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Abstract 2-[(3,5-di-tert-butyl-4-hydroxyphenyl)methy-

lene]-hydrazinecarboximidamide (WE010), 2-([1,10-biphe-

nyl]-4-ylmethylene)-hydrazinecarboximidamide (WE014),

and 2-[(3,4-dichlorophenyl)methylene]-hydrazinecarbox-

imidamide (WE017) are guanylhydrazone derivatives

widely studied biologically and chemically; however, there

are no studies regarding their thermal behaviors. The present

study aims to apply the thermal analyses: differential scan-

ning calorimetry (DSC), differential scanning calorimetry

coupled to the photovisual system (DSC-photovisual), and

thermogravimetry (TG), to characterize the guanylhydraz-

ones, as well as HPLC and FTIR. The DSC curve of WE010

shows a melting process with Tonset at 190 �C and peak at

193.5 �C (DH 41.0 J g-1). Due to the symmetry of the

melting peaks obtained by DSC, it is possible to calculate

the purity of the sample (98.87 %). The DSC curve of

WE014 shows the melting process in the range of

208–213 �C, with a melting peak at 211 �C (DH 61 J g-1).

The DSC curve of WE017 showed Tonset at 215 �C and peak

temperature of 219 �C (DH 55 J g-1). The TG curve of

WE010, WE014, and WE017 presents initial decomposition

temperatures of 186.95, 197.31, and 195.44 �C, respectively.

The DSC-photovisual confirmed the results of DSC and TG.

The HPLC determined the purities of the samples and

confirmed the results of DSC. The FTIR confirmed the

thermal data. Thus, the use of thermal analysis is an

important tool for the characterization of molecules with

therapeutic potential contributing to the characterization and

evaluation of their stability as well as nonthermal technique

with complementary tool.
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Introduction

The knowledge of the physicochemical properties of drugs

is an essential variable during the development of pharma-

ceutical products. The rational design of the pharmaceutical

form should, however, start with the characterization of the

active pharmaceutical ingredients (APIs) in question, in

order to improve the quality parameters of the pharmaceu-

tical products. The process involving the research and

development of new drugs has increased markedly, and

there is a great need for the development of new pharma-

cologically active compounds that are effective against

different pathologies even without treatment, which can

replace those existing and reduce costs as well as any side

effects [1].

The method for drug discovery based on structural

modification of known molecules leads to the character-

ization of new compound prototypes that act by the same

mechanism as that of the drug molecule origin. This
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approach is widely employed in the pharmaceutical

industry to research new drugs. However, only the dis-

coveries of new bioactive substances, which may represent

authentic innovative chemical entities, make possible

therapeutic application, which characterizes pharmaceuti-

cal innovation [2].

Taking this approach, compounds derived of guan-

ylhydrazones have shown promising biological effects that

are of pharmacological interest. The guanylhydrazones

represent a group of compounds comprising different

chemical classes containing amidine groups (guanyl) con-

nected to the hydrazone group [3]. Guanylhydrazones are

molecules widely studied, biologically and chemically. In

chemistry, they are used as intermediates in the construc-

tion of heterocyclic compounds, polyfunctional and con-

taining atoms of nitrogen [4]. Since the last decade,

hundreds of guanylhydrazones derivatives were synthe-

sized and their structure–activity relationship has been

extensively studied—especially in relation to its action—

trypanosomiasis african [5–8]. In addition, they also have

an interesting action against pneumocystosis, and the

antitumor effects of these substances are remarkable [3, 8].

There are several reports of guanylhydrazones being

studied as antihypertensives [9, 10], antidiabetic [11, 12],

antitumor [8, 9], antibacterial [3, 13, 14], antimalarials

[15], and trypanocidal [6, 16, 17].

Andreani et al. [8] reported the synthesis of new guan-

ylhydrazones that have been tested as potential antitumor

agents in the cells of lung cancer, breast cancer, and gli-

oma. Moreover, Andreani et al. concluded that 3-nitro-

phenyl and 4-nitrophenyl are important pharmacophoric

groups for this activity. However, there are no thermal

studies with these new guanylhydrazones.

The guanylhydrazones studied in this research had their

therapeutic potential in human tumor cell lines evaluated,

with much activity with respect to inhibiting the growth of

neoplastic cells following strains tested: human colon (HCT-

8), melanoma (MDA-MB435), glioblastoma (SF -295), and

promyelocytic leukemia (HL-60), with the results of high

cytotoxicity in tumor cells in vitro inhibition being shown to

be very satisfactory, between 97 and 100 % [18]. The

structures of guanylhydrazones studied in this study are the

following:

Thermogravimetry (TG) and differential scanning cal-

orimetry (DSC) are thermal techniques widely distributed

and used in pharmaceutical analyses. These techniques are

used in studies of drug characterization, purity, compati-

bility studies, polymorphism identification, stability eval-

uation, thermal decomposition of drugs, and development

of pharmaceutical formulations [19–26].

