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ABSTRACT

This review discusses the importance of pyridopgiimes and focused on the chemistry and applicatiohthe
most abundance isomer: pyrido[2,3-d]pyrimidine datives.
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INTRODUCTION

The heterocyclic fusion of pyrimidine and pyridinags resulted in formation of pyridopyrimidinebgtstructural
analogs of biogenic quinazolines and pteridinesidepyrimidines and related fused heterocyclesadriaterest as
potential bioactive molecules. Also, due to thespree of pyridopyrimidine moiety in some importaintigs,

interest in the construction of such moleculesbeen aroused. In the last few years, an enormaubeuof papers
and reviews have been reported dealing with thenidiey and applications of this class of compoufiig]

Structure of pyridopyrimidines

There are four possible isomeric structures forqmjd]pyrimidines, depending on the position of the adien atom
in the pyridine moiety.

NI\ X NT XX NESNN Nl\ N\
kN/ N/ tN/ N lN/ = kN/ =

Pyrido[2,3-d]pyrimidine  Pyrido[3,4-d]pyrimidine Pyrido[4,3-d]pyrimidine Pyrido[3,2-d]pyrimidine

Besides two possible isomeric structures for pyfigalpyrimidines and pyrido[1,Z]pyrimidines.

C N XX

|
~_N__= N\¢N =
Pyrido[1,2-a]pyrimidine Pyrido[1,2-c]pyrimidine

Importance of pyridopyrimidines
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Undoubtly, pyridopyrimidines have high significanicethe field of pharmaceutical and biotechnolob®zEences
with wide spectrum of biological activities and eeal applications were reported for these six tyg®s

Pyrido[2,3d]pyrimidines are the most abundance isomer initeeature and hence, this scaffold is associated wi
a wide range of biological activities, such as nmmdicidal agents again&iomphalaria alexandrinasnails,[8]
anticancer,[9-11] antimicrobial,[12-14] anti-inftematory and analgesic,[15,16] antiviral,[17-19]iaypertensive,
[20] potent inhibitor of dihydrofolate reductase (DHFR)L,22] which is an important target site in most of the
parasitic diseases, Tyrosine kinase inhibitf23, 24] Cyclin-Dependent Kinase 4 (CDK4) inhibi{dj
antihistaminic,[25]calcium channel antagonist,[2&jtileishmanial,[27] diarrhea, [28] and diuretitigtes [29].

cl R2 R3 R4
(o] Ar
NZ R5
‘ R6 =
PN HN
R1 N N o R /j\\ \ _
P s N N Ar
R7
H,C CH .
3 3 antihypertensives anti-inflammatory
analgesic

Cl HSC\N/\’
L Y;EQ - X,
N/k\N N o ¢ \©\N/j\/NINIO
CH, H G
TKI-28 CDK4 inhibitor

However, the pyrido[3,2f]pyrimidine isomer is the least described in theréture because of its difficult and
expensive syntheses. Pyrido[2lpyrimidines have been reported as antimalaria)l,[38 tyrosine kinase
inhibitors,[3,31] as dihydrofolate reductase intobs,[32] as anti-HCV agents [33, 34] and as imoasuppressive

drugs[35].
F
CH,
2, o
cl NH
Nt/NINH
K\N AN O/\/\N/ﬁ

P

Tyrosine kinase inhibitors
On the other hand, pyrido[3dlpyrimidines are well known as potential anticanegents,[36] tyrosine kinase
inhibitors [37-39] and matrix metalloproteinase{MMP-13) inhibitors.[40] Also, individual memberg this class

of compounds arel-adrenoceptor antagonists and are used in mediosmrervous dysfunction.[41] They also
efficiently inhibit the action of dehydrofolate neztase causing the death of many pathogenic migamisms [42] .

Br’ : NH (o} o
NN NHCH, N x N
u‘/ PA\ K> ‘ N H
N CH;0 N COOH

Anticancer MMP inhibitor
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N CH,
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al.»adrenoceptor antagonists methotrexate (MTX) analogue

COOR

N R=EtH

Antifolates

While, pyrido[4,3d]pyrimidines have been identified as acetylcholieess (AChE) and butyrylcholinesterase
(BChE) enzyme inhibitors,[43] as anticancer, [44] selective bacterial protein synthesis inhibjféEg as
antitubercular,[46] and as tyrosinekinases of thlermal growth factor receptor family.[47] One tbe recent
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applications of N-substituted pyrido[4,8]pyrimidines is the production of self-assembledsettes and
nanotubes[48].

X =H,F,ClBr

X
Anticancer
OH OH
(ON

NZ ‘ N N)D/\@ CH3

X X
= ‘ N = ‘ N
. N F N

Bacterial protein synthesis inhibitors

Pyrido[1,2a]pyrimidine isomers are found to be biologicallyige in a wide range; such as antimalarial aget®$,[
psychotropic agents (Risperidone and Paliperiddae)treatment ofSchizophrenia, [50,51] antiallergic agent
(Ramastine),[52] the human leukocyte elastase itohifSSR-69071),[53] anti-ulcer agent,[54] centredrvous

system stimulants (CNS),[55] urease inhibitor,[&§§regation of human platelets inhibitor [57 ].

o F
CH =
C//N | 3 C//N | CH,
x> N N
O 3, = /O
N o N

Ramastine Risperidone
CH,
H.C
OH E o
_N._CH, N o Q
| AN Nwgl CH,
N N - 7=0
e} N o
= /
© N
o

Paliperidon SSR69071

However, the pyrido[1,2]pyrimidines are reported for their effects on leaikte functions in vitro and anti-
inflammatory activity,[58] as antimicrobial,[59] dras possessing a dual SSRI and 5-HT(1A) acti6y.

It is not feasible to discuss the chemistry andieations of all these types in this report, sieeeh type needs and
deserves a separate treatment and presentatiotheSscope of the present work will be focusedhmnfirst type:
pyrido[2,3d]pyrimidine derivatives.

Synthesis of some pyrido[2,3-d]pyrimidine ring system

Synthesis of pyrido[2,8]pyrimidine derivatives was performed accordingtte following general strategies:
(i) Fusion of the pyridine ring onto the pyrimidinag system

(ii) Fusion of the pyrimidine ring onto the pyridiming system

(iii) From Acyclic Intermediates

(i) Fusion of the pyridinering onto the pyrimidinering system
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There are four general approaches for the synthasisyrido[2,3d]pyrimidines starting from pyrimidine ring
system, all of which utilize an appropriately substituteeéhinopyrimidine. The pyridine ring may be formed
the addition of three carbon atoms (royteot two carbon atoms (route 1), or by the intransolar cyclization of
propionyl derivative (route Ill) or recently by opet reaction of three-component including 4-amyrapidine

(route IV).
kN N W kN N |

(N (1)

. -

N
@ C\/Ej (V)
— N -(CH,)-
N/p N/j\ . o
k kN N H)g(
Routel synthesis:

The reaction consists of an electrophilic attacktbe 5-position of the pyrimidine ring and thus yorthose
pyrimidines that are activated toward electrophdlibstitution by the presence of electron donasumgstituents at
the 2 and 4 positions undergo cyclization. 6-amiaoil, 6-amino-1,3-dimethyluracil, 2,4-diamino- pyidin-
6(1H)-one, 6-amino-1-ethylH-pyrimidine-2,4-dione and 6-amino-2-thiouracil hawdl been converted into
pyrido[2,3d]pyrimidines. A wide variety of reagents have besed in this reaction; for example:

a. Dimethyl acetylenedicarboxylate (DMAD):

Recently unsabstituted 6-aminouradib) [10,61] and itsN-alkyl derivativelb [62,63] have been found to react
with dimethyl acetylenedicarboxylate (DMADY)( in protic media to give 5-carboxamido-7-oxopyf@i&-
d]pyrimidines @) and the probable mechanism has been described[10]

] COOCH, R
R Methanol j\ | A
N +
él\ | | | 07 N7 N7 o
o} l}l NH, COOCH, R :
R
1 2 3
a:R=H
b: R = CH,

b. 1, 3-Dicarbonyl compounds:

6-Aminopyrimidlnes also react readily with 1,3-diéres to yield various 5, @&nd 7 substituted pyrido[2,3-
dlpyrimidines Acetyl acetone 4) and 6-aminouracil 1), for example yielded 5,7-dimethylpyrido[2,3-
d]pyrimidine-2,4-dione §) when heated together in phosphoric acid[64].

CH, O  CH,

(0]
HN Phosphoric acid HN X

4‘\|+o )\l/

07 "NT TN Teh,

la 4 5

Another example for symmetrical diketones, the tieacof malonic acid or ethyl malonate derivativgsvith 6-
amino-1,3-dimethyluracillp), for the synthesis of 6-substituted-5-hydroxydefR,3-d]pyrimidin-7-ones7 [65, 66]
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o (o]

o 0 OH
H.C
3N + R1 Ac,0 HsC~ = R!
A : A
o N NH, "o o N N o)
CH, R CH3
1b 6 7
R =H, C,H,

R1=H, CH,

Also, treatment of 2,4-diaminopyrimidine-Bij}-one @) with 2-methyl-3-oxopentanab) in phosphoric acid 85%
afforded 2-amino-7-ethyl-6-methylpyrido[2d8pyrimidin-4-(3H)-one (L0)[64] as the only isolated product which
resulted from reaction of the aldehyde functionhwihe 5-position of the pyrimidine ring. Whereasithw
unsymmetrical diketones the orientation of the tieacis controlled by the reaction of the most taaccarbonyl
group with the 5- position of the pyrimidine ring.

