


Introduction
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Alkaloids are naturally oc ds containing

are primarily found in

active basic

mtroMorms

compounds of plant origin in which atm}'n

part of a cyclic system.

Plant alkaloids, one of the largest groups of natural products,

represent a highly diverse group of chemical entities.

Febrifuge Strychnine

Many of these compounds possess potent/pharmacological effects. For example, the well known plant alkaloids

|
include the narcotic analgesics, morphine an?i codeine, apomorphine (a derivative of morphine) used in Parkinson’s
disease, the muscle relaxant papaverine, and the antimicrobial agents sanguinarine and berberine. Also several potent

d from' lant compounds




Natural occurrence
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The chemical structure of alkaloids are extremely variable. Generally alkaloid contains at
least one nitro atom in its structure which is responsible for the basicity of alkaloids.
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They are generdlly tertiary nitrogen compounds and contain one or two nitrogen atoms

usually in the . tiary state in aring system, most of the alkaloids also contain oxygen.
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The alkaloids are usually colourless, crystalline, non-volatile

: : & : _ Alkaloids are chiefly classified according to
solids which are insoluble in water, but are soluble in ethanol, ether,

’ the main ring system which is common to a
chloroform, etc.

group of alkaloids-
Some alkaloids are liquids which are soluble in water, e.g. coniine

and nicotine.’ Phenylethylamine alkaloids

A few are coloured, e.g. berberine is yellow. Pyrrolidone alkaloids

Most alkaloids have a bitter taste and are optically active Pyridine or piperidine alkaloids
(laevorotatory). Pyridine-pyrrolidine alkaloids

The optically active alkaloids are very useful for resolving racemic Tropane alkaloids '
acids. 3 ’ .

#inoline alkaloids

The alkaloids form insoluble precipitate
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Isoquinoline

phosphotungstic acid, phosphomo acid, picric acid

of these precipitates have definite vs anddg




Heterocyclic structure of skeleton constituting group of alkaloids
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A common method of isolation of alkaloids as follows:
First'the plant is dried, and then finely powdered.

The dried and powdered plant material is first extracted with petroleum ether (if it is rich in fat) and then filtered for

the removal of soluble fats.

The residue is then extracted with methanol to remove cellulosic and other insoluble material and the filtrate so

obtained is evaporated.
The evaporated mass is dissolved in water, acidified to pH 2 and finally steam distilled to remove methanol.

The dark residual solution is either allowed to stand for several days in a refrigerator or heated with molten paraffin

to remove suspended impurlties.

The filtrate is extracted with ether or chloroform to r onbasic organic material and then steam
g
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ethereal layer gbtained after this extraction is evagorated to give crude aIkaI0|ds
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Alkaloids showed diverse medicinal properties. From the beginning of civilization, alkaloid containing plant extracts
have been used in all cultures as medicine and poisons. Due to the physiological effects of alkaloids, they are
considered as important compounds in medicine. Many alkaloids are sufficiently toxic to animals to cause death if
eaten. Several alkaloids such as nicotine and anabasine are used as insecticides. Many alkaloids act on the nervous
system, one.of two important information systems in animals. Plants that contain protoberberine alkaloids are
reported to be used as analgesics, antiseptics, and sedatives in Chinese folk medicine. In Indian and Islamic folk
medicine, such plants are used for bleeding disorders and eye diseases, and antiseptics, sedatives, and uterine

muscle depressants. Various physiological effects of alkaloids are listed below-
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" Among many thousands of drugs, about 40% of them are of plant origin. The broadest spectrum of pharmacological
actlon is exhibited by alkaloids, especially isoquinoline ones. The first crude drug to be investigated chemically was
opium, a drug that had been used for centuries for both its analgesic and narcotic properties. Morphine is one of the
most known alkaloids which had been used and still is for medical purposes. This alkaloid is a powerful narcotic
which is used for the relief of pain, but its usefulness is limited because of addictive properties
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* In modern times, the stimulants caffeine in coffee, tea and cacao and nicotine in cigarettes are consumed worldwide.
Alkaloids with hallucinogenic, narcotic or analgesic properties have found applications in medicine e.g. morphine,
atropine and quinine. Some alkaloids served as model compounds for modern synthetic drugs whereas several are
abusedw as illegal drugs e.g. cocaine. A number of alkaloids are too toxic for any therapeutic use e.g. coniine and

strychnine. Moreover the plant constituents are still screened for new biologically active compounds.

Nicotine isolated from Nicotiana tabacum of family Solanaceae is a highly addictive stimulant of the nervous system
in small doses, such as those obtained by smoking tobacco in cigarettes, whereas higher doses can be extremely

toxic.
Nicotine is also used as an insecticide in the form of nicotine sulfate.

