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1. Se ha seleccionado un agente de guanidinación compatible con el metanol empleado como 

disolvente de la reacción multicomponente one-pot para la obtención de                               

4-aminopirido[2,3-d]pirimidinas 35: el ácido ácido aminoiminometanosulfónico 62{11} 

(AIMSOA, siglas en inglés de aminoiminomethanesulfonic acid). 

 

2. Se ha optimizado la reacción de guanidinación con AIMSOA 62{11} en metanol. Para dicha 

optimización se ha empleado un diseño de experimentos factorial con randomización, 

formación de tres bloques, un nivel intermedio para cada factor (excepto temperatura), 

puntos centrados y un replicado del diseño completo. Los factores considerados han sido 

temperatura, tiempo de reacción y proporción amina respecto AIMSOA. Las condiciones de 

reacción óptimas se han refinado mediante el análisis de los resultados estadísticos y el 

estudio experimental de la obtención y purificación de la fenilguanidina 50{6} y                             

p-bromofenilguanidina 50{7}. Las condiciones de reacción más convenientes son: 65 ºC,         

8 minutos de irradiación con microondas y exceso de amina (2 equivalentes). De este modo, 

se obtienen las mentadas guanidinas en forma de sales mixtas de sulfito e hidrosulfito con 

un rendimiento del 85,4 % y 78,1 %, respectivamente. 

3. Se ha estudiado la versatilidad de la reacción de guanidinación optimizada frente a un 

amplio panel de aminas que intenta representar toda la diversidad química posible. Los 

resultados de este estudio han mostrado que el método de guanidinación es muy sensible a 

la presencia de sustituyentes voluminosos y a la pérdida de nucleofilia de la amina. 
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4. El acoplamiento de la reacción de guanidinación con la reacción one-pot multicomponente 

de obtención de sistemas 4-aminopirido[2,3-d]pirimidinas 35 ha permitido                        

obtener la 4-amino-2-(bencilamino)-6-(2,6-diclorofenil)-5,6-dihidropirido[2,3-d]pirimidin-                

-7(8H)-ona 35{3,1}, la 4-amino-6-(2,6-diclorofenil)-2-(piridin-4-ilmetilamino)-5,6-dihidro-                               

-pirido[2,3-d]pirimidin-7(8H)-ona 35{3,18}, 4-amino-6-(2,6-diclorofenil)-2-(4-etoxifenilamino)- 

-5,6-dihidropirido[2,3-d]pirimidin-7(8H)-ona 35{3,4} y 4-amino-6-(2,6-diclorofenil)-2-                      
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-(fenilamino)-5,6-dihidropirido[2,3-d]pirimidin-7(8H)-ona 35{3,6} con rendimientos del 49,8 %, 

54,7 %, 13,4 % y 18,7 %, respectivamente.   
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5. Se han analizado los sorprendentemente bajos resultados de los acoplamientos realizados 

con arilguanidinas y se ha comprobado que no son atribuibles al método de guanidinación 

implementado. De hecho, se han determinado como causas más probables de estos bajos 

rendimientos la degradación parcial de las arilguanidinas en medio metanólico 

(especialmente con exceso de metóxido sódico) y la menor nucleofilia de estas guanidinas, 

especialmente frente al metanol empleado como disolvente de reacción, que actúa como 

nucleófilo competente. 

6. Se han estudiado las condensaciones de las piridonas 33{x} con arilguanidinas 50{y} en  

1,4-dioxano y se ha descrito la formación de un término bicíclico 78{x,y} nunca antes 

descrito y cuya estructura ha sido confirmada mediante técnicas espectroscópicas 

convencionales. Así mismo, se ha investigado la versatilidad de esta condensación frente a 

un panel de piridonas 33{x} y se ha observado que la posición relativa de sus sustituyentes 

influye significativamente sobre el rendimiento del proceso, siendo más desfavorable 

cuando dichos sustituyentes se hallan en  de carbonilo. 

 

7. Se ha establecido y optimizado una metodología para la isomerización de estos nuevos 

términos bicíclicos 78{x,y} en sus correspondientes 4-aminopirido[2,3-d]pirimidinas 35{x,y}. 

Dicha transformación ocurre mediante la transposición de Dimroth gracias a un tratamiento 

en metanol con un equivalente de metóxido sódico e irradiación con microondas durante               

40 minutos a 160 ºC. Así mismo, se ha comprobado la versatilidad de este protocolo y se ha 

determinado que en todos los casos estudiados el rendimiento oscila entre el 80 % y el              

90 %. 
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8. Los rendimientos de obtención de 4-amino-2-arilaminopirido[2,3-d]pirimidinas 35{x,y} 

mediante la condensación en 1,4-dioxano y posterior isomerización son superiores en 

cualquier caso a los obtenidos mediante el proceso one-pot multicomponente. Sin embargo, 

el primer itinerario implica mayor carga sintética. 

9. No ha sido posible el acoplamiento directo de la reacción de guanidinación con AIMSOA y la 

condensación de piridonas 33{x} en 1,4-dioxano. Sin embargo, aislando las guanidinas y 

purificándolas sí que ha sido posible obtener la 4-amino-2-(4-bromofenilamino)-6-(2,6-

diclorofenil)-5,6-dihidropirido[2,3-d]pirimidin-7(8H)-ona 35{3,7} y la 4-amino-6-(2,6-

diclorofenil)-2-(3-(trifluorometil)fenilamino)-5,6-dihidropirido[2,3-d]pirimidin-7(8H)-ona 

35{3,16} con rendimientos globales del 59,5 % y del 42,4 %, respectivamente. 

 

10. Se ha propuesto y estudiado una alternativa a la metodología one-pot multicomponente para 

la síntesis orientada a diversidad de 4-amino-2-arilaminopirido[2,3-d]pirimidinas 35: en lugar 

de incorporar la diversidad química durante la construcción del heterobiciclo, se obtiene una 

única piridopirimidina que convenientemente derivatizada permitiría introducir los distintos 

sustituyentes. Como producto de partida común para dicha estrategia se ha escogido la               

4-amino-2-(fenilamino)-5,6-dihidropirido[2,3-d]pirimidin-7(8H)-ona 35{1,6} cuya síntesis a 

partir de acrilato de metilo 31{1}, malononitrilo 32a y fenilguanidina 50{6} se ha optimizado 

hasta alcanzar un rendimiento del 51 %. 

 

11. Se ha comprobado experimentalmente que con un equivalente de bromo en acético se 

halogena selectivamente la posición fenílica C4’ y no la alifática C6. Así mismo, se ha 

establecido un protocolo de bromación de la posición C4’generalizable que ha permitido 

obtener la 4-amino-2-(4-bromofenilamino)-5,6-dihidropirido[2,3-d]pirimidin-7(8H)-ona 35{1,7} 

y la 4-amino-2-(4-bromofenilamino)-6-(2,6-diclorofenil)-5,6-dihidropirido[2,3-d]pirimidin-

7(8H)-ona 35{3,7} con rendimientos prácticamente cuantitativos. 
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12. Se han explorado algunas de las posibilidades de sustitución del bromo aromático mediante 

heteroacoplamiento de Suzuki y heteroacoplamiento de Ullmann, obteniéndose las 

correspondientes piridopirimidinas con rendimientos de moderados a excelentes. 

