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METHOD OF PREPARING 4-AMINO-1H-IMIDAZO(4,5-c)QUINOLINES AND ACID ADDITION SALTS

& (57) Abstract: The present invention provides a method of preparing a 4-(arylmethyl)amino-1H-imidazo(4,5-c)quinoline of formula
& (4) by reacting an arylmethylamine of formula (3) with a 4-chloro-1H-imidazo(4,5-¢)quinoline of formula (2). The present invention

N fyrther provides a method of preparing an acid addition salt of formula (5) comprising the step of hydrolyzing a 4-(arylmethyl)amino-
1 H-imidazo(4,5-c)quinoline of formula (4) with a strong acid, HX The present invention further provides a method of preparing a
4amino- 1H-imidazo(4,5-c)quinoline of formula (1) comprising the step of treating an acid 10 addition salt of formula (5) with a

base.
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METHOD OF PREPARING 4-AMINO-1H-
IMIDAZO(4,5-c)QUINOLINES AND ACID ADDITION SALTS THEREOF

CROSS REFERENCE TO RELATED APPLICATION
This application claims the benefit under 35 U.S.C. § 119(e) of U.S. Provisional
Application No. 60/507,557, filed October 1, 2003, the disclosure of which is

incorporated by reference in its entirety herein.

BACKGROUND OF THE INVENTION
1. Technical Field

This invention provides a method of preparing drugs comprising tricyclic ring
structures that poséess 3 nitrogen atoms. More specifically, the invention provides a

method of preparing 4-amino-1H-imidazo(4,5-c)quinolines and acid addition salts

thereof.

2. Background Art

4-amino-1-1sobutyl-1H-imidazo(4,5-c)quinoline (imiquimod; compound of
formula (1), wherein R!'= 1sobutyl, R?= H) 1s an immune-response modifier that induces
various cytokines, including interferon-ct. It is marketed as a 5% cream under the

tradename ALDARA® (3M Pharmaceuticals, St. Paul, MN), and has been widely used to

treat genital warts in humans.

1'wo procedures for preparing a compound of formula (1) from the corresponding
4-chloro analog of formula (2) have been reported. The first procedure is a one-step

ammonolysis procedure (Scheme 1).
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Scheme 1
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U.S. Patent No. 4,689,338 (‘338 patent) and Shen ef al., Chem. Res. & Appln.,

2001, /3, 249-252 (the Shen article), specifically disclose Scheme 1 procedures. The '338

patent discloses the reaction of the compound of formula (2) (R’ = methyl, isobutyl, 2,3-
dihydroxypropyl, phenyl, 4-methoxyphenyl, or 4-fluorophenyl; R* = hydrogen or methyl)
with ammonia or ammonium hydroxide in a sealed vessel for 16-18 hours at 150°C-
155°C. The 338 patent does not disclose the obtained yield. The Shen article discloses
the reaction of the compound of formula (2) (R? = isobutyl; R* = hydrogen) with aqueous
ammonia in methoxy ethanol solvent in a sealed vessel for 4 hours at 100°C. The
obtained yield of the compound of formula (1) (R' = isobutyl, R* = H) is reported to be
61%.

One disadvantage of the ammonolysis procedure (Scheme 1) is that the
ammonolysis reaction must be conducted at elevated temperature in a sealed reaction

vessel. This poses an undesirable safety risk.

The second procedure is a two-step procedure (Scheme 2). In the first step of the
second procedure, a 4-chloro compound of formula (2) is subjected to an
addition/elimination reaction with benzylamine to provide a benzylamino intermediate.
In the second step of the second procedure, the benzylamino intermediate is

hydrogenolyzed to provide a compound of formula (1).

Scheme 2
1

R3 R?
\ N ’_4\< \N ’_\<
N N

R4
N/\<N afldition/ - - N
elimination rogenolysis
OO == O 2= (Y
e o
NT > cl N” “NHBn N NH,

(2) benzylamino intermediate (1)
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U.S. Patent No. 6,069,149 ('149 patent) and the Shen article specifically disclose

Scheme 2 procedures. The '149 patent discloses that the first step is performed by heating
a compound of formula (2) (R’ = 3-(fert-butoxycarbonylamino)propyl, 4-(tert-
butoxycarbonylamino)butyl; R* = hydrogen) in neat benzylamine for three hours. The
benzylamino intermediate is isolated by distilling away excess benzylamine, and purified
using silica gel column chromatography. The Shen article discloses that the first step is
performed by heating a compound of formula (2) with benzylamine and potassium
carbonate in methoxy ethanol solvent for eight hours. The benzylamino intermediate 1s

isolated by distilling away the solvent.

The '149 patent discloses that the second step 1s performed by refluxing the
benzylamino intermediate with Pd(OH),/C (Pearlman’s catalyst) in a weak acid (i.e.,
formic acid) for 1-2 days. However, the yield of the compound of formula (1) (R! = 3-
aminopropyl, 4-aminobutyl; R* = H) is reported only to be 37-42%. The Shen article
discloses an attempt to perform the second step by heating the benzylamino intermediate
with hydrogen and Pd/C at 80°C under acidic conditions. The Shen article states that the
attempt failed.

One disadvantage of the first step in the second procedure (Scheme 2) is that the
reaction solvent must be removed by distillation to 1solate the benzylamino intermediate.
In addition, purification using silica gel chromatography 1s required when the
addition/elimination reaction is performed neat in benzylamine. Such distillation and
chromatography procedures are costly and undesirable on an industrial scale. One
disadvantage of the second step in the second procedure (Scheme 2) 1s that the
hydrogenolysis reaction is proven to be difficult, and proceeds at a low yield even after a
long reaction time. Presently, there are no suitable alternatives for the hydrogenolysis

reaction.

There is a continuing need for an improved method of preparing 4-amino-1/-

imidazo(4,5-c)quinolines.

SUMMARY OF THE INVENTION

The present invention provides a method of preparing an acid addition salt of

_3-
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formula (5)

\N“\<

N
N
N~ “NH3 X

(9)
comprising the step of hydrolyzing a 4-(arylmethyl)amino-1H-imidazo(4,5-c)quinoline of
formula (4) with a strong acid, HX,

wherein
nislor?2,
R!, R% R’ and R* are independently selected from the group consisting of
hydrogen, Ci-Cyg alkyl, C5-Cio cycloalkyl, C,-Cy¢ alkenyl, Cs-Cyg cycloalkenyl,
10 Cy-Cig alkynyl, and Cg-Cqq aryl,
each of R°, R®, R”, R®, and R’ for each of the n aryl rings is independently selected
from the group consisting of hydrogen, C;-C;g alkyl, C3-Cy cycloalkyl, Cy-C;g
alkenyl, Cs-C;g cycloalkenyl, C,-Cig alkynyl, C¢-Cyp aryl, —-ORIO, and —NR' IRIZ,
wherein R'’, R!!, and R'? are independently selected from the group consisting
15 of hydrogen and C;-C,( alkyl, and
X" is a conjugate base of a strong acid,

thereby forming an acid addition salt of formula (35).

