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ABSTRACT

Twelve hydrazide, thiosemicarbazide and thiad-
iazole derivatives of benzylic,, cinnamic, O-nitro-
benzoic and resorcylic acids were synthesized,
purified and analysed. The prepared compounds
were tested for their phytocidal activities against
shoot and root systems of wheat seedlings using
plain agar technique. However, a few compounds
only exhibited strong phytogidal activity against
these seedlings, while most of the compounds were
completely inactive and showed no effect. Gen-
erally the root system was more sensitive than
the shoot to the tested compounds. The hydrazide
derivative of resorcylic acid was less toxic to
wheat seedlings than the thiosemicarbazide or
thiadiazole ones of the same acid. The highest
phytocidal effect was obtained from the hydra-
zide derivatives of O-nitrobenzoic acid. All
hydrazide derivatives were active compounds and
caused a strong phytocidal action, except the
hydrazide derivative of resorcylic acid. However,
the thiosemicarbazide and thiadiazole derivatives
of resorcylic acid were the most effective der-
ivatives in this respect and the results were
consistent for all shoot and root systems of
seedlings. Copxersely, the hydrazide derivative
of the same acid caused a slight phytocidal effect.
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INTRODUCTION

This work was conducted to synthesize and
study the phytocidal properties of hydrazide, thio-
semicarbazide and thiadiazole derivatives against
shoot and root systems of wheat seedlings using
plain agar techniques. The phytocidal properties

~of “these compounds, that is, the relationship be=

tween chemical structure and their phytocidal
activities1 have been carried out by many invest-
igators This kind of work has also been
studied since 1954 in our lab by El-Nawawy and his
co-workers11-13,

MATERIALS AND METHODS

Chemical Work

The following compounds were prepared and
analysed according to conventional methodsl4. The
analysis of these compounds included sulphur, nit-

rogen determination and infra-red spectra. '1he
tested compounds and symbols used in this paper
are:

j "5 v
Symbol Compound
1H Diphenyl, hydroxy acetyl hydrazide
1TSC  1-(diphenyl hydroxyacetyl) thiosemicarbazide

1TD 2—amino-5-(diphenyl hydroxymethyl) 1,3,4-
thiadiazole

2H p.phenyl propenoyl hydrazide
2TSC  1-(p.phenyl propenoyl) thiosemicarbazide

2TD 2—amdno 5-(2-vhenyl ethenyl)-1,3,4 thia-
diazole

3H O-nitrobenzoyl hydrazide

3TSC  1-(O-nitrobenzoyl )-thiosemicarbazide

7z
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3TD 2—amino-5-(0O-nitrophenyl)-1,3,4~thiadiazole
4H 2,4—dihydroxybenzoyl hydrazide

4TSC  1-(2,4-dihydroxybenzoyl) thiosemicarbazide
4TD 2—amino-5-(2,4-dihydroxyphenyl)

-1,3,4 -1,3,4 thiadiazole

Biological Work

Seedling Growth Test

This test was carried out by using plain agar
solution (1.5% agar) containing the required con-
centration of the compound under investigation.
This solution, while hot, was poured into test
tubes (1.5% 20 ml) and left to solidify. The
seeds of wheat (Triticum aestivum L.) were soaked
in water at 25°C for 24 hrs, then the water was.
drained off and the seeds were left at about 25°C
for another 24 hrs. Homogenous seedlings were
selected and placed on the agar surface with their
roots slightly immersed in it. Three replicates
were made for every single treatement. The con-
trol tubes did not receive any of the tested com-
pounds. The growth of each of the root and shoot
systems were measured (in cm), as well as the dry
weights (in mg) at the end of the experiments.
The concentration of each tested compound that
caused 50% reduction in the growth of either the
root or the shoot lengths (GRspn) was calculated
according to the method of Gligox and Burnsideld
and Steinert and Stritzkel® by the aid of regres-
sion line drawn on log—probit paper and hence
correlating the inhibition percentage in length
with the concentration.

The inhibition percentages of the dry weight
of the root and shoot systems were calculated also
according to this equation:

]Jt

1% = A - B x 100
A

Where A = the dry weight of untreated seedlings
B = the dry weight of treated seedlings

The concentration of each tested compound that
caused 507 reduction in the dry weight of either
the roots or shoots (GRgp) was also calculated.

“o%Z2< RESULTS AND DISCUSSION

The ohytocidal activity of the tested com-
pounds has been assayed against wheat seedlings.
The length and dry weight of shoot and root sys-—
tems were taken as parameters for this study.
The results of vhytocidal activity of the tested
compounds are shown as percentage of inhibition
(1%) and the GRgg values which is the concen-
tration which caused 50% inhibition in either
length or dry weight of the studied system for
each tested compound. The GR o Values are also
derived from the regression lines of the molar
concentrations/inhibition percentages relation-
ship, drawn on log-probit papers. The results
are recorded as GRgy values shown in Table 1 and
illustrated in Figures 1 to 4.

