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Abstract: A rapid and green synthesis of 2,5-disubstituted 1,3,4-oxadiazoles is
reported. The title compounds were prepared by the reaction of different acyl hydra-
zides and orthoesters in the presence of silica sulfuric acid under solvent-free
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conditions. In this new process, reactions were run at ambient temperature and
completed in a short period of time with high yields.

Keywords: heterogeneous catalysis, heterocycles, 1,3,4-oxadiazoles, silica sulfuric
acid, solvent free

INTRODUCTION

Heterocycles form by far the largest of classical divisions of organic
chemistry and are of immense importance biologically, industrially, and
indeed to the functioning of any developed human society. The majority of
pharmaceuticals and biologically active agrochemicals are heterocyclic, as
are many additives and modifiers used in industry. Searching for simple
and efficient methods for generation of libraries of novel heterocyclic
compounds is in demand.!"!

Substituted 1,3,4-oxadiazoles are of considerable interest in medicinal
chemistry,"°72% pesticide chemistry,”! and polymer™®~® and material
science.’” As a consequence of these characteristics, oxadiazoles have an
impact in numerous drug discovery programs, including muscarinic
agonists,!'”! benzodiazepine receptor partial agonists,'''! dopamine transpor-
ters,''?! antirhinovirals,"'>! growth hormone secretagogoues,[m] fungicides,“s]
central nervous system (CNS) stimulants, and anti-inflammatory, hypoten-
sive,[ml insecticidal,m’lg' bactericidal,“g] and anticonvulsant agents.m'
Because of these properties, the synthesis of this group of compounds has
attracted significant interest. There are several methods for their synthesis in
the literature, which can be classified in to four main routes: (i) cyclization
of diacyl hydrazides 2 in the presence of a dehydrating agent,'*' ~2¢! (ii)
oxidation of acyl hydrazones 3,*”?% (iii) reaction of acyl hydarzides with
orthoesters in the presence of an acidic catalyst,””®~** and (iv) solid-phase
synthesis (Figure 1).°7*7! In addition to these procedures, some other
methods could also be found in the literature.*8~4°! Among them, one
simple and efficient method is the reaction of acyl hydrazides with different
orthoesters in the presence of an acid catalyst, which afforded the 2,5-disub-
stituted 1,3,4-oxadiazoles. Unfortunately, most of the procedures that have
been described for this reaction use toxic reagents or solvents, have long
reaction times, or use a domestic microwave oven, which could not be
adapted to an industrial scale and furthermore repeatability is low.

The principles of green chemistry dictate that chemical transformations
should be designed to minimize (a) required energy input, either mechanical
or thermal, and (b) the use of harmful organic solvents.

Many reactions proceed efficiently under solvent-free conditions.
Indeed, in many cases, solid-state organic reactions occur efficiently and
more selectively than those of their solution counterparts, because

[41,42]
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Figure 1. General methods for the synthesis of 1,3,4-oxadiazoles.

molecules in a crystal are arranged tightly and regularly."**! For synthesis of
our target compounds, a solvent-free reaction was selected.

RESULTS AND DISCUSSION

Here we report a procedure for the synthesis of 2,5-disubstituted 1,3,4-oxadia-
zoles. Recently we found silica sulfuric acid is a green, reusable, and versatile
acidic catalyst for organic synthesis.**~*! Upon simple mixing of neat
orthoesters with an acyl hydrazide in the presence of catalytic amounts of
silica sulfuric acid, an immediate conversion to 2,5-disubstituted 1,3,4-oxadia-
zole was observed (Scheme 1). The results summarized in Table 1 establish
the scope of this reaction.

The orthoesters were liquid at room temperature, thus making the process
easier. As the reactions were run neat and only 1 equivalent of each reagent was
needed, there were no problematic side products; the only side product was
ethanol, which was a solvent for washing and separating the catalyst; the
workup was straightforward and included separating the solid catalyst. In
addition, the reactants were not especially sensitive to air or water, so no pre-
cautions needed to be taken. It is noteworthy that the reactions were completed
in 10 min. To our knowledge, this is the first example of direct synthesis of
disubstituted oxadiazoles at room temperature in a very short period of time.

