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(57) Abstract: The present invention provides novel methods for preparing N-(S)-I-azabicyclo[2.2.2] oct-3-yl-IH-indazole-3-car-

boxamide HCI salt 1, anicotinic a-7 receptor ligand, that are useful for the scaled-up preparation of compound 1. Compound lis
useful in the treatment of disease conditions associated with defective or malfunctioning nicotinic acetylcholine receptors, espe-
cialy of the brain, such as for the treatment of Alzheimer's disease and schizophrenia, aswell as other psychiatric and neurologi-
cal disorders.
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PREPARATI ON OF N- (s) -1-AZABI CYCLO [2.2.2] OCT-3-YL-1H-1 NDAZOLE -3 - CARBOXAM DE
HYDROCHLORI DE  SALT

Field of the | nvention

The present invention provides novel methods for preparing N-(S)-1-azabicyclo[2.2.2] oct-3-yI-
IH-indazole-3-carboxamide HC1 salt 1, an agonist or partial agonist of the nicotinic a7

receptor.

Background of the I nvention

Bicyclic indazole amides, such as N-(S)-1-Azabicyclo[2.2.2] oct-3-yl-IH-indazole-3-
carboxamide HC1 salt 1,

are described in WO 2004/029050, WO 2005/063767, WO 2005/092890, WO 2005/1 11038,
WO 2006/001894, WO 2006/069097, and WO 2007/038367. These compounds are nicotinic <x-
7 receptor ligands. Compounds that act on the nicotinic a7 receptor may be beneficial in the
treatment of disease conditions associated with defective or malfunctioning nicotinic
acetylcholine receptors, especially of the brain, such as for the treatment of Alzheimer's disease

and schizophrenia, aswell as other psychiatric and neurological disorders.

Indazole-3-carboxylic acid 3
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0
O OH
-
NH

3

isakey starting material for the manufacture of compound 1.
5  To date, scale up reactions to prepare compound 1 safely and economically have not been
successful. Accordingly, novel, efficient methods for preparing compound 1 on a scale up level

are desirable.

Summary of the | nvention

10
The present invention, as illustrated in Scheme 1, provides a method for preparing compound 1:

HCI ~N
1
15 which comprises:
(&) reacting compound 3
Os__OH
N
NH
3
with thionyl chloride in an inert organic solvent to provide intermediate 4;
0
NN S
20 o
4

and

(b) reacting intermediate 4 with (5)-(-)-3-aminoquinuclidine dihydrochloride 5
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in an inert organic solvent in the presence of a non-nucleophilic base to form free base product 2,

0
N/ “N
H I
N~y

2

and acidifying free base product 2 with agueous hydrochloric acid, to provide compound 1.

Detailed  Description of the Invention

Asused herein, the following terms have the meanings set out below.

The term "inert organic solvent” refers to an organic solvent that does not interfere chemically
with the reaction. Non-limiting illustrative examples of inert organic solvents include toluene,

dichloromethane, chloroform, dimethylformamide (DMF), and the like.

The term "non-nucleophilic base" refers to an organic base that is avery strong base but is apoor
nucleophile. Non-limiting illustrative examples of non-nucleophilic bases include triethylamine
(TEA), N N -diisopropylethylamine (DIPEA), |,8-diazabicyloundec-7-ene (DBU), and the like.

The term "aqueous acidic solution” refers to solutions in which the solvent iswater and the pH
level islessthan 7.0. The word "agueous' means dissolved in water. An acid is any chemica
compound that, when dissolved in water, gives a solution with a hydrogen ion activity greater
than in pure water, i.e. apH lessthan 7.0. Common examples of agueous acidic solutions include

acetic acid, hydrochloric acid (HC1), sulfuric acid, mixtures thereof, and the like, in water.

The term "free base form" refers to the pure basic form, generally of an amine, as opposed to its

salt form. The amine may be an akaloid and the free base form is commonly used to describe
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the unprotonated amine form of a compound. Many free base forms are unstable in their pure
form and are often stored as salts. The salts usually exhibit greater water solubility. Common

counterions include chloride, bromide, acetate and oxalate.

