19 DANMARK (19 DK/EP 2590949 T5
(12 Rettet overseettelse af
europaeisk patentskrift
Patent-og
Varamaerkestyrelsen

(51) Int.Cl.: C 07 D 215/56 (2006.01)
(45) Overseettelsen bekendtgjort den: 2016-05-23
(80) Dato for Den Europaeiske Patentmyndigheds

bekendigorelse om meddelelse af patentet: 2015-11-25
(86) Europaeisk ansagning nr.: 11732421.0
(86) Europeeisk indleveringsdag: 2011-07-07
(87) Den europaeiske ansggnings publiceringsdag: 2013-05-15
(86) International ansagning nr.: EP2011061490
(87) Internationalt publikationsnr.: WO2012004338
(30) Prioritet: 2010-07-09 EP 10169162 2010-07-09 US 362849 P
(84) Designerede stater: AL AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HR HU IE IS IT LI LT LU LV

MC MK MT NL NO PL PT RO RS SE S| SK SM TR
(73) Patenthaver: Active Biotech AB, Box 724, 220 07 Lund, Sverige
(72) Opfinder: HOLMBERG, Par Henning, Gustavsgatan 20A, 691 34 Karlskoga, Sverige

BOCK, Lillemor Maria, HégA¥sen 812, S-691 93 Karlskoga, Sverige

JANSSON, Karl-Erik, SpannmA¥Isviagen 11, S-247 55 Dalby, Sverige
(74) Fuldmaegtig i Danmark: Chas. Hude A/S, H.C. Andersens Boulevard 33, 1780 Kebenhavn V, Danmark
(54) Benaevnelse: FREMGANGSMADE TIL FREMSTILLING AF QUINOLIN-3-CARBOXAMIDER
(56) Fremdragne publikationer:

US-A- 3 868 379

US-B2- 6 875 869

TEN HAKEN: "Use of molecular sieves for affecting the equilibrium of reactions”, CHEMISTRY & INDUSTRY,
SOCIETY OF CHEMICAL INDUSTRY. LONDON, GB, no. 7, 1973, page 325, XP008130938, ISSN: 0009-3068



DK/EP 2590949 T5



10

15

20

25

DK/EP 2590949 T5

Description

Field of the invention

[0001] The present invention relates to the field of organic synthesis. In
particular, it relates to the field of chemical synthesis of certain derivatives of N-
alkyl-N-phenyl-quinoline-3-carboxamides.

Background of the invention

[0002] N-alkyl-N-phenyl-quinoline-3-carboxamides are a promising class of
compounds being evaluated in clinical trials against different classes of

diseases, e.g. autoimmune diseases and cancer.

[0003] N-alkyl-N-phenyl-quinoline-3-carboxamides such as paquinimod (herein
below also referred to as A), laquinimod (herein below also referred to as B),
and tasquinimod (herein below also referred to as C), have been prepared by a
method involving distillation of the volatiles from a mixture comprising an ester,

aniline and an aliphatic solvent such as n-heptane or n-octane.

F
OHO/@ CIOHO/©\O OHO/©/C3
|
IT 0] K l\|l 0] K T 0]
Paquinimod (A) Laquinimod (B) Tasquinimod (C)

[0004] This method is described in US patent No. 6,875,869.

[0005] The prior art synthetic protocol (Org. Process. Res&Dev. 2007, 11, 674-
680) for N-alkyl-N-phenyl-quinoline-3-carboxamides such as paquinimod (A),
laguinimod (B), and tasquinimod (C) is exemplified with synthesis of
paquinimod in Scheme 1. The route starts with an an-thranilic acid 1 which is
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transformed into an isatoic anhydride 2. The isatoic anhydride is methylated to
give 3, which is condensed with dimethylmalonate to give the corresponding
methyl ester 4. The methyl ester is subsequently condensed with the
appropriate aniline, to give the desired final compound.

0]
CO.H 1. Ethyl chloroformate Mel Q
2 2. Acetyl chloride o K.CO
23 0
NH, 1,4-dioxane ”/go DMF ,T/go
1 2 3
Dimethylmalonate OH O OH O
NaOMe N-ethylaniline
_— = OMe —_— ~ N
DMF n-octane K
N O N 0
| |
4 A

Scheme 1. The synthetic route to N-alkyl-N-phenyl-quinoline-3-carboxamides, exemplified

with the synthesis of paquinimod (A) via the corresponding methyl ester 4.

[0006] This manufacturing method is short and avoids the use of expensive
reagents. All intermediates are stable and easy to isolate in high purity by
precipitation and filtration. The main impurity in the final condensation step is
remaining alkyl ester. Alternative methods, such as carbodiimide mediated
coupling between a carboxylic acid and aniline, or the condensation of N-alkyl-
N-phenyl-malonamic acid methyl ester with an isatoic anhydride (US patent No.

5,912,349) are either longer or yield product of lower purity.

