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Abstract — 6-Aminouracils are very useful intermediates for building different
categories of heterocyclic compounds. 6-Aminouracils are electron rich compounds
due to the presence of free amino group which can initiate interactions with electron
deficient centres or activate the nearby C-5 position to start the reaction followed
by cyclization in most cases. The present review summarizes the different reactions
developed for the synthesis of substituted and annulated pyrimidines. A diversity
of substituted pyrimidines was prepared directly from reactions of 6-aminouracils
with some electrophilic reagents, meanwhile formation of fused pyrimidines were

achieved by reaction of 6-aminouracils with a variety of reagents such as aromatic
and aliphatic aldehydes, acyclic and cyclic methylene ketones, cyclic enols, alkynes,

iminium salts and a diversity of other reagents.
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1. INTRODUCTION

Nitrogen heterocycles in general and pyrimidines in particular have remained promising area in organic
synthesis due to their abundance in natural as well as synthetic molecules with diverse applications in
pharmaceuticals chemistry.2 Uracil (pyrimidine-2,4(1H,3H)-dione) is a common and naturally occurring
pyrimidine derivative and represents one of the four nucleobases in the nucleic acid (RNA).2 Numerous
derivatives of uracil have incredible utility in biology and in medicinal chemistry? such as anticancer,®
antitumor,® antineoplastic,” antiprotozoal,® anti-HIV 2 anti-HCMV 22 antitubercular,! antiviral 22 antifungal, £
antibacterial X insecticidal > herbicidal,2® and antimicrobial activities.}” Azo-uracils have been used as
hypotonic drugs.X® Also, uracil based azo-derivatives and their metal complexes are promising
chemosensors.t® 6-Aminouracils find wide application as starting materials for the synthesis of many
isolated and fused uracils of biological significance.?’ Herein, the present review covers the chemical
reactivity of 6-aminouracils towards electrophilic reagents that led to a diversity of substituted pyrimidines
as well as heteroannulataed pyrimidines such as pyranopyrimidine, pyranopyridopyrimidines,
pyridopyrimidine, pyrazolopyrimidine, pyrazolopyridopyrimidines, pyrimidopyrimidine,
pyrimidoquinolines, chromenopyrimidine, pyridazinopyrimidines, pyrimidotriazines,

thiazolopyrimidines, arylazouracil, arylthiouracil, tetrakis-uracil and thiocyanatopyrimidinediones.
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2. REACTIONS OF 6-AMINOURACILS (6-AMINOPYRIMIDINE-2,4(1H,3H)-DIONEYS)

Due to the presence of free amino group and activated CH group (C-5 position) in 6-aminouracils nuclei,
they act as excellent nucleophiles and therefore the more common reactions are the condensation with
aldehydes as well as electrophilic substitution reactions. The chemical reactivity of 6-amino-1,3-
dimethyluracil (1) towards aldehydic compounds proceeds in different ways because minor articles
described the condensation reactions occurred between the amino group in compound 1 with the aldehydic
function,2:2* while major articles reported the condensation occurred between C-5 in compound 1 with the
aldehyde groups.2-32 Many authors support the condensation occurred at C-5 due to the electron repelling
mesomeric effect of the amino group which enhances the nucleophilicity of C-5 and therefore induced the
nucleophilic attack at the aldehyde carbon.

2.1. Reactions through amino (NH2) group
The nucleophilic condensation reactions of 6-amino-1,3-dimethyluracil (1) with various aromatic aldehyde
2, in absolute ethanol in the presence of glacial acetic acid as catalyst, provided 6-(benzylideneamino)-1,3-

dimethylpyrimidine-2,4-dione derivatives 3 which have antibacterial and antioxidant activity (Scheme 1).2

0
Me\N o Me
)\ | + J\ abs.EtOH/ gl.AcCOH N |
R H reflux/ 5-6 h )\ 72N
or N NH, 71-90% o7 N N R
Me 2 Me
1 3

R = Ph, 3-BrPh, 3-CIPh, 3,4-(OH),Ph,
3-HOPh, 3-NO,Ph

Scheme 1

The condensation products 5 were provided, in good yields, via the condensation reaction of 6-amino-1,3-
dimethyluracil (1) with 4-(6-(4"-(alkyloxy)biphenyl-4-yloxy)alkyloxy)benzaldehydes 4, in the presence of
catalytic amount of glacial acetic acid (Scheme 2).22
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Me\
HCO—O(CHZ)nOOR
4

65-81% |abs.EtOH/ gl.AcOH
reflux/ 2 h

Me\
H

5

n=6and8
R = hexyl, octyl, decyl, dodecyl,
tetradecyl, hexadecyl, octadecyl!

Scheme 2

After that, reaction of 6-amino-1,3-dimethyluracil (1) with o,B-unsaturated aldehyde such as
cinnamaldehyde (6) in the presence of 1,3-disulfonic acid imidazolium chloride as catalyst under
microwave irradiation afforded pyrido[2,3-d]pyrimidine 7 with remarkable activity against S. aureus and

K. pneumonia. This reaction may be occurred via formation of Schiff base intermediate followed
cyclization (Scheme 3).2

@]
Mesn . _CHO
)\ | + [DS|m]CI
@) l}l NH, MW/ 3 min )\
Me 6

58%

Scheme 3

Three-component reaction of 6-amino-1,3-dimethyluracil (1), aromatic aldehydes 2 and diethylphosphite 8
by using an eco-friendly Eaton’s reagent (P.Os5:MeSO>0OH) as catalyst and solvent produced 6-amino-1,3-

dimethyluracil bearing a-aminophosphonates 9 as antioxidant agent (Scheme 4).2%
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o
(o)
Men 0 fl_o—Et Me I _O—Et
| + )]\ + H—p\/ Eaton's reagent O—Et
0)\N NH R H O—Et stir./ 50-60 °C/ 30 min )\ )\
| 2 78-95%
Me 2 8 Me

Ar = 3-NO,Ph, 3-NO,-4-CIPh, 3-NO,-4-HOPh, 2-NO,-thiophenyl,
pyridinyl, 4-CIPh, 4-FPh, 3,4-F,Ph, 3-HOPh

Scheme 4

2.2. Reactions through C-5 position

2.2.1. Reactions with aldehydes

2.2.1.1. Reactions with mono-aldehydes
5,5'-((1,3-Diphenylpyrazol-4-yl)methylene)bis(6-aminopyrimidine-2,4-dione) (11) was synthesized, in
good yield, via treatment of two equivalents of 6-aminouracil (1) with one equivalent of 1,3-diphenyl-1H-

pyrazole-4-carboxaldehyde (10) in boiling acetic acid (Scheme 5).2°

Ph

HN N—N’
2 /A __AcOH
2 Trefluxi3h

73%

1 10 11

Scheme 5

Similarly, substituted bis(6-amino-1,3- dimethyluracil-5-yl)methanes 12 were synthesized by a clean,
highly efficient and one-pot green condensation reaction of 6-amino-1,3-dimethyluracil (1) with aliphatic

or aromatic aldehydes 2 under different reaction conditions (Scheme 6).25-%

(o] 0 R (o]
Me Me Me
SN a i, i, iii, iv or v N | N~
)\ | * J\ )\ | /K
R H
07 N7 TNH, 07" "N "NH, HN rll o
Me 2 Me Me
1 12
|) Hzol stir./ rt/ 0.25-10 h/ 73-99% R= H, Me, Me(cHz)z, Me(CHz)g, furyl,
ii) [TMEDA][HSO,]/ stir./ 120 °C/ 15-30 min/ 81-97% thiophenyl, Ph, 2-HOPh, 2-CIPh, 2-NO,Ph,

I . o i : 879 3-MeOPh, 3-HOPh, 3-NO,Ph, 4-HOPh, 4-NO,Ph,
iii) nano-[FSRN][H,PO,4]/ oil bath/ 120 °C/ 10-30 min/ 83-97% 4-MePh, 4-MeOPh, 4-CIPh, 4-PhCH,0Ph,

iv) DMSO (2-4 drops)/ MW/ 3 min/ 90-93% 2,5-(MeO),Ph, 3,4-(MeO),Ph, 4-HO-3-MeOPh,
v) MeOH/ gl.AcOH! stir./ rt/ 2 h/ 18-74% 2,4-Cl,Ph, 3,4,5-(MeO);Ph, 4-Et0-2,6-Cl,Ph,
CH=CHPh, cumenyl, pyridinyl, benzo[d]dioxolyl

Scheme 6
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The condensation reactions of 6-amino-1,3-dimethyluracil (1) with aromatic aldehydes 2 yielded
pyrido[2,3-d:6,5-d ]dipyrimidine-2,4,6,8-tetraones 13 via the non-isolable intermediate 1-1 which
underwent cyclocondensation with loss of ammonia molecule with subsequent oxidation. These

compounds have moderate activity against S. aureus and K. Pneumoniae (Scheme 7).223!

