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SOME 2-SUBSTITUTION DERIVATIVES
OF 5-(4-0X0-6-HYDROXY-3,4-DIHYDRO-5-PYRIMIDINYL)PENTANOIC
ACID*

Jifi KREPELKA, Jan BENES, Viadimir Pouzar**, Jaroslav VACHEK and Jifi HOLUBEK
Research Institute for Pharmacy and Biochemistry, 130 60 Prague 3

Received November 25th, 1981

Condensation of triethyl ester of 1,1,5-pentanetricarboxylic acid (XX7) with substituted guani-
dines XXI1I— XXIX gave acids II— X, which were converted into esters XI— XIX. The acid II
and the ester X1 were obtained as mixtures of positional isomers. Analogously, condensation
of the triester XX 7 with dicyanodiamide gave rise to acid X, whose nitrile group, under conditions
of esterification of a carboxyl group, produced iminoether XX. In pharmacological tests for
antineopastic activity the compounds prepared exhibited weaker efficacy than 5-(2-amino-6-
-hydroxy-4-oxo-3.4-dihydro-5-pyrimidinyl)pentanoic acid (1), employed as standard.

Studying antimetabolites of the pyrimidine bases of nucleic acids, we previously
described synthesis and biological properties of S5-substitution derivatives of pyridimi-
dine having an amino, hydroxy or mercapto group at the 2-position of the pyrimidine
skeleton' ~%. From the viewpoint of biological activity the most interesting com-
pound was 5-(2—amino-6~hydroxy—4—oxo-3,4-dihydro-5-pyrimidinyl)pentanoic acid (1),
which, under the name Damvar, has passed into the stage of pre-clinical and clinical
tests'. Our preceding communications have shown that the biological activity of pyri-
midine derivatives of the type of barbituric acids is very markedly dependent on the
nature of substituents at the positions 2, 4, 5 and 6 (refs’ '6), tautomerisable hydroxy
or oxo groups at the 4 and 6 positions being a prerequisite for biological activity.
Their replacement by other substituents, e.g. by amino groups, brings about loss
of the activity®. Another prerequisite for biological activity!:2* is the presence
of an amino group at the 2-position and an w-carboxyalkyl or m-(4-carboxypheny1)—
alkyl residue at the 5-position. The presence of an amino group and a carboxyl group
in the molecule transforms these substances into unnatural amino acids and pro-
foundly modifies their physico-chemical and biological properties. Acylation of the
amino group at the 2-position causes loss of biological activity', probably due to sup-
pression of a basic centre in the molecule by the formation of an amide group.

* & part LXXXV in the series Substances with Antineoplastic Activity; Part LXXXIV: This
Journal 48, 299 (1983).

** Present address: Institute of Organic Chemistry and Biochemistry, Czechoslovak Academy
of Sciences, 166 10 Prague 6.
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To get a better knowledge of the effect of substitution at the 2-position on the
biological activity of pyrimidine derivatives we have now synthetized compounds
with substituents attached to the amino group at the 2-position (I1—XX, Table I).
These were prepared either in the form of acids (1J—X) or their esters (XI—XX).

The acids 11—1X were synthetized by the method desciibed' for preparation
of the acid 1, i.e. by condensation of triethyl 1,1,5-pentantricarboxylate (XXI, ref.”)
with substituted guanidines (XXIJ—XXIX) in methanol in the presence of sodium
methoxide, followed by hydrolysis of the formed ethyl esters with aqueous sodium
hydroxide.

The esters X1 = XIX were obtained from the corresponding acids according to Bren-
ner and coworkers® 710,

Condensation of the triester XXI with dicyanodiamide (XXX), under conditions
analogous to those used with the other acids, gave the acid X, which was estcrified

o}
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to the ester XX. Under the conditions of this esterification the nitiile group also
reacted, with the formation of an imino cther.