0 H
o) 0O
HN | + CH, Phosphoric acid 85% HN AN CH,
H.N \N NH © NS | — CH
2 2 H,N"~ "N” °N :
H,C
8 9 10

Moreover, Kumararet al,[67] synthesized 1-ethyl-7-methyHI8H-pyrido[2,3d]pyrimidine-2,4,5-trione 13) via
heating 6-Amino-1-ethyl-H-pyrimidine-2,4-dione 11) in t-butyl acetoacetatel®) (solvent free condition).

H,C CH;
0 HSCJ< 9 Q
0
HN
T S e L
130°C 0~ N~ "N~ “cH
07 NT UNH, H 3
CH, CH, CH,
11 12 13

Recently, Rashidiet al[68] has prepared 6-(3,3-dimethyH3ndol-2-yl)-pyrido[2,3d]pyrimidine-2,4(H,3H)-
dionesl5 by treatment of 6-aminouracila-c with substituted aminomethylene malondialdehidie

(e}
R1
\N)j\ o) AcOH, reflux
+
_
O)\l?l NH,
R2
la:R'=R2=H 14 15

1b: R = R? = CH,
1c:R1=H, R?=CH,

C. a,f -Unsaturated ketones:

The reaction of 6-aminopyrimidines with the appraf o,f-unsaturated ketones gave the corresponding
pyrido[2,3d]pyrimidine derivatives.[69] The reaction is propdgo involve nucleophilic attack by the amino grou

of the 6-aminopyrimidines on the carbonyl carbonté a,f -unsaturated ketones, a reversal of the standard
regiochemistry of the Skraup-Doebner-Miller pyriglisynthesis,[70] to form Schiff's base adductdpiedd by
cyclization and oxidation to give pyrido[2d@pyrimidines (Scheme 1) [71, 72] or the reactiomgaededvia a
sequence of Michael addition followed by cyclizatitm afford dihydropyridine adduct. The latter addfrom a
Hantzsch synthesis afforded the fully oxidized @aatic) pyridine derivativeia auto-oxidation (Scheme p)3, 74].
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R1 R1 R1
N7 N N=” auto-oxidation N7~ X
N N R2 N H R2 N N R2

R1
NT X
m/ + — R2
N~ "NH, 07 “R2
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N/
+@;l
N~ N7 R1
H

Scheme 1
R1 R1 R1 R1
NZ | N X N7 | N | | auto-oxidation [\Lﬁ
k\N NH k\ k\N N R2 \N N/ R2
207 R2 N NH,HO ~ R2 H
Scheme 2

Thus, the reaction of 6-amino-2,3-dihydro-2-thiokdH)-pyrimidinone (6) with o,p-unsaturated ketonek’ in
boiling DMF furnished the pyrido[2,8}pyrimidines18[71, 72, 75] .

e} Ar, (e}
+ )\
—
S)\N NH2 (6] AI’2 S N Ar
H

18

Iz
N

16 17
Helelng
OBEOE o

Also, treatment of 6-amino-1,3-dimethyluracibj with 1,5-diphenyl-1,4-pentadien-3-on&9], 1,5-diphenyl-1,3-
pentadien-5-one20) or 1-benzoyl-1-butenoic acid?l) gave pyrido[2,H]pyrimidin-2,4-diones22, 23 and 24,
respectively p9,73] .

Ph

o Z > pp H,C |
N

19

B
acetic acid O)\ N/ =

o N NH, o] N N Ph
CH, CH,
1b OOH 23
S (0] COOH
o Ph H,.C_
21 3 N | X
A -
acetic acid O N N Ph
|
CH,
24
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Recently, a novel class of pyrido[2dByrimidine-C4-D-glycosides 26) was synthesized by the condensation of
a,p-unsaturated @-glycosidic ketones25) with 6-amino-1,3-dimethyluracitlp)[76].

0 N O H CH,
H3C\N \ w
0
A |+ 3 NaOEt
07 N" NH, ©
| 2 HO OH
CH,

THF/EtOH, rt
30-90min

1b 25

Ar = CgHs, CaH,.OCH;(p), CH,.CH;(p), CeH,.Cl(p), CeH,.F(p), CoH,.Br(p), pyrrole

Moreover, reaction of 2,6-diaminopyrimidin-4{3-one 8) with 4-arylidene-3-methylisoxazol-5§-one @7) or 4-
arylidene-2-phenyloxazol-5()-one @8) under microwave irradiation (MWI) is described dampyrido[2,3-
d]pyrimidine-4,7-dione derivative89 and 30 are synthesized presumablyia a sequence of Michael addition,
cyclization and ring opening. In this reaction,aigd acetic acid acts as both solvent and catfifygt

o A CH, O A CH,
RN
HN)JE\_'_ (N DMF/ACOH NOH
)\\ o MWI o
HNT NT ONH, g
8 07 29
o A
i A K Ph
N N
HN)i_'_ =N omFracoH H)N\ | hif
)\\ © MWI N SN O Yo ©
HNT N7 ONH, g 2 N
8 28 30

Ar = C¢H;, CH,.Cl(p), C¢H,.F(p), CH,.Br(p)

Similarly, 6-aminothiouracil 16 reacted with a,f-unsaturated ketone81 to give 5-chromeno-pyrido[2,3-
d]pyrimidine derivatives32 [16] .

DMF

16 31

X=0, NH, N-CH,
d. With arylidene:
7-Amino-5,6-disbstituted-2-thioxopyrido[2 @pyrimidin-4-(1H)-ones 34a-e [77-80] prepared by treatment of
arylidene derivative83 with 6-aminothiouracillé. The prolonged duration reaction and dry condgierequired
to furnish the oxidized forrB4a-e.
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X X
0 0
HN | N N\ R prolonged duration N | AN R
—
STONT N, N SN
16 33 34
o)
wxe N R=CN
’ N
b: X = Cl R= (>
c:X=H R=CN
d:X=H = \
O
. —_ Ph
e:X=H R = I}_

e. With enaminones and enaminonitrile:
The condensation of 6-amino-2-thiouratB with aromatic aldehydes afforded azomethine déviea 35. The
formed azomethines underwent [4+2] cycloadditiorthwénaminones3é and enaminonitrile37 to form the

corresponding condensed pyrido[2lpyrimidines38 and39, respectivelywia amines elimination [81] .
O R

1
(0] COR
N
9 CN H
38
N ArCHO AN | g
2\ \ DMF/ACOH, reflux s 2\ I~

N~ "N” CAr N
SHNHZ H O O CN

16 37 HN N

Ar = CgHs, CgH,.OCH,(p) )\ _
R = 2-thienyl, 2-furyl, 2-naphthyl
39
f. With Mannich bases:
Condensation of 6-amino-1,3-dimethyluracilb) with aryl-alkanone Mannich base40, gave 7-aryl-5,6-
dihydropyrido[2,3€]pyrimidines41 [82] .

H,C .+ _CH,
¢}

NH
Cl
H3C\N x
)\ | *
(0] l}l NH, (0]
CH,
1b 40 R

R=H, CH,, Br
Also, an efficient one-pot preparation of 6-sulbggtl pyrido[2,3d]pyrimidines 42 by cyclocondensation of 6-
amino-1,3-dimethyluracil pb)  with symmetrical vinamidinium salts under bastonditions has been
developed.[83]
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] C (@] o, NMeZ e (@] A
~N NaH, DMF 3TN | ~
¢L P =

o) N N
CH NMe, CH.
1b R= PhSO, 42

Routell synthesis:
This type of synthesis normally involves the reattof an active methylene compound containing gacedt
functional group capable of cyclization with 5-gcydformyl, or 5-cyano-4-aminopyrimidines.

Reaction of 2,6-disubstituted-5-acetyl-4-aminopydime hydrochloridel3 with acetylacetone or benzoylacetone
afforded new substituted 6-acylpyrido[ZjByrimidines44 [84] .

R2 CH, R2 R2 CH, O
NT X (0] NN R3
/l Hac )\ ‘
= HCl N
R1” "N” TNH, HCl, -H,0 N N~ “CH,
43 44
R, = CgHs, CH,.CI(p)
R, = CH,
Ry = CHa, CgHs

Also, 7-substituted-pyrido[2,8}pyrimidin-5-ones45 [85] were synthesized by the interaction of 2,6-ds$ituted-
4-amino-5-acetylpyrimidined3 with N,N-dimethylformamide dimethyl acetal &N-dimethylacetamide dimethyl
acetal followed by cyclization under the actiorsoflium methoxide in methanol.

