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ABSTRACT

A facile one-pot synthesis of ethyl 5-methyl-4,7-dihydrotetrazolol[1,5-
alpyrimidine, 5-tert-butyl-4,7-dihydrotetrazolo[1,5-alpyrimidine, 6,6-
dimethyl-5,6,7,9-tetrahydrotetrazolo[5,1-b]quinazolin-8(4H)-one  and
5,6,7,9-tetrahydrotetrazolo[5,1-b]quinazolin-8(4H)-one derivatives
were described via a three-component reaction of aldehyde, 5-ami-
notetrazole and diketones in PEG-400 under microwave irradiation at
110°C for 30min. A wide range of diketones such as ethylacetoace-
tate, tert-butyl acetoacetate, 5,5-dimethylcyclohexane-1,3-dione and
1,3-cyclohexanedione were utilized to carry out the synthesis of dif-
ferent dihydrotetrazolo[1,5-alpyrimidines and tetrahydrotetrazolo[1,5-
alquinazolinones. This method has the advantage of green protocol,
operational simplicity, high vyields, recyclability of the solvent and
involves isolation of the final product without column purification.
The scope of this reaction tolerates with aromatic, heteroaromatic
and alicyclic aldehydes.
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* One pot domino tandem process * Broad substrate scope
* Green, efficient protocol and colum free purification
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Multicomponent reactions [MCR]"""”! are those in which two or more reactants react
in a reaction vessel to form a single complex structure in which most of the atoms of
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starting materials are retained. In general, ideal multicomponent reactions are the one
which proceeds by simple one reactant addition on another reactant without isolation
of intermediate and leads to the formation of a single complex structure (or) cyclic
structures.'® There are several approaches in multicomponent reactions, i.e., transition
metal catalyzed MCR, acid catalyzed MCR, non-catalyzed MCR and MCR involving
cycloadditions. Among the group of multicomponent reactions, PEG-400°~"") mediated
non-catalyzed multicomponent reactions played a vital role towards the synthesis of a
variety of heterocyclic compounds with simple and easy workup procedures as well as
high yields of isolated products. Moreover, multicomponent reactions are highly chemo-
selective, flexible, convergent and atom economy process. Over the decades, there are
several reports for the development of multicomponent reactions which explored the
fields of pharmaceutical industry, academics, and combinatorial chemistry. In general,
the concept of multicomponent reactions is to replace the hazardous and toxic chemical
processes by carrying out reactions in neat condition!'?! while heating the reactants (or)
by using PTC (or) by using ionic liquids (or) usage of eco-friendly solvent, that is, water
as a medium. In 1900, Bulow was the first person to describe the formation of ditetra-
zolopyrimidines from the reaction of cyclic -diketonoes (or) f-keto esters with 5-ami-
notetrazole and carboxaldehyde.!"®! The synthesis of heterocyclic compounds via MCR
strategy is gaining importance in both industrial and academics due to its widespread
applications in the development of new drugs."* Pyrimidine derivatives are the import-
ant class of heterocyclic compounds, present in the wide variety of drugs and is an
essential constituent of nucleic acids.!"® Tetrazolopyrimidines are a class of heterocyclic
compounds which exhibit the properties of pyrimidine as well as tetrazole skeleton.
Several API ingredients contains the pyrimidine as well as tetrazole as their core moiety
(Fig. 1).1¢17)

Some of the compounds having pyrimidine and tetrazole moiety exhibit the broad
spectrum of biological activity includes antiplatelet and vasodilator!'®! (trapidil), anti-

cancer!''”) (monastrol), antitumor,?” inhibitor of Hepatitis B Virus Surface Antigen
Secretion,?!! anticonvulsant,’”? antidiabetic,’*! antibacterial,’** antihypertonic.'**’
/\N/\
SO N
‘ »
antiplatelet and vasodilator anticancer
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Figure 1. Active drugs containing pyrimidine and tetrazole nucleus as their core unit.
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Scheme 1. Previous and present one-pot methods to the synthesis of dihydrotetrazolopyrimidines.

