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OPTIMIZED SYNTHESIS
AND SPECTRAL CHARACTERIZATION OF SOME
HYDRAZONES BASED ON 5-NITROINDAZOLE
WITH PHARMACOLOGICAL POTENTIALPACS 82.40.-g, 87.19.Xx

A number of new hydrazones with biological activity are synthesized on the basis of 5-
nitroindazole. The most efficient conditions of their synthesis with maximum reaction yield
are established. The chemical structure of new compounds is found by the elemental analy-
sis, FTIR spectroscopy, and 1H-NMR method. The data of spectral analysis were verified by
calculations with the HyperChem software. Toxicological tests indicate that the synthesized
hydrazones have the antitumor effect.
K e yw o r d s: Hydrazones, HyperChem, antitumor effect.

1. Introduction

A considerable importance has been attached recently
to the synthetic methods leading to indazole deriva-
tives because of their biological activity [1–7].

The study of a correlation between the chemical
structure of substances and their biological activi-
ties has been the interest of many researchers pend-
ing the discovery of factors responsible for specific
biological effects. It has been established that inda-
zole derivatives have antibacterial [8, 9] and cyto-
static [10, 11] activities. Moreover, the presence of an
indazol ring in various chemical structures provides
these compounds with antitumoral [12], antiinflam-
atory [13], antiprotozoal [14], and antimalarial acti-
vities [15].

Starting from the results published in the liter-
ature, we synthesized a new series of hydrazones
derived from 5-nitroindazole with biological activity
[16]. This paper describes the synthesis optimization
and the spectral characterization of some new hydra-
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zones based on 5-nitroindazole for introducing them
in the pharmacological field.

2. Experimental

The starting compound is 5-nitroindazole-1-yl-ace-
thydrazide (I) synthesized in our laboratory, which
has been treated with the following aromatic aldehy-
des: benzaldehyde, o- and p-nitrobenzaldehydes, and
o-hydroxybenzaldehyde (all from the Merck Com-
pany) [16].

The chemical structures of the synthesized com-
pounds (II-V) were elucidated by means of the ele-
mental and spectral analyses (FTIR, 1H-NMR).

The synthesized compounds (II-V) were purified by
repeated recrystallizations from ethanol.

All reagents were used as-purchased (Sigma-Ald-
rich, Fluka, Merck, S.C. Chemical Company S.A.).

The FTIR spectra were registered using a FTIR
spectrophotometer (ATR) Brucker Tensor-27; 1H-
NMR analysis was performed on a Brucker ARX 400
spectrometer (5mm QNP probe; 1H/13C/31P/19F),
and elemental analysis was made with the use of an
Exeter Analytical CE 440 elemental analyzer.

ISSN 2071-0194. Ukr. J. Phys. 2014. Vol. 59, No. 3 313



C. Cheptea, L.M. Ivan, D.O. Dorohoi et al.

Scheme 1. Reactions producing hydrazones II-V

The melting points of the obtained compounds
were determined with a Mel-Temp melting point
module equipped with a digital thermometer.

The reaction yields were estimated by masses of the
initial and final products.

In a reaction flask containing 100 mL absolute ethyl
alcohol, 0.005 moles of 5-nitroindazole-1-yl-acethyd-
razide were dissolved. Into this solution, 0.005 moles
of aromatic aldehyde was added [16]. The mixture
was refluxed on a water bath for 120 min, when
an abundant precipitate is separed, filtered in vacu-
um, dried, and finally purified by the recrystallization
from ethyl alcohol.

In the IR spectra of the studied compounds, the
absorption IR bands at 1490–1496 cm−1 that are
characteristic of a CH–N group can be observed.
The characteristic IR absorption bands appear at
1673–1682 cm−1 for a CO–NH group, and the nit-
ro group presents intense and very intense bands
between 1342–1398 cm−1 (NO2 sym.) and 1514–
1545 cm−1 (NO2 asym.), respectively. Compound V
presents also a shift at 1287 cm−1 specific of a
C–OH bond.