[0007] The final condensation step is an equilibrium (Scheme 2) that favors the
alkyl ester and a reaction mechanism involving a ketene intermediate 5 has
been strongly indicated (J. Org. Chem. 2006, 71, 1658-1667 and J Phys. Chem.
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A 2008, 112, 4501-4510).
OH O 0 OH O
C/,O N-ethylaniline
N OMe . = . N N
IT e} C‘HS_OH ;T 0 o T o) K
4 a 5 B A

Scheme 2. An intermediate ketene 5 is involved in the equilibrium between 4 and A.

[0008] Usually formation of amides from esters and anilines requires very high
reaction temperatures that also cause extensive byproduct formation. The
above-mentioned reaction is enabled at moderate temperatures by the ability of
4 to unimolecularly form the ketene intermediate 5 instead of a tetrahedral
intermediate. The method, which is described e.g. in US patent No. 6,875,869,
comprises charging the reactor with an appropriate ester and an aniline
derivative in an aliphatic solvent such as n-heptane or n-octane. The equilibrium
is driven towards the desired product by distilling off the solvent and any formed
alcohol. After complete reaction the mixture is cooled and the precipitated raw
product is isolated by filtration.

[0009] Unlike most other reactions where esters are transformed into
thermodynamically more stable amides this particular reaction needs a very

efficient removal of formed alcohol in order to give a high yield.

[0010] The method described above has been used for GMP (Good
Manufacturing Practice) manufacturing of paquinimod, laquinimod and
tasquinimod.

Summary of the invention

[0011] As noted herein above, in the reaction described in Org. Process.
Res&Dev. 2007, 11, 674-680 for preparing an N-alkyl-N-phenyl-quinoline-3-

carboxamide, the main impurity in the isolated raw product is the alkyl ester,
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used as the starting material in the final condensation step. This condensation
may be represented by to the following general reaction scheme:

Rl OH O R OH O /©/R3
_R4
X o H@m XN
* R RO + R40H
N o NIN)
| |
(I (n 0} (V)

[0012] In the reaction as represented herein above, the remaining ester (ll)
may be easily removed from the product by recrystallisation, if small amounts of
the ester are present. On the other hand, the present inventors have discovered
that if larger amounts of remaining ester are present in the raw product, only
one recrystallisation may not be enough for achieving a pure product. It is
therefore important to drive the equilibrium as far as possible to the product

side, by removal of the alcohol (1V) that is formed as a byproduct in the reaction.

[0013] The present inventors also have discovered, as a further problem, that
the removal of the alcohol (IV) is scale-dependent. Thus, when the
condensation reaction is performed on a small scale (e.g. less than 20 g), most
of the ester (ll) is transformed into product (I) within a few hours of distillation. In
this case, the precipitated product contains only low, and acceptable, amounts
of the ester as an impurity. However, on a larger scale, e.g. kilogram scale, the
process becomes less predictable and in some cases a substantial amount of
the ester (ll) still persists in the mixture even after 20 hours of distillation. In
such cases more solvent has to be added and the distillation continued until
most of the ester (ll) is transformed into the desired product (I). A process that
consumes large and unpredictable amounts of the aliphatic solvent in order to

get full conversion is far from optimal for drug manufacturing.

[0014] The present inventors therefore set out to solve the problem of providing
an improved method for preparing a compound of formula (I), as defined herein,
in a high yield, advantageously without the above-mentioned drawbacks. In

particular, this method should allow preparing the compound according to
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formula (I) on a large scale in high yield and in high purity, advantageously
without the need for prolonged reaction times and excessive solvent and energy

consumption.

[0015] Accordingly, a method is provided for preparing a compound of formula

(1)
R1T OH O R
(1
N N

|
R2
N @)

wherein

R1 is ethyl, R2 is ethyl and R3 is H; or

R1 is chloro, R2 is ethyl and R3 is H; or

R1 is methoxy, R2 is methyl and R3 is trifluoromethyl;

by
1. (i) reacting a compound of formula (1
R1T OH O
X O/R4 (I
I\|l O
wherein

R1 is ethyl, chloro or methoxy; and
R4 is C1-C4 alkyl,

with a compound of formula (1)
/HO R3 (Il

R2

wherein

R2 is ethyl and R3 is H; or

R2 is methyl and R3 is trifluoromethyl;

in a refluxing mixture containing an aliphatic solvent or a mixture of aliphatic
solvents, said aliphatic solvent(s) having a boiling point in the range of 68-191
°C:
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2. (ii) condensing vapors of the refluxing mixture;

3. (iii) treating the condensed vapors with an alcohol scavenging agent
selected from molecular sieves or with an alcohol scavenging agent
which is a mixture of molecular sieves; and

4. (iv) returning the condensed vapors back to the reaction mixture.