Preferably, the 4-(arylmethyl)amino-1H-imidazo(4,5-c)quinoline of formula (4) 1s

20  prepared by reacting an arylmethylamine of formula (3)
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with a 4-chloro-1H-imidazo(4,5-c)quinoline of formula (2)

R R
\N _’_\<
N
AN

Cr Y
N~ Cl

(2)

5 Preferably, the method further comprises the step of treating the acid addition salt
of formula (5) with a base to provide a 4-amino-1H-imidazo(4,5-c)quinoline of formula
(1)
R R?

10 Preferably, the strong acid is selected from the group consisting of sulfuric acid,

methanesulfonic acid, trifluoromethanesulfonic acid, and mixtures thereof.

Preferably, the base is selected from the group consisting of sodium hydroxide,
potassium hydroxide, and mixtures thereof.
15
Preferably, R', R*, R>, and R* are independently selected from the group
consisting of hydrogen, C;-Cy alkyl, and C4-Cy aryl, and each of R, R6, R/, RS, and R’
for each of the n aryl rings is independently selected from the group consisting of
hydrogen, C;-Cyg alkyl, C¢-Cy aryl, -OR', and -NR''R"?. More preferably, nis 1, R’
20 and R’ are independently C;-C alkyl, R* and R are hydrogen, R>, R®, R”, R®, and R’ are
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independently selected from the group consisting of hydrogen, Ci-C, alkyl, and —O(C;-
Cyo alkyl), and X is selected from the group consisting of HSO4", CH3SO03", and CF3505".
More preferably, R' and R> are isobutyl. More preferably, R’,R® R7, R® and R are
hydrogen.

Preferably, the 4-amino-1H-imidazo(4,5-c)quinoline of formula (1) 1s 4-amino-1-

isobutyl-1H-imidazo(4,5-c)quinoline (imiquimod).

Preferably, the hydrolyzing step is performed for a reaction time of less than about
four hours. More preferably, the hydrolyzing step is performed for a reaction time of less

than about two hours.

Preferably, the acid addition salt of formula (5) is obtained in a yield of at least
about 70%. More preferably, the acid addition salt of formula (5) is obtained in a yield of
at least about 80%.

Preferably, the arylmethylamine of formula (3) is selected from the group
consisting of benzylamine, 2,4-dimethoxybenzylamine, diphenylmethylamine, and 1-

(aminomethyl)naphthalene.

Preferably, the 4-(arylmethyl)amino-1H-imidazo(4,5-c)quinoline of formula (4) 1s
prepared in a neat reaction. '
* | |
Preferably, the 4-(arylmethyl)amino-1H-imidazo(4,5-c)quinoline of formula (4) is
prepared at a temperature of about 100°C to about 140°C.

DETAILED DESCRIPTION OF THE INVENTION

Definitions
“Hydrolyzing” refers to performing a hydrolysis reaction; “hydrolysis” refers to a

chemical reaction that uses water (i.e., H>O) to cleave a chemical bond;
“hydrogenolyzing” refers to performing a hydrogenolysis reaction; “hydrogenolysis”
refers to a chemical reaction that uses hydrogen (i.e., Hy) to cleave a chemical bond;

“ammonolysis” refers to a chemical reaction that uses ammonia (i.e., NHs) to cleave a

_6-
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chemical bond; “chemical bond” refers to the force that holds atoms together in
molecules or crystals; “strong acid” refers to an acid having a K, (25°C) of at least about
1; “acid addition salt” refers to a compound of formula RH X", wherein R is a molecule
that contains at least one atom that can accept a proton from an acid, and X is the
conjugate base of an acid, HX; “neat reaction” refers to a reaction in which one or more
of the reagents functions as a solvent; “solvent” refers to the most abundant component of
a solution; “conjugate base” refers to a molecule that can be described as an acid that has
lost one proton; “isolating” refers to separating a crude product from a reaction mixture;
“crude product” refers to a reaction product that has been separated from the reaction, but
not further purified; according the present invention, a “crude product” typically has a
purity of at least about 80%; “purity” refers to the percentage by weight of the major
component of a mixture; “purifying” refers to increasing the purity of a compound;
“crystallizing” refers to inducing crystals to form in a solution; “heating” refers to adding
thermal energy to a reaction mixture to raise the temperature of the reaction mixture
above the ambient temperature of its surrounding environment (typically, the ambient

temperature 1s about 22°C).

The present invention provides an improved method of preparing 4-amino-1H-
imidazo(4,5-c) quinolines. One unique feature of the present invention is that it involves
employing a hydrolysis reaction. A strong acid may be used as a catalyst to drive the
hydrolysis reaction. The hydrolysis reaction effectively provides an acid addition salt. A
simple treatment of the acid addition salt with a base provides a 4-amino-1H-imidazo(4,5-
¢) quinoline. The present hydrolysis reaction provides a much better yield and a much

shorter reaction time. Specifically, the present invention provides a method of preparing

N
BN
N~ “NH5*X

comprising the step of hydrolyzing a 4-(arylmethyl)amino-1H-imidazo(4,5-c)quinoline of

an acid addition salt of formula (5)

formula (4) with a strong acid, HX,
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Coy P
5
NT N © A Re\

wherein

nis 1 or2,

R', R% R’ and R” are independently selected from the group consisting of

hydrogen, C;-Cjy alkyl, C3-C;o cycloalkyl, C,-Cyg alkenyl, Cs-C;q cycloalkenyl,

C,-Co alkynyl, and Cg-Cyg aryl,

each of R°, R®, R’ R®, and R’ for each of the n aryl rings 1s independently selected

from the group consisting of hydrogen, C;-Cyg alkyl, C3-C; cycloalkyl, C5-Cyy

alkenyl, Cs5-C; cycloalkenyl, C,-Cyg alkynyl, Cg-Cyp aryl, —ORIO, and —NR”RIZ,
wherein R'’, R"!, and R'? are independently selected from the group consisting
of hydrogen and C;-C; alkyl, and

X' 1s a conjugate base of a strong acid,

thereby forming an acid addition salt of formula (5).

Any suitable strong acid, HX, may be used in the hydrolysis reaction. A strong
acid as used herein encompasses an acid having a K, (25°C) of at least about 1.
Preterably, the strong acid has a K, (25°C) of at least about 10. More preferably, the
strong acid has a K, (25°C) of at least about 100. Tables of K, (25°C) values are readily
available (See, e.g., CRC Handbook of Chemistry and Physics (63d ed. 1982-83)). K,
(25°C) values also may be measured (See, e.g., Cookson, Chem. Rev. 1974, 74, 5-28).

Preterably, the strong acid includes, but is not limited to sulfuric acid,
methanesulfonic acid, trifluoromethanesulfonic acid, and mixtures thereof. More

preferably, the strong acid is sulfuric acid.

