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4&vehuks&3&eosZQIVks&5&fiQuk;y&1,2,4&Vªk;k”kksy ds f'ki+Q cslksa
dk la'ys"k.k ,ao dod vfo"kkyqrk dk ewY;kadu

lkj

izfrjksf/rk] ihM+d leL;kvksa esa ifjorZu] dbZ i;kZoj.k dkjdksa  ,oa u,&u,
mRiknksa ls izfrLi/kZ ds dkj.k Hkh ihM+duk'kh yEcs le; rd izpyu esa ugha jg
ikrsA blfy, iqjkus ihM+dukf'k;ksa ds LFkku ij u, ihM+dukf'k;ksa ds fodkl dh
vko';drk gksrh gS tks vf/d l{ke gksus ds lkFk&lkFk i;kZoj.k dks Hkh lqjf{kr
j[k ldsaA dbZ fo"kepozQh; v/kZa'kksa okys f'ki+Q cslksa dk iz;ksx vkSf"kf/;ksa ds :i esa
fd;k tkrk gS vkSj mudk ihM+duk'kh;ksa ds :i esa iz;ksx Hkh lwfpr fd;k x;k gSA
dqN 4&vehuks&1]2]4&Vªk;k”kksyl~ ds f'ki+Q cslksa dk la'ys"k.k fd;k tk pqdk gS vkSj
muesa dod izfrjksf/rk] thok.kq izfrjksf/rk ,oa ikni o`f¼ fu;ked (ih th vkj)
xq.k lwfpr fd, x, gSA gky gh esa oqQN 5&,fjy&4&vehuks&3&eosZQIVks&1]2]4&Vªk;k”kksyl~
esa doduk'kh gksus dh {kerk lwfpr gh xbZ gSA

l{ke dodukf'k;ksa dh [kkst ds iz;kl esa chl f'ki+Q cslksa dh ,d Ük`[kayk ls
tqM+s ,fjy fjax esa fHkUu&fHkUu LFkkuksa ij izfrLFkkiu okys 4&vehuks&3&eosZQIVks&
5&fiQuk;y&4,p&1]2]4&Vªk;k”kksy ds ,jhykbMsuvehuks&3 eosZQIVks&5&fiQuk;y
&4,p&1]2]4&Vªk;k”kksyl~ dk ,d ik¡p pj.kksa okyh la'ys"k.k ;kstuk }kjk la'ys"k.k
fd;k x;k tks castksbd vEy ls vkjEHk gksrh gS tks igys feFkk;y ,LVj es ifjofrZr
gksrk gS    gk;Mªs”kkbM    MkbFkk;ksdkckZf”kfud ,flM lkYV    Vªk;k”kksy ,oa
vUrr%     f'ki+Q cslA bl la'ys"k.k ds ik¡p esa ls rhu pj.k vFkkZr feFkk;y
,LVj ls gk;Mªs”kkbM+% MkbFkk;ksdkckZf”kfud ,flM lkYV ls Vªk;k”kksy ,oa Vªk;k”kksy ls
f'ki+Q cslksa dk lw{erjaxksa dk mi;ksx dj la'ys"k.k fd;k x;kA  ijEijkxr fof/ ds
ctk; lw{erjaxksa ls la'ys"k.k vf/d Rofjr ,oa {kerk iwoZd gksrk gSA f'ki+Q csl]
4&,jhykbZMsuvehuk&3&eosZQIVks&5&fiQuk;y&4,p&1]2]4&Vªk;k”kksy] ;Fks"V ,fYMgk;M~l
ds lkFk bFksukWy esa 4&vehuks&3&eosZQIVks&5&fiQuk;y&1]2]4&Vªk;k”kksy dh 2&4 ?kUVs
fjÝyfDlax }kjk 52&92» mRiknu ds lkFk izkIr fd, x,A

rkfRod fo'ys"k.k] vkbZ vkj ,oa ,u ,e vkj LisDVªksLdksih }kjk f'ki+Q cslksa
dh lajpuk dk xq.k fu/kZj.k fd;k x;kA

rhu ikni jksxtud dodksa] jkb”kksDVksfu;k lksysukb] Ý;w”ksfj;e vkWDlhLiksje
,oa ckbiksysfjl lksjksdhfu;kuk ds fo:n~/ dod vfo"kkyqrk gsrq f'ki+Q cslksa dk
ewY;kadu fd;k x;kA bl Ük`a[kyk ds lHkh ;kSfxdksa esa 4&(3&feFkk;ycsa”kk;yh



Msuvehuks)&3&eosZQIVks&5&fiQuk;y&4,p&1]2]4&Vªk;k”kksy (bZ Mh
50
¾ 17-34 ihih,e)]

4&(4&Dyksjkscs atk;yhMsuvehuks)&3&eosZQIVks&5&fiQuk;y&4,p&1]2]4&Vªk;k”kksy
(bZ Mh

50
¾ 95-55 ih ih ,e) ,oa 4&(3&Dyksjkscsatk;yhMsuvehuks)&3&eosZQIVks&5&

fiQuk;y&4,p&1]2]4&Vªk;k”kksy (bZ Mh
50
¾ 181-3 ih ih ,e) us ozQe'k% jk- lksysukb]

Ý;w- vkWDlhLiksje ,oa ck- lksjksdhfu;kuk ds fo:¼ ewy Vªk;k”kksy] 4&vehuks&3&
eosZQIVks&5&fiQuk;y&4,p&1]2]4&Vªk;k”kksy (bZ Mh

50
¾ 76 ih ih ,e) dh rqyuk esa

lokZf/d lfozQ;rk n'kkZ;hA

;n~;fi dod vkfo"kkyqrk laca/h vk¡dM+s] lajpuk lfozQ;rk laca/ ds fo"k; esa
oqQN egRoiw.kZ fu"d"kksZa rd ys tkus gSa fdUrq dod vkfo"kkyqrk gsrq lgh lajpukRed
xq.kksa dh igpku gsrq dksf'kdkvksa ds ckgj iz;ksx'kkyk esa fy, x, dod vfo"kkyqrk
vk¡dM+ks rFkk csatk;yhMhu fjax izfrLFkkfi;ksa ds gk;MªksiQksfcd] bysDVªkWfud ,oa LVhfjd
xq.kksa dk eYVhiy fjxzS'ku fo'ys"k.k rduhdksa }kjk fofHkUu HkSfrd&jklk;fud izpyksa
dk mi;ksx dj ek=kkRed lajpuk lfozQ;rk laca/ksa (D;w ,l , vkj) dk fo'ys"k.k
fd;k x;kA D;w ,l , vkj ekWmy n'kkZrs gSa fd 4 ,fjykbMsuvehuks&3&eosZQIVks&5&
fiQuk;y&4,p&1]2]4&Vªk;k”kksyl~ dh jk- lksysukb ds fo:¼ doduk'kh lfozQ;rk]
gk;MªksiQksfcflVh (π) ds lkFk izfrykse isjkcksfyd laca/ n'kkZrh gS tcfd Ý;w-
vkWDlhLiksje ,oa ck- lksjksdhfu;kuk ds fo:¼ dod vkfo"kkyqrk] cSatk;yhMhu fjax
esa mifLFkr izfrLFkkih dks bysDVªkWfud izo`fÙk (σ) ij fuHkZj gSA ck- lksjksdhfu;kuk ds
fo:¼ vkWFkksZ&lClVhV~;sawVl~ dh yEckbZ gsrq LVhfjd izkpy ¹∑L(0)º rFkk Ý;w-
vkWDlhLiksje  ds fo:¼ vkWFkksZ&lClVhV~;sawVl~ dk bysDVªkWfud izHkko vFkkZr ^izkWfDlfeVh
iksyj biSQDV* (F) Hkh doduk'kh lfozQ;rk dks izHkkfor djrs ik, x,A rhu dodksa]
jk- lksysukb] Ý;w- vkWDlhLiksje ,oa ck- lksjksdhfu;kuk d s fo:¼ 4&
,fjykbMsuvehuks&3&eosZQIVks&5&fiQuk;y&4,p&1]2]4&Vªk;k”kksyl~ dh dod vkfo"kkyqrk
gsrq lajpukRed vko';drk dks ek=kkRed lajpuk lfozQ;rk laca/ Li"V :i ls n'kkZrs
gSaA
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ABSTRACT 

 
Thesis title: Synthesis and Fungitoxicity Evaluation of Schiff Bases of 4-Amino-3- 

                       Mercapto-5-Phenyl-1,2,4-Triazole. 

The pesticides suffer from high rate of obsolescence due to resistance, change in 
pest problems, various environmental considerations and also competition from new 
introductions. Therefore, newer pesticides with greater potency and increased safety 
from environment point of view are required to be developed to replace the older ones.  
Schiff bases of various heterocyclic moieties have found use as drugs and have also 
been reported as pesticides. Schiff bases of some 4-amino-1,2,4-triazoles have already 
been synthesized and their antifungal, antibacterial, PGR activities have been reported. 
Some 5-aryl-4-amino-3-mercapto-1,2,4-triazoles have been recently reported to posses 
potential fungicidal activity. 

In an attempt to discover potential fungicides, a series of twenty Schiff bases, 4-
arylidenamino-3-mercapto-5-phenyl-4H-1,2,4-triazoles of 4-amino-3-mercapto-5-
phenyl-1,2,4-triazole having different substitution in the aryl ring attached to imino 
group were synthesized following a five step synthesis scheme starting with benzoic 
acid, which was first converted to methyl ester           hydrazide              dithiocarbazinic 
acid salt            triazole and finally to          Schiff base. Three of the five steps of this 
synthesis i.e. methyl ester to hydrazide; dithiocarbazinic acid salt to triazole and triazole 
to Schiff base were accomplished by using microwaves. The microwave synthesis has 
been found much faster and efficient than conventional method. The Schiff bases, 4-
arylidenamino-3-mercapto-5-phenyl-4H-1,2,4-triazoles were obtained in 52-92% yield 
by refluxing 4-amino-3-mercapto-5-phenyl-1,2,4-triazole in ethanol with respective 
aldehydes for 2-4 hrs. 

The structure of the Schiff bases were characterized by elemental analysis, IR 
and NMR spectroscopy. 

The Schiff bases were evaluated for fungitoxicity against three phytopathogenic 
fungi viz. Rhizoctonia solani, Fusarium oxysporum and Bipolaris sorokiniana. Among 
all the compounds in this series, 4-(3-Methylbenzylidenamino)-3-mercapto-5-phenyl-
4H-1,2,4-triazole ( ED50 = 17.34 ppm), 4-(4-Chlorobenzylidenamino)-3-mercapto-5-
phenyl-4H-1,2,4-triazole (ED50=95.55 ppm) and 4-(3-Chlorobenzylidenamino)-3-
mercapto-5-phenyl-4H-1,2,4-triazole (ED50=181.3 ppm) exhibited the highest activity 
against R. solani, F. oxysporum and B. sorokiniana respectively. The most active 
compound in this series i.e. 4-(3-Methylbenzylidenamino)-3-mercapto-5-phenyl-4H-
1,2,4-triazole ( ED50 = 17.34 ppm) exhibited higher activity than the parent triazole, 4-
amino-3-mercapto-5-phenyl-1,2,4-triazole ( ED50 = 76 ppm) against R. solani. 

The fungitoxicity data although have led to some important generalizations on 
structure activity relationship but to identify exact structural features favourable for 
fungitoxicity, quantitative structure activity relationships (QSAR) were analysed by 
using in vitro fungitoxicity data and various physico-chemical parameters for 
hydrophobic, electronic and steric properties of the benzylidene ring substituents, by 
means of multiple regression analysis techniques. The QSAR models have revealed that 
the fungicidal activity of 4-arylidenamino-3-mercapto-5-phenyl-4H-1,2,4-triazoles 



against R. solani show an inverse parabolic relationship with the hydrophobicity (π), 
whereas the fungitoxicity against F. oxysporum and B. sorokiniana is dependent on the 
electronic nature (σ) of the substituent present in the benzylidene ring. The steric 
parameters for length of ortho-substituents [ΣL(o)] against B. sorokiniana and the 
electronic effect of the ortho-substituents i.e. ‘proximity polar effect’ (F) against F. 
oxysporum were also found influencing the respective fungicidal activity. The 
quantitative structure activity relationship has clearly revealed the structural 
requirement for the fungitoxicity of the 4-arylidenamino-3-mercapto-5-phenyl-4H-
1,2,4-triazoles against the three fungi viz. R. solani, F. oxysporum and B. sorokiniana.             

               
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



1. INTRODUCTION 
 

 
 

Agriculture, as the largest private enterprise in India, has been and will continue 

to be the lifeline of the Indian economy at least in the forsible future. Despite great 

agricultural advances in the past, million still go hungry, live under constant threat of 

famine. So, we have to raise our production to feed the increasing population. 

Therefore, we should have concentrated on food production upto 250 million tons by 

utilizing the untapped potentials. We must ensure that the agriculture, which is the 

mainstay of our livelihood and ecological security is carried out in such a way that it 

can produce more but in a sustainable way.  

Crop losses due to different pest threaten the sustainability. Insects, diseases and 

weed causes considerable damage of the agricultural produce. So, we have to control 

those disease, weeds, and insects to get desired agricultural produce. One of the most 

effective control measures is the chemical control, where different plant protection 

chemicals are used to control the pests. Progress in chemical crop protection has been 

extraordinary over the last 60 years. The crop protection measures have contributed in a 

decisive manner to the production of food, feed, and fiber. Famine and food polluted 

with noxious, naturally occurring toxins have become almost unknown in the western 

world. With the world population still growing and the calorie intake growing even 

steeper, production of sufficient food will continue to remain a major challenge to 

humans. Chemical crop protection therefore, will continue to play an important role in 

agribusiness in spite of the emergence of novel biotechnological solutions. Scientific 

progress in chemistry, biology, and molecular biology has revolutionized the way of 

searching for new agrochemicals over the past decade. The search for and the 

development of novel agrochemicals with novel modes of action, improved safety 

profiles, and adapted to the changing requirement of the food and feed production chain 

are more than ever the challenge. Adequate crop protection with green chemicals will 

contribute in the future to increase the yield per hectare and help to ensure food, feed, 

and fiber of high quality despite novel biotechnological methods becoming increasingly 

available.  



 

The plant protection chemicals used in the past have different disadvantages. 

They were used in large volumes, so the load of the chemicals in the environment was 

very large. Pest resurgence and pesticide resistance is another threat due to 

indiscriminate use of agrochemicals. Persistence of the agrochemicals in the 

environment raising the issue of the residual problem in food commodity. So, to 

overcome these problems, we have to develop newer molecules which have low 

persistence in the environment, effective in low doses, selective to the target pests and 

safe to non-target organisms and have higher potential to work in multidimensional 

aspect of crop protection. Hence, the development of new pesticide molecules as is a 

continuous process.  

Recent literature is enriched with progressive findings about the synthesis and 

biological activity of many heterocyclic molecules. These molecules were proven their 

bioactivity in the field of pharmaceuticals and have found effective in the medical field 

against diseases caused by different pathogens like fungus, bacteria, virus etc. The 

heterocyclic nuclei in the research aspects are triazoles, thiadiazoles, oxazoles and fused 

ring nuclei like benzimidazoles and some others have also shown potential as pesticides 

and several of them have shown activity against many phytopathogens. The triazoles 

like triademinol, triademifon, propiconazole, etaconazole, hexaconazole etc. were 

proven their activity against fungal pathogens and are in great use as fungicides.  

Schiff bases of different triazoles were found having broad spectrum of activity. 

Due to great flexibility and diverse structural aspects, a wide range of Schiff bases have 

been synthesized and their complexation behaviour was studied. Literature survey 

shows that Schiff bases show bacteriostatic, bactericidal, antifungal, anticancer, 

antitumuor activityand are used as drugs. Some have also been reported as potent 

pesticides, however only a little work has been done on their activity on different 

phytopathogenic fungi. In search for new fungicides and in continuation to earlier 

investigation on 5-aryl-4-amino-3-mercapto-1,2,4-triazoles (Bijul, 2005) which led to 

some potential fungicidal molecules, a series of Schiff bases of 4-amino-3-mercapto-5-

phenyl-1,2,4-triazole having different substitution in the benzylidene ring attached to 



imine group, were designed for the present investigation. The present investigation was 

therefore, undertaken with the following objectives: 

 

(i) To synthesize new Schiff bases of 4-amino-3-mercapto-5-phenyl-1,2,4-triazole and 

  

(ii) To study their fungicidal activity against some important phytopathogenic fungi.  

 

  

 

  

   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



2. REVIEW OF LITERATURE 
 
2.1 Schiff bases 
 
2.1.1 General 
 
       The synthesis and biological activity of Schiff bases, the compounds obtained by 

condensing carbonyl compounds with primary amines (Layer, 1963), have received 

considerable attention in past decades. Schiff bases are the compounds containing a 

carbon-nitrogen double bond in the molecule. Schiff bases are so named, after the name 

of Hugo Schiff who first carried out this condensation reaction. Depending upon their 

starting carbonyl compound, these are classified into two types - aldimines (resulting 

from condensation of aldehyde with amines) and ketimines (resulting from 

condensation of ketone with amines). Due to the presence of carbon-nitrogen double 

bond in the molecule, the imines possess potential site for both chemical and biological 

activity (Pacheco et al., 1970; Dhar and Taploo, 1982).  

A Schiff base is a functional group or a chemical compound containing, carbon-

nitrogen double bond. It is also called imine or azomethine. An imine can be 

synthesised by nucleophilic addition from a ketone or aldehyde and ammonia or an 

amine to a hemiaminal –C (OH)(NHR)- followed by elimination of water to the imine.  

N

R1 R2

R3

 
            If the amine is primary, the initial addition product undergoes dehydration to 

form a compound containing a carbon-nitrogen double bond, an imine. 

C H2NR C NHR C NR

OH

O +

           

-H2O Amine Imine 



Elimination occurs with this orientation even if the carbonyl compound contains 

an  α-hydrogen, that is, the preferred product is the imine rather than the enamine 

(group containing carbon – carbon double bond). If some enamine should be formed 

initially, it rapidly tautomerizes into the more stable imino form. 

C

H

C

OH

RN

H

C C N

H

C C N R

 Enamine  Imine 
Imine – enamine tautomerism 

A secondary amine, too, can react with a carbonyl compound, and yields the 

same kind of initial product. But there is no hydrogen left on nitrogen; if dehydration is 

to occur, it must be in the other direction, to form a carbon carbon double bond. In such 

cases, enamine is the only product.  
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C O R2NH C
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C

OH
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R C C N

R

R+

 

2° amine  
Enamine  

Carbonyl compounds having an α-hydrogen atom react with RNH2 (1°) give an 

imine and with R2NH (2°) give an enamine. 

