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SYNTHESIS AND BIOLOGICAL ACTIVITY OF 1,3-DIMETHYL-6-NITRO-7- 

CARBOXYLALKYL[ARYL]AMINOPYRIDO[2,3-D]PYRIMIDINES 

I. D. Bystryakova, G. A. Losev, and T. S. Safonova UDC 547.83:542.953.2:542.953.7: 
542.951.3:542.953.5:542.941.7 

Developing the work done [I-3] on synthesizing new pyrido [2,3-d]pyrimidine deriva- 
tives in order to find biologically active substances, we have studied the reaction of 1,3- 
dimethy•-2,4,5-tri•x•-6-nitr•-7-ch••r•-•,2,3,4,5,8-hexahydr•pyrid•[2,3-d]pyrimidine (I) [i] 
with aliphatic amino acids, anthranilic acid and its ester. When this reaction is carried 
out in DMSO or N-ethylpyrroiidone, high yields (70-95%) are produced of the 7-carboxyalkyl- 
(aryl)amino derivatives IIa-g, which are high-melting, crystalline substances, soluble in 
DMF, DMS0, N-ethylpyrrolidone, and acids, but having low solubility in alcohols, acetone, 
and CHCI~. 

Acids IIb and IIc yield the methyl (III) and heptyl (XI) esters. 

Apart from the pyrimidine ring methyl group signals and the aliphatic (compounds IIa-e, 
III, and XI) and aromatic (compounds IIf and IIg) proton signals, the PMR spectra of pyrido- 
[2,3-d]pyrimidines IIa-g, III, and XI contain a C(7)-H proton signal which is seen at 8.85- 
9.2 ppm. In the spectra of IIa-g and III, which were recorded in DMSO-D6, CF3COOH, and 
CF3COOD due to the low solubility of the substance, no N(8)-H proton signal is observed, 
while in the readily-soluble ester XI it is registered as a singlet at 14.36 ppm. 

Catalytic hydrogenation of compound III produced amino ester IV which, on treatment 
with Me0Na, was converted into 1,3-dimethyl-2,4,5,7-tetraoxo-l,2,3,4,6,10,11-heptahydro[l,4]- 
benzodiazepino(2',3':5,6)pyrido[2,3-d]pyrimidine (V). 

Under similar conditions the methyl ester of the anthranilic acid derivative IIg yield- 
ed •,3-dimethy•-2,4,5,7-tetra•x•-•,2,3,4,5,6,7,•3-•ctahydr•-•2H-[•,4]benz•diazepin•(2•,3•: 
5,6)pyrido[2,3-d]pyrimidine (VII). 

The structure of the cyclic products V and VII was corroborated by spectral data. The 
mass spectra of the compounds contain molecular ion peaks with I 0 = 100%. In the IR spec- 
tra NH-group vibrations are recorded at 3250 and 3350 cm -I for V and at 3320 and 3400 cm -I 
for VII. The methyl group ester signals, which could be seen for the starting compounds 
III, IV, IIg, and VI at 3.6-3.8 ppm, were absent in the PMR spectra. (See scheme on follow- 
ing page.) 
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When the ~-aminobutyric acid derivative llc is treated with SOC12, lactam VIII is formed, 
which on catalytic hydrogenation yields 6-aminopyridopyrimidine IX. Heatin~ of IX with 

PPA produces •,3-dimehty•-2,4,5-tri•x•-5H-•,2,3,4,7,8,9,••-•ctahydr•pyrr••idin•[•••,2••:•,2]- 
imidazo(4',5':5,6)pyrido[2,3-d]pyrimidine (X). 

The mass spectrum of the cyclic compound X contains a maximum intensity molecular ion 
peak, while no molecular ion peaks are seen in the spectra of the lactams VIII and IX present 
initially. An M+-N02 peak with I 0 = 100% is recorded for compound VIII. The PMR spectra 
of pyrido[2,3-d]pyrimidines VIII and IX show no C(7)-NH proton signal, though this can be 
observed in the starting acid as a triplet with J = 5 Hz at 8.85 ppm. 

EXPERIMENTAL (CHEMICAL) 

IR spectra were recorded in KBr tablets on a Specord IR-75 spectrometer. PMR spectra 
were taken on a Tesla BS-407, internal standard HMDS. Mass spectra of the substances were 
obtained on a Varian MAT-311A instrument with direct sample insertion into the ion chamber. 

The properties of the compounds synthesized are given in Table i. Elemental analysis 
data on C, H, and N was in line with calculated values. 

