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PROCESS FOR THE PREPARATION OF
IMIQUIMOD AND INTERMEDIATES
THEREOF

FIELD OF THE INVENTION

[0001] The present invention relates to novel intermediates
useful in the synthesis of Imiquimod, and the use of said
intermediates in a process for its preparation.

[0002] Imiquimod, namely 4-amino-1-isobutyl-1H-imi-
dazo[4,5-c]quinoline (A), is an antiviral, immunomodulating
medicament, disclosed in U.S. Pat. No. 4,689,338.
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TECHNOLOGICAL BACKGROUND

[0003] A number of synthetic methods for the preparation
of Imiquimod are known, some of which use the correspond-
ing 4-chloro-1H-imidazo[4,5-c]quinoline (I) as an interme-
diate.

[0004] One of these processes is disclosed in U.S. Pat. No.
4,689,338 and can be represented according to the following
Scheme 1:
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[0005] The synthetic scheme 1 involves, inter alia, the con-
densation of a quinoline (5), having amino groups at the 3-
and 4-positions, with a trialkyl-orthoester to afford the
1H-imidazo[4,5-c]quinoline derivative (6), followed by
introduction of a chlorine substituent at the 4-position, pre-
vious oxidation of the nitrogen at the S-position and reaction
of the resulting N-oxide (7) with a chlorinated agent. The
chlorine atom at the 4-position is then substituted with an
amino group by treatment with ammonia. It is apparent from
the scheme herein reported that this process is time-consum-
ing and complex. Moreover, the synthesis makes use of nitro
derivatives (2), (3) and (4), in addition to the N-oxide (7),
which are known to give uncontrollable reactions potentially
hazardous to the operators.

[0006] The synthesis of Imiquimod via the corresponding
4-chloro-1H-imidazo[4,5-c]quinoline (I) is also disclosed in
U.S. Pat. No. 4,988,815, according to the following Scheme
2:
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[0007] The synthetic Scheme 2 requires, inter alia, the
nitration of a compound (9); the introduction of two chlorine
atoms at the 2 and 4 positions of a compound (10) to obtain
2,4-dichloro-3-nitroquinoline (11); the amination at the 4
position to give a compound (12); the reduction of the nitro
group at the 3 position; the condensation of the quinoline (13)
having amino groups at the 3 and 4 positions with a trialkyl-
orthoester to afford 4-chloro-1H-imidazo[4,5-c]quinoline
(D); and finally the substitution of the chlorine atom at the 4
position with an amino group to give Imiquimod. In this case
also the process is time-consuming and complex, and the use
of nitro derivatives (10), (11) and (12) involves the already
mentioned risks. Alternative synthetic routes for the prepara-
tion of Imiquimod are reported in WO 97/48704. One of these
is represented in the following Scheme 3:
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[0008] The process involves the preparation of intermedi-
ate (15) which requires, inter alia, the use of nitric acid and
sodium azide, products known to be dangerous. Furthermore,
said intermediate, like other intermediates useful for the syn-
thesis of Imiquimod, is characterized by the simultaneous
presence of a nitro group and a tetrazole ring. These function-
alities are known to give the molecule high decomposition
energy, which involves risks in handling it. Moreover, these
synthetic processes also are long and cumbersome.

[0009] There is therefore the need for an alternative process
for the preparation of Imiquimod, which is well suited to the
industrial production.

[0010] It has been found that intermediate (I), described
above, can be conveniently obtained with a preparation pro-
cedure which is simpler, safer and makes use of commercially
available intermediates. The advantages of the novel process
for the preparation of Imiquimod, which involve no poten-
tially hazardous intermediates, will be further evidenced in
the following.