Along with the different biological activities, macrocyclictetrazole moiety*®! serves as a
basis for medical diagnostic composite in MRI scan. The previous methods>” % for the
synthesis of heterocyclic tetrazolopyrimidines involves the use of toxic reagents, tedious
workup, laborious isolation of products from the reaction mixture.*> 37! Therefore, the
approach towards an environmentally benign, simple and convenient, protocol for the
synthesis of 4,7-tetazolopyrimidines is still in demand. Here, we have carried out an
efficient one-pot three-component synthesis of tetrazolopyrimidines under microwave
irradiation in moderate-to-high yields using polyethylene glycol-400(PEG-400) as eco-
friendly reaction medium (Scheme 1).

PEG-400 was utilized in our multicomponent reaction is to serve as catalyst and solv-
ent simultaneously. The microwave irradiation reaction promotes the formation of tetra-
zolopyrimidine is a simple, an effective and gave the promising yields within a short
duration of time. This method avoids the usage of metal halides, carcinogenic solvents
and longer reaction time. In addition to simple operation, the method of purification is
also simple, it involves the treatment of reaction mixture with cold water, the precipitate
formed was filtered, air dried to afford the desired products.

Results and discussion

At first, we have carried out the reaction of benzaldehyde 1, 5-amino tetrazole 2
and diketoester such as ethyl 3-oxobutanoate 3 (Scheme 2). The effect of solvent on
the rate of reaction was studied with different solvent systems as summarized in
Table 1.

The desired products 7-substituted-ethyl 5-methyl-4,7-dihydrotetrazolo[1,5-a]pyrimi-
dine-6-carboxylate 4a was obtained in 43% yield for ethylacetate (entry 1, Table 1). Use
of acetonitrile as solvent gave promising results for the formation of product 4a (entry
2-3, Table 1). Further improvement in the yield for product formation was observed
for ethanol as solvent (entry 4-5, Table 1). Increasing the polarity of solvents, that is,
acetic acid and DMF could not improve the yield of the reaction (entry 6-9, Table 1).
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Scheme 2. Synthesis of ethyl 5-methyl-7-phenyl-4,7-dihydrotetrazolo[1,5-alpyrimidine-6-carboxyl-
ate 4a.

Table 1. Optimization of reaction condition for synthesis of 4a°.

S. No. Solvent Temperature % of Yield” Time in MW
1 EtOAc 80°C 43% 30 min
2 ACN 80°C 74% 30 min
3 ACN 110°C 75% 30 min
4 Ethanol 80°C 82% 30 min
5 Ethanol 110°C 84% 30 min
6 Acetic acid 80°C 71% 30 min
7 Acetic acid 110°C 74% 30 min
8 DMF 80°C 75% 30 min
9 DMF 110°C 79% 30 min
10 PEG-400 80°C 81% 30 min
1 PEG-400 110°C 92% 15 min
12 PEG-400 110°C 93% 30 min

Experimental conditions: aldehyde 1 (4.71 mmol), 1-H-5-aminotetrazole 2 (4.71 mmol), ethyl acetoacetate 3 (4.71 mmol),
PEG-400 (5 mL).
BYields of isolated products.

Finally, the use of PEG-400 as solvent resulted in complete conversion with gradually
increase in the rate reaction at a higher temperature of 110 °C (entry 10-11, Table 1).

In addition to polarity of the solvent, there is a slight increase in the rate of reaction
with the increase in time from 15 to 30 min under microwave irradiation (entry 12,
Table 1). A range of 4, 7-dihydrotetrazolo [1,5-a]pyrimidines 4 and 6 were synthesized
in good to excellent yields using this protocol. The scope of current protocol was
applicable to wide range of aromatic aldehydes containing electron withdrawing and
donating groups with >90% vyield (entries 2—4, 8-9, 11-12 and entry 16, Table 2). Even
heteroaromatic aldehydes and alicyclic carboxyaldehydes like cyclopropane aldehyde
gave commendable results when compared to the previous methods of synthesis (entries
5-7, 10 and entries 13-15, Table 2). This method is simple and more convenient to syn-
thesis of tetrazolpyrimidine with different carboxyaldehydes. The presence of multiple
electron withdrawing and donating substituents did not affect the yield as compared to
previous methods of synthesis.