[0016] The present inventors have found that by the method as defined herein,
a higher reaction yield may be obtained in a shorter reaction time, compared to
the prior art methods. This in turn results in reduced energy consumption which,
in addition to a reduced solvent consumption during the reaction, is very
advantageous from an economic and environmental point of view. Even more
importantly, by the method of the present invention, a reaction product of a
higher purity is obtainable. Very advantageously, a reaction product at a higher
yield and improved purity is obtained in a shorter reaction time and at a lower
solvent and energy consumption than according to the prior art methods, in

particular when performing the reaction on a large scale.

[0017] Other benefits of the present invention are that the use of an alcohol
scavenging agent enables a higher distillation rate without reducing the reaction
volume, thus a shorter reaction time is obtained; the solvent consumption is
decreased to a minimum, by recycling the solvent; there is no need for careful
monitoring of the distillation rate and there is an almost complete conversion of
the ester, resulting in higher purity of the isolated product.

Brief description of the drawings

[0018]

Figure 1 represents the modified Soxhlet-apparatus used in the experiments for
the evaluation of scavenging agents; and

Figure 2 represents an equipment set-up in pilot plant for production of
Paquinimod.



10

15

20

25

30

DK/EP 2590949 T5

7

Detailed Description of the Invention

The alcohol scavenging agent

[0019] In the method of the present invention, the distillate is treated with an
alcohol scavenging agent before being recycled back to the reaction mixture.
The alcohol scavenging agent is selected from molecular sieves, or a mixture of

any of these.

[0020] The present inventors have tested numerous alcohol scavenging agents
in combination with different solvents and have found that molecular sieves are
particularly useful for the manufacturing of compounds of formula (1) as defined

herein.

[0021] Molecular sieves are crystalline metal alumina silicates having a three
dimensional interconnecting network of silica and alumina tetrahedra. Molecular
sieves are capable of adsorbing various polar compounds into the cavities
formed by the network. Different qualities of molecular sieves exist, such as the
powder forms of the 3A, 4A, 5A and 13X sieves, which may be purchased e.g.
from Sigma-Aldrich Co.

[0022] According to the present invention, the alcohol scavenging agent is
selected from molecular sieves or is a mixture of molecular sieves. For
example, the alcohol scavenging agent may be selected from 3A, 4A, 5A, 13X

molecular sieves or may be a mixture of any of said molecular sieves.

[0023] The composition of the 3A molecular sieve is approximately 0.6 K;O :
0.40 NayO : 1 AlOs : 2.0 £ 0.1Si0; : x HyO. This form is obtained by
substituting potassium cations for the inherent sodium ions of the 4A structure,
giving a pore size of approximately 3A. The 3A molecular sieve is known mainly

for use in removing moisture.
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[0024] The 4A molecular sieve has a composition that is approximately 1 Na,O
1 ALO3 : 2.0 £ 0.1 SiO, : x H,O. 4A molecular sieve has an effective pore
opening of about 4 angstroms (0.4nm). This sieve is generally considered as a

universal drying agent in polar and nonpolar media.

[0025] The 5A molecular sieve is of the approximate composition 0.80 CaO :
0.20 NayO : 1 Al,O3: 2.0 + 0.1 SiO;, : x H,O and the pore size is about 5A.

[0026] The 13X molecular sieve is of the approximate composition 1 NayO : 1
Al,O3 : 2.8 £ 0.2 SiO,: xH,O. The pore size of the 13X molecular sieve is about
10 A.

[0027] Other molecular sieves may equally well be used and it is contemplated
that the skilled person will be able, by simple routine experimentation, to identify
molecular sieves or mixture of molecular sieves that are suitable for use in the
present invention. A further description of molecular sieves may be found in the
book Molecular Sieves, R. Szostak, ed. Blackie Academic & Professional (ISBN
0 75140480 2).

[0028] The amount of alcohol scavenging agent used in the method of the
invention suitably is such that the weight ratio of alcohol scavenging agent to
ester (ll) is at least 1:1. Preferably, the alcohol scavenging agent is used in
excess over the ester (Il), e.g. at a weight ratio of alcohol scavenging agent to
ester (ll) of 2:1, or 3:1, or 5:1, or even higher.

The aliphatic solvent

[0029] The aliphatic solvent or mixture of aliphatic solvents for use in the
method of the invention should have a boiling point in the range of 68-191 °C,
preferably 80-150 °C, more preferably 95-130 °C. Such solvents are, for
example selected from C6-C10 branched or linear alkanes and cycloalkanes,

e.g. C7 or C8 branched or linear alkanes and cycloalkanes.
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[0030] For the purpose of the present invention, a C6-C10 branched or linear
alkane or cycloalkane refers to an alkane or cycloalkane having in total from 6
to 10 atoms.

[0031] A C7 or C8 branched or linear alkane refers to an alkane having in total

7 or 8 carbon atoms, e.g. n-heptane, n-octane, 2,2,4-trimethylpentane etc.

