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A process for preparing
1H-imidazo[4,5-clquinolin-4-amines  is
disclosed. The process involves reacting
a 6H-imidazo[4,5-c]tetrazolof1,5-
aJquinoline with triphenylphosphine and
hydrolyzing the product thereof.
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PROCESS FOR PREPARING IMIDAZOOUINOLINAMINES

Background of the Invention
Technical Field
This invention relates to processes for preparing 1H-imidazo[4,5-cjquinolin-
4-amines and to intermediates for use in prepanng 1H-imidazo[4,5-c]jquinolin-4-

amines.

Description of the Related Art

Certain antiviral immunomodulator 1H-imidazo[4,5-c]quinolin-4-amines and
methods for their preparation are known and disclosed. For example U.S. Pat. Nos.
4,689,338 and 4,929,624 (Gerster) disclose a method involving the step of heating
the corresponding 4-chloro compound in the presence of ammonium hydroxide or
ammonia under pressure to provide the 4-amino compound. U.S. Pat. No.
4,988,815 (Andre) discloses a process involving amination of the 4-position of a 3-
nitro-1,4-dichloroquinoline. This process too involves as a final step the reaction of
ammonia with a 4-chloro-1H-imidazo[4,5-c]quinoline.

Milder methods have been used in order to introduce the 4-amino group of
1H-imidazo{4,5-c]quinolin-4-amines. U.S. Pat. No. 5,175,296 (Gerster) discloses a
process involving the reaction of a 1H-imidazo[4,5-c]quinoline SN-oxide with an
organic isocyanate and hydrolyzing the product to provide the 4-amino compound. .
U.S. Pat. No. 5,367,076 (Gerster) discloses a process involving the reaction of a
1H-imidazo[4,5-c]quinoline SN-oxide with an acylating agent and reacting the
product with an aminating agent to provide the 4-amino compound. U.S. Pat. No.
5,395,937 (Nikolaides) discloses a process involving amination of the 4-position of
a 3-nitroquinoline-2,4-disulfonate with a substituted amine. The final step of the

process involves hydrogenolysis to provide the 4-amino compound.




CA 02257846 1998-12-10

WO 97/48704 PCT/US96/16972

10

15

20

25

summary of the Invention
This invention provides a process for preparing a 1H-imidazo[4,5-
c]quinolin-4-amine comprising the steps of:

() providing a tetrazolo[1,5-a]quinolin-5-ol;

(i) nitrating the compound from step (i) to provide a 4-nitrotetrazolo[1,5-
a]lquinolin-5-ol;

(iii) sulfonylating the compound from step (ii) to provide a 4-nitrotetrazolof1,5-
a]quinolin-5-sulfonate;

(iv) reacting the compound from step (iii) with an amine to provide a (5-
substituted)-4-nitrotetrazolo[ 1,5-a]quinolin-5-amine;

(v) reducing the compound from step (iv) to provide a (5-
substituted)tetrazolo[1,5-a}quinolin-4,5-diamine;

(vi) reacting the compound from step (v) with a carboxylic acid or an equivalent
thereof to provide a (5-substituted) (6-substituted) 6H-imidazo[4,5-c]tetrazolo[1,5-
a]quinoline;

(vi1) reacting the compound from step (vi) with triphenylphosphine to provide a
(1-substituted) (2-substituted) N-triphenylphosphinyl-1H-imidazo[4,5-c]quinolin-4-
amine;

(viil)) hydrolyzing the compound from step (vii) to provide a (1-substituted) (2-
substituted) 1H-imidazo[4,5-c]quinolin-4-amine; and

(xi) 1isolating the (1-substituted) (2-substituted) 1H-imidazo[4,5-c]}quinolin-4-
amine or a pharmaceutically acceptable addition salt thereof.

This invention also provides a process for preparing a 1H-imidazo[4,5-
c]quinolin-4-amine comprising the steps of:

(1) providing a (4-substituted) amino-2-chloro-3-nitroquinoline;

(i) reacting the compound from step (i) with sodium azide to provide (5-
substituted)-4-nitrotetrazolo[ 1,5-a]quinolin-5-amine;

(i) reducing the compound from step (ii) to provide a (5-

substituted)tetrazolo[ 1,5-alquinolin-4,5-diamine;
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(iv) reacting the compound from step (ii1) with a carboxylic acid or an equivalent
thereof to provide a (5-substituted) (6-substituted) 6H-imidazo[4,5-c]tetrazolo[1,5-
ajJquinoline;

(v) reacting the compound from step (iv) with triphenylphosphine to provide a
(l-subStituted) (2-substituted) N-triphenylphosphinyl-1H-imidazo[4,5-c]quinolin-4-
amine;

- (vi) hydrolyzing the compound from step (v) to provide a (1-substituted) (2-
substituted) 1H-imidazo[4,5-c]quinolin-4-amine; and

(vii) 1solating the (1-substituted) (2-substituted) 1H-1midazo[4,5-c]quinolin-4-
amine or a pharmaceutically acceptable addition salt thereof.

- This invention also provides a process for prepanng a 1H-imidazo[4,5-
c]quinolin-4-amine comprising the steps of: .

(i) providing a (1-substituted) (2-substituted) 4-chloro-1H-imidazo[4,5-
c]quinoiine; '

(i) reacting the compound from step (i) with hydrazine to provide a (1-
substituted) (2-substituted) 4-hydrazino-1H-imidazo{4,5-c]quinoline;

(1) reacting the compound from step (ii) with sodium nitrite to provide a (5-
'substituted) (6-substituted) 6H-imidazo[4,5-c]tetrazolo[1,5-a]quinoline;

, (iv) reacting the compound from step (iii) with triphenylphosphine to provide a
5o (1-substituted) (2-substituted) N-triphenylphosphinyl-1H-imidazo[4,5-c]quinolin-4-
amine; ' _

(v) hydrolyzing the compound ﬁom step (iv) to provide a (1-substituted) (2-
substituted) 1H-imidazo[4,5-c]quinolin-4-amine; and

(vi) isolating the (1-substituted) (2-substituted) 1H-imidazo[4,5-c]quinolin-4-

amine or a pharmaceutically acceptable addition salt thereof.

The invention also providesg a procegsg for preparing a

prioe

1H-imidazo[4,5-clguinolin-4-amine comprising the steps of:

(i)  providing a (5-substituted) (6-substituted) 6H-imidazo[4,5-c]tetrazolo|1,5-
alquinoline; and

. 20 (i) reacting the compound from step (i) with triphenylphosphine to provide a
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(1-substituted) (2-substituted) N-triphenylphosphinyi-1H-imidazo[4,5-c]quinolin-4-
amine.

The invention further provides a process further

comprising the steps of:

(i) hydrolyzing the compound from step (ii) to provide a (1-substituted) (2-
substituted) 1H-imidazo[4,5-c]quinolin-4-amine; and

(vi) isolating the (1-substituted) (2-substituted) 1H-imidazo[4,5-cjquinolin-4~
amine or a pharmaceutically acceptable addition salt thereof. '

This invention also provides processes involving certain of the various -

Lo individual steps set forth abO\Se, and combinations of such steps.

In another aspect this invention also provides 4-nitrotetrazolo[ 1,5-
ajquinolin-5-ols, 4-nitrotetrazolo[1,5-a]quinoline-5-sulfonates, (5-substituted)-4-
nitrotetrazolo[1,5-a]Jquinolin-5-amines, (S-substituted)tetrazolo[1,5-ajquinolin-4,5-
diamines, (5-substituted) (6-substituted) 6H'-iniidazo[4,5-c]tetra2010[ 1,5-

e — . e,

.

APl . .
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ajquinolines, (1-substituted) (2-substituted) 4-hydrazino-1H-imidazo[4,5-
clquinolines, and (1-substituted) (2-substituted) N-triphenylphosphinyl-1H-
imidazo[4,5-c]quinolin-4-amines.
Detailed Description of the Inventiorn

Substituents designated parenthetically herein indicate that the substituent is
optionally present, e.g., a 4-(substituted) amino compound contains either an
unsubstituted 4-amino group or a substituted 4-amino group.

Reaction Scheme I illustrates processes of the invention and the preparation
of compounds of the invention. The unsubstituted compound of Formula I is a
known compound and other compounds of Formula I can be prepared by methods
known to those skilled in the art and disclosed, e.g., in Chemistry of Heterocyclic
Compounds (English Edition), 1981, 16, (12), 1286-1288 (Zyryanov).
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Reaction Scheme I

In step (1) of Reaction Scheme I a 4-nitrotetrazolo{1,5-ajquinolin-5-ol of
Formula 11 is provided by nitrating a tetrazolo[1,5-ajquinolin-5-ol of Formula I.
Conventional conditions for such reactions are well known. Preferred conditions in
the instance where R is hydrogen involve heating in acetic acid in the presence of
nitric acid. Preferred conditions in other instances will depend upon the particular
tetrazolo[1,5-a]quinolin-5-0l used, and those skilled in the art will be able to select
suitable conditions. The product can be isolated from the reaction mixture using
conventional methods.

