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a b s t r a c t

A new facile synthesis of pyrido[2,3-d]pyrimidin-4-ones via cyclocondensation of 4,6-dichloro-2-
methylsulfanylpyrimidine-5-carbaldehyde with b-alkyl and b-aryl-b-aminoacrylic esters followed by
hydrolysis of chlorine atom at position 4 of pyridopyrimidine ring has been developed. The cyclo-
condensation was found to be accelerated by acid.

� 2015 Elsevier Ltd. All rights reserved.
1. Introduction

4,6-Dichloropyrimidine-5-carbaldehydes have proved to be
very convenient building blocks for the synthesis of various fused
pyrimidines.1 Recently we have studied the reactions of 4,6-
dichloro-2-methylsulfanylpyrimidine-5-carbaldehyde (1) with
geminal pushepull enediamines 2, giving pyrido[4,3-d]pyrimidines
3 in good yields (Scheme 1).2 At the same time in our previous work
we have reported the reaction of aldehyde 1 with methyl amino-
crotonate (4a) to proceed with another chemoselectivity and to
lead to pyrido[2,3-d]pyrimidine 5a.3
condensation of aldehyde 1 with en
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In the present work we investigated the reactions of aldehyde 1
with pushepull enamines more thoroughly. These studies led to
a novel convenient method for the synthesis of highly functional-
ized pyrido[2,3-d]pyrimidines.

Pyrido[2,3-d]pyrimidine derivatives demonstrate a wide range
of biological properties that are now actively studied, such as an-
algesic,4 antiviral,5 anti-inflammatory,6 antimicrobial,5d,7 anti-
fungal,5d,8 anticancer activity9 and some others.10 Therefore, the
synthesis of diverse structures belonging to this class of compounds
is very important.
ediamines 2 and enamine 4a (previous works).
2. Results and discussion

The reaction of aldehyde 1 with enamine 4a was carried out in
DMF at ambient temperature. The twofold excess of enamine was
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used for scavenging HCl evolved during the process. The cyclo-
condensation productdchloride 5adprecipitated in 15 min and
was isolated in pure form after filtration. However it was also
shown that slow hydrolysis of 5a leading to compound 6a took
place under the reaction conditions (Scheme 2). According to 1H
NMR spectroscopymonitoring, the cyclocondensationwas found to
be accelerated by acid. These experiments are illustrated by Fig. 1a
and b. When the reaction was carried out with enamine only, an
incubation period (over 10min) was observed (Fig.1a); the addition
of a catalytic amount of HCl increased the rate of cyclocondensation
product (5a) accumulation significantly from the very beginning
(Fig. 1b). Noteworthy, in both cases the hydrolysis reaction (accu-
mulation of compound 6a) was quite slow.
Scheme 2. Formation of chloride 5a and its hydrolisys to pyridopyrimidone 6a.

Fig. 1. a 1H NMR monitoring of reaction of aldehyde 1 and enamine 4a (no HCl added), b 1H NMR monitoring of reaction of aldehyde 1 and enamine 4a (HCl added).
The reaction of aldehyde 1 with methyl aminocinnamate (4b)
was conducted under the same conditions (with twofold excess of
enamine). Enamine 4b proved to be less reactive: without the ad-
dition of acid no conversion was observed after 2 h. When a cata-
lytic amount of HCl was added, the consumption of starting
material was achieved in 1.5 h. Herein, the chloride 5b (unlike 4b)
did not precipitate, and therefore, considering the slower aldehyde
1 conversion, it underwent hydrolysis much more readily forming
pyridopyrimidone 6b (Scheme 3). Besides, in these conditions the
formation of compound 7 was observed as a result of the sub-
stitution of chlorine atom in compound 5b by C-nucleophilic center
of enamine.
Scheme 3. Reaction of aldehyde 1 and enamine 4b (2 eq.).
In order to prevent the formation of side-product 7, the reaction
was carried out with an equimolar amount of enamine. In this case,
the hydrolysis of the compound 5b (leading to pyridopyrimidone
6b) was found to be accelerated. Apparently, this was due to the
increased acidity of the media caused by the absence of another
equivalent of enamine, acting as a weak base. The acceleration of
hydrolysis of chloride 5b relative to the rate of its formation from
aldehyde 1 and enamine 4b was demonstrated using NMR-
monitoring of this reaction (Fig. 2).

Thus, the preparation of chloride 5b from aldehyde 1 and ami-
nocinnamic ester 4b in one step proved to be difficult. At the same
time, the product of its hydrolysis in the applied reaction con-
ditionsdpyridopyrimidone 6bdcan be isolated in good yield.
However, the chloride 5b can be easily obtained by treating com-
pound 6b with phosphorus oxychloride (Scheme 4).
The structure of pyridopyrimidone 6bwas confirmed by a series
of chemical transformations. An alkaline hydrolysis yielded acid 8
followed by its decarboxylation accompanied by hydrolytic re-
moval of methylsulfanyl group to give compound 9 (Scheme 4). 1O
NMR spectrum of compound 9 revealed pyridine ring protons (5-H
and 6-H) signals as a pair of doublets with coupling constant of
8.1 Hz. That would be impossible for structure 9’ (in case of alter-
native cyclocondensation product).