The guanidines XXII—XXIX were obtained by reaction of the corresponding
amines with S-methylthiuronium hydrogen sulphate, in analogy to a described
procedure' ' 713,

As for the structures of the compounds prepared, mainly the tautomeric forms
(in which they can occur in the solid state and in solutions), selected representatives
were studied by their UV spectra in three media, IR spectra in KBr pellets,
and 'H NMR spectra. From the viewpoint of synthesis, two principal struc-
tures of the selected compounds can be considered: structure 4, with a substituent
on the amino group at C,, and structure B, having a free amino group at C,,
but a substituent attached to N,y of the pyrimidine ring. Analysis of the IR and
'H NMR spectra has revealed that the compounds are synthetized in the form
of structure A, excepting compounds /1 and X! (formed by condensation of methyl-
guanidine with XX1I), present as mixtures of structures 4 and B, in a ratio of 4 : B ~
~ | : 4(calculated from the '"H NMR spectra, viz. from the proportion of the doublet
at 2:715 for the methyl hydrogens at C,) and the singlet at 3-186 for the methyl
hydrogens at N, of the pyrimidine ring). This fact is probably due to the somewhat
different reactivity of methylguanidine with 1,3-diketones, compared to non-substitut-
ed guanidine (compound 1, reﬂ‘), and to the practical absence of steric hindrance,
compared to the guanidines with bulky substituents.

The IR spectrum of compound X revealed the presence of a nitrile group (a band
at 2200 cm ™). The bands at 1 100 and 1200 cm ™' of the esterification product XX
and its 'H NMR spectrum suggests the formation of an iminoether. '

The titration curves of the compounds synthetized have shown that the acids
1I— X behave like acidic amino acids with two dissociation constants; one for the
carboxyl group proton (pK,,) and the other for the hydroxyl group proton (pK,,).
The basic character of the compounds, caused by the substituted amino group at the
2-position, is strongly suppressed by the inner salt formation, demonstrated in the
IR spectra by a band at 1 610 cm ™. The esters XI — XX behave as vety weak acids,
with pK, of c. 10, corresponding to the hydroxyl group hydrogen. Comparison
of the pK,, values of the compounds tested with the pK,, 9-37 of compound I (ref.")
reveals that substitution on the amino group at C; of the pyrimidine skeleton
increases the acidity of the compounds. This is especially marked with compound X,
where pK,, = 8:05, owing to the presence of the nitrile group.

The antineoplastic effects of the compounds prepared on experimental tumours
in animals were weaker than those observed with the compound I. Only the acid
1V, administered s.c. in doses 150 and 300 mg/kg, showed an enhancing effect on the
activity of 5-fluorouracil (75 mgfkg s.c.) in leukemia LA-VUFB, raising it by 25%.
The results of biological screening have shown that substitution on the amino group
at C(,, of the compound I reduces the antineoplastic activity.
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EXPERIMENTAL

The melting points. determined on the Kofler block, are not corrected. The analytical samples
were dried over phosphorus pentoxide at 27 Pa and temperatures adequate to their melting
points. The ultraviolet spectra (4, . nm, (log #)) were measurcd employing a spectrometer
Pye Unicam SP 8000 and ¢. 00019 solution in 7) 0:ImM-HCI in S0% methanol, 2) 0-1M-NaOH
in 50% methanol and 3) 50% aqucous methanol. The infrared spectra were recorded in KBr
pellets with an apparatus Hilger-Watts. The 'H NMR specira were measured with a spectro-
meter Tesla BSC 487 (80 MHz), using ¢. 10% solutions in hexadeuteriodimethyl sulphoxide
and tetramethylsilane as internal standard. The values of pK, were measured in 807, agucous
dimethyl sulphoxide. The individuality of the compounds was checked by TLC in silica gel
plates (DC Fertigplatten Kieselgel Fy 4. Merck), or on reflex foils Silulol UV, g, (Kavalicr) in
the system I-propanol-25% ammonia~water (7 : ] : 2); detection with UV light, 254 nm.

Condensation of Triethy! 1,1,5-Pentanetricarboxylate (XX7) with Substituted Guanidines
XXI11-- XXX (Compounds /11— X)

To a stirred solution of sodium methoxide (2— 3 mol equivalents) in mcthanol, kept at 40—45°C,
was added a guanidine (XXIJ— XXX, 1—2 mol equivalents) in the form of hydrogen sulphate.
The stirring was continued for 30 min, then the triester XX7 (I mol equivalent) was added. The
mixture was stirred for 4 h at room temperature and left standing overnight. The methanol
was distilled off in vacuo and the residue was dissolved in 0-5M-NaOH (1 mol equivalent). The
mixture was stirred at room temperature for 2 h, then brought with dilute (1 : 1) hydrochloric
acid to about pH 3. The separated compound was collected on a filter, washed with water and
methanol, and purified by crystallization (sec Table 1) or by re-precipitation ria an ammonium
salt (I, IV, V, VI — X).