In step (2) of Reaction Scheme I a 4-nitrotetraozolof1,5-ajquinolin-5-
sulfonate of Formula III 1s provided by reacting a 4-nitrotetrazolo[1,5-a]Jquinolin-5-

ol of Formula IT with a sulfonyl halide or preferably a sulfonic anhydride. Suitable

_5.
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sulfonyl halides include alkylsulfonyl halides such as methanesulfonyl chloride and
trifluoromethanesulfonyl chloride, and arylsulfonyl halides such as benzenesulfonyl
chloride, p-bromobenzenesulfonyl! chloride and p-toluenesulfonyl chloride. Suitable
sulfonic anhydrides include those corresponding to the above-mentioned sulfonyl
halides. Sulfonic anhydrides are preferred in view of the fact that the sulfonate
anion generated as a by-product of the reaction is a relatively poor nucleophile and
as such does not give rise to undesired side products such as those in which the
nitro group is displaced. A particularly preferred sulfonic anhydride is
trifluoromethanesulfonic anhydride.

The reaction is preferably carried out by combining a compound of Formula
IT with a base, preferably an excess of a tertiary amine base (e.g., a trialkylamine
base such as triethyl amine) in a suitable solvent such as dichloromethane and then
adding the sulfonyl halide or sulfonic anhydride. The addition is preferably carried
out in a controlled fashion (e.g., dropwise) and at a reduced temperature (e.g.,
about 0°C). The product can be isolated by conventional methods or it can be
carried on without isolation as described below in connection with step (3).

In step (3) of Reaction Scheme I a (5-substituted) 4-nitrotetrazolo[1,5-
a]quinolin-5-amine of Formula IV is provided by reacting a 4-nitrotetrazolof1,5-
a]quinolin-5-sulfonate of Formula III with an amine, preferably in the presence of an
excess of an amine base in a solvent such as dichloromethane. Suitable amines
include ammonia and preferably primary amines. Primary amines provide 5-
substituted amino compounds of Formula IV wherein the amino substituent is
represented by R;. Particularly preferred amines include isobutylamine and 2-
aminomethyl-2-propanol.

The reaction can be carried out by adding an excess of amine to the reaction
mixture resulting from Step (2). The reaction can also be carried out by adding an
excess of amine to a solution of the compound of Formula III in a solvent such as
dichloromethane. As the sulfonate is a relatively facile leaving group the reaction
can be run at ambient temperature. The product can be isolated from the reaction

mixture using conventional methods.
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In step (4) of Reaction Scheme I a (5-substituted)tetrazolo[1,5-a]quinolin-
4,5-diamine of Formula V is provided by reducing a (5-substituted) 4-
nitrofetrazolo[ 1,5-alquinolin-5-amine of Formula IV. Methods for such reduction
are well know to those skilled in the art. Preferably the reduction is carried out

5 using a conventional heterogeneous hydrogenation catalyst such as platinum on
carbon or palladium on carbon. The reduction can be conveniently carried out on a
Paar apparatus in a solvent such as ethanol. The product can be isolated from the
reaction mixture using conventional methods. '

In step (5) of Reaction Scheme I a (5-substituted) (6-substituted) 6H-

10 imidazo[4,5-c]tetrazolo[1,5-a]Jquinoline of Formula VI is provided by reacting a (5-
substituted)tetrazolo[1,5-a]quinolin-4,5-diamine of Formula V with a carboxylic
acid or an equivalent thereof. Suitable equivalents to carboxylic acid include acid
halides, orthoesters, and 1,1-dialkoxyalkyl alkanoates. The carboxylic acid or
equivalent is selected such that it will give rise to the desired 6-substituent in the

15 compound of Formula VI wherein the 6-substituent is designated R (e.g., acetyl
chloride will give rise to a compound where R; is methyl). The reaction can be run
in the absence of solvent or preferably in an inert solvent in the presence of a
carboxylic acid or equivalent thereof with sufficient heating to drive off any alcohol
or water formed as a side product of the reaction. The product can be isolated from

20  the reaction mixture using conventional methods.

In step (6) of Reaction Scheme I a (1-substituted) (2-substituted) N-
triphenylphosphinyl-1H-imidazo[4,5-c]quinolin-4-amine of Formula VII is provided
by reacting a (5-substituted) (6-substituted) 6H-imidazo[4,5-c]tetrazolo]1,5-
]quinoline of Formula VI with triphenylphosphine. The reaction can be carried out

25 by combining a compound of Formula VI with triphenylphosphine in a suitable
solvent such as 1,2-dichlorobenzene and heating. The product can be isolated from
the reaction mixture using conventional methods.

In step (7) of Reaction Scheme I a (1-substituted) (2-substituted) 1H-
imidazo[4,5-c]quinoline-4-amine of Formula VIII is provided by hydrolysis of a (1-

30  substituted) (2-substituted) N-triphenylphosphinyl-1H-imidazo[4,5-c]quinolin-4-

amine of Formula VII. Such a reaction can be carried out by general methods well

7.
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known to those skilled in the art (e.g., by heating in a lower alkanol in the presence
of an acid). The product can be 1solated from the reaction mixture by conventional
means.

In Reaction Scheme I, R' can be any group that can be incorporated into a
sulfonyl halide or a sulfonic anhydride. Alkyl (e.g., methyl), haloalkyl including
perfluoroalkyl (e.g., trifluoromethyl) and aryl (e.g., phenyl, halophenyl! and tolyl) are
all suitable.

Reaction Scheme II illustrates processes of the invention and the

preparation of compounds of the invention. Compounds of Formula IX and

methods for their preparation are known and disclosed, e.g. in U.S. Pat Nos.
4,988,815 (Andre), and 5,268,376 (Gerster).

Reaction Scheme II

In step (1) of Reaction Scheme Il a (§ -substituted) 4-nitrotetrazolof1,5-

ajquinolin-5-amine of Formula IV is provided by reacting a (4-substituted) amino-

'2-chloro-3-nitroquinoline of Formula IX with sodium azide. The reaction can be



i
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carried out by combining the compound of Formula IX with sodium azide in a
suitable solvent such as N,N-dimethylformamide and heating (about 50°C). The
product can be isolated from the reaction mixture using conventional methods.
Steps (2), (3), (4) and (5) of Reaction Scheme II can be carried out in the
same manner as steps (4), (5), (6) and (7) of Reaction Scheme I respectively.
‘ Reaction Scheme III illustrates processes of the invention and the

preparation of compounds of the invention. ' Compounds of Formula X and

methods for their preparation are known and disclosed, e.g., in European Patent
Application No. 0 385 630 U.S. Pat Nos. 4,689,338 (Gerster),

4,698,348 (Gerxrster), 4,929,625 (Gerster), 4,988,815 (Andre),

10 5,268,376 (Gerster), and 5,389,640 (Gerster).

HN,
(1)
-l
| \>_
$ |
R R,

XI
NH;

Reaction Scheme 11

In step (1) of Reaction Scheme III a (1-substituted) (2-substituted) 4-
hydrazino-1H-1midazo[4,5-c]quinoline of Formula XI 15 provided by reacting & (1-
substituted) (2-substituted) 4-chloro-1H-imidazo[4,5-c]quinoline of Formula X with

- 30 hydrazine. The reaction can be carried out by combining a compound of Formula X
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with an excess of hydrazine and heating if necessary. The product can be isolated
from the reaction mixture using conventional methods.

In step (2) of Reaction Scheme III a (5-substituted) (6-substituted) 6H-
imidazo[4,5-c]tetrazolo[1,5-a]quinoline of Formula VI is provided by reacting a (1-
substituted) (2-substituted) 4-hydrazino-1H-imidazo[4,5-c]quinoline of Formula XI
with sodium nitrite. The reaction can be carried out by combining the compound of
Formula XI with sodium nitrite in a suitable solvent (e.g., water) in the presence of
an acid (e.g., acetic acid). The product can be isolated from the reaction mixture
using conventional methods.

Steps (3) and (4) of Reaction Scheme III can be carried out in the same
manner as steps (6) and (7) of Reaction Scheme I respectively.

The compounds of Formula VIII can be used in the form of acid addition
salts such as hydrochlorides, dihydrogen sulfates, trihydrogen phosphates, hydrogen
nitrates, methane sulfonates and salts of other pharmaceutically acceptable acids.
Pharmaceutically acceptable acid addition salts of Formula VIII are generally
prepared by reaction of the respective compound with an equimolar amount of a
strong acid, preferably an inorganic acid such as hydrochloric, sulfuric or
phosphoric acid or an organic acid such as methanesulfonic acid in a polar solvent.
Isolation of the salt is facilitated by the addition of a solvent in which the salt is
insoluble (e.g., diethyl ether).

Processes of the invention provide as a final product a 1H-imidazo[4,5-
clquinolin-4-amine, preferred embodiments of which can be represented by Formula
VIIL.

