
EP 0 344 922 B1 Description EP-A- 0 255 228 discloses
4(3H)-oxo-5,6,7,8-Tetrahydropyrido[2,3-d]pyrimidine derivatives useful as
antineoplastic agents. 5     The present invention pertains to the
individual diastereomers and to the diastereomeric mixture of glutamic acid
derivatives of the formula: 10                                    [err] 15
OH                       CH 20 and [err] H with the proviso that the
carbamoyl group is not disposed in the ortho-position of the phenyl group;
and [err] is hydrogen, alkyl of 1 to 6 carbon atoms, or alkanoyl of 1 to 6
carbon atoms; 45     [err] is hydrogen or a carboxy protecting group; and
R4 Is hydrogen or an amino protecting group. The compounds of Formula IA
and lB have an inhibitory effect on one or more enzymes which utilize folic
acid, and in particular metabolic derivatives of folic acid, as a
substrate. The compounds thus can be 50 used, alone or in combination, to
inhibit the growth of those neoplasms which otherwise depend upon the
enzymes so inhibited. The invention also pertains to the pharmaceutically
acceptable salts of the compounds of Formula IA and 1B, to processes for
the preparation of these compounds and their salts, and to pharmaceutical
compositions containing these compounds and their salts. 55     The term
alkyl as used herein denotes a straight or branched univalent aliphatic
group of from 1 to 6 carbon atoms including methyl, ethyl, propyl, butyl,
pentyl, hexyl, and the branched isomers thereof such as isopropyl,
isobutyl, s.-butyl, t.-butyl, neopentyl, etc. Analogously, alkanoyl denotes
a straight or branched univalent aliphatic acyl group of from 1 to 6 carbon
atoms including formyl, acetyl, propionyl, butyryl, 2    EP 0 344 922 B1
pivaloyl, etc. The protecting groups designated by [err]and utilized herein
denote groups which generally are not found in the final therapeutic
compounds but which are intentionally introduced during a portion of the
synthesis to protect a group which otherwise might react in the course of
chemical manipulations, thereafter 



5  being removed at a later stage of the synthesis. Since compounds bearing
such protecting groups thus are of importance primarily as chemical
intermediates (although some derivatives also exhibit biological activity),
their precise structure is not critical. Numerous reactions for the
formation and removal of such protecting groups are described in a number
of standard works including, for example, "Protective Groups in Organic
Chemistry", Plenum Press, London and New York, 1973; Greene, Th. W.
"Protective Groups in 10 Organic Synthesis", Wiley, New York, 1981; "The
Peptides", Vol. I, Schroder and Lubke, Academic Press, London and New York,
1965; "Methoden der organischen Chemie", Houben-Weyl, 4th Edition,
Vol.15/I, Georg Thieme Verlag, Stuttgart 1974. A carboxy group can be
protected as an ester group which is selectively removable under
sufficiently mild conditions not to disrupt the desired structure of the
molecule, especially a lower alkyl ester such as 15 methyl or ethyl and
particularly one which is branched at the 1-position such as t.-butyl; and
such lower alkyl ester substituted in the 1- or 2-position with (i) lower
alkoxy, such as for example, methoxymethyl, 1- methoxyethyl, and
ethoxymethyl, (ii) lower alkylthio, such as for example methylthiomethyl
and 1-ethyl- thioethyl; (iii) halogen, such as 2,2,2-trichloroethyl,
2-bromoethyl, and 2-iodoethoxycarbonyl; (iv) one or two phenyl groups each
of which can be unsubstituted or mono-, di-or tri-substituted with, for
example lower 20 alkyl such as tert.-butyl, lower alkoxy such as methoxy,
hydroxy, halo such as chloro, and nitro, such as for example, benzyl,
4-nitrobenzyl, diphenylmethyl, di-(4-methoxyphenyl)methyl; or (v) aroyl,
such as phenacyl. A carboxy group can also be protected in the form of an
organic silyl group such as tri-lower alkylsilyl, as for example
trimethylsilyloxycarbonyl. Amino groups similarly can be protected as an
amide utilizing an acyl group which is selectively 25 removable under mild
conditions, especially formyl, a lower alkanoyl group which is branched at
the 1- position, particularly tertiary alkanoyl such as pivaloyl, or a
lower alkanoyl group which is substituted in the 1-position, as for example
trifluoroacetyl. The compounds of the present invention often can be
employed advantageously in the form of a pharmaceutically acceptable salt.
Such forms, including hydrates thereof, are often crystalline and advanta-
30 geous for forming solutions or formulating pharmaceutical compositions.
