ALKALOIDS

Alkaloids are naturally occurring organic substances, predominantly found in plant
sources including marine algae and rarely in animals (e.g. in the toxic secretions of fire
ants,ladybugs and toads). They occur mostly in seed-bearing plants mainly in berries,
bark, fruits,roots and leaves. Alkaloids often contain at least one nitrogen atom in
heterocyclic ring (Fig. 1).These are basic in nature and so referred the term alkaloid
(alkali-like). Alkaloids possess remarkable physiological action on human and other
animals. These are the active components of numerous medicinal plants or plant-
derived drugs. Their structural diversity and different physiological activities are unique
to any other group of natural products. Many drugs used by man for both medical and
non medical purposes are produced in nature in the form of alkaloids

e.g. atropine, strychnine, caffeine, nicotine, morphine, codeine, cocaine etc. Naturally
occurring receptors for many alkaloids have also been identified in human and other
animals, suggesting an evolutionary role for the alkaloids in physiological processes.
Alkaloids are relatively stable compounds that accumulate as end products of different
biosynthetic pathways,

DISTRIBUTION/ OCCURRENCE

Alkaloids are generally occur in all parts of the plant but some times accumulated only
in particular organ, whereas at the same time other organs are free from alkaloids e.g.
the edible tubers of potato plant are devoid of alkaloids, whereas the green parts
contain the poisonous alkaloid solanine. The organ in which alkaloids accumulated is
not always the site of their synthesis, e.g. in tobacco, nicotine is produced in the roots
and translocated to the leaves where it accumulates (Harborne and Herbert, 1995).
After the isolation of first alkaloid narcotine by French apothecary Derosne in 1803 and
morphine by Hanoverian apothecary Serturner in 1806, more than ten thousand
alkaloids have been discovered from different sources (Evans, 2006). Alkaloids are
commonly found in the orders Centrospermae, Magnoliales, Ranunculales,
Papaverales, Rosales, Rutales, Gentiales, Tubiflorae and Campanulales. True alkaloids
are rarely occur in lower plants. Among the Pteridophytes and Gymnosperms, the
bioactive alkaloids lycopodium, ephedra and taxus are well known. Lysergic acid and
sulphur containing alkaloid gliotoxin are best known examples isolated from fungi

Nearly 300 alkaloids belonging to more than 24 classes are found in the skin of
amphibians along with other toxins (Evans, 2006). The poisonous neurotoxic alkaloids
were isolated from the skin of frogs belonging to genus Phyllobates. Daly, (1993) isolated



various antimicrobial alkaloids from the skin of reptilian. Some indole and isoquinoline
alkaloids were isolated from mammals including mammalian morphine

EXTRACTION AND ISOLATION

1. Crystals of piperine extracted from black pepper.

2. Because of the structural diversity of alkaloids, there is no single method of their
extraction from natural raw materials.”® Most methods exploit the property of most
alkaloids to be soluble in organic solvents but not in water, and the opposite tendency
of their salts.

3. Most plants contain several alkaloids. Their mixture is extracted first and then
individual alkaloids are separated.[!®! Plants are thoroughly ground before
extraction.28177 Most alkaloids are present in the raw plants in the form of salts of
organic acids.[!”®! The extracted alkaloids may remain salts or change into bases.[*6!
Base extraction is achieved by processing the raw material with alkaline solutions and
extracting the alkaloid bases with organic solvents, such as 1,2-dichloroethane,
chloroform, diethyl ether or benzene. Then, the impurities are dissolved by weak acids;
this converts alkaloid bases into salts that are washed away with water. If necessary, an
aqueous solution of alkaloid salts is again made alkaline and treated with an organic
solvent. The process is repeated until the desired purity is achieved.