The absorption bands for a monosubstituted ben-
zene ring appear in the spectral interval 748–
811 cm−1.

The spectral data regarding IR spectra and NMR
chemical shifts are given in Table 1.

The 1H-NMR method confirms the structure of
each of the synthesized hydrazones; the protons of
the CH2 group are present at 𝛿 = 5.81 − 5.86 ppm,
by depending on the compound structure.

3. Biological Tests

The synthesized compounds were tested from the tox-
icity point of view, by establishing the values of DL50.

The toxicity was estimated by intraperitoneal ad-
ministration of synthesized substances, as a solution

with Tween 80, on groups of 14 mices (20± 5𝑔 each),
using the Spearman–Kärber method [17].

The mortality of tested animals was record after 7
days (Table 2).

The obtained toxicological data confirm that the
N-acyl-hydrazones possess low toxicity, which recom-
mends them for future biological tests.

4. Results and Discussions

From the initial reactions, the dependence of the re-
action yield on the temperature and the reaction time
has been evidenced. Consequently, the two variables
were considered as being significant. The values of
the significant variables [18–21] (both for real and
a-dimensional ones) and the corresponding reaction
yield are given in Table 3.

In order to optimize the synthesis of hydrazones
within a 32 factorial model, the experiment was orga-
nized for each reaction. The chemical reactions were
repeated in a short variation domain of relevant vari-
ables, in a neighborhood spot corresponding to the
estimated maximum, and the reaction yield was esti-
mated.

The definition of significant a-dimensional variables
is given in Fig. 1.

The a-dimensional variables were computed by us-
ing relation (1),

𝑥𝑖 =
𝑋𝑖 −𝑋𝑖med.

Δ𝑋𝑖
; 𝑖 = 1, 2, (1)

𝑋𝑖med. =
𝑋𝑖min +𝑋𝑖min

2
; 𝑖 = 1, 2,

and

𝑋𝑖 =
𝑋𝑖max +𝑋𝑖min

2
; 𝑖 = 1, 2.

The real significant variable 𝑋𝑖 (𝑖 = 1,2) depend-
ing on the corresponding a-dimensional variable 𝑥𝑖

(found by the optimization of calculations) can be
expressed as follows:
𝑋𝑖 = 𝑋𝑖med. + 𝑥𝑖Δ𝑋𝑖; 𝑖 = 1, 2. (2)
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Table 1. Elemental and spectral characteristics of N-acyl hydrazones II-V

II III IV V

Colour yellow solid light grey solid yellow solid yellow solid

Melting 180–182 ∘C 209–211 ∘C 204–205 ∘C 184–186 ∘C
point

Elemental C%59.83; C%52.65; C%52.31; C% 56.95;
analysis H%4.26; H%3.41; H%3.59; H%4.12;

N%22.05; N%23.28; N%23.23; N%21.05;

FTIR, 3000(NH); 2900 (NH); 3149; 3483 (NH); 1682 3066 (NH);
(𝜐max cm−1 1681 (C=O); 1678 (C=O); (C=O); 1673 (C=O);

2850 (CHAr); 3000 (CHAr); 2840 (CHAr); 2978 (CHAr);
1342 (NO2sym); 1338 (NO2sym); 1519(NO2 1360 (NO2 sym); 1344 (NO2 sym);1514
1516 (NO2asym); asym); 1496 (C=N); (NO2asym); (NO2asym); 1493 (C=N);

1495(C=N); 799 p-disubstituted 1490 (C=N); 1287 (OH);
803 monosubstituted benzene ring; 728 p-disubstituted 811 -disubstituted

benzene ring; benzene ring; benzene ring;

