HETERQCYCLES, Vol. 33, No. 2, 1992

PYRIMIDINES, XXXII1: SYNTHESIS AND PROPERTIES OF PYRIDO-

[2,3-d]PYRIMIDINE-2,4-DIONES (5-DEAZALUMAZINES)

Mathias Pfleiderer and Wolfgang Pf1eiderer*

Fakultdt fiir Chemie, Universitdt Konstanz,
UniversitdtsstraBe 10, D-7750 Konstanz / Germany

Dedicated to Prof. Dr. Masamoto Hamana on the occasion

of his 75th birthday.

Abstract - Pyridol2,3-dlpyrimidine-2,4-dione (8) and its
N-methyl derivatives (9-11) as well as the corresponding
6-nitro analogues (lg-lg) have been synthesized by con-
densation reactions from 6-aminouracils (4-7). Reduction
of compounds (4-7) led to the 6-aminopyrido(2,3-dlpyrimi-
dine-2,4-diones (18-21). Diazotization of the amino group

afforded two crystalline diazonium salts (26,27), the

(
Sandmeyer reaction gave 6-halo compounds {28-31) and coup-
ling reactions with secondary amines led to a serijes of
6-triazenopyrido[2,3-d]pyrimidine-2,4-diones (32-39).
Treatment of the &6-nitropyrido[2,3-dlpyrimidine-2,4-di-
ones (lg-lg) with sodium borohydride resulted in a reduc-
tion of the pyrido moiety to form the 5,6,7,8-tetrahydro

derivatives (40-42).
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INTRODUCTION

2,3

The pyrido[2,3-d]pyrimidine system™’" has attracted some attention due to

its structural relationship to the naturally occurring pteridines.4 The
synthetic approach to this class of compounds (5-deazapteridines} can

either be achieved from appropriate pyridine pr'ecursm"ss_8

by annelation
of the pyrimidine ring or by the reverse sequence of reactions attaching
the pyridine moiety to a properly substituted pyrimidine derivative.8 We
have especially been interested in a systematic study of the pyrido[2,3-d]-
pyrimidine-2,4-diones as structural analogues of the lumazines, which have

§-22

been subject to intensive investigations in our laboratory. Condensa-

tion reactions of 5-acyl- and b-ethoxycarbonyl-6-aminopyrimidines, respec-
tively, have been achieved with a great variety of ketones, esters, and

23 whereas 6-aminopyrimidines reacted only in the expected man-

nitriles,
ner if the 5-position is activated for electrophilic substitutions by the
presence of additional electron-donating groups like OH, NHZ’ SH at the
C-2- and C-4-ring atoms. This type of pyrimidines condense effectively
with 1,3-dicarbonyl compounds and 3-aminoacrolein derivatives. Further-

more cyclization reactions of b-aminopyrimidines with enamines24

25,26

and ring-
transformations are additional approaches to form pyridol2,3-dlpyri-

midines.

SYNTHESES

We based our syntheses of the various types of pyrido[2,3-d]pyrimidine
derivatives on condensation reactions of 6-aminopyrimidines with appro-
priately functionalized C3 building blocks. The approach of Price et gl.27
condensing 2,6-diaminopyrimidin-4-one with malonaldehyde ethylacetal leads
in the first step to an intermediate which owes a much more complex struc-

ture (2) according to the nmr spectrum than the formerly proposed Schiff

base assignment.27 Heating of 2 in conc. HZSO4 to 160°C or prolonged reflux
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in glacial acetic acid formed in high yield the 2-amincpyrido(2,3-dlpyri-
midin-4-one (3). 6-Aminouracil (4) and its 1-methyl- (5), 3-methyl- (g),

and 1,3-dimethyl derivatives (7) show the same reaction behaviour and

could be converted with 1,1,3,3-tetraethoxypropane via the condensed tet-
racyclic intermediates, which have however not been purified and character-
jzed, in a similar manner into the corresponding pyrido[2,3-dlpyrimidine-

2,4-diones (g-11). Compound(é)]’zs(lg)fg )28’30

and (11 have been synthesized
before, Tollowing entirely different approaches.

The 6-aminouracils (4-7) have also been condensed with sodium nitromalono-
dialdehyde according to the method of Lee et 31.31 to give the correspon-
ding 6-nitropyrido[2,3-dlpyrimidine-2,4-djones ({2-14). This reaction is
base catalized and works best in 1 % NaOH under reflux temperature. 12 and
14 are formed without side products, whereas 13 showed some alkali sensiti-
vity leading under nucleophilic attack of OH  at the C-2 position to par-
tial ring opening and formation of 2-methylamino-5-nitropyridine-3-carbox-
amide (18)}. Reaction at 80°C avoided ring-opening and 13 was obtained in
61 % yield. 1,3-Dimethyl-5-nitropyrido[2,3-dlpyrimidine-2,4-dione (15), on
the other hand, was not available from 6-amino-1,3-dimethyluracil (Z) in

a similar manner due to its even higher alkali lability forming always
Z-methylamino-5-nitropyridin-3-N-methylcarboxamide {17} as a breakdown
product of 15. Mild methylation of 13 with dimethyl sulfate/aTkali at room
temperature ied, however, in 68 % yield to the desired compound (lg).

The 6-nitropyridof2,3-dlpyrimidine-2,4-diones (12-15) have then also been
reduced catalytically with Pd/C and hydrogen to the corresponding 6-amino
derivatives (lg-gl) in good yields. The reactivity of the 6-amino groups
was studied in different ways to show its synthetic potential. Reaction of
19 with benzaldehyde gave the Schiff's base (gg), which could be converted

inte 6-benzylamino-{-methylpyrido[Z,3-d]pyrimidine-2,4-dione (23) by so-

dium borohydride reduction. In a similar manner 19 reacted with dimethyl-
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formamidedimethylacetal to the corresponding dimethylaminomethylenimino
derivative (gg), which hydrolysed in dijute acid to 6-formylamino-1-methyl-
pyrido[2,3-d]pyrimidine-2,4-dione (gg). Diazotization with iscamyl nitrite
in ethanol/HC] led in the case of 13 and 15, respectively, to the formation
and isolation of crystalline diazonium chloride salts (26,27). Analogous
diazotizations in agueous medium under Sandmeyer conditions afforded the
6-chloro- and 6-bromopyrido[2,3-dlpyrimidine-2,4-diones (g§-§l) in good
yields, Finally the solid diazonium salts (26) and (27), respectively, were
coupled with a series of secondary amines such as diethylamine, pyrrolidine,
morphoTine, sarcosine, (-}-ephedrine, N-methylphenethylamine, and N-ethyl-
benzylamine to afford the corresponding 6-triazeno derivatives (32-39).

