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Abstract

A simple and efficient protocol for the synthesis of novel pyranothiadiazolopyrimidine derivatives via the
reaction of aromatic aldehydes, malononitrile and 7-hydroxy-2-phenyl-5H-[1,3,4]thiadiazolo[3,2-a]pyrimidine-
5-one in solvent-free conditions and in the presence of 1,4-diazabicyclo[2.2.2]octane (DABCO) as organ
catalyst, is reported. The procedure involves initial Knoevenagel reaction, followed by Michael addition and
subsequent internal heterocyclization. The short reaction time, environmentally friendly conditions and good
to high yields are the main advantages of the protocol.
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Introduction

Despite the fact that pyrimidine is pharmacologically inactive fused pyrimidines are a main constituent of
living cells, since they serve as the essential building blocks of nucleic acids.! Nowadays, heterocyclic
annulated pyrimidine derivatives have attracted a lot of attention due to the wide variety of biological
activities they offer, including anticancer, antiviral, antitubercular, antitumor, antibacterial and cytotoxic
activities.? In this context, thiadiazolo[3,2-a]pyrimidines are important heterocycles that are also present in a
number of natural products. Such structure has been proven to act as an antifungal, antibacterial (Figure 1, 1-
2),%7 antitumor,® antimicrobial,® anti-allergy!® and herbicidal agent.!! Moreover, thiadiazolo[3,2-a]pyrimidin-7-
ones are important heterocyclic cores, since they exhibit interesting biological activities. For instance,
molecule 3 has been reported as a therapeutic target introduced as a candidate for the treatment of
glaucoma, and molecules 4 and 5 were also reported to be effective for helminthic therapy and antibacterial
activity, respectively (Figure 1, 3-5).12% Furthermore, it is well known that pyrans are important scaffolds and
play a crucial role in organic synthesis and medicinal chemistry. Many of these compounds have gained
prominence as they exhibit a wide range of biological properties such as antioxidant, anti-inflammatory,
antibacterial, anticonvulsant, antimicrobial, spasmolytic and anticancer activities.>’” In addition, pyran
derivatives have been effective agents against Alzheimer’s disease and schizophrenia disorders.®1?
Furthermore, they have been applied in laser dyes, cosmetics and pigments.2%2
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Figure 1. Examples of bioactive thiadiazolopyrimidines.

It is also well known that the development of environmentally benign and clean synthetic techniques is of
particular interest Solvent-free procedures are usually recommended as a better substitute for classical
protocols due to their pollution prevention and significant rate acceleration as well as less energy
consumption.??

The use of organ catalysts which have unique characteristics, is associated with a low toxicity, easy
availability, low cost and stability against air and water.”®> As a solid green organ catalyst,
1,4-diazabicyclo[2.2.2]octane (DABCO) has attracted considerable attention as an inexpensive, eco-friendly,

Page 212 ©ARKAT USA, Inc



Arkivoc 2019, v, 211-223 Jannati, S. et al.

highly reactive, easy-to-handle and non-toxic base catalyst for various organic transformations and leads to
excellent yields of products with a high selectivity.?* Based on the above information this study aimed to
combine thiadiazolopyrimidine and pyran moieties and lead to the synthesis of novel
pyranothiadiazolopyrimidine frameworks as biologically-active agents via three-component reactions and
specifically of 7-hydroxy-2-phenyl-5H-[1,3,4]thiadiazolo[3,2-a]lpyrimidine-5-one, aromatic aldehydes and
malononitrile in the presence of DABCO in solvent-free conditions. Three-component reactions of aldehydes,
malononitrile and heterocyclic 1,3-diones have already been investigated in other studies?>*’ however,
According to our knowledge , there are not any literature reports on the use of 7-hydroxy-2-phenyl-5H-
[1,3,4]thiadiazolo[3,2-a]pyrimidine-5-one as a heterocyclic dione. Thus, a new, simple and eco-friendly one-
pot synthetic strategy for the preparation of the desired new densely-functionalized
pyranothiadiazolopyrimidine derivatives 4 (Scheme 1) is presented in this study.
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Scheme 1. The three-component synthesis of pyranothiadiazolopyrimidine derivatives.

Results and Discussion

Initially, the reaction of 7-hydroxy-2-phenyl-5H-[1,3,4]thiadiazolo[3,2-a]pyrimidine-5-one (3) (1 mmol),
benzaldehyde (1 mmol) and malononitrile (1 mmol) was taken as the model reaction, and the effect of various
parameters, such as reaction catalyst, temperature, time and medium, was evaluated on the outcome of the
desired product. The results about the optimization of conditions are summarized in Tables 1 and 2. The
model reaction was investigated in the absence of catalysts in solvent-free conditions and the trace amount of
the desired product was isolated after 12 h (Table 1, entry 1). The addition of p-TSA as a Bronsted acid catalyst
did not enhance the product yield even after 12 h (Table 1, entry 2). In order to obtain higher yields, a variety
of base catalysts, i.e. 1,8-diazabicyclo[5.4.0]Jundec-7-ene, diisopropylethylamine, piperidine, 4-
dimethylaminopyridine, K;CO3 and 1,4-diazabicyclo[2.2.2]octane (DABCQO), were investigated. Among these,
DABCO led to the best results in terms of yield and reaction time (Table 1, entries 3-8).