Pharmaceutically acceptable salts with bases include those formed from the
alkali metals, alkaline earth metals, non-toxic metals, ammonium, and
mono-, di- and trisubstituted amines, such as for example the sodium,
potassium, lithium, calcium, magnesium, aluminum, zinc, ammonium,
trimethylammonium, triethanolammonium, pyridinium, and substi- tuted
pyridinium salts. The disodium salt is particularly advantageous. 35
The compounds of this invention can be prepared by allowing a protected
aminomethylbenzoylglutamic acid derivative of the formula: [err] 45 in
which each R2 is a carboxy protecting group; to react with a
2-amino-4-hydroxy-6-formyl-pyrido[2,3 pyrimidine of the formula: 50
OH [err] 



3    EP 0 344 922 B1 in which [err] is amino protecting group. There is
thus formed an intermediate Schiff base of the formula: [err] 20 The Schiff
base of Formula IV can be reduced in situ, as for example with a metal
hydride such as a borohydride to yield the correspondingly protected
N-[N-(2-amino-4-hydroxypyrido[2,3-d]pyrimidin-6-yl- 25
methyl)-4-aminomethylbenzoyl]-glutamic acid derivative of Formula V: [err]
30 Upon catalytic hydrogenation of a compound of Formula V, there is
obtained a mixture of diastereomers of Formulas IA and IB in which [err] is
hydrogen, [err] is a carboxy protecting group, and [err] is an amino
protecting group. Suitable hydrogenation catalysts include noble metals and
noble metal oxides such as 50  palladium or platinum oxide, rhodium, and
the foregoing on a support such as carbon or calcium oxide. Since there is
some tendency for such hydrogenations to effect cleavage of the benzylic
amine structure, the use of the milder rhodium on charcoal is preferred.
Alternatively, a compound of Formula V can first be converted to an
N-acylated derivative such as the corresponding N-formyl, N-acetyl, or
N-trifluoroacetyl compound, the last being in the nature of a removable
amino protecting group. With such additional 55  protection, cleavage of
the benzylic amine structure during hydrogenation is eliminated or
minimized. Upon hydrogenation, there then is obtained a mixture of
diastereomers of Formulas IA and IB in which [err] is an acyl group, R2 is
a carboxy protecting group, and [err] is an amino protecting group. Removal
of the R2 and [err] protecting groups as by hydrolysis with base then
yields a mixture of the diastereomeric compounds of 4    EP0 344 922 B1
Formulas IA and IB in which R2 and R4 are each hydrogen. As noted, when an
easily hydrolysable N-acyl derivative such as an N-trifluoroacetyl compound
is employed, this too is removed during hydrolysis of the [err] and R4
groups. The mixture of the individual diastereomers depicted by Formulas IA
and IB can be used therapeutically 5  as such or can be separated
mechanically as by chromatography. Alternatively, the individual dia-
stereomers can be separated by forming diastereomeric salts with a chiral
acid such as the individual enantiomers of 10-camphorsulfonic acid,
camphoric acid, alpha-bromocamphoric acid, methoxyacetic acid, tartaric
acid, diacetyltartaric acid, malic acid, pyrrolidone-5-carboxylic acid, and
the like, and then freeing 



one or both of the individual diastereomeric bases, optionally repeating
the process, so as obtain either or 10  both substantially free of the
other; i.e., in a form having an optical purity of >95%. This separation
can be effected before or after removal of any protecting groups. As noted,
the compounds of this invention have an effect on one or more enzymes which
utilize folic acid, and in particular metabolic derivatives of folic acid,
as a substrate. The compounds can be used, under the supervision of
qualified professionals, to inhibit the growth of neoplasms including
choriocar- 15 cinoma, leukemia, adenocarcinoma of the female breast,
epidermid cancers of the head and neck, squamous or small-cell lung cancer,
and various lymphosarcomas. The compounds also can be used to treat mycosis