R2 O MeO R2 O

|
)l\)jf‘\ 3 )\/%(H\CH CH,  CH,ONa, CH,0H Nl)jfj\
~
~
R1™ "N 'NH HN(CHy), Rl)\N N~ R3

43
R3 45

R, = CHj, CgHs

R, = CH; CHs

R, = H, CH,
Similarly, ethyl 5-oxo-pyrido[2,3#]pyrimidine-7-carboxylatel6 could be obtaineslia condensation of 5-acetyl-4-
aminopyrimidinesA3 with ethyl oxalate in the presence of sodium eithexThe productd?7 of the Friedlander self
condensation of the starting pyrimidiré&have been reported [86] .

I

0s_-COOC,H, R2 O
OC,H, NT X
)l\ = |
R2 O C,H;ONa, C,H,OH R1 N N COOC,H,
NS CH, 46
)l\ = |
R1 N~ TNH,
43
C,HsONa, C,H,OH

R, = CHy, C4Hy, CCLy, CoH,.CI(p), C4H,.NOL(p)
R, = CHy, C¢Hy, SCHy

A three component condensation of 5-acetyl-4-amjriopdine derivatives43 with dimedone and triethyl
orthoacetate gave 7-(1,3-dioxocyclohex-2-yliden@ydihydropyrido[2,3d]pyrimidine derivative#8 [87] .
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R R Ol
NN NN
N o}
A@ CHS Rl/lN/N To ] PPN
Rl N N4250 H O\ RONTN
o
o; o, 8 o,
L at |
R =GH GHAP.
R=CH, ST,

On the other hand, 6-amino-5-formyluraci@a-c reacted with Meldrum'’s aciflO in the presence of piperidine as
catalyst under thermolytic conditions to affordd@woxy-2,4,7-trioxopyrido[2,8]pyrimidines5la-c [88] .

O e} o
RZHCHO /|/fu\o piperidine RZ\N | AN COOH
+
07N ONH, 07 07 CHy A A
R CH,

0~ 'N° "N” ~o
R1
50
49 aR,=R,=H 51

b:R, =R, =CH,

c:R,=CH; R,=H
Also, 4-amino-5-formylpyrimidine52 condensed with various aromatic ketone derivativesthe presence of
K,CGOs; and Kl in acetone, to afford the correspondingistituted pyrido[2,3f]pyrimidine derivative$3 [89] .

CHO O
K,CO,/KI Ny
L "‘ HC R k

Acetone, r.t. R

52 53

R = C¢H;,C4H,.4-Cl, C;H,.4-CH,_, C4H,.4-OCH,, pyridinyl, thienyl, furanyl
Moreover, 5-amino-4-aryl-7-oxo-2-mercapto-pyrid@2]pyrimidines-6-carbonitriles5 have been synthesized by
the condensation of 4—amino-5—cyano—6-ary|—2—meu(o:696—dihydro pyrimidine®4 with ethylcyanoacetate [90] .
Ar  NH,

Ar
CN
)Nl\)i[ NN
_ —>I
HS™ N~ "NH =

C H OH HS N H o
54 H c 55

Ar = C4H,, C4H,.2-Cl, CH,.4-Cl, CH,.3-NO,, C¢H,.3-OCH,, C4H,.4-OH, C,H,.4-SCH,
Similarly, 4-(halophenylamino)-pyrimidine-5-carbaiie derivativessé treated with malonic acid in ethanol to give
the corresponding ethyl 5- amino 6-oxo-pyrido[2]pyrimidine carboxylate§7 [91] .

O NH,
COOH COOEt
_ EtoH KN =
)\\
R™ N7 N o
R = CH,, NH,
56 57

Routelll synthesis:

In contrast to the previous synthesis, pyrido[@j@yrimidines prepared by this route are not conghletaromatic"
compounds. Instead they are reduced pyridopyriregliand are obtained by cyclization of an aliphptmpionyl
derivative.
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So, the propionitrile derivativé8 yielded the pyrido[2,3f|pyrimidines59 and 60 when treated with ammonia or
methylamine respectively [92,93] .

NH, N |
R 2 . _

cN H,N N N NH,

N ‘ 59

s —
R1—N N cl R 2
58
CH,NH,/MeOH N=

R1=H,Ac L P |

R2=H,CH3 H, N N N o

60
Also, when compoundgl treated with ammonia yielded the pyrido[2]pyrimidines62[94].

R2 R2 R2
COOEt
N/| NH, N/| NG
PN PN COOEt )\\|
R1” "N “cCl R1” 'N° 'NH, R1” N H o
61 62

RoutelV synthesis

A series of pyrido[2,3f]pyrimidines and their polycyclic derivatives haween prepared by one-pot three-
component reaction of 4-aminopyrimidines, aromatiehydes and active methylene compounds (alkyilast
cyclic ketones, cyclic diketones). This efficieghthesis was done thermally with or without usiadgatysis, under
microwave irradiation conditions or under ultragoimradiation (US) as a recent trend. The reactiooursvia an
initial formation of the arylidene, from the condation of benzaldehyde and active methylene congsumhich
suffer nucleophilic attack to give the Michael addurhen cyclization and auto-oxidation took placeafford the

fully aromatized compound.
R, Ar
R
Rs RZ/KN N/
or

NH,

R4
R4 Ar
o]
N \ N/ \
)|\ + AICHO  + |
- —
Ry N NH, Ry \N =
R, Ar (o}

or
060 N/ \
RQ/KN N
1- Thermal synthesiswithout using catalysis.

El-Gazzaret al[95] has prepared a series of pyrido[@8]Byrimidine-2-thione derivative84 by the one-pot reaction
of the appropriate aldehyde, malononitrile and 6rathiouracil16 in dimethylformamide.

9] O Ar
CN
HN N pwmF HN X
71\ |+ acrHo+ < )\ | P
CN
S H NH, S H N NH,
16 34

Ar = C¢H,.CI(p), CgH,.CH,, C4H,.N(CH,),

Hegab et al[96] has obtained hexahydrocycloheptalb,6]pyrig@i@pyrimidine-2,4-dione 63 and
hexahydrocyclohepta[4,5]pyrido[2@pyrimidine-2,4-dione64 during the reaction of 6-amino-1,3-dimethyluracil
1b with equimolar amounts of cycloheptanone and gmpaite benzaldehydes. The structures of producte we
verified by single crystal X-ray diffraction.
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(0] Ar

HaCx §

2\ | ~

0~ N7 N
o) 2 '
CH,
Hsc\N DMF 63
)\ |+ ArcHO + Ar = CgH,.Cl(p), CoH,.Br(p)

07 N7 TNH,
CH, 0

1b H,C

64
Ar = C4H,.CN(p), C¢H,.OCH,(p)
Moreover, Hassast al[97] and Tanifumet al[98] reported that when 6-amino-1,3-dimethylurddiltreated with

an aldehydes and a cyclic 1,3-dicarbonyl compo@l it gave the corresponding polycyclic pyrido[2,3-
d]pyrimidines66.

e} (@] Ar (@]
H.C o) 0 H,C
NN ACOH, A ° N | N
)\ Il + ArcHO + _— )\ P
R1
0~ °N” "NH, c” N N
I R1” R2 ! R2
CH, . CH,
5 66
1b
Ar = CgH,.CI(p), CgH,-BI(P), CoHy.NO,(P), CeHy.CHy(P), CeHsF: CoHyFs
R,=R,=H
R, =R, =CH3

R, =H, R, =2-furyl
2- Thermal synthesiswith using catalysis.
A simple one-pot method for the preparation of @gf2,3d]pyrimidines 34, 68-71 from 4-aminopyrimidine$7,
la-c and 16, aromatic aldehydes and active methylene compoundshe presence of 1,2—dimethy}-
butanesulfonic acid imidazolium hydrogen sulfatBMBSIIHSO,),[99] triethanolamine (TEOA),[1004-amino
acid (L-proline),[101] ZrQ nanoparticles (ZreNPs),[102] FeO, nanoparticles (R©4-NPs,),[103]

triethylbenzylammonium chloride (TEBAQ)04,105] or sodium lauryl sulfate (SDS)[106] asedficient catalyst is
described.

o O Ar
CN
N CN [DMBSIJHSO, HN A
| + + AICHO — |
X COOEt 80°C cHs” N7 ONT o
CH,S” N7 "NH, 3 H
67 68
Ar = CgHg, CgH,.4-CHj, CgH,.4-F, C¢H,.4-Cl, C4H,.3-CN, C4H,.4-NO,, C¢H,.4-OCH,
R
o CHO o
CN
TEOA/H,O CN
S T < + 2 HN =
CN 80°C )\ =
07 "NT UNH, R o N N NH,
la 69
R =NO,
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Rl\N CN TEBAC/H,O N NN
| + < + ArCHO - )\ |

)\ CN 100°C 07 >N N NH

07 N7 "NH, | 2
I|?2 R2
1c 71

R, =H, R, = CH,
Ar = CHy, CgH,.4-CH,, C4H,.4-Br, C¢H,.4-Cl, C4H,.4-OCH,

o oL O Ar
R1 N CN
N N Fe,O,-np/EtOH N N
| + < + ArCHO > )\ |
)\ CN 40°C 07 N7 N NH
0 ITI NH, | 2
RD R2
1la,b ] 71
Ar = C¢H;, C4H,.4-Cl, theinyl
o O Ar
CN
A
HN CN Sodium lauryl sulfate HN |
Py |+ acro + < — P _
s7 N7 ONH, N : s> N NN
H

16 Ar =C¢H;, C;H,.NO,, C,H,.Cl(p), CzH,.CH,, C;H,.OCH,
3- Synthesis under microwave irradiation conditions
The utility of microwave energy in synthetic organthemistry has been increasingly recognized irermec
years.[107,108WI-irradiated multi-component reactions have sadgantages such as environmentally friendly,
improving the bond forming efficiency (BFE), timawng, and experimental simplicity. Thus, when Graaracil
derivativesla-c were treated with benzaldehydes and malononitriger microwave irradiation at 60% power and
120°C in a reactor for 5 min, it gave pyrido[2ipyrimidines72 with 90-93% yields [109-111] .

