Unit - V. ¢ %
Natural Products

. TERPENES (C_H,)

Plants have many frac,rant steamn volatile Components in them These

. are called essential oils. These are used in perfumery, fool flavouring and
medicines. They are mixtures hydrocarbons containing 10, 15, 20; 30 or 40

 carbon atoms or their oxygenated derivatives. The individual compoundb

- of essential oils.are called terpenes or terpenoids.

Isolation of Terpenes

Terpenses are isolated from the essentail oils.

The essential oi! is-
extracted from the plant tissues by

1 Steam distillation
2. Digestion with solvents or
3., Adsorption in purified fats steam distillation is widly used. -

The plant tissues are ground and the steam distilled. Solvent

extraction method is used in cases of terpenes which decompose durmg
steam distillation. This i$ done with light petrol at 50°C

The essential oils obtained by the above methods is subjected to
fractional distillation or chromatography. We get individual terpencs.
Classification of Terpenes

Terpenes are classified according to the number of isoprene units

- present in them. The following table gives the various classes of terpenes
found in nature.

Class

! 2
Number of isoprene uniss

2

Mono terpenes
Sesqui terpenes
Diterpenes
Triterpencs
Tetra terpenes

300 & W

Poly terpenes
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Istrqne Rule :

built up. ofhisopAreni tmies?

-

Rule : The skeleton s : ; ‘ . :
Ic ‘trqcttgu;,eis,,?f‘_ail l?a‘m;gjjy oceurring terpenoids are Ay

Explaination :

.1 The builing block of the structure ofterpeheg is an isoprene skeleton -

namely, O .
C-C-Cc-cC
l. .
C

- 4Sm:'l; ‘:sol?pene.um'ts are joineq ‘to gether through carbon atoms I and
: Ca”:; . or .llrand 4. The carbon atom marked | is called the head and 4
: e tail. M.a.ny of the terpene are built up by joining the head and
the tail. We know isoprene CH,=C-CH=CH,"
l 2

CH, .
1-2 3 4
C-Cc-c-c

-

So, the isoprene unit will be

O—_

Whel? two such u.nits-arejoined by carbon 4 of the first unit and the
carbon 1 6fthe second unit the strcture will be as follows :

1 3 1 3

Examples of some cominon terpenes are given below. Dotted lines

divide the molecules into isoprene units. ;

H

Geraniol Nerol Mc;nhol

3 V.Prope_rtie,s of Terpenes

A
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e Physical : -

Most of them are sweet smelling colourless liqixids. They are lighter
than water. They are readily volatile in steam. They are optically active.

Chemical : .
Most of them are unsaturated. So they add HBr, Br,, H, and ozone.

They form characteristic addition compounds with NO,and NaOBr. These
addition_compounds-are used for the identification of the terpenes.
Terpenes are easily oxidised. ‘On exposure to air they become resins.

CITRAL :(C, H, O)
CHO
/ L
Citral

Citral is the most important member of the acyclic monoterpenoids

since the structures of most of the other compounds in this group are
« based on that of citral. It finds much industrial applications, the most
imporant being the synthesis of B — ionone, is'frequently used in perfumery.

Isolation :

It is opticaliy inactive oil with lemon like smell. It occurs widely
distributed in nature, the principle source being the lemon grass oil which
has 60 — 80% of citral. Citral is isolated as its crystalline bisulphite product

which on hydrolysis gives back citral. '

Structure :

I Its molecular formula is C, H, O.

2. By the 'usual reactions, citral is found to have two double bonds.
' Pd—H, Br,

«— ¢HO0 —— CH,O0Br
citral citral tetrabromide

CIOHZO()

tetrahydrocitral *
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3 As citral forme sn oxame and reduce s Fehling solution, oxygen must
be present as an aldehydic group. It 1 confirmed by its reduction to
geraniol (3 primary alcohol) C, 'H O, end oxidation by silver oxide to
geranic acid C_ _H _O_ without loss of a1y carbon atom.

Ag.O Na/Hg
cwHuO: N — Cl(’"lto SE—y ’CIOHHO
geranic acid citral geraniol
4 The presence of two double bonds znd an aldehydic group in citral
(C,H,0) led 10 C_H_, as the molecul: r-formula of its fully saturated
hydrocarbon.  Now as C correspo ids to the general formula for
acyclic compounds (C_H,_ ) citral must by acyclic compounds.

