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Introduction

Natural products are chemical compounds or substance
produced by a living organism that is found in nature.

In the broadest sense, natural products include any
substance produced by life.

Natural Products is define as organic compounds and other
chemicals synthesised by plants through metabolic
processes aided by sunlight, involving CO2, H20 vapour and
chlorophyll.

Generally, natural products are characterised by specific
functions they perform in plants and animals.

Categories of natural Products are called metabolites.



Primary metabolites

A- Primary metabolites are usually found in all living organisms such as
plants and animals. They form the nucles of living material e.g.
mevalonic acids and nucleotides.

e Acetyl-coenzyme A (AScOA), Nucleotides and Mevalonic acids (MVA)
constitutes primary metabolites from which secondary metabolites
are derivable. A complex web of enzymecatalyzed reactions may
involve the use of inorganic compounds such as H20, CO2, solar

energy through the process known as Photosynthesis. The reaction
scheme is shown below.

o sunlight
6CO, +6H,0 = — CH,Os +60,+ Energy
chlorophyll glucose




Secondary metabolites

B- Secondary metabolites are chemicals synthesized by
plants but are not directly used by them, but are used
indirectly by man as a source of pharmaceutical
preparations. Secondary metabolites are generally built
from primary metabolites. Examples are steroids,

terpenoids, alkaloids, and others.

 Some secondary metabolites are synthesised via biosynthesis and
or biogenesis.

* Higher plants synthesised chemical compounds in vivo and degrade
them by means of series of chemical reactions, each aided by
enzymes, by a process known as metabolism



What is difference between biosynthesis
and biogenesis?

What biosynthesis means?
the production of a chemical compound by a living
organism.

What biogenesis means?
Biogenesis refers to all living things that come from other living things.

* js that biogenesis is the principle that living organisms are produced
only from other living organisms while biosynthesis is (biochemistry)
the synthesis of organic compounds within a living organism,
especially the synthesis of large compounds from small ones.
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What are “Natural Products”?
Chemical characteristics

* Naturally-occurring small organic compounds
» mcluding heterocyclic compounds, and peptides.
» does not include proteins, carbohydrates, and nucleic
acids.
« MW: ~150 ~ <800 amu (“small molecule™)

» Methods of extraction and purification are generally
similar to the techniques used for organic compounds

(e.g.. TLC, column chromatography, HPLC. GC)
* Methods of structural determination
« NMR, MS. IR, X-ray, UV



Classification of natural products

<l 4l Alkaloids

<l A Terpenes

Sl s ! Steroids

« sudll LS 54 Phenolic compounds

2P
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(1) Terpenoids



Terpenoids

O Terpenoids are naturally occurring organic compounds, mostly found in plants.

d Terpenoids are structurally related as they are all composed of isoprene units
repeated twice or more.

O They can be either hydrocarbons or oxygenated compounds.

Isoprene Rule: All naturally occurring terpenoids consist of
Isoprene units (CgHg),, connected together in a head-to-tall
arrangement. Head

CH,

z

HC CHj,
Tail



ch
H2C:C_CH:CH2

Isoprene
Head Tall Head  Tall
i i
C—C—C—C C—C—C—C
\ AN J
e Y
Isoprene Isoprene
unit unit

CH . CH .
head | © i | head|| o )\/\)\/\
CH3-C=CH-CH2}tCH2-C-CH=CH2 T OH

myrcene 8 ~ geraniol 9



irregular monoterpenes

1 3
HOOC =

chrysanthemic acid

1,2-cleavage wiage
\I/k 1,3-cleavag

santolinyl skeleton
lavandulyl skeleton

artemisyl skeleton

OH 0
| Z =
= %
NN OH

santolina alcohol 10 artemisia ketone 11 lavandulol 12



Classification of Terpenoids:

Terpenoids are classified according to the number of isoprene
units (CgHy),, into:

1- Hemiterpenes (n = 1), Ester and ether groups, C-Hg
2- Monoterpenoids (n=2), Volatile oils, C,,H;

