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‘A bstract ‘ ‘ ‘ ‘ ‘

The work presented here describes the most significant advapces in concerning the chemistry of oregano (Lippi
p g E g g 'pp
graveolens and Poliomintha longiflora). We present new, green methods for essential oil extraction as well as th
lpotential medicinal properties of said oil. Thi$ review also focusks on the determination of its main components, such a$
‘carvacrol and thymol. We describe their syn}hesis, ree}ctivity, an potential applications of both compounds ‘in variou?

areas.

\Keywords: oregano, extraction methods, thympl, carvadfrol, potenFial applications. | ‘

We can consider plants as small, secondary Fetabolit

factories. These metabolites often have specific
[functions; they can give the plant its characterfistic odoﬂ,
color, they can offer protection, and a hos$ of othe{
functions. Their production and concentration are
[functions of many variables which range from th

[plant’s  genetics, to climactic conditions. Som¢
metabolites have interesting biological functions anj
properties, for instance: antibacterial, antifungal an

anti-tumor activity, to name a few. These propertie$
make investigating oregano a worthy cause. lT/Ietabolit

extraction with scientific goals started over two
lcenturies ago with the isolation of morphine (fig. 1) bﬁ'
the German pharmaceutical chemist, Friedric Wilhelrr]l
Adam Sertiirmer. Plants play a pivotal role in society
‘giving us green areas, oxygen, flavor, odor and medica[
treatment (Sell 2006). For example, the cpmpoundp
responsible for the burning sensation in chili pepper

and cinnamon are known respectively as capLaicin anj
lae-methyl-cinnamaldehyde  (fig. 1). THe maid
components in oregano’s essential oil are thymol an

carvacrol. Thymol gives oregano its characteristic
Iflavor. However, both these compounds present useful
biological activity. Based on this, oregano is an
extremely attractive subject for scientific inquiry
‘(Arcila et al., 2004). Therefore, in this skction wi

‘outline the main advances in oregano’s chemi§try of the
last two decades. | |
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Fig. 1. Secondary metabolites, morphine, capsaif:in and o-
| . \
methyl-cinnamaldehyde.

The word “oregano” derives itselﬁt from the
‘Latin word origanum, which is itself a derivation of thé
|Greek origanon, where oros means ‘mounitain’ and
ganousthai which is roughly translated to ‘delight in’
delight of the mountains. Europeans started producing
lessential oils in the XIIth century. Greek %nythologﬁf
‘recounts Afrodita, goddess of love, as the ﬁqst to plan‘t
oregano, granting the plant an intense fragrance,
‘according to the story, she called the forest ngfmphs thd
|name of Oreads/Orestiads. Both, Greeks and Romans
used oregano with culinary means and for treatin,

neurological disorders. In fact, Theofrast, Aristotel(j
|and Hippocrates regarded it as an effective trdatment fof
respiratory diseases, burns and indigestion. During th

‘middle Ages, it was used to treat liver problems and as
la cleanser during epidemics by brazing and| mixing i




acaricidal| (Da Silva ef al., 2011). There are many|
‘varieties (Tf this aromatic herb, many of which are found
in the wild throughout Europe and Western Asia.
America’s discovery in the XVth century brought the
Perb to th1e new world, where it quickly adapted to the‘
climactic and soil conditions. So much so, that it
huickly made its way into traditional recipes, where it
became a staple of many a cuisine. In the modern age,
the largest markets for this herb are located in the

editerranean, California and Mexico, though countries
such as Peru and Argentina dedicate large swathes of]
Pandmass }o its cultivation for exportation. |

DESCRIPTION OF LIPPIA GREVEOLENS H.BK.
FVERBA]‘VACEAE). |

| A polycarpic (various reproductive cycles in a|
ear) bus*'l species with deciduous leaves (loses them‘
seasonally), that can grow to over two meters tall and
have up to a meter squared of foliage cover. It branches
out profusfely from its trunk’s base. Its development is‘
relatively quick in high humidity conditions, though this
huick gro‘ivth brings with it a short life span, typically of
around five to ten years depending on climactic
conditions. Observational studies suggest that branching
Bccurs shortly after it rains, ending around six weeks
later. Oregano is very dependent on soil humidity, as it]
tmas been observed that with reduced soil humidity its
eaves slowly start turning yellow and brown, until they
fall off approximately six weeks later. The plant’s
ﬂowers e small, around four millimeters in diameter,‘
white, sessile and zygomorphic. Its chalyx is gamosepal
with four lobes and its corolla is gamopetal with five
unequal cream colored lobes. The flowers average
lifespan is of 13 days. The inflorescences are
Lndetermi{ned spigots, auxiliaries and generally found in
groups of four, which can attract polonaises. These]
Flowers stfu‘t appearing after the surrounding leaves are
completely developed, which is around five to six
weeks after the start of the rain season. Oregano’s