0] Ar

o)
R1. CN Rl\N \CN
MWI
j‘\ | + < + ArCHO )\ | P
250W-1200C

07N N, CN ( ) © N™ "NT UNH,
ko R2
la-c 72

Ar = C4H,, CgH,.CHa, CgH,.NO,, C¢H,.Cl, CgH,.OCH,, C,H,.OH

Under identical conditions, Quiroga al[112] synthesized the 6-cyano-5,8-dihydropyrido[d]Byrimidine-4(3H)-
ones74 via three component condensation of 6-amino pyrimidhoaes7s3, benzaldehyde arfttamino crotonitrile
or benzoylacetonitrile.
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[e) (@] Ar
X R1 CN
RSN MWI °N
)\ \ + CN 4 ArCHO /k |
Rz SN N, N
73 74

R, = H, CH, X =NH, O Ar = CgHy, C4H,.Cl, C;H,.OCH,, C;H,.F, C,H,NO,
R, =OCH,, SCH,, NH,  R;=CH,, Ph

On the other hand, pyrido[2,3-d]pyrimidin@s has been prepareda one-pot three-component reaction of 4-
aminouracils, alkyl nitriles and triethylorthoforteainstead of aldehydes) under microwave irraoiafil13,114] .

. 0
R1
R N MWI, 75°C, 2-8 min b | N
o+ < + CH(OE), 157, . )\ P
A NN N,
R2

open vessel O
07N, R3 p
R2 R, = CN, EOOEt s
la,b

4- Synthesis under ultrasonic irradiation conditions
Under ultrasonic irradiation conditions, a serieépyrido[2,3-d]pyrimidine derivatives have been reported.[115]116
Thus, Tuet al synthesized a series of pyrido[2]Ryrimidine derivatives’6 via one-pot condensation reaction of
an aldehyde, tetrahydrofuran-2,4-dione, and 2,6aiapyrimidin-4(3H)-one in ethylene glycol under ultra sonic
irradiation without catalygii16] .

0] Ar o

o) 0
US, 20-30 min, 94%  HN
HN + + ArCHO s | o
)\\ | o Ethylene glycol HN \N N
HNT N7 ONH, © 2 H

76

(if) Fusion of the pyrimidine ring onto the pyridinering system

Another major approach for the synthesis of py2g®H]pyrimidines involves the use of the appropriately
substituted pyridine derivatives as starting materh wide variety of pyrido[2,3|pyrimidine derivatives were
prepared starting from: 2- aminonicotinonitril, wth 2-aminonicotinates, 2-aminonicotinic acids, 2-
aminonicotinamides and another pyridine derivatives

a) 2- Aminonicotinonitril:-
A series of pyrido[2,3f]pyrimidine derivativesviz 4-amino-pyrido[2,3d]pyrimidines 78,[117-121] 4-amino-
pyrido[2,3-d]pyrimidins 79, [117,119,120] have been synthesized by the caadiem reaction of 2-amino-4,6-
disubstituted pyridine carbonitriléd with formamide, urea and thiourea, respectively.

o)

J\ Ary NH2
H™ “NH, NNy
Arl | — /J
Ar N N
CN 2
N 78
—
Ary” NT TNH, . A, NH,
77
H,N" NH, YT SN
—
Ar; N H X
79
X=0,S

H
Ar, = 2,4-dichlorophenyl, 4-methoxyphenyl, Q < O

Ar, = phenyl, 4-bromophenyl, 2-hydroxyphenyl
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Also, 4-imino-pyrido[2,3d] pyrimidin-2-thiones80,[122] pyrido[2,3d]pyrimidine-2,4-(H,3H) dithiones81,[122-
124] and 4-imino-pyrido[2,2] pyrimidin-2-ones82[*” were prepared using the 2-amino-pyridine-3-cartnitei76
via the reaction with phenylisothiocyanate, carbonilgiside and phenylisocyanate, respectively. Wipigido[2,3-
d]pyrimidine-2,4(H,3H)diones 83[125] were obtained eoc-friendlyia condensation of compound6 with
phenylisocyanate, adsorbed over K-10 montmorileonialy or alumina, and irradiated under microwaves.

PhNCS ~N N

heat, diphenyl ether N N

8-9h = /g

PhNCO

MWI, 4.2—5.9 min, clay K10 AN N

83

Ar, = 2,4-dichlorophenyl, 4-methoxyphenyl, 4-chlorophenyl, trimethoxyphenyl, methyl, cyclohexyl, furyl, indolyl

Ar, = phenyl, 4-bromophenyl, 2-hydroxyphenyl, naphthyl, pyridyl
Moreover, pyrido[2,3H]pyrimidin-4-(3H)-ones84[118,124]Jand dihydro-pyrido[2,3f]pyrimidin-4-(3H)-one86 [15]
were obtainedsia cyclization of compound6 and 85 with formic acid, respectivily. It is believed théhe nitrile
group was converted into amidé& hydrolysis followed by cyclization and Dimroth reengement took place to
furnish the final fused pyridopyrimidinone addut®f] .

Ar, o
CN
X H OH
=
Ar; N NH,

H
Ar = Q {“ , chloropheny!
1=

Ar, = phenyl, 4-bromophenyl, 2-hydroxyphenyl, pyridyl

Also, treatment of compoundb with triethyl orthoformate or triethyl orthoacegan acetic anhydride afforded the
methanimidate87 which gave the 3-phenylamino-4-imino-pyrido[2ipyrimidines88 upon treatment with phenyl
hydrazine[122].
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Ar, Ar, 1
_NH.Ph
/f\/[CN RC(OEt), ﬁCN PhNH.NH, A )N\
= P OEt A NP
Ar; N~ "NH, AC, 014 Aty N H/\/ A7 °NT N7 R
76 R 88

Ar, = trimethoxyphenyl, Ar, = phenyl, R=H, CH,

b) Ethyl 2-aminonicotinates:-

The 2-amino-5-arylazonicotinate®® reacted with dimethylformamide dimethylacetal (DIOMA) to yield the
corresponding amidine80 which treated with ammonia in refluxing acetic dadb yield the corresponding
pyrido[2,3d]pyrimidine derivative®1.[127] Furthermore, fusion of the azonicotina®@swith thiourea afforded the
corresponding pyrido[2,8}pyrimidine derivative®2 [127].

o] 0 o]
— Ar—N=N Ar—N=N
ATN=N ~ OFt b = OFt : = NH
| DMF-DMA | ACOH/ACONH, | )
~ _ S 2N NS =
Ar; N NH, Toluene, heat Ar; N N NMe, -EtoH Ar; N N
89 90 91

S

HZNJI\NHZ
cl
fusion e @\ \©\
Br NO,
Ar—N= A= ©
.=
Cl

92
Moreover, substituted 4-oxo-2-thiopyranopyridopyidines 95 [128] were synthesized either by boiling ethanolic
solutions of 2-amino-3-ethoxycarbonylpyrano[4]gyridine 93 with the isothiocyanates with subsequent
heterocyclization of the 2-(N'-R-thioureido) detivas 94 under the influence of KOH; or by condensation of
pyranopyridined3 with the |soth|ocyanates at 130-140°C

RNCS
ethanol heat
130-140 Ox /

R = CH,Ph, CH,CH=CH,, C;H,OMe

95
) 2-aminonicotinic acid:-

The thermal cyclization of commercially availablea@inonicotinic acid $6) and urea produced pyrido[2,3-
d]pyrimidine-2,4-diol @7) [129]. Furthermore, interaction of alkyl[11] oryhchloride[130] with 2-aminonicotinic
acid ©@6) in pyridine, gave pyrido[2,8][1,3]oxazin-4-ones98) which in turn reacted with amines to give a serie
of pyrido[2,3d]pyrimidin-4(3H)-ones99 with different substituents at position 2 and 3,180] .
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OH

PP @\A ffi @\AA

97

R, = phenyl, propyl, 4-florobenzyl, 4-chlorobenzyl
R, = phenyl, tolyl, H, -NH,, -OH
d) 2-Aminonicotinamides:-
Also, pyrido[2,3d]pyrimidin-4(3H)-one  derivatives 101  were  synthesized via fusion  of
2-aminopyridine3-carboxamide derivativd00 with triethyl orthoformate, acetic anhydride ornkeyl chloride
[131] .
R1

R1 O
NC CONH
AN 2 NC
| HC(OC,H,), | N NH
_—_—m
MeO N/ NH or R,COX = /J\
2 2 MeO N N R2

R; = C¢H,.OCH,(p)

R, =H, CgHg, CHy
€) Another pyridine derivatives:-
Galveet al[132] synthesized Btaryl substituted 2-amino-4-imino-5,6-dihydropyr@@-d]pyrimidin-7(8H)-ones
104, from treatment of 2-methoxy-6-0x0-1,4,5,6-tetrdtopyridine-3-carbonitrilesl02 with an aryl substituted
guanidinel03 in 1,4-dioxane, which undergoes the Dimroth reayeanent to the 2-arylamino- pyridopyrimidine
105 by heating in NaOMe/MeOH.