The effect of various solvents, such as H,O, EtOH, CHsCN, Toluene, THF, PEG, DMF and glycerin, was
investigated on the model reaction, leading to 32%, 55%, 71%, 25%, 30%, 70, 10% and trace amounts of the
product respectively, in 12 h. According to the results presented in Table 2, a solvent-free medium can be used
as a green and efficient condition for this reaction (Table 2, entries 1-9).
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Table 1. Effect of different catalysts on the reaction of malononitrile (1), benzaldehyde (2a) and 7-hydroxy-2-
phenyl-5H-[1,3,4]thiadiazolo[3,2-a]pyrimidine-5-one (3) @

o) 1 Q
<CN . - C /N~N | /N*N CN
CN S/k\N OH S/k\N 0" N,
1 2a 3 4a
Entry Catalyst (mol%) Time (h) Yield of 4a (%)
1 no 12 trace
2 p-TSA® (10) 12 trace
3 DBUC (10) 12 10
4 DIEA? (10) 12 60
5 Piperidine (10) 12 50
6 DMAPe (10) 12 70
7 K2COs (10) 12 55
8 DABCO (10) 1 80

aReaction condition: malononitrile (1 mmol), benzaldehyde (1 mmol) and 7-hydroxy-2-phenyl-5H-
[1,3,4]thiadiazolo[3,2-a]pyrimidine-5-one (1 mmol) at 100 'C in solvent free medium.
bp_toluenesulphonic acid, ¢1,8-Diazabicyclo[5.4.0]Jundec-7-ene, Diisopropylethylamine.
€4-Dimethylaminopyridine.

Table 2. Optimization of reaction conditions @

Entry Solvent Catalyst loading (mol%) Temperature (°C) Time (h) Yield (%)

1 H,O DABCO (10) reflux 12 32
2 EtOH DABCO (10) reflux 12 55
3 CHsCN DABCO (10) reflux 12 71
4 Toluene  DABCO (10) reflux 12 25
5 THF DABCO (10) Reflux 12 30
6 Glycerin  DABCO (10) 100 12 trace
7 PEG DABCO (10) 80 12 70
8 DMF DABCO (10) 110 12 10
9 no DABCO (10) 100 1 80
10 no DABCO (10) 80 5 75
11 no DABCO (10) 60 5 56
12 no DABCO (10) 110 1 80
13 no DABCO (5) 100 4 60
14 no DABCO (15) 100 1 80

@ Reaction condition: malononitrile (1 mmol), benzaldehyde (1 mmol) and 7-hydroxy-2-phenyl-5H-
[1,3,4]thiadiazolo[3,2-a]pyrimidine-5-one (1 mmol) and solvent (5 ml).
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When the model reaction was carried out at different temperatures, temperature was found to be an

effective parameter in this synthetic protocol, and the most suitable temperature was found to be 100 °Cin a
solvent-free medium (Table 2, entries 9-12).

Table 3. One-pot synthesis of pyranothiadiazolopyrimidine derivatives ?
(0] Ar

O
CN
<CN o) N~y DABCO 10 mol% ©_</N ~N )YI
%
cN YA )J\ H ot ®—<S)\\ | Solvent free,100°C S)\\

N~ 07 TNH,

N~ OH
1 2 3 4
Entry Ar Time (h) Yield (%)°
4a CeHs 1 80
4b 4-CICeHa 1 84
4c 4-BrCeHs 1.5 86
4d 2-ClCeH4 1 85
4e 4-MeCgHa 2 80
af 4-MeOCgHa 2.5 60
4g 4-CF3CeH4 1 78
4h 4-NO,CsHa 1 88
4i 3-MeCgH4 1.5 68
4j 3-MeOCsHs 2 63
ak 2,4-(Me0)2CeHs 1.5 83
4] 4-Pyridyl 1 85

@ Reagents and conditions: DABCO (10 mol%), malononitrile (1.5 mmol), aldehyde (1 mmol), 7-hydroxy-2-
phenyl-5H-[1,3,4]thiadiazolo[3,2-a]pyrimidine-5-one (1 mmol) at 100°C. ® Isolated yield.

The amount of catalyst was then also optimized by performing the model reaction in the presence of
different amounts of DABCO. Higher yields of the desired product in a short reaction time were obtained by
applying 10 mol% of the catalyst. Using 5 mol% of the catalyst reduced the yield, and increasing the amount of
catalyst was not significantly effective on the yield and the rate of reaction (Table 2, entries 13, 14). The best
results were thus obtained in the presence of DABCO (10 mol%) in solvent-free conditions at 100 °C.

With the optimized conditions established, the versatility of the noted protocol was examined for the one-
pot synthetic procedure, which proceeded smoothly under mild conditions with structurally-diverse
aldehydes. The reactions were successfully performed with aromatic aldehydes and both electron-
withdrawing and electron-donating groups on the aromatic ring, and good to excellent yields of the
corresponding products, i.e. 4a-k, were obtained in a short reaction time. The procedure was also adopted for
4-Pyridinecarboxaldehyde and 4l was produced with an 85% vyield.

The structures of all the synthesized products were confirmed with their IR, *HNMR and 3CNMR spectra
and by mass spectrometry (Ref. the supplementary data). The characteristic absorptions at 3444, 3336, 2191,
1700 and 1655 cm™ in IR spectrum of 4a imply the stretching vibration of NH,, C=N, C=0 and C=N groups. The
mass spectra of the compound 4a displayed a molecular ion peak at m/z = 399. According to the *HNMR
spectrum of 4a, one singlet was exhibited at 6 4.59 for Ar-CH proton, one multiplet at 6 7.25-7.36 for aromatic
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ring protons and NHa protons and another multiplet at 6 7.61-7.70 for the aromatic ring protons. Furthermore,
two doublets appeared for the aromatic protons at & 7.96 (/=1.8 Hz) and 7.98 (J=1.8 Hz), respectively. The
13CNMR spectrum of the product 4a indicated 17 distinct resonances —as closely consistent with the proposed
structure. Additionally, the structure of product 4a was further confirmed by single-crystal X-ray diffraction
analysis and Figure 2 presents the ORTEP diagram for 4a (See supplementary data).
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Scheme 2. The mechanism proposed for the synthesis of 4a-l.
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Based on the reported catalytic activity of DABCO in the literature,*® a relevant mechanism is proposed in
Scheme 2. As a bicyclic amine base, DABCO facilitates Knoevenagel condensation of aldehyde and
malononitrile. The synthetic pathway proceeds via the Michael-type addition of 7-hydroxy-2-phenyl-5H-
[1,3,4]thiadiazolo[3,2-a]pyrimidine-5-one to the Knoevenagel adduct (I) that accelerates with the catalytic
activity of the solid base catalyst used. In the next step, the intramolecular cyclization of the intermediate (Il)
led to intermediate (lll), which finally underwent tautomeric proton shift to generate the desired product, i.e.
4,

Conclusions

A rapid and environmentally-benign one-pot protocol has been developed for preparing novel
pyranothiadiazolopyrimidine  derivatives as important hybrid frameworks containing  both
thiadiazolopyrimidine and pyran with biologically-valuable moieties. The advantages of this new synthetic
protocol include the application of DABCO as an organocatalyst along with a solvent-free medium, a non-
chromatographic purification process and good to high yields of products.