5 Asset out above, the present invention provides amethod for preparing compound 1:

Ak

H
HCI N<N

which comprises:

(&) reacting compound 3

I
NH
10
3
with thionyl chloride in an inert organic solvent to provide intermediate 4; and
O

NN )
@)

4
15 (b) reacting intermediate 4 from step (&) with (5)-(-)-3-aminoquinuclidine

dihydro chloride 5
[§E%J7WNH2

2HCI

5
in an inert organic solvent in the presence of a non-nucleophilic base to form free base product 2,

20
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and acidifying free base product 2 with aqueous hydrochloric acid, to provide compound 1.

In one embodiment of the present invention, the inert organic solvent in step (a) is toluene.

In another embodiment of the present invention, step (a) is carried out a about 80°C, particularly
a 60°C to 100°C, 70°C to 90°C, 75°C to 85°C, or a 80°C.

In another embodiment of the present invention, the inert organic solvent in step (b) is

dimethylformamide.

In another embodiment of the present invention, the non-nucleophilic base in step (b) is

triethylamine.

In another embodiment of the present invention, step (b) is carried out a about 70°C, particularly
a 50°C to 90°C, 60°C to 80°C, 65°C to 75°C, or a 70°C.

In another embodiment of the present invention, compound 2 in step (b) is isolated by

precipitation with water.

In another embodiment of the present invention, compound 1 in step (b) is isolated by

precipitation with t-butyl methyl ether.

Another embodiment of the present invention relates to the use of amethod as defined above for
the preparation of N-(S)-I-azabicyclo[2.2.2] oct-3-yl-IH-indazole-3-carboxamide HC1 salt.

The method of the present invention, asillustrated in Scheme 1, for preparing N-(S)-1-
azabicyclo[2.2.2]oct-3-yl-IH-indazole-3-carboxamide HC1 salt (1) from indazole-3-carboxylic
acid 3, is set out below.
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Scheme 1
N NH,
N
HOW CISOCI WN N\ 2HCl
3 o]
| ) _

O
i~ o A A
7 - LTS
N N

~N MeOH-TBME Hl

Compound 3 is converted to intermediate 4 by reacting 3 with thionyl chloride in an inert
organic solvent, for example, toluene. This step istypicaly run in atemperature range of from
about 40°C to about 80°C, in particular a about 80°C. Upon the completion of the reaction, un-
reacted thionyl chloride isremoved, for example, by distillation from the system before initiating
the second step. During distillation, toluene is aso partially replaced with a different solvent that
provides better solubility for 4 and 5. Many inert organic solvents that are inert to both
compounds can be used, particularly N N -dimethylformamide (DMF). Without isolation, crude
4 isreacted with (5)-(-)-3-aminoquinuclidine dihydrochloride 5 in the presence of anon-
nucleophilic base, for example, tertiary amines, such astriethylamine (TEA), to provide free
base product 2. Then the free base product 2 is acidified with agueous hydrochloric acid to
afford N-(S)-I-Azabicyclo[2. 2.2]oct-3-yl-IH-indazole-3-carboxamide HC1 salt 1. The method
of the invention provides benefits over known methods, such as much lower cost and easier

handling.

Compound 3 is first converted to intermediate 4, which isthen reacted with the free base form of
compound 5 to afford free base product 2. Inthe procedure, 5is added together with 3 for
operational convenience. During the conversion of 3 to 4, compound 5 is not reactive because it
isin the disalt form. After the formation of 4, abase such astriethylamine (TEA) is added,
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which converts the disalt form of 5to its free base form. The free-base form of 5 then reacts
with intermediate 4 to produce free base product 2, which after acidification with agueous

hydrochloric acid provides compound 1.

5 The compounds of the present invention can be prepared according to the examples set out
below. The examples are presented for purposes of demonstrating, but not limiting, the

preparation of the compounds and compositions of this invention.