35{1,25} R = alil, 87,3 % (43,0 %)
35{1,26} R = 2-morfolinoetil, 88,9 % (43,8 %)

H
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35{1,21} Ar = fenil, 77,6 % (38,2 %)
35{1,22} Ar = piridin-4-il, 38,1 % (18,8 %)

H
N

N

NO
H
N

NH2

Ar

 

13. Se ha establecido que no es posible obtener la 4-amino-6-bromo-2-(4-bromofenilamino)-5,6-

dihidropirido[2,3-d]pirimidin-7(8H)-ona 35{7,7} por bromación pues a temperatura ambiente 

se obtiene el intermedio de Wheland 86{1,7} nunca antes descrito en la bibliografía -cuya 

identidad ha sido confirmada por técnicas espectroscópicas convencionales- y a 

temperatura elevada se obtiene la 4-amino-6-bromo-2-(4-bromofenilamino)-                               

-pirido[2,3-d]pirimidin-7(8H)-ona 84{7,7}. Además, se han desarrollado dos protocolos para 

transformar la sal de Wheland 86{1,7} en el término dibromado 84{7,7} por tratamiento en 

DMSO caliente, que ejerce un papel activo en el proceso. Por consiguiente, es posible la 

obtención del término dibromado 84{7,7} en tres etapas sintéticas desde los reactivos 

comerciales con un rendimiento global del 42,5 %. 

 

14. Se ha determinado experimentalmente que la diferencia de reactividad entre los dos bromos 

de 84{7,7} es mucho menor que la esperada para 35{7,7}, probablemente por el carácter 

pseudoaromático del anillo piridónico del primer producto. No obstante, sí se ha observado 

que el bromo piridónico parece ser algo más reactivo, aunque no han podido establecerse 

condiciones de reacción que permitan obtener selectivamente un término de 

monosustitución. 

15. Tras el estudio de las distintas posibilidades de transformación del grupo 4-amino de 84{7,7} 

mediante diazotización, se puede concluir que la única que procede convenientemente es la 

que permite obtener la 6-bromo-2-(4-bromofenilamino)pirido[2,3-d]pirimidina-4,7(3H,8H)-              

-diona 91{7,7} con un rendimiento del 81,7 %. Además, se trabajado sobre la obtención de 

la 6-bromo-2-(4-bromofenilamino)pirido[2,3-d]pirimidin-7(8H)-ona 94{7,7} mediante 
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diazotización, pero esta transformación no es útil desde el punto de vista sintético pues va 

asociada a la obtención de 91{7,7}. 

 

16. Fruto del estudio de las transformaciones por diazotización, se han podido establecer dos 

protocolos generalizables para la transformación de los sistemas 4-amino 35{x,y} en sus 

equivalentes 4-oxo 49{x,y} -con posible obtención de intermedios 4-acetoxi 98{x,y}- y 

rendimientos entre el 60 % y el 90 %. 
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Abstract A practical protocol was developed for the syn-
thesis of 2-arylamino substituted 4-amino-5,6-dihydropyri-
do[2,3-d]pyrimidin-7(8H )-onesfromα,β-unsaturatedesters,
malononitrile, and an aryl substituted guanidine via the corre-
sponding 3-aryl-3,4,5,6- tetrahydropyrido[2,3-d]pyrimidin-
7(8H )-ones. Such compounds are formed upon treatment
of2-methoxy-6-oxo-1,4,5,6-tetrahydropyridine-3-carbonitr-
iles with an aryl substituted guanidine in 1,4-dioxane and
are converted to the desired 4-aminopyridopyrimidines with
NaOMe/MeOH through a Dimroth rearrangement. The over-
all yields of this three-step protocol are, generally speaking,
higher than the multicomponent reaction, previously devel-
oped by our group, between an α,β-unsaturated ester, malon-
onitrile, and an aryl substituted guanidine.

Keywords Pyrido[2,3-d]pyrimidin-7(8H )-ones ·
Arylguanidines · 3-Aryl-3,4,5,6-tetrahydropyrido[2,3-
d]pyrimidin-7(8H )-ones · Dimroth rearrangement

Introduction

Pyrido[2,3-d]pyrimidin-7(8H )-ones are a kind of bicyclic
heterocyclic compounds for which very interesting inhibi-
tory activities have been described in the field of protein
kinase inhibitors. Thus, compounds of general structure 1
have shown IC50 in the range µM to nM in front of PDFGR,
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FGFR, EGFR, and c-Scr particularly when R4 is an aryl group
[1–8]. These compounds are usually obtained through a mul-
tistep strategy in which the pyridine ring is constructed by
condensation of a nitrile 2 (bearing the desired substituent
R1) onto a preformed pyrimidine aldehyde 3 bearing sub-
stituent R5 and a methylthio group which can be later substi-
tuted by the NHR4 substituent using an amine 4 (Scheme 1).

Through the years our group has been interested in the
development of synthetic methodologies for the synthesis of
5,6-dihydropyrido[2,3-d]pyrimidin-7(8H)-ones with up to
four diversity centers starting from α, β-unsaturated esters
(5) (Scheme 2). Thus, using the so-called cyclic strategy,
the 2-methoxy-6-oxo-1,4,5,6-tetrahydropyridin-3-carbonitr-
iles (7) are obtained by reaction of an α, β-unsaturated
ester (5) and malononitrile (6, G = CN) in NaOMe/MeOH
[9]. Treatment of pyridones 7 with guanidine systems (9,
R4 = H, alkyl) affords 4-aminopyrido[2,3-d]pyrimidines
(10, R3 = NH2) [10]. An acyclic variation of the above pro-
tocol allows the synthesis of pyridopyrimidines (10, R3 =
NH2) from the corresponding Michael adducts (8, G = CN)
after cyclization with a guanidine 9 [11]. Similarly 4-oxopyr-
ido[2,3-d]pyrimidines (here depicted as the hydroxyl tauto-
mer 11, R3 = OH) are obtained by treating intermediates
(8, G = CO2Me), result of a Michael addition between
5 and methyl cyanoacetate (6, G = CO2Me), with guan-
idines 9 [12]. Such acyclic protocol was amenable to a
multicomponent microwave-assisted cyclocondensation to
afford compounds 10 and 11 via Michael adducts 8 [13]. We
have also achieved 4-unsubstituted 5,6-dihydropyrido[2,3-
d]pyrimidines (12; R3 = H) through the Michael addition
of 2-aryl substituted acrylates (5; R1 = aryl, R2 = H) and
3,3-dimethoxypropanenitrile (13) which leads, depending on
the reaction temperature (60 or −78 ◦C, respectively), to a
4-methoxymethylene substituted 4-cyanobutyric ester (15)
or to a 4-dimethoxymethyl 4-cyanobutyric ester (14). These
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Scheme 1 Strategy for the
preparation of pyrido[2,3-d]pyr-
imidin-7(8H)-ones (1)
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Scheme 2 Strategies for the synthesis of 5,6-dihydropyrido[2,3-d]pyrimidin-7(8H)-ones and conversion to totally dehydrogenated pyrido[2,3-
d]pyrimidin-7(8H)-ones

compounds are subsequently converted to the desired 4-
unsubstituted compound (12; R3 = H) upon treatment
with a guanidine carbonate 9 under microwave irradiation
[14]. More recently, we have completed our approach to
totally dehydrogenated pyrido[2,3-d]pyrimidin-7(8H)-ones
(16; R4 = H) and (17; R4 = H) by using sodium selenite
(Na2SeO3) in DMSO as oxidant, although the yields highly
depend on the nature and position of the substituents present
in the pyridone ring [15].

Although extensive efforts have been devoted to develop
straightforward strategies for the construction of such kind
of heterocycles, very little has been made to introduce 2-a-
rylamino substituents (R4 = aryl) by using arylguanidines
(9; R4 = aryl) as starting products. The present paper deals
with the somewhat surprising results obtained during such
study.

Results and discussion

We started this work assuming that the aforementioned mul-
ticomponent reaction would proceed with arylguanidines
in a similar way to guanidine, and that we would be able
to introduce diversity at R4 of the pyridopyrimidine skel-
eton by using a wide range of aryl substituted guanidines.