In order to investigate the effect of substituents in the enamine
and determine the scope and limitations of the method, we tested
in the reaction with aldehyde 1 various b-aminoacrylic esters 4ael,
which are readily available from corresponding b-ketoesters. The
reactions were performed using standard conditions: ambient
temperature, DMF as solvent, catalytic amount of HCl (Table 1).



Fig. 2. 1H NMR monitoring of reaction of aldehyde 1 and enamine 4b.

Scheme 4. Transformations of pyridopyrimidone 6b.
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Since the synthesis of compounds 6 comprises two subsequent
reactions: cyclocondensation of enamine 4 with aldehyde 1 giving
chloride 5 and its further hydrolysis in situ,dthe consumption of
both the starting aldehyde and the intermediate compound 5were
controlled by TLC. In some cases by the moment of full aldehyde 1
conversion the hydrolysis process has been also accomplished
(Table 1, entries 2, 4, 8e10). In other cases this process has been
‘delayed’ and reaction mixture was left stirring for additional few
hours until complete disappearance of chloride 5 (Table 1, entries 1,
3, 5e7). Especially this was typical for the synthesis with enamine
4a (Table 1, entry 1), when chloride 5a precipitated and its hydro-
lysis proceeded in heterogeneous conditions (a stirring
suspension).

Replacement of methyl group in enamine 4a to isopropyl one
did not affect the product yield but only slightly increased the re-
action time (Table 1, entry 3). However, in case of enamine 4d
(bearing tert-butyl group) the situation turned completely differ-
ent: the reaction time increased significantly and the yield of
compound 6d proved to be much lower (Table 1, entry 4). Enamine
4e containing the electron withdrawing triflouromethyl group did
not react with aldehyde 1 at all (Table 1, entry 5). While, the en-
amine itself was being gradually consumed in side processes.

The full conversion time and the yield of the reaction were
found to be not influenced by the nature of substitution in phenyl
ring of b-aminocinnamic esters 4fej (Table 1, entries 6e10). For
substrates containing either electron withdrawing or electron do-
nating groups, high yields were observed and the full conversion of
aldehyde 1 took 2e3 h on average. Apparently, the absence of ob-
vious influence of substituent electronic effect can be attributed to
the lack of sufficiently effective conjugation between the aromatic
p-system and double S¼S bond of enamine. This conjugation is
probably prevented by more effective direct polar conjugation be-
tween amino group and ester carbonyl group.

The reaction of enamine 4k bearing thiophene moiety afforded
corresponding pyridopyrimidine in high yield (Table 1, entry 11).
However, in case of enamine 4l containing pyridine ring the result
was completely different (Table 1, entry 12). The aldehyde 1 was
fully consumed, but a complex mixture of unidentified products
was obtained. This result is likely to be caused by pyridine nitrogen
atom nucleophilicity, so the pyridine nitrogen is able to compete
with other nucleophilic centers of enamine 4l. When chlorine atom
in aldehyde 1 (or in pyridopyrimidine 5) is substituted by the
pyridine nitrogen atom, a pyridinium cation is formed, being
readily involved in further unpredictable transformations.

The full assignment of signals in 13C NMR spectrum of the ob-
tained compounds 6 was made, based on 2D-NMR spectroscopy
HSQC and HMBC. In most cases the signals of pyrimidine ring car-
bon atoms are significantly broadened that may arise from proto-
tropic tautomerism. Moderate heating (60 �S) simplifies the
spectrumview due to acceleration of molecular dynamic processes,
which leads to averaging signals and lines narrowing.

Smooth proceeding of the reaction between aldehyde 1 and
most enamines bearing an ester group encouraged us to involve in
this procedure some pushepull enamines with another ‘pull’
group, namely nitriles 10 and ketones 11 and 12 (Scheme 5). The
aldehyde was found to be consumed within 1e3 h when reacted
with enamines 10 and 11. However, unfortunately, the target
transformations were accompanied with multiple side processes
and only the unidentified complexmixtures were obtained in these
cases. Meanwhile the enamine 12 showed much more positive
result giving the pyridopyrimidone 13 in 46% yield after 5 h
(Scheme 5). In this case, the pyrido[2,3-d]pyrimidine structure was
confirmed by X-ray analysis.

Our attempts to extend the range of electrophilic substrates
employing compounds structurally similar to aldehyde 1, but
bearing other acyl group, failed. Enamine 4a was treated with
acetylpyrimidine 1411 (Scheme 6), but no conversion of starting
materials was observed neither when catalytic amount of acid was
added nor under heating (60 �S). The ester 15 did not react with
enamine 4a too and the only result of heating was slow destruction
of the starting materials. More electrophilic (p-deficient) ester 16,
synthesized from 15 by oxidation of methylsulfanyl group, also
failed to react with aminocrotonic ester (4a). Nevertheless such
electrophiles are readily transformed into corresponding pyrido-
[4,3-d]pyrimidines, when treated with geminal enediamines 2.11,12

Some interesting and apparently interrelated questions should
be considered. How does the acidic catalysis work in the reaction of
aldehyde 1 and enamines 4? What is the sequence of the cyclo-
condensation reaction steps? What factors control cyclo-
condensation chemoselectivity in case of enamines 4 in contrast tp
geminal pushepull enediamines 2 (Scheme 1)? Our assumptions,
based on experimental data and the literature, will be discussed
below.

