PYRIDOJ[2,3-d]DIPYRIMIDINES
8.* SYNTHESIS OF PYRROLO(',3':4,5)PYRIDOI2,3-d]JPYRIMIDINES

1. D. Bystryakova, N. M. Smirnova, and T. S. Safonova

The reaction of 1,3-dimethyl-5-chloro-6-nitropyridof2,3-d]pyrimidine-2,4-dione with CH-acids yielded 5-
substituted pyridoif2,3-dfpyrimidines which were used in the synthesis of pyrrolo(2’,3':4,5)pyrido[2,3-
dlpyrimidines. :

It is known that derivatives of pyridof2,3-d]pyrimidine have a wide spectrum of biological activity {2, 3]. In a
continuation of our studies [4-8] we have carried out the synthesis of new representatives of this heterocyclic system with the
aim of examining their chemical and biological properties.

A preparative method for obtaining 1,3-dimethyl-5-chloro-6-nitropyridol{2,3-d]pyrimidine-2,4-dione (I) has been
proposed [8]. In the reaction of this compound with CH-acids (1,3-dicarbonyl compounds and nitromethane being used for this
purpose) in DMF in the presence of NaH at 25°C, 5-substituted pyridopyrimidines (lla-e) were ¢obtained in high yield. The
presence of signals for hydroxyl group protons in the 12.92-16.96 ppm region of the PMR spectrum of compounds ITa-c (Table
1) shows that in CDCl; solution these compounds exist in their enol forms stabilized by intramolecular hydrogen bonds.
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In studies of the reduction of pyridopyrimidines Ila, b and Hd it was observed that under catalytic hydrogenation, not
only was the nitro group reduced but intramolecular cyclization occurred forming the previously unreported pyrrolo-
(2',3":4,5)pyrido[2,3-d]pyrimidines (Illa, b and IV), respectively. In the PMR spectra of compounds Ila, b and IV (Table 2)
there are signals of substituents at C;y and C,, of the pyrrolopyridopyrimidine system and downfield (11-12 ppm) signals are
recorded for the proton on the nitrogen of the pyrrole ring. In the case of derivative IV a singlet signal from the methine proton
of C;) was also observed (see top of following page).

With the object of preparing pyrrolo(2',3":4,5)pyrido[2,3-d]pyrimidine having, in contrast to compounds Ia, b and
IV, an unsubstituted pyrrole ring, a derivative of the malonoester IId was heated at bp for 4 h in 18% HCl. Under these
conditions, in addition to saponification of the ethoxycarbonyl group, decarboxylation occurs resulting in the formation of 1,3,5-
trimethyl-6-nitropyridol[2,3-d]pyrimidine-2,4-dione (V). Reaction of the latter with the diethylacetal of DMF in DMF at 70°C
gave the enamine (VI) catalytic hydrogenation of which led to the formation of the desired pyrrolopyridopyrimidine (VII). In

*For Communication 7, see [1].
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TABLE 1. Physicochemical Characteristics of 5-Substituted-6-nitropyrido[2,3-
d]pyrimidines ITa-e, V, and VI

PMR spectrum, O, ppm (J Hz)**

°c . Yield, %
cqH. s | OH, s :Eg:gg; s other protons ’

Com-
ipound
3

ma| 171..173 9,i1 12,92 | 3,40;3,77 |1.05 (3H, t, J = 7, CHy);| 92,5
1.65 (3H, s, CHy);
4,12 (2H, q, J = 7, CH,)

b | 204..206 9,11 16,15 | 3,41;3,78 |1.75 (6H, s, 2CH;) 85,0

e | 176..178 | 875 | 1696 | 3.21;3,55 §'257E2H(12H’c§r82' 3 H) o885
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e 162 decomp| 9,40 32362 |54l gg’ 5 gﬁz) 63.6