5. Citral. on heating with potassium hydrogen sulphate, gives a well
known aromatic compound p - cymene a1d thus the carbon skeleton and
hence the position of the alkyl groups, iz., methyl and isopropyl, are
established =

5
v
[T
~

i

Carbon skeleton of citral

p - cymene

6. On treatment with sodium bisulphote citral forms mono as well as
di - bisulphite addition products, indicating the presence of
a, B —unsaturated aldehydic group. The a, 8 — unsaturated aldehydic group in
citral is confirmed by its ultraviolet absorption spectrum (A_ = 2.38 nm).

7. The position of the other double bond and the complete structure of
citral is established by its oxidation with alkaline permanganate followed by
chromic acjd to give acetone, oxalic acid and leavulic aicd (Tiemann and
Semmler, 1895). ,
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COOH
CHO i

P ¥ + X

Y o &OOH

0 . =
Citral o )

8. The above structure for citral is proved by Verley’s work'(l_ 897) who
found that citral when treated with aqueous KZCO3 solution is converted

" info acetaldehyde and an unsaturated ketone which was identified as

6 - methylhept - 5 - en - 2 - one by its ozonolysis to acetone and laevulinic

acid (laevulic acid).

COOH
0
7

o
FHOKC0, ayas 5 O Y .
0

CH,

Citral
Moreover, the structure of methylhepteno
confirmed by synthesis (Barbier and Bouveault, 1896).

coct, -
CH., + NaCH/ .Y ) :
c/ Br \COC*‘: ' ot
2 OCH, -

ne has already been

2. 4 - dibromo - sodio -

Br
C
2- methylbutane acetylacetone
NaOH
S —_ N
(-HBf¥)
' (-CH,COOH) ©

CH
methylheptenone
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The convernon of citral to methylheptenone and CH;CHO is actually
owing to the presence of an a, B - unsaturated carbonyl group which
whenever trtated with alkali undergoes the following series of reactions.
o

o

B «a Il

H,0 /OH"
-CH=CH-C-R

I
—_— —-CH-CH,-C-R
' |
OH o)
Il
—-CH+CH,-C-R
ll =

_

SUNTIR ) O A N

PRt

Let us apply this reaction to citral which yield methylheptenone and

. acetaldehyde.

: CHO cho

: @HO) ’
Synthesis : i

Fmally the structure of citral has been conﬁnned by various synthesls

L Barbler and Bouyeault (1896) converted methylheptenone into
geranic ester by using Reformatsky reaction. After this Tiemann (1898)
converted geranic ester into citral by dlstlllmg a mixture of calc1um salts
of geranic and formic acids.

\,

COOC_H

Refi tsk 275
4 CH,ICOOCH, +2Zn .~ ormatsxy,

reaction }

; OH

methylheptenone
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i. hydrolysis

(CH3CO)20 CcOOoC, Hy ii. distill Ca-salt
_
— "
(-H.,0) with (HCOO)2Ca
2
Geranic ester Flilral
ii. Arens and Van Drop (1¢48) synthesis .
P CH i. Na/N}H, B Uik
ol ———> :
0. CH ii. H( i (Partial
Acetone Acetylene CH reduction) CH,
PBr, Na _
,
(allylic CH,COCHCOOC,H, 3
rearrangement) CH,Br y
< H,C,0.C
COC_H COC.H
+ PP ety COCH, e -
y o) CMgBr i H, - Pd/BasO,
OH
CHOC, H, CHO
| ) HCl1
(Ailylic rearrangement)
o Citral
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GERANIOL (C, H,,0)

X\~CH,0H i .
H ’ 5 *

Gerenmiel -

Isolation
It occurs in rose. lemon - grass, geranium, lavender and citronella

oils. It is 1solated from the oil of palmrosa. Palmroszﬁs treated with

_ anhydrous calcium chloride. We get acrystalline complex. It is filtered

and decomposed with water. We get geraniol.

Structure ' ;

* 1. The molecular formula of geraniol is C,0H,50.

2. Onoxidation it gives an aldehyde, geranial or citral.

N\ CH.OH
=

Geraniol Citral
I - I :
Citral on further oxidation gives an acid, geranic acid. Both the citral
and geranic acid have the same number of carbon atoms Therefore
geraniol is a primary alcohol, '

3. On bromination it gives a tetrabromide. On reduction four hydrogen
atoms are added. This shows the presences of two double bonds.

4. Since it gives citral on oxidation the arrangement of carbon atomsin .

. itsmolecule is the same as in citral. The structure of citral is shown
tobe I. Therefore the structure of geraniol is II.

