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ABSTRACT: Methyl eugenol is a naturally occurring substance found in the essential oils of several plant species. 
It is a cheap and abundant material with a rather limited interest as perfuming ingredient. This research investigated the 
structure-odour relationship of methyl eugenol and its derivatives, focusing on the chemical transformation of the 
double bond to hydroxyether derivatives in a controlled manner. Two derivatives 2-(4-ethyl-3-methoxybenzyl)oxirane 
(68.8% yield) and 1-(3,4-dimethoxyphenyl)-3-ethoxypropan-2-ol (63.58% yield), were synthesized from methyl 
eugenol. This research found that the odour characteristic of 2-(4-ethyl-3-methoxybenzyl)oxirane[floral, fresh, slight 
lime and sweet]compounds, is clearly different from the odours of the 1-(3,4-dimethoxyphenyl)-3-ethoxypropan-2-ol 
[Glue-like, pungent, and Caramel-like]. It is evident from our observations that double bond substitution and functional 
alteration of the methyl eugenol modifies the perceived odour of methyl eugenol derivative. Thus, structural 
modification overall led to an increase in odour potency. 
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The chemistry behind smell is complex and 
fascinating. Until the end of the nineteenth century, 
perfumers worked with a relatively small number of 
materials, which were naturally derived, and they 
created a correspondingly small range of fragrance 
types and expensive end-product, primarily in the 
citrus and floral families. (Antoniotti, 2014; Harman, 
2002). The explosive growth of organic chemistry at 
the end of that century made innumerable new 
materials available to the perfumer, necessitating a 
rational method of fragrance creation (Harman, 2002). 
A great deal has been achieved in both the 
understanding of the biology of smell (olfaction) as 
well as the development of new and unique fragrances 
(Sell, 2006) via chemical modifications. The 
connections between chemical constitution on the one 
hand, and odour on the other, have been continually 
studied for many years (Serra et al., 2005; Ohloff et 
al., 1994; Ohloff, 1992; Buck and Axel, 1991), but the 
precise mechanism underlying this effect is not 
understood. In another word, we still lack an 
understanding of why chemicals smell the way they 
do. For instance, substances with very similar 
molecular structures (stereoisomers) may give rise to 
odours that are quite different from each other, as in 
the case of (-)-Carvone and (+)-Carvone (Noma and 
Asakawa 2010; Brookes et al., 2009; Engen, 1982). On 
the other hand, molecules with different structures can 
produce very similar odours. Example, vanillin, p-

nitroguaiacol, and p-cyanoguaiacol all have similar 
odours, but varying in strength. 
 

 
 

 
Fig 1: Structures of (S)-(-), (R)-(+) Carvone, Vanillin, p-

nitroguaiacol, and p-cyanoguaiacol 

 
However, the studies of odour and the structure of the 
odour-causing molecules have revealed some 
correlation. The olfactory quality of a fragrant material 
is correlated to the presence and concentration of 
impact odorant molecules and it varies depending on 
the structure (Börsch, 2007; Ernest, 2007; Prem, 
2004). Nowicki and Góra (1993) studies on the 
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structure of fragrant substances have shown that 
introducing changes in the spatial structure of the 
molecule can also affect the osmotic or aromatic 
properties of the compound. Thus, if we modify these 
odorant molecules (functional groups) either by 
replacing them with another or by changing their 
structural position, then it could tend to alter the smell 
or its interaction with the noise receptor. Previous 
studies have shown that stereochemical factors most 
affecting the flavour are the configuration of the 
double bond, and the configuration of chiral centres 
(Groussin and Antoniotti 2012; Harman, 2002; Woker, 
1906). Accordingly, a simple rearrangement of the 
allyl function in an odorant can lead to drastic changes 
in odour quality. It is, therefore, possible to improve 
the olfactory quality of a fragrant material by chemical 
modification. Methyl eugenol is a naturally occurring 
substance found in the essential oils of several plant 
species. It is an abundant material but with limited 
interest as fragrance and flavouring ingredient. 
 