After protonation of the O, the nucleophilic RNH2 adds to the C and the adduct 

loses H+, to give the carbinolamine. Dehydration proceeds by protonation of the O of 

OH, loss of H2O, and then loss of H+, to give the imine.   
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The carbinolamine formed from R2NH lacks an H on N, and its dehydration involves 

loss of the acidic α-H to give the resonance-stabilized enamine 

Enamine 

. .
C

H

C

O

C

H

C NR2

OH

C C NR2NR2

H

+

Carbinolamine  

 

. .2.1.2 Schiff bases of triazoles 
  
In search for potent bioactive molecules researchers were involved to synthesize and 

test different chemical groups. Huang et al. (1994) synthesized the Schiff bases of 

pyrazoles with substituted aldehydes and compounds were tested for control of mite, 

aphid, insect, nematode and protozoa. 

Zhongyi et al. (1996) synthesized Schiff bases as a reaction intermediate of 3-

(β-pyridyl)-4-amino-5-mercapto-1,2,4-triazole with aromatic aldehydes. Reaction was 

done by heating an aromatic aldehyde with 3-(β-pyridyl)-4-amino-5-mercapto-1,2,4- 

triazole in the presence of a catalytic amount of L(+)- tartaric acid for 5 h at 45 up to 70 

°C leads to condensation products. 



 

R= p-C6H5Cl, p- C6H5NO2, p-C6H5OCH3, 
      o-C6H5OH etc.    

 
  

 

 

 

 

 

 

 

 

 

El-masry et al. (2000) developed Schiff bases of benzimidazole derivatives. In 

this work, 3-(2-methylbenzimidazol-1-yl)propanoic acid hydrazide (1), was used as the 

key intermediate for further synthesis. Thus, when compound (1) was treated with 

carbon disulphide and potassium hydroxide 5-[2-(2-methylbenzimidazol-1-yl)ethyl]-

[1,3,4] oxadiazole-2- thione (2) was obtained, A benzimidazole incorporated into a 

triazole moiety was synthesized by the reaction of (2) with hydrazine hydrate (99%) in 

absolute ethanol afforded 1-[(1-amino-2-mercapto-1,3,4-triazol-5-yl)ethyl]-2 

methylbenzimidazole (3). A number of arylidine hydrazones incorporated into the 

parent benzimidazole were also synthesized. Thus condensation of this compound with 

aromatic aldehydes, namely, p-methoxy benzaldehyde and o-chlorobenzaldehyde in 

absolute ethanol afforded the corresponding Schiff’s bases (4). Spectroscopic data of 

the compound are as follows, IR (KBr, cm-1): 3047 (NH), 2993 (CH), 2580 (SH), 1267 

(C=S). 1H-NMR (DMSO-d6, δ ppm): 2.5 (3H, s, CH3 at C-2 of benzimidazole), 3.2 

(2H, t, J = 7 Hz, NCH2CH2), 3.85 (3H, s, OCH3), 4.55 (2H, t, J = 7 Hz, NCH2CH2) and 

7.1-7.8 (8H, m, aromatic protons), 9.4 (1H, s, CH=N) and 13.8 (1H, s, SH). 
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Cansiz et al. (2004) synthesized novel series of Schiff bases form the 

corresponding aryl aldehydes and the 4-amino-3-mercapto-5-(furan-2-yl-or benzyl) -

4H- 1,2,4-triazole. The new derivatives were prepared following the reaction sequences 

depicted in the following Scheme. Initial compounds were prepared from furan-2-

carboxylic acid hydrazide (1), and phenylacetic acid hydrazide (2). Potassium 3-(2-

furoyl) or (phenylacetyl) dithiocarbazates 3, 6 were prepared by reaction of compounds 

1 and 2 with carbon disulfide in ethanolic potassium hydroxide. 1-(2-Furoyl or 

phenylacetyl)-4 substituted thiosemicarbazides 4a-e and 5a-e were prepared in yields 

ranging from 88 to 95% by the condensation of (1) and (2) with arylisothiocyanates. 

Ring closure of arylthiosemicarbazides in an alkaline medium is a well known method 

for the synthesis of 1,2,4-triazoles, and 5-(furan-2-yl or benzyl)-4-(aryl)-4H-1,2,4-

triazole-3-thiols 8a-e and 9a-e were obtained in 62-79% yields from the respective 4a-e, 

5a-e by this method. Compounds 7 and 10 were obtained from the reaction of 3 and 6 

with hydrazide hydrate under reflux in solution. When an arylaldehyde was added to 7 

or 10 in ethanol, the reactions gave 11a-d, 12a-d. 



 

 

The IR spectra of the 1,4-substituted-thiosemicarbazide derivatives 4a-e, 5a-e have C=O 

stretching bands at 1687-1672 cm-1 and C=S stretching bands at 1290-1250 cm-1. In the 
1H NMR NH protons of 4a-e, 5a-e were observed at 9.20-10.15 ppm, (O=C-NH-NH-

C=S) and 8.00-8.25 ppm (S=C-NH-Ar). Compounds 7, 8a-e, 9a-e, 10, 11a-d, 12a-d 

exist as thiol-thione tautomers as indicated by their IR spectra which showed a band due 

to SH and four bands due to N-C=S I, II, III, IV. The azomethine derivatives 11a-d, 

12a-d were charcterized by the presence of the methine protons (N=CH) at 9.18-10.33 

ppm. 

 

Demirbus et al. (2004) prepared A series of novel 3-alkyl-4-cyclohexylmethylenamino-

5-oxo-4,5-dihydro-[1,2,4] triazoles and 3-alkyl-4-hexylidenamino-5-oxo-4,5-dihydro-

[1,2,4] triazoles were synthesized by the reaction of corresponding 3-alkyl-4-amino-5-

oxo-4,5-dihydro-[1,2,4] triazoles with cyclohexancarboxaldehyde and capronaldehyde. 

 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Mishra et al. (2005) synthesized twenty Schiff bases of 2-amino-5-aryl-1,3,4-

oxadiazoles by reaction with different aromatic aldehydes. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A solution of 2-Amino-5-aryl-1,3,4-oxadiazoles  (0.01 M) was prepared in 20 ml 

alcohol in a round bottomed flask. Required aldehyde (0.01 M) dissolved in 15 ml 

alcohol, was then added to it. The mixture was refluxed for 5–6 h. The volume of 



alcohol was reduced to half by distillation under reduced pressure. The resulting 

solution was poured on crushed ice. The precipitate which got separated was dried and 

recrystallized from alcohol.  

IR spectra of these compounds give peaks for (C=N) stretching at 1532-1547cm-1. 13C 

NMR shows peaks at δ 163 ppm for C-atom at (C=N).   

 

Bekircan et al. (2006) prepared a series of new 1,2/1,3-bis[o-(N-

methylidenamino-3-aryl-5-phenyl-4H-1,2,4-triazole-4-yl) phenoxy]ethane/propane 

derivatives in good yields by treatment of 4-amino-3-aryl-5-phenyl-4H-1,2,4-triazoles 

with certain bis-aldehydes. 

 

 

In the IR spectra of compounds 4 the characteristic C=N absorption bands 

appeared at 1597 cm-1. The1H-NMR signals for the -N=CH group were observed at δ 

8.23-8.70 ppm. The 13C-NMR signals for the –N=CH- group were recorded at δ 164 

ppm. 

Serdar et al. (2007) synthesized a series of acylhydrazones from the reactions of 

iminoester hydrochlorides with acyl hydrazines. 2,5-Dialkyl 1,3,4-oxadiazoles were 

obtained in the same reaction media. The treatment of acylhydrazones with hydrazine 



hydrate afforded 4-amino-3,5-dialkyl-1,2,4-triazoles. The treatment of 4-amino-3,5-

dialkyl-1,2,4-triazoles with various aromatic aldehydes or acetophenone and 4-

nitroacetophenone resulted in the formation of 4-arylidenamino-3,5-dialkyl-4H-1,2,4-

triazoles.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The solution of 4-amino-3-(4-tolyl)-5-phenyl-4H-1,2,4-triazole (10 mmol) in acetic acid 

was refluxed with an aromatic aldehyde or acetophenone and 4- nitroacetophenone  for 

4 hrs. Then the reaction mixture was poured into ice-water under stirring. The 

precipitated product was filtered off and washed with water. The obtained white solid 

was recrystallized from ethanol or ethyl acetate to afford pure compounds. 

 

Gumrukcuoglu et al. (2007) synthesized Schiff bases by condensing 4-amino-

3,5-dialkyl-1,2,4-triazoles with various aromatic aldehydes and resulted in the 



formation of 4-arylidenamino-3,5-dialkyl-1,2,4-triazoles. The solution of 4-amino-3-

aryl-5-(4-tolyl)-4H-1,2,4-triazole (10 mmol) in acetic acid was refluxed with an 

aromatic aldehyde for 4 h. Then, the reaction mixture was poured into ice-water under 

stirring. The precipitated product was filtered off and washed with water. The white 

solid obtained was recrystallized from ethanol or ethyl acetate. It was reported that 

Schiff bases can be obtained as their E and Z-geometrical isomers about the -C=N 

double bond. The ratio of E isomer is generally higher than that of the other isomer, and 

polar solvents, such as dimethyl sulfoxide, augment the ratio of E isomer. The IR 

spectra of the Schiff bases show characteristic peak at 1624-1561 cm-1. 1H NMR gives 

characteristic peak as a singlet at δ 8.3 to 8.6 ppm and 13C NMR shows peak at δ 164-

176 ppm for N=CH group.   
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Ye et al. (2007) synthesized a number of novel Schiff’s bases from 4-amino-3-

(D-glucoheptonic-hexitol-1-yl)-1H-1,2,4-triazole-5-thione. By attaching D-

glucoheptonichexitol-1-yl residues to 1,2,4-triazole at the 3-position, the solubility of 

the title compounds has been improved greatly. 

 

 

 



 

Jian-yu Jin et al. (2007) synthesized a series of novel 6-aryl-3-(D-

galactopentitol-1-yl)-7H-1,2,4-triazolo[3,4-b][1,3,4]thiadiazines and 4-

(arylmethylidene)amino-5-(D galactopentitol- 1-yl)-3-mercapto-4H-1,2,4-triazoles from 

4-amino-3-(D-galactopentitol-1-yl)-5- mercapto-1,2,4-triazole. 

 
  
 
   
 

 

  

 

 

 

 

 

 

 

 
 

2.1.3 Schiff bases other than triazole 
 
Sari (2003) prepared some new amino acid-Schiff bases were prepared by the 

condensation of indole-3-carboxaldehyde and DL-glycine, DL-alanine and DL-valine  

and characterized by elemental analysis, IR, UV-Vis, 1H-NMR spectroscopy and 13C-

NMR spectroscopy. A quantity of 5 mmol amino acid was dissolved in 10 mL of water 

and added with constant stirring to 20 ml MeOH solution containing 5 mmol KOH. The 

solution was stirred on a water bath at 300oC for two hours and then filtered. The filtrate 

was added drop wise to 10 mL of MeOH solution of indole-3-carboxaldehyde (5 mmol) 

with stirring on a water bath at 300oC for four hours, filtered and left to stand. On 



standing for a further 6 h, the yellow solid product that formed was collected by vacuum 

filtration, washed with a small volume of acetone and dried in vacuum. 

 

 

 

 

 

et al. (2004) prepared ten new azo Schiff bases in excellent yields via 

ferent aromatic amines and a new azoaldehyde, 2-hydroxy-3 

methoxy-5-(4-m

 

 

 

ent of two moles of azoaldehyde with one mole of diamine in refluxing absolute 

yields the novel ompounds bis [5-(4-

ethoxyphenylazo)-2-hydroxy-3-methoxy benzaldehyde]-4,4 -diimino phenylether and 
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Indole 3-carboxylene-DL-
alanine  

Indole 3-carboxylene-DL-
valine  

Indole 3-carboxylene-DL-
glycine 

 

Jarrahpour 

the condensation of dif

ethoxyphenylazo)benzaldehyde by two different methods. Treatment of 

azoaldehyde with different aromatic amines, either in dry dichloromethane in the 

presence of anhydrous MgSO4 (method A) yielded the novel azo Schiff bases in 

excellent yields. 

 

 

Treatm

ethanol (Method B) gave in excellent 

m ′

bis [5-(4-methoxyphenylazo)-2-hydroxy-3-methoxy benzaldehyde]-4,4′-diimino phenyl 

sulfone. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Vaghasiya

ynthesis of Schiff bases derived from 4-aminoantipyrine: 

o the required amount of aldehyde dissolved in 200 ml methanol was added 0.1 mol of 

as 

lting solution was cooled to 

 

nthe

o 15.2 g of vanillin dissolved in 200 ml methanol were added 0.1 mol of the required 

niline derivative and a few drops of glacial acetic acid. The mixture was refluxed for 

 et al. (2004) synthesized Schiff bases from 4-aminoantipyrin and vanillin. 

S

T

amine and few drops of glacial acetic acid, which acts as a catalyst. The mixture w

refluxed for 10–12 h at 70–80 °C in a water bath. The resu

room temperature, and then poured onto crushed ice with constant stirring. The 

precipitate was filtered off and washed with sodium bisulfite solution to remove the 

excess aldehyde. The product was crystallized from hot methanol and dried. 
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Sy sis of Schiff bases derived from vanillin 
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10–12 h at 70–80 °C. The mixture was then poured onto crushed ice with constant 

arba ino-1,3,4-

iadiazole -5-yl) and 1,1 bis ( 3-thio-4H-1,2,4-triazol-5-yl) cyclopropane  condensing 

atic aldehyde.  

 

 

enyl 1, 3, 4-thiadiazole with different aromatic aldehydes. Schiff bases are then 

mplexed with different transition metals. 

st in the solid state and in solution as 

hydrox

cially available aromatic diamines in 

the pre

  

stirring, filtered and dried. 
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Sh  et al. (2005) synthesized bis Schiff bases from 1,1 bis (2-am

th

with arom

 

 

Shrivastava et al. (2005) synthesized schiff bases by condensing 2-amino-5-

ph

co

Perona et al. (2006) prepared new Schiff bases by reacting 3-hydroxy-4-

pyridinecarboxaldehyde with various amines. NMR spectroscopic methods provided 

clear evidence that the Schiff bases exi

yimino tautomers with the E-configuration. 

Jarrahpour et al. (2007) prepared twelve new bis-Schiff bases of isatin. The 

desired bis-Schiff bases of isatin and its derivatives were prepared by the reactions of 

isatin, 5-fluoroisatin and benzylisatin with commer

sence of catalytic amounts of glacial acetic acid in ethanol under reflux 

condition. 
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ith piperonal. A mixture of 2-amino-5-mercapto-1,3,4-thiadiazole (0.013 mol) in 

l), and piperonal (0.013 mol) were refluxed for 7-9 h. After 

cooling

nds showed peaks at 1630 cm-1(C=N) and 2550 cm-1(SH) and 1H-NMR 

(DMSO-d6) δ: 8.56 (s, 1H, N=C-H), 14.43 (s, 1H, S-H) (D2O exchange, disappear). 
13C-NMR (DMSO-d6) δ: 115.1(1C, N=CH-), 164.6, 163.8 (thiadiazole carbons). 

 1986, 

eya et al., 2000, Jarrahpour et al.,2004, Mishra et al., 2005, 

i et al., 2006, Serdar et al., 2007 etc.) herbicidal activity ( Holla et al., 2000) 

antibac

S

Salih (2008) prepared Schiff bases of 2-amino-5-mercapto-1,3,4-thiadiazole 

w

absolute ethanol (15 m

 to room temperature, the precipitate was filtered, dried, and then recrystallized 

These compou
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from ethanol. 

 

 

 

2.2 Biological activity 
       

Schiff bases have been reported to possess antifungal (Manrao & Kohli,

Sharma et al., 1994, Pand

Hoth

terial              ( Zhongyi et al., 1996, Holla et al., 1998, Pandeya et al., 2000, 

Vaghasiya et al., 2004, Gumrukcuoglu et al., 2007) anticancer ( Holla et al., 2003) anti 

HIV( Pandeya et al., 2000) antitumuor activity ( Demirbus et al., 2004) and antiviral 

activity (Jarrahpour et al., 2007).  Some Schiff bases are also reported to act as plant 

growth regulators (Zhou et al.,Ye et al., 2007, Jian-yu-jin et al., 2007). The synthesis 

and assaying of biological potential of compounds containing carbon-nitrogen double 

bond have received considerable attention in recent years. Schiff bases of triazoles and 

other heterocyclics have a great potential for discovering new potent pesticides.  

 

 

 



2.2.1 ungicidal activity of Schiff bases 

Sharma et al., (1994) prepared five vanillin Schiff bases containing both 

nyl ring. All the Schiff bases were tested 

gainst Colletotricum capsici, Helminthosporium maydis, Alternaria alternata, 

Fusariu

5

atives by condensing anisaldehyde with 

aniline,

ivatives. The imines were tested against Alternaria brassicae, Fusarium 

oxyspo

F
 

hydroxy and methoxy group in the C-phe

a

m oxysporum and Penicillium italicum. Although all the compounds possessed 

antifungal activity, but 4-hydroxy-3-methoxybenzal-p-phenetidine was highly effective 

with ED 0 value of 69 ppm against P. italicum. 

Manrao et al., (1995) studied the effect of presence of one methoxy group in the 

C-phenyl nucleus on benzalaniline and fungicidal activity was examined by preparing 

4-methoxybenzalaniline and its N-phenyl deriv

 p-toluidine, p-aminophenol and 2-mercaptoaniline respectively in equimolar 

ratio in methanol. 4-Methoxybenzal substituted aniline was prepared by condensing o-

phenylenediamine with 4-anisaldehyde in presence of glacial acetic acid. Of all the 

imines tested against Curvularia lunata, Alternaria alternata, Fusarium oxysporum, 

Stemphylium pori and Helminthosporium maydis, 4-methoxybenzal-(2-hydroxyaniline) 

has been found to be most effective against A. alternata, F. oxysporum and S. pori with 

ED50 value of 34, 47 and 180 ppm respectively. The higher activity of 4-

methoxybenzal-(2-hydroxyaniline) is attributed to the presence of hydroxy group in the 

molecule. 

Manrao et al., (1996) again attempted to examine the effect of hydroxyl group in 

C-naphthyl nucleus and synthesized a series of 2-hydroxy-1-naphthalaniline and its N-

Phenyl der

rum and Ustilago tritici. Among these, 2-hydroxy-1-naphthal-4-hydroxyaniline 

was found to possess considerable antifungal activity with ED50 value of 340 ppm 

against A. brassicae and 2-hydroxy-1-naphthal-4-chloroaniline against U. tritici with 

ED50 value of 465 ppm. 
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Matharu et al., (2004) screened methyl-substituted imines of 2-

chlorobenzaldehyde against Alternaria alternata, Fusarium oxysporum, 

Helminthosporium gramineum, Ustilago tritici and Myrothecium roridum. 2-

chlorob l

ernaria alternata, Fusarium oxysporum, 

Colleto ichum capsici and Helminthosporium tetramera. Two compounds have shown 

ED50 

nia recondita and Pestalotia psidii by employing 

standar

 

 Sharma et al s containing sulphur atom and 

tested their activity nhibition method against 

hytopathogenic fungi, viz. Curvularia lunata, Alternaria alternata, Helminthosporium 

maydis

enzal-2-to uidine has been found to possess promising activity against all the 

fungi with ED50 value less than 200 ppm. 

