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We report an easy and powerful approach to the synthesis of 2-thio-5-hydroxy-5H-[1]benzopyrano[4,3-d] py-
rimidines derivatives by condensation of 3-Formylchromone and thiourea under conventional heating and ul-
trasonic irradiation. The ultrasonic irradiation is convenient and efficient method as compared to conventional
heating in alcoholic KOH. This method affords the desired product with good to excellent yields. The IR, 'H NMR
and mass spectroscopy were obtained for selected synthesized products.

1. Introduction

Organic methodologies which are environmentally benign are in high
demand in the chemical industries for synthesis of several organic scaf-
folds. In the twenty first century peoples are well aware about side effects
of the hazardous chemicals and solvents. Hence, it is high time to protect
mother nature from increasing pollution associated with organic syn-
thesis processes. Thus, todays methodologies are the next to make
environmental friendly and sustainable by avoiding hazardous reagents
and chemicals. In recent years there is large and tremendous outburst in
the modification of synthetic processes to make them environmentally
benign. The use of ultrasonic irradiation is fulfils the goal of sustainable
environment in organic synthesis. The ultrasonic methods are more ad-
vantageous in terms of reaction rate, yields, purity of products etc. over
conventional thermal methods of synthesis [1-5].

Heterocyclic compounds containing nitrogen, oxygen or sulphur
atoms played an important role in pharmaceutical sciences. Most of the
known organic compounds containing heterocyclic ring in their structure
[6-9]. There are various methods have been reported for the synthesis of
heterocyclic compounds. The substituted 5-(2-hydrox-
yphenyl)-2-amino-pyrimidines have been synthesized by the condensa-
tion of guanidines with 3-acyl-benzofuran [10]. A selective and fast
protocol pyrazolo[1,5a]pyrimidines was reported by the reaction be-
tween trifluoromethyl-substituted alkoxy enones and 5-aminopyrazole
[11]. A more environmentally friendly protocol was developed for
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cyclocondensation of enones and the heterocyclic amidine precursor. The
reaction was conducted under ultrasonic irradiation in presence of KOH,
the 2-pyrazole pyrimidines was isolated with good yields by simple
filtering the reaction media with no further purification necessary [12]. A
knoevenagel condensation of 3-formylchromone with 3-methyl-1-phe-
nyl-3-pyrazolin-5-one under microwave irradiation, with alumina sup-
port under solvent free condition to obtain 3-methyl-4-[(chromon-3-yl)
methylene]-1-phenyl pyrazolin-5-(4H)-ones. The efficacy of this
method was compared with conventional method by refluxing in 1,
4-dioxane using catalytic amount of trimethylamine. The later method
requires 45 min for completion and the yields were found moderate to
high [13]. Swiss group have shown that 3-formylchromones when
treated with o-phenylenediamine gives benzimidazole on digestion in
acetic acid [14].

Many literature survey shows that the organic compounds containing
pyrimidines were found much pharmacological activities. The Pyrimi-
dines and their derivatives have many applications in the field of me-
dicinal chemistry, agriculture chemistry, industrial chemistry etc. There
are various methods have been reported by many researchers for the
synthesis of pyrimidines and their derivatives [15-17]. Organic com-
pounds containing benzopyrone ring have a wide range of biological
activities such as anti-inflammatory, antihypertensive agents [18], anti-
viral [19], antioxidant [20] and tyrosine and protein kinase inhibitor
[21]. The pyrimidines and its derivatives has diverse biological activities
[22]. Compound containing a pyrimidine ring in their structure have
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been found to act as antiplasmodials [23] and cancer inhibitors [24].
Thiopyrimidines and its derivatives possesses antibacterial activity and
also act as anti-infective agents [25-27]. Fused pyrimidines have been
observed to have anti-inflammatory properties [28]. The heterocycles
containing pyrimidine-2-thiones/ones are possessing a wide variety of
biological activities [29].

The synthesis of 2-thio-5-hydroxy-5H-[1]benzopyrano[4,3-d] py-
rimidines is reported in previous study by the conventional method in
two steps. Initially 3-formylchrome was converted to 3-methyl-4-[(chro-
mon-3-yl) methylene]-1-phenylpyrazolin-5(4H)-ones using 3-methyl-1-
phenylpyrazolin-5(4H)-one in dioxane and triethylamine as a base.
Finally it was converted to 2-thio-5-hydroxy-5H-[1]benzopyrano[4,3-d]
pyrimidines using thiourea and KOH in ethanol [30]. In this present
study we reported the synthesis of 2-thio-5-hydroxy-5H-[1]benzopyrano
[4,3-d] pyrimidines in single step by conventional and ultrasonic irra-
diation methods.

