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Lemongrass is a source of geraniol.  Orange peel is a source of limonene.

erpenes are a class of compounds that give plants their odour, flavour, and in some cases
colour. They occur widely in the leaves and fruits of higher plants as conifers, citrus, and
cucalyptus. W’_@Piﬂm source is distilled with steam, the oily materials so obtained are

called Essential Qils (essential parts of plants).

The essential oils are generally composed of mixture of either the hydrocarbons (polyenes) having
general fo (CsHg),. 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 structurc of a large number of the then known terpenes, Otto
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-tail
fashjon. Isoprene is 2-methyl-1,3-butadienc and may be represented as :

head tail

HsC CH c c.

Nl | PN | \l,-—~/l'
n.c” /3 clrar\LC'? o

? Isoprene Condensed formula Isoprene skeleton

In applying Isoprene rule, we look only for the skeletal unit is0-Cs, neglecting the number and
" ; . srpene k as myreenc could bE dissected by the dashed line
sition of double bonds. Thus the terpenc known as myrcene could be dis; y the da

o two isoprene units that are joined ‘head-to-tail’,
T T——— pr——
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, Condensed formgygf o o
oA 7 .7~ Carbon skeleton
o E | ... =o2los: (detted bond shows
head-to-tail arrangement)

LINE FORMULAS OF TERPENES

3 e structures are frequently written widh 1:.- -

Eb ] ~>=x Irequently written with line formy] arbofi-¢

tby lines. The carbon atoms 'wi ropTiate number of fi o CALbon bonds aco fepresenle
atoms with appropriate number of hydrogens are understood to be present 5

e~

- corners or junctions, and the ends of

lines. Thus the line formulas of 777

SwWri _ —_— D s of myrcene and menifol may b
;;-.._Iwntten as | ' L 4 | , '
'.l\ ‘ : ; STTT R Lmm e
CH, ? AT
" g :

N
\ Hzcl: ﬁH
' HC~__ CH, —
.I. e TR
¢ H3C CHj |
Myrcene : '_ _ Line formula ' ~ Menthol . b

B : : ES : ' ' v
= s ATION OF TERPENES - ‘ _
1 CLASSlFICAT ‘classified-according to the number of isoprene units (C;) in the molecule. The

2 Terpenes arc 2 . oy - t. the
§5~ éimple:f terpenes have two 1soprene units (ten carbons) and are called Monoterpenes. In fact, th

enes is by custom specifically reserved for. the Cyo compounds. Other classes are

ienation Tel:R__-————‘ /
i chlgn . i T"tunnr—] .(q\/ \

R
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i . lasses of ferpenes are furt to the number of°riigs
- The above classes of terpenes 3 —_—
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Then terpenes are classi : i
Ip classified on the bagis whe(lyer en derivatives

(ald chydes, ketones, alcohols or athers). i : hey are purc__thﬂlgﬂigL‘.’-XYS “ated by the

following examples: ssification of terpenes can be illvS
Acyclic monoterpenes :

.
" Myrcene .
(bayberry oil)

Ocimene
" (basil oily

Acyclic oxygenated monoterpenes :

cHo

CH,OH
Geraniol O \r Citral O_\’)C Ho(j ly
(roseail)-~ .~ (lemon oil)

Monocyclic monoterpenes :

| ~y | OH

x _
Limonene ‘ Menthol
ek, (lemon and orange oi}) ~ (mint oil)
Bicyclic monoterpenes : |
i | _ -
a-Pinene Camphor

(turpentine oil) (camphor oil)
The discussion of sesqui-, di-, tri-, and tetraterpenes is beyond the scope of this book.

