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Chapter 2

Multi-component Synthesis of Chromeno|2,3-d]pyrimidine-
triones Using an Efficient and Reusable (Sc(OTf)3) Catalyst
Under Solvent-free Condition: A Greener Approach

2.1 Introduction

Green chemistry has become a contemporary research tool to design proficient
and environmentally compatible synthetic methods [1-3]. The main objective of green
chemistry is to pursue alternative reaction procedures to avoid the use of conventional
organic solvents and with minimum waste generation.

Multi-component reactions (MCRs) are an important tool for gathering three or
more starting materials and converting them into a single product of higher molecular
weight in a fast and efficient manner [4-7]. In recent years, MCRs by high merit of their
junction, output, high yields, environmental friendliness, and simplicity of
implementation have emerged as a powerful synthetic plan to make “drug-like” diverse
structures of heterocyclic moieties [8-11].

Transition metal-catalyzed carbon-carbon and carbon-heteroatom bond-forming
reactions are the vital aspects of organic synthesis to give a biologically active organic
molecular framework. Since catalysts play a significant role in organic reactions thus they
are widely applicable to provide energy efficient, selective, atom-economical solutions to
many industrially important problems in organic chemistry synthesis [12-15]. The search
for better and efficient catalysts for various organic reactions is always a challenge for
organic chemists. Triflate salts have been widely used as a Lewis acid catalyst for organic

synthesis since last decades. Among the triflate salts, Sc(OTf); has come into view as a
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competent, mild, commercially available, economical, reusable water tolerant Lewis
acidic catalyst in organic transformations [16-18]. Usually, most of the traditional Lewis
acids immediately react with water rather than the substrate and are decomposed, while
Sc(OTf)3 1s found to be stable in water and worked efficiently in a number of other
organic solvents as a Lewis acid catalyst [19]. The smaller size of scandium (Sc**) than
other ones is another factor that makes it a more efficient catalyst [20, 21]. The use of
scandium triflate as a catalyst for organic transformation has been increased promptly due
to the above facts.

Chromenes are one of the important classes of organic compounds which have
been found in several natural products like tocopherols, flavonoids, alkaloids, and
anthocyanins [22-26], in addition to biologically active molecules like an antibiotic
rhodomyrtone [27] and cancer cell apoptosis inducer BENC-511 [28] (Figure 2.1). The
syntheses of chromene and their derivatives have garnered considerable awareness for
their valuable biological properties, such as anti-anaphylactic [29], antitumor [30],

antimicrobial [31], anticoagulant [32], spasmolytic [33] and diuretic activities [34].

Br N0z

o)
OCH,CHj

Rhodomyrtone BENC-511

Figure 2.1 Naturally occurring chromene moieties.
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Pyrimidine derivatives and pyrimidine annelated heterocycles are also important
biologically active compounds [35, 36]. The combination of both moieties, i.e., chromene
along with pyrimidine in a single molecular framework would result in the development
of biologically and pharmaceutically important compounds. Due to their vital role in
pharmacology, these compounds are exploited in many fields such as medicinal and
pharmaceutical chemistry viz. in chemotherapy of cancer, against HIV and viral diseases,
etc. [37, 38].

Currently, a new approach for synthesizing heterocycles containing both
pyrimidine as well as chromene moiety in a single molecule has attracted a great deal of
interest due to their excellent biological activities [39-41]. Previously the synthesis of
chromeno[2,3-d]pyrimidine-triones have been performed by using catalysts p-TSA [42],
P>Os and InCls [43], L-Proline [44] and by electrochemical method [45], but these
approaches have certain limitations, such as the use of substoichiometric amount of
catalyst, the low yield of products and side products. Despite the available synthetic
methods, there still exists a need for developing more efficient procedures, which allow
the ready synthesis of polycyclic pyrimidine systems. Therefore, we are motivated for a
better and greener approach for the synthesis of chromeno[2,3-d]pyrimidine-triones.
However, to best of our knowledge, the synthesis of chromeno[2,3-d]pyrimidine-triones
has not been previously reported through such an approach.

In view of the above and as a part of our contemporary research on the design and
synthesis of biologically active compounds we report herein the multicomponent reaction

of barbituric acid (1) with substituted aromatic aldehydes (2) and 1,3-diketones (3) in the
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presence of Sc(OTf); catalyst under solvent-free condition, at 100°C to afford

chromeno[2,3-d]pyrimidine-triones (4a-s) in excellent yields (95-98%) (Scheme 2.1).

)i @ ﬁ (Sc(OTH)3) (5 mol %)
Solvent-free
100°C, 2h

2a-j a-b 4a-s
(95-98%)

X=4-NO,, 4-Cl, 4-Br, 4-CH3, a: R=CH;
4-F, 3-NO,, 3-Cl, 2,4-Cl,, Hetc. b:R=H

Scheme 2.1 Sc(OTf); catalyzed synthesis of substituted chromeno[2,3-d]pyrimidine-
triones (4a-s).