 

Matharu et al., (2005) screened benzalaniline and its N-phenyl derivatives for 

their antifungal activity against Alt

tr

value less than 1000 ppm against H. tetramera, while only one compound has 

ED50 value less than 1000 ppm against A. alternata and C. capsici. The presence of 

methyl substituent in the p-position of both the C-phenyl and N-phenyl rings increase 

the fungitoxicity of benzalaniline. 

Manrao and Kohli (1986) prepared a series of ketimines having hydroxyphenyl 

group and all the new compounds were tested against Alternaria triticina, Alternaria 

tenuis, Puccinia striformis, Pucci

d method of spore germination inhibition. All the compounds have been found to 

possess promising antifungal activity against the above fungi and caused 100% spore 

germination inhibition at 1000 ppm. It was concluded that, the substitution by the 

second hydroxyl particularly in 6-position, increases the activity of the parent 

compound. 
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R'
R

., (1991) prepared eight Schiff base

in vitro by spore germination i

p

, Fusarium oxysporum and Stemphylium spp. and reported that all the compound 

possess antifungal activity. However, the compound 4-hydroxy-3-methoxybenzal-2-

thioaniline was the most effective of all, ED50 values ranging between 8 and 37 ppm 



against all the fungi. 4-chlorobenzal-2-thioaniline was also effective against F. 

oxysporum due to presence of chlorine whose presence has also been reported to 

enhance the activity of the parent compound. Again, Sharma et al., (1993) developed 

seven thio-substituted Schiff bases and all were screened for their fungitoxicity against 

the same fungi. Out of these Schiff bases 4-hydroxy-3-methoxybenzal-2-thioaniline was 

found to be highly effective and it also reduced the intensity of powdery mildew disease 

on wheat seedlings. Higher activity of this compound was attributed to presence of 

methoxy and hydroxy group. 

 

 

 

Hothi et al. (2006) prep lexes of chloro substituted Schiff bases 

by condensing ferric chloride with 2-  2-hydroxybenzal-2-

hloroaniline, 2-hydroxybenzal-3-chloroaniline, and 2-hydroxybenzal-4-chloroaniline, 

respect

 

 

 

ared Fe(III) comp

hydroxybenzalaniline,

c

ively, in 1:3 molar ratio . The Schiff bases and their iron complexes were 

screened in vitro against Alternaria alternata, Fusarium oxysporum, Helminthosporium 

oryzae and Myrothecium roridum. Most of the Schiff bases recorded ED50 values more 

than 1000 ppm except 2-hydroxybenzalaniline, which had ED50 value of 740 ppm 

against F. oxysporum. However, iron complexes have been found to be effective against 

all the test fungi with ED50 value ranging from 65-540. Complexation of Schiff bases 

with iron in general increases their fungitoxicity manifold.  
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Fungicidal activity of Schiff bases of triazoles and other heterocyclic compounds 

 

El-masry et al. (2000) developed Schiff bases of Benzimidazole derivative. Thus 

-2 

methylbenzimidazole  with aromatic aldehydes, namely, p-methoxy benzaldehyde and 

o-chlor

 
 

            

Pandeya et al ith Isatin (indole 2,3-dione) and 

loro and 5-bromo derivatives have been reacted 3-(4'-pyridyl)-4-amino-5-

ercapto-4-(H)-1,2,4-triazole. Investigation of antifungal activity of compounds was 

done by

3 

ethoxy-5-(4-methoxyphenylazo) benzaldehyde. The antifungal activities of ten new 

azo Sch

condensation of 1-[(1-amino-2-mercapto-1,3,4-triazol-5-yl)ethyl]

obenzaldehyde in absolute ethanol afforded the corresponding Schiff’s bases. All 

the compound tested against two fungi Yeast (Saccharomyces cerevisae) and 

Aspergillus niger. The test was performed according to the disk diffusion method. All 

the compounds showed moderate activity against these two fungi. 

 

 
 

CH3N

N

CH2CH2 N

N N

SH

NRCH

  

. (2000) synthesized Schiff bases w

its 5-ch

m

 agar dilution method against 8 pathogenic fungi. Among the compounds tested 

1-(piperidinomethyl) 5-bromo 3-[3'-(4"-pyridyl)-5'-mercapto-4'-(H)-1',2',4'-triazol 4'-

yl]imino isatin showed the most favourable antifungal activity.  
 

 Jarrahpour et al. (2004) prepared ten new azo Schiff bases in excellent yields 

via the condensation of different aromatic amines and a new azoaldehyde, 2-hydroxy-

m

iff base were tested against eight different fungi by the disk-diffusion method. 

The species of fungi used included: yeasts (Candida albicans and Cryptococus 

neoformans), dermatophytes (Triscophyton mentagrophytes, Microsporium canis and 

Epidermophyton floccosum) and opportunistic filamentous fungi (Aspergillus 



fumigatus, Aspergillus niger and Alternaria). Inhibitory zone areas were observed at the 

end of incubation period and these compounds therefore seem to have antifungal effects 

for fungi at 200 µg. 

 

 

 

 

 

ino-5-aryl-1,3,4-

xadiazoles with different aromatic aldehydes. Antifungal screenining of all these 

nthesized compounds was done. The fungal strains selected for antifungal screening 

were A

rivastava e ino-5-

phenyl 1, 3, 4- thiadiazole wi

complexed with different transition metals. Antifungal activity of Schiff bases and their 

corresp

mercapto-4H-[1,2,4] triazol-3-yl)heptadecane-1-sulfonate with various aromatic 

 

Mishra et al. (2005) synthesized twenty Schiff bases of 2-am

o

sy

spergillus niger and Candida albicans. Clotrimazole was chosen as the standard 

drug. The MIC of the most effective compounds were (52 µg/ml against A. niger, 

58µg/ml against C. albicans).The structure of the most effective compound is given 

below. 

 

   

 
CH NO22

 

Sh t al. (2005) synthesized schiff bases by condensing 2-am

th different aromatic aldehydes. Schiff bases are then 

onding bis(cyclopentadienyl)titanium(IV) complexes were tested The fungicidal 

activity of the ligands and the complexes were evaluated in DMF against Aspergillus 

niger, Aspergillus alternata and Helminthosporium oryzae by the agar plate technique. 

The compounds show significant toxicity at 1000 ppm conc. against all species of fungi. 

However, the complexes are more active than ligands, which may be owing to the 

chelation and the presence of sulphur atom. 

El-syed (2006) synthesized the novel Schiff bases of Sodium 1-(4-amino-5-

O N
O

NN

N



aldehyde. The compound tested against Aspergillus niger. These compounds shows 

moderate activity against the fungi. The MIC of the compounds is 125 µg/ml. 

 

arthkeyan et al. (2006) prepared a series of 2,4-dichloro-5-fluorophenyl 

bearing Mannich bas y aminomethylation with 

rmaldehyde and secondary/substituted primary amines. All newly synthesized 

compounds were screened for their antimicrobial activity. The compounds exhibited 

promis

zoles. The compounds were 

screened against yeast like fungi, Candida albicans and Candida tropicalis. A simple 

suscept

 

  

  

 

 

 

 Ar = p-C OCH36H4Cl, C6H5, p-C6H4

K

 e from triazole Schiff bases  b

fo

ing antibacterial and good antifungal activity.  

Gumrukcuoglu et al. (2007) synthesized Schiff bases by condensing with 4-

amino-3,5-dialkyl-1,2,4-triazoles with various aromatic aldehydes and resulted in the 

formation of 4-arylidenamino-3,5-dialkyl-1,2,4-tria

ibility screening test using agar-well diffusion was used. For C. albicans and C. 

tropicalis, Sabouraud dextrose agar (SDA) was used. Antifungal activity was evaluated 

by measuring the zone of inhibition against the test organism. Triflucan served as the 

control fungicide. The most effective compound show moderate antifungal activity. The 

structure of the most effective compound is given below. 
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Serdar et al. (2007) prepared a novel series of Schiff bases of triazoles. The 

eatment of compound 4-amino-3-(4-tolyl)-5-phenyl-4H-1,2,4-triazole  with various 

romatic aldehydes or acetophenone and 4-nitroacetophenone resulted in the formation 

of 4-ar

tion of isatin, benzylisatin and 5 -

fluoroisatin with primary aromatic amines. These newly synthesized bis-Schiff bases 

were al

 

 Biological activity of Schiff bases other than fungicidal activity 

erbicidal activity 

Holla et al. (2000) synthesized a series of Schiff bases 3-substituted-4-[5-(2,4-

r the newly 

nds are tested for their herbicidal activities. Some of the selected 

compou

bases with 3-pyridyl-4-amino-5-mercapto-

matic aldehydes and furaldehyde in the presence of a catalytic 

amount of tartaric acid. All of them were screened for antibacterial activity against S. 

Aur. and E. Coli. and five of them showed significant activities. 

tr

a

ylidenamino-3,5-dialkyl-4H-1,2,4-triazoles. All newly synthesized compounds 

were screened for their antifungal activities using agar-well diffusion method. Among 

these synthesized compounds only one compound 4-[(3-Methoxy-4-

hydroxyphenyl)methylamino]-3-phenyl-5-(4-tolyl)-4H-1,2,4-triazole showed moderate 

antifungal activity against Candida tropicalis. 
 

Jarrahpour et al. (2007) synthesized twelve new bis-Schiff bases of isatin, 

benzylisatin and 5-fluoroisatin by condensa

so tested for their antibacterial and antifungal activities. They display moderate 

activity against S. cerevisiae and C. albicans. 

 

 

 

 
2.2.2
 
H

dichlo ophenyl)-2-furfurylidine]amino-5-mercapto-1,2,4-triazoles. All 

synthesised compou

nds show good herbicidal properties. 

Antibacterial activity 

Zhongyi et al. (1996) prepared Schiff 

1,2,4-triazole with aro



Pandeya et al. (2000) synthesized series of Schiff bases with Isatin (indole 2,3-

dione) and its 5-chloro and 5-bromo derivatives have been reacted with 3-(4'-pyridyl)-4-

amino-5-mercapto-4-(H)-1,2,4-triazole with formaldehyde and several secondary 

amines. Investigation of antimicrobial activity of compounds was done by agar dilution 

method against 27 pathogenic bacteria. Among the compounds tested 1-

(piperid

s, S. subfava  and B. 

megaterium. The determination of the antibacterial activity was done using the Agar 

dilution

he 

compou

tin with primary aromatic amines. The compounds were screened for antiviral 

activity against a panel of DNA and RNA viruses. Minimum cytotoxic and minimum 

oncentrations of these compounds were determined. Some of the 

compou

inomethyl) 5-bromo 3-[3'-(4"-pyridyl)-5'-mercapto-4'-(H)-1',2',4'-triazol 4'-

yl]imino isatin showed the most favourable antimicrobial activity. 

Vaghasiya et al. (2004) prepared Schiff bases derived from 4-aminoantipyrine 

and vanillin and evaluated for their potential as antibacterial agents against some Gram 

positive and Gram negative bacterial strains. The antibacterial activity was studied 

against P. pseudoalcaligenes, P. vulgaris, C. freundii, E. aerogene

 method. The Schiff bases derived from vanillin as the central molecule with 

2,4-dimethylaniline and sulphamethoxazole as the side chain in DMSO effectively 

inhibited the investigated bacteria and appear to be promising antimicrobial agents. 

Gumrukcuoglu et al. (2007) synthesized Schiff bases by condensing with 4-

amino-3,5-dialkyl-1,2,4-triazoles with various aromatic aldehydes and resulted in the 

formation of 4-arylidenamino-3,5-dialkyl-1,2,4-triazoles. Compounds were screened 

against Escherichia coli, Pseudomonas aeruginosa, Klepsiella pneumonia, 

Enterococcus faecalis, Staphylococcus aureus,and Bacillus cereus. Some of t

nds showed activity against Pseudomonas aeruginosa and Staphylococcus 

aureus. 

 

Antiviral activity 

Jarrahpour et al. (2007) prepared twelve new bis-Schiff bases of isatin, 

benzylisatin and 5-fluoroisatin by condensation of isatin, benzylisatin and 5 -

fluoroisa

virus inhibitory c

nds exhibited specific antiviral activity, which means that they inhibit the 



replication (induction of viral cytopathogenicity) of the viruses tested at a concentration 

that was ≥ 5-fold lower than the minimum cytotoxic concentration. 

 

Plant growth regulatory activity 

Zhou et al. (2007) synthesized 3-substituted-4-amino-5-mercapto-1,2,4-triazoles 

which are versatile compounds for constructing various biologically active heterocycles. 

To find more 1,2,4-triazole derivatives that may possess significant biological activities, 

they synthesized a number of novel Schiff bases 4-(arylmethylidene)amino-5-(4-

ethoxyp

4-triazole. It was interesting to note that some 

compou

ontaining 3-(D-glucoheptonic-hexitol-1-yl)-1H-1,2,4-triazole-5-thione and 

possess

henyl)-3-mercapto-4H-1,2,4-triazoles. The plant-growth regulating effects of 

those Schiff bases were examined, and they showed an inhibiting effect on the growth 

of wheat radicles and radish radicles. 

Jin et al. (2007) synthesized a series of novel 6-aryl-3-(D-galactopentitol-1-yl)-

7H-1,2,4-triazolo[3,4-b][1,3,4]thiadiazines and 4-(arylmethylidene)amino-5-(D 

galactopentitol- 1-yl)-3-mercapto-4H-1,2,4-triazoles from 4-amino-3-(D-

galactopentitol-1-yl)-5- mercapto-1,2,

nds showed inhibitory activities towards the growth of the dicotyledon (radish) 

at two concentration levels, but under the same conditions it expressed stimulative 

activities towards the growth of the monocotyledon (wheat). It has a good level of 

activity and is worthy of further study to establish a relationship between structure and 

activity. 

Ye et al. (2007) synthesized a number of novel Schiff bases from 4-amino-3-(D-

glucoheptonic-hexitol-1-yl)-1H-1,2,4-triazole-5-thione. The plant-growth regulating 

effects of the synthesized compounds were examined. The newly synthesized Schiff 

bases c

ing good water-solubility, showed an inhibiting effect on the growth of the stalk 

and the radicel of the wheat but a promoting effect on the growth of the stalk and the 

radicle of radish. 
 

 

 

 



                              3. MATERIALS AND METHODS  
 

This chapter discusses about the experimental procedures under the following 

sections. 

 
3.1 Synthesis, purification and structure characterization of the 

compounds 

 

  This includes a scheme for synthesis of compounds, related materials and techniques, 

description of general methods of preparation, purification and characterization of intermediates 

and desired compounds followed by a detailed description of preparation, purification and 

characterization of individual compounds 

 

3.2 Fungicidal activity 

 
This section describes bioassay techniques used for the evaluation of the 

compounds for fungitoxicity against three test fungi viz. Rhizoctonia solani, Fusarium 

oxysporum, & Bipolaris sorokiniana and other related aspects. 

 

3.3 Quantitative Structure Activity Relationship study 

 
This deals with the methodology and physicochemical parameters used in the 

QSAR study. 

 

 

 



 

 

 

3.1 

        Scheme: Synthesis of 4-Arylidenamino-3-mercapto-5-phenyl-4H-1, 2, 4-  

          

 

 

 

 

 Techniques: 

Methanol an important reagent/ solvent was dried by treatment with magnesium 

methoxide followed by distillation, prior to use for the synthesis. Ethanol was dried 

using the same procedure. Dichloromethane was dried on calcium chloride and then 

Synthesis, purification and structure characterization of the compounds 

 

              triazoles: 

COOH COOCH3

CH3OH

CONHNH2CONHNH S KC

S

SH

Materials and
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N
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z
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Benzoic acid Methyl benzoate

Benzoic acid hydrazide

ClH

Potassium salt of
dithiocarbazinic acid

(alc)/

4-Arylidenamino-3-mercapto-5-phenyl-1,2,4-triazole

0-5oC 

4-Amino-3-mercapto-5-phenyl-1,2,4-triazole



distilled. The acetone was refluxed with potassium permanganate before distillation. 

he other solvent used was dimethyl sulphoxide (DMSO) procured as AR grade.   

The various reagents used include sulphuric acid (conc.), hydrazine hydrate 

(99%), ent 

bstituted benzaldehydes. These were used of pure grade as supplied by the 

 

Thin layer chromatography: 

TLC was performed using 250 µm thick silica gel G (containing 30% gypsum as 

binder) plates, coated with oxalic acid (by developing the plates in 1% oxalic acid 

solution) and activated at 110oC for 1hr. Iodine vapour was used as visualizing agent. 

 

Melting point:  

Melting point (oC) of the solid compounds were determined by using sulphuric 

acid bath and are uncorrected. 

 

Infra-red (IR) spectroscopy: 

The infrared spectra were recorded on a Shimadzu Fourier Transform Infra-red 

spectrometer (Model IR Prestige 21). The samples were dissolved in UV grade 

chloroform and analyzed in NaCl cell. The absorption bands in IR spectrum were 

expressed in terms of frequency i.e. νmax in cm-1. 

uclear Magnetic Resonance (NMR) spectroscopy: 

The 1H NMR and 13C NMR spectra were recorded on a Bruker 400 MHz NMR 

ectrometer (Model Avance 400) in DMSO-d6 using tetramethylsilane (TMS) as an 

al shift (δ) were expressed in ppm and coupling constant 

(J) in H

T

 carbon disulphide, potassium hydroxide, hydrochloric acid (conc.) and differ

su

companies. 

 

N

 

sp

internal standard. The chemic

z. 

 

Elemental analysis: 



          The elemental analysis of the compounds for C, H, N and S was done on EURO-

EA elemental analyzer using sulphanilamide as reference standard.  

3.1.1 

         

or 

 pieces Pumice stone were added and the mixture was gently refluxed for 5-6 hrs on a 

Excess methanol was distilled on a water bath or using rotary 

evapora

unnel. Because of the less density difference between the 

lower ester layer and the water layer, it was difficult to obtain a sharp separation; 10-15 

parating funnel to obtain a solution of ester with distinct 

layer separation. The lower ester layer was taken in a beaker, treated with saturated 

solution

t half an hour with occasional shaking. 

he methyl ester solution was filtered into a R.B. flask which was fitted with a still head 

 distilled over a heating mantle. 

he temperature was first slowly raised until all the CCl4 has passed over and then 

heated

3.1.2 

     

Preparation of methyl benzoate: 

The Benzoic acid was reacted with methanol in presence of concentrated sulphuric acid 

 

 

 

 Benzoic acid (30.5 g, 0.25 mol), MeOH (101 ml, 2.5 mol) and conc. sulphuric 

acid (2.7 ml, 5 g) were taken in a 500 ml R.B. flask, fitted with a reflux condenser. 1 

2

heating mantle. 

tor. The residue after cooling was quantitatively transferred with 250 ml of 

distilled water to a separatory f

ml of CCl4 was added in the se

 of sodium bicarbonate until all free acid was removed (CO2 effervescence 

ceased). This was then washed once with distilled water in the separatory funnel and 

then dried by pouring into a dry conical flask containing about 5 g of anhydrous sodium 

sulphate. The flask was allowed to stand for abou

T

carrying a condenser and a 360oC thermometer and then

T

 more strongly to distill off the ester. The methyl benzoate was obtained as a 

colourless liquid. (B.p. 198-199 oC; Yield 26.3 g, 78.64 %).  