DETAILED DISCLOSURE OF THE INVENTION

[0011] A first object of the invention is a process for the
preparation of 1-isobutyl-4-chloro-1H-imidazo[4,5-c]quino-

line, of formula (1)
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[0012] comprising the reaction of 1-isobutyl-1,5-dihydro-
imidazo[4,5-a]quinoline-4-one, of formula (II)

\(N/\N
CrY.
N 6]

}

with a chlorinating agent.

an

[0013]
[0014] A suitable chlorinating agent is, for example, thio-
nyl chloride, sulforyl chloride, phosphorous trichloride,
phosphorous pentachloride, phosphorous oxychloride, phos-
gene and triphosgene, in particular phosphorous oxychloride.
The reaction can optionally be carried out in an organic sol-
vent, typically, a chlorinated solvent, such as dichlo-
romethane, dichloroethane, tetrachloroethylene, chloroben-
zene or dichlorobenzene; an ester solvent, such as ethyl
acetate, isopropyl acetate or butyl acetate; a hydrocarbon
solvent, such as cyclohexane, toluene, xylene or mixtures of
xylenes; or a mixture of said organic solvents. The chlorinat-
ing agent can be used as solvent as well. The reaction can be
carried out at a temperature ranging from about 0° C. to the
reflux temperature of the reaction mixture, preferably from
about 40° C. to the reflux temperature.

[0015] The compound of formula (II) is a novel compound
and is a further object of the invention, as well as its tauto-
meric forms, such as the tautomer of formula (Ila),

(ITa)

[0016] and all the possible isomers thereof.

[0017] A compound of formula (II) can be obtained by
intramolecular aromatic nucleophilic substitution between
the NH, group and the X group in a compound of formula (I1I)

(1)

NTN
N
—
CONH,
X

[0018] wherein X is a leaving group.
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[0019] Theleaving group X is preferably a halogenatom, in
particular chlorine, bromine or iodine, a nitro group or a
reactive hydroxy group, in particular —OSO,R wherein R is
a C,-C,, alkyl group, a perchloro or perfluoro C,-C,, alkyl
group, or an optionally substituted aromatic group, for
example phenyl. Preferred examples of X as reactive hydroxy
group are mesyloxy, benzenesulfonyloxy, p-toluenesulfony-
loxy, p-nitrobenzenesulfonyloxy, trifluoromethylsulfony-
loxy and perfluorobutylsulfonyloxy. Particularly preferred
meanings of X are bromine and chlorine.

[0020] Thereactionis preferably carried outin the presence
of catalysts, typically based on transition metals, or com-
plexes thereof, such as Pd, Pt and Cu. The Cu based catalysts,
particularly cuprous halides such as CuCl, CuBr and Cul, are
preferred, the latter being more preferred. Palladium com-
plexes are for example complexes with arylphosphines or
aryl-alkylphosphines. The catalyst can be used in the pres-
ence of ligands. In the case of copper based catalysts, amino
ligands can be used. Diamines, in particular N,N'-dimethyl-
ethylenediamine, are preferred.

[0021] A compound of formula (III), and all the possible
isomers thereof, is a novel compound and is a further object of
the invention.

[0022] Specific examples of compounds of formula (III)
are:
[0023] 5-(2-bromophenyl)-1-isobutyl-1H-imidazole-4-

carboxamide; and
[0024] 5-(2-chlorophenyl)-1-isobutyl-1H-imidazole-4-
carboxamide.
[0025] A compound of formula (III) can be obtained by
reaction of a compound of formula (IV) with ammonia

av

N\N

X

[0026] wherein X is as defined above and Y is a reactive
carboxylic group.

[0027] An example of reactive carboxylic group Y is a
—CORa group, wherein Ra is a halogen atom, preferably
chlorine, or a —COORD group, wherein Rb is a straight or
branched C,-C,, alkyl group, optionally substituted, or an
optionally substituted aryl group, for example phenyl. An'Y
group can also be a group obtained by activation of the cor-
responding free carboxylic acid derivative, by treatment with
activating agents, for example carbodiimides, such as dicy-
clohexyl carbodiimide or ethyl dimethylpropyl carbodiimide,
carbonyl diimidazole or chloroformates, such as methyl chlo-
roformate, ethyl chloroformate or isobutylchloroformate.
Preferably Y is a—CORa or —COORD group, wherein Rb is
preferably C,-C; alkyl, in particular methyl, ethyl or propyl.
[0028] The reaction of a compound of formula (IV) with
ammonia can be carried out according to known methods, for
example as illustrated in the Experimental Section.



US 2008/0161573 Al

[0029] A compound of formula (IV) is a novel compound
and is a further object of the invention.

