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ABSTRACT ARTICLE HISTORY
A catalytic, practical, efficient procedure for the synthesis of 5-benzyli- Received 29 May 2020
dene-1,3-dimethylpyrimidine-2,4,6(1H,3H,5H)-trione and pyrano[2,3-d]
pyrimidine diones at room temperature was developed using
L-Proline nitrate ionic liquid under ultrasonic irradiation. The ) A

. . . Amino acid ionic liquid; e5-
L-Proline nitrate is homogeneous and green catalyst easy to prepare benzylidene-1,3-dimethyl-
!oy mixing L-Proline and nitric acid possess excellent catalytic activ- pyrimidine-2,4,6(1H,3H,5H)-
ity under standard ultrasonic bath at room temperature for the syn- trione; L-Proline nitrate;
thesis of pyrimidine core. This adequate procedure offers some pyrano[2,3-d] pyrimidine
advantages like the use of green solvent H,O, environmentally diones; ultrasonic irradiation
green benign procedure, excellent yields, simple procedure, short
reaction times, no need for column chromatographic separation and
reusability of catalyst for five subsequent reaction.
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Introduction

Ionic liquids (ILs) have attracted extensive interest in organic synthesis, in recent
years!!! because of their supreme values in organic synthesis. Basically, ionic liquid
exists in synthetic quaternary nitrogen organic salts due to their high selectivity which
added green treasure in ongoing organic research.'”) High thermal stability, low volatil-
ity, recyclability, non-flammability, negligible vapors pressure, ability to dissolve many
organic and inorganic substances and miscibility with water and organic solvents are
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Scheme 1. Synthesize of L-Proline nitrate ionic liquid.

key features of the ionic liquid.”*! L-Proline-NOs ionic liquids are an important class of
amino acid ionic liquids (AAILs) easily derived from naturally occurring precursors. L-
Proline nitrate ILs are green ILs obtained from natural, bio-compatible and nontoxic
materials and additionally they can be easily synthesized from commercially available
material.'! Being inspired by these common advantages and demand of AAIL-mediated
reactions for synthetic organic chemists for the synthesis of biologically active mole-
cules, we have synthesized L-Proline nitrate ionic liquid with previous reported proced-
ure in our lab (Scheme 1).

5-Benzylidene barbituric acids and their derivatives are pharmacologically important
because compounds containing these structural motifs possess, antibacterial, antile-
protics,””! sedative-hypnotic, anticonvulsant, and local anesthetic drugs,'® antitumor!”!
activities. 5-benzylidene barbituric acids and their 2-thio derivatives are seem to be
important class of compounds found as intermediate in preparation of heterocyclic
compounds,’® oxathiazolidines,”” benzyl barbituric derivatives,'” and unsymmetrical
desulfated!. 5-benzylidene barbituric acids are easily synthesized via Knoevenagel con-
densation reaction of barbituric acid derivatives with aromatic aldehydes. Literature
search displays several described methods for synthesis of various 5-benzylidene barbitu-
ric acids derivatives. Such as nickel nanoparticles,[lz] nano Fe;0,"%! DABCO-based
polymer,'*! piperidine,!'™ aqg KOH.!"® Pyran frameworks are common structural subu-
nits in natural products such as alkaloids, carbohydrates, polyether antibiotics, phero-
mones, and iridoids.!"”!

Pyrano[2,3-d] pyrimidine is unsaturated six-membered heterocycle which is framed
by a combination of pyran and pyrimidine rings together, comprising two nitrogen
atoms at position number 1,3 and one oxygen atom present at position number 8.
Pyrano([2,3-d] pyrimidine possesses remarkable therapeutic applications and biological
activities such as antitumor, anticancer, antifungal, antioxidant, and antihypertensive.!'*!
Therefore, for the preparation of the important pyrimidine and their derivatives large
assays have been occurred. Figure 1 represents some of the bioactive pyrimidine-annu-
lated heterocyclic compounds exhibiting a diverse kind of pharmaceutical potentials.

