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Abstract

Mosquitoes represent the deadliest animal species in tropical regions because they can affect human health. Personal protection
which is mosquito repellent has been used since 20 century. Mosquito repellent which contains plant-based ingredients has high
demand from consumers since its efficacy is as good as synthetic ones. Citronella genus plants are originally extracted to be used
in perfumery, then they were used for ingredients of plant-based mosquito repellents as they have repellent properties. Citronellal-
based repellent has an effective dose such as N, N-diethyl-meta-toluamide dose. However, the oil content has high volatility causing
it to reduce its efficacy because the oil evaporates. Recently, the structure of citronellal compound has been modified into
hydroxycitronellal by adding some functional groups to reduce the release rate, prolong the protection time and improve the
stability of the compound. The release rate properties are affected by functional groups and the molar mass of the compounds. This
paper presents a summary of recent catalyst and solvent usage during synthesis, characterization and comparison of mosquito
repellents.
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Abstrak
Perlindungan diri iaitu penghalau nyamuk telah digunakan sejak abad ke-20. Nyamuk mewakili spesies haiwan yang paling
mematikan di kawasan tropika kerana ia boleh menjejaskan kesihatan manusia. Ubat nyamuk yang mengandungi bahan berasaskan
tumbuhan mendapat permintaan tinggi daripada pengguna memandangkan keberkesanannya setanding dengan sintetik. Tumbuhan
genus Citronella pada asalnya diekstrak untuk digunakan dalam minyak wangi, kemudian ia digunakan untuk bahan-bahan
penghalau nyamuk berasaskan tumbuhan kerana ia mempunyai sifat penghalau. Penghalau berasaskan sitronelal mempunyai dos
berkesan seperti dos N, N-dietil-meta-toluamida. Walau bagaimanapun, kandungan minyak mempunyai kemeruapan yang tinggi
menyebabkan ia mengurangkan keberkesanannya kerana minyak menyejat. Struktur sebatian sitronel telah diubah suai dengan
menambah beberapa kumpulan berfungsi untuk mengurangkan kadar pelepasan, memanjangkan masa perlindungan dan
meningkatkan kestabilan sebatian. Sifat kadar pelepasan dipengaruhi oleh kumpulan berfungsi dan jisim molar sebatian. Kertas ini
membentangkan ringkasan penggunaan pemangkin dan pelarut terkini semasa sintesis, pencirian dan perbandingan penghalau
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nyamuk.

Kata kunci: sintesis, hidroksisitronelal, terbitan asetal, penghalau nyamuk

Introduction

Mosquitoes represent the deadliest animal among other
species in the tropical regions as they can affect human
health [1]. They can spread the pathogens among human
in the regions because of the powerful vectors [1].
Malaria, oestridean parasites which can cause myasis,
Japanese and encephatilis and the parasites come from
the mosquito themselves [2]. Aedes albopictus is one of
the common example of Asian tiger mosquito which can
cause several reported severe disease cases [3]. There
are many strategies which help to reduce infection by
and transmission of vector disease especially in tropical
regions, such as chemical control, genetic control and
personal protection [4]. The use of insecticides
represents the chemical control of mosquitoes in order
to kill the adults [5]. There are many ways for
environmental controls such as the removal of disused
tires, draining of ponds and introducing predatory fish
[6]. In addition, genetic control mosquito population can
also be implemented by reducing mosquitoes’s lifespan
[7]. However, personal protection is the best way to
protect user from mosquito bites as well as to reduce
mosquito-borne disease outbreaks potential of user’s
surrounding [8].

Personal protection which commonly used by individual
is mosquito repellent. Mosquito repellent is a key
recommendation of health authorities to reduce the
potential of mosquito-borne disease. N,N-diethyl-m-
toluamide (DEET), picaridin and p-menthane-3,8-diol
(PMD) are the most commonly used repellent products.
The common repellent products have high demand from
users because they have good efficacy since 1950s [9].
One of the repellent products which gains the highest
demands from users and commonly commercialized by
mosquitos repellent industries is DEET [10]. However,
DEET can lead to negative impacts to humans [10]. It is
reported that DEET can lead to neurotoxic effects not
only to insects but as well as human because it can
disturb the acetylcholinesterase’s activity which is a key
enzyme of synaptic transmission [1]. Besides, it can
affect the channels of Na™ and K* which are located at
cortical neurons in mammalian and it can cause the pro-

130

angigenic effects to human because DEET acts as an
allosteric modulator of M3 mAchR [11]. Picaridin also
one of the repellents which can cause dermatitis on our
skin [12].