Preferably, the conjugate base of a stroﬁg acid (1.e., X') includes, but is not limited
to HSO,4', CH3SO3", and CF3S03". More preferably, X" is HSOy'.
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n may be 1 or 2. Preferably, n1s 1.

R', R? R®, and R* may be identical or different. R', R%, R, and R* may
independently include, but are not limited to, hydrogen, C;-C,p alkyl, C3-C;o cycloalkyl,
C,-C1o alkenyl, Cs-C;o cycloalkenyl, C¢-Ca aryl, and the like. Preferably, R', R R’, and
R* may independently include, but are not limited to, hydrogen, C;-Cig alkyl, C»-Cio
alkenyl, Cg-Cyg aryl, and the like. Preferably, R! R% R, and R* may independently
include, but are not limited to, hydrogen, C;-Cjg alkyl, C4-Cyg aryl, and the like.

More preferably, R!, R?, R®, and R* are independently C;-Cjo alkyl. More
preferably, R', R%, R’, and R” are independently C;-Cg alkyl. Optionally, R! and R? or R’

and R* may together form a ring.

Preferably, R includes, but is not limited to, isobutyl, (2-hydroxy-2-
methyl)propyl, hydroxymethyl, (3-amino)propyl, (4-amino)butyl, and the like. More
preferably, R! is isobutyl.

Preferably, R’ includes, but is not limited to, isobutyl, (tert-
butyldimethylsilyloxy)methyl, (2-benzyloxy-2-methyl)propyl, 3-(benzylamino)propyl, 4-
(benzylamino)butyl, and the like. More preferably, R’ is isobutyl.

Pretferably, R? and R* independently include, but are not limited to, hydrogen;
ethoxymethyl, benzyl, (2-methoxy)ethyl, and the like. More preferably, R? and R* are
hydrogen.

R? may be identical to or different from R'. R* may be identical to or different
from R%. An example of when R> may be different from R' is when R’ contains a
nucleophilic moiety, such as an amino, hydroxyl, or thiol moiety. Preferably, when R
contains a nucleophilic moiety, R’ is a suitably protected derivative of R'. Preferably,

when R contains a nucleophilic moiety, R is a suitably protected derivative of R*.

A suitable protecting group 1s removable. If the protecting group 1s removed

during the hydrolysis reaction, then R! (or R?) will be different from R” (or RY. A

9.
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compilation of suitable protecting groups is found in Theodora W. Greene & Peter G.M.
Wuts, Protective Groups in Organic Synthesis (3d ed. 1999). Examples of suitable
protecting groups include, but are not limited to, benzyl and triphenylmethyl for an amino
moiety, methoxymethyl and ~butyldimethylsilyl for a hydroxyl moiety, and p-
methoxybenzyl and triphenylmethyl for a thiol moiety.

When R', R% R®, and/or R* comprise an alkyl, cycloalkyl, alkenyl, cycloalkenyl,
alkynyl, or aryl group that possesses a moiety, including a non-nucleophilic moiety, that
is protected with a protecting group, the atoms of the protecting group do not affect the
atom limitations expressed above. By way of example, the term “C;-Cg alkyl” includes,
but is not limited to, 3-(#-butyloxycarbonylamino)propyl, because the f-butyloxycarbonyl
(BOC) group is a protecting group. In other words, the 3-(BOC-amino)propyl group is a

Cs alkyl group possessing an amino moiety.

R, R6, R’ R®, and R’ are not critical. The R’ : R6, R’ RS and R’ groups are part
of an arylmethylamino side chain that is cleaved during the hydrolysis reaction. As such,

the R°, R®, R”, R®, and R’ groups are not present in the prepared acid addition salt of
formula (5).

R’, R®, R, R% and R’ may be identical or different. Preferably, each R’, R®, R’,
R®, and R’ for each of the n aryl rings independently includes, but is not limited to,
hydrogen, C;-C;y alkyl, and Cg-Cyg aryl, C3-Cyg cycloalkyl, C,-Cjg alkenyl, Cs-Cyg
cycloalkenyl, Cs-Cao aryl, ~OR'%, -NR''R"2, and the like. Preferably, each R, RS, R, R®,
and R’ for each of the n aryl rings independently includes, but is not limited to, hydrogen,
C1-Cio alkyl, C»-Cg alkenyl, C¢-Cyg aryl, —OR'®, -NR'R!?, and the like. Preferably,
each R’, R®, R”, R®, and R’ for each of the n aryl rings independently includes, but is not
limited to, hydrogen, C;-Cyg alkyl, C¢-Cap aryl, —OR'®, -NR''R'2, and the like.
Preferably, each R°, R®, R”, R®, and R’ for each of the n aryl rings independently includes,
but is not limited to hydrogen, C;-Cy alkyl, ~OR'?, and the like, wherein R' is C;-Cyq
alkyl. Preferably, each R’, R®, R7, R®, and R’ for each of the n aryl rings independently
includes, but is not limited to, hydrogen, C;-Cg alkyl, —OR'®, and the like, wherein R is
C,-Cs alkyl. |

-10-
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More preferably, each R°, R®, R’, R®, and R’ for each of the n aryl rings 1s
hydrogen. Optionally, R groups (i.e., R’, R®, R”, R®, and R’) that are adjacent to one

another may together form a ring (e.g., a phenyl ring).

Within R’ to R”, each alkyl, cycloalkyl, alkenyl, cyclo alkenyl, alkynyl, and aryl
group may contain up to four moieties, which include, but not limited to, nitrogen-
containing moieties (e.g., amino, amido, etc.), oxygen-containing moieties (e.g.,
hydroxyl, carboxyl, etc.), halogens, sulfur-containing moieties (e.g., thiol, sulfonyl, etc.),
and the like.

Within R' to R, examples of C;-Cy alkyl groups include, but are not limited to,
(tert-butyldimethylsilyloxy)methyl (C; having one oxygen-containing moiety — hydroxyl
— protected by a zert-butyldimethylsilyl protecting group), isobutyl (C4), ethoxymethyl
(Cs having one oxygen-containing moiety), (2-methoxy)ethyl (C; having one oxygen-
containing moiety), and (2-benzyloxy-2-methyl)propyl (C4 having one oxygen-containing

moiety — hydroxyl — protected by a benzyl protecting group).

Within R’ to R”, examples of C-C;g alkenyl groups include, but are not limited to,
allyl (Cs3), 2-methyl-2-butenyl (Cs), and 3-hexen-2-yl (Ce).

Within R’ to R”, examples of C,-C; alkynyl groups include, but are not limited
to, 2-butynyl (C,4), 4-phenyl-2-butynyl (C,y), and 4-methyl-2-pentynyl (Cs).

Within R to R9, examples of C3-C;g cycloalkyl groups include, but are not limited
to, cyclopentyl (Cs), 2-(methyl)cyclohexyl (C7), and 2-(N,N-(dibenzyl)amino)cyclohexyl
(Cs with a nitrogen-containing moiety — amino — protected by two benzyl protecting

groups).