2.2 Results and Discussion

Our study initiated by optimizing the reaction conditions by taking the
multicomponent reaction of barbituric acid (1), 4-nitrobenzaldehyde (2a) and dimedone
(3a) as a model reaction. The model reaction was examined under a variety of conditions,
and the outcome is given in Table 2.1. First of all, we screened various catalysts such as
AlCl3, LiCl, ZnClz, Ni(OTf)2, Cu(OTf)2, Yb(OTHf); and Sc(OTf); in ethanol at 100 °C
because un-catalyzed reaction in ethanol at 100 °C proceeded lethargically, and gave only
a trace amount of product 4a after long reaction time (20h) (Table 2.1, entry 2) while at
room temperature no desired product was obtained. Out of various catalyst ZnCl,, LiCl
furnished only a trace amount of product while AICl3 promoted the reaction to some

extent (Table 2.1, entry 3). This result encourages us to take Lewis acid catalyst for this
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reaction. Literature survey shows that metal triflates are better Lewis acid catalysts in
aqueous as well as organic solvents. Due to this reason, various triflates like Ni(OTf),,
Cu(OTf),, Yb(OTH)3 and Sc(OTf)3 were screened. The desired product 4a was isolated in
60% yield with Sc(OTf)3 (10 mol%) in ethanol at 100 °C without any observable side
products (Table 2.1, entry 9). Subsequently, different solvents such as toluene, hexane,
CHCI3, and water were also examined. It was found that the polar solvents provided a
better result than non-polar solvents. Surprisingly, 78% yield of product was obtained in
absence of solvent with 10 mol% of Sc(OTf); in the only 2h (Table 2.1, entry 14).
Consequently, the amount of Sc(OTf)3 was also examined (Table 2.1, entry 14-17). The
result showed that the product was isolated in 98% yield with 5% Sc(OTf); at 100 °C
(Table 2.1, entry 15) while only 29% yield of the product was obtained with 3 mol% of
Sc(OTf); (Table 2.1, entry 16). The effect of temperature (80, 90, 100, 110 and 120 °C)
was also studied for this reaction and it was concluded that 100 °C was the optimized
temperature. The reaction was also carried out without a catalyst under the solvent-free
condition at 100 °C for 2h but no product was obtained (Table 2.1, entry 22). Even after
12h, the reaction didn’t take place (Table 2.1, entry 23). The molar ratio of the reactant

1, 2a and 3a were also optimized and found to be 1:1:1.
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Table 2.1 Optimization of reaction conditions for the synthesis of 4a.[?

O CHO o)
O'j\)Nio N © + Ob< Reaction Conditioni 'j\
H No, o)
1 2a 3a
Entry Catalyst Solvent Temperature Time(h) %
(mol%) °O) Yield!®!
1 - EtOH Room temp 20 0
2 - EtOH 100 20 trace
3 AICI3(10 mol%) EtOH 100 5 35
4 LiCl(10 mol%) EtOH 100 5 Trace
5 ZnCl2(10 mol%) EtOH 100 5 Trace
6 Ni(OTf)2(10 mol%) EtOH 100 5 38
7 Cu(OTH)2(10 EtOH 100 5 41
mol%)
8 Yb(OT1)3(10 EtOH 100 5 45
mol%)
9 Sc(OTf)3(10 mol%) EtOH 100 5 60
10 Sc(OTf)3(10 mol%) Toluene 100 12 0
11 Sc(OTf)3(10 mol%) Hexane 100 12 0
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12 Sc(OT1)3(10 mol%) CHCI3 100 8 Trace
13 Sc(OTf)3(10 mol%) H0 100 8 20
14 Sc(OTf)3(10 mol%) Solvent-free 100 2 78
15 Sc(OT1)3(5 mol%) Solvent-free 100 2 98
16 Sc(OTf)3(3 mol%)  Solvent-free 100 2 29
17 Sc(OTf)3(15 mol%) Solvent-free 100 2 81
18 Sc(OT1)3(5 mol%)  Solvent-free 80 2 76
19 Sc(OT1)3(5 mol%)  Solvent-free 90 2 80
20 Sc(OT1)3(5 mol%)  Solvent-free 110 2 98
21 Sc(OT)3(5 mol%)  Solvent-free 120 2 82
22 - Solvent-free 100 2 0
23 - Solvent-free | 100 12 0

[{Barbituric acid- 4-nitrobenzaldehyde-dimedone (1:1:1).
bl[solated yield.

To study the scope and limitations of this multicomponent reaction, various
aromatic aldehydes such as 4-nitrobenzaldehyde (2a), 4-chlorobenzaldehyde (2b),
benzaldehyde (2¢), 3-nitrobenzaldehyde (2d), 4-methylbenzaldehyde (2e), 4-
fluorobenzaldehyde (2f), 4-bromobenzaldehyde (2g), 3-chlorobenzaldehyde (2h), 2-
naphthaldehyde (2i), 2,4-dichlorobenzaldehyde (2j) were allowed to undergo reaction
with barbituric acid (1) and cyclic 1,3-diketones i.e., dimedone (3a), and cyclohexane-
1,3-dione (3b) under optimized reaction conditions. All the aldehydes gave the desired

products in good to excellent yields with cyclic 1,3-diketones and barbituric acid. This
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procedure is applicable for ortho -, meta-, and para-substituted aromatic aldehydes. The
reaction proceeds efficiently with both electron-donating as well as -withdrawing groups

and results are included in Table 2.2.