A somewhat unexpected result was observed on reduction of the 6-nitropy-
rido[2,3-dlpyrimidine-2,4-diones (1;-13) with sodium borohydride in aqueous
ammonia leading to the 5,6,7,8-tetrahydro derivatives (gg-gg). The fact
that the pyridine ring is reduced without altering the substituents is do-

32-34 ¢ 6.7,8-Tetrahydro-1-methyl-6-nitro-

cumented already in literature.
pyrido[2,3-d]lpyrimidine-2,4-dione (il) was furthermore subject to cataly-
tic hydrogenation with Adams catalyst, which has to be reduced first to Pt
before adding the educt, otherwise only partial conversion to the amino

derivative (43) takes place.

PHYSICAL PROPERTIES

The newly synthesized compounds have been characterized by elemental ana-
lysis, uv and 1H—nrnr spectra and the determination of their pKa values
{Tables 1 and 2), Pyrido[2,3-dlpyrimidine-2,4-dione (8) and its methyl de-
rivatives (9~11) are relatively weak bases with a basic pKa around 0., Ca-
tion formation should take place at the N-8 position and causes a weak
bathochromic shift of the long wavelength absorption band. The first aci-

dic pKaof g8 was found at 9.15, but this value represents an equilibrium
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pKa of the two possible anion species due to the fact that the 1- (9) and
3-methyl derivative {10), respectively, have almost identical acidities,.
We encounter here the same situation Tike in urac1135 and 1umazine,9 where
jonization of N1-H and N3—H also takes place simultaneously affording a
1:1 mixture of the monoanions. This behaviour is also reflected in the uv
spectra of the monoanion species of 8, 9, and 10, since 1-methylpyrido-
[2,3-dlpyrimidine-2,4-dione (9} reveals only a small bathochromic shift of

5 nm, whereas the 3-methyl isomer (10) is shifted on anion formation by

31 nm as expected from its much better resonance stabilization.

0
o 0
CH3 ~ N I ™ CHS\N LN CHg\ N p
L ——— JQ. | - B e )\ @l
0" N"'N Go” NN 0> N7 N

The monoanion spectrum of pyrido[2,3-d}pyrimidine-2,4-dione (§) is a compo-
site of the two related anion species expressed by the two long wavelength
absorption bands at 311 and 342 nm. Similar considerations are vaiid for
the 6-nitropyrido(2,3-d]pyrimidine-2,4-dione series, which shows expected-
1y a higher acidity induced by the nitro group, which again influences the
ionization of N1-H more strongly and favouring the corresponding monoanion
to a larger extent in the equilibrium mixture.

The 6-aminopyrido[2,3-dlpyrimidine-2,4-diones (18-21) absorb as neutral spe-
cies at 352-356 nm due to the electron-donating effect of the amino group.
Cation formation causes a strong hypsochromic shift to the region of 310-
315 nm and revealing spectra which are almost superimposable with the neu-
tral forms of 8-11. This similarity indicates that the protonation site is
located at the exocyclic amino groups and not at the ring nitrogen as com-

monly observed with structurally related nitrogen heterocycles, in general,
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Table 1. Physical Data of Pyrido[2,3-d]lpyrimidine-2,4-diones
*oyrido[2,3-dlpyrimic pk uv - Absorption Spectra Mole-
py so-Qlpy P a p p pH cular
dine-2,4-dione in H,0 Form
2 Anax {nm} log =
Pyrido[2,3-d]lpyrimi-| 0.00 205 234 310 4.33 3.85 4.02 =3.0 +
dine-2,4-dione (8) 9.15 211 240 305 4.50 3.78 3.77 7.0 0
- 13.35 212 [236] 264 31t 342 4.39 [3.93] 3.90 3.69 3.35 11.0 -
235 262 338 4.21 3.84 3.73 | 2N KOH  --
1-Methyl-* (9) |-0.25 206 246 315 4,28 3.83 4.01 -3.0 +
- 9.56 213 249 309 4.53 3.91 3.83 7.0 0
214 236 [266] 314 4,40 4.20 [3.42] 3.89 12.0 -
3-Methyl-* (10) 0.03 206 237 311 4,26 3.98 4.01 -3.0 +
T 9.50 212 [241] 305 4,24 [3.82) 3.84 7.0 0
216 [235]1 265 336 4.43 [4.05] 4.11 3.75 12.0 -
1,3-Dimethyl-* (11) |-0.57 209 242 316 4.25 4,04 .01 -3.0 +
o 215 [230] 309 4.21 [4.00] 3.83 7.0 0
6-Nitro-»* (12) 7.43 204 [290] 311 4,39 [4.04] 4,15 5.0 0
o 12.21 211 [330] 354 4.31 [(4.121 4.19 10.0 -
235 270 383 4.12 3.81 4,24 14.0 --
1-Methyl-6- 8.27 208 [230]1(296] 315 4.40 [4.09]{4.06] 4.23 3.0
nitro-* (13) 207 265 332 4.34 3.99 4.15 12.0 -
3-Methyl-6- 7.64 208 ([224]112920] 313 4.36 [4.16]1[4.00] 4.14 3.0
nitro-* {14) 212 [256) 362 4,35 [3.66] 4,24 12.0 -
1,3-Dimethyl- [209][229] 315 [4.37114.11] 4 .17 MeOH 0
6-nitro-* (15)
6-Amino-* (1§) 2.09 211 242 309 4.53 3.94 3.77 -1.0 +
- .41 216 260 354 4.36 4.09 3.66 7.0 o
13.56 224 265 357 4.31 3.97 3.68 12.0 -
235 269 370 4,25 4.02 3.72 (2N KOH| ~--
Continuation see next page!