(o) B fo) R o 7 (o] R (o)
Me M M
~N o o Me\N Me| e\N N N~ e
2 )\ | + )]\ ke | | | 3 )\ | /g
_ _
07 >N "NH, R” TH )\ /K [0] 07 N7 N7 SN o
| o N NHoH N N o | [
Me ) I\Ille 2 I\III Me Me
e
1 | _ 13
1-1
i) [Dsim]Cl/ MW/ 2-10 min/ 32-96% R = Ph, 4-CIPh, 4-BrPh, 4-F, 4-MeOPh,

4-HOPh, 4-NO,Ph, 4-MePh,

ii) [omim]Br/ p-TSA/ stir./ 100 °C/ 4 h/ 50-54%
4-Me,NPh, naphthalenyl, thiophenyl

Scheme 7

While, chromeno[2,3-d]pyrimidinediones 15, as antibacterial agents, were synthesized in moderate to good
yields by refluxing 6-amino-1,3-disubstituteduracils 1 with 2-hydroxybenzaldehyde (14) under variable
reaction conditions. The plausible mechanism occurs through reaction of two equivalents of compound 1
with one equivalent of aldehyde derivative (intermediate 1-2) followed by loss of ammonia molecule as

shown in Scheme 8.8233

0
i re AN
R
[ RS )]\ ~RT NN
N N _
R | I = o ik
SN H -
2 )\ I + g _torii iNY
07 "N TNH, - Ho )\ | R
R 14 © '}' ©
1
R 15
i) EtOH/ reflux/ 4-10 h/ 60-78% R= Me. Et
.. . 0, " 0, !
ii) EtOH/ AcOH/ stir./ 40 °C/ 1 h/ 80-95% R! = H, 5-MeO, 5-Br, 5,6-benzo

Scheme 8

Moreover, pyrimido[4,5-b]quinoline-2,4(1H,3H)-diones 17 were provided, in excellent yields, by reacting
6-amino-1,3-dimethyluracil (1) with bromobenzaldehyde 16 in dimethylformamide (DMF) catalyzed by
copper chloride (Scheme 9). Formation of compound 17 occurs through intermediate 1-3 followed by

Ullman coupling (intermediate 1-4) with subsequent base catalyzed removal of uracil molecule 1.3
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16

DMF/ CuCIzl K2C03

NH2 Mw/ 150 °C/ 30 min

60-86%

R'= H, Ph, 4-Me, 4-MeO, 4-F,
4-CN, 5-MeO, 5-F, 5-Br, 5-Cl,
5-NO,, 5-CF3, 6-Br, 4,5-(MeO),,

5-Me0-6-HO

Heterocyclization reactions of 6-amino-1,3-dimethyluracil (1) with two molecules of aliphatic aldehydes 2
in formic acid, yielded a mixture of pyrido[2,3-d:6,5-d ]dipyrimidine (18) and the corresponding 5,6-
dialkylpyrido[2,3-d]pyrimidines 19 (Scheme 10).%> Compound 18 was obtained as described above via
reaction of two molecules of compound 1 with one molecule of aldehyde derivative with subsequent
cyclization and oxidation. While compound 19 was obtained through condensation of compound 1 with
butyraldehyde, as example intermediate 1-5 followed by addition of another molecule of aldehyde onto the

exocyclic olefinic bond as shown in intermediate 1-6 associated with cyclodehydration and oxidation as

depicted in Scheme 11.2°

(o)

Me\N

[
Me

1

o)
)\ | + /U\ tir./ 50 °C/ 5 h
o) N NH, R H Str

2

(o] (o]
Me
\N)le\/\/tk
)\ =
(o) N N
|
25-30%

Scheme 10
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Compound 18 was recently synthesized through the self-condensation of 6-amino-1,3-dime-5-formyluracil

in the presence of sulfuric acid and the proposed mechanism is depicted in Scheme 12.3¢

HSO,

p— + —
o) 0*9 o)
CHO
/g H2304 N/Me
NH2 |

NH H2N |
Me
1 1 - I-7 —
l-HZO
o 0 [ o o ]
Me Me M
\N | N N/ " e\N \ N,Me
-NH;
o= N N N 70 O "N "NHuN” "N” 0
Me Me Me
18 _ 8 .

Scheme 12

2.2.1.2. Reactions with bis-aldehydes

The reaction of 6-amino-1,3-dimethyluracil (1) with glutaraldehyde, as bis-aldehyde, in water at room
temperature produced 6,6-diamino-1,1-3,3-tetramethyl-5,5-(glutarylidene)bis(pyrimidine-2,4(1H,3H)-
dione) 20 (Scheme 13).2
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iorii
OHC_(CHZ)?:_CHO —_— HC (CH2)3 CH

i) H,O/ stir./ rt/ 7 h/ 89% o 0
ii) AcOH/ reflux/ 1 h/ 91% 20

Scheme 13

Moreover, bis(decahydropyrido[2,3-d:6,5-d ]dipyrimidin-5-yl)phenoxyacetamide) derivatives 22 were
obtained by treating four equivalents of 6-aminouracil (1) with one equivalent of bis-aldehydes 21 in acetic
acid in the presence of para toluene sulphonic acid (p-TSA) for 1 hour (Scheme 14) 3!

o) o)

4 HN l I AN O\JI\H/X\H)I\/O | A
)\ + oHc{ ~JCHO

o NH, F Z

21

89-94% ‘ AcOH, p-TSA

reflux, 1 h

(o)

HN—/<
o (0] (o) o NH

o M x I o _

S N~ N S

: H H | NH

> = —
(0] (o) NH
HN—<

22 (0]

X = -(CH,),-; o-isomers
-(CHy)3-; o-isomers
-(CH,)4-; o-isomers
Ph; o-isomers

Scheme 14

Likewise, bis(pyrido[2,3-d:6,5-d ]dipyrimidine-2,4,6,8-tetraone) 24 was obtained by condensation reaction
of four mole equivalents of 6-aminouracil (1) with one mole equivalent of bis(1-phenylpyrazole-4-

carboxaldehydes) 23 in acetic acid for 3 hours (Scheme 15).2
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o Ph
\ N‘N/
N~
HN {\‘ 4
* )\ | TN 4
07 N7 TNH,
H CHO

CHO

ACOH 23
C
75% reflux/ 3 h Ph

24

Scheme 15

2.2.1.3. Reactions with B-chloroenaldehydes

B-Chloroenaldehydes are electron deficient substrates and represent an active precursor for building
heterocyclic compounds. Thus, 6-aminouracil 1 was allowed to react with a diversity of f-
chloroenaldehydes. Boiling 6-aminouracil 1 with 3-chloro-3-(4-chlorocoumarin-3-yl)prop-2-enal (25) in
ethanol containing triethylamine (TEA) gave pyrido[2,3-d]pyrimidine incorporating 4-chlorocoumarin 26
in the same molecular frame (Scheme 16). Formation of compound 26 occurred through nucleophilic attack
of more nucleophilic center in the 6-aminouracil 1 (C-5) at the aldehydic function in compound 25
producing intermediate 1-9, followed by proton transfer giving intermediate 1-10. Dehydration of the latter
intermediate afforded intermediate 1-11 which underwent cyclocondensation with loss of HCI molecule

yielding the final product 26 as illustrated in Scheme 16.38

EtOH/TEA HN = z CH+H*
reflux/ 2h )\ +
NH 65% (0] NH, O O

N7 SNH,
L o _
0 c ol o LOoH o 7]
—
Ho | HN /{\7 Z -H,0 | HN =~
-

0PN 0% 0 07 NS 0% o

26 I-11 - I-10 -

Scheme 16
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Further, reaction of 6-aminouracil 1 with 3-chloro-3-(4,9-dimethoxy-5-oxo-5H-furo[3,2-g]chromen-6-
yl)prop-2-enal (27) in boiling ethanol containing TEA afforded pyrido[2,3-d]pyrimidine directly connected

furo[3,2-g]chromene 28 with potential anticancer and antimicrobial activity (Scheme 17).2°

0
oI cl 0 OMe
HN
)\ | + F \\ _FEtOH/TEA
—_—
e) N NH, o reflux, 2 h
H o 72%
1 OMe

Scheme 17

Recently, 6-amino-1,3-dimethyluracil (1) reacted with 1-chloro-11-oxo-3,4-dihydro-11H-chromenol[4,3-
b]quinoline-2-carboxaldehyde (29) as cyclic B-chloroenaldehyde 1 in boiling DMF containing TEA gave
the angular annulated chromeno[4,3-J]pyrimido[4,5-b][1,7]phenanthroline 30 (Scheme 18).4

Me

DMF/ TEA )\
reflux, 2 h o N

62%

Scheme 18

Moreover, reaction of 6-amino-1,3-dimethyluracil (1) with electro deficient 2-[(1-chloro-3-oxoprop-1-en-
1-yl)amino]-4-(4-methoxyphenyl)-6-oxo-1,6-dihydropyrimidine-5-carbonitrile (31) in boiling ethanol
containing TEA afforded pyrido[2,3-d]pyrimidine 32 incorporating pyrimidine moiety through NH linkage
(Scheme 19).4

e} (@]
N N _No O
Me e
N EtoH/TEA N | N \f

|\/I\ )\ reflux/2h )\ Z N =
l}l CN

Me Ar

31

Ar =4-MeOCgH,

Scheme 19
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2.2.1.4. Reactions with aldehydes in the presence of active methylene compounds

Condensation reactions of 6-amino-1,3-dimethyluracil (1) with aromatic aldehydes 2 and malononitrile, in
the presence of lactic acid as green and eco-friendly catalyst, yielded pyrido[2,3-d]pyrimidine derivatives
33, in 88-94% (Scheme 20).%2