Various alkaloids like codfine, heroin, morphine and opium, derived from the sap of Papaversomniferum are widely

used as medicines or highly addictive and recreational dru

An addictive narcotic drug cocaine, derived from the foliage rythroxylon coca used. as a stimulant ’1d foYor:1

anaesthetic. ’
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Quinine, asting |ka|<()}d extracted from Cinchona ledgerianais well knqwn for its i!l activity
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Determination of molecular structure of alkaloids
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ently , an alkaloid is cleav 0 ple fragments by hydrolysis with water, acid or alkali and the
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/

'ecule.
@

1ext step involves in ascertaining the functional nature of oxygen and nitrogen atoms either in the molecule
Y 2 i

itself or in its fragments obtained by hydr| ysis as in step 3.

: The oxygeh atom may be present in the form of alcoholic or phenolic hydroxyl (-OH),
methoxy (-OCH,), acetoxyl (-COCH,), benizoxyl (-OCOC4H:), carboxyl (-COOH) or carbonyl (-C=0) group. Various

functional groupsan be chatacterized agcording to the following characteristics.




(i) Phenolic hydroxyl group (=C-OH):

(ii) Alcoholic hydroxyl group (-C-OH):

(b) Secondary alcohol ( > CHOH) on oxidation first gives ketone having same number of carbon atoms and
then acid with fewer number of carbon atoms. However, if the secondary alcoholic group is constituted by
cyclic carbon atom, the compound is oxidised to open chain dicarboxylic acid, although with the same

number of carbon atoms.

Acid with lesser number
of carbon atoms




R—OH + CHyMgl —= CH, + MgZ
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The alkoxy goups,;’generally methoxy (-OCH,) and sometimes —OC,Hs, occur frequen n

i ,
he alkaloids. It is detected as well as estimated by zeigel method which involves boiling of the alkaloid with

centrated hydriodic acid at its boiling point (126 °C) when alkoxy groups are converted into alkyl halides which

can be easily estimated as silver iodide by y'eatment with ethanolic silver nitrate.
!
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126 °C AgNO;
—OCH; + HI —— -OH + LHI—F Agl |



(v) Carbonyl group (>C:O):

The presence of a de and a ketone may be furthe

confirmed by spectroscopic means like infrared, ultraviolet and nu J C resonance.

Esters (such as -OCOCH,;, —-OCOCzH;) and related groups like amides, lactone, lactam
and betaines are detected by~t eir hydrol i
The nature is established by kno )&ur
~CONH, + NaOH ————= —COONa + NHj
Amide

ith water, dilute acids, alkali to the hydroxyl and acidic compounds.

Heat
—COOR' + NaQOH — —(C0OONa + R'OH

Ester

R——CH—CH,—CO R——CH—CH,—CO
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O———cCO OH COONa
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6. Functional nature of nitrogen

HI

N—CH, ———— -
“7° 150-300°C .~ C,H;OH

The secondary and tertiary amino groups can be distinguished on the basis of the following reactions-

|

(i) Only secondary amines are acetylateg'i, benzoylated and give Libermann’s nitroso reaction. Alkylation to

guaternary salt formation may also be us,éd for distinguishing the two types of amines since secondary amines

take two moles of alkyl halides while tertiary amines only one to form quaternary salt.

(if) Tertiary amines are converted into amifne oxide on treatment with 30% hydrogen peroxide.




7. Estimation of C-methyl groups

—C—CH; + K,(r,0,H,SO0; — HOOC.CH;

-
! .
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This is th'é'.r’nos‘t : in elucidating the structure of a compound since it gives
rise to certain identifiable products of well known structure and hence by knowing the changes during the
degradation and the structure of the degraded products, it will be very easy to know the structure of the original

molecule. The various degradative reactions used in elucidating the structure of alkaloids are discussed below-

:

| . This is the most important method for opening the

heterocyclic rings and ultimately eliminating the nitrogen to give aliphatic compounds. This method was first
applied to the structures of naturally oc{curring alkaloids by Willstatter in 1870, it was further developed by
Hofmann and hence now-a-days known as Hofmann exhaustive methylation. This method is based on the fact that
when quaternary ammonium hydroxides/are heated, they decompose with the loss of water and cleavage of a
carbon-nitrogen k-‘-‘:’ ;2-‘-::1" Iefin'.
(i) Mel + —  Hea

—= CH;CH,CH,NMe;OH — CH;CH=CH, + Me;N + H,0
(1) Ag,0O ) ) 200 °C - -




Hw-Nl r’MeI A.gw( )
Mm-:.t

wlezl‘

Plpendme Dimethyl
piperidinium
1odide

N Isomerises
- MeN +

Since in the elimination of a molecule of water from quaternary ammonium hydroxide, hydrogen atom

Pyr 1dme

always eliminates from B position, in caseﬁt is not available the reaction fails. However, Hofmann’s method suffers
from the defect that some compounds even though containing B-hydrogen atom are not degraded by exhaustive

methylation viz., tetrahydroquinone.