Preferably the 1H-imidazo[4,5-c]quinolin-4-amine is a compound defined by
one of Formulas XXI-XXV below:

-10-
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10

15

20

Ri; 1s selected from the group consisting of alkyl, hydroxyalkyl,
acyloxyalkyl, benzyl, (phenyl)ethyl and phenyl, said benzyl, (phenyl)ethyl or phenyl
substituent being optionally substituted on the benzene ring by one or two moieties
independently selected from the group consisting of alkyl of one to about four
carbon atoms, alkoxy of one to about four carbon atoms and halogen, with the
proviso that if said benzene ring is substituted by two of said moieties, then said
moieties together contain no more than 6 carbon atoms; acylaminoalkyl wherein the
alkyl moiety contains two to four carbon atoms; disubstituted aminoalkyl wherein
the alkyl moiety contains two to four carbon atoms; morpholinoalkyl wherein the
alkyl moiety contains two to four carbon atoms; Ra; is selected from the group
consisting of hydrogen, alkyl of one to about eight carbon atoms, benzyl,
(phenyl)ethyl and phenyl, the benzyl, (phenyl)ethyl or phenyl substituent being
optionally substituted on the benzene ring by one or two moieties independently
selected from the group consisting of alkyl of one to about four carbon atoms,
alkoxy of one to about four carbon atoms and halogen, with the proviso that when
the benzene ring is substituted by two of said moieties, then the moieties together
contain no more than 6 carbon atoms; and each R, 1s independently selected from
the group consisting of alkoxy of one to about four carbon atoms, halogen and alkyl
of one to about four carbon atoms, and n is an integer from 0 to 2, with the proviso

that if n is 2, then said R groups together contain no more than 6 carbon atoms;

-11-
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|

20

25

R is selected from the group consisting of straight chain or branched chain
alkenyl containing 2 to about 10 carbon atoms and substituted straight chain or
branched chain alkenyl containing 2 to about 10 carbon atoms, wherein the
substituent is selected from the group consisting of straight chain or branched chain
alkyl containing 1 to about 4 carbon atoms and cycloalkyl containing 3 to about 6
carbon atoms; and cycloalkyl containing 3 to about 6 carbon atoms substituted by
straight chain or branched chain alkyl containing 1 to about 4 carbon atoms: and

Ra; 1s selected from the group consisting of hydrogen, straight chain or
branched chain alkyl containing one to about eight carbon atoms, benzyl,
(phenyl)ethyl and phenyl, the benzyl, (phenyl)ethyl or phenyl substituent being
optionally substituted on the benzene ring by one or two moieties independently
selected from the group consisting of straight chain or branched chain alkyl
containing one to about four carbon atoms, straight chain or branched chain alkoxy
containing one to about four carbon atoms, and halogen, with the proviso that when
the benzene ring is substituted by two such moieties, then the moieties together
contain no more than 6 carbon atoms; and

each Rg is independently selected from the group consisting of straight chain
or branched chain alkoxy containing one to about four carbon atoms, halogen, and
straight chain or branched chain alky! containing one to about four carbon atoms,
and n is an integer from zero to 2, with the proviso that if n is 2, then said Rg

groups together contain no more than 6 carbon atoms;

-12-
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R,

(n)
XXIIT

wherein

R,; is selected from the group consisting of hydrogen, straight chain or
branched chain alkyl of one to about eight carbon atoms, benzyl, (phenyl)ethyl and
phenyl, the benzyl, (phenyl)ethyl or phenyl substituent being optionally substituted
on the benzene ring by one or two moieties independently selected from the group
consisting of straight chain or branched chain alkyl of one to about four carbon
atoms, straight chain or branched chain alkoxy of one to about four carbon atoms,
and halogen, with the proviso that when the benzene ring is substituted by two such
moieties, then the moieties together contain no more than 6 carbon atoms; and

each Rc is independently selected from the group consisting of straight chain
or branched chain alkoxy of one to about four carbon atoms, halogen, and straight
chain or branched chain alkyl of one to about four carbon atoms, and n 1s an integer

from zero to 2, with the proviso that if n is 2, then said R¢ groups together contain

no more than 6 carbon atoms;

NH,
YOI >—ra
B\
R4
Rp
xXX1V

-13-
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wherein Ry4 is -CHRR,
wherein

R, 1s hydrogen or a carbon-carbon bond, with the proviso that when R, is
hydrogen R is alkoxy of one to about four carbon atoms, hydroxyalkoxy of one to
about four carbon atoms, 1-alkynyl of two to about ten carbon atoms,
tetrahydropyranyl, alkoxyalkyl wherein the alkoxy moiety contains one to about
four carbon atoms and the alkyl moiety contains one to about four carbon atoms,
2-, 3-, or 4-pyridyl, and with the further proviso that when R, is a carbon-carbon
bond Ry and R, together form a tetrahydrofuranyl group optionally substituted with
one or more substituents independently selected from the group consisting of
hydroxy and hydroxyalkyl of one to about four carbon atoms:

Ra4 1s selected from the group consisting of hydrogen, alkyl of one to about
four carbon atoms, phenyl, and substituted phenyl wherein the substituent is
selected from the group consisting of alkyl of one to about four carbon atoms,
alkoxy of one to about four carbon atoms, and halogen; and

Rp is selected from the group consisting of hydrogen, straight chain or
branched chain alkoxy containing one to about four carbon atoms, halogen, and

straight chain or branched chain alkyl containing one to about four carbon atoms;

2
O
i\
Rjs
RE
XXV

wherein

Ris is selected from the group consisting of: hydrogen; straight chain or
branched chain alkyl containing one to about ten carbon atoms and substituted
straight chain or branched chain alkyl containing one to about ten carbon atoms,

wherein the substituent is selected from the group consisting of cycloalkyl
-14-
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containing three to about six carbon atoms and cycloalkyl containing three to about
six carbon atoms substituted by straight chain or branched chain alkyl containing
one to about four carbon atoms; straight chain or branched chain alkenyl containing
two to about ten carbon atoms and substituted straight chain or branched chain
alkenyl containing two to about ten carbon atoms, wherein the substituent is
selected from the group consisting of cycloalkyl containing three to about six
carbon atoms and cycloalkyl containing three to about six carbon atoms substituted
by straight chain or branched chain alkyl containing one to about four carbon atoms;
hydroxyalkyl of one to about six carbon atoms; alkoxyalkyl wherein the alkoxy
moiety contains one to about four carbon atoms and the alkyl moiety contains one
to about six carbon atoms; acyloxyalkyl wherein the acyloxy moiety is alkanoyloxy
of two to about four carbon atoms or benzoyloxy, and the alkyl moiety contains one
to about six carbon atoms; benzyl; (phenyl)ethyl; and phenyl; said benzyl,
(phenyl)ethyl or phenyl substituent being optionally substituted on the benzene ring
by one or two moieties independently selected from the group consisting of alkyl of
one to about four carbon atoms, alkoxy of one to about four carbon atoms, and

halogen, with the proviso that when said benzene ring is substituted by two of said

moieties, then the moieties together contain no more than six carbon atoms;
acylaminoalkyl wherein the alkyl moiety contains two to four carbon atoms;
disubstituted aminoalkyl wherein the alkyl moiety contains two to four carbon
atoms; morpholinoalkyl wherein the alkyl moiety contains two to four carbon

atoms;

st 1S

£,

Rg

wherein

Rs and Ry are independently selected from the group consisting of

hydrogen, alkyl of one to about four carbon atoms, phenyl, and substituted phenyl
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wherein the substituent is selected from the group consisting of alkyl of one to
about four carbon atoms, alkoxy of one to about four carbon atoms, and halogen:;

X 1s selected from the group consisting of alkoxy containing one to about
four carbon atoms, alkoxyalkyl wherein the alkoxy moiety contains one to about
four carbon atoms and the alkyl moiety contains one to about four carbon atoms,
haloalkyl of one to about four carbon atoms, alkylamido wherein the alkyl group
contains one to about four carbon atoms, amino, substituted amino wherein the
substituent is alkyl or hydroxyalkyl of one to about four carbon atoms, azido,
alkylthio of one to about four carbon atoms; and

R is selected from the group consisting of hydrogen, straight chain or
branched chain alkoxy containing one to about four carbon atoms, halogen, and
straight chain or branched chain alkyl containing one to about four carbon atoms;

or a pharmaceutically acceptable salt of any of the foregoing.

The compounds recited above are disclosed and claimed in the several
patents noted above in the Summary of the Invention and discussed below.

In instances where n can be zero, one, or two, n is preferably zero or one.

The substituents Ro-Rg above are species embraced by R. The preferred R
substituent is hydrogen.