The reactivity (nucleophilicity) of pushepull enamines is sig-
nificantly lower in comparison to analogous enediamines (bearing
the same ‘pull-group’). The direct (non-catalytic) aromatic nucle-
ophilic substitution of halogen may be considered as a common
and well known reaction in case of enediamines.13 Herein the latter
act as C-nucleophiles, whereas such reactions are not typical for
pushepull enamines. In the case of enamines only highly p-de-
ficient arenes can be involved in the reaction and the yields are
usually low.14 Such substitution may proceed smoothly only
intramolecularly.15

However, the reactions with aromatic aldehydes occurring in
acidic media are common for pushepull enamines. These reactions



Table 1
Reaction of aldehyde 1 with enamines 4. Synthesis of pyrido[2,3-d]pyrimidones 6

Entry 4 Timea Yieldb of 6/%

1 3 h (0.5 h) 96 (75)

2 2 h 95

3 3 h (2 h) 92

4 5 days 32c

5 24 h 0d

6 1.5 h (1 h) 96

7 2.5 h (1.5 h) 92

8 2.5 h (2 h) 92

9 1.5 h 86

10 2 h 89

11 2 h 95

12 1 h de

a Total time of reaction, after which both cyclocondensation and hydrolisys processes were completed (step 1þstep 2); time of the aldehyde 1 consumption (step 1) is given
in parenthesis (controlled by TLC).

b Isolated yields before purification (purity �94%); the yield after recrystallization from DMF is given in parenthesis.
c Yield after column chromatography.
d No convertion of aldehyde 1 was observed.
e Unidentified mixture of products was obtained.
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Scheme 5. Cyanoenamines 10 and ketoenamines 11, 12. Formation of pyridopyrimidone 13.

Scheme 6. Electrophilic substrates structurally similar to aldehyde 1.
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lead to dihydropyridines formation (Hantzsch’s synthesis) via C-
nucleophilic attack of two enamine molecules on the formyl
function.16

The studied cyclocondensation of aldehyde 1 with enamines
proceeds relatively fast: in case of enamine 4a the full conversion is
achieved within 20e30 min. These values are comparable to the
ones observed for cyclocondensation of aldehyde 1 with ethyl 3,3-
diaminoacrylate (2 X¼OEt, 5e10 min). Such a small difference was
shown to be caused by acidic catalysis in case of enamine reaction.
There may be supposed two possible reaction pathways for the
cyclocondensation process (Scheme 7). They differ by the nature of
the initial step (interaction between enamine C-nucleophilic center
and formyl group or attacking the pyrimidine ring by N-nucleo-
philic center).
Scheme 7. Possible pathways for cyclocondensation of aldehyde 1 and enamines 4.
Protonation of aldehyde 1 leads to significant increase of its
electrophilicity. The first step of cyclocondensation is assumed to
be an interaction between enamine carbon atom and protonated
formyl group. This assumption is consistent with the fact that other
pyrimidine electrophiles similar to aldehyde 1 (ketone 14 and ester
15), do not react with enamines. If the first step was the attack on
pyrimidine ring (the substitution of chlorine atom by the enamine
amino group), the similar reactivity for ketone 14 and likely ester 15
would rather be expected.

Taking these considerations into account we suggest the fol-
lowing explanation of different chemoselectivity of cyclo-
condensation reaction of aldehyde 1 with enamines 4 (acid
catalysis; pyrido[2,3-d]pyrimidines are formed) on one hand and
geminal enediamines 2 (no catalysis; pyrido[4,3-d]pyrimidines are
formed) on the other. The acid catalysis (protonation of aldehyde
molecule) is unable to work in case of enediamines because of their
high (in contrast to enamines) basicity. The reactivity of non-
protonated formyl group is low due to the presence of two
adjacent chlorine atoms shielding it. The formyl group is unavail-
able for attack by the S-nucleophilic center of the enediamine,
which is sensitive to steric hindrance. Along with this, the high
nucleophilicity of the latter makes possible for it to substitute the
chlorine atom easily, when the attack on pyrimidine ring takes
place.