Experimental Section

General. Melting points were recorded on an Electrothermal type 9100 melting point apparatus. Fourier
transform infrared (FT-IR) spectra were recorded with a Nicolet Avatar 370 FT-IR Therma spectrometer. 'H and
13C NMR spectra were measured with a BRUKER DRX-300 AVANCE spectrometer at 300.13 and 75.47 MHz,
respectively. Mass spectra were scanned on a Varian Mat CH-7 at 70 eV. 7-hydroxy-2-phenyl-5H-
[1,3,4]thiadiazolo[3,2-a]pyrimidine-5-one was prepared according to the previously reported literature
procedures.*®

Typical one-pot procedure for the synthesis of 4a. A mixture of benzaldehyde (2a) (0.1 ml, 1 mmol),
malononitrile (1) (0.100 g, 1.5 mmol), 7-hydroxy-2-phenyl-5H-[1,3,4]thiadiazolo[3,2-a]pyrimidine-5-one (3)
(0.250 g, 1 mmol) and DABCO (0.011 g, 10 mol%) was stirred at 100 °C. The reaction progress was monitored
by thin-layer chromatography (hexane: ethylacetate 1:1). After completion of the reaction, the mixture was
cooled to room temperature and ethanol (10 ml) was added. Then, the precipitated product was filtered. For
further purification of product, the obtained crude mass was crystallized from EtOH:DMF (5:1). According to
ORTEP diagram of 4a as well as NMR spectrum, synthesized products were crystallized in the form of a 1:1
complex with DMF molecule. In order to remove the DMF molecule from product, consecutive evaporation
under reduced pressure with H,O (3x10 ml) and Toluene (3x10 ml) was applied. After removing DMF, the
obtained powder was placed in oven at 110 °C overnight afforded to pure product.