Therefore, there has been an effort to seek for
environment-friendly  repellent [13]. Plant-based
repellents is an alternative mosquito repellent to be used
for personal protection [13]. Geranyl acetate, citronellal,
6-methyl-5-hepten-2-one and geranyl acetone [8] give
response to odor receptors of mosquito which the
receptor also can receive the same respond from the
gold-standard repellent DEET [14]. Citronellal is
reported to be one of the plant-based repellent which has
most effective repellent properties because it is
monoterpenoid aldehyde and there is a carbonyl group
[13]. On the other hand, the two functional or substituent
groups of citronellal contributes to biological interaction
towards mosquito receptor as mosquito repellent. On the
other side of coin, citronellal has high release rate and
high volatility because of the presence of carbonyl group
[15] and low molecular weight [16]. The structure of
citronellal can be modified by adding a functional group
[14] and undergoes an acetalization in order to increase
its molecular weight and protection time [15].

Acetal, ketal and their derivatives

Acetal and ketal

Acetal (Figure 1) or ketal (Figure 2) can be formed via
the reaction between carbonyl and alcohols, for instance
methanol or ethanol (Scheme 1) [7]. The reaction is
catalysed by acid catalyst. The formaldehyde or higher
aldehydes with diols such as 1,2-diols or 1,3-diols in the
presence of an acid catalyst can react to form cyclic
acetal (Figure 3) [17]. Usually, carbonyl compound will
react with an alcohol and aided by catalyst such as Lewis
acid to form acetal or ketal [18]. The reaction is
stereotypically undergoes with homogenous catalysis;
sulphuric acid and phosphoric acid which are mineral
inorganic acids [19]. It is important to choose a suitable
azeotropic solvent from ketone or aldehyde solution to
aid in the process of water removing. Besides, acetal or
cyclic acetal can act as protecting group of carbonyl
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group against an attack by reagents, for example,
reducing agents, basic, nucleophiles, catalytic and
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Figure 1. Structure of acetal [21]
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Scheme 1. Chemical reaction on synthesizing ketal or acetal [21, 22]

Acetal and ketal can also be synthesized from orthoester
carbonyl compound with the presence of glycol and a
catalyst [23]. The structures of 1,3-dioxane and 1,3-
dioxalane can be formed if the reaction undergoes
between polyol and suitable ketone and aldehyde with
the used of glycerol in the presence of catalyst [24]. The

R
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Figure 3. Structure of cyclic acetal [17]

Derivatives of acetal and ketal

Different substituents such as methanol or ethanol have
been used in the reaction with aldehyde or ketone to
produce our desired acetal or ketal derivatives [25]. The
process of acetalization can modify the functional
groups of compound in order to provide better efficiency
and transformations of subsequent synthetic flexibility
[26]. The characteristics of aroma, vapour pressure,
flavour and solubility can be modified by using different
methods in carbonyl compound conversion, for
instance, the compound process is commonly called as

reaction produces 6 membered ring of 1,3-dioxane or 5
membered ring of 1,3-dioxalane because of the reaction
between glycerol and steric blocking of hydrogen atom
and radical. The reaction of diol will form a ketal or
cyclic ketal (Fig. 4).

Figure 4. Structure of cyclic ketal [17]

attenuation in perfumery industry [23]. Besides,
different methods also have been used to synthesize
acetal or ketal derivatives by using different catalyst
such as B-cyclodextrin. The use of this catalyst has been
proven to reduce the release rate, the volatility and to
prolong its insect repellent activities [27] in insect
repellent industry. On the other hand, the process of
synthesizing allysine ethylene acetal (Figure 5) can be
simplified using amination method instead of using 8-
step process to produce the acetal [28].
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Figure 5. Structure of allysine ethylene acetal [29, 30]

In a view of pharmaceutical industry, the acetal
derivatives can improve the
inflammatory [31]. The binding of the acetal derivatives
to skin which has thiol groups can accumulate in the skin
which resulted by the ring-opening of an intermediate of
Schiff base. Ethylene ketal derivatives of prostaglandin
E2 can also contribute in stability of solid-state
improvement.  The  hydrocortisone  21-acetate
spirothiazolidines and hydrocortisone spirothiazolidines
have been prepared to be reacted to the substituents of
cysteine esters or [-aminothiols and produce the
derivatives [31].

activity of anti-

Properties of acetal:
Physicochemical properties of acetal
Acetal is an organic compound which has pleasant odor

such as earth, nutty, green, sweet [32] and ethereal [33].
The color of acetal in liquid form is colorless at standard
state. Acetal has moderate toxicity and narcotic at high
concentration [34]. Table 1 lists the physicochemical
properties of acetal.