To emphasize the effect of the catalyst, the model reaction between
4-chlorobenzhydrazide and triethyl orthopropionate was described, and
different acidic catalysts were subjected to the reaction. All the reactions
were run in the same conditions, and similar amounts of catalysts

0} O
ili Ifuri i R A
Ar < - R—C(OE); Silica sulfuric acid . \« W/ r
NHNH, Solvent-free, rt, 10 min N—N

4 (a-r)

Scheme 1.
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Table 1. Synthesis of mono- and disubstituted oxadiazoles toward the reaction of acyl
hydrazides and orthoesters in the presence of silica sulfuric acid at room temperature in
10 min

Product” Ar R Yield (%)” Mp (°C)
4a 4-CIC¢H, H 92 132-133852
4b 4-CIC¢H, CH; 90 109-111%
4c 4-C1CgH, C,Hs 94 90-913%
4d 4-CIC¢H, (CH,),CH; 90 70-721321
4e 4-CICgH, (CH,);CH; 87 66-6734
af 4-CIC¢H,4 Ph 90 162-163127
4g 3-O,NCgH, H 88 125-126
4h 3-O,NC¢H;  CH; 85 156-158

4i 3-O,NC¢H,;  (CH,),CH; 93 64-65

4j 3-O,NCgH;  (CH,);CH; 80 70-71

4k 3-0,NC¢Hy Ph 85 150-151127
41 Ph CH; 93, 90, 91, 84, 86° 65-6772%
4m Ph Ph 90 135-13627
4n Ph H 91 150-152
40 Ph C,Hs 93 104-105
4p Ph (CH,),CH, 89 75-76

4q Ph (CH,);CH; 95 70-72

4r 4-Pyridyl Ph 87 148—1501%1

“The products were characterized by comparison of their spectroscopic and physical
data with authentic samples synthesized by reported procedures.

bIsolated yield based on acyl hydrazide.

“The catalyst was recycled for five runs.

(30 mol%) were used. As can be seen in Table 2, satisfactory results were
obtained only with silica sulfuric acid.

To investigate the possibility of recycling the catalyst, the reaction of
benzhydrazide and triethyl orthoacetate in the presence of 30 mol% of silica
sulfuric acid was investigated. After completion of the reaction, ethanol was

Table 2. Effect of acidic catalyst on the reaction of
4-chlorobenzhydrazide and triethyl orthopropionate”

Catalyst Yield (%)
p-TsOH 42
NaHSO,4 33
NaHSO;3 28
H,SO, 25
Montmorillonite K-10 48
Silica sulfuric acid 94

“All the reactions were run in 10 min.
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added, and the mixture was filtered to separate the catalyst. The recycled
catalyst was used for further runs. No decrease in catalytic activity of silica
sulfuric acid was observed even after five runs (Table 1, 4l).

In conclusion, a very simple, efficient, and ecofriendly synthesis of 2,5-
disubstituted oxadiazoles has been devised. Several symmetrical and unsym-
metrical 1,3,4-oxadiazoles were synthesized to show the diversity of the
method. We believe this method could be addressed for the combinatorial
synthesis of oxadiazoles in drug discovery programs.

EXPERIMENTAL

Products 4 (a—f), 4 (k—m), and 4r are known compounds, and their physical
data, IR, and 'H NMR spectra were essentially identical with those of
authentic samples. Other products that are new were characterized by their spec-
troscopic data (IR, '"Hand *C NMR, and MS). Melting points were obtained in
open capillary tubes and also on the Electrothermal 9100 apparatus and are not
corrected. Mass spectra were recorded on a Shimadzu QP 1100 BX mass
spectrometer. IR spectra were recorded on KBr pellets on a Shimadzu IR-470
spectrophotometer. 'H and '>C NMR spectra were determined on a Bruker
300 DRX Avance instrument at 300 and 75 MHz, respectively.

General Procedure for the Synthesis of 1,3,4-Oxadiazoles

Acyl hydrazide (1 mmol), orthester (1.2 mmol), and silica sulfuric acid
(0.11 g, equal to 0.3 mmol H") were placed in a round-bottomed flask. The
resulting mixture was stirred magnetically at ambient temprature. Upon com-
pletion of the reaction, as confirmed by thin-layer chromatography (TLC)
(eluent: n-hexane/ethyl acetate: 3/1), ethanol (2 mL) was added, and the
mixture was filtered to separate the catalyst. The ethanol was evaporated
under reduced pressure, and the products were recrystallized from ethanol
for further purity.

Selected Data for New Compounds

2-(3-Nitrophenyl)-1,3,4-oxadiazole (4g): mp 125-126°C. IR (KBr): 1611,
1583, 1524, 1462, 1059 cm™'. 'H NMR (CDCls, 300 MHz) &: 7.75-8.59
(m, 4H, Ar-H), 8.93 (s, 1H, Cs-H). '3C NMR (CDCls, 75 MHz) &: 122.07,
125.194, 126.43, 130.57, 132.68, 148.66, 174.81. MS (EL 70 eV) (m/z, %):
191 (M, 100), 150 (48), 117 (25), 90 (78).