In case of reaction with enamines, the formyl group is also un-
available and the nucleophilicity of enamine is insufficient for
attacking the pyrimidine ring and substituting of chlorine atom
with observable rate. Nevertheless, such attack is likely to occur
(resulting in formation of traces of HCl), although very slowly.
When the acid emerge in the reactionmedia and protonation of the
formyl group takes place the formyl carbon atom becomes much
more electrophilic (carbocationic center), which permits the nu-
cleophilic attack on it to occur readily. Furthermore, due to the
same steric hindrance caused by two chlorine atoms this electro-
philic center (after first nucleofilic attack) proves to be unavailable
for attack by another enamine molecule (as it happens in dihy-
dropyridine synthesis in case of other aromatic aldehydes).
Meanwhile the high electrophilicity of the pyrimidine ring allows
the cyclization via intramolecular aromatic nucleophilic sub-
stitution of chlorine atom by nitrogen atom to occur easily. Such
influence of adjacent chlorine atoms on the reactivity of chlorine-
substituted quinoline-3-carbaldehydes in the reaction with ethyl
3,3-diaminoacrylate (2 X¼OEt) was reported in one of our previous
works.17
3. Conclusions

In conclusion, the developedmethod for the synthesis of pyrido-
[2,3-d]pyrimidines is very efficient for preparative use, considering
the easy availability of starting materials, short reaction times and
high yields of the target compounds. Although there are some
limitations in the type of substrates, different b-substituted b-
acrylic esters are suitable for the described procedure. It should be
also noted that the heterocycles obtained may be considered as
having wide perspectives for potential modifying of the bicyclic
system periphery.
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4. Experimental part

4.1. General considerations

The NMR spectra were recorded on a Bruker Avance III 400
spectrometer (1H: 400.13 MHz; 13S: 100.61 MHz; chemical shifts
are reported as parts per million (d, ppm); the residual solvent
peaks were used as internal standards: 7.28 and 2.51 ppm for 1H in
CDCl3 and DMSO-d6 respectively, 39.7 ppm for 13C in CDCl3 and
DMSO-d6; multiplicities are abbreviated as follows: s¼singlet,
d¼doublet, t¼triplet, q¼quartet, m¼multiplet, br¼broad; coupling
constants, J, are reported in Hz). Mass spectra were recorded on
a Bruker micrOTOF spectrometer (ESI ionisation). IR spectra were
recorded on an FT-spectrometer Spectrum BX (KBr pellets).
Melting points were determined in open capillary tubes on Stuart
SMP30 Melting Point Apparatus. The ethereal HCl solution was
prepared by saturating of ether with gaseous HCl under ice-
cooling.
4.2. General procedure for synthesis of pyrido[2,3-d]pyr-
imidones 6

To a stirred solution of aldehyde 1 (1.0 mmol, 1 equiv) in 3 mL
DMF was added enamine 2 (1.15 equiv) followed by addition of
a few drops of satd ethereal HCl.

Except for 6d: Mixture was stirred at ambient temperature for
period of time indicated in Table 1. After removing of solvent (50 �C/
5 Torr) the residue was stirred with water (10 mL) for 1 h, crystals
were filtered and dried at 110 �C/5 Torr to give compound 6 with
purity�94%. Recrystallization from DMF can be used for purifica-
tion, if necessary.

For 6d: After stirring for 20 h the additional portion of en-
amine 4d (0.15 equiv) was added and the mixture was left at
ambient temperature for 4 days. After removing of solvent
(50 �C/5 Torr) the residue was dissolved in CHCl3 (30 mL),
washed with water, satd NaHCO3 and brine. Compound 6d was
isolated using column chromatography on silica (EtOAcenHex-
ane 1:1, Rfw0.25).
4.3. Methyl 7-methyl-2-(methylsulfanyl)-4-oxo-3,4-
dihydropyrido[2,3-d]pyrimidine-6-carboxylate (6a)

Light pink powder, mp 261e263 �C (DMF; decomp.);
nmax(KBr) 3006e2800, 1735, 1673, 1604, 1578, 1539, 1416, 1283,
1261, 1236, 1121, 1056; dH (400 MHz, DMSO-d6) 12.99 (1H, s,
NH), 8.69 (1H, s, 5-H), 3.88 (3H, s, SO2CH3), 2.79 (3H, s, 7-CH3),
2.60 (3H, s, SCH3); dC (100.6 MHz, DMSO-d6) 165.9 (7-C), 165.7
(CO2CH3), 164.2 (2-C), 161.7 (8a-S), 158.7 (4-C), 138.9 (5-C), 122.5
(6-C), 113.0 (4a-S), 52.9 (CO2CH3), 25.5 (7-CH3), 13.6 (SCH3);
HRMS (ESI): MHþ, found 266.0599. [C11H12N3O3S]þ requires
266.0594.
4.4. Methyl 2-(methylsulfanyl)-4-oxo-7-phenyl-3,4-
dihydropyrido[2,3-d]pyrimidine-6-carboxylate (6b)

Colorless powder, mp 276e278 �C (DMF); nmax(KBr) 3008,
2919e2800 (br), 1731, 1669, 1595, 1559, 1417, 1400, 1243, 1118,1099,
989; dH (400 MHz, DMSO-d6) 13.09 (1H, s, NH), 8.70 (1H, s, 5-H),
7.59e7.47 (5H, m, H(Ph)), 3.71 (3H, s, CO2CH3), 2.63 (3H, s, SCH3); dC
(100.6 MHz, DMSO-d6, 60 �C) 167.1 (CO2CH3), 164.1 (2-C), 163.7 (7-
C), 161.5 (8a-C), 158.6 (4-C), 139.6 (ipso-Ph), 138.7 (5-C), 129.7 (p-
Ph), 129.0 (o-Ph), 128.5 (m-Ph), 124.2 (6-C), 113.6 (4a-C), 52.8
(CO2CH3), 13.5 (SCH3); HRMS (ESI): MHþ, found 328.0758.
[C16H14N3O3S]þ requires 328.0750.
4.5. Ethyl 7-isopropyl-2-(methylsulfanyl)-4-oxo-3,4-
dihydropyrido[2,3-d]pyrimidine-6-carboxylate (6c)