1H-NMR 5.38(s, 1H, CH); 5.41 (s, 1H, CH); 5.42 (s, 1H, CH); 5.39 (s, 1H, CH);
𝛿(ppm) 5.86(s, 2H, CH2; 5.84(s, 2H, CH2; 5.89(s, 2H, CH2; 5.81(s, 2H, CH2;

7.44–7.47(m, 3H, CHAr); 7.69(s, 1H, CHAr); 7.679s, 1H, CHAr); 6.86–6.90(d, 1H, CHAr);
7.74–7.76(m, 2H, CHAr); 7.79–7.80(d,1H, CHAr); 7.76–7.78(d, 1H, CHAr); 7.78(s, 1H, CHAr);
7.89–7.92(d, 1H, CHAr); 7.89–7.92(d, 1H, CHAr); 7.91–7.93(d, 1H, CHAr); 7.89–7.91(d, 1H, CHAr);
8.22–8.26(d, 1H, CHAr); 8.07–8.09(m, 2H, CHAr); 8.05–8.08(m, 2H, CHAr); 8.21-8.22(d, 1H, CHAr);

8.44(s, @h, CHAr); 8.22(s, 1H, CHAr); 8,25(s, 1H, CHAr); 8.37(s, 1H, CHAr);
11.85(s, 1H, NH); 8,45(s, 1H, CHAr); 8.44(s, 1H, CHAr); 8.43–8.48(m, 2H, CHAr);

8.85(s, 1H, CHAr); 8.87(s, 1H, CHAr); 8.84-8.86(d, 1H, CHAr);
12.21(s, 1H, CHAr); 12.10(s, 1H, NH); 11.70(s, 1H, OH);

12.10(s, 1H, NH)

Table 2. DL50 Values of the synthesized compounds

Compound Administration
route

Tested animals
DL50

(mg/kgcorp)

II i.p. mice 1280
III i.p. mice 1050
IV i.p. mice 1025
V i.p. mice 1135

A mathematic 32 factorial model has been considered.
We denote the reaction yield by 𝜂,

𝜂 = 𝑎0 + 𝑎1𝑥1 + 𝑎2𝑥2 + 𝑎12𝑥1𝑥2 + 𝑎11𝑥
2
1 + 𝑎22𝑥

2
2, (3)

where are 𝑥𝑖 (𝑖 = 1,2) the significant a-dimensional
variables. Model (3) can describe the response func-
tion near the optimum with enough precision.

In Table 3, we also used the orthogonal variables
𝑥2
1 − 2/3 and 𝑥2

2 − 2/3 introduced in [18–21] as nor-

Fig. 1. Definition of the real significant a-dimensional vari-
ables (𝑖 = 1, 2)

malized variables satisfying the conditions of ortho-
gonality.

By using the orthogonal coordinates, the reaction
yield becomes [18–21]

𝜂 = 𝜂 − 2

3
(𝑎11 + 𝑎22) + 𝑎1𝑥1 + 𝑎2𝑥2 +

+ 𝑎12𝑥1𝑥2 + 𝑎11𝑥
2
1 + 𝑎22𝑥

2
2. (4)
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The coefficients 𝑎𝑖𝑗 from (3) are calculated using the
relations

𝑎𝑖 =

𝑁∑︀
𝑘=1

𝑥𝑖𝑗𝜂𝑘

𝑁∑︀
𝑘=1

𝑥2
𝑖𝑘

, 𝑖 = 1, 2, (5)

Table 3. Significant variables and reaction yields

Nr
Time
(h) 𝑥1

Temp
(∘C) 𝑥1𝑥2 𝑥2

1 − 2/3 𝑥2
2 − 2/3 𝜂II 𝜂III 𝜂IV 𝜂V

1 2.45(–1) 64(–1) 1 1/3 1/3 71 69 75 52
2 2.45(–1) 66(0) 0 1/3 –2/3 74 72 76 54
3 2.45(–1) 68(1) –1 1/3 1/3 75 70 78 57
4 3.00(0) 64(–1) 0 –2/3 1/3 74 70 76 54
5 3.00(0) 66(0) 0 –2/3 –2/3 82 74 77 57
6 3.00(0) 68(1) 0 –2/3 1/3 76 76 78 59
7 3.15(1) 64(–1) –1 1/3 1/3 70 66 69 58
8 3.15(1) 66(0) 0 1/3 –2/3 72 70 73 49
9 3.15(1) 68(1) 1 1/3 1/3 68 60 64 57
Σ 0 0 0 0 0 662 627 666 497

