


Introduction

Alkaloids are naturally oc Is containing

hydrogen, nitrogen, and usually c 1 are primarily found in

Generally, alkaloids are defmed a3

- y active basic
compounds of plant origin in which at m}ﬁ

'nltromworms

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

f

include the narcotic analgesics, morphine and 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




Naturaloccurrence

[11C

in one species.

A

Since alkaloids are |s expecte in plants they exist as salt of plant &

alic, citric, malic, lactic, tartaric, tann aC|d etc. Some alkaloids are also found to occur free, as glyeo d

] ;as esters or organic acids.

The chemical st.f Icture of alkaloids are extremely variable. Generally alkaloid contains at

least one nitrogen atom in its structure which is responsible for the basicity of alkaloids.
1

They are generally tertiary nitrogen compounds and contain one or two nitrogen atoms

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

) ] o ) y 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
Afewarecoloured,e.g.berberine isyellow. Pyrrolidone alkaloids
Most alkaloids have a bitter taste and are optically active Pyridineorpiperidinealkaloids
(laevorotatory). Pyridine-pyrrolidine alkaloids
Theopticallyactive alkaloids areveryusefulforresolving racemic Tropane alkaloids \
acids. 3 ' ¢

The alkaloids form insoluble precipitates
phosphotungstic acid, phosphor '9 jic a |d,,i_cric acid etc.
of these precipitates have definite apes anddi
identification pf an alka Vy

used to help



Heterocyclicstructureofskeletonconstitutinggroupofalkaloids
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Acommonmethod ofisolationofalkaloidsasfollows:
Firsttheplantisdried,andthen finelypowdered.

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

forthe removal of soluble fats.

Theresidueisthenextractedwithmethanoltoremovecellulosicandotherinsolublematerialandthefiltrateso obtained is

evaporated.
The evaporated massis dissolvedinwater,acidifiedtopH 2 andfinallysteamdistilled toremovemethanol.

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

to remove suspended impurj_ties.

3

onbasic organic material and then steam
g

’

‘ '
solut*on is made alkallnet and agamextractedw? her or hﬁh form and the

ethereal layer obtained after this extraction is evagorated to give crude aIkaI0|ds

The filtrate is extracted with ether or chloroform to reg

distilled when the steam volatblealkalmds are separated.

The solution of the rest of the all

/ .
The resulting crage all glmd/nlxtu e j5 arate y ‘ . ctiona 0/8'[ lization,

W



Macerated plant

Crude alkaloid
(1) Light petroleum
(ii) Filter — Filtrate YEvaporate
l Nonbasic Ether Aqueous
; materials solution residue
Plant residue Fats i f

(1) CH;0H '
’ Evaporate (1) Fi\‘flth
(11) Filter — Plant residue (i1) Na

Y (111) Evaporate filtrate

Ether solution Acid solution of alkaloid
Crude plant extract T T

Ether
(i) H,0 er

(11) Acidify to pH 2
(111) Steam distillation
(1iv) Allow to stand
(v) Filter

» Filtrate



Alkaloids showed diverse medicinal properties. From the beginning of civilization, alkaloid containing plant extracts
have bgen 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-

Anaesthetic

Antibacterial
[

Antimalarial

Antidiabetic e
Antic ﬁb ‘ w ' /

\

gal
Painkilkrs

Ant'i; ~ Stimulants

Musclerelaxants



.. Among many thousands of drugs, about 40% of them are of plant origin. The broadest spectrum of pharmacological
actibn is exhibited by alkaloids, especially isoquinoline ones. The first crude drug to be investigated chemically was
prium, 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 narcoticwhich

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
abused* 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 isolatedfromNicotiana tabacumoffamilySolanaceaeisahighlyaddictive stimulantofthenervoussystem in

small doses, such as those obtained by smoking tobacco in cigarettes, whereas higher doses can be extremely toxic.
Nicotineisalso usedasaninsecticideinthe form ofnicotinesulfate.

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

used as medicines or highly addictive and recreational drugs.

An addictive narcotic drug cocaine, derived from the f r'lon coca used as a stimulant and local
anaesthetic. 4 : 4

L]
Quinine,abittertasting alkaloidex.tré[c(édfromCin onaledgerianaiswellknownforits antir’alarial ac@/ity.‘

, oftengiye

Morphineing'nkill '
An add‘%«'({e}ﬁﬂot e .'(u -\(
‘ / Y 4 ;

a’ﬁa&thet_i ‘} A\ /"

.

by
6

Zi U )\ 0 l.‘;‘ ye .

/J ,1‘. ‘H‘ ¢ ) \\u

~ -
o

f W
\ ! (1

\J N & \
: '3 '-“!""*i !