(]



Table 1. Continuation -

[
*pyrido{Z,B-g]pyri— pKa uv - Absorption Spectra Mole-
midine-2,4-dione PH |cular
: in H,0 Amax {nm) log ¢ Form
6-Aming-1- 2.02 212 250 314 4.51 4.02 3.77 -1.0 +
methyl-* (19) 9.71 216 261 356 4,42 4.17 3.71 7.0 o
o 231 352 4.39 3.79 12.0 -
6-Amino-3- 2.10 211 [230](245] 310 4.48 [4.03]1[3.87] 3.76 -1.0 +
methyl-* (20) 110.00 223 258 352 4,37 4.02 3.66 7.0 0
- 224 273 373 4,33 4.20 3.69 12.0 -
6-Amino-1,3- 2.04 215 235 [249] 315 4.48 4,06 [3.95] 3.76 -1.0 +
dimethyl-* (g;) 223 263 356 4,38 4.09 3.68 7.0 Q
6-Benzylamino- .29 213 252 316 4,55 4.13 3.75 -1.0 +
1-methyl-* (23) 9.71 208 [218] 271 375 4.38 [4.37]1 4.27 3.59 7.0 o
o 242 [268) 365 4.42 [4.16] 3.70 13.0 -
6-Dimethylamino-~ 206 [2341 283 352 4,39 [4.11] 4.43 3.73 MeOH 0
methylenamino-
1-methyl-* (24)
6-Fermylamino- [206] 216 266 334 | [4.28] 4.35 4.34 3.72 MeOH o
1-methyl-* (25)
1-Methyl- * -6- 6.98 232 333 4.06 4,33 3.0 +
diazonium chlo- 248 [312]1 350 4.06 {3.92] 4.11 9.0 +
ride (26)
1,3-Dimethyl- * - 232 333 4.10 4.31% 3.0 +
6-diazonium
chloride (21)

[ 3 = shoulder; + = cation; o = neutral molecule; - = monoanion; -- = dianion.

216
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and 3-aminopyridine and 3-aminoquinoline, in special. This rare case of
amino group protonation may be due to the fact that the pyridine ring-N-
atom possesses in the pyrido[2,3-dlpyrimidine-2,4-dione system an unusual
low basicity.

The 1-methylpyrido[2,3-d]lpyrmidine-2,4-dione-6-diazonium chloride (gg)
again is an interesting compound, since its diazonium function reveals

an even stronger acidifying effect than the nitro group bringing the aci-
dic pKa dbwn to 6.98. Deprotonation leads in this case the zwitterion for-

mation (ggg) and a bathochromicity of the long wavelength band.

R I:=N 0® *
HN I = = N¥ N N=N
———
o)‘ N NZ -~ A L.
CH o" N N
3 CHg
26 26a

The 1H-nmr' spectra are relatively simple and show no peculiarities {Table
2}, The signals of the aromatic protons in compounds (8-11) appear as doub-
lets of doublets indicating longrange couplings between H-C(5) and H-C(7).
The ¢oupling constants are found for J5,6 = 7-8 Hz, J6,7 = 4.5 Hz, and
J5,7 = 2 Hz. The additional nitro group in 12-15 causes the expected down-
field shifts of the aromatic protons, which is even more pronounced in the
diazonium salts {26) and (27}, respectively. The electron-donating amine
group in 18-21 effects an up-field shift in comparison to the unsubstitu-
ted analogues and the presence of a halo-atom in 6-position does not alter
the chemical shifts of the aromatic protons significantly. It is also note-
worthy that the 1-methyl group has always a lower chemical shift than the

3-methyl group.
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Table 2. 1H-Nmr Data of Pyrido[2,3-d]lpyrimidine-2.4-dione in DMSO-d6

*pyrido[2,3-d]pyri- N-H H-C(7) H-C(5) H-C(6) N-CH, 6-Subst
midine-2,4-dione
Pyrido[2,3-d]pyrimidine- 11.63bs 8.59dd 8.25dd 7.24dd
2,4-dione (8} 11.38bs
1-Mathyl-* (2) 11.69bs 8.69dd 8.31dd 7.29dd 3.47s
3-Methyl-* (10)  11.93bs 8.60dd 8.29dd 7.26dd 3.24s
1,3-Dimethyl-* (ll} 8.70dd 8.31dd 7.31dd 3.54s 3.28s
6-Nitro-* (12)  12.44bs 9.39d 8.76d
11.86bs

1-Methyl-6-nitro-* (13) 12.12bs 9.48d 8.81d 3.55s
3-Methyl-6-nitro-* (18)  12.73bs 9.41d  8.80d 3.26s
1,3-Dimethy1-6-nitro-* (15) 9.50d 8.87d 3.62s 3.32s
6-Amino-* {18)  11.40bs 8.08¢ 7.46d
6-Amino-1-methyl-* (lg) 11.40bs 8.12d 7.51d 3.42s 5.43bs
6-Amino-3-methyl-* (gg) 11.40bs 8.04d 7.47d 3.21s 5.36bs
6-Amino-1,3-dimethyl-* (gl) 8.10d 7.53d 3.56s5 3.26s b5.44bs
1-Methyi- * - 6-diazo- 12.45bs 9.82d 9.44d 3.54s
nium chloride (26)
1,3-Dimethyl- * -6-dia- 9.80d 9.49d 3.63s 3.32s
zonium chloride (21)
6-Chloro-1-methyl-* (28} 11.88bs 8.754 8.30d 3.46s
6-Bromo-* (29} 11.83bs 8.70d 8.,33d

o 11.58bs
6-Bromo-1-methyl-* (30) 11.83bs 8.80d 8.36d 3.44s
6-Bromo-3-methyl-* (31) 12.11bs 8.72d  8.36d 3.22s
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EXPERIMENTAL

Tlc: Precoated cellulose thin-layer sheets F 1440 and silica gel thin-
layer sheets F 1500 LS 254 from Schleicher & Schiill. Prep. tic on silica
gel 60 PF254 {Merck) and preparative column chromatography on silica gel
(Merck 60, 0.063-0.2 mesh). UV/VIS: Uvikon 820, Kontron and Lambda 5 and
15, Perkin Elmer: lmax nm (log €). 1H-Nmr: Bruker WM 250; & (ppm) relative

to TMS. pK: determinations were performed by the spectrophotometric met-

36

hod Mp: Bilichi apparatus, model Dr. Tottoli; no corrections.