owers are hermaphrodites, can autopollinate
(Ocampo-Velazquez et al., 2009) and the fruits are dry
kapsules whose development begins two weeks after
flowers start growing, around the time when leaves start
turning yTllow and start falling. It’s worth noting that
khese periods vary in accordance to geographic zone.
The seeds have an oval shape with diameter smaller|
than 0.5 , brown in color and generally each fruit
only contains one, though a small percentage of fruits
can have two seeds. Not all flowers in the inflorescence.
roduce a fruit, it’s been found that on average only one,
out of eigl‘lt flowers happen to produce one.

— G i ol thyme, nowadays it’s used as -~
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f‘ig. 2. Lippia graveolens at the Padron Juarez village,

Jaumave, Tamaulipas. |

‘DESCRﬁ’TION OF POLIOMINTHA‘
LONGIFLORA GRAY (LAMIACEAE). |
| ‘Aromatic bush species with small, deciduous‘
leaves whose shape varies from linear to oblong, with a
‘full margin, glandular-pointed with a short or non+
existent petiole. Its max height is slightly over a meter,
‘although £n sites where it’s intensively harvested, these
plants don’t reach over half a meter tall, whichl
‘incentivi es ramification and they present greyis
secondary trunks from the base in tetragonal fashion. It
presents a short life cycle which can vary anywhere
‘from 3 to 8 depending on the climate. It’s found in site
that surpass 2000 meters above sea level and forms
difficult to access patches generally on north-eastern
cliff faceq where they’re protected from excessive solar
radiation. The species’ flowers are solitary or found i
airs with bracts similar to leaves in shape and form.
Flowers are sessile, zymomorphic and bilipped with
‘ﬁve subequal lobes and conical superior lip, while the
inferior lip is shorter and narrower. The corolla’s tube
has a hairy ring with anywhere between 13 to 15 curved
‘veins. Direct observation at Palmillas, Tamaulipa%
suggests that the species reacts to light rains, generating
ore branches and leaves immediately after the rain
ceases. There has been an increased tally of floral
visitors, predominantly humming birds, which suggests
%at its séxual reproduction depends on this group 0#
birds. Nevertheless, it remains imperative to further
‘investigat‘e this. |




[Fig. 3. Poliomintha longiflora Gray in its reproductive stage at
the Sierra Picachos, south of Nuevo Ledén (Image: Carlo?
Velazco). ‘

‘Oregano in Mexico

Oregano is comprised of various specie§
utilized for culinary means, the most common bein;
\Origanum vulgare, native to Europe, and Lippii
grweolens, which originated in Mexico. Nowaday$
there exists approximately 40 species of oregano i
Mexico. Mexico is the world leader i Lipp]l:E
graveolens (Mexican oregano), export, around 35 to
40% of all Lippia graveolens exports come fro
Mexican soil. The average lifespan of oregano islg
years. These plants grow in practically all climates and
terrains depending on the species; some grow in warm
zones, while others grow in frigid ones. Oregano has a
\large tolerance for altitudes and temperatures. ‘However‘,
‘the greatest percentage of essential oils is obtqined from
cold areas. Even though they are resistant t
‘cold, if the temperature drops below 5 °C their growt!
lis slowed and the leaves” edges get damaged. This crop
adapts itself to any soil type that isn’t alkaline, bes
yields are obtained in soils comprised mainly of sand,
silt and clay. Wild strains are found in arid and semiarid
regions of at least 24 states in Mexico. DifferenF
families are found in the states of Chihuahua, Durango
Jalisco and Oaxaca. Their main habitats are the rock}E
soils of mesas, mountainsides and cliffs beqween 400
and 2000 meters above sea level, though they ar
‘mostly found between 1400 and 1800 meters. ‘Thanks t
this, season, climactic and soil conditions affect the
essential oil’s composition. In the state of Nuevo Leén,
‘oregano it is reported that oregano grows in the
municipalities of Allende, Linares, Monterrey and in
particular Higueras, where the author (Castillo, 1986p
reports the presence of the genus Poliomintha
‘Longiﬂora Gray. In Higueras, farmers claim its habitat
to be the following parts: Las Rucias, Los ‘Pinos, El
Camajan, La Caja Pinta, Infiernillo, Cerritos and Lo?
Picos.
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Uses and applications of oregano and its esstltial oilJ.h
| |
| Oregano is a very useful plant due Fo its wuj
variety of uses and applications; which range fro
|medicinal to cosmetic. The greatest demand for oregano
in Mexico is for culinary purposes. After the‘ discoverx
of its antioxidant capabilities in 1998 (Baratta et al.,
‘ 1998), this plant is used to preserve raw or coi)ked foodL
after treatment the food is frozen. This ensures that
flavor and chemical properties are maintained after
storing, thawing and cooking. Oregano is alio used ag
|an extract, infusion, essential oil and even as a colorant]
In the cosmetic industry, it’s used to slow skin agin,
due to its antioxidant properties. The essential oil is
used in fragrance making together with musk, which
result in high quality extracts. On the mediginal side
oregano helps in digestion and stimulates bile
| production. The infusion is sour, but ‘stimulateé
‘development of the intestinal flora and helps combaF
certain bowel conditions such as intestinal spasms and
other abdominal pains. It’s a discrete antiseptic, whic
|contributes in the treatment of respiratory| ailments,
such as coughing, bronchitis, tonsillitis and can even b
used as an asthma treatment. Habitual consumption oi“
the plant is recommended in order to treat severé
headaches and neurological afflictions such as anxiet}T
‘and insomnia. | |
‘Medicinal ‘ ‘