[0032] The cycloalkane may be mono- or polycyclic, e.g. bicyclic. Furthermore,
the cycloalkane may be either unsubstituted or substituted (i.e. branched) with
one or several, branched or linear, alkyl groups, it being understood that the
total number of carbon atoms in the ring and any alkyl substituent, taken
together, is 6 to 10, in particular 7 or 8. An example of a C10 cycloalkane is
decalin (i.e. decahydronaphthalene). Examples of C7-C8 cycloalkanes are

methylcyclohexane and cyclooctane.

[0033] Other isomers of alkanes and cycloalkanes, as may easily come to the
mind of the skilled reader, are equally possible as long as the above-mentioned
boiling point requirement is fulfilled.

[0034] In one embodiment, the aliphatic solvent is selected from n-heptane, n-
octane, methylcyclohexane, 2,24-trimethylpentane and cyclooctane, or a
mixture of any of these. In another embodiment, the solvent is selected from n-
heptane and n-octane or a mixture of any of these.

The compound of formula (1)

[0035] In the compound of formula )}
R1T OH O
X O/R4 (1)

N O
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[0036] R4 is selected from C1-C4 alkyl, and may be branched or linear.

[0037] In one embodiment, R4 is selected from methyl, ethyl, n-propyl, iso-
propyl and n-butyl. In another embodiment, R4 is C1-C3 alkyl, i.e. methyl, ethyl,
n-propyl, and iso-propyl. In still another embodiment, R4 is methyl or ethyl, e.g.
R4 is methyl.

[0038] In the condensation reaction between compounds (llI) and (lll), the
aliphatic alcohol (1V) is formed as a byproduct and this aliphatic alcohol is
withdrawn from the condensed vapors containing the aliphatic solvent or
mixture of aliphatic solvents by treatment of the condensed vapors with an

alcohol scavenging agent or a mixture of alcohol scavenging agents.

[0039] Some non-limiting examples of esters according to formula (ll) are

compounds 6-11, represented herein below.

cl OH O Cl OH O Cl OH O Cl OH O J\
-

6 7 8 9
OH © OH © S0 OH O
NS0 Nige) N"0
| | |

4 10 1

[0040] When using e.g. 4 as starting compound (ll), the formed alcohol (V) will
be methanol, when using e.g. 10 as starting compound (ll), the formed alcohol
(IV) will be ethanol etc.

The compound of formula (l)

[0041] The product obtained in the method of the invention is a compound of

formula (),
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R3
R1 OH O
)]
~N N

I
R2
N O

wherein

R1 is ethyl, R2 is ethyl and R3 is H; or

R1 is chloro, R2 is ethyl and R3 is H; or

R1 is methoxy, R2 is methyl and R3 is trifluoromethyl.

[0042] In one embodiment of the invention, R1 is ethyl, R2 is ethyl and R3 is H,

i.e. the compound prepared is paquinimod.

[0043] In one other embodiment of the invention, R1 is chloro, R2 is ethyl and

R3 is H, i.e. the compound prepared is laquinimod.

[0044] In still another embodiment of the invention, R1 is methoxy, R2 is
methyl and R3 is trifluoromethyl, i.e. the compound prepared is tasquinimod.
Some preferred embodiments

[0045] In one suitable embodiment of the invention, R1 is ethyl, R2 is ethyl, R3
is H, R4 is methyl or ethyl; the alcohol scavenging agent is a 3A, 4A, 5A or 13X
molecular sieve, or is a mixture thereof; and the aliphatic solvent(s) is/are

selected from n-heptane and n-octane.
[0046] In one particular embodiment of the invention, R1 is ethyl, R2 is ethyl,
R3 is H, R4 is methyl, the alcohol scavenging agent is a 4A molecular sieve,

and the aliphatic solvent(s) is/are selected from n-heptane and n-octane.

[0047] In another particular embodiment, R1 is ethyl, R2 is ethyl, R3 is H, R4 is
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ethyl, the alcohol scavenging agent is a 5A molecular sieve, and the aliphatic

solvent is n-octane.

[0048] In still another embodiment, R1 is ethyl, R2 is ethyl, R3 is H, R4 is ethyl,
the alcohol scavenging agent is a 3A molecular sieve, and the aliphatic solvent

iS n-octane.

[0049] In another embodiment, R1 is chloro, R2 is ethyl, R3 is H, R4 is methyl,
the alcohol scavenging agent is a 3A, 4A, 5A, or 13X molecular sieve, and the
aliphatic solvent(s) is/are selected from n-heptane and n-octane, and in

particular is n-heptane.

[0050] In one other embodiment, R1 is methoxy, R2 is methyl, R3 is
trifluoromethyl, R4 is methyl or ethyl; the alcohol scavenging agent is a 3A, 4A,
5A or 13X molecular sieve, or is a mixture thereof; and the aliphatic solvent is n-

octane.