2-Methyl-5(3-nitrophenyl)-1,3,4-oxadiazole (4h): mp 156—158°C. IR (KBr):
1586, 1561, 1467, 1062 cm™'. '"H NMR (CDCls, 300 MHz) &: 2.68 (s, 3H,
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CH;), 7.71-8.84 (m, 4H, Ar-H). *C NMR (CDCls, 75 MHz) &: 11.17,
121.63, 125.57, 126.01, 130.42, 132.28, 148.61, 163.06, 164.54. MS (EL, 70
eV) (m/z, %): 205 (M*, 100), 150 (48), 104 (32), 76 (30), 15 (45).

2-Propyl-5(3-nitrophenyl)-1,3,4-oxadiazole (4i): mp 64—-65°C. IR (KBr):
1597, 1560, 1470, 1066 cm '. '"H NMR (CDCl;, 300 MHz) &: 1.08
(t, J = 7.4 Hz, 3H), 1.92 (sex, J = 7.42 Hz, 2H), 2.95 (t, J = 7.45 Hz, 2H),
7.71-8.84 (m, 4H, Ar-H). '*C NMR (CDCl;, 75 MHz) &: 13.62, 20.08,
27.31, 121.62, 125.73, 125.92, 130.38, 132.32, 148.6, 162.86, 167.73. MS
(EL 70 eV) (m/z, %): 234 (MH™, 50), 205 (100), 150 (40), 104 (30), 76
(30), 43 (45).

2-Butyl-5(3-nitrophenyl)-1,3,4-oxadiazole (4j): mp 70-71°C. IR (KBr):
1593, 1558, 1471, 1003cm '. 'H NMR (CDCl;, 300 MHz) &: 0.99
(t, J=7.16 Hz, 3H), 1.45-1.9 (m, J=7.19 Hz, 4H), 2.97 (t, J = 7.4 Hz,
2H), 7.7-8.84 (m, 4H, Ar-H). '*C NMR (CDCl;, 75 MHz) &: 13.58, 22.17,
25.17, 28.55, 121.63, 125.72, 125.94, 130.38, 132.34, 148.59, 162.85,
167.93. MS (EI, 70 eV) (m/z, %): 248 (MH™, 25), 205 (100), 150 (25), 104
(30), 76 (46), 57 (35), 41 (40).

2-Phenyl-1,3,4-oxadiazole (4n): mp 150—152°C. IR (KBr): 1598, 1574, 1481,
1070, 712, 691 cm ™ '. "H NMR (DMSO-ds, 300 MHz) &: 7.45-7.83 (m, 5H,
Ar-H), 8.10 (s, 1H, Cs-H). '>*C NMR (DMSO-dq, 75 MHz) &: 127.91, 128.93,
129.05, 132.34, 160.39, 165.69. MS (EL, 70 eV) (m/z,%): 147 (MH™, 21), 105
(100), 77 (100), 51 (35).

2-Ethyl-5-phenyl-1,3,4-oxadiazole (40): mp 104-105°C. IR (KBr): 1573,
1533, 1483, 1057, 795, 689 cm . 'H NMR (CDCls, 300 MHz) &: 1.12
(t, J=6.75 Hz, 3H), 2.31 (q, J = 6.75 Hz, 2H), 7.34-7.84 (m, 5H, Ar-H).
13C NMR (CDCls, 75 MHz) 6: 9.61, 27.33, 127.75, 128.65, 131.31, 132.38,
165.38, 172.64. MS (EL 70 eV) (m/z, %): 174 (M™, 45), 136 (23), 105
(100), 77 (73), 51 (23).

2-Propyl-5-phenyl-1,3,4-oxadiazole (4p): mp 75-76°C. IR (KBr): 1575,
1533, 1484, 1072, 891, 689 cm '. '"H NMR (CDCls, 300 MHz) &: 0.93
(t, J="7.3Hz 3H), 1.66 (sex, J = 7.3 Hz, 2H), 2.28 (t, J = 7.27 Hz, 2H),
7.27-7.84 (m, 5H, Ar-H). ')C NMR (CDCl;, 75 MHz) §&: 13.61, 18.92,
35.89, 127.39, 128.56, 131.21, 132.28, 164.9, 171.33. MS (EI, 70 eV) (m/z,
%): 188 (M, 21), 160 (20), 136 (25), 105 (100), 77 (85), 51 (60).