fungoides and psoriasis. The compounds can be administered orally but
preferably parenterally, alone or in combination with other therapeutic
agents including other anti-neoplastic agents, steroids, etc., to a mammal
suffering from 20  neoplasm and in need of treatment. Parenteral routes of
administration include intramuscular, intrathecal, intravenous or
intra-arterial. Dosage regimens must be titrated to the particular
neoplasm, the condition of the patient, and the response but generally
doses will be from about 10 to about 100 mg/day for 5-10 days or single
daily administration of 250-500 mg, repeated periodically; e.g. every 14
days. While having a low toxicity as compared to other antimetabolites now
in use, a toxic response often can be eliminated by either 25  or both of
reducing the daily dosage or administering the compound on alternative
days. Oral dosage forms include tablets and capsules containing from 1-10
mg of drug per unit dosage. Isotonic saline solutions containing 20-100
mg/ml can be used for parenteral administration. The following examples
will serve to further illustrate the invention. In the NMR data, "s"
denotes singlet, "d" denotes quartet, "m" denotes multiplet, and "br"
denotes a broad peak. 30 REFERENCE EXAMPLE 1 Diethyl
N-[N-(2-Pivaloylamino-4-hydroxypyrido[2,3-d]pyrimidin-6-ylmethyl)-4-aminome
thylbenzoyl]-gluta- mate 35 A mixture of 3.0 g (10.9 mmol) of
2-pivaloylamino-4-hydroxy-6-formylpyrido[2,3-d]pyrimidine, 4.47 g of
diethyl N-(p-aminomethylbenzoyl)-L-glutamate hydrochloride (12.25 mmol),
and 1.0 g (12.25 mmol) of sodium acetate in 70 mL of glacial acetic was
stirred at 25 [err] for 18 hours. To this solution was added 0.42 g (0.54
mL, 3.65 mmol) of borane-triethylamine complex. This mixture was stirred at
25 [err] for 2 hours and 40  the solvent then removed under reduced
pressure. The residue was taken up in methylene chloride (200 mL),
extracted once with water, and then twice with a saturated aqueous solution
of sodium bicarbonate. The aqueous layers were combined and back extracted
with methylene chloride. The organic layers were combined, dried over
anhydrous magnesium sulfate, and the solvent removed under reduced
pressure. The residue was recrystallized from ethyl acetate to give 3.4 g
(52% yield) of diethyl N-[N-(2-pivaloylamino-4- 45
hydroxypyrido[2,3-d]pyrimidin-6-ylmethyl)-4-aminomethylbenzoyl]-glutamate;
mp 149-151 C; [err]  NMR ([err]) delta 1.10-1.17 (m, 6 H), 1.22 (s, 9 H),
1.9-2.15 (m, 2 H), 2.40 (t, 2 H, J = 7.4 Hz), 3.75 (s, 2 H ), 3.77 (s, 2
H), 3.97-4.10 (m, 4 H), 4.36-4.44 (m, 1 H), 7.41-7.44 (m, 2 H, [err]),
7.80-7.83 (m, 2 H,[err]), 



8.345 (d, 1 H, J = 2.09 Hz), 8.65 (d, 1 H, J = 7.38 Hz), 8.76 (d, 1 H, J =
2.09 Hz). Anal. Calcd for [err]. Found: C, 60.75; H, 6.68; N, 14.33. 60
In a similar fashion, diethyl
N-[N-(2-pivaloylamino-4-hydroxypyrido[2,3-d]pyrimidin-6-ylmethyl)-3-
aminomethylbenzoyl]-glutamate, diethyl
N-[N-(2-pivaloylamino-4-hydroxypyrido[2,3-d]pyrimidin-6-ylmethyl)-
3-fluoro-4-aminomethylbenzoyl]-glutamate,  and   diethyl
N-[N-(2-pivaloylamino-4-hydroxpyrido[2,3-d]-
pyrimidin-6-ylmethyl)-2-chloro-4-aminomethylbenzoyl]glutamate  are
prepared  from   diethyl  N-(3- aminomethylbenzoyl)-glutamate, diethyl
N-(3-fluoro-4-aminomethylbenzoyl)-glutamate, and diethyl N-(2- 55
chloro-4-aminomethylbenzoyl)-glutamate, respectively, and thereafter
processed as exemplified in the following examples. The dialkyl
aminomethylbenzoylglutamates starting materials can be synthesized from
3-aminomethylbenzoic acid, 3-fluoro-4-aminomethylbenzoic acid, and
2-chloro-4-aminomethylbenzoic acid according to the procedures described in
Mol. Pharm., 8, 740-750. 5    EP 0344 922 B1 REFERENCE EXAMPLE 2 Diethyl
N-[N-(2-Pivaloylamino-4-hydroxypyrido[2,3-d]pyrimidin-6-ylmethyl)-N-formyl-
4-aminomethylbenzoyl] glutamate To a solution of 1.0 g. (1.7 mmol) of
diethyl N-[N-(2-pivaloylamino-4-hydroxypyrido[2,3-d]pyrimidin-6-