N-(~,3-Dimethy~-2,4,5-tri~X~-6-nitr~-~2,3,4~5~8-hexahydr~pyrid~[2,3-d]pyrimidiny~-7) 
Glycine (Ila). A mixture of 0.5 g (1.74 mmoles) of compound I and 0.32 g (4.26 mmoles) of 
glycine in 3 ml of DMSO was heated at 140-145~ for 0.5 h. The reaction mass was cooled 
to 80~ and diluted with 15 ml of water. The precipitate was filtered off. Yield 0.4 g. 

N-(~3-Dimethy~-2~4~5-tri~x~-6-nitr~-~2~3~4~5,8-hexahydr~pyrid~[2~3-d]pyrimidiny~-7)- 
~-Alanine (lib). A mixture of 1.6 g (5.58 mmoles) of compound I and 2.48g (27.8m moles) of 
~-alanine in i0 ml of DMSO was boiled for 20 min. The reaction mass was cooled to 25~ and 
diluted with 30 ml of water. The precipitate was filtered off. Yield 1.4 g of llb. Mass 
spectrum, m/z (%): 339(100) M+. 

N-(~3-Dimethy~-2~4,5-tri~x~-6-nitr~-~2~3~4~5,8-hexahydr~pyrid~[2~3-d]pyrimidiny~- 
7)-~-Aminobutyric Acid (llc). A mixture of 3.0 g (10.5 mmoles) of compound I and 4.3 g (42 
mmoles) of ~-aminobutyric acid in 25 ml of DMSO was heated at II0-120~ for 1.5 h. The reac- 
tion mass was cooled to 25~ and diluted with 50 ml of water. The precipitate was filter- 
ed off. Yield 3.52 g of llc. 

N-(~3-Dimethy~-2~4~5-tri~x~-6-nitr~-~2~3~4~5~8-hexahydr~pyrid~[2~3-d]pyrimidiny~-7)- 
Valine (lid). A mixture of 0.5 g (1.74 =~oles) of compound I and 0.61 g (5.21 mmoles) of 
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TABLE i. Physicochemical Properties of Synthesized Compounds 

Com- 
pound Empirical 

formula 

Ila CI,HI,NsO7 

_Jib CI2H,aNsO7 

IIc CjaHtsNsO7 

lid CI4HITNsO; 