4. In the acidic extraction, the raw plant material is processed by a weak acidic solution
(e.g., acetic acid in water, ethanol, or methanol). A base is then added to convert
alkaloids to basic forms that are extracted with organic solvent (if the extraction was
performed with alcohol, it is removed first, and the remainder is dissolved in water).
The solution is purified as described above 751178l

Alkaloids are separated from their mixture using their different solubility in certain solvents and
different reactivity with certain reagents or by distillation.[7%
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Classification of alkaloids along with some common examples and sources



S.No. | Class Example Biological
sources
1 Pyrrole and Hygrine, Erythroxylum
Pyrrolidine nicotine, coca,
cuscohygrine, Erythroxylum
coca alkaloids truxillense
2 Pyridine and Piperine, Piper nigrum,
Piperidine coniine, Areca catechu,
trigonelline, Lobelia
arecaidine, nicotianefolia
guvacine,
pilocarpine,
cytisine,
nicotine,
sparteine,
pelletierine,
lobeline,
arecoline,
anabasine
3 Pyrrolizidine Echimidine, Castanospermum
senecionine, australe, Senecio
senesiphylline, Sps.
symphitine
4 Tropane Atropine, Atropa
cocaine, belladonna,
ecgonine, Dhatura
scopolamine, stramonium,
hyoscine, Erythroxylon
meteloidine coca,
hyoscyamine, Schizanthus
pseudo- porrigens
pelletierine
5 Quinoline Quinine, Cinchona
quinidine, officinalis,
brucine, Cinchona
veratrine, calisaya,
dihydroquinine, | Almeidea rubra
dihydroquinidine,
strychnine,
cevadine,
cinchonine,
cupreine,
cinchonidine,
prenylated

quinolin-2-one




6 Isoquinoline Morphine, Papaver
codeine, somniferum,
thebaine, Cephaelis
papaverine, ipecacuanha,
narcotine, Berberis
sanguinarine, aristata,
narceine, Aristolochia
hydrastine, elegans,
berberine, Cocculus
dtubocurarine, pendulus
emetine,
cephaeline,
narcotine

« Pyridine group: piperine, coniine, trigonelline, arecaidine, guvacine, pilocarpine, cytisine,
nicotine, sparteine, pelletierine

« Pyrrolidine group: hygrine, cuscohygrine, nicotine

« Tropane group: atropine, cocaine, ecgonine, scopolamine, catuabine

e Quinoline group: quinine, quinidine, dihydroquinine, dihydroquinidine, strychnine,
brucine, veratrine, cevadine

Alkaloids are basic nitrogen containing compounds. They are generally obtained from plants,
animals and microorganisms and often demonstrate a marked physiological action. Alkaloids
show greatly diverse structure and origins as well as pharmacological action. The only thing that
unites all these natural compounds under the term ‘alkaloids’ (alkali-like) is the nitrogen atom
which is present in all of them. According to pharmacognosy, alkaloids are broadly classified
into two classes depending upon whether the nitrogen is a part of a ring or not.

1] Non-Heterocyclic Alkaloids or Atypical Alkaloids:

These are also sometimes called proto-alkaloids or biological amines. These are less commonly
found in nature. These molecules have a nitrogen atom which is not a part of any ring system.
Examples of these include ephedrine, colchicine, erythromycin and taxol etc. Table below shows
the chemical structure and biological significance of these compounds:

Name Structure Biological Significance
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2] Heterocyclic Alkaloids or Typical Alkaloids:

Structurally these have the nitrogen as a part of a cyclic ring system. These are more commonly
found in nature. Heterocyclic alkaloids are further subdivided into 14 groups based on the ring
structure containing the nitrogen.

No. Heterocycle Example
Hygrine, Stachydrine
Pyrrole and Pyrrolidine

CH,
A {
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*Note- Steroidal and terpenoid classes are also treated as separate classes or along with
glycosides.