Between the known procedures for the synthesis of pyrano[2,3-d] pyrimidine diones
derivatives, the most simple and straightforward protocol for synthesis of pyrano[2,3-d]
pyrimidine diones via three-component condensation of 1,3 dimethyl barbituric acid,
malononitrile, and aromatic aldehyde. To date, wide variety of catalyst have been
reported for the synthesis of pyrano[2,3-d] pyrimidine compounds, such as
(NH,),HPO,"'®'  SBA-Pr-SO;H,?*  TMU-16-NH,,?!!  KF,??  ZnFe,0,,*!
{Fe;0,@S8i0,@(CH,)3-Urea-SOsH/HCI} magnetic nanoparticle,”* Et;N,**! and ZnO
nano powder.*®) However, the methods go through one or more drawbacks, such as
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Figure 1. Some bioactive pyrimidine-annulated heterocyclic compounds.

longer reaction time, unsatisfactory yield, harsh reaction condition, expensive reagents,
tedious workup, use of toxic, and volatile organic solvents. Therefore, this encourages
us to develop efficient clean, high-yielding, and environmentally friendly methodology
for the synthesis of pyrimidine.

Thus, the researcher is compelled to search an efficient, environmentally friendly
approach for the synthesis of these heterocyclic compounds with impressive yields. In
continuation of our previous literature studies, we wish to report the applicability of L-
Proline-NOj ionic liquid in promoting the synthesis of pyrano[2,3-d] pyrimidine diones.
All reaction is carried out in mild reaction condition with high yield and comparatively
in short reaction time.
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Table 1. Optimization of reaction condition for synthesis of 5-(4-chlorobenzylidene)-1, dimethylpyri-
midine-2,4,6(1H,3H,5H)-trione by L-Proline Nitrate®.

CHO o o
Me\NJl L Proline-NO; Me\N VZ
+ Solvent , temp, time
02\1}1 o o)\rﬁ 0 cl

Cl Me Me

23 24 5
Entry Catalyst (mole%) Solvent Temp. °C Time (min) Yield (%)°
1 - Solvent free RT 6h Traces
2 20 Solvent free RT 2h <20
3 20 n-Hexane Reflux 80 60
4 20 CH,Cl, Reflux 80 75
5 20 CH5CN Reflux 60 78
6 20 C,Hs-OH Reflux 30 86
7 20 H,0 Reflux 08 94
8 5 H,0 50 20 80
9 10 H,0 50 10 86
10¢ 15 H,0 50 08 94
11 25 H,0 50 08 94
12¢ 15 H,0 RT 02 94

®Reaction conditions: 4-chloro benzaldehyde (1 mmol), 1,3 dimethyl barbituric acid (1 mmol), solvent (0.15M), open
flask, “Method A= conventional method, “Method B = ultrasonication, and Plsolated yield.
Best yield are shown by bold.

Results and discussion

Recently, our group publish the activation of aromatic aldehyde using Chitosan-SO;H
catalyst.!?”
tion. We hypothesized that using an ionic liquid, such as L-Proline-NOj; could give rise

I Those results encouraged us also, ILs reports on multicomponent type reac-

to 1-11 and 12-22 type of compound activating aromatic aldehyde via nucleophilic
addition of 1,3 dimethyl barbituric acid. In the beginning, we focused our attention for
the synthesis of pyrimidine motif to search optimal reaction condition the condensation
of 4-chlorobenzaldehyde (1 mmol) with 1,3 dimethyl barbituric acid (1 mmol) was
selected as a model reaction and the optimization assay including the method of reac-
tion, amount of catalyst, solvent and temperature were examined, the results of which
are tabulated in (Table 1).