Using the optimized conditions, we further explored the scope of current protocol
using cyclic diketones such as dimedone 7 and 1,3-cyclohexanedione 9 (Table 3).
Aromatic aldehydes containing electron withdrawing and donating groups gave excel-
lent yield for product formation (entries 1-5, Table 3). Heteroaromatic aldehydes also
retained maximum yield without any drop toward product formation (entry 7 & 10,
Table 3). Even alicyclic carboxyaldehydes like cyclohexane and cyclopropane aldehyde
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Table 2. Microwave assisted synthesis of 4a-h and 6a-h in PEG-400.?
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S. No Product R Yield®
1 4a CeHs 93%
2 4b 3-Br CgH4 94%
3 4c 4-F CgHy 92%
4 4d 3,5-F, CeHs 93%
5 4e 2-C4H5S 92%
6 4f 4-C5H4N 92%
7 4g 2-CH50 93%
8 4h 3,4,5-(0CH3)3CeHs 92%
9 6a 3,5-F, CgH3 92%
10 6b 4-C5H4N 94%
11 6¢ 4-CH5-S-CgH4 91%
12 6d 4-F CgHy 96%
13 6e 2-C4H50 92%
14 6f 2-Cl-3CsH3N 93%
15 69 CaHs 91%
16 6h 4-CN CgH, 93%

Experimental conditions: carboxyaldehyde 1 (4.71 mmol), 1-H-5-aminotetrazole 2 (4.71 mmol), ethyl acetoacetate 3
(4.71 mmol) or tert-Butyl acetoacetate 5 (4.71 mmol), PEG-400 (5 mL).
Blsolated yield.

gave encouraging results when compared to the previous methods of synthesis (entry 6,
8-9, Table 3). The structure of 10b was further confirmed by single crystal XRD.*!!

It is significantly noted that the current protocol was successfully applied for the prepar-
ation of tetrahydrotetrazolo [1,5-a]quinazolinone derivatives 8 and 10 with the readily avail-
able starting materials. The more advantage of this method involves the simple workup
procedure without using solvents for purification technique. The simple workup procedure
involves the cooling of reaction mixture to room temperature followed by dilution with cold
water (10mL). Further stirring for about 10-15 min resulted in the formation of solid pre-
cipitate which was eventually filtered and dried under vacuum to obtain the desired prod-
ucts. Hence, the optimized protocol avoids the use of column purification and
recrystallization techniques to reduce the usage of organic solvents while purification.

From the experimental results, the plausible mechanism proceeds in three steps (Scheme
3). Step 1, involves the formation of Knoevenagel condensation product A when aldehyde 1
reacts with ethylacetoacetate 3. In step 2, 5-aminotetrazole 2 attacks the electrophilic ben-
zylic carbon atom to give B by simple hydroamination reaction. The final step involves the
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Table 3. Microwave assisted synthesis of 8a-g and 10a-c in PEG-400.7

o
R O
(0]
7 N,,N N
Ny
H
8 a-g, 7 examples
PEG-400
MW/100 °C/30 min
R-CHO +
1 2
(0}
0 i
o N
=N
9 N
NN
H
10 a-c, 3 examples
S. No Product R Yield® (%)
1. 8a 4-F CgHy 92%
2. 8b 3-CF3 CgH4 93%
3. 8c 4-CH5-S-CgH, 91%
4. 8d 4-NO, CgH,4 96%
5. 8e 4-CN CgHy4 95%
6. 8f CsHs 93%
7. 8g 2-OH-3CsH3N 95%
8. 10a CeHy4 97%
9. 10b G3Hs 94%
10. 10c 2-OH-3CsH3N 97%

Experimental conditions: aldehyde 1 (4.71 mmol), 1-H-5-aminotetrazole 2 (4.71 mmol), dimedone 7 (4.71 mmol) or 1,3-
cyclohexanedione 9 (4.71 mmol), PEG-400 (5 mL).
Plsolated Yield.

dehydration followed by cyclization to give the product dihydrotetrazolopyrimidine 4. In
the overall reaction mechanism, PEG-400 acts as catalyst and solvent simultaneously.