Properties of alkaloids

Physical Properties

1- Most alkaloids contain oxygen; those compounds are usually colorless crystals at ambient conditions.
2- Oxygen-free alkaloids, such as nicotine[146] or coniine,[22] are typically volatile, colorless, oily
liquids.[147]

3- Some alkaloids are colored, like berberine (yellow) and sanguinarine (orange).[147]

4- Most alkaloids have a bitter taste. It is believed that plants evolved the ability to produce these bitter
substances, many of which are poisonous, in order to protect themselves from animals; however,
animals in turn evolved the ability to detoxify alkaloids.

e Their molecular weight ranges from 100 to 900 daltons.

o Those without oxygen atoms in their structure are usually liquid at ordinary temperature.
Examples are nicotine, sparteine, and coniine.

e Those with oxygen atoms are crystalline, such as berberine.

Chemical Properties

1- Most alkaloids are weak bases, but some are amphoteric, for example theobromine and
theophylline.[148]

2- Most alkaloids are poorly soluble in water but readily dissolve in organic solvents, such as diethyl
ether, chloroform and 1,2-dichloroethane. However, caffeine dissolves well in boiling water.[148]
3- With acids, alkaloids form salts of various strengths. Those salts are usually soluble in water and
alcohol and poorly soluble in most organic solvents. Exceptions include scopolamine hydrobromide,
which is soluble in organic solvents and water-soluble quinine sulfate.

Some alkaloids can produce developmental defects in the offspring of animals that consume them but
cannot detoxify them. A characteristic example is the alkaloid cyclopamine, which is present in the
leaves of corn lily. During the 1950s, up to 25% lambs born by sheep that had grazed on corn lily
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suffered serious facial defects. Those defects ranged from deformed jaws to cyclopia (see picture). After
decades of research, in 1980s, the substance that was responsible for the deformities was identified as
the alkaloid 11-deoxyjervine, which was renamed cyclopamine.

o Most alkaloids are optically active, except for those from the purine group.

« Basicity depends on the availability of lone pairs of electrons on the N atom and the type
of heterocycle and substituents in the molecule.

o Alkaloids have the ability to form salts with mineral acids (such as with HCI, H2SOa,
HNO:3) or organic acids (such as with tartaric acid and sulfamic acid).

DETERMINATION OF THE CHEMICAL CONSTITUTION OF THE ALKALOIDS

The chemical tests used for detection of alkaloids depend on their character to
precipitate with organic acids in the form of their salts. These are also precipitated by
the reaction of compounds of heavy metals like mercury, gold, platinum etc. Caffeine
and some other alkaloids which are highly water soluble, do not give the tests with usual
reagents. Some common reagents,used to the detection of alkaloids are summarized in
Table 2.

S.No | Name of reagent Chemical composition Colour
obtained
1 Mayer’s reagent Potassium mercuric iodide Cream
solution
2 Wagner’s eagent Solution of iodine in potassium | Reddish-
iodide brown
3 Dragendorff’s Potassium bismuth iodide Reddish-
reagent solution brown
4 Hager’s reagent Saturated solution of picric acid | Yellow
5 Picrolonic acid Solution of picrolonic acid Yellow
6 Tannic acid Solution of tannic acid
7 Murexide test *Potassium chlorate+HCI+NH3 | Purple
8 Mineral acids Phosphotungstic acid, Yellow
phosphomolybdic acid
9 Acidic p- p-Methyl-aminobenzaldehyde | Bluish-violet
methylaminobenzaldehyde | and sulphuric acid to
red
10 Nitric acid Dilute nitric acid Orange-red

FUNCTIONAL GROUP ANALYSIS
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IR spectrometric studies have proved a very important analytical tool for establishing the
presence of certain functional groups in alkaloids. IR spectroscopy is the study of the
reflected,absorbed or transmitted radiant energy in region from 0.8 to 500 x m. A more
commonly used measurement for IR spectroscopy is the frequency, expressed in wave
number. The quantitative analysis of alkaloids, quinine and strychnine (6.20 and 6.06
) is also possible. FTIR is a new method of spectroscopy which has come into use more
recently. It is especially useful for examining small samples and for taking the spectrum
of compounds produced in the out flow of a chromatograph. The regions in which
functional groups absorb are summarized in Table 4.