6-Amino-9-oxo-2,8-diphenyl-8H,9H-pyrano[2,3-d][1,3,4]thiadiazolo[3,2-a]pyrimidine-7-carbonitrile (4a).
Yellow powder (320 mg, 80%). mp 276-278 °C. IR (solid, KBr, vmax, cm™): 3444, 3336 (NHz), 2191 (C=N), 1700
(C=0), 1655 (C=N). *H NMR (300.13 MHz, DMSO-de): 64 4.59 (1H, s, CH), 7.25-7.36 (7H, m, 5CH aromatic and
NH,), 7.61-7.70 (3H, m, CH aromatic), 7.96 (1H, d, 3/u+ 1.8 Hz, CH aromatic), 7.98 (1H, d, 3/uy 1.8 Hz, CH
aromatic). 23C NMR (75.46 MHz, DMSO-ds): &c 37.5 (CH), 57.7, 98.6, 120.0 (CN), 127.4, 127.9, 128.0, 128.5,
128.8, 130.2, 133.5, 144.3, 156.1, 158.2, 159.1, 159.5, 161.3. EI-MS: m/z (%) 399 (2, M*), 329 (68), 319 (91),
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261 (80), 202 (42), 176 (60), 153 (100), 126 (92), 103 (98), 66 (97), 39 (94). Anal. Calcd for C1H13Ns0,S
(399.43): C, 63.15; H, 3.28; N, 17.53. Found: C, 63.38; H, 3.17; N, 17.75.
6-Amino-8-(4-chlorophenyl)-9-oxo-2-phenyl-8H,9H-pyrano[2,3-d][1,3,4]thiadiazolo[3,2-a]pyrimidine-7-
carbonitrile (4b). Yellow powder (360 mg, 84%). mp 265-267 °C. IR (solid, KBr, vmax, cm™): 3318, 3284 (NH>),
2197 (C=N), 1711 (C=0), 1660 (C=N). *H NMR (300.13 MHz, DMSO-de): &1 4.62 (1H, s, CH), 7.32 (4H, d, 3Jux 9.0
Hz, 2CH aromatic and NH,), 7.40 (2H, d, 3/uy 9.0 Hz, CH aromatic), 7.61-7.73 (3H, m, CH aromatic), 7.95-7.98
(2H, m, CH aromatic). 3C NMR (75.46 MHz, DMSO-dg): 6¢ 37.0 (CH), 57.2, 98.1, 119.8 (CN), 127.9, 128.4,
128.8, 130.0, 130.2, 132.0, 133.5, 143.2, 156.1, 158.1, 159.2, 159.5, 161.44. EI-MS: m/z (%) 434 (7, M*), 365
(33), 319 (73), 295 (69), 202 (41), 187 (74), 152 (72), 103 (71), 66 (77), 44 (76). Anal. Calcd for Ca1H12CINsO,S
(433.87): C,58.13; H, 2.79; N, 16.14. Found: C, 58.33; H, 2.67; N, 16.25.
6-Amino-8-(4-bromophenyl)-9-oxo-2-phenyl-8H,9H-pyrano[2,3-d][1,3,4]thiadiazolo[3,2-a]pyrimidine-7-
carbonitrile (4c). Yellow powder (410 mg, 86%). mp 263-265 °C. IR (solid, KBr, vmax, cm™): 3317, 3286 (NH>),
2195 (C=N), 1699 (C=0), 1658 (C=N). 'H NMR (300.13 MHz, DMSO-ds): &1 4.60 (1H, s, CH), 7.25-7.28 (2H, m,
CH aromatic), 7.33 (2H, broad s, NH2), 7.52 (1H, d, 3Juy 2.1 Hz, CH aromatic), 7.54 (1H, d, 3Juy 1.8 Hz, CH
aromatic), 7.61-7.72 (3H, m, CH aromatic), 7.95-7.98 (2H, m, CH aromatic). 13C NMR (75.46 MHz, DMSO-ds): &¢
37.1 (CH), 57.1, 98.1, 119.8 (CN), 120.5, 127.9, 128.4, 130.2, 130.3, 131.7, 133.5, 143.6, 156.1, 158.1, 159.2,
159.5, 161.4. EI-MS: m/z (%) 478 (8, M*), 411 (51), 329 (54), 319 (100), 202 (39), 152 (42), 120 (75), 103 (49),
77 (53), 66 (99), 29 (98). Anal. Calcd for C21H12BrNsO,S (478.32): C, 52.73; H, 2.53; N, 14.64. Found: C, 52.88; H,
2.77; N, 14.35.
6-Amino-8-(2-chlorophenyl)-9-oxo-2-phenyl-8H,9H-pyrano[2,3-d][1,3,4]thiadiazolo[3,2-a]pyrimidine-7-
carbonitrile (4d). White powder (370 mg, 85%). mp 281-283 °C. IR (solid, KBr, vmax, cm™): 3418, 3328 (NH.),
2195 (C=N), 1687 (C=0), 1666 (C=N). 'H NMR (300.13 MHz, DMSO-ds): &4 5.07 (1H, s, CH), 7.26-7.30 (5H, m,
NH> and 3CH aromatic), 7.40-7.43 (1H, m, CH aromatic), 7.59-7.71 (3H, m, CH aromatic), 7.92 (1H, d, 3Jyy 1.5
Hz, CH aromatic), 7.95 (1H, d, 3Juy 1.2 Hz, CH aromatic). 3C NMR (75.46 MHz, DMSO-de): 6¢c 39.9 (CH), 61.1,
102.4, 124.3 (CN), 132.6, 132.7, 133.2, 133.8, 134.7, 134.9, 135.9, 137.6, 138.2, 145.9, 160.6, 163.3, 163.9,
164.3, 166.2. EI-MS: m/z (%) 434 (3, M*), 397 (48), 329 (99), 319 (92), 228 (82), 152 (58), 135 (89), 121 (93), 77
(94), 66 (100), 29 (95). Anal. Calcd for C21H12CINsO2S (433.87): C, 58.13; H, 2.79; N, 16.14. Found: C, 58.22; H,
2.87; N, 16.35.
6-Amino-9-oxo-2-phenyl-8-(p-tolyl)-8H,9H-pyrano[2,3-d][1,3,4]thiadiazolo[3,2-a]pyrimidine-7-carbonitrile
(4e). White powder (330 mg, 80%). mp 265-267 'C. IR (solid, KBr, vmax, cm™): 3321, 3291 (NHz), 2196 (C=N),
1712 (C=0), 1662 (C=N). 'H NMR (300.13 MHz, DMSO-ds): &1 2.32 (3H, s, CH3), 4.58 (1H, s, CH), 7.15-7.22 (4H,
m, CH aromatic), 7.29 (2H, broad s, NH>), 7.65-7.74 (3H, m, CH aromatic), 7.99 (1H, d, 3y 1.8 Hz, CH aromatic),
8.02 (1H, d, 3Juy 1.5 Hz, CH aromatic). 13C NMR (75.46 MHz, DMSO-ds): &c 21.1 (CHs), 37.1 (CH), 57.9, 98.8,
120.0 (CN), 127.9, 128.5, 129.3, 130.2, 133.5, 136.5, 141.3, 156.0, 158.1, 159.1, 159.4, 159.5, 161.1. EI-MS:
m/z (%) 413 (19, M*), 343 (30), 329 (78), 319 (94), 275 (70), 202 (45), 167 (95), 140 (91), 115 (93) 77 (92), 66
(100), 39 (90). Anal. Calcd for C22H1sNsO2S (413.45): C, 63.91; H, 3.66; N, 16.94. Found: C, 64.11; H, 3.74; N,
17.14.
6-Amino-8-(4-methoxyphenyl)-9-oxo-2-phenyl-8H,9H-pyrano[2,3-d][1,3,4]thiadiazolo[3,2-a]pyrimidine-7-
carbonitrile (4f). White powder (260 mg, 60%). mp 247-249 °C. IR (solid, KBr, vmax, cm™): 3323, 3290 (NHz),
2197 (C=N), 1712 (C=0), 1663 (C=N). *H NMR (300.13 MHz, DMSO-de): &x 3.74 (3H, s, CHs), 4.54 (1H, s, CH),
6.88 (1H, d, 3J4y 2.1 Hz, CH aromatic), 6.90 (1H, d, 3Juy 2.1 Hz, CH aromatic), 7.19-7.24 (4H, m, 2CH aromatic
and NH,), 7.61-7.72 (3H, m, CH aromatic), 7.95 (1H, d, 3Juy 1.8 Hz, CH aromatic), 7.97 (1H, d, 3Juy 2.1 Hz, CH
aromatic). 3C NMR (75.46 MHz, DMSO-ds): 8¢ 36.7 (CH), 55.6 (CH30), 57.9, 99.0, 114.2, 120.1 (CN), 127.8,
128.5, 129.1, 130.2, 133.5, 136.4, 156.0, 157.9, 158.7, 159.1, 159.4, 161.1. EI-MS: m/z (%) 429 (5, M*), 358
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(19), 319 (16), 290 (43), 202 (30), 183 (50), 120 (63), 77 (45), 66 (100), 29 (68). Anal. Calcd for C21H12Ns50,S
(398.42): C, 63.31; H, 3.04; N, 17.58. Found: C, 63.38; H, 3.13; N, 17.36.