Experimental
Materials and methods

Starting materials 5-Aminotetrazole, ethyl acetoacetate, tert-butyl acetoacetate, dimedone,
1,3-cyclohexanedione was obtained from commercial suppliers and carboxaldehydes are
used in the reaction are freshly distilled at the time of reaction to avoid the presence of
corresponding acid byproduct in aldehyde. Microwave reaction performed in CEM micro-
wave apparatus at 110 °C for 15-30 min. Analytical thin-layer chromatography was per-
formed on glass plates precoated with silica gel impregnated with a fluorescent indicator
(254 nm), and the plates were visualized by exposure to ultraviolet light. All melting points
are uncorrected. Mass and LC-MS spectra were taken on Agilent LC-MS 1100 series
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Scheme 3 Plausible mechanism for the formation of product 4.

instrument in the electrospray ionization (positive ESI) mode. "H and '>C NMR spectra
were recorded at 400 MHz and 100 MHz respectively in DMSO-ds. Chemical shifts were
reported in ppm from internal TMS (J). FT-IR was done on solid-phase KBr pellets.

General procedure for the synthesis of 4, 7-dihydrotetrazolo [1,5-a]pyrimidine 4 in
PEG-400

To a stirred solution of aldehyde 1 (4.71 mmol), 5-aminotetrazole 2 (4.71 mmol) and
ethyl acetoacetate 3 (4.71 mmol) in polyethylene glycol (PEG)-400 (5mL) and the mix-
ture was heated at 110 °C for 30 min under microwave irradiation. The progress of the
reaction was monitored by TLC. After completion of reaction, cooled to RT, diluted
with cold water (20mL), solid precipitated was filtered, washed with diethyl ether
(20 mL), and dried under vacuum.

Conclusion

In conclusion, we report an inexpensive, fast and efficient synthesis of dihydrotetra-
zolo[1,5-a]pyrimidines and tetrahydrotetrazolo[1,5-a]quinazolinones from active methy-
lene groups containing substrates like ethyl acetoacetate 3, tert-butylacetoacetate 5,
dimedone 7, 1,3-cyclohexanedione 9 with diverse carboxyaldehydes and 5-aminotetra-
zole in PEG-400 at 110 °C for 30 min under microwave irradiation. This green protocol
was applied to alicyclic carboxyaldeydes along with aromatic aldehyde containing elec-
tron withdrawing groups as well as donating groups with good yields compared to the
previous methods of synthesis. The method of synthesis showed great tolerance towards
diverse substrates containing acid and base sensitive functional groups. The great advan-
tage of this method of synthesis involves the simple workup procedure and the isolation
products with excellent yields. In addition to simple operation, purification of products
involves treating the reaction mixture with cold water resulting in precipitate formation
to afford desired products.
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Full experimental detail containing IR, 'H, ?C NMR spectra, Mass and Elemental
analysis. This material can be found via the “Supplementary Content” section

Acknowledgements

We thank VFSTR for extended facilities at COEXAMMPC throughout the research. We express
our gratitude to Dr. Beeraiah for X-ray analysis.

Note
1. The deposition number for 10b CCDC 1948865.

Funding

The authors are grateful to DST-SERB, New Delhi for providing financial support under Young
Scientist Scheme SB/FT/CS-079/2014.

ORCID

Shaik Firoj Basha () http://orcid.org/0000-0002-8700-9336
Veera Babu Gudise () http://orcid.org/0000-0002-6368-0256
Vadiga Shanthi Kumar () http://orcid.org/0000-0003-4909-8531
Naveen Mulakayala (&) http://orcid.org/0000-0002-5621-6455
Shaik Anwar () http://orcid.org/0000-0001-9383-2882

References

[1] Domling, A.; Ugi, I. Ugi, I. Multicomponent Reactions with Isocyanides. Angew. Chem. Int.
Ed. 2000, 39, 3168-3210. DOI: 10.1002/1521-3773(20000915)39:18 < 3168::aid-anie3168.

[2] Simon, C.; Constantieux, T.; Rodriguez, J. Utilisation 1,3-Dicarbonyl Derivatives in
Multicomponent Reactions. Eur. J. Org. Chem. 2004, 2004, 4957-4980. DOI: 10.1002/ejoc.
200400511.

