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DESCRIPTION
METHOTREXATE DERIVATIVE
[Technical Field]
This invention relates to a novel methotrexate
5 derivative, and, more specifically, to a novel methotrexate
derivative useful as an antirheumatic agent.
[Technib&i Bacﬁg¥ound]
Hitherto, methotrexate has been used for many years
as a treating agent for leukemia, but, since Gubner et al
10 reported in 1951 the effectiveness by using aminopterin
for rheumatoid arthritis (RA) and psoriasis, an attention
has been drawn to aminopterin as a treating agent for RA and
it has mainly been used in Europe and USA. In relatively
recent years, the method of use and the dosage therecf have
15 been studied in more detail, and it becomes apparent that
the treatment at a low dose of methotrexate exhibits low
side effects and excellent effectivenesé. However, since
side effects such as hepatic disorders and lung fibrosis
caused'by administration of methotrexate is not ﬁegligible,
20 development of a drug having less side effects and yet
having excellent effects is desired.
Hitherto, methotrexate derivatives in which an alkyl
group other than a methyl group has been introduced inté Ni9,

for example, having the foilowing formula:
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(J. Med. Chem., 22, 862 (1979) and having the following

formula:

HZNYN .
’d I ~N

NHo ..

Pr
l
N

(J. Med. Chem., 25, 877 (1982) have been known, but none of
these compounds showed a satisfactory activity.

The present inventors made extensively studies
for developing compounds having a good balance between
a pharmacological effect as an antirheumatic agent and side
effects in the above type of methotrexate derivatives, and
as a result completed the present invention.
10 [Disclosure of the Invention]

The present invention relates to a methotrexate

derivative represented by the following general formula (I):
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wherein R, and R, may be the same or different and each
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represents a hydrogen atom or a lower alkyl group having

Further, the

15 from 1 to 4 carbon atoms, and a salt thereof.

present invention provides an antirheumatic agent containing

at least one of these compounds as an effective ingredient.
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[Brief Description of Drawing]

Fig. 1 shows a percent cell propagation at each of
the concentrations of the test drugs.
[Best Mode for Working the Invention]

The compounds according to the present invention
are qucribed a§,§hgeneral formula in broad concept in
WO 9579436, but are novel compounds, none of which has been
actually produced and have not been disclosed in literature
references. These compounds are synthesized, for example,

in the following manner:
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wherein R, and R, may be the same or different and each

represents a hydrogen atom or a lower alkyl group having

from 1 to 4 carbon atom, A represents a protective group,
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The reaction for obtaining a compound of the general

and X represents a halogen atom.

formula (3) from a compound of the general formula (1)
and a compound of the general formula (2) is performed by
an amido-bond forming reaction generally used. For example,

the compound of the general formula (1) is suspended in

‘an acid halogenating agent such as thionyl chloride and

oxalyl chloride and stirred in the presence of a catalytic
amount of dimethylformamide, etc. at room temperature to
obfain an acid halide which is then dissolved in a solvent
such as dichloromethane and added to an agqueous solution of
the compound of the general formula (2) under ice cooling
or water cooling, followed by stirring at room temperature
in the presence of an inorganic salt such as potassium
carbonate, sodium hydroxide and sodium bicarbonate.
Examples of the protgctive group fepresented by A
in the formula include a protective group for an amino
group such as an acyl group, and preferably, a carbobenzoxy
group, a tosyl group and an acetyl group. The compound of
the general formula (1) can be obtained, for example, by the
method described in International Publication WO 92/9436.
The compound of the general formula (3) is
de-protected by the usﬁal mgthod thereby converting intc the
compound of the general formula (4). For example, when the
protective group is a carbobenzoxy group or a tosyl group,
removal of the protéctive group is achieved by adding
the compound of the general formula (3) to a solution of

anisole or phenol dissolved in a hydrogen bromide-acetic
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acid solution, followed by stirring at from 10°C to 60°C,
preferably at room temperature. Also, when the protective
group is a carbobenzoxy group, removal of the protective
group may be conducted by dissolving the compound of the
general formula (3) in a solvent such as methanol, ethanol
or acetic acid,'ggd, after adding palladium-carbon thereto,
the mixture is stirred in a hYdrogen atmosphere at room
temperature.

The reaction for obtaining thé compound of the
general formula (6) from the compound of the general formula
(4) and the compound of the general formula (5) is carried
out by stirring the compound of the general formula (4) and
the compound of the general formula (5) in a solvent such as
dimethylacetamide or diméthylformamide at from 0°C to 100°C,
preferably from 50°C to 70°C. 1In particular, when R; and R,
are hydrogen atoms, an aquepus alkali solution such as 1N
aqueous solution of sodium hydroxide is added to a solvent
such as methanol or ethanol, and the stirring is conducted
at from 15°C to 35°C to obtain the object compound.

Examples of the halogen atom represented by X in the
formula include a bromine atom and a chlorine atom.