3- Sesquiterpenoids (n=3), Volatile oils, C,:H,,

4- Diterpenoids (n=4), Gums and resins C,,H;,

5- Sesterterpenoids (n=5), Gums and resins, C,:H,,
6- Triterpenoids (n=6), Gums and resins, C;,H 4

/- Tetraterpenoids (n=8): C,,Hg, (Carotenoids)

8- Polyterpenoids (n is a large number) (Rubber)



(essential oils )

There are four methods of extraction of the terpenoids
(i) Chromatography
(ii) Steam distillation

(iii) Extraction by means of volatile organic solvents
(iv) Adsorption on fats.

Method (ii) is the one most widely used. More recently, chromatography (in its various
forms) has been used both for isolation and separation of terpenoids.



Methods for
Separation of mixtures

Fractional distillatiﬁn/ \ Other methods

high pressure liquid chromatograp
thin layer chromatography # HPLC

TLC
column chromatography

CC




Methods for Structure Determination

Analytical methods Physicochemical &
Spectral methods

Y
Chemical methods
Analytical methods

Determination of % of C,H and O by molecular formula

Degrees of unsaturation

Estimation of groups HC\ s o, HSC\C—O
- Active hydrogen (=, — -

He” N HsC”
Terpene + LiAIH, — H, ----- estimated terpene acetone



 Chemical methods
Functional groups
Unsaturation

by bromination (Br,)

C

C

AN

by nitrosyl chloride NOCI

/

c=c_

C

H

NOCI CI N O

Cl N—OH

o ]
—’CC{CC C—C—C—C

C H
nitrosyl chloride
intense blue colour

I
C
oxime



General methods of determining structure of terpenoids
1-After extraction and separation then purification of sample ,the
molecular formula is ascertained by usual methods (qualitative and
quantitative analysis — empirical formula-determination of M.Wt).
2-If the terpenoid is optically active ,its specific rotation is
measured.
3-The nature of functional oxygen atom if it is present ( hydroxyl-
carbonyl -carboxyl --------- etc).
4-The presence of unsaturation olefinic bonds is ascertained by
means of bromine and catalytic hydrogenation.
5-Conjugated and isolated double bonds are differentiated by Diel's
Alder reaction also by using UV spectroscopy.
6-Dehydrogenation by heating the terpene with S or Se converts the
terpene into aromatic derivative which is easily identified.

heat
—-'
Se




7- Ozonolysis is an example of oxidative degradation methods
(O3, KMnO,, CrO; & 0s0,),this method produced two type of
products, acetone arising from the terminal isopropylidene
group( Me,C=) and formaldehyde arising from isopropenyl
group(CH,=CMe) or terminal methylene group(CH,=).




8-Grignard reagent useful for detecting the position of carbonyl
group in terpenoids.

Jm f;__{:] J\T/ )7#";
] X ™~ hea
[Ij EH::,MgK /IM\ t j
9-Infrared spectroscopy (IR) is useful by detecting the presence
of hydroxyl group ,carbonyl group -------- etc , NMR (*H-NMR &
13C-NMR give information about the nature and the number of
hydrogen and carbon, Ultraviolet spectroscopy (UV),mass

spectrometry and X-Ray analysis are very useful for elucidating
structure and stereochemistry of terpenoids.

10- A final confirmation of the proposed structure is usually

achieved by synthesizing the compound and comparing the
spectral data with those of an authentic sample.




Physical and spectral methods

a) Molecular refraction

(b) Optical rotation

c) IR absorption

d) NMR (*H-NMR & 13C-NMR)
e) X-Ray

F) UV (ultraviolet absorption)



11- Hydrogenation of the substance to the parent
hydrocarbon leads to the cyclic nature of the terpene
(acyclic, monocyclic, bicyclic, .... etc).

o=d H_Z,_T_Z_
/N ]
H
—>C—O—H 2 —C—H
\ H, N /H
saturated hydrocarbone:
Hydrocarbon CH,,, - Acyclic
CH,, - Monocyclic
CH, ;- Bicyclic
CH, , - Tricyclic
CH, ¢ ---—-——-—-—-- Tetracyclic






Monoterpenoids 4y il I
Monoterpenoids are classified into three groups
(acyclic,monocyclic,bicyclic)

Acyclic Monoterpenoids
The carbon skeleton being formed by the head to tail of
two isoprene units.

