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Abstract. Perfume is a product designed to mask or eliminate unpleasant
odors and impart a pleasant fragrance to the body, rooms, or various
objects. One synthetic ingredient commonly added to fragrances is a schiff
base, a compound formed through a condensation reaction between an
aldehyde and an amine. Schiff bases enhance the chemical and thermal
stability of fragrances due to their distinctive and long-lasting aroma. One
such compound, vertosin, is known for its strong green, citrus, and herbal
scent and is suitable for personal care products. This research aimed to
synthesize vertosin via a condensation reaction between triplal and methyl
anthranilate under varying temperatures and durations, and to
characterize the resulting product using Gas Chromatography-Mass
Spectrometry (GCMS). The study employed a combination research
method consisting of synthesis, characterization, and data analysis. The
synthesis was conducted at temperatures of 90, 100, and 110°C for 30 and
60 minutes. Characterization included organoleptic tests (color and odor),
density and specific gravity measurements, and compound confirmation
using GCMS. Data analysis was performed using two-way ANOVA. The
results showed that the optimal condition for vertosin synthesis was at
110°C for 60 minutes, vyielding the highest concentration. Mass
spectrometric fragmentation patterns confirmed the product as methyl 2-
[[(E)-2,4-dimethyl-1-cyclohex-3-enylidene)methyllamino]benzoate with a
molecular weight of 271 g/mol. The synthesized vertosin had a green, lily,
orange blossom, fruity, floral scent, an orange color, and average density
and specific gravity values of 1.092 and 1.094, respectively, which were in
accordance with standard specifications
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Introduction

Fragrances or perfumes are an integral
part of daily life, widely used to eliminate un-
pleasant odors and impart pleasant scents to the
body, rooms, and various objects [1]. These prod-
ucts are typically formulated from fragrance ba-
ses—complex mixtures of aromatic compounds,
both natural and synthetic, that create character-
istic scents when blended [2, 3]. One class of
compounds commonly added to enhance fra-
grance performance and longevity is schiff bases.

Schiff bases are compounds formed
through the condensation of aldehydes and pri-
mary amines, producing water as a by-product.
In the fragrance industry, schiff bases derived
from methyl anthranilate and aromatic alde-
hydes such as triplal are of particular interest due
to their ability to improve the chemical stability
and volatility profiles of perfume formulations [4-
6]. One notable schiff base is vertosin, which ex-
hibits a distinctive green, citrus, and herbal aro-
ma—traits that are valuable in body care and
home fragrance products [7, 8].

Vertosin is synthesized via a condensa-
tion reaction between methyl anthranilate and
triplal, a process that is influenced significantly
by reaction parameters such as temperature and
time [9]. Optimization of these parameters is
critical, as they directly affect the yield and purity
of the product [3, 10]. While previous research
has explored schiff base synthesis for related
compounds like aurantiol [3, 11], the optimal
synthesis conditions for vertosin remain unex-
plored.

Moreover, schiff bases are not only val-
ued for their olfactory properties but also for
their biological activities, such as antimicrobial,
antioxidant, and anti-inflammatory effects, which
could potentially contribute to fragrance longevi-
ty and stability [12, 13]. Characterization of these
compounds is commonly carried out using Gas
Chromatography—Mass Spectrometry (GC-MS),
which enables detailed analysis of their molecu-
lar structure and fragmentation patterns [5].

This study aims to synthesize vertosin
through a condensation reaction using varying
temperatures (90°C, 100°C, and 110°C) and dura-
tions (30 and 60 minutes), followed by character-
ization using GC-MS, organoleptic tests, refrac-
tive index, density, and specific gravity measure-
ments. Two-way ANOVA will be employed to de-

termine the statistically significant effects of tem-
perature and time on the yield and quality of the
synthesized schiff base.