Synthesis:

Mechanism of formation of acetal

There are 7 steps of mechanism in the formation of
hemiacetal and acetal. Scheme 2 displays the
mechanism steps which consist of carbonyl protonation,
alcohol’s nucleophilic attack, hemiacetal formation
through deprotonation, protonation of alcohol, removal
of water, alcohol’s nucleophilic attack and

deprotonation of water [35].

Table 1. Physicochemical properties of acetal

Property Value Reference
Molecular Weight 118.17 g/mol
Density 0.831 g/cm?
Melting Point -80-(-90) °C
Boiling Point 103-104 °C [36]
Vapor Pressure 20 mmHg
Flash Point -5°C
Solubility Soluble in water
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Scheme 2. Mechanism for Hemiacetal and Acetal Formation [35]

Synthesis of hydroxynellal acetal derovatives

Some plants such as Cymbopogon species, to be more
specified, Cymbopogon
traditionally used to repel mosquitoes because it has
mosquito repellent properties [37]. The plant can
produces a yellow liquid of citronella oil through
distillation process of dried Cymbopogon plants [27].
Citronella oil has been approved by United States
Environmental Protection Agency (US EPA) to be

winterianus has  been

applied on skin for insect repellent activities [13].
Recently, one of the citronella oil terpenes which are
citronellal has been further studied by Zongde [25] by
synthesizing hydroxycitronellal acetal derivatives to
prolong its protection time . Schemes 3-5 show the
synthesis reactions between hydroxycitronellal and its
substituents. The overall reactions will be synthesized
by using the same type of starting material which is
hydroxycitronellal and by using the same methods.

N OH
8] Methano
OH
Hydroxycitronellal

v
+
&
@)

OH

Hydroxycitronellal
Dimethyl Acetal

Scheme 3. Synthesis of hydroxycitronellal dimethyl acetal [25]
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Scheme 4. Synthesis of hydroxycitronellal 1,2-ethanediol acetal [25]
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Scheme 5. Synthesis of hydroxycitronellal 1,3-propanediol acetal [25]

Catalysts usage during synthesis of acetal and acetal
derivatives

Hydroxycitronellal is an aldehyde which has been
synthesized from citronellal through hydrolysis process.
Previously, citronellal acts as starting material, but the
repellent properties itself has protection time less than
23 minutes [38] although citronellal has various of
effective  concentration from 0.05 to 25%
(weight/volume) [27]. Then, hydroxycitronellal acts as
starting material and has been reacted with a substituent
which is methanol and benzene as a solvent [25]. The
mixture has been mixed with sulfamic acid that acts as a
catalyst. The presence of common acid catalysts such as
hydrochloric acid, sulphuric acid, p-toluenesulfonic acid
and trifluoroacetic acid [39] in the formation of ketals or
acetals by treating aldehydes or ketones with alcohols
are corrosive [40]. Alkynes, alkenes, silyl-protected
alcohols and N-Boc-protected amines are the subtrates
of acid-sensitive groups which are not compatible with
acidic condition [41]. Pyridinium salt derivatives [42],

dialkyltriazolium salts [43] and imidazolium salts [44]
are aprotic salts series which are capable to act as
Bronsted acids in chemoselectively acetalization [45].
Ammonium salts also can be employed to the
acetalization or ketalization process between aromatic
aldehydes or ketones and diols with pentyl methyl ether
as solvent in Dean-Stark condition [46]. Mesoporous
polymelamine-formaldehyde polymer can be used as
catalyst in chemoselectively of aldehydes acetalization
[47]. Graphitic-carbon nitride can catalyse the aldehydes
or ketones acetalization process with alcohols
compound to form acetals or ketal by using light in
ambient conditions [48].However, Songkro [27] has
found another alternative to control the release rate of
desired product by using B-cyclodextrin as a catalyst for
the synthesis and can increase the solubility in water [4].
This is because B-cyclodextrin forms an inclusion
complex by forming hydroxycitronellal dimethyl acetal-
B-cyclodextrin inclusion complex [27]. B-cyclodextrin is
a better catalyst to be used in this reaction. Table 2
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summarizes the types of catalysts which have been used
for acetalization.