Table 2.2 Screening of substrates for the synthesis of chromeno[2,3-d]pyrimidine-
triones. [

Entry 1 2 3 412l Yield!"!
(%)
4a 0 CHO 98
HN)i
O)\N 0
H NO,
2a
4b (0] CHO 97
HN)i
o)\N o
H Cl
2b
4c (0] CHO 95
O)\N o
H
2¢

Department of Chemistry IIT (BHU), Varanasi Page 57



Chapter 2

4d 0 CHO 0 NO, 96
0”>N"o NO, O N
2d 3a o)\H 0
4e CH 98
4f 95
4g 96
4h 97
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4i O 95
HN)i CHO
H
2i
4j 0] CHO 95
HNJt\L
O)\N 0
H NO,
2a
4k 0 CHO 96
HNJj\L
O)\N 0
H cl
2b
41 o) CHO 98
O)\N 0
H
2¢
4m o) CHO 97
1), Q.
O)\N 0 NO,
H
2d
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4n O CHO 95
HNJ?\L
O)\H @]
2e
40 0 CHO 98
HNJ?\L
O)\H O
F
2f
4p 0 CHO 96
HNJj\L
O)\N @]
H Br
2¢g
0 CHO
W L QL .
(@) H @] Cl
2h
0 CHO
HN cl
4r )\ 97
(e} N O
H Cl
2j
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95

0] (0]
o X0 ey O
H
3b

2i

[al Products were characterized by 'H, *C NMR and IR analysis.
[l Tsolated yield.

The structure of product 41 was conclusively confirmed by single crystal X-ray

determinations (Figure 2.2) [46].

Figure 2.2 Single crystal XRD structure of product 41 (CCDC 1831617).

To investigate the reusability of the catalyst, recycling experiments were carried
out on the model reaction of barbituric acid, 4-nitrobenzaldehyde, and dimedone under
optimized conditions (Table 2.3). After completion of the reaction, the catalyst was

recovered
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Table 2.3 Reusability and recyclability of Sc(OTf); catalyst. [

Entry Run % Yield
1 1 98

2 2nd 96"

3 3rd 93[]

4 4t 911°]

l[JReaction Conditions: barbituric acid: 4-nitrobenzaldehyde: dimedone (1.0: 1.0: 1.0) and
Sc(OTf)3 (5.0 mol%) were heated at 100 °C for 2h to produce solid product.
[bICatalyst was recovered by concentrating the aqueous layer.

by concentrating the aqueous layer (filtrate) under reduced pressure, dried under vacuum
and reused for the second run. The catalytic activity remains fairly consistent up to the
fourth consecutive run without any significant decrease in the yield of the product (Figure

2.3).

100+

80

601

% Yield

404

204

Tst 2nd 3rd 4th

Figure 2.3 The reusability of the Sc(OTf)s catalyst for the multicomponent reaction of
barbituric acid, 4-nitrobenzaldehyde, and dimedone.
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On the basis of reported literature and isolated product Scheme 2.2 represents the
plausible mechanism for the synthesis of chromeno[2,3-d]pyrimidine-triones. The
reaction was initiated by the activation of carbonyl oxygen of barbituric acid (1) and
aromatic aldehyde (2) through Sc(OTf);. Now Knoevenagel condensation takes place

between barbituric acid (1) and aromatic aldehyde (2) to produce (A).

OH

O,
i\\:
g
O
A

: : Sc(OTf
= B Ar =
Sc(OTf); Sc(OTf); Sc(OTf),
- ) ) (A) @) -
o Ar o o Ar O)
HN R HN | R
O N O HO R O)\N O{;: R
H H
fe) Ar O? (0] Ar O

Scheme 2.2 A plausible mechanism for the formation of chromeno[2,3-d|pyrimidine-
triones catalyzed by Sc(OTf)s.
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Finally, Michael addition between activated 1, 3-diketone (3) and (A) followed by the

removal of water give the final product (4) (Scheme 2.2).

2.3 Conclusion

In conclusion, we have developed a new, facile, solvent-free and efficient one-pot
multicomponent synthesis of chromeno[2,3-d]pyrimidine-triones by using resourceful,
Sc(OTH); catalyst and readily available starting materials. In this approach, the product
can be isolated very easily without the use of column chromatography. This approach

also offers low catalyst loading, high yield, easy work-up, and broad substrate scope.

2.4 Experimental Section

2.4.1 General Procedure for the Synthesis of Chromeno|2,3-d|pyrimidine-triones
(4a-s) Barbituric acid (2.0 mmol), dimedone/cyclohexane-1,3-dione (2.0 mmol),
aromatic aldehydes (2.0 mmol) and scandium triflate (5 mol %) were heated at 100 °C
for 2 h. After completion of the reaction (confirmed by TLC), the reaction mixture was
diluted with water and filtered. The solid product was washed with water (3 x 5 mL).
Then, crude product was recrystallized with ethanol to afford the pure product. By

evaporation of the filtrate (water), Sc(OTf)3; was recovered quantitatively and reused.
2.4.2 Analytical Data

8,8-Dimethyl-5-(4-nitrophenyl)-8,9-dihydro-1H-chromeno|2,3-d]pyrimidine-
2,4,6(3H, SH,7H)-trione (4a) Yellow powder (98% yield); mp: 199°C; IR (KBr) v cm’