While the synthesis and characterization of
other schiff bases, such as aurantiol and verdantiol,
have been documented, comprehensive optimiza-
tion studies specifically targeting vertosin have not
yet been reported. This study is the first to investi-
gate the optimal synthesis conditions for vertosin
using a systematic statistical approach and to char-
acterize the compound’s GC-MS fragmentation
pattern in detail. The findings will provide valuable
insights into improving the formulation of stable
and long-lasting fragrances in the cosmetic and fra-
grance industries.

Experimental
Materials and Instruments

The materials used in this study included
triplal, methyl anthranilate, distilled water, 95% eth-
anol, and 99% ethanol. Instruments employed com-
prised beakers, spatulas, test tubes, droppers, ther-
mometers, magnetic stirrers, analytical balances,
hotplates, retort stands with clamps, test papers,
pycnometers, vials, and a Gas Chromatography-
Mass Spectrometry (GC-MS) Agilent Technologies
5975C.

Research Methodology

This research employed a mixed-method
approach, integrating both qualitative and quantita-
tive analysis, as the synthesis of the schiff base com-
pound vertosin has been rarely reported. The study
consisted of three main stages: synthesis, character-
ization, and data analysis. The synthesis process in-
volved weighing the starting materials (methyl an-
thranilate and triplal) followed by a condensation
reaction carried out at varying temperatures (90°C,
100°C, and 110°C) and reaction times (30 minutes
and 60 minutes). Characterization of the synthe-
sized compound included organoleptic tests (color
and odor), density and specific gravity measure-
ments, and compound confirmation via GC-MS. Da-
ta were analyzed using two-way ANOVA.

Synthesis of Schiff Base Vertosin. Triplal (5
g) and methyl anthranilate (6.5 g) were weighed
according to the theoretical molar ratio of 100:130
[14]. The components were mixed and stirred until
a color change from colorless to yellow was ob-
served, with the reaction time recorded. The mix-
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ture was stirred using a magnetic stirrer and
heated on a hotplate at various temperatures
(90°C, 100°C, and 110°C) for either 30 or 60
minutes, depending on the treatment group.

Organoleptic Tests. Organoleptic proper-
ties including odor and color were assessed.
Odor test: paper strips were labeled and dipped
in either the sample or reference solutions to a
depth of 1 cm. After drying, the strips were
placed on an acrylic board, and the odors were
compared by five trained panelists in a well-
ventilated room. Color test: sample and refer-
ence solutions were poured into test tubes to %
full. Color comparisons were made visually from
vertical (top view) and horizontal (side view) an-
gles against a white background.

Density and Specific Gravity Measure-
ments. Measurements were conducted using a
10 mL pycnometer at room temperature (25°C).
First, the pycnometer was calibrated and filled
with distilled water; the mass was recorded. It
was then emptied, cleaned with ethanol, and
dried. The schiff base vertosin sample was meas-
ured using the same procedure.

Volume determination of pycnometer (Vp):

b —
Vp({mL) = paii} (1)

Where, a : mass of empty pycnometer (g); b :
mass of pycnometer with water (g); pwater :
density of water at 20°C (0.998 g/mL).

Density Calculation:
. c—ia
Density = - (2)

Where = c : mass of pycnometer with vertosin

(8).

Specific Gravity Calculation:
P vertosine

SG=—"-"7"— 3
' pair 3

Results were compared to industry
standards and analyzed for trends across temper-
ature and reaction time variations.

Compound Confirmation by GC-MS. Ver-
tosin was diluted to 10% in 99% ethanol before
GC-MS analysis. Instrument conditions for GC-MS
are provided in Table 1, based on Supriyono et al.
[11].