NH

R2 g R2 NH R2  NH,
H,N NHR
R1 CN Ts KL N/R3 NaOMe/MeoH — R1 X
‘ 1,4-dioxane ‘ /)\ Dimroth rearrangement ‘ )N\
" N OMe™ 07 N” N7 "NH, 07 N7 N NHR,
H

102 104 105
R, = C4Hy-2,6-Cl,
R,=H

R, = CgH,-4-Cl, CgH
Similarly, addition of amidinel07 to the 2-chloronicotinonitrilel06 affords the 4-aminopyridopyrimidine
derivatives108 which could be hydrolyzed to the pyridopyrimidimot09 with methanesulfonic acid in high yield
[133].

NH
J\ NH, OH
R1 CN H,N" "R3 R1 X
f\/l[ 107 R1 = | NN MeSO,H, H,0, 110 C = | )N\
X X P
R2 N al R2 N N)\R 3 R2 N N R3
106 108 109
R, = C4H,-2-Cl
R, = C4H,-4-Cl
R; =t-Bu, i-Pr

On the other hand, It was found that refluxing éfl@thoxy-5-nitronicotinamide1(10) in methanol in the presence
of sodium methoxide afforded 2—(2-methoxy—5-nitrdd'm—S—yI)—6-nitropyrido[2 3d]pyrimidin-4-one @11) [134] .

O
O,N
=
N OMe MeOH )jij/

110 111
(iii) Acyclic Intermediates
Synthesis of 5,6-dihydropyrido[2@pyrimidine derivatives directly from acyclic prasors, in which the
pyrimidine and pyridine rings were constructed dtemeously, has been reportédf*® Ethyl cyanoacetate was
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reacted with ethyl acrylates forming diethyl-2-ogglutarate412 which treated with guanidine in ethanol to afford
2-amino-5,6-dihydropyrido[2,8fpyrimidin- 4,7-dionel13 [135] .

o)
NH
R BIy 0
+ OEt H,N NH, R
- | NH
O OEt NN /)\
07 °N” °N” ONH,
H
113
O ‘
NH O
R I i
OEt yn">w, |R \ R \H
NS - >
© OEt\N o) J\ o) HN |N/)\
ot N° NH, OEt 2 NH,

R=H, CH,

In the same manner, Momtt al[*****® described an efficient 3-component reaction priogid4-amino or 4-

oxopyrido[2,3d]pyrimidines 114 in a one-pot microwave- assisted cyclocondensatin,p-unsaturated esters,
amidine systems and malononitrile or methyl cyaptate [136, 137] .

Rl G \H R2 X

N + MWI, 10 min R1 | XN

07 “oMe HN RS .

o N R3

‘ 114

R1 G H,N™ "R3

o S R, =H, CH, G =CN, COOMe X =NH,, OH
OMe N R, =H, CHy Ph Ry = NH,, Ph

Similarly, a pyrido[2,3d]pyrimidine derivatives 115 was obtained in a one-pot synthesis from diethyl

ethoxymethylidenemalonic acid, cyanothioacetamaie allyl bromide [138 ] . The probable reactiohesve is
show as follows.

s
s
CN
L S CN  Eooc” cooet  HN
COOEt  pn7 " HN)WCOOB I HN
)\VOEt—> 2 T NC COOEt
EtooC EtONa CN  COOEt
I s
s
B

NC
N COOEt HN
L A 2 C

SH
CN
H,N N E0oc” “CooEt |~ o CN _ CN
— T L S
N NS Pz - =
H,N SH N e S
E

D
4- Reactions of pyrido[2,3-d]pyrimidines
(i) Reactions carried out on the pyrimidinering
Treatment of pyrido[2,8]pyrimidinones or -pyrimidindiones with phosphoroasychloride (POG) is a simple
procedure used widely in preparing chlorinated midine final products or intermediates for further
transformations. Starting from 2-substituted 4-&-dihydropyrido[2,3d]pyrimidine 116, upon refluxing with
phosphoryl chloride (POg)l in presence of dimethylformamide (DMF), yielddt tcorresponding key 4-chloro
intermediates117, which were reacted either with phenylalkylamirtes give the 4-(4-phenylalkylamino)-

pyrido[2,3d]pyrimidines 118 [9] or with ketone carbanions such as, acetone eatbphenone to give compounds
119[139].
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e
‘N/ N/)\Rl | = /)\

o] cl HN/HO
‘ A NH POCI,/DMF Xy SN Phenylalkylamine, EtOH XN
PR
N N R1
116

N N R1
o
)LRZ R, = SCH,
n=14
(0]
R2
AN NN
A
N N R1
119
R,=H
R, = CH,, CgHs

Moreover, the commercially available pyrido[2i[pyrimidine-2,4-dione §7) reacted with phosphoryl chloride,
under the same condition, to give the correspondihglides120 which were further reacted with the appropriated

amines to affordNsubstituted 2-(piperazin-1-yl)pyrido[2@pyrimidin-4-amine 121[129] or N,N’-disubstituted
pyrido[2,3d]pyrimidin-2,4-diaminel22 [9] according to the condition of the reaction.
R

benzylamines | TSN R

- ; P P
piperazine N N/LO

o) cl 121 NH
R=Cl
(YkNH POCI/DMF N XN
—
NN A
H
97

‘ =
N N

120 HN/%\}n\Q\
phenylalkylamines N \/I\L R
EtOH = =
N N N 5
H
122
R

n=14

R =H, SCH,
Alkylation of 2-thioxo-pyrido[2,3d]pyrimidin-4(1H)-ones123 took place at position 2 with alkyl halide in etloéic

sodium hydroxide (4N)[16, 79] anhydrous sodium acetate/ethanol [140Ke€Os/DMF [78,141] to yield 2-
alkylthiopyrido[2,34d]-pyrimidine-4-one derivative$24.

The thioxo-derivatived23 were converted into their potassium sdl?$, by using KOH in acetone, which were
stirred at room temperature for long time witktbromo-2,3,5-tri-O-acety-D-arabinofuranose to yield th&
glycosylated nucleosidek?6.[16] While, Interaction of compound23 with hexamethyldisilazane ((M®i),NH)
formed silyloxypyrimidine derivativel27, which in turn treated with 1-O-acetyl-2,3,5-tri-@#xzoyl$-D-
ribofuranose to furnisiN-glycosylated nucleoside$28 [120] .

Hydrazinolysis of pyridopyrimidin-2-thioneg23 with hydrazine hydrate (80%) in pyridine affordiw sulfur free

compound identified as 2-hydrazino-pyrido[2i[pyrimidin-3-one 129. Compound129 could be obtainediia
nucleophilic displacement of thioalkyl group of geaund124 with hydrazine in boiling ethanol. [79]
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Rl O

R2
= NH

NS =
R3 N N NH.NH,

129
N,H,.H,0 N,H,.H,0
pyridine EtOH
RL O
RL O R1
R2. R2 R2
NH KOH % NH  RX z NH
N /)\ Acetone, r.t /& /)\
y el N NS
R N N SK Ry NN g RZ” N7 N Ds—R
125 123 H 124
(0] .
o ) Br (Me,Si),NH
oAc oA (NH,),SO,
Rl O RIL O O _.0Ac R1 O
—_—
N P
R3™ N7 °N” s N pZ N /&
R3” °N N)\S-TMS R N N 7S
o) . OAC 127 0 .nOBz
OAC OBz
OAcC R1 R2 R3 R OBz

126 © H CHZOCI CH, 128

" CH,-CH,-COOH
MeO

Besides aforementioned reactions, 2-thioxo-pyridbf}pyrimidines 123 could be considered as a starting material
for the synthesis of new polynuclear heterocycléshsas pyridotriazolopyrimidins, pyridothiazolopyidine and
pyridopyrimidothiazine derivatives. Thus, heatirggrpound123 with hydarzonoyl halides in boiling chloroform in
the presence of triethylamine yielded the corredpan pyrido[2,3d][1,2,4]triazolo[4,3a]pyrimidin-5-one
130.[%%2 Wwhile, refluxing of compoundl23 with chloroacetyl chloride afforded pyrido[2¢Bthiazolo[3,2-
a]pyrimidine derivativel31 [75,140] .
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R2 N R2 /<
S NH Ar” TN cl ~ JN\ N
— /K — = /
R37” N7 N7 s R37 TN N
H Ar
cl
o R1 R2 R3 R4 Ar
cl @ cN NH, COOEt @
R1 O 0 @ @EN\>_ NH, COCH @
S
R2
~ N @—m CN NH, COCH @—u
R3 N7 N/)\
7\ H COPh, NO,
- O O