9 (o) R
Me
N o) NC Mesn N
)\ | + )]\ + > lactic acid )\ |
- (o) - . /
(o) lil NH, R H NC stir./ 90 °C/ 20-40 min o ’i‘ N NH,
Me Me

88-94%

2

1 33

R = H, 4-MePh, 4-MeOPh, 2-CIPh, 3-CIPh,
4-CIPh, 3-BrPh, 4-BrPh, 4-FPh, 3-FPh,
2-MePh, 3-pyridyl, 4-pyridyl, 2-thienyl

Scheme 20

A one-pot, three-component condensation reaction of 6-amino-1,3-dimethyuracil (1), aromatic aldehydes
2 and acetonitriles 34, under different reaction conditions, afforded 5,7-disubstituted pyrido[2,3-

d]pyrimidine-6-carbonitriles 35 with good antibacterial activity (Scheme 21).43-45

Me _ (o) o

N

A o+ o+ M on _hitorii sy N
H

o) N N R Ar

Ar
Me 2 34 |
Me
1 35
Ar = Ph, indol-3-yl, 1-Me-pyrrol-2-yl
i) H,O/ 90 °C/ 8 h/ 82-97% R = Ph, 2-CIPh, 2-NO,Ph, 3-BrPh, 3-NO,Ph,
ii) EtOH/ Fe;0,@FAp@Nil stir./ 60 °C/ 1-4 h/ 75-95% 3-HOPh, 3- MeOPh, 4-MePh, 4-MeOPh,
. . 0 4-CIPh, 4-BrPh, 4-FPh, 4-NO,Ph, 4-CNPh,
III) DMF/ [cmdmlm]ll reflux/ 10-19 min/ 79-88% 4-CF3Ph, 4-CHOPh, 4-M92NPh, 2,4-C|2Ph,
3,4-(Me0O),Ph, naphthalen-2-yl, nicotin-4-yl
2-thiophenyl, pyridinyl
Scheme 21

Grinding a mixture of 6-amino-1,3-dimethyluracil (1) with aromatic aldehydes 2 and 1,2-diphenylethanone
(36), by using aluminate sulfonic acid nanoparticles (ASA NPs) as catalyst, gave pyrido[2,3-
d]pyrimidinediones 37, in excellent yields (Scheme 22).4
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Q (0] R
(0] Ph
T ey e e
R H rind./ 17-25 min
0] N NH (0] g )\
L 2 36 H H
37

R = Ph, 4-MePh, 4-MeOPh,
4-CIPh, 4-NO,Ph

Scheme 22

Meanwhile, pyrido[2,3-d]pyrimidines 39 were formed, in good yields, via the three-component interaction
of 6-amino-1,3-dimethyluracil (1), aromatic aldehyde 2 and heterocyclic active methylene ketones 38 in

acetic acid. This reaction produced via intermediates 1-12 which undergo aromatization, through loss of N,

N-dimethylaniline to give the desired products 39 (Scheme 23).%
NMe,

b\ AcOH Q
1200c 20 | Mesy Het

77-84% )\ | |
Ph

1 TN
2 Me
_ _ -12 o
Het = 2-quinolyl, 2-benzothiazolyl,
2-(1-methyl)benzimidazolyl, 2-imidazolyl
( yl)benzimidazolyl, 2-imidazoly _PhNMe,
O
Me Het
)\ 2
(@) I}I N Ph
Me
39

Scheme 23

Multi-component reactions of 6-amino-1,3-dimethyluracil (1), various aromatic aldehydes 2 and 1,3-

dicarbonyl compounds, under various reaction conditions, provided dihydropyrido[2,3-d]pyrimidine

derivatives 40 as antimicrobial agents (Scheme 24).48-52
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(0]
o R (o)
Me
N | Q (o] o . Me( R
)\ + )j\ + /u\/u\ i, i, iii, ivor v N | |
072 >N >NH, R” H 1 )\
| 2 Me R 07 N7 N me
Me 2 | H
Me
1 40
i) BAIL@UiO-66/ 100 °C/ 12-20 min/ 87-98% R' = Me, OH, OEt, OMe
ii) H,O/ 2-aminoethansulfonic acid/ 80 °C/ 25-50 min/ 85-94% R = Ph, 3-NO,Ph, 3-FPh, 3-HOPh,
. . 3-MeOPh, 4-MePh, 4-CIPh, 4-BrPh,
iii) H,O/ TUD/ 50 °C/ 8-10 h/ 86-95% 4-FPh, 4-HOPh, 4-MeOPh, 4-NO,Ph,
iv) AcOH/ 110 °C/ 8 h/ 80-95% 4-CNPh, 3,4-(Me),Ph, 3,4(MeO),Ph,
) 2,4-Cl,Ph, 2,3-Cl,Ph, 3,4-Cl,Ph, 5-Br-2-HOPh,
v) MeCN/ SBA-Pr-SO3H! reflux/ 5-45 min/ 80-93%

2-HO-5-NO,Ph, 4-CH,(Me),Ph, 3,4,5-(MeO);Ph

Scheme 24

Ethyl 7-(trifluoromethyl)pyrido[2,3-d]pyrimidine-6-carboxylates 42 were synthesized, in moderate yields,
via three-component reaction of 6-aminouracil (1), aromatic aldehydes 2 and ethyl 4,4,4-trifluoro-3-

oxobutanoate (41) in dimethyl sulfoxide (DMSO) in the presence of piperidine as catalyst (Scheme 25).2

fo) (0] R (0]
j\ | 0 0 Q DMSO/ piperidine HN | | OFt
+ )J\ + /u\/u\ i )\
tir./ 120 °C/ 12 h
F,C OEt S o) N N CF
o N NH: R H 3 40-89% H H 3
1 2 41 42

R = Ph, 4-MePh, 3-MePh, 2-MePh, 4-FPh,
4-CIPh, 3-CIPh, 2-CIPh, 4-BrPh, 3-BrPh,
2-BrPh, 4-NO,Ph, 3-NO,Ph, 2-NO,Ph,
4-CNPh, 4-MeOPh

Scheme 25

Highly functionalized pyrido[2,3-d]pyrimidines 44 were produced, in a moderate yields, through three-
component cyclocondensation reactions of 6-amino-1,3-dimethyluracil (1), aromatic aldehydes 2 and p-
oxodithioesters 43 in the presence of recyclable SiO2-H2SO4 (Scheme 26).%

0
O R s
Me
N o) o) S Me(
)\ | + )]\ + )J\/U\ EtOH/ SiO,-H,SO, N | SMe
07 N7 TNH, R H B )\
| 2 Ar SMe o l}l H Ar
Me
43 Me

reflux/ 6-7 h
55-66%
2

1 44

R = 3-NO,Ph, 3-CIPh, 4-BrPh, 4-NO,Ph
Ar = Ph, 4-MeOPh, 4-CIPh 2-thienyl, 2-furyl

Scheme 26
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Tetrahydropyrimido[4,5-b]quinoline-2,4,6-triones 46 were synthesized, by three-component reactions of
6-amino-1,3-dimethyluracil (1), aromatic aldehydes 2 and various 1,3-dicarbonyl compound 45 such as
1,3-cyclohexanedione and 5,5-dimethyl-1,3-cyclohexanedione (dimedone) under a variety of reaction

conditions (Scheme 27).2>%L

9 0 O R O
M
e\N fo) Me
)\ |+ )]\ + g _bil, i, iv, v, vi or vii__ N ] .
o) N NH, R H )\
| 2 0 R 07 N7 N H
Me 2 | H
45 Me
1 46
i) H,0/ InCly/ reflux/ 45-60 min/ 89-93% R'=H, Me

R = i-propyl, cyclohexyl, 2-thienyl, Ph,

ii) Zr(HSO4)4/ 80 °C/ 1 h/ 95-98% 2-CIPh, 2-MeOPh, 2-NO,Ph, 3-BrPh,

iii) [TSSECMY]/ stir./ 125 °C/ 30-60 min/ 83-95% 3-HOPh, 3-NO,Ph, 4-MePh, 4-HOPh,
. . . 4-FPh, 4-CIPh, 4-NO,Ph, 4-BrPh
~ o - _ ) ) 2 ) 3
iv) H,0/ [Hy-DABCOI][CIO, ],/ stir./ 75 °C/ 20-55 min/ 80-95% 4MoOPh, 4-Me,NPh 2.4.CLPh,
v) nano-[FSRN][H,PO,J/ stir./120 °C/ 10-30 min/ 79-96% 3,4-(MeO),Ph, 2,5-(MeO),Ph

vi) H,O/ p-TSA/ 90 °C/ 2-3 h/ 62-94%
vii) ChCl:Oxal 80 °C/ 45-60 min/ 92-98%

Scheme 27

While, multi-component reactions of two equivalents of both 6-aminouracil (1) with bis(1-phenylpyrazole-
4-carboxaldehyde) 47 and dimedone (45) in acetic acid afforded bis(8,8-dimethyl-8,9-
dihydropyrimido[4,5-b]quinolinetrione) 48 in good yield (Scheme 28).2

i Ph, Ph 9
HN N*N /N\N,
? )\ | * \ \ = T
Me
07 NT NH, o
CHO A~ CHO Me
1 © 45
47
AcOH