[0030] Preferred examples of compounds of formula (IV)
are:
[0031] 5-(2-bromophenyl)-1-isobutyl-1H-imidazole-4-

chlorocarbonyl;

CHO

—

CN COORDb

\EN/\ N \[N/\ N
X AN
coon COORb
X X

V)

[0032] 5-(2-bromophenyl)-1-isobutyl-1H-imidazole-4-
carboxylic acid ethyl ester; and

[0033] 5-(2-chlorophenyl)-1-isobutyl-1H-imidazole-4-
carboxylic acid ethyl ester.

[0034] A compound of formula (IV) can be obtained

according to known methods from the corresponding free

carboxylic derivative (V)

\[N/\N
A
COOH
X

wherein X is as defined above.

V)

[0035]

[0036] For example, a compound of formula (IV) in which
Y is a —CORa group, wherein Ra is a halogen atom, can be
obtained by reaction of a compound of formula (V) with a
halogenating agent, such as SOCl,, SO,Cl,, PCl;, POCI;,
PCls, phosgene or triphosgene, according to known methods.

Jul. 3, 2008

A compound of formula (IV) wherein Y is a—COORDb group
is also a compound of formula (VI) as herein defined and can
be obtained following the synthesis described herein.

[0037] A compound of formula (V) can be obtained accord-
ing to the following synthetic Scheme 4, or modifications
thereof, by means of known chemical reactions.

OHCHN COORDb OHCHN COORDb
halogenating W
agent
X
Ix) (VIII)
POCL;
CN COORDb
j/ w
H,N
—-—
X

(VD)

(VID)

[0038] wherein Rb and X are as defined above; W is a
halogen atom, such as chlorine or bromine; and the haloge-
nating agent is for example N-chlorosuccinimide or N-bro-
mosuccinimide.

[0039] An example of the reactions sequence reported
above is illustrated in the Experimental Section. This
sequence is preferably carried out using the specific haloge-
nating agents herein indicated and alkyl, in particular ethyl,
esters of the compounds of formulae (VI), (VII), (VIII) and
(IX). However, this procedure can also be carried out using
similar, known methods.

[0040] The compounds of formulae (VI), (VII), (VIII) and
(IX) above, and the possible isomers thereof, are novel com-
pounds and are a further object of the invention. Preferred
compounds of formulae (VI), (VII), (VIII) and (IX) are those
in which Rb is C,-C; alkyl, in particular methyl, ethyl or
propyl; W is bromine; and X is bromine or chlorine.

[0041] Specific examples of compounds of formula (IX)

are:

[0042] 3-(2-chloro-phenyl)-2-formylamino-acrylic — acid
ethyl ester; and

[0043] 3-(2-bromo-phenyl)-2-formylamino-acrylic  acid
ethyl ester.

[0044] Specific examples of compounds of formula (VIII)

are:

[0045] 3-bromo-3-(2-bromo-phenyl)-2-formylamino-

acrylic acid ethyl ester;
[0046] 3-bromo-3-(2-chloro-phenyl)-2-formylamino-
acrylic acid ethyl ester;
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[0047] 3-chloro-3-(2-bromophenyl)-2-formylamino-
acrylic acid ethyl ester; and

[0048] 3-chloro-3-(2-chlorophenyl)-2-formylamino-
acrylic acid ethyl ester.

[0049] Specific examples of compounds of formula (VII)
are
[0050] 3-bromo-3-(2-bromophenyl)-2-isocyano-acrylic

ethyl acid ester;

[0051] 3-bromo-3-(2-chlorophenyl)-2-isocyano-acrylic
acid ethyl ester;

[0052] 3-chloro-3-(2-bromophenyl)-2-isocyano-acrylic
acid ethyl ester; and

[0053] 3-chloro-3-(2-chlorophenyl)-2-isocyano-acrylic
acid ethyl ester.

[0054] Specific examples of compounds of formula (VI)
are:
[0055] 5-(2-bromophenyl)-1-isobutyl-1H-imidazole-4-

carboxylic acid ethyl ester; and
[0056] 5-(2-chlorophenyl)-1-isobutyl-1H-imidazole-4-
carboxylic acid ethyl ester.
[0057] The invention further provides the use of a com-
pound of formula (II) in a process for the preparation of
Imiquimod, more specifically, said process comprising the
substitution of the chlorine atom at the 4 position in a com-

pound of formula (I)
\[ R

@

N N
AN
Z

N Cl

[0058] with an amino group, wherein the compound of
formula (I) is obtained by treatment of a compound of for-
mula (IT) with a halogenating agent according to the process
herein described.