| In Europe, it is used in anti-theumatic,
analgesic and anti-inflammatory creams ?ommonl

prescribed with other drugs. It’s also used in the
preparation of antiseptics and syrups. It is also used in
‘tablets and capsules which present an‘Fi-ﬂatulen‘F
properties. It’s also used as a bactericide, anti-septing
analgesic, and in anti-parasite treatments. It’s also use

[to treat cellulitis, rheumatic, muscular and articular
conditions as well as pediculosis. Oregano, is highl

‘utilized due to its biological activity in many areas 01
‘medicine; more specifically, its antioxidant,
antimicrobial, antiparasitic, oestrogenic, anqgeno‘ooxii
activity, as well as functioning as a competen

insecticide. All these characteristics ma{(e it an
‘interesting subject for investigation and as a fooq
additive to improve shelf life and healthiness. On the
other hand, several plants are considered aj excellen
|sources of antioxidant agents. They include mainly
simple phenols, phenolic acids, coumarins, tannins an

‘ﬂavonoids (Proestos et al., 2006; Cetkovic et al., 2004).
‘The antioxidant potential of oregano extracts has been
observed due to its capacity to inhihit lipidic[‘
peroxidation, protecting DNA damage from hydroxy
radicals. These extracts have been proven to be ver§
‘effective, in some cases more so than propyl galate+

‘BHT and BHA, which are currently used iﬁ package(‘i




Julio - Septiembre, 2014

Jf&)dﬁ.lffs‘F to prevent their rapid oxidation. Afso,Jﬁ o Jlﬁsto?y, ﬁ’s probable that new applications may beJﬁ

pregano’s| essential oils have been found to harbor|
ntimicrobial activity on gram negative bacteria such as
Ealmonell typhimurium, Escherichia coli, Klebsiella
pneumonihe, Yersinia enterocolitica and Enterobacter|
loacae; and gram positive bacteria such as
taphylococcus aureus, Staphylococcus epidermidis,
Listeria nﬂonocytogenes and Bacillus subtilis; they alsol
resent aptifungal activity against Candida albicans,
C.tropicalis, Torulopsis glabrata, Aspergillus Niger,
eotrichul and Rhodotorula, but not against
Pseudonopa aeruginosa. This presents an enormous|
ppoMniV, if we can figure out how to efﬁciently‘
regano  to replace artificial antibiotics and
antimycotics, with the right breeding and genetic]
Tangineerir?g programs, we may be able to attain better
results according to some studies. As a antiparasitic, the
bssential il of L. multiflora is considered an effectivel
?gent against lice and Sarcopetes scaniei; surprisingly,‘
to a greater degree that benzyl benzoate, the most
l:ommonl}l' used pharmaceutical to combat these!|
parasites. | The essential oil also presents antimalarial |
ctivity, which makes it a very desirable alternative
freatment due to its low toxicity in the human body.
Extracts |from L. beriandieri possess elevated|
gntigiardia( activity with a trofozoite mortality rate of
0%, much greater than the commonly used drug,
l[imidazol,\ whose trofozoite mortality rate is of 79%. |
‘The oestqogenic action, oregano has the ability to|
reduce the probability of developing osteoporosis and
l:ardiovaséular afflictions. This capacity is attributed to
gndogenous oestrogens such as 17-B-estradiol. |