[0051] In one particular embodiment, R1 is methoxy, R2 is methyl, R3 is
trifluoromethyl, R4 is methyl, the alcohol scavenging agent is a 4A molecular
sieve, and the aliphatic solvent is n-octane.

[0052] Herein below, the invention will be illustrated by some non-limiting
examples and comparative examples, whereby the alkyl esters of formula (ll),
used as starting material, will be referred to by the numbering indicated herein
above (i.e. compounds Nos. 4 and 6-11).

Examples

[0053] Initial experiments were conducted on a 5-gram scale using the
equipment shown in Figure 1. A special Soxhlet apparatus (not part of the
invention), was designed for the evaluation. This Soxhlet apparatus cools the
distillate before passing through the alcohol-scavenging material. In the

classical Soxhlet apparatus the adsorption chamber has a temperature a few
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degrees below the boiling point of the solvent. As the experiments confirm,

molecular sieves are more effective scavenging agents at lower temperatures.

[0054] In using the modified Soxhlet apparatus, the round-bottom flask is
charged with ester, the appropriate aniline and a solvent. The mixture is heated
to reflux and a condensate is formed in the two liquid-cooled condensers. The
condensate is passed by gravity through a pad of molecular sieves and then

back into the reaction mixture.

[0055] The results are summarized in Table 1. Molecular sieves are better at
scavenging alcohol, e.g. methanol, at lower temperatures (Entry 17 and
20).The scavenging of alcohol from aliphatic solvents proceeded more
efficiently, than if the solvent was aromatic e.g. toluene. This can be concluded
from Entry 2 and 9 or Entry 17 and 21. The process was faster with molecular
sieves, consumed less solvent, was easier to control and yielded a product of
higher purity than the prior art method (Entry 17 and 22 or Entry 25 and 26,
example 1 and 4 in experimental part, and US patent No. 6,875,869). Methyl
esters gave an excellent result with molecular sieves of the types 3A, 4A, 5A,
and 13X (Entry 1, 2, 4, 17, 18, 25, 27, and 28). Molecular sieves of the type 3A
and 5A were also effective when using an ethyl ester (Entry 8 and 19). The
excellent result with the condensation of a methyl or an ethyl ester (Entry 1 and
19) in the presence of 3A molecular sieves is despite the discrepancy between
the molecular size of methanol and ethanol and the 3 Angstrom cavity in the
sieves. According to theory the critical diameter of methanol and ethanol
respectively is too large for 3A molecular sieves. However, 3A molecular sieves
were not effective when an n-propyl ester was used as the starting material
(Entry 5). The 13X molecular sieves were effective when using an n-butyl ester
in the condensation reaction (Entry 6). The molecular sieves turned out to be
very effective as alcohol-scavenging material in comparison with other tested

materials.
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Table 1. Evaluation of scavenging agents.

Entry [Alkyl ester|Conditions? Product |Remaining® Yield¢
used as alkyl ester in|(weight%)
starting product (mol%)
material

1 6 3A MS/n-|B <1 95

heptane/4h

2 6 Hot 4A MS/n-|B <1 98

heptane/4h

(classical Soxhlet)

4 6 13X MS/n-|B <1 94
heptane/4h
5 7 3A MS/n-|B 23

heptane/2.5h

6 8 13X MS/n-|B <1 92
octane/2.5h

7 9 4A MS/n-|1B 1.5 94
heptane/2h
8 10 5A MS/n-octane/4dh |A <1 91
9 6 4A MS/toluene/dh |B 12
11 6 4 h reflux in n-
heptane without
scavenging
methanol B 52
17 4 4A MS/n-
heptane/2h A 2 82
18 4 4A MS/n-
octane/3.5h A <1 89

19 10 3A MS/n-|A <1 92
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Entry [Alkyl ester|Conditions? Product [Remaining® Yield®
used as alkyl ester in|(weight%)
starting product (mol%)
material
octane/2.5h
20 4 Hot 4A  MS/n-
heptane/6h
(classical Soxhlet) (A 5
21 4 4A MS/toluene/ 2h A 10
22 4 2 hours distillation
from n-heptane
according to prior
art A 25
24 11 4A MS/n-
heptane/2h C 87¢
25 11 4A MS/n-octane/2h |C 1 99
26 11 2 hours distillation
from n-octane
according to prior
art C 4 94
27 6 5A MS/n-
heptane/4h B <1 97
28 4 5A MS/n-
octane/3.25h A <1 93

[0056] 2The starting material (5.0 g) and 2.0 equiv. of the appropriate aniline
were suspended in the indicated solvent (150 mL) and the mixture was refluxed
in the described Soxhlet-type apparatus, illustrated in Figure 1, containing 22

gram of the alcohol-scavenging material. The mixture was then cooled and the
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precipitated product was isolated by filtration. In all entries the only detected
impurity besides the desired product was the ester used as starting material.
bRemaining alkyl ester (mol%) in isolated product according to 'H-NMR.
Isolated yields are only given when the isolated product contained less than
5% remaining starting material. 9Low conversion of ester is partly due to limited

solubility of the starting material.