Solvent usage during synthesis of acetal and acetal
derivatives

Benzene has been used as a solvent in the synthesis of
hydroxycitronellal acetal derivatives. However, based
on human and animal studies by the International
Agency for Research on Cancer (IARC) since 1982,
benzene has carcinogenic potential toward both studies
[49]. Inhalation is the primary cause of the benzene
exposure and the highest amount of the exposure which
is 95%-99% can be found in cigarettes [50]. Benzene
compound is associated with asthma effect among
children [51]. Ferreira [35] has used carbon tetrachloride
as one of the solvents to investigate iron (IIT) porphyrins
catalytic activities for acetalization process and the
solvent usage shows no product in the reaction because
it is non-polar solvent. Besides, carbon tetrachloride also
has been observed as chemical that can give liver injury
due to its toxic metabolites [52]. Tanaka and co-
researchers have found that the wusage of
dichloromethane as solvent for the regioselectivity ring-
opening of benzylidene acetal can produce to 83% of
percentage yield [53]. Ethyl acetate also has been used
for both processes of preparation of dioxanesldithianes
using hydrogen sulphate and deprotection of
dioxanesldithianes using hydrogen sulphate [20]. Then,
cyclohexane can be considered as an effective and
efficient solvent. The usage of the solvent in both
process of carbonyl compound as 1,3-dioxalanes
protection using indium (III) chloride as catalyst and
carbonyl compounds as dialkyl acetals protection using
indium (III) chloride as catalyst can give more than 80%
of percentage yield [54]. It can create an azeotropic
mixture of cyclohexane and water and according to Le
Chatelier’s Principle, it will favour towards the product
[55] if the ratio of the substituent more than starting
material. However, the acetalization process does not
take place between 2-methylpentanal and 2-methyl-2-
propyl-1,3-propanediol at 1:1 ratio using cyclohexane,
hexane, heptane and 1,4-dioxane as the solvents. The
solubility between the solvents and 2-methyl-2-propyl-
1,3-propanediol was low because their dielectric
constant values are low [56]. Apart from that, water,
glycerol [57] and polyethylene glycol [58] also can be a
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better option compared to other solvents because of its
low toxicity and low risk of hazard [59]. Water can
contribute to highest percentage yield of product from
acetalization process. Table 3 lists the red solvents and
their alternative green solvents for acetalization process.

Characterization

Fourier transform infra-red (FTIR) spectroscopy
The FTIR spectra have shown the absorption of specific
chemical groups such as hydroxyl groups, carbonyl
groups and alklyl groups [60] which are related to the
synthesized acetal derivatives. The FTIR spectra will be
recorded in the range of 3040-780 cm™'. The stretching
frequency of the C=C group in the aromatic shown at
1400 cm™! and 1460 cm. On the other hand, the
stretching frequency of C-O in the compound has shown
at 1100-1220 cm’!. The peaks of C-H stretching
vibration in the benzene ring of the acetal appeared at
759 cm™, 701 cm™, 3039 cm™ and 3069 cm™'[61]. Table
4 possess the IR frequency range and band assignment
of acetal derivatives.

Proton nuclear magnetic resonance ('H NMR)
spectroscopy

The synthesized of hydroxycitronellal dimethyl acetal
detected the resonance peak at 3.58 ppm which
attributed to hydroxyl group in the acetal compound. On
the other hand, result of the '"H NMR showed signal at
4.19 ppm which attributed to methine group. Methyl
group can be detected from the peak at 3.50 ppm. 'H
NMR chemical shift of hydroxycitronellal acetal
derivatives is shown in Table 5.

CHNS elemental analysis

CHNS elemental analysis is a technique to identify the
elements namely carbon, hydrogen, nitrogen and
sulphur. The analyzed compound will undergo oxidative
decomposition [62]. The compound also will undergo
reduction of nitrogen and sulfur dioxide. The
characteristic of thermal decomposition and the
properties of the analyzed compounds that we have
synthesized will affect the errors. There is potential of
the under oxidation of the compound which will affect
the determination of carbon and hydrogen. The
speciation of nitrogen in synthesized compound will
affect the decomposition of nitrogen-containing
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compound [62]. Table 6 show the percentage of the C
and H elements.