We first studied the reaction at room temperature in the and presence of L-Proline-
NOj; catalyst under solvent-free in 6 and 2h respectively, which gave product 5 in trace
and <20% vyield, respectively (Entries 1-2). These experiments validated our hypothesis
and confirmed that the presence of L-Proline-NO; was able to increase yield. These
results inspired us for further optimization. In fathered optimization, we carried out the
reaction with different nonpolar and polar hexane, CH,Cl,, CH;CN, EtOH, H,O with
20 mole% of L-Proline-NOj catalyst product 5 yields in 60, 75, 78, 86, and 94%, respect-
ively (Entries 3-7).

Next, we decided to decrease the catalyst loading for these purposes, hence analyzed
the model reaction in water as solvent at temperature 50 °C in different amount of cata-
lyst at 5 mole%, 10 mole%, 15 mole%, and 25 mole% affording 80, 86, 94, and 94% prod-
ucts yield, respectively (Entries 8-11). Then, further increase in the amount of catalyst
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“Reaction conditions: aromatic aldehyde (I mmol), 1,3 dimethyl barbituric acid (I mmol), Method. ¢ Method A=
Conventional method, “Method B= Ultra sonication, Isolated yield.

Scheme 2. Synthesis of 5-benzylidene-1,3-dimethylpyrimidine-2,4,6(1H,3H,5H)-trione derivatives under
optimized conditions.

beyond 15mole% had no additional effect on the increase in the yield of product 5.
After optimizing catalyst loading and solvent condition, an additional optimization reac-
tion was performed using method B in the presence of ultrasound irradiation.
Gratifyingly, the best yields were obtained using method B of 96% and time was
reduced to 2min (Entry 12). Among the various tested conditions, Entries 10 and 12
show the more appropriate condition for this reaction (Scheme 2).

With the optimal reaction condition in hand, we proceeded to explore the scope of
this new protocol with respect to changes in the aryl unit with 1,3-dimethyl barbituric
acid (Scheme 2). A range of electron-donating and electron-withdrawing aromatic alde-
hyde substrate was tested as well as some of their heterocyclic derivatives. Thus,
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benzaldehyde treated with 1,3-dimethyl barbituric acid in an optimized condition leads
to 1 in 93%. Remarkably, gram-scale reactions were achieved providing 1 in 86% this
reaction proved scalability and efficiency of our procedure. 4-Methyl benzaldehyde and
4 methoxy benzaldehyde treated with 1,3-dimethyl barbituric acid 86 and 88% yields
were obtained for 2 and 3, respectively. The [1,1’-biphenyl]-4carbaldehyde in the same
reaction condition yielded an excellent 88% to get 4. Encouraged by excellent results of
electron-donating aldehyde derivative, in further scope for reaction was tested for elec-
tron deactivating aromatic aldehyde derivatives. The 4-chlorobenzaldehyde and 4-bro-
mobenzaldehyde treated with 1,3-dimethyl barbituric acid 96 and 92% yields were
obtained for 5 and 6, respectively. Also, strong electron -NO, leads to the formation of
7 in 94% yield which revels the excellent efficiency of our protocol toward the strongly
electron-withdrawing group. 2 hydroxy benzaldehyde and 4 hydroxy benzaldehyde
treated with 1,3-dimethyl barbituric acid yielded 86 and 88% for 8 and 9, respectively.
It shows that free ~-OH group did not influence for the formation of the corresponding
product and allowed reaction to proceed. In the case of heterocyclic aldehyde, substrate
thiophene-2-carbaldehyde gave rise to corresponding product 10 in 80% yield, also
fused aromatic aldehyde substrate alpha naphthaldehyde gives corresponding product
11 in good yield of 82%. Thus, we denied that heterocyclic aldehyde and fused aromatic
aldehyde affect yield. Interestingly, the catalyst also efficiently promoted the reaction of
1,3-dimethyl barbituric acid with various electron-donating, electron-withdrawing and
heteroaromatic as well as fused aromatic aldehyde to furnish corresponding product in
high to excellent yields and in short reaction times.