[0057] Compounds A (paquinimod), B (laquinimod), and C (tasquinimod) were
described in J. Med. Chem. 2004, 47, 2075-2088. Large-scale synthesis of
compound B was described in Org. Process. Res&Dev. 2007, 11, 674-680.

[0058] Compound 6 (1,2-dihydro-4-hydroxy-5-chloro-1-methyl-2-oxo-quinoline-
3-carboxylic acid methyl ester) was prepared from 2-amino-6-chlorobenzoic
acid according to Scheme 1 and further as described in Org. Process.
Res&Dev. 2007,11,674-680.
"H NMR (CDCl3) 14.9 (s, 1H), 7.52 (t, 1H), 7.27 (m, 2H), 4.04 (s, 3H), 3.66 (s,
3H).

[0059] Compound 7 (1,2-dihydro-4-hydroxy-5-chloro-1-methyl-2-oxo-quinoline-
3-carboxylic acid n-propyl ester) was prepared from compound B by refluxing in
n-propanol overnight and adding dilute aqueous hydrochloric acid in order to
precipitate compound 7. '"H NMR (CDCIs) 15.06 (s, 1H), 7.50 (t, 1H), 7.27 (d,
1H), 7.23 (d, 1H), 4.39 (t, 2H), 3.64 (s, 3H), 1.87 (pentet, 2H), 1.07 (t, 3H).

[0060] Compound 8 (1,2-dihydro-4-hydroxy-5-chloro-1-methyl-2-oxo-quinoline-
3-carboxylic acid n-butyl ester) was prepared from compound B by heating in n-
butanol at 100 °C overnight and adding dilute aqueous hydrochloric acid and
methanol in order to precipitate compound 8. '"H NMR (CDCI3) 15.08 (s, 1H),
7.50 (t, 1H), 7.28 (d, 1H), 7.24 (d, 1H), 4.43 (t, 2H), 3.64 (s, 3H), 1.82 (pentet,
2H), 1.52 (sextet, 2H), 0.98 (t, 3H).

[0061] Compound 4 (1,2-dihydro-4-hydroxy-5-ethyl-1-methyl-2-oxo-quinoline-3-
carboxylic acid methyl ester) was prepared from 2-amino-6-ethylbenzoic acid
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according to Scheme 1 and further as described for compound 6 in Org.
Process. Res&Dev. 2007, 11, 674-680. '"H NMR (CDCIs3) 14.9 (s, 1H), 7.57 (t,
1H), 7.22 (d, 1H), 7.08 (d, 1H), 4.06 (s, 3H), 3.68 (s, 3H), 3.27 (g, 2H), 1.31 (t,
3H).

[0062] Compound 10 (1,2-dihydro-4-hydroxy-5-ethyl-1-methyl-2-oxo-quinoline-
3-carboxylic acid ethyl ester) was prepared from compound A by refluxing in
ethanol overnight and adding cold dilute aqueous hydrochloric acid in order to
precipitate compound 10. Compound 10 is also described in J. Med. Chem.
2004, 47, 2075-2088. '"H NMR (CDCls3) 15.02 (s, 1H), 7.53 (t, 1H), 7.18 (d, 1H),
7.04 (d, 1H), 4.50 (q, 2H), 3.64 (s, 3H), 3.25 (q, 2H), 1.48 (t, 3H), 1.28 (t, 3H).

[0063] Compound 11 (1,2-dihydro-4-hydroxy-5-methoxy-1-methyl-2-oxo-
quinoline-3-carboxylic acid methyl ester) was prepared from 2-methylamino-6-
methoxybenzoic acid (US patent No. 6,133,285) according to Scheme 1 and as
described for compound 6 in Org. Process. Res&Dev. 2007, 11, 674-680. 'H
NMR (CDCI3) 13.8 (s, 1H), 7.57 (t, 1H), 6.93 (d, 1H), 6.73 (d, 1H), 4.02 (s, 3H),
4.01 (s, 3H), 3.63 (s, 3H).

[0064] Compound 9 (1,2-dihydro-4-hydroxy-5-chloro-1-methyl-2-oxo-quinoline-
3-carboxylic acid isopropyl ester) was prepared from compound B by refluxing
in 2-propanol overnight and adding dilute aqueous hydrochloric acid in order to
precipitate compound 9. '"H NMR (CDCl3) 15.2 (s, 1H), 7.51 (t, 1H), 7.28 (d,
1H), 7.24 (d, 1H), 5.37 (septet, 1H), 3.67 (s, 3H), 1.47 (d, 6H).

