composition.

The active ingredient may be administered
orally in solid dosage forms, such as capsules,
tablets, and powders, or in liquid dosage forms, such
as elixirs, syrups, and suspensions. It can also be

administered parenterally, in sterile liguid dosage

forms.
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Gelatin capsules contain the active
ingredient and powdered carriers, such as lactose,
starch, cellulose derivatives, magnesium stearate,
stearic acid, and the like. Similar diluents can be
used to make compressed tablets. Both tablets and
capsules can be manufactured as sustained release
products to provide for continuous release of
medication over a period of hours. Compressed tablets
can be sugar coated or film coated to mask any
unpleasant taste and protect the tablet from the
atmosphere, or enteric coated for selective
disintegration in the gastrointestinal tract.

Liquid dosage forms for oral administration
can contain coloring and flavoring to increase patient
acceptance.

In general, water, a suitable oil, saline,
aqueous dextrose (glucose), and related sugar solutions
and glycols such as propylene glycol or polyethylene
glycols are suitable carriers for parenteral solutions.
Solutions for parenteral administration preferably
contain a water soluble salt of the active ingredient,
suitable stabilizing agents, and if necessary, buffer
substances. Antioxidizing agents such as sodium
bisulfate, sodium sulfite, or ascorbic acid, either
alone or combined, are suitable stabilizing agents.

Also used are citric acid and its salts and sodium
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EDTA. In addition, parenteral solutions can contain
preservatives, such as benzalkonium chloride, methyl-
or propyl-paraben, and chlorobutanol.

Suitable pharmaceutical carriers and methods
of preparing pharmaceutical dosage forms are described

in Remington's Pharmaceutical Sciences, Mack Publishing

Company, a standard reference text in this field.
Useful pharmaceutical compositions (dosage
forms) for administration of the compounds of this
invention can be illustrated as follows:
Capsules
A large number of unit capsules are prepared
by filling standard two-piece hard gelatin capsules
each with 100 milligrams of powdered active ingredient,
150 milligrams of lactose, 50 milligrams of cellulose,
and 6 milligrams magnesium stearate.

Soft Gelatin Capsules

A mixture of active ingredient in a
digestible o0il such as soybean oil, cottonseed oil or
olive oil is prepared and injected by means of a
positive displacement pump into gelatin to form soft
gelatin capsules containing 100 milligrams of the
active ingredient. The capsules are washed and dried.
Tablets

A large number of tablets are prepared by

conventional procedures so that the dosage unit was 100
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milligrams of active ingredient, 0.2 milligrams of
colloidal silicon dioxide, 5 milligrams of magnesium
stearate, 275 milligrams of microcrystalline cellulose,
11 milligrams of starch and 98.8 milligrams of lactose.
Appropriate coatings may be applied to increase
palatability or delay absorption.

Suspension

An agueous suspension is prepared for oral
administration so that each 5 ml contain 25 mg of
finely divided active ingredient, 200 mg of sodium
carboxymethyl cellulose, 5 mg of sodium benzoate, 1.0 g
of sorbitol solution, U.S.P., and 0.025 mg of vanillin.
Injectable

A parenteral composition suitable for
administration by injection is prepared by stirring
1.5% by weight of active ingredient in 10% by volume
propylene glycol and water. The solution is sterilized
by commonly used techniques.

Each therapeutic agent component of this
invention can independently be in any dosage form, such
as those described above, and can also be administered
in various ways, as described above. The component (i)
and (ii) of the invention may be formulated together,
in a single dosage unit (that is, combined together in
one capsule, tablet, powder, or liquid, etc.) as a

composition (combination product). More preferably,

- 30 -
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components (i) and (ii) are formulated together as a
composition. When component (i) and component (ii) are
not formulated together in a single dosage unit, the
neurotransmitter release enhancer component (i) may be
administered at the same time as component (ii) or in
any order. For example, component (i) of this
invention may be administered first, followed by
administration of component (ii), or they may be
administered in the reverse order. When not
administered at the same time, preferably the
administration of component (i) and component (ii)
occurs less than about one hour apart. Preferably, the
route of administration of component (i) and component
(ii) is oral. The terms oral agent, oral release
enhancer, oral compound, or the like, as used herein,
denote compounds which may be orally administered.
Although it is preferable that component (i)and
component (ii) of the invention are both administered
by the same route (that is, for example, both orally)
or in the same dosage form (that is, for example, as a
tablet), if desired, they may each be administered by
different routes (that is, for example, one component
of the combination product may be administered orally,
and another component may be administered

intravenously) or in different dosage forms (that is,
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for example, one component as a tablet and another as a
liquid).