5. Geraniol and nerol have been shown to be geometrical isomers.
Both nerol and gerariol on treatment with dillute sulphuric acid
undergo cyclisation and give o - terpeneol. This reaction is nine times
as fast with nerol as with geraniol.. Therefore the trans configuration
has been given 1o geraniol and cis configuraion to ncrol.
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H
N H Ot . Dilute ., Dilute CH,OH
H,SO, ‘ E}{zso‘
- H
Geraniol (trans) o -Terpencol Nerol (cis)
" Synthesis
CH,OH
2 v
R HHo Na/Hg N o \C‘\n
ﬁ
(H]
Citral - a Geraniol

a - TERPINEOL (C, H,,O)

H

Isolation . Ny
It occurs in oils of petitgration and neroli hro- terpineol, is fslolat.ed
from camphor and dl - « - terpinol from cajuput oils by-extraction with

light petrol at 50°C. ) ;
Structure .

1. The molecular formular of « - terpineol is C, jH, .O.
2. It shows the reactions of a tertiary alcohol.

3., It adds a molecule of bromine. Thcrefore.it contains one double
bond. Therelore the parent (satura_ted) hydrocarbon of terpinol has
the molecular formula C, H,, This corresponds to C H, Therefore
. - terpineol is a monocyclic compound.




15

ith sulphuiric
-tefpinol contaiiis the p -

- AN -

Cymene skeleton.

“

II
", P-cymene p-menthane
Thus a - terpineol is p-menthane
tertiary alcoholic group.

Positions of the double bond and the

(Wallach) : On
oroducts.

(hydroxiation 1%

acid it gives p - cymene I. Thereforé

(1) with one double bond and a

_bon tertiary alcoholic grou
g?ded oxidation, a - terpineol gives the followinz

C _H_O
108 i
a . a]kalme) ) CIOH2003 CrQ3
"l"PmO KMnO‘ Trihydroxy Compound 7
. II
CioHy50, C,oH,40, Warm
Ketohydroxy acid > alkaline
. Ketolactone 3
- = v KMnO,
C
» . GH,50, + CH,COOH = KMnO,
Tcrpcn)"lic acid Acetic acid ?
v 2 ; .
C7H|004
Terebic acid
VI
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vi‘. The contpound [V was shown to contain a keto group. But when it .
was refluxed with excess standard sodium hydroxide solution and 4,
then back titrated, it was found that alkali had been consumed. The ‘ !
amount of alkali consumed corresponds (o the presence of one J ‘
carboxylic group. Thus [Vis a lactone of 2 mono carboxylic acid. =

vii. Since it is the lactone that is isloated and not the hydroxy acid III,
suggests that the lactonisation of 111 is spoutancous. Thatis lllisa
y - or & - hydroxy acid and that IV is a y - or 8 - lactone. ’

viii. Since IV is formed from i By scission of the glycol bond and since

there is no loss of carbon atoins. The'qouble bond must be in a ring,

Thus I is a cyclic compound | *

“ix IV gave terpenylic acid. V and acetic acid. The formation of acetic

“acid suggests that IV is a methyl ketone. ThatisIV contains a CH,CO-
group. Thus IV is a methyl ketone and, a lactone.

x  Terpenylic acid V has been show to be a lactone of a monohydroxy
dicarboxylic acid. Terpenylic acid has been found to be identical _
with synthetic y — ketolacione. So, terpenylic acid must be a g
y - keto lactone. .

xi Terpenylic acid, V on further oxidation gives terebic acid VI.

«i Terebic acid is also the lactonz of a monohydroxy diacarboxylic acid.
The above reactions can be formulated as shown below assuming

the structure of o - terpineol as I. (P -Menth -1 -en -8 - ol)

o)
OOH
OH
11
(O} cooH
AlK. 0
KMnO_| o

Vi
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N Structures of terpenylic acid (V). terebicacid (VI) and a- terpmeol (l)
were confirmed by their synthcsxs

Synthesis

a. Terebic acid

EtOOC i) EtONa EtO0C~_#~CO0E! i) MeMgabr
_—> e
i ii) CICH,COOEt o ii) H

Ethyl acecto acetate

HOOC PN COOH L
H i —_—

b. Terpenylic acid

“Terebic acid

" COOEt

2EtONa " "\COOEt! i) Conc. KOH
E— EtOOC

—_—
2 steps o i) H*
Ethyl aceto acetate

COOEt i) EtOH / HCI ey . COOH
ii) MeMgBr G
“ E

i) H*

COOH

o

Terpenylic acid

¢ a- Terpineol

i) H,50, :
H
ii) KOH Na
iii) H:) @O EtOH

COOH - COOH
p - toluic acid )

Br: i i) EtOH / HCI
! if) 2MeMgl
THNY _ii) 2MeMgl _
" (2 steps) OH .
COOH . COOH b
- i) H

o — Terpineol
a - Pinene : (C, H

o - Pinene (b, p 156°) is the most widely distributed among all the
terpenqids. If forms the principal constituent of terpentine oil. - Pinene
exists in optically active forms. o - Pinene constitutes the starting material
for the synthesis of « - terpineol borneol, ‘comphor, etc.