, O Diterpene C 2z
Sesquiterpenes ’C’E’_ - S TR

——ee e

Vitamin A

Zingiberene

(ginger oil)

.
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ISOLATION OF TERPENES b
Essential oils are'fi rst cxlratlctl frdm the plant source (leaves, flowers, stem or root) mainjy

)

@ thrce methods: @ . 0 e’ j i

_ (D Stca m Dislrllatlon Ih(. mrlqccr.nlcd plrmtrﬁatori"rl i§ steam distilled. The oil, if any, is collecr,,
separately. The Aqueous steam distillate is saturated with salt and extracted with a purified solve m/

light petroleum or benzene, The combined oil and the solvent extract are dried. The solvent is ¢,

_ removed by evaporation under rcducuj pressure to give the essential oil.

(2) Direct Solvent. Extractlon. If a particular terpene is decomposed under the conditions
steam distillation, the plant material is directly extracted with light petroleurs or ether at rog;.
temperature. The extract is filtered and lhc solvcnt removed by evaporation under vacuo to recoye;
the essential oil,

(3) ByFat Adsorption (Enﬂeurage Pracess) The flower petals are spread over a molten layer ¢/
fat (tallow and fard) for several days. The fat enriched with adsorbed essential oil from petals, is stirre:
with pure ethanol. The ethanol extract is then evaporated at 0°C in vacuum to give the essential ol

The essential oils obtained as above are usually mixture of many terpenes. These are separatei
by fractional distillation or vapour-phase chromatography. Chemical methods are also used wher

| possible.

GENERAL PROPERTIES OF TERPENES . S
(Physical). (1) Most terpencs are colourless fragrant quurds s having high refractive indices. A
few of them e.g., camphor, are solids. , —

(2) They are lighter than water and readily volaulc m steam.
(3) They are soluble i in organic solvcnts (]lght pctroleum ether, benzene) but usually not it

water.
'(4) They are optrca]ly active and a number of them posscss antzseptlc properties.

( Clremical) (1 T hey give the usual addmon reactions of the carbon- carbon double bonds (¢.¢-

with HBr, Bry, Hy, HOCI, O5) and the aliphatic rings.
(2) They also shew reactions characteristic of the functional groups such as —CHO, >C0, 22/

—QOH, when pruscntm lhc molecule. ,, {

’ IMPORTANT TERPENES |

CITRAL, CyoH50 T . B _
It is the most important acycllc (open cham) monoterpcnord and has the stmcmral fonnul"’
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CHj

or

H3¢ - CH3

sl
i |
|

Prep‘\rntmn It is obtained from lemongrass 011 by treatment with sodium bisulphite solution,

Crystalline citral bisulphite derivative separates. This upon hydrolysns with sodium carbonate gives
pure citral. \

Properties. Citral is a colourless liquid bp 224-228°C. It has a strong lemon-like odour. It exhibits
geometrical isomerism about the double bonded carbons carrying CH; and CHO groups. The cis-isomer

is known as Citral-a and the frans-isomer Citral-b. Ordinary citral obtained from lcmongmss rass oil s, in
fact, mixture of Cllnl-a (90%) and Citral-b (10%)

———

CH3 i Gis . CH3 ;
N CHQ‘ N Trans
: : CHO

' Citral-a ' Citral-b -

Uses Citral is used extensnvely in the perfume and flavour industry to stimulate lemon-like odour,

and for the manufacture of vitamin A. Re&ﬁ?mtral has become important as a drug for reducing
blood pressure. ‘ E

Structure. (1) Elemental analysis and molecular Welght determinations show that the molecular
formula of citral is C;H,¢O.

(2) Presence of two C=C. It adds two molecules of bromine to form a tetrabromide, indicating
the presence of two C'lrbon-carbon double bonds.

