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ABSTRACT: Reaction of potassium 1H-1,2,4-triazole-3-selenolate (I) with acetylated ribose/deoxyribose (IIa,b) in the
presence of montmorillonite K 10 as a solid adsorbent furnished potassium 1-acetylated ribosyl/deoxyribosyl-1H-1,2,4-triazole-3-
selenolate (IIIa,b) with excellent yield under microwave irradiation in solvent-free conditions. This eliminates a series of complex
isolation procedures and often minimizes the use of a large amount of expensive, toxic, and hazardous solvents after each step.
This procedure reduces reaction time and cost and enhances yield. Reaction of compound (IIIa,b) with substituted/
unsubstituted aryl diazonium chloride (IVa−e) at 0−5 °C gave pure 3-(substituted/unsubstituted phenyl selanyl)-1-
acetylribosyl/deoxyribosyl-1H-1,2,4-triazole (Va−j). Oxidation of compound (Va−j) with oxone followed by alkaline hydrolysis
furnished quantitatively and analytically pure 3-(substituted/unsubstituted phenylselenonyl)-1-ribosyl/deoxyribosyl-1H-1,2,4-
triazole (VIIa−j). Compounds VIa−j and VIIa−j were evaluated in vitro for their fungitoxicities against Fusarium oxysporum and
Penicillium citrinum. All the compounds were found to be antifungal active. Some of the compounds displayed activities
comparable with that of the commercial fungicide Dithane M-45 and griseofulvin. Structure−activity relationships for the
screened compounds were discussed. The fact that both of these fungi have developed resistance to several fungicide groups
made them optimal candidates as target organisms for ongoing research about the potential application of 1,2,4-triazole and
analogue compounds as reduced-risk fungicides.
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■ INTRODUCTION
Many chemical crop protectants are being used for the manage-
ment and control of fungal diseases in modern agriculture.
Control of fungal diseases is essential to maintain high agricul-
tural productivity and to minimize monetary losses. Further,
the agrochemical industry has successfully developed a wide
array of fungicides with various chemical structures and modes
of action. However, an inevitable problem associated with the
use of fungicides is the occurrence of the increased resistance to
commercially available agrochemicals as well as the stricter envi-
ronmental and toxicological regulations now being introduced
worldwide, and the need for fungicides to be replaced by safer and
more effective agrochemicals with reduced environmental and/or
mammalian toxicity remains important.
Over the last few decades, 1,2,4-triazoles and their derivatives

have received considerable attention owing to their pesticidal1

and antifungal2−4 activities. Representatives of this class of
fungicides (Figure 1) are tebuconazole, flutriafol, hexaconazole,
and cyproconazole.5−8

Selenium is of great interest in biochemistry,9 chemistry,10−13

medicine, and medicine-related fields.14,15 It is also used for bio-
isosteric replacement of oxygen and sulfur in bioactive molecules
to obtain more bioactivity or safety.16

The biological and commercial significance of the 1,2,4-
triazoles, microelements, and selenium and their challenging mole-
cular architectures have prompted a number of synthetic studies.
Our approach for developing efficacious fungicide leads was to
design molecules containing the 1,2,4-triazoles, selenium atom, and
sugar moiety, and we have synthesized a series of hitherto unknown

title compounds, 3-(substituted/unsubstituted phenylselenonyl)-1-
ribosyl/deoxyribosyl-1H-1,2,4-triazole (VIIa−j) (Scheme 1).
Our study17−21 on structure−activity relationships showed

that, sometimes, minor changes in heterocyclic nuclei enhance
the biological activity many fold over the parent nuclei. Further
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Figure 1. Some representative structures of fungicides.
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search for new, effective, and safer nuclei has led to an improve-
ment in the existing drugs by increasing their potency and
duration of action and decreasing their toxic effects. Essential to
these efforts is the identification of new lead candidates possess-
ing high levels of desirable biological activities, reduced unwanted
toxicities, new structural types, and perhaps different modes of
action, thereby providing protection from cross-resistance to cur-
rently used agrochemicals.
The structural assignments of the synthesized products were

based on 1H NMR spectra and mass spectra (Table 1). Com-
pound IIIa,b was synthesized under microwave irradiation by the
reaction of I and IIa,b in the presence of montmorillonite K 10 as
a solid adsorbent with excellent yield in solvent-free condi-
tions. This procedure often minimizes the use of a large amount of
expensive, toxic, and hazardous solvents after each step, reduces
reaction time and cost, and enhances yield. Reaction of compound
IIIa,b with substituted/unsubstituted aryl diazonium chloride
IVa−e at 0−5 °C gave pure 3-(substituted/unsubstituted phenyl
selanyl)-1-acetylribosyl/deoxyribosyl-1H-1,2,4-triazole (Va−j).
Oxidation of compound Va−j with oxone followed by alkaline
hydrolysis furnished quantitatively and analytically pure 3-
(substituted/unsubstituted phenylselenonyl)-1-ribosyl/deoxyribo-
syl-1H-1,2,4-triazole (VIIa−j). Of the tested compounds VIa−j
and VIIa−j, compounds VIIb and VIld displayed in vitro fungit-
oxicity comparable to that of the commercial fungicide griseofulvin
and Dithane M-45 at 1000 μg/mL concentration against Fusarium
oxysporum and Penicillium citrinum (Table 2).