Thermal analysis of pharmaceutical/medicinal com-

pounds is a reliable method for purity control, and it is a

necessary part of the characterization of new compounds

with potential bioactivity. The thermal analysis methods

are widely used for the study of the stability and the

decomposition of the substances used in medicine. The

evaluation of the stability of biologically active compounds

in solid dosage form is carried out specifically by analyzing

its decompositional behavior in isothermal and noniso-

thermal conditions [27]. Some studies that evaluate thermal

behaviors of the newly synthesized biologically active

compounds are reported [28–32].

Some authors had studied other guanylhydrazones by

HPLC [33, 34]. Other analytic non-thermal techniques

have been used to identify and quantify samples with

HPLC and FTIR [35, 36]. However, there are no studies

with these guanylhydrazones by techniques cited above.

This study aims to characterize the molecules of guan-

ylhydrazones 2-[(3,5-di-tert-butyl-4-hydroxyphenyl)meth-

ylene]-hydrazinecarboximidamide (WE010), 2-([1,10-biphe-

nyl]-4-ylmethylene)-hydrazinecarboximidamide (WE014),

and 2-[(3,4-dichlorophenyl)methylene]-hydrazinecarbox-

imidamide (WE017) by applying the thermal techniques

TG, DSC, and differential scanning calorimetry coupled

to photovisual system (DSC-photovisual), HPLC, and

FTIR (Fig. 1).

Materials and methods

Materials

The guanylhydrazones WE010, WE014, and WE017 were

utilized in this study (Fig. 1). They belong to the class of

aromatic guanylhydrazones. It was synthesized by a direct

reaction of the respective aldehyde with aminoguanydine

hydrochloride in refluxing 95 % ethanol using an adapta-

tion of the methodology according to Ulrich and Cerami

[5], which describes the condensation of an equimolar

carbonylated derivative, aldehyde or ketone type, with

HCl

HCl

HCl

WE010 WE014

WE017

HO

N N
H

NH NH
N N

H

N N
H

Cl
Cl
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Fig. 1 Chemical structures of guanylhydrazones WE010, WE014,

and WE017
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aminoguanydines in an alcoholic medium under reflux, and

catalytic amounts of acid [18].

Thermogravimetry (TG)

The dynamic thermogravimetric curves of the samples

were recorded using a thermobalance (Shimadzu, model

TGA-50) with an alumina crucible. The apparatus was

calibrated with calcium oxalate monohydrate. Rising tem-

perature experiments were conducted in the temperature

range of 25–900 �C at heating rates of 10, 20, 40, 60, and

80 �C min-1 at nitrogen flow rate of 50 mL min-1 with

the sample mass being in the 5.0 ± 0.5 mg range. The TG

curves were analyzed using the TASYS software from

Shimadzu.

Differential scanning calorimetry (DSC)

DSC curves of samples were recorded with a differential

scanning calorimeter (Shimadzu, model DSC-50) using a

closed aluminum crucible. The apparatus was calibrated

using indium (156.6 ± 0.3 �C) as the standard. The heat

flow signal was calibrated by the melting heat rate of

indium (28.59 ± 0.3 J g-1). A rising temperature experi-

ment was conducted in the temperature range of 25–400 �C

at heating a rate of 10 �C min-1 at nitrogen flow rate of

50 mL min-1 with the sample mass being in the

2.0 ± 0.1 mg range. The DSC curves were analyzed using

the TASYS software from Shimadzu for determination of

temperature of melting, enthalpy and purity. The purity

was determined using the Van’t Hoff equation.

Differential scanning calorimetry (DSC) coupled

to a photovisual system

DSC-photovisual data were recorded with a differential

scanning calorimeter (Shimadzu, model DSC-50) coupled

to the photovisual system, equipped with a microscope

(Olympus, model SZ-CTV60) and a camera (Sony, model

VCC-520). The samples were placed into an open alumi-

num crucible and heated in the temperature range

25–400 �C at a heating rate of 10 �C min-1 under the same

conditions of the nitrogen flow from a conventional DSC.

The pictures were taken by the Asymetrix DVP 4.0 pro-

gram in real time to observe the phase transitions in the

samples.