Surprisingly, the number of commercially available arylgua-
nidines was not very high (a search carried out in eMole-
cules, http://www.emol\discretionary-e\discretionary-cules.
com, revealed that there are around 40 different arylguani-
dines, most of them coming from unusual vendors). Further-
more, when we tested the multicomponent reaction using
methyl 2-(2,6-dichlorophenyl)acrylate (5{1}; R1 = C6H3-
2,6-Cl2, R2 = H) or methyl methacrylate (5{2}; R1 =
Me, R2 = H) as model α, β-unsaturated esters, malono-
nitrile 6 (G = CN), and phenylguanidine carbonate (9{1};
R4 = Ph), the corresponding 4-amino-5,6-dihydropyri-
do[2,3-d]pyrimidines 10{1,1} (R1 = C6H3-2,6-Cl2, R2 =
H, R4 = Ph) and 10{2,1} (R1 = Me, R2 = H, R4 = Ph)
were obtained in very low yields (20 and 11 %, respectively)
in comparison with the mean yields (90–100 %) described for
such reaction [13]. It is noteworthy that a search carried out
in SciFinder showed that there are just 37 distinct reactions
in which phenylguanidine has been used for the construction
of a pyrimidine ring in a similar way to our methodology,
and the yields are very variable unless the reaction is carried
out in the absence of solvent [16].

Such unexpected result led us to revise the use of phe-
nylguanidine carbonate (9{1}; R4 = Ph) in such multi-
component procedure by varying the following factors: (a)
commercial or freshly distilled malononitrile; (b) reaction
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temperature and time (65 ◦C and 48 h, or 140 ◦C and 10 min
under microwave irradiation); (c) wet or anhydrous MeOH;
(d) source of NaOMe (Na/MeOH, previously synthesized
NaOMe, or commercially available NaOMe); and (d) proce-
dure for the activation of phenylguanidine from phenylgua-
nidine carbonate (treatment with NaOMe/MeOH at reflux for
15 min followed by filtration of Na2CO3 or microwave irra-
diation at 65 ◦C for 15 min followed by filtration of Na2CO3).
Despite all these variations, the yields obtained for 10{2,1}
(R1 = Me, R2 = H, R4 = Ph) were similar within the exper-
imental error (12 ± 5 %).

A careful analysis of the reaction crude showed the pres-
ence of aniline as a result of the decomposition of phe-
nylguanidine, probably due to the nucleophilic attack of
NaOMe or MeOH. Consequently, we decided to reconsider
our approach in order to access 4-amino-5,6-dihydropyri-
do[2,3-d]pyrimidines 10 by using the two-step cyclic strat-
egy through pyridones 7 in order to preclude the presence of
NaOMe during the treatment with phenylguanidine. Thus,
pyridones 7{1–5} were prepared by treating α, β-unsatu-
rated esters (Fig. 1) with malononitrile 6 (G = CN) in
NaOMe/MeOH. 5{1} was selected because the 2,6-dichlo-
rophenyl substituent is present in several biologically active
pyrido[2,3-d]pyrimidines [3,17]. Compounds 7{1–4} were
obtained in yields ranging from 36 % (7{2}; R1 = Me, R2 =
H) to 88 % (7{1}; R1 = C6H3-2,6-Cl2, R2 = H) (Table 1)
by a modification of the classical procedure consisting in the
microwave irradiation of the mixture of the corresponding
α, β-unsaturated ester, malononitrile, and NaOMe/MeOH in
a sealed vial at 85 ◦C for 30 min (20 min for alkyl substituted
esters 5).

Once pyridones 7{1–4} were in hand, we tested three
different protocols for the synthesis of the correspond-
ing 4-amino-5,6-dihydropyrido[2,3-d]pyrimidines 10 using

phenylguanidine carbonate (9{1}; R4 = Ph) and p-chlor-
ophenylguanidine carbonate (9{2}; R4 = p-ClC6H4) as
models of arylguanidines: (a) treatment with NaOMe/MeOH,
(b) solventless, and (c) in 1,4-dioxane as solvent.
We initially tested such variations using pyridone 7{1} (R1 =
C6H3-2,6-Cl2, R2 = H).

The treatment of 7{1} with 9{1} (R4 = Ph) and 9{2}
(R4 = p-ClC6H4), previously liberated from carbonate
salt, in NaOMe/MeOH afforded pyridopyrimidines 10{1,1}
(R1 = C6H3-2,6-Cl2, R2 = H, R4 = Ph) and 10{1,2}
(R1 = C6H3-2,6-Cl2, R2 = H, R4 = p-ClC6H4) in 30 and
31 % yield, respectively. Although these results are around
10 % higher than those obtained using the multicomponent
approach, they are still far from yields obtained using guani-
dine 9 (R4 = H) (90–100 %).

Then we carried out the same cyclizations in a solventless
process using 9{1} (R4 = Ph) and 9{2} (R4 = p-ClC6H4)

as the corresponding carbonates. Solid 7{1} was intimately
mixed with threefold excess of commercial phenylguanidine
carbonate (9{1}; R4 = Ph, having a C7H9N3·(H2CO3)0.7

stoichiometry) and heated with stirring at 150 ◦C for 15 h
under nitrogen atmosphere to give 10{1,1} (R1 = C6H3-2,
6-Cl2, R2 = H, R4 = Ph) in 69 %. The same reaction condi-
tions applied to 7{1} and p-chlorophenylguanidine carbon-
ate (9{2}; R4 = p-ClC6H4, having a (C7H8ClN3)2·(H2CO3)

stoichiometry) afforded 10{1,2} (R1 = C6H3-2,6-Cl2, R2 =
H, R4 = p-ClC6H4) in 34 % yield. The increase of the yield
is noteworthy in the case of phenylguanidine but it is not
extrapolated to p-chlorophenylguanidine.

Consequently, following the methodology proposed by
Ha et al. of using THF as solvent in a similar cyclization
[18], we decided to use 1,4-dioxane due to its higher boil-
ing point but avoiding the presence of any additional base in
the reaction medium. Thus we treated 7{1} with 9{1} (R4 =

Fig. 1 α, β-Unsaturated esters
5 used for the preparation of
2-arylamino substituted
4-amino-5,6-dihydropyrido[2,3-
d]pyrimidin-7(8H)-ones
(10)

COOMe

Cl

Cl

COOMe COOMe

COOMe

5{1} 5{2 } 5{3 } 5{4 }

Table 1 Formation of 4-amino-5,6-dihydropyrido[2,3-d]pyrimidin-7(8H)-ones (10) by the two methodologies depicted in Scheme 6

Entry R1 R2 R4 10{x,y}a yield (%) 7{x} yield (%) 18{x,y} yield (%) 10{x,y} yield (%)

1 C6H3-2,6-Cl2 H Ph 10{1,1}, 20 7{1}, 88 18{1,1}, 94 10{1,1}, 87, 72b

2 C6H3-2,6-Cl2 H p-ClC6H4 10{1,2}, 19 7{1}, 88 18{1,2}, 97 10{1,2}, 79, 67b

3 Me H Ph 10{2,1}, 11 7{2}, 36 18{2,1}, 89 10{2,1}, 88, 28b

4 H Me Ph 10{3,1}, 20 7{3}, 40 18{3,1}, 40 10{3,1}, 87, 14b

5 H Ph Ph 10{4,1}, 1 7{4}, 87 18{4,1}, 35 10{4,1}, 87, 27b

a Multicomponent reaction, b yield over three steps
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Fig. 2 Superposition of the
1H-NMR spectra (DMSO-d6) of
compound 18{1,1} (below) and
pyridopyrimidine 10{1,1}
(R1 = C6H3-2,6-Cl2, R2 =
H, R4 = Ph) (above)

Fig. 3 1H-NMR spectrum of compound 18{1,1} registered in anhy-
drous DMSO-d6 showing three N–H signals

Ph), previously liberated from carbonate salt, in 1,4-dioxane
under microwave irradiation at 140 ◦C for 30 min to afford
a compound 18{1,1}, which being less polar than pyrido-
pyrimidine 10{1,1} (R1 = C6H3-2,6-Cl2, R2 = H, R4 =
Ph), precipitates after concentration of the reaction medium
followed by the addition of acetone.