Examples

10 Example 1
Preparation of Indazole-3-carboxylic Acid (3)

Scheme 2
Step 1
Q. . O —
~NH + B CL N\D
N 20-30°C, 1h NS
6 7 8
Step 2

OH
0,
1) CICOCOCI %o 1) TQQOCH:CL 1,L;_\]col-u {
CH,CH,, 40°C, 2h= N\ P _ ¥
2) AICI,, 40°C N/\© 2) recrystallization H

9 3

15

Step 1
A 5L, half jacketed, 4-necked round bottom flask equipped with amechanic stirrer, a
thermocouple, and anitrogen inlet, and an addition funnel, was charged with 322 g of

20  phenylhydrazine 6 (2.98 Moal) and 3.3 L of water. Agitation was started. To the mixture was
slowly charged 301 g of benzaldehyde 7 (2.84 Moal) in ~1 h, while maintaining batch
temperature a 25- 30 °C. After the addition the mixture was stirred at 25-30 °C for & least 2 h
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and then cooled to 20 °C. The solid was filtered, washed with 444 g of IPA. The wet cake was
dried under vacuum at 70 °C overnight to give 540.4 g (97%) of benzaldehyde phenylhydrazone
8.

Step 2

A 3L, half jacketed, 4-necked round bottom flask equipped with amechanic stirrer, a
thermocouple, anitrogen inlet, and an addition funnel, was charged with 35.6 g of oxalyl
chloride (280 mMol) and 200 mL of dichloromethane. The solution was heated to -40 °C and a
solution of 50 g of benzaldehyde phenylhydrazone (8) (255 mMol) in 800 mL of
dichloromethane was added slowly. After the addition the mixture was stirred at -40 °C for &
least 2 hto generate intermediate solution |I.

A second 3L, half jacketed, 4-necked round bottom flask equipped with amechanic stirrer, a
thermocouple, anitrogen inlet, and an addition funnel, was charged with 81.4 g of aluminum
chloride (612 mMol) and 200 mL of dichloromethane. Agitation was started and the
intermediate solution | in the first flask was slowly charged while maintaining batch temperature
below 30 °C. After the addition the mixture was refluxed for & least 2 h. The mixture was
cooled to - 0 °C and 500 mL of water was slowly added while maintaining batch temperature
<10 °C. After the addition, the mixture was agitated for -0.5 h. The agitation was stopped for
layer separation. The bottom organic layer was separated. To the batch was added 100 mL of
dichloromethane. The mixture was agitated for -0.5 h. The agitation was stopped for layer
separation. The bottom organic layer was separated. The combined organic solution was
washed with 400 mL of 10% HC1, followed by 400 mL of brine. The organic solution was

concentrated to dryness to give 60.1 g intermediate 9 (95%>).

A 500 mL, half jacketed, 4-necked round bottom flask equipped with a mechanic stirrer, a
thermocouple, and anitrogen inlet, was charged with 28.7 g of intermediate (9) (115 mMal), 215
mL of acetic acid, 43 mL of water and 28.7 g of 31% HC1. The mixture was agitated a 90+ 5
°C for I h and then was concentrated to dryness. To the flask was added 300 mL of acetic acid.
The mixture was agitated at 115 °C for -0.5 h, cooled to ambient temperature under agitation,
and was aged for at least 1h. The solid was filtered, the wet cake was washed with 50 mL of
acetic acid, dried under vacuum at 65°C overnight to give 13.2 g (71%> yield) of 3.
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Example 2
Preparation of N-(S)-I-Azabicyclo[2.2.2]oct-3-yl-IH-indazole-3-car boxamide
HC1 salt (1)