0,
82%] 1eflux/ 3 h Ph

48

Scheme 28
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Furo[27,1":5,6]pyrido[2,3-d]pyrimidinetriones 50 were prepared, in 77-93% yields, by treating 6-amino-
1,3-dimethyluracil (1), aromatic aldehydes 2 and tetrahydrofuran-2,4-dione (tetronic acid) (49), in water

without catalyst (Scheme 29).82

o) o O R o
Me Me
SN o H,0 N
| + o — - 1 | o
stir./ 90°C/ 8-22 h o N N
Me o Me
2 49 50
1

R = 2-CIPh, 4-CIPh, 4-BrPh, 4-FPh,
4-HOPh, 4-MePh, 4-MeOPh, 3,4-ClPh,
3,4-Me,Ph, 3,4-(MeO),Ph, 3,4-OCH,0OPh

Scheme 29

Also, multi-component reactions of 6-amino-1,3-disubstituted uracils 1, aromatic aldehydes 2 and
barbituric acid derivatives 51, under different reaction conditions, afforded pyrido[2,3-d]dipyrimidine-
2,4,6,8-tetraones 52, in 80-97% yields (Scheme 30).26:63.64

o) 0 c R o
Rl R
(0] - R R
N | N i or i “N = N
AT Rt T L [ L
R H 07 SNy S
07 NT N | 07 >N NN
R' R

2 R R
1 51 52

R'=H, Me X=0,S
i) Zr(HSO,)/ 80 °C/ 1 h/ 91-97°
1) Zr(HSO,) & R = Ph, 2-CIPh, 2-NO,Ph,
ii) HMTA-BAIL@MIL-101(Cr)/ 80 °C/ 10-20 min/ 87-97% 3-MePh, 3-CIPh, 3-NO,Ph,
4-MePh, 4-CIPh, 4-CNPh,
iii) EtOH/ P,04/ reflux/ 1.3-2 h/ 80-88% ANO.Ph, 5.Br2HOPh,
2-HO-5-NO,Ph

Scheme 30

Similarly, three-component green reaction of 6-amino-1,3-disubstituted uracils 1, aromatic aldehydes 2,
and 1,3-indanedione, under various reaction conditions, gave 1,3-dimethyl-5-aryl-1H-
indeno[2°,1":5,6]pyrido[2,3-d]pyrimidine-2,4,6(3H)-triones 53, in 60-98% yield (Scheme 31).55-58:65.66
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(o)
. 0 (0] R o
> o] R!
| )]\ S SN z
)\ + + i, ii, iii, iv or v
] (o) N N
R 2 o) |.!‘1
1 53
R'=H, Me
i) Zr(HSO,)/ 80 °C/ 1 h/ 93-98% R = i-propyl, 2-thienyl, Ph, 3-MePh,

. 3-NO,Ph, 4-MePh, 4-CIPh, 4-BrPh

- () 2 ’ ’ ’ H)

ii) H,O/ InCl3/ reflux/ 1 h/ 87-90% 4-FPh, 4-NO,Ph, 4-MeOPh, 4-C(Me),Ph,

iii) EtOH/ nano-Fe,0;@Si0,-SO;H/ reflux/ 1.4-4 h/ 75-96% 2,4-ClyPh, 3,4-Cl;Ph, 3,4-(MeO),Ph,

. . 2,3,4-(MeO)5Ph, 3,4,5-(OMe);Ph, 2-Br-2-HOPh
iv) H,O/ TEBAC/ stir./ 90 °C/ 20 h/ 85-98%

v) H,0/ p-TSA/ 90 °C/ 2.5-3.5 h/ 60-90%

Scheme 31

Two unexpected products which are 5-benzylidenepyrimidine-2,4,6(1H,3H,5H)-trione (55) and 5,5'-
(arylmethylene)bis(6-aminopyrimidine-2,4(1H,3H)-dione) (56) were obtained via the three-component
reactions of 6-amino-1,3-disubstituted uracil 1, aromatic aldehydes 2 and 2,2-dimethyl-1,3-dioxane-4,6-
dione (Meldrum’s acid) (54) in presence of triethylbenzylammonium chloride (TEBAC) as catalyst
(Scheme 32).6¢

O 0 O R
)\ | + J]\ + ? ve HO/ TEBAC N + )\
07N N, ROH S okMe stir./ 90 °C/ 18-32 h O)\I}I o 07> N
Me 2 Me

" NH HN N~ 0
Me Me
54 56

1 55
70-78%

88-98%
Rl=H, Me
R = 4-(Me),NPh, 4-MeOPh, 3,4-OCH,OPh,

4-HOPh, 3,4-(Me),Ph, 3,4-(MeO),Ph,

3,4-Cl,Ph, 2,4-C,Ph, 4-NO,Ph, 4-BrPh, 4-FPh

Scheme 32

While grinding 6-amino-1,3-dimethyluracil (1) with aromatic aldehydes 2 and Meldrum's acid (54) in the
presence of B-cyclodextrin (B-CD) under microwave irradiation, afforded pyrano[2,3-d:6,5-d']-
dipyrimidines 57. A plausible mechanism for the formation of compound 57 can be explained via
condensation of aldehyde function with the active hydrogen in both reagents giving intermediate 1-13
followed by rapture of Meldrum's acid through elimination of acetone and malonic acid molecules to give
intermediate 1-14. Hydrolysis of the latter intermediate produced trione (intermediate 1-15) which added
another molecule of compound 1 giving intermediate 1-16 that cyclized with liberation of ammonia

molecule (Scheme 33).%8
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o) o o) R o
RI\ R'

N | o) o B-CD SN o) -MeCOMe
A O+ kM wrsom )\ Me — ’
min
(o) 'il NHz R H [e) (o) Me 85-96% [o) 'il NH20 (o) Me -CHz(COZH)z

Me 2 Me
1 54 1113
o)
1
N/R
0 R 0 o R (o] |
R1 R1 R1 R1 . /g
N ) N~ NH; >N N~ HN ril (o)
)\ /g )\ | /& Me
o 'I‘ o~ N o o N~ “oH uN? N o B
Me Me ,\I,|e I\Ille
57 1-16
R'=H, Me
R = 4-CIPh, 4-BrPh, 4-HOPh, 4-CNPh,
4-PhOCH,Ph, 2,5-(MeO),Ph, 5-Br-2-HOPh,
4-HO-3-MeOPh, 3,4,5-(MeO),Ph,
4-HO-3,5(MeO),Ph, 3-Br-4-HO-5-MeOPh
Scheme 33

611

1-15

Hegab et al. reported that three-component reaction of 6-amino-1,3-dimethyluracils (1) with aromatic

aldehydes 2 and cycloheptanone (58) in DMF under reflux afforded two products which are Schiff bases

59 and 5-aryl-hexahydrocyclohepta[5,6]pyrido[2,3-d]pyrimidine-2,4-diones 60 as anti-inflammatory

agents (Scheme 34).82 Formation of compound 60 takes place through addition of cycloheptanone to the

azomethine function in the Schiff bases 59 (E-configuration) followed by cyclo-condensation.

N
I

0 Q o)
Me Me
SN + 0 DMF SN Mesy
)\ | Jl\ + reflux/ 10 h )\ | H + )\
07" N TNH, ROH 07N N‘C\R o
Me 2 58 Me

15-33%
59

1

R = 4-CIPh, 4-BrPh

Scheme 34

Me

20-40%
60

Meanwhile, the three-component reaction of 6-amino-1,3-dimethyluracil (1), 2-methoxybenzaldehyde (2)

and cycloheptanone (58) in DMF afforded only one product; 1,3-dimethylbenzo[4,5]pyrido[3,2-

d]pyrimidinedione (61) which have anti-inflammatory activity. Formation of compound 61 takes place

through Schiff base intermediates 1-17 (Z-configuration) which facilitates ring closure rather than addition

of cycloheptanone to the azomethine group (Scheme 35).82
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o — -
0 0

? MeO Q

Me Me H

~N H DMF >N ~/ MeoH  MeNy
| + + — | MeOH_ |
reflux/ 10 h _ P
07 TN TNH, MeO 35% 07 TNT N 0P NN

Me 2 58 Me H I\I/Ie
1 B I-17 - 61

Scheme 35

Similarly, 6-amino-5-(5-hydroxybenzo[a]phenazin-6-yl)-1,3-dimethylpyrimidine-2,4-diones 63 were
synthesized, via condensation of 6-amino-1,3-disubstituted uracils 1 with aldehydes 2 and

benzo[a]phenazin-5(6H)-one (62) in acetic acid for 6 hours (Scheme 36).2°

—N RL

N Q N ~N
)\ | + )l\ + ACOH N
R H o stir./ 80 °C/ 6 h O)\

@) N NH

I . 2 2 78-93%
R R
1
62 63
Rl =H, Me
R = Ph, 4-CIPh, 4-MeOPh, 4-HOPh, 4-NO,Ph
Scheme 36