2-Aminopyrido{2,3-d]lpyrimidin-4-one (g).27 - In 280 ml1 of hot H20 6.7 g

{53 mmol) of 2,4-diamino-4-pyrimidone (1) were dissolved, 6 ml of AcOH and
4.6 g (21 mmol) of 1,1,3,3-tetraethoxypropane were added and the mixture
refluxed for 3.5 h. After cooling the precipitate was collected, washed
with H20 and £tOH and dried at 100°C in the oven to give 7.4 g (97 %) of
an almost coloriess chromatographically pure powder of 2, mp > 300°C.
"H-Nnr (DMSO-dg): 9.72 (br s, 2H, NH); 5.92 (br s, 4H, NH,): 4.73 (br s,
1H, CH); 4.0%1 (br s, 1H, CH); 1.66 (br s, 2H, CH, ).

a) 1.8 g (6.25 mmol) of 2 were heated in 18 ml of conc, HZSO at 160°C for

4
2 h. After cooling the solution was poured on ice, diluted with H,0 to

250 m1 and then treated with solid Nal-ICO3 ti11l pH 3. The resulting preci-
pitate was filtered and discarded, The filtrate was then neutralized by
solid NaHCO3 to pH 6-?, the new precipitate was collected, washed with H20
and dried at 100°C to yield 0.62 g {61 %) of 3 as a colorless powder, mp

> 300°C.

b) 3.0 g (100 mmol) of 2 were refluxed in 90 ml of AcOH for 8 h. The re-
sulting precipitate was collected after cooling and standing overnight.
Washing with H,0 and EtOH and drying at 100°C gave 1.53 g (91 %) of 3 as

a colorless powder, mp > 300°C. Both materials a} and b) are chromatogra-

phically identical. Uv (pH 13): 217 (4.28); 239 {(4.28); 265 (3,88); 330
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(3.81). 'H-Nmr (DMSO-dg): 8.62 {(dd, 1H, H-C(7)); 8.21 (dd, 1H, H-C(5));
7.12 (dd, 1H, H-C(6)); 6.75 (br s, 2H, NH,).

Pyrido[2,3-d]pyrimidine-2,4-dione (§).28 - A mixture of 2.54 g (20 mmol)

of 6-aminouracil {4) and 4.0 g (18 mmol) of 1,1,3,3-tetraethoxypropane in
350 m1 of H20 was refluxed for 4 h., The yellowish precipitate was collected
after cooling and gave on drying 2.02 g (66 %) of the intermediate. This
material (1.0g, 3.3 mmol) was heated in 10 ml of conc. sto4 at 160°C for

2 h. The mixture was poured on ice, the brown precipitate was filtered off
and the filtrate was neutralized to pH 7 by solid NaHCOB. The newly deve-
loped precipitate was collected, washed with HZO and EtOH and gave 0.5 g
crude product. Recrystallization from 18 ml of AcOH/H20 4:1 yielded 0.35 ¢
(66 %) of a colorless powder, mp > 320°C. Anal. Calcd for C,H N,0,:

7767372
C, 51.56; H, 3.09; N, 25.77. Found: €, 51.475 H, 3.12; N, 25.80.

1-Methylpyrido[2,3-d]pyrimidine-2,4-dione {9)}. - A mixture of 2.82 g (20

mmal) of 6-amino-i-methyluracil and 5 ml1 (22 mmol) of 1,1,3,3-tetraethoxy-
propane in 200 ml of H20 and 50 ml of EtOH was refluxed for 3 h. It was
then evaporated to dryness and the residue was heated with 5 ml of conc.
H2804 at 160°C for 2 h. After cooling the reaction mixture was poured on
jce {50 g) and the precipitate was collected on standing overnight. Recrys-
tallization from H20 yielded 0.86 g (48 %) of 3 as yellowish crystals, mp
285°C, Anal. Calcd for CgH,N40,: C, 54.24; H, 3.98; N, 23.72. Found:

C, 54.19; H, 4.00; N, 23.75.

3-Methylpyrido{2,3-dlpyrimidine-2,4-dione (lg).zg - Analogous to the pre-

ceding procedure from 2.82 g (20 mmoi) of 6-amino-3-methyluracil {6). The

strongly acidic reaction solution was neutralized by solid NaHCO., after

3
treatment with ice. The precipitate was recrystallized from H20 with char-
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coal to give 0.37 g (10 %) of 10 as colorless crystals, mp 270°C. Lit.,29

274°C. Anal. Calcd for CSH7N302: C, 54.24; H, 3.98; N, 33.72. Found:
C, 54.31; H, 4.11; N, 24.01.

1,3-Dimethylpyrido{2,3-dlpyrimidine-2,4-dione (ll).za - A mixture of 3.1 g

(20 mmol) of 6-amino-1,3-dimethyluracil (7) and 4.4 g (20 mmol) of 1,1,3,3-
tetraethoxypropane in 50 ml of H20 was refluxed for 4 h, After cooling

the precipitate was collected, washed with EtOH and dried to yield 2.59 g
{75 %) of the tetracyclic intermediate in form of colorless needles, mp
308°C, Anal. Calcd for C15H18N604: €, 52.02; H, 5.24; N, 24,27, Found:
C, 54.67; H, 5.39; N, 24.16. Reactionlof 1.41 g (4 mmol) of this compound
in 5 ml conc. H2504 at 160°C for 2 h led to the desired cyclization. The
reaction mixture was poured on ice {80 g), the precipitate was collected
and then recrystallized from 50 ml of EtOH to yield 0.43 g (56 %) of color-

28

less crystals, mp 160°C. Lit., 164°C. Anal. Calcd for C,HLN,O

giighs¥p*
c, 56.54; H, 4.47; N, 21.98. Found: C, 56.58; H, 4.87; N, 22.21.

é-Nitropyrido[2,3-d]pyrimidine-2,4~dione (lg).31 - In 250 ml of 1 % NaOH

are heated 19.5 g (0.15 mol) of 4 and 26.0 g (0.16 moi) of sodium nitro-

37 for 5 h under reflux. The precipitate was col-

malonaldehyde monohydrate
lected after cooling to give 21.9 g (70 %) of 12 as its sodium salt. The
product was dissolved in 240 ml of hot 1 N NaOH, treated with charcoal,

filtered and acidified with AcOH/H20 {1:1) to yield 17.4 g (56 %) of 12

in form of a yellowish powder, mp > 320°C. Anal. Calcd for C7H4N404:

C, 40.39; H, 1.94; N, 26.92. Found: C, 40.20; H, 1.91; N, 26.81.