113205, 3110, 2954, 1723, 1689, 1223, 761; "TH NMR (500 MHz, DMSO-ds) 8 (ppm)=
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12.14 (s, TH,NH), 11.09 (s, 1H, NH),8.10 (d, J = 7.4 Hz, 2H,Ar-H), 7.53 (d, /= 7.4 Hz,
2H,Ar-H), 4.63 (s, 1H, CH), 2.59 (s, 2H,CH>), 2.28 - 2.12 (m, 2H,CH>), 1.05 (s, 3H,CH3),
0.93 (s, 3H,CH3);3C NMR (126 MHz, DMSO- de) & (ppm)= 195.92, 162.94, 162.81,
152.96, 151.42, 149.38, 146.09, 129.66, 123.07, 113.65, 89.21, 49.89, 32.36, 31.91,
28.31, 26.73; Anal. Cale. for C19H17N306: C,59.53; H, 4.47; N,10.96; Found: C,59.42;

H,4.59; N,11.07.

5-(4-Chlorophenyl)-8,8-dimethyl-8,9-dihydro-1H-chromeno|2,3-d|pyrimidine-

2,4,6(3H, SH,7H)-trione (4b) Yellow powder (97% yield); mp:168°C; IR(KBr) v cm™:
3197, 2965, 2832, 1710, 1690, 1262, 769; 'TH NMR (500 MHz, DMSO-ds) & (ppm)=
11.47 (s, 1H,NH), 11.06 (s, IH,NH), 7.27 (d, J = 8.3 Hz, 2H,Ar-H), 7.23 (d, /= 8.3 Hz,
2H,Ar-H), 4.49 (s, 1H, CH), 2.57-2.56 (d, 2H,CH>), 2.28 -2.09 (m, 2H,CH>), 1.03 (s,
3H,CH3), 0.92 (s, 3H,CH3);3C NMR (126 MHz, DMSO- ds) & (ppm)= 196.09, 162.96,
162.66, 152.91, 149.52, 142.92, 131.01, 130.14, 127.92, 114.36, 89.95, 50.04, 31.98,
31.58, 28.47, 26.73; Anal. Calc. for C1oH17CIN204: C, 61.21; H, 4.60; N, 7.51; Found:

C,61.34; H, 4.77; N, 7.62.

8,8-Dimethyl-5-phenyl-8,9-dihydro-1H-chromeno|2,3-d|pyrimidine-

2,4,6(3H,5H,7H)-trione (4c) White powder (95% yield); mp: 161°C; IR(KBr) v cm™:
3176, 2964, 2836, 1717, 1675, 1254, 797;'H NMR (500 MHz, DMSO-ds) 6 (ppm)=
12.03 (s, IH,NH), 11.02 (s, 1H,NH), 7.25 - 7.19 (m, 5SH,Ar-H), 4.51 (s, 1H, CH), 2.61-
2.53 (m, 2H,CHz>), 2.29-2.09 (m, 2H,CH>), 1.04 (s, 3H,CH3), 0.92 (s, 3H,CH3);3C NMR

(126 MHz, DMSO- ds) 6 (ppm)= 195.86, 162.83, 162.39, 152.72, 149.42, 143.84,
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128.08, 127.91, 126.38, 114.76, 90.37, 50.01, 31.90, 31.78, 28.46, 26.60, Anal. Calc. for

C19H18N204: C, 67.44; H, 5.36; N, 8.28; Found: C, 67.31; H, 5.49; N, 8.12.

8,8-Dimethyl-5-(3-nitrophenyl)-8,9-dihydro-1H-chromeno|2,3-d]pyrimidine-

2,4,6(3H, SH,7H)-trione (4d) White powder (96% yield); mp:179°C; IR (KBr) v cm™:
3183, 2945, 2896, 1735, 1646, 1229, 756;'H NMR (500 MHz, DMSO-ds) 6 (ppm)=
11.10 (s, IH,NH), 8.02 (m, 2H, Ar-H), 7.74 - 7.68 (m, 1H Ar-H), 7.54 (m, 1H, Ar-H),
4.63 (s, 1H, CH), 2.60 (s, 2H,CH>»), 2.30-2.11(m, 2H,CH>), 1.05 (s, 3H,CH3), 0.93 (s,
3H,CH3);!13C NMR (126 MHz, DMSO- d6) 8 (ppm)= 196.12, 163.17, 162.97, 153.04,
149.49, 147.48, 146.03, 135.04, 129.55, 122.90, 121.64, 113.71, 89.35, 49.93, 32.27,
32.01, 28.46, 26.63 ; Anal. Calc. for C19H17N3Oe: C, 59.53; H, 4.47; N,10.96; Found:

C,59.64; H,4.38; N,10.83.