High-performance liquid chromatography (HPLC)

The LC method was performed on a HPLC SYKAM sys-

tem equipped with a S7131 pump and a S3240 photodiode

array (PDA) detector. The peak areas were integrated

automatically by computer using a Clarity software

program. The experiments were performed on a reversed

phase ACE C18 column (150 mm 9 4.6 mm). The chro-

matographic system was operated isocratically at ambient

temperature, using a mobile phase of acetonitrile:water

(30:70, v/v), run at a flow rate of 1.6 mL min-1, and using

PDA detector at 290 nm. The injection volume was 20 lL.

Compounds were identified by their absorption spectra. In

the preparation of guanylhydrazone solution, each guan-

ylhydrazone solution was prepared with mobile phase, in a

concentration of 500 lg mL-1.

Fourier-transformed-infrared spectroscopy (FTIR)

The spectra of the individual compounds were performed

on an ATR-FTIR spectrometer (IRprestige-21 Shimadzu)

between 700 and 4,000 cm-1, at an optical resolution of

1.0 cm-1 and averaged over 20 scans.

The MID spectra obtained for the samples subjected to

different temperatures were compared using an ad hoc

algorithm [37]. This algorithm calculates correlations of

successively increasing data points’ numbers from the two

spectra and plots the results as peaks that indicate region

with low similarity. The correlation as low as 0.5 was

considered as an indication that the samples suffered deg-

radation upon heating.

Results and discussion

Thermal analysis

Figure 2 displays TG curves of WE010, WE014, and

WE017 at the heating rates of 10, 20, 30, 40, and

50 �C min-1. At the heating rate of 10 �C min-1, the TG

curve of WE010 (Fig. 2a) showed four mass loss stages

with the first stage corresponding to the decomposition of

WE010, the mass loss of which was of 25 %. The WE010

was thermally stable up 187 �C. The other three stages

presented the following mass losses: 42, 21, and 12 %,

respectively (Table 1). At the heating rate of 20 �C min-1,

the WE010 also showed four steps temperature of

decomposition of which was 197 �C. Then, happened the

increasing of temperature as the heating rate increases.

This behavior was observed for all heating rates and all

stages, as noted in Table 1. Figure 2b displays that the TG

curve of WE014, at the heating rate of 10 �C min-1,

consists of six stages, and the first stage can be attributed to

the loss of solvent residue or moisture, which corresponds

to about 6 %. The second stage corresponded to the

decomposition of WE014 and displayed initial temperature

of 197 �C, at the heating rate of 10 �C min-1, with the

mass loss of 23 %. Other four stages showed losses of

29, 15, 18, and 6 %, respectively (Table 2). Figure 2c
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demonstrates that the TG curve of WE017 was thermally

stable up 195 �C, at the heating rate of 10 �C min-1. There

were six mass loss stages for the heating rates of 10 and

20 �C min-1. There were five mass loss stages for 30, 40,

and 50 �C min-1, With the enhancing heating rate, fusion

during the fifth and sixth stages happened for WE017.

Other data are indicated in Table 3. The initial temperature

increases with the enhancing heating rates for all the

compounds.

Figure 3 presents the DSC curves of WE010, WE014,

and WE017. The DSC curve of WE010 demonstrated

endothermic four-phase transitions: the first transition starts

at 91.5 �C; the peak maximum occurs at 95 �C, with an

enthalpy value of about 2.5 J g-1. The melting peak is very

characteristic, presenting itself as an endothermic peak

with Tonset at 190 �C and Tpeak at 193.5 �C with an enthalpy

value of 41.0 J g-1. DSC curve of WE014 showed an

endothermic process characteristic of melting in the range

of 208–213 �C, with a melting peak at 211 �C and enthalpy

value of 61 J g-1. In addition, the DSC curve of WE017

showed four-phase transitions, where findings indicated an

endothermic process characteristic of melting at the onset

of 215 �C and peak temperature of 219 �C, as well as an

enthalpy value of 55 J g-1. There was no possibility of

determining the purities of the samples WE014 and WE017

because the melting occured following decomposition,

without complete recovery of the baseline. However, we

believe that the WE010 sample is more impure, and those

two endothermic peaks after melting are attributed to the

impurities, that in this case, are WE014 and WE017, which

peak at exactly the related temperatures of the samples

(Fig. 2). The sample WE014 presented as an impurity in

100.0

50.00

–0.00

100.0

50.00

–0.00

100.0

50.00

–0.00

–0.00 400.00 800.00 –0.00 400.00 800.00

–0.00 400.00 800.00

Temperature/°C Temperature/°C

Temperature/°C

10 °C min–1 10 °C min–1

10 °C min–1

20 °C min–1 20 °C min–1

20 °C min–1

40 °C min–1 40 °C min–1

40 °C min–1

60 °C min–1 60 °C min–1

60 °C min–1

80  °C min–1 80  °C min–1

80  °C min–1

Mass/%

(a) (b)