¥ ',".}'&,";



Atropine

/

Morphine

HO A

CH

X

7
N

Quinine from cinchona species




Determinationofmolecularstructureofalkaloids

sence of unsaturation, preferably

ane =
|
'

-e*fragments by hydrolysis with water, acid or alkali and the

I dride and sodiu

ently , an alkaloid is cleave
ined are examined separately since the structure of the fragment mayeasily be established than that o

FECU (K
| §

ext step involves in ascertaining the; unctional nature of oxygen and nitrogen atoms either in the molecule

self orin its fragments obtained by hydro/ sis as in step 3.

:Theoxygen atommaybepresentintheformofalcoholic orphenolic hydroxyl(-OH), methoxy
(-OCHs), acetoxyl (-COCHg), benzoxyl (-OGOCgHs), carboxyl (-COOH) or carbonyl (-C=0) group. Various functional
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(i) Phenolic hydroxyl group (=C-OH):

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

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

number of carbon atoms.

Acid with lesser number
of carbon atoms




|
R—OH + CH;Mgl ——= CH, + Mg<
OR

OOH); ylic group is indicated by its solubility in we

etc., esterification with alcc "_'f'on in the infrared. The acidic groups are

guantitatively either by acid-e tion o A DySTvereattmethod. e §

( Thealkoxygrp, g',‘eneralIymethoxy(-OCHg) and sometimes—OC;,Hs, occur frequentlyin S
aloids. It is detected as well as estim,&'éted by zeigel method which involves boiling of the alkaloid with
¥

)ncentrated hydriodic acid at its boiling pf‘int (126 °C) when alkoxy groups are converted into alkyl halides which

can be easily estimated as silver iodide by lr‘eatment with ethanolic silver nitrate.
|
I |

126 °C ) . AgNO;
—OCH; + HI — -OH + CHjl—— Agl |




(v) Carbonyl group (QO):

reduction a

up and distinctio

e and a ketone may be furthe

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

Esters (such as -OCOCHj;, —OCOC¢Hs) and related groups like amides, lactone, lactam

and betaines are detected by\t{tlevi‘r hydrolysis ﬁth water, dilute acids, alkali to the hydroxyl and acidic compounds.
' && tur

The nature is established by kno

| —CONH, + NaOH ———— —(COONa + NH;
Amide

Heat
—COOR' + NaOH — —(COONa + R'OH

Ester

R—CH—CH,—CO R—CH—CH,—CO
+ NaOH ———»=

OH COONa

g pw, B , R —CH—CH,—CO
! N a0 + NaOH ——— |
NH, COONa

?,."



6. Functionalnature of nitrogen

| LA

HI AgNO;
e —— \NH + CH3l ———— =  Agl !
150-300 °C .~ C,H;OH -

HI ™~ AgNO;
NH + CHjI———— Agl |

N—CH; ————
> 150-300°C .~ C,H;OH

Thesecondaryandtertiaryamino grq'upscanbe distinguishedonthebasisofthefollowingreactions-

(i) Only secondary amines are acetylateﬂ, benzoylated and give Libermann’s nitroso reaction. Alkylation to
| :
guaternary salt formation may also be used for distinguishing the two types of amines since secondary aminestake

two moles of alkyl halides while tertiary ami'.hes only one to form quaternary salt.

(if) Tertiaryaminesareconverted intoamine@xide ontreatmentwith30%hydrogenperoxide.




7. Estimation of C-methyl groups

—C—CH; + K,(r,0,H,S0, — HOOC.CH;4

D
et
1 i
.

in elucidating the structure of a compound since it gives

W ¥ .

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 reactiong‘; used in elucidating the structure of alkaloids are discussed below-
!

: This is the most important method for opening the
heterocyclic rings and ultimately eliminati'ng the nitrogen to give aliphatic compounds. This method was first
applied to the structures of naturally occur['ing alkaloids by Willstatter in 1870, it was further developed byHofmann
and hence now-a-days known as Hofmanh exhaustive methylation. This method is based on the fact that when

guaternary ammonium hydroxides are heated, they decompose with the loss of water and cleavage of a carbon-

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




NMEZ

Piperidine Dimethyl
piperidinium (i) Mel

10dide

N Isomerises
-~ MeN + |

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

(i) Ag,0

always eliminates from B position, in case it 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

=
Na/Hg: H,0-C,H;OH o~

' + Me;N
(Emde degradation) €3

CH,N*Mesl™ CH3

Obtained by Hofinann
degradation of
tetrahydroisoquinoline

o-Methylstyrene

Na/Hg: H,O-C,H;OH

(Emde degradation)

| Thus withthehelp of degradationof thealkaioids, thenatureof thenucleus, thevariousfragmentsconstituting the alkaloids
|

and also some type of linkages are established.