8,8-Dimethyl-5-p-tolyl-8,9-dihydro-1H-chromeno[2,3-d]pyrimidine-

2,4,6(3H,5H,7H)-trione (4e) White powder (98% yield); mp:186°C; IR (KBr) v cm™:
3195, 2987, 2865, 1758, 1652, 1201, 780; 'TH NMR (500 MHz, DMSO-ds) & (ppm)=
12.01 (s, 1H,NH), 11.01 (s, 1H,NH), 7.08 (d, J= 7.7 Hz, 2H, Ar-H), 7.02 (d, /= 7.7 Hz,
2H, Ar-H), 4.47 (s, 1H, CH),2.60- 2.56 (m, 2H,CH>), 2.26 (d, J = 16.2 Hz, 1H), 2.21 (s,
3H,CH3), 2.10 (d, J = 16.2 Hz, 1H), 1.04 (s, 3H,CH3), 0.92 (s, 3H,CH3);!3C NMR (126
MHz, DMSO- ds) & (ppm)= 195.81, 162.80, 162.19, 152.60, 149.40, 140.93, 135.39,
128.47, 127.95, 114.84, 90.49, 50.01, 31.89, 31.33, 28.48, 26.58, 20.58; Anal. Calc. for

C20H20N204: C, 68.17; H, 5.72; N, 7.95; Found: C, 67.98; H, 5.59; N, 8.13.
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5-(4-Fluorophenyl)-8,8-dimethyl-8,9-dihydro-1H-chromeno|2,3-d|pyrimidine-

2,4,6(3H,5H,7H)-trione (4f) Yellow powder (95% yield); mp:182°C; IR (KBr) v cm’
113242, 2980, 2833, 1724, 1679, 1229, 796; '"H NMR (500 MHz, DMSO-ds) & (ppm)=
11.78 (s, 1H,NH), 11.26 (s, 1H,NH), 7.19 - 7.16 (m, 2H, Ar-H,), 7.05-7.01 (m, 2H, Ar-
H), 4.50 (s, 1H,CH),2.58- 2.52 (m, 2H,CH>), 2.27-2.06 (m, 2H,CH>), 1.03 (s, 3H,CH3),
0.89 (s, 3H,CH3);'3C NMR (126 MHz, DMSO- ds) 6 (ppm)= 196.26, 169.04, 163.09,
159.70,149.86, 149.39, 140.50, 129.91, 129.85, 114.73, 114.56, 114.28, 85.02, 50.05,
31.94, 30.71, 28.69, 26.54; Anal. Calc. for CiosH17FN204: C, 64.04; H, 4.81; N, 7.86;

Found: C, 63.92; H, 4.96; N, 7.72.

5-(4-Bromophenyl)-8,8-dimethyl-8,9-dihydro-1H-chromeno[2,3-d]pyrimidine-

2,4,6(3H,5H,7H)-trione (4g) White powder (96% yield); mp:180°C; IR (KBr) v cm™:
3192, 2974, 2862, 1729, 1646, 1241, 762; 'H NMR (500 MHz, DMSO-ds) & (ppm)=
11.05 (s, 1H,NH), 7.40 (d, J= 8.4 Hz, 2H, Ar-H,), 7.17 (d, J = 8.4 Hz, 2H, Ar-H,), 4.46
(s, 1H, CH), 2.60-2.55 (m, 2H,CH>), 2.28-2.08(m, 2H,CH>), 1.03 (s, 3H,CHz3), 0.91 (s,
3H,CH3);!13C NMR (126 MHz, DMSO- d6) & (ppm)= 196.38, 163.17, 162.92, 153.18,
149.77, 143.50, 130.98, 130.67, 119.67, 114.40, 90.03, 50.16, 32.11, 31.81, 28.60, 26.83;
Anal. Calc. for C19H17BrN204: C, 54.69; H, 4.11; N, 6.71; Found: C, 54.86; H, 4.25; N,

6.82.

5-(3-Chlorophenyl)-8,8-dimethyl-8,9-dihydro-1H-chromeno|2,3-d]|pyrimidine-
2,4,6(3H,5H,7H)-trione (4h) Yellow powder (97% yield); mp:170°C; IR (KBr) v cm

1:3224,2938,2896, 1712, 1637, 1271, 742 ; "TH NMR (500 MHz, DMSO-ds) 5 (ppm)=
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12.07 (s, TH,NH), 11.07 (s, 1H,NH), 7.28 - 7.24 (m, 2H, Ar-H), 7.21 - 7.16 (m, 2H, Ar-
H), 4.50 (s, 1H, CH), 2.58 (s, 2H,CHa), 2.27 (d, J= 16.1 Hz, 1H), 2.13 (d, J = 16.1 Hz,
1H), 1.04 (s, 3H,CH3), 0.93 (s, 3H,CH3);'3C NMR (126 MHz, DMSO- ds)  (ppm)=
195.96, 162.87,162.76, 152.87, 149.41, 146.22, 132.45, 129.86, 128.20, 126.78, 126.46,
114.06, 89.65, 49.96, 31.95,31.89, 28.38, 26.64; Anal. Calc. for C1sH17CIN204: C,

61.21; H, 4.60; N, 7.51; Found: C, 61.04; H, 4.79; N, 7.69.