Colorless powder, mp 270e271 �C (DMF); nmax(KBr) 3071e2800,
1729, 1677, 1600, 1567, 1513, 1406, 1276, 1260, 1240, 1119; dH
(400MHz, DMSO-d6) 12.97 (1H, s, NH), 8.66 (1H, s, 5-H), 4.35 (2H, q,
OCH2CH3, J 7.1), 3.97e3.87 (1H, m, CH(CH3)2), 2.64 (3H, s, SCH3),
1.35 (3H, t, OCH2CH3, J 7.1), 1.26 (6H, d, CH(CH3)2, J 6.7); dC
(100.6 MHz, DMSO-d6) 173.2 (7-C), 165.8 (CO2CH2CH3), 163.9 (2-C),
161.6 (8a-C), 159.1 (4-C), 138.7 (5-C), 122.8 (6-C), 112.9 (4a-C), 61.8
(OCH2CH3), 32.9 (CH(CH3)2), 22.5 (CH(CH3)2), 14.5 (OCH2CH3), 13.6
(SCH3); HRMS (ESI): MHþ, found 308.1073. [C14H18N3O3S]þ requires
308.1063.

4.6. Ethyl 7-tert-butyl-2-(methylsulfanyl)-4-oxo-3,4-
dihydropyrido[2,3-d]pyrimidine-6-carboxylate (6d)

Light yellow powder, mp 223e224 �C; nmax(KBr) 3165e2800,
1733, 1670, 1603, 1567, 1536, 1402, 1278, 1250, 1114, 1026, 813; dH
(400 MHz, CDCl3) 11.10 (1H, br.s, NH), 8.53 (1H, s, 5-H), 4.44 (2H, q,
CH2CH3, J 7.1), 2.80 (3H, s, SCH3), 1.53 (6H, s, t-Bu), 1.45 (3H, t,
CH2CH3, J 7.1); dC (100.6 MHz, CDCl3) 173.4 (7-C), 169.1
(CO2CH2CH3), 162.9 (2-C), 161.6 (8a-C), 157.5 (4-C), 137.5 (5-C), 127.0
(4a-C), 111.5 (6-C), 62.2 (CH2CH3), 40.5 (C(CH3)3), 29.8 (C(CH3)3),
14.1 (CH2CH3), 13.7 (SCH3); HRMS (ESI): MHþ, found 322.1233.
[C15H20N3O3S]þ requires 322.1220.

4.7. Methyl 7-(4-methoxyphenyl)-2-(methylsulfanyl)-4-oxo-
3,4-dihydropyrido[2,3-d]pyrimidine-6-carboxylate (6f)

Colorless powder, mp 290e292 �C (DMF; decomp.); nmax(KBr)
3013e2913 (br), 1730,1655,1596, 1572,1402, 1259,1181,1116,1099;
dH (400 MHz, DMSO-d6) 12.83 (1H, s, NH), 8.63 (1H, s, 5-H), 7.55
(2H, d, 20,60-H, J 8.7), 7.05 (2H, d, 30,50-H, J 8.7), 3.84 (3H, s, 40-OCH3),
3.74 (3H, s, CO2CH3), 2.63 (3H, s, SCH3); dC (100.6 MHz, DMSO-d6)
167.6 (CO2CH3), 164.0 (2-C), 162.8 (7-C), 161.6 (8a-C), 161.0 (40-C),
158.5 (4-C), 138.7 (5-C), 131.4 (10-C), 130.9 (20,60-C), 123.8 (6-C),
114.1 (30,50-C), 112.9 (4a-C), 55.8 (40-OCH3), 53.0 (CO2CH3), 13.6
(SCH3); HRMS (ESI): MHþ, found 358.0860. [C17H16N3O4S]þ re-
quires 358.0856.