6-Amino-9-oxo-2-phenyl-8-(4-(trifluoromethyl)phenyl)-8H,9H-pyrano(2,3-d][1,3,4]thiadiazolo[3,2-
alpyrimidine-7-carbonitrile (4g). White powder (370 mg, 78%). mp 279-281 ‘C. IR (solid, KBr, vmax, cm™):
3317, 3286 (NH3), 2197 (C=N), 1711 (C=0), 1660 (C=N). *H NMR (300.13 MHz, DMSO-ds): 6y 4.73 (1H, s, CH),
7.39 (2H, broad s, NHy), 7.52 (1H, s, CH aromatic), 7.55 (1H, s, CH aromatic), 7.61-7.73 (5H, m, CH aromatic),
7.95 (1H, d, 3/w 1.8 Hz, CH aromatic), 7.98 (1H, d, 3Jux 1.5 Hz, CH aromatic). 13C NMR (75.46 MHz, DMSO-db): 8¢
37.5 (CH), 56.9, 97.8, 119.7 (CN), 125.7, 125.8, 126.6, 127.9, 128.4, 129.0, 130.2, 133.5, 148.8, 156.1, 158.2,
159.2, 159.6, 161.6. EI-MS: m/z (%) 467 (15, M*), 319 (100), 220 (40), 120 (42), 102 (55), 66 (35), 29 (37). Anal.
Calcd for C22H12F3Ns03S (467.42): C, 56.53; H, 2.59; N, 14.98. Found: C, 56.36; H, 2.63; N, 15.23.
6-Amino-8-(4-nitrophenyl)-9-oxo-2-phenyl-8H,9H-pyrano[2,3-d][1,3,4]thiadiazolo[3,2-a]pyrimidine-7-
carbonitrile (4h). White powder (390 mg, 88%). mp 276-278 °C. IR (solid, KBr, vmax, cm™): 3326, 3292 (NH,),
2193 (C=N), 1705 (C=0), 1662 (C=N), 1527, 1351 (NO2). *H NMR (300.13 MHz, DMSO-ds): &1 4.82 (1H, s, CH),
7.46 (2H, broad s, NH;), 7.61-7.74 (5H, m, CH aromatic), 7.94 (1H, d, 3Juy 1.8 Hz, CH aromatic), 7.99 (1H, d, 3Jux
1.8 Hz, CH aromatic), 8.22-8.25 (2H, m, CH aromatic). 13C NMR (75.46 MHz, DMSO-ds): &¢ 37.5 (CH), 56.5, 97.4,
119.6 (CN), 124.1, 127.8, 128.4, 129.5, 130.2, 133.5, 145.0, 151.7, 156.1, 158.3, 159.3, 159.6, 161.8. EI-MS:
m/z (%) 444 (5, M*), 442 (17), 376 (48), 356 (47), 318 (78), 305 (35), 242 (27), 197 (81), 175 (85), 103 (79), 65
(100), 39 (80). Anal. Calcd for C21H12N6s04S (444.42): C, 56.75; H, 2.72; N, 18.91. Found: C, 56.49; H, 2.91; N,
19.17.
6-Amino-9-oxo-2-phenyl-8-(m-tolyl)-8H,9H-pyrano([2,3-d][1,3,4]thiadiazolo[3,2-a]pyrimidine-7-carbonitrile
(4i). White powder (280 mg, 68%). mp 263-265 °C. IR (solid, KBr, vmax, cm™): 3323, 3291 (NHz), 2196 (C=N),
1712 (C=0), 1662 (C=N); 'H NMR (300.13 MHz, DMSO-ds): 81 2.32 (3H, s, CHs), 4.58 (1H, s, CH), 7.15-7.22 (4H,
m, CH aromatic), 7.29 (2H, broad s, NH;), 7.65-7.77 (3H, m, CH aromatic), 7.99-8.02 (2H, m, CH aromatic). 13C
NMR (75.46 MHz, DMSO-ds): 6¢ 21.1 (CHs), 37.1 (CH), 57.9, 98.8, 120.0 (CN), 127.9, 128.5, 129.3, 130.2, 133.5,
136.5, 141.3, 156.0, 158.1, 159.1, 159.5, 161.1. EI-MS: m/z (%) 413 (8, M*), 409 (45), 341 (83), 317 (92), 273
(90), 241 (37), 201 (82), 166 (99), 120 (91), 76 (88), 65 (100), 39 (89). Anal. Calcd for C22H1sNs0,S (413.45): C,
63.91; H, 3.66; N, 16.94. Found: C, 63.78; H, 3.77; N, 17.21.
6-Amino-8-(3-methoxyphenyl)-9-oxo-2-phenyl-8H,9H-pyrano[2,3-d][1,3,4]thiadiazolo[3,2-a]pyrimidine-7-
carbonitrile (4j). Yellow powder (270 mg, 63%). mp 256-258 °C. IR (solid, KBr, vmax, cm™): 3353, 3317 (NH),
2195 (C=N), 1694 (C=0), 1656 (C=N). *H NMR (300.13 MHz, DMSO-de): &1 3.79 (3H, s, CHs), 4.61 (1H, s, CH),
6.85-6.89 (3H, m, CH aromatic), 7.26-7.32 (3H, m, NH; and CH aromatic), 7.65-7.74 (3H, m, CH aromatic), 7.99-
8.02 (2H, m, CH aromatic). 13C NMR (75.46 MHz, DMSO-de): 6¢ 37.4 (CH), 55.5 (CH30), 57.6, 98.5, 112.3, 114.2,
120.0 (CN), 120.1, 127.9, 128.5, 130.0, 130.2, 133.5, 145.8, 156.1, 158.2, 159.1, 159.6, 159.7, 161.3. EI-MS:
m/z (%) 429 (10, M*), 360 (39), 329 (20), 319 (82), 291 (65), 243 (32), 202 (55), 183 (98), 120 (95), 103 (76), 77
(85), 66 (99), 51 (43), 39 (94), 29 (100). Anal. Calcd for C21H12N50,S (398.42): C, 63.31; H, 3.04; N, 17.58. Found:
C, 63.45; H, 3.18; N, 17.39.
6-Amino-8-(2,4-dimethoxyphenyl)-9-oxo-2-phenyl-8H,9H-pyrano[2,3-d][1,3,4]thiadiazolo[3,2-a]pyrimidine-
7-carbonitrile (4k). White powder (380 mg, 83%). mp 259-261 °C. IR (solid, KBr, vmax, cm™): 3398, 3305 (NH.),
2202 (C=N), 1690 (C=0), 1669 (C=N). *H NMR (300.13 MHz, DMSO-ds): &1 3.75 (6H, s, 2CHs), 4.73 (1H, s, CH),
6.44-6.48 (1H, m, CH aromatic), 6.56 (1H, d, 3Ju4 2.4 Hz, CH aromatic), 7.00-7.06 (3H, m, CH aromatic and NH>),
7.60-7.72 (3H, m, CH aromatic), 7.94-7.97 (2H, m, CH aromatic). 3C NMR (75.46 MHz, DMSO-ds): ¢ 32.6 (CH),
55.6 (CHs0), 56.2 (CHs0), 57.0, 98.2, 99.4, 105.2, 120.2 (CN), 124.2, 127.8, 128.5, 128.7, 130.2, 133.4, 155.9,
158.6, 158.7, 158.9, 159.9, 160.1, 160.6. EI-MS: m/z (%) 362 (15), 360 (68), 291 (32), 258 (69), 213 (98), 185
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(70), 170 (67), 148 (86), 121 (92), 77 (88), 66 (100), 39 (91). Anal. Calcd for Ca1H11N50,S (397.41): C, 63.47; H,
2.79; N, 17.62. Found: C, 63.58; H, 2.62; N, 17.86.
6-Amino-9-oxo-2-phenyl-8-(pyridin-4-yl)-8H,9H-pyrano[2,3-d][1,3,4]thiadiazolo[3,2-a]pyrimidine-7-
carbonitrile (4l). Yellow powder (340 mg, 85%). mp 267-269 °C. IR (solid, KBr, vmax, cm™): 3322, 3289 (NH,),
2196 (C=N), 1712 (C=0), 1663 (C=N). *H NMR (300.13 MHz, DMSO-ds): &1 4.64 (1H, s, CH), 7.32 (2H, d, 3/ 6.0
Hz, CH aromatic), 7.41 (2H, s, CH aromatic), 7.61-7.72 (3H, m, CH aromatic), 7.97 (2H, d, 3Juy 6.0 Hz, CH
aromatic), 8.54 (2H, broad s, NH2). 3C NMR (75.46 MHz, DMSO-ds): ¢ 37.0 (CH), 56.2, 97.1, 119.7 (CN), 123.3,
127.9,128.4, 130.2, 133.5, 150.1, 152.6, 156.1, 158.4, 159.3, 159.7, 161.8. EI-MS: m/z (%) 397 (1, [M-3]), 372
(2), 331 (20), 318 (66), 242 (25), 202 (46), 175 (53), 154 (86), 120 (80), 103 (100), 66 (97), 51 (70), 39 (50), 28
(89). Anal. Calcd for C20H12N602S (400.41): C, 59.99; H, 3.02; N, 20.99. Found: C, 60.17; H, 3.15; N, 21.11.