8,8-Dimethyl-5-(naphthalen-2-yl)-8,9-dihydro-1H-chromeno|2,3-d]pyrimidine-

2,4,6(3H, SH,7H)-trione (4i) White powder (95% yield); mp>300°C; IR (KBr) v cm
1. 3243,2958,2826,1727,1661,1263,772; '"HNMR (500 MHz, DMSO-ds)  (ppm)=
12.02 (s, 1H,NH), 10.97 (s, IH,NH), 7.78 - 7.64 (m, 4H, Ar-H), 7.37 - 7.30 (m, 3H, Ar-
H), 4.62 (s, 1H, CH), 2.20 - 1.98 (m, 4H,CH>), 0.94 (s, 3H,CH3), 0.81 (s, 3H,CH3);13C
NMR (126 MHz, DMSO- de) 6 (ppm)= 195.97, 162.97, 162.45, 152.83, 149.52, 141.42,
132.80, 131.94, 127.72, 127.42,127.38, 126.80, 126.62, 126.01, 125.63, 114.68, 90.28,
50.04, 31.92, 30.72, 28.52, 26.55; Anal. Calc. for C23H20N204: C, 71.12; H, 5.19; N,

7.21; Found: C, 71.35; H, 5.04; N, 7.39.

5-(4-Nitrophenyl)-8,9-dihydro-1H-chromeno|[2,3-d|pyrimidine-2,4,6(3H,5H,7H)-

trione (4j) Yellow powder (95% yield); mp: 276 °C; IR (KBr) v cm: 3196, 3084,
2857, 1728, 1681, 1263, 792 ; 'H NMR (500 MHz, DMSO-ds) & (ppm)= 11.47 (s,
1H,NH), 11.09 (s, 1H,NH), 8.08 (d, /= 8.6 Hz,2H, Ar-H), 7.53 (d, J = 8.6 Hz, 2H, Ar-
H), 4.63 (s, 1H, CH), 2.69 (m, 2H,CH>), 2.34 - 2.25 (m, 2H,CH»), 2.01 - 1.88 (m,

2H,CH2);3C NMR (126 MHz, DMSO- ds) 6 (ppm)= 196.29, 165.09, 162.95, 153.01,
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151.62, 149.48, 146.16, 129.74, 123.17, 114.73, 89.31, 36.33, 32.34, 26.49, 19.75 ; Anal.

Calc. for C17H13N3O0¢: C, 57.47; H, 3.69; N, 11.83; Found: C, 57.28; H, 3.78; N, 11.97.

5-(4-Chlorophenyl)-8,9-dihydro-1H-chromeno|2,3-d|pyrimidine-2,4,6(3H,5H,7H)-

trione (4k) Light yellow powder (96% yield); mp:297°C; IR (KBr) vcm': 3214, 3092,
2850, 1703, 1676, 1222, 718 ; "H NMR (500 MHz, DMSO-ds) & (ppm)= 12.05 (s,
1H,NH), 11.06 (s, IH,NH), 7.26 (s, 4H, Ar-H), 4.52 (s, 1H, CH), 2.67 (m, 2H,CH>), 2.35
-2.24 (m, 2H,CH>), 2.02 - 1.85 (m, 2H,CH,);3C NMR (126 MHz, DMSO- ds) 4 (ppm)=
196.07, 164.51, 162.84, 152.73, 149.37, 142.95, 130.90, 130.03, 129.40, 127.83, 115.31,
89.83,36.30, 31.35, 26.35, 19.71; Anal. Calc. for C17H13CIN204: C, 59.23; H, 3.80; N,

8.13; Found: C, 59.35; H, 3.98; N, 8.24.

5-Phenyl-8,9-dihydro-1H-chromeno|2,3-d]pyrimidine-2,4,6(3H,5H,7H)-trione (41)
Yellow powder (98% yield); mp >300°C; IR (KBr) v cm™: 3201, 2982, 2824, 1703,
1694, 1271, 744; "TH NMR (500 MHz, DMSO-ds) 6 (ppm)= 12.05 (s, 1H,NH), 11.05
(s, IH,NH), 7.24 - 7.11 (m, 5H, Ar-H), 4.54 (s, 1H, CH), 2.69 - 2.64 (m, 2H,CH>»), 2.32 -
2.26 (m, 2H,CH>), 1.97 - 1.88 (m, 2H,CH>);!3C NMR (126 MHz, DMSO- ds) 8 (ppm)=
196.15, 164.44, 162.92, 152.74, 149.46, 144.04, 128.12, 128.01, 126.41, 115.82, 90.41,
36.39, 31.67, 26.38, 19.80; Anal. Calc. for Ci17H14N204: C, 65.80.; H, 4.55; N, 9.03;

Found: C, 65.91; H, 4.74; N, 8.87.

5-(3-Nitrophenyl)-8,9-dihydro-1H-chromeno|2,3-d]pyrimidine-2,4,6(3H,5H,7H)-
trione (4m) Yellow powder (97% yield); mp:208°C; IR (KBr) v cm™!: 3237, 3158,

2873, 1736, 1672, 1245, 783 ; TH NMR (500 MHz, DMSO-ds) & (ppm)= 11.49 (br s,
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1H,NH), 11.10 (s, 1H,NH), 8.04 - 7.97 (m,2H, Ar-H), 7.68 - 7.49 (m,2H, Ar-H ), 4.62 (s,
1H, CH), 2.73 - 2.62 (m, 2H,CH), 2.33 - 2.22 (m, 2H,CHa), 1.99 - 1.84 (m, 2H,CH,);"*C
NMR (126 MHz, DMSO- ds) 3 (ppm)= 197.15, 165.72, 163.52, 153.43, 149.92, 147.82,
146.43,135.31, 130.04, 125.96,123.38, 122.04, 115.03, 89.84, 36.67, 32.55, 26.80, 20.08;
Anal. Calc. for C17H13N306: C, 57.47; H, 3.69; N, 11.83; Found: C, 57.66; H, 3.74; N,

11.95.