lie C~2HlaNsOr 

l l f  CI6HIaNsOr 
llg CirHjsNsOr 

III ClaHisNsOr 

1V C~aH~rNsO5 

V C~H~aNsOa 
VI C~rHtrNsO~ 

VlI CI6HIaN50~ 
VIII ClaHlaNsO6 

IX ClaHisNsO~ 

X ClaHtaNsOa 

X1 C2oH_~oNsOr 

mp* 

280--3 

191--3 

206--9 

249--51 

243--6 

290--3 
254--6 

158--9,5 

203 5 

317--9 
268--70 

>300 
246--7 

205--6 

248--9,5 

100--1 

I Yield, PMR spectra. Chemical shifts, 6, ppm. (coupling constant, J, 

3,16 (3H, s ,  CHa); 3,32 (3Hs, CHa); 4,08 (2H;id,J=4,5, CH2); 9,04 (IH,t., 70,2 
J=5Hz, C (7) -- NH) 
2,3--2,7 (2H,m, CH2); 3,15 (3H,s. CHa); 3,35 (3H, s, CH3; 3,5--3,8 (2H,m,74,1 
CH2); 8,9--9,0 (1H, broad s C(7)--NH) 
1,65--2,0 (2H, m, CH2); 2,24 (2H, t ,  J=7 Hz, CH2); 3,20 (3H, s., CHa); 95,2 
3,4 (3H, s, CHa); 3,4--3,6 (2H, m, CH2); 8,85 (lH, t , J = 5  Hz, C(7)--NH) 
0,95 (3H, s, CHa); 1,02 (3H,s, CHa); 2,0--2,5 (IH, m, CH); 3,3 (3H, s, CHa); 76,6 
3,48 (3H, s, CH3); 4,4--4,7 (IH, m, CH); 9,18 (il l ,d,  J=6 Hz, C(7)--NH) 
1,58 (3H, d~I=7 HZ, CHa); 3,32 (3H, t, CHa); 3,50 (3H, s, CHa); 4,5--4,9 (IH, 
m, CH); 8,9--9,1 (1H~romal;.C(7)--NH) 77,7 
3,34 (3H,s, CH3); 3,44 (3H, s, CH3), 7,0--8,2 (4H, m, aromat. H) 84,8 
3,0 (3H, s, CHa); 3,38 (3H, s, CHa); 3,84 (3H, s CHa), 7,08--8,00 (4H, m, 80,6 
arQmat. H) 
2,72 (2H, t, J=7 Hz, CH2); 3,28 (3H, s, CHa); 3,48 (3H,s, CHa); 3,68 (3H, s, 93,8 
CHa); 3,7--3,9 (2H, m, CH2); 9,0 (lH, t ,  J=5Hz,  C(7)--NH) 
2,62 (2H, t ,J=6Hz, CH2);3,18 (3H,s,CH3);3,4 (3H,-%CH3);3,6 (3H,s,CHa); 53,8 
3,4--3,8 (2H, m, CH2); 6,78 (IH, t, J=6 Hz, C(7)--NH) 
2,8--3,1 (2H, m, CH2);3,32 (3H, s, CH);3,6 (3H, s, CHa);3,7--4,0 (2H, m, CH2) 52,6 
3;32 (3H, s, CH3); 3,48 (3H, s, CH3); 3,8l (3H, s, CHa); 6,9--8,2 (4H,m , 81,1 
aromat." H) 
3,32 (3H, s, CHa); 3,58 (3H, s, CH3); 6,5--7,9 (4H, m, aromat. H) 87,9 
1,8--2,2 (2H, m, CH~); 2,3 2,6 (2H, m,) CH2); 3,22 (3H, s, CH3); 3,44 (3H,s, 89,5 
CHa); 4,0 (2H, t, J=7 Hz, CH~) 
1,85--2,2 (2H, m, CH~); 2,3--2,7 (2H, m, CH2); 3,22 (3H,s , CH3); 3,38 (3H, s, 58,2 
CHa); 3,9 (2H, 3=7Hz, CH2); 6,7--7,2 (2H, broad s,  NH~) 
2,7--3,4 (4H, ~, 2CH2); 3,41 (3H, s, CHa); 3,67 (3H,S, CHa); 4,38 (2H,t, 59,6 
J=6Hz, CH2) 
0,7--0,9 (3H, m~ CHa); 1,0--1,4 (8H, m., 4CH~); 1,4--l,75 (2H, m., CH2); 74,1 
1,8--2,15 (2H, m, CH~); 2,35 (2H, t, J=7 Ha CH2); 3,33 (3H, s ,  CH3); 
3,52 (3H, s, CHa); 3,5--3,7 (2H, m, CH2); 4,0 (2H, t ,  3=7 Hz; CH2); 
8,7--9,0 (1H, b r o a d s  C (7)--NH); 14,36 (IHI s, H(8)--H) 

*Compounds lla, IIf, llg, and VI crystallized from DMF: Ilb, IV, and IX from 
MeOH; IIc, IId, IIe, and III from ethanol; V from dioxane; VII and X from aqueous 
DMF: VIII from acetone; XI from aqueous acetone. 

**PMR spectra of compounds IIa-c, III, IV, VIII, and IX recorded in DMSO-D6; 
compounds IId, IIe, V-VII, and X in CF3COOH; IIf and IIg in CF3COOD: X in CDCIs. 

valine in 3 ml of DMSO was heated at 150-155~ for 0.5 h. The reaction mass was cooled to 
25~ and diluted with 20 ml of water. The precipitate was filtered off. Yield 0.49 g 
of Iid. 

N-(~,3-Dimethy~-2~4,5-tri~x~-6-nitr~-~2~3~4~5~8-hexahydr~yrid~[2~3-d]~yrimidiny~-7)- 
~-Alanine (IIe). A mixture of 0.5 g (1.74 mmoles) of compound I and 0.46 g (5.16 mmoles) 
of ~-alanine in 4 ml of DMSO was heated at 140-145~ for 15 min. The reaction mass was cool- 
ed to 25~ and diluted with 20 ml of water. The precipitate was filtered off. Yield 0.46 
g of IIe. 

N-(~3-Dimethy~-2,4~5-tri~x~-6-nitr~-~,2,3~4~5~8-hexahydr~pyrid~[2,3-d]pyrimidiny~-7)- 
Anthranolic Acid (IIf). A mixture of 2.88 g (10.05 mmoles) of compound I and 6.86 g (50.02 
mmoles) of anthranilic acid in 15 ml of N-ethylpyrrolidone was heated at 100-105~ for 2h. 
The reaction mass was cooled to 25~ and diluted with 5 ml of acetone. The precipitate was 
filtered off and washed with 100 ml of acetone. Yield 3.3 g of IIf. Mass spectrum, m/z 
(%): 387(100) M+. 