The substituents R;;-R;s above are species embraced by R,. The preferred
R; substituents are alkyl of one to about six carbon atoms, hydroxy alkyl wherein
the alkyl moiety contains one to about 6 carbon atoms, and arylalkyl wherein the
alkyl moiety contains one to about three carbon atoms. Most preferably the R;
substituent is 2-methylpropyl, 2-hydroxy-2-methylpropyl, benzyl or phenylethyl.

The substituents Rz;-Ras above are species embraced by R, The preferred R,
substituents are hydrogen, alkyl of one to about four carbon atoms, alkoxyalkyl
wherein the alkoxy moiety contains one to about four carbon atoms and the alkyl
moiety contains one to about four carbon atoms, hydroxyl alkyl wherein the alkyl
moiety contains one to about four carbon atoms, haloalkyl wherein the alkyl moiety
contains one to about four carbon atoms, and aryloxymethyl. Most preferably the
Rz substituent 1s hydrogen, methyl, ethoxymethyl, or benzyl.
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Certain R substituents, R; substituents, and R, substituents will be
incompatible with the particular reaction conditions described above in connection
with the Reaction Schemes. Those skilled in the art, however, will be able to select
alternative conditions under which the several steps can be carried out and/or

methods of functional group protection and manipulation that will allow the use of

the processes of the invention in the preparation of 1H-imidazo[4,5-c]quinolin-4-

amines of diverse structures.

Certain 1H-1midazo[4,5-c]quinolin-4-amines have been disclosed as antiviral

agents (see, e.g., European Patent Application No. 0 385
530 (Gerster), U.5. Pat. Nos. 4,689,338 (Gerster), 4,929,624

(Gerster), 5,266,575 (Gerster), 5,268,376 (Gerster), and

5,389,640 (Gerster). Certain of these compounds are also

e

known to induce Dbiosynthesis of c¢ytokines such as

interferons, interleukinsg, and tumor necrosis factor in

humans and in mice.

The Examples below are intended to illustrate the invention. All parts and
ﬁercentages are by weight unless otherwise indicated.
Exampie 1
Tetrazolo[1,5-a]quinolin-5-o0l
Part A '

Anthranilic acid (274.3 g) and acetic anhydride (1.1 L) were combined then
heated at reflux for 3.5 hours. The reaction mixture was concentrated under
vacuum. The residue was combined with methanol (550 mL) then concentrated
under vacuum to provide 2-methyl-4-oxo-3, 1-benzoxazine as a brown oil.

Pat B

The crude 2-methyl-4-0x0-3,1-benzoxazine was dissolved in acetic acid (1.9
L). Sodium azide (130.0 g) was added to the solution in portions with stirring. The
reaction mixture was cooled in an ice bath to maintain the reaction temperature at
25 to 30°C during the addition. The reaction mixture was aliowed to stir at ambient
temperature over the weekend. The acetic acid was removed under vacuum to
provide a white solid. The sohd was combined with 10% sodium hydroxide (1.4 L)
then heated on a steam bath for 1 hour. Additional sodium hydroxide (120 g of

177/
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50% sodium hydroxide) was added. The mixture was heated on a steam bath for an
additional hour then allowed to cool to ambient temperature overnight. Additional
sodium hydroxide (120 g of 50% sodium hydroxide) was added. The mixture was
heated on a steam bath for 2 hours then allowed to cool. The reaction mixture was
poured' with rapid stirring into a mixture of concentrated hydrochloric acid (1.0 L)
and ice (3 L). The resulting mixture was stirred at ambient temperature overnight.
A precipitate was 1solated by filtration, rinsed with water then slurried with water (4
L). The solid was isolated by filtration, rinsed with water then oven dried at 50°C
to provide 278.0 g of crude 2-(5-methyl-1H-tetrazol-1-yl)benzoic acid as a tan
solid, m.p. 157-160°C. The crude material was dissolved in 10% sodium hydroxide
(2.5 L). The resulting solution was heated (95-99°C) fpr 2.5 hours, cooled, then
poured with vigorous stirring into a mixture of concentrated hydrochloric acid (500
ml) and ice (5 L). The resulting mixture was allowed to stir for 2 hours. The
precipitate was isolated by filtration, rinsed with water, then slurried with water (3
L). The solid was isolated by filtration, rinsed with water then dried overnight at
ambient temperature to provide 228 g of 2-(5-methyl-1H-tetrazol-1-yl)benzoic acid,
m.p. 164-166°C.
Part C

Acetone (3.2 L) and 2-(5-methyl-1H-tetrazol-1-yl)benzoic acid (228 g)
were combined then stirred at ambient temperature for 15 minutes. Potassium
carbonate (228 g) was added to the rea;:tion mixture in a single portion. Iodoethane
(366.8 g) was added dropwise to the reaction mixture producing a slight exotherm.
The reaction mixture was heated at reflux for about 4 hours then stirred overnight
while cooling to ambient temperature. The precipitated salts were removed by
filtration then rinsed with acetone. The combined filtrates were evaporated under
vacuum. The residue was dissolved in dichloromethane (1.5 L.). The
dichloromethane solution was washed with water (1.5 L), dried over magnesium

sulfate then concentrated under vacuum to provide 227 g of ethyl- 2-(5-methyl-1H-
tetrazol-1-yl)benzoate as a white solid m.p. 98-100°C.
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Part D

Potassium ethoxide (173.5 g) was added in portions with stirring to a
mixture of ethyl- 2-(5-methyl-1H-tetrazol-1-yl)benzoate (227 g) and N,N-
dimethylformamide (1.6 L). The reaction mixture was cooled with an ice bath to
control the resulting exotherm. The reaction mixture was stirred overnight at
ambient temperature then quenched with water (17 L). The pH was adjusted to pH
5 with acetic acid (170 mL). The resulting precipitate was isolated by filtration,
rinsed with water then reslurried with water (2.5 L.). The solid was isolated by
filtration, rinsed with water then oven dried (55 to 60°C) for 16 hours to provide
169.0 g of a white solid. A 3.0 g sample was recrystallized from
ethanol/dichloromethane to provide tetrazolo[1,5-alquinolin-5-0l as a white solid,
m.p. 248°C (dec.). Analysis: Calculated for CoHgN4O: %C, 58.06; %H, 3.25; %N,
30.09; Found: %C, 58.02; %H, 3.29; %N, 30.20.

Example 2
4-Nitrotetrazolof1,5-a] quinolin—S-ol Hydrate

Tetrazolo{1,5-ajquinolin-5-0l (10 g, 54 mmole, Example 1) was suspended
in acetic acid (200 mL) then warmed to 40°C. Nitric acid (4 mL of 16M, 59
mmole) was added to the reaction mixture. The reaction mixture was heated at
80°C for 30 minutes then allowed to cool to ambient temperature. The resulting
precipitate was isolated by filtration, rinsed with water then recrystallized from
isopropanol/water to provide 8.1 g of 4-nitrotetrazolo[1,5-a]quinolin-5-ol hydrate
as light yellow plates, m.p. 186.5-187°C. Analysis: Calculated for CoHsNsO; e
H,0: %C, 43.38; %H, 2.83; %N, 28.10; Found: %C, 43.27;, %H, 2.84; %N, 28.25.

Example 3
2-Methyl-[(4-nitro-S-tetrazolo[ 1,5-a]lquinolinyl)amino}-2-propanol

Sodium azide (19.5 g, 0.3 moles), 2-methyl-[(2-chloro-3-nitroquinolin-4-
yDamino]}-2-propanol (29.6 g, 0.10 mole, U.S. Pat. No. 4,988,815 Example 12) and
N,N-dimethylformamide (100 mL) were added to a jacketed 1 liter round bottom
flask with the outside portion containing acetone. The reaction mixture was stirred
with a stirring bar and the acetone refluxed to provide a constant internal reaction

temperature of $3°C. Afier 18 hours the reaction mixture was diluted with water
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(100 mL). The resulting yellow precipitate was tsolated by filtration then washed
with 50% N,N-dimethylformamide/water until the washes became light colored.
The yellow/green solid was then washed with water, pressed dry and washed with
ether. The solid was air dried to provide 27.2 g of crude product as a yellow/light
green solid. This material was recrystallized from ethanol/dichloromethane to
provide 2-methyl-[(4-nitro-5-tetrazolo[1,5-ajquinolinyl)amino}-2-propanol as a
yellow crystalline solid, m.p. 204°C (dec.). Analysis: Calculated for: Ci13H1aNgOs:
%C, 51.65; %H, 4.67; %N, 27.8; Found: %C, 51.30; %H, 4.69, %N; 27.43.
~ Example 4 '

[(4-Amino-5-tetrazolo[ 1,5-c]quinolinyl)amino }-2-methyl-2-propanol

2-Methyl-[(4-nitro-5-tetrazolo[1,5-a]quinolinyl)amino]-2-propanol (30.2 g,
0.10 mole, Example 3), ethanol (300 mL) and 5% Pd/C (1.0 g of 50% water wet)
were placed in a Paai*apparatus. The mixture was hydrogenated. The mixture was
diluted with dichloromethane then filtered to remove the catalyst. The filtrate was
concentrated under vacuum. The crude product was recrystallized from ethanol to
provide 20.5 g of [(4-amino-5-tetrazolo[1,5-c]quinolinyl)amino}-2-methyl-2-
propanol as a yellow/green crystalline solid, m.p. 164-167°C. Analysxs Calculated

for C13H16NgO: %C, 57.33; %H, 5.92; %N, 30.88; Found: %C, 56.94; %H, 5.88;
%N, 30.80.