Isolation : ~ v
Itis isolated by the steam distillation of terpéntine oil or light petrol at 3 70K

Structure :

1. Its molecular formula is CmH

2. On treatment with Br, and nitrosyl chloride separately, o - pinene

forms dibromide and mtroso - chloride, respecnvely suggesting the
presence of a double bond.

NOCI Br,
C,HNOCL CiHjg —— C10H168r2
o - Pinene . o - Pinene a - Pinene
mtrosochlorlde dibromide

Now as the molcular formula of its saturated hydrocarbon C, H, comresponds
for bicyclic compounds (C H,.._»): o - pinene must be bicyclic compound.
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3. _o-Pineneon treatment with alcoholic sulphuric acid gives o - terpin
a compbdund, of well - known structure. ... I -
[ , = -~ C,H.OH/HSO
= o - Pinene 2-5——> L

(C,H,9

hydration
f ' . : OH

a - Terpineol

Sin_ce the stucture of o - terpineol is known, its formation by hydration
of a - pinene leads to the following points.

i « - Pinene possesses one six - membered ring having the double . "

bond of « - terpineol.

i The- presence of hydroxyl group at C; in o.- terpincol, which is not
present in «- pinene, indicates that this carbon atom must be involved in
the f?fmahon of other ring of o - pinene. { There are three possibilities (as
represented by dotted lines in the following structure) for the C, to form
other ring of a - pinene and hence its complete structure whiczi\ can be

easily cleaved on hydration to form o - terpineol can be drawn as below. . ,

s

o - Terpineol
(C,H,0)

ISES

» . Although theoretically there are four possibilities vet one of them is
discarded on the grounds of Bredt’s rule according to which a double
bond can not be formed bya darbon atom occupying the bridge - head of
bicyclic system. Out of the rest three possibilities, one gives four
membered ring and the two give three membered ring. The exact structure
! of the other ring i.e., whether 4 -or -3 - membered is established by the
oxidative degradationof o - pinene. ’

-

(CIOHIGO) &

lSSl ¥ !

Gi. The gem dimethyl group (-CHMeZ) of o - terpineol is not presentin .
fihe six - membered ring of o. - pintene and hence it must be present in the
fother ring. ‘

Oxidative degradation of a - pinene : .
Baeyer degraded o - pinene according to the following scheme.

3 1 % alk, . warm. . : )
o - Pinene ———— Pinene glycol ——> Pinonic acid

(C, 1 KMnO, (¢ 1 : C, 1

10 ) 10 ) KMTIO4 ( 10 )

] 1. Br
_ya_OP_ra Pinic acid _1_—1———9 cis - Norpinicacid
(-CHBr) _ . (C,IV) ii. Ba(OH), . (CH,OV)
: iii. CrO, .

The above set of oxidative degration led in the following conclusion.

£i In the conversion of I to IL. the double bond of the former is

i hydroxylated.

' -‘v—ii. Now as we know that the double bonds is present in the

six - membered ring, oxidation of the glycolic group of I1 to TII indicates

& ‘that'the six - membered ring having glycolic group and double bond is”
& oxidised.

iii. The formation of bromoform as one of the oxidation products of
11 suggests that the compound ITI tis having an acetyl (-COCH,) group
¥ (haloform reaction). . ;

.iv. The final oxidation product, cis ! ndrpinic acid is found to be a saturated

dicarboxylic acid, so its formula may also be written as C GH,O(COOH)Z.

Furthermore, as indicated in point 3@ i) the gem —dimethyl group (-CHMe.) is’
; present in ring other than 6 - mem>ered which remains intact during the
above oxidation reactions, the gem - dimethyl group (-CHMe,) must be
present in the cis - norpinic acid Thus now the detailed formula for
cis - norpinic acid may be written as Mc2C A 4(COOH)2 which indicates that
‘the saturated parent hydrocarbon ¢f this acid is C,Hg and hence the acid
tust be cyclobutane derivative. Tl.e acid was identified as 1, T - dimethyl

clobutane. 2, 4 - dicarboxylic acic by synthesis (Kerr, 1929) .

i
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On the basis of the above points. o~ pmene may be gncn stmcture a
'_‘l quch explains, al] the reactions. : : . o §