Meanwhile, four-component reaction of 6-amino-1,3-dimethyluracil (1), aromatic aldehydes 2, ethyl
acetoacetate and hydrazines, under various reaction conditions, produced a series of
pyrazolo[4°,3:5,6]pyrido[2,3-d]pyrimidinediones 64, in good to excellent yields. The proposed mechanism
occurs through of pyrazole intermediates 1-18 which added compound 1 at the exocyclic olefinic bond
giving intermediates 1-19 followed by cyclo-condensation generating the final products 64 (Scheme
37).L122
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o R
Me
M
e\N [0} (o] (o] i, ii or iii /
1+ )J\ + HNR—NH, ——— ! 0
)\ + N_
lo) N NH2 R H Me OEt N (o] N,Me
| |
Me 2 R ] l /g
I-18 HNG 0
1 Me
; . o] R
i) H,0, Nd/POM hybrid/ reflux/ 1.5-3.1 h/ 89-94% o R Ve Me
ii) H,0, TEA! reflux/ 1.5-3 h, 80-92% Me. o Mesn N
iii) H0, L-proline/ reflux/ 3.5-5 h/ 75-90% )\ | | “n 2 )\ | N
/
N
AL ooh Mo
R'=H, Ph e R' Me
R = Ph, 3-NO2Ph, 4-MePh, 4-FPh, 64 B 119 -

4-CIPh, 4-BrPh, 4-HOPh, 4-NO,Ph,
4-N(Me),Ph, 2,4-Cl,Ph

Scheme 37

2.2.1.5. Reactions with aldehydes in the presence of cyclic enols

Three-component condensation of 6-amino-1,3-dimethyluracil (1), aromatic aldehydes 2 and kojic acid 65,
in the presence of aminopropyl-1,3,5-triazine-2,4-diphosphonium hydrogen sulfate supported on nano-
silica (APTADPHS-nSiO>) as catalyst, gave pyrano[2°,3":5,6] pyrido[2,3-d]pyrimidines 66 (Scheme 38).22

o)
Me o)
| | ? O APTADPHS-nSIO
P o+ | | "SI0
07 "N” "NH; R H HO 110 °C/ 20-35 min
87-96%
Me 2 lo) °
1 65

R =2-NO,Ph, 3-BrPh, 3-MeOPh, 4-MePh,
4-CN, 2,4-Cl,Ph, 3,4-(MeO),Ph,
naphthalenyl, anthracenyl, pyridinyl,
2-Me-furyl

Scheme 38

While bis(pyranopyridopyrimidine) 68 was furnished, in excellent yield, via multi-component reactions of
6-amino-1,3-dimethyluracil (1), terephthaldialdehyde (67) and kojic acid 65, in the presence APTADPHS-
nSiO; as catalyst (Scheme 39).2
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HO

Q CHO
Me
N OH .
)\ |+ | APTADPHS-nSIiO,
+ =
(@] l}l NH, HO 110 °C/ 30 min
95%
Me CHO

O

|
O
65

! 67

Scheme 39
Also, an efficient one-pot three-component reaction between 6-amino-1,3-dimethyluracil (1), aromatic

aldehydes 2 and g-naphthol (69), under various reaction conditions, yielded chromeno[2,3-d]pyrimidine-
1,3-diones 70 (Scheme 40).24-~

(0]
M
Y o HO o
)\ | + )I\ + i, ii, iii or iv
o rlu NH, R H
M

e

2 69
1
R = Ph, 2-CIPh, 2-NO,Ph, 2-FPh, 3-CIPh, 3-NO,Ph,

. . . o i . RS
i) lactic acid/ 100 °C/ 20-45 min/ 84-95% 3-HOPh, 3-BrPh,3-FPh, 4-MePh. 4-CIPh, 4-FPh,
ii) H4[SiW4,040]/ 100 °C/ 20-29 min/ 85-92% 4-BrPh, 4-NO,Ph, 4-MeOPh, 4-NCPh, 2,4-Cl,Ph,

i) AI(H,PO,)5/ Oil bath/ 110 °C/ 35-75 min/ 68-88% 3-Me0-4-HOPh, 3,4-(MeO),Ph,
iv) SMA/Py/ZnO/ reflux/ 110 °C/ 15-25 min/ 92-95%

Scheme 40

Moreover, 6-amino-5-(1,4-dihydro-2-hydroxy-1,4-dioxonaphthalen-3-yl)methyl)-1,3-dimethyI-
pyrimidine-2,4-diones 72 were prepared through three-component reactions of 6-amino-1,3-dimethyluracil
(1) with aliphatic or aromatic aldehydes 2 and 2-hydroxynaphthalene-1,4-dione (71) (Scheme 41).282
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o 0 0O R 0
Me _ Me
N | o iorii >N
(o) N NH, R H
| Ho ° 'il NH2HO
Me
2 o Me
1 [ 72
i) H,O/ I, (10 mol%)/ reflux/ 2.5-10 h/ 55-92% R = n-C4H,, cyclohexyl, 2-naphthyl, Ph,
2-FPh, 2-MeOPh, 3-CIPh, 3-BrPh,
ii) EtOH/ NiCo,0,/ CS/ PWA/ reflux/ 60-90 min/ 78-96% 3-HOPh, 3-NO,, 4-MePh, 4-MeOPh,
4-CIPh, 4-BrPh, 4-FPh, 4-NO,Ph,
4-CNPh, 4-i-propyl-Ph
Scheme 41

While, three-component reactions of 6-amino-1,3-disubstituted uracils 1, aromatic aldehydes 2 and 2-
hydroxynaphthalene-1,4-dione (71), in the presence of p-TSA as catalyst, yielded pyrimido[4,5-
b]quinoline-tetraones 73, in 83-91% yields (Scheme 42).8

(0] R 0]
R
_H,0/p-TSA N |
)\ Jj\ + reflux/ 6h )\
0 N N
83-91% | H
R? o}

73
1 71

Rl =H, Me
R = Ph, 4-CIPh, 4-BrPh, 4-NO,Ph,
2-MePh, 3-MePh, 4-MePh, 4-MeOPh
Scheme 42

Multi-component  reaction of 6-amino-1,3-dimethyluracil (1), aromatic aldehydes 2 and

benzo[d][1,3]dioxol-5-0l (74), by using SMA/Py/ZnO as nano catalyst, yielded chromeno[2,3-
d]pyrimidinediones 75 (scheme 43).2

(o] R
(0] OH Me
X Ao SO e Y IO
reflux/ 110 °C/ 15-30 min )\
02 >N~ °NH, R” H 0 07 "N o o
Me

89-96%

74 75

R = Ph, 2-CIPh, 2-BrPh, 3-MeOPh,
3-BrPh, 4-MePh, 4-CIPh, 4-FPh,
4-BrPh, 4-NO,Ph, 2,4-Cl,Ph, 2,3-Cl,Ph,
3,4-Cl,Ph, 2,4-(MeO),Ph

Scheme 43
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Meanwhile, treatment of 6-amino-1,3-dimethyluracil (1) with aromatic aldehydes 2 and 4-
hydroxycoumarin (76), under various reaction conditions, provided 6-amino-5-[(4-hydroxy-2-0xo-2H-
chromen-3-yl)(aryl)methyl]-1,3-dimethyl-2,4,6(1H,3H)-pyrimidinedione  derivatives 77  (Scheme
44) 61081

Q HO 0 R OH
Me Me
N ~ =z
Il + § z i, ii or iii N
Me 2 Me

NH,
76
1 77
R = isopropyl, cyclohexanyl, Ph, 2-HOPh,
i) Zr(HSO4)I 80 °C/ 1 h/ 94-98% 3-MePh, 3-HOPh, 3-N02Ph, 4-MePh,
4-MeOPh, 4-HOPh, 4-CIPh, 4-BrPh,
ii) PEG 200/ H,O/ stir./ 80 °C/ 2-6 h/ 73-93% 4-NO,Ph, 4-NCPh, 4-(Me),CPh

iii) EtOH/ chitosan functionlized by triacid imide/
stir./ rt/ 100-150 min/ 80-92%

Scheme 44

Also, chromeno[2,3-d]pyrimidine-2,4(3H,5H)-diones 78 were synthesized, via intermediates 1-20, through
three-component reaction of 6-amino-1,3-dimethyluracil (1), substituted salicylaldehydes and 4-
hydroxycoumarin (76), by using sulfamic acid at 80 °C (Scheme 45).82

HO
15@
o
Me
>N OHC o~ ©
| + Z 76
0Z >N" NH R
\ 2 HO A EtOH/ sulfamic acid
Me

stir./ 80 °C/ 1.45-2 h
1 84-88%

1-20

R = H, 9-EtO, 9-HO, 8-HO, 7-HO,
7-Br-9-MeO, 7-Cl, 7,9-Br,, 7-NO,

Scheme 45

2.2.1.6. Reactions with aldehydes in the presence of nitrogen nucleophiles
Pyrimido[4,5-d]pyrimidines 79 were obtained, in 75-95% vyields, via multi-component reactions of 6-
amino-1,3-dimethyluracil (1), aromatic aldehydes 2 and urea or thiourea, under various reaction conditions
(Scheme 46).31:%
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(0] o R
Me\N (o) X o Me\N NH
)\ | + )j\ + )J\ i orii )\ | /g
o N NH, R H H,N NH, o N N X
I\llle 2 I\Ille "
1 79

X=0,S
i) H,O/ [Ho-DABCO][CIO,],/ stir./ 75 °C/ 15-55 min/ 80-95% R = Ph, 2-HOPh, 3-NO,Ph,

ii) AcOH/ MW/ 5 min/ 75-87% 4-MePh, 4-MeOPh,
4-CIPh, 4-BrPh, 4-FPh,
4-NO,Ph, 4-HOPh 4-Me,NPh
Scheme 46