Within R to R9, examples of Cs-C;g cycloalkenyl groups include, but are not
limited to, cyclopentenyl (Cs), 4-(isopropyl)cyclohexenyl (Cy), and 4-
(methyl)cyclohexenyl (C7).

Within R to R®, examples of Cg-Cyg aryl groups include, but are not limited to,

-11-
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benzyl (C5), tolyl (C7), 2-(methyhnaphthyl (Cy;), and 3-(cyano)isoquinolynyl (C;o with

two nitrogen-containing moieties (cyano and the ring nitrogen)).

The hydrolysis reaction may be performed at any suitable temperature.

Preferably, the temperature is from room temperature (i.e., about 20°C) to about 100°C.

The present hydrolysis method has unexpected advantages over the ammonolysis
method of Scheme 1. The ammonolysis method requires heating at a high temperature
(e.g., up to 155°C) for a long time (e.g., up to 18 hours) in a sealed vessel. This sealed
vessel reaction presents an undesirable safety risk. Surprisingly, the present hydrolysis
method provides an acid addition salt of formula (5), and a 4-amino-1H-imidazo(4,5-c)
quinoline therefrom, in high yield after a short reaction time without the use of a

potentially dangerous sealed vessel reaction.

Furthermore, the present hydrolysis method has unexpected advantages over the
hydrogenolysis method of Scheme 2. The hydrogenolysis reaction proceeds in low yield
(€.g., 37%-42%) or not at all after a long reaction time (e.g., up to 2 days). Surprisingly,
the present hydrolysis method provides acid addition salts of formula (5), and 4-amino-

1 H-1midazo(4,5-c) quinolines therefrom, in high yield after a short reaction time.

Ammonolysis, hydrogenolysis, and the present hydrolysis reactions represent
distinct chemical reactions. These chemical reéctions are used for different purposes,
employ different reagents, and are conducted under different reaction conditions.
Accordingly, these chemical reactions are not interchangeable. For example, an
ammonolysis reaction cleaves a chemical bond with ammonia (i.e., NH3), while a
hydrogenolysis reaction cleaves a chemical bond with hydrogen (i.e., H,). In contrast, a
hydrolysis reaction cleaves a chemical bond with water (i.e., H,O). Furthermore, while
an ammonolysis reaction and a hydrogenolysis reaction often require the presence of a
transition metal catalyst (e.g., copper, vanadium, titanium, palladium or ruthenium), the
present hydrolysis reaction does not require a transition metal catalyst, and is instead
performed in the presence of a strong acid catalyst. Finally, an ammonolysis reaction and
a hydrogenolysis reaction often are performed in sealed vessels. In contrast, the present

hydrolysis reaction is performed in open air.
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One advantage of the present invention is that the hydrolysis reaction proceeds in
high yield after a short reaction time. Preferably, the hydrolysis reaction provides the
acid addition salt of formula (5) at a yield of at least about 50%. More preferably, the
hydrolysis reaction provides the acid addition salt of formula (5) at a yield of at least
about 60%. More preferably, the hydrolysis reaction provides the acid addition salt of
formula (5) at a yield of at least about 70%. More preferably, the hydrolysis reaction
provides the acid addition salt of formula (5) at a yield of at least about 80%.

Preferably, the hydrolysis reaction is conducted for a reaction time of less than
about four hours. More preferably, the hydrolysis reaction is conducted for a reaction
time of less than about three hours. More preferably, the hydrolysis reaction is conducted
for a reaction time of less than about two hours. More preferably, the hydrolysis reaction

1S conducted for a reaction time of less than about one hour.

A turther advantage of the present hydrolysis reaction is that it is generally
applicable to many 4-(arylmethyl)amino-1H-imidazo(4,5-c)quinolines of formula (4).
Without wishing to be bound by theory, it is believed that the compound of formula (4)
may include many substituents at the R’ and R* positions, as exemplified and disclosed
herein, because these substituents are distant from the hydrolysis site (i.e., the C-N bond
of the 4-(arylmethyl)amino group of the compound of formula (4)). It is further believed
that the compound of formula (4) may include many substituents at the R’ to R’ positions,
as exemplified and disclosed herein, because the strong acid used in the hydrolysis
reaction 1s a powerful catalyst. It is further believed that in contrast to transition metal
catalysts, the strong acid catalyst is much less susceptible to poisoning and deactivation
by functional groups present in R” to R’ (e.g., sulfur atoms). Accordingly, the strong acid

is much more effective in catalyzing the hydrolysis of éompounds of formula (4).

In accordance with the present invention, the 4-(arylmethyl)amino-1H-

imidazo(4,5-c)quinoline of formula (4) may be prepared in any suitable manner. Suitable
preparation methods include, but are not limited to, those disclosed in the '149 patent and

the Shen article. Preferably, the 4-(arylmethyl)amino-1H-imidazo(4,5-c)quinoline of

formula (4) is prepared by reacting an arylmethylamine of formula (3)
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(3)

with a 4-chloro-1H-imidazo(4,5-c)quinoline of formula (2)

rRB R
\N-"’\<
N
A

o
N~ Cl

(2)
wherein n, R>, R*, R°, R®, R7, R®, and R’ are defined as set forth above.

The arylmethylamine of formula (3) may be synthesized using methods well
known to those of ordinary skill in the art. For example, benzaldehyde, benzophenone, or
a suitable aryl ring-substituted derivative thereof, may be transformed into an
arylmethylamine of formula (3) by reductive amination with ammonia and hydrogen (H;)
in the presence of a hydrogenation catalyst (see generally Jerry March, Advanced Organic
Chemistry § 6-15 (3d ed. 1985)). In addition, many arylmethylamines of formula (3) are
commercially available. For example, benzylamiﬁe, 2.4-dimethoxybenzylamine,
diphenylmethylamine, and 1-(aminomethyl)naphthalene can be obtained from Sigma-
Aldrich Corp. (St. Louis, MO). 1-(aminomethyl)naphthalene 1s an example of an
arylmethylamine of formula (3), wherein adjacent R groups (R5 and R®) to gether form a

ring (a phenyl ring).

Preferably, the arylmethylamine of formula (3) includes, but is not limited to,
benzylamine, 2,4-dimethoxybenzylamine, diphenylmethylamine, 1-

(aminomethyl)naphthalene, and the like.
The 4-chloro-1H-imidazo(4,5-c)quinoline of formula (2) may be synthesized

according to known methods, such as the method disclosed in U.S. Patent No. 4,689,338.

4-chloro-1-isobutyl-1H-imidazo(4,5-c)quinoline is commercially available from Auspure
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Biotechnology Co., Ltd. (Shanghai, China).