Preparation of benzoic acid hydrazide: 

 

COOH COOCH3

CH3OH

H2SO4

Benzoic acid Methyl benzoate

COOCH3
CONHNH2

NH2NH2xH2O

Benzoic acid hydrazideMethyl benzoate



Method A-Conventional 

          Methyl ester of benzoic acid (13.6 g, 0.1mol), hydrazine hydrate 99% (10 g, 

2mol n in a 500 ml R.B. flask fitted with a water 

 

as distilled off on a water bath. The solid residue was washed twice with 15-20 ml of 

distilled water and dried. The benzoic acid hydrazide was further purified by 

Cl4 and obtained as white crystalline solid and the purity was 

heked by melting point and t.l.c. using acetone as developing solvent and iodine vapor 

alizing agent. (M.p. 115 oC; Rf 0.4; Yield 11.89g, 87.48 %). 

 

i

3.1.3 

.1 mol) dissolved in saturated solution 

f chilled methanolic potassium hydroxide (50 ml) was taken in a 250 ml three necked 

. flask fitted with mechanical stirrer, water condenser with a guard tube of calcium 

chloride and a dropping funnel. Carbon disulphide (7.22 ml, 0.12 mol) was taken in a 

0. ) and methanol (100 ml) were take

condenser. The mixture was refluxed on a heating mantle for 4 hrs. Excess methanol

w

recrystallization using C

c

as visu

Method B- Microwave  

Methyl ester of benzoic acid (13.6 g, 0.1mol), hydrazine hydrate 99% (10 g, 

0.2mol) and methanol (100 ml) were taken in a 500 ml conical flask. The mixture was 

irradiated in microwave. The microwave was used at 900 Watt and the microwave 

irradiation was done for 4 minutes until the solution become yellowish in colour. The 

reaction mixture became solidified after some time. The solid residue was washed twice 

with 15-20 ml of distilled water and dried. The benzoic acid hydrazide was further 

purified by recrystallization using CCl4 and obtained as white crystalline solid and the 

purity was cheked by melting point and t.l.c. using acetone as develop ng solvent and 

iodine vapor as visualizing agent. (M.p. 115 oC; Rf  0.4; Yield 12.5g, 92 %). 

 

Preparation of potassium salt of benzoyl dithiocarbazinic acid:        

 

 

CONHNH S KC

S

CONHNH2

KOH CS2 +

Potassium salt of benzoyl dithiocarbazinic acidBenzoic acid hydrazide

(alc)/

0-5oC 

The benzoic acid hydrazide ( 13.6 g, 0

o

R.B



dropping funnel. The mixture was cooled to 0-5oC in an ice bath. Carbon disulphide 

3.1.4 

he 4-amino-3-mercapto-5-phenyl-1,2,4 triazole was prepared using microwave. 

microwave reaction. The microwave was used at 900 Watt and the microwave 

irradiat  or the 

hydrogen disulphide emission ceased. The solid was taken in 15-20 ml of water and 

acidified with concentrated hydrochloric acid. The white precipitate obtained was 

washed to neutral pH with water and dried. The product was recrystallized using 

 acetone. The triazole was obtained as white crystalline solid. The purity 

elting point and t.l.c. using methanol as developing solvent and iodine 

vapor as visualizing agent. (M.p. 203-205 o

was added drop wise with rigorous stirring, in about 15 min., a cream colored solid 

separated out. The mixture was further stirred for 15-20 min. The solids were filtered 

and washed with cold distilled acetone. The dried cream coloured solid (Potassium salt 

of benzoyl dithiocarbazinic acid) was then stored in a desiccator, since the product is 

highly hygroscopic. (Yield 20 g, 80 %).  

 

Preparation of 4-amino-3-mercapto-5-phenyl-1,2,4 triazole: 

 

T

    

Potassium salt of benzoyl dithiocarbazinic acid (1 g, 4 mmol) and hydrazine 

hydrate-99% (0.4 ml, 8 mmol) was taken in a 100 ml R.B. flask. The R.B. flask was 

then connected with a specially designed apparatus containing lead acetate powder. The 

lead acetate works as a trap for hydrogen sulphide, which is emitted 

SH

NH2

N

NN

CONHNH S KC

S NH2NH2xH2O
+

4-Amino-3-mercapto-5-phenyl-1,2,4-triazolePotassium salt of benzoyl dithiocarbazinic acid

MW /900 W

during the 

ion was done for 36 seconds till a white solid appeared at the bottom

benzene and

was checked by m

C; Rf  0.94; Yield 0.74 g, 95.6 % ).  



 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Before Reaction 

Microwave Irradiation 

After reaction 

Plate 1: Apparatus used in microwave synthesis of 4-amino-3- 
              mercapto-5-phenyl-1,2,4-triazole 
 
                    



3.1.5 

 R.B. flask . The compound was dissolved in 35 ml of ethanol and then required 

amount of aldehyde (0.01 mol) was added to this solution. The mixture was refluxed for 

 The resulting solution was poured into the crushed ice. The precipitate which 

ot separated was dried and recrystallized from benzene- hexane mixture. The purity of 

the product was checked by melting point and t.l.c. using benzene:acetone (9:1) as 

eveloping solvent and iodine vapor as

ethod B - Microwave: 

4-amino-3-mercapto-5-phenyl-1,2,4 triazole (1.92 g, 0.01 mol) was taken in a 

.B. flask , was dissolved in minimum amount of ethanol (10 ml) and then required 

amount of benzaldehyde (1.06 g, 0.01 mol) was added to this solution. The microwave 

as used at 900 Watt and the microwave irradiation was done for 5 minutes until the 

e yellowish in colour. The resulting solution was poured into crushed 

ice. The precipitate which got separated was dried and recrystallized from benzene- 

exane mixture. The purity of the product was cheked by melting point and t.l.c. using 

benzene + acetone (9:1) as developing solvent iodine vapour as visualizing agent. This 

ethod w

 

SH

Preparation of 4-Arylidenamino-3-mercapto-5-phenyl-1,2,4-triazoles: 

 Method A – Conventional: 

N

NN

CH

z

SH

NH2

N

NN

CHO

z

N

4-Aryldenamino-3-mercapto-5-phenyl-1,2,4-triazole
4-Amino-3-mercapto-5-phenyl-1,2,4-triazole

4-amino-3-mercapto-5-phenyl-1,2,4 triazole (1.92 g, 0.01 mole) was taken in 

a

2-4 hrs.

g

d  visualizing agent.  

 M

R

w

solution becom

h

m as standardized only for GA1. (M.p. 210oC; Rf  0.73; Yield 2.24 g, 80 %).  

 



Synthe

3.1.5.1  4-Benzylidenamino-3-mercapto-5-phenyl-4H-1,2,4-triazole [GA1] 

 

 

 

(M.p. 210 C; Rf  0.73; Yield 

2.1 g, 75.02 %). 

H NMR δ  (ppm): 7.34-8.06 (m, 10H, Ar-H), 9.69 (s, 1H, N=CH), 14.65 (s, 1H, 
SH). 

3

sis of individual compound:  

 

4-Amino-3-mercapto-5-phenyl-1,2,4 triazole ( 1.92 g, 0.01 mol) was taken 

in a R.B. flask, was dissolved in 35 ml of ethanol and then required amount of 

benzaldehyde  (1.06 g, 0.01 mol) was added to this solution. The mixture was refluxed 

for 2 hrs. The resulting solution was poured into the crushed ice. The precipitate which 

got separated was dried and recrystallized from benzene- hexane mixture. The purity of 

the compound was checked by melting point and t.l.c. using benzene:acetone (9:1) as 

developing solvent and iodine vapor as visualizing agent. o

1  DMSO-d6

13C NMR δ DMSO-d6 (ppm): 122.7, 126.4, 128.7, 129.2, 129.9, 132.7 (aromatic carbons), 
161 (N=CH), 177.8 (triazole carbons).  

IR spectrum υ CHCl
3

 (cm-1): 2434 (SH), 1517 (C=N), 2896 (C-H, aliphatic), 3051 (C-H, 
aromatic), 1476, 1251, 1046, 931 (N-C=S). 

Calcd (%) for C15H12N4S (280): C, 64.28; H, 4.28; N, 20; S, 11.42; Found (%): C, 
62.69; H, 3.91; N, 18.89; S, 10.72. 

.1.5.2 4-(2-Chlorobenzylidenamino)-3-mercapto-5-phenyl-4H-1,2,4-triazole [GA2] 

                               

 

SH
N

NN

CHN

SH
N

NN

CHN

Cl



4-Amino-3-mercapto-5-phenyl-1,2,4 triazole ( 1.92 g, 0.01 mol) was 

dissolved in 35 ml of ethanol and refluxed with o-chlorobenzaldehyde (1.41g, 0.01 mol) 

e as in 

3.1.5.1. 4-(2-Chlorobenzylidenamino)-3-mercapto-5-phenyl-4H-1,2,4-triazole was 

obtained as yellowish white solid. (M.p. 212 oC; Rf  0.66; Yield  2.89 g, 92.04%). 

1H NMR δ DMSO-d6 (ppm): 7.28-7.80 (m, 9H, Ar-H), 10.2 (s, 1H, N=CH), 14.27 (s, 1H, 
H).  

 υ CHCl
3

 (cm-1): 2434 (SH), 1600 (C=N), 2896 (C-H, aliphatic), 3051 (C-H, 
romatic), 1476, 1251, 1046, 931 (N-C=S). 

Calcd (%) 

3

ved in 35 ml of ethanol and refluxed with m-chlorobenzaldehyde (1.41g, 0.01 

o)-3-mercapto-5-phenyl-4H-1,2,4-triazole was 

H NMR δ  (ppm): 7.28-7.80 (m, 9H, Ar-H), 9.54 (s, 1H, N=CH), 14.27 (s, 1H, 

aromatic), 1476, 1251, 1046, 931 (N-C=S). 

15 11N4SCl (314.5): C, 57.23; H, 3.49; N, 17.80; S, 10.17; Found (%): 

 

for 4 hrs. The preparation, isolation and purification procedures were the sam

S

IR spectrum
a

for C15H11N4SCl (314.5): C, 57.23; H, 3.49; N, 17.80; S, 10.17; Found (%): 
C, 58.43; H, 3.44; N, 17.43; S, 10.47. 

.1.5.3 4-(3-Chlorobenzylidenamino)-3-mercapto-5-phenyl-4H-1,2,4-triazole [GA3] 

   

 

 

SH
N

NN

CHN

Cl

4-Amino-3-mercapto-5-phenyl-1,2,4 triazole ( 1.92 g, 0.01 mol) was 

dissol

mol) for 2.5 hrs. The preparation, isolation and purification procedures were the same as 

in 3.1.5.1. 4-(3-Chlorobenzylidenamin

obtained as yellow solid. (M.p. 203-205 oC; Rf 0.63; Yield 2.88 g, 91.72 %).   

1  DMSO-d6

SH).  

 IR spectrum υ CHCl
3

 (cm-1): 2434 (SH), 1600 (C=N), 2896 (C-H, aliphatic), 3051 (C-H, 

Calcd (%) for C H
C, 56.62; H, 3.91; N, 17.21; S, 10.95. 



3.1.5.4 4-(4

 

4-Amino-3-mercapto-5-phenyl-1,2,4 triazole ( 1.92 g, 0.01 mol) was 

rification procedures were the same as in 

; Rf 0.64; Yield 2.50 g, 79.49 %).  

H NMR δ  (ppm): 7.34-7.90 (m, 9H, Ar-H), 9.72 (s, 1H, N=CH), 14.27 (s, 1H, 

).  

 spectrum υ CHCl
3

 (cm-1 -H, 
aromatic), 1476, 1251, 1046, 931 (N-C=S). 

alcd (%) for C15H11N4SCl (314.5): C, 57.23; H, 3.49; N, 17.80; S, 10.17; Found (%): 
C, 58.12; H, 3.45; N, 18.92; S, 10.65. 

3

4-Amino-3-mercapto-5-phenyl-1,2,4 triazole ( 1.92 g, 0.01 mol) was 

rification procedures were the same as in 

9 oC; Rf 0.64; Yield 2.16 g, 66.46 %).  

-Chlorobenzylidenamino)-3-mercapto-5-phenyl-4H-1,2,4-triazole [GA4] 

  

 
SH

dissolved in 35 ml of ethanol and refluxed with p-chlorobenzaldehyde (1.41g, 0.01 mol) 

for 2 hrs. The preparation, isolation and pu

3.1.5.1. 4-(4-Chlorobenzylidenamino)-3-mercapto-5-phenyl-4H-1,2,4-triazole was 

obtained as yellow solid. (M.p. 190 oC

N

NN

CHN Cl

1  DMSO-d6

SH

IR ): 2434 (SH), 1600 (C=N), 2896 (C-H, aliphatic), 3051 (C

C

.1.5.5 4-(2-Nitrobenzylidenamino)-3-mercapto-5-phenyl-4H-1,2,4-triazole [GA5] 

 

 

 

dissolved in 35 ml of ethanol and refluxed with o-nitrobenzaldehyde (1.51 g, 0.01 mol) 

for 4 hrs. The preparation, isolation and pu

3.1.5.1. 4-(2-Nitrobenzylidenamino)-3-mercapto-5-phenyl-4H-1,2,4-triazole was 

obtained as yellow solid. (M.p. 207-20

SH
N

NN

CHN

NO2



1H NMR δ DMSO-d6 (ppm): 7.34-8.19 (m, 9H, Ar-H), 10.49 (s, 1H, N=CH), 14.30 (s, 1H, 

SH).  

IR spectrum υ CHCl
3

 (cm-1): 2434 (SH), 1517 (C=N), 2896 (C-H, aliphatic) 3051(C-H, 
romatic), 1476, 1251, 1046, 931 (N-C=S). 

Calcd (%) for C15H11O2N5S (325): C, 55.38; H, 3.38; N, 21.53; S, 9.84; Found (%): C, 
55.96; H, 2.85; N, 21.86; S, 10.73. 

3.1.5.6 4-(3

 

4-Amino-3-mercapto-5-phenyl-1,2,4 triazole ( 1.92 g, 0.01 mol) was 

dissolved in 35 ml of ethanol and refluxed with m-nitrobenzaldehyde (1.51 g, 0.01 mol) 

3.1.5.1. 4-(3-Nitrobenzylidenamino)-3-mercapto-5-phenyl-4H-1,2,4-triazole was 

 1H, 

SH).  

IR spectrum υ CHCl
3

 (cm-1): 2434 (SH), 1517 (C=N), 2896 (C-H, aliphatic), 3051 (C-H, 
romatic), 1476, 1251, 1046, 931 (N-C=S). 

Calcd (%) for C15H11O2N5S (325): C, 55.38; H, 3.38; N, 21.53; S, 9.84; Found (%): C, 
57.92; H, 2.93; N, 20.67; S, 11.92. 

3.1.5.7 4-(4

 

a

-Nitrobenzyidenamino)-3-mercapto-5-phenyl-4H-1,2,4-triazole [GA6] 

 

 
SH

for 2 hrs. The preparation, isolation and purification procedures were the same as in 

obtained as yellowish white solid. (M.p. 205-206 oC; Rf  0.64; Yield  2.38 g, 73.23 %). 

N

NN

CHN

NO2

1H NMR δ DMSO-d6 (ppm): 7.34-8.64 (m, 9H, Ar-H), 10.04 (s, 1H, N=CH), 14.33 (s,

a

-Nitrobenzylidenamino)-3-mercapto-5-phenyl-4H-1,2,4-triazole [GA7] 

 

 

SH
N

NN

CHN NO2



4-Amino-3-mercapto-5-phenyl-1,2,4 triazole ( 1.92 g, 0.01 mol) was 

dissolved in 35 ml of ethanol and refluxed with p-nitrobenzaldehyde (1.51 g, 0.01 mol) 

for 4 hrs. The preparation, isolation and purification procedures were the same as in 

o

10.49 (s, 1H, N=CH), 14.75 (s, 1H, 

IR spectrum υ CHCl
3

 (cm-1): 2434 (SH), 1517 (C=N), 2896 (C-H, aliphatic), 3051 (C-H, 
romatic), 1476, 1251, 1046, 931 (N-C=S). 

alcd (%) for C15H11O2N5S (325): C, 55.38; H, 3.38; N, 21.53; S, 9.84; Found (%): C, 
54.82; H, 3.67; N, 22.45; S, 10.35. 

3.1.5.8 4-(2-Methylbenzylidenamino)-3-mercapto-5-phenyl-4H-1,2,4-triazole [GA8] 

 

4-Amino-3-mercapto-5-phenyl-1,2,4 triazole ( 1.92 g, 0.01 mol) was 

dissolved in 35 m

rs. The preparation, isolation and purification procedures were the same as in 

9; Yield  1.60 g, 54.42 %). 

3

IR spectrum υ CHCl
3

 (cm-1): 2434 (SH), 1517 (C=N), 2896 (C-H, aliphatic), 3051 (C-H, 
romatic), 1476, 1251, 1046, 931 (N-C=S). 

Calcd (%) for C16H14N4S (294): C, 65.30; H, 4.76; N, 19.04; S, 10.88; Found (%): C, 
61.24; H, 4.11; N, 17.89; S, 12.43. 

 

3.1.5.1. 4-(4-Nitrobenzylidenamino)-3-mercapto-5-phenyl-4H-1,2,4-triazole was 

obtained as yellow solid. (M.p. 209-210 C; Rf 0.66; Yield 2.80 g, 86.15 %). 

1H NMR δ DMSO-d6 (ppm): 7.36-8.08 (m, 9H, Ar-H), 
SH).  

a

C

 

 

SH

l of ethanol and refluxed with o-methylbenzaldehyde (1.2 g, 0.01 mol) 

for 4 h

3.1.5.1. 4-(2-Methylbenzylidenamino)-3-mercapto-5-phenyl-4H-1,2,4-triazole was 

obtained as white solid. (M.p. 160 oC; Rf  0.6

1H NMR δ DMSO-d6 (ppm): 2.4 (s, 3H, Ar-CH ), 7.48-8.01 (m, 9H, Ar-H), 9.72 (s, 1H, 

N

NN

CHN

CH3

N=CH), 14.27 (s, 1H, SH).  

a



3.1.5.9 4-(3

 

4-Amino-3-mercapto-5-phenyl-1,2,4 triazole ( 1.92 g, 0.01 mol) was 

nd purification procedures were the same as 

C; Rf  0.70; Yield  2.34 g, 79.59 %). 