131

R1 R2 R3
il v O
Also, pyrido[2,3d]pyrimidine-2,4-dithiones81 reacted withs-bromopropionic acid or chloroacetic acid in glacia
acetic acid/acetic anhydride to afford pyridopydothiazinel132 and pyridopyrimidothiazold33, respectively

[124].
Ar, S
COOH
Br/\/ /[%f‘\ N/j\l\
I~ /)\
Ar, S ACOH/AC,OH Al N N S o
132
Ar, S
81 o >coon /[%f‘\/’\"\/\ﬁ—o
PN~
AcOH/Ac,OH AI’2 N N S
133

Ar; = CH:.Cl Ar, = pyridyl
A similar cyclization to tricyclic products occutdtevhen 2-hydrazino-pyrido[2,8}pyrimidines 129 treated with

one carbon donors such as phenyl isothiocyanatarion disulfide, formic acid, ethyl chloroformate phenyl

isocyanate, acetyl chloride and 2-cyano-4-chlormamonitrile to give pyridotriazolopyrimidine desitves134-
138, respectively79, 140, 143, 144] .
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N
AN x o
H

o 134

J]\ PhNCS
HOH pyridine

R1 O
PANCO R2 SN NH
pyridine | / /)\
R3 N NH-NH
129 j\
(o]
u’ﬂ\oa H,C ..d
pyridine pyridine
Rl O A ON RL O
o ( CH
R2 AN CN R2 . 3
)N\ pyridine | )N\ |
N £ _NH N Z N
R3 N N N R3 N N N
H 137 H
136 R1 O
N
R1 R2 R3
N/)\N/NH CeH,.Cl CN NH,
18 CgH,.OCH, H CeHs
Ar= CgH,Cl

(if) Reactions carried out on the pyridinerings

Chlorination of 5-hydroxy-pyrido[2,8]pyrimidine-2,4,7-trione§ with phosphoryl chloride gave 5,7-dichloro-
pyrido[2,3d]pyrimidine-2,4-dioned.39.[145] While compound? (R = H) reacted with thionyl chloride in the
presence of DMF to give trichloro derivativi40, chlorination at position 6 along with replacemehthe hydroxyl
groups at C(5) and C(7) with chlorine.[146] Theration of 7 with fuming nitric acid in acetic acid gave 6-
nitropyrido[2,34d]pyrimidinetriones141. During chlorination of the latter compound, 5j¢kdoro- derivativel42
was obtained [147] .

pesatisosiseast

141 7 139
R=H, CH,
socl
socl, DMF
DMF R=H
0 cl (e} Cl
H,C NO, H3C\N N Cl
N | N |
&J\ Z )‘\ =
07 NT N7 “a o N N
|
CH CH,
142 140

5-Amino- 143 and 5,7-diamino-pyrido[2,8}pyrimidine-2,4-diones 144 were prepared easily from the
corresponding 5,7-dichloro-pyrido[2dpyrimidine-2,4-diones139 with aliphatic and aromatic amines. The 7-
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monoazided45, obtained by azidation of the chloride40, were converted to iminophosphorarid$ by reaction
with triphenylphosphane. Hydrolysis produced in step 7-amino-pyrido[2,8}pyrimidine-2,4-dioned47 [145] .

RNH o} NHR e} NHR
2
with solvent H3C\N X NanN,  HCs AN

o ¢l NN N°ONN,
Hsc\N N CH3 CH3
)\ \ _ 143 145
o w N~ ~cl
CH,
139 O NHR
RNH, m
07 "N "NT "NHR HC N
without solvent
CH, )\ \ P

07 N7 N7 ON=P-PH,
144 )
CH,
R=H, CH, 146
J H+
O NHR
HCw A~
PP
07N NH,
CH

147

Substituents in position 5 and 6 of pyrido[2pyrimidines give reactive synthons for cyclizatiogactions to
polyheterocyclic systems. Thus, cyclocondensatidn 5ehydroxy-pyrido[2,3d]pyrimidines 7 with diethyl
phenylmalonate gives pyrano[2',3":4,5]pyrido[&]pyrimidines148 [147] .

Ph
COOEt fe) OJS(
(0] OH Ph4<

R = 0
R\N)Yi COOEt j\ ‘ S 300°C
- EtOH
Ph,0O, o
O)\l‘\l I\‘l o 50,260 °C, 2h
R R1

07 "NT "NT o
R RIL
7 L — 148
R = CH., Ph
R, = CH,, Ph

Also, 5-hydroxy-6-nitro derivative§4l cyclized to 2-alkyloxazolo 5,4:4yrido[2,3-d]pyrimidinetriones149 by
reduction with zinc in the presence of alkanoa®sg opening of the oxazole ririgl9 with hydrochloric acid gave
the 6-amino hydrochlorideks0, which in turn could be cyclized again with berzatid chlorides in the presence
of polyphosphoric acid to give 3-aryloxazolo[ 5,8 pyrido[2,3-d]pyrimidinetrionesl51 [147] .
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o o}

JL K

R2 o R2

151

Zn /R,COOH

ArCOCI

PPA/150°C

R = CH,, Ph
R, = CHy, Ph

150

R, = CH,, C,Hs
Ar = CgHg, CgH,.OCHj, CgH,.CH;, C4H,.Cl, C¢H,.NO,
Furthermore, reaction of 5-chloro-6-formyl composntb2 with aromatic amines gave a 1,6-naphthyridine

derivatives 153.[148] While, heating of the former compound withdaim azide in dimethylformamide gave
isoxazolo [4,5:'4,'3] pyrido[2,8- pyrimidines154 [149].

R2
O Cl 0 N—O
R< CHO /
RZONHZ m NaN,/DMF R\N | 7
DMF 07 'N° 'N" O O)\N N~ o
R R1 F'g Flgl
152 154
R = CH,
R, = CH,, Ph

R, =
Thermal decomposition of 5-azidopyrido[ZJByrimidines 155, having reactive ortho-nitro group, in refluxing
bromobenzene vyielded furoxan$56. Also, desoxygenation ofN-oxides 156 by triphenylphosphane to
oxadiazolo [4,5:'4,3] pyrido[2,8}pyrimidines157 was reported [149] .

o N o) N—OQ, 0 N—Q
R NO R [ _N-o R [N
;jl\ | N 2 PhBr, reflux N | 7 Ph;P, CcH,Cl, ™S |
e oy e
R R1 R R1 R R1
155 156 157
R =CH,
R, = CH,, Ph

Reduction of 5-substituted 6-nitropyridol[2dBsyrimidine-2,4-dionel58 under catalytic hydrogenation, not only
was the nitro group reduced but intramolecular izgtion occurred forming pyrrolo[2',3":4,5]pyridoR2
d]pyrimidines159 [150] .
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R CH3

(@) —

Pdo/C H,C< N
N | N
CH.OH )\ _
@] ll\l N
CH,
158 R = COOEt, COCH, 159

Recently, a green method for the synthesis of dibfwtlopyrido[2,3d]pyrimidines 160 via the reaction of
pyrido[2,3d]pyrimidine 7, aldehydes and 1-(2-oxo-2-phenylethyl)pyridin-frilbbromides as a pyridinium ylide
base is investigated [151] .

ArCHO S O OH Ar
H.,C
iji reflux H,O ° °N | N o
)\ oA
/L “asn 0 >N N7 O Ar,

|
CH
H, % 160

7
7-Amino-6-cyano-5-sbstituted-2-thioxopyrido[2dByrimidin-4-one 34a as a typicalp-enaminonitrile derivative,
reacted with different reagents such as formantgdehon disulfide, urea, thiourea, formic and acatitls to give
the corresponding tricyclic derivativé81-164, respectively [77] .

(e} Ar
HN N
)\ =
S N N
H
(o] Ar
HN | XN
)‘\ =
S N N N

163

X=0,S
5- Contributions of our Laboratory
The chemistry of pyridopyrimidine derivatives hasmppted many authors in the National Research €d¢atstudy
the synthesis and reactions of such compoundsici#arty, our research group gave a consideralitntn for
construction of new derivatives of pyrido[2d®yrimidines on the account of their reported bgial activities.
Thus, Rashaet al[124] prepared compour8d, from B-enaminonitrile derivative of pyridine with carbdrsulfide,
which in turn reacteavith B-bromopropionic acid or chloroacetic acid to affaB82 and133, respectively.

e Arp 9 Ar, S
— /g )\ />:O
N N S N\ I =
H Al N N S o Ar; N N/‘\ S
81 133

Ar1:CGH5.CI Ar, = pyridyl
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Also, El-Gazzaret al has prepared a series of pyrido[d]Byrimidine derivatives such as: compourts [75]
165, [152] and 166 [153] via cyclo-condensation ofy,B-unsaturated ketones and 6-aminothiouracil. While,
compounds34 [95] were prepared either lifie one-pot reaction of aldehydes, malononitrilé @aminothiouracil

or by cycloaddition of arylidenemalononitriles witl&-aminothiouracil. Moreover, the reactivity of
pyridopyrimidines34 was studied toward hydarzonoyl halides and foragiti or acetic acid to give polynuclear
pyrido[2,3d][1,2,4]triazole- [4,3a]pyrimidin-5-ones 130 and pyrimido[4°,5":4,5]pyrido[2,3d]pyrimidine-4,8-
diones164 respectively95] .