‘ bn the other hand, other components have‘
been fourd to have antioestrogenic activity, because|
hey have been shown to prevent the formation of breast
Lancer l'ilIIlOI'S. Some essential oils and their
tomponerts possess a wide sectrum of activity against|
insects, acari, fungi and nematodes, such as
Lhyzopertha dominica, Tribolium castaneum, and
E‘itophilus\ oryzae. These organisms attack stored grain\
fmd spoil it, so it’s imperative they are prevented from‘
rowing on it, whilst keeping human toxicity to a
ﬁ-\inimum. As antigenotoxic, it has been reported that
some mopnoterpenes, which are part of oregano’s|
essential oil have the capacity to be effective inhibitors
Lf carcino%enesis. The oil has the capacity to induce an
increase in the detoxifying glutation S-transferase]
GST) engzymatic activity, when taken orally, which
suggests a potential anticarcenogenic effect. However,
bther studies have found that Oregano spp is an|
Pllergen, so excessive consumption of O vulgare and O.‘
majorama must be prevented during pregnancy, it’s
Wvorth noﬂing that they also have abortive properties.
[These are|only a few known and reported properties of]|
faid plant.‘ Given the fact that it’s been used throughout‘

ﬁiscovereqi, in fact, many of the essential oil’s main|
omponents can act as precursors for many useful‘
chemical compounds.

Fssential oil extraction methods. |

| Plant essential oils are widely used in the|
fosmetic, medicine and agricultural industries (Boelens
1985). Due to the properties of oregano’s essential oils,
{iverse ektraction methods have been devised, theyl
include: yapour assisted extraction, hydrodistillation,
Soxlet (Fauta Kawuase et al, 2013), microwave
kCardoso-TUgarte et al, 2013; ), organic solvents,‘
Pupercritiﬂ:ad CO, (Craviero et al., 1989), ultrasound‘
(Roldan-Gutierrez et al., 2008; ), solvent-free
icrowave (Bayramoglu et al., 2008), supercritical
H,O(Herrpo et al., 2006), with the last two being]
fonsidered green methods. Solvent-free microwave‘
extraction' presents the highest percentage yield (0.054
mL/g). However, very few extraction methods are|
calable tf) industrial levels, currently vapour assistedT
extraction and hydrodistillation are the two most used
Inethods [for industrial extraction of essential oils.
ssential | oil extraction from oregano (Lippia‘
raveolens) has been reported using vapor assisted
Extraction‘ in a distillation apparatus. The extraction
process ig based on the different volatilities of its|
omponents, which also allows for a coarse separation
of con{ponents (Kuklisky ~ 1993).  Numerous
investigations report the oil as having an intense yellow]
olor. Different oregano species have different essential
oil yields. Poliomintha longiflora has a yield of 0.7%
kAranda 4t al., 2009), while Lippia graveolens has a
yield of 2.5 to 3% (Baez et al., 2005). However,‘
conventional methods present various disadvantages,
xamples‘being the loss of volatile compounds, low
gxtraction) efficiency and the degradation of unsaturated|
fompounils and esters. Based on these reasons, ﬁnding‘
a better method would be highly beneficial (Ferhat et
al., 2007)| |

bhemical composition of Poliomintha longiﬂora’s‘
essential pil. \

| &he oil is comprised by many compounds‘
ﬁncludingj thymol, terpineol, carvacrol, limonene, a-|
'End B-piwene, piminem, sesquiterpenes (f-cariofilene,
isabolene). It also contains phenolic acids such as
Eaffeic, losmarinic, ascorbic and ursolic acids;‘
pavonoid? such as: kampferol, apigenin, diosmentin,‘
tannins, resins, souring agents, etc. The oil also contains
otassiun‘J, calcium, sodium, iron, phosphorus, vitamin
A, Vitamiql B and carbohydrates. The sour taste is due to|
annins, which are polyphenols. The number and
E)roportio of components varies from species to




‘Epe(%s, ‘geographic lo@tiofam?ngﬁherifacjﬁrs (Bur{r o

[2004). The main components of the also vary betweerj
both species, for Poliomintha longiflora the mai

constituent is carvacrol, whereas for Lippia éraveolens
they are both thymol and carvacrol (fig 4). Pinene and

\éﬁ \)Oi/\/]\
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OMe OH
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1-Metoxy-methyl Thylinol darvacrol

‘ -4-(i-propyl)benzene ‘ ‘

| | |
-

JTerpﬁen(?hax@ also been found in the species essﬁtiajr o

loil. It has also been reported that Poliominthq
longiflora’s oil also contains vanillic and caffeic acidﬁ
‘as well as luteolin (Zen et al., 2001) (fig. 5).