Vol o177.078 | 9,11 3291358 13705 (6H, s, N(CHy),); 91,9
. E 3 372/

VI 199...201 8,45 3.40; 3.62 le.92 (2H, s, CH, CH) 87,7

*Compound He crystallized from ethanol, Ila, b from aqueous isopropanol, IId from
methanol, Ile and V from acetic acid, VI from ethylacetate.
**PMR spectra of compounds Ila-e and VI run in CDCl;, compound V in DMSO-
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the PMR spectrum of the tricyclic derivative VII (Table 2) there were signals from the protons of the pyrrole ring in the form
of doublets with coupling constants = 4 Hz and a signal from the NH proton in the form of a broad singlet. The mass spectrum
of VII showed a molecular ion peak M™** 230 of maximum intensity which corresponds to the calculated molecular weight.
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When several of these compounds were examined at the All-Union Science Center for Biologically Active Substances
(Kupavna station) it was discovered that the pyridopyrimidine IIb possessed mild activity towards the vaccinia virus. The
derivative [a displayed activity bordering on toxic action on the cells in relation to the vaccinia virus, the ECHO-6 Venezuelan
equine encephalomyelitis virus, and the classical birdpox virus. Compound V showed activity against the herpes virus.

EXPERIMENTAL

PMR spectra were run on a Tesla B$-497 instrument at 100 MHz with HMDS as internal standard. A Varian MAT-311
A was used to obtain mass spectra, with direct injection of the sample into the ion source. Progress of the reactions was
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TABLE 2. Physicochemical Characteristics of Pyrrolo(2’,3":4,5)pyrido[2,3-
d]pyrimidines Iila, b, IV, and VI

PMR spectra, 6, ppm (J Hz)#¥%
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*Compounds IV, VII crystallized from ethanol, IIla from aqueous ethanol, IIb from
isopropanol.

**PMR spectra of compounds Illa, b run in DMSO-Dg, compounds IV, VII in
DMEF-D,.

monitored and the purity of the compounds assessed by means of TLC on Silufol UV-254 plates. The characteristics of the
compounds prepared are set out in Tables 1 and 2.

Results of elemental analysis were in agreement with those calculated.

General Method for the Preparation of Pyridolf2,3-d]pyrimidines (Ila-e). The CH acid was added to a suspension
of NaH in DMF, keeping the temperature at 25-30°C. The mixture was stirred at this temperature for 15 min and then
compound I added and the mixture kept at 25°C for 0.5-1.0 h, until the TLC spot of the starting material with R; 0.66 had
disappeared (10:1 benzene—acetone). The reaction mixture was diluted with 20-100 ml water, acidified with CH;COOH 1 pH
5-6 and the precipitated product I filtered off and recrystallized.

(1,3-Dimethyi-2,4-dioxo-6-nitre-1,2,3,4- tetrahydropyridol[2,3-dlpyrimidinyl-5) Acetoacetic Ester ({a, C;H, N,0,)
was prepared from 2 g (7.39 mmoles) compound I, 2.8 mi (22.16 mmoles) acetoacetic ester, and 0.53 g (22.08 mmoles) NaH
in 12 ml DMF. Yield 2.5 g. Mass spectrum, m/z (UL ,,,, %): M* 364 (0.7).

(1,3-Dimethyi-2,4-dioxo-6-nitro-1,2,3,4-tetrahydropyride[2,3-d]pyrimidine-S)acetylacetone (IIb, C, H; N, O/ was
prepared from 2 g {7.39 mmoles) compound I, 2.3 ml (22.28 mmoles) acetylacetone, and 0.53 g (22.08 mmoles) NaH in 12
ml DMF. Yield 2.1 g. Mass spectrum m/z Ul %) M* 334 (4).

(1,3-Dimethyl-2,4-dioxo-6-nitro-1,2,3 4-tetrahydropyrido[2,3-dlpyrimidine-5)dibenzoylmethane (Ilc, C,,H;;N,OJ
was prepared from 1 g (3.695 mmoles) compound I, 2.07 g (9.23 mmoles) dibenzoylmethane, and 0.22 g (9.14 mmoles) NaH
in 5 ml DMF. The oily product which precipitated on dilution with water and acidification cryszalfized on treatment with 50 ml
hexane. Yield 1.42 g. Mass spectrum m/z (UL, %): M*- 458 (0.8).

(1,3-Dimethyl-2,4-dioxo-6-nitro-1,2,3,4-tetrahydropyrido[2,3-d]pyrimidine-5)malonic ester (Ild, C,H, N0 was
prepared from 5.0 g (18.48 mmoles) compound I, 8.4 ml (55.59 mmoles) malonic ester, and 1.33 g (55.42 mmoles) NaH in
20 ml DMF. Yield 6.65 g.