As will be appreciated by a medical
practitioner skilled in the art, the dosage of the
combination therapy of the invention may vary depending
upon various factors such as the pharmacodynamic
characteristics of the particular agent and its mode
and route of administration, the age, health and weight
of the recipient, the nature and extent of the
symptoms, the kind of concurrent treatment, the
frequency of treatment, and the effect desired, as
described above.

The proper dosage of component (i)and
component (ii) will be readily ascertainable by a
medical practitioner skilled in the art, based upon the
present disclosure. By way of general guidance,
typically a daily dosage may be about 0.1 milligrams to
about 1.5 grams of each component. By way of general
guidance, when the compounds of component (i) and
component (ii) are administered in combination, the
dosage amount of each component may be reduced by about
70-80% relative to the usual dosage of the component
when it is administered alone as a single agent for the
treatment of abnormalities associated with low
acetylcholine levels, in view of the synergistic effect

of the combination.
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The combination products of this invention
may be formulated such that, although the active
ingredients are combined in a single dosage unit, the
physical contact between the active ingredients is
minimized. In order to minimize contact, for example,
where the product is orally administered, one or more
of the active ingredients may be enteric coated. By
enteric coating one of the active ingredients, it is
possible not only to minimize the contact between the
combined active ingredients, but also, it is possible
to control the release of one of these components in
the gastrointestinal tract such that one of these
components is not released in the stomach but rather is
released in the intestines. Another embodiment of this
invention where oral administration is desired provides
for a combination product wherein one or more of the
active ingredients is coated with a sustained-release
material which effects a sustained-release throughout
the gastrointestinal tract and also serves to minimize
physical contact between the combined active
ingredients. Furthermore, the sustained-released
component can be additionally enteric coated such that
the release of this component occurs only in the
intestine. Still another approach would involve the
formulation of a combination product in which the one

or more components is coated with a sustained and/or

- 33 -
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enteric release polymer, and the other(s) component is
also coated with a polymer such as a low viscosity
grade of hydroxypropyl methylcellulose or other
appropriate materials as known in the art, in order to
further separate the active components. The polymer
coating serves to form an additional barrier to
interaction with the other component.

Dosage forms of the combination products of
the present invention wherein one active ingredient is
enteric coated can be in the form of tablets such that
the enteric coated component and the other active
ingredients are blended together and then compressed
into a tablet or such that the enteric coated component
is compressed into one tablet layer and the other
active ingredient is compressed into an additional
layer. Optionally, in order to further separate the
two layers, one or more placebo layers may be present
such that the placebo layer is between the layers of
active ingredients. 1In addition, dosage forms of the
present invention can be in the form of capsules
wherein one active ingredient is compressed into a
tablet or in the form of a plurality of microtablets,
particles, granules or non-perils, which are then
enteric coated. These enteric coated microtablets,

particles, granules or non-perils are then placed into
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a capsule or compressed into a capsule along with a
granulation of the other active ingredient.

These as well as other ways of minimizing
contact between the components of combination products
of the present invention, whether administered in a
single dosage form or administered in separate forms
but at the same time or concurrently by the same
manner, will be readily apparent to those skilled in
the art, based on the present disclosure.