B-cimene (+)-4-carene Borneol

|
|
|
QH OAc
|

2-methyl-5-(i-propyl) ~ B-Caryophyllene
‘ acetatephenol ‘ ‘

‘ Fig. 4. Major components of Poliomintha longiﬂJ)ra’s essential oil in accordance to vapour assisted extraction. | ‘
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(Chemical composition of Lippia graveolens* essentiai
joil. \ \

‘ Lippia  graveolens is utilized to trea{
‘gastrointestinal and respiratory ailments; it’s qlsed as ar
antiseptic, digestion aid, anti-inflammatory (CompadrT
et al., 1987; Domiguez ef al., 1989 ) and morcl: recently,
lantioxidant and antimutagenic characteristics have beeri
reported (Martinez-Rocha et al., 2008). Due to this, it i
imperative to know the composition of the plant’s
lessential oil. The apparent number of compdnents and
apparent percentage abundance is highly dependent on
the extraction method, solvents used and the specific

| | b

/ CO,

| ol eon o S
MeO | HO \ |

Fig. 5. Major components of Poliomintha lo;rgiﬂora’s 7ssential oil‘ in accordance to extraction by phosphoric acid solufion.

| OH O | \

‘ Luteolin ‘ ‘

| ou o Hispudulin ‘ |

‘part of the plant used. The analysis of tﬂe leaves!
‘essential oil by methanolic extraction |and gag
chromatography coupled to mass spectroscopy reveal
that the main components are cavacrol, a-‘
|terpinilacetate, m-cimene, thymol and | B-pinené
‘(Heméndez et al., 2009). In addition, it has beel}
reported that it also contains iridions (Rastrelli et al.,
11998) and glucosidic flavonoids (Lin et al., 2d07). Moré¢
recently, extraction with methanol and acgtone ha;
revealed new compounds along the lines of triterpenes
‘with d-lactones on the E ring. X-ray structures of thesé
[new compounds have been obtained | (fig 6.)
‘(Maldonado et al.,2009).




\ \
‘Fig. 6. Tri}erpene with d-lactone on the E ring, component oq

|
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‘Synthesii, reactivity and applications of thymol and
‘carvacrok ‘

Lippia graveolens’s essential oil.

T hymol sjynthesis \

| ‘Thymol, (2-isopropyl-5-methylphenol) is a‘

\crystalliné, colorless substance with a characteristid
odor. It js found in many essential oils from many;
different plants from which it can be extracted.
‘Neverthel‘ess, it can be obtained through artificial means‘
|from many different starting points, which include bug
are not limited to benzene, toluene, 4-isopropyl toluene,
m-cresol,'menthone, and piperitone to name but a fe

|(Biedermgnn et al., 1978; Velu et al., 1998; Grabowska
‘et al., 2001; Umamaheswari et al., 2002; Selvaraj et al.,‘
2008; Yadav et al., 2005; Grabowska et al., 2001; Nitta
let al., 1976; Grabowskaa et al., 2004; Wimmer et al.]
‘1991; Nit}a et al., 1974; Yamanka, 1976) (scheme 1). ‘

CH,

\
OH \

" )\ o
oH Catalyst |
|

|The reaction mechanism which explains the formation|
of thymol as the main product involves the formation oﬁ
a secondary carbocation, which is created when iso-
\propil aldohol is reacted with BF; or any other Lewis
‘acid. Thej carbocation then reacts with the electron ricq
aromatic ring, which donates an electron pair to the
‘carbocati&n, which generates a non-aromatic seconda

|carbocation on the ring, which expels a proton and

| | cH, CH,
\ \
+ +
on OH OH |
| |
\

‘ Thymol‘

Benzene

| e ey \ o / Toluene |
Piperitone 3

OH
\ \ \
o HyC” CH,4
| . / Thymol \ cH |
3
| o |
| HsCTCH; | 4 ‘
Menthone 4-Isopropyl toluene;
‘ ‘ CH,
L L |
OH
‘ m-Cresol ‘

|Thymol srynthesis utilizing m-cresol and 2-propanol. |

Scheme 1.‘ Thymol synthesis from various starting points.

