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Introduction:-

Organic compounds can be of synthetic origin or come from natural resources (animal or vegetable). Among the
organic compounds resulting from plants resources counted 2-hydroxy-4-methoxybenzaldehyde, the major
constituent of the essential oil of Mondiawhitei(Hook. f.) Skeelswith proportions of almost 100 % [1; 2].
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It is a chemical compound and isomer of vanillin belonging to the class of aromatic compounds known as
methoxyphenols, a product of secondary metabolism. More precisely an aromatic aldehyde (carbonyl compound)
substituted by hydroxyl and methoxyl groups respectively in positions 2 and 4.

This finds its interest in the food and cosmetics industries [3; 4; 5]; acts as a necessary chemical formulation for the
pharmaceutical and nutraceutical industry [6].

It has antimicrobial and antioxidant properties [7], it is also recognized for its antifungal effects which result in
remarkable activity against fumonisins, mycotoxins mainly produced by Fasariumvertilloides [8; 9]. At the same
time, it has various chemical properties due to the presence of the carbonyl C=0 double bond, giving rise to several
nucleophilic and electrophilic addition reactions [10]. However, the main drawback or disadvantage of the latter is
its instability which often leads to oxidations, hence the need to convert it into hydrazone, a crystalline compound
more stable than its (carbonyl) precursor [11; 12].

Hydrazones are organic compounds with the general formula:

RR’C=N-N-R’’R’”’. 2, 4-dinitrophenylhydrazones are substituted hydrazones derived from the condensation of an
aldehyde or ketone with 2,4-dinitrophenylhydrazine [13] (Figure 1); a reversible reaction subjected to acid catalysis
[14]. They play an important role in the protection of carbonyl compounds [15]. They also participate in the
isolation, purification and characterization of the carbonyl group [16] and acts as intermediates in organic synthesis
[17]. In addition, hydrazones are used for the extraction or determination of transition metals such as iron [18],
molybdenum [19] by formation of hydrazone metal complexes.Salicylaldehyde benzoyl hydrazone on its side is
used for the determination of copper content in blood, urine, water, soil, environment and food[20].

2-Hydroxy-4-methoxybenzaldehyde 2,4-dinitrophenylhydrazone in its case is the product of the condensation of 2-
hydroxy-4-methoxybenzaldehyde (an aromatic aldehyde) with 2,4-dinitrophenylhydrazine.

A number of the pharmacological studies performed across the world claim that 2-hydroxy-4-methoxybenzaldehyde
hydrazone possesses antiaflatoxigenic and antimicrobial properties [21]. Their complexes of metals such as nickel
(11), copper (I1) and organatin (1V) respectively exhibit antibacterial activities [22]; antimicrobial [23] and anticancer
[24].

Furthermore, antioxidant and antimicrobial activities have been reported for 2-hydroxy-4-methoxybenzaldehyde-4-
phenyl thiosemicarbazone and its palladium (I1), nickel (II) and copper (II) complexes [25]. Interestingly,
nitrobenzaldehydehydrazoneis endowed with antiamoebic potential [26]. In addition, 2-methoxyphenol has
antibacterial properties [27].

To these biological properties are added complexing electrochemical properties with respect to metals such as [zinc
(11), molybdenum (VI1)] and [cobalt (11), nickel (I1), copper (11)] with 2-hydroxy-4-methoxybenzaldehyde hydrazones
derived from hydrazine and 2-amino-6-methylbenzothiazole, respectively [28; 29]. In addition, dioxidomolybdenum
(VI) hydrazone complexes exhibit catalytic activity [30] while nitrobenzaldehydehydrazonedisplaysredox potency
[26].

Several synthesesof 2-hydroxy-4-methoxybenzaldehyde 2,4-dinitophenylhydrazone from marketed 2-hydroxy-4-
methoxybenzaldehyde have been reported in the literature [31; 32; 33; 34].

Very few studies devoted to the formation of hydrazones derived from aromatic aldehydes of essential oils have
been reported in the literature.

To our knowledge, the addition 0f2,4-dinitrophenylhydrazine on 2-hydroxy-4-methoxybenzaldehyde extracted from
essential oils has not yet been reported in the literature.

Various analytical methods are involved in the determination of hydroxylated and methoxylated derivatives of
benzaldehyde 2,4-dinitrophenylhydrazones, among others, HPLC-UV which is the method of choice [35;36],
HPLC-DAD and MS/MS [37]. Also, RRLC-UV and RRLC-MS(/MS) [38]) and LC-UV/MS [39] are used for the
analysis of 2-hyroxy-4-methoxybenzaldehyde 2,4-dinitrophenylhydrazone, without forgetting GC-MS, a sensitive
and reliable method for the simultaneous determination of carbonyls [40; 41; 42; 43].
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In addition to these methods, there is UV-visible spectrophotometry which is widely used for the determination of 2-
hydroxy-4-methoxybenzaldehyde hydrazones [44; 27; 45]. However, some of these analytical methods involve long
analysis time, tedious sample pre-treatment and high product cost.