S. Functional groups Appearance of band (cm-1)
No
1 *C-H (str.) 3300-2800
2 O-H (str.) 3700-3350
3 C-O (str) 1280-1000
4 C=0 (str.) 1950-1640
5 #N-H (str.) 3500-3300
6 C-N (aliphatic) 1210-1200
C-N (aromatic) 1350-1250
C=C, C=N (str.) 2350-2000
C=C, C=N, N=0O (str.) 1640-1500
and N-H (bend.)
9 Double bond (bend.) 950-750
Other str., bend. and
combination bands 1400-400 (finger
print region)

DEGRADATION AND SYNTHESIS OF ALKALOIDS

Biological precursors of most alkaloids are amino acids, such as ornithine, lysine, phenylalanine,
tyrosine, tryptophan, histidine, aspartic acid, and anthranilic acid.28% Nicotinic acid can be
synthesized from tryptophan or aspartic acid. Ways of alkaloid biosynthesis are too numerous
and cannot be easily classified.®2 However, there are a few typical reactions involved in the
biosynthesis of various classes of alkaloids, including synthesis of Schiff bases and Mannich
reaction.[18%

Synthesis of Schiff bases
Main article: Schiff base

Schiff bases can be obtained by reacting amines with ketones or aldehydes.[*8 These reactions
are a common method of producing C=N bonds.[182


https://en.wikipedia.org/wiki/Amino_acid
https://en.wikipedia.org/wiki/Ornithine
https://en.wikipedia.org/wiki/Lysine
https://en.wikipedia.org/wiki/Phenylalanine
https://en.wikipedia.org/wiki/Tyrosine
https://en.wikipedia.org/wiki/Tryptophan
https://en.wikipedia.org/wiki/Histidine
https://en.wikipedia.org/wiki/Aspartic_acid
https://en.wikipedia.org/wiki/Anthranilic_acid
https://en.wikipedia.org/wiki/Alkaloid#cite_note-Plemenkov_253-181
https://en.wikipedia.org/wiki/Nicotinic_acid
https://en.wikipedia.org/wiki/Alkaloid#cite_note-Begley-83
https://en.wikipedia.org/wiki/Schiff_bases
https://en.wikipedia.org/wiki/Mannich_reaction
https://en.wikipedia.org/wiki/Mannich_reaction
https://en.wikipedia.org/wiki/Alkaloid#cite_note-Plemenkov_253-181
https://en.wikipedia.org/wiki/Schiff_base
https://en.wikipedia.org/wiki/Alkaloid#cite_note-182
https://en.wikipedia.org/wiki/Alkaloid#cite_note-Dewick_19-183

-
fOH R

R R "
I
>:D + HN—R, —= ><\,L)£r|j!r" = —N—Rz; + H;O
R R M R
1 1 N 1

Rz

In the biosynthesis of alkaloids, such reactions may take place within a molecule,*8% such as in
the synthesis of piperidine:8l
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Mannich reaction

Main article: Mannich reaction

An integral component of the Mannich reaction, in addition to an amine and a carbonyl
compound, is a carbanion, which plays the role of the nucleophile in the nucleophilic addition to
the ion formed by the reaction of the amine and the carbonyl.182!
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The Mannich reaction can proceed both intermolecularly and intramolecularly: 282112841
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The exhaustive methylation of an alkaloid is an important method which tells us the nature of the
arbon skeleton in the heterocyclic system.