The absence in the IR spectrum of 18{1,1} of a C≡N
stretching band excluded this compound of being a monocy-
clic heterocycle. On the other hand, a comparison of the 1H-
NMR spectra of 18{1,1} and 10{1,1} registered in DMSO-d6

(Fig. 2) revealed that the spectrum of 18{1,1} shows simi-
lar signals to those present in the spectrum of 10{1,1} but
with the following differences: the signals corresponding to
the aliphatic protons are slightly shifted to higher field, the
aromatic protons are grouped, and the N–H protons (appear-
ing at 6.4, 8.8, and 10.3 in 10{1,1}) appear as a two broad
signals, one at 10.03 ppm (1H) and other at 6.23 ppm (3H).

It was necessary to record the 1H-NMR spectrum of
18{1,1} (Fig. 3) in anhydrous DMSO-d6 to reveal the pres-
ence of three broad N–H signals at 10.01 (1H), 6.18 (2H),
and 5.25 ppm (1H, very broad signal).

All the attempts carried out to improve such spectrum,
by changing the solvent (CDCl3, C5D5N, C6D5NO2) or
modifying the temperature (25–75 ◦C in DMSO-d6), were
unsuccessful.

On the other hand, the elemental analysis of 18{1,1} is in
agreement with the same empirical formula of pyridopyrim-
idine 10{1,1}(C19H16N5OCl2). These observations led us
to propose two possible structures for 18{1,1}: 18{1,1}-I
and 18{1,1}-II (Scheme 3) which differ in the attachment
position of the phenyl ring present in the pyrimidine ring
(N1 or N3, respectively).

That is to say, surprisingly the cyclization of pyridone
7{1} (R1 = C6H3-2,6-Cl2, R2 = H) with phenylguanidine
9{1} (R4 = Ph) in 1,4-dioxane did not afford the expected
2-phenylamino substituted pyrido[2,3-d]pyrimidine 10{1,1}
(R1 = C6H3-2,6-Cl2, R2 = H, R4 = Ph) (Scheme 3) but
an isomeric pyrido[2,3-d]pyrimidine, in 95 % yield, bear-
ing the phenyl ring linked either at N1 (18{1,1}-I) or at N3
(18{1,1}-II) contrary to all the reaction conditions previously
employed. In other words, the NH-Ph group of phenylguani-
dine 9{1} (the less nucleophilic nitrogen, at least in princi-
ple) has taken part in the cyclization either by attacking the
methoxy group of pyridone 7{1} (formation of 18{1,1}-I) or
cyclizing onto the cyano group (leading to 18{1,1}-II).

An interesting observation that helped to clarify the struc-
ture of 18{1,1} was its transformation into the desired pyr-
idopyrimidine 10{1,1} in 87 % yield upon treatment with 1
equiv. of NaOMe in MeOH under microwave irradiation at
160 ◦C for 40 min.

A search carried out in SciFinder Scholar revealed, to the
best of our knowledge, a single example of a similar behav-
ior. Thus, the 4-imino-3-phenylthieno[2,3-d]pyrimidine 19
was converted to the 2-phenylamino substituted thieno[2,3-
d]pyrimidine 20 in NaOEt/EtOH at 40 ◦C through a Dimroth
rearrangement [19,20] (Scheme 4) [21]. One interesting fea-
ture of the mass spectrum of 19 is the fragmentation of the
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Scheme 3 Possible structures for compound 18{1,1} formed upon treatment of 7{1} with 9{1} (R4 = Ph) in 1,4-dioxane

Scheme 4 Dimroth
rearrangement of 4-imino-3-
phenylthieno[2,3-d]pyrimidine
19 into the 2-phenylamino
substituted
thieno[2,3-d]pyrimidine 20

N

N

NH

NH2

19

S

NaOEt

EtOH

N

N

NH2

H
NS

20

phenyl ring linked to the pyrimidine ring (M+-77) which is
also a characteristic fragmentation in the ESI-MS of 18{1,1}
but it is not present in 10{1,1}.

Such Dimroth rearrangement and our knowledge about
how the cyclizations proceed in pyridones 7 clearly point
to 18{1,1}-II as the most likely structure for compound
18{1,1}. Thus, on the one hand, no single example has
been found in literature of a Dimroth rearrangement of a
pyrimidine structure referable to 18{1,1}-I and, on the other
hand, we always have observed that cyclizations in com-
pounds 7 started by ethylenic nucleophilic substitution of
the methoxy group and it is unlikely that the NHPh group
present in phenylguanidine 9{1} could cause such substitu-
tion. On the contrary, the formation of 10{1,1} and 18{1,1}-II
(and the conversion of the second in 10{1,1}) could be easily
rationalized (Scheme 5) considering the initial formation of
intermediate 21{1,1}, by substitution of the methoxy group
present in 7{1} by the imino nitrogen of phenylguanidine
9{1} (the most nucleophilic one, in principle), or alterna-
tively the formation of intermediate 22{1,1}, by substitution
of the methoxy group by the NH2 group 9{1}. The subse-
quent cyclization of 21{1,1} or 22{1,1} affords pyrido[2,3-
d]pyrimidine 10{1,1}. If an initial tautomerization would
give intermediate 23{1,1}, the subsequent cyclization of the
N -phenyl substituted imino nitrogen onto the cyano group
would explain the formation of the 3-phenyl substituted
pyridopyrimidine 18{1,1}-II. Treatment of this later with
NaOMe/MeOH at 140 ◦C gives 10{1,1} through the
Dimroth rearrangement.

In order to understand such peculiar behavior it is interest-
ing to note the great difference in solubility between 10{1,1}
and 18{1,1}. Thus, while 10{1,1} is virtually insoluble in all
solvents except DMSO and TFA, 18{1,1} is easily soluble
in CH2Cl2, CHCl3, 1,4-dioxane, THF, AcOEt, MeOH, and
DMSO revealing that 18{1,1} is less polar than 10{1,1}. We
consider that this lower polarity combined with the aprotic
character of 1,4-dioxane (also less polar than the MeOH nor-
mally used in these cyclizations) is the driving force behind
the unexpected formation of 18{1,1}.

All these evidences together allow to conclude, with a high
degree of certainty, that the structure of compound 18{1,1}
corresponds to the 3-phenyl substituted pyrido[2,3-d]pyrim-
idine 18{1,1}-II.

Once established the structure of 18{1,1}, we first
carried out the reaction between 7{1} and 9{2} (R4 = p-Cl
C6H4) in 1,4-dioxane to also afford 18{1,2} (R1 = C6H3-
2,6-Cl2, R2 = H, R4 = p-ClC6H4) (Scheme 3) in 97 % yield
proving the potentiality of such methodology.

Secondly, we searched for the best conditions to transform
compounds 18 into the 2-arylamino substituted pyridopyr-
imidines 10. After several trials in which we either added a
base to 1,4-dioxane during the condensation between pyri-
dones 7 and phenylguanidines 9 or treated the isolated com-
pounds 18 with a base in a polar solvent, we finally found
that the best protocol was to treat the corresponding 18 with
1 equiv. of NaOMe in MeOH under microwave irradiation at
160 ◦C for 40 min to afford compounds 10 in 86 ± 5 % yield
(Scheme 6).
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Scheme 5 Mechanistic rationale for the formation of 10{1,1} and 18{1,1}-II

Scheme 6 Strategies for the
synthesis of
4-amino-5,6-dihydropyrido[2,3-
d]pyrimidin-7(8H)-ones
(10)

R1 CO2Me

R2

CN

CN

NH

H2N NHR4

H
N

N

NO

R1

R2

NHR4

NH2

5

6

NaOMe/MeOH
H
NO OMe

CN
R2

R1

7

   NaOMe/MeOH

9

1,4-dioxane

10

NH

H2N NHR4

9

H
N

N

NO

R1

R2

NH2

NH

NaOMe/MeOH

18

R4

Consequently, we have two possible methodologies for
the synthesis of 2-arylamino-5,6-dihydropyrido[2,3-d]pyr-
imidin-7(8H)-ones 10 (Scheme 6): one consists in our clas-
sical multicomponent reaction between an α, β-unsaturated
ester (5), malononitrile (6), and a phenylguanidine (9) (pre-
viously liberated from carbonate salt) in NaOMe/MeOH,
and the other proceeds via the 3-aryl substituted pyridopyr-
imidine 18 (formed upon treatment of pyridones 7 with a
phenylguanidine 9 in 1,4-dioxane) which undergoes the Dim-
roth rearrangement to the 2-arylaminopyridopyrimidine 10
by heating in NaOMe/MeOH.