2-Butyl-5-phenyl-1,3,4-oxadiazole (4q): mp 70—72°C. IR (KBr): 1599, 1552,
1481, 1086, 805, 689 cm™'. '"H NMR (DMSO-ds, 300 MHz) &: 0.89
(t, J="73Hz, 3H), 1.33 (sex, J= 7.3 Hz, 2H), 1.53 (quin, J = 7.35 Hz,
2H), 2.17 (t, J=7.4Hz, 2H), 746-7.87 (m, SH, Ar-H). °C NMR
(DMSO-dg, 75 MHz) é: 14.18, 22.16, 27.67, 33.46, 127.86, 128.88, 132.21,
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132.96, 165.95, 172.12. MS (EI, 70 eV) (m/z, %): 202 (M*, 45), 178 (25), 138
(48), 105 (100), 77 (92), 57 (65).

ACKNOWLEDGMENT

Financial support from the Research Council of Shahid Beheshti University is
gratefully acknowledged.

REFERENCES

11.

12.

. Kolb, H. C.; Finn, M. G.; Sharpless, K. B. Click chemistry: Diverse chemical

function from a few good reactions. Angew. Chem. Int. Ed. 2001, 40, 2004—2021.

. Kolb, H. C.; Sharpless, K. B. The growing impact of click chemistry on drug

discovery. Drug Discovery Today 2003, 8, 1128—1137.

. Shi, W.; Qian, X.; Zhang, R.; Song, G. Synthesis and quantitative structure—

activity relationships of new 2,5-disubstituted-1,3,4-oxadiazoles. J. Agric. Food
Chem. 2001, 49, 124-130.

. Meng, H.; Hung, W. Novel photoluminescent polymers containing oligothiophene

and m-phenylene-1,3,4-oxadiazole moieties: Synthesis and spectroscopic and
electrochemical studies. J. Org. Chem. 2000, 65, 3894—-3901.

. Meng, H.; Chen, Z.; Liu, X.; Lia, Y.; Chua, S.; Huang, W. Synthesis and charac-

terization of a novel blue electroluminescent polymer constituted of alternating
carbazole and aromatic oxadiazole units. Phys. Chem. Chem. Phys. 1999, I,
3123-3127.

. Bottino, F. A.; Pasquale, G. D.; Innelli, P. Synthesis, characterization, and study of

the thermal properties of new poly(arylene ether 1,3,4-oxadiazoles). Macromol-
ecules 2001, 34, 33-37.

. Tamoto, N.; Adachi, C.; Nagai, K. Electroluminescence of 1,3,4-oxadiazole and

triphenylamine-containing molecules as an emitter in organic multilayer light
emitting diodes. Chem. Mater. 1997, 9, 1077—1085.

. Perez, M. A.; Bermejo, J. M. Synthesis of multidentate 1,3,4-oxadiazole contain-

ing, imine-containing, and phenol-containing macrocycles. J. Org. Chem. 1993,
58, 2628-2630.

. Lee, D. W.; Kwon, K.-Y.; Jin, J. I; Park, Y.; Kim, Y.-R.; Hwang, [.-W. Lumines-

cence properties of structurally modified PPVs: PPV derivatives bearing 2-(4-tert-
butylphenyl)-5-phenyl-1,3,4-oxadiazole pendants. Chem. Mater. 2001, 13,
565-574.

. Orlek, B. S.; Blaney, F. E.; Brown, F.; Clark, M. S. G.; Hadley, M. S.; Hatcher, J.;

Riley, G. J.; Rosenberg, H. E.; Wadsworth, H. J.; Wyman, P. Comparison of aza-
bycyclic esters and oxadiazoles as ligands for the muscarinic receptor. J. Med.
Chem. 1991, 34, 2726-2735.

Watjen, F.; Baker, R.; Engelstoff, M.; Herbert, R.; MacLeod, A.; Knight, A.;
Merchant, K.; Moseley, J.; Saunders, J.; Swain, C. J.; Wong, E.; Springer, J. P.
Novel benzodiazepine receptor partial agonists—Oxadiazolylimidazobenzodiaze-
pines. J. Med. Chem. 1989, 32, 2282-2291.