Acknowledgements

The Research Council of Ferdowsi University of Mashhad is acknowledged for financial support (Grant No.
3/39655).

Supplementary Material

Supplementary material containing X-ray crystallographic data (for 4a product), copies of IR, *H and 3C NMR
spectra associated with this paper can be found in the online version.

References

1. Xia, S.;Yin, S.; Tao, S.; Shi, Y.; Rong, L.; Wei, X.; Zong, Z. Res. Chem. Intermed. 2012, 38, 2435-2442,
https://doi.org/10.1007/s11164-012-0559-0

2. Cordeu, L.; Cubedo, E.; Bandres, E.; Rebollo, A.; Saenz, X.; Chozas, H.; Dominguez, M, V.; Echeverria, M.;
Mendivil, B.; Sanmartin, C.; Palop, J. A.; Font, M.; Garcia-Foncillas, J. Bioorg. Med. Chem. 2007, 15, 1659-
1669.
https://doi.org/10.1016/j.bmc.2006.12.010

3. Agarwal, A.; Srivastava, K.; Puri, S. K.; Sinha, S.; Chauhan, P. M. S. Bioorg. Med. Chem. Lett. 2005, 15, 5218-
5221.
https://doi.org/10.1016/j.bmcl.2005.08.053

4. RaviKanth, S.; Venkat Reddy, G.; Hara Kishore, K.; Shanthan Rao, P.; Narsaiah, B.; Surya Narayana Murthy,
U. Eur. J. Med. Chem. 2006, 41, 1011-1016.
https://doi.org/10.1016/j.ejmech.2006.03.028

5. Youssouf, M. S.; Kaiser, P.; Singh, G. D.; Singh, S.; Bani, S.; Gupta, V. K.; Satti, N. K.; Suri, K. A.; Johri, R. K.
Int Immunopharmacol. 2008, 8, 1049-1055.
https://doi.org/10.1016/j.intimp.2008.03.015

6. Venkatesh, T.; Bodke, Y. D.; Joy, N. M.; Vinoda, B. M.; Shiralgi, Y.; Dhananjaya, B. L. Lett. Org. Chem. 2016,
13, 661-671.
https://doi.org/10.2174/1570178613666161017123123