Pharmaceutical kits useful for the treatment
of abnormal acetylcholine levels, which comprise a
therapeutically effective amount of a compound of
component (i) and a compound of component (ii) in one
or more containers, are also within the ambit of the
present invention. Sterilization of the container may
be carried out using conventional sterilization
methodology well known to those skilled in the art.
Component (i) and component (ii) may be in the same
container or in separate containers. The containers of
materials may comprise separate containers, or one or
more multi-part containers, as desired. Component (i)
and component (ii) may be separate, or physically
combined into a single dosage form or unit as described
above. Such kits may further include, if desired, one
or more of various conventional pharmaceutical kit

components, such as for example, one or more

- 35 -
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pharmaceutically acceptable carriers, additional vials
for mixing the components, etc., as will be readily
apparent to those skilled in the art. Instructions,
either as inserts or as labels, indicating guantities
of the components to be administered, guidelines for
administration, and/or guidelines for mixing the

components, may also be included in the kit.

EXAMPLE

The data below was developed using a microdialysis
system to measure extracellular acetylcholine in a
freely moving rat. Dialysis probes were placed in the
dorsal hippocampus of rats and artificial csf was run
though them. After an hour equilibration period,
Samples of the dialysate were collected in 20 min
intervals and assyed immediately for acetylcholine.
Three samples were collected before the administration
of test agents. The acetylcholine levels from these
three samples served as baseline samples. Data are
presented as % change from these baseline values. The
compound 10,10-bis ((2-fluoro-4-pyridinyl)methyl) -

9 (10H) anthracenone (cmpd.1l) was administered at 0.5
mg/kg p.o. and donepezil HCl (cmpd. 2) was administered
at 20 mg/kg p.o. The drugs when combined were

administered at these same doses.
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Time vehicle Cmpd.1 Cmpd.2 Combination

(min)

20 6 19 54 35
40 8 20 41 65
60 2 0 49 67
80 -7 2 33 54
100 9 -6 28 52
120 3 2 21 57
140 3 18 31 44
160 -2 -2 31 42
180 -4 -3 29 48

Conclusion: The effect of the combination of Cmpds. 1

and 2 was greater than additive when compared to the

effects of each agent alone.
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WHAT IS CLAIMED IS:

1. A pharmaceutical composition comprising a
therapeutically effective amount of a combination of:

5 (i) at least one neurotransmitter release enhancer

having the formula:

/CHZ—Hetl
AN

CHp-Het?

/
|

¢
N
c
.S
- Y
10

(I)

or a pharmaceutically acceptable salt thereof,

-

wherein:
X and Y are taken together to form a
15 saturated or unsaturated carbocyclic first ring and the
shown carbon in said ring is o to at least one
additional carbocyclic aromatic ring fused to the first
ring, the total number of carbocyclic fused rings being

3-5, the sole heterocyclic substituents on said fused

20 rings being Hetl and Het2; and

one of Hetl or Het? is 2, 3, or 4-pyridyl or

2, 4, or 5-pyrimidinyl and the other is selected from
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(a) 2, 3, or 4-pyridyl optionally substituted
with a halogen atom or trifluoromethyl,
(b) 2, 4, or 5-pyrimidinyl,
(c) 2-pyrazinyl,
5 (d) 3 or 4-pyridazinyl,
(e) 3 or 4-pyrazolyl,
(£) 2 or 3-tetrahydrofuranyl, and
(g) 3-thienyl;
(i1) at least one acetylchlolinesterase inhibitor, and

10 a pharmaceutically acceptable carrier.

2. A composition of Claim 1 wherein said

neurotransmitter release enhancer is a compound of the

formula:
15
(3H2 II
X
ko)
ﬂ V=7
Y/ Z =N
Y I
/(CH 2)p
R
(Ia)
wherein:
p is 0 or 1;
20 Z is O or S;
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R 1is C1-Ci10 alkyl, C3-Cg cycloalkyl, 2-pyridyl, 3-

pyridyl, 4-pyridyl, or

/X
Y

W .

7

V,W,X, and Y independently are H, halo, C71-C3
alkyl, ORl, NOy, CF3, CN or NRIR2;
Rl and RrR2 independently are H or C;-C3 alkyl;

Hetl and Het? independently are 6-membered
10 heterocyclic aromatic rings containing one or
two nitrogen atoms as part of the ring
optionally substituted with one substituent
selected from the group C1-C3 alkyl, halo,
OR1l or NRIRZ; or
15 an N-oxide or pharmaceutically acceptable acid

addition salt thereof.