Table 1. GC-MS operating conditions

Parameter Specification
GC-MS Model Agilent Technologies 5975C
Column HP Innowax capillary column, 30
m x 0.2 mm, 0.25 um
Carrier Gas Pressure 7.05 Psi
Triple Quadrupole Mass Spec-
Detector trometer (TQMS)
Injector Temperature 100°C
Injection Volume 0.2 uL
Injection Mode Split
Split Ratio 80:1
Column Temperature 150°C (5 min), ramp 15°C/min to
Program 250°C (hold 5 min)
Total Run Time 20 minutes

Data Analysis. A factorial randomized block
design (RBD) with three replications was used. The
experimental design involved two factors: synthesis
temperature (90°C, 100°C, 110°C) and synthesis
time (30 minutes and 60 minutes), resulting in 18
experimental units. Data were analyzed using two-
way ANOVA via SPSS version 26 to assess the signifi-
cance of main and interaction effects. A further
Least Significant Difference (LSD) test was conduct-
ed to determine specific group differences. Hypoth-
eses:

HOa: Temperature variation does not significantly
affect vertosin concentration.

Hla: Temperature variation significantly affects ver-
tosin concentration.

HOb: Reaction time variation does not significantly
affect vertosin concentration.

H1lb: Reaction time variation significantly affects
vertosin concentration.

HOc: The interaction of temperature and time does
not significantly affect vertosin concentration.

Hlc: The interaction of temperature and time sig-
nificantly affects vertosin concentration.

Result and Discussion
Synthesis of Schiff Base Vertosin

The formation of vertosin before and after
the condensation reaction is illustrated in Figure 1.
As shown in Figure 1(a), the compound vertosin had
not yet formed. Two cloudy, light-yellow phases
were observed, which were attributed to the
starting materials. Upon synthesis (Figure 1b), the
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mixture changed to a darker yellow-orange, indi- As illustrated, water is released as a by-
cating the formation of vertosin as confirmed by product, with the oxygen atom from the aldehyde
the color change and increased homogeneity. (triplal) combining with two hydrogen atoms from
This transformation is associated with a conden- the amine (methyl anthranilate), yielding the schiff

sation reaction between the aldehyde (triplal) base methyl 2-[[(E)-(2,4-dimethyl-1-cyclohex-3-
and the amine (methyl anthranilate), involving enylidene)methyl]amino]benzoate, known as ver-
the elimination of a water molecule and the for- tosin.

mation of a new schiff base compound, vertosin. Characteristics of Schiff Base Vertosin

The condensation was carried out at var-
ying temperatures to accelerate the reaction,
facilitate the removal of water, and prevent bi-
phasic product separation, in accordance with
the findings of Madiabu et al. [12]. The reaction
mechanism is illustrated in Figure 2.

Organoleptic  Properties.  Organoleptic
testing is essential for evaluating the quality of syn-
thesized schiff bases. Odor assessment was conduct-
ed by five trained panelists. Results are summarized
in Table 2.

The odor characteristics arise from the vola-
tile nature of the constituent compounds. Triplal
(aldehyde) contributes to the green scent, while
methyl anthranilate (amine) imparts floral and or-
ange blossom notes. The variation in odor profiles
corresponds to the volatility of each compound,
affecting their position as top, middle, or base notes
[11, 15]. Odor testing was conducted after the sam-
ple cooled to room temperature (~30 minutes post-
synthesis).

At lower synthesis temperatures and short-
er durations (e.g., 90°C, 30—60 min), fruity top notes
were still detectable. However, higher temperatures
and longer synthesis times (e.g., 110°C, 60 min) re-

Figure 1. Formation of vertosin: (a) Before
condensation reaction; (b) After condensa-
tion reaction