The yields (for each step and the overall yield) obtained
for the synthesis of a series of 2-arylamino substituted pyri-
dopyrimidines 10 using both methodologies are summarized
in Table 1 for comparative purposes.

The following conclusions can be drawn from the results
included in Table 1: (i) the overall yields of formation of 4-
amino-5,6-dihydropyrido[2,3-d]pyrimidin-7(8H)-ones (10)
via the 3-phenyl substituted pyridopyrimidines 18 are in gen-
eral higher than those obtained through the multicomponent
reaction; (ii) when the α, β-unsaturated ester (5) bears a sub-
stituent in the β-position (R2) yields tend to be lower than

when it is present in the α-position (R1); and (iii) although the
multicomponent reaction gives lower yields than the three-
step procedure, it could be a good alternative in some cases
because it can afford the desired pyridopyrimidine 10 in a
single step.

Conclusion

In summary, we have developed a protocol for the synthesis
of 2-arylamino substituted 4-amino-5,6-dihydropyrido[2,3-
d]pyrimidin-7(8H)-ones (10) from α, β-unsaturated esters
(5), malononitrile (6), and an aryl substituted guanidine (9)
via the corresponding 3-aryl substituted pyridopyrimidines
18, formed upon treatment of pyridones 7 with the aryl
substituted guanidine (9) in 1,4-dioxane, which underwent
the Dimroth rearrangement to the desired 4-aminopyrido-
pyrimidines 10 with NaOMe/MeOH. The overall yields of
such three-step protocol are in general higher than the mul-
ticomponent reaction between an α, β-unsaturated ester (5),
malononitrile (6), and an aryl substituted guanidine (9).
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Experimental

General

Melting points (mp) were determined on a Büchi-Tottoli
530 instrument and are uncorrected. Infrared spectra were
recorded in a Nicolet Magna 560 FTIR spectrophotome-
ter. 1H and 13C-NMR spectra were recorded on a Varian
Gemini 300HC (1H at 300 MHz and 13C at 75.5 MHz) and
on a Varian 400-MR (1H at 400 MHz and 13C at 100.6
MHz) spectrometers. Chemical shifts are reported in parts
per million (δ, ppm) and are referenced to internal standards
tetramethylsilane (TMS) or sodium 2,2,3,3-tetradeutero-3-
(trimethylsilyl)propionate (TSPNa) in the case of 1H-NMR
and to residual solvent peak in the case of 13C-NMR. Spec-
tral splitting patterns are designated as s: singlet, d: doublet,
t: triplet, q: quartet, m: complex multiplet, brs: broad signal.
Mass spectra were recorded using an Agilent Technologies
5975 spectrometer or registered at the Unidade de Espec-
trometria de Masas (Universidade de Santiago de Compos-
tela) using a Micromass Autospec spectrometer. Elemental
microanalyses were obtained in a EuroVector Euro EA 3000
elemental analyser. All microwave irradiation experiments
were carried out in a dedicated Biotage-Initiator microwave
apparatus, operating at a frequency of 2.45 GHz with con-
tinuous irradiation power from 0 to 400 W with utilization
of the standard absorbance level of 400 W maximum power.
Reactions were carried out in glass tubes, sealed with alumi-
num/Teflon crimp tops, which can be exposed up to 250 ◦C
and 20 bar internal pressure. Temperature was measured with
an IR sensor on the outer surface of the process vial. After the
irradiation period, the reaction vessel was cooled rapidly (60–
120 s) to ambient temperature by air jet cooling. Solvents and
general reagents for organic synthesis were reagent-grade
and were used without further purification (Aldrich). Malon-
onitrile (6), phenylguanidine carbonate (9{1}), p-chlorophe-
nylguanidine carbonate (9{1}), methyl methacrylate (5{2}),
methyl crotonate (5{3}), and methyl cinnamate (5{4}) are
commercially available (Acros, Aldrich, Alfa-Aesar, Sigma).
Methyl 2-(2,6-dichlorophenyl)acrylate (5{1}) was obtained
from methyl 2-(2,6-dichlorophenyl)acetate (Acros) as previ-
ously reported by our group [14].

General procedure for the synthesis of 2-methoxy-6-oxo-1,
4,5,6-tetrahydropyridine-3-carbonitriles 7

A solution of the corresponding α, β-unsaturated ester 5{x}
(5.21 mmol) in methanol (20 mL) is added to a mixture of
malononitrile 6 (418 mg, 6.33 mmol) and sodium methoxide
(406 mg, 7.52 mmol) in a microwave vial. The vial is sealed
quickly and heated with microwave irradiation at 85 ◦C for 30
min (20 min for alkyl substituted esters 5). At the end of the
referred time, the solvent is distilled in vacuo and the oily res-

idue is dissolved in the minimum quantity of water. The solu-
tion is kept cold with ice bath and carefully adjusted to pH 7
with aqueous 6 M HCl to allow the precipitation of the desired
product as a solid, which can be isolated by filtration. The
resulting solid is washed with water carefully and exhaus-
tively to remove any residue of malononitrile. Then the solid
is dissolved in CH2Cl2, dried (MgSO4), and concentrated in
vacuo to afford the corresponding 2-methoxy-6-oxo-1,4,5,
6-tetrahydropyridine-3-carbonitrile 7{x}. 5-(2,6-Dichloro-
phenyl)-2-methoxy-6-oxo-1,4,5,6-tetrahy-dropyridine-3-car-
bonitrile (7{1}): As above using methyl 2-(2,6-dichloro-
phenyl)acrylate (5{1}). The resulting solid is washed with
water, manual disaggregation and magnetic stirring in water
at room temperature overnight. 88 % yield, white solid. mp:
148–150 ◦C. IR (KBr) υmax (cm−1): 3230, 3186, 2198, 1713,
1645, 1489, 1433, 1258, 1237, 778. 1H-NMR (400 MHz, ace-
tone-d6) δ (ppm): 9.49 (brs, 1H, H-N1), 7.48 (d+d, J = 8.0
Hz, 2H, C6H3-2,6-Cl2), 7.37 (t, J = 8.0 Hz, 1H, H- C6H3-
2,6-Cl2), 4.79 (dd, J = 14.0, 8.3 Hz, 1H, H-C5), 4.13 (s, 3H,
H-C7), 3.13 (dd, J = 15.3, 14.0 Hz, 1H, H-C4), 2.55 (dd,
J =15.3, 8.3 Hz, 1H, H-C4). 13C-NMR (100 MHz, CDCl3) δ
(ppm): 168.83 (C6), 157.67 (C2), 132.94 (C9), 130.20 (C10),
129.80 (C11), 128.58 (C12), 118.14 (C8), 61.67 (C3), 59.59
(C7), 43.40 (C5), 26.69 (C4). MS (EI) m/z (%): 296.0 (25)
[M]+, 261.1 (5) [M-HCl]+, 186.0 (100). Anal. (%) calcd
for C13H10N2O2Cl2: C, 52.55; H, 3.39; N, 9.43. Found: C,
52.69; H, 3.35; N 9.45.