The aim of this present work is to extract the essential oil of Mondiawhitei(Hook f.) Skeels, to convert the 2-
hydroxy-4-methoxybenzaldehyde extracted from this essential oil into 2,4-dinitrophenylhydrazone and to
characterize the hemi-synthesized 2-hydroxy-4-methoxybenzaldehyde 2,4-dinitrophenylhydrazoneby UV-Visible
spectrophotometry, simple, fast and economical method.

NO, NO»
N
o NH—NH, o A H—N<:

O, 0,
Figure 1:- Reaction of a carbonyl compound with 2,4-dinitrophenylhydrazine

Materials and methods:-

Plant material

The sample of Mondiawhitei(figure 2) were purchased in february 2021 at the Brazzaville total market, from
Kindamba, a locality locatedin the Pool department, in the south of Congo Brazzaville. These were identified by the
botanists of the National Herbarium of Congo. Only the roots were selected for the study.

Figure 2:- Roots of Mondiawhitei (Hook. f.) Skeels.

Extraction of essential oils:

After 16 days of drying at room temperature, in a ventilated room, Mondiawhiteisample consisting of dry roots are
subjected to hydrodistillation for four (4) hours using a standard extractor equipped with a two (2) liter balloon [46].
The condensate loaded with essential oil and hydrolat is recuperative. The essential oil is separated from the
hydrosol by decantation. Extraction with diethyl ether is carried out to isolate the aqueous phase of the essential oil
followed by drying of the ether phase with anhydrous sodium sulphate. Twenty-four (24) hours after evaporation of
the diethyl ether in air, the essential oil is recovered. These operating conditions are summarized in Table I. The
yield R of essential oil is calculated according to the following formula:
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Table 1:- Operating conditions for the hydrodistillation of the roots of Mondiawhitei (Hook f.)Skeels.

Matierevégétale Mondiawhitei(Hook.f.) Skeels
Organs Roots

Quantity of dry matter (g) 409

Quantity of water (L) 1

Operation execution time (h) 4

Analysis of essential oils

Analysis by gas chromatography

The constituents were quantified using a Hewlett Packard HP 5890 type chromatograph equipped with a flame
ionization detector equipped with HP ChemStation data acquisition software. The different constituents are
separated using a DB5 capillary column (30 m x 0.25 mm), (thickness of the film 0.25 um) under the following
operating conditions: carrier gas helium (1 mL.min™), temperature injector temperature: 280°C, detector
temperature: 280°C. The oven is programmed at 50°C for 5 minutes with a gradient of 5°C.min™ from 50 to 300°C,
5 minutes at 300°C with a split mode injection of 1-20.

Analysis by gas chromatography-mass spectrometry

Analysis by gas chromatography-mass spectrometry was carried out using a Hewlett Packard HP 6890 brand
chromatograph coupled with an HP 5973 mass spectrometer. of the various constituents is carried out using a DB5
capillary column (30 m x 0.25 mm), (thickness of the film 0.25 pum) under the following experimental conditions:
carrier gas: (helium: 1 mL.min? ), ionization energy (70 eV), injector temperature (280 °C), detector temperature
(280 °C). The oven is programmed at 50°C for 5 minutes with a gradient of 5°C.min™ from 50 to 300°C, 5 min at
300°C with a split mode injection 1-10.

Identification of constituents
The different constituents of the essential oil were identified on the basis of their retention indices and their mass
spectra by comparison with data from the literature [47; 48; 49]

Hemi-synthesis of 2,4-dinitrophenylhydrazone
The reagent 2,4-dinitrophenylhydrazine and 2-hydroxy-4-methoxybenzaldehyde derived from the essential oil of
Mondiawhiteispecies are used for the preparation of hydrazone.

The method used was reported by [50]. It consists of dissolving 0.25 g of 2,4-dinitrophenylhydrazine in 5 mL of
methanol, followed by the addition of 0.5 mL of concentrated sulfuric acid, then filtration of the lukewarm solution.
To this solution are added 0.2 g of essential oil dissolved beforehand in a small volume of methanol. Aftera few
seconds, the solid formed is filtered and washed in a small amount of methanol. The precipitate is then recrystallized
from ethanol and then dried. These conditions are summarized in (Table 2).

Table 2:- Operating conditions for the hemi-synthesis of 2-hydroxy-4-methoxybenzaldehyde 2,4-
dinitrophenylhydrazone.