H NMR δ  (ppm): 2.4 (s, 3H, Ar-CH3), 7.11-8.00 (m, 9H, Ar-H), 9.66 (s, 1H, 

=CH), 14.25 (s, 1H, SH).  

 spectrum υ CHCl
3

 (cm-1): 2434 (SH), 1517 (C=N), 2896 (C-H, aliphatic), 3051 (C-H, 
aromatic), 1476, 1251, 1046, 931 (N-C=S). 

alcd. (%) for C16H14N4S (294): C, 65.30; H, 4.76; N, 19.04; S, 10.88; Found (%): C, 
52.17; H, 2.67; N, 19.83; S, 16.24. 

3

  

 

4-Amino-3-mercapto-5-phenyl-1,2,4 triazole ( 1.92 g, 0.01 mol) was 

for 2 hrs. The preparation, isolation and purification procedures were the same as in 

-Methylbenzylidenamino)-3-mercapto-5-phenyl-4H-1,2,4-triazole [GA9] 

 

 
SH

dissolved in 35 ml of ethanol and refluxed with m-methylbenzaldehyde (1.2 g, 0.01 

mol) for 2.5 hrs. The preparation, isolation a

in 3.1.5.1. 4-(3-Methylbenzylidenamino)-3-mercapto-5-phenyl-4H-1,2,4-triazole was 

obtained as white solid. (M.p. 155 o

N

NN

CHN

CH3

1  DMSO-d6

N

IR

C

.1.5.10 4-(4-Methylbenzylidenamino)-3-mercapto-5-phenyl-4H-1,2,4-triazole 

              [GA10]              

 

 

 

dissolved in 35 ml of ethanol and refluxed with p-methylbenzaldehyde (1.2 g, 0.01 mol) 

SH
N

NN

CHN CH3



3.1.5.1. 4-(3-Methylbenzylidenamino)-3-mercapto-5-phenyl-4H-1,2,4-triazole was 

obtained as light yellow solid. (M.p. 158-160 oC; Rf  0.71; Yield  1.74 g, 59.18 %). 

1H NMR δ DMSO-d6 (ppm): 2.4 (s, 3H, Ar-CH3), 7.48-8.01 (m, 9H, Ar-H), 9.72 (s, 1H, 

N=CH), 14.27(s, 1H, SH).  

IR spectrum υ CHCl
3

 (cm-1): 2434 (SH), 1517 (C=N), 2896 (C-H, aliphatic), 3051 (C-H, 
aromatic), 1476, 1251, 1046, 931 (N-C=S). 

3

  

refluxed with o-methoxybenzaldehyde (1.2 g, 0.01 

me as 

benzylidenamino)-3-mercapto-5-phenyl-4H-1,2,4-triazole was 

obtained as yellowish white solid. (M.p. 172-174 oC; Rf 0.54; Yield  1.66 g, 53.54 %). 

1H NMR δ DMSO-d6 (ppm): 3.35 (s, 3H, Ar-OCH3), 7.34-8.01 (m, 9H, Ar-H), 9.34 (s, 1H, 
=CH), 14.75 (s, 1H, SH).  

IR spectrum υ CHCl
3

 (cm-1): 2434 (SH), 1517 (C=N), 2896 (C-H, aliphatic), 3051(C-H, 
aromatic), 1476, 1251, 1046, 931 (N-C=S). 

Calcd (%) r C16H14ON4S (310): C, 61.93; H, 4.51; N, 18.06; S, 10.32; Found (%): C, 
57.78; H, 4.62; N, 17.75; S, 11.96. 

 

 

Calcd. (%) for C16H14N4S (294): C, 65.30; H, 4.76; N, 19.04; S, 10.88; Found (%): C, 
64.82; H, 4.13; N, 18.93; S, 11.63. 

.1.5.11 4-(2-Methoxybenzylidenamino)-3-mercapto-5-phenyl-4H-1,2,4-triazole       

             [GA11] 

 

 

SH

 

4-Amino-3-mercapto-5-phenyl-1,2,4 triazole ( 1.92 g, 0.01 mol) was 

dissolved in 35 ml of ethanol and 

N

NN

CHN

OMe

mol) for 4 hrs. The preparation, isolation and purification procedures were the sa

in 3.1.5.1. 4-(2-Methoxy

N

fo

 



3

  

 

dissolved in 35 ml of ethanol and refluxed with m-methoxybenzaldehyde (1.2 g, 0.01 

 

Methoxybenzylidenamino)-3-mercapto-5-phenyl-4H-1,2,4-triazole was 

btained as white solid. (M.p. 173-175 oC; Rf  0.54; Yield  2.20 g, 70.96 %). 

1H NMR δ DMSO-d6 (ppm): 3.35 (s, 3H, Ar-OCH3), 6.99-7.88 (m, 9H, Ar-H), 9.56 (s, 1H, 
N=CH), 14.75 (s, 1H, SH).  

IR spectrum υ CHCl
3

 (cm-1): 2434 (SH), 1517 (C=N), 2896 (C-H, aliphatic), 3051 (C-H, 
aromatic), 1476, 1251, 1046, 931 (N-C=S). 

Calcd (%) f

3

                [GA13] 

 

4-Amino-3-mercapto-5-phenyl-1,2,4 triazole ( 1.92 g, 0.01 mol) was 

l of ethanol and refluxed with p-methoxybenzaldehyde (1.2 g, 0.01 

mol) for 4 hrs. The preparation, isolation and purification procedures were the same as 

.1.5.12 4-(3-Methoxybenzylidenamino)-3-mercapto-5-phenyl-4H-1,2,4-triazole  

              [GA12]      

 
SH

 

4-Amino-3-mercapto-5-phenyl-1,2,4 triazole ( 1.92 g, 0.01 mol) was 

N

NN

CHN

OMe

mol) for 2 hrs. The preparation, isolation and purification procedures were the same as

in 3.1.5.1. 4-(3-

o

or C16H14ON4S (310): C, 61.93; H, 4.51; N, 18.06; S, 10.32; Found (%): C, 
63.41; H, 4.92; N, 18.55; S, 11.43. 

.1.5.13 4-(4-Methoxybenzylidenamino)-3-mercapto-5-phenyl-4H-1,2,4-triazole  

 

 

 

dissolved in 35 m

SH
N

NN

CHN OMe



in 3.1.5.1. 4-(4-Methoxybenzylidenamino)-3-mercapto-5-phenyl-4H-1,2,4-triazole was 

olid. (M.p. 210-211 oC; Rf 0.55; Yield 1.76 g, 56.77 %). 

δ DMSO-d6 (ppm): 3.35(s, 3H, Ar-OCH3), 7.34-8.01 (m, 9H, Ar-H), 9.34 (s, 1H, 

N=CH), 14.75 (s, 1H, SH).  

IR spectrum υ CHCl
3

 (cm-1): 2434 (SH), 1517 (C=N), 2896 (C-H, aliphatic), 3051(C-H, 

aromatic), 1476, 1251, 1046, 931 (N-C=S). 

3.1.5.14

  

 

dissolved in 35 ml of ethanol and refluxed with o-hydroxybenzaldehyde (1.22 g, 0.01 

 as 

ydroxybenzylidenamino)-3-mercapto-5-phenyl-4H-1,2,4-triazole was 

btained as light yellow solid. (M.p. 189-190 oC; Rf  0.71; Yield  2.01 g, 67.90 %). 

δ DMSO-d6 (ppm): 3.9 (s, 1H, Ar-OH), 7.4-8.1 (m, 9H, Ar-H), 10.2 (s, 1H, 

N=CH), 14.27(s, 1H, SH).  

IR spectrum υ CHCl
3

 (cm-1): 2434 (SH), 1517 (C=N), 2896 (C-H, aliphatic), 3051 (C-H, 
aromatic),   1476, 1251, 1046, 931 (N-C=S). 

Calcd (%) f
58.32; H, 4

 

obtained as yellow s

1H NMR 

Calcd. (%) for C16H14ON4S (310): C, 61.93; H, 4.51; N, 18.06; S, 10.32; Found (%): C, 
59.73; H, 5.12; N, 19.44; S, 10.72. 

 4-(2-Hydroxybenzylidenamino)-3-mercapto-5-phenyl-4H-1,2,4-triazole  

               [GA14] 

 
SH

 

4-Amino-3-mercapto-5-phenyl-1,2,4 triazole ( 1.92 g, 0.01 mol) was 

N

NN

CHN

OH

mol) for 4 hrs. The preparation, isolation and purification procedures were the same

in 3.1.5.1. 4-(2-H

o

1H NMR 

or C15H12ON4S (296): C, 60.81; H, 4.05; N, 18.92; S, 10.81; Found (%): C, 
.71; N, 18.64; S, 13.92. 

 



3

  

 

 

4-Amino-3-mercapto-5-phenyl-1,2,4 triazole ( 1.92 g, 0.01 mol) was 

efluxed with m-hydroxybenzaldehyde (1.22 g, 0.01 

e as 

in 3.1.5.1. 4-(3-Hydroxybenzylidenamino)-3-mercapto-5-phenyl-4H-1,2,4-triazole was 

solid. (M.p. 198-200 oC; Rf 0.74; Yield  1.90 g, 64.19 %). 

H NMR δ DMSO-d6 (ppm): 3.9 (s, 1H, Ar-OH), 7.1-8.1 (m, 9H, Ar-H), 10.35 (s, 1H, 

=CH), 14.25 (s, 1H, SH).  

 spectrum υ CHCl
3

 (cm-1): 2434 (SH), 1517 (C=N), 2896 (C-H, aliphatic), 3051(C-H, 
aromatic), 1476, 1251, 1046, 931 (N-C=S). 

Calcd (%) f

3.1.5.16

                [GA16] 

 

4-Amino-3-mercapto-5-phenyl-1,2,4 triazole ( 1.92 g, 0.01 mol) was 

issolved in 35 ml of ethanol and refluxed with p-hydroxybenzaldehyde (1.22 g, 0.01 

.1.5.15 4-(3-Hydroxybenzylidenamino)-3-mercapto-5-phenyl-4H-1,2,4-triazole 

              [GA15] 

 

dissolved in 35 ml of ethanol and r

SH
N

NN

CHN

OH

mol) for 2 hrs. The preparation, isolation and purification procedures were the sam

obtained as white 

1

N

IR

or C15H12ON4S (296): C, 60.18; H, 4.05; N, 18.92; S, 10.81; Found (%): C, 
59.47; H, 4.81; N, 17.98; S, 11.81. 

 

 4-(4-Hydroxybenzylidenamino)-3-mercapto-5-phenyl-4H-1,2,4-triazole   

 

 

 

d

SH
N

NN

CH OHN



mol) for 2 hrs. The preparation, isolation and purification procedures were the same as 

ydroxybenzylidenamino)-3-mercapto-5-phenyl-4H-1,2,4-triazole was 

obtained as white solid. (M.p. 205 oC; R  0.72; Yield  2.10 g, 70.94 %). 

1H NMR δ DMSO-d6 (ppm): 3.9 (s, 1H, Ar-OH), 7.4-7.8 (m, 9H, Ar-H), 10.2 (s, 1H, 
=CH), 14.27(s, 1H, SH).  

 spectrum υ CHCl
3

 (cm-1): 2434 (SH), 1517 (C=N), 2896 (C-H, aliphatic), 3051 (C-H, 
aromatic), 1476, 1251, 1046, 931 (N-C=S). 

Calcd (%) 

3

  

 

henyl-1,2,4 triazole ( 1.92 g, 0.01 mol) was 

issolved in 35 ml of ethanol and refluxed with p-fluorobenzaldehyde (1.24 g, 0.01 

 as 

in 3.1.5.1. 4-(4-Fluorobenzylidenamino)-3-mercapto-5-phenyl-4H-1,2,4-triazole was 

 solid. (M.p. 205-206 oC; Rf 0.52; Yield 1.98 g, 66.44 %). 

1H NMR δ DMSO-d6 (ppm): 6.9-7.87 (m, 9H, Ar-H), 9.88 (s, 1H, N=CH), 14.76 (s, 1H, 

SH).  

IR spectrum υ CHCl
3

 (cm-1): 2434 (SH), 1517 (C=N), 2896 (C-H, aliphatic), 3051(C-H, 
aromatic) 1476, 1251, 1046, 931 (N-C=S). 

Calcd (%) for C15H11N4SF (298): C, 60.40; H, 3.69; N, 18.79; S, 10.74; Found (%): C, 
62.64; H, 3

SH

in 3.1.5.1. 4-(4-H

f 

N

IR

for C15H12ON4S (296): C, 60.81; H, 4.05; N, 18.92; S, 10.81; Found (%): C, 
62.81; H, 5.16; N, 19.11; S, 11.21. 

.1.5.17 4-(4-Fluorobenzylidenamino)-3-mercapto-5-phenyl-4H-1,2,4-triazole  

              [GA17] 

 

 

 

4-Amino-3-mercapto-5-p

d

N

NN

CH FN

mol) for 3 hrs. The preparation, isolation and purification procedures were the same

obtained as white

.69; N, 19.54; S, 10.52. 

 



3

  

 refluxed with p-bromobenzaldehyde (1.84 g, 0.01 

me as 

-Bromobenzylidenamino)-3-mercapto-5-phenyl-4H-1,2,4-triazole was 

obtained as white solid. (M.p. 203-204 oC; Rf 0.57; Yield  3.05 g, 84.96 %). 

1H NMR δ DMSO-d6 (ppm): 7.3-8.05 (m, 9H, Ar-H), 9.72 (s, 1H, N=CH), 14.27(s, 1H, 

SH).  

IR spectrum υ CHCl
3

 (cm-1): 2434 (SH), 1517(C=N), 2896 (C-H, aliphatic), 3051 (C-H, 
aromatic), 1476, 1251, 1046, 931 (N-C=S). 

Calcd. (%) for C15H11N4SBr (359): C, 50.14; H, 3.34; N, 15.59; S, 8.91; Found (%): C, 
55.68; H, 5

3

  

 

fluxed with p-cyanobenzaldehyde (1.84 g, 0.01 mol) 

r 4 hrs. The preparation, isolation and purification procedures were the same as in 

.1.5.18 4-(4-Bromobenzylidenamino)-3-mercapto-5-phenyl-4H-1,2,4-triazole  

              [GA18] 

 

 
SH

 

4-Amino-3-mercapto-5-phenyl-1,2,4 triazole ( 1.92 g, 0.01 mol) was 

dissolved in 35 ml of ethanol and

N

NN

CHN Br

mol) for 4 hrs. The preparation, isolation and purification procedures were the sa

in 3.1.5.1. 4-(4

.82; N, 16.72; S, 9.51. 

.1.5.19 4-(4-Cyanobenzylidenamino)-3-mercapto-5-phenyl-4H-1,2,4-triazole  

             [GA19] 

 

 

 

4-Amino-3-mercapto-5-phenyl-1,2,4 triazole ( 1.92 g, 0.01 mol) was 

dissolved in 35 ml of ethanol and re

fo

SH
N

NN

CHN CN



3.1.5.1. 4-(4-Cyanobenzylidenamino)-3-mercapto-5-phenyl-4H-1,2,4-triazole was 

t yellow solid. (M.p. 181-182 oC; Rf 0.46; Yield 1.60 g, 52.45 %). 

δ DMSO-d6 (ppm): 7.34-7.91 (m, 9H, Ar-H), 9.16 (s, 1H, N=CH), 14.09 (s, 1H, 

SH).  

 IR spectru υ CHCl
3

 (cm-1): 2434 (SH), 1517 (C=N), 2896 (C-H, aliphatic), 3051 (C-H, 
aromatic), 1476, 1251, 1046, 931 (N-C=S). 

Calcd (%) 

3

  

 

 

-phenyl-1,2,4 triazole ( 1.92 g, 0.01 mol) was 

0.01 mol) for 2 hrs. The preparation, isolation and purification procedures were the 

.5.1. 4-(4-Dimethylaminobenzylidenamino)-3-mercapto-5-phenyl-4H-

,2,4-triazole was obtained as light brown solid. (M.p. 184-185 oC; Rf  0.58; Yield  2.33 

g, 72.13 %). 

1H NMR δ DMSO-d6 (ppm): 3.34(s, 6H, Ar-N (CH3)2), 7.34-8.11 (m, 9H, Ar-H), 9.95 (s, 

1H, N=CH), 14.32 (s, 1H, SH).  

IR spectrum υ CHCl
3

 (cm-1): 2434 (SH), 1517 (C=N), 2896 (C-H, aliphatic), 3051 (C-H, 

aromatic), 

obtained as brigh

1H NMR 

m 

for C16H11N5S (305): C, 62.95; H, 3.61; N, 22.95; S, 10.49; Found (%): C, 
63.22; H, 2.69; N, 21.03; S, 6.02. 

.1.5.20 4-(4-Dimethylaminobenzylidenamino)-3-mercapto-5-phenyl-4H-1,2,4- 

             triazole (GA20) 

 

 

4-Amino-3-mercapto-5

N

NN

SH

CH N(CH3 2)N

dissolved in 35 ml of ethanol and refluxed with p-dimethylaminobenzaldehyde (1.42 g, 

same as in 3.1

1

1476, 1251, 1046, 931 (N-C=S). 

Calcd (%) for C16H17N5S (323): C, 63.16; H, 5.26; N, 21.67; S, 9.90; Found (%) : C, 
56.04; H, 3.59; N,17.60; S, 13.25. 



 

.2 Fungicidal activity 3

The fungitoxicity testing of 4-arylidenamino-3-mercapto-5-phenyl-1,2,4-

triazoles was carried out by Poisoned food technique. Poisoned food technique using 

. 

3.2.1 Cultures of Fungi 

iana 

t Pathology, IARI, New Delhi. The cultures 

ere maintained on PDA slants at 25oC and were subcultured in petridishes prior to 

testing.  

 

3.2.2 Preparation of media 

39 g PDA (Potato-dextrose-agar supplied by Titan Biotech Ltd., TM344) was 

suspended in 1000 ml distilled water. This was boiled to obtain uniform media. The 

media (65 

Required quantity (130 mg for a set of 1000, 500 and 250 ppm conc.) of each of 

ken in vials and made up to 1 ml by adding DMSO. 

DMSO (1 ml) was taken in a separate vial for using as control. These solutions were 

 the media. The media from conical flask 

 

potato-dextrose agar (PDA) medium against Rhizoctonia solani Kühn., Fusarium 

oxysporum (Padwik) Snyd. & Hans. and Bipolaris sorokiniana

 

Cultures of Rhizoctonia solani, Fusarium oxysporum, Bipolaris sorokin

were obtained from the Division of Plan

w

ml) was transferred to each of the 100 ml conical flasks and the flasks were 

plugged with surgical grade cotton. The media and petridishes were sterilized in an 

autoclave at 15 psi for half an hour prior to use. 