ylmethyl)-4-aminomethylbenzoyl]-glutamate in 10 mL of 98% formic acid was
added 0.35 g. (0.33 mL, 3.5 mmol) of acetic anhydride. The mixture was
stirred at 25[err] for 1 h. The solvent was removed under reduced pressure
and the solid dissolved in methylene chloride and extracted twice with a
saturated 10  solution of sodium bicarbonate. The aqueous layers were back
extracted with methylene chloride, and the organic layers combined and
dried over anhydrous magnesium sulfate. The solvent was evaporated to
dryness to give a quantitative yield of diethyl
N-[N-(2-pivaloylamino-4-hydroxypyrido[2,3-d]pyrimidin-6-
ylmethyl)-N-formyl-4-aminomethylbenzoyll-glutamate which can be employed
for further processing without further purification; [err] NMR [err]) delta
1.11-1.18 (m, 6 H), 1.24 (s, 9 H), 1.9-2.15 (m, 2 H), 2.39-2.44 15  (m, 2
H), 4.39-4.42 (m, 3 H), 4.53-4.55 (m, 2 H), 7.21-7.44 and 7.34-7.37 (m, 2
H, AA'BB'), 7.76-7.78 and 7.81-7.84 (m, 2 H, ][err]), 8.12 and 8.13 (s, 1
H), 8.61-8.78 (m, 2 H). REFERENCE EXAMPLE 3 20  Diethyl
N-[N-(2-Pivaloylamino-4-hydroxypyrido[2,3-d]pyrimidin-6-ylmethyl)-N-trifluo
roacetyl-4-aminomethyl- benzoyl]-glutamate To a cold (0 [err]) solution of
3.23 g. (5.43 mmol) of diethyl
N-(N-(2-pivaloylamino-4-hydroxypyrido[2,3-d]-
pyrimidin-6-ylmethyl)-4-aminomethylbenzoyl]-glutamate in 50 mL of methylene
chloride was added in a 25 dropwise fashion over 10 min, 2.28 g (10.86
mmol) of trifluoroacetic acid anhydride. The reaction mixture was allowed
to attain room temperature and then stirred for 18 hours. One hundred
milliliters of methylene chloride were added and the mixture then extracted
three times with a saturated solution of sodium 



bicarbonate. The aqueous layers were back extracted with methylene chloride
and the combined organic layers dried over anhydrous magnesium sulfate. The
suspension was filtered and the filtrate evaporated 30  under reduced
pressure to give a quantitative yield of crude diethyl
N-[N-(2-pivaloylamino-4-hydroxypyrido-
[2,3-d]pyrimidin-6-ylmethyl)-N-trifluoroacetyl-4-aminomethylbenzoyl]-glutam
ate which can be employed in the subsequent steps without further
purification. EXAMPLE 4 35 Diethyl
N-[N-(2-Pivaloylamino-4-hydroxy-5,6,7,8-tetrahydropyrido[2,3-d]pyrimidin-6-
ylmethyl)-N-formyl-4- aminomethylbenzoyl]-glutam ate To a solution of 1.09
g. (0.17 mmol) of diethyl
N-[N-(2-pivaloylamino-4-hydroxypyrido[2,3-d]pyrimidin-6- 40
ylmethyl)-N-formyl-4-aminomethylbenzoyl]-glutamate in 50 mL of glacial
acetic acid was added 164 mg of platinum oxide. The suspension was shaken
in a Parr hydrogenation apparatus under an atmosphere (50 psi) of hydrogen
at 25 [err] for 3 hours. The reaction mixture was filtered through Celite
and the filtrate evaporated under reduced pressure. The residue was
dissolved in 100 mL of methylene chloride and extracted twice with a
saturated solution of sodium bicarbonate. The aqueous layers were back
extracted 45 with 75 mL of methylene chloride and the organic layers
combined, dried over anhydrous magnesium sulfate, and filtered. The
filtrate was evaporated under reduced pressure and the residue
chromatographed, eluting with 5% methanol in methylene chloride to give 0.8
g of diethyl N-[N-(2-pivaloylamino-4-hydroxy-
5,6,7,8-tetrahydropyrido[2,3-d]pyrimidin-6-ylmethyl)-N-fomyl-4-aminomethylb
enzoyl]-glutamate (73% yield). An analytical sample was recrystallized from
acetonitrile; mp 149-151 [err]; [err] NMR ([err]) delta 1.11- 50  1.16 (m,
6 H), 1.18 (s, 9 H), 1.83-2.15 (m, 4 H), 2.30-2.47 (m, 3 H), 2.79-3.20 (m,
4 H), 3.98-4.11 (m, 4 H), 4.36-4.43 (m, 1 H), 4.53-4.54 (m, 2 H), 6.40-6.51
(m, 1 H), 7.33-7.38 (m, 2 H, [err]), 7.80-7.85 (m, 2 H, AA'BB'), 8.11 and
8.38 (s, 1 H) 8.67-8.73 (m, 1 H). Anal. Calcd for [err]. Found: C, 59.14;
H, 6.73; N, 13.64. 55 6    EP 0 344 922 B1 EXAMPLE 5 Diethyl
N-[N-(2-Pivaloylamino-4-hydroxy-5,6,7,8-tetrahydropyrido[2,3-d]pyrimidin-6-
ylmethyl)-N-trifluoro- acetyl-4-aminomethylbenzoyl]-glutamate 5 To 3.75 g.