Table 4. Polynomial coefficients

𝑎0 𝑎1 𝑎2 𝑎12 𝑎11 𝑎12

Compound II 73.78 –1.00 0.00 –0.75 –2.66 –4.67
Compound III 62.5 –0.5 0.5 –0.75 –3.5 –4.16
Compound IV 79.25 –1.00 –1.00 –0.25 –1.38 –5.33
Compound V 70.99 –0.666 0.00 –0.25 –3.0 –4.0

Table 5. Experiments
in the center of the variation domain

𝜂0(1) 𝜂0(2) 𝜂0(3) 𝜂0 𝑆2
𝜂/2 𝑃

Compound II 74 74 73 73.667 0.333 0.192
Compound III 62 63 63 62.667 0.721 0.283
Compound IV 79 80 80 79.667 0.721 0.283
Compound V 71 71 70 70.667 0.721 0.283

Table 6. 𝑡𝑖-student coefficients

𝑎0 𝑎1 𝑎2 𝑎12 𝑎11 𝑎22

Compound II 384.27 5.21 0.0 3.90 13.85 24.32
Compound III 220.85 1.77 1.77 2.65 12.37 14.70
Compound IV 280.04 3.53 3.53 0.88 4.88 18.83
Compound V 250.85 2.35 0.0 0.88 10.60 14.13

𝑎𝑖𝑗 =

𝑁∑︀
𝑘=1

(𝑥𝑖 + 𝑥𝑗)𝑘𝜂𝑘

𝑁∑︀
𝑘=1

(𝑥𝑖𝑥𝑗)2𝑘

, 𝑖 = 1, 2, (6)

𝑎𝑖𝑗 =

𝑁∑︀
𝑘=1

(︀
𝑥2
𝑖 − 2

3

)︀
𝜂𝑘

𝑁∑︀
𝑘=1

(︀
𝑥2
𝑖 − 2

3

)︀2
𝑘
,

𝑖 = 1, 2. (7)

In order to express the condition of maximum effi-
ciency, the determined coefficients must satisfy the
following extremum conditions:
𝜕𝜂

𝜕𝑥1
= 𝑎1 + 2𝑎11𝑥1 + 𝑎12𝑥2 = 0,

𝜕𝜂

𝜕𝑥2
= 𝑎2 + 2𝑎22𝑥2 + 𝑎12𝑥1 = 0.

(8)

The maximum yield is obtained for negative values
of 𝑎11 and 𝑎22. If the second-order partial deriva-
tives of the yield are negative, the founded extremum
represents a maximum.

The absolute values of the determined coefficients
provides information about the intensity of the in-
dividual effects (𝑎1 and 𝑎2) or about the combined
effects (𝑎12). The (+) or (–) signs indicate the vari-
able which multiplies that coefficient favors or, re-
spectively, does not favor, the result of a chemical
reaction. In Table 4, the polynomial coefficients de-
termined for relation (4) are listed. They were com-
puted on the basis of Table 3.