 

3.2.3 Preparation of test concentrations 

the test compounds were weighed and dissolved in DMSO (2 ml). 1 ml, 0.5 ml and 0.25 

ml of the above solution were ta

added and mixed thoroughly to the media (65 ml) contained in a conical flask to obtain 

the desired concentration of the chemical in

(65 ml) was poured into two petridishes (2 replication), under aseptic conditions in a 



laminar flow chamber and allowed the media to solidify. The petridishes are suitably 

.2.4 Inoculation 

A 5 mm

3.2.5 Incubation 

control petridishes were kept in B.O.D incubator at 25 ± 1oC 

till the 

        Fungus                    Incubation period (Days) 

                           5-6 

Fusariu

Fungus mycelial growth in both treated (T) as well as in control (C) was 

measured diametrically and % inhibition of growth (%I) was calculated from the 

Where C.F. = [(9 - C)/ C] x 100, is the correction factor  

labeled. 

3

 thick disc of fungus (spores and mycelium) cut from earlier subcultured fungus 

in a petridish was inoculated asceptically to the centre of the petridishes. 

 

Both treatment and 

fungal growth in the control petridishes was almost complete. The incubation 

periods were: 

 

Rhizoctonia solani  

m oxysporum                                                   7-8 

Bipolaris sorokiniana                                                                         9-10 

 

3.2.1.6 Recording of observations 

following formula 

 

% Inhibition of growth (%I) = [(C – T)/ C] x 100 

 

3.2.1.7 Calculation of ED50 (Effective dose required for 50% inhibition of fungus 

growth) 

 The %I was converted to corrected % inhibition (Ic) by using the formula 

Ic = [( %I – C.F.)/ (100 – C.F.)] x 100 



Here, 9 is the diameter of petridish in cm, C is the growth of the fungus in 

control  

 The ED50 values were determined by using BASIC LD50 programme version 1.1 

3.3 Quantitative Structure Activity Relationship (QSAR) study 

QSAR was attempted using the experimentally determined ED50 values and 

emical parameters representing hydrophobic, electronic and steric 

prope

3.3.1 50

QSAR study requires biological activity to be expressed in molar quantity. The 

ED50 value in ppm of each compound was divided by 1000 and then by molecular 

 ompou d to tain molar E f this 

e. ED50 

3.3.2

Several physicochemical parameters representing hydrophobic, electronic and 

used in the QSAR study as independent 

variables. 

ents 

 analysis were taken from the literature (Hansch & Leo, 1979). 

Hansch  value were used for hydrophobicity, Hammett constant σ for electronic, molar 

refractivity (MR) and V  steric. For the 

lectronic effect of ortho-substituents, the σ values of the corresponding para-

ested 

 & Nishioka (1976) were used.            

sition 

i.e. ortho-, meta- or par arately for each of the 

three positions c

(Trevors, 1986) using a personal computer (PC). 

 

various physicoch

rties of the compounds of the series. 

 Fungicidal activity parameter [pED  (M)] 

weight of the c n ob D50 value. The negative logarithm o

molar ED50 value i. p (M) was used as the the dependent variable in the QSAR 

study. 

 Physicochemical parameters 

steric properties of the molecules were 

The values for the physico-chemical parameters of benzene ring substitu

used in the QSAR

 π

erloop STERIMOL parameters L, B1 and B4 for

e

substituents along with F, Swain-Lupton constant for ‘proximity polar effect’ sugg

by Fujita

The values for the steric parameters was used as summation for each po

a-. Further these were considered sep

orresponding to ortho-, meta- and para-.  



The values of physicochemical parameters used in the regression equation

been incl

 have 

uded in the respective tables.  

3

analyzed by the multiple regression 

nalysis technique using experimental pED50 (M) values for the fungicidal activity as 

hobic, electronic 

and the

 

 
 

 
 

 
 

.3.3 Methodology of QSAR analysis 

The structure activity correlations were 

a

dependent variable and the physicochemical parameters for the hydrop

 steric properties of each member of the series as independent variables. The 

significance of the equations and the terms were examined by F and t tests.  

 

 

 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 

 
 



4. RESULTS AND DISCUSSION 
 
 
 
4.1 Syn

apto-1,2,4-

triazoles (Bijul, 2005) for finding potential fungicides, a series of twenty Schiff bases of 

ino-3-mercapto-5-phenyl-1,2,4-triazole having different substituents in the aryl 

ring attached to imine group as represented by the general structure (I) were designed 

nd synthesized. The Schiff bases i.e. 4-Arylidenamino-3-mercapto-5-phenyl-4H-1,2,4-

iazoles synthesized are given in the Table 1 and their physical data in Table 2. 

                                                                  ( I ) 

he synthesis of the Schiff bases has involved five steps starting with benzoic acid 

hich was first converted methyl ester          hydrazide           dithiocarbazinic salt                

            triazole and finally to              Schiff base. 

ethyl benzoate 

thesis and structure characterization of 4-Arylidenamino-3-mercapto-5-     

       phenyl-4H-1, 2, 4-triazoles 

 

4.1.1 Synthesis  

In continuation to earlier investigations on 5-Aryl-4-amino-3-merc

4-Am

a

tr

 

 

 

 

 

                                                          

  

T

w            

SH
N

NN

N

CH

z

  

 

M

 

 

 

 

COOH COOCH3

CH3OH

H2SO4

Benzoic acid Methyl benzoate



Table 1: 4-Arylidenamino-3-mercapto-5-phenyl-4H-1,2,4-triazoles synthe
 
 

 
 
 
 

Compd  
No 

Substituent 
(R) 

Chemical name Molecu
formu

Formula 
weight 

sized 

lar 
la 

GA1 H 4- pto-5-phenyl-4H-1,2,4-tri C15H12 280 Benzylidenamino-3-merca azole N4S 
GA2 2-Cl 4-( o)-3-mercapto-5-phenyl-4 C15H11N 314.5 2-Chlorobenzylidenamin H-1,2,4-triazole 4SCl 
GA3 3-Cl 4-( o)-3-mercapto-5-phenyl-4 C15H11N SCl 314.5 3-Chlorobenzylidenamin H-1,2,4-triazole 4
GA4 4-Cl 4-( o)-3-mercapto-5-phenyl-4 C15H11N4SCl 314.5 4-Chlorobenzylidenamin H-1,2,4-triazole 
GA5 2-NO2 4-( -3-mercapto-5-phenyl-4H C15H11O2N5S 325 2-Nitrobenzylidenamino) -1,2,4-triazole 
GA6 3-NO2 4-( 3-mercapto-5-phenyl-4H- C15H11O2N5S 325 3-Nitrobenzyidenamino)- 1,2,4-triazole 
GA7 4-NO2 4-( -3-mercapto-5-phenyl-4H C15H11O2N5S 325 4-Nitrobenzylidenamino) -1,2,4-triazole 
GA8 2-CH3 4-( o)-3-mercapto-5-phenyl-4 C15H14N4S 294 2-Methylbenzylidenamin H-1,2,4-triazole 
GA9 3-CH3 4-( liden ino)-3-mercapto-5-phenyl-4 C15H14N4S 294 3-Methylbenzy am H-1,2,4-triazole 
GA10 4-CH3 4-(4-M lidenamino)-3-mercapto-5-phenyl-4 C16H14N4S 294 ethylbenzy H-1,2,4-triazole 
GA11 2-OCH3 4-(2-M zylidenamino)-3-mercapto-5-phenyl C16H14ON4S 310 ethoxyben -4H-1,2,4-triazole 
GA12 3-OCH3 4-(3-M zylidenamino)-3-mercapto-5-phenyl C16H14ON4S 310 ethoxyben -4H-1,2,4-triazole 
GA13 4-OCH3 4-(4-M zylidenamino)-3-mercapto-5-phenyl C16H14ON4S 310 ethoxyben -4H-1,2,4-triazole 
GA14 2-OH 4-(2-hy ylidenamino)-3-mercapto-5-phenyl- C15H12ON4S 296 droxybenz 4H-1,2,4-triazole 
GA15 3-OH 4-(3-Hy ylidenamino)-3-mercapto-5-phenyl C15H12ON4S 296 droxybenz -4H-1,2,4-triazole 
GA16 4-OH 4-(4-Hy ylidenamino)-3-mercapto-5-phenyl C15H12ON4S 296 droxybenz -4H-1,2,4-triazole 
GA17 4-F 4-(4-Fl lidenamino)-3-mercapto-5-phenyl-4 C15H11N4SF 298 uorobenzy H-1,2,4-triazole 
GA18 4-Br 4-(4-Br lidenamino)-3-mercapto-5-phenyl-4 C15H11N4SBr 359 omobenzy H-1,2,4-triazole 
GA19 4-CN 4-(4-Cy idenamino)-3-mercapto-5-phenyl-4 C16H11N5S 305 anobenzyl H-1,2,4-triazole 
GA20 4-N(CH3)2 4-(4-Di nobenzylidenamino)-3-mercapto-5-pheny C16H17N5S 323 methylami l-4H-1,2,4-triazole 

N

NN
SH

N C
H

R



Table 2: Physical data of 4-Arylidenamino-3-mercapto-5-phenyl-4H-1,2,4-triazoles 
 
 
 
 
 
 

Yield Com
pd  
No 

Substituent 
(R) 

Qua

[Reac
1.9  of

M.p. (oC) ntity o
(g, 0.01
ted wit
2g

f a
m
h

 tr

lde
ol)

 0.0
iazo

hyd
 
1m
le]

e 

ol,
 

  

 

Tim
ac
(h

e 
tio
r) 

of 
n re (g) (%) 

Rf
*

GA1 H 1.06 2 2.10 75.02 0.73 210 
GA2 2-Cl 1.41 4 2.89 92.04 0.66 212 
GA3 3-Cl 1.41 2 2.88 91.72 0.63 203-205 
GA4 4-Cl 1.41 2.5  0.64 190 2.50 79.49
GA5 2-NO2 1.51  207-209  4 2.16 66.46 0.64
GA6 3-NO2 1.51  205-206  2 2.38 73.23 0.64
GA7 4-NO2 1.51  209-210  4 2.80 86.15 0.66
GA8 2-CH3 1  160 .20 4 1.60 54.42 0.69
GA9 3-CH3 1  155 .20 2.5 2.34 79.59 0.70
GA10 4-CH3 1  158-160 .20 2 1.74 59.18 0.71
GA11 2-OCH3 1  172-174 .36 4 1.66 53.54 0.54
GA12 3-OCH3 1  173-175 .36 2 2.20 70.96 0.54
GA13 4-OCH3 1  210-211 .36 4 1.76 56.77 0.55
GA14 2-OH 1  189-190 .22 4 2.01 67.90 0.71
GA15 3-OH 1  198-200 .22 2 1.90 64.19 0.74
GA16 4-OH 1  205 .22 2 2.10 70.94 0.72
GA17 4-F 1  205-206 .24 3 1.98 66.44 0.52
GA18 4-Br 1  203-204 .84 4 3.05 84.96 0.57
GA19 4-CN 1  181-182 .31 4 1.60 52.45 0.46
GA20 4-N(CH3)2 1  184-185 .49 2 2.33 72.13 0.58

N

NN
SH

N C
H

R

*Solvent: Benzene+Acetone (9:1, by volume) 



 

enzoic acid with me lphuric acid. (Vogel, 

989) The yield of methyl benzoate was 78.64 %.  

enzoic acid hydrazide 

 

 

 

 

 

enzoic acid h de was prepare  two ds. M -A in d 

refluxing of methyl benzoate with hydrazine h rate in m ol fo and m -

B d the reaction ilar quantities of methyl benzoate with hydrazine hydrate 

in nol under microwave irradiation at  Watt, for 4 minutes. The yield of 

benzoic acid hydrazide was 87.48 % by m od-A a  %  

m that involved microwave thus as much faster and efficient than 

conventional method i.e a n and p tion produ r 

the reaction was same by both the methods. 

Potssium salt of benzoyl dithiocarbazinic ac

  

The potassium salt of benzoyl dithiocarbazinic acid was prepared in 80 % yield 

by reacting benzoic acid hydrazide in methanolic potassium hydroxide with carbon di 

sulphide under cold condition, 0-5oC. (Kidwai & Bhushan, 1998) 

 Earlier workers (Reid & Heindel, 1976) have prepared the potassium salt of 

aroyl dithiocarbazinic acid by refluxing for about 10 hrs. Both these methods have been 

compared by Bijul (2005) and have found that the method using cold reaction condition 

was fast and efficient. 

4-Amino-3-mercapto-5-phenyl-1,2,4 triazole 

The methyl ester of benzoic acid i.e. methyl benzoate was prepared by refluxing 

b thanol in the presence of concentrated su

1

 

B

B ydrazi d by metho ethod volve

yd ethan r 4 hrs ethod

 involve  of sim

 metha  900

eth nd 92 by method–B. The

ethod-B w

. method-A. The isol tio urifica of the ct afte

id 

COOCH3
CONHNH2

NH2NH2xH2O

Benzoic hydr acid azideM l benzoateethy

CONHNH S KC

S

CONHNH2

KOH CS2 +

Potassium salt of benzoyl dithiocarbazinic acidBenzoic acid hydr

(alc)/

(0-5 C) o

azide



 

 

4-Amino-3-mercapto-5-phenyl-1,2,4 triazole was prepared by reacting the 

potassium salt of benzoyl dithiocarbazinic acid with hydrazine hydrate in a specially 

designed apparatus containing lead acetate powder by microwave irradiation at 900 

Watt for 36 seconds and then acidifying the solid product with concentrated 

hydrochloric acid. The triazole was obtained as white crystalline solid in 95.6% yield.  

 

ref

ic moieties have been 

reporte

method was also standardized for the preparation of 4-

nvolved microwave 

irradiation of 4-amino-3-mercapto-5-phenyl-1,2,4 triazole in ethanol with benzaldehyde 

Bijul (2005) have prepared 4-Amino-3-mercapto-5-phenyl-1,2,4 triazole by 2 

methods, conventional  involving 4 hrs refluxing and microwave irradiation and have 

found that the microwave method was much faster and efficient. 

 

4-Arylidenamino-3-mercapto-5-phenyl-1,2,4-triazoles 

4-Arylidenamino-3-mercapto-5-phenyl-1,2,4-triazoles were prepared by 

luxing 4-amino-3-mercapto-5-phenyl-1,2,4 triazole in ethanol with respective 

aldehydes for 2-4 hrs, in yield varying from 52-92%. 

Similar methods of Schiff bases of some other heterocycl

d in the literature (Cansiz et al., 2004; Vaghasiya et al., 2004; Sharba et al., 

2005; Mishra et al., 2005; Serdar et al., 2007). 

 

A microwave 

benzylidenamino-3-mercapto-5-phenyl-4H-1,2,4-triazole that i

SH

NH2

N

NN

CONHNH S KC

S NH2NH2xH2O
+

4-Amino-3-mercapto-5-phenyl-1,2,4-triazolePotassium salt of benzoyl dithiocarbazinic acid

MW /900 W

SH
N

NN

CH

z
NH2

SH
N

NN

CHO

z

N

4-Aryldenamino-3-mercapto-5-phenyl-1,2,4-triazole
4-Amino-3-mercapto-5-phenyl-1,2,4-triazole



at 900 Watt for 5 minutes, yield 80%, better than in the conventional method (75%). 

The method is less time consuming and also efficient in terms of yield of the product 

and required only 30% ethanol than used in the conventional method. 

 
4.1.2. Structure characterization  

Structures of 4-arylidenamino-3-mercapto-5-phenyl-1,2,4-triazoles were 

ed by elemental analysis, IR and NMR spectroscopy. 

 

confirm

The Infra Red (IR) spectra of 4-arylidenamino-3-mercapto-5-phenyl-1,2,4-
-1), C=N (1517 cm-1), C-H 

aliphatic (2896 cm-1), C-H aromatic (3051 cm-1) and N-C=S (1476, 1251, 1046, 931 cm-

1). The peaks for N-C=S signifies that thiono–thiolo rearrangement takes place because 

of the presence of SH group at 3-position of  the triazole ring. 

The Infra Red spectral data 4-arylidenamino-3-mercapto-5-phenyl-1,2,4-

triazoles was given in Table 4. 

Nuclear Magnetic Resonance (NMR) spectroscopy 

75 for SH. The aryl protons  

 

confirm

Elemental analysis  

Elemental analysis of all the 4-arylidenamino-3-mercapto-5-phenyl-1,2,4-

triazoles were done for  C, H, N and S. The found and the corresponding calculated 

value in respect of these elements are presented in Table 3 and are very close, thus 

 the structure and purity of compounds. 

 

Infra Red (IR) spectroscopy 

triazoles showed characteristic peaks for SH (2434 cm

1H NMR 

The most characteristic feature of 1H NMR spectra of 4-arylidenamino-3-

mercapto-5-phenyl-1,2,4-triazoles was the presence of singlet at around δ 9.16 to 10.49 

for N=CH and another singlet at around δ 14.09 to 14.