Citral Geraniol Ocimene Myrcene Pcymene  [-menthane

Monocyclic monoterpenoids contain a six membered ring and
most natural monocyclic monoterpenoids are derivatives of p-
cymene and the parent substance is named P-menthane.
Bicyclic monoterpenoids contain a six membered ring and a

three,four or five memberedring.




‘ Monocyclic monoterpenoids \

.
OH O
.

Limonene Menthol Menthone

occurs m lemon both occur n pepermint oil
and orange oils

%;{

carene occurs m turpentme oil occurs m camphor ti

Bicyclic monoterpenoids

gi‘” e

o-Pmene Camphor




(CioH1s IMyrcene (s yleal)

| IUPAC name: 7-methyl-3-methylene-octa-1,6-
diene

Myrcene occurs in verbena and bay oils ,myrcene is optically
inactive and highly unsaturated.

Structure of myvrcene is supported by :

1-Molecular formula is C;(H,

2-Catalytic hydrogenation of myrcene gave saturated
alkaneC, H,, (isodecane) thus myrcene is an open chain and
contains three double bond .

3-Since myrcene forms adduct with maleic anhydride, thus
two of the double bond are conjugated .

4-Ozonolysis of myrcene produces acetone ,two molecule of
formaldehyde and Ketodialdehyde which oxidized with
chromic acid to give succinic acid and carbon dioxide.




The process of ozonolysis can be represented as shown:

O /
CO,H
N Cng 2
N &CHO [ + co,
CHO CO,H
Ketodialdehyde

This structure for myrcene is supported by the fact that on
nhydration (under the influence of sulphuric acid), myrcene
form an alcohol which, on oxidation gives citral:

| H,0 X (O) AN
H,SO, CH,OH CHO

Citral




Diel’s-Alder reaction of Myrcene

e Furthermore, since myrcene forms an adduct with maleic
anhydride, two of the double bonds are conjugated.

= [0




Citral (C,,H,;0)

3,7 dimethyl 2,6 -octadienal

Citral occurs to an extent 60-80 per cent in lemon grass oil
Structure of citral was supported by:

H CHO 2 Brz
s CmBr-ethD

T

tetrabromo dernvative

CHOD H
j\ H,NOH
= an oxime

cis form

sl trans form
citral b or neral citral a or geranial
_ Na/ Hg
Citral - C‘mHm{j
C,oHs0 geraniol
Ag.O
e G1UH16D2

or Fehling reagent geranic acid

KHSO,
dil H,SO,

Y

- L ——



1-1t has been proven by analysis that Molecular formula is C;yH,0 .

2-1t added two molecule of bromine thus citral contains two double bond .

3-1t forms oxime derivative with hydroxyl amine citral contains oxo group.
4-Citral can be reduced by sodium amalgam to an alcohol geraniol.

5-Citral oxidized with silver oxide to geranic acid since there is no loss of carbon
oxidation to acid ,the oxo group in citral is t here an aldehyde group .

6-0On heating with potassium hydrogen sulphate citral forms p-cymene ,this
reaction was used to determine the position of methyl and isopropyl groups .
7-Oxidation of citral with alkaline permanganate,f ollowed by chromic acid ,gives
acetone, oxalic acid and levulinic acid.

8-Citral with aqueous potassium carbonate gives acetaldehyde and
b-methylhept-5-en-2one .