[3] Nair, V.; Vinod, A. U; Rajesh, C. A Novel Synthesis of 2-Aminopyrroles Using a Three-
Component Reaction. J. Org. Chem. 2001, 66, 4427-4429. DOI: 10.1021/j0001714v.

[4] Huma, H. Z. S; Halder, R; Kalra, S. S; Das, J; Igbal, J. Cu(I)-Catalyzed Three
Component Coupling Protocol for the Synthesis of Quinolone Derivatives. Tetrahedron
Lett. 2002, 43, 6485-6488. DOI: 10.1016/S0040-4039(02)01240-6.

[5] List, B,; Castello, C. A Novel Proline-Catalyzed Three-Component Reaction of Ketones,
Aldehydes, and Meldrum’s Acid. Synlett 2001, 11, 1687-1689. DOI: 10.1055/s-2001-18095.

[6] Hulme, C; Gore, V. “Multi-Component Reactions: Emerging Chemistry in Drug
Discovery” ‘from Xylocain to Crixivan’. Cmc 2003, 10, 51-80. DOIL 10.2174/
0929867033368600.

[7]1 Gein, V. L; Prudnikova, A. N.; Kurbatova, A. A.; Dmitriev, M. V.; Novikova, V. V;
Rudakova, 1. P; Starikov, A. L. Three-Component Reaction of Dimedone with Aromatic
Aldehydes and 5-Aminotetrazole” Russ. J. Gen. Chem. 2019, 89, 881-885. DOI: 10.1134/
S1070363219050049

[8] Medimagh, R.; Marque, S.; Prim, D.; Marrot, J.; Chatti, S. Concise Synthesis of Tricyclic
Isoindolinones via One-Pot Cascade Multicomponent Sequences. Org. Lett. 2009, 11,
1817-1820. DOI: 10.1021/019003965.

[9] Babu, B. H,; Vijay, K,; Krishna, K. B. M.; Sharmila, N.; Ramana, B. M. An Efficient PEG-
400 Mediated Catalyst Free Green Synthesis of 2-Aminothiazoles from o-Diazoketones
and Thiourea. J. Chem. Sci. 2016, 128, 1475-1478. doi:10.1007/s12039-016-1130-0.


https://doi.org/10.1002/1521-3773(20000915)39:183168::aid-anie3168
https://doi.org/10.1002/ejoc.200400511
https://doi.org/10.1002/ejoc.200400511
https://doi.org/10.1021/jo001714v
https://doi.org/10.1016/S0040-4039(02)01240-6
https://doi.org/10.1055/s-2001-18095
https://doi.org/10.2174/0929867033368600
https://doi.org/10.2174/0929867033368600
https://doi.org/10.1134/Sl070363219050049
https://doi.org/10.1134/Sl070363219050049
https://doi.org/10.1021/ol9003965
https://doi.org/10.1007/s12039-016-1130-0

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

[22]

(23]

(24]

SYNTHETIC COMMUNICATIONS® 9

Zhong, X.; Dou, G.; Wang, D. Polyethylene Glycol (PEG-400): an Efficient and Recyclable
Reaction Medium for the Synthesis of Pyrazolo [3, 4-b] Pyridine-6(7H)-One Derivatives.
Molecules. 2013, 18, 13139-13147. doi:10.3390/molecules181113139.

Vafaeezadeh, M.; Hashemi, M. M. Polyethylene Glycol (PEG) as a Green Solvent for
Carbon-Carbon Bond Formation Reactions. . Mol. Lig. 2015, 207, 73-79. DOI: 10.1016/j.
molliq.2015.03.003.

a) Ganem, B. Strategies for Innovation in Multicomponent Reaction Design. Acc. Chem.
Res. 2009, 17, 463-472. DOI: 10.1021/ar800214s; b) Cioc, R. C,; Ruijter, E.; Orru, R. V. A.
Multicomponent Reactions: Advanced Tools for Sustainable Organic Synthesis. Green
Chem. 2014, 16, 2958-2975. DOI: 10.1039/C4GC00013G.