[0059] The substitution of the chlorine atom at the 4 posi-
tionina compound of formula (I) with an amino group, can be
carried out according to known methods, for example as
described in U.S. Pat. No. 4,689,338 column 6 or in U.S. Pat.
No. 4,988,815 column 4.

[0060] The following examples further illustrate the inven-
tion.
[0061] The "H-NMR spectra were recorded with a Bruker

400 MHz apparatus.

EXAMPLE 1

3-(2-bromo-phenyl)-2-formylamino-acrylic acid
ethyl ester; (IX)

[0062] A 1M solution of ethyl isocyanoacetate (7.5 ml;
68.6 mM) and 2-bromobenzaldehyde (7.93 ml; 68.6 mM) in
anhydrous tetrahydrofuran (THF), is added drop by drop to a
suspension of NaH (55-60% in paraffin) (3.60 g; 82.32 mM)
in 67 ml of anhydrous THF, the latter on an ice-salt bath
(brine). The reaction is carried out at room temperature and is
completed in about one hour. The reaction is quenched at 0°
C. with a 10% acetic acid solution (67 ml), the organic phase
is completely evaporated off and the residue is extracted with
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CH,Cl,. The combined organic phases are washed once with

water, dried over Na,SO,, filtered and evaporated under

reduced pressure. A crude of 14.5 g (dark brownish oil) is

obtained.

[0063] The product is crystallized from isopropyl ether

thereby obtaining 5.3 g of 3-(2-bromo-phenyl)-2-formy-

lamino-acrylic acid ethyl ester as a white solid.

[0064] 'H-NMR (CDCI,): § 1.42 (t, 3H); 4.33-4.44 (g, 2H);

7.07-7.26 (m, 2H); 7.32-7.58 (m, 3H); 7.62-7.69 (bd, 1H);,

8.12-8.23 (m, 1H).

[0065] According to the same procedure, the following

compound can be obtained:

[0066] 3-(2-chloro-phenyl)-2-formylamino-acrylic — acid
ethyl ester.

EXAMPLE 2

3-bromo-3-(2-bromophenyl)-2-formylamino-acrylic
acid ethyl ester; (VIII)

[0067] A 0.4 M solution of 3-(2-bromo-phenyl)-2-formy-
lamino-acrylic acid ethyl ester (5.3 g; 17.8 mM) in anhydrous
CH,Cl,, at 0° C., is added with N-bromosuccinimide (3.48 g;
19.6 mM). The mixture is left to slowly warm to room tem-
perature. The reaction is completed in about 5 hours 30 min.
The equivalent amount of triethylamine is added drop by
drop; after 30 minutes the mixture is washed with a NaHCO,
saturated solution and then with a NaCl saturated solution.
The organic phase is dried over Na,SO,, the solid is filtered
off and the clear solution is evaporated under reduced pres-
sure to a residue. The crude (brownish oil) is purified by flash
chromatography, using a 6:4 v/v mixture of hexane and ethyl
acetate as eluent, thereby obtaining 2.68 g of 3-bromo-3-(2-
bromophenyl)-2-formylamino-acrylic acid ethyl ester
(white-pale yellow solid). (Yield: 40%).
[0068] 'H-NMR (DMSO): & 0.75 (1, 3H); 3.82 (2q, 2H);
7.30-7.36 (m, 2H); 7.43 (t, 1H); 7.67-7.72 (m, 1H); 8.19 (s,
1H); 10.2 (bs, 1H).
[0069] According to the same procedure, the following
compounds can be obtained:
[0070] 3-bromo-3-(2-chlorophenyl)-2-formylamino-
acrylic acid ethyl ester;
[0071] 3-chloro-3-(2-bromophenyl)-2-formylamino-
acrylic acid ethyl ester; and
[0072] 3-chloro-3-(2-chlorophenyl)-2-formylamino-
acrylic acid ethyl ester.