1I: Sodium (8,65 g, 0-:375 mol), 250 ml of methanol, methylguanidine hydrogen sulphate (30-5 g,
0-25 mol), triester XXI (36:2 g, 0-125 mol), yield 22:5 ¢ (74:8)%. IR spectrum: 3 200 (NH;’),
1610 (COO™), 1 660 cm™! (tertiary amide).

I1I: Sodium (865 g, 0-375 mol), 250 ml of methanol, ethylguanidine hydrogen sulphate (34:0 g,
0-25 mol) triester XXI (36-2 g, 0-125 mol), yield 23:0 g (72:2%). IR spectrum: 3 380, 3 100 (NH),
3240 (NHZ), 1610 (COO™), 1665 cm ™! (lactam). 'H NMR spectrum: § 6:30 (bt, J = 5-5 Hz,
I H, after D,0O disappears, NH), 3-21 (m, after D,0 q, J7:0 Hz, CH,—N), 2-15 (bm, 4 H,
Ar—CH,, CH,—CO), 1:39 (bm, 4 H, 2 CH,), 1:06 (1, J = 70 Hz, 3 H, CH;).

I1": Sodium (3-7 g, 016 mol), propylguanidine hydrogen sulphate (16-0 g, 0-106 mol), 107 mi
of methanol, triester XXI (15:3 g, 0:053 mol), yield 6:8 g (47-6%). IR spectrum: 3 360, 3 100
(NH), 3240 (NHJ), 1 665 (lactam), 1 610 cm ™~ ' (COO ™).

: Sodium (3-78 g, 0-16 mol), 75 m! of methanol, butylguanidine hydrogen sulphate (95 g,
0:057 mol), triester XXI (156 g, 0054 mol), yield 6:7 g (44:0%). IR spectrum: 3 360, 3 100 (NH),
3240 (NH7), 1 660 (lactam), 1 610 cm ™! (COO ™).

I'I: Sodium (5-5 g, 024 mol), 120 ml of methanol, allylguanidine hydrogen sulphate (11-89 g,
0-08 mol), triester XXI (22-9 g, 0-079 mol), yield 11-0 g (52:4%). IR spectrum: 3 380, 3 260 (NH),
1735 (C=0, acid), 1 630 cm ™! (lactam).

FII: Sodium (8:6 g, 0373 mol), 186 mi of methanol, benzylguanidine hydrogen sulphate (24-6 g,
0-124 mol), triester XXI (35-7 g, 0-124 mol), yield 17-1 g (43:8%). IR spectrum: 3 400, 3 200
(NH), 1700 (C=O0, acid), 1630cm™! (lactam). 'H NMR spectrum: é 7-00—7-40 (m, 5 H,
Ar—H), 5-10 (bs, 2 H, ArCH;N), 215 (bm, 4 H, Ar—CH,, CH,—CO), 1-40 (bm, 4 H, 2 CH,).

Collection Czechoslovak Chem. Commun. [Vol. 48] [1983]
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VIII: Sodium (4-9 g, 0-21 mol) 105 mi of methanol, morpholinylguanidine hydrogen sulphate
(106 g, 0-06 mol), triester X X7 (20-3 g. 0-07 mol), yield 10-5 g (50-4%). IR spectrum: 34 10, 3 060
(NH), 1 700 (C=0), acid), 1 620 cm™" (lactam). 'H NMR spectrum: & 3-50 (bs, 8 H, morpho-
line), 215 (bm, 4 H, ArCH,, CH,—CO), 1-40 (bm, 4 H, 2 CH,).

I1X: Sodium (6-4 g, 0-278 mol), 100 ml of methanol, carboxymethylguanidine hydrogen sulphate
(10-6 g, 0-07 mol), trister XX7 (19-9 g, 0-068 mol), yield 14-0 g (72-1%). IR spectrum: 3 620 (OH),
3440 (NH), 1 705, 1 740 (C=0, acids), 1 650 cm ™! (lactam).