C10H150 + 2B —> C10H1608l‘4
) Citral ' Tetrabromide
(3) Presence of CHO. It forms an (El_rgmd on oxidation gwes geranic acid without loss of any
carbon atom. ; )
O

Ol a0 0
(Ctys)—C—H + [0] — > (Coths)—C—OH

Citral . Geranic acid

4 Carbon skeleton. Slmmler (1891) suggested that two isoprene units are Jomedhead-to-mil in,
citral (Isoprene rule), and its carbon skeleton was
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(5) Position of C=C bonds Indicated. The oxidation ofcilljrll} \'wt-h n—“"“:,l:::;:ll)l;lré i lby i Pmilio: |
. mlinie aci ic aci is isacc .
by chromic acid, gives acetone, leVyhmc acid, and bxalic acid. Th

of the double bonds is as shown ‘m’.mgg_\fomlulﬂ DElOv | ” | o | 3
’ e fre © . 2
. U O COOH
e L 13 ' i " li COOH '
‘ 5 ' . vulinic Oxalic
1 . . Acetone '.-eaGid \ "acld ~ ¢ | {‘3"
Citral - N : i 'dm;/\'ﬂp h_;/‘ﬁﬂ 0X(dq “ETL COO ] Ay

roposed structure) A - Sy
(prop o o . Out ‘K(’,o{‘(‘_?’.’ ./‘;} 01]b/ | ;
(6) “Position of double bonds confirmed. The above structure of citral is supported DY the

decomposition of citral with aqueous Na2C03 to gfve w i’_’lq acetaldehyde.
+ CHzCHO
. Acetaldehyde

Citral ¢ Methylheptenone .

(7) Synthesis. The _stru_cﬁlre of 'cit>ra71 was confirmed by the fo.llowing synthesis from-
r-l-ethylhepten_ong. The various steps are (/) Reformatsky reaction ; (i) Hydrolysis with dilute acid;
i1i) Dehydration with acetic anhjdr_ide ; () Distilling calcium geranate with calcium formate ,

OzZnl .
CO-Et

' — | ©HYH,0.

- .~ ICH,CO,Et Al ‘“29}
- Methylheptenone
Ac,0
o

Rt

© - Geranicacid, . L
(@s calciim salty - . - + Citra|
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. GERANIOL, C1oHuO
| It is an acyclic terpene aluolml and has the structure :

or

Geraniol occurs in oils of rose, palmrosa, geranium, citronella, lemongrass and lavender..

pPreparation. (1) From Palmrosa Oil. This is obtained cheap from a W11d-=growmg grass ‘
Cymbopogon Martini, by steam dlStlllatlon When the oil is treated with anhydrous calcium chloride,

geraniol reacts with it to give a crystalhne addition product. This is separated and decomposed with
water to liberate geramol

(2) From Citral-a. Geraniol may also be prepared by reduction of Citral-a (geraniol) with almnim'um
amalgam.

Properties. (Physical). Geraniol is a colourless liquid, bp 230°C, having pleasant rose-like odour.
S
It is insoluble in water but dissolves 1 in ethanol.

Geraniol exhibits geometncal isomerism and it is. cis-form. The frans-isomer is another terpene
Nerol (from neroli oil), colourless liquid, bp 225°C, having rose-like odour.

CHj

Trans
S
CH,0OH
Geraniol ' Nerol <
(cis-form) {trans-iorm)

(Chemical). The structural formula of geraniol has two carbon-carbon double bonds and a

primary alcohol group. Thus it gives the reactions of dienes as also of primary alcohols. Two of its
important reactions are listed below.

(1) Oxidation. Upon oxidation, geraniol is first converted to citral-a and then to geranic acid

Geraniol Citral-a

Geranic acid
- () Cyclization. When treated with dilute sulphuric acid, geraniol forms o.-terpineol
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CHy0H.
|

diHgS0s,

On TN

U a—TerpmeoI

%@E - »dour of ros
Uses. Geraniol and nerol are cxtensrvely used in pcrfumery to stunulate the odour €s..

structure. (1)! Geramol has the molecular formula CWH’ 80.
' (2) Presence of two C=C bonds. Itadds two molecules of bromine, and two moll)ecuclles ofhydm,geﬂ
on catalyuc hydrogenatlon showmg the presence of two carbon—carbon doubld onds

\ C10H180 + . 2Br, ——* C10H1803f4

Geramol a ' Tetrabromlde
S __
C10H130 + 2H2 —f’ C10H220
Saturated alcohol

. (3) Presenceof CHZOH On oxrdatron it gives an aldehyde (mtral-a) and then an acrd ( geramc
4 acrd) containing the same number of carbon atoms as geraniol.