Mosquito repellent activities

Mosquito repellent

There are variety ways to measure the spread of
mosquito disease such as chemical measure, genetic
measure, environmental and personal
protection; mosquito repellents [4]. Chemical measure
has been used larvicides and insecticides [71] to kill the
larvae and adults. However, the use of the chemicals
have contaminated the water source and this measure
have not developed to control all mosquito species [63].
The non-biological pesticides have high toxicity which
gave severe impact to our environment and wildlife [4].
Environmental measure also has been applied by
monitoring or removing the unused tires, draining the
ponds; mosquito habitats, putting the predator fish in the
ponds and building the water flow system in the pools
[6]. Unfortunately, this measure has many difficulties
for its maintenance and requires a good cooperation
between local people [4]. Genetic measure also has been
used by manipulating the mosquitoes genetic, for
instance, the lifespan of the mosquito becomes shorter
to reduce the transmit rate of malaria [64] and the
sterilized males has been released to mate with females
but the females cannot fertilize eggs [65]. This measure

measure

requires high expense to produce males and only works
on the islands because of the variability of genetics is
high [4] and the insects are migrate from place to place.
The usage of personal protection; mosquito repellents
become our first line defense from mosquitoes because
this measure has lowered the transmit of malaria above
80% [66]. This reason have brought awareness to use
personal protection control [1] to prevent from getting
mosquito bites [4]. The synthetic mosquito repellents
which have been commercialized are N,N-diethyl-meta-
toluamide (DEET) [9] and
ethylbutylacetylaminopropionate (IR3535) [67] which
are synthetic repellent and citronellal [68], [69] which is
essential oil mosquito repellent.

N,N-diethyl-meta-toluamide (DEET)

DEET (Figure 6) has been considered as gold mosquito
repellents standard [ 14] because of its effectiveness [70].
The efficacy of DEET at 15% solution is 7-8 hours of
protection time against mosquitoes [71]. However,
DEET has been highlighted to has high potential severe
effects on human health as well as surrounding [1]. It
can cause neurotoxic effects on human and other insects
by inhibiting an specific enzyme key activities [72]. In
addition, it also can cause effects of pro-angiogenic on
human by inhibiting specific ion channels in mammalian
cortical neurons [73].

SRS

Figure 6. Chemical structure of DEET [1, 14, 70, 71, 72, 73]

Ethylbutylacetylaminopropionate (IR3535)

IR3535 (Figure 7) is one of the efficient repellents
against mosquitoes. IR3535 has same effectiveness as
DEET, also known as gold standard [1]. IR3535 has 7-
10 hours protection times against Culex and Aedes
mosquitoes and 3-4 hours protection time against
Anopheles mosquitoes [67]. However, it has potential in
dermal and oral toxicity [74] after the repellent has been

tested on rats. It can cause eye irritation and skin
irritation on human [1]. Then, IR3535 also can cause
damage to synthetic material [75]. The positive point of
IR3535 is this mosquito repellent may not has toxic
potential towards life in water and it also not
accumulates in our environment [76]. Figure 7 shows
the chemical structure of IR3535.
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Figure 7. Chemical Structure of IR3535 [1, 67, 74, 75, 76]

Hydroxycitronellal acetal derivatives

Plant-based material have been used for thousand years
by human as a personal protection against mosquitoes; a
practice which is still widely uses in developing
countries [77]. Cymbopogon winterianus has been
extracted to produce citronellol, citronellal (Figure 8)
and geraniol [78]. Citronella oil has been registered as
mosquito repellent under United States Environmental
Protection Agency (US EPA) [13], [37] because of its
efficacy and it has low toxicity on test animal. Although,
the gold-standard synthetic repellent DEET [14] can
protect against various insect species, but it was reported

that the repellent can give negative effect to human as
mentioned earlier. Citronella-based repellents can repel
in a certain period from mosquitoes. However, the oils
rapidly leave the user unprotected because of the
citronella itself is chemically has high rate of
evaporation property [79]. Thus, Zongde [25] has
modified the structure citronellal oil into
hydroxycitronellal acetal derivatives (Figure 9) using
acetalization process and Songkro [27] has formed
inclusion complex [80] which will increase the number
of molecules [81]. These efforts can enhance the
protection time of the oil against mosquitoes.