After our first successful synthesis of 5-benzylidene-1,3-dimethylpyrimidine 2,4,6
(1H, 3H, and 5H)-trione, we were inspired to achieve an advantage for another reac-
tion synthesis for a synthesis of pyrano[2,3-d] pyrimidinones derivative. We initially
require validation of our hypothesis using 4-chlorobenzaldehyde, malononitrile, 1,3
dimethyl barbituric acid using L-Proline-NO; selected as a model reaction. The illus-
trative optimization assays are summarized in Table 2. Initially attempt carried out
were performed based on our previously developed conditions for the synthesis of
pyrimidine (Table 1) in the absence of catalyst at room temperature under solvent-
free condition after 6h observed that starting material remains unreacted (Entry 1).
Then, we carry out reaction with L-Proline-NO; (20mol%) at room temperature
under solvent-free condition to form product 14 in <10% (Entry 2), it shows that
our another hypothesis also work using L-Proline-NO; catalyst further for optimiza-
tion solvent were examined under reflux condition. Using different polar and non-
polar solvent, such as n-Hexane, CH,Cl,, CH;CN, EtOH, H,O with (20 mole%) cata-
lyst product led product 14 yields in 55, 70, 75, 86, and 92%, respectively (Entries
3-7), it shows moderate to excellent yield.

Also, for the conventional method, we optimized assay in order to check the opti-
mized reaction for varying temperature and catalyst loading; the model reaction was
carried at 50°C in H,O and 80°C with (10 mole%), (15mole%), (20 mole%), and
(25mol%) product 14 yield in 70, 84, 92, and 92%, respectively (Entries 8 and 12-14).
After optimizing some entries for a conventional method by variating parameters such
as temperature, solvent, and catalyst loading, we moved to optimized reaction assay for
method B in the presence of ultrasound irradiation, which led to the formation of 14 in
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Table 2. Optimization of reaction condition for the synthesis of 7-amino-5-(4-chlorophenyl)-2,3,4,5-
tetrahydro-1,3-dimethyl-2,4-dioxo-1H-pyrano(2,3-d) pyrimidine-6-carbonitrile catalyzed by L-Proline-
NO5°.

cl

CHO 0 o
Me\N L Proline-NO; Me.. CN
r<e A me L |
cN T o 'Tl o Solvent , temp, time O)\N o NH,

cl Me Me

23 25 24 14
Entry Catalyst (mole %) Solvent Temperature °C Time (min) Yield %"
1 - Solvent free RT 6h n.r.
2 20 Solvent free RT 3h <10
3 20 n-Hexane Reflux 90 55
4 20 CH,Cl, Reflux 920 70
5 20 CH5;CN Reflux 90 75
6 20 C,Hs-OH Reflux 25 86
7 20 H,0 Reflux 15 92
8 20 H,0 50 60 70
9¢ 10 H,0 RT 10 84
10¢ 15 H,0 RT 04 94
1° 20 H,0 RT 04 94
12¢ 10 H,0 80 20 84
13¢ 15 H,0 80 15 92
14¢ 25 H,0 80 20 92

“Reaction conditions: 4-chlorobenzaldehyde (1 mmol), Malononitrile (1 mmol), 1,3 di methyl barbituric acid (1 mmol),
solvent (0.15M), open flask. n.r.=no reaction observed. Method: Method A = Conventional method, “Method
B = ultrasonication, "lsolated yield.

94% and reduced to 4 min (Entry 10). It is concluded that our hypothesis also works
for L-Proline-NO; catalyst under ultrasound irradiation with an excellent yield.
In further optimization assay, we varied catalyst lodging (20 moles %) (10 moles %),
which led to Product 14 yield in 94% and 84%, respectively (Entries 9 and 11).

Further increase or decrease in the amount of catalyst loading did not significantly
change in the yield of Product 14. After all this optimization assay with various tested
conditions, it concludes that Entries 10 and 13 show that the more appropriate condi-
tion for this reaction are methods A and B. With the optimal reaction condition in
hand, we proceeded to explore the scope (Scheme 3).