IMPORTANT ALKALOIDS

CONIINE, CgH,,N

As already shown, coniine is one of the simplest alkaloids belonging to ‘piperidine group’. Its
Suctural formula can be written as
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(2-n-Propylpiperidine)

H
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(+)-Coniine

The racemic coniine is resolved by means of (+)-tartaric acid. The (+)-coniine .
tdenti : ‘ SO Gy, 0
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PIPERINE, C;;H;g03N
Itis a piperidine alkaloid having the structural formula

0

0
HaC :©\ [l
0 CH=CH—CH=CH—C—N )

Piperine occurs in black pepper (Piper nigrum) to the extent of 5 to 10 percent,

Isolation. Powdered black peppers are heated with milk of lime, Ca(OH),. The resultin
evaporated to dryness. The residue is extracted with ether. The ether solution is evaporateq ass i
residue is crystallized from ethanol to give pure piperine. and th,

Properties. Piperine forms beautiful colourless monoclinic crystals mp 120.5°%¢ -
characteristic sharp flavor of black pepper. It is sparingly soluble in water but dissolves eln_g e
ethanol and ether. It is optically inactive. iy iy

Piperine is a very weak base, practically neutral. It is an amide and upon hydrolysis wi, aque
base (or acid) yields piperic acid and piperidine. eous

Piperine is used occasionally in favoring and to relieve colic pain.

Structure. (1) As shown by elemental analysis and molecular weight determinatiop, g,
molecular formula of piperine is C;7H;9O3N. '3

(2) Amide Structure. On hydrolysis with alkali it gives piperic acid and a secondary by
piperidine. ’

H
Ci7H1gOaN  + H20 —K(Z—' C11Hg02.COOH + CsHyoNH

Piperine Piperic acid Piperidine
This reaction indicates that piperine is the piperidine-amide of piperic acid and its structure coul4
be derived as

Amide

linkage
(|3| .................. S  Amide (|)| 'I

ormation

C11H902 C OH + H—N Tzo)b C11H902_C— N >

Piperic acid Piperidine Piperine

If we can now find the structure of piperic acid, complete molecular structure of the alkaloid coud
be written.

(3) Structure of Piperic Acid (C;;H40y) : =

(/) As shown by routine chemical tests, it contains one COOH group and two ethylene doub
bonds.
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e of Piperonal, When b il i
(iif) Structl{lt 0 Otled with conc T
gves methylene iodide (CH,I) and Protocatechy L o-ted hydriodic acid, piperony

ey icacid (3,4-dih g :
f)ipem“ylic acid is methylene ether of Protocatechyic acid. T}llu)s/droxybenzmc acid). This sh

O HO
4 2HI
HZC\ j@ CH2'2 +
- HO

lic acid
ows that

COOH
Piperonylic acid COOH

Protocatechuic acid

ritten as -

Piperonal Aromatic moiety in

piperic acid
(iv) Knowing the structure of the side-chain from (#7), we can construct the possible structural
formula of piperic acid.

o)
LU O
0 CH=CH—CH=CH—COOH

Alkaloig Structure. The structure of piperine is obtained by joining piperic acid and piperidine
an amjde linkage (See 2).

/O 0]
HaC I s
o) CH=CH—CH=CH—C—
{

LS’ Syntht‘\iu i 5; ORI ~ . . - . ~ § Loos abead Pofie

@
thy
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HO
HO , 0 e
CHCI CH.Clz / J,-’,jﬂ,'
j@ “NaoH® j@x Naor ~ 12O j@j\ e
HO 4O CHO 0 CHO

Catechol Piperonal
0 0
HoC (©50060 , o ()
& CHACOON2,4 o e
o CH=CHCHO CH=CHCH=Cicy,
Piperic acid

PC|5 / =
HaC (—HC)
o) CH=CHCH=CHCOCI

Piperyl chloride

0
/ o}
208 j©\ I

O CH=CHCH=CH—C—N

Piperine
The product is identical with the natural alkaloid.