■ EXPERIMENTAL SECTION
All chemicals used were of reagent grade and were used as received
without further purification. Solvents were of reagent grade and dried
using standard procedures. Melting points were determined by open
glass capillary method and are uncorrected. The structural assignments

of the synthesized products were based on elemental analysis (C, H, N),
1H NMR spectra, and mass spectra.1H NMR spectra were recorded on a
Bruker (400 MHz) FT spectrometer in CDCl3 using TMS as internal
reference. Mass spectra were recorded on a JEOL D-300 mass spectro-
meter at 70 eV. Elemental analyses were carried out using a Coleman
automatic carbon, hydrogen, and nitrogen analyzer. An unmodified
laboratory microwave oven (model BP 310/50) operating at 2450 MHz
was used for all the experiments. The final products were purified by
column chromatography using silica gel (100 mesh) with increasing
percentage of hexane:MeOH. The progress of the reaction was monitored
by TLC (Merck silica gel).

Potassium 1-Acetylated Ribosyl/deoxyribosyl-1H-1,2,4-tria-
zole-3-selenolate (IIIa,b) (Microwave Irradiation). A mixture of
potassium 1H-1,2,4-triazole-3-selenolate (I)16,22,23 (2.5 mmol) and acety-
lated ribose/acetylated deoxyribose (IIa,b) (2.5 mmol) was adsorbed on
montmorillonite K-10 clay (0.5 mmol) in a 100 mL Pyrex conical flask
capped with a funnel and subjected to microwave irradiation for the
specified time (Table 1). The completion of the reaction was checked by
TLC using hexane:MeOH (7:3 v/v). The reaction mixture was cooled to
room temperature (rt) and eluted with acetone (3 × 20 mL). The eluate
was evaporated to dryness and washed with NaHCO3 (3.0% w/v) and
finally with cold H2O and dried over anhydrous MgSO4. The residue on
purification by silica gel column chromatography (hexane:MeOH; 7:3 v/v)
furnished analytically pure IIIa,b.

For comparison purpose, the final temperature was recorded im-
mediately after the MW irradiation for 2 min and was found to reach
about 90 °C from 27 °C (room temperature). The same reaction was
also carried out by using a thermostated water bath at the same bulk of
temperature (90 °C) as for the microwave activated method but for a
longer (optimized) period of time to ascertain whether the MW
method improves the yield or simply increases conversion rates.

3-(Substituted/unsubstituted phenyl selanyl)-1-acetylribo-
syl/deoxyribosyl-1H-1,2,4-triazole (Va−j). A solution of substi-
tuted/unsubstituted arylamine (0.05 mol) in 30 mL of methanol was added
slowly to 5.0 mL of concentrated HCl. It was stirred for 10 min at room
temperature and cooled to −5 °C. A solution of 3.51 g (0.051 mol) of

Scheme 1
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sodium nitrite in 15 mL of water was added dropwise to the mixture over a
period of 15 min. The mixture was stirred for another 30 min at 0 °C to
obtain a nearly colorless solution, substituted/unsubstituted aryldiazonium
chloride (IVa−e). Compound IVa−e was added dropwise to a mixture
potassium 1-acetylated ribosyl/deoxyribosyl-1H-1,2,4-triazole-3-selenolate
(IIIa,b) during 1 h, and 8.41 g (0.15 mol) of KOH in 20 mL of water was
added carefully at the same time to keep the pH at ∼12. After 5 h of
stirring at 0 °C, methanol was distilled off under vacuum, and the mixture
was filtered. The filtrate was extracted with chloroform (3 × 25 mL), dried
over anhydrous sodium sulfate, and purified with flash chromatography
through silica gel with hexane:EtOAc (1:1 v/v) to give pure Va−j.
3-(Substituted/unsubstituted phenylselenonyl)-1-acety-