‘ |Friedel-Crafts reactions are a type of aromatid
‘electroph'lic substitutions where a hydrogen atom i
substituted by an alkyl group. In this sense, alkylation
‘of m-cresol with iso-propanol catalyzed by a Lewis aci
|gives thymol as a main final product, however]
unwanted subproducts are also formed thanks to th
‘effect thlat the hydroxyl and methyl group have as

lactivators, which orient substitution in the ortho and
para posiwtions (scheme 2). |

Byproducts |

Scheme 2. ﬁriedel-Crahs alkylaticln. |

lforms a |double bond which reconstitutes the ring’§
‘aromaticity and yields a neutral product. It’s importani
to note that even though all three possible positions
have roﬁghly the same electron density, and the
|deciding ‘factor on which product is formed in the
largest quantity, is steric hindrance, which is lowest on
‘the orthd position to the hydroxyl and para to th
|methyl, giving thymol as a final product (scheme 3). |
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| + N |
O
| |

Recently, different investigation groups have bee
‘focusing their efforts in the synthesis of thymol by
imodifying the reaction conditions. For example, Id
‘2008 Selvaraj and Kawi reported a thymol‘ synthesisr

\ CH; | \

‘utlllzmg different solid acid catalysts using ﬁas phaSj
conditions, which demonstrates that thymol synthesis i
|still a worthy topic for in-depth study (scheme‘ 4). |
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Scheme 4. Gas phase thymol synLhesis utilizing a solid‘state acid catalyst, m-cresol and isopropanol.
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ﬁ“hyrﬁol s‘fnth?sis ‘using m-cresol and propylene.
| \ |

Thymol can also be synthesized with m-cresol
hnd propyhene with sulfuric acid as a catalyst. This is al

| | |
| H; |

| OH
\ m4Cresol

| |

| |

| | |
| | |

"rl"hymol synthesis from menthone. ‘

X

Propylene

Menthone| is reacted with bromine, followed by|
eatment \with quinolone. Also, can be synthesized
Eom piperitone, which is generally obtained from
ﬁustralian‘eucalipti, poperitone is treated with ferric|
Fhloride iq order to give thymol (Scheme 6). ‘

CH; H,
Plpentone
O \ Qulnohne

Menthone ‘ Thymol
| §cheme 6. Synthesis utilising menthone. ‘

#

Scheme 5. Synthesis util%zing 1-pr0h)ylene or LJsing acetone.

JWirya)mf‘ﬁonﬁld straight forward way for*synfﬁcsﬁingJﬁ

thymol (s¢heme 5). Another method is condensation of]
Ecetone with m-cresol with hydrochloric acid, followed‘
y a reduétlon reaction.

| \ \
\ \ \
| 1. HCI CH;
| 2. Beductlon )J\ @\

OH
| \

‘Thymol ‘ ‘ ‘

Farvacro{ synthesis ‘

Carvacrol\(5-isopropyl-2-methy1phenol) is an isomer ofl
}hymol, hich can be synthesized by heating carvone
with aqueous sulphuric acid, by reactingl-methyl-2-
Emino-4-ikopropylbenzene with nitrous acid going
through qhe formation of a diazonium salt as an|

termediary, by reacting S-isopropyl-2-
lnethylbeﬁcensulphomc acid with potassium hydroxide, |
by prolonged heating of calcanfor with iodine, heating|
arvol ith glacial phosphoric acid or the
dehydrogi;ation of carvone with a Pd/C catalyst
{Scheme 7). \

CH,

B Y@( »
Y
‘ ‘ Carvone Carvacrol ‘
‘ ‘ ‘ ‘ 5-Isopropyl-2-methyl ‘
‘ ‘ ‘ 2 ‘ ‘ benzenesulfonic acid ‘
| | s | |
NH,