NICOTINE, CoH14N2
It is a pyridine (or pyri

dine-pyrrolidine) alkaloid having the structural formula
Pyriding Pyrrolidine

HZ? ?HZ n'ng \/ / r‘mg
NS
\ N CHs

Nicotine occurs to the extent of 2-8 per cent in dried leaves of the tobacco plant (Nicotign,
tabacum).

Isolation. Dry tobacco leaves are finely powdered and extracted with dilute acid solution. To the
acid extract is added NaOH solution, and steam distilled. The oily layer so obtained is crude nicotipe
which is purified by fractional distillation in vacuum.

Properties. Nicotine is a colourless liquid, bp 245.5°C. It has tobacco-like smell and a bumnime
‘alkali taste’. It is soluble in water and also in organic solvents. The natural alkaloid is dextrorotamon,
[0.]|)=+l63.2°.

In very small doses nicotine stimulates the central nervous system for a while. That 15 wiy
smokers crave for it via cigarettes, cigars or pipes. In large doses, the alkaloid causes depression
respiratory paralysis, and death. It kills insects on contact and is used in sprays against Jeaf-sucking
pests.

Structure. (1) The molecular tormula of nicotine has been found to be C,H;:N..

(2) Presence of Two 3° N-atoms. When treated with methyl iodide, it forms dimethiodide showmg
that both the N-atoms of nicotine are tertiary in character.

-
CigHysNa  + 2CH3l —> CygHys (—l“\ll>

Nicotine 2
icoti cH

Dimethiodide




AlkaLops g ggq ;l;

esence of a Pyridine ring. Op oxid
acid or nitric

('.?a)ic cid (pyridine-3~carboxylic acid),

atio : '
“1oOn with chromjc acid, nico;
’ ne giVCS

] COOH :‘l |
= .
C10H14N2 —> (C5H4N)COOH or @ i :

Nicotine Nicotinic acig ki
ows that the alkaloid contains i

il

his " CqoH 4 Pyridine ring (CsH,4N) with a side-chain. i
[\1]0 14N2 - C5H4N = C5H10N
icotin
© Side-chain

The formula of nicotine may be written as |

=

| (CsHioN)
X
N

4) Structure of the Side-chain :

0] Nicotine zine chloride complex on distillation with lime gives (a) pyridine ; (b) pyrrole ; and
mcthylanline.

. = .
lime
C10H14N2.ZTIC|2 . @ 5 “ ” + CHaNHg j
N rij 1

©

Methylamine

H
Pyridine Pyrrole
This indicates that the side-chain is a pyrrole derivative.

(i) When heated with concentrated hydriodic acid at 200-300°C, nicotine forms methyl iodide.
This proves that CHj group in the side-chain is attached to N-atom.

A
>N—CHz + HI —> >N—H + CHgl
3°nitrogen
(iff) To account for the side-chain, (C4H;)N-CHj, it may be written as N-methylpyrrolidine group.
3 3
el L]

N !
I
CHs CHj

_(iv) Nicotine hydriodide when treated with methyl iodide, forms nicotine isomethiodide which on
"idation with potassium ferricyanide yields nicotone. Nicotone on oxidation with chromium trioxide
Modces hygrinic acid.

(0) (O] U
CIOH14N2’CH3| "'["']" C10H13N20.CH3 —
. Nicotine Nicotone HOOC l}l
Isomethiodide i
Hygrinic acid

Thercforc‘ the pyrrolidine ring is bonded to pyridine ring through 2-position.
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o and (4), the structural formula of nicotine may be
® Structural formuli. From (3) ind (4) ¥ be Conslfu(:\
Y

z
| N
\N \
CHs

hesis. The structure of nicotine has been confirmed by the fO“ow'mg synth
&5 esig .