NH,
/C|H\ ﬁ c|: CT /E\ |
H(|:| C|H—CH HC/ \c—c—o -H,0 HC? Nc—C—0—CH,
P ’ <|: |<|: <|: “‘|’\ |l
HsC e H \c/ H Hs N S=H Hy
2 H H N ¢
CHT N\
/ /CH2
_CH
HyC \C¢C\
H CH,
Figure 2. Reaction scheme of vertosin formation [12]
Table 2. Odor evaluation of vertosin
Temperature (°C) Time (min) Odor Description Reference Odor Conclusion
Green, Floral
. . ’ ' Closest to standard:
90 30 Green, Floral, Lily, Fruity Orarfge blo§som, 110°C, 60 min
Lily, Fruity
90 60 Green, Floral, Lily, Fruity
100 30 Aldehydic, Fruity, Green, Floral
100 60 Green, Lily, Orange blossom
110 30 Green, Lily, Floral, Orange blos-
som, Herbal
110 60 Green, Lily, Orange blossom,

Fruity, Floral
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sulted in diminished top notes, with stronger
presence of middle and base notes. This suggests
that volatile components like triplal (bp 196°C)
evaporate more readily under these conditions,
while methyl anthranilate remains and contrib-
utes to the persistent scent of vertosin. The visu-
al color characteristics under various synthesis
conditions are summarized in Table 3.

All samples fell within the acceptable
color range for standard vertosin (yellow to or-
ange). Higher temperatures and longer reaction
times resulted in deeper color intensity, indi-
cating increased formation of the target com-
pound. This observation is consistent with schiff
base reactions, where darker coloration can oc-
cur due to Maillard-type browning reactions be-
tween primary amines and aldehydes, forming
melanoidin compounds [4, 16].

Density and Specific Gravity. Average
values for density and specific gravity measured

by pycnometry are presented in Table 4. The densi-
ty and specific gravity values of all samples were
within the acceptable specification range. These
parameters increased with rising temperature and
extended reaction time, indicating a higher concen-
tration of synthesized vertosin. This trend aligns
with the principle that the greater the mass per unit
volume, the higher the density and specific gravity
[17].

Identification of Schiff Base Vertosin Com-
pound. The identification of the synthesized schiff
base compound, vertosin, was conducted using Gas
Chromatography—Mass Spectrometry (GC-MS). The
mass spectrum provided information on molecular
fragmentation patterns, which were analyzed based
on similarity percentage, base peak intensity, and
comparison with a standard reference spectrum of
vertosin from Symrise. The average values of reten-
tion time (RT), similarity index, and area percentage
concentration data are summarized in Table 5.

Table 3. Color observation of vertosin

Temp (°C) Time (min)

Observed Color

Reference Color Conclusion

Yellow—-Orange All within standard range

90 30 Yellow

90 60 Yellow

100 30 Dark Yellow—Yellow-Orange
100 60 Light Orange—Orange
110 30 Yellow-Orange—Light Orange
110 60 Orange

Table 4. Average density and specific gravity of vertosin

Temp (°C) Time (min) Density (g/cm3) Standard [9] Specific Gravity Standard [9]

90 30 1.088
90 60 1.089
100 30 1.090
100 60 1.091
110 30 1.091
110 60 1.092

1.077-1.094 1.090
1.091
1.092
1.093
1.093

1.094

1.079-1.096

Table 5. Average retention time, similarity index, and area percentage
concentration of synthesized schiff base vertosin

. Reaction Time
Synthesis Temperature (°C) :

Retention Time Similarity Concentration of Vertosin

(minutes) (RT) (%) (% Area)

Symrise Standard - 39.376 99 85.30
90 30 39.356 97 75.53°

60 39.351 98 77.57°

100 30 39.354 98 78.06°

60 39.358 99 79.06°

110 30 39.359 98 80.26°

60 39.356 99 84.21

Note: Different superscript letters indicate statistically significant differences.
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All synthesized vertosin samples demonstrated a
similarity index exceeding 90%, confirming struc-
tural resemblance to the Wiley Library standard
of vertosin. The average retention time ranged
from 39.351 to 39.376 minutes, indicating con-
sistency with the standard.