X: Sodium (16 g, 0-069 mol), 50 m! of methanol, dicyanodiamide (3-2 g, 0-038 mol), triester
XXTI (100 g, 00346 mol), yield 7-1 g (74-1%). IR spectrum: 3 440 (NH), 3 120 (NHZ), 2200
(CN), 1660 (lactam), 1 610 cm™ "' (COO™).

Esterification of Acids I/— X (Esters XI— XX)

To an alcohol pre-chilled to —10°C was added dropwise an excess of thionyl chloride; then,
at the same temperature, | mol equivalent of an acid (I/—X) and the suspension was stirred
for 30 min at —5°C. The temperature was elevated to 40°C and kept at this level for 2 h. The
solution was taken to dryness, the residuc was stirred up in water and sodium hydrogen carbonate
was added to ¢. pH 7-5. The precipitate was collected on a filter, washed with water, dried and
purified by crystallization from a suitable solvent (Table I).

XI: Acid 1T (4-82 g, 0-02 mol), 30 ml of ethanol, 1:6 ml of thionyl chloride, yield 4-0 g (74:3%).
IR spectrum: 3 530 (OH), 3 140 (NH), 3 420, 3 330, 1 610 (NH),, 1 730 (C=0, ester) 1 660 cm™!
(tertiary amide). ' H NMR spectrum (mixture of NHCH; + ArNHCH,): § 6-90 (bs, NH,, OH).
620 (q, J = 5-0 Hz, 18y H, H;CN—H), 3-18 (s, 82% CHj3, AINCH,), 271 (d, /= 50 Hz,
after D,O-s, 18% NH—CHj), 3-98 (q, J = 7-0 Hz, 2 H, OCH,), 2'18 (m, 4 H, ArCH,, CH,—
—CO0), 1:40 (m, 4 H, 2 CH,), 1I'11 (1, J = 7-0 Hz, 3 H, OCH,—CH3).

XII: Acid 11 (0'5 g, 0:002 mol), 3 ml of ethanol, 0-2 mi of thionyl chloride, yield 0-35 g (61-8%).
IR spectrum: 3 240, 3 120 (NH), 1 660 (lactam), 1 740 em™! (C=0, ester). 'H NMR-spectrum:
d 622 (bt, J = 50 Hz, 1 H, after D,O disappears, NH), 4:00 (g, J = 7-0 Hz, 2 H, OCH,),
3:20 (m — after D,Oq, J= 70 Hz, 2 H, NH—CH,), 2:18 (m, 4 H, Ac—CH,, CH,—CO),
1:40 (m, 4 H, 2 CH,), 1:12 (t, / = 7-0 Hz, 3 H, OCH,—CH,), 1-04 (t, J = 7-0 Hz, 3 H, NCH,—
—CH,).

XIIT: Acid IV (0-54 g, 0-002 mol), 3 ml of ethanol, 0-2 ml of thiony] chloride, yield 0-42 g (70-7%).
IR spectrum: 3 380, 3 120 (NH), | 660 (lactam), 1 740 cm ™! (C=0, ester). 'H NMR spectrum:
3 628 (bt, J= 50 Hz, 1 H — after D,O disappears, NH), 4-00 (g, J = 7-0 Hz, 2 H, OCH,),
3-14 (m, 2 H, N—CH),), 215 (m, 4 H, Ar—CH,, CH,—CO), 1-40 (m, 6 H, 3 CHj),1-11 (t,
J = 7-0 Hz, 3 H, OCH,—CH,), 0-81 (t, J = 7-0 Hz, 3 H, CH,—CH,;).

XIV: Acid V (0-57 g, 0-:002 mol). 3 ml of ethanol, 0-2 ml of thiony! chloride, yield 0:6 g (96:7%).
IR spectrum: 3 370. 3 120 (NH), 1 660 (lactam), 1 740 cm ™! (C=O, ester). 'H NMR spectrum:
8 628 (bt, /= 5-0 Hz, 1 H-after D,0O disappears, NH), 4:00 (q, /= 7-0 Hz, 2 H, OCH,),
3:18 (m, 2 H, N—CH,), 2:15 (m, 4 H, Ar—CH,, CH,—CO0), 1-45 (m, 8 H, 4 CH,), 112 (t,
J = 70 Hz, 3 H, OCH,—CHy,), 0-86 (bt, 3 H, CHj;).