(5.43 mmol) of the product of Example 3, diethyl
N-[N-(2-pivaloylamino-4-hydroxypyrido[2,3-
d]pyrimidin-6-ylmethyl)-N-trifluoroacetyl-4-aminomethylbenzoyl]-glutamate,
in 60 mL of glacial acetic acid are added 575 mg of platinum oxide. The
suspension was hydrogenated in a Parr apparatus at 50 psi at 25[err] for 3
h. The reaction mixture was filtered through Celite and the solvent removed
under reduced 



10  pressure. The residue was taken up in methylene chloride and extracted
twice with a saturated solution of sodium bicarbonate and the organic
layers dried over anhydrous magnesium sulfate and evaporated under reduced
pressure. The residue was chromatographed, eluting with 5% methanol in
methylene chloride to give 1.25 g (33% yield) of diethyl
N-[N-(2-pivaloylamino-4-hydroxy-5,6,7,8-tetrahydropyrido[2,3-d]pyrimidin-
6-ylmethyl)-N-trifluoroacetyl-4-aminomethylbenzoyl]-glutamate; [err] NMR
([err]) delta 1.11-1.15 (m, 6 15  H), 1.33 (s, 9H), 1.6-2.1 (m, 6 H),
2.28-2.33 (m, 2 H), 3.07-3.18 (m, 1 H), 3.97-4.10 (m, 4 H), 4.10-4.20 (m, 1
H), 6.64-6.67 (m, 1 H), 8.03-8.06, (m, 1 H). EXAMPLE 6 20
N-[N-(2-Amino-4-hydroxy-5,6,7,8-tetrahydropyrido[2,3-d]pyrimidin-6-ylmethyl
)-N-formyl-4- aminomethylbenzoyl]-glutamic Acid A solution of 0.5 g, (0.8
mmol) of diethyl
N-[N-(2-pivaloylamino-4-hydroxy-5,6,7,8-tetrahydropyrido[2,3-
d]pyrimidin-6-ylmethyl)-N-formyl-4-aminomethylbenzoyl]-glutamate in 0.1 N
NaOH was stirred at 25 [err] for 5 25  days. The reaction mixture was
filtered and the filtrate rendered acidic (pH 4) with 0.5 N hydrochloric
acid. The solid which formed after 1 h at 0 [err] was collected, washed
with water, and dried over [err] to give 0.26 g (67% yield) of
N-[N-(2-amino-4-hydroxy-5,6,7,8-tetrahydropyrido[2,3-d]pyrimidin-6-ylmethyl
)-N-formyl-4- aminomethylbenzoyl]-glutamic acid. An analytical sample was
recrystallized from ethanol; mp 178[err] with gradually decomposition;
[err] NMR (Me2SO ds) delta 1.75-2.23 (m, 5 H), 2.2-2.42 (m, 3 H), 2.65-2.83
(m, 1 30  H), 3.0-3.17 (m, 2 H), 4.36-4.40 (m, 1 H), 4.44-4.60 (m, 2 H),
5.95 (s, 2 H), 6.29 (s, 1 H), 7.28-7.36 (m, 2 H, AA'BB'), 7.69-7.92 (m, 2
H, AA'BB'), 8.10 and 8.36 (s, 1 H), 8.57 (t, 1 H, J = 7.78 Hz), 9.8 (br s,
1 H). Anal. Calcd for [err]. Found: C, 54.67; H, 5.46; N, 17.02. The [err]
in whole cell human leukemia cell lines, CCRF-CEM, of
N-[N-(2-amino-4-hydroxy-5,6,7,8-
tetrahydropyrido[2,3-d]pyrimidin-6-ylmethyl)-N-formyl-4-aminomethylbenzoyl]
-glutamic acid is 0.078 ug/mL. 35 EXAMPLE 7 Diethyl
N-[N-(2-Pivaloylamino-4-hydroxy-5,6,7,8-tetrahydropyrido[2,3-d]pyrimidin-6-
ylmethyl)-4-amino- methylbenzoyl]-glutamate 40 To a solution of diethyl
N-[N-(2-pivaloylamino-4-hydroxy[2,3-dlpyrimidin-6-ylmethyl)-4-aminomethylbe
n- zoyl]-glutamate (0.37 g, 062 mmol) in glacial acetic acid was added 5%
rhodium on charcoal (0.1 25 g) and the suspension shaken in a Parr
apparatus under an atmosphere of hydrogen (50 psi) at 25 [err] for 48
hours. The reaction mixture was filtered through celite to remove the
catalyst and the filtrate evaporated under 45  reduced pressure. The
residue was dissolved in methylene chloride and extracted twice with a
saturated aqueous solution of sodium bicarbonate. The reaction mixture was
dried over anhydrous magnesium sulfate and the solvent removed under
reduced pressure. The residue was recrystallized from ethyl acetate to give
0.233 g (37% yield) of diethyl
N-[N-(2-pivaloylamino-4-hydroxy-5,6,7,8-tetrahydropyrido[2,3-d]pyrimidin-6-
ylmethyl)-4-aminomethylbenzoyl]-glutamate; mp 146-147[err]; 'H NMR ([err],
exchanged D20) delta 50  1.09-1.15 (m, 6H), 1.15 (s, 9H), 1.90-2.17 (m,
4H), 2.40 (t, 2H, J=7.3 Hz), 2.50-2.60 (m, 1H), 2.75-2.85 (m, 1H),
2.85-2.97 (m, 1 H), 3.96-4.07 (m, 4H), 4.10-4.11 (m, 2H), 4.37-4.43 (m,
1H), 7.55-7.57 (AA'BB', 2H), 7.85- 



7.88 (AA'BB', 2H), 8.76 (d, 1 H, J = 7.37 Hz). Anal. Calcd. for[err] Found:
C, 60.30; H, 6.85; N, 13.96. 55 7    EP 0 344 922 B1 EXAMPLE 8 Separation
of Diethyl
N-[N-(2-Pivaloylamino-4-hydroxy-5,6,7,8-tetrahydropyrido[2,3-d]pyrimidin-6-
ylmethyl)- 4-aminomethylbenzoyl]-glutamate Diastereomers A mixture of 1.0
g. of diethyl
N-[N-(2-pivaloylamino-4-hydroxy-5,6,7,8-tetrahydropyrido[2,3-d]pyrimidin-
6-ylmethyl)-4-aminomethylbenzoyl]-glutamate and 900 mg. of
d(+)-camphorsulfonic acid in 5OmL of anhy- drous ethanol is heated at
reflux for 4 hours. After being allowed to cool, the mixture upon standing
yields a solid which is collected by filtration and fractionally
recrystallized several times from ethanol to yield the 10  first
diastereomer. Removal of the solvent from the mother liquor yields the
other diastereomer which is recrystallized several times from ethanol until
an optical purity >95% is obtained. EXAMPLE 9 15
N-[N-(2-Amino-4-hydroxy-5,6,7,8-tetrahydropyrido[2,3-d]pyrimidin-6-ylmethyl
)-4-aminomethylbenzoyl]- glutamic Acid A. A solution of 0.48 g, of diethyl
N-[N-(2-pivaloylamino-4-hydroxy-5,6,7,8-tetrahydropyrido[2,3-d]-
pyrimidin-6-ylmethyl)-N-trifluoroacetyl-4-aminomethylbenzoyl]-glutamate in
10 mL of 1N sodium hydrox- 20   ide was stirred at 25 [err]C for 72 hours.
To the reaction mixture was added charcoal and the suspension filtered
through Celite. The filtrate was rendered acidic with acetic acid and
stored at O[err] for 4 hours. The solid which formed was collected, and
washed sequentially with water, ethanol, and ether to give 0.241 g (76%
yield) of
N-[N-(2-amino-4-hydroxy-5,6,7,8-tetrahydropyrido[2,3-d]pyrimidin-8-ylmethyl
)4- aminomethylbenzoyl]-glutamic acid; mp 263[err] (dec); [err] NMR ([err])
delta 1.8-2.25 (m, 4 H), 2.27 25   (t, 2 H, J = 6.95 Hz ), 2.73-3.00 (m, 2
H), 3.28-3.31 (m, 1H), 4.05 (s, 2 H), 4.14 (s, 2 H), 4.21 (s, 2 H),
4.36-4.41 (m, 1 H), 7.41-7.7.45 (m, 2 H, AA'BB'), 7.80-7.82 (m, 2 H,
AA'BB'), 8.61 (s, 1 H). Anal. Calcd for C, 53.95; H, 5.82; N, 17.97. [err]:
Found: C, 54.07; H, 5.48; N, 17.76. B. Similarly, from diethyl
N-[N-(2-pivaloylamino-4-hydroxy-5,6,7,8-tetrahydropyrido[2,3-d]pyrimidin-6-
yl- methyl)-4-aminomethylbenzoyl]-glutamate, there is obtained
N-[N-(2-pivaloylamino-4-hydroxy-5,6,7,8- 30
tetrahydropyrido-[2,3-d]pyrimidin-6-ylmethyl)-4-aminomethylbenzoyl]-glutami
c acid. The [err] in whole cell human leukemia cell lines, CCRF-CEM, of
N-[N-(2-amino-4-hydroxy-5,6,7,8-
tetrahydropyrido[2,3-d]pyrimidin-6-ylmethyl)-4-aminomethylbenzoyl]-glutamic
acid is 0.010 ug/mL. In a similar fashion,
N-[N-(2-pivaloylamino-4-hydroxy-5,6,7,8-tetrahydropyrido[2,3-d]pyrimidin-6-
yl- methyl)-3-aminomethylbenzoyl]-glutamic  acid, is  prepared  from
diethyl N-[N-(2-pivaloylamino-4- 



35
hydroxypyrido[2,3-d]pyrimidin-6-ylmethyl)-3-aminomethylbenzoyl]-glutamate,
by analogous use of the pro- cedures of the foregoing examples. 40 45 50 55
8    EP O 344 922 B1 Claims 1. A compound selected from the group
consisting of a glutamic acid derivative of the formula: [err] 20 or 40
with the proviso that the carbamoyl group is not disposed in the
ortho-position of the phenyl group; and [err] is hydrogen, alkyl of 1 to 6
carbon atoms,; or alkanoyl of 1 to 6 carbon atoms; R2 is hydrogen or a
carboxy protecting group; and R4 is hydrogen or an amino protecting group,
and the pharmaceutically acceptable salts thereof. 45 2. A compound
according to claim 1 wherein each of [err] and [err] is hydrogen. 50 55
EP 0344 922B1 3. A compound according to claim 1 having the formula: 20
[err] in which: 40     [err] is hydrogen, methyl, ethyl, formyl, or acetyl;
and the pharmaceutically acceptable salts thereof. 4  A compound according
to claim 3 wherein [err] is hydrogen, and the pharmaceutically acceptable
salts 45     thereof. 5. The compound according to claim 4 which is (S,S)
N-[N-(2-amino-4-hydroxy-5,6,7,8-tetrahydropyrido-
[2,3-d]pyrimidin-6-ylmethyl)-4-aminomethylbenzoyl]-glutamic acid. 