3. A composition of Claim 1 wherein said
neurotransmitter release enhancer is a compound of the

20 formula:
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(Ib)

or a pharmaceutically acceptable salt thereof,

wherein:
5
each J, K, L and M independently are N, CRl, CR5 or CRZ
with the proviso that when either Mg, Ms or both
is N, then B, D or both cannot be Rl or RZ;
A is (CH2)n, C(=8), O, S(0)1, S(0O)2, S, NR3, -CH=CH-, -
10 C(=0)-, -CH(OR3)-, C(=NOH)-,
/C\O S/C\S JHTSH-
\___/ , \___/ , Or CH,;
nis 0, 1, 2 or 3;
Rl and R2 independently are H, halo, alkyl of 2-3
15 carbon atoms, acetyl, OR3, NO,, CN, NR3R%4, or

fluorcalkyl of 1-3 carbon atoms;
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R3 and R% independently are H, alkyl of 1-3 carbon

atoms, or acyl;
B and D independently are Rl or R2 or, when A is (CHs) n,

can be taken together to form -CH=CH-, or -CHy-CHjs-;

RS independently is H, or is taken together with Rl to

form a 2,3- or a 3,4-fused benzo ring;

one of Hetl or Het? is 2, 3, or 4-pyridyl or 2, 4 or 5-
pyrimidinyl and the other is selected from:

(a) 2, 3 or 4-pyridyl optionally substituted with
a halogen atom or trifluoromethyl,

(b) 2, 4, or 5-pyrimidinyl,

(c) 2-pyrazinyl,

(d) 3 or 4-pyridazinyl,

(e) 3 or 4-pyrazolyl,

(£) 2 or 3-tetrahydrofuranyl, and

(g) 3-thienyl.

4. A composition of Claim 1 wherein said
acetylcholinesterase inhibitor is selected from the

group consisting of tacrine and donepezil HCL.

5. A composition of Claim 4 wherein the weight

ratio of (i) to (ii) is in the range of 1:1 to 1:100.
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6. A composition of Claim 4 wherein said
neurotransmitter release enhancer is selected from:
3,3-bis(4-pyridinylmethyl) -1-phenylindolin-2-one and
10,10-bis((2-fluoro-4-pyridinyl)methyl) -9 (10H)

anthracenone.

7. A method of treating a neurological or
cognitive disorder in a mammal comprising administering
to a mammal a therapeutically effective amount of a

combination of: (i) at least one neurotransmitter

release enhancer having the formula:

y - X\\\ ///CHQ—Hetl
| C
\ /

oy CHp-Het?

or a pharmaceutically acceptable salt thereof,

wherein:

X and Y are taken together to form a
saturated or unsaturated carbocyclic first ring and the
shown carbon in said ring is o to at least one
additional carbocyclic aromatic ring fused to the first

ring, the total number of carbocyclic fused rings being
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3-5, the sole heterocyclic substituents on said fused

rings being Het! and Het2; and

one of Hetl or Het2 is 2, 3, or 4-pyridyl or
2, 4, or 5-pyrimidinyl and the other is selected from

5 (a) 2, 3, or 4-pyridyl optionally substituted

with a halogen atom or
trifluoromethyl,
(b) 2, 4, or 5-pyrimidinyl,
(c) 2-pyrazinyl,

10 (d) 3 or 4-pyridazinyl,

(e) 3 or 4-pyrazolyl,
(£) 2 or 3-tetrahydrofuranyl, and
(g) 3-thienyl;

and (ii) at least one acetylcholinesterase inhibitor.

15
8. A method of Claim 7 wherein said
neurotransmitter release enhancer is a compound of the
formula:
CHZ.@
X _CH @
A 2‘
I =7
YN
Y |
CH
/( 2)p
R
20 (Ia)

- 44 -
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wherein:
p is 0 or 1;
Z is O or S;
R is C1-C10 alkyl, C3-Cg cycloalkyl, 2-pyridyl, 3-

pyridyl, 4-pyridyl, or

~

V, W, X, and Y independently are H, halo, C1-C3
alkyl, ORl, NOy, CF3, CN or NRIRZ2;
Rl and R? independently are H or Cj1-C3 alkyl;

Hetl and Het? independently are 6-membered
heterocyclic aromatic rings containing one or
two nitrogen atoms as part of the ring
optionally substituted with one substituent
selected from the group C7-C3 alkyl, halo,
OR1l or NRIRZ; or

an N-oxide or pharmaceutically acceptable acid

addition salt thereof.