Any suitable temperature may be used to promote the addition/elimination
reaction between the arylmethylamine of formula (3) and the 4-chloro-1H-imidazo(4,5-
c)quinoline of formula (2). Preferably, the addition/elimination reaction is performed at a

temperature of about 100°C to about 140°C.

The arylmethylamine of formula (3) and the 4-chloro-1H-imidazo(4,5-c)quinoline
of formula (2) may be present in the reaction mixture in any suitable amount. Preferably,
an excess of the arylmethylamine of formula (3) 1s used. More preferably, the
arylmethylamine of formula (3) and the 4-chloro-1H-imidazo(4,5-c)quinoline of formula
(2) are present at a mole/mole ratio of at least about 2:1. More preferably, the
arylmethylamine of formula (3) and the 4-chloro-1H-imidazo(4,5-c)quinoline of formula

(2) are present at a mole/mole ratio of at least about 5:1.

The addition/elimination reaction between the arylmethylamine of formula (3) and
the 4-chloro-1H-imidazo(4,5-c)quinoline of formula (2) may be performed either neat or
in the presence of a suitable solvent. Suitable solvents include, but are not limited to,

N,N-dimethylformamide (DMF), N,N-dimethylacetamide (DMA) and mixtures thereof.

Preferably, the addition/elimination reaction is performed neat.

The present addition/elimination method has unexpected advantages over the
addition/elimination method of Scheme 2. The addition/elimination method in Scheme 2
requires that the benzylamino intermediate is isolated by distilling away the reaction
solvent, and optionally purified using silica gel column chromatography. These isolation
and purification methods are costly and time consuming. Surprisingly, the present
addition/elimination method provides a 4-(arylmethyl)amino-1H-imidazo(4,5-¢)quinoline
of formula (4) that does not require the product to be isolated or purified using these

costly and inefficient procedures.

A further advantage of the present invention is that the addition/elimination
reaction between the arylmethylamine of formula (3) and the 4-chloro-1H-imidazo(4,5-

c¢)quinoline of formula (2) may be performed without a sealed reaction vessel at
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atmospheric pressure. Another further advantage of the present invention is that the

addition/elimination reaction proceeds in high yield after a short reaction time.

In accordance with the present invention, the method further comprises the step of
treating the acid addition salt of formula (5) with a base to provide a 4-amino-1H-

imidazo(4,5-c)quinoline of formula (1)

wherein R! and R? are defined as set forth above.

The acid addition salt of formula (5) may be treated with any suitable base.
Preferably, an aqueous base is used. More preferably, the base is sodium hydroxide,
potassium hydroxide or a mixture thereof. More preferably, the base is sodium

hydroxide.

Preferably, the base is used in a quantity sufficient to raise the pH of the reaction
mixture to at least about 8. More preferably, the base is used in a quantity sufficient to

raise the pH of the reaction mixture to at least about 10.

Any suitable method may be used to isolate the 4-amino-1H-imidazo(4,5-
c¢)quinoline of formula (1). Suitable isolation methods include, but are not limited to,

filtration and extraction.

Any suitable method may be used to purify the 4-amino-1H-imidazo(4,5-
c)quinoline of formula (1). Suitable purification methods include, but are not limited to,
slurrying, crystallizing, and chromatography. Suitable slurrying and crystallizing solvents
include, but are not limited to, DMF. Additional methods of isolation and purification are

well known to those of ordinary skill in the art.

In accordance with the present invention, two additional embodiments are
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provided, which involve modified hydrogenolysis methods for the preparation of 4-
amino-1H-imidazo(4,5-c)quinolines (Scheme 3).

Scheme 3
2 1 2
R R\ R

N

R
hydrogenolysis N’\<N N
- [: ::[:‘\i[ - X
Rg\ N” NHg*X: N7 NH,
(9)
R7

(1)
The first modified hydrogenolysis method (i.e., the first additional embodiment)

involves transforming a 4-(arylmethyl)amino-1H-imidazo(4,5-c)quinoline of formula (4)
' into a 4-amino-1H-imidazo(4,5-c)quinoline of formula (1). The second modified
hydrogenolysis method (i.e., the second additional embodiment) involves transforming a
10  4-(arylmethyl)amino-1H-imidazo(4,5-c)quinoline of formula (4) into an acid addition salt
of formula (5), which in turn is converted into a 4-amino-1H-imidazo(4,5-c)quinoline of

formula (1).

In the first additional embodiment, the present invention provides a method of
15  preparing a 4-amino-1H-imidazo(4,5-c)quinoline of formula (1)

R R?
\
N
N
BN

Y
N~ “NH,

(1)
comprising the step of hydrogenolyzing a 4-(arylmethyl)amino-1H-imidazo(4,5-
c¢)quinoline of formula (4) with Pearlman’s catalyst and hydrogen (H;) in the absence of

an acid
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wherein n, Rl, R% R’ R4, R, R®, R, R®, and R? are defined as set forth above.

Pearlman’s catalyst (Pd(OH); on carbon) is commercially available from Sigma-
5  Aldrich Corp. (St. Louis, MO). Preferably, the hydrogenolysis reaction is performed in
the presence of a second catalyst in addition to Pearlman’s catalyst. Suitable second

catalysts include, but are not limited to, triethylamine.

The hydrogenolysis reaction may be performed at any suitable pressure.
10 Preferably, the hydrogenolysis reaction is performed at a hydrogen (Hy) pressure of about

1 atmosphere.

Any suitable solvent may be used for hydrogenolysis reaction. Suitable solvents
include, but are not limited to, alcoholic solvents and ethyl acetate.
15 '
Preferably, the 4-(arylmethyl)amino-1H-imidazo(4,5-c)quinoline of formula (4) is
prepared by the addition/elimination reaction of an arylmethylamine of formula (3) with a

4-chloro-1H-imidazo(4,5-c)quinoline of formula (2), as set forth above.

20 The 4-amino-1H-imidazo(4,5-c)quinoline of formula (1) prepared in the
hydrogenolysis reaction may be isolated using any suitable method. Suitable isolation
methods include, but are not limited to, adding water to the reaction mixture, and filtering
or decanting. The isolated 4-amino-1H-imidazo(4,5-c)quinoline of formula (1) may be

purified as set forth above.
25

In the second additional embodiment, the present invention provides a method of

preparing an acid addition salt of formula (5)
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mN

AN

o

N~ NH* X

(5)
comprising the step of hydrogenolyzing a 4-(arylmethyl)amino-1H-imidazo(4,5-
c)quinoline of formula (4) with Pearlman’s catalyst and hydrogen (H,) in the presence of
an acid, HX

wherein n, R', R% R?, R* R’, RS, R’, R®, and R are defined as set forth above.

Suitable acids, HX, for use in the hydrogenolysis reaction include, but are not
limited to, formic acid, acetic acid, and trifluoroacetic acid. The conjugate bases, X', of
those acids are HCOO", CH3COQ", and CF3COQ", respectively. Formic acid may
function as an internal source of hydrogen (H,). Consequently, when formic acid is used,
an external source of hydrogen (H,) is not necessary. Preferably, the hydrogenolysis

reaction 1s conducted in a hydrogen (H;) atmosphere.