Page 220 ©ARKAT USA, Inc



https://doi.org/10.1007/s11164-012-0559-0
https://doi.org/10.1007/s11164-012-0559-0
https://doi.org/10.1016/j.bmc.2006.12.010
https://doi.org/10.1016/j.bmc.2006.12.010
https://doi.org/
https://doi.org/

Arkivoc 2019, v, 211-223 Jannati, S. et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Gadad, A. K.; Mahajanshetti, C. S.; Nimbalkar, S. Raichurkar, A. Eur. J. Med. Chem. 2000, 35, 853—-857.
https://doi.org/10.1016/S0223-5234(00)00166-5

El-Sayed, N. S.; El-Bendary, E. R.; El-Ashry, S. M.; El-Kerdawy, M. M. Eur. J. Med. Chem. 2011, 46, 3714-
3720.

https://doi.org/10.1016/j.ejmech.2011.05.037

Luo, Y.; Zhang, S.; Liu, Z. J.; Chen, W.; Fu, J.; Zhu, Q. F.; Zeng, H. L. Eur. J. Med. Chem. 2013, 64, 54-61.
http://dx.doi.org/10.1016/j.ejmech.2013.04.014

Yokohama, S.; Miwa, T.; Aibara, S.; Fujiwara, H.; Matsumoto, H.; Nakayama, K.; lwamoto, T.; Mori, M.;
Moroi, R.; Tsukada, W.; Isoda, S. Chem. Pharm. Bull. 1992, 40, 2391-2398.
https://doi.org/10.1248/cpb.40.2391

Cheng, F.; Shi, D. Q. J. Heterocycl. Chem. 2012, 49, 732-736.

https://doi.org/ 10.1002/jhet.790

Clare, B. W.; Supuran, C. T. Eur. J. Med. Chem. 2000, 35, 859-865.
https://doi.org/10.1016/S0223-5234(00)00182-3

Lee, B. H.; Clothier, M. F.; Dutton, F. E.; Conder, G. A.; Johnson, S. Bioorg. Med. Chem. Lett. 1998, 8, 3317-
3320.

https://doi.org/10.1016/S0960-894X(98)00588-5

Coburn, R. A.; Glennon, R. A. J. Med. Chem. 1974, 17, 1025-1027.

https://doi.org/10.1021/im00255a029

Johnson, A. J.; Kumar, R. A.; Rasheed, S. A.; Chandrika, S. P.; Chandrasekhar, A.; Baby, S.; Subramoniam, A.
J. Ethnopharmacol. 2010, 130, 267-271.

https://doi.org/10.1016/j.jep.2010.05.003

Aly, H. M.; Kamal, M. M. Eur. J. Med. Chem. 2012, 47, 18-23.
https://doi.org/10.1016/j.ejmech.2011.09.040

Paliwal, P. K.; Jetti, S. R.; Jain, S. Med. Chem. Res. 2013, 22, 2984-2990.
https://doi.org/10.1007/s00044-012-0288-3

Bruhlmann, C.; Ooms, F.; Carrupt, P. A.; Testa, B.; Catto, M.; Leonetti, F.; Altomare, C.; Carotti, A. J. Med.
Chem. 2001, 44, 3195-3198.

https://doi.org/10.1021/jm010894d

Kesten, S. R.; Heffner, T. G.; Johnson, S. J.; Pugsley, T. A.; Wright, J. L.; Wise, D. L. J. Med. Chem. 1999, 42,
3718-3725.

https://doi.org/10.1021/im990266k

Wang, S.; Qi, Q. Z,; Li, C. P.; Ding, G. H.; Kim, S. H. Dyes Pigm. 2011, 89, 188-192.
https://doi.org/10.1016/j.dyepig.2010.09.010

Tejada, R.P.; Pelleja, L.; Palomares, E.; Franco, S.; Orduna, J.; Garin, J.; Andreu, R. Org. Electron. 2014, 15,
3237-3250.

http://dx.doi.org/10.1016/j.orgel.2014.09.003

Singh, M.S.; Chowdhury, S. RSC Adv. 2012, 2, 4547-4592.

https://doi.org/10.1039/c2ra01056a

Hegedus, L. S. J. Am. Chem. Soc. 2009, 131, 17995-17997.

https://doi.org/10.1021/ja908581u

Baghernejad, B. Eur. J. Chem. 2010, 1, 54-60.

https://doi.org/10.5155/eurjchem.1.1.54-60.2

Lei, M.; Ma, L.; Hu, L. Tetrahedron Lett. 2011, 52, 2597-2600.

Page 221 ©ARKAT USA, Inc



https://doi.org/10.1016/S0223-5234(00)00166-5
https://doi.org/10.1016/S0223-5234(00)00166-5
https://doi.org/
https://doi.org/
http://dx.doi.org/10.1016/j.ejmech.2013.04.014
http://dx.doi.org/10.1016/j.ejmech.2013.04.014
https://doi.org/10.1248/cpb.40.2391
https://doi.org/10.1248/cpb.40.2391
https://doi.org/10.1016/S0223-5234(00)00182-3
https://doi.org/10.1016/S0223-5234(00)00182-3
https://doi.org/10.1016/S0960-894X(98)00588-5
https://doi.org/10.1016/S0960-894X(98)00588-5
http://dx.doi.org/10.1016/j.orgel.2014.09.003
http://dx.doi.org/10.1016/j.orgel.2014.09.003
https://doi.org/10.5155/eurjchem.1.1.54-60.2
https://doi.org/10.5155/eurjchem.1.1.54-60.2

Arkivoc 2019, v, 211-223 Jannati, S. et al.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

http://dx.doi.org/10.1016/j.tetlet.2011.03.061

Safaei, H. R.; Shekouhy, M.; Rahmanpur, S.; Shirinfeshan, A. Green Chem. 2012, 14, 1696-1704.
https://doi.org/10.1039/c2gc35135h