CH2O

O
CH3

CH3

 
Fig 2: Structure of methyl eugenol (1, 2-dimethoxy-4-(prop-2-en-

1-yl) benzene) 

 
Some examples of common culinary herbs and spices 
that contain methyl eugenol are basil, tarragon, 
lemongrass, citronella, bay leaf, nutmeg, allspice, tea 
tree, cloves and mace. Methyl eugenol is also reported 
to have been found in oranges, bananas and grapefruit 
juice (Johnson and Abdo, 2005; Smith et al., 2002). 
Commercially prepared foods in which methyl 
eugenol may be found include ice cream; baked goods 
such as cookies, pies, pastries and buns; puddings and 
other gelatine-based desserts; condiments, soups and 
sauces, especially pesto; various meat products; candy 
and chewing gum; and beverages made with spices and 
herbs containing methyl eugenol (Council of Europe, 
2001). Methyl eugenol could be modified by the 
chemical transformation of the double bond present to 
hydroxyether derivatives in a controlled manner. 
Chemical modification of methyl eugenol would be 
valuable if olfactory properties such as binding ability, 
volatility, and compatibility are concomitantly 
improved. Therefore, chemical modification of methyl 
eugenol molecular framework to introduce 
hydroxyether function(s), would be expected to 
generate more fragrant entity. A lot of work has been 
done on the metabolism of methyl eugenol (Xing et al., 
2011; Gardner et al., 1997; Health Canada, 2007) but 
fewer in the area of fragrance enhancement. Also, 
despite the rich literature on the chemistry of epoxide 
and ring-opening, to the best of our knowledge, there 
are no reports concerning epoxide ring-opening of 

methyl eugenol epoxides by using alcohols. This paper 
will cover the epoxidation of methyl eugenol using 3-
Chloroperbenzoic acid (mCPBA) and ring opening of 
the epoxide formed with alcohol. 

 

MATERIALS AND METHODS 
Material: Methyl eugenol was purchased from Sigma 
Aldrich Company, USA. Solvents (n-hexane, acetone, 
ethyl acetate) were purchased from Fab Laboratory 
Nigeria Enterprise, Jos. 3-Chloroperbenzoic acid 
(mCPBA) was purchased from Acros Organics, USA. 
Other solvents and chemicals (Hydrogen peroxide, 
methanol, ethanol, dichloromethane, diethyl ether, 
hydrochloric acid, sodium hydroxide, sodium acetate, 
sodium bicarbonate, anhydrous sodium sulphate and 
sodium metal)were obtained from the Chemical Store, 
Nasarawa State University, Keffi. All chemicals were 
used as received. Silica gel and Thin-layer 
chromatography (TLC) plates were purchased from 
Fab Laboratory Nigeria Enterprise, Jos. 
 
Instrumentation: The instrumentation used in this 
research was Nuclear Magnetic Resonance 
spectrometer (BRUKER TOPSPIN 300 MHz), located 
in Bioscience and Biotechnology Division, Los 
Alamos National Laboratory, Los Alamos, New 
Mexico, USA. 
 