(B) Emde method
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Na/Hg; H,0-C,H;OH oS
_—

(Emde degradation)
CH,N*Mesl™ CH3

+ Me;,N

Obtained by Hofmann
degradation of
tetrahydroisoquinoline

o-Methylstyrene

Thus with the help of degradation of the alkaloids, the nature of the nucleus, the various fragments constituting the

alkaloids and also some type of linkages are established.




9. Physical methods

vi) Optical rota

e structure proposed by degradative methods is confirmed by the unambiguous synthesis.
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*» Nicotine is the most important and widely distributed of the tobacco.

* It is one of the most toxic alkaloids known, a fatal dose for men being 40 mg.

s Dry tobacco leaves contain about 5 percent nicotine combined with citric or malic acid. The
stems and leaves containing nicotine are powdered and extracted with water. The product is
extracted with alkali when the alkaloids are liberated. The free nicotine is obtained by steam

distillation and then purified through oxalate.

¢ Nicotine is a colourless leavorotatory liquid (b.p. 246 °C)

*» It becomes darkened on exposure to air due to auto-oxidation

*» Nicotine is miscible with water in all proportions at temperatures below 60 °C.

* It is a deadly poison; 30-50 mg dose of nicotine when taken orally kills a man within a few

seconds owing to paralysis of the nervous system, including the respiratory control centres.

 Nicotine in large amount is used as an insecticide.




Structure Elucidation

Its molecular formula is C;gH;4N,.

Both of the nitrogen atoms are found to be present as tertiary because nicotine takes up two molecules of
methyl iodide to form dimethiodide. Under suitable conditions, it also forms two isomeric monomethiodides,

one of the tertiary nitrogen atoms is found to be N-methyl groups.

Nicotine on oxidation gives nicotinic acid (pyridine-3-carboxylic acid) indicating that nicotine is 3-substituted

pyridine.

COOH
A
CioHpyN, —— |
=
N

By subtracting the molecular formula of & substit&\i pyrﬁa (CsH,N) from the moleculare formula of

nicotine (C,oH4N,), it is obvious that side-chain at position 3 ISSC:H,,N.

-

Position and nature of the side chain: (i) Nicotine absorbs only 3 moles of hydrogen to form-'hexahydro

ce amlles of hydrogen @*q'uired b‘ pyfidine
v \

derivative: SONBesting that/the side aain IS satufated *

nucleus of the Modine

CsH;oN \ ’“ ‘ ‘
Na-C,HOH '




(if) Since nitrogen atom of the pyridine moiety is present as N. The nitrogen atom of the side chain must
possess the methyl group. This is confirmed by the fact that when nicotine is heated with concentrated
hydriodic acid at 150 °c (Herzig-Meyer method), methyl iodide is formed. Thus, now the side-chain having the

N-methyl group can be extended as C,H,.NCH,

(iii) Nicotine forms an addition product zincichloride with zinc chloride. The zincichloride on heating with lime

give pyridine, pyrrole and methylamine.

AN
Lime
C,oH N, ZnClL2HCIH,0 —— I ‘ \ + CH;NH;
N N
H

Nicotine zincichloride

This step cleérly indicated that the side—chair@

IS N*rethylpyrrolidine.

ole deglvative. But as it already has been pointed
out that the side chain is reduced and has one N-CH; groups

The point of attachment of the side chain (N-methylpyrolidine) to the 3-position of the pyridine




(iv) On treatmentment with CHjl nicotine hydriodide give nicotine isomethiodide which on oxidation with

potassium ferricyanide followed by dichromate oxidation gives N-methylproline

(1) HI K:Fe(CN C1O4
CroH1aNy  ———— C;H,NyCH;I M‘* C1oH13N,OCH; ——

(if) CHI Hooc”™ >y

CH,

N-methylproline

The formation of N-methylproline suggests beyond doubt that the pyrrolidine unit is attached to

position 3 of the pyridine nucleus by means of a-position.

On the basis of the above points nicotine may be written as below which explains all the reactions-
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The proposed structure also explains the following two Pinner’s observations, actually the above structure was

proposed on the following two observations of Pinner.

(). Nicotine on treatment with bromine in acetic acid affords hydrobromide perbromide along with other
products on treatment with H,SO,. The hydrobromide perbromide is converted to dibromocotinine which gives

3-acetylpyridine, oxalic acid and methylamine on heating with a mixture of sulphurous and sulphuric acids at
130-140C.

_—mmT

— _—l
(11) H,50; P H,S0,
N CHa

Nicotine Dibromocotinine

COOH

COOH




(i) Nicotine on treatment with bromine in presence of hydrobromic acid gives dibromoticonine which on

heating with Ba(OH), solution at 100 °C affords nicotinic acid, malonic acid and methylamine.

oS Ba(OH),
N O — = o
OHl

CH;

=
N

Nicotine Dibromoticonine

COOH




Synthesis: (i)
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