Bulow, C. About Heterocyclic Double Core Compounds:  Substituted
Tetrazotopyrimidines. Eur. ]. Inorg. Chem. 1909, 42, 4429-4438. DOI: 10.1002/cber.
1909420436.

Slobbe, P.; Ruijter, E.;; Orru, R. V. A. Recent Applications of Multicomponent Reactions
in Medicinal Chemistry. Med. Chem. Commun. 2012, 3, 1189-1218. DOI: 10.1039/
c2md20089a.

Lagoja, I. Pyrimidine as Constituent of Natural Biologically Active Compounds. CeB.
2005, 2, 1-50. DOI: 10.1002/cbdv.200490173.

Mokale, S. N.; Shinde, S. S.; Elgire, R. D.; Sangshetti, J. N.; Shinde, D. B. Synthesis and
anti-Inflammatory Activity of Some 3-(4,6-Disubstituted-2-Thioxo-1,2,3,4-
Tetrahydropyrimidin-5-yl) Propanoic Acid Derivatives. Bioorg. Med. Chem. Lett. 2010, 20,
4424-4426. DOI: 10.1016/j.bmcl.2010.06.058.

Muraglia, E.; Kinzel, O. D.; Laufer, R; Miller, M. D.; Moyer, G.; Munshi, V.; Orvieto, F;
Palumbi, M. C,; Pescatore, G.; Rowley, M.; et al. Tetrazolethioacetanilides: Potent Non-
Nucleoside Inhibitors of WT HIV Reverse Transcriptase and Its K103N Mutant. Bioorg.
Med. Chem. Lett. 2006, 16, 2748-2752. DOI: 10.1016/j.bmcl.2006.02.024.

Buyukafsar, K,; Yazar, A.; Dusmez, D.; Ozturk, H.; Polat, G.; Levent, A. Effect of Trapidil,
an Antiplatelet and Vasodilator Agent on Gentamicin-Induced Nephrotoxicity in Rats.
Pharmacol. Res. 2001, 44, 321-328. DOI: 10.1006/phrs.2001.0864.

Jedhe, G. S.; Paul, D.; Gonnade, R. G.; Santra, M. K;; Hamel, E.; Nguyen, T. L.; Sanjayan,
G. J. Correlation of Hydrogen-Bonding Propensity and Anticancer Profile of Tetrazole-
Tethered Combretastatin Analogues. Bioorg. Med. Chem. Lett. 2013, 23, 4680-4684. DOI:
10.1016/j.bmcl.2013.06.004.

Wu, L. Synthesis and Biological Evaluation of Novel 1,2-Naphthoquinones Possessing
Tetrazolo[1,5-a]Pyrimidine Scaffolds as Potent Antitumor Agents. RSC Adv. 2015, 5,
24960-24965. DOI: 10.1039/C5RA00711A.

Dougherty, A. M.; Guo, H.; Westby, G.; Liu, Y.; Simsek, E.; Guo, J. T.; Mehta, A.; Norton,
P; Gu, B; Block, T.; Cuconati, A. A Substituted Tetrahydro-Tetrazolo- Pyrimidine Is a
Specific and Novel Inhibitor of Hepatitis B Virus Surface Antigen Secretion. Antimicrob.
Agents. Chemother. 2007, 51, 4427-4437. DOI: 10.1128/AAC.00541-07.

Wang, S. B.; Deng, X. Q.; Zheng, Y; Yuan, Y. P,; Quan, Z. S;; Guan, L. P. Synthesis and
Evaluation of Anticonvulsant and Antidepressant Activities of 5-Alkoxytetrazolo [1, 5-
c]Thieno[2,3-e]Pyrimidine Derivatives. Eur. J. Med. Chem. 2012, 56, 139-144. DOL: 10.
1016/j.ejmech.2012.08.027.