Zhang, G.; Zhang, Y.; Yan, J.; Chen, R.; Wang, S.; Ma, Y.; Wang, R. J. Org. Chem. 2012, 77, 878-888.
http://dx.doi.org/10.1021/j0o202020m

Riyaz, S.; Indrasena, A.; Naidu, A.; Dubey, P. K. Lett. Org. Chem. 2013, 10, 451-456.
http://dx.doi.org/10.2174/1570178611310060007

Dekamin, M. G.; Eslami, M.; Maleki, A. Tetrahedron. 2013, 69, 1074-1085.
http://dx.doi.org/10.1016/j.tet.2012.11.068

Baghbanian, S. M.; Rezaei, N.; Tashakkorian, H. Green Chem. 2013, 15, 3446-3458.

https://doi.org/ 10.1039/c3gc41302k

Akbari, A. Heterocycl. Commun. 2013, 19, 425-427.

https://doi.org/10.1515/hc-2013-0058

Elinson, M. N.; Ryzhkov, F. V.; Merkulova, V. M.; llovaisky, A. I.; Nikishin, G. |. Heterocycl. Commun. 2014,
20, 281-284.

https://doi.org/10.1515/hc-2014-0114

Zolfigol, M. A.; Ayazi-Nasrabadi, R.; Baghery, S. Appl. Organometal. Chem. 2016, 30, 273-281.
https://doi.org/10.1002/a0c.3428

Shekouhy, M.; Khalafi-Nezhad, A. Green Chem. 2015, 17, 4815-4829.
https://doi.org/10.1039/C5GC01448D

Khoobi, M.; Maodiri Delshad, T.; Vosooghi, M.; Alipour, M.; Hamadi, H.; Alipour, E.; Pirali Hamedani, M.;
ebrahimi, E.; Safaei, Z.; Foroumadi, A.; Shafiee, A. J. Magn. Magn. Mater. 2015, 375, 217-226.
http://dx.doi.org/10.1016/j.jimmm.2014.09.044

Sadeghi, B.; Bouslik, M.; Shishehbore, M. R. J. Iran. Chem. Soc. 2015, 12, 1801-1808.
https://doi.org/10.1007/s13738-015-0655-3

Khazaei, A.; Ranjbaran, A.; Abbasi, F.; Khazaei, M.; Moosavi-Zare, A. R. RSC Adv. 2015, 5, 13643-13647.
https://doi.org/10.1039/c4ral6664g

Bhupathi, R.; Madhu, B.; Rama Devi, B.; Venkata Ramana Reddy, C. H.; Dubey, P. K. J. Heterocycl. Chem.
2016, 53,1911-1916.

https://doi.org/10.1002/jhet.2506

Goli-Jolodar, O.; Shirini, F.; Seddighi, M. J. Iran. Chem. Soc. 2016, 13, 457-463.
https://doi.org/10.1007/s13738-015-0754-1

Pirhayati, M.; Kakanejadifard, A.; Veisi, H. Appl. Organometal. Chem. 2016, 30, 1004-1008.
https://doi.org/10.1002/aoc.3534

Elinson, M. N.; Ryzhkov, F. V.; Nasybullin, R. F.; Vereshchagin, A. N.; Egorov, M. P. Helv. Chim. Acta. 2016,
99, 724-731.

https://doi.org/10.1002/hlca.201600150

Rezayati, S.; Abbasi, Z.; Rezaee Nezhad, E.; Hajinasiri, R.; Farrokhnia, A. Res. Chem. Intermed. 2016, 42,
7597-7609.

https://doi.org/10.1007/s11164-016-2555-2

Abbaspour-Gilandeh, E.; Aghaei-Hashjin, M.; Yahyazadeh, A.; Salemi, H. RSC Adv. 2016, 6, 55444-55462.
https://doi.org/10.1039/C6RA09818E

Azarifar, D.; Badalkhani, O.; Abbasi, Y.; Hasanabadi, M. J. Iran. Chem. Soc. 2017, 14, 403-418.
https://doi.org/10.1007/s13738-016-0989-5

Page 222 ©ARKAT USA, Inc


http://dx.doi.org/10.2174/1570178611310060007
http://dx.doi.org/10.2174/1570178611310060007
https://doi.org/10.1515/hc-2013-0058
https://doi.org/10.1515/hc-2013-0058
https://doi.org/10.1039/C6RA09818E
https://doi.org/10.1039/C6RA09818E

Arkivoc 2019, v, 211-223 Jannati, S. et al.

45. Asghari-Haji, F.; Rad-Moghadam, K.; Mahmoodi, N. O.; Tonekaboni, T.; Rahimi, N. Appl. Organometal.

46.

47.

48.

49,

Chem. 2017, 31, 3891.

https://doi.org/10.1002/ao0c.3891

Upadhyay, K. D.; Dodia, N. M.; Khunt, R. C.; Chaniara, R. S.; Shah, A. K. ACS. Med. Chem. Lett. 2018, 9, 283-
288.

http://dx.doi.org/10.1021/acsmedchemlett.7b00545

Nagaraju, S.; Paplal, B.; Sathish, K.; Giri, S.; Kashinath, D. Tetrahedron Lett. 2017, 58, 4200-4204.
https://doi.org/10.1016/j.tetlet.2017.09.060

Hasaninejad, A.; Firoozi, S. Mol. Divers. 2013, 17, 499-513.

https://doi.org/10.1007/s11030-013-9446-x

Suzuki, N.; Miwa, T.; Aibara, S.; Kanno, H.; Takamori, H.; Tsubokawa, M.; Ryokawa, Y.; Tsukada, W.; Isoda,
S. Chem. Pharm. Bull. 1992, 40, 357-363.

https://doi.org/10.1248/cpb.40.357

Page 223 ©ARKAT USA, Inc


https://doi.org/10.1248/cpb.40.357
https://doi.org/10.1248/cpb.40.357