2.2.2. Reactions with arylglyoxals

Pyrrolo[2,3-d]pyrimidine derivatives 81 were synthesized via a three-component one-step reaction of 6-

amino-1,3-disubstituted uracils 1, arylglyoxales 80 and dimedone (45), in ethanol in the presence of
catalytic amount of acetic acid (Scheme 47).8

Me 1o
00
EtOH/AcOH
)\ reflux/ 9h R\N OH
40-55% | A\ Ar
N
N
80 45 °” H
1 R

R =H, Me Ar = Ph, 4-CIPh
Scheme 47

Further, heterocyclization of 6-amino-1,3-dimethyluracil (1) with arylglyoxal hydrate 80 and pyrazolone

derivatives 82 in ethanol provided 5-pyrazolyl-6-arylpyrrolo[2,3-d]pyrimidines 83, in 80-98% yields
(Scheme 48) .8

80-98%

O
o Me
Me
SN / EtOH
| H + —
+ Ar NQ o reflux/ 80 °C/ 10-90 min
07 N7 TNH, N
| o 1

80
1 82

R = Ph, 4-FPh
Rt =H, Ph, 3-CIPh

Scheme 48
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Similarly, pyrrolo[2,3-d]pyrimidines 84 were prepared, through multi-component reaction of 6-aminouracil
(1), arylglyoxal hydrate 80 and barbituric acids 51 in water for 1 hour (Scheme 49).8

o)
HN
\ Ar
)k( /g 80°C, 1 h )\ N
0 H go-97% O N H
1 84
51
R = Ph, 4-MeOPh,4-CIPh
RL=H, Me, Et
Scheme 49

Also, multi-component reactions of 6-amino-1,3-dimethyluracil (1), arylglyoxal hydrate 80 and 4-
hydroxycoumarin (76) in acetic acid under microwave conditions provided pyrrolo[2,3-d]pyrimidine-
2,4(3H,7H)-diones 85, in excellent yields (Scheme 50).8

o)

00 —
Me\ Me\ OH

ACOH/MW N | N
Ar stir./ 130 °C/ 30 min O)\N N AT
92-95% | H
Me
85

R = Ph, 4-MeOPh, 4-FPh
Scheme 50

2.2.3. Reactions with isatins

Mousavifar et al. reported that an efficient and environment friendly procedure for the synthesis of
spiroindoline-3,5 -pyrido[2,3-d]pyrimidines 88 via the condensation reaction of 6-amino-1,3-
dimethyluracil (1) with isatins 86 and dimethyl acetylenedicarboxylate (87), in the presence of
Fes0s@Propylsilane@Histidine[HSO4 ] as a heterogenous catalyst under ultrasound irradiation (Scheme
51).%
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CO,Me
Me\ N EtOH/ Fe,0,@PS@His[HSO,]
o S
ultrasonic irradiation/ 2-5 h

Cco,Me 85-91%
86 87
1
R!=H, Me, COPh, CH,Ph,
2,4-Cl,-CH,Ph
R2 = H, 5-Cl, 5-Br, 5-NO,
Scheme 51

Spiro-indeno[1,2-b]pyrido[2,3-d]pyrimidines 89 were obtained, in very good yields, by reacting 6-amino-
1,3-dimethyluracil (1) with isatins 86 and 2-hydroxynaphthalene-1,4-dione (71) in poly(ethylene glycol)
200/H20 (Scheme 52).9

0 o 0
Me
\NJ]\ + PEG 200/ H,0
O + —
O)\ N NH N HO stir./80°C/ 6 h
| 2 R H
Me 86 (@]

74-82%

Scheme 52

Spiro-fused 3,4-pyrazolo[4,3:5,6]pyrido[2,3-d]pyrimidine derivatives 91 were synthesized, in an excellent
yields, by treating 6-amino-1,3-disubstituted uracils 1, isatins 86 and substituted 5-aminopyrazoles 90 in

aqueous acetic acid (Scheme 53).88

0
R\N + A N H,O+HOAc
)\ | | P o + ,!,\ 90°C, 7 h
07 N NH, R1/ 93-98%
R

86 90

= H, 5-Me, 5-MeO, 5-F,
7-F,5-Cl, 6-Cl, 7-Cl, 7-Br

RZ=H,Ph R=R3=H, Me

Scheme 53
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Multi-component reaction of 6-amino-1,3-disubstituted uracil 1, isatins 86 and 3-phenylisoxazol-5-one (92)
in methanol afforded spiro compounds 93 by using Amberlyst-15 as catalyst (Scheme 54).8

R

o 0
R )
j\)l]\ + i N o4 )NL%O MeOH/ Amberlyst-15
= 80 °C/ 5 h/ 87-93%
07N NH, Y- N on
R 86 92

1

R =H, Me

R' = H, 5-Me, 5-MeO, 5,7-(Me),,
5-F, 7-F,5-Cl, 6-Cl, 7-Cl, 6-Br,
7-Br, 5-1, 7-1, 5-NO,, 7-CF5

Scheme 54

2.2.4. Reactions with carbonyl compounds

5-Methylpyrido[2,3-d]pyrimidine-1,4-diones 95 were resulted, as anti-inflammatory agents, by the reaction
of 6-amino-1,3-disubstituted uracils 1 with 1,3-dicarbonyl compounds 94 in glacial acetic acid (Scheme
55).%0

0o
R\
o N NH, Me R2 refluxl68h )\ R2
| 80-87%
R 94
1 95

R = Me, R' = H, Me, R? = H, Me, Et, n-C;H,
Scheme 55

5-Hydroxypyrido[2,3-d]pyrimidinediones 97 were obtained, in a moderate to excellent yields, by using
microwave irradiation that assist the Wolff rearrangement of 2-diazo-1,3-dicarbonyl compounds 96 to react

with 6-amino-1,3-dimethyluracil (1) in toluene (Scheme 56).%

0] o) OH
M s Me R'
e ~
TN | OWO toluene/ MW N | N
)\ + 180 °C-220 °C/ 2-6 min )\ ~
07N NH, R R 48-98% 07 N N TR
Me 96
1 R = R2 = Me, -(CH,)3-, -(CH2)CH(Me)(CH,)-, 97

-(CH3)C(Me)2(CHy)-, -(CH2)4-, -(CHy)s-
Scheme 56
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Similarly, treatment of 6-amino-1,3-dimethyluracil (1) with a-diazo-p-ketoester 98 in toluene using
microwave irradiation yielded pyrido[2,3-d]pyrimidinetriones 99 (Scheme 57).2 This compound can be
explained via Wolff rearrangement followed by nucleophilic addition and cyclo-condensation reactions as

was shown in Scheme 58.%L

O OH
(@] N,

Me Me Me
N | Oﬁ/lkfo toluene/ MW N | N
)\ + 230 °C/ 15 min

0 |}| NH, Me OMe 50% o |?| H (0]
Me 98 Me
1 99
Scheme 57

P, o Q—

wvwd

o O wolff rearrangement Y)
- M oM
Me OMe N ©
98 1-21
(o] OH (0] OH- y o
Me Me Me Me Me Me
)N\ | AN -MeOH )N\ I /\ -H*/+H* SN S
(o) N N (0] (o) )\ +
Me Me Me
99 — - B
1-23 1-22
Scheme 58

2,4,7-Trioxopyrido[2,3-d]pyrimidines 101 were synthesized, in 54-68% yields, by heterocyclization of 6-

amino-1,3-disubstituted uracils 1 with maleimides 100 in boiling DMF for 3 hours (Scheme 59).92

fi S o

1 54-68%
100

= V-2

R'=H, Me
R? = Ph, 4-CIPh, 2,4-Me,Ph, 4-MeO-3-CIPh,
4-CF5Ph, 2-MeOPh, 4-MeOPh, 3,4-F,Ph

Scheme 59

101

\ 2 reflux, 3h )\)ﬁ
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Aryl-2-(1,3-dimethyl-2,4,7-trioxo-1,2,3,4,5,6,7,8-octahydropyrido[2,3-d]pyrimidin-6-yl)acetamides 103
were obtained, in 50-65% yields, via the reaction of 6-amino-1,3-dimethyluracil (1) with N-
arylitaconimides 102 in acetic acid. The reaction pathway involves initial attack of the nucleophilic C-5
atom of uracil 1 on the activated exocyclic double bond in compound 102 giving intermediates 1-24

followed by intramolecular recyclization (Scheme 60).%

/?r
— ] HN 0
o] 0
Me o Me
J\/'Lf\ S _foon | N
+
NH, reﬂux/ 2-4h O)\N a \-L\I'\Ar O)\N N o
50-65% I NH,0 I H
r Me Me
1 102 - 1-24 - 103
Ar = 3,4-Me,Ph, 4-MePh, Ph, 4-EtPh, 2,3-Cl,Ph
Scheme 60