Table 3: Elemental analysis data of 4-Arylidenamino-3-mercapto-5-phenyl-4H-
1,2,4-triazoles 

 
 
 
 
 
 
 

Analysis (%) 
C H N S 

Compd  
N

Calcd Found Calcd Found Calcd Found Calcd Found
o 

Substituent 
(R) 

GA1 H 64.28 62.69 4.28 3.91 20 18.89 11.42 10.72 
G 57.23 58.43 3.49 3.44 17.80 17.43 10.17 10.47 A2 2-Cl 
GA3 10.95 3-Cl 57.23 56.62 3.49 3.91 17.80 17.21 10.17 
GA4 4-Cl 57.23 58.12 3.49 3.45 17.80 18.92 10.17 10.65 
GA5 2-NO2 55.38 55.96 3.38 2.85 21.53 21.86 9.84 10.73 
GA6 3-NO2 55.38 57.92 3.38 2.93 21.53 20.67 9.84 11.92 
GA7 4-NO 3.67 21.53 22.45 9.84 10.35 2 55.38 54.82 3.38 
G 4.11 19.04 17.89 10.88 12.43 A8 2-CH3 65.30 61.24 4.76 
GA9 3-CH3 65.30 52.17 4.76 2.67 19.04 19.83 10.88 16.24 
G 64.82 4.76 4.13 19.04 18.93 10.88 11.63 A10 4-CH3 65.30 
G 57.78 4.51 4.62 18.06 17.75 10.32 11.96 A11 2-OCH3 61.93 
GA12 11.43 3-OCH3 61.93 63.41 4.51 4.92 18.06 18.55 10.32 
G 0.72 A13 4-OCH3 61.93 59.73 4.51 5.12 18.06 19.44 10.32 1
GA14 18.92 18.64 2-OH 60.81 58.32 4.05 4.71 10.81 13.92 
G 11.81 A15 3-OH 60.81 59.47 4.05 4.81 18.92 17.98 10.81 
G 1.21 A16 4-OH 60.81 62.81 4.05 5.16 18.92 19.11 10.81 1
GA17 4-F 60.40 62.64 3.69 5.33 18.79 19.54 10.74 10.52 
G 59 16.72 8.91 9.51 A18 4-Br 50.14 55.68 3.34 5.82 15.
GA19 6.02 4-CN 62.95 63.22 3.61 2.69 22.95 21.03 10.49 
GA20 4-N(CH 3.59 21.67 17.60 9.90 13.25 3)2 63.16 56.04 5.26 

 

 

 

 

 

 

 

 

 

 

 

 

N

NN
SH

N C
H

R



T s 
 

 

 
 

able 4: IR spectral data 4-arylidenamino-3-mercapto-5-phenyl-4H-1,2,4-triazole

 
 
 

 

 

 

 

 

 

 

 

 

 

 

υ cm-1Compd  
No 

Substituent 
(R) 

c 

N-C=S SH C=N C-H 
aliphati

C-H 
aromatic 

GA1   7 4H 2434 1517 2896 3051 14 6,1251,10 6,931 
GA2 Cl  7 42- 2433 1600 2896 3051 14 6,1251,10 6,931 
GA3 l  51 7 1043-C 2433 1600 2896 30 14 6,1251, 6,931 
GA4 l  51 7 1044-C 2433 1600 2896 30 14 6,1251, 6,931 
GA5 2 2433  51 7 1042-NO 1517 2896 30 14 6,1251, 6,931 
GA6 2 2433  51 7 104  3-NO 1517 2896 30 14 6,1251, 6,931
GA7 2 2433  51 7 104  4-NO 1517 2896 30 14 6,1251, 6,931
GA8 3 2434  52 7 104  2-CH 1517 2896 30 14 6,1251, 6,931
GA9 3 2434  52 7 1043-CH 1517 2896 30 14 6,1251, 6,931 
GA10 3 2434  52 7 1044-CH 1517 2896 30 14 6,1251, 6,931 
GA11 3 2434  51 7 1042-OCH 1517 2896 30 14 6,1251, 6,931 
GA12 3 2434  51 7 1043-OCH 1517 2896 30 14 6,1251, 6,931 
GA13 3 2434  51 7 1044-OCH 1517 2896 30 14 6,1251, 6,931 
GA14  51 7 1042-OH 2434 1517 2896 30 14 6,1251, 6,931 
GA15   51 7 1043-OH 2434 1517 2896 30 14 6,1251, 6,931 
GA16   51 7 1044-OH 2434 1517 2896 30 14 6,1251, 6,931 
GA17   51 7 1044-F 2434 1517 2896 30 14 6,1251, 6,931 
GA18 r  51 7 1044-B 2434 1517 2896 30 14 6,1251, 6,931 
GA19   51 7 104  4-CN 2434 1517 2896 30 14 6,1251, 6,931
GA20 3)2 2434  51 7 1044-N(CH 1517 2896 30 14 6,1251, 6,931 

N

NN
SH

N C
H

R



Table 5: 1H NMR data of 4-Arylidenamino-3-mercapto-5-phenyl-4H-1,2,4-
triazoles 

 

 
δ (ppm)  

 
 
 
 
 

Chemical shift, 

N

NN
SH

N C
H

R

Compd  
 

Substituent 
(R) No  Ar-H (m, 10H/9H) N=CH (s, 1H) SH (s, 1H) 

GA1 H .34 9.67 -8.06 9 14.65 
GA2 2-Cl .28 10. 7 -7.80 2 14.27 
GA3 3-Cl .28 9.5 7 -7.80 4 14.27 
GA4 4-Cl .34 9.7 7 -7.90 2 14.27 
GA5 NO .34 10.42- 2 7 -8.19 9 14.30 
GA6 NO .34 10.03- 2 7 -8.64 4 14.33 
GA7 NO .36 10.44- 2 7 -8.08 9 14.75 
GA8 CH .48 9.72- 3 7 -8.01 2 14.27 
GA9 CH .11 9.63- 3 7 -8.00 6 14.25 
GA10 CH .48 9.74- 3 7 -8.01 2 14.27 
GA11 CH .34 9.32-O 3 7 -8.01 4 14.75 
GA12 CH .99 9.53-O 3 6 -7.88 6 14.75 
GA13 CH .34 9.34-O 3 7 -8.01 4 14.75 
GA14 -OH 7.4 10.2  -8.1 2 14.27 
GA15 -OH 7.1 10.33  -8.1 5 14.25 
GA16 -OH 7.4 10.4  -7.8 2 14.27 
GA17 4-F .90 9.86 -7.87 8 14.76 
GA18 4-Br 7.3 9.7 -8.05 2 14.27 
GA19 -CN .34 9.14  7 -7.91 6 14.09 
GA20 H .34 9.94-N(C 3)2 7 -8.11 5 14.32 

 
 

 

 

 

 

 

 

 

 



showed multiplets ranging from δ 6.90 to 8.64, besides the usual peaks of some 

aryl substituents, δ 2.4 (s, CH3); δ 3.35 (s, OCH3); δ 3.9 (s, OH) and δ 3.24 (s, 

(CH3)2).   

The 1 ercapto-5-phenyl-1,2,4-

iazoles was given in Table 5.  

 
C NMR s ral data no hen

triazole showed peaks at δ 122.7, 126.4, 128.7, 129.2, 129.9, 132.7 (aromatic carbons); 

161 H); 177.8 ole carbons

 

4.2 toxicity
 

e fungi  evaluatio ino- capto-5-phe ,4-

triazoles was carried out against three phytopathogenic fungi viz. Rhizoctonia solani, 

Fu oxyspo Bipolaris sorokiniana by means of poisoned food technique 

using standard potato-dextrose-agar dia. The ED ective dose % 

inhibition for fungus growth) values expressed in ppm were determined from the 

gro ibition  are given i 6 for R. solan e 7 for F. oxysporum 

an  8 for B. sorokiniana. 

 

4.2.1 Fungicidal activity against Rhizoctonia solani 

 

The fungitoxicity data of 4-arylidenamino-3-mercapto-5-phenyl-1,2,4-triazoles 

t R. solani in Table 6 show that the fungitoxicity of the compounds in these series 

onic nature of the substituents in the benzylidene ring. The 

ependent effect of the substituents is also not evident in determining the 

R. solani. Out of the twenty compounds seven compounds [GA1,  

78.08; GA9, 17.34; GA12, 92.42; GA15, 65.30; GA16, 84.26; GA19, 67.73] 

50 less than 100 ppm. (Figure 1) Among all the compounds 4-(3-

ino)-3-mercapto-5-phenyl-4H-1,2,4-triazole exhibited the highest 

ity (ED50= 17.34 ppm) against R. solani. 

 

 

N

H NMR spectral data of 4-Arylidenamino-3-m

tr

 
13C NMR 

13 pect  of 4-benzylidenami -3-mercapto-5-p yl-4H-1,2,4-

 (N=C  (triaz ). 

 Fungi  study  

Th toxicity n of 4-arylidenam 3-mer nyl-1,2

sarium rum and 

(PDA) me 50 (eff  for 50

wth inh data and n Table i, Tabl

d Table

agains

is not dependent on the electr

position d

fungitoxicity against 

showed ED

Methylbenzylidenam

activ



Tabl

 
 
 

 R Conc. 
(ppm) %Ic ED50 (ppm) pED50 (M) 

    
GA

  

   
70.88   

 250 60.50 220.05 3.16 
125 31.50   

    
GA

  

125 50.63 165.98 3.29 
62.5 20.00   

     
   

205.15 3.20 
 125 33.75   

 
GA7 4-NO

 

  
3 53.79   

  125 35.86 235.82 3.10 
  62.5 29.20   

e 6: Fungicidal activity of 4-arylidenamino-3-mercapto-5-phenyl-4H-1,2,4-
triazoles against Rhizoctonia solani 
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1 H 200 75.45   
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Figure 1: Fungicidal activity of 4-arylidenamino-3-mercapto-5-phenyl-4H-1,2,4-triazoles against 

Rhizoctonia solani
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Plate 2: Fungicidal activity of 4-(3-Methylbenzylidenamino)-3- 
              mercapto-5-phenyl-4H-1,2,4-triazole [GA9] against R. solani 
 



 
 

4.2.2 Fungicidal activity against Fusarium oxysporum 

 

The fungicidal activity data of 4-arylidenamino-3-mercapto-5-phenyl-1,2,4-

triazoles against F. oxysporum in Table 7 show that the fungitoxicity of the compounds 

 

4.2

 

Fungitoxicity data of 4-arylidenamino-3-mercapto-5-phenyl-1,2,4-triazoles 

against B. sorokiniana in Table 8 show no apparent relations of fungicidal activity with 

the electronic nature of the benzylidene substituents. The compounds in general showed 

moderate activity against B. sorokiniana [ED50 (ppm) 181.31 to 414.70]. Among all 4-

(3-Chlorobenzylidenamino)-3-mercapto-5-phenyl-4H-1,2,4-triazole (GA3) exhibited 

the highest activity [ED50=181.3 ppm] against B. sorokiniana. Out of twenty 

compounds only two exhibited ED50 less than 200 ppm [GA3=181.3 and GA5= 197.30] 

as shown in Figure 3. 

.3 Fungicidal activity against Bipolaris sorokiniana 

in this series is dependent on the electronic nature of the substituents present in the 

benzylidene ring. The simple phenyl derivative (GA1) exhibited a moderate fungicidal 

activity against F. oxysporum (ED50=197.29 ppm). The compounds with electron 

withdrawing substituents, Cl, NO2, F, Br exhibited higher activity [ED50 (ppm) =95.55 

to 192.09] than the electron releasing substituents CH3, OCH3, OH, N(CH3)2 [ ED50 

>200 ppm, except for 2-OH (GA14)] except the compound with CN (GA19) substituent 

(ED50 =252.33 ppm). 

Among all 4-(4-Chlorobenzylidenamino)-3-mercapto-5-phenyl-4H-1,2,4-

triazole (GA4) exhibited the highest activity (ED50 =95.55 ppm) against F. oxysporum, 

only four [ GA2, 138.18; GA4, 95.55; GA17, 127.73 and GA18, 136.35] out of twenty 

showed ED50 less than 150 ppm and only one [ GA4, 95.55] out of twenty ED50 less 

than 100 ppm ( Figure 2). 



Table 7: Fungicidal Activity of 4-arylidenamino-3-mercapto-5-phenyl-4H-1,2,4-
triazoles against F. oxysporum 
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Table 8: Fungicidal Activity of 4-arylidenamino-3-mercapto-5-phenyl-4H-1,2,4-
triazoles against B. sorokiniana 

 
 
 
 

  250 54.87  
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Figure 3: Fungicidal Activity of 4-arylidenamino-3-merca s against  pto-5-phenyl-1,2,4-triazole

Bipolaris sorokiniana 
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4.2.4 Comparison of fungicidal activity against Rhizoctonia solani, Fusarium 

         oxysporum and Bipolaris sorokiniana 

gure 4.  

The compounds in general showed least activity against rokiniana whereas 

some compounds showed higher activity against R. solani than xysporum and vice 

versa. The fungitoxicity data against the three fungi in Table 6, 7 & 8 showed that the 

nature of the substituent present in the benzylidene ring in different compounds is 

differently influencing the fungicidal activity against the three fungi viz. R. solani, F. 

oxysporum and B. sorokiniana. 

 

4.2.5 Comparison of fungitoxicity of 4-arylidenamino-3-mercapto-5-phenyl-1,2,4- 

         triazoles with the fungitoxicity of  4-amino-3-mercapto-5-phenyl-1,2,4 triazole  

         and carbendazim, a reference standard fungicide 

 

A comparison of the fungicidal activity of 4-arylid -3-mercapto-5-

phenyl-1,2,4-triazoles against R. solani, F. oxysporum and B. sorokiniana with respect 

to the parent compound, 4-amino-3-mercapto-5-phenyl -1,2,

Figure 5. The most active compound in this series agains  solani i.e. 4-(3-

Methylbenzylidenamino)-3-mercapto-5-phenyl-4H-1,2,4-triazole (GA9) exhibited 

higher activity (ED50=17.34 ppm) than 4-amino-5-phenyl-3- apto-1,2,4-triazole 

(ED50=76 ppm), whereas the most active compound agains oxysporum, 4-(4-

Chlorobenzylidenamino)-3-mercapto-5-phenyl-4H-1,2,4-triazole (GA4) [ED50=95.55 

ppm] and 4-(3-Chlorobenzylidenamino)-3-mercapto-5-phenyl-4H-1,2,4-triazole (GA3) 

against B. sorokiniana (ED50=181.31 ppm) exhibited less activity than the  4-amino-3-

mercapto-5-phenyl-1,2,4-triazole (ED50=57, 29 ppm respectively

The activity of the most active compounds in these series i.e. 4-(3-

Methylbenzylidenamino)-3-mercapto-5-phenyl-4H-1,2,4-triazole (GA9) was also 

compared with carbendazim, a standard fungicide and its activity (ED50=17.34 ppm, R. 

solani) was found less than carbendazim (ED50=0.65 ppm, R. solani).
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4.3 Quantative Structure Activity Relationship (QSAR) study 

 

m 

of molar ED50] values of 4-arylidenamino-3-mercapto-5-phenyl-1,2,4-triazoles against 

R. solani, F. oxysporum and B. sorokiniana ( Table 6, 7 & 8) as dependent variable and 

various physico-chemical substituent parameters for hydrophobic, electronic and steric 

properties of each member of the series as independent variables.  

Several regression equations were obtained, significance which was ed 

by F and students‘t’ test. Few relevant equations was selected and discussed here [Eq. 

(1) to Eq. (6)]. A correlation matrix for the parameters used in these regression equation 

isgiven in Table 12. Activity of the compounds have also been predicted on the basis of 

statistically best fit equations (Table 9 to Table 11). 

In the regression equations, n is the number of compounds included in the 

correlation, s is the standard error of estimate, r is the correlation fficient and

is the F ratio of the correlation, where v1= m and v2= n-m-1 is the num

independent variables used in the correlation. The figures in the p thesis are t

confidence interval for the respective constants. The corresponding tabulated F values at 

99% level are also given in the parenthesis along with the F value

             

     4.3.1 Regression equations for fungitoxicity against Rhizoctonia solani 
 
Following regression equations were obtained for the fung al activity

arylidenamino-3-mercapto-5-phenyl-1,2,4-triazoles against R. solani.  

 

 

pED50 (M) = 3.312 - 0.215π                                                                             ……
                              (± 0.165) 
n = 16      s = 0.168        r = 0.598     r2 = 0.358    F1,14 = 7.812 ( 4.60*, 8.86) 
 
* F value at 95% level 

In order to examine the effect on fungitoxicity of the substituents in the 

benzylidene ring precisely, quantative structure activity relationship were analysed by 

means of multiple regression analysis using measured pED50 (M) [ negative logarith
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Table 9: Physicochemical parameters and observed vs predicted fungicidal activity  
azole against  

 
 

               of 4-arylidenamino-3-mercapto-5-phenyl- 4H-1,2,4-tri
               Rhizoctonia solani 
 

 
 
 
 
 
 

Parameters pED50 (M) Compd  
No 

Substituent 
(R) π π2 Observed Calculated 

GA1 H 0.00 0.00 3.55 - 
G 231 A2 2-Cl 0.71 0.504 3.16 3.
GA3 3-Cl 0.71 0.504 3.12 3.231 
GA4 4-Cl 0.71 0.504 3.26 3.231 
GA5 2-NO2 -0.28 0.078 3.29 3.258 
GA6 3-NO2 -0.28 0.078 3.20 3.258 
GA7 4-NO2 -0.28 0.078 3.16 3.258 
GA8 2-CH3 0.56 0.314 3.24 3.154 
G - A9 3-CH3 0.56 0.314 4.23 
GA10 4-CH3 0.56 0.314 3.10 3.154 
GA11 2-OCH3 -0.02 0.0004 3.07 3.129 
GA12 3-OCH3 -0.02 0.0004 3.53 - 
GA13 4-OCH3 -0.02 0.0004 3.28 3.129 
GA14 2-OH -0.67 0.449 3.55 3.616 
GA15 3-OH -0.67 0.449 3.66 3.616 
GA16 4-OH -0.67 0.449 3.55 3.616 
GA17 4-F 0.14 0.020 3.36 - 
GA18 4-Br 0.86 0.740 3.43 3.327 
GA19 4-CN -0.57 0.325 3.65 3.506 
GA20 4-N(CH3)2 0.18 0.032 3.09 3.088 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

N

NN
SH

N C
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R



pED50 (M) = 3.122 - 0.305π  + 0.642 π2                                                        ……. (2) 
                               (± 0.097) (± 0.236) 
 
n = 16      s = 0.092        r = 0.908    r2 = 0.824    F1,13 = 30.407 (6.70)* 

Regression Eq. (1) with only cant at 95% level and explains 35.8 

 (r =0.598) variation in fungicidal activity against R. solani. Further addition of a π2 

rm in Eq. (1) resulted in Eq. (2) with a considerably improvement in correlation (r = 

.908). The π and π2 together account for 82.4% variation in the fungitoxicity against R. 

lani. The π and π2 terms in Eq. (2) are justified at 99% level. Further addition of any 

othe om Eq. (2) did not impro  Regress

statis best fit equ n for the f idal activi pounds 

again olani. The s of the pa π an  observe 50(M) and

also t dicted pED ) obtained . (2) are in Table e observed

pED5 d the pre ED50 (M) s of the nds are a mpared in

Figur ince π an s togeth present in atistically fit Eq. (2)

with tive sign w d a positi n with π2 gicidal a  against R

solan ed an inv abolic rel hip with hydrophobicity of the compound

with a at π = 0.236. This indicates that farther the value of π fro 36, greate

will ngicida f the co ds in the  against R. solani.  
        