Exampie 5 |
a,a-Dimethyl-6H-imidazo[4, 5-c]tetrazolo[ 1,5-a]quinoline-6-ethanol

[(4-Amino-5-tetrazolo[1,5-cjquinolinyl)amino ]-2-methyl-2-propanol (5 g,
0.18 mole, Example 4) was dissolved in triethyl orthoformate (17 g). The solution
was heated at 120°C for 20 hours. The reaction mixture was allowed to cool to
ambient temperature then it was diluted with 1 N hydrochloric acid. Formic acid
(20 mL) was added to the mixture ﬁvhich was then heated at reflux for an hour. The
reaction mixture was concentrated under vacuum then neutralized with sodium '
hydroxide. The crude product was recrystallized from ethanol/ethyl acetate to
provide a,a~dimethyl-6H-imidazo[4, 5-c]tetrazolo[l 5-a]jquinoline-6-ethanol as a
solid, m.p. 245-248°C. Analysis: Calculated for C,4H14NO: %C, 59.55; %H, 4.99,
%N, 29.77; Found: %C, 59.44; %H, 4. 93; %N, 29.65.

* t?ademark
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Example 6
o, o, S-Trimethyl-6H-imidazo[4,5-c]tetrazolo[ 1,5-a]quinoline-6-ethanol

Acetyl chloride (16 g, 0.020 mole) was added dropwise to a solution of [(4-
amino-5~tetrazolo[1,5-c]jquinolinyl)amino} -2-methyl-2;-propanol (5 g, 0.18 mole,
Example 4) in acetonitrile. The reaction mixture was stirred at ambient temperature
for 4 hours. The resulting precipitate was isolated by filtration then dissolved in
acetic acid (about SO mL). This solution was refluxed for 2 hours then neutralized
with carbonate. The crude product was isolated by filtration then recrystallized
initially from hexane/ethyl acetate then from ethanol/ethyl acetate to provide o, at,5-
trimethyl-6H-1midazo[4,5-c]tetrazolo[ 1,5-a]quinoline-6-ethanol as a solid, m.p.
202-205°C. Analysis: Calculated for C;sH;sINsO: %C, 60.8; %H, 5.44; %N, 28.36;
Found: %C, 60.68; %H, 5.48; %N, 28.28.

| Example 7
4-Hydrazino-1-(2-methylpropyl)-1H-imidazo[4,5-c]quinoline

4-Chloro-1-(2-methylpropyl)-1H-1midazo[4,5-c]quinoline (10.0 g, 0.0385
moles, U.S. Pat. No. 4,689,338 Example 77) was added to hydrazine (30 mL). The
mixture heated rapidly to reflux. The solid dissolved with a vigorous heat of
reaction then a precipitate formed as the reaction mixture refluxed. The reaction
mixture was diluted with water. The precipitate was isolated by filtration then
suspended in water (100 mL). The solid was brought into solution by the addition
of acetic actd. The solution was filtered to remove traces of undissolved solid. The

filtrate was made basic by the addition of ammonium hydroxide. The resulting

precipitate was isolated by filtration, washed with water then dried to provide 8.0 g
of crude product as a white solid. A sample of this material was recrystallized from
methanol to provide 4-hydrazino-1-(2-methylpropyl)-1H-imidazo[4,5-c]quinoline,
m.p. 202-205°C. Analysis: Calculated for Ci4H;7Ns: %C, 65.86; %H, 6.71; %N,
27.43; Found: %C, 65.20; %H, 6.6; %N, 27.5.
Example 8
6-(2-Methylpropyl)-6H-imidazo[4,5-c]tetrazolo[1,5-ajquinoline
A solution of sodium nitrite (2.0 g, 3 mmole) in water (5 mL) was added to

a solution of 4-hydrazino-1-(2-methylpropyl)-1H-imidazo[4,5-c]quinoline (4.0 g,

-2]-
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15.7 mmole, Example 7) in a mixture of acetic acid (5 mL) and water (50 mL). The
reaction mixture was stirred at ambient temperature for 15 minutes. A precipitate
was isolated by filtration, washed with water then air dried to provide 4.1 g of crude
product. This material was recrystallized from dichloromethane/ethanol to provide
5 3.0 g of 6-(2-methylpropyl)-6H-imidazo[4,5-c]tetrazolo]1,5-a}jquinoline as a cream
colored crystaliline solid, m.p. 208-212°C. Analysis: Calculated for C;H;4Ns: %C,
63.14; %H, 5.30; %N, 31.56; Found: %C, 62.60; %H, 5.2; %N, 31.5.
Example 9
o, 0.-Dimethyl-6H-imidazo[4,5-c]tetrazolo[ 1,5-alquinoline-6-ethanol
10 A suspension of 4-chloro-o,a-dimethyl-1H-imidazo[4,5-c]quinoline-1-
ethanol (1.0 g, 3.6 mmole, U.S. Pat. No. 4,689,338 Example 189 Part D) in
hydrazine (3 mL, 6.9 mmole) was heated on a steam bath for 1 hour then diluted
with water. The resulting precipitate was isolated by filtration. The solid was
dissolved in a mixture of acetic acid (2 mL) and water (15 mL) then combined with
15  a solution of sodium nitrite (0.5 g) in water. The resulting precipitate was isolated
by filtration, washed with water and dried to provide 0.71 g of a,0.-dimethyl-6H-
imidazo[4,5-c]tetrazolo[1,5-a]quinoline-6-ethanol as a white solid, m.p. 246-247°C
(shrunk at 230°C). Analysis: Calculated for C;4sH4N6O: %C, 59.56; %H, 5.00;
YN, 29.77;, Found: %C, 59.45; %H, 5.06: %N, 29.51.
20 Example 10
1-(2-Methylpropyl)-N-triphenylphosphinyl-1H-imidazo[4,5-c]quinolin-4-amine
6-(2-Methylpropyl)-6H-imidazo[4,5-c]tetrazolo[ 1,5-aJquinoline (0.2 g, 0.75
mmole, Example 8), triphenylphosphine (0.4 g, 1.5 mmole) and 1,2-
dichlorobenzene (5 mL) were combined and heated at reflux overnight. The
25  reaction mixture was concentrated under vacuum then diluted with cyclohexane (25
mL). The resulting precipitate was isolated by filtration, washed with cyclohexane
then dried to provide 1-(2-methylpropyl)-N-triphenylphosphinyl-1H-imidazo[4,5-
c]lquinolin-4-amine as a solid, m.p. 209-210°C. Analysis: Calculated for Cs,H,0N,P:
%C, 76.78; %H, 5.84; %N, 11.19; Found: %C, 76.03; %H, 5.87; %N, 11.09.
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Example 11
4-Amino-o,o-dimethyl-1H-imidazo[4,5-c]quinoline-1-ethanol
Triphenylphosphine (4.5 g, 17.0 mmole) was added to a mixture of o,o-
dimethyl-6H-imidazo[4,5-c]tetrazolo[1,5-a]quinoline-6-ethanol (2.4 g, 8.5 mmole,
Exampie 9) and 1,2-dichlorobenzene. The reaction mixture was heated at reflux for

3 hrs then concentrated under vacuum. The residue was combined with methanol
(400 ml.) and hydrochloric acid (50 mL of 0.5N) then heated on a steam bath for 2
hours. The resulting precipitate was isolated by filtration then washed with ether.
The solid was dissolved in water and the solution was made basic with 10% sodium
hydroxide. After stirring for 30 minutes, the reaction mixture was filtered. The
collected solid was rinsed with water and ether then recrystallized from N,N-
dimethylformamide/ethanol to provide about 1 g of 4-amino-ct,o.-dimethyl-1H-
imidazo[4,5-c]jquinoline-1-ethanol as a solid, m.p. 271-273°C. Analysis: Calculated
for C14H 1sN4O: %C, 65.6; %H, 6.29; %N, 21.86; Found: %C, 65.37; %H, 6.26;
%N, 21.61.
Example 12
1-(2-Methylpropyl)-1H-imidazo[4,5-c]quinolin-4-amine

1-(2-Methylpropyl)-N-triphenylphosphinyl-1H-imidazo{4,5-c]quinolin-4-
amine (100 mg, Example 10) was suspended in a mixture of methanol (3 mlL) and
hydrochloric acid (10 mL of 0.5N). The mixture was heated on a steam bath for 2
hours then allowed to stand at ambient temperature overnight. The reaction
mixture was filtered. The filtrate was made basic with 10% sodium hydroxide. The
resulting precipitate was isolated by filtration then dried to provide 1-(2-
methylpropyl)-1H-imidazo[4,5-c]quinolin-4-amine. The spectral properties of this
material matched those of an authentic sample.