W
Figure 8. Chemical Structure of Citronellal [82]

HO ;
—0 o——

Figure 9. Chemical Structure of hydroxycitronellal dimethyl acetal [25]
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Table 2. Catalysts for acetalization

Catalysts References
Sulfamic acid [25]
Hydrochloric acid
Sulphuric acid
[39]

p-toluenesulfonic acid
Trifluoroacetic acid

Pyridinium salt derivatives [42]
Dialkyltriazolium salts [43]
Imidazolium salts [44]
Ammonium salts [46]
Mesoporous-polymelamine-formaldehyde polymer [47]
Graphitic-C3Ny [48]
B-cyclodextrin [27]
Table 3. Solvents for acetalization
Types of Solvent Solvents Name References
Benzene [25]
Red solvents Carbon tetrachloride 35]
Chloroform
Cyclohexane [54], [56]
Hexane
Alternatives solvents Hepta}ne [56]
1,4-dioxane
Dichloromethane [53]
Ethyl Acetate [20]
Water [59]
Green solvents Glycerol [57]
Polyethylene glycol [58]

Table 4. IR frequency range and band assignment of acetal derivatives

Wavenumber (cm™)

I.}and Hydroxycitronellal Hydroxycitrmfellal Hydroxycitronfellal Reference

Assignment . 1,2-ethanediol 1,3-propanediol
dimethyl acetal
acetal acetal

v(C-0O) 1056-1192 1052-1199 1076-1143
v(C-0-C) 1058-1194 1058-1201 1078-1250 [25]

v(C-H) 1375-1464 2837-2939 1379-1647

v(OH) 3212-3440 3257-3441 3259-3424
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Table 5. '"H NMR chemical shift range of acetal derivatives

Compounds Assignment 'H NMR Chemical Shift Reference
Range, 6 (ppm)
Hydroxycitronellal ou (OH) 3.58-3.65
dimethyl acetal Su (Methine) 1.65-4.19
Su (Methyl) 0.96-3.50
S (Methylene) 1.25-1.44
Hydroxycitronellal ou (OH) 3.58-3.65
1,2-ethanediol S (Methine) 1.65-4.19
acetal 81 (1,3-dioxalane) 4.05-4.89 [25]
Su (Methyl) 0.96-1.24
du (Methylene) 1.25-1.40
Hydroxycitronellal ou (OH) 3.58-3.65
1,3-propanediol S (Methine) 1.65-4.19
acetal du (1,3-dioxane) 1.88-4.69
du (Methyl) 0.96-1.24
du (Methylene) 1.25-1.55

Table 6. Composition of carbon and hydrogen element in acetal derivatives

Element Composition (%)

Compounds C H Reference
Hydroxycitronellal dimethyl acetal 66.06 11.93
Hydroxycitronellal 1,2-ethanediol acetal 66.67 11.11 [62]
Hydroxycitronellall,3-propanediol acetal 67.83 11.30

Method of repellency test using human assay

The neutral soap will be used to wash the forearm and
hand of a human subject. The forearm and hand will be
thoroughly rinsed and dried for 10 min before apply
synthesized compound. The hand will be wear a glove
to protect against bites [83]. The forearm will be covered
using a paper sleeve with a 25 mm circle to expose the
skin. 3 mL product will be applied to the skin. The other
forearm will be protected with a same paper sleeve
without applying any products to the skin as a control.
20 mosquitoes will be placed in 20 X 20 X 20 cm cages.
The cage will have a cotton stockinet on the front, clear
glass at the back and top, an aluminum sheet bottom and
screen on the sides. The test must be 27 °C temperature.
Test will be conducted by placing the forearm with the
repellent into a test cage for 5 minutes [84]. After 5
minutes of repellent application the stopwatch will be
started. Every 30 minutes will be recorded as protection
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time until the test subject received a mosquito bite.
Protection time will be recorded as the period time
between repellent application and the observation period
until the forearm obtain a bite. If no bites in 90 min, test
will be stopped and protection time will be recorded as
90 minutes. It will be considered as a bite if a mosquito
attempt to insert its stylets [83]. For the rare case, if there
is no mosquito bite on the without repellent application
arm during the observation, the trial will be stopped and
will be repeated with new mosquito batch. This situation
is to make sure that no bites is due to the repellent
compound. Every synthesized compound will be used
three times on the subject [10]. Each of the product will
be tested once a day. Since, there are three different
acetal derivatives that will be obtained, so the repellence
test will be taken 9 days to complete it. Each of the
repellency test will be conducted at night.
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Method of repellency test using animal assay