K,CO, / HyO HiC N
CioH, 0 T— Y




(C,o HygO) Linalool sl

OH

s |

Geraniol Ej

3, TaDimethy] =octa= fe=dicne 3 =0l

Structure of Linalool : (C,, H,; O) b.p:198-199C
1- It is an optically active the (-)form occurs in rose oil and the (+) form in orange oil.
2- It adds on two molecule of hydrogen in catalytic hydrogenation ,and give negative with maleic
anhydride it must be contain two (non conjugated ) double bond .
3-It is converted into geranyl acetate by heating with acetic anhydride and converted into linalool by

heating with steam at 200C under pressure, also linalool isomerizes in the presence of acid to geraniol .
4-1t has a tertiary alcoholic group and the position confirmed as follow:

OH O
%<‘] ,f\'{ >~§ OH
Hy / platinum 1 -H2O S O ~
j | L’- L“-H — —— L oxidation Ij\ ':ZHSMQl

, —_—
CygH4150 CmH:u[':l lkenc T
tetrahydrelinalocl isohexyl methyl ketone  tetrahydrolinalool

linalool



5-Oxidation of linalool by pot. Permenganate converted it
into levulinic acid ,acetone and formic acid .

6-Normant has synthesized linalool in one step by the action
of vinyl magnesium bromide with 6-methyl -5-heptene-2-
one(isohexenyl methyl keton).

o)

oxidation 0
CyoH1s0 - . JJ\ +  HCOOH

COOH

OH
O CH=CHMgBr

Y

isohexenyl methyl ketone L.inalool
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Monocyclic Monoterpenoids

Monocyclic Monoterpenes is subdivided into two groups the larger group with
carbon skeleton which are related to P-cymene(4-isopropyl toluene), the smaller
group with carbon skeleton are related to m-cymene.

esleleuel

m-menthane m-cymene
P-menthane P-cyvmene
O
E} 7
OH oH o
R AR

o — terpineol limonene carvone Menthol Menthone




Structure of Limonene was supported by

tetrabromo derivative ————> limonene contains
two double bonds

0
2 E%r2
o)
(2)
0 H,/ Ni
no cyclic adduci (3) Limonene (1)——= C H,

!

Diels- Alder reaction

(4) U,

Se/ heat

the two double bonds are saturated compound with gener:
unconjugated formula CH, i.e. it is cycloalkane

S
limonene is p- menthane <———— ||
derivative =

So limonene has cyclic structure

p- cymene




KHSO,/ -H,0

—

— or
dil. H,SO,
OH

oa— terpineol I I
msaall Sl cus ) S S AR dafiva
i gaa Jali 409 (i gadll g i

5-limonene may be prepared by dehydrating a- terpineol by using potassium
hydrogen sulphate (KHSO,) ,and on shaking with dilute sulphuric limonene may
be converted to - terpineol .

6-The carbon skeleton and the position of double bond in limonene are known
,but the other double bond remains uncertain (may be C8-C10 or C4-C8 ).

7-Structure (1) contains a chiral center(C4)and hence can exhibit optical activating .

Structure (I1) is symmetric and so cannot be optically active. Therefore (I) must be
Limonene




Aalal) Al Aol cliy Al
Bicyclic monoterpenoids

brbos ey

camphane Pinane Pinene carane Carene

bornan 6+3
6+4 6+4 6+3

camphor

6+5 0+5



°  |Camphor L&l

Camphor occurs in the camphor tree of Japan . It is an optically active solid
with m.p 180 ° C the(-)and (+)forms occur naturally and racemic camphor is
the usual form of synthetic camphor.

Camphor used in manufacture of cellulose as well as has many medical uses,
including that it is used as a disinfectant and as a local anesthetic, and in the
laboratories it is used as a solvent in experiments determining the molecular
weight of organic compounds.

Structure of camphor was supported by :

1-The molecular formula of camphoris C,,H,.O ,and the general reactions
show that it is saturated .