9. A method of Claim 7 wherein said
neurotransmitter release enhancer is a compound of the

formula:
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(Ib)

Oor a pharmaceutically acceptable salt thereof,

wherein:

> each J, K, L and M independently are N, CR1, CR5 or CR2

with the proviso that when either Mg, Mg or both
is N, then B, D or both cannot be Rl or R2;

A is (CH2)n, C(=8), O, S(0)1, S(0)3, S, NR3, -CH=CH-,

-C(=0)-, -CH(OR3)-, C(=NOH)-,
10
_C. _C_ -CH-CH-
o 8 s \ /
\___/ p \__/ , Or CH,;
nis 0, 1, 2 or 3;
Rl and R2 independently are H, halo, alkyl of 2-3
15 carbon atoms, acetyl, OR3, NO,, CN, NR3R4, or

fluorocalkyl of 1-3 carbon atoms;
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R3 and R4 independently are H, alkyl of 1-3 carbon

atoms, or acyl;
B and D independently are Rl or R? or, when A is (CHy)n,

can be taken together to form -CH=CH-, or -CH;-CHp-;

5 R® independently is H, or is taken together with Rl to

form a 2,3- or a 3,4-fused benzo ring;

one of Hetl or Het? is 2, 3, or 4-pyridyl or 2, 4 or
5-pyrimidinyl and the other is selected from:
(a) 2, 3 or 4-pyridyl optionally substituted with
10 a halogen atom or trifluoromethyl,
(b) 2, 4, or 5-pyrimidinyl,
(c¢) 2-pyrazinyl,
(d) 3 or 4-pyridazinyl,
(e) 3 or 4-pyrazolyl,
15 (£) 2 or 3-tetrahydrofuranyl, and

(g) 3-thienyl.

10. A method of treating a neurological or cognitive
disorder in a mammal comprising administering a
20 therapeutically effective amount of a combination of:

(i) a compound of the formula:
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Het-1

or a pharmaceutically acceptable salt thereof, wherein:

A is N or CH;
5 Het-1 and Het-2 are each independently selected from
2-pyridyl, 3-pyridyl or 4-pyridyl substituted with
X;
R’ and R’ are independently selected from H, F, Cl, Br,

I, CF,, R, or —C=CH;

10
R' is alkyl of 1 to 4 carbons;
X in each instance is independently selected from H, F,
Cl, Br, I, or CF,, provided that at least one X is
15 other than H; and
(1i) an acetylcholinesterase inhibitor.
11. A method of claim 10 wherein Het-1 and Het-2
are independently 4-pyridyl substituted with X.
20
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12. A method of claim 10 wherein A is CH.

13. A method of claim 10 wherein R? and R® are

independently H, F, Br, or CF,.

14. A method of claim 10, wherein one X is H and

the other F; and R® and R® are each H.

15. A method of claim 10, wherein each X is F and

10 R® and R?® are each H.

16. A method of claim 10 wherein the
neurotransmitter release enhancer is selected from:
10,10-bis((2-fluoro-4-pyridinyl)methyl) -9 (10H) -

15 anthracenone; or 10-((2-fluoro-4-pyridyl)methyl)-10- (4-

pyridylmethyl) -9 (10H) ~anthracenone.

17. A method of claim 10-16, wherein the
acetylcholinesterase inhibitor is donepezil HCI1.
20
18. A method of Claim 7 wherein said
neurotransmitter release enhancer is selected from:
3,3-bis(4-pyridinylmethyl) -1-phenylindolin-2-one and
10,10-bis((2-fluoro-4-pyridinyl)methyl) -9 (10H)
25 anthracenone; and the acetylchlolinesterase inhibitor

is donepezil HCL.
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