5-(p-Tolyl)-8,9-dihydro-1H-chromeno|2,3-d|pyrimidine-2,4,6(3H,5H,7H)-trione

(4n) Yellow powder (95% yield); mp:194°C; IR (KBr) vcem™': 3211,3101, 2876, 1734,
1653, 1227, 762 ; 'TH NMR (500 MHz, DMSO-ds) & (ppm)= 11.99 (s, 1H,NH), 11.01
(s, IH,NH), 7.10 (d, /= 8.1 Hz, 2H, Ar-H), 7.01 (d, /= 8.0 Hz, 2H, Ar-H), 4.49 (s, 1H,
CH), 2.68-2.66 (m, 2H,CH>»), 2.36-2.27 (m, 2H,CH>»), 2.21 (s, 3H, CH3), 1.97 - 1.84 (m,
2H,CH,);'3C NMR (126 MHz, DMSO- ds) 6 (ppm)= 196.06, 164.18, 162.86, 152.62,
149.42, 141.10, 135.41, 129.29, 129.17, 128.54, 127.94, 115.95, 90.49, 36.38, 31.19,
26.34, 20.60, 19.79; Anal. Calc. for CisH16N204: C, 66.66.; H, 4.97; N, 8.64; Found: C,

66.78; H, 5.09; N, 8.75.

5-(4-Fluorophenyl)-8,9-dihydro-1H-chromeno|2,3-d|pyrimidine-2,4,6(3H,5H,7H)-

trione (40) White powder (98% yield); mp:212°C; IR (KBr) vem™': 3185, 3068, 2879,
1750, 1686, 1219, 817 ; 'H NMR (500 MHz, DMSO-ds) & (ppm)= 12.04 (s, IH,NH),
11.05 (s, 1H,NH), 7.27 -7.20 (m, 2H, Ar-H), 7.04-7.02 (m, 2H, Ar-H), 4.56 (s, 1H, CH),
2.67 -2.64 (m, 2H,CH>), 2.29-2.25 (m, 2H,CH>), 1.96 - 1.94 (m, 2H,CH>);!3C NMR (126

MHz, DMSO- ds) 6 (ppm)= 196.45, 164.98, 162.89, 159.71, 152.71, 149.42, 140.77,
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129.89,129.82, 115.39, 114.74, 114.57, 90.16, 36.42, 30.35, 26.48, 19.89; Anal. Calc.

for C17H13FN204: C, 62.19.; H, 3.99; N, 8.53; Found: C, 62.32; H, 4.14; N, 8.36.

5-(4-Bromophenyl)-8,9-dihydro-1H-chromeno|2,3-d|pyrimidine-2,4,6(3H,5H,7H)-

trione (4p) Yellow powder (96% yield); mp:202°C; IR (KBr) v cm™: 3209, 3095,
2834, 1729, 1618, 1273, 786 ; 'H NMR (500 MHz, DMSO-ds) 6 (ppm)= 11.84 (s,
1H,NH), 11.06 (s, 1H,NH), 7.85 -7.67(m, 2H, Ar-H), 7.18-7.11 (m, 2H, Ar-H), 4.47 (s,
1H, CH), 2.65 - 2.61 (m, 2H,CH>), 2.29-2.25 (m, 2H,CH>), 1.95- 1.92 (m, 2H,CH,);3C
NMR (126 MHz, DMSO- ds) 6 (ppm)=197.43, 165.78, 163.45, 153.19, 149.88, 143.72,
132.18, 131.77, 131.21, 130.85, 119.93, 115.39, 90.37, 36.76, 31.87, 26.85, 20.20; Anal.

Calc. for C17H13BrN204: C, 52.46.; H, 3.37; N, 7.20; Found: C, 52.61; H, 3.48; N, 7.06.

5-(3-Chlorophenyl)-8,9-dihydro-1H-chromeno|2,3-d|pyrimidine-2,4,6(3H,5H,7H)-

trione (4q) White powder (97% yield); mp >300°C; IR (KBr) v cm™: 3174, 3038,
2843, 1705, 1691, 1243, 803 ; 'H NMR (500 MHz, DMSO-ds) 6 (ppm)= 12.09 (s,
1H,NH), 11.09 (s, 1H,NH), 7.28 - 7.24 (m, 2H, Ar-H), 7.21 - 7.18 (m, 2H, Ar-H), 4.52
(s, IH, CH), 2.69 - 2.67 (m, 2H,CH>), 2.33-2.29 (m, 2H,CH>), 1.97-195 (m, 2H,CH,);!3C
NMR (126 MHz, DMSO- ds) 6 (ppm)=196.21, 164.81, 162.92, 152.88, 149.43, 146.38,
132.51,129.92,128.18, 126.83, 126.48, 115.09, 89.65, 36.33, 31.79, 26.41, 19.74 ; Anal.

Calc. for C17H13CIN204: C, 59.23; H, 3.80; N, 8.13; Found: C, 59.40; H, 3.67; N, 8.28.