The soap will be used to wash the abdomen of 4 mice
and dried the mice for 20 minutes. The fur of mice’s
abdomen has been shaved in square shape of 2.5 cm x 2
cm. Hydroxycitronellal oil has been applied to first mice
on its skin, which acts as controlled mice. Then, the
remaining mice’s have been applied hydroxycitronellal
dimethyl acetal, hydroxycitronellal 1,2-ethandiol acetal
and hydroxycitronellal 1,3-propanediol acetal. Then,
they have prepared a cylindrical applicator with the
diameter 5.5 cm and height of 12 cm with a square
opening area of 2 cm x 2 cm at the lower end [25]. The
applicator has been filled with 30 mosquitoes. The test

Table 7. The repellence time of the

has been repeated three times to obtain an average
protection time of mice against mosquitoes.

Protection time of mice against mosquitoes
According to result, the first mice which has been
applied to hydroxycitronellal oil has the shortest
protection time. The last mice which have been applied
with hydroxycitronellal 1,3-propanediol acetal has the
longest protection time. Table 7 shows the repellence
times of synthesized hydroxycitronellal derivatives
which are hydroxycitronellal dimethyl acetal,
hydroxycitronellal 1,2-ethanediol acetal and
hydroxycitronellal 1,3-propanediol acetal.

compounds against mosquitoes

Repellence Times (min)

Compounds Number of Trial Reference
1 2 3

Hydroxycitronellal 10 8 9

Hydroxycitronellal dimethyl acetal 20 18 29 [10, 25]

Hydroxycitronellal 1,2-ethanediol acetal 30 28 40 ’

Hydroxycitronellal 1,3-propanediol acetal 60 58 57

Protection time of human against mosquitoes

According to the result, the first human hand which has
been applied to hydroxycitronellal oil has the shortest
protection time. The last human hand which has been
applied with hydroxycitronellal 1,3-propanediol acetal

Table 8. The repellence time of the

has the longest protection time. Table 8 lists the
repellence times of synthesized hydroxycitronellal
derivatives which are hydroxycitronellal dimethyl
acetal, hydroxycitronellal 1,2-ethanediol acetal and
hydroxycitronellal 1,3-propanediol acetal.

compounds against mosquitoes

Repellence Times (min)

Compounds Number of Trial Reference
1 2 3
Hydroxycitronellal 10 8 9
Hydroxycitronellal dimethyl acetal 20 18 29 (10, 25]
Hydroxycitronellal 1,2-ethanediol acetal 30 28 40 ’
Hydroxycitronellal 1,3-propanediol acetal 60 58 57

Conclusion
DEET, IR3535 and citronellal are initially used for
mosquito repellent because of the potential protection
time and release rate. However, DEET and IR3535
recently have been reported to have high potential effect
towards human health and surroundings. Citronellal oil,

plant-based oil has similar efficacy as mosquito
repellent compared to the commercial repellents. The
green oil undergoes hydrolysis process to produce
hydroxycitronellal oil and recently hydroxycitronellal
oil undergo acetalization process to produce its
derivatives. The modification of functional groups of
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green citronellal oil has been take place to improve the
protection time and efficacy. During the synthesis
process, acid catalysts can improve in protection time.
However, by using green -catalyst which is J-
cyclodextrin, it can form inclusion complex. The
complex improves the release rate mosquito repellent.
The usage of solvent in acetalization can improve to
percentage yield of our desired product. Benzene,
carbon tetrachloride, chloroform, toluene, acetone and
xylene are listed in red solvents. This is due to one of the
solvents which is benzene has carcinogenic potential
towards human and animal through primary exposure of
benzene which is through inhalation. There are many
alternatives solvents which can be used for this reaction
such as water, glycerol and polyethylene glycol. The
alternatives solvents are not just green solvents but it can
contribute to the reaction to obtain products with better
percentage yield. Green synthesis of mosquito repellent
can be undergoing by wisely selecting potential plant-
based starting material, non-hazardous solvent and
green catalyst. Apart from that, there are two types of
assays to examine our mosquito repellent products
which are human assay and animal assay. Acetal
derivatives of hydroxycitronellal oils have promising
protection time. The derivatives have promising release
rate and volatility which affected by their molecular
weight and inter-molecular bonding.
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