After established optimal reaction condition, we developed a broad scope for this
protocol with different electronic environment, such as electron rich, electron deficient,
and fused aryl aldehyde. Benzaldehyde treated with malononitrile and 1,3-dimethyl
barbituric acid in standard optimized condition leads 12 in 90% yield. To examine elec-
tronic effect with different electron-withdrawing aldehyde, 2-chlorobenzaldehyde,
4-chlorobenzaldehyde, and 4-bromobenzaldehyde treated with malononitrile and 1,3-
dimethyl barbituric yielded 92, 94, and 92% of 13, 14, and 15, respectively, showing an
excellent yield. Also, strong electron-withdrawing group 2-nitrobenzaldehyde and 3-
nitrobenzaldehyde, yielded 94% and 95% of products 16 and 17. The above results con-
clude that our protocol tolerates the electron-withdrawing substituent leading to an
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“Reaction conditions: aromatic aldehyde (1 mmol), Malanonitrile, (I mmol) and 1,3 di methyl barbituric acid (1
mmol),  Method A= Conventional method, “Method B= Ultra sonication, Open flask. Isolated yield.

Scheme 3. Synthesis of pyrano[2,3-d] pyrimidine diones derivatives under optimized conditions.

excellent yield in the corresponding product. These results clearly clarify that the use of
electronically deactivating substituent at ortho, meta, and para positions have no signifi-
cant effect on the yield. In the further scope some electron-donating aldehyde was
treated, with the electron-releasing 4-methylbenzaldehyde and 4-methoxybenzaldehyde
86 and 88% yields were obtained for 18 and 19, respectively. In general, excellent yields
were observed for electron-donating and electron-withdrawing aldehyde, afterwards we
tested the scope of this procedure with free -OH and fused aromatic aldehyde. In this
protocol, 2-hydroxybenzaldehyde and 4-hydroxybenzaldehyde also produced expected
products 20 and 21 in 88 and 90% yields, respectively. The presence of free ~-OH group
in aromatic aldehyde was well tolerated by our procedure. In the case of fused aromatic
aldehyde, 1-Napthaldehyde results yielded 86% of Product 22. They do not have any
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Scheme 4. Experimental study on the thermal stability and reactivity of the L-Proline-NO; for our
developed procedure.

negative impact on the reaction yield, it accomplished that our protocol was also useful
for fused aromatic aldehyde. Also, we could not observe any decomposition of the prod-
uct during reaction and recrystallization of the product.

At this point, it is important to focus on some following points on our protocol: (1)
We obtained product using ultrasonication method as well as a conventional method,
(2) ionic liquid catalyzed, (3) use of green solvent H,O, (4) the absence of an inert
atmosphere, (5) reusability of catalyst, (6) no need of column purification, (7) easily
recrystallized in ethanol, (8) high yielding, and (9) short reaction time. However, we
overcame many literature limitations: (1) long reaction time, (2) low yields, (3) hard
conditions for the catalyst preparation, and (4) in some cases no or low reusability
of catalyst.

We carried out the synthesis and characterization of ionic liquid catalyst L-Proline-
NO; in our lab with the reported procedure. Also, to carry out study for the possible
thermal and sensitivity of the catalyst, we carried out the synthesis of pyrano([2,3-d] pyr-
imidine diones over the period of one month by comparing two storage temperature 23
and 4°C (Scheme 4).