6) Synt
> N—C=N 1. Additon (%~ \
\NI + BrMgCHCH2CH20C2Hs 21,0 Sy O "OCgHy %‘

Nicotinonitrile

Z | NOH OC2Hs -——L' ~ \ NH, OC,H
Zn/CH3COoH N 2 AR HRr
\N 3 2 N m‘

7z \ Z N 1. CH z
] : j . CHgl
Q’H?N o Q_- N e \ N
N N ' X \
&

’
(£)-Nicotine

The product was resolved by means of (+)-tartaric acid. The synthetic ()

be identical with the natural alkaloid. “Dicotine wag foungy,
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Terpenes

Orange peel is a souree o

YR IPN
L /l:a‘:

eérpenes are a class of compounds that give plants their odor, flavor, and in sop, os
. . 5 . . %

color. They occur widely in the leaves and fruits of higher plants as conifers, citry, ﬂ;}
2 G

eucalyptus. When the plant source is distilled with steam, the oily materials so obtaineg ,
called Essential Oils (essential parts of plants). %

The essential oils are generally composed of mixture of either the hydrocarbons (polyenes ) hayip,
general formula (CsHyg),,. or their oxygen derivatives (alcohols, aldehydes, ketones). This Class of
compounds are designated as Terpenes or Terpenoids.

ISOPRENE RULE

From a study of the molecular structure of a large number of the then known terpenes, (g
Wallach (Noble Prize 1910) gave the so-called Isoprene Rule. It states that : The molecules of all
terpenes are constructed of two or more isoprene (iso-Cs) units, usually joined in a head-to-ta)
fashion. Isoprene is 2-methyl-1,3-butadiene and may be represented as :

head tail
HsC CH C
i \C—Cl:/ i \C—C&C §_}
¥4 Y
T g : .
Isoprene Condensed formula Isoprene skeleton

In applying Isoprene rule, we look only for the skeletal unit iso-Cs, neglecting the number and
position of double bonds. Thus the terpene known as myrcene could be dissected by the dashed line
into two isoprene units that are joined ‘head-to-tail’.



TERPENES m gg5

cH2 c
Il lCII head
G C\ﬁH ‘\?/ N
He |
|
H C~ CHz C\
2 C}H Ic]:
l '~
G C L
’ C/ ~CHs o~ \C tail
3
Myrcene CondensEd formula
Carbon skeleton
. (dotted bong shows
joprene ule AINOUER BMTAY Valid, is not uniyergy g, o Ol amangemen
edving e SRS, GVeL, ithas proved of great help in

FoRMULAS OF TERPENES
E ¢ structures are frequently written with |;
s. The carbon atoms with appropriate

ines. The €2 ines. Thye o Of hydrog
; ‘ th _ ogens
Ebmers or junctions, and the ends of lines, Tiyg the line fol.ml‘l’las oztir;i l,l;lderstood to be present at
e yreene and menthol may be ,
CH
I l 2 ‘/CHS ! ()
C (%
o g,
H,C CH -
[0 -
HZC\ CH, —
CH
C
7N
HC™ T CH <
Myrcene Line formula Menthol

CLASSIFICATION OF TERPENES

Terpenes are classified according to the number of isoprene units (Cs) in the molecule. The
smplest terpenes have two isoprene units (ten carbons) and are called Monoterpenes. In fact, the

designation Terpenes is by custom specifically reserved for the C,, compounds. Other classes are
listed below :

Monoterpenes Two isoprene units ~ C,
Sesquiterpenes Three isoprene units  Cs
Diterpenes Four isoprene units ~ Cy
Triterpenes Six isoprene units Cso
Tetraterpenes Eight isoprene units  Cyq

lThe above classes of terpenes are further subdivided according to the number of rings in the
Molecyle -

Acyclic No rings (Straight chain)
Monocyclic Onering
Bicyclic Two rings

Tricyclic Three rings, and so on.