2-Methoxy-5-methyl-6-oxo-1,4,5,6-tetrahydropyridine-3-
carbonitrile (7{2}): As above using methyl methacrylate
(5{2}). Neutralization with ice bath is mandatory. Water
washing has to be extremely careful. 36 % yield, yellow solid.
Spectral data are consistent to those previously described
[10].

2-Methoxy-4-methyl-6-oxo-1,4,5,6-tetrahydropyridine-3-
carbonitrile (7{3}): As above using methyl crotonate (5{3}).
Neutralization with ice bath is mandatory. Water washing has
to be extremely careful. 40 % yield, yellow solid. Spectral
data are consistent to those previously described [10].

2-Methoxy-4-phenyl-6-oxo-1,4,5,6-tetrahydropyridine-3-
carbonitrile (7{4}): As above using methyl cinnamate
(5{3}). Neutralization with ice bath is mandatory. At the
end of the referred procedure, an intensive wash with
cyclohexane is necessary in order to purify the product
from methyl cinnamate residues. 87.5 % yield, yellow solid.
Spectral data are consistent to those previously described
[10].

General procedure for the multicomponent synthesis of
4-amino-5,6-dihydropyrido[2,3-d]pyrimidin-7(8H)-ones 10

4-Amino-6-(2,6-dichlorophenyl)-2-(phenylamino)-5,6-dihy-
dropyrido[2,3-d]pyrimidin-7(8H)-one (10{1,1}): A mixture
of N -phenylguanidine carbonate (9{1}; R4 = Ph, having a
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C7H9N3·(H2CO3)0.7 stoichiometry) (2146 mg, 12.02 mmol
of N -phenylguanidine), sodium methoxide (909 mg, 16.83
mmol), and methanol (15 mL) is sealed in a 20 mL microwave
vial and heated at 65 ◦C under microwave irradiation for 15
min. A clear solution with a white precipitated is obtained.
The solid is removed by filtration and the mother liquor is
transferred to a 20 mL microwave vial together with a mixture
of methyl 2-(2,6-dichlorophenyl)acrylate 5{1} (920 mg, 3.98
mmol) and malononitrile 6 (316 mg, 4.78 mmol). The vial is
sealed and heated at 140 ◦C under microwave irradiation dur-
ing 10 min. Compound 10{1,1} is obtained as a white solid
that can be isolated by filtration, washed with water, ethanol
and diethyl ether to afford 327 mg (20 %) of pure 10{1,1}. mp
>250 ◦C. IR (KBr): υmax(cm−1): 3399, 3137, 1679, 1637,
1612, 1576, 1442, 1246, 782, 756. 1H NMR (DMSO-d6) δ

10.34 (s, 1H, H-N8), 8.75 (s, 1H, H-N9), 7.84 (d, J = 8.3
Hz, 2H, Ph), 7.59–7.50 (m, 2H, Ph), 7.38 (t, J = 8.1 Hz, 1H,
Ph), 7.19 (t, J = 7.8 Hz, 2H, Ph), 6.89–6.81 (m, 1H, Ph),
6.37 (s, 2H, H-N4), 4.68 (dd, J = 13.1, 8.9 Hz, 1H, H-C6),
2.95 (dd, J = 15.7, 8.8 Hz, 1H, H-C5), 2.81 (dd, J = 15.5,
13.4 Hz, 1H, H-C5). 13C-NMR (DMSO-d6) δ 169.4 (C7),
161.4 (C4), 158.3 (C2), 155.7 (C8a), 141.4 (Ph), 135.6 (Ph),
135.2 (Ph), 134.8 (Ph), 129.8 (Ph), 129.7 (Ph), 128.3 (Ph),
128.2 (Ph), 120.2 (Ph), 118.4 (Ph), 84.3 (C4a), 43.3 (C6),
23.4 (C5). MS (EI) m/z: 399.0 [M]+, 364.1 [M-Cl]+. Anal.
calcd. for C19H15Cl2N5O (%): C, 57.01; H, 3.78; N, 17.50.
Found: C, 56.89; H, 3.89; N, 17.19.

4-Amino-2-(4-chlorophenylamino)-6-(2,6-dichlorophen-
yl)-5, 6-dihydropyrido[2,3-d]pyrimidin-7(8H)-one (10{1,2}):
As above for 10{1,1} but using N -(p-chlorophenyl)guani-
dine carbonate (9{2}; R4 = p-ClC6H4, having a (C7H8

ClN3)2· (H2CO3) stoichiometry) (2412 mg, 12.02 mmol of
N -(p-chlorophenyl)guanidine), sodium methoxide (644 mg,
16.83 mmol), methanol (15 mL), methyl 2-(2,6-dichloro-
phenyl)acrylate 5{1} (920 mg, 3.98 mmol), and malononit-
rile 6 (318 mg, 4.81 mmol) to afford 332 mg (19%). mp
>250 ◦C. IR (KBr): υmax(cm−1): 3393, 3169, 3130, 1682,
1636, 1596, 1491, 1435, 1380, 1283, 1244, 828, 782. 1H
NMR (DMSO-d6) δ 10.38 (s, 1H, H-N8), 8.96 (s, 1H, H-N9),
7.90 (d, J = 9.0 Hz, 2H, Ph), 7.54 (d+d, J = 8.1 Hz, 2H, Ph),
7.38 (t, J = 8.1 Hz, 1H, Ph), 7.20 (d, J = 9.0 Hz, 2H, Ph),
6.42 (s, 2H, H-N4), 4.68 (dd, J = 13.1, 8.9 Hz, 1H, H-C6),
2.95 (dd, J = 15.9, 8.9 Hz, 1H, H-C5), 2.80 (dd, J = 15.7,
13.3 Hz, 1H, H-C5). 13C NMR (DMSO-d6) δ 169.4 (C7),
161.4 (C4), 158.1 (C2), 155.6 (C8a), 140.5 (Ph), 135.6 (Ph),
135.2 (Ph), 134.8 (Ph), 129.8 (Ph), 129.7 (Ph), 128.3 (Ph),
127.9 (Ph), 123.6 (Ph), 119.8 (Ph), 109.6 (Ph), 84.6 (C4a),
43.2 (C6), 23.4 (C5). MS (EI) m/z: 435.1 [M+2]+, 398.1
[M-Cl]+. Anal. calcd. for C19H14Cl3N5O (%): C, 52.5; H,
3.25; N, 16.11. Found: C, 52.74; H, 3.05; N, 16.10.

4-Amino-6-methyl-2-(phenylamino)-5,6-dihydropyrido
[2,3-d]pyrimidin-7(8H)-one (10{2,1}): As above for 10{1,1}
but using methyl methacrylate 5{2} (398 mg, 3.98 mmol).

11 % yield. Spectral data are consistent to those previously
described [22].

4-Amino-5-methyl -2 - (phenylamino) -5,6-dihydropyrido
[2,3-d]pyrimidin-7(8H)-one (10{3,1}): As above for 10{1,1}
but using methyl crotonate 5{3} (398 mg, 3.98 mmol). 20 %
yield. mp >250 ◦C. IR (KBr) υmax (cm−1): 3470, 3197,
2955, 2920, 1684, 1638, 1593, 1575, 1543, 1438, 1376,
1305, 1214, 793, 758, 699. 1H-NMR (400 MHz, DMSO-
d6) δ (ppm): 10.14 (s, 1H, H-N8), 8.73 (s, 1H, H-N9), 7.82
(m, 2H, H-Ph), 7.18 (m, 2H, H-Ph), 6.83 (t, J = 7.3 Hz,
1H, H-Ph), 6.42 (s, 2H, H-N14), 3.11–3.00 (m, 1H, H-C5),
2.74 (dd, J = 16.0, 6.9 Hz, 1H, H-C6), 2.26 (d, J = 16.0
Hz, 1H, H-C6), 0.99 (d, J = 6.8 Hz, 3H, Me). 13C-NMR
(100 MHz, DMSO-d6) δ (ppm): 170.97 (C7), 160.88 (C4),
158.10 (C2), 155.26 (C8a), 141.47 (Ph), 128.19 (Ph), 120.17
(Ph), 118.36 (Ph), 91.22 (C4a), 38.33 (C6), 23.29 (C5), 18.71
(Me). MS (FAB+) m/z (%): 270.1 (90) [M+H]+, 231.0
(57). HRMS (FAB+) m/z calcd for C14H16N5O (M+H)+:
270.1355. Found: 270.1351.