XV: Acid VI (4:0 g, 0-015 mol), 60 ml of ethanol, 12 ml of thionyl chloride, yield 3-1 g (70-1%).
IR spectrum: 3 410, 3 140 (NH), 1 750 (C=0, ester), 1 630 em™! (lactam). 'H NMR spectrum:
J 635 (bt, J= 5:0 Hz, | H-after D,0O disappears, NH), 5:80 (m, 1 H, =CH), 5-10 (bd, J =
= 160 Hz, 1 H, trans-olefinic H), 5-05 (bd, J = 9-0 Hz, 1 H, cis-olefinic H), 4-00 (g, / = 7-0 Hz,
2 H, OCH,), 3-82 (m, 2 H, N—CH,), 2-18 (m, 4 H, Ar—CH,, CH,—CO), 1-40( m, 4 H, 2 CH,),
1-15 (t, J = 70 Hz, 3 H, OCH,—CHj).
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XVI: Acid VII (4:0 g, 0013 mol), 60 ml of methanol, 12 ml of thiony| chloride, yield 3-7 g (88%;)
IR spectrum: 3 410, 3 160 (NH), 1 750 (C==O0, ester), 1 630 cm ™~ * (lactam). 'H NMR spectruni:
6 140 (s, S H, Ar—H), 4:60 (s, 2 H, ArCH;N), 3:60 (s, 3 H, OCHj), 228 (m, 4 H, ArCH,.
CH,—CO), 1-40 (m, 4 H, 2 CH,).

XVII: Acid VII (17-1 g, 0-054 mol), 480 m! of propanol, 51:2 ml of thionyl chloride, yield 11-2 g
(57:7%). IR spectrum: 3 410, 3 160 (NH). | 740 (C==0, ester). | 630 em™! (lactam).

Xyl Acid VIIT (1-85 g, 0:006 mol), 24 ml of methanol, 4:8 ml of thiony| chloride, yicld 0:8 g
(44-9%). IR spectrum: 3 410, 3 140 (NH), 1 760 (C==0, ester), 1 635cm™ ! (lactam). "H NMR
spectrum: 8 3-58 (bs, 8 H, morpholine), 3:58 (s, 3 H, OCH3). 2-20 (m, 4 H, Ar—CH,, CH,—CO),
1:40 (m, 4 H, 2 CH,).

XIX: Acid IX (4:6 g, 0:016 mol), 93 ml of ethanol, 17-5 ml of thionyi chloride, yield 3:0 g (54:9%).
IR spectrum: 3 380, 3060 (NH), 1755, 1745 (C==0, esters), 1 630 em™! (lactam). 'H NMR
spectrum: ¢ 6:51 (bt, J = 5-0 Hz, 1 H after D,0O disappears, NH), 412 (q, J= 70 Hz, 2 H,
OCH,), 400 (g, / = 7-0 Hz, 2 H, OCH,), 4:00 (d, J = 50 Hz, after D,0s, N—CH,), 218
(m, 4 H, ArCH,, CH,—CO), 140 (m, 4 H, 2 CH,), 114 (1, J = 7:0 Hz, 3 H, OCH,—CHj),
I-11(t, J = 7:0 Hz, 3 H, OCH,—CH,3).

XX: Acid X (10-0 g, 0:04 mol), 120 ml of ethanol, 31-5 ml of thionyl chloride, yield 102 g (75:5%).
IR spectrum: 3 370, 3 160 (NH), 1 740 (C==O, ester), 1 110, 1 200 em™! (ether). '"H NMR spec-
trum: 8 425 (q, J= 7-0 Hz, 2 H, OCH,), 4:03 (g, J= 70 Hz, 2 H, OCH,), 2:20 (m, 4 H,
Ar—CH,, CH,—CO), 1:40 (m, 4 H, 2 CH;), 120 (t, J = 7-0 Hz, 3 H, OCH,—CH,), 110
(t.J = 70 Hz, 3 H, OCH,—CH3,;).

The analyses were carried out by Mrs J. Komancovd, the dissociation constants were determined
by Dr V. Velart (Analytical Department, head Dr J. Korbl). The antineoplastic effects were as-
sessed by Mrs S. Pokornd (Pharmacological Department, head Dr J. Grimovd).
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