In this study, we used a standard reaction condition for Method B. On the same day,
93% of product 12 was yielded at 23 °C. This reaction was carried out the day after the
synthesis of the reagent, which was stored at 4°C before use. When the reaction was
attempted with a reagent stored at 23 °C for one day, we obtained a slightly lower yield
(90 and 92%) of product 12. In general, L-Proline-NO; stored at 4°C gave essentially
high yields (90-88%) of product 12 even after one month of storage. In the reactions
carried out with the reagent stored at 23 °C, notably diminished but still encouraging
yields (90-89%) of Product 12 were observed over a period of one month. All these
experimental data conclude that the thermal stability and reactivity of the L-Proline-
NO; does not change over a period of one month at different temperature conditions.
The characterization IR and synthesis of catalyst L-Proline-NO; are provided in the
Supplementary material.
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We also investigated the regeneration and reusability of the catalyst, the reaction between
4-chlorobenzaldehyde, malononitrile and 1,3-dimethyl barbituric acid was studied in stand-
ard optimized reaction conditions. After completion of the reaction, the mixture was filtered
and catalyst was recovered from the evaporation of solvent under vacuum at 70°C. The
recovered catalyst was washed with diethyl ether and dried under vacuum. The recovered
catalyst could be used up to five times without any appreciable loss in activity, as shown in
Figure 2. After a deep analysis of previous literature, our protocol provides excellent reus-
ability of catalysts and also thermal stability and reactivity.

To gain more understanding toward the chemoselectivity of our protocol, we decided
to carry out the synthesis with ketone, acid, and ester functional group to correspond
for the synthesis of pyrano[2,3-d] pyrimidine diones derivatives, as we cannot observe
any reaction with standard reaction conditions.

The sets of reactions in Egs. (1-3) concluded that our protocol has an excellent
chemo-selectivity aldehyde functional group.

(o] Method-A,
M Jl 80°C, 15 min No Reaction (Eq1.)
e CN +
%I\ 0 Method-B,
))); 5 min
26 25 24
o " Q Method-A,
e\ 80°C, 15 min
OEt 4 _CON j‘\ —  »  NoReaction (Eq2.)
(0) Method-B,
Me ))), 5 min
27 25 24
o) O Method-A,
Me 80°C, 15 min
OH CN N —— ~ > NoReaction (Eq3.)
T+ <

e} 'Tj e} Metl;od-'B,
Me ))), 5 min

28 25 24

Plausible mechanism

Here, we propose a plausible mechanistic path for our protocols, which is represented
in (Schemes 5 and 6), respectively, According to the mechanism in the formation of 5-
benzylidene-1,3-dimethylpyrimidine-2,4,6(1H,3H,5H)-trione, L-Proline NO; acts as a
proton donor which increases the electrophilic character of aldehyde as well as acceler-
ate enolization of 1,3-dimethyl barbituric acid. Next, the enolized 1,3-dimethyl barbitu-
ric acid easily leads to Knoevenagel condensation with an aldehyde to form
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Figure 2. Reusability of catalysts for the synthesis of Product 14.
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Scheme 5. Plausible mechanistic pathway for Scheme 2.

intermediate I followed by the elimination of water molecule, resulting in the formation
of Product II.

Also, for the proposed mechanism of the formation of pyrano[2,3-d] pyrimidine dio-
nes is shown in Scheme 6. Initially, electrophilic activation of the carbonyl group of aro-
matic aldehyde takes place in the presence of L-Proline NO; which triggered a
nucleophilic attack of activated malanonitrile followed by the loss of water molecule in
Knoevenagel condensation to form 2-arylidenemalanonitrile (IV). In the next step, the
presence of L-Proline NO; enolized 1,3-dimethyl barbituric acid undergoes Michael
type of addition leading to form V followed by intramolecular cyclization, which further
leads to the formation of intermediate VI. In a final step, intermediate VI undergoes an
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Scheme 6. Plausible mechanistic pathway for Scheme 3.

Table 3. Comparison of the results obtained from the synthesis of pyrano[2,3-d] pyrimidine diones.