Preferably, the hydrogenolysis reaction is performed using at least about one
molar equivalent of an acid, HX, based on the molar quantity of the 4-(arylmethyl)amino-
1 H-imidazo(4,5-c)quinoline of formula (4) present in the reaction. More preferably,
when the acid is formic acid, a large molar excess of formic acid is used. More

preferably, the hydrogenolysis reaction is performed using formic acid as the solvent.
The hydrogenolysis reaction may be performed at a hydrogen (H,) pressure of

greater than 1 atmosphere. Preferably, the hydrogenolysis reaction is performed at a

hydrogen pressure of about 1 atmosphere.
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Suitable solvents for the hydrogenolysis reaction include, but are not limited to,

alcoholic solvents and ethyl acetate.

Preferably, the 4-(arylmethyl)amino-1H-imidazo(4,5-c)quinoline of formula (4) is
prepared by the addition/elimination reaction of an arylmethylamine of formula (3) with a

4-chloro-1H-imidazo(4,5-c)quinoline of formula (2), as set forth above.

The acid addition salt of formula (5) prepared in the hydrogenolysis reaction may
be treated with any suitable base to provide a 4-amino-1H-imidazo(4,5-c)quinoline of

formula (1), as set forth above.

The prepared 4-amino-1H-imidazo(4,5-c)quinoline of formula (1) may be isolated

and purified as set forth above.

Accordingly, the present invention provides a method of preparing 4-amino-1H-
imidazo(4,5-c)quinolines of formula (1) and acid addition salts of formqla (5) 1in high
yield and purity from the corresponding 4-(arylmethyl)arnino-1H-imidazo(4,5-
c)quinolines of formula (4). The present method is safe, simple, rapid, economical, and

suitable for industrial preparations. The present invention is illustrated, but not limited by

the following examples.

EXAMPLES
Example 1  Synthesis of 4-amino-1-isobutyl-1 H-imidazo(4,5-c)quinoline
(Imiquimod) "

In this study, imiquimod was prepared in three steps, starting from 4-chloro-1-

1sobutyl-1H-imidazo(4,5-c)quinoline (compound of formula (2)).

Step 1: Preparation of 4-(N-benzylamino)-1-isobutyl-1H-imidazo(4,5-c)quinoline
(compound of formula (4))
In a three-necked 100-mL flask, equipped with a thermometer, 20 grams of

benzylamine and 10 grams of 4-chloro-1-isobutyl-1H-imidazo(4,5-c)quinoline were
added with stirring. The resulting slurry was heated to 120°C - 130°C, and the reaction
monitored by Thin Layer Chromatography (TLC; RP-18; mobile phase = 80%
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acetonitrile:20% water).

When the TLC indicated the disappearance of 4-chloro-1-isobutyl-1H-
imidazo(4,5-c)quinoline, the reaction mixture was cooled to room temperature resulting
in a solid mass. 60 mL of water was added and the reaction mixture was stirred for 30
min. The solids were then separated by filtration and the solids were washed with 20 mL
of water. The solids were then dried in an oven at 85°C resulting in 11.3 grams (90%

yield) of 4-(N-benzylamino)-1-isobutyl-1 H-imidazo(4,5-c)quinoline.

Step 2: Preparation of acid addition salt (compound of formula (5))

1 gram of 4-(N-benzylamino)-1-isobutyl-1H-imidazo(4,5-c)quinoline was added
to 5 mL of aqueous 96%-98% sulfuric acid with stirring in a 100-mL flask at 22°C-25°C.
After about 5-10 minutes the reaction mixture became clear. After about 30 minutes,
TLC (normal phase, mobile phase = 5% methanol: 95% chloroform) indicated the

reaction was complete, and 10 mL water was slowly added.

Step 3: Preparation of 4-ar_1_1_i_1_‘_10-1-isobutyl-II:I;i_n_lidazo_({LS-c)q@oline (compound
of formula (1)) '

The flask was cooled in an ice bath, and an aqueous solution of about 10% sodium
hydroxide was slowly added to the mixture from step (b) until a pH of about 12 was
achieved. The suspension was stirred for 15 minutes. The mixture was filtered, and the
collected solids were washed with water. The solid was dried at 85°C, providing 0.63
gram of 4-amino-1-isobutyl-1H-imidazo(4,5-c)quinoline (85% yield from 4-(N-

benzylamino)-1-isobutyl-1 H-imidazo(4,5-c)quinoline).

Example 2  Synthesis of 4-amino-1-isobutyl-1H-imidazo(4,5-c)quinoline
(Imiquimod)

In this study, imiquimod was prepared using the general three-step method
exemplified in Example 1. However, different concentrations of sulfuric acid and sodium

hydroxide were used in the second and third steps, respectively.

Step 1: Preparation of 4-(N-benzylamino)-1-isobutyl-1H-imidazo(4,5-c)quinoline
(compound of formula (4))
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4-(N-benzylamino)-1-isobutyl-1 H-imidazo(4,5-c)quinoline was prepared using

the general method exemplified in Example 1.

Step 2: Preparation of acid addition salt (compound of formula (5))

In a three-necked 500-mL flask, equipped with mechanical stirrer and
thermometer, 60 mL of aqueous 30%-70% sulfuric acid was introduced. 20 grams of 4-
(N-benzylamino)-1-isobutyl-1H-imidazo(4,5-c)quinoline were added, causing the
temperature to increase to 75°C. The mixture was heated between 70°C and 100°C until

T'LC indicated the reaction was complete (about 1 hour).

The reaction mixture was cooled to 70°C, and 60 mL of toluene was added. Then,
240 mL of water was added dropwise, keeping the temperature less than 60°C. When all
the water was added, the reaction was cooled to about room temperature, then to 10°C,

and then stirred at 10°C for 30 minutes. The acid addition salt (compound of formula (5))

was filtered and the cake was washed with water.

Step 3: Preparation of 4-amino-1-isobutyl-1H-imidazo(4.5-c)quinoline (compound
of formula (1))

The acid addition salt (compound of formula (5)) was slurried in 30 mL of water
at room temperature for 15 minutes, and then 20 mL of an aqueous solution of 20%
NaOH was added. The slurry was stirred for 1 hour, while ensuring that the pH was at
least about 8. The mixture was filtered, and the cpllected solids were washed with water.
The solid was dried, providing 11.9 grams of 4-amino-1-isobutyl-1H-imidazo(4,5-
c)quinoline (82% yield from 4-(N -benzylamino)-1-isobutyl-1H-imidazo(4,5-c)quinoline).

Example3  Synthesis of 4-amino-1-isobutyl-1H-imidazo(4,5-c)quinoline
| (Imiquimod)
In this study, imiquimod was prepared using the general three-step method

exemplified in Examples 1 and 2. However, a different procedure was used to isolate the

acid addition salt.