EXAMPLE 3

3-Bromo-3-(2-bromophenyl)-2-isocyano acrylic acid
ethyl ester; (VII)

[0073] A 1M solution of 3-bromo-3-(2-bromophenyl)-2-
formylamino-acrylic acid ethyl ester (2.68 g; 7.11 mM) and
triethylamine (2.67 ml; 19.19 mM) in anhydrous CH,Cl, is
added drop by drop with POCl; (730 pl, 7.82 mM), under
vigorous stirring at —20° C. The mixture is left to slowly warm
to room temperature. The reaction is completed after about
one hour 15 min. Quenching is carried out with a 20% solu-
tion K,COj solution (7.1 ml). The organic phase is washed
with water, dried over Na,SO,, filtered and evaporated under
reduced pressure, thereby obtaining 2.55 g of 3-bromo-3-(2-
bromophenyl)-2-isocyano-acrylic acid ethyl ester, as crude
product (quantitative yield), which is used for the subsequent
reaction.
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[0074] 'H-NMR (CDCl,) 8 1.07 (t, 3H); 4.11 (m, 2H);

7.23-7.27 (m, 1H); 7.29-7.31 (m, 1H); 7.40 (m, 1H); 7.64 (dd,

1H J,=8.0 J,=0.8 Hz).

[0075] According to the same procedure, the following

compounds can be obtained:

[0076] 3-bromo-3-(2-chlorophenyl)-2-isocyano-acrylic
acid ethyl ester;

[0077] 3-chloro-3-(2-bromophenyl)-2-isocyano-acrylic
acid ethyl ester; and

[0078] 3-chloro-3-(2-chlorophenyl)-2-isocyano-acrylic
acid ethyl ester.

EXAMPLE 4

5-(2-Bromophenyl)-1-isobutyl-1H-imidazole-4-car-
boxylic acid ethyl ester; (VI)

[0079] A 0.5 M solution of 3-bromo-3-(2-bromophenyl)-
2-isocyano-acrylic acid ethyl ester (2.55 g; 7.11 mM) and
triethylamine (990 pl; 7.11 mM) in dimethylformamide
(DMF) is added drop by drop at room temperature with isobu-
tylamine (850 pl; 8.53 mM). The reaction mixture is kept at
room temperature until complete reaction, then is quenched
with a NaHCO; saturated solution, extracted with ethyl
acetate, washed with water, dried over Na,SO,, and evapo-
rated under reduced pressure. The crude is purified by flash
chromatography, eluting with ethyl acetate, to obtain 1.77 g
of 5-(2-bromophenyl)-1-isobutyl-1H-imidazole-4-carboxy-
lic acid ethyl ester. (Yield: 71%).
[0080] 'H-NMR (CDCl5) 8 0.80 (d, 3H); 0.84 (d, 3H); 1.21
(t,3H); 1.83 (m, 1H); 3.47 (q, 1H); 3.65 (q, 1H); 4.23 (m, 2H);
7.29-7.39 (m, 2H); 7.40-7.46 (m, 1H); 7.59 (s, 1H); 7.72 (bd,
1H).
[0081] According to the same procedure, the following
compound can be obtained:
[0082] 5-(2-chlorophenyl)-1-isobutyl-1H-imidazole-4-
carboxylic acid ethyl ester.

EXAMPLE 5

5-(2-Bromophenyl)-1-isobutyl-1H-imidazole-4-car-
boxylic acid; (V)

[0083] A 0.2 M solution of 5-(2-bromophenyl)-1-isobutyl-
1H-imidazole-4-carboxylic acid ethyl ester (1.77 g; 5.04
mM) in 1/1 v/v methanol/water is added with NaOH (605 mg;
15.12 mM). The mixture is kept at room temperature for
about 15 hours, then acidified with KHSO,, extracted with
ethyl acetate, dried over Na,SO,, filtered and evaporated
under reduced pressure, thereby obtaining 1.42 g of 5-(2-
bromophenyl)-1-isobutyl-1H-imidazole-4-carboxylic acid,
as a white-pale yellow solid which is used in the subsequent
reaction without further purification. (Yield: 87%).
[0084] According to the same procedure, the following
compound can be obtained:
[0085] 5-(2-chlorophenyl)-1-isobutyl-1H-imidazole-4-
carboxylic acid.