Example 1

Preparation of compound A (Entry 17)

[0065] A mixture of 4 (5.00 g) and N-ethylaniline (4.7 g) in n-heptane (200 mL)
was refluxed in a Soxhlet extraction apparatus (Figure 1) containing 4A
molecular sieves (22.9 g). The reflux was stopped after 2.0 hours and the

mixture was cooled to room temperature. The crystalline suspension was
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filtered. The precipitate was washed with n-heptane and dried in vacuum to
furnish 5.53 g (82 %) of N-ethyl-N-phenyl-5-ethyl-1,2-dihydro-4-hydroxy-1-
methyl-2-oxo-quinoline-3-carboxamide (A). 'H-NMR analysis on the isolated
product revealed 2% remaining ester. '"H-NMR (d-DMSO), all broad peaks; 11.1
(1H), 7.41 (1H), 7.29 (2H), 7.21 (3H), 7.14 (1H), 6.96 (1H), 3.80 (2H), 3.42 (3H),
3.08 (2H), 1.07 (3H), 1.06 (3H).

[0066] When the same reaction was performed by the traditional distillation
from n-heptane (Entry 22) during 2 hours according to prior art US patent No.
6,875,869 the product was isolated in 85 % yield (based on compound A) and
found by 'H-NMR to be a mixture of compound A (75 mol%) and the ester used
as starting material (25 mol%).

Example 2

Preparation of compound B (Entry 2)

[0067] A mixture of 6 (5.00 g) and N-ethylaniline (5.0 g) in n-heptane (150 mL)
was refluxed for 4.0 hours in a Soxhlet apparatus containing 4A molecular
sieves (22.9 g). After cooling the mixture the product was isolated as above to
furnish 6.54 g (98 %) of N-ethyl-N-phenyl-5-chloro-1,2-dihydro-4-hydroxy-1-
methyl-2-oxo-quinoline-3-carboxamide (B). 'H-NMR analysis on the isolated
product revealed no impurities. "H-NMR (CDCI3) 12.6 (s, 1H), 7.41 (t, 1H), 7.08-
7.26 (m, 7H), 3.98 (q, 2H), 3.30 (s, 3H), 1.22 (t, 3H).

Example 3

Preparation of compound C (Entry 25)

[0068] A mixture of 11 (5.00 g, 18.9 mmol), N-methyl-p-trifluoromethylaniline
(5.13 g, 28.4 mmol) and n-octane (200 mL) were refluxed in a Soxhlet
extraction apparatus containing 4A molecular sieves (22.9 g) for 2 hours. After

cooling the mixture the product was isolated as above to furnish 7.6 g (99 %) of
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4-hydroxy-5-methoxy-N,1-dimethyl-2-oxo-N-[(4-trifluoromethyl)phenyl]-1,2-
dihydroquinoline-3-carboxamide (C). "H-NMR analysis on the isolated product
revealed no impurities other than 1 mol% remaining ester 11. "H-NMR (CDCl3)
9.9 (s, 1H), 7.50 (bs, 4H), 7.46 (t, 1H), 6.94 (d, 1H), 6.70 (d, 1H), 4.06 (s, 3H),
3.54 (s, 3H), 3.48 (s, 3H).

[0069] When the same reaction was performed by the traditional distillation
from n-octane (Entry 26) during 2 hours according to prior art US patent No.
6,875,869 the product was isolated in 94 % yield and determined by 'H-NMR
analysis to consist of a mixture of compound C (96 mol%) and the starting
material 11 (4 mol%).

Example 4

Large-Scale Manufacturing of Compound A

[0070] The equipment set-up illustrated in Figure 2 was used in a large-scale
manufacturing of Paquinimod. A glass-lined reactor was charged with 4 (11.6
kg) through the manhole, followed by the addition of n-octane (212 kg) and n-
ethyl aniline (13.4 kg). The mixture was heated to reflux temperature, i.e.
125°C. n-Octane was distilled off to a glass-sphere (156) at atmospheric
pressure. The distillate in pos 156 was pumped through a bag filter (194) filled
with 4A molecular sieves (7.5 kg), when the volume had become 70 L. The
distillation was continuous during the operation. The distillate was re-circulated
back to the reactor as well as to the glass sphere to allow a continuous flow
through the filter. After 7 hours the mixture was cooled to < 60°C. An in process
control (IPC) was withdrawn to check the conversion according to actual
specification. Immediately after the sampling the mixture was heated to reflux
temperature. Distillation and re-circulation through a second bag filter (195)
filled with molecular sieve (7.5 kg) were continued. Since the first sample was
not approved a second sample was withdrawn after additional 4.5 hours of re-
circulation. Sample no. 2 was approved according to the specification. The

results are presented in the Table 2.
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Table 2. IPC results.
Sample IPC analysis Criteria (%) Result (%)
1 (7 hours) 8.6
Starting material 4 <2
2 (11.5 hours) 1.3

[0071] Additional distillation and re-circulation through a third bag filter (196)
filled with molecular sieve (7 kg) were started before the result of the IPC
analysis was received. Since the result was approved the re-circulation was
interrupted. Distillation was continued until a set volume (110 £ 10 L) in the

reactor.