Statistical analysis revealed that varia-
tions in synthesis temperature, reaction time,
and their interactions significantly affected the
concentration of synthesized vertosin (Sig. 0.000
< 0.05). The calculated F-values exceeded the 5%
critical F-value, further supporting the signifi-
cance of these factors. Thus, the alternative hy-
potheses (Hla, H1lb, Hlc) were accepted, and
post hoc analysis was conducted. The post hoc
LSD test confirmed that all treatment combina-
tions significantly differed from one another. The
highest vertosin concentration was observed at
110°C for 60 minutes, indicating this condition as
the optimal synthesis setting.

Chromatograms of synthesized vertosin
(Figure 3) closely resembled that of the symrise
standard (Figure 4), suggesting successful synthe-
sis. Similar chromatographic patterns were ob-

Abundance

Methyl anthranilate

Triplal

8,452
10.611

TIC: VERTOSINT {1060 D'datams.
26f7T

served for all treatment repetitions, with the best
match achieved at 110°C and 60 minutes. At this
optimal condition, vertosin with the molecular for-
mula Ci7H»NO, (molecular weight = 271.36 g/mol)
was identified at a retention time of 39.327
minutes, exhibiting 99% similarity. The late elution
of the vertosin peak was attributed to its high mo-
lecular weight and strong interactions with the sta-
tionary phase.

As reported by Darmapatni et al. [18], deri-
vatization is often necessary for large, polar mole-
cules that are not readily volatile due to intermolec-
ular hydrogen bonding. Blocking these polar groups
increases volatility and improves GC-MS detection.

Further confirmation of compound identity
was obtained through mass spectral fragmentation
analysis. According to Sakiah [19], molecular struc-
ture elucidation via mass spectrometry relies on
interpreting characteristic fragmentation patterns.
The mass spectrum of synthesized vertosin (Figure
5) aligned with that of the standard (Figure 6), espe-
cially for the sample synthesized at 110°C for 60
minutes.

Vertosin

w227
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|
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Figure 3. Chromatograms of synthesized vertosin at 110°C for 60 minutes
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Figure 4. Chromatograms of the symrise standard
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The mass spectrum of this sample exhib-
ited a base peak at m/z =271.1, corresponding to
the molecular ion (M*) of methyl 2-[[(E)-(2,4-
dimethyl-1-cyclohex-3-enylidene)methyl]lamino]
benzoate (vertosin). Fragmentation peaks ob-
served at m/z = 256.1, 244.1, 196.1, 151.1, and
138.1 were consistent with the proposed struc-
ture and its degradation pathways, as illustrated
in Figure 5. These fragmentation patterns con-
firmed the identity of the synthesized compound
as methyl 2-[[(E)-(2,4-dimethyl-1-cyclohex-3-
enylidene)methyllamino]benzoate (vertosin)
with a molecular weight of 271 g/mol.

Conclusion

The optimal synthesis condition for schiff
base vertosin was achieved at 110°C for 60

minutes, resulting in the highest concentration and
a GC-MS fragmentation pattern consistent with me-
thyl  2-[[(E)-(2,4-dimethyl-1-cyclohex-3-enylidene)
methyl]lamino]benzoate (vertosin) with a molecular
weight of 271 g/mol. The synthesized compound
exhibited a green, lily, orange blossom, fruity, and
floral scent, orange coloration, and average density
and specific gravity values of 1.092 and 1.094, all
within the standard specification range for vertosin.
Although this condition produced optimal results, it
is recommended that vertosin be used at low con-
centrations in fragrance formulations to minimize
potential color changes in the final product. Further
studies are necessary to explore the effects and ide-
al concentrations of schiff base vertosin in various
product applications.

*m/z =224.1: Further loss from cyclohexenering
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*m/z = 196.1: Additional homolytic cleavage

- HC=——CH,
J——

m/z=196,1

*m/z =151.1 and 138.1: Correspond to methylanthranilate and triplal, respectively

CHy
e
¢
N

NH,

HC/C\Cfo
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Figure 5. Fragmentation of proposed structure and its degradation pathways
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