lated ribosyl/acetylated deoxyribosyl-1H-1,2,4-triazole (VIa−j).
Following the standard procedure,23 a solution of NaOH (0.68 g,
0.017 mol) and Na2HPO4·H2O (0.9 g, 0.0025 mol) in 10 mL of water
was added carefully to a vigorously stirred solution of the corres-
ponding 3-(substituted/unsubstituted phenylselenonyl)-1-acetylribo-
syl/deoxyribosyl-1H-1,2,4-triazole (0.0025 mol) (Va−j) in 30 mL of
methanol, followed by the quick addition of 10 mL of aqueous of
Oxone (3.07 g, 0.005 mol). After room temperature had been mainta-
ined during 20 min of stirring, the mixture was filtered and washed
with 30 mL of methanol. The filtrate was evaporated under reduced
pressure to remove the methanol, neutralized with 6 M NaOH,
filtered, and dried in vacuum desiccators to give VIa−j.
3-(Substituted/unsubstituted phenylselenonyl)-1-ribosyl/

deoxyribosyl-1H-1,2,4-triazole (VIIa−j). A mixture of (VIa−j)
(2.5 mmol) and MeONa (2.5 mmol) was dissolved in dry MeOH (20 mL)
and stirred for about 2 h at rt. The completion of the reaction was
monitored by TLC using hexane:MeOH (6:4 v/v). The reaction mixture
was cooled to rt. This was neutralized with dilute HCl. The product thus
obtained was filtered and recrystallized from ethanol to obtain analytically
pure VIIa−j.
Antifungal Screening. The in vitro antifungal screening of the com-

pounds VIa−j and VIIa−j was carried out against Fusarium oxysporum
and Penicillium citrinum by poisoned food technique24 at 10, 100, and
1000 μg/mL concentration using commercial fungicide, griseofulvin and
Dithane M-45, as standards and Czapek’s agar as medium as previously

described.25−27 There were three replicate assays in each, and six replicate
controls were used. No remarkable morphological change was observed in
the developing fungi. The test fungi were inoculated in the center of the
Petri dishes and incubated at 28 ± 1 °C for 96 h. After this time, the
percent inhibition of the mycelial growth compared with that in control
dishes was recorded.

=

−

% inhibition 100[(av hyphal diameter in the control)

(av hyphal diameter in the test)]

/(av hyphal diameter in the control)

Most of the screened compounds showed promising fungicidal activity
at 1000 μg/mL concentration with both the test fungi Fusarium oxys-
porum and Penicillium citrinum (Table 2). Among the tested compounds,
VIIb and VIId displayed fungicidal action comparable with that of
griseofulvin and Dithane M-45 at 1000 μg/mL concentration and
inhibited 42−67% mycelial growth of both fungal species even at the
lowest concentration. This demonstrates that the presence of selenonyl-1-
ribosyl with the 1,2,4-triazole nucleus resulted in appreciable enhancement
of fungitoxicity of these compounds.

For the most active compounds VIIb and VIId it was ascertained
whether they are fungistatic or fungicidal. Thus, following the pro-
cedure of Garber and Houston,28 it was found that compounds VIIb
and VIId caused complete inhibition of mycelial growth of the test
fungi in treated as well as reinoculated dishes and hence were
fungicidal.

The present study indicates that the 1,2,4-triazole framework incor-
porated with the selenonyl-1-ribosyl nucleus reported herein might be
useful for developing efficacious fungicides by a suitable combination
of heterocyclic moiety and substituent present on the aromatic ring.