5—Isopropy}—2—methylp.niline ‘ ‘

Scheme 7. Different syhthetic roukes to obtaih carvacrol. |




“Reactivity of thymol and carvacrol
Based on their chemical structure, thymol an |

arvacrol, it can be said that they present tw$ reaction
sites, the first is based on the reactivity of the aromatid
Eng, and the second is based on the reactlvry of thﬁ

ydroxyl group. These characteristics allow both
tompounds to be used as intermediated in thd
1E‘reparatlon of other biologically important cornpounds*

or instance, in 2008 Camera ef al. carried out a
katalytlc study of the O-alkylation of thymol With DHPJ
}lsing various catalysts based on AICl; on| different
‘silicon supports (Scheme 8). ‘ ‘

|
.o

| AlCSi0yDHP Q
| OH Toluene 20°C
IH,C” “CH,4

bcheme 8. Tetrahydropiranilation of thymol ‘aided b}J
1A1C13/Si02. ‘ ‘

H,C CH

\ Recently, Ortar er al. 2012 synthesized d
eries of esters and amides derived from thymol, whicq
were evaluated as thermo-ionic channel modulators
kTRP). TRP channels are involved in a wide k/ariety o
physiological functions such as vision, taste, smell,
hearing, touch and thermal sensitivity, among others.
ome TRP channels act as polimodal sensors thlCh ar

| CF4S0,Cl | |
— =

| OH  EgN
CH,Cl,

fThe amine and carboxylic acid derivatives can bé
Fransformed into esters, amides, carbamates ?nd ureag

T

0SO,CF,

Scheme 10. CTrboxylic a‘cid and amﬂne derivatives of thymol. |

tctiviatedibyiphysiicalistimfli such as teimpé%atug ad
fwell as chemical stimuli. The scheme 11 shows how the
reaction of thymol with the right carboxylﬂc acid m1
presence of 1-ethyl-3-(3,3-
ldimethylaminopropyl)carbodiimine ~ (EDC) | as  thd
carboxylic  acid’s  activating agent |and 4
dimethylaminopiridine (DMAP) as the nucleophilic
‘catalyst, utilizing dichloromethane as a solven generaté
‘the corresponding esters (scheme 9). | ‘

‘ 0 EDC/DMAP 0 \
+ e /‘}L
\ OH R S0  CHyClL o R |

t
| \ \

\ R = 4-Me-Ph, 4-+-Bu-Ph|
4-Ph-Ph, 4-Meo-PhT .

‘Scheme 9. Ester synthesis using thymol as a reagenﬁ. |

‘The same authors describe how thymol can Le treated‘
‘With trifluoromethanesulfonate, ~ which |is lateq
transformed into the amine hydrochloride tlTrough its
coupling with the imine derivef from bezophenone
ffollowed by acid hydrolysis of the resulting imine, and|
to the carboxylic acid through a hydrocar?oxylatlo

reaction catalyzed by palladium acetate (Cacchi et al.,

11992; Radivoy et al., 1999; Wolfe et al., 1997) (schemé

| Pd(OAc),, dppf, CO \ \

' | AcOK, DMSO
60 °C o

| |1. Pd(OAc), BINAP \ \

‘ CSZCO3
HN=C(Ph), Dioxane
2. HCl, THF

‘by treating them with appropriate phenols‘, amines,‘
‘arylchloroformiates and isocianates (scheme 1]1). ‘




| | ! |
| | OH ! |
| | 0 ! |
| | i |
| | i |
| | | |
| | 5 |
! O
| | NHR OR ! | N)J\
| o5 'H
| Amihe Ester i Allnide

\ | |
When thymol is treated with NaOH in presence of a I,-

solution generates thymol iodide, which has‘
antiseptic jand antimycotic properties (scheme 12). |

Thymol can also be hydrogenated to obtain menthol
(Allakhverdiev, et al., 1995; Allakhverdiev ef al., 1994;
Krause etlal., 1999 ). The importance of menthol lies inl
he fact that it is one of the most important terpenoids.‘
After vanilla, menthol is the most widely used aroma in
he world. Its use is largely thanks to the cosmetic,
fragrance, taste, tobacco, pharmaceutical and oral|

\ \ \
| CH,
| 3H,

—_—
| OH Raney-Co

CH, |

OH

Mixture of menthol
isomers

h’hymol has also been used in the synthesis oﬁ
thymolphthaleine, a pH indicator. The reaction consists|
‘on reacting two equivalents of thymol with phthalic‘

‘Separatign

SonTe steps
\

|
i

| |
\ \ \
\ \ |
\ |
\ \
A R
N OR
| darbamate Urea |
\ \ |
Scheme HT Thymol qlerivatives.‘ ‘
\ \ \
\ \ |
| CHj (4)1
, |4+ g, NeOH O |
| OH KI O |
10

|
Thymol ﬁodi

‘Scheme 1‘2. Synthesis of thymol iodide.