Experiment Procedure: Epoxidation of Methyl 
Eugenol: 3-Chloroperbenzoic acid (51.30 g, 297.27 
mmol), sodium bicarbonate (8.0 g, 95.23mmol) and 
200 cm3 methylene chloride were placed in 500cm3 
round-bottom flask cooled by immersion in an ice-
water bath. The reaction was stirred with a magnetic 
stirrer. In another flask, methyl eugenol (10.0 g, 56.08 
mmol) was dissolved in methylene chloride (20 cm3). 
The solution of methyl eugenol in DCM was added 
dropwise to a stirred mixture of mCPBA and NaHCO3. 
A pale yellow solution was formed. Following the 
addition of methyl eugenol, the reaction was stirred for 
additional 30min. The cooling bath was removed and 
the reaction was allowed to attain room temperature 
and stirred overnight. After 24h, the reaction was 
monitored by TLC [Silica gel; ethyl acetate: hexane, 
3:7 v/v]. Thin-layer chromatography showed the 
reaction to be complete (no starting material spot in the 
reaction). To the reaction, methylene chloride (250 
cm3) and 5% NaHCO3 solution (200 cm3) was added. 
The mixture was transferred to a separatory funnel. 
The methylene chloride layer (lower) was removed. 
The aqueous phase was extracted with fresh methylene 
chloride (100 cm3). The combined organic phase was 
washed successively with brine (200 cm3), dried 
(anhydrous Na2SO4), and filtered. The solvent was 
removed under reduced pressure (Rotary evaporator) 
to give a crude product. The crude was purified by 
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column chromatography.  Fractions corresponding to 
the product were pooled and the solvent removed 
(Rotary evaporator) to afford the product [2-(4-ethyl-

3-methoxybenzyl) oxirane (methyl eugenol epoxide)] 
as a yellow, oily liquid [weight = 7.5 g, percentage 
yield = 68.8]. Product was analysed (1H-NMR) (Fig 3). 

 
Scheme 1: Conversion of methyl eugenol to 2-(4-ethyl-3-methoxybenzyl) oxirane (Methyl eugenol epoxide) 

 
Epoxide Ring Opening: Ethanol (75 cm3) was placed 
in 1 L beaker. The beaker was cooled with an ice-water 
bath. Concentrated sulphuric acid (6 drops) was added 
to the ice-cold ethanol. The mixture was allowed to stir 
for 5min. Separately, methyl eugenol epoxide (2.8 g, 
214.42 mmol) was dissolved in ethanol (25 cm3) and 
added dropwise over 5 min to a stirred mixture of 
ethanol and H2SO4. The reaction mixture was stirred 
in the ice bath for an additional 20 min. The ice bath 
was removed and the mixture was allowed to stir at 
room temperature overnight. After 24h, the reaction 
was monitored by TLC [Silica gel; ethyl acetate: 
hexane, 3:7 v/v]. To the reaction, methylene chloride 
(250 cm3) and 5% NaHCO3 solution (200 cm3) was 
added. The mixture was transferred to a separatory 

funnel. The methylene chloride layer (lower) was 
removed. The aqueous phase was extracted with fresh 
methylene chloride (100 cm3). The combined organic 
phase was washed successively with brine (200 cm3), 
dried (anhydrous Na2SO4), and filtered. The solvent 
was removed under reduced pressure (Rotary 
evaporator) to give a crude product. The crude was 
purified by column chromatography. Fractions 
corresponding to the product were pooled and the 
solvent removed (Rotary evaporator) to afford the 
product [1-(3, 4-dimethoxyphenyl)-3-ethoxypropan-
2-ol] as a brick red, oily liquid [weight = 2.2 g, 
percentage yield = 63.5]. Product was analysed (1H-
NMR) (Fig 5). 

 
Scheme 2: Conversion of 2-(4-ethyl-3-methoxybenzyl) oxirane (Methyl eugenol epoxide) to 1-(3, 4-dimethoxyphenyl)-3-ethoxypropan-2-ol 

[DMPEP] (Ring opening) 

 

RESULTS AND DISCUSSION 
2-(3,4-dimethoxybenzyl)oxirane: The compound 2-(3, 4-
dimethoxybenzyl) oxirane (68.8% yield) was synthesized from methyl 
eugenol. It has Rf 0.6 by TLC [Silica gel; ethyl acetate: hexane, 3:7 v/v] 
which was lower than the Rf 0.83 by TLC [Silica gel; ethyl acetate: 
hexane, 3:7 v/v] of methyl eugenol (starting material) as a result of a 
polar group (oxygen) introduced. 1H-NMR was characterised (Fig 3). 
 