[0072] In another campaign of manufacturing A using the prior art method a
reactor was charged with 4 (6.3 kg), n-octane (124 kg) and n-ethyl aniline (6.9
kg). After distilling off 88 kg solvent during 16 hours IPC showed that 2.7% of 4
remained.
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Patentkrav

1. Fremgangsmade til fremstilling af en forbindelse med formlen (1)

~R3
{i}

hvor

R1 er ethyl, R2 er ethyl, og R3 er H; eller

R1 er chlor, R2 er ethyl, og R3 er H; eller

R1 er methoxy, R2 er methyl, og R3 er trifluormethyl;

ved

(i) omseetning af en forbindelse med formlen (1)

hvor
R1 er ethyl, chlor eller methoxy; og R4 er (C4-C,)-alkyl;
med en forbindelse med formlen (lll)
R3 (e
£
R2

hvor
R2 er ethyl, og R3 er H; eller
R2 er methyl, og R3 er trifluormethyl;

DK/EP 2590949 T5
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i en tilbagesvalende blanding, som indeholder et alifatisk oplgsningsmiddel eller
en blanding af alifatiske oplgsningsmidler, hvor det eller de alifatiske
oplgsningsmidler har et kogepunkt i intervallet 68-191°C;

(i) kondensering af dampe fra den tilbagesvalende blanding;

(iii) blanding af de kondenserede dampe med et alkoholbindende middel valgt
blandt molekylsigter eller med et alkoholbindende middel, som er en blanding af

molekylsigter; og

(iv) returnering af de kondenserede dampe til reaktionsblandingen.

2. Fremgangsmade ifglge krav 1, hvor det eller de alifatiske oplgsningsmidler

har et kogepunkt i intervallet 80-150°C.

3. Fremgangsmade ifalge krav 1, hvor det eller de alifatiske oplgsningsmidler
har et kogepunkt i intervallet 95-130°C.

4. Fremgangsmade ifglge krav 1, hvor det alkoholbindende middel er valgt
blandt 3A-, 4A-, 5A-, 13X-molekylsigter eller er en blanding af hvilke som helst
af de neevnte molekylsigter.

5. Fremgangsmade ifglge et hvilket som helst af kravene 1-4, hvor det eller
de alifatiske oplgsningsmidler er valgt blandt lineaere eller forgrenede (Ce-C1o)-

alkaner og -cycloalkaner.

6. Fremgangsmade ifglge et hvilket som helst af kravene 1-5, hvor det eller
de alifatiske oplgsningsmidler er valgt blandt lineaere eller forgrenede (C7-Csg)-

alkaner og -cycloalkaner.

7. Fremgangsmade ifelge krav 6, hvor det eller de alifatiske oplgsningsmidler
er valgt blandt n-heptan, n-octan, methylcyclohexan, 2,2,4-trimethylpentan og

cyclooctan.
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8. Fremgangsmade ifglge krav 7, hvor det eller de alifatiske oplgsningsmidler
er valgt blandt n-heptan og n-octan.

9. Fremgangsmade ifglge et hvilket som helst af kravene 1-8, hvor R4 er

valgt blandt methyl, ethyl, n-propyl, iso-propyl og n-butyl.

10. Fremgangsmade ifglge krav 9, hvor R4 er valgt blandt methyl og ethyl.

11. Fremgangsmade ifelge krav 1, hvor R1 er ethyl, R2 er ethyl, R3 er H, R4 er
methyl eller ethyl; det alkoholbindende middel er en 3A-, 4A-, 5A- eller 13X-
molekylsigte eller en blanding deraf; og det eller de alifatiske oplgsningsmidler

er valgt blandt n-heptan og n-octan.

12. Fremgangsmade ifelge krav 1, hvor R1 er chlor, R2 er ethyl, R3 er H, R4
er methyl, det alkoholbindende middel er en 3A-, 4A-, 5A- eller 13X-
molekylsigte, og det eller de alifatiske oplgsningsmidler er valgt blandt n-heptan

0g n-octan.

13. Fremgangsmade ifglge krav 1, hvor R1 er methoxy, R2 er methyl, R3 er
trifluormethyl, R4 er methyl eller ethyl; det alkoholbindende middel er en 3A-,
4A, 5A- eller 13X-molekylsigte eller en blanding deraf, og det alifatiske
oplgsningsmiddel er n-octan.



DK/EP 2590949 T5

-

[}
- e foead ¥

Fig. 1



DK/EP 2590949 T5

152

n-octane
N-Ethylaniline

Methanol
Sodium hydroxide

Acelone

Cartridge filter

Bag filters with molecular sieve Product

Fig. 2



	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	DRAWINGS