Structure of Camphor

Br, {-ve) does not contain double bond
i -
NH,OH
- Camphor oxime ,
camphor contains carbonyl group
Fehling reagent
Camphor greas = -v¢ the carbonyl is ketonic
(8] clemensen reduction

w camphaneC,,H,,

Camphor is bicyclic

monoterpenosid
dist.P,05 or ZnCl, rpenel
w P-cymene,
one of the two rings is 6 membered ring

HNO,

= Camphoric acid C,,H;.0
Oxid, p 10 1544

Y benzaldehyde phCHO
= monobenzylidene derivative

contains { -CO-CH2-)




Structure of Camphor

\@/ HNO, %00 H_AqO @
co,H ~H0

(1)
Camphor

-H,0
-C 02

CO,H

Hnmucamphnrlc acid

3 ©

Camphnr ic acid Camphoric anhydride

H, / (Na/ Hg)

CO,H KkCN
-

4

Homocamphoric nitrile Campholide



Definition of steroids

Ste rO i d s Saturated natural products possessing the

tetracyclic carbon skeleton ,ring A,B,C are

six membered ring while ring D is five

2 membered ring, the side chain R1, R2
°° and R3. R1 may be absent when ring A is
] aromatic ,R1 and R2 are generally methyl
groups . The side chain R3 may be absent

Perhydro=-1,2-cyclopentanophenanthrene

R, N3
s [0
Selenium
- -
heating

Steroid R;=Me (Diels hydrocarbon)
3’-methyl-1:2-cyclopentenophenanthrene
R;=H 1: 2-cyclopentenophenanthrene

A steroid could be defined, in another way, as any compound which gives Diel's
hydrocarbon(beside other products ) when distilled with selenium.




Classification of
Steroids

The carbon skeleton of the
hydrocarbon cholestane is given
which shows the correct
numbering of the system.

Cholestane

Classification of Steroids

1- Sterols (cholesterol )

2-Vitamin D(vitamin D2)

3-Bile Acids (cholic acid)

4- Steroidal Hormones or Sex Hormones(progesterone)
5- Adrenocortical hormones (cortisone)

6-Cardiotonic glycosides

7- Saponins and Sapogenins




Sterols

SN
Sterols are steroid alcohol containing an
aliphatic side chain they are crystalline,
CH, widely Distributed in nature .
oM ‘s Sterols may be classified on the basis of
occurrence as Zoo sterols(animal),
" Phytosterol (plants), mycosterol (yeast
HoO chotostora and fungi) and marine sterols(sponges).
Zoo sterol

Stigmasterol
Phytosterol
mycosterol obtained from soya
occurs in yeast bean oil

Ergosterol



r-gﬁi?-‘f“ﬁ' ’ d}MﬁCholesterol

- IH\BI:I

HO

characteristic features :-

1- The nucleus of cholesterol is tetracyclic composed of three six-
membered rings (A, B and C) and one five-membered (D) ring.

2- There is a secondary OH group at C-3, and a double bond at C-
5 (between C-5 and C-6).

3- There are two angular methyl groups at C-10 and C-13, and a

saturated side-chain CgHy; at C-17.




Determination of the nucleus - Blanc Rule

All the steroids possess the same tetracyclic carbon skeleton
(cyclopentaneperhydrophenanthrene) ,it has been confirmed by heating steroid with
selenium which gives cyclopentenophenanthrene derivative.

The rings of the steroid nucleus were opened by oxidation to give dicarboxylic acid and
the relative position of the two carboxyl groups were determined by the application of
Blanc rule:

Heating with acetic anhydride,1,5-dicarboxylic acids forms cyclic anhydride and 1,6-
dicarboxylic acids form cyclopentanones with elimination of carbon dioxide