Example 13
4-Nitrotetrazolo[ 1,5-a]quinolin-5-ol

Aqueous sodium hydroxide (30 g of 50%) was added to a suspension of 2-
methyl-[(4-nitro-S-tetrazolof 1,5-ajquinolinyl)amino}-2-propanol (34.0 g, 0.1125
mole, Example 3) in water (500 mL). The mixture was heated on a steam bath and

the solid dissolved rapidly. The solution was heated for about 30 minutes and then

23-




CA 02257846 1998-12-10

WO 97/48704 PCT/US96/16972

10

15

20

25

30

upon stirring a solid began to precipitate. The mixture was made acidic with 6N
hydrochloric acid. The resulting solid was isolated by filtration; washed in
succession with water, ethanol and ether; then dried under vacuum at 100°C to
provide 23.2 g of crude product as a pale yellow/green solid. A sample (3.2 g) was
recrystallized initially from methanol/dichloromethane and then from toluene to
provide 4-nitrotetrazolo[1,5-a]quinolin-5-ol. Analysis; Calculated for CoHsNsOs:
©C, 46.76; %H, 2.18; %N, 30.29; Found: %C, 46.85; %H, 2.23; %N, 29.91.
Example 14
4-Nitrotetrazolo[ 1,5-a]quinolin-5-yljtrifluoromethanesulfonate

Triethylamine (0.6 mL, 4.32 mmole) was added to a suspension of 4-
nitrotetrazolo[ 1,5-a]quinolin-5-ol (1.0 g, 4.32 mmoles, Example 2) in
dichloromethane (20 mL). The reaction mixture was cooled to 0°C. Triflic
anhydride (0.73 mL, 4.32 mmole) was added. The reaction mixture was stirred for
3 hours at 0°C. The reaction mixture was diluted with dichloromethane (50 mL),
washed with 0.5 N hydrochloric acid, dried over magnesium sulfate and
concentrated under vacuum. The residue was combined with hexanes (100 mL),
refluxed for 15 minutes and filtered. A solid precipitated from the filtrate on
cooling. The solid was isolated by filtration and dried to provide 0.2 g of 4-
nitrotetrazolo[ 1,5-a]quinolin-5-yl]triffuoromethanesulfonate as a white solid, m.p.
132-134°C. Analysis: Calculated for C;oH;4F3N505S: %C, 33.07; %H, 1.11; %N,
19.28; Found: %C, 33.19; %H, 1.28; %N, 19.61.

Example 15
N-(2-Methylpropyl)-4-nitrotetrazolo[ 1, 5-a]Jquinolin-5-amine

Isobutylamine (1 mL) was added to a solution of 4-nitrotetrazolo{1,5-
ajquinolin-5-yljtriftuoromethanesulfonate (0.5 g, 1.37 mmole, Example 14) in
dichloromethane (50 mL). The reaction mixture was stirred at ambient temperature
for 4 hours, diluted with dichloromethane (50 mL), washed with water (2 X 50
mL), dried over magnesium sulfate then concentrated under vacuum. The residue
was purified by filtering through a layer of silica gel eluting with 2% methanol in
dichloromethane. The resulting yellow solid was recrystallized from ethyl acetate to
provide 0.31 g of N-(2-methylpropyl)-4-nitrotetrazolo[1,5-a]quinolin-5-amine,
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m.p. 152-154°C. Analysis: Calculated for Ci3H14N6O2: %C, 54.54; %H, 4.93; %N,
29.35; Found: %C, 54.45; %H, 4.73; %N, 29.47.
Example 16
N°-(2-Methylpropyltetrazolo[1,5-a]quinoline-4, 5S-diamine
N-(2-Methylpropyl)-4-nitrotetrazolo[ 1,5-ajquinolin-5-amine (1.0 g, 3.5
mmole, Example 15), ethanol (100 mL) énd Pt/C were placed in a Paar apparatus.
The mixture was hydrogenated at 50 psi (3.44 X 10° Pa). The reaction mixture was
filtered to remove the catalyst then concentrated under vacuum. The residue was
recrystallized from ethyl acetate to provide 0.35 g of N°-(2-
methylpropyl)tetrazolo[ 1,5-a]quinoline-4,5-diamine as off white needles, m.p. 148-
150°C. Analysis: Calculated for Ci3H;6Ng: %C, 60.92; %H, 6.29; %N, 32.79;
Found: %C, 60.94; %H, 6.25; %N, 32.93.
Example 17
6-(2-Methylpropyl)-6H-imidazo[4,5-c]tetrazolo[ 1,5-a]Jquinoline
N°-(2-Methylpropyl)tetrazolo[1,5-aJquinoline-4,5-diamine (0.2 g, 0.78
mmole, Example 16) was combined with diethoxymethyl acetate (2 ml.) and heated
on a steam bath for 3 hours. Water (10 mL) and 10 % sodium hydroxide (2 mL)
were added and the reaction mixture was heated on a steam bath for 1 hour. A
solid was isolated by filtration then recrystallized from methanol/ethyl acetate to
provide 0.16 g of 6-(2-methylpropyl)-6H-imidazo[4,5-c]tetrazolo[1,5-a]quinoline
as a white crystalline solid, m.p. 210-212°C. Analysis: Calculated for CH;4Ns:
%C, 63.14; %H, 5.30; %N, 31.56; Found: %C, 63.12; %H, 5.32; %N, 31.61.
Example 13
N-(1,1-Dimethylethyl)-4-nitrotetrazolo[ 1,5-a]lquinolin-5-amine
Trnethylamine (6 mL), 4-nitrotetrazolo[1,5-ajquinolin-5-0l (8.7 g, 37.6
mmole, Example 13) and dichloromethane (100 mL) were combined and stirred at

ambient temperature until a solution was obtained. The solution was cooled to -
15°C. Triflic anhydride (6.5 mL) was added in portions to the cooled solution. The
reaction mixture was allowed to warm to ambient temperature then filtered through

a layer of silica gel. The filtrate was washed with cold dilute hydrochloric acid then
dried over magnesium sulfate. Triethylamine (5.25 mL) was added to the
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dichloromethane solution and the resulting mixture was stirred for about 10
minutes. ferf-Butylamine (4.2 mL) was added dropwise to the reaction mixture.
The reaction mixture was heated on a steam bath for about 15 minutes. The
resulting solid was isolated by filtration then purified by silica gel chromatography
to provide the crude product as a yellow solid. This material was recrystallized
from ethanol/water to provide 5 g of N-(1, 1-dimethylethyl)—4-nitrotetrazoloi 1,5-
a]quinolin-5-amine. The structure was confirmed by nuclear magneﬁc resonance
spectroscopy.
Example 19
N°-(1,1-Dimethylethyl)tetrazolo{1,5-a]quinoline~4, 5-diamine

N-(1,1-dimethylethyl)-4-nitrotetrazolo[ 1,5-a]quinolin-5-amine (4.2 g,
Example 18), ethanol (100 mL) and Pt/C (0.5 g) were placed in a Paar“apparatus.
The mixture was hydrogenated. The reaction mixture was filtered to remove
catalyst then concentrated to dryness under vacuum. The residue was recrystallized
from ethyl acetate/dichloromethane to provide N°-(1, l-dimethylethyl)tetrazolo[l ,5-
ajquinoline-4,5-diamine as a pale blue crystalline solid.

Example 20
6-(1, 1-Dimethylethyl)-6H-imidazo[4,5-c]tetrazolo[1, 5-a] quinoline

Diethoxymethyl acetate (1.9 mL) was added dropwise to a solution of N*-
(1,1~diméthylethyl)tetrazolo[1,5~a]q11inoline-4,5-diamine (1.5 g, 5.9 mmole,
Example 19) 1n acetic acid (15 mL). The reaction mixture was heated on a steam

~ bath for 1 hour then made basic with sodium hydroxide. The resulting precipitate

was isolated by filtration then recrystallized from ethanol to provide 6-(1,1-
dimethylethyl)-6H-imidazo[4,5-c]tetrazolo[1,5-a]quinoline, m.p. 224-226°C.
Anélysis: Calculated for C,.H4Ng: %C, 63.13; %H, 5.29; %N, 31.56; Found: %C,
62.90; %H, 5.44; %N, 31.52. .
Example 21 ‘
| 6H-Imidazo[4,5-c]tetrazolo[1,5-a]quinoline .
6-(1,1-Dimethylethyl)-6H-imidazo[4,5-c]tetrazolo[1,5-a]quinoline (1 g, 3.8

mmole, Example 20) was added to hydrochloric acid (5 mL of 6N); Watér (20 mL)

was added and the mixture was heated on a steam bath for 1 hour. The reaction

* trademark
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mixture was allowed to cool to ambient temperature then made basic (pH 11) by
the addition of sodium hydroxide solution. The resulting precipitate was isolated by
filtration, dried then recrystallized from N,N-dimethylformamide to provide 0.65 g
of the desired product as a solid. A sample of this material was refluxed in a large
5 amount of dichloromethane/methanol, isolated by filtration, then dried to provide
6H-imidazo[4,5-c]tetrazolo] 1,5-a]lquinoline as a solid, m.p. >300°C Analysis:
Calculated for C;6HsNg: 2%6C, 57.14; %H, 2.88; %N, 39.98; Found: %C, 56.89;
%H, 3.10; %N 39.34. The structure was confirmed by both mass spectroscopy and

nuclear magnetic resonance spectroscopy.
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WHAT IS CLAIMED IS:

1. A process for preparing a 4-nitrotetrazolo[l, 5-a]
guinolin-5-o0l of the formula IT
jﬂ‘ﬂﬂ
2
N_ NO,

OH
R
I
10
wherein R 1s selected from the group consisting of
hydrogen, stralght chain or Dbranched chain alkoxy
containing one to four carbon atoms, halogen, and straight
chain or branched chain alkyl containing one to four carbon
atoms;
comprising the steps of:
(1) providing a tetrazolo[l,5-ajguinolin-5-o0l1l of the
formula I
ﬁﬁﬁN
N_ )
20 |
OH
R
1

wherein R 1s as defined hereinabove; and

(i1) nitrating the compound from step (1) to obtain

the corresponding 4-nitrotetrazolo(l,5-aljguinolin-5-0l1 of

the formula IT.

2. A process for preparing a 4-nitrotetrazololl,S5-al

30 quinolin-5-ol sulfonate of the formula III

28



CA 02257846 2005-07-28

wherein

R is selected from the group consisting of hydrogen,

straight chain or branched chain alkoxy containing one to
10 four carbon atoms, halogen, and straight chain or branched

chain alkyl containing one to four carbon atoms; and

R' is selected from the group consisting of alkyl,

haloalkyl and aryl,

comprising the steps of:

(i) providing a tetrazolo[l,5-alquinolin-5-ol of the

formula T

20 OH

wherein R is as defined hereinabove;
(1ii) nitrating the compound from step (i) to obtain
the corresponding 4-nitrotetrazolo(l,5-alquinolin-5-o0l; and
(iii) sulfonylating the compound from step (i1) to

obtain the corresponding 4-nitrotetrazolo[l,5-alquinolin-5-

sulfonate of the formula III.

30 3. A process for preparing a (5-substituted) -4-

nitrotetrazolo[l,5-a] quinolin-5-amine of the formula IV
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whereiln

R is selected from the group consisting of hydrogen,

straight chain or branched chain alkoxy containing one to

four carbon atoms, halogen, and straight chain or branched

_chain alkyl containing one to four carbon atoms; and

Ri 1s selected from the group consisting of hydrogen;

straight chain or branched chain alkyl containing one to
ten carbon atoms and substituted straight chain or branched
chain alkyl containing one to ten carbon atoms, wherein the
substituent is selected from the group consisting of
cycloalkyl containing three to six carbon atoms and
cycloalkyl containing three to six carbon atoms substituted
by straight chain or branched chain alkyl containing one to
four carbon atoms; hydroxyalkyl of one to six carbon atoms;
alkoxyalkyl wherein the alkoxy moiety contains one to four
carbon atoms and the alkyl moiety contains one to six
carbon atoms; acyloxyalkyl wherein the acyloxy moiety 1s
alkanoyloxy of two to four carbon atoms or benzoyloxy, and
the alkyl moiety contains one to six carbon atoms; benzyl;
(phenyl)ethyl; phenyl; said benzyl, (phenyl)ethyl or phenyl
substituent being optionally substituted on the benzene

ring by one or two moieties independently selected from the

group consisting of alkyl of one to four carbon atoms,
alkoxy of one to four carbon atoms, and halogen, with the

proviso that when said benzene ring 1s substituted by two
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of said moieties, then the moieties together contain no
more than six carbon atoms; acylaminoalkyl wherein the
alkyl moiety contains two to four carbon atoms; disubsti-
tuted aminoalkyl wherein the alkyl moiety contains two to
four carbon atoms and the substituents are alkyl or

hydroxyalkyl of one to four carbon atoms; and

morpholinoalkyl wherein the alkyl moiety contains two to
four carbon atoms,
comprising the steps of:

(i) providing a tetrazololl,5-alquinolin-5-ol of the

formula I

)
N
“N

wherein R is as defined hereinabove; and
(1ii) nitrating the compound from step (1) to obtain

the corresponding 4-nitrotetrazolo(l,5-algquinolin-5-0l;

(1ii) sulfonylating the compound from step (11) ¢to
obtain the corresponding 4-nitrotetrazolo(l,5-alquinolin-5-
sulfonate; and

(iv) reacting the compound from step (1i1) with an

amine to obtain the corresponding (5-substituted) -4-

- nitrotetrazolo{l,5-a] gquinolin-5-amine of the formula IV.

4, A process for preparing a (5-substituted)

tetrazolo[l,5-a] quinolin-4,5-diamine of the formula V
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wherein R and Rq are defined as in claim 3,

comprising the steps of:

(i) providing a tetrazolo[l,5-alquinolin-5-01l of the

formula I

—N
A \

wherein R is defined as in claim 3; and

(1i) nitrating the compound from step (1) to obtain
the corresponding 4-nitrotetrazolo([l,5-aljquinolin-5-0l1;
(1ii) sulfonylating the compound from step (ii) to
obtain the corresponding 4-nitrotetrazolo[l,5-alJgquinolin-5-
sulfonate;
(iv) reacting the compound from step (iii) with an
amine to obtain the corresponding (5-substituted)-4-
nitrotetrazolo[l,5-a] quinolin-S5-amine of the formula IV;

and
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(v) reducing the compound from step (iv) to obtain
the corresponding (5-substituted) tetrazolo [1,5-a]

quinoline-4,5-diamine.

5. A process for preparing a (5-substituted) (6-
substituted) 6H-imidazo[4,5-c]tetrazolo(l,5-alquinoline of

the formula VI

My

10 ) N

wherein

R and Rq are defined as in claim 3 and

R, is selected from the group consisting of hydrogen;

straight chain or branched chain alkyl containing one to
eight carbon atoms; benzyl; (phenyl)ethyl; phenyl; the
benzyl, (phenyl) ethyl oY phenyl substituent being
optionally substituted on the benzene ring by one or two
20 moieties independently selected from the group consisting
of straight chain or branched chain alkyl containing one to
- four carbon atoms, straight chain or branched chain alkoxy
containing one to four carbon atoms, and halogen, with the
proviso that when the benzene ring 1s substituted by two

such moieties, then the moieties together contain no more

than 6 carbon atoms; and

30 R,
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wherein:

R¢ and Ry are independently selected-from the group consisting of hydrogen, alkyl
of one to four carbon atoms, phenyl, and substituted phenyl wherein the substituent is

selected from the group consisting of alkyl of one to four carbon atoms, alkoxy of one to
{our carbon atoms, and halogen; and
X 15 selected from the group consisting of alkoxy containing one to four carbon

atoms, alkoxyalkyl whercin the alkoxy moiety contains one to four carbon atoms and the
alkyl moiety contains one to four carhon atoms, haloalkyl of one to four carbon atoms,

alkylamido wherein the alkyl group contains one to four carbon atoms, amino, substituted

amino wherein the substituent is alkyl or hydroxyalkyl of one to four carbon atoms, azido,

and alkylthio ol one to four carbon atoms;

comprlising the steps of:

(1) providing a tetrazolo[l,5-alquinolin-5-ol of the

formula I

8
N\.

wherein R 1s defined as in claim 3; and

(11) nitrating the compound from step (i) to obtain
the corresponding 4-nitrotetrazolo[1,S—a]quinolin—S-ol;
(111) sulfonylating the compound from step (ii) to
obtain the corresponding 4-nitrotetrazolo(l,5-alquinolin-5-
sulfonate;
(1v) reacting the compound from step (iii) with an
amine to obtain the corresponding (5-substituted) -4-

nitrotetrazolo[l,5-al quinolin-5-amine of the formula IV;
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(v) reducing the compound from step (iv) to obtain
the corresponding (5-substituted) tetrazolol[l, 5-a]
quinoline-4, 5-diamine; and
(vi) reacting the compound from step (v) with a
carboxylic acid or an equlivalent thereof to obtain the
corresponding (5-substituted) (6-substituted) o6H-imidazo

[4,5-c]tetrazolo|l,5-ajquinoline of the formula VI.