Essential oil Quantity of | Quantity of Quantity of Quantity of
reagent essential oil MeOH (mL) H,SO,4 (mL)
Mondiawhitel 0.25 0.2 5 0.5

Characterization of 2-hydroxy-4-methoxybenzaldehyde hydrazone
Determination of melting point
The melting temperature of the prepared hydrazone is measured using the Kofler bench.

The method consists in calibrating the apparatus with benzoic acid whose melting point is 122.35 °C. The carriage is
moved horizontally until the cursor is at the boundary between solid and liquid. Then the mobile index is moved
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vertically until it indicates the melting point of the standard. The melting point of the hydrazone is then taken by
depositing it at the cold end of the kofler bench by bringing it towards the hot zone until the first drops of liquid
appear. The carriage is then moved horizontally until the cursor is at the border between solid and liquid. The mobile
index then indicates the melting point. Three tests are carried out.

Analysis by UV-visible spectrophotometry
The analysis of 2-hydroxy-4-methoxybenzaldehyde 2,4-dinitrophenylhydrazone is made by a WPA Lightwawe Il
UV-visible spectrophotometer, connected to an HP computer.

Preparation of solutions

2,4-dinitrophenylhydrazine solution

A solution of 2,4-dinitrophenylhydrazine is prepared by dissolving 0.3 g of 2,4-dinitrophenylhydrazine in 100 mL of
a 0.05 M sulfuric acid solution.

Essential oil solution
2-Hydroxy-4-methoxybenzaldehyde) (10 to 20 mg) is introduced into a 10 mL vial to which methanol is added up to
the mark.

Spectral sweep

2-Hydroxy-4-methoxybenzaldehyde hydrazone sweep

0.5 mL of the 2,4-dinitrophenylhydrazine solution is added to 0.5 mL of the essential oil solution. A brick-red
precipitate forms. The precipitate is allowed to stand for 10 minutes at room temperature and 5 mL of methanol is
added to it: This is the solution of 2-hydroxy-4-methoxybenzaldehyde 2,4-dinitrophenylhydrazone.

We put in the reference tank:
* 1 mL of 30% (V/V) water/ethanol solvent
and in the measuring tank:

* 1 mL of 2-hydroxy-4-methoxybenzaldehyde 2,4-dinitrophenylhydrazone solution

Results and Discussion:-

Extraction and yield of essential oil

Extraction by hydrodistillation of the dry roots of Mondiawhitei provides an essential oil in the form of beige
crystals at room temperature (Table 3) with a yield of 0.50%. This yield is low compared to that obtained by [2],
which was 1.40%.

Table 3:- Extraction yield of essential oil from the dry roots of MondiawhiteT (Hook. f.)Skeels.

Species Yield(%)
Our study Previousstudies / origin
Mondiawhitei(Hook. f.) Skeels | 0.50 1.40 [2]/ Congo
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Figure 3:- Crystals of Mondiawhitei(Hook.f.) Skeels essential oil at room temperature.

Chemical composition of Mondiawhiteiessential oil

The results of the chemical analysis of the essential oil extracted from the roots of Mondiawnhitei are shown in Table
4. Analysis by gas chromatography and by gas chromatography coupled to mass spectrometry allowed the
identification of a single compound, the aromatic aldehyde, 2-hydroxy-4-methoxy-benzaldehyde representing 99.85
% of total essential oil.

Qualitative and quantitative similarities are observed with the results reported by Ouambain Congo [2], who
describes an essential oil containing 99% 2-hydroxy-4-methoxybenzaldehyde.

However, there are also qualitative disparities with the extract from Togo which contains coumarinolignam[51], and
also with the essential oil of South African origin which contains isovanillin (3-hydroxy- 4-methoxybenzaldehyde)
[52].

Table 4:- Chemical composition of the essential oil extracted from the roots of Mondiawhitei(Hook f.) Skeels.

N° Compound Kl %
1 2-hydroxy-4-methoxybenzaldehyde 1344 99.85
CHO
: oH
/
OCHy

Figure 4:- Chemical structure of 2-hydroxy-4-methoxybenzaldehyde extracted from the essential oil of
Mondiawhitei(Hook f.) Skeels.
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Hemi-synthesis of 2-hydroxy-4-methoxybenzaldehyde hydrazone

Physical characterization

Table 5 shows the results of the hemi-synthesis of 2-hydroxy-4-methoxybenzaldehyde 2,4-dinitrophenylhydrazone
and its measured melting point.

The reaction of 2,4-dinitrophenylhydrazine in the presence of sulfuric acid on the essential oil of Mondiawhitei(2-
hydroxy-4-methoxybenzaldehyde) gives rise to a precipitate of brick red color. This color is characteristic of 2-
hydroxy-4-methoxybenzaldehyde 2,4-dinitrophenylhydrazone.