50 6. The compound according to claim 4 which is (R,S)
N-[N-(2-amino-4-hydroxy-5,6,7,8-tetrahydropyrido-
[2,3-d]pyrimidin-6-ylmethyl)-4-aminomethylbenzoyl]-glutamic acid. 7. A
compound according to claim 3 wherein R' is formyl, and the
pharmaceutically acceptable salts thereof. 55 8. The compound according to
claim 7 which is (S,S) N-(N-formyl-N-(2-amino-4-hydroxy-5,6,7,8-
tetrahydropyrido[2,3-d]pyrimidin-6-ylmethyl)-4-aminomethylbenzoyl]-glutamic
acid. 10    EP 0 344 922 B1 9. The compound according to claim 7 which is
(R,S) N-[N-formyl-N-(2-amino-4-hydroxy-5,6,7,8-
tetrahydropyrido[2,3-d]pyrimidin-6-ylmethyl)-4-aminomethylbenzoyl]-glutamic
acid. 10. A pharmaceutical composition for combatting neoplastic growth in
a mammal which comprises an 5      amount of a compound according to claim
1 which upon administration to the mammal in a single or multiple dose
regimen is effective to combat said growth, in combination with a
pharmaceutically acceptable carrier. PatentansprUche 10 1. Eine Verbindung,
ausgewdhlt aus der aus Glutaminsdure-Derivaten der Formel: O      H      0
R0 '   CNI R2OCOCH2CH2 20 OH                        CH RH                I
H~~C 25                                    N    g       S     .     C2--R
I 30 oder .0              0 35
20 * C R2OCOCH2CH2 OH HN    i CH2-N-R1             1 bestehenden Gruppe,
vorausgesetzt, daB die Carbamoylgruppe nicht in ortho-Position der
Phenylgrup- 



50     pe angeordnet ist; und daB R1 Wasserstoff, Alkyl mit 1 bis 6
Kohlenstoffatomen ist; oder Alkanoyl mit 1 bis 6 Kohlenstoffatomen ist; R2
Wasserstoff oder eine Carboxyschutzgruppe ist; und R4 Wasserstoff oder eine
Aminoschutzgruppe ist; und die pharmazeutisch vertraglichen Salze davon. 55
2. Eine Verbindung entsprechend Anspruch 1, wobei R2 und R4 beide
Wasserstoff sind.    EP 0'344 922 Bi                        c   L   M   S
I 3. Eine Verbindung entsprechend Anspruch 1 mit der Formel: O     H
0 5'                                           R O      : C-NHC 2~~~~~
R2OCOCH2CH2 10 OH                       CH2 t6
NN                C      .CH2-N-R1             IA R4N        <N
CH2 H 20 oder .0              0 25
2 0               if R  OC R20COCH2C2H2 OH                    \> 30
RHI R1 Wesserstoff, ~ ~ ~    ~     ~     ~    H2--R               1 35
R4NE1                        C12 I2 wobei: 40st     RI Wasserstoff, Methyl,
Ethyl, Formyl, oder Acetyl ist; und die pharmazeutisch vertratglichen Salze
davon. 4. Eine Verbindung entsprechend Anspruch 3, wobei RI Wasserstoff
ist, und die pharmazeutisch vertragli- chen Salze davon. 45 5. Die
Verbindung entsprechend Anspruch 4, die (6,S)
N-[N-(2-Amino-4-hydroxy-5,6,7,8-tetrahydropyrido- 



[2,3-d]pyrimidin-6-ylmethyl)-4-aminomethylbenzoylJ-glutaminslure ist. 6.
Die Verbindung entsprechend Anspruch 4, die (R,S)
N-[N-(2-Amino-4-hydroxy-5,6,7,8-tetrahydropyrido- 50
[2,3-d]pyrimidin-6-ylmethyl)-4-aminomethylbenzoyl]-glutaminsiure ist. 7.