1-Methyl-6-nitropyrido[2,3-dipyrimidine-2,4-dione (13). - A solution of

28.2 g (0.2 mo1) of 5 in 700 m1 of 1% NaOH and 32.0 g (0.2 mol) sodium

nitromalonaldehyde monohydrate was heated with stirring to 80°C for 2 h.
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The precipitate was collected after cooling (31.8 g), then again dissolved
in 250 m1 of boiling H20, treated with charcoal, filtered and the filtrate
was acidified with conc. HCT to pH 4. The precipitate was filtered off,
washed with HZO and £tOH and dried at 100°C to give 27.2 g (61 %) of a
colorless powder, mp 245-247°C. Anal. Calcd for CuH

86
H, 2.72; N, 25.22. Found: C, 43.40; H, 2.62; N, 25.07.

N 04: C, 43.25;

4

3-Methyl-6-nitropyridof2,3-dlpyrimidine-2,4-dione (14). - A solution of

0.70 g {5 mmol) of & and 1.2 g (7.5 mmol) of sodium nitromalonaldehyde
monohydrate in 20 ml of 1% NaOH was refluxed for 4.5 h. The precipitate
was collected after cooling, then dissolved in 20 m]1 of boiling H20 and
the solution was acidified by glacial acetic acid to yield 0.54 g (44 %)
of 14 as a colorless powder, mp 285-287°C. Anal. Calcd for C H6N404:

8

C H, 2.72; N, 25.22. Found: C, 43.70; H, 2,70; N, 25.37.

-
=1
[#%]
™~
wn

]

1,3-Dimethyl-6-nitropyrido[2,3-d]pyrimidine-2,4-dione (l§)° - To a seolution

of 4,44 g (20 mmol) of 13 in 500 mi of 0.05 N NaOH were added dropwise with
stirring 3 m1 (30 mmol) of dimethyl sulfate in 30 ml of MeOH at room tem-
perature. The pH is kept at the end of the methylation at 7 by adding l1itttle
i N NaOH. After stirring for another hour it was acidified by 1 N HC) to

pH 4, the separating precipitate was collected and then recrystallized from
EtOH to yield 2.8 g (59 %) colorless crystals, mp 192-194°C. Anal. Calcd
for C,H,N,0 C, 45,77; H, 3.41; N, 23.72. Found: C. 45.62; H, 3.51;

9"'ghg g’
N, 23.58.

2-Methylamino-5-nitropyridine-3-carboxamide (16). - a) 2.2 g (0.0% mol} of

fn—

3 were refluxed in 20 m1 (0.1 mol) of 5 N NaOH for 1 h. The precipitate
was collected after cooling and purified by recrystallization from H20 to

give 1.57 g (80 %) of yellow crystals, mp 243-245°C,
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b) A mixture of 1.4%t g (10 mmol) of 5 and 1.7 g {11 mmol) of sodium nitro-
matonaldehyde monohydrate in 35 ml of 1 % NaOH was refluxed for 4.5 h. On
cooling a precipitate was obtained (0.29 g}, which gave on recrystalliza-
tion from H20 0.192 g (10 %) of yellow crystals, mp 243-246°C, 1|H-Nmr
(DMSO-dg): 9.49 (q, 1H, NH); 9.04 (d, J = 3 Hz, 1H, H-C(6)); 8.75 (d, J =

3 Hz, 1H, H-C(4)); 8.42 + 7.69 (br s, 2H, NH,); 3.03 (m, 3H, N-CHg). Anal.
Caled for CoHLN,O c, 42,86; H, 4.,11; N, 28.56. Found: C, 43.09; H, 3.87;

778"gY3¢
N, 28.55.

2-Methylamino-5-nitropyridine-3-N-methylcarboxamide (17). - a) 0.47 g

(2 mmol) of 15 were refluxed in 10 m1 (10 mmol) of 1 N NaOH for 1 h. The
precipitate was collected after cooling and gave on recrystaliization from
HZO/EtOH 0.315 g {75 %) of yellow crystals, mp 240°C.

b) A mixture of 1.55 g {10 mmol) of 7 and 1.89 g (12 mmol) of sodium
nitromaionaldehyde monohydrate in 30 m1 of 1 % NaOH was refluxed for 2.5 h.
On cooling the precipitate was collected and gave on recrystallization
from H,0/Et0H 1.25 g (59 %) yellow crystals, mp 240°C.

"H-Nmr (DMSO-dg): 9.25 (q, 1H, NH); 9.03 (d, J = 2 Hz, TH, K-C(6)); 8.86
{(q, 1H, NHCO); 8.65 (d, J = 2 Hz, 1H, H-C(4)); 3.03 {m, 3H, N-CHg); 2.77

N,O C, 45.71; H, 4.79; N, 26.75.

{m, 3H, CH3-NHCO). Anal. Calecd for CoH 403:

8710
Found: C, 45.76; H, 4.75; N, 26.48.

6-Aninopyrido(2,3-d]pyrimidine-2,4-dione (18).%' - In 1 1 of H,0 were dis-

saolved 5.0 g {24 mmol) of l§ by addition of a minimum amount of ammonia.
Reduction was achieved by 0.8 g of Pd/C (5 %) under H, atmosphere in a
shaking apparatus. The theoretical amount of H2 was taken up after 5 h.
The mixture was heated to boiling, filtered and the filtrate was evapora-
ted to dryness. The residue was dissolved in 100 m) of 0.25 N NaOH and the

hote solution was added dropwise to 75 ml1 of boiling 0.5 N AcOH. After coo-
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ling the precipitate was collected, washed with H20 and dried at 100°C to
yield 3.8 g (89 %) of a colorless powder, mp > 320°C. Anal. CaTlcd for
C7H6N402: C, 47.19; H, 3.39; N, 31.45, Found: C, 47.08; H, 3.33; N, 31,50,

6-Amino-~1-methylpyrido[2,3-djpyrimidine-2,4-dione (lg). - A mixture of

8.88 g (40 mmol) of 13 and 0.4 g of Pd/C (5 %) in 800 m1 of EtOH and 200 mil
of AcOH was h y drogenated in a shaking apparatus. The reduction was achieved
after 3 h. The catalyst was filtered off, the filtrate was evaporated to
dryness and the residue was reprecipitated from hot dilute NaOH by addition
of 50 % AcOH. After cooling the precipitate was collected, washed with HZO
and dried at 100°C to give 6.17 g (80 %) of a yellowish powder, mp 316-
319°C. The substance could also be recrystallized from a large amount of
H,0. Anal. Calcd for 08H8N402: €, 50.00; H, 4.20; N, 29.16. Found:

C, 49.88; H, 4.02; N, 28.91.