■ RESULTS AND DISCUSSION
Most of the screened compounds have significant fungitoxicity
at 1000 μg/mL (Table 2) against both tested fungi, but their
toxicity considerably decreased on dilution (100 and 10 μg/mL).
Of the tested compounds, the most active, VIIb and VIId,
displayed fungicidal action comparable with that of griseofulvin
and Dithane M-45 at 1000 μg/mL and inhibited 12−69%
mycelial growth of both fungal species even at the lowest con-
centration. Compounds VIa−j, which have acetylated hydroxyl
groups, are less fungitoxic than VIIa−j. This demonstrates that the
presence of ribose sugar with the 1,2,4-triazole nucleus resulted in
appreciable enhancement of fungitoxicity of these compounds. The
present study indicates that the 1,2,4-triazole framework with ribose
sugar reported herein might be useful for developing efficacious
fungicides by suitable structural variation in the aryl nucleus.
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(9) Gregus, Z.; Perjeśi, P.; Gyurasics, A. Enhancement of selenium
excretion in bile by sulfobromophthalein: elucidation of the
mechanism. Biochem. Pharmacol. 1998, 56, 1391−1402.
(10) Krief, A.; Dumont, W.; Delmotte, C. Reaction of organic
selenocyanates with hydroxides: the one-pot synthesis of dialkyl
diselenides from alkyl bromides. Angew. Chem., Int. Ed. 2000, 9, 1669−
1672.
(11) Koketsu, M.; Nada, F.; Hiramatsu, S. Reaction of acyl chlorides
with LiAlHSeH. Preparation of diacyl selenides, diacyl diselenides,
selenocarboxylates and cyclic selenoanhydrides. J. Chem. Soc., Perkin
Trans. 1 2002, 6, 737−740.
(12) Ceccherelli, P.; Curini, M.; Epifano, F.; Marcotullio, M. C.;
Rosati, O. Oxone oxidation of selenides: a mild and efficient method
for the preparation of selenones. J. Org. Chem. 1995, 60, 8412−8413.
(13) Krief, A.; Dumont, W.; Denis, J.-N.; Evrard, G.; Norberg, B.
Synthesis of selenones: a comparative study. Chem. Commun. 1985,
105, 569−570.
(14) Leonard, K. A.; Nelen, M. I.; Simard, T. P.; Davies, S. R.;
Gollnick, S. O.; Oseroff, A. R.; Gibson, S. L.; Hilf, R.; Chen, L. B.;
Detty, M. R. Synthesis and evaluation of chalcogenopyrylium dyes as
potential sensitizers for the photodynamic therapy of cancer. J. Med.
Chem. 1999, 42, 3953−3964.
(15) Chu, C. K.; Ma, L.; Olgen, S.; Pierra, C.; Du, J.; Gumina, G.;
Gullen, E.; Cheng, Y.; Schinazi, R. F. Synthesis and antiviral activity of
oxaselenolane nucleosides. J. Med. Chem. 2000, 43, 3906−3912.
(16) Ma, Y.; Liu, R.; Gong, X.; Li, Z.; Huang, Q.; Wang, H.; Song, G.
Synthesis and herbicidal activity of N,N-diethyl-3-(arylselenonyl)-1H-
1,2,4-triazole-1-carboxamide. J. Agric. Food Chem. 2006, 54, 7724−
7728.
(17) Siddiqui, I. R.; Singh, J.; Singh, P. K.; Dwivedi, S.; Shukla, P. K.;
Singh, J. Microwave induced expeditious synthesis and fungicidal
activity of novel heterocyclic bibenzyl. Indian J. Heterocycl. Chem. 2005,
14 (3), 231−234.
(18) Siddiqui, I. R.; Singh, J.; Singh, P. K.; Singh, J. Synthesis of
potential fungicidal bibenzyls from bio-renewable source. Indian J.
Chem. 2005, 44B, 1460−1464.
(19) Siddiqui, I. R.; Singh, P. K.; Singh, J.; Singh, J. Facile Synthesis
and fungicidal Activity of Novel 4,4′-bis[2″-(5‴-substituted rhodanin-
3‴-yl)thiazol-4″-yl]bibenzyls. Indian J. Chem. 2005, 44B, 2102−2106.
(20) Singh, P. K.; Siddiqui, I. R. A new versatile strategy for design
and synthesis of reduced risk fungicides: bibenzyl core incorporated
with modified as-indacene. Indian J. Chem. 2009, 48B, 1013−1018.

(21) Siddiqui, I. R.; Singh, P. K.; Srivastava, V.; Singh, J. Facile
synthesis of acyclic analogues of carbocyclic nucleoside as potential
anti HIV prodrug. Indian J. Chem. 2010, 49B, 512−520.
(22) Klayman, D. L.; Shine, R. J. A new synthesis of selenoureas and
selenothiocarbamic esters from thioureas. J. Org. Chem. 1969, 34,
3549−3551.
(23) Shafiee, A.; Lalezari, I.; Yazdany, S.; Pournorouz, A. Selenium
heterocycles VIII: synthesis and antibacterial activity of selenosemi-
carbazide and 1,3,4-selenadiazolylcarbamic acid esters. J. Pharm. Sci.
1973, 62, 839−840.
(24) Horsfall, J. G. Quantitative bioassay of fungicides in the
laboratory. Bot. Rev. 1945, 11, 357−397.
(25) Siddiqui, I. R.; Singh, P. K.; Singh, J.; Singh, J. Synthesis and
Fungicidal Activity of Novel 4,4′-bis(2″-aryl-5″-methyl/unsubstituted-
4″-oxo-thiazolidin-3″-yl)bibenzyl. J. Agric. Food Chem. 2003, 51 (24),
7062−7065.
(26) Yadav, L. D. S.; Misra, A. R.; Singh, H. Synthesis of new 7H-
1,3,4-thiadiazolo [3,2-a] [1, 3, 5] triazine-7-thiones as potential
fungicides. Pestic. Sci. 1989, 25, 219−225.
(27) Yadav, L. D. S.; Tripathi, R. L.; Dwivedi, R.; Singh, H. Synthesis
of new 1,3,4-oxadiazolo [3,2-d] thiadiazines with fungicidal action. J.
Agric. Food Chem. 1991, 39, 1863−1865.
(28) Garber, R. H.; Houston, B. R. An inhibitor of Verticillium
alboatrum in cotton seed. Phytophthology 1959, 49, 449−450.

Journal of Agricultural and Food Chemistry Article

dx.doi.org/10.1021/jf300730f | J. Agric. Food Chem. 2012, 60, 5813−58185818