Methyl Ester of N-(l~3-Dimethyl-2,4,5-trioxo-6-nitro-l,2,3,4,5,8-hexahydropyrido[2,3-d]- 
pyrimidinyl-7)Anthranilic Acid (IIg). A mixture of 1.4 g (4.88 mmoles) of compound I and 
2 ml (21 mmoles) of methyl anthranilate in 7 ml of DMSO was heated at 140-145~ for 20 min. 
The reaction mass was cooled to 25~ The precipitate was filtered off and washed with 50 
ml of MeOH. Yield 1.58 g of IIg. 

Methyl Ester of N-(l,3-Dimethyl-2,4~5-trioxo-6-nitro-l,2~3,4~5,8-hexahydropyrido[2~3-d]- 
pyrimidinyl-7)-~-Alanine (III). To 2 g (5.9 mmoles) of compound IIb in 20 ml (499 mmoles) 
of MeOH was added dropwise 0.9 ml (12.6 mmoles) of SOCI 2. The reaction mass was boiled for 
1.5 h and then cooled to 25~ The precipitate was filtered off and washed with 25 ml of 
MeOH. Yield 1.95 g of III. 
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Methyl Ester of N-(l~3-Dimethyl-2,4~5-trioxo-6-amino-l~2~3,4~5,8-hexahydropyrido[2~3-d]- 
pyrimidinyl-7)-~-Alanine (IV). A sample of 1.95 g of compound III in i00 ml of ethanol was 
hydrogenated over 1.5 g of 5% PdO/C. When the hydrogen had been absorbed, the reaction mass 
was filtered and the slurry washed with 50 ml of hot DMAA. The alcohol was evaporated off 
from the filtrate and the residue was diluted with i00 ml of water. The precipitate was 
filtered off. Yield 0.96 g of IV. 

~3-Dimethy~-2~4~5,7-tetra~x~-~,2,3~4~5~6~-~ctahydr~[~4]diazepine(2~3~:5~6)- 
pyrido[2~3-d]pyrimidine (V). To an alcoholic solution of 21.75 mmoles of MeONa prepared 
from 0.5 g of Na and 50 ml of MeOH was added 1.9 g (5.88 mmoles) of compound IV. The reac- 
tion mass was boiled for 7 h and evaporated to dryness, to the residue was added 25 ml of 
water; the resulting mass was acidified with AcOH to pH 5. The precipitate was filtered 
off. Yield 0.9 gofV. mass spectrum, m/z (%): 291(I00)M +. 

Methyl Ester of N-(l~3-Dimethyl-2~4~5-trioxo-6-amino-l~2~3~4~5~8-hexahydropyrido[2~3-d]- 
pyrimidinyl-7)Anthranilic Acid (VI). A sample of 2 g (4.98 mmoles) of compound II g in i00 
ml of MeOH was hydrogenated over 1.3 g of 5% PdO/C. When the hydrogen had been absorbed, 
the reaction mass was filtered and the slurry containing spent catalyst and reaction product 
was boiled in 50 ml of DMF for 5 min and then filtered. The filtrate was diluted with 50 
ml of water and cooled to 5~ The precipitate was filtered off. Yield 1.5 g of VI. 

~3-Dimethy~-2~4~5~7-tetra~-~,2~3,4~5~6,7~3-~ctahydr~-~2H-[~,4]benz~diazepin~(2~3~: 
5~6)pyrido[2,3-d]pyrimidine (VII). To an alcoholic solution of 8.69 mmoles of MeONa prepared 
from 0.2 g of Na in 40 ml of MeOH was added 1 g (2.69 mmoles) of compound VI. The reaction 
mass was kept at boiling point for 1.5 h and evaporated to dryness. To the residue was added 
50 ml of water. The resultant suspension was heated at 50-55~ for i0 min and acidified 
with AcOH to pH 5. The precipitate was filtered off. Yield 0.8 g of VII. Mass spectrum, 
m/z (%): 339(I00)M +. 

~,3-Dimethy~-2~4,5-tri~x~-6-nitr~-~,2,3~4~5~8-hexahydr~-7-(2-~x~pyrr~idiny~)pyrid~- 
[2,3-d]pyrimidine (VIII). A solution of 2 g (5.66 mmoles) of compound IIb in 6 ml of SOCI 2 
was kept at boiling point for 1.5 h and the solvent was evaporated off to dryness. To the 
residue was added i00 ml of water. The precipitate was filtered off. Yield 1.7 g of VIII. 
Mass spectrum, m/z (%): 289(100 M+-N02), 290(17), 40(3), 82(13), 55(10), 41(8), 80(7), 
69(6), 81(6), 68(s). 