Effect on Lengths of Wheat Shoot Systems

The most effective compounds against the
shoot lengths of the wheat seedlings were the
resorcylic acid derivatives. However, the strong-
est compound was 2-amino-5-(2,4-dihydroxyphenyl)—
1,3,4-thiadiazole which gave the lowest GR o value
(4x10—% M) followed by the thiosemicarbazide der-
ivative of the same acid where the GR5 value
was still lower than the GR50 values 09 all tested
compounds. In addition, the GRgg values of the
thiosemicarbazide of benzylic, cinnamic, and O-
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nitrobenzoic acids were hjgher than the highest
concentration used (2x107° M), while the GR50
value of 1-(2,4-dihydroxybenzoyl)-thiosemicarb-
azide was 6x107° M.

The least effective compounds were the hydra-
zide, thiosemicarbazide and the thiadiazole der-
ivatives of cinnamic acid, where the GR 0 values
of all three compounds were more than tge highest
concentration used (2x107° M).

Diphenylhydroxyacetyl hydrazide was the most
effective compound among the benzylic ac%d deriv-
atives which the GRgg value was 1.45x107° M. The
GR5 values for the thiosemicarbazide, and the
hydrazide derivatives of the same acid were higher
than 2x107° M. The same phenomena appeared in
the case of O-nitrobenzoic acid in which the hy-
drazide derivative was more effective against the
shootlengths of the wheat seedlings than the other
derivatives tested. The GR: value of O-nitro-
benzoyl hydrazide was 1.05x?8‘3, for %—(O—nitro—
benzoyl)-thiosemicarbazide was 2x10™°, and for
2-amino-5-(0_nitrophenyl)-1,3,4-thiadiazole was
1.9x1073 M.

~ Effect on the Lengths of Wheat Root Systems

The phytocidal activity of the tested com-
pounds on the root system of wheat seedlings was
higher than the shoot system. This fact was ex—
pected as the root is in contact with the tested
chemicals, and in addition the root system is
more sensitive than the shoot one.

Hydrazide, thiosemicarbazide and 1,3,4-thiad-
iazole derivatives of resorcylic acid were the
most effective compounds against the root system
of wheat seedlings, but the hydrazide derivative
was the least effective in this respect. The GR5O

values for 2,4-dihydroxy-benzoyl hydrazide, 1-
(2,4-dihydroxybenzoyl)-thiosemicarbazide, and
2~amino-5-(2,4-dihydroxyphenyl)-1,3,4-thiadiazole
were 1.15x10-3 M, less than 5x10- M and 1.5x10-%
M, respectively. It was obvious that cyclization
of thiosemicarbazide of resorcylic acid to form
1,3,4-thiadiazole decreased the activity.

While hydrazide and 1,3,4-thiadiazole der-
ivatives of O-nitrobenzoic acid exhibited a high
degree of toxicity against the root system of
wheat seedlings, the thiosemicarbazide one showed
a very low degree of toxicity in the same concern.
The GRgg value of 1—(O—nit§obenzoy1)—thiosemicar—
bazide was more than 2x107° M (the highest con-
centration used). The GR5g was less than 5x10-5
M for O-nitrobenzoyl hydrazide and 2-amino-5-
(O-nitrophenyl)-1,3,4-thiadiazole, respectively.

The hydrazide and 1,3,4-thiadiazole deriv-
atives of cinnamic acid were nearly equal in
their phytocidal activity and the GR.. values
were 5x107* M. The thiosemicarbazidé derivative
of the same acid was less active against the root
system than other derivatives, whereas its toxicity
was nearly half of hydrazide or thiadiazole ones.
The GRgg value of 1-(B-phenylpropenoyl)-thiosemi-
carbazide was 1.075x1079 M,

Comparing the inhibition percentage for the
compounds showed GReq values less than 5x10-5 M.
It was clear that the hydrazide derivative of
benzylic acid was the most effective compound
among all tested compounds. Also, thiosemicarb-
azide and 1,3,4-thiadiazole derivatives of the
same benzylic acid caused a marked degree of
phytocidal activity against the root system of
wheat seedlings. The GRg values of 1-(diphenyl-
hydroxyagetyl)-1,3,4-thiadiazole were 9x10~% and
1.25x10~2 M, respectively.



Effect on Dry Weight of Wheat Shoot Systems

Hydrazide, thiosemicarbazide, and 1,3,4-thi-
adiazole derivatives of resorcylic acid were the
most effective compounds against the dry weight of
wheat shoot systems and caused the highest inhib-
ition in this respect. The strongest compound
was 2-amino-5-(2,4-dihydroxyphenyl)-1,3,4-thiadia-
zole with a GRgg Value less than the lowest con-
centration used (5x10™° ), followed by the compound
2,4—dihydroxybenzoyl hydrazide which showed a high
degroe of dry weight inhibition for the shoot
system. Its GRgy value was almost equal to 5x10™° M
However, the GR:, value of 1-(2,4-dihydroxybenzoyl)-
thiosemicarbazide was2.7x10~%4 M, which means that
cyclization of thiosemicarbazide to form thiadiazole
analogue sighificantly increased the toxicity.