9. Physical methods
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¢ Nicotine isthemostimportantand widelydistributed ofthe tobacco.
*» Itisoneofthe mosttoxic alkaloidsknown,afataldosefor menbeing40mg.

+ 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 isacolourlessleavorotatoryliquid(b.p.246°C)

% ltbecomesdarkenedonexposuretoairdue toauto-oxidation

+ Nicotineismisciblewithwaterinallproportionsat temperaturesbelow60°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.

+ Nicotineinlargeamountisused asaninsecticide.
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StructureElucidation

ltsmolecularformulaisC;yH;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
QA
CioHpyN, —— |
=
N

Bysubtractingthemolecular formulaofa sub%&yrid”@smm fromthemoleculare formula of

nicotine (C,9H;4N,), it is obvious that side-chain at position 3 1STCsHN.

o

Position and nature of the side chain: (i) I‘Qicotine absorbs only 3 moles of hydrogen to form“hexahydro
derivative, siggesting that/the side haln |s saturated

ince 3 meles of hydrogen *quired hQy pyfAdine
nucleus of th\e Ntine \
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(i) Since nitrogen atom of the pyridine moiety is present asN. 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 theN-

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.

C,oH4N,-ZnCl,-2HCI-H,0 41- O ‘ | + CH;NH,

Nicotine zincichloride

This step clearly indicated that the side- Chal

le dervative. But as it already has been pointed
out that the side chain is reduced and has one N-CHs g upy thylpyrrolidine.

Thepointofattachmentofthesidechain(N-methylpyrolidine)tothe3-positionofthepyridine nucleus could be

either 2 or 3. Thus, the side chain of the nicotfhe may be represented as below-




(iv) OntreatmentmentwithCHslnicotinehydriodidegivenicotineisomethiodidewhichonoxidationwithpotassium

ferricyanide followed by dichromate oxidation gives N-methylproline

(1) HI K:Fe(CN CrO4
CroH1Ny  ———— C;H,NyCH;I M C1oH13N,OCH; ——

(if) CH,I Hooc”” >y

CH;,

N-methylproline

TheformationofN-methylprolinesuggestsbeyonddoubtthatthepyrrolidineunitisattachedto

position 3ofthepyridinenucleusby meansofa-position.
Onthebasisoftheabovepointsnicotinemaybewrittenasbelowwhichexplainsallthereactions-

H,C CH,
N—CH_ o
N7 7 KsFe(CN)g |

= I
| CH,

S CHal™
. Lo Nicotone
Nicotine isomethiodide ‘\

\ CrO; . “

o
/] | | | f [" s
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Theproposedstructure alsoexplains thefollowingtwoPinner’s observations,actuallytheabovestructurewas

proposed on the following two observations of Pinner.

(i). Nicotine on treatment with bromine in acetic acid affords hydrobromide perbromide along with other
products on treatment with H,SOs3. 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
130-140:°C.

_—mm

(i) H,SO, s |
N CHs

N —_—

H,S0,

Nicotine Dibromocotinine

COOH
+ CH3;NH, +

COOH

3-Acetylpyridine




(i) Nicotineontreatmentwithbromineinpresenceofhydrobromicacidgivesdibromoticoninewhichonheatingwith

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

Ba (()H) b
o - .
OH Il\I

CH,

=
N

Nicotine Dibromoticonine

COOH
HOOC—CH,

+ CH;NH, +
COOH




Synthesis: (i)

N
CH;

Ethyl nicotinate )
N-methylpyrrolidone

C——CH,

H, I
|
N—co CH,
=
N/ CH;

C,HsOH-NaOH

Zn dust

C,HsONa @ COJ\ J
—b_
Lz
N O N
|

CH,

HC1|130°C

“S—COCHCH,CH,NHCH;

y COOH
N

.

]

Nicotine
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H,C CH
CN 2| 2

MgBr(CH,);0C,H; ) ) C\\ CH,
o =
=~ v-ethoxypropyl magnesium Il\I OC,H;
N bromide OH

I

Zn | CH;COOH

H,C THz Hzclt (|:H2
|
XN—CH CH, HBr “N\—CH CH,
\ e

e

A\
NH2 :B/j[' 150'155 OC / NH2 0C2H5
N N

P




ROOC
S
CH, _~OR
| HC_

HN
+ CH,0 + |

COCH;

S

=
N Para-
formaldehyde

B-Nicotinoyl acetic Acetamido formaldehyde
ester acetal

A

N

I
H

CH,0/HCOOH
(Methylation)

(Decarboxylation)

COOH —-CO;

S
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