0 [O
(CgH15)CH20H —[i> (CgH15)CHO — (CgH15)COOH

Geraniol . Citrala . . Geranic acid
- This proves that geramol is a prrmary alcohol and the a.rrangement of C atoms as also the
posmons of the two double bonds are the same as in Citral-a.

" (4 Structurederived frt)m that of citral. Knowmg the structural formula of citral-a, geramol 1$
assrgned the structure.

Geraniol - Citral-a o :

Therefore, geraniol is also the cis-form whlch is confirmed b()cf:lﬁiﬁi{ns)tudles

LIMONENE CioHg
It is the most widely distributed terpene and has the structure
' CH,

or

rvom N Yy ’
: | /C\\ ' |

§ . HsC': N
I 3 2 X f .
|

(+)-Limonene occurs in oran Lnd 1émon peels w’ "'le (_)_lrmonene is found in pine needles:
(¥)-limonene known as Dlpentenelspresen in enti

~ Scanned by CamScanner



gsentinl O1ls. Limonene and dipentene are separageq i’rom th L@
iethod consists in formation of the tetrabromie by addi " Creley, any
h zine and ncetic nud when the product is dipentepe, il fB

\

Preparation. L um‘l

| cssential oils. The chemicd T:‘

R ation W
" ollowed by debrominatio!

follow e\‘“_ Isoprene. \When isoprenc is heated mucalcd tube at280°C ,Diels-Alder g

() From )

itselfyields (&)- -limonene 0T dipentene.

\ .
+

'j 280‘;(_?‘ |

H

X

. Isoprene Dipentene
(2 mole"ules)

Properties. (Physical). leonene 15111qu1d bp 178°C It has lemon-like o dour ltis insolum |
water, butdissolves in cthanol and diethiyl ether. blei

(Chemical). It aives the reactions of an alkadiene. On catalytic hydrogenation (
p-menthane, while with bromine it yields a tetrabromide. When heated In the presenc
(catalyst), it disproportionates to p- cymene and p- menthane

S, A) it glveg
¢ of palladiyp,

Dipentene. p-Cymene _ p—Menthane

Uses. (1) Limonene is used as flavouring agent in foods, beverages, dental and shaving creams;;
(2) Dipentene is used in medicine and for the manufacture of p-cymene, p-menthane, and synthetic

resins. |
‘ X vt
MENTHOL, C4H,,0 N
It is a monocyclic monoterpene secondary alcohol, having the structure : ' , j ¢
D ' » )
CHy . T
/4 - =
or
- OH _ OH
CH
/N
HaC CH,4
Menthol occurs in peppermint oil and Japanese mint oil. It

enthol . I
- Preparation. (1) From Peppermint or Mint Oil. The oil is chﬂled when Cf)’S”ls of 10 pi

separate. These are purified by recrystallisation. -
. 1 . .
(2) From Thymol. Menthol is also obtained by catalytw hydroge““'“o" Ofthymo i .

| 1
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. 7 At

Thymel P e '.- (* )Menthol

0 \\

_' . Properties. (Plu'sical) Menthol 1sawh1te orystallme solrd wnthastrongmmty odourand coolj,
ste. It melts at 42°C and boils at 216°C Natmal menthol is optncally active, the (-) form, 1t ha
naesthetic and anpseptlc action. \ PEREE R LI S PR

¢

(Chemical). It gwes the reactions of an ahcychc secondary alcohol 4 ele i
I () Omdation. Upon omdatlon w1th chromrc acrd 1t grves 'the 00rrespondmg ketone menthone

Na20r207. dil H2$O4
55°C [ =

_ f\/lj_f)lhﬂl- t ~ " Menthone

(2) Dehydratlon When heated w1th potassrum hydrogen sulphate it gives menthene.