EXAMPLE 6

5-(2-Bromophenyl)-1-isobutyl-1H-imidazole-4-car-
boxamide; (III)

[0086] A 0.2 M solution of 5-(2-bromophenyl)-1-isobutyl-
1H-imidazole-4-carboxylic acid (1.42 g; 4.4 mM) in anhy-
drous THF is added drop by drop, at 0° C., with oxalyl
chloride (376111; 4.4 mM), then left to react at room tem-
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perature for about one hour, thus obtaining 5-(2-bromophe-
nyl)-1-isobutyl-1H-imidazole-4-chlorocarbonyl. The mix-
ture is then added drop by drop with 3 ml of conc. NH; and
reacted for one hour, then extracted with ethyl acetate, dried
over Na,SO,, filtered and evaporated under reduced pressure,
thereby obtaining 1.14 g of 5-(2-bromophenyl)-1-isobutyl-
1H-imidazole-4-carboxamide which is used directly in the
subsequent reaction. (Yield: 80.5%).
[0087] 'H-NMR (CDCl;)$0.79 (d,3H); 0.84 (d, 3H); 1.82
(m, 1H); 3.48 (q, 1H); 3.66 (q, 1H); 5.30-5.37 (bs, 1H);
7.11-7.18 (bs, 1H); 7.32-7.38 (m, 2H); 7.41-7.46 (m, 1H),
7.65 (bs, 1H); 7.69-7.73 (m, 1H).
[0088] According to the same procedure, the following
compound can be obtained:
[0089] 5-(2-chlorophenyl)-1-isobutyl-1H-imidazole-4-
carboxamide.

EXAMPLE 7

1-Isobutyl-1,5-dihydro-imidazo[4,5-a]quinoline-4-
one; (1)

[0090] 5-(2-Bromophenyl)-1-isobutyl-1H-imidazole-4-
carboxamide (1.14 g; 3.54 mM), Cul (134.8 mg) and potas-
sium carbonate (978 mg; 7.08 mM) are placed in a round-
bottom flask under N, for about 15 minutes, then 35.4 ml of
anhydrous toluene and N,N'-dimethylethylenediamine (45
ul) are added and the mixture is refluxed at 110° C. under
nitrogen atmosphere. After 48 h the solvent is evaporated off
under reduced pressure and the mixture is purified by flash
chromatography, eluting with ethyl acetate/methanol in
75/25 vlv ratio, thereby obtaining 307 mg of 1-isobutyl-1,5-
dihydro-imidazo[4,5-a]quinoline-4-one. (Yield: 36%)
[0091] 'H-NMR (CDCl,)80.91 (d, 6H); 2.12 (m, 1H); 4.38
(d, 2H); 7.25-7.31 (m, 1H); 7.43-7.50 (m, 2H); 7.95 (d, 1H);
8.14 (bs, 1H); 11.60 (bs, 1H).

EXAMPLE 8
1-Isobutyl-4-chloro-1H-imidazo[4,5-c]quinoline; (I)

[0092] A solution of 1-isobutyl-1,5-dihydro-imidazo[4,5-
a]quinoline-4-one (307 mg; 1.18 mM) in POCl; (1 ml) is
refluxed for about one hour 30 min., then quenched with
ice-water, alkalinised by dropwise addition of conc. NH,OH
and extracted with ethyl acetate. The organic phase is dried
over Na,SO,, filtered and evaporated under reduced pressure.
The crude is purified by flash chromatography, eluting with
ethyl acetate, thereby obtaining 90 mg of 1-isobutyl-4-
chloro-1H-imidazo[4,5-c]quinoline. (Yield: 30%).

[0093] 'H-NMR (CDCl,) 8 1.08 (d, 6H); 2.37-2.43 (m,
1H); 4.41 (d, 2H); 7.73 (ddd, 1H, J,=7.0 J,=8.5 I,=1.5 Hz),
7.68 (ddd, 1H, J,=7.0 J,=8.3 J,=1.3 Hz); 8.09-8.13 (m, 2H);,
8.22-8.27 (m, 1H).

1. 1-Isobutyl-1,5-dihydro-imidazo[4,5-a]quinoline-4-one,
tautomeric forms and isomers thereof.
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