Product Catalyst Time Yield References
Product 14 Urea based ionic liquid {Fe;0,@Si0,@(CH,)s-Urea-SOsH/HCI} 30 min 97 [241c
TMU-16-NH,. Reflux, H,0 60 min 20 [21a
Et5N, ultrasonication 25 min 87 [257a,d
Tungustophosphoric acid H;PW;,040, EtOH Reflux 40 min 90 128a
ZnO Nanopowder 2.5h 86 [26]ab

Literature limitations: long reaction time Plow yields, “hard conditions for the catalyst preparation, and %ultrasonication.

imine-enamine tautomerism which resulted in the formation of a desired product VII
(Table 3).

Conclusions

In summary, our experiment suggests a new route for a promising synthesis of 5-benzy-
lidene-1,3-dimethylpyrimidine-2,4,6(1H,3H,5H)-trione and pyrano[2,3-d] pyrimidine
diones using L-Proline-NOj catalyst under ultrasonication method. L-Proline-NOj was
found to be effective and applied to a broad range of different arenas including aro-
matic, fused aromatic, and heteroaromatic derivatives. Mild reaction condition, oper-
ationally simple, eco-friendly catalyst, recyclability of catalyst, good tolerance with
electron donating, no need of column chromatography, electron withdrawing aldehyde,
and clean reaction profile are key advantages of the present protocol. The above result
describes ultrasonication replaces the classical method in terms of short reaction time,
simple work up, and high isolated product yield.

Experimental section

General procedure for the preparation of of 5-benzylidene-1,3-dimethylpyrimidine-
2,4,6(1H, 3H, and 5H)-trione

Method A: A 25mL oven-dried round-bottom flask was filled with a mixture of aro-
matic aldehyde (1 mmol), 1,3 dimethyl barbituric acid (1 mmol), and L-Proline Nitrate
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(15mol%, 0.15mmol) in 10mL water as solvent. The resulting mixture was heated in
an oil bath for the appropriate time as mentioned in Table 1. The progress of the reac-
tion was monitored by TLC using n-hexane:ethyl acetate in the ratio of 7:3. After the
completion of reaction, crude product was filtered off, washed with water and recrystal-
lized from ethanol to give the desired product.

Method B: A 25 mL oven-dried round-bottom flask was filled with a mixture of aro-
matic aldehyde (1 mmol), 1,3 dimethyl barbituric acid (1 mmol), and L-Proline Nitrate
(15mol%, 0.15mmol) in 10 mL water as solvent. The resulting mixture was sonicated in
an ultrasonic bath at room temperature for the appropriate time as mentioned in Table
1. The progress of the reaction was monitored by TLC using n-hexane:ethyl acetate in
the ratio of 7:3. After completion of the reaction, crude product was filtered off, washed
with water, and recrystallized from ethanol to give the desired product.

General procedure for the preparation of pyrano[2,3-d] pyrimidinones

Method A: A 25mL oven-dried round-bottom flask was filled with a mixture of aro-
matic aldehyde (1mmol), malononitrile (1mmol), 1,3 dimethyl barbituric acid
(1 mmol), and L-Proline Nitrate (15 mol%, 0.15mmol) in 10 mL water as solvent. The
resulting mixture was heated in an oil bath for the appropriate time as mentioned in
Table 2. The progress of reaction was monitored by TLC using n-hexane:ethyl acetate
in the ratio of 8:2. After completion of reaction, crude product was filtered off, washed
with water, and recrystallized from ethanol to give the desired product.

Method B: A 25 mL oven-dried round-bottom flask was filled with a mixture of aro-
matic aldehyde (1 mmol), malononitrile (1mmol), 1,3 dimethyl barbituric acid
(1 mmol), and L-Proline Nitrate (15 mol%, 0.15mmol) in 10 mL water as solvent. The
resulting mixture was sonicated in an ultrasonic bath at room temperature for the
appropriate time as mentioned in Table 2. The progress of reaction was monitored by
TLC using n-hexane:ethyl acetate in the ratio of 8:2. After completion of reaction, crude
product was filtered off, washed with water, and recrystallized from ethanol to give the
desired product.
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