2. Experimental
2.1. Material and methods

Research grade reagents and solvents were used without further pu-
rification. Reactions were monitored on silica gel TLC plates and visu-
alization of the compounds was achieved by ultraviolet light. Melting
points of the synthesized compounds were determined by open capillary
method and uncorrected. The IR spectra were scanned (in KBr pallets) on
PerkinElmer FT IR spectrophotometer. The 'H NMR spectra of newly
synthesized compounds were scanned on Brucker 300 MHz FT spec-
trometer using DMSO-dg+CDCl3 as a solvent using TMS as an internal
standard. The mass were recorded on EI-Shimadzu GC-MS spectrometer.

2.2. General procedure for the synthesis of 2-thio-5-hydroxy-5H-[1]ben-
zopyrano[4,3-d] pyrimidines

2.2.1. Conventional heating

In dry round bottom flask (10 ml capacity) 0.001 mol 3-formylchro-
mone and 0.002 mol thiourea were taken in dry ethanol. In this above
mixture one palette of KOH was added and the content was reflux for 3 h.
The reaction was monitored with TLC. After completion of reaction the
content was cooled to room temperature and poured over a crushed ice.
The content was acidified with conc. HCI. The solid product obtained was
separated by using filtration, Washed with cold water. The product then
dried and crystallized from acetic acid. The synthetic route for synthesis
2-thio-5-hydroxy-5H-[1]benzopyrano[4,3-d] pyrimidines using conven-
tional method is presented in Scheme 1.

2.2.2. Ultrasonic irradiation
In dry round bottom flask (10 ml capacity) 0.001 mol 3-

R, o
Il

| + H2N*C*N H2

Rj CHO

1(a -j) Thiourea
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formylchromone and 0.002 mol thiourea were taken in dry ethanol. In
this above mixture one palette of KOH was added and the content was
subjected ultrasonic irradiation at room temperature for 15-20 min. The
reaction was monitored with TLC. After completion of reaction the
content was cooled to room temperature and poured over a crushed ice.
The content was acidified with conc. HCL. The solid product obtained was
separated by using filtration, Washed with cold water. The product then
dried and crystallized from acetic acid. The synthetic route for synthesis
2-thio-5-hydroxy-5H-[1]benzopyrano[4,3-d] pyrimidines using ultra-
sound irradiation is presented in Scheme 1.

Comp. No. Substituents

Ri Rz R3
2a H H Cl
2b H H F
2c H H Me
2d H Me Cl
2e H H Br
2f Cl H Cl
2g Me H Me
2h H H H
2i H H Et
2j H Me H

These typical experimental procedures are used for the synthesis of all
the compounds 2(a-j) listed in Table 1. Their structures have been
confirmed by IR, NMR and mass spectral analysis studies.

3. Results and discussion

Chromones is a precursor which act as 1,3-diketone equivalent when
condensed with amide to form o-hydroxyphenyl pyrimidine [31,32].
Substituted phenol on esterification followed by Frie's rearrangement
yielded substituted acetophenone. These aromatic acetophenones on
treatment with DMF & POCl3 gave 3-formylchromone. 3-for-
mylchromone on treatment with base KOH and thiourea under ultrasonic
irradiation or conventional heating using ethanol as solvent gives 2-thi-
0-5-hydroxy-5H-[1]benzopyrano[4,3-d] pyrimidines. We envisioned the
reaction between 3-formylchrome and thiourea would be gives
o-hydroxyphenyl pyrimidine as a product. But there are two possibilities
for the formation of products as A and B.

R4 H R4
R, o_|_OH R, oHt H
/ N
Rs B R *N>:S
NTN*H )
A S B
Alco.KOH
Reflux-3 hrs
R1
R, O_ _OH
Rs | S
NTNH
Alco.KOH S
2(a-j)

M))))) for 10-15 min.