Carroll, F. L.; Gray, J. L.; Abrahm, P.; Kuzemko, M. A.; Lewin, A. H.; Boja, J. W.;
Kuhar, M. J. 3-Aryl-2-(3'-substituted-1’,2’,4’-oxadiazol-5'-yl)tropain analogs of



Downloaded by [University of Hong Kong Libraries] at 01:58 25 July 2013

1208 M. Dabiri et al.

13.

14.

15.
16.

17.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.
31.

cocaine—Affinities at the cocaine binding-site at the dopamine, serotonin, and
norepinephrine transporters. J. Med. Chem. 1993, 36, 2886—2890.

Diana, G. D.; Volkots, D. L.; Nitz, T. J.; Bailey, T. R.; Long, M. A.; Vescio, N.;
Aldous, S.; Pevear, D. C.; Dutko, F. J. Oxadiazoles as ester bioisosteric replace-
mentes in compounds related to disoxaril—antirhinovirus activity. J. Med.
Chem. 1994, 37, 2421-2436.

Ankersen, M.; Peschke, B.; Hansen, B. S.; Hansen, T. K. Investigation of bioisos-
ters of the growth hormone secretagogue L-692,429. Bioorg. Med. Chem. Lett.
1997, 7, 1293-1298.

Chen, H.; Li, Z.; Han, Y. J. Agric. Food Chem. 2000, 48, 5312-5315.
Deshmukh, A. A.; Sattur, P. B.; Sheth, U. K. Synthesis and pharmacology of 2,3-
diphenylpropionhydrazides and hydrazones. Indian. J. Exp. Biol. 1976, 14,
166-168.

Sen Gupta, A. K.; Garg, M.; Chandra, U. Synthesis and biological activity of some
new N-3(2phenyl quinazolin (3H)-4-one) acyl hydrazones. J. Indian Chem. Soc.
1979, 56, 645-647.

. Zheng, X.; Li, Z.; Wang, Y.; Chen, W.; Huang, Q.; Liu, C.; Song, G. J. Flourine

Chem. 2003, 123, 163-169.

Khan, M. T. H.; Choidhary, M. I.; Khan, K. M.; Rani, M.; Rahman, A. Structure—
activity relationships of tyrosinase inhibitory combinatorial library of 2,5-disubsti-
tuted-1,3,4-oxadiazole analogues. Bioorg. Med. Chem. 2005, 13, 3385-3395.
Zarghi, A.; Tabatabai, S. A.; Faizi, M.; Ahadian, A.; Navabi, P.; Zanganeh, V.;
Shafiee, A. Synthesis and anticonvulsant activity of new 2-substituted-5-(2-benzy-
loxyphenyl)-1,3,4-oxadiazoles. Bioorg. Med. Chem. Lett. 2005, 15, 1863—1865.
Hayes, F. N.; Rogers, B. S.; Ott, D. J. 2,5-Diaryloxazoles and 2,5-diaryl-1,3,4-oxa-
diazoles. J. Am. Chem. Soc. 1955, 77, 1850—1852.

El Kaim, L.; Le Menestrel, I.; Morgentin, R. Trichloroacetic acid hydrazones I:
New formation of 1,3,4-oxadiazoles from aldehydes. Tetrahedron Lett. 1998,
39, 6885—-6888.

Khan, K. M.; Ullah, Z.; Rani, M.; Perveen, S.; Haider, S. M.; Choudhary, M. L;
Rahman, A.; Voelter, W. Microwave-assisted synthesis of 2,5-disubstituted-
1,3,4-oxadiazoles. Lett. Org. Chem. 2004, 1, 50—52.

Loffler, J.; Schobert, R. Synthesis of 1,3,4-oxadiazoles from carboxylic hydrazides
and of 1,2-oxazin-6-ones from alpha-(hydroxyimino)carboxylic esters with kete-
neylidene triphenylphosphorane. Synlett 1997, 283-284.

Herrero, M. A.; Wannberg, J.; Larhed, M. Direct microwave synthesis of N,N’-
diacylhydrazines and boc-protected hydrazides by in situ carbonylations under
air. Synlert 2004, 2335-2338.

Kosmrlj, J.; Kocevar, M.; Polanc, S. A mild approach to 1,3,4-oxadiazoles and
fused 1,2,4-triazoles. Diazenes as intermediates? Synlett 1996, 652—-654.
Rostamizadeh, S.; Housaini, G. Microwave-assisted syntheses of 2,5-disubstituted
1,3,4-oxadiazoles. Tetrahedron Lett. 2004, 45, 8753 -8756.