ARBGIAR LN "'t'f|" L Lath L4 14l A
AT, &

4+ H0

: _ " Methol R | Menthene '
Uses. Menfhol on account of its’ ana"sthetic and an rtlseg_t}gacnon , pleasant odour and coolmg
taste, is used : (1) in pharmaceutlcals as locaI anagsthefic'and for relief of headache ; (2) in mou! mouth
‘washes, nasal sprays and inhalers (Vick's lnﬁaler)‘cough drops, chewing-gums, and mentholatcd

cxgarettes (3)in cosmetlcs toothpastes sharlhg creams, shaving lotrons face creams and powdch

'G-PINENE CioH1s

It is a bicyclic monaterpene and has the structure

'\

(x—Pmene is the clnef componcnt of turpcntme oil obt'uned from the pine tree.

. " Preparation. It is isolated from turpentine oil by stczun cllstlllauon followed by ﬁactronal dis ﬂllatxoﬂ

=y
g;ul;il?;m fled by Conversron mto mtrosyl chlonde thh “POH treatment wnh anrhne lrberates -

,;n-.-_ s

:  Properties. 0-Pinene 1sacolourles 1 id, 5 A
actxve [u,]D_.4g g, | S Hqu bP 156' C ‘

-

"“?ﬁtﬁbbdgu,‘r?and i 5pticany
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(1) Reaction with HICL. Tt reacts with dry hydrogen chloride at 0°C to form bornyl chloride, mp
131°C, witha faint cmnplmrudour('x|rli_l_'\fi_ai_l_lﬁgx.mnpllor’). T

CH, . - CH,
H,0 | HCl
dilHSO4 0° =
OH o ~~ Bomyl chloride

o-Terpineol’

) Reaction with H;SO,. When treated with dilute H,S0,, the 4-carbon ring in terpene cleaves
to form a:Igrpir_\g_ql. ‘ | »

Uses. Turpentine oil which is mainly o-pinenc is used as a thinner for paints and for the commerical
synthesis of camphor.

CAMPHOR, C10H1¢0 _ _ |
It is a well-known bicyclic terpene ketone i

~ Preparation. It is prepared by chilling Camphor oil obtained by ps_tgmi&till_atiﬂ }vood and'
Jeaves of the camphor tree which grows in Formosa. Now it is mostly produced by a synthetic method
starting from c.-pinene. o - e |
Properties. Camphor is a colourless crystalline solid, sp gr 0.999,mp 179°C, bp 209. 1°C. It sublimes -
at room temperature and its vapour have a strong characteristic smell. Natural camphor is dextrorotatory,
[a]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 : (i) a medicinal, incense ; (i) plasticizer ; (i) moth repeller ; and (iv) n
embalming fluids. | | : i

L S PR VS O PTG IR | T TR

el

EXAMINATION QUESTIONS

' Wh_a\t are terpenes ? How are they classified ?
2. Write a note on : Isoprene Rule

=

L [ By W VTR T

(Delhi BSc, 2002 ; Ava?fh BSc, 2003 ; Berhampur BSc, 2003)

- 3. Whatis Isoprene rule ? Indicate the isoprene units in the structure of citral and 0.-pinene. i
(Delhi BSe, 2003) 1
4. How are terpencs classified 7 Discuss the structure of any one terpene, along with its Sym?esj i
‘ ) (Sambalpur BSc, 2004) '
.6 ; D{scuss the constitution (structure) of citral |
7- I}J‘tscuss the constitution of geranio] o i
. ow will you show that citral i . e
8. How can nosil 18 an o, B-unsaturated aldehyde ? 002
9, position of double bonds be established in citral ? (4nna BSe, 20

What are the structural formulag and uses of -

(@) Menthol (b) ©-Pinene © Carﬁphor (Kerala BS¢, ,700:{2

Scanned by CamScanner