H
‘ %alk - _KMnO,

\ £ o -pinen¢ pinene pinonic acid
\- | R glycol '
\ NaCCO s
2CHONa - ‘ CH,L, YeooH :
Igc—$7CH3 HN 22 b
. NaCCO (=2Nal) : OOH  iBr, - OOH ° C,O
\"\ (le e £ . Ba(OH) ’
) \ o o) ARSI
- pinic acid . hydmxypmcne cis - norpnuc _
] 3NaOB ] NOH 1l acid " acid ¥,

-C-CH, —> -C-CBr, ——>-C-ONa +CHBr,
6. The above structure of o - pinene also cxplam the following Wallach

N - COOH COOH & observation.
AN Hydrolysis “‘O0H 200° Co- Pine'nc oﬁ treatment wnh d.ilute I_(MnO , gives pipo} hyc}rate whi.ch
O on dehydration by means of acid gives pinol. The latter on oxidaton with«
\ " 2C potassium permanganate gives pinol glycol which on further oxidation .
. \ *OOH . C'OOH gives terpenylic aciq-. o
‘. - CCOH i _
trans,- norpinic : =
1 7 amd A :
Y . - HO-
@) \ R B Y N\ : _
A & _1%alk. - H
| COOH KMn 0 ._—9(—1'120) !
Ac,0 1 Hydrolysis P .
> > a-
3 ; ‘ P . HO ‘
| E B H 3 ’
! . : pinol hydrate pinol
o : COOH b b ® s
cis - norpinic . cis - norpinic ' ’

anhydride acid
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: 0.  COOH
KMnQ, .[0]
———
\‘ - O
pinel giycol terpenylic
. acid
Synthesis :

Lastly, the. above structure for o - pinene is proved by its synthesis
form cis - norpinc acid which has al ready been synthesised. In the total
synthesis of o - pinene, norpinic acid was synthesised by Simonsen et al
1929, norpinic acid was convereted into pinic acid by Guha et al (1937),
pinic acid was converted into pinonic acid by Rao (1943), and lastly pinonic
acid was converted into o - pmene by Ruzicka et al, (1920 - 1924).

. - COOCH
Na ?H ii. KON H
C2H50H iii. hydrolysis
cis - notpinic . ‘ . BWCHMOMRCL et
anhydride : . pinate
M, 1. socl, COOH
partial _ fOOH i, (CHy,NH ON(CHy,
—_— T ——
hvdrolysis iil. H SO,
,i. SOCl :
CH CdCl COOH CZHS COOC2H5
ifi. I-lydroly51s
trans - ethyl

- pinonic acid pinonate

CH, c1cooc H, cooc;xlaﬂ - Oggg“‘ .
. c ac1
_iCHon bogh, e, \

Darzen glycidic ’ ‘

ester synthesis _ glycicic ester

140° - i. KMnO, COCH, Na
—_ OOH ——MM—> OOC H D s
-CO) ii.C,H,OH - i CH,0n-HC (Dieckmann
: reaction)

o) ' NH,
l\\drolyS|s i NH ,OH )
00C, H -C EICTIN
N(CH,), OH"
i CHI distill
ii. AgOH (reduced @ @
_ pressure)

o - pinéne
& - pinene

The presence of o. - pinene in the above mixture of & - and & — isomers
is detected by its formation of nitrosochloride and thus the mixture of
" a-and 3 - pinenes is separated and identified by the action of diazoacetic
ester when the o« - pinene gives 1 - methyl cyclopropane - 1, 2, 3 -
tricarboxylic acid and the 8 - pinene gives cyclopropane - 1, 2, 3 -
tricarboxylic acid.




N i N.CHOOQC,H,
ii. Cu powder

_—ﬁ .
- - a 1 ! . S ) !
~ ] 3
i. N CHCOOC HS HOO . (O] . HCOOH
ii. Cu powder ~ OC.H ?
k ' ' T ' 2's HOOC” 2
S - pinene - .

Camphor = (CIOHIGO) ) ) -

‘Camphor is the most important constituent of the oil of camphor. The
camphor. although very important, is not very widely distributed in nature
and the main source is Cinnamomum camphora (camphor tree) which.is
exensively found in Formosa. In this tree, although camphor is present in
. all the parts. the highest proportion is in the trunk.

Manufacture -

Camphor was e\clusnely used to be obtained from the camphor trec.
but as the supplies of natural camphor proved to be 1nadequate
now - a - days it is perpared lndustrlally from o - pinene which'in turn is
_ obtained from turpentiné oil by the following series of reaction.

o -Pinene ____ Bornyl chlorids ______§ Camphene

Isobornvl acetate ————> [soborneol ———> Camphor
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