Rao, V. S.; Sekhar, V. G. C. Iodobenzene diacetate mediated solid-state synthesis
of heterocyclyl-1,3,4-oxadiazoles. Synth. Commun. 2004, 34, 2153-2157.
Ainsworth, C. The condensation of aryl carboxylic acid hydrazides with orthoe-
sters. J. Am. Chem. Soc. 1955, 77, 1148—-1150.

Leiby, R. W. J. Heterocycl. Chem. 1984, 21, 1825-1832.

Shafiee, A.; Naimi, E.; Mansobi, P.; Foroumadi, A.; Shekari, M. Syntheses of sub-
stituted -oxazole-1,3,4-thiadiazoles, 1,3,4-oxadiazoles, and 1,2,4-triazoles.
J. Heterocycl. Chem. 1995, 32, 1235-1239.



Downloaded by [University of Hong Kong Libraries] at 01:58 25 July 2013

Silica Sulfuric Acid 1209

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Khajavi, M. S.; Sadat Hosseini, S. S.; Sefidkon, F. Iran. J. Chem. Chem. Eng. 1997,
16, 68-71.

Brown, B. J.; Clemens, 1. R.; Neesom, J. K. Diisopropylcarbodiimide: A novel
reagent for the synthesis of 1,3,4-oxadiazoles on solid-phase. Synletr 2000,
131-133.

Hebert, N.; Hannah, A. L.; Sutton, S. C. Synthesis of oxadiazoles on solid support.
Tetrahedron Lett. 1999, 40, 8547—-8550.

Brain, C. T.; Paul, J. M.; Loong, Y.; Okaley, P. J. Novel procedure for the synthesis
of 1,3,4-oxadiazoles from 1,2-diacylhydrazines using polymer-supported Burgess
reagent under microwave conditions. Tetrahedron Lett. 1999, 40, 3275-3278.
Kilburn, J. P.; Lau, J.; Jones, R. C. F. 1,3,4-Oxadiazole formation: A novel solid
support strategy. Tetrahedron Lett. 2001, 42, 2583-2586.

Coppo, F. T.; Evans, K. A.; Graybill, T. L.; Burton, G. Efficient one-pot prep-
aration of S5-substituted-2-amino-1,3,4-oxadiazoles using resin-bound reagents.
Tetrahedron Lett. 2004, 45, 3257-3260.

Sugiono, E.; Detert, H. Functionalisation of 2-(1-naphthyl)-5-phenyl-1,3,4-
oxadiazol with alkoxysilanes. Synthesis 2001, 893—-896.

Park, Y.-D.; Kim, J.-J.; Chung, H.-A.; Keweon, D.-H.; Cho, S.-D.; Lee, S. G.;
Yoon, Y.-J. Facile synthesis of symmetric and unsymmetric 1,3,4-oxadiazoles
using 2-acyl(or aroyl)pyridazin-3-ones. Synthesis 2003, 560—564.

Young, J. R.; DeVita, R. J. Novel synthesis of oxadiazoles via palladium catalysis.
Tetrahedron Lett. 1998, 39, 3931-3934.

Dabiri, M.; Salehi, P.; Mohammadi, A. A.; Baghbanzadeh, M. One-pot synthesis
of mono- and disubstituted (3H)-quinazolin-4-ones in dry media under
microwave irradiation. Synth. Commun. 2005, 35, 279-287.

Salehi, P.; Dabiri, M.; Khosropour, A. R.; Roozbehniya, P. Diammonium
hydrogen phosphate: A versatile and inexpensive reagent for one-pot synthesis
of dihydropyrimidinones, quinazolinones and azalactones under solvent-free con-
ditions. J. Iran. Chem. Soc. 2006, 3, 98—104.

Tanaka, K.; Toda, F. Solvent-free organic synthesis. Chem. Rev. 2000, 100,
1025-1047, and other references cited therein.

Zolfigol, M. A. Silica sulfuric acid/NaNO, as a novel heterogeneous system for
production of thionitrites and disulfides under mild conditions. Tetrahedron
2001, 57, 9509-9511.

Salehi, P.; Dabiri, M.; Zolfigol, M. A.; Baghbanzadeh, M. A novel method for the
one-pot three-component synthesis of 2,3-dihydroquinazolin-4(1H )-ones. Synlett
2005, 1155-1157.

Salehi, P.; Dabiri, M.; Zolfigol, M. A.; Baghbanzadeh, M. A new approach to the
facile synthesis of mono- and disubstituted quinazolin-4(3H )-ones under solvent-
free conditions. Tetrahedron Lett. 2005, 46, 7051-7053.