4.8. Ethyl 7-(4-fluorophenyl)-2-(methylsulfanyl)-4-oxo-3,4-
dihydropyrido[2,3-d]pyrimidine-6-carboxylate (6g)

Light yellow powder, mp 250e251 �C (DMF); nmax(KBr)
3074e2880 (br), 1722, 1675, 1599, 1563, 1536, 1405, 1266, 1244,
1220,1096; dH (400MHz, DMSO-d6) 13.09 (1H, s, NH), 8.69 (1H, s, 5-
H), 7.61 (2H, dd, 20,60-H, J 8.7, 5.5), 7.32 (2H, t, 30,50-H, J 8.7), 4.18 (2H,
q, OCH2CH3, J 7.1), 2.62 (3H, s, SCH3), 1.11 (3H, t, OCH2CH3, J 7.1); dC
(100.6 MHz, DMSO-d6) 166.4 (7-C), 164.2 (CO2CH2CH3), 163.3 (40-C,
d, J 146.5), 162.9 (2-C), 161.8 (8a-C), 158.7 (4-C), 138.9 (5-C), 136.1
(40-C, d, J 2.8), 131.5 (20,60-C, d, J 8.7), 124.1 (6-C), 115.5 (30,50-C, d, J
21.8), 113.7 (4a-C), 61.8 (OCH2CH3), 14.1 (OCH2CH3), 13.6 (SCH3);
HRMS (ESI): MHþ, found 360.0825. [C17H15FN3O3S]þ requires
360.0813.

4.9. Methyl 2-(methylsulfanyl)-7-(4-nitrophenyl)-4-oxo-3,4-
dihydropyrido[2,3-d]pyrimidine-6-carboxylate (6h)

Light yellow powder, mp 302e304 �C (DMF; decomp.);
nmax(KBr) 2926e2804 (br), 1735, 1683, 1598, 1568, 1517, 1408, 1352,
1279, 1251, 1122; dH (400 MHz, DMSO-d6) 13.14 (1H, s, NH), 8.80
(1H, s, 5-H), 8.33 (2H, d, 30,50-H, J 8.6), 7.82 (2H, d, 20,60-H, J 8.6), 3.73
(3H, s, CO2CH3), 2.62 (3H, s, SCH3); dC (100.6 MHz, DMSO-d6) 166.0
(CO2CH3), 164.9 (2-C), 162.2 (7-C), 161.5 (8a-C), 158.7 (4-C), 148.2
(40-C), 145.1 (10-C), 139.5 (5-C), 130.6 (20,60-C), 123.6 (30,50-C), 123.5
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(6-C), 114.4 (4a-C), 53.1 (CO2CH3), 13.6 (SCH3); HRMS (ESI): MHþ,
found 373.0610. [C16H13N4O5S]þ requires 373.0601.

4.10. Methyl 7-(3,4-dimethoxyphenyl)-2-(methylsulfanyl)-4-
oxo-3,4-dihydropyrido[2,3-d]pyrimidine-6-carboxylate (6i)

Colorless powder, mp 278e280 �C (DMF); nmax(KBr) 3071e2908,
1731, 1655, 1566, 1412, 1266, 1121, 1100, 1021, 871,; dH (400 MHz,
DMSO-d6, 60 �C) 13.02 (1H, br.s, NH), 8.62 (1H, s, 5-H), 7.20 (1H, d,
20-H, J 2.0), 7.16 (1H, dd, 60-H, J 8.3, 2.0), 7.08 (1H, d, 50-H, J 8.3), 3.84
(3H, s, 40-OCH3), 3.81 (3H, s, 30-OCH3), 3.74 (3H, s, CO2CH3), 2.64
(3H, s, SCH3); dC (100.6 MHz, DMSO-d6, 60 �C) 167.6 (CO2CH3), 163.8
(2-S), 162.9 (7-C), 161.5 (4-C), 158.6 (8a-C), 151.0 (40-C), 149.0 (30-C),
138.4 (5-C), 131.9 (10-C), 124.4 (6-C), 122.5 (60-C), 113.3 (20-C), 113.1
(4a-C), 112.2 (50-C), 56.4 (40-OCH3), 56.3 (30-OCH3), 52.9 (CO2CH3),
13.5 (SCH3); HRMS (ESI): MHþ, found 388.0967. [C18H18N3O5S]þ

requires 388.0962.

4.11. Ethyl 7-(2-chlorophenyl)-2-(methylsulfanyl)-4-oxo-3,4-
dihydropyrido[2,3-d]pyrimidine-6-carboxylate (6j)

Yellow powder, mp 214e215 �C (MeCN); nmax(KBr) 3163e2800,
1718, 1685, 1601, 1567, 1400, 1266, 1249, 1107, 1056, 975, 814, 736;
dH (400MHz, DMSO-d6, 60 �C) 13.04 (1H, br s, NH), 8.85 (1H, s, 5-H),
7.53e7.44 (4H, m, 2-Cl-C6H4), 4.12 (2H, q, OCH2CH3, J 7.1), 2.63 (3H,
s, SCH3),1.04 (3H, t, OCH2CH3, J 7.1); dC (100.6MHz, DMSO-d6, 60 �C)
164.73 (2-C) 164.65 (CO2CH2CH3),162.7 (7-C),161.5 (4-C),159.2 (8a-
C), 139.8 (20-C), 138.8 (5-C), 131.5 (10-C), 130.6 (60-C), 130.4 (40-C),
129.1 (50-C), 127.3 (30-C), 124.3 (6-C), 114.4 (4a-C), 61.6 (CH2CH3),
13.9 (CH2CH3), 13.5 (SCH3); HRMS (ESI): MHþ, found 376.0523.
[C17H15

35ClN3O3S]þ requires 376.0517.