Elne Verbindung entsprechend Anspruch 3, wobei R1 Formyl ist, und die
pharmazeutisch vertraglichen Salze davon. 65  &  Die Verbindung
entsprechend Anspruch 7, die (S,S)
N-[N-Formyl-N-(2-amino-4-hydroxy-5,6,7,8-
tetrahydropyrido[2,3-d]pyrimidin-6-ylmethyl)-4-aminomethylbenzoyl]-glutamin
saure ist. 12    EPiO 344 922 81                     !     I   1 M1111 II
I!II 9. Die Verbindung entsprechend Anspruch 7, die (R,S)
N-[N-Formyl-N-(2-amino-4-hydroxy-5,6,7,8-
tetrahydropyrido[2,3-d]pyrimidin-6-ylmethyl)-4-aminomethylbenzoyl]-glutamin
slure ist. 10. Eine pharmazeutische Zusammensetzung fUr die Bekampfung
neoplastischen Wachstums in einem 5      Sluger, die eine Menge einer
Verbindung entsprechend Anspruch 1, welche bei Gabe an den Sluger in einer
einzelnen oder mehrfachen Dosen zur Bekampfung dieses Wachstums wirksam
ist, in Kombination mit einem pharmazeutisch vertraglichen TrAger umfaft.
Revendications 10 1. Compose choisi dans le groupe qui consists dans les
derives de I'acide glutamique repondant a la formule suivante: 18
~~ ~~        ~~~~~~~~~0 if  0 t6 R~~~~~~20t CE R      Csfl4HCi 2
R20COCH2CH2 20 OH                       CH2 HR      OC      K-R 25
N            btX       .  2IA I  v H R4NH                    -  2 30 ou 0
0 R 00:  ec-crmc 2~~~ 



R2OCOCH2CH2 40                                       On N
CZ .H      O2 jz:t      1         i -oCH2 -N-Ri              IB 45
R4      V     N        N     2                        I 2 H dans laquelle:
50        le groups carbamoyle ne doit pas Otre plaoc en position ortho du
groups phenyle, R' reprdsente un H, un alkyle ayant de 1 a 6 atomes de
carbone, ou un alcanoyle ayant de 1 a 6 atomes de carbone. R2 repr6sente un
H ou un groupe protecteur d'une fonction carboxy, et R4 repr6sente un H ou
un groups protecteur d'une fonction amine, 56         et les sels
pharmaceutiquement acceptables de ces derivds. 2. Compose selon la
revendication 1, pour lequel R2 st R4 representent chacun un hydrogene. 13
EP 0 344 9j2 B1                           111111 1111 111151 II J!1I 3.
Compose solon la revendication 1 repondant a la formulo suivante: o    H
o I      0 HOC -OCCN HOCOCHfIH2i2 10 OH                       CH2 N   <   >
IA 15                                          I HzN?                 H 20
ou ~~~~~H 0 0 HOC  --- 25                                             o
HOCOCH2CH2   I 30                                     O
R 35                          112N                     >c2~ dans laquelle: 



RI represente un H. un groupe methyle, ethyle, formyls, ou acetyle, K    40
et sels pharmaceutiquement acceptables de co compos6. 4. Compose solon la
revendication 3, pour loquel R' repr6sente un hydrogbne, et sels
pharmacoutique- ment acceptables de ce compose. 45 5. Compose solon la
revendication 4, co compose etant l'acide (S,S)
N-[N-(amino-2-hydroxy-4-tdtrahydro-
pyrido-5,6,7,8-pyrimidin-[2,3-d]-ylm6thyl-8)-aminom6thylbenzoyl-4]
glutamique. 6. Compose solon la revendication 4, co compose etant I'acide
(R,S) N-[N-(amino-2-hydroxy-4-tetrahydro-
pyrido-5,6,7,8-pyrimidin-[2,3-d]-ylmethyl-6)-aminomdthylbenzoyl-4]
glutamique. 50 7. Compose solon la revendication 3, pour lequol R1
repr6sente la groupe formyle, et sols pharmacouti- quement acceptables de
co compos6. &  Compos6 solon la revendication 7, ce compose dtant l'acide
(S,S) N-[N-formyl-N-(amino-2-hydroxy-4- 55
t6trahydropyrido-5,6,7,8-pyrimidin-[2,3-d]-ylmethyl-6)-aminomethylbenzoyl-4
] glutamique. 9. Compos6 solon la revendication 7, ce compose etant l'acide
(R,S) N-[N-formyl-N-(amino-2-hydroxy-4-
tetrahydropyrido-5,6,7,8-pyrimidin-[2,3-d]-ylm6thyl-6)-aminom6thylbenzoyl-4
] glutamique. 14    10. Composition pharmaceutique pour combattre un
d6veloppement ndoplasique, chez un mammifere, comprenant une quantit4 d'un
composd salon la revendication 1, en combinaison avec un sel
pharmaceutiquement acceptable, laquelle quantitd est suffisante pour
combattre ledit developpement quand elle est administree en une dose ou en
plusiours doses. 5 10 15 20 25 30 35 40 45 50 55 15    