Step 1: Preparation of 4-(N-benzylamino)-1-isobutyl-1H-imidazo(4,5-c)quinoline
(compound of formula (4))
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4-(N-benzylamino)-1-1sobutyl-1 H-imidazo(4,5-c)quinoline was prepared using

the general method exemplified in Example 1.

Step 2: Preparation of acid addition salt (compound of formula (5
In a three-necked 500-mL flask, equipped with mechanical stirrer and

thermometer, 60 mL of aqueous 70% H,SO,4 was introduced.‘ 20 grams of 4-(N-
benzylamino)-1-isobutyl-1H-imidazo(4,5-c)quinoline was added, causing the temperature
to increase to about 75°C. The mixture was heated to about 100°C until TL.C indicated
the reaction was complete (about 1 hour). The reaction mixture was cooled to about
80°C, 80 mL of toluene was added, and the mixture was stirred for 15 min. 180 mL of
10% HCI was then added, which caused the temperature to increase to about 85°C-90°C.
The resulting clear mixture was cooled to 70°C and hot filtered. The two layers of the
filtrate were separated, and the upper organic layer discarded. 180 mL of water was

added to the acidic aqueous layer, and the mixture was cooled to room temperature. The

- hydrochloride salt precipitated and was isolated by filtration and washed with water.

Step 3: Preparation of 4-amino-1-isobutyl-1H-imidazo(4,5-c)quinoline (compound
of formula (1))

The isolated acid addition salt was suspended in ~22% NaOH solution (100 mL)
at room temperature for 30 minutes. The mixture was filtered and the collected solids
were washed with water and dried, providing 10.9 grams of 4-amino-1-isobutyl-1H-
imidazo(4,5-c)quinoline (85% yield from 4-(N-benzylamino)-1-isobutyl-1H-imidazo(4,5-

c)quinoline).

Example4  Synthesis of 4-amino-1-isobutyl-1 H-imidazo(4,5-c)quinoline
(Imiquimod)

In this study, imiquimod is prepared in three steps, starting from 4-chloro-1-
1sobutyl-1H-imidazo(4,5-c)quinoline (compound of formula (2)). However, the

intermediate acid addition salt is prepared using Pearlman’s catalyst and hydrogen.

Step 1: Preparation of 4-(N-benzylamino)-1-isobutyl-1H-imidazo(4,5-c)quinoline
(compound of formula (4))

4-(N-benzylamino)-1-isobutyl-1H-imidazo(4,5-c)quinoline is prepared using the
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general method exemplified in Example 1.

Step 2: Preparation of acid addition salt (compound of formula (5)
1.0 gram of 4-(N-benzylamino)-1-isobutyl-1H-1midazo(4,5-c)quinoline is added

to 10 mL of isopropyl alcohol followed by the addition of 1.1 equiv. of trifluoroacetic
acid and 0.2 gram of Pearlman’s catalyst (20% Pd(OH),/C). The mixture is stirred at

50°C under 1 atm hydrogen until completion. The mixture is filtered through Celite®
(available from Sigma-Aldrich Corp. (St. Louis, MO)) and the filtrate, containing acid

addition salt (compound of formula (5)), 1s concentrated in vacuo.

Step 3: Preparation of 4-amino-1-isobutyl-1AH-imidazo(4,5-¢)quinoline (compound

of formula (1))

Acid addition salt (compound of formula (5)) 1s suspended in 10 mL of water

followed by the slow addition of 10% sodium hydroxide until a pH of about 12 is
achieved. The suspension is filtered, and the collected solids are washed with water and

dried, providing 4-amino-1-1sobutyl-1H-imidazo(4,5-c)quinoline (1miquimod).

Example 5 Synthesis of 4-amino-1-isobutyl-1H-imidazo(4,5-c)quinoline
(Imiquimod)
In this study, imiquimod 1is prepared using the general three-step method
exemplified in Example 4. However, the acid addition salt is prepared using Pearlman’s

catalyst without hydrogen.

Step 1: Preparation of 4-(N-benzylamino)-1-isobutyl-1H-imidazo(4,5-c)quinoline
(compound of formula (4)) |
4-(N-benzylamino)-1-isobutyl-1 H-imidazo(4,5-c)quinoline is prepared using the

general method exemplified in Example 1.

Step 2: Preparation of acid addition salt (compound of formula (5)

1.0 gram of 4-(N-benzylamino)-1-1sobutyl-1H-1midazo(4,5-c)quinoline 1s added
to 20 mL formic acid. 0.2 gram of Pearlman’s catalyst (20% Pd(OH),/C) 1s added. The
mixture 1s heated at reflux until completion. The mixture is filtered through Celite® and

the filtrate, containing acid addition salt (compound of formula (5)), 1s concentrated in
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vacCuo.

Step 3: Preparation of 4-amino-1-isobutyl-1H-imidazo(4,5-¢)quinoline (compound
of formula (1)) |

5 4-amino-1-1sobutyl-1H-imidazo(4,5-c)quinoline (compound of formula (1)) is

prepared using the general method exemplified in Example 4.

Example 6  Synthesis of 4-amino-1-isobutyl-1 H-imidazo(4,5-c)quinoline
(Imiquimod)
10 In this study, imiquimod is prepared using the general three-step method
exemplified in Examples 4 and 5. However, the acid addition salt is prepared using

Pearlman’s catalyst, formic acid, and hydrogen.

Step 1: Preparation of 4-(N-benzylamino)-1-isobutyl-1H-imidazo(4.5-¢c)quinoline
15 (compound of formula (4))

4-(N-benzylamino)-1-isobutyl-1 H-imidazo(4,5-c)quinoline is prepared using the

general method exemplified in Example 1.

Step 2: Preparation of acid addition salt (compound of formula (5)

20 1.0 gram of 4-(N-benzylamino)-1-isobutyl-1H-imidazo(4,5-c)quinoline is added
to 20 mL formic acid. 0.2 gram of Pearlman’s catalyst (20% Pd(OH),/C) is added. The
- mixture 1s stirred at 50°C under 1 atm hydrogen until completion. The mixture is filtered

through Celite® and the filtrate, containing acid addition salt (compound of formula (5)),

1s concentrated in vacuo.

25
Step 3: Preparation of 4-amino-1-isobutyl-1H-imidazo(4.5-c)quinoline (compound
| of formula (1))
4-amino-1-1sobutyl-1H-imidazo(4,5-c)quinoline (compound of formula (1)) is
prepared using the general method exemplified in Example 4.
30

Example 7  Synthesis of 4-amino-1-isobutyl-1 H-imidazo(4,5-c)quinoline
(Imiquimod)
In this study, imiquimod is prepared in two steps starting from 4-chloro-1-
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isobutyl-1H-imidazo(4,5-c)quinoline (compound of formula (2)). The second step 1s

performed using Pearlman’s catalyst and triethylamine as an additional catalyst.