~3-Dimethy~-2,4~5-tri~x~-6-amin~-~2,3,4~5~8-hexahydr~-7-(2-~x~pyrr~idiny~)pyrid~- 
[2,3-d]pyrimidine (IX). A sample of 0.6 g (1.79 mmoles) of compound VIII in i00 ml of MeOH 
was hydrogenated over 0.5 g of 5% PdO/C. When the hydrogen had been absorbed, the reac- 
tion mass was heated to boiling point and filtered. The filtrate was evaporated to dry- 
ness. Yield 0.32 g of IX. Mass spectrum, m/z (%): 80(100), 48(51), 235(38), 64(38), 
290(30), 234(8), 207(7), 261(7), 82(6), 236(5). 

~,3-Dimethy~-2~4~5-tri~x~-5H-~2,3,4~7*8,9~-~ctahydr~pyrr~idin~[~,2~:~,2]imidaz~- 
(4'5':5,6)pyrido[2~3-d]pyrimidine (X). A suspension of 0.5 g of compound IX in 50 ml of 
PPA was heated at 120-125~ for 20 min. The reaction mass was cooled to 25~ diluted with 
50 ml of water, and neutralized with aqueous ammonia to pH 7. The precipitate was filtered 
off. Yield 0.28 g of X. Mass spectrum, m/z (%): 287(I00)M +. 

Heptyl Ester of N-(l,3-Dimethyl-2~4,5-trioxo-6-nitro-l~2,3,4~5~8-hexahydropyrido[2, 
3-d]pyrimidinyl-7)-~-Aminobutyric Acid (XI). To 0.6 g (1.7 mmoles) of compound IIb in i0 
ml (7 mmoles) of heptanol was added dropwise 0.6 ml (8.5 mmoles) of SOCI=. The reaction 
mass was heated at 100~ for 1 h, then cooled to 25~ The precipitate was filtered off. 
Yield 0.57 g of XI. Mass spectrum, m/z (%): 451(8.9)M +. 

EXPERIMETNAL (BIOLOGICAL) 

The toxicity of pyrido[2,3-d]pyrimidine derivatives was evaluated after a single intra- 
peritoneal injection into outbred mice (single lethal dose, LD100, mg/kg). It was also 
assessed by studying the effect that multiple intraperitoneal administrations had on the 
body mass of test animals as compared to that of animals in the control group (growth coeffi- 
cient, GC, %) [4]. 

The antitumor activity of the compounds was tested on outbred female rats which had 
a Jensen sarcoma transplanted subcutaneously, and on BDF I mice which were given a leukemia 
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P-388 intraperitoneal transplantation. The compounds were injected into the animals 5 days 
after transplantation of the sarcoma, and 24 h after transplantation in the case of the 
leukemia P-388. 

All the substances were administered by intraperitoneal injection in the form of a finely 
divided suspension in 10% polyvinylpyrrolidone solution in dosages of 55-150 mg/kg each day 
(once per day) for 5-7 days. At the end of the experiment (13-14 days after transplantation) 
all the animals with the Jensen sarcoma were destroyed and weighed. The tumors were excised, 
weighed and the tumor growth inhibition index (Ii, %) [4] was determined. In the case of the 
leukemia P-388 the change in the average life span of the treated animals was measured against 
the control group. The data was processed using the Student-Fisher method, only statistically 
reliable indices (~ between 0.95 and 0.99) being taken into consideration. 

A study of the antiblastic activity of compounds IIa, IIc, IIf, fig, and VIII showed 
that they are substances of low toxicity (LDl00 between 250 and 640 mg/kg), which the test 
animals tolerated well in therapeutic doses administered in multiple injections (GC > 0 in 
all tests). 

It was found that derivative IIa, which contains the glycine group, had no effect on 
the growth of the Jensen sarcoma (I I = 12%). Compounds IIb and VIII, which have the ~-amino- 
butyric acid group or its lactam at C(7), displayed a slight antitumor effect towards the 
Jensen sarcoma (I I = 25-27%). However, the introduction of the anthranilic acid group into 
position 7 of the pyridopyrimidine ring caused compound IIf to show moderate antiblastic 
activity (I I = 58%). Moving from the acid Ilf to the ester IIg brought with it a reduction 

in activity (I I = 25%). 

None of the compounds investigated had any effect on the development of the leukemia 

P-388. 
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