(c)

Mass/%

Fig. 2 TG curves of

guanylhydrazones of a WE010,

b WE014, and c WE017

Table 1 TG curves of WE010 at the heating rates of 10, 20, 40, 60, and 80 �C min-1 under flow of nitrogen at 50 mL min-1

Heating rates/�C min-1 1st step 2nd step 3rd step 4th step

Ti/�C Te/�C Mass

loss/%

Ti/�C Te/�C Mass

loss/%

Ti/�C Te/�C Mass

loss/%

Ti/�C Te/�C Mass

loss/%

10 187 265 25 265 357 42 357 581 21 581 892 12

20 197 283 23 283 321 25 321 395 26 395 892 22

40 213 300 23 300 335 23 335 418 29 418 892 15

60 224 308 21 308 361 32 361 425 21 425 892 19

80 225 316 21 316 361 27 361 435 25 435 892 17

Ti initial temperature, Te end temperature
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the WE010 and WE017, and WE017 does not have the

other two samples as impurities (Fig. 2).

Araújo et al. have used DSC for determining the purity

of substances with a fast and reliable technique for eutectic

systems, in which melting is not accompanied by thermal

decomposition of the material. Those authors found that the

main advantages of the DSC, over chromatography and

spectroscopy, are that the analysis of all the impurities

normally does not require standards except, for the main

compound, and permits simultaneous measurements of the

melting range and variation of enthalpy [35]. The sample

WE010 showed a purity of 98.87 %.

Many authors have used the thermal and nonthermal

techniques in the physicochemical characterization of

herbal products [35], as well as of other synthetic

substances with biological activity potential [28–32]. All

those studies showed the relevance of the thermal analysis

in the determinations of the thermal parameters and sta-

bilities of those products.

Differential scanning calorimetry (DSC) coupled

to a photovisual system

Figure 4 displays the WE010 at room temperature (Fig. 4a)

without any visible changes. Melting can be visualized at

196 �C (Fig. 4b), with the appearance of a precipitate. Its

decomposition is complete at 340 �C (Fig. 4c). Figure 4

also shows the WE014 without any visible changes at room

temperature (Fig. 4d) and melting at 201 �C (Fig. 4e). The

completion of decomposition of WE014 occurred at

4.00

0.00

–4.00

–0.00 100.00 200.00 300.00 400.00

Temperature/°C

WE010
WE014
WE017

H
ea

t f
lo

w
/m

W

Fig. 3 DSC curves of WE010,

WE014, and WE017

Fig. 4 DSC-photovisual of

WE010 (a environment,

b 196 �C, and c 340 �C);

WE014 (d environment,

e 201 �C, and f 350 �C); and

WE017 (g environment,

h 222 �C, and I 400 �C)
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350 �C (Fig. 4f). The WE017 can be observed at room

temperature (Fig. 4g), and its melting at 222 �C (Fig. 4h).

The decomposition of the WE017 (Fig. 4i) occurred at

400 �C. Other authors also used DSC coupled to a photo-

visual system [22–25] and confirmed the parameters

obtained by DSC and TG. This technique is an important

tool to confirm events in special melting.

High-performance liquid chromatography (HPLC)

HPLC is an established technique for the separation and

quantification of the samples. Other characteristic param-

eter attributed a chromatography is purity determination,

but actually no DSC technique has been also used for this

finality [36].

Previously, Araújo et al. determined the purity by DSC

for samples melting of which is complete. However, we

could characterize our samples using DSC, and HPLC

confirmed the resulting information, as can be seen in

Fig. 5.

Figure 5a also shows that the WE010 sample presented

the melting peak followed by two endothermic peaks,

which are attributable to WE014 and WE017, since the

overlap of peaks found in the temperature WE010 exactly

the same. The sample presents WE014 and WE017 as

impurities. WE017 is not present in the other two samples,

but its decomposition is through sequential melting, which

does not allow for the determination of its purity. This

information is confirmed by HPLC. Figure 5b shows the

chromatographic peak corresponding to the WE010 sample

and its impurities (WE014 and WE017). The WE014 is

clearly labeled with the chromatographic peaks corre-

sponding to the sample and the impurity of WE017. The

sample WE017 is pure.