Step 1: Preparation of 4-(N-benzylamino)-1-isobutyl-1H-imidazo(4.5-c)quinoline

(compound of formula (4))
4-(N-benzylamino)-1-isobutyl-1H-imidazo(4,5-c)quinoline is prepared using the

general method exemplified in Example 1.

Step 2: Preparation of 4-amino-1-isobutyl-1/-imidazo(4,5-c)quinoline
1.0 gram of 4-(N-benzylamino)-1-isobutyl-1H-imidazo(4,5-c)quinoline is added

to 10 mL of ethanol, followed by the addition of 0.03 gram triethylamine and 0.2 gram of
Pearlman’s catalyst (20% Pd(OH),/C). The mixture is stirred at 40°C under 1 atm
hydrogen until completion. The mixture 1s then filtered through Celite® and the filtrate,
containing 4-amino-1-isobutyl-1H-1imidazo(4,5-c)quinoline (imiquimod), is concentrated

1n vacuo.

The citation and discussion of references in this specification is provided merelyf
to clarify the description of the present invention and is not an admission that any such
reference is “prior art” to the invention described herein. All references cited and

discussed 1n this specification are incorporated herein by reference in their entirety.
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WHAT IS CLAIMED IS:
1. A method of preparing an acid addition salt of formula (5)
R" R?
N
Y
(L
N” > NH, X
(5)

5 comprising the step of hydrolyzing a 4-(arylmethyl)amino-1H-imidazo(4,5-

c)quinoline of formula (4) with a strong acid, HX,

wherein
nis 1 or?2,

10 R', R* R* and R” are independently selected from the group consisting of
hydrogen, C;-Cyg alkyl, C5-Cyy cycloalkyl, C,-C alkenyl, Cs-Cg
cycloalkenyl, C,-Cig alkynyl, and Cg-Cyg aryl,
each of R°, R®, R’ R®, and R’ for each of the n aryl rings 1s independently
selected from the group consisting of hydrogen, C;-Cyg alkyl, C3-Cj

15 cycloalkyl, C,-Cyg alkenyl, Cs-Cjg cycloalkenyl, C,-Cig alkynyl, Cs-Cog
aryl, -OR'’, and -NR'R ",

wherein R'%, R!, and R'? are independently selected from the
group consisting of hydrogen and C;-C,g alkyl, and
X' 1s a conjugate base of a strong acid,

20 thereby forming an acid additional salt of formula (5).

2. 'The method of claim 1, wherein the 4-(arylmethyl)amino-1H-imidazo(4,5-c)quinoline

of tormula (4) is prepared by reacting an arylmethylamine of formula (3)

27



10

15

20

CA 02536530 2006-02-21
WO 2005/033049 PCT/US2004/032243

(s

C R°

R® R’
\oR
N
(3)

with a 4-chloro-1H-1midazo(4,5-c)quinoline of formula (2)

R® R*
N—(

N
AN

Cr X
N~ Cl

(2)

3. The method of claim 1, wherein the strong acid is selected from the group consisting
of sulfuric acid, methanesulfonic acid, trifluoromethanesulfonic acid, and mixtures
thereof.

4. The method of claim 1, wherein R', R? R?, and R* are independently selected from
the group consisting of hydrogen, C;-C¢ alkyl, and C¢-Cyg aryl, and each of R°, R®,
R’, R, and R’ for each of the n aryl rings is independently selected from the group
consisting of hydrogen, C;-C;g alkyl, C¢-Cyg aryl, —-ORIO, and -NR!'R!?,

5. The method of claim 1, whereinnis 1, R! and R? are independently C;-Cyg alkyl, R*
and R* are hydrogen, R°, R®, R7, R®, and R’ afe independently selected from the group
consisting of hydrogen, C;-Cy alkyl, and —O(C;-Cy alkyl), and X" is selected from
the group consisting of HSO4", CH3S0O3", and CF5S05". *

6. The method of claim 5, wherein R' and R® are 1sobutyl.

7. The method of claim 6, wherein R>, R®, R”, R®, and R? are hydrogen.

8. 'The method of any of claims 1-7, further comprising the step of treating the acid
addition salt of formula (5) with a base to provide a 4-amino-1H-imidazo(4,5-

c¢)quinoline of formula (1)

8-
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9.

10.

11.

12.

13.

14,

135.

16.

17.

18.

19.

20).

21.

22.

23.

The method of claim 8, wherein the base is selected from the group consisting of
sodium hydroxide, potassium hydroxide, and mixtures thereof.

The method of claim 8, wherein the 4-amino-1H-imidazo(4,5-c)quinoline of formula
(1) 1s 4-amino-1-isobutyl-1 H-imidazo(4,5-c)quinoline.

The method of claim 1, wherein the hydrolyzing step is performed for less than about
four hours.

The method of claim 1, wherein the hydrolyzing step is performed for less than about
two hours.

The method of claim 1, wherein the hydrolyzing step provides the acid addition salt of
formula (5) at a yield of at least about 70%.

The method of claim 1, wherein the hydrolyzing step provides the acid addition salt of
formula (5) at a yield of at least about 80%.

The method of claim 2, wherein the arylmethylamine of formula (3) is selected from
the group consisting of benzylamine, 2,4-dimethoxybenzylamine,
diphenylmethylamine, and 1-(aminomethyl)naphthalene.

The method of claim 2, wherein R', R%, R®, and R are independently selected from
the group consisting of hydrogen, C;-Cy, alkyl, and Cs-Cyg aryl, and each of R’ , R6,
R’, R®, and R’ for each of the n aryl rings is independently selected from the group
consisting of hydrbgen, C1-Cyo alkyl, Cg-Cyy aryl, —ORIO, and —-NR'!R!?,

The method of claim 2, wherein n is 1, R and R® are independently C;-C;, alkyl, R*
and R are hydrogen, R®, R®, R7, R®, and R® are independently selected from the group
consisting of hydrogen, C;-Cyg alkyl, and —O(C;-C; alkyl), and X is selected from :
the group consisting of HSO4", CH3SO5", ahd CF;S05".

The method of claim 17, wherein R' and R? are 1sobutyl.

The method of claim 18, wherein R’, R®, R”, R®, and R® are hydrogen.

The method of claims 18 or 19, further comprising the step of treating the acid
addition salt of formula (5) with a base to provide 4-amino-1-isobutyl-1H-
imidazo(4,5-c)quinoline.

The method of claim 20, wherein the base is selected from the group consisting of
sodium hydroxide, potassium hydroxide, and mixtures thereof.

The method of claim 2, wherein the 4-(arylmethyl)amino-1H-imidazo(4,5-c)quinoline
of formula (4) is prepared in a neat reaction.

The method of claim 2, wherein the 4-(arylmethyl)amino-1H-imidazo(4,5-c)quinoline

0.
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of formula (4) 1s prepared at a temperature of about 100°C to about 140°C.

-3()-
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