1,3-Dimethyl-5-nitromethylene-6-nitro-1,2,3,4-tetrahydropyrido[2,3-d]pyrimidine-2,4-dione (Ile, C,jHoN;O() was
prepared from 0.5 g (1.85 mmoles) compound I, 0.3 mi (5.6 mmoles) nitromethane, and 0.132 g (5.5 mmoles) NaH in & m!
DMF. Yield 0.35 g. Mass spectrum mv/z (U1, %): M*- 295 (24).

General Method for the Preparation of Pyrrolo(2’,3':4,5)pyrido[2,3-d]pyrimidines (IIla, b and IV). The
nitrocompounds Ia, b and IId were hydrogenated in alcohol over 10% PdO/C until no more hydrogen was absorbed. The
catalyst was filtered off and washed with alcohol. The combined filtrates were evaporated under vacuum and the residue
triturated with ether for crystallization.

2,6,8-Trimethyl-1-ethoxycarbonyl-6,7,8,9-tetrahydro-3H-pyrrolo(2',3":4,5)pyridol{2,3-d]pyrimidine (I1la,
C,sH (N,Oy was prepared from 2.5 g (6.86 mmoles) compound ITa in 100 mi CH;OH in the presence of 1.8 g 10% PdO/C.
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Yield 1.6 g. Mass spectrum m/z (I/I,,, %): M*- 316 (74), M —O0C,H;) 271 (100), (M—C,H;OH) 270 (54), (M—COOC,Hs)
244 (32).

2,6,8-Trimethyl-1-acetyl-6,7,8,9-tetrahydro-3H-pyrrolo(2’,3':4,5)pyrido[2,3-d]pyrimidine (IIIb, C,,H,,N,0;) was
prepared from 2.1 g (6.28 mmoles} compound b in 100 ml CH;OH in the presence of 1.2 g 10% PdO/C. Yield 1.5 g. Mass
spectrum m/z (UL, %): M- 286 (30), (M —CH;) 271 (100), (M—-CO—CH,) 244 (77).

6,8-Dimethyl-1-ethoxycarbonyi-1,2,6,7,8,9-hexahydro-3H-pyrrolo(2’,3':4,5)pyrido[2,3-d]pyrimidine (IV,
C,,H;,N,0;) was prepared from 3.0 g (7.61 mmoles) compound IId in 100 m! C,H;OH in the presence of 1.5 g 10% PdO/C.
Yield 2.1 g. Mass spectrum m/z (I/T,,, %): M* not recorded, (M —~C,H;OH) 272 (100).

1,3,5-Trimethyl-6-nitro-1,2,3,4-tetrahydropyrido{2,3-dlpyrimidine-2,4-dione (V, C,,H,,N,0,. Compound IId (3 g,
7.61 mmoles) was heated at bp in 50 m1 18% HCI for 4 h until the TLC spot of the starting material (R; 0.21, chloroform) was
no longer detected. Water (50 mi) was added to the reaction mixture at 25°C and the precipitated product V filtered off. Yield
1.75 g. Mass spectrum m/z (I, %): M* 250 (37).

1,3-Dimethyl-5-(dimethylaminoethenyl)-6-nitro-1,2,3,4-tetrahydropyridoe[2,3-d]pyrimidine-2,4-dione (VI,
C3H,5N;0)). A mixture of 2.2 g (4.795 mmoles) compound V, 3 ml DMF, and 1.5 ml (6.42 mmoles) 70% DMF diethylacetal
was kept at 70-75°C for 1.5 h until the TLC spot of the starting material (R; 0.6, chloroform) had disappeared. The reaction
mixture was cooled to 25°C, diluted with 10 ml ether, and the precipitated product VI filtered off. Yield 1.28 g. Mass spectrum
m/z (UL, %): M*- 305 (37).

6,8-Dimethyl-6,7,8,9-tetrahydro- 3H-pyrrolo(2',3":4,5)pyrido[2,3-d]pyrimidine-7,9-dione (VII, C,;H,,N,O,).
Compound VI (2.0 g, 6.55 mmoles) was hydrogenated in 150 ml C,H;OH over 1 g 5% PdO/C until hydrogen was no longer
absorbed. The reaction mixture was further diluted with 150 ml chloroform, heated to boiling, and the catalyst filtered off. The
filtrate was evaporated, the residue triturated with water (50 mi), and the product VI filtered off. Yield 1.4 g. Mass spectrum
m/z (1, %): M* 230 (100).
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