Pegklidou, K.; Koukoulitsa, C.; Nicolaou, I.; Demopoulos, V. J. Design and Synthesis of
Novel Series of Pyrrole Based Chemotypes and Their Evaluation as Selective Aldose
Reductase Inhibitors. A Case of Bioisosterism between a Carboxylic Acid Moiety and That
of a Tetrazole. Bioorg. Med. Chem 2010, 18, 2107-2114. DOI: 10.1016/j.bmc.2010.02.010.
Dave, C. G.; Shah, R. D. Annellation of Triazole and Tetrazole Systems onto Pyrrolo[2,3-
d)Pyrimidines: Synthesis of Tetrazolo[1,5-c]-Pyrrolo[3,2-e]-Pyrimidines and Triazolo[1,5-
c]Pyrrolo-[3,2-e]Pyrimidines as Potential Antibacterial Agents. Molecules. 2002, 7,
554-565. DOI: 10.3390/70700554.


https://doi.org/10.3390/molecules181113139
https://doi.org/10.1016/j.molliq.2015.03.003
https://doi.org/10.1016/j.molliq.2015.03.003
https://doi.org/10.1021/ar800214s
https://doi.org/10.1039/C4GC00013G
https://doi.org/10.1002/cber.1909420436
https://doi.org/10.1002/cber.1909420436
https://doi.org/10.1039/c2md20089a
https://doi.org/10.1039/c2md20089a
https://doi.org/10.1002/cbdv.200490173
https://doi.org/10.1016/j.bmcl.2010.06.058
https://doi.org/10.1016/j.bmcl.2006.02.024
https://doi.org/10.1006/phrs.2001.0864
https://doi.org/10.1016/j.bmcl.2013.06.004
https://doi.org/10.1039/C5RA00711A
https://doi.org/10.1128/AAC.00541-07
https://doi.org/10.1016/j.ejmech.2012.08.027
https://doi.org/10.1016/j.ejmech.2012.08.027
https://doi.org/10.1016/j.bmc.2010.02.010
https://doi.org/10.3390/70700554

10 @ S. F. BASHA ET AL.

(25]

(26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

Hussein, M.; Ahmed, O. M. Regioselective One-Pot Synthesis and anti-Proliferative and
Apoptotic Effects of Some Novel Tetrazolo[1,5-a]Pyrimidine Derivatives. Bioorg. Med.
Chem. 2010, 18, 2639-2644. DOI: 10.1016/j.bmc.2010.02.028.

Aime, S.; Cravotto, G.; Crich, S. G.; Giovenzana, G. B.; Ferrari, M.; Palmisano, G.; Sisti,
M. Synthesis of the Gd(III) Complex with a Tetrazole-Armed Macrocyclic Ligand as a
Potential MRI Contrast Agent. Tetrahedron Lett. 2002, 43, 783-786. DOI: 10.1016/S0040-
4039(01)02272-9.

Zeng, L.-Y.; Cai, C. Iodine Catalyzed One-Pot Multicomponent Synthesis of a Library of
Compounds Containing Tetrazolo[1,5-a]Pyrimidine Core. J. Comb. Chem. 2010, 12,
35-40. DOI: 10.1021/cc9000983.

Yao, C; Lei, S; Wang, C; Yu, C; Tu, S. Solvent-Free Synthesis of 5-Methyl-7-Aryl-4,7-
Dihydrotetrazolo[1,5-a]Pyrimidine-6-Carboxylic Esters Catalyzed by Sulfamic Acid.
J. Heterocyclic. Chem. 2008, 45, 1609-1613. DOI: 10.1002/jhet.5570450609.

Raju, C; Kalaipriya, M.; Uma, R; Sridhar, R; Ramakrishna, S. Pyridinium Trifluoro
Acetate Mediated Synthesis of 3,4-Dihydropyrimidin-2(1H)-Ones and Tetrazolo[1,5-
a]Pyrimidine-6-Carboxylates. Curr. Chem. Lett. 2012, 1, 27-34. DOIL: 10.5267/j.ccl.2011.12.
004.

Kour, P.; Singh, V. P.; Khajuria, B.; Singh, T.; Kumar, A. Al (III) Chloride Catalyzed
Multi-Component Domino Strategy: Synthesis of Library of Dihydrotetrazolo[1,5-
a]Pyrimidines and Tetrahydrotetrazolo[1,5-a]Quinazolinones. Tetrahedron. Lett. 2017, 58,
4179-4185. DOI: 10.1016/j.tetlet.2017.09.052.