Ar 0]
Ar, O
= NH
= | NH - |
~ N N S
Ay N7 ONT TS H
18 > H 165 166
Ar; = phenyl, thienyl Ar, = 4-chlorophenyl, Ar, = 4-methoxypheny! Ar = 4-chloropheny!
Ar, = chlorophenyl
0] Ar
CN
HN | N
—
S H N NH,
34
Ar = C¢H,.Cl(p), C¢H,.CH3, CH,.N(CH,),
0] Ar (@]
Hcoc Q@ A
N )‘\ )\
\ = —
/N \N \N N H2 S H N N R
Ar
1 130 164

R = H,CH,

Ar = CH,.Cl(p), C4H,.CH,, C4H,.N(CH,),
Ar, = CgHg, CgH,.Cl(p), C4H,.OCH,, C4H,.NO,
While, refluxing of compound48 or 165 in a mixture of acetic acid, acetic anhydride, amihydrous sodium
acetate afforded the corresponding pyrido[@tBiazolo[3,2a]pyrimidines131 and167, respectively75, 152] .

O @) Arl O O

131 2

H 167

Ar, = phenyl, thienyl

Ar, = 4-chlorophenyl, Ar, = 4-methoxyphenyl
Ar, = chlorophenyl

Furthermore, alkylation of compouri®6 with methyl iodide followed by chlorination withGZTl; give 4-chloro-2-
methylthio derivatived69. The latter product treated with hydrazine hydtatgive 2,4-dihydrazind69 which in
turn annulated to polycyclic compoutdO under effect of formic acid [153] .
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Ar o Ar Cl
= NH = | SN
< < B
N N S N N SCH,
H
166 168
Ar = 4-chlorophenyl
Ar N—N
[\
~ N
Ao L
N NN
\—/
N
170

Also 2-S-nucleosides analogous of pyrido[2]pyrimidines 171 and 172 was synthesized according to reported
method from compounti8 [16] .

Ar1 O
= NH
N /)\
Ar; N N S
O .|I|OH
: OH
OH OH OH
172

171
Compounds34, 171 and 172 exhibited anti-inflammatory and analgesic actastiwith superior gastrointestinal
safety profile. Interestingly these compounds shibvweme-third of ulcer index of the reference Aspiand
Diclofenac [16,77] .

On the other hand, Mohamed al[81] synthesized compoun@®8 and 39 via [4+2] cycloaddition of azomethine
derivatives35 with enaminones or enaminonitrile whereas, theiw antitumor activity of compound@8 (R = 2-
thienyl, Ar = phenyl) showed moderate activity agailung carcinoma cell line (H460). Moreover, hetgclic
steroid86[15] was prepared and studied as a central antiokatad anti-inflammatory agent.

0
0 COR 0 CN
HN
| P HN | N HN | ~
sZ N7 N7 Dar _ )\ —
H S N N Ar S N N Ar
H H
35 38 39

Ar = C4Hg, C4H,.OCH,(p)
R = 2-thienyl, 2-furyl, 2-naphthyl

Ph 0o

86
Moreover, Hassaat al[97] prepared a series of polycyclic pyrido[2]pyrimidines173-176 (linear structuresyia
three component one pot reaction of 6-amino-1,3etliyluracil and 6-amino-2-methylthiouracivith an
appropriate aldehydes and a cyclic ketones orcycB-diketones.
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(o] Ar
(o] Ar (o]
H;C
AN
N | I H 3C\ N X
)\ = |
° T " O)\ N N/
CHs iH
173 8
174
(0] Ar
(0] Ar (o]
HN | S " e
X = |
H3CS N N H.CS \N N/
175 176

Also, Hafez et al[143] prepared polynuclear heterocycles such as pyridi@irglopyrimidines 178 and
pyridotriazolopyrimidined 79 from the reaction of 2-hydrazino-pyrido[2gByrimidines177, which obtained from
hydrazinolysis of pyridopyrimidin-2-thiond$5, with one carbon donors such as formic acid, aedid, potassium
isothiocyanate or benzoyl chloride. Besides thduatmn of pyrazolyl pyrido[2,3f]pyrimidine derivativesl80 as
analgesic and anti-inflammatory agent where comgdi8® ( R = OH, R = NH,, X = H) revealed higher anti-
inflammatory activity (82.8%) than ibuprofen (79.5%nd lower ulcerogenic effect.

Ar, O

H 177

N" Ny —R1
2 =
Ho 179 > H 180 R
X

R = H, CH,, CHs NH, R = OH, R, = NH,, X = H

R=R, =CH,; X=H
R =R, = CH;, X =CI

On the other hand, Abu-Ziest al [154] treateed the 2-hydrazino derivativi@® (R, = GHs, R, = H, Ry = GsH,4.Cl)
with D-xylose or D-glucose to afford the acychkenucleosidel81, 182 which were converted into tetra/penta O-
acetate acycli€-nucleosidel83, 184 in acetic anhydride/pyridine. De-acetylation ofrgmoundsl83, 184 afforded
C-nucleosided85, 186.
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HO OH
R1 (o]
OH
R2 H
X7 ONH R2
| | OH |
I~ 4i\ ~N
R3 N N N R3
H
181
OAc
AcO
R1 (0] OAC R2
R2 X N OAc

R3 N N N
H
183
HO OH
R1 (o]
R2 OH R2

185

Finally, Hegabet al [96] isolated hexahydrocyclohepta[5,6]pyrido[2{fpyrimidine-2,4-dione63 (linear structure)
and hexahydrocyclohepta[4,5]pyrido[2iByrimidine-2,4-dioneb4 (angular structureyia a three-component one
pot reaction of cycloheptanone, 6-amino-1,3-dimkttacil, and aromatic aldehydes. Compo@dvas presumably
formedvia the initial formation of thex,f-unsaturated ketone, with a subsequent nucleopdtiigcck by the amino
group of the uracil derivative on the carbonyl @arbof the o,f-unsaturated ketone intermediate, followed by
cyclization. While the formation of compourid might bevia the nucleophilic attack by the amino group of the
uracil derivative on the methylenic carbon of thg -unsaturated ketone intermediate (Skraup and Devediller
synthesis of pyridines), followed by cyclizationhd structures of products were verified by singlest@al X-ray
diffraction.

O Ar O
H.C
)\ i~ )\ ~

@] I}l N @] ITI N Ar

CH, CH,

63 64
Ar = C4H,.Cl(p), CsH,.Br(p) Ar = C4H,.CN(p), C4H,.OCH,(p)
6-Applications

Biological and M edicinal Applications

Pyrido[2,3d]pyrimidine derivatives received considerable dttendue to their pharmaceutical importance [1,9-
11,104,144] In the last few decades, the synthesis of pyridfpyrimidine derivatives had reported as a way to
develop new simple route for synthesis of functilynsubstituted heterocyclic of anticipated biolcaji activity as
potential therapeutic agents. Some examples dfitilegical activity of pyrido[2,3d]pyrimidine are displayed.

(i) As Antitumor agents

Cancer is a major health problem worldwide and disgovery of new compounds with antitumor activitgs

become one of the most important goals in mediathamistry. Chemotherapy, is one of the most contynased

treatment, aims to destroy the cancer cells wittioua types of chemicals. The substances usedupmosed to
target mainly the cancer cells, and doses are leédtlito minimize the collateral damage to surranmdissues,
which does not happen. Several literatures enligh¢ethe anticancer nature of pyrido[Zipyrimidines such as
piritrexim (PTX), piritrexim analogs and isopiritien, which exhibited their antitumor activity by hibiting
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different types of enzymes such as cyclin-depenéteretse 4 (CDK4),[4] tyrosine kinase (TKI-28),[28]2non-
nucleoside adenosine kinase (ABT-702 dihydroch&)[d55] mammalian target of rapamycin (MTOR) kias
inhibitors,[156] dihydrofolate reductase (DHFR),[2hosphodiesterase 2 (PDE 2).[157]

CH _CH
NH, CH o NH, o °

G
0
CH
NH, o’ ®
N XY X

Piritrexim analogue 12 Iso-piritrexim

H,C Cl

N/\
N CN
I

— — Cl

N~ N7 N7 o N)\N N
H H |
CH
CDK4 inhibitor TKI-28

3

Ar
NH
N XY X
M
HN™ N N
ABT-702 K/O R

adenosine kinase inhibitor PDE 2 inhibitors

In 2014, Palopet al[9] prepared a series of pyrido[2dByrimidines and their hydroselenite salts with #im of
evaluatingin vitro their cytotoxicity against a human prostate carwegk line (PC-3) as well as their antioxidant
activity with the free radical (1,1-diphenyl-2-pytlhydrazylradical) DPPH. Compound2 and 187 exhibited
strong cytotoxic and antioxidant activities in campon to the positive controls.