The cdmpound of the present invention can also be

synthesized by the following process:
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wherein R;, R, and R, may be the same or different and each
represents a hydrogén atom or a lower alkyl group having

from 1 to 4 carbon atoms, and X represents a halogen atom.
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The reaction for obtaining the compound of the

general formula (8) from the compound of the general
formula (5) and the compound of the general formula (7) is
carried out in the same manner as described for obtaining
the compound of the general formula (6) from the compound
of the general fg;mula (4) and the compound of the general
formula (5). The compound of the general formula (7) can
be obtained, for example, by the process described in
International Publication WO 92/9436.

The reaction for obtaining the compound of the
general formula (6) from the coﬁpound of the general
formula (8) and the compound of the general formula (2)
is carried out by the amido-bond forming reaction generally
used.

The compound of the present invention can also be
obtained as a salt thereof by the usual metﬁod. The salt
which can be used include, for example, an inorganic acid
salt such as hydrochloride, hydrobromide, hydroiodide,
sulfate and phosphate, an organic acid salt such as
succinate, malonate, acetate, maleate, fumarate, oxalate,
gluconate, mandelate, benzoate, salicylate, methane-
sulfonaté, benzenesulfonate and p-toluenesulfonate, and
a metal salt such as a sodium salt, a potassium salt and
a magnesium salt, and preferably an inorganic salt and
an organic salt, and more preferably hydrobromide or
methanesulfonate.

The pharmaceutical agent containing the compound
of the present invention can be administered orally or
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parenterally, but the oral administration or a topical
administration such as intra-articular is preferred. The
dose to be administered varies depending upon the body
weight and the conditions of disease of patients, but is
generally preferably at from 0.01 to 100 mg/day/person.

The form‘gﬁmthe pharmaceutical agent containing
the compound of the present invention include a liquid
preparation such as injection, tablet, capsule, powder, etc.

The compounds represented by the general formula (I)
according to the present invention are excellent in the
balance between the antirheumatic activity and the toxicity
as compared with methotrexate and the existing methotrexate
derivatives and, therefore, are useful as antirheumatic
agents.

[Examples]

The compounds of the_present invention are further
illustrated in more detail with referénce to examples
thereof, but the present invention is not limited by these
examples.

[Reference Example 1]
Synthesis of dimethyl N-(4-carbobenzoxy-3,64-dihydro-2H-

1l,4-benzothiazine-7-carbonyl)-~L-a-aminoadipate
Thionyl chloride (10 ml) was added to 4-carbobenzoxy-

3,4-dihydro-2H-1,4-benzothiazine-7-carboxylic acid (2.0 g),
followed by stirring at room temperature for 2 hours.

Then, the reaction solution was concentrated under reduced
pressure to dryness. The resulting solid material was

dissolved in dichloromethane (25 ml), and to the resulting
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solution were added subsequently an aqueous solution (25 ml)
of dimethyl L-a-aminoadipate hydrochloride (1.4 g) and theﬁ
potassium carbonate (3.4 g), followed by stirring overnight.
The reaction mixture was poured into a saturated aqueous
solution of sodium bicarbonate, and an organic substance was
extracted with gploroform. Further, the chloroform layer
was washed with 1N hydrochloric acid, dried over sodium
sulfate, and the solvent was distilled off under reduced
pressure. The resulting residue was subjected to silica gel
column chromatography using chloroform:methanol = 100:1 as
an eluting solvent to obtain the titled compound (2.35 g).
'H NMR (CDCl,, & values): .

1.6-2.1 (4H,m), 2.37 (2H,t,J=7.1Hz), 3.20 (2H,m),

3.67 (3H,s), 3.78 (3H,s), 3.98 (2H,m), 4.77

(lH,m), 5.23 (2H,s), 6.75 (1H,d4,J=7.3Hz),

7.36 (SH,m), 7.48 (2H,m), 7.63 (1lH,d,J=1.5Hz)
[Reference Example 2] -

Synthesis of dimethyl N-(3,4-dihydro-2H-1,4-

benzothiazine-7-carbonyl)-L-a-aminocadipate

The compound (14.8 g) of Reference Example 1 was
added to a 30% hydrogen bromide-acetic acid solution
(200 ml) of amisole (15 g), followed by stirring at room
temperature for 4 hours. Then, a large amount of ether
was added to the reaction mixture whereby a red brown oily
substance was precipitated. Most of the ethereal layer was
removed and the oily substance was suspended in chloroform.
The resulting suspension was washed with a saturated

aqueous solution of sodium._bicarbonate and extracted with
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chloroform. The chloroform layer was dried over sodium
sulfate, and the solvent was distilled off under reduced
pressure to obtain the titled compound (7.6 g).