Scheme-1. Synthetic route for synthesis 2-thio-5-hydroxy-5H-[1]benzopyrano[4,3-d] pyrimidines 2(i-j).
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Table 1
Characterization data for 2-thio-5-hydroxy-5H-[1]benzopyrano[4,3-d] pyrimidines 2(i-j).
Entry Product (1a-j) Ultrasound Conventional M.P. (°C)
Time (Min.) Yield Time (Min.) Yield
% %
2a O. _OH 10 84 180 56 286-288
NTNH
S
2b O. _OH 10 78 180 50 284-286
CCX
NTNH
S
2 O. _OH 12 85 180 51 282-284
NTNH
S
2d Me O. _OH 15 78 180 60 290-292
NTNH
S
2e O. _OH 10 77 180 55 294-296
NTNH
S
2f Cl 12 80 180 63 304-306
O.__OH
[of ‘ S
N\H/NH
S
2g Me 15 75 180 50 296-298
0. OH
Me ‘ N
N\H/NH
S
2h O. _OH 15 79 180 52 266-268
‘ X
NTNH
S
2i O. _OH 10 82 180 56 272-274
Et ‘ S
N\H/NH
S
2j Me O. _OH 10 80 180 58 280-282
‘ X
N NH

o
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The possible mechanisms for the formation of product A and B is
presented in Scheme-2.

Condensation reaction of active methylene group with aldehyde
function of 3-formylchromones has been studied by different workers
[33,34]. As the literature survey shows 3-formylchromone containing
active methylene group with aldehyde function there will be more pos-
sibilities for the formation of product B. But in this reaction there is
formation of product A [34] and spectral analysis suggests the formation
of product A. Both the structures are isomeric to each other. The pro-
posed mechanism is depicted in Scheme-2, the reaction may proceed
through nucleophilic attack of base KOH at C-2 carbon of 3-formylchro-
mone with ring opening (Intermediate-I). Intermediate-I with concomi-
tant condensation with thiourea gives intermediate-Il & III which
underwent ring closure and gives final product A. The IR Spectrum of
synthesized product showed characteristic absorption broad bands at
3259-3265 cm ! is due to —~OH and -NH stretching. The band observed at

H
R, O_| _OH
R | =
NTN—H
A S

R,
R2 (9] /_\
d_
Ry CHO

H,N._ _NH, R,
Ry
S
-
Rj
Ry
R,
Conc. HCI1
_—
Rj
A

Current Research in Green and Sustainable Chemistry 5 (2022) 100282

3025-3035 cm ! is assigned to —CH stretching frequency. A sharp band in
the region 1675-1685 cm ™ is assigned to C=N stretching frequency.
Near to this the bands at 1628-1635 cm ! are observed which are due to
N-H absorption frequency. The characteristic bands at 1210-1215 cm ™
are assigned to C=S group. There is no carbonyl frequency above 1700
em™!, which also suggest the formation of ring structure A instead of
structure B.

The 'H NMR for selected synthesized compounds were taken in
DMSO-dg+CDCl3 using TMS as internal standard. The 1H NMR spectra
study shows proton signals at 2.25-2.40 dppm due to aromatic methyl
groups for 2¢, 2d, 2g and 2j compounds and 1.18 (t, 3H), 2.60 (q, 2H),
due to ethyl substituted aromatic compound (2i). The proton signal at
6.25-6.68 dppm is due to proton between two oxygen atoms which
shows doublet because it coupled with ~-OH and converted to singlet with
D,0 exchange [30]. This supports the cyclic structure A for desired
synthesized product. The aromatic protons are observed in the region

R4
R, on
N
/
S
Rs _N>:
O

B

Conc. HCI
R,
R, on 1l
/ NH
.-
Rj —N
(0}
B

Scheme 2. Proposed mechanism for the formation of compound A and compound B.
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7.08-7.92 dppm. The proton in the region 7.69-7.90 is observed due to
cyclic double bond. The signals in the region 10.25-10.82 §ppm and
11.10-11.90 dppm are due to -OH and —-NH groups.

2 - D spectrum of 2a shows that proton at 11.265 gets coupled with
proton at 7.71 § and proton at 10.62 § gets coupled with proton at 6.285.
This suggests that the structure A is correct. This fact is also confirmed by
the 13C spectrum of the compound which shows 12 signals. This indicates
that there are 12 non-equivalent carbons in structure A. Mass spectrum of
the compound shows corresponding molecular ion peak.