886m AT
EXTBOOK oF ORGANIC CHEMISTRY

Then ¢ ons o

€rpenes are ifi 0

S are classi > basis b

(aldehydesv ketones ale lﬁd on the basis whether they are pure hydrocarbons or oxygen deriyyy;,,.
n ohols or cthers). The classification of terpenes can be illustrateq byl\l;"

¢

following examples
=
I |
|
X

Acyelie monoterpenes :

Ocimene Myrcene
. (basil oil) (bayberry oil)
Acyclic oxygenated monoterpenes :
X s
CH,OH CHO
Geraniol Citral
(rose oil) (lemon oil)

Monocyclic monoterpenes :

Limonene Menthol
(lemon and orange oil) (mint oil)
Bicyclic monoterpenes : .
|
o-Pinene Camphor
(turpentine oil) (camphor oil)

The discussion of sesqui-, di-, tri-, and tetraterpenes is beyond the scope of this book.
Sesquiterpenes Diterpene

A CHOH

| Vitamin A

Zingiberene
(ginger oil)




SOLATION OF TERPENES
Essential oils are first extracteq from the plant source (Jeay, —
e methods T,
(1) Steam Distillation. The Mmascerated plan; Matenial is steam digg
eparately. The aqueous steam distillae i Saturated with saj and extrac
lcht petroleum or benzene. The combineg g ’
emoved by evaporation under reduced pre

Stem or roor) mainly by

\ \ es. These are separated
phase chromatography. Chemical methods are also used where
possible.
GENERAL PROPERTIES OF TERPENES
(Physical), (I) Most terpenes are colourless, fragrant liquids having high refractive indices. A
few of them €.2., camphor, are solids.
Q) They are lighter than water and readily volatile in steam. -
@) They are sfﬂuble in organic solvents (light petroleum. ether. benzene) but usually not in
Water,

9 They are optically active and a number of them possess antiseptic pmpeme;. Cilt
i oo afilia sath onds (e.g..
Wlh(che"".“’[)- (1) They give the usual addition reactions of the carbon-carbon double g
1 B,

" Br;, H,, HOCI, 0s) and the aliphatic rings. . e vl - LCEI0, SO0 5
Q) hey also show reactions characteristic of the functional groups suc
»When pregeny in the molecule.
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INENE Cuthe
picyclic monoterpene and has the structure :

CHs

5 -

the chief component of turpentine oil obtained from the pine tree.

(-Pinene is
Preparation. It is isolated from turpentine oil by steam distillation followed by fractional distillation.

pis purified by conversion into nitrosyl chloride which upon treatment with aniline liberates o.-

flere.
Properties. o-Pinene is a colourless liquid, bp 156°C. Ithas a characteristic odor and is optically

v, o]y = 48.8°.
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(1) Reaction with HCI. It reacts with dry hydrogen chloride

: : at0°Cio fo
131°C, with a faint camphor odor (‘artificial camphor’). M borny| chloriqk
) nlp
CHjy CHj CHj
H,0 HCl -
dil H,SO, 0°
OH

Bornyl chloride
a-Terpineol

(2) Reaction with H,S0,. When treated with dilute H,SO,,
to form o-Terpineol.

1

the 4-carbon ring in terpene cle
a\’es

Uses. Turpentine oil which is mainly o-pinene is used as
synthesis of camphor.

CAMPHOR, C;H,;,O
It is a well-known bicyclic terpene ketone

a thinner for paints and for the COmmer;
TClg|

Preparation. It is prepared by chilling Camphor oil obtained by steam distillation of wood ang
leaves of the camphor tree which grows in Formosa. Now it is mostly produced by a synthetic methq
starting from o-pinene.

Properties. Camphor is a colourless crystalline solid, sp gr 0.999, mp 179°C, bp 20?.1°C. It sublimes
-atroom temperature and its vapor have a strong characteristic smell. Natural camphor is dextrorotatory,
[ot]p =+44°. Chemically it behaves as a ketone. It forms an oxime and on reduction forms a secondary
alcohol, Borneol.

Uses. Camphor is used as : () a medicinal, incense ; (if) plasticizer ; (iif) moth repeller ; and (iv) in '
embalming fluids.