After that, treatment of 6-amino-1,3-dimethyluracil (1) with o, B- unsaturated ketone such as bis-chalcones
104, in the presence of benzyltrimethylammonium hydroxide (Triton B) yielded tetrahydropyrimido[4,5-
b]quinoline-2,4(1H,3H)-diones 105. These compounds may be useful in the elucidation of the molecular
mechanisms of non-apoptotic cell death, for study the vacuoles formation process, and to test autophagy
inhibitors (Scheme 61).2

o) o)
Me
>N ArT X Z Ar
)\ |+ THF/ TritonB
07 >N NH, X stir./ rt/ 10-13%
[
Me 104

X=0, CH2
Ar = 1-Me-pyrrolyl, thiophen-3-yl

Scheme 61

2.2.5. Reactions with substituted chromones

It is known that compounds containing y-pyrone moiety bearing electron withdrawing functional groups
represent good building blocks for a variety of heterocyclic compounds through reaction with electron rich
nucleophiles. Ibrahim and his coworkers® studied the chemical behavior of 6-amino-1,3-dimethyluracil
(1) with 6,8-dibromo-7-hydroxychromone-3-carboxaldehyde (106) in absolute ethanol containing one

crystal of p-toluene sulfonic acid gave pyrido[3,2-d] pyrimidine derivative 107 through condensation of the
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formyl group with the active methylene group gave intermediate 1-25 followed by y-pyrone ring opening
by the imine nitrogen as shown in Scheme 62.%

O 0 0O
Me Br
N | + H EtOH/ p-TSA
)\ reflux/ 3 h
(@] I}l NH, 0] OH 58%
Me Br
106
1

107 B

Scheme 62

Also, treatment of 6-amino-1,3-disubstituted uracils 1 with carboxaldehyde 108 in absolute ethanol
containing p-toluenesulfonic acid produced pyrido[2,3-d]pyrimidines bearing the quinolinylcarbonyl

moieties 109 as antimicrobial agents (Scheme 63).2

R\
)N\ | EtOH/ p-TSA
reflux/ 2 h
o- N 58%-64%
R
1 108
R =H, Me

Scheme 63

Similarly, reaction of 6-amino-1,3-dimethyluracil (1) with 6-formylkhellin (110) in boiling ethanol
containing few drops of TEA resulted pyrido[2,3-d]pyrimidine derivative 111 as antimicrobial agent
(Scheme 64).%¢
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fo) (0] OMe (0] (0] OMe
Me Me
\N)j\ 0~ A\ EtOH/ TEA SN | X A
)\ + reflux, 15 min )\ —
(o) 'il NH, o o 67% o} 'il N HO o
Me OMe e OMe
110 111

1
Scheme 64

In a different pathway, reaction of 6-aminouracil (1) with khellin-3-carbonitrile 112, in DMF containing
1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU), proceed through nucleophilic attack at C-7 position with ring
opening giving intermediate 1-26 which underwent cycloaddition of the amino group into the nitrile
function producing pyrido[2,3-d]pyrimidine derivative 113 which has antimicrobial activity (Scheme 65).
In this reaction, the cycloaddition into the nitrile group occurs by the nitrogen atom of the amino group not
the oxygen atom of the hydroxyl group; due to the higher nucleogilicity of nitrogen as compare with oxygen

as reported by Ibrahim et al.%

DMF/ DBU

—_—
reflux/ 2 h
79%

Scheme 65

On the other hand, treatment of 6-aminouracil (1) with 2-amino-6-methylchromone-3-carboxaldehyde
(114) in boiling DMF and DBU as catalyst gave 8-methyl-6H-chromeno[3',2":5,6]pyrido[2,3-d]pyrimidine-
2,4(1H,3H),6-trione (115); through condensation of the aldehyde function with active methylene group
followed by cyclocondensation with loss of NHz molecule (Scheme 66).2

0 0 0

0 o)
Me
Me
j\ | H DMF/DBU _ HN™
reflux/ 2 h )\ ~
o N NH,  HN O 58% 07 N7 N7 o
H
1 114
115

Scheme 66
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2.2.6. Reactions with alkynes

Arellano et al. reported that, 5-substituted-7-ferrocenyl-dioxopyrido[2,3-d]pyrimidines derivatives 117 and
pyrido[2,3-d]pyrimidines 119 were synthesized by the reaction of 6-amino-1,3-dimethyluracil (1) with
substituted ferrocenyl-ketoalkynes 116 and o-keto-alkynes 118, in the presence of nickel cyanide as
homogeneous catalyst at room temperature (Scheme 67). The synthesized compounds are used as
vasorelaxant of smooth muscle via cAMP conservation through phosphodiesterase inhibition. It was found
that the reaction in the presence of catalytic promoter depends on the nature of the alkynyl substituent. With
weak electronic donor groups (as n-butyl and Ph), 5-substituted pyrimidines were obtained via the 1,4-
Michael’s type condensation. Whereas, with strong donor groups (as ferrocenyl moiety), the nucleophilic
attack (by the [Ni(CN)4]™* anion formed in situ) seems to be at the carbonyl group of ynone function 12210t

(o}
|| (o} R
R ——Fc Me
~N
116 )N\ | o=
50-70% 07 N7 NP ke
I
(o) Me
NaOH/ Ni(CN), 117
Me\N KCN/ CO/ H;0 R = Ph, 3-MePh, 4-MeOPh, 3,5(MeO),Ph
)\ | stir./ rt/ 30 min o
o lil NH, o R!
Me RT N=——R  Me_
1 118 -~ )N\ | o
979 Z
65-97% o 'i‘ N R
Me
119
R = Et, n-Pr, Fc, Ph
R' = (Me);Si, Bu, Ph, 3-MePh,
4-MeOPh, 3,5-(MeO),Ph
Scheme 67

While, three-component domino coupling of 6-amino-1,3-dimethyluracil (1), aliphatic or aromatic
aldehydes 2, and dialkyl acetylenedicarboxylates 87, which catalysed by L-proline, provided pyrido[2,3-
d]pyrimidines 120, in 46-88% yields as shown in Scheme 68.192
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lo) o R
CO,R'
Me\ Me\ COZR'
N | o} | | EtOH/ L-proline N ]
)\ + o J\H + reflux/ 4-6 h O)\N N co.R
072 >N~ ONH '
| 2 CO,R 46-88% | N 2
Me 2 Me
1 87 120
R' = Et, Me

R = Ph, 4-MePh, 4-CIPh, 4-NO,Ph, 4-MeOPh, 2-Furyl, 2-thienyl,
2,4-Cl,Ph, 4-BrPh, 4-FPh, 3-CIPh, Me, cyclohexyl, Et, 2-CIPh

Scheme 68

2.2.7. Reactions with iminium salts

6-Substituted pyrido[2,3-d]pyrimidines 122 were prepared by cyclocondensation of 6-amino-1,3-
dimethyluracil (1) with symmetrical vinamidinium perchlorates 121 under basic reaction conditions
(Scheme 69).1%3

1 o)
Me
R Me R
\ | N NaH/ DMF N N
)\ +  Me,NQ A\ _NMe, - |
07 N7 NH, ; stir./ 100 °C, 12 h Z
: clo, 73-96% or N N
Me Me
. 121 -

R = Ph, 4-MeOPh, 4-MePh, PhSO,, 4-MePhSO,

Scheme 69

On the other hand, condensation (1) with

chloropropeniminium salt (123) in DMF under basic conditions gave two isomers, which are 5-substituted

regioselective of 6-amino-1,3-dimethyluracil

pyrido[2,3-d]pyrimidine 124 and 7-substituted isomer 125, in a ratio of 5:2, respectively (Scheme 70).1%

Q O  Ph 0
Me_ Me M
N e
N | + NaH/ DMF N N SN X
)\ + MeNX AN Ph i o )\ | + |
07 N7 “NH \/\r stir./ 100°C/ 16 h Z Z
I 2 PO,Cl 0 © N N o) N N Ph
2™72 cl 97% | I
e 123 Me Me
1 124 125

Scheme 70
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7-Aryl-5,6-dihydropyrido[2,3-d]pyrimidine-(1H,3H)-2,4-diones 127 were produced, in 50-78% yields, by
reaction of 6-amino-1,3-dimethyluracil (1) with arylalkanone Mannich bases 126 under atmosphere of

nitrogen (Scheme 71).1%

@]
Me o
N
)\ | + )]\/\ . deoxygenated water/ N, _ )\
NHMe,

o) I?l NH, Ar ! reflux/ 90 min
Me Cl 50-78%

126
1 127

Ar = Ph, 4-MePh, 4-BrPh

Scheme 71

2.2.8. Electrophilic substitution reactions

2.2.8.1. Alkylation reactions

Dimethyl 2-[2-(6-amino-1,3-dimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)malonates 129 were
obtained by reacting 6-amino-1,3-dimethyluracil (1) with substituted cyclopropane-1,1-dicarboxylate 128

which catalyzed by scandium(111) trifluoromethanesulfonate (Scheme 72).1%

(o)
(o] Ar COZM9
Me._
N Me
)\ | + A/COZMG MeCN/ Sc(OTf); N | CO,Me
Ar
fo) N NH reflux/ 2-10 h )\
| 2 CO.Me 60-94% 07 N7 "NH,
Me |
128 Me
1 129

Ar = Ph, 4-MePh, 4-MeOPh, 4-Me,NPh,
3,4-(MeO),Ph, 3,4,5-(MeO);Ph,
2-MeO-styryl, 6-MeO-naphthyl
2-Me-furyl

Scheme 72

2.2.8.2. Acetylation reactions

Acetylation of 6-amino-1,3-dimethyluracil (1) using acetic anhydride in acetic acid furnished the acetylated
product 130, at its C-5 position, which upon Vilsmeier formylation afforded 1,3-dimethyl-5-
chloropyrido[2,3-d]pyrimidine-2,4-dione (131) (Scheme 73).106-108
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0 Cl
Me Me
j\ | Ac,0/ gl. ACOH DMF/Pocl N | A
reflux/ 1 h )\
o N NH 65 0c:/ 3h )\ Z
, 2 22% 60% o- N N
Me e Me
1 130 131
Scheme 73