4.3.2 Regression equations for fungitoxicity against um oxysp       

Following regression equations were obtained for the fungitoxicity of 4-arylidenamino-

3-me 5-phenyl-1 riazoles aga . oxyspo

 

 pED  3.193                                             …… (3) 
                               (± 0.084) 

 = 16      s =0.069    r = 0.654     r2 = 0.428     F1,14 = 10.469 (8.86) 

ED50 (M) = 3.175 + 0.102σ + 0.642 F                                                              ……. (4) 
                             (± 0.073) (± 0.166) 

 = 16      s = 0.058        r = 0.788    r2 = 0.621   F1,13 = 10.629 (6.70) 
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Table 10: Physicochemical parameters and observed vs predicted fungicidal  
                 activity of 4-arylidenamino-3-mercapto-5-phenyl- 4H-1,2,4-triazole  
               against Fusarium oxysporum 

 

  
 
 

 
 
 
 
 
 
 

Parameters pED50 (M) Compd  
No 

Substituent 
(R) σ F Observed Calculated 

GA1 H 0.00 0.00 3.15 3.175 
GA2 2-Cl 0.23 0.41 3.36 3.279 
GA3 3-Cl 0.37 0.00 3.30 3.212 
GA4 4-Cl 0.23 0.00 3.52 - 
GA5 2-NO2 0.78 0.67 3.33 3.387 
GA6 3-NO2 0.71 0.00 3.23 3.247 
GA7 4-NO2 0.78 0.00 3.32 3.254 
GA8 2-CH3 -0.17 -0.04 3.12 3.149 
GA9 3-CH3 -0.07 0.00 3.12 3.168 
GA10 4-CH3 -0.17 0.00 3.13 3.157 
GA11 2-OCH3 -0.27 0.26 3.13 3.199 
GA12 3-OCH3 0.12 0.00 3.14 3.187 
GA13 4-OCH3 -0.27 0.00 3.14 3.147 
GA14 2-OH -0.37 0.29 3.27 3.195 
GA15 3-OH 0.12 0.00 3.16 3.187 
GA16 4-OH -0.37 0.00 3.12 3.137 
GA17 4-F 0.06 0.00 3.37 - 
GA18 4-Br 0.23 0.00 3.42 - 
GA19 4-CN 0.66 0.00 3.08 - 
GA20 4-N(CH3)2 -0.83 0.00 3.15 3.090 
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Regression Eq. (3) with only σ term is significant at 99% level and explained 

rther 

troduction of F term in Eq. (3) gave Eq. (4) with an improved correlation (r = 0.788). 

he σ and F terms together account for 62.1% variation in fungitoxicity against F. 

oxysporum. σ term l while F term at 95% level. 

urther addition of any other term to Eq. (4) will not improve the correlation. Eq. (4) is 

us statistically best fit equations  for the fungicidal activity of the series of compound 

gainst F. oxysporum. The values of the physico-chemical parameters σ and F and the 

bserved pED50 (M) and predicted pED50 (M) obtained by Eq. (4) are given in Table 10. 

The observed pED edicted for F. o

comp n Figure 7 sociated with σ indica at electron

withdrawing substituen he benzylid ing will en d the fung  activity o

the c nds of thi s against ysporum. resence o erm in the 

statis best fit Eq  the posi gn with it te that the onic effec

of the - substituent will enhance th icidal activity against F. oxysporum. 

4.3.3 Regression equations for fungitoxicity against  Bipolaris sorokiniana 
 
Following regression equations were obtained for the fungitoxicity of 4-arylidenamino-

3-me 5-phenyl zoles ag . sorokin

 

pED 2.972 + 0                                                   …… (5
                (± 0.0
 
n = 15      s =0.055      r = 0.899    r2 = 0.808   F1,13 = 54.629 (9.07) 
 
 
ED50 (M) = 3.175 + 0.0.286σ + 0.642 Σ L(o)                                                      ……. 
) 

                             (± 0.050)    (± 0.030) 

 = 15      s =0.034      r = 0.966    r2 = 0.933   F2.12 = 84.025 (6.93) 

Regression Eq. (5) with only σ term gave a very high correlation (r = 0.899), this 

ows that 80.8% variation in fungicidal activity against B. sorokiniana is due to 

42.8% (r =0.654) variation in fungicidal activity against F. oxysporum. Fu

in

T

The  in Eq. (4) is justified at 99% leve

F

th

a

o

50 (M d pr) an pED50 (M) values xysporum were also 

ared i . The positive sign as te th  

ts in t ene r hance icidal f 

ompou s serie F. ox The p f F t

tically . (4) and tive si indica  electr t 

 ortho e fung

 

rcapto- -1,2,4-tria ainst  B iana. 

50 (M) = .272 σ                                ) 
             80) 

p
(6
  
 
n
 

sh



Table 11: Physicochemical parameters and observed vs predicted fungicidal  
                 activity of 4-arylidenamino-3-mercapto-5-phenyl- 4H-1,2,4-triazole  
                 against Bipolaris sorokiniana 
         
 
 
 
 
 
 
 

Parameters pED50 (M) Compd  
No 

Substituent 
(R) σ ΣL(o) Observed Calculated 

GA1 H 0.00 4.12 3.13 - 
GA2 2-Cl 0.23 5.58 3.13 3.103 
GA3 3-Cl 0.37 4.12 3.24 - 
GA4 4-Cl 0.23 4.12 3.14 - 
GA5 2-NO2 0.78 5.50 3.22 3.255 
GA6 3-NO2 0.71 4.12 3.18 3.146 
GA7 4-NO2 0.78 4.12 3.21 3.166 
GA8 2-CH3 -0.17 5.06 2.90 2.955 
GA9 3-CH3 -0.07 4.12 2.94 2.923 
GA10 4-CH3 -0.17 4.12 2.88 2.894 
GA11 2-OCH3 -0.27 6.04 3.01 2.989 
GA12 3-OCH  0.12 4.12 2.96 2.977 3
GA13 4-OCH3 -0.27 4.12 2.87 2.865 
GA14 2-OH -0.37 4.80 2.91 2.881 
GA15 3-OH 0.12 4.12 2.94 2.977 
GA16 4-OH -0.37 4.12 2.96 - 
GA17 4-F 0.06 4.12 2.99 2.960 
GA18 4-Br 0.23 4.12 2.99 3.009 
GA19 4-CN 0.66 4.12 3.10 3.132 
GA20 4-N(CH3)2 -0.83 4.12 2.91 - 
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Table 12: Correlation matrix for the parameters used in the regression equation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 π ΣL(o) π2

  

-0.073 1.000    

-0.132 0.203 1.000   

ΣL 0.034 -0.016 0.787 1.000  

0.312 0.049 -0.041 -0.075 1.000 
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Figure 7: Observed vs Calculated fungic
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Figure 8: Observed vs Calculated fungicidal activity of 4-arylidenamino-3- 
                  mercapto-5-phenyl-4H-1,2,4-triazoles against Bipolaris sorokiniana 
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electronic effect (σ) of the benzylidene ring of 4-arylidenamino-3-mercapto-5-phenyl-

,2,4-tr  

troduction of a ΣL(o) term in Eq. (5) gave Eq. (6) with an improved correlation (r = 

.966). The σ and ΣL(o) together account for 93.3% variation in fungicidal activity 

gainst B. sorokiniana. Both the terms σ and ΣL(o) in Eq. (6) are significant at 99% 

vel. Further addition of any other term into Eq. (6) did not improve the correlation. 

he Eq. (6) is thus statistically best fit for the fungicidal activity against B. sorokiniana. 

he values of the physico-chemical parameters σ and ΣL(o) and observed pED50 (M) 

nd predicted pED50 (M) obtained by Eq. (6) given in Table 11. The observed pED50 

) and predicted pED50 (M) values for B. sorokiniana were also compared in Figure 

.  The positive sign with σ term indicate that the electron withdrawing substituents in 

e benzylidene ring will enhance the fungicidal activity of 4-arylidenamino-3-

ercapto-5-phenyl-1,2,4-triazoles against  B. sorokiniana. The positive sign with ΣL(o) 

tituents 

,2,4-

azoles against  B. sorokiniana. 

 

ructural requirement for the fungitoxicity of 4-arylidenamino-3-mercapto-5-phenyl-

,2,4-triazoles against the three  fungi viz. R. solani, F. oxysporum and B. sorokiniana. 

 is precisely clear from the regression equations that the fungitoxicity against R. solani 

 determined by the hydrophobicity of the substituents in the benzylidene ring, whereas 

e fungitoxicity against F. oxysporum and B. sorokiniana is dependent on the 

lectronic nature of the substituent present in the benzylidene ring of 4-arylidenamino-

-mercapto-5-phenyl-1,2,4-triazoles. The fungitoxicity of the compounds against B. 

rokiniana is also found dependent upon the steric parameter, STERIMOL parameter 

r length of ortho-substituent [ΣL(o)] and that against F. oxysporum the electronic 

ffect of ortho-substituents as expressed by F, Swain–Lupton constant for ‘proximity 

olar effect’. The high values of ΣL(o) and F are favourable for the respective 

ngicidal activity.  

1 iazoles. The regression equation is highly significant at 99% level. Further

in
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         5. SUMMERY AND CONCLUSION 

The pesticides of synthetic type suffer from high rate of obsolescence due to 

sistance, change in pest problems, various environment consideration and also 

ompetition from new introductions. Therefore, newer pesticides with greater potency 

nd increased safety from environmental point of view must be developed to replace the 

lder ones. The present investigation was undertaken with the following objectives. 

 

1. Synthesis of a series of 4-Arylidenamino-3-mercapto-5-phenyl-4H-1,2,4-

triazoles. 

2. Study their fungicidal activity against some phytopathogenic fungi. 

3. Study of Structure Activity Relationship to identify structural features essential 

 

 

                       

 
 

re

c

a

o

for fungitoxicity. 

 

Schiff bases of various heterocyclic moieties have found use as drugs, and have 

also been reported as pesticides. Review of literature on biological activity of Schiff 

bases have revealed that Schiff bases of 4-amino-1,2,4-triazoles viz. 4-amino-3-aryl-5-

phenyl-4H-1,2,4-triazole; 4-amino-3,5-dialkyl-1,2,4-triazole; 4-amino-3-(4-tolyl)-5-

phenyl-4H-1,2,4-triazole and 4-amino3-mercapto-5-substituted-1,2,4-triazole have 

already been synthesized and their antifungal, antibacterial, PGR activities have been 

reported [Bekirkan and Bektas, 2006; Serdar et al., 2007; Gumrukcuoglu et al., 2007]. 

In continuation to an earlier investigation on 4-amino-5-aryl-3-mercapto-1,2,4-

triazole (Bijul, 2005) for finding potential fungicides, a series of twenty Schiff bases of 

4-amino-3-mercapto-5-phenyl-1,2,4-triazole having different substitution in the aryl 

ring attached to the imine goup represented by the general structure ( I ) were designed 

and synthesized. 

   

 

                                                               ( I )                                                                         

N

NN
SH

N

CH

z



The synthesis of Schiff bases (Scheme I) has involved five steps starting with benzoic 

acid which was first converted to              methyl ester             hydrazide             

dithocarbazinic salt               triazole and finally to               Schiff base.  

COOH COOCH3

CH3OH

  

Scheme I 

 

The methyl ester of benzoic acid i.e. methyl benzoate was prepared by refluxing 

benzoic acid with methanol in the presence of concentrated sulphuric acid. Benzoic acid 

hydrazide was prepared by two methods. Method-A involved refluxing of methyl 

benzoate with hydrazine hydrate in methanol for 4 hrs and Method-B involved the 

reaction of similar quantities methyl benzoate with hydrazine hydrate in methanol in the 

microwave irradiation at 900 Watt for 4 minutes. Potassium salt of benzoyl 

dithiocarbazinic acid was prepared by reacting benzoic acid hydrazide in methanolic 

potassium hydroxide with carbon disulphide under cold condition (0-5 oC). The 4-

amino-3-mercapto-5-phenyl-1,2,4-triazole was prepared by reacting the potassium salt 

of benzoyl dithiocarbazinic acid with hydrazine hydrate by microwave irradiation at 900 

Watt for 36 seconds. The Schiff bases, 4-arylidenamino-3-mercapto-5-phenyl-1,2,4-

CONHNH2CONHNH S KC

S

SH

NH2

N

NN SH
N

NN

N

CH

z

CHO

z

KOH CS2

NH2NH2xH2O

ClH

H2SO4

NH2NH2xH2O

+

Benzoic acid Methyl benzoate

Benzoic acid hydrazidePotassium salt of
dithiocarbazinic acid

(alc)/

4-amino-3-mercapto-5-phenyl-1,2,4-triazole

4-arylidenamino-3-mercapto-5-phenyl-1,2,4-triazole

(0-5oC) 



triazoles were prepared follo

mino-3-mercapto-5-phenyl-1,2,4 triazole in ethanol with respective aldehydes for 2-4 

rs. A

hydrazide; dithiocarbazinic acid salt      triazole and triazole             Schiff base were 

acc  much 

faster a t than conventional method as shown below: 

 

 

 

 

 

 

 

Conventional Microwave 

wing a general procedure that involved refluxing of 4-

a

h  microwave method was also standardized for the preparation of 4-

benzylidenamino-3-mercapto-5-phenyl-1,2,4-triazole (GA1) that involved microwave 

irradiation of 4-amino-3-mercapto-5-phenyl-1,2,4 triazole in ethanol with benzaldehyde 

at 900 Watt  

for 5 minutes. Three of the five steps of this synthesis i.e. methyl ester 

      

omplished by using microwaves. The microwave methods have been found

nd efficien

 

 

 

 

 

 

Reactions Time Yield Time Yield 

Methyl
 

 benzoate                             Hydrazide of     
                                                        benzoic acid 4-5 hr 87.4% 4 min 92%

  Potassium salt of                       4-Amino-3-mercapto-  
dithiocarbazinic acid                   5-phenyl-1,2,4-  
                                                     triazole                

4 hr 88.5% 36 sec 95.6% 

4-Amino-3-mercapto-               4-Benzylidenamino-      
5-phenyl-1,2,4-triazole              3-mercapto-5-phenyl- 
                                                   1,2,4-triazole 

2-3 hr 75% 5 min 80% 

 



The structure of the Schiff bases, were confirmed by elemental analysis, for C,  

H, N and S; IR and NMR spectroscopy. The IR spectra showed characteristic pe

SH (2434 cm

aks for 
-1) 

and N-C=S (1476, 1251, 1046, 931 cm-1). 

 

 

The characteristic feature of the proton magnetic resonance was the presence of 

a singlet at around δ 9.16 to 10.49 for N=CH and another singlet at around δ 14.09 to 

14.75 for SH. The aryl protons showed multiplets ranging from δ 6.90 to 8.64, besides 

usual peak of some aryl substituents. 

 The Schiff bases, 4-arylidenamino-3-mercapto-5-phenyl-1,2,4-triazoles were 

evaluated for fungitoxicity against Rhizoctonia solani, Fusarium oxysporum and 

Bipolaris sorokiniana by the poisoned food technique using potato-dextrose–agar 

(PDA) media. The ED50 (ppm) values for each compound were determined from the the 

data on inhibition of fungal growth. Among all the compounds in this series, 4-(3-

Methylbenzylidenamino)-3-mercapto-5-phenyl-4H-1,2,4-triazole [GA9] ( ED50 = 17.34 

ppm); 4-(4-Chlorobenzylidenamino)-3-mercapto-5-phenyl-4H-1,2,4-triazole [GA4] 

(ED50=95.55 ppm) and 4-(3-Chlorobenzylidenamino)-3-mercapto-5-phenyl-4H-1,2,4-

triazole [GA3] (ED50=181.3 ppm) exhibited highest activity against R. solani, F. 

ysporum and B. sorokiniana respectively.   

The compounds in general show tivity against B. sorokiniana, whereas 

some compounds showed higher activity against R. solani than F. oxysporum and vice 

versa. 

-1); C=N (1517 cm-1); C-H aliphatic (2896 cm-1); C-H aromatic (3051 cm

ox

ed least ac

The fungitoxicity data against the three fungi showed that the nature of the 

substituent present in the benzylidene ring in different compounds is differently 

influencing the fungicidal activity against the three fungi viz. R. solani, F. oxysporum 

and B. sorokiniana.  

The most active compound in this series i.e. 4-(3-Methylbenzylidenamino)-3-

mercapto-5-phenyl-4H-1,2,4-triazole [GA9] exhibited higher activity (ED50 = 17.34 

ppm) than the parent triazole, 4-amino-5-phenyl-3-mercapto-1,2,4-triazole (ED50=76 

ppm) but was  found less active than carbendazim (ED50=0.65 ppm), a standard 

fungicide against R. solani. 

Although few important generalization on structure activity relationship have 

been made based on fungitoxicity data obtained in this investigation to identify exact 



structural feature favourable for fungitoxicity, quantitative structure activity relationship 

(QSAR) have also been analysed by means of multiple regression analysis using 

pED50(M) [ negative logarithm of molar ED50] values of 4-arylidenamino-3-mercapto-

5-phenyl-1,2,4-triazoles against R. solani, F. oxysporum and B. sorokiniana as 

dependent variable and various physico-chemical substituent parameters for 

hydrophobic, electronic and steric properties of each member of the series as 

n models were 

ED50 (M) = 3.122 - 0.305π  + 0.642 π2                  

                              (±0.097)  (± 0.236)                                                                                                        

n = 16      s = 0.092        r = 0.908    r2 = 0.824    F1,13 = 30

 

                            

                              (± 0.073) (± 0.166) 

13 0.6 .7

 

                              (± 0.050)    (± 0.030)                                                                                     

n = 15      s =0.034      r = 0.966    r2 = 0.933   F2.12 = 84.025 (6.93) 

 

 In these regression equations, n is the number of compounds included in the 

correlation, s is the standard error of estimate, r is the correlation coefficient and FV1, V2  

is the F ratio of the correlation, where v1= m and v2= n-m-1; m is the number of 

independent variables used in the correlation. The figures in the parenthesis are the 95% 

confidence interval for the respective constants. The corresponding tabulated F values at 

99% level are also given in the parenthesis along with the F values. 

he QSAR models for the fungicidal activity of 4-arylidenamino-3-mercapto-5-

phenyl-1,2,4-triazoles against R. solani, F. oxysporum and B. sorokiniana are 

significant at 99% level and explains 82.4% (r =0.908), 62.1% (r =0.788) and 93.3% ( r 

independent variables. The following statistically best fit regressio

obtained. 

 

Rhizoctonia solani 

p

.407 (6.70) 

Fusarium oxysporum   

pED50 (M) = 3.175 + 0.102σ + 0.642 F                                                                

n = 16      s = 0.058        r = 0.788    r  = 0.621   F1,
2  = 1 29 (6 0) 

 

 Bipolaris sorokiniana 

pED50 (M) = 3.175 + 0.0.286σ + 0.642 Σ L(o) 

  

T



=0.966  

e fungicidal activity of the compound. The 

fungitoxicity against F. oxysporum and B. sorokiniana is dependent on electronic nature 

of the substituent present in the bezylidene ring of 4-arylidenamino-3-mercapto-5-

phenyl-

 the electronic effect of the ortho-substituents as 

express

 

 

 
 

) variation in fungitoxicity respectively. The fungicidal activity of the

compounds in this series against R. solani show an inverse parabolic relationship with 

the hydrophobicity of the compounds with a minima at π =0.236, indicates that farther 

the value of π from 0.236, greater will b

1,2,4-triazoles, the electron withdrawing substituents will enhance the fungicidal 

activity. The fungitoxicity of the compounds against B. sorokiniana is also dependent 

upon the steric parameter, STERIMOL parameter for length of ortho-substituent 

[ΣL(o)] and that against F. oxysporum

ed by F, Swain-Lupton constant for ‘proximity polar effect’, the high value of  

these parameters favourable for the respective fungicidal activity. 

The quantitative structure activity relationship study has thus clearly revealed 

the structural requirement for the fungitoxicity of the 4-arylidenamino-3-mercapto-5-

phenyl-1,2,4-triazoles against the three fungi viz. R. solani, F. oxysporum and B. 

sorokiniana.        
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