Let us check the model, by assuming that all coef-
ficients from (4) were determined with the same ac-
curacy 𝑃 :

𝑃 =

√︂
𝑆𝑒

𝑁
. (9)

To determine 𝑆𝑒, other three experiments were orga-
nized for the center of the variability interval consid-
ered (see Table 5). The average values of the yield for
the three experiments were estimated, and the square
average deviations for the supplemental experiments
were computed, by using the formula

𝑆𝑒 =

3∑︀
𝑖=1

(𝜂0(𝑖)− 𝜂0)

2
. (10)

The 𝑡-student coefficients are listed in Table 6.
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II III

IV V
Fig. 2. Reaction yield vs. a-dimensional coordinates for compounds II-V

The significance of coefficients from Table 3 is
tested using the expression for t-student coefficients
in [18, 19]. A maximum error in determining the yield
was fixed (as being unity), and the coefficients with
lower test value than this one were neglected, because
they have no significant meaning for the value of yield.
Only the 𝑡-student coefficient corresponding to 𝑥2 for
compound IV shows an insignifiant influence of the 𝑥2

a-dimensional variable on the reaction yield for this
compound.

The a-dimensional variable 𝑥2 is insignificant in
determining the reaction yield in the case of com-
pound III.

The 𝑡-student coefficient 𝑎12 is smaller than unity
for compounds IV and V. Their influence on the re-

action yield is minor, so they are eliminated from the
final formulae of the reaction yield.

By considering the 𝑡𝑖,𝑗-student coefficients from Ta-
ble 5, the final formulae for reaction yields in obtain-
ing compounds II-V in optimal conditions are given
in 11II − 11V

𝜂II = 73.78− 1.000𝑥1 − 0.750𝑥1𝑥2 − 2.66𝑥2
1 − 4.67𝑥2

2,

(11II)

𝜂III = 62.500− 0.500𝑥1 + 0.500𝑥2−

−0.750𝑥1𝑥2 − 3.50𝑥2
1 − 4.16𝑥2

2, (11III)

𝜂iV = 79.25− 1.00𝑥1 − 1.000𝑥2 − 1.38𝑥2
1 − 5.33𝑥2

2,

(11IV)
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𝜂V = 70.99− 0.666𝑥1 − 3.000𝑥2
1 − 4.00𝑥2

2. (11V)

The reaction yield dependences on the a-
dimensional variables 𝑥1 and 𝑥2 are plotted in a 3D
representation in Fig. 2.

The zones from Fig. 2 characterized by appropriate
values of the reaction yield are presented by the same
color (the same grey nuance)

The models with quadratic terms describes, with
sufficient accuracy, the region, where it is supposed
(and experimentally proved) that the reaction yield
is maximum. The disadvantage of the method is that
in order to determine the t-student coefficients in the
center of the variability interval, the additional ex-
periments should be organized.

5. Conclusions

The synthesized substances were characterized by el-
emental and spectral means. The synthesis reactions
were optimized for establishing the conditions to ob-
tain the highest yield of the synthesized compounds.
By using a mathematic 32 factorial model, the most
efficient reaction conditions for the synthesis of com-
pounds II-V were obtained. The optimization is nec-
essary to avoid the unwanted consumption of a start-
ing compound. The toxicity of hydrazidones is estab-
lished.
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ОПТИМIЗАЦIЯ СИНТЕЗУ
I СПЕКТРАЛЬНА ХАРАКТЕРИСТИКА НОВИХ
ГIДРАЗОНIВ НА ОСНОВI 5-НIТРОIНДАЗОЛА
З ФАРМАКОЛОГIЧНИМ ПОТЕНЦIАЛОМ

Р е з ю м е

Синтезовано ряд нових гiдразонiв з бiологiчною активнi-
стю на основi 5-нiтроiндазола. Встановлено найбiльш ефе-
ктивнi умови їх синтезу з максимальним виходом реакцiї.
Хiмiчна структура нових сполук визначена елементним
аналiзом i методами iнфрачервоної спектроскопiї з фур’є-
перетворенням i ЯМР. Данi спектрального аналiзу перевi-
ренi розрахунками з програмою HyperChem. Токсикологi-
чнi тести свiдчать про те, що синтезованi гiдразони володi-
ють антипухлинним ефектом.
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