6-Amino-3-methylpyrido[2,3-dlpyrimidine-2,4-dione (20). - To a solution of

1.8 g (8.1 mmol) of 10 1 N ammonia {150 m1) was added 0.2 g of Pd/C (5 %)
and then catalytically 10 reduced under H2 atmosphere in a shaking appara-
tus. The catalyst was filtered off after 5 h, the filtrate was evaporated
and the residue recrystallized from 600 mi of Hy0 to yield 1.09 g {70 %)
of a yellowish powder, mp > 300°C. Anal. Calcd for CgH,N,0,: C, 50.00;

88472
H, 4.20; N, 29.16, Found: C, 49.72; H, 4,09; N, 29.13.

6-Amino-1,3-dimethylpyrido[2,3-d]pyrimidine-2,4-dione (g;). - A suspension

of 3.2 g (13.6 mmo1) of 15 in 400 m1 of EtOH and 100 ml1 of AcOH was re-

duced catalytically with 0.4 g of Pd/C (5 %) in a shaking apparatus. After
uptake of 920 ml of H2 the mixture was heated, filtered hot and the filt-
rate evaporated to dryness. The residue was recrystallized from 250 ml of

EtOH to yield 2.37 g (84 %) of yellow crystals, mp 211-212°C. Anal. Calcd
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for C9H10N402: C, 52.42; H, 4.89; N, 27.17. Found: C, 52.54; H, 4.80;

N, 27.12,

6-Benzylideneimino-1-methylpyrido[2,3-dlpyrimidine-2,4-dione {22). - A sus-

pension of 0.576 g {3 mmol) of 2

1 in 60 m1 of AcOH was treated with 1.06 g
{0.01 mol) of freshly destilled benzaldehyde with stirring for 1 h at roeom
temperature. The precipitate was filtered off, washed with EtOH and then
recrystallized from the same solvent to give 0.65 g (77 %) of a yellowish
powder, mp 273-275°C., Apal. Calcd for C15H12N402: C, 64.27; H, 4.32;

N, 19.99. Found: C, 64.19; H, 4.25; N, 20.08.

6-Benzylamino-1-methylpyrido{2,3-dlpyrimidine-2,4-dione (23). - In 40 mi

of AcOH were treated 0.53 g (2.7 mmol) of 21 with 1.0 g (9 mmol) of benz-
aldehyde with stirring for 1 h. The suspension was cooled with ice and
then 0,38 g {10 mmol)} of NaBH4 were added gradually. The solid material
was dissolved and soon afterwards a new precipitate separated. It was
stirred for 45 min, filtered and then recrystallized from 350 mi of EtOH
and 150 ml of H,0 to yield 0.623 g (82 %) of yellowish needles, mp 265-
267°C, Apal, Calcd for C15H14N402: C, 63.82; H, 5.00; N, 19.85, Found:
C, 63.79; H, 5.17; N, 19.73,

6-(N,N-Dimethylaminomethylenimino}-1-methylpyrido[2,3-dlpyrimidine-2,4-

dione (24). - A solution of 0.384 g (2 mmol) of 12 in 20 ml of dry DMF

was treated with 0.66 m1 of N,N-dimethylformamide dimethyl acetal for 18 h
at room temperature. It was then evaporated to dryness in high vacuum, the
residue was dissolved in CH013, put onto a silica gel column and eluted
with CHC13/ME0H {97:3). The main fraction was evaporated and the residue
was recrystallized from dry EtOH to give 0.453 g (74 %) of colorless crys-

N.O C, 53.43; H, 5.30;

tals, mp 185-186°C. Anal, Calcd for C g05°

11743
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N, 28.32. Found: C, 53.32; H, 535; N, 28,08,

6-Formylamino-1-methylpyrido[2,3-d]pyrimidine-2,4-dione (25). - 0.494 g

(2 mmol) of 24 were refluxed in 150 ml1 of HZO and T ml of AcOH for 45 min,

On cooling colorless crystals were separated to give 0.376 g (85 %) of 25,
mp 302°C., Anal. Calcd for CgH8N4O3: C, 49,09; H, 3.66; N, 25.45. Found:

€, 48.84; H, 3.58; N, 25.26.

1-Methylpyrido[2,3-dlpyrimidine-2,4-dione-6-diazonium chloride (26). - A

suspension of 3.56 g {18.5 mmol) of 13 in 250 m1 of EtOH and 15 ml1 (37.5
mmol) of 2.5 N methancolic HC1 was cooled to 0°C and then 2.5 ml (18.5
mmol)} of isoamyl nitrite added with stirring for 1 h and warming up to
room temperature. The precipitate was filtered off, washed with dry EtCH
and dry ether. Drying in a vacuum desiccator over P4010 yielded 3.8 g
(86 %) of a slightly brownish powder, mp 1756°C. Anal. Calcd for CoH _N_-

865
02C1: €, 40.10; H, 2.52; N, 29.23. Found: C, 40.55; H, 2.56; N, 28.9%,

1,3-Dimethyipyrido[2,3-dlpyrimidine-2,4-dione-6-diazonium chloride {(27). -

A solution of 0.824 g (4 mmol) of 15 in 40 m1 of dry EtOH and 3.2 ml

(8 mmol) of 2.5 N methanolic HC1 was cooled to 0°C and then 0.54 ml (4 m-
mol) of isoamyl nitrite added with stirring. After 45 min, the solutien
was dropped into 400 ml of dry ether under stirring, the precipitate was
collected, washed with ether and dried in a vacuum desiccator to give
0.973 g {78 %) of a slightly brownish powder, mp $16°C. Anal. Calcd for
CgHoN-0,C1 ., H,0: C, 39.79; H, 3.71; N, 25.78. Found: C, 39.81; H, 3.78;