0. A process for preparing a (l-substituted) (2-
substituted) N-triphenylphosphinyl-lH-imidazo[4,5-c]Jgquinolin-

4-amine of the formula VII

wherein R and R7 are defined as in claim 3 and RZ is
defined as in claim 5,
comprising the steps of

(1) providing a tetrazolo[l,5-alguinolin-5-0l of the

formula I

Ny

35



10

20

30

CA 02257846 2005-07-28

wherein R i1s defined as in claim 3; and

(1i) nitrating the compound from step (1) to obtain
the corresponding 4-nitrotetrazolo{l,5-aljquinolin-5-0l;
(1iii) sulfonylating the compound from step (11) ¢to

obtain the corresponding 4-nitrotetrazolo[l,5-alquinolin-5-

sulfonate;

(iv) reacting the compound from step (11ii) with an
amine to obtain the corresponding (5-substituted) -4-
nitrotetrazolo[l,5-al] guinolin-5-amine of the formula IV;

(v} reducing the compound from step (iv) to obtain
the corresponding (5-substituted) tetrazolo [1,5-a]
quinoline-4,5-diamine; and

(vi) reacting the compound from step (v) with
triphenyl-phosphine to obtained the corresponding (1-
substituted) (2-substituted) N-triphenylphospinyl-1H-

imidazo[4,5-c]lguinolin-4-amine.

7. A process for preparing a (l-substituted) (2-
substituted) 1H-imidazo [4,5-c]lquinolin-4-amine or a

pharmaceutically acceptable addition salt thereof of the

formula VIII

wherein R and R; are defined as in claim 3 and Rp 1is

defined as in claim 5, comprising the steps of:
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(1) providing a tetrazololl,5-alguinolin-5-ol of the

formula T

wherein R is defined as in claim 3; and

(ii) nitrating the compound from step (i) to obtailn
the cor;esponding 4-nitrotetrazolo{l,5-algquinolin-5-0l;

(iii) sulfonylating the compound from step (ii) to
obtain the corresponding 4-nitrotetrazolol[l,5-ajquinolin-5-
sulfonate;

(1v) reacting the compound from step (iii) with an
amine to obtain the corresponding (S5-substituted) -4-
nitrotetrazolo[l,5-a) guinolin-5-amine of the formula IV;

(v) reducing the compound from step (iv) to obtain
the corresponding (5-substituted) tetrazolo [1,5-a]
quinoline-4,5-diamine;

(vi) reacting the compound from step (V) with
triphenyl-phosphine to obtained the corresponding (1-
substituted) (2-substituted) N-triphenylphospinyl-1H-
imidazo[4,5-c]guinolin-4-amine;

(vii) hydrolyzing the compound from step (vi) to obtain
the corresponding (L-substituted) (2-substituted) 1H-

imidazo[4,5-¢c]lgquinolin-4-amine of the formula VIII; and
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(viii) isolating to ocbtain the (1-substituted) (2-

substituted) 1H-imidazo [4,5-c]gquinolin-4-amine or a

pharmaceutically acceptable addition salt thereof.

8. A process according to claim 7, wherein the (1-
substituted) (2-substituted) 1H-imidazol[4,5-c¢lgquinolin-4-amine

is 1-(2-methylpropyl)-1H-imidazol[4,5-c]quinolin-4-amine.

9. A process for preparing a (l-substituted)
(2-substituted) 1H-imidazo{4,5-clgquinolin-4-amine,
comprising the steps of:

(1) providing a (5-substituted) (6-substituted) 6H-
imidazo[4,5-c]ltetrazolo[l,5-ajquinoline;
(1i) reacting the compound from step (1) with

triphenylphosphine to obtain the corresponding (1-

substituted) (2-substituted)N-triphenylphosphinyl-1H-
imidazo[4,5-clgquinolin-4-amine;

(iii) hydrolyzing the compound from step (1i) to obtain
the corresponding (L-substituted) (2-substituted) 1H-
imidazo[4,5-c]lgquinolin-4-amine; and

(iv) 1solating the (1-substituted) (2-substituted) 1H-
imidazo[4,5-clguinolin-4-amine oY a pharmaceutically

acceptable addition salt thereof.

10. A process according to claim 9, wherein the (1-
substituted) (2-substituted) 1H-imidazo[4,5~-c]Jquinolin-4-
amine 1s 1- (2-methylpropyl) -1H-imidazo[4,5~c]lguinolin-4-

amine.

11. The compound 4-nitrotetrazolo[l,5-aljquinolin-5-

-ol;'
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12. A compound of the formula III:

)

N{ NOz
OSOK’
R
III
whereiln
R! is selected from the group consisting of alkyl,

10 perfluoroalkyl and aryl, and

R 1is selected from the group consisting of hydrogen,
straight chain or branched chain alkoxy containing one to
four carbon atoms, halogen, and straight chain or branched

chain alkyl containing one to four carbon atoms.

13. A compound according to claim 12, wherein R' 1s

trifluoromethyl.

14. A compound according to the formula IV:

)
N{ NO;

20

wherein

R1 is selected from the group consisting of alkyl of one to

six carbon atoms, hydroxy alkyl wherein the alkyl moilety

contains one to six carbon atoms, and arylalkyl wherein the

alkyl moiety contains one to three carbon atoms, and
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R 1s selected from the group consisting of hydrogen,

straight chain or branched chain alkoxy containing one to

four carbon atoms, halogen, and straight chain or branched

chain alkyl containing one to four carbon atoms.

15. A compound according to claim 14, wherein Rjp 1s

selected from the group consisting of 2-methylpropyl, 2-
hydroxy-2-methylpropyl, benzyl and phenylethyl.

16. A compound according to claim 15, wherein R; 1s

2-methylpropyl.

17. A compound of the formula V:

" wherein

R1 is selected from the group consisting of alkyl of one to

six carbon atoms, hydroxy alkyl wherein the alkyl moiety
contains one to six carbon atoms, and arylalkyl wherein the
alkyl nmoiety contains one to three carbon atoms, and

R 1s selected from the group consisting of hydrogen,
straight chain or branched chain alkoxy containing one to
four carbon atoms, halogen, and straight chain or branched

chain alkyl containing one to four carbon atoms.
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18. A compound according to claim 17, wherein Rq 18

selected from the group consisting of 2-methylpropyl, 2-
hydroxy-2-methylpropyl, benzyl and phenylethyl.

19. A compound according to claim 18, wherein Rp 1is

2-methylpropyl.

20. A compound of the formula VI:

wherein

R1 ig selected from the group consisting of hydrogen, alkyl

of one to six carbon atoms, hydroxy alkyl wherein the alkyl
moiety contains one to six carbon atoms, and arylalkyl

wherein the alkyl moiety contains one to three carbon

atoms;

R» is selected from the group consisting of hydrogen, alkyl

of one to four carbon atoms, alkoxyalkyl wherein the alkoxy

moiety contains one to four carbon atoms and the alkyl
moiety contains one to four carbon atoms, hydroxyl alkyl

wherein the alkyl moliety contains one to four carbon atoms,
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haloalkyl wherein the alkyl moiety contains one to four
carbon atoms, and aryloxymethyl, and

R 1s selected from the group consisting of hydrogen,
straight chain or branched chain alkoxy containing one to
four carbon atoms, halogen, and straight chain or branched

chain alkyl containing one to four carbon atoms.

21. A compound according to claim 20, wherein Ry 1is

selected from the group consisting of hydrogen, 2-
methylpropyl, 2-hydroxy-2-methylpropyl, benzyl and
phenylethyl.

22. A compound according to claim 20 or 21, wherein

Ro, 1s selected from the group consisting of hydrogen,

methyl and ethoxymethyl.

.23. A compound according to claim 20, wherein Rq 1is

2-methylpropyl and Ro 1s hydrogen.

24. A compound according to claim 20, wherein Rq 1is

hydrogen and R» 1s hydrogen.

25. A compound of formula VII:

wherein
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R1 18 selected from the group consisting of hydrogen, alkyl

of one to six carbon atoms, hydroxy alkyl wherein the alkyl
moiety contains one to six carbon atoms, and arylalkyl
wherein the alkyl molety contains one to three carbon

atoms;

Ro 1s selected from the group consisting of hydrogen, alkyl

of one to four carbon atoms, alkoxyalkyl wherein the alkoxy
moliety contains one to four carbon atoms and the alkyl
moliety contains one to four carbon atoms, hydroxyl alkyl

wherein the alkyl moilety contains one to four carbon atoms,

haloalkyl wherein the alkyl moiety contains one to four

carbon atoms, and aryloxymethvyl,

and

R 1s selected from the group consisting of hydrogen,

straight chain or branched chain alkoxy containing one to
four carbon atoms, halogen, and straight chain or branched

chain alkyl containing one to four carbon atoms.

26. A compound according to claim 25, wherein Rq is

selected from the group consisting of hydrogen, 2 -
methylpropyl, 2-hydroxy-2-methylpropyl, benzyl and
phenylethyl and Ry 1s selected from the group consisting of

hydrogen, methyl and ethoxymethyl.

27. A compound according to claim 26, wherein R4 is

2-methylpropyl and Ro 1s hydrogen.

4 3
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