4.12. Ethyl 2-(methylsulfanyl)-4-oxo-7-(thiophen-2-yl)-3,4-
dihydropyrido[2,3-d]pyrimidine-6-carboxylate (6k)

Colorless powder, mp 280e282 �C (DMF; decomp.); nmax(KBr)
3063e2704, 1726, 1669, 1568, 1419, 1392, 1278, 1252, 1117, 851, 716;
dH (400MHz, DMSO-d6, 60 �C) 12.84 (1H, br.s, NH), 8.55 (1H, s, 5-H),
7.82 (1H, dd, 50-H, J 5.0, 1.0), 7.54 (1H, dd, 30-H, J 3.8, 1.0), 7.20 (1H,
dd, 40-H, J 3.8, 5.0), 4.37 (2H, q, CH2CH3, J 7.1), 2.66 (3H, s, SCH3), 1.30
(3H, t, CH2CH3, J 7.1); dC (100.6 MHz, DMSO-d6, 60 �C) 167.2
(CO2CH2CH3), 164.1 (2-C),161.3 (4-C), 158.4 (8a-C),154.9 (7-C), 141.9
(20-C), 138.2 (5-C), 131.6 (50-C), 130.1 (30-C), 128.7 (40-C), 123.5 (4a-
C), 113.1 (6-C), 62.3 (CH2CH3), 14.2 (CH2CH3), 13.6 (SCH3); HRMS
(ESI): MHþ, found 348.0468. [C15H14N3O3S2]þ requires 348.0471.

4.13. Methyl 4-chloro-2-(methylsulfanyl)-7-phenylpyrido[2,3-
d]pyrimidine-6-carboxylate (5b)

A mixture of compound 6b (300 mg, 0.92 mmol), phosphorus
oxychloride (310 mg, 2.02 mmol), dry toluene (20 mL) and dry 1,4-
dioxane (4 mL) was stirred at reflux temperature for 3 h (controlled
by TLC). After cooling to room temperature it was diluted with
dichloromethane (25 mL) and passed through a short pad of silica.
After evaporation of solvents the residue was thoroughly washed
withwarm hexane and dried in vacuo to give the title compound 5b
(187 mg, 59%) as a pale yellow powder; mp 137e139 �C, nmax(KBr)
1737, 1599, 1565, 1510, 1429, 1351, 1250, 1140, 1102, 1041, 1024; dH
(400 MHz, CDCl3) 8.90 (1H, s, 5-H), 7.71e7.69 (2H, m, o-H(Ph)),
7.58e7.44 (3H, m, m,p-H(Ph)), 3.79 (3H, s, CO2CH3), 2.77 (3H, s,
SCH3); dC (100.6 MHz, CDCl3) 175.1 (2-C); 166.88, 166.82 (7-C,
CO2CH3); 162.4 (4-C),158.8 (8a-C),138.6 (5-C, ipso-Ph; overlapped);
130.2 (p-Ph), 128.9 (o-Ph), 128.4 (m-Ph); 126.6 (6-C), 114.1 (4a-C),
52.9 (CO2CH3), 14.9 (SCH3); HRMS (ESI): MHþ, found 346.0414.
[C16H13ClN3O2S]þ requires 346.0412.
4.14. Methyl 4-(1-amino-3-methoxy-3-oxo-1-phenylprop-1-
en-2-yl)-2-(methylsulfanyl)-7-phenylpyrido[2,3-d]pyrimi-
dine-6-carboxylate (7)

To a solution of aldehyde 1 (500 mg, 2.25 mmol) and enamine
4b (878 mg, 4.93 mmol) in DMF (3 mL) a few drops of satd ethereal
HCl were added followed by stirring at room temperature for 2 h
(controlled by TLC). Solvent was removed in vacuo (50 �S/5 Torr),
the residue was treated with water (10 mL) and aqueous phase was
separated. To the oily viscous residue was added DMSO (5 mL) and
mixture was heated at 80 �S for 10 min. After cooling to room
temperature formed crystals were filtered, washed with water and
dried in air to give the mixture of compounds 6b and 7 (515 mg,
w1:2.5). Compound 7 was isolated by column chromatography on
silica (EtOAc-Hexane 1:1, Rfw0.5) to yield 214 mg (20%) as yellow
powder, mp 204e205 �C; nmax(KBr) 3400e3200, 1727, 1688, 1595,
1549, 1514, 1438, 1332, 1264, 1218, 1133, 1019, 773, 700; dH
(400 MHz, DMSO-d6) 9.08 (1H, br.s, NH), 8.67 (1H, s, 5-H), 8.32 (1H,
br.s, NH), 7.66e7.47 (5H, m, 7-(Ph)), 7.29e7.06 (5H, m, b-(Ph)), 3.74
(3H, s, 6-(CO2CH3)), 3.54 (3H, s, a-(CO2CH3)), 2.40 (3H, s, SCH3); dC
(100.6 MHz, DMSO-d6, 60 �C) 173.8, 170.3, 168.4, 167.2, 166.0, 164.0,
158.2, 140.3, 139.4, 137.1, 130.0, 129.8, 129.1, 128.6, 128.4, 125.0,
116.0, 92.3, 79.6, 53.0, 51.0, 14.1 (SCH3); HRMS (ESI): MHþ, found
487.1444. [C26H23N4O4S]þ requires 487.1435.