‘hygiene industries; furthermore, it is the major
component in mint’s essential oil (Dudas, et al., 2009).
n this §ense hydrogenation of thymol utilizing a
Nickel- Rafney and/or Copper/Raney catalyst produces 4
fmxture of stereoisomers of menthol, which require 1
series of teps to separate and purify in order to obtain

ppure menthol (Barner ef al., 1994) (scheme 13). |

| | CH;

Hj |

e ()

Y /7,

HO"

| | |
| | (-)-Menthol (+)-Menthol |

Scheme 13. Mer}thol synthT:sis from tlTymol. ‘

‘anhydridé catalyzed by sulphuric acid and heating‘
(scheme [14). Additional examples of pH indicators
‘derived ?om thymol are thymol blue and thymol‘




“bromide blue Thymol bromide™ blue isantadequatd~ — lobserve

Fndicator for probing solutions of weak acids qnd bases,|

referably with a solution pH of around 7. One of it:
Eypical applications is as an indicator ' for p]j
{letermination in fish tanks and fish farms. It]s used td

G cxf e

\ Thymol Phﬂhahc
| anthnde ‘

Scheme 14. Thymolphthalein synthesis utilislng thymol and phthalic anhydride.

| pH<6.6
Yellow ‘

Photosynthetic activity as well as ré?pirmfionjf
because it turns yellow when carbonic acid is formed a

a result of the reaction between carbon dioxide (from
respiration) with water. It is also used to measure pH in‘
leather processing, among other things (schemle 15). |

HO OH
won T

-HZO |

W o

\ Thymolphthalein | |

| pH>7.6 | |
‘ Blue | ‘

| Scheme 15. ‘Structure (l)f bromoth%nol blue and derivates | |

|Applications of thymol and carvacrol. | \
| Thymol possesses antiseptic, anti%icrobial,‘
antifungal and antioxidant properties. They ard
ttributed to the phenolic hydroxyl group prefent in it
structure. Phenolic compounds are known to be able to
keact and neutralize free radicals which can ﬁega‘uvelﬂ
ffect biomolecules. The use of thymol, along with itq
isomer, carvacrol is ancient indeed. It was used as far
back as the times when the ancient egyptions lused it i
the mummification process. It is also used as the active
ingredient in aromas, perfumes, cosmetics, mouthwash1

land innumerable oils and creams formhlated to
massaging articulations, and even in the treatment o

fungal infections of finger and toe nails. According to
the Environmental Protection Agency (EPA),‘ there ard
mno known adverse effects of thymol and cawqcrol whe

used in animals and humans (Dorman et al., 2000;
Aneta et al., 2007; Yanishlieva et al., 1999; Aeschbach‘
et al., 1994). Thymol is generally used as an
‘antimicrobial additive to prevent bacterial fooﬂ spoilage‘
(Mastromatteo ez al., 2009).




goluble ard soluble in ethanol and ether. It’s used as a]
food preservative; it’s also used by the cosmetic
industry, ilisinfectants and alternative medicine. Its use
fis also thanks to its antibacterial, antimycotic, analgesic|
nd antioTidant properties. Carvacrol is used in natural
and biodegradable disinfectants, frequently alongside
other natural compounds such as cyclamen, eucalyptus\
Pil’ eugeFlol and thymol. Also, used as a food

reservative thanks to its antimicrobial activity as well
Es its subtle taste and aroma. It inhibits growth and!
[uantity of many pathogenic bacteria, like Salmonella|
enteritidis and Escherichia coli. It’s usually applied in
khe gas phase so as to make sure it gets in every nook‘
and cranrly. In aromatherapy — a form of alternative

edicine | which uses essential oils as treatment —
oregano’s essential oil along with other carvacrol rich
kxtracts lare used, due to the chemical’s anti-|
Fnﬂammatrory, analgesic and bactericidal properties. It’s‘

roven effective enough to warrant rigorous scientific
fnvestigation ever since the start of the year 2011. Al
ftudy ~ published in 2005 in the journal
“Cytotechnology” reached the conclusion that carvacrol
Es a strml inhibitor of the carrier cell A549, which is
felated to|lung cancer in humans. The carvacrol found]
in oregan?’s essential oil is widely used by the cosmetic
industry as a fragrance, as well as a component in soap,
creams and perfumes. |

‘CONCL[‘ISION |

regano’s  essential oil has multiple
applications, many of which are just being discovered,
which justifies continuous scientific inquiry and|
technological development for more efficient, greener
extraction techniques. Its components show ample
Lapplicatioh and potential, which enables prevention and
freatment |of’ diverse pathologies, which affect millions|
of people worldwide. We think everything exposed here
arrants énough reason to keep researching the topic, in
the struggle to reach a sustainable way of living. |
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