4-Amino-5 -phenyl-2 -(phenylamino)-5,6-dihydropyrido
[2,3-d]pyrimidin-7(8H)-one (10{4,1}): As above for 10{1,1}
but using methyl cinnamate 5{4} (645 mg, 3.98 mmol). 1 %
yield. mp >250 ◦C. IR (KBr) υmax (cm−1): 3468, 3201, 3071,
2928, 1685, 1639, 1595, 1575, 1545, 1440, 1374, 800, 7/48,
701. 1H-NMR (400 MHz, DMSO-d6) δ (ppm): 10.19 (s, 1H,
H-N8), 8.79 (s, 1H, H-N9), 7.84 (d, J = 8.1 Hz, 2H, H-Ph),
7.28 (t, J = 7.4 Hz, 2H, H-Ph), 7.23 – 7.13 (m, 5H, H-Ph),
6.85 (t, J = 7.3 Hz, 1H, H-Ph), 6.33 (s, 2H, H-N14), 4.27 (d,
J = 7.5 Hz, 1H, H-C5), 3.07 (dd, J = 16.2, 7.5 Hz, 1H, H-
C6), 2.51 (dd, J = 16.2, 7.5 Hz, 1H, H-C6). 13C-NMR (100
MHz, DMSO-d6) δ (ppm): 170.27 (C7), 161.39 (C4), 158.57
(C2), 156.70 (C8a), 142.52 (Ph), 141.39 (Ph), 128.46 (Ph),
128.19 (Ph), 126.79 (Ph), 126.63 (Ph), 120.30 (Ph), 118.51
(Ph), 88.74 (C4a), 39.30 (C6), 33.32 (C5). MS (FAB+)
m/z (%): 332.0 (92) [M+H]+, 230.9 (69). HRMS (FAB+)
m/z calcd for C19H18N5O (M+H)+: 332.1511. Found:
332.1520.

General procedure for the synthesis of 3-aryl substituted 4-
imino-3,4,5,6-tetrahydropyrido[2,3-d]pyrimidin-7(8H)-
ones 18

2-Amino-6-(2,6-dichlorophenyl)-4-imino-3-phenyl-3,4,5,6-
tetrahydropyrido[2,3-d]pyrimidin-7(8H)-one (18{1,1}): A
mixture of N -phenylguanidine carbonate (9{1}; R4 = Ph,
having a C7H9N3·(H2CO3)0.7 stoichiometry) (365 mg, 2.04
mmol of N -phenylguanidine), sodium methoxide (155 mg,
2.87 mmol), and 1,4-dioxane (10 mL) is sealed in a 20 mL
microwave vial and heated at 65 ◦C under microwave irradi-
ation for 15 min. A clear solution with a white precipitate is
obtained. The solid is removed by filtration and the mother
liquor is transferred to a 20 mL microwave vial together
with 5-(2,6-dichlorophenyl)-2-methoxy-6-oxo-1,4,5,6-tetra-
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hydropyridine-3-carbonitrile (7{1}) (202 mg, 0.68 mmol).
The vial is sealed and heated at 140 ◦C under microwave irra-
diation for 30 min. The solvent of the red solution obtained
is removed in vacuo, and the resulting red oil is treated with
acetone (10 mL) and sonication for 10 min while a white
precipitate is formed. The solid is filtered, washed with ace-
tone to afford 257 mg (94 %) of pure 18{1,1}. mp >250
◦C. IR (KBr) υmax (cm−1): 3478, 3319, 3173, 2920, 1685,
1632, 1605, 1523, 1436, 1379, 1316, 1269, 1197, 775, 760,
702, 516. 1H-NMR (400 MHz, DMSO-d6) δ (ppm): 10.01
(brs, 1H, H-N8), 7.59 (t, J = 8.1 Hz, 2H, H-Ph), 7.55–
7.47 (m, 3H, H-Ph, C6H3-2,6-Cl2), 7.35 (m, 1H, C6H3-
2,6-Cl2), 7.33–7.27 (m, 2H, H-Ph), 6.23 (brs, 3H, H-N4,
NH2), 4.61 (dd, J = 13.4, 9.2 Hz, 1H, H-C6), 2.86 (dd,
J = 15.9, 9.2 Hz, 1H, H-C5), 2.75–2.64 (dd, J = 15.9,
13.4 Hz, 1H, H-C5). 13C-NMR (100 MHz, DMSO-d6) δ

(ppm): 169.75 (C7), 156.36 (C4), 153.86 (C2), 149.15 (C8a),
135.65 (C6H3-2,6-Cl2), 135.28 (Ph), 135.19 (C6H3-2,6-
Cl2), 134.76 (C6H3-2,6-Cl2), 130.51 (Ph), 129.71 (C6H3-
2,6-Cl2), 129.64 (C6H3-2,6-Cl2), 129.39 (C6H3-2,6-Cl2),
129.09 (Ph), 128.25 (Ph), 85.05 (C4a), 43.25 (C6), 24.19
(C5). MS (FAB+) m/z (%): 399.8 (100) [M+H]+. HRMS
(FAB+) m/z calcd for C19H16N5OCl2 (M+H)+: 400.0732.
Found: 400.0730.

2-Amino-3-(4 -chlorophenyl)-6 -(2,6-dichlorophenyl)-4-
imino-3,4,5,6-tetrahydropyrido[2,3-d]pyrimidin-7(8H)-one
(18{1, 2}): As above for 18{1,1} but using N -(p-chloro-
phenyl)guanidine carbonate (9{2}; R4 = p-ClC6H4, hav-
ing a (C7H8 ClN3)2·(H2CO3) stoichiometry) (406 mg, 2.02
mmol of N -(p-chlorophenyl)guanidine), sodium methoxide
(110 mg, 2.04 mmol), 1,4-dioxane (10 mL), and 5-(2,6-dic-
hlorophenyl)-2-methoxy-6-oxo-1,4,5,6-tetra-hydropyridine-
3-carbonitrile (7{1}) (202 mg, 0.68 mmol) to afford 287 mg
(97 %) of 18{1,2}. mp >250 ◦C. IR (KBr) υmax (cm−1):
3245, 1683, 1634, 1595, 1513, 1281, 785, 765, 711. 1H-
NMR (400 MHz, CDCl3) δ (ppm): 11.24 (brs, 1H, H-N8),
7.57 (m, 2H, H-Ph), 7.33 (d+d, J = 8.1 Hz, 2H, C6H3-
2,6-Cl2), 7.28 (m, 2H, H-Ph), 7.17 (t, J = 8.1 Hz, 1H,
C6H3-2,6-Cl2), 6.00 (brs, 3H, H-N4, NH2), 4.83 (t, J =
11.5 Hz, 1H, H-C6), 2.98 (d, J = 11.5 Hz, 2H, H-C5).
13C-NMR (100 MHz, DMSO-d6) δ (ppm): 169.53 (C7),
156.87 (C4), 153.81 (C2), 149.17 (C8a), 135.64 (C6H3-
2,6-Cl2), 135.21 (C6H3-2,6-Cl2), 134.77 (C6H3-2,6-Cl2),
133.77 (C6H5-4-Cl), 131.46 (C6H5-4-Cl), 131.15 (C6H5-
4-Cl), 130.40 (C6H5-4-Cl), 129.72 (C6H3-2,6-Cl2), 129.65
(C6H3-2,6-Cl2), 128.25 (C6H3-2,6-Cl2), 84.67 (C4a), 43.26
(C6), 24.12 (C5). MS (FAB+) m/z (%): 434.0 (100) [M+H]+,
307.1 (10). HRMS (FAB+) m/z calcd for C19H15N5OCl3
(M+H)+: 434.0342. Found: 434.0348.