4.15. 2-(Methylsulfanyl)-4-oxo-7-phenyl-3,4-dihydropyrido
[2,3-d]pyrimidine-6-carboxylic acid (8)

A mixture of compound 6b (523 mg, 1.6 mmol) and aq KOH
(263 mg, 4.7 mmol in 10 mL of water) was stirred at room tem-
perature for 2 h. The solution was acidified with 3N citric acid to
pHw6. The precipitate was filtered, washedwith water and dried in
air to give the titled compound (71%) as colourless powder, mp
296e297 �C (DMF; decomp.); nmax(KBr) 3575e2600, 1735, 1678,
1600, 1568, 1403, 1266, 1124, 978, 815; dH (400 MHz, DMSO-d6,
60 �C) 12.76 (2H, br s, NH, COOH), 8.68 (1H, s, 5-H), 7.64e7.59 (2H,
m, o-H(Ph)), 7.51e7.46 (3H, m, m,p-H(Ph)), 2.65 (3H, s, SCH3); dC
(100.6 MHz, DMSO-d6, 60 �C) 168.0 (7-C), 163.74 (CO2H), 163.69 (2-
C), 161.6 (8a-C), 158.4 (4-C), 139.9 (ipso-Ph), 138.3 (5-C), 129.6 (p-
Ph), 129.2 (o-Ph), 128.3 (m-Ph), 125.7 (6-C), 113.43 (4a-C),13.5
(SCH3); HRMS (ESI): (M�H)�, found 312.0434. [C15H10N3O3S]þ re-
quires 312.0448.

4.16. 7-Phenylpyrido[2,3-d]pyrimidine-2,4(1H,3H)-dione (9)

A mixture of acid 8 (169 mg, 0.54 mmol), Cu2O (77 mg,
0.54 mmol) and N-methylpyrrolidone (1.5 mL) was heated at
205 �S for 12 h. The mixture was concentrated (85 �S/5 Torr) and
the residuewas treatedwith EtOAc (5mL) and passed through SiO2,
washing out with EtOAc (Rfw0.5). After evaporation of solvent the
residue was treated with ether (3 mL), ice-cooled and filtered to
give the titled compound (23 mg, 18%) ofw90% purity, beige pow-
der, mp 278e280 �C (decomp.); nmax(KBr) 3433, 3178, 3056, 2817,
1709, 1675, 1611, 1575, 1411, 1276; dH (400 MHz, DMSO-d6) 11.53
(1H, br s, 1-NH), 11.28 (1H, br.s, 3-NH), 8.32 (1H, d, 5-H, J 8.1),
8.17e8.14 (2H, m, o-Ph), 7.81 (1H, d, 6-H, J 8.1), 7.58e7.53 (3H, m,
m-, p-Ph); dC (100.6 MHz, DMSO-d6, 60 �C) 162.6 (8a-C), 161.2 (7-C),
152.9 (4-C), 150.9 (2-C), 137.9 (5-C), 137.7 (ipso-Ph), 130.9 (p-Ph),
129.3 (m-Ph), 127.8 (o-Ph), 115.8 (6-C), 109.1 (4a-C); HRMS (ESI):
MHþ, found 240.0769. [C13H10N3O2]þ requires 240.0768.

4.17. 6-Acetyl-7-methyl-2-(methylsulfanyl)pyrido[2,3-d]py-
rimidine-4(3H)-one (13)

To a stirred solution of aldehyde 1 (500 mg, 2.24 mmol) in
3.5 mL of DMF was added enamine 12 (250 mg, 2.52 mmol)
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followed by addition of a few drops of satd ethereal HCl. Mixture
was stirred at ambient temperature for 5 h. Crystals formed were
filtered, washed thoroughly withMeCN (10mL) and dried at 110 �C/
5 Torr to give the titled compound (256 mg, 46%) as light pink
powder, mp 265e267 �C (MeCN; decomp.); nmax(KBr) 3417 (br),
3008, 2731, 2625, 1726, 1716, 1690, 1627, 1524, 1426, 1371, 1345,
1263, 1227, 1163, 1108, 960, 794; dH (400 MHz, DMSO-d6, 60 �C)
10.40 (1H, s, NH), 8.77 (1H, s, 5-H), 2.76 (3H, s, 7-CH3), 2.65 (3H, s,
SOCH3), 2.63 (3H, s, SCH3); dC (100.6 MHz, DMSO-d6, 60 �C) 198.9
(COCH3), 165.1 (2-C), 164.0 (7-C), 161.3 (4-S), 157.3 (8a-C), 138.8 (5-
C),130.5 (6-C),113.2 (4a-S), 29.8 (7-CH3), 24.6 (COCH3),13.6 (SCH3);
HRMS (ESI): MHþ, found 250.0632. [C11H12N3O2S]þ requires
250.0645.
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