2-hydroxy-4-methoxybenzaldehyde 2,4-dinitrophenylhydrazone forms instantly, the reaction rate is fast so the
kineticsis also fast. In addition, the vyield of the formation of 2-hydroxy-4-methoxybenzaldehyde 2,4-
dinitrophenylhydrazone is 93%. This yield is high, and could result in the absence of discomfort or competition in
the essential oil during the reaction. Indeed, the absence of other constituents than 2-hydroxy-4-
methoxybenzaldehyde in the essential oil accelerates the speed of the reaction, resulting in rapid kinetics.

In addition, the melting point of the hydrazone derived from the crystals of the essential oil of Mondiawhitelis 262
°C. This melting point is approximate to that of the literature [53], and corresponds to that of 2-hydroxy-4-
methoxybenzaldehyde 2,4-dinitrophenylhydrazone.

Table 5:- Yield and physical properties of hemi-synthesized 2-hydroxy-4-methoxybenzaldehyde 2,4-
dinitrophenylhydrazone.

Compound of essential oil converted to | Aspect Colour Yield (%0) Melting Point
2,4-dinitrophénylhydrazone measured

(C)
2-hydroxy-4-methoxy- Brick red
benzaldehyde 2,4-dinitrophenylhydrazone | Precipitate 93 262

Characterization by UV-visible spectrophotometry

2-hydroxy-4-methoxybenzaldehyde 2,4-dinitrophenylhydrazone

The peak wavelength of 2-hydroxy-4-methoxybenzaldehyde 2,4-dinitrophenylhydrazone derived from essential oil
of Mondiawhitel recorded is 362 nm (Table 6). This value is characteristic of the C=N chromophore of 2,4-
dinitrophenylhydrazones whose wavelength at absorption maximum is (Amax = 360-370 nm) [54; 55; 56].

Table 6:- Wavelength at maximum absorption of 2-hydroxy-4-methoxybenzaldehyde 2,4-dinitrophenylhydrazone

2,4-dinitrophenylhydrazonederivative Amax (nm)

2-hydroxy-4-methoxybenzaldehyde 2,4-dinitrophenylhydrazone 362

Figure 5 shows the UV-visible spectrum of 2-hydroxy-4-methoxybenzaldehyde 2,4-dinitrophenylhydrazone. It

shows three essential bands:

1. A very weak band at 255 nm. This corresponds to the transition 7—n* relating to the substituted aromatic
system;

2. A low intensity band at 288 nm relating to the anilin aromatic system;

3. Another weak band at 362 nm which is characteristic of the n—n* transition of the C=N grouping of the
hydrazone

The different absorption bands of 2-hydroxy-4-methoxybenzaldehyde 2,4-dinitrophenylhydrazone, their transitions
and their groups are shown in Table 7.

Table 7:- Different absorption bands of 2-hydroxy-4-methoxybenzaldehyde 2,4-dinitrophenylhydrazone.

2,4-dinitrophenyl- Absorption band Transition and Group
Hydrazine derivative AMnm) Chromophore
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Dinitrophenylhydrazine
The UV-visible spectrum of 2,4-dinitrophenylhydrazine plotted in figure 6 shows three main bands at 346 nm, 360
nm and 377 nm due to C-N and NO,chromophore groups substituted on the aromatic ring.

Longueur d'onde (nm)
Figure 5:- UV-visible spectrum of 2-hydroxy-4-methoxybenzaldehyde 2,4-dinitrophenylhydrazone.
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Figure 6:- UV-visible spectrum of 2,4-dinitrophenylhydrazine.
Conclusion:-

2-Hydroxy-4-methoxybenzaldehyde, a molecule of high added value, of great biological, pharmaceutical,
nutraceutical, food and cosmetic interest, almost 100% extracted from the essential oil of Mondiawhiteiwas simply
and instantly transformed into 2-Hydroxy-4-methoxybenzaldehyde 2,4-dinitrophenylhydrazone, a more stable
molecule than its precursor (carbonyl) with a conversion rate of 93%. This transformation allows the chemical
structure of 2-hydroxy-4-methoxybenzaldehyde to be changed by providing the formed 2-hydroxy-4-
methoxybenzaldehyde 2,4-dinitrophenylhydrazone with additional biological, chemical and physical properties
while enhancing its economic value. Analysis of hydrazone by UV-visible spectrophotometry shows a wavelength at
the absorption maximum of 362 nm. The UV-visible spectrophotometric method used for the determination of this
hydrazone is convenient, rapid and economical. The 2-hydroxy-4-methoxybenzaldehyde 2,4-
dinitrophenylhydrazone  hemi-synthesized opens up the prospects for its diversified use in the fields of
pharmaceutical, electrochemical, catalytic, polymer chemistry, environmental, energy (photovoltaic, photophysics
and optoelectronics), materials, biology and engineering [57].
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