In a similar manner, cyanoacetylation of compound 1 with cyanoacetic acid in acetic anhydride yielded
cyanoacetyl derivative 132 which underwent Vilsmeier formylation producing 5-chloropyrido[2,3-
d]pyrimidine-6-carbonitrile 133 (Scheme 74).106-108

o O o o] Cl
Me NC-CH,COH e CN Me CN
N | Ac,0 SN | DMFIPOCI; N | X
)\ stir. 60-65 °C/ 3 h )\ reflux/ 2 h )\ z
02 N7 NH 07 >N 07 >N N

| 2 95% | NH, 75%

Me Me Me

1 132 133
Scheme 74

2.2.8.3. Coupling reactions

6-Amino-5-(arylazo)-1,3-dimethyluracils 135 were synthesized, by coupling 6-amino-1,3-dimethyluracil
(1) with diazonium salts 134 under different reaction conditions. These compounds show positive
solvatochromic property on moving from polar protic to polar aprotic solvents. The dyes exhibit prominent

photophysical properties in certain solvents. (Scheme 75),102:110

0 =z
)
I_R
)‘j\ _<___> Me\N N\\N >
)\ N=N _biioriii__ )\ |
o ril NH,
e 134 Me
1 135
. ) R =H, 3-CF3;, 4-Me, 4-MeCO, 4-Cl,
I) ACOH-Hzol NaHCO3 soln./ stir./ 0-5 °C/ 1 h/ 95% 4'N02, 4-NC, 4-C02H, 4'MeOCH2,
ii) AcOH-H,0/ NaOH soln./ stir./ 0-5 °C/ 1.5 h/ 64-83% 4-CONHCH,CO,H

iii) HCI-H,0/ NaOH soln./ stir./ 0 °C/ 15-30 min/ 92-99%
Scheme 75
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A series of 6-amino-5-(hetarylazo)-1,3-dimethyluracil 137 were prepared, in excellent yields, by coupling
6-amino-1,3-dimethyluracil (1) with diazotized heterocyclic amines 136, in sodium hydroxide solution. The
antimicrobial activity of the synthesized dyes was evaluated on E. coli, B. subtilis, M. leuteus and P.

aeruginosa (Scheme 76).11%

o
i M
e N
Me ( + NaOH soln N Sy Het
N |+ NEN—et ——— )\ |
)\ Stin/05°C/1h G\ N\
02 >N N |
Me

| H, 136 82-91%
Me
1 137
N N=— N
Het: /3 _\ T 74 N
N _NH —R
D e 0 <0

Scheme 76

Meanwhile, treatment of 6-amino-1,3-dimethyluracil (1) with dimethyl N-cyanodithioimidocarbonate
(138) in DMF, in the presence of K>COs, afforded 1-cyano-3-(2,6-dioxo-1,2,3,6-tetranydropyrimidin-4-
ylamino)-2-methylisothiourea (139) which upon coupling with phenyldiazonium salt 134 in DMSO
afforded pyrimido[4,5-€][1,2,4]triazin-3-ylidenecyanamides 140 (Scheme 77).112

H, 77%
134

0O S/Me o)
Me
Me<n J omrik.co, SN SMe . 3 R
|+ s N | +Cl N &
)\ | 1 130°C/5h N 2
0 N N Me CN 0) ril I':ll ril =
I\llle Me CN

138
1 139
DMSO

42-78% 0°C-rt/ 1h

R = H, 2-F, 2-NO,, 3-Et, 4-F, 4-CI, 4-NO,

4-CF;0, 4-MeS, 3-F-4-Me, 4-F-2-NO,, o
2-Br-4-Me, 3,5-(Me),, 2,4,5-Cl, -R
Me N
N Z N
)\ > )\
o) rll N ril
Me CN

140
Scheme 77
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2.2.8.4. Oxidation reactions

Treatment of 6-amino-1,3-dimethyluracil (1) with indole derivatives 141 catalyzed by nano-Ag at 70 °C
and tetrabutylammonium bromide (TBAB), yielded 6-amino-1,3-dimethyl-5-indolyl-1H-pyrimidine-2,4-
dione derivatives 142, in moderate to good yields. A probable mechanism has been proposed through nano-
Ag activated indoles 141 for abstraction of a proton followed by nucleophilic attack by uracil 1 to form
intermediate 1-27 followed by proton transfer (Scheme 78).112

R
o
Me R
N | \’\> DMSO/ K,CO,/ AgNPs/ TBAB /\/
; ’)
o)\ N oil bath/ 70 °C/ 4-11 h 4’\
N" NH, H 55.84% NH,
Me 141 B |
| ‘
R = H, 2-Me, 3-Me, 3-CO,H, (CH,),CO,H, B ]

(CH,)3CO,H, CH,CN, 5-Br, 3-OH, 4-OH

Me
| b
0)\N o)\rlq
M

142 1-27

Scheme 78

2.2.8.5. Formylation reactions

6-Amino-5-formyl-1,3-dimethyluracil (144) was prepared by treatment of 6-amino-1,3-dimethyluracil (1)
with phosphoryl chloride in DMF giving compound 143 which is easily hydrolyzed to the target product
130 (Scheme 79) 114

0
Me
N | POCI,/ DMF _KOH/HO
)\ stir./ <20 °C/ 30 min )\ Stlr/30 min )\
o) N NH, 95% 4%
Me
1 143 144

Scheme 79
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Meanwhile, Vielsmeier formylation of 6-amino-1,3-dimethyluracil (1) in the presence of methylamine
yielded 6-imino-1,3-dimethyl((methylamino)methylene)pyrimidinedione (145) which reacted with
acetonitrile derivatives and afforded 7-aminopyrido[2,3-d]pyrimidines 146 which act as adenosine receptor

antagonists (Scheme 80).106112

o) 0
Me i) DMF/POCI, Me _Me R-CH,.CN
)N\ | ii) MeNH, N Z N EtONa
o N NH, stir./ 0°C/ 2 h o N NH reflux/ 3h )\

I 80% I 61%-97%

Me Me

1
145 146

R = CN, CO,Et, 2,3-(MeO),Ph

Scheme 80

2.2.8.6. Reactions with sulfur compounds
Sulfenylation of 6-amino-1,3-disubstituted uracils 1 with substituted sulfonylhydrazides 147 in ethanol in
the presence of iodine afforded 6-amino-1,3-dimethyl-5-arylthiopyrimidine-2,4-diones 148 (Scheme 81).16

(@]

R S\gt

)N\ | + Oxgz0 _ EtOH/ 1, (20 mol%) _ )\
7 N\
N - ’

o N NH, HI}I R reflux / 120 ‘1)30 min N
| NH 86-92% |
R 2 R
1 147 148

R =H, Me
R! = Ph, 4-MePh, 2,4,6-Me,Ph

Scheme 81

Also, 5-arylthiouracils 150 were prepared, in 70-85% yields, by treating 6-amino-1,3-disubstituted uracils
1 with aryl thiols 149 in the presence of N-chlorosuccinimide (NCS) in toluene at room temperature
(Scheme 82).117

o]
R\N HS i
)\ | + | N » NCS!/ toluene R\N | S | X y
(o) N NH, S reflux/ 14 h )\ =

| 0~ °N NH

R 70-85% | 2

1 149 R

150
R =H, Me

R1 = Ph, 3-MeO, 4-Me, 4-CI
Scheme 82
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Moreover, 6-amino-5-thiocyanatopyrimidine-2,4-diones 152 were obtained, in good yields, by treating 6-
amino-1,3-disubstituted uracils 1 with ammonium thiocyanate (151) as thiocyanating agent in water, in the

presence of H,02, as oxidizing agent (Scheme 83).118

@)

R{ R SCN

N H,O/ H,0, (30%) N
)\ |  + nNH,sCN - )\ |

o N NH rt/ 15-20 min o N NH,
I 2 151 78-85% I
R R
1 152

R =H, Me, Et, Pr

Scheme 83

Meanwhile, 2-aminolthiazolo[4,5-d]pyrimidine-5,7-diones 153 were synthesized, in 76-83% yields, by
thiocyanation of 6-amino-1,3-disubstituted uracils 1 with ammonium thiocyanate (151) in the presence of

H,0> followed by treatment with NaOH solution (Scheme 84).118
0

0
R< (i) NH,SCN (3.0 equiv) 151, R
N | H,O/ H,0,/ stir./ rt/ 20-30 min SN S:
e} N NH, (if) NaOH (5%)/ stir./ rt/ 1 h o N N
l 76-83% |
R
R
1 153
R = Me, Et, Pr
Scheme 84

3. CONCLUSION

6-Aminouracils are very important materials in organic synthesis due to their wide range of biological
activities as well as representing one of the most research area in medicinal chemistry. 6-Aminouracils have
many applications in design and synthesis of multiple heterocyclic compounds with a wide variety of
biological significance, for example pyranopyrimidine, pyridopyrimidine, pyrazolopyrimidine,
pyrimidopyrimidine and pyridazinopyrimidines. This review tried to summarize the utility of 6-
aminouracils for construction of a diversity of isolated and heteroannulated pyrimidines through reactions

with a diversity of reagents.
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