Fourier transformed infrared spectroscopy (FTIR)

Figure 6 shows the comparisons of guanylhydrazones IR

spectra at room temperature, intermediate temperatures,

and higher temperature. The intermediate temperatures

were WE010 (190 �C), WE014 (208 �C), and WE017

(215 �C), before melting temperature. The higher temper-

ature was 300 �C for all samples, before decomposition

temperature. These temperatures obtained from the DSC

curves were the same.

Based on the analysis of information in Fig. 6, it can be

noticed that the first intermediate temperatures for WE010,

WE014, and WE017 samples produced spectra comparable

with the room temperature spectrum, presenting Pearson

correlation values of r = 0.83, r = 0.75, and r = 0.70,

respectively. These results show a high correlation to

WE010 (r [ 0.8), showing no significant differences

between the IR spectra of WE010 at room temperature and

at the intermediate temperature, thus confirming the ther-

mal results where the melting occurs without decomposi-

tion. However, the guanylhydrazones WE014 and WE017

presented Pearson correlation of 0.5 [ r [ 0.8, which

corresponds the moderate correlation between spectrums,

that can be attributed to the displacements of some bands,

which is in agreement with the decomposition reviewed by

the DSC analysis.

The second higher temperature for all samples produced

Pearson correlation values of r = 0.062, 0.40, and 0.39,

respectively. This means that the correlation between room

temperature and high temperature spectrum suggesting

severe degradation of the original molecular structures.

Only WE010 had the mean correlation in the IR fingerprint

zone higher than 0.50 which indicated probably a less

extensive degradation. The thermoanalytic data corroborate

the data from the FTIR, confirming the fusion of guan-

ylhydrazones at intermediate temperatures and decompo-

sition at high temperatures.
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Fig. 5 a DSC curves, b Chromatography peaks of WE010, WE014

and WE017
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Conclusions

The determination of the purity of substances by DSC is

considered a fast and reliable process when the melting is

not accompanied by thermal decomposition of the com-

pound. Thus, we determined the purity of the WE010 using

the melting peak of the sample due to the symmetry found

in the sample. In the case of samples WE014 and WE017,

characterizations were carried out using the melting peak,

but it was not possible to determine the purities of these

two samples because the compounds decompose at the

subsequent stage of melting. HPLC has confirmed these

data. The data from DSC-photovisual confirmed the melt-

ing and the presence of impurities in the samples. The use

of DSC in the determination of purity of molecules with

therapeutic potentials is an efficient and fast method that

contributed for quality control of these molecules. The

FTIR is a very important technique to confirm the thermal

analytical data. Thus, the use of thermal analysis is an

important tool for the characterization of molecules with

therapeutic potentials, contributing to the characterization

and evaluation of their stabilities as well as non-thermal

technique with complementary tool.
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Aminoguanidı́nicos Planejados como Protótipos de Fármacos
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Macêdo RO. Thermal stability of paracetamol and its pré-formulates
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Neto PJR. Thermal characterization of inidavir sulfate using TG,

DSC and DSC-photovisual. J Therm Anal Calorim. 2009;95(3):1–4.
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30. Carlini R, Macciò D, Pani M, Parodi N, Zanicchi G, Carnasciali

MM, Costa GA. Synthesis and thermal properties of NiSbS-As

doped phase. J Therm Anal Calorim. 2013;112:513–7.

31. Rather MS, Majid K, Wanchoo RK, Singla ML. Synthesis,

characterization, and thermal study of polyaniline composite with

the photoadduct of potassium hexacyanoferrate(II) involving

haxamine ligand. J Therm Anal Calorim. 2013;112:893–900.

32. Alghool S, El-Halim HFA, El-Sadek MSA, Yahia IS, Wahab LA.

Synthesis, thermal characterization, and antimicrobial activity of

lanthanum, cerium, and thorium complexes of amino acid Schiff

base ligand. J Therm Anal Calorim. 2013;112:671–81.

33. Koshinem M, Elo H, Lukkari P, Riekkola M-L. Determination of

the antileukemic drug mitoguazone and seven other closely

related bis(amidinohydrazones) in human blood serum by high-

performance liquid chromatography. J Chromatogr B. 1996;685:

141–9.

34. Cerami C, Zhang X, Ulrich P, Blanch M, Tracey KJ, Berger BJ.

High-performance liquid chromatographic method for guan-

ylhydrazone compounds. J Chromatogr B. 1996;671:71–5.
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