The hydrazide derivative of O-nitrobenzoic
acid was the strongest compound among this group.
The GRj V%lue 0f O-nitrobenzoyl hydrazide was less
than 5x 0 M, while the GRg; value of 1-(O-nitro-
benzoyl )-thiosemicarbazide was 3x10~% M. However,
when the thiosemicarbazide was transformed chemically
to a thiadiazole one, the inhibition potency increas-—
ed for the resultant with about 4.2 folds, compared
with the parent one. So, the GRgg of 2—2m1no -5- (O—
nitrophenyl)-1,3,4-thiadiazole was 7x109% M. z
same trend appeared when the hydrazide, thloseml—
carbazide, and thiadiazole derivatives of O-nitro-
benzoic acid were tested against the lengths of
wheat shoot systems.

The hydrazide and 1,3,4-thiadiazole derivatives
of cinnamic acid exhibited a small degree of dry
weight inhibition on the wheat shoot system, with
the GRsg values of B-phenylpropenoyl hydrazide and
2—amino=5-(2—-phenylethenyl)-1,3,4-thiadiazole were
1.4x1073 and 1.1x10-3 M, respectively. The thio—
semicarbazide of the same acid caused a moderate

B

inhibition of the same system. The GR5g value of
1-(B-phenylpropenoyl)thiosemicarbazide was 6x10—4 M.

Although the effect of benzylic acid deriv-—
atives on the dry weight was higher than the lengths
of the shoot system, the hydrazide derivative was
the only compound which exerted a moderate phyto-
cidal effect among this group. The thiosemicarb-
azide and thiadiazole derivatives caused a small
inhibition effect against the dry weight of
wheat shoot system. The GR o values of diphenyl-
acetyl hydrazide, 1-(diphenyl hydroxyacetyl)-
thiosemicarbazide, and 2—amino—5—d122enyl hydroxy-
methyl)-1,3,4-thiadiazole were 2x10™*, 1.2x10-3,
and 5x10™" M, Tespectively.

Effect on Dry Weight of Wheat Root System

The effect of tested compounds on the dry
weight of wheat root system was less than their
effect on the lengths of the same system. Most
of the tested compounds exerted GRr, values higher

(A-—than 2x10~3 M, which is the highest concentration

used. In addition, the hydrazide, thiosemicarb-
azide and thiadiazole derivatives of benzylic and
cinnamic acids caused a slight stimulation of the
dry weight of wheat root systems, especially at
low concentrations, except the thiadiazole der-
ivative of the cinnamic acid which exhibited a
slight inhibition of the dry weight of wheat root
system.

The O-nitrobenzoic acid derivatives were the
most effective compounds against the dry weight
of wheat shoot systems, especially the compounds
1-(B-phenylpropenoyl)-thiosemicarbazide and 2-
amino-5-(0O-nitropehnyl)-1,3,4-thiadiazole, which
exerted GRgy values of 4.2x107* M and 6. 2£10“4 M,
respectively. The O-nitrobenzoylhydrazide exhlb—
ited a slight effect and its GR5q value was more



Table 1: meo values (in M x Holwv of tested compounds on the length and

dry weight of wheat seedlings.

L “\__Lengths Dry Weight
Tested Compounds Shoot Root msmbw Root
‘ Jrei My e
)

N 1. Derivatives of Cinnamic Acid 7 mx @
Hydrazide 1.45 0.05+« 0.30 2.00
Thiosemicarbazide 2.00 0.90- 1.20 -
Thiadiazole 2.00 1.25¢ 1,50 2.00

2. Derivatives of Benzylic Acid
Hydrazide 2.00 0.50+ 1.40 2.00
Thiosemicarbazide 2.00 1.075 0.60 2.00
Thiadiazole 2.00 0.42+ 1.10 2.00
3. Derivatives of O-nitrobenzoic
Acid
Hydrazide 1.05 0.05% 0.05 2.00
Thiosemicarbazide 2.00 2.00+ 0.30 0.42
Thiadiazole 1.90 1.80+ 0.07 0.62
4. Derivatives of Resorcylic Acid
Hydrazide 2,00 1.15% 0.05 2.00
Thiosemicarbazide 0.65 0.05+ 0.27 2.00
Thiadiazole 0.40 0.15+% 0.07 0.20
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than 2x10~3 M, the highest concentration used.

The 1,3,4-thiadiazole derivative of resorcylic
acid was the most effective compound among all
tested compounds against the dry weight of wheat
root systems. The GRsy value of 2-amino-5-(2,4-
dihydroxyphenyl)—1,3,2—thiadiazole was 2x10~% M,
the least GRgy value obtained in this respect.
The hydrazide and thiosemicarbazide derivatives
of the smae acid were completely ineffective
against the same parameter. This assures us of
the inconsistency between the chemical structure
and the phytocidal activity of these compounds.
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