.H,SeO
HN B 2 s
HN n
|\ SN R
—

X ~
N N/)\N | )N\
n = =
H NT N7 s
122 R 187
n=1,R=SCH, n=4

Also, the synthesis of pyrido[2@pyrimidine carboxylated88 was reported and the anticancer activities of the
pyrido[2,3d]pyrimidine derivatives were evaluated using thheenan cancer cell lines, colon cancer (HT29), Liver
cancer (HepG2) and cervical cancer (Hela) with MaB%ay showed significant activity. The LC50 of évaluated
derivatives was found to be > 109/ml for all these cell lines [1] .
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X
188

X =F, Cl, Br
R = OCH,, CO,CH,
Gineinahet al Synthesized pyrido[2,8}pyramidine derivatives and screened for antituactivity which possess
high and potential efficiency with minimal sideedts. As a result, interaction of antitumor agevita DNA should
produce as little DNA damage as possible. The pegpaompounds had been subjected to bleomycin-dep¢n
DNA damage assay to screen their antitumor actaityy the degree of DNA damage caused by these aomdpo
The antitumor activity of synthesized compoundsvsluated in terms of sample absorbance (A). Asplam
absorbance (A) increases, DNA damage increasesttadsample efficiency as antitumor agent decreases.
Compoundl89 showed the lowest absorbance (0.052), and hergbited the highest antitumor activity [10] .
SH
N:<
/

N N—
0] X CeHs

HN |\

0~ "N~ °N” o
H H

189
(i1) As Antimicrobial Agents
In 2014, Zakiet al,[158] prepared Fused pyrido[2dBsyrimidines incorporating Egyptian natural prodigtsnagin
and khellin and the obtained products were tesjaghat various microorganisms.

Moreover, in 2014, Alyet al, [14] synthesized hexahydropyrido[2dBsyrimidines containing 8-(1,5-dimethyl-3-
oxo-2-phenyl)pyrazold90 and screened their antimicrobial activity agaimgi fungal species, nameRspergillus
flavusandCandida albicansas well as two bacteria species, nanidgudomonas aeruginosad Staphylococcus
aureus by the disc diffusion method. In general, the elosynthesized compounds showed a good antimidrobia
activity against microorganisms.

O Ar

HN
|

190
Recently, Khokhanet al,[126] prepared a series of pyrido[ZJByrimidines191 and tested for their antimicrobial
activities using three fungal speci€andida albicansAspergillus niger Aspergillus clavatustwo gram positive
bacterial speciesStaphylococcus aureusStreptococcus pyogenesnd two gram negative bacterial species
Escherichia coli Pseudomonas aeruginasdhe results revealed that all compounds exhibitedsiderable
inhibition action against Gram positive and Grargate/e but found inactive against all the fungaddps.
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191 Rl

R, = 3-F, 4-Cl, 3,4-diCl

R, = H, 4-OCH,, 4-NO,, 4-CH,
Also, a series of 4-amino-pyrido[2d}pyrimidines 77 and pyrido[2,3d]pyrimidin-4-(3H)-ones 84 have been
synthesized and evaluated for their antibactegabisy againstEscherichia coli Staphylococcus aureuklebsiella
penumoniaeand Pseudomonas aeruginosad antifungal activity againgtspergillus nizer Aspergillus oryzae
Aspergillus terrusand Aspergillus flavusby cup-plate method.[118Benerally, the majority of synthesized
compounds having chloro substitution exhibited maxin growth inhibitory activity. The electronegatinature of
the chloro group may be responsible to inhibitghawth of the microbes.

R1

R = Cl, CHy, H
R, = Cl, CHg, H

Kumaranet al, [67] prepared a series of 3,8-diacyl-1-ethyl-7-methyiligf2,3-d] pyrimidine-2,4,5- trionesl92.
Antibacterial activity of all the synthesized detiives was evaluated against pathogenic bactetiains viz.,
E.Coli, Staphylococcus aureus, Pseudomonas aeruginesaAiati fungal activity of these derivatives arakmated
against fungal strains vizAspergillus flavus Cryptococcus neoforman€andida albicansusing well diffusion
methods. The results obtained showed that mosthef dompounds possess high activity of Cryptococcus
neoformans.

O O 0

X

R™ N
|

A

o N N CH

192
Suresh et al[78] reported the synthesis of 2-(4-substitutedlyéhio)-5-amino-6-(benzafthiazol-2-yl)-7-(4-
chlorophenyl)pyrido[2,3]pyrimidine-4(3H)ones 193 and tested their antimicrobial activity using Grpositive
and Gram negative bacteria by disc diffusion methdldiC was calculated using Ciprofloxazin as staddar
Antifungal activity was studied in Sabourard’s agaedia using various strains of fungus using Amehoin as
standard [13] .
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193

(iii) As Antiviral Agents

Hepatitis C virus (HCV) is a common pathogen ttat ead to cirrhosis, hepatocellular carcinoma (Haal liver
failure. There is still an urgent need for new H@wmigs with diverse modes of action. Thus, Kruegfeal[159]
synthesized a group of pyrido[2dBpyrimidines194 and tested them for cytotoxicity in Huh-7 cellsc@ll line of
epithelial-like tumorigenic cells) and inhibitoryofency in genotype 1a and 1b HCV replicon assaysoAgh
compoundl94 (R; = isopropyl, R= OH) displayed improved potency, it lacked suéfiti metabolic stability and
oral pharmacokinetics.

CH,

HN
— =
R1 N NJ R2

194
In 2013, studying the structure—activity relatioipshSAR on the latter system revealed that theodhtction of
amides bearing an additional ‘A’ ring provided caupds195 with improved potency and pharmacokinetics.
Introduction of a chiral center on the amide partiesulted in the observation of a stereochemiepkeddence for
replicon potency and provided a site for the attaehit of functional groups useful for improving thelubility of
the series.[17] Besides, Quantum-chemical modeliag been reported in an attempt to find the relatip
between the the electronic structure of pyrido[@@/rimidines 194 and the variation of their inhibitory potencies
[18] .

ZT

R2
R1

HN
X7 SN S
e | N N/J \©\NH2
s 195

Also, Farghaly et al[19] prepared a series of polynuclear heterocyclesuch as
benzo[5',6']pyrano[4',3":4,5]pyrido[2 @triazolo[4,3-a]pyrimidine-7,13(H)-diones 196. The tested compounds
showed promising activities against HCV, H1N1, aodld also be used as antiandrogenic agents.
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196

X

R = CH,CO, EtOCO, PhNHCO
X = H, 4-CH,, 4-Cl, 4-NO,
A series of 7-amino- and 7-oxo-5-aryl-6-cyanopy[®i8-dlpyrimidines 69 and 197, respectively has been
synthesized and subjected to antiviral screeingnagaerpes simplex virus (HSV) where some of tisrow good
activities [160] .
R R

/
CN
_ CN
HN | ~ HN | A
=
o N N NH, 0~ "NT TNT Yo
H H
69 197
R = 4-Cl, 2-Br, 4-Br, 3-OH, 3-NO,, 2,4-(OCH,),,

(iv) As Analgesic and Anti-inflammatory Agents

In the last few years, our research group evaludtednflammatory activity for a series of pyridggi]pyrimidine
derivatives such as: Mohamed al [15] prepared a series of heterocyclic steroids Wcorporating heterocylic
moiety to the steroid nucleus and studied theivigtas a central antioxidant and anti-inflammatagent. It was
found that compound86, 198 and 199 showed anti-neuroinflammatory and antioxidant aiigis with various

intensities.

199
El-Gazzar and co-workers reported the synthesi&s®fhucleosides analogous of pyrido[@]pyrimidines171 and
172 which evaluated for their anti-inflammatory andalgesic activity. It has been found that these cmmpgs
exhibited the dual pharmacological activities wgtstrointestinal safety when compared to IndométHaé] .
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Ar, O A 0O
= NH
=
NS =
NS
Ar; N Ary7 NT N7 s
O ..|IOH
OH
OH

Also, Hafezet al[143] evaluated a series of pyrazolyl pyrido[#]Byrimidine derivativesl80 as analgesic and
anti-inflammatory agent where compou® ( R = OH, R = NH,, X = H) revealed higher anti-inflammatory
activity (82.8%) than ibuprofen (79.5%) with lowdcerogenic effect.

N
N" Ny—R1
S
? H 180 R
X

R=0H, R, =NH,, X=H
R=R;=CHy X=H
R =R, = CH,, X =Cl
(v) Activities for Antihistamine
Several pyrido[2,3-d]pyrimidines are prepared dmglrtaction on the release of histamine by mads eamined
under immunological and chemical stimulus, with avithout pre-incubation. Pyrido[2,8}pyrimidine derivative
200 (Ar = 4-CI-CgH,) is the more active of all, inhibiting the releadehistamine in all the conditions tested [25] .

Os_CH,

[:N:]
N Ar
}gC\N/iL = =

I N N OEt

CH,
200
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