‘9787572 2
N, 25,58,
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6-Chloro-1-methylpyrido[2,3-d]pyrimidine-2,4-dione {28). - To a hot solu-

tion of 0.65 g (2.6 mmol} of CuSO4 . 5 H20 in 3 ml of H20 were added 0.23 g
of NaCl and then a solution of 0.17 g (1.3 mmol} of Na2503 in 1itt1e~H20.
The resulting precipitate was ¢ollected, washed several times with H20 and
then dissolved in conc. HC1. This solution of the CuCl catalyst was treated
with a cooled solution of 0.48 g (2 mmol) of 26 in 8 ml of conc., HC1 and
then heated to 70°C for 45 min. The reaction mixture was neutralized with

a saturated aqueous NaHCO3 sofution and the precipitate was filtered off,
washed and dried (0.36 g). The crude material was heated with 70 ml1 of
EtOH, filtered and the filtrate was evaporated to half of its colume to
yield 0.272 g (64 %) of colorless crystals, mp 258-259°C. Uv {MeOH): 212
(4.41); 254 (4.12); 324 (3.74); [335 (3.64}1. Anal. Calcd for C8H6N302C1:
C, 45.41;, H, 2.86; X, 19.86. Found: C, 45,70; H, 2.81; N, 19.45,

6-Bromopyrido[2,3-dlpyrimidine-2,4-dione (29}. - The CuBr catalyst was

prepared analogous to the preceding procedure using 0.39 g of NaBr. The
precipitate was dissolved in conc. HBr and then added to a solution of
0.356 g (2 mmal) of 12 in 5 ml of half conc. HBr treated at 0°C with

0.166 g (2.4 mmol) of NaNO2 for diazotization., The reaction mixture was
heated to 80°C for 30 min. After cooling the precipitate was collected and
recrystallized from 320 ml of H20 to give 0.36 g (73 %) of a colorless pow-
der, mp 346-348°C. Uv (MeOH): 210 (4.42); 251 {4.13); 321 (3.74); [330
(3.69)1. Anal. Calcd for C,H,N.0,Be: C, 34,745 H, 1.67; N, 17.36. Found:

7747372
C, 34.83; H, t.66; N, 17.44,

6-Bromo-1-methylpyrido[2,3-d}pyrimidine-2,4-dione (30). - Analogous treat-

ment of 0.384 g of 13 according to the preceding procedure led to 0.48 ¢
of crude material, which was recrystallized from 80 ml of EtOH to give

0.378 g (74 %) of colorless crystals, mp 259-261°C. Uv (MeOH): 217 (4.60);
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245 (4.30); 330 (3.85); (343 (3.74)]. Anal. Calcd for 68H6N3028r:

c, 37.52; H, 2.36; N, 16.41. Found: €, 37.63; H, 2.25; N, 16.33.

6-Bromo-3-methylpyrido[2,3-d]pyrimidine-2,4-dione (31}. - 0.384 g of 14

1
were treated analogous to the preceding procedure to give 0,31 g (60 %)
of colorless crystals, mp 314°C. Uv (MeOH): 214 (4.44); 250 (4.0}; 322
{3.75); [331 (3.70)1. Anatl. Calcd for CgHgNg0,Br: C, 37.52;5 H, 2.36;
N, 16.41. Found: C, 37.93; H, 2.13; N, 16.24.

6-Triazenopyrido[2,3-d]pyrimidine-2,4-diones (32-39). General procedure. -

1 Mmol of the pyrido[2,3-dlpyrimidine-2,4-dione-6-diazonium chloride {26,
27} was suspended in 10 ml of ice-water, the appropriate amine was added
and after stirring for 5 min the solution was acidified by conc. HC1 to

pH 4-5. The precipitate was collected and purified by recrystallization.

6-(N,N-Diethyltriazeno)-1-methylpyrido[2,3-dlpyrimidine-2,4-dione (32). -

From 0.239 g {1 mmol) of 26 and 3.6 g (0.05 mol) of diethylamine 0.232 g
(83 %) of 32 were obtained as crude material. Recrystallization from 60 ml
of MeOH gave 0.157 g (57 %) of yellowish crystals, mp 248°C. Uv (MeOH):
209 (4.36); [234 (3.87)1: 309 (4.39); (358 (3.98)1. Anal. Calcd for C ,H .-
N602: C, 52.12; H, 5.84; N, 30.42. Found: C, 52.14; H, 5.57; N, 30.10.

1-Methy1-6—(E,E-tetramethy1enetriazeHO)pyridOEZ,3-2]pyrimidine-2,4-dione

(33). - From 0.239 g (1 mmol) of 26 and 1.4 g (0.02 mol) of pyrrolidine

0.256 g (93 %) of 33 were obtained in form of chromatographically pure,
yellowish crystals, mp 271°C. Uy (MeOH): 209 (4.35); [236 (3.87)]; 311

(4.39); [360 (23.98)1. Anal. Calcd for C 52.55; H, 5.14;

12814N602° C>
N, 30.64. Found: C, 51.98; H, 5.14; N, 30.35.
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N-(1-Methy1-2,4-dioxotetrahydropyrido{2,3-dlpyrimidin-6-yl)diazomorpho-

line (gg). - From 0.239 g {1 mmol) of 26 and 3.5 g (0.04 mol} of morpho-

line 0.263 g (90 %) of 34 were obtained as crude material. Purification

was ahcieved by careful dissolution in 1 N NaOH and neutralization by HCI
to pH 6 to give 0.217 g {75 %) of yellowish crystals, mp 283°C. Uv (MeOH):
208 (4.37); [234 (3.84}); 308 (4.37); (352 (4.04)]1. Anal. Calcd for PPLIvE
NBOB: C, 49.65; H, 4.86; N, 28.95. Found: C, 49.45; H, 4.62; N, 28.68.

N-(1,3-Dimethyl-2,4-dioxotetrahydropyrido[2,3-d]lpyrimidin-6-y1)diazoemor-

pholine (35). - From 0.253 g (1 mmol) of 27 and 1.74 g {0.02 mol) of mor-
pholine 0.23 g (75 %) of 35 were obtained as crude material. Recrystalli-
zation from EtOH gave 0.161 g {53 %) of yellowish crystals, mp 214°C.