4. Conclusion

A new, efficient and regioselective method for the preparation of 2-
thio-5-hydroxy-5H-[1]benzopyrano[4,3-d] pyrimidines from 3-formyl-
chromone and thiourea using base KOH have been developed and dis-
cussed. 2-thio-5-hydroxy-5H-[1]benzopyrano[4,3-d] pyrimidines is
synthesized under ultrasonic irradiation and conventional heating. The
results obtained from both methods have been compared. For the present
condensation reaction it is found that, under ultrasound irradiation less
time is required for the synthesis as compared to conventional heating.
The yields obtained due to ultrasound method is increased considerably
than the conventional heating method. Ultrasound irradiation has a
profound effect on reaction rate and yields in comparison to conventional
heating. Thus ultrasound method is clean and superior to traditional
heating method for the condensation of 3-formylchromones with thio-
urea in alcoholic KOH.

4.1. Characterization data of the products

9-Chloro-5-hydroxy-3H-chromeno [4,3-d] pyrimidine-2(5H)-thi-
one (2a): White solid; M. P. 286-288 °C; FT-IR (KBr, cm™1): 746, 1213,
1634, 1681, 3029, 3262; 'H NMR (400 MHz, DMSO-ds+CDCls, Sppm):
6.28 (d, 1H, on D0 exchange gets converted into singlet), 7.06-7.10 (m,
2H), 7.60-7.68 (m, 1H), 7.71 (d, 1H), 10.62 (S, 1H, due to -OH
exchangeable with D,0), 11.26 (S, 1H, due to -NH- exchangeable with
D,0); 13C NMR (8ppm): 85 (C-OH), 110 (C=C), 115,119 129 (C-Cl), 133,
136, 139, 159, 175, 183 (>C=S); MS (EIMS) (m/z): 265.88 (M 1), 267.56
(M 41).

5-Hydroxy-9-methyl-3H-chromeno [4,3-d] pyrimidine-2(5H)-thi-
one (2c¢): White solid; M. P. 282-284 °C; FT-IR (KBr, cm Y): IR (KBr,
em™1): 1210, 1629, 1683, 3032, 3265; 'H NMR (400 MHz, DMSO-
de+CDCl3, Sppm): 2.40 (S, 3H), 6.45 (d, 1H), 7.01-7.08 (m, 2H),
7.70-7.78 (m, 1H), 7.79 (1H, d), 10.25 (S, 1H), 11.4 (S, 1H); 3¢ NMR
(5ppm): 20 (CHs), 80 (C-OH), 107 (C=C), 118, 122, 126, 130, 132, 137,
156, 176, 182 (>C=S); MS EIMS (m/z): 246.75 (M™).

9-Chloro-5-hydroxy-8-methyl-3H-chromeno [4,3-d] pyrimidine-
2(5H)-thione (2d): White solid; M. P. 290-292 °C; FT-IR (KBr, cm Y IR
(KBr, cm™1): 743, 1210, 1630, 1679, 3030, 3263; 'H NMR (400 MHz,
DMSO-de+CDCl3, dppm): 2.36 (S, 3H), 6.26 (d, 1H, on D,0 exchange
gets converted into singlet), 7.08 (m, 2H), 7.68 (s, 1H), 10.60 (S, 1H, due
to —-OH exchangeable with D,0), 11.22 (S, 1H, due to -NH- exchangeable
with D;0); 3¢ NMR (8ppm): 20 (CH3), 80 (C-OH), 108 (C=C), 118,123,
126 (C-CD), 131, 132,138, 155, 174, 180 (>C=S); MS EIMS (m/z): 279.2
).

9-ethyl-5-hydroxy-3H-chromeno [4,3-d] pyrimidine-2(5H)-thi-
one (2i): White solid; M. P. 272-274 °C; FT-IR (KBr, em™)): IR (KBr,
cmfl): 1211, 1624, 1682, 3024, 3210; H NMR (400 MHz, DMSO-
de-+CDCl3, dppm): 1.18 (t, 3H), 2.60 (q, 2H), 6.22 (d, 1H), 7.46 (m, 3H),
7.68 (d, 1H), 10.58 (S, 1H), 11.26 (S, 1H); >C NMR (5ppm): 18, 36, 80
(C-OH), 110 (C=C), 114, 117, 129, 131, 133, 142, 157, 174, 180
(>C=S); MS EIMS (m/z): 260.36 (M™).
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