5-(2,4-Dichlorophenyl)-8,9-dihydro-1H-chromeno[2,3-d|pyrimidine-
2,4,6(3H,5H,7H)-trione (4r) Yellow powder (97% yield); mp>300°C; IR (KBr) vem’

1:3203,2987, 2848, 1732, 1668, 1247, 764 ; '"H NMR (500 MHz, DMSO-ds) 5 (ppm)=
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12.05 (s, 1H, NH), 11.02 (s, 1H, NH), 7.39- 7.31 (m, 2H, Ar-H), 7.28 - 7.26 (m, 1H, Ar-
H), 4.82 (s, 1H, CH), 2.65-2.63 (m, 2H,CH),2.30- 2.23 (m, 2H,CH2), 1.97- 1.95 (m,
2H,CH,);'3C NMR (126 MHz, DMSO- ds) 8 (ppm)= 195.92, 164.66, 162.62, 152.84,
149.38, 139.79, 134.14, 131.49, 128.55, 126.82, 117.52, 114.14, 88.80, 36.38, 30.62,
26.38, 19.75; Anal. Calc. for C17H12CI2N204: C, 53.85; H, 3.19; N, 7.39; Found: C,

53.60; H, 3.36; N, 7.21.

5-(Naphthalen-2-yl)-8,9-dihydro-1H-chromeno|2,3-d|pyrimidine-2,4,6(3H,5H,7H)-

trione (4s) Off white powder (95% yield); mp >300°C; IR (KBr) vcm': 3209, 3064,
2847, 1727, 1661, 1253, 781 ; 'TH NMR (500 MHz, DMSO-ds) 6 (ppm)= 12.09 (s, 1H,
NH), 11.06 (s, 1H, NH), 7.86 - 7.71 (m, 4H, Ar-H), 7.45-7.41 (m, 3H, Ar-H), 4.70 (s, 1H,
CH), 2.71-2.67 (m, 2H,CH>), 2.22-2.32 (m, 2H,CH2), 1.97 - 1.87 (m, 2H,CH>);*C NMR
(126 MHz, DMSO) 6 (ppm)= 196.46, 164.62, 163.13, 152.93, 149.61, 141.68, 132.90,
132.04, 127.86, 127.56, 127.48, 126.99, 126.58, 126.12, 125.78, 115.80, 90.38, 36.51,
32.10, 26.54, 19.90; Anal. Calc. for C21H16N204: C, 69.99; H, 4.48; N, 7.77; Found: C;

70.12; H, 4.65; N, 7.58.
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2.4.3 Spectral Data of Product 8,8-Dimethyl-5-(4-nitrophenyl)-8,9-dihydro-1H-

chromeno|2,3-d]pyrimidine-2,4,6(3H, SH,7H)-trione (4a)
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Figure 2.4 '"H NMR of 8,8-Dimethyl-5-(4-nitrophenyl)-8,9-dihydro-1H-chromeno[2,3-
d]pyrimidine-2,4,6(3H, SH,7H)-trione (4a)
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Figure 2.5 1*C NMR of 8,8-Dimethyl-5-(4-nitrophenyl)-8,9-dihydro- 1 H-chromeno[2,3-
d]pyrimidine-2,4,6(3H, SH,7H)-trione (4a)
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2.4.4 Spectral Data of Product 5-(3-Chlorophenyl)-8,9-dihydro-1H-chromeno|2,3-
d]pyrimidine-2,4,6(3H,5H,7H)-trione (4q)

a ()]

o o WORNOIT—OO0 O n MO MM MNYL
ol - U RS K LS St n Vi 00 0 Ee NG o
— — Dl il i < IV BN NN il
| | et e — ] P e | et —

jo.97-] f—\\

J1.02— -

P
]
o
-

1.01—- 4

13.5

-
b
=]

~ 2,004
o

1(;.5 ' 9:[! ' 8:0 ' . 6:0 ‘ 5:0 4.‘0 l
f1 (ppm)

Figure 2.6 '"H NMR of 5-(3-Chlorophenyl)-8,9-dihydro- 1 H-chromeno[2,3-d]pyrimidine-

2,4,6(3H,5H,7H)-trione (4q)
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Figure 2.7 !*)C NMR of 5-(3-Chlorophenyl)-8,9-dihydro-1H-chromeno[2,3-
d]pyrimidine-2,4,6(3H,5H,7H)-trione (4q)
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2.4.5 X-ray Crystallography Data of Product 41.
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Empirical formula

Formula weight
Temperature

Wavelength

Crystal system, space group

Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta = 25.242
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [[>2sigma(I)]
R indices (all data)

Largest diff. peak and hole

CioH20N205S
388.43
296(2) K
0.71073 A
Monoclinic, P 21/n
a=9.0050(6) A o =90°.
b=11.1247(10) A B =102.443(4)°.
c=18.5223(16) A y=90°.
1811.9(3) A3
4,1.424 Mg/m?
0.213 mm"!
816
0.300 x 0.200 x 0.200 mm
2.149 to 28.272 ©.
-10<=h<=11, -14<=k<=14, -24<=1<=24
21580 /4171 [R(int) = 0.0288]
99.7 %
Full-matrix least-squares on F?
4171/0/258
1.097
R1=0.0395, wR2 =0.1083
R1=0.0555, wR2=0.1278

0.388 and -0.334 e.A?
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