'H NMR (CDCl1,~CD,0D, & values):

5 1.6-2.0 (4H,m), 2.40 (2H,t,J=6.8Hz), 3.01 (2H,m),
3.68‘g§5,m), 3.78 (3H,s), 4.65 (1H,m), 6.50
(1H,d,J=8.8Hz), 7.41 (2H,m), 7.51 (1H,d,J=2.0Hz)

[Example 1]

Synthesis of dimethyl N-(1~((2,4-diamino-6-

10 pteridinyl )methyl)-3,4-dihydro-2H-~1,4-benzothiazine-7-

carbonvl )-L-a-aminocadipate

The compound (7.6 g) of Reference Example 2 and
a 6-bromomethyl-2,4-diaminopteridine hydrobromide salt
isopropanol adduct (8.2 g) were suspended in dimethyl-
15 acetamide (120 ml), followed by stirring at 60°C for
13 hours. After cooling, the reaction mixture was poured
into a saturated aqueous solution of sodium bicarbonate,
and the mixture was extracted with a mixed solvent of
chloroform:methanol = 10:1. The organic layer was dried
20 over sodium sulfate, and then the solvent was distilled
off under reduced pressure. The resulting residue was
subjected to silica gel column chromatography using chloro-
form:methanol = 10:1 as an eluting solvent to obtain the
titled compound (5.8 g). -
25 'H NMR (CDC1,-CD,0D, & values):
1.6-2.0 (4H,m), 2.39 (2H,t,J=7.1Hz), 3.17 (2H,m),
3.68 (3H,s), 3.76 (3H,s), 3.94 (2H,m), 4.66 (1H,m),

4.79 (24, s), 6 70 (1H,d,J=8.8Hz), 7.42 (2H,m),
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Synthesis of N-(1-({(2,4-diaming-6-pteridinyl)methyl)-

7.62 (1H,d,J=2.4Hz), 8.67 (1H,s)

[Example 2]

3,4-dihvdro-2H-1,4-benzothiazine-~-7~-carbonyl

aminoadipic acid

The compggnd (5.8 g) of Example 1 was dissolved

in ethanol (300 ml), and 1N agqueous solution of sodium
hydroxide (32.2 ml) was added thereto at 35°C, followed by
stirring at room temperature overnight. Then, the reaction
solutién was evaporated under reduced pressure to dryness.
The resulting solid substance was dissolved in water
(100 ml), and the solution was adjusted to a pH of 3.7
with 1N hydrochloric acid, followed by allowing to stand
in a cool place for 2 hours. The precipitate formed was
separated by filtration to obtain the titled compound
(4.5 g). -
'H NMR (DMSO-dg & values):

1.5-1.9 (4H,m), 2.21 (2H,t,J=7.1Hz), 3.15 (2H,m),

3.96 {2H,m), 4.30 (1H,m), 4.76 (2H,s), 6.78

(1H,d4,J=8.8Hz), 7.44 (1H,m), 7.60 (1H,s),

8.17 (1H,d,J=7.8Hz), 8.65 (1H,s)

[Example 3]

Synthesis of N-(1l-((2,4-diamino-6-pteridinvyl )methyl )~
3,4-dihyvdro-2H-1,4-benZothiazine-7-carbonyl)-L-a-

amincadipic acid hydrobromide (2/3 hydrate)

The compound (100 mg) obtained in Example 2 was

suspended in hydrobromic acid (10 ml) and dissolved by

warming up to 60°C in a water bath. Then, the solution
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was filtered through a cotton plug, and the filtrate was

cooled to room temperature, followed by allowing to stand
overnight. The precipitated needle crystals were separated
by filtration and dried while heating in vacuum to obtain
5 the titled compound (92 mg).
'H NMR (DMSO-d,, & values):
1742-1.90 (4H,m), 2.21 (2H,t,3=7.3Hz), 3.19
(2H,m), 3.97 (2H,m), 4.26 (1H,m), 4.84 (2H,s),
6.76 (1H,d,J=8.9Hz), 7.44 (1H,dd,J=2.2Hz,8.8Hz),
10 7.62 (1H,d,J=1.97Hz), 8.23 (1H,d,J=8.2Hz),
8.80 (1H,s)
Elementary Analysis
C:43.76, H:4.31, N:18.73, S:5.12, Br:13.43
Calc'd Values
15 C:43.73, H:4.37, N:18.54, S:5.31, Br:13.22
Empirical Formula
C,,H,,NgOgS « HBx - 2/3H,0
[Test Example]
2.5 x 10° synovial cells from RA patient were cultured
20 (in 96-well culture plate) with various concentrations of
a test compound. Three days later, 1 pCi *H-UdR was added to
each well and cultured for further 2 days. After culture,

intracellular uptake of ‘H-UJR was measured by a scintilla-

tion counter.

25 The drugs used for the test were as follows:
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Control Compound

The resg%;s are shown in Fig. 1. As is apparent from
Fig. 1, the compound of the present invention was confirmed
to have a more excellent inhibitory activity to synovial
cell proliferation than the control compound.

[Possibility of Utilization in Industry]

The compounds represented by the general formula (I)
according to the present invention have excellent
antirheumatic activity and are useful as antirheumatic
agents in view of their low toxicity as compared to

methotrexate.
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CLAIMS
1. A compound represented by the general formula (I):
HzN S
YN N\ ﬁ 00R.,
( COOR: (I)
NJNJ\/N 7 N\ ey -~
l — H

NHz T

wherein R, and R,, which may be the same or different, each
represents a hydrogen atom or a lower alkyl group having
from 1 to 4 carbon atoms, or a salt thereof.

2. Antirheumatic agent containing, as an active
ingredient, at least one of the compounds represented by
the general formula (I) as defined in Claim 1 and the salts

thereof.

I
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