2-Amino-4-imino-6-methyl-3-phenylamino-3,4,5,6-tetra-
hy-dropyrido [2, 3-d] pyrimidin -7 (8H) -one (18 {2, 1}): As

above for 18{1,1} but using 2-methoxy-5-methyl-6-oxo-
1,4,5,6-tetrahydropyridine-3-carbonitrile (7{2}) (113 mg,
0.68 mmol). 89 % yield. mp >250 ◦C. IR (KBr) υmax (cm−1):
3488, 3138, 1687, 1633, 1527, 1275, 814, 765, 711, 699. 1H-
NMR (400 MHz, DMSO-d6) δ (ppm): 9.69 (brs, 1H, H-N8),
7.61–7.55 (m, 2H, H-Ph), 7.55–7.45 (m, 1H, H-Ph), 7.36–
7.18 (m, 2H, H-Ph), 6.10 (brs, 3H, H-N4, NH2), 2.72 (dd,
J = 15.7, 6.9 Hz, 1H, H-C6), 2.53 (dd, J = 15.7, 11.7 Hz,
1H, H-C5), 2.12 (dd, J = 15.7, 11.7 Hz, 1H, H-C5), 1.14
(d, J = 6.9 Hz, 3H, Me). 13C-NMR (100 MHz, DMSO-
d6) δ (ppm): 174.13 (C7), 156.71 (C4), 153.59 (C2), 149.78
(C8a), 135.43 (Ph), 130.52 (Ph), 129.41 (Ph), 129.08 (Ph),
86.27 (C4a), 34.46 (C6), 26.16 (C5), 15.56 (Me). MS (ESI-
TOF) m/z (%): 270.1 (100) [M+H]+, 214.1 (8). HRMS (ESI-
TOF) m/z calcd for C14H16N5O (M+H)+: 270.1355. Found:
270.1349.

2-Amino-4-imino-5-methyl-3-phenyl-3,4,5,6-tetrahydro-
pyr-ido[2,3-d]pyrimidin-7(8H)-one(18{3,1}): As above for
18{1,1} but using 2-methoxy-4-methyl-6-oxo-1,4,5,6-tetra-
hydropyridine-3-carbonitrile (7{3}) (113 mg, 0.68 mmol).
40 % yield. mp >250 ◦C. IR (KBr) υmax (cm−1): 3398,
3156, 1682, 1629, 1516, 1365, 1305, 1269, 1215, 764,
700. 1H-NMR (400 MHz, CDCl3) δ (ppm): 11.39 (brs,
1H, H-N8), 7.67–7.61 (m, 2H, H-Ph), 7.60–7.54 (m, 1H,
H-Ph), 7.38–7.30 (m, 2H, H-Ph), 3.15–3.06 (m, 1H, H-
C5), 2.77 (dd, J = 16.4, 7.0 Hz, 1H, H-C6), 2.38 (dd,
J = 16.4, 1.4 Hz, 1H, H-C6), 1.15 (d, J = 7.0 Hz,
3H, Me). 13C-NMR (100 MHz, CDCl3) δ (ppm): 174.20
(C7), 159.24 (C4), 154.50 (C2), 147.81 (C8a), 135.05
(Ph), 131.27 (Ph), 130.52 (Ph), 129.27 (Ph), 93.85 (C4a),
38.33 (C6), 24.98 (C5), 18.41 (Me). MS (ESI-TOF) m/z
(%): 270.1 (100) [M+H]+, 228.1 (8). HRMS (ESI-TOF)
m/z calcd for C14H16N5O (M+H)+: 270.1355. Found:
270.1349.

2-Amino-4-imino-5-phenyl-3-phenyl-3,4,5,6-tetrahydro-
pyrido[2,3-d]pyrimidin-7(8H)-one (18{4,1}): As above for
18{1, 1} but using 2-methoxy-4-phenyl-6-oxo-1,4,5,6-tetra-
hydropyridine-3-carbonitrile (7{4}) (155 mg, 0.68 mmol).
35 % yield. mp >250 ◦C. IR (KBr) υmax (cm−1): 3318, 3147,
1685, 1622, 1527, 1307, 759, 700. 1H-NMR (400 MHz,
DMSO-d6) δ (ppm): 9.84 (brs, 1H, H-N8), 7.62–7.45 (m,
3H, H-Ph), 7.24 (m, 7H, H-Ph), 6.27 (brs, 3H, H-N), 4.17
(d, J = 7.4 Hz, 1H, H-C5), 3.02 (dd, J = 16.1, 7.4 Hz,
1H, H-C6), 2.46 (dd, J = 16.1, 7.4 Hz, 1H, H-C6). 13C-
NMR (100 MHz, CDCl3) δ (ppm): 170.45 (C7), 157.28
(C4), 153.99 (C2), 142.96 (C8a), 135.05 (Ph), 134.29 (Ph),
130.63 (Ph), 129.64 (Ph), 129.36 (Ph), 128.48 (Ph), 126.80
(Ph), 126.55 (Ph), 89.23 (C4a), 40.12 (C6), 34.35 (C5). MS
(ESI-TOF) m/z (%): 332.1 (100) [M+H]+. HRMS (ESI-
TOF) m/z calcd for C19H18N5O (M+H)+: 332.1511. Found:
332.1506.
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General procedure for the conversion of 3-aryl substituted
4-imino-3,4,5,6-tetrahydropyrido[2,3-d]pyrimidin-7(8H)-
ones 18 into 4-amino-5,6-dihydropyrido[2,3-d]pyrimidin-
7(8H)-ones 10

4-Amino-6-(2,6-dichlorophenyl)-2-(phenylamino)-5,6-dihyd-
ropyrido[2,3-d]pyrimidin-7(8H)-one (10{1,1}): A mixture
of 18{1,1} (100 mg, 0.25 mmol), sodium methoxide (14 mg,
0.26 mmol) and methanol (10 mL) is sealed in a 20 mL
microwave vial and heated at 160 ◦C under microwave irra-
diation for 40 min. The solid obtained is filtered, washed
with water, ethanol and diethyl ether to afford 87 mg (87 %)
of pure 10{1,1}. Spectral data are compatible with those of
an authentic sample.

4-Amino-2-(4-chlorophenylamino)-6-(2,6-dichlorophenyl)-
5,6-dihydropyrido[2,3-d]pyrimidin-7(8H)-one (10{1,2}):
As above for 10{1,1} but using 18{1,2}(109 mg, 0.25 mmol).
79 % yield. Spectral data are compatible with those of an
authentic sample.

4-Amino-6-methyl-2-(phenylamino)-5,6-dihydropyrido
[2,3-d]pyrimidin-7(8H)-one (10{2,1}): As above for 10{1,1}
but using 18{2,1}(67 mg, 0.25 mmol). 88 % yield. Spectral
data are compatible with those of an authentic sample.

4-Amino-5-methyl-2-(phenylamino)-5,6-dihydropyrido
[2,3-d]pyrimidin-7(8H)-one (10{3,1}): As above for 10{1,1}
but using 18{3,1}(67 mg, 0.25 mmol). 87 % yield. Spectral
data are compatible with those of an authentic sample.

4-Amino-5-phenyl-2-(phenylamino)-5,6-dihydropyrido
[2,3-d]pyrimidin-7(8H)-one (10{4,1}). As above for 10{1,1}
but using 18{4,1}(89 mg, 0.25 mmol): 87 % yield. Spectral
data are compatible with those of an authentic sample.
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