Uv {MeOH): 211 (4.35); 1234 (3.99)]; 306 (4.39); [356 (4.05)]). Anal. Calcd

H, N0

13"16"6°3"
N, 27.75.

for C c, 51.31; H, 5.30; N, 27.62. Found: C, 51.58; H, 5.19;

1-Methy1-6—(ﬂ-methy1—ﬂ—carboxymethy1triazeno)pyrido[Z,S-g]pyrimidine-2,4‘

dione (36). - From 0.239 g (1 mmol) of 26 and 0.17 g (1.2 mmol) of sar-

cosine 0.262 g (89 %) of 36 were obtained as yellowish crystals, mp 275-
276°C. Uv (MeOH): 208 (4.35); [230 (3.95)1; 308 (4.32); [358 (3.96}].
Anal. Calcd for C,,H,,N.G,: C,45.20; H, 41.14; N, 28.76. Found: C, 44.83;
H, 4.58; N, 28.55.

1-Methyl-6-(N-methyl-N-B-phenylethyltriazeno)pyrido[2,3-djpyrimidine-2,4-

dione (37). - From 0.239 g (1 mmol) of 26 and 0.5 m! of N-methylphen-

ethylamine 0.296 g (87 %) of 37 were obtained as a yellowish powder, mp
185-186°C. Uv (MeOH): 207 (4.52); [236 (3.94}1; 309 (4.40); [359 (3.98)].
Anal. Calcd for C17H18N602: C, 60.34; H, 5.36; N, 24.84. Found: C, 59.83;

H, 5.14; N, 24.68.
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6-(N-Benzyl-N-ethyltriazeno)-1-methylpyrido[2,3-dlpyrimidine-2,4-dione (38).

- From 0.239 g (1 mmol) of 26 and 0.5 m1 of N-ethylbenzylamine 0.278 g
(82 %) of 38 were obtained as yellowish crystals, mp 198-201°C. Uv (MeQH) :
207 (4.52); [239 (3.91)1; 309 (4.40}; B59 (4.01)1. Anal, Caled for C,,-

N.O C, 60.34; H, 5.36; N, 24.84, Found: C, 60.47; H, 5,38; N, 24,54.

HigNgl2*

{1-Methyl-6-(N-methyl-N-B-hydroxy-a-methyl-B-phenylethyltriazeno)pyrido-

[2,3-dlpyrimidine-2,4-dione (39). - From 0.239 g {1 mmol) of 26 and

0.38 g (2.3 mmol) of (-)-ephedrine 0.335 g (91 %) of 33 were obtained as
a yellowish powder, mp 214-213°C. Uv (MeQH): 208 (4.50); 1232 (3.97)1;
309 (4.40); [360 (3.95)1. Anal. Calcd for C18H20N603: C, 58.69; H, 5.47;

N, 22.81. Found: C, 58.60; N, 5.66; N, 22.82,

Synthesis of 6-nitro-5,6,7,8-tetrahydropyrido[2,3-d]pyrimidine-2,4-diones

(gg-4§). General procedure, - 2 Mmol of the 6-nitropyrido{2,3-d]lpyrimi-

dine-2,4-dione were dissolved in 15 ml of H20 and 2 ml of conc. NH40H. The
Solution was cooled to 5-~8°C and then 0.08 g (2 mmol} of sodium borohyd-
ride were added. It was stirred 10 min at 5°C and then 1 h at room tempe-
rature till the red color of the solution has disappeared. It was then con-
centrated to half of the colume and acidified by AcOH to form a precipi-

tate which was purified by recrystallization.

6-Nitro-5,6,7,8-tetrahydropyrido(2,3-dlpyrimidine-2,4-dione (4Q0). - From

0.36 g {2 mmol) of 12 were obtained 0.308 g (72 %) of 40 as a crude mate-
rial. Recrystallization from 60 ml of HZO gave 0.237 g (56 %) of colorless
crystals, mp >320°C. Uv (MeOH): 202 (4.17); [228 (3.65)1; 271 (4.23).

Anal. Calecd for C7H C, 39.63; H, 3.80; N, 26,41. Found: C, 39.70;

BN404:
H, 4.02; N, 26.32.
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1-Methy]—6-n1tro-5,6,7,8-tetrahydropyrido[2,3—&]pyrimidine-2,4-dione (ﬁl)'

- From 0.444 g {2 mmol) of 13 were obtained 0.37 g {82 %) of 41 as a crude
product, which was recrystallized from 50 ml of H,0 to give 0.294 g {65 %)
of colorless crystals, mp 297°C. Uv (MeOH): 203 (4.23); [230 (3.60)1;

N,O C, 42.48; H, 4.46; N, 24,77,

274 (4.22). Anal. Calcd for CSH 404:

10
Found: C, 42.22; H, 4.50; N, 24.70.

3-Methyl-6-nitro-5,6,7,8-tetrahydropyrido[2,3-d]pyrimidine-2,4-djone (42).

- From 0.444 g (2 mmol} of 14 were obtained 0.333 g (70 %) of 42 as a

crude product, which gave on recrystallization from 35 ml1 of H20 0.256 g

(57 %) of colorless crystals, mp »280°C (decomp.). Uv (MeOH): 204 (4.19);

[230 (3.58)1; 270 (4.22). Anal. Calcd for C.H C, 42.48; H, 4.46;

gf1oNg04°
N, 24,77. Found: C, 42.50; H, 4.37; N, 24.72.

6-Amino-1-methyl1-5,6,7,8-tetrahydropyrido[2,3-dlpyrimidine-2,4-dione (43).

- In 100 ml of H20 0.1 g of PtO2 was reduced under H2 atmosphere in a
shaking apparatus to form the Pt catalyst. The 0.452 g of 41 were added
and the reduction was continued till the theoretical amount of Ho (135 ml)
was consumed. The catalyst was filtered off, the filtrate was evaporated
to dryness and the residue was treated with 20 ml of 2.5 N methanolic HCI1
to give 0.324 g crude material. Purification was achieved by dissolving in
Tittle H20 and addition of saturated methanolic HC1. The resulting preci-
pitate was filtered off, washed with ether and gave after drying 0.15 g
(50 %) of coloriess crystals of the dihydrochloride monohydrate salt, mp
>340°C. Uv (pH 4): [234 (3.50)]; 278 (4.26). Anal. Calcd for C8H12N402

2 HC1 . H,0: C, 33.46; H, 5.61; N, 19.51. Found: C, 33.94; H, 5.70;
N, 19.64.
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