 
Fig 3: 1H-NMR spectrum of 2-(4-ethyl-3-methoxybenzyl) oxirane (Methyl eugenol 

epoxide) 
Chemical shift and multiplicity are in agreement and fully matched 
spectra of the compound simulated using nmrdb.org (Fig 4) and 

chemdoodle.com simulator. Based 
on the questionnaire analysis, 2-
(3,4-dimethoxybenzyl)oxirane was 
characterized by floral (40%), fresh 
(20%), slight lime (10%) and sweet 
(30%) qualities. On the odour scale, 
40% agree 2-(4-ethyl-3-
methoxybenzyl) oxirane has a 
medium-strong odour, while 60% 
agree with Strong Odour (Table 1).  
 
Synthesis of DMPEP: 1-(3,4-
dimethoxyphenyl)-3-ethoxypropan-
2-ol [DMPEP] (63.5% yield) was 
synthesized from 2-(3,4-
dimethoxybenzyl)oxirane.  
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Fig 4: Simulated 1H-NMR spectrum of 2-(3,4-dimethoxybenzyl)oxirane (Methyl eugenol 

epoxide) from nmrdb.org 

 

 
Fig. 5: 1H-NMR spectrum of 1-(3,4-dimethoxyphenyl)-3-ethoxypropan-2-ol (Ring-

opening) 

 
Fig 6: Simulated 1H-NMR spectrum of 1-(3, 4-dimethoxyphenyl)-3-ethoxypropan-2-ol 

(Ring-opening)from nmrdb.org 

 
Table 1: Odour Test Results for 2-(3,4-dimethoxybenzyl)oxirane 

Smell Test Odour concentration 
Floral 40% Medium-strong odour  40% 
Fresh 20% Strong Odour 60 % 
Slight lime 10%   
Sweet 30%   

 
Table 2: Odour Test Results for 1-(3, 4-dimethoxyphenyl)-3-ethoxypropan-2-ol 

Smell Test Odour concentration 
Glue-like 60% Medium-

strong 
odour 

 30% 

Pungent 30% Strong 
Odour 

70 % 

Caramel-like 10%   

The alcohol is more polar than the 
starting material (epoxide) because 
of the addition of an -OH group, 
hence, 1-(3,4-dimethoxyphenyl)-3-
ethoxypropan-2-ol has a lower Rf 
(0.29) [Silica gel; ethyl acetate: 
hexane, 3:7 v/v] compared to Rf 
(0.6) [Silica gel; ethyl acetate: 
hexane, 3:7 v/v] for starting 
epoxide. 1H-NMR was 
characterised (Figure 5). Chemical 
shift and multiplicity were in 
reasonable agreement with the 
spectra of the compound simulated 
using nmrdb.org (Figure 6) and 
chemdoodle.com simulator. The 
questionnaire analysis shows that 1-
(3,4-dimethoxyphenyl)-3-
ethoxypropan-2-ol was 
characterized by glue-like (60%), 
pungent (30%), and caramel-like 
(10%) qualities. On the odour scale, 
30% agree 1-(3,4-
dimethoxyphenyl)-3-ethoxypropan-
2-ol has a medium-strong odour, 
while 70% agree with a strong odour 
(Table 2). 
 
Conclusion: The synthesised 
compounds have different odour 
which make them readily 
distinguishable from each other. The 
odour qualities change of the 
products depend significantly on the 
substitution. The epoxidation of 
methyl eugenol and ring opening of 
the oxirane with ethanol yielded (2-
(4-ethyl-3-methoxybenzyl) oxirane 
(68.8% yield) and (1-(3,4-
dimethoxyphenyl)-3-ethoxypropan-
2-ol (63.58% yield) respectively. 
The method effectively enhanced 
the olfactory properties of methyl 
eugenol. 
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