A 500 mL flask equipped with amechanical stirrer, thermocouple, reflux/distillation setup and
nitrogen inlet, was charged with 40.0 g of indazole-3-carboxylic acid 3, 54.0 g of (5)-(-)-3-
aminoquinuclidine dihydrochloride 5, and 240 mL of toluene. The mixture was stirred at 20 °C
to give apale yellow slurry. To this slurry were added 4 drops of DMF and 44.0 g of thionyl
chloride. The batch was heated at 80 °Cfor a least 4 hto finish the first step. Toluene and
residual thionyl chloride were removed via vacuum distillation. To the mixture was added 100
mL of DMF. The batch was kept a ~70 °C while 74.9 g of triethylamine was charged. After the
addition, the reaction was held a 70 °C and stirred for a least 4 hours. Upon the completion of
the reaction, the mixture was cooled to 50 °C. The mixture was distilled under reduced pressure
to remove residual toluene. Once the distillation was complete, the mixture was kept & 60 °C
and 51.7 g of 42% NaOH solution was added slowly (over -5-10 minutes). The mixture was
concentrated by vacuum distillation to remove TEA. The batch was diluted with 400 g of water
to give an off-white slurry. The mixture was stirred a 60 °C for at least 1 hour and then cooled
to 20 °C. To the batch was slowly added 0-15 g of 31% HC1 to adjust the pH to 9-10. The
resulting slurry was stirred at 20 °C for 2 h and filtered. The filter cake was washed with 300 g
of water (3 X 100 g), and dried under vacuum (>30 inch Hg) a 90 °C overnight to afford 88%
yield of 2 as an off-white solid.

A 500 mL flask equipped with amechanical stirrer, athermocouple, and anitrogen inlet was
charged with 25g of 2 and 69g of methanol. Agitation was started, and the batch temperature
was controlled at 20+5 °C. After being agitated for about 30 minutes, the mixture was filtered
through a Celite pad. The flask and the Celite pad were rinsed with 10g of methanol. The
combined filtrate was charged back to the flask and cooled to 5£5 °C. To this solution was
slowly added 26.1g of 31% HC1, while maintaining the batch temperature a 55 °C. After the
addition, the mixture was stirred at this temperature for at least Ih. A quantity of 147g of t-butyl
methyl ether (TBME) was added over 15 minutes. The slurry was then aged for & least 2h. The
solid was filtered, washed with 60g of TBME, and dried under vacuum at 455 °C overnight to
yield 24.7g (87%> yield) of compound 1.
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While anumber of embodiments of this invention have been represented, it is apparent that the
basic construction can be altered to provide other embodiments that utilize the invention without
departing from the spirit and scope of the invention. All such modifications and variations are
intended to be included within the scope of the invention as defined in the appended claims
rather than the specific embodiments that have been presented by way of example.
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Claims

1. A method for preparing compound 1:

HCI ~
5 N
1
which comprises:
(a) reacting compound 3
Os__OH
N
NH
10 3

with thionyl chloride in an inert organic solvent to provide intermediate 4; and
0
~N

=~
A\
N\
O

4
(b) reacting intermediate 4 from step (a) with (5)-(-)-3-aminoquinuclidine

15 dihydrochloride 5

2HCI

5
in an inert organic solvent in the presence of a non-nucleophilic base to form free base product 2,
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and acidifying free base product 2 with aqueous hydrochloric acid, to provide compound 1.

2. The method of claim 1, wherein the inert organic solvent in step (a) is toluene.

3. The method according to claim 1or 2, wherein step (a) is carried out a about
80°C.

4. The method according to any one of claims 1to 3, wherein the inert organic

solvent in step (b) is dimethylformamide.

5. The method according to any one of claims 1to 4, where the non-nucleophilic

base in step (b) istriethylamine.

6. The method according to any one of claims 1to 5, wherein step (b) is carried out
a about 70°C.
7. The method according to any one of claims 1to 6, wherein compound 2 in step

(b) isisolated by precipitation with water.

8. The method according to any one of claims 1to 7, wherein compound 1 in step
(b) isisolated by precipitation with t-butyl methyl ether.

9: The use of amethod according to any of claims 1to 8 for the preparation of N-
(S)-lI-azabicyclo[2.2.2] oct-3-yl-IH-indazole-3-carboxamide HC1 salt.

10. The invention as hereinbefore defined.
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