Li, T. J; Ya, C. S; Yu, C. S; Wang, X. S; Tu, S. J. Ionic Liquid-Mediated One-Pot
Synthesis of 5-(Trifluoromethyl)-4,7-Dihydrotetrazolo[1,5-a]Pyrimidine Derivatives. Synth
Communi. 2012, 42, 2728-2738. DOI: 10.1080/00397911.2011.566460.

Pryadeina, M. V.; Burgart, Y. V.; Saloutin, V. L; Kodess, M. L; Ulomskii, E. N.; Rusinov,
V. L. Synthesis of 7-Alkyl(Aryl)-6-Alkoxycarbonyl-5-Fluoroalkyl-1,2,4-Tri(Tetr)Azolo[1,5-
a]Pyrimidines. Russ. J. Org. Chem. 2004, 6, 902-907. DOIL: 10.1023/B:RUJO.0000044558.
47152.65.

Maleki, A.; Ravaghi, P; Morteza, A.; Hamed, M. A Novel Magnetically Recyclable
Silver-Loaded Cellulose-Based Bionanocomposite Catalyst for Green Synthesis of
Tetrazolo[1,5-a]Pyrimidines. Res. Chem. Intermed. 2017, 43, 5485-5494. DOI: 10.1007/
s11164-017-2941-4.

Eeda, K. R; Chandran, R; Sajith, A. M, Dileep, K. V. Sadasivan, C.; Anwar, S.
Functionalised Dihydroazo Pyrimidine Derivatives from Morita-Baylis-Hillman Acetates:
Synthesis and Studies against Acetylcholinesterase Inhibitors. RSC Adv. 2016, 6,
77431-77439. DOI: 10.1039/C6RA12507G.

Dallinger, D.; Gorobets, N. Y.; Kappe, C. O. High-Throughput Synthesis of N3-Acylated
Dihydropyrimidines ~Combining Microwave-Assisted  Synthesis and Scavenging
Techniques. Org. Lett. 2003, 5, 1205-1208. DOI: 10.1021/01034085v.

Bora, U, Saikia, A.; Boruah, R. C. A Novel Microwave-Mediated One-Pot Synthesis of
Indolizines via a Three-Component Reaction. Org. Lett. 2003, 5, 435-438. DOI: 10.1021/
01020238n.

Novanna, M. Kannadasan, S; Shanmugam, P. Phosphotungstic Acid Mediated,
Microwave Assisted Solvent-Free Green Synthesis of Highly Functionalized 2'-Spiro and
2,3-Dihydro Quinazolinone and 2-Methylamino Benzamide Derivatives from Aryl and
Heteroaryl 2-Amino Amides. Tetrahedron Lett. 2019, 60, 201-206. DOI: 10.1016/j.tetlet.
2018.12.011.


https://doi.org/10.1016/j.bmc.2010.02.028
https://doi.org/10.1016/S0040-4039(01)02272-9
https://doi.org/10.1016/S0040-4039(01)02272-9
https://doi.org/10.1021/cc9000983
https://doi.org/10.1002/jhet.5570450609
https://doi.org/10.5267/j.ccl.2011.12.004
https://doi.org/10.5267/j.ccl.2011.12.004
https://doi.org/10.1016/j.tetlet.2017.09.052
https://doi.org/10.1080/00397911.2011.566460
https://doi.org/10.1023/B:RUJO.0000044558.47152.65
https://doi.org/10.1023/B:RUJO.0000044558.47152.65
https://doi.org/10.1007/s11164-017-2941-4
https://doi.org/10.1007/s11164-017-2941-4
https://doi.org/10.1039/C6RA12507G
https://doi.org/10.1021/ol034085v
https://doi.org/10.1021/ol020238n
https://doi.org/10.1021/ol020238n
https://doi.org/10.1016/j.tetlet.2018.12.011
https://doi.org/10.1016/j.tetlet.2018.12.011

	Abstract
	Introduction
	Results and discussion
	Experimental
	Materials and methods

	General procedure for the synthesis of 4, 7-dihydrotetrazolo [1,5-a]pyrimidine 4 in PEG-400
	Conclusion
	Acknowledgements
	References