-H,0 _ _ from
. _ cyclic anhydride  ———5 4 sgicarboxylic acid
) oxidation Acetic anhydride
Steriod 3 Dicarboxylic acid -
( Cholesterol or -H,0 oM  dicarboxylic acid
bile acid ) cyclopentanone der, — "
+C0,
o o O 9 o (Cusilis 5 me 0 ol Ku) 2l oSl S S S (e 08T Sy y il S
Hu..J\/’WJ'HuH s j - "-p)ﬂ"l"'af-'-ﬁ""'}is“ -_‘51;14 ~_51:“J-'l Fﬁj__]_;ﬂ'l ot JJ'-"JM" "-'Hm e dj_"‘j.l "j 1;“'3
- o ool ) i il 8001 (5 a3 o el s dla (K e ALY,
1,5 dicarlbaxvlic asid cyclic anhydride L:_ﬂjj (Hj.lj I P ) 'E,_"'["E L‘ég_],_—.‘j - ..Jr.l .-J_-'_‘Lﬁ, - --'. J.j)-_nlj Js j;'JS_“ @‘Lﬂ L:_all_dlk
o Al iy palas il 222 A s
HO H“H_,/JJ\ SHO =0 [-x o . ) . N . - ..- \_51'5
h i Yon — e~ L en sl 25260 0585 Sl 5 5K (g1 Voo alan V) yuel Sl a il ic
° adipic acid eyelopentanane '-""‘--"""5:‘.| lf"_llj sad I:'_"' LJJJ‘—"-"-" 9‘15‘:"‘"" Ln"}gjg' .‘J'Il"""ﬁj- - J’J)S' ';:.l;:t':'1I ‘1 i - “ﬂ L‘.I GL& u
1.6 dicarboxylic acid _1:-]_&51 -:lE_ﬂj 'dlﬂll-l-ﬂ‘rjll—" I._,-I'j"‘ _,JS-“




Determination of ring A in cholesterol and cholic acid

cholesterol and/ or cholic acids

Y

HO,C
= HOC
(A)
Ac,0
0 cyclopentanone deriv.

Cholesterol and cholic acid were converted into the dicarboxylic acid by oxidation
which gave a cyclopentanone derivative by heating with acetic anhydride
according to blanc rule and the acid 1,6 dicarboxylic acid and ring A is six
membered ring ( R is the appropriat side chain ).




Bile acids

COOH

Cholanic acid

The natural bile acids are generally hydroxy derivatives of cholanic
acid .They are produced in the liver either synthetically or by
degradation of cholesterol and occur in bile as water soluble
sodium salts of peptide conjugate with glycine or taurine.




Sex Hormones
1-Androgens (Male Hormones)( androsterone —testosterone )

- Androsterone
T'estosterone

2-Oestrogens (Female Hormones)

BB o

Oestrione Oestriol
Qestradiol

Oestrogens (Female Hormones) all of them contain phenolic hydroxyl group at C3 and
may be prepared from dehydroepiandrosterone( D.E.A ) which can be synthesized from
cholesterol.




H; cat.

HO

Oestrone

¥

HO

Oestradiol

3- (Gestogens)
Progesterone

(Oestrogens )

OH
Oestrone may be reduced
to oestradiol by catalytic
hydrogenation or by lithium
aluminium hydride .
CO.CH;
O

Progesterone

These are essential hormones which responsible for pregnancy.
Progesterone is a,p-unsaturated ketone and synthesized from both D.E.A and Ergosterol .




ALKALOIDS --- <l sl

Definition of alkaloids

\_J

-All organic bases isolated from plants. and it covers wide variety of compounds.

-(Komnigs)suggested that alkaloids should be defined as [naturally occurring organic bases
which contain a pyridine ring ] .this definition include a limited number of compounds.
-(Ladenburg definition): natural plant compounds having a basic character and containing at
least one nitrogen atom in heterocyelic ring .

Alkaloids have clear physiological effects, and are chemically related to pyrrole,
pyridine, quinoline and isoquinoline, which are different heterocyclic rings, some of
which are highly toxic, and some are used as medical drugs such as quinine used to
treat malaria, morphine to remove pain or cocaine as a local anesthetic and atropine

in surgery and ophthalmology.




Different heterocyclic rings related to alkaloids

O




Extraction of alkaloids <l s8ll Ladas)

O

+ Alkaloids are generally found in plants in the form of salts combined with some organic

acids such as malic or citric acid .

+ .Alkaloids are found mainly in fruits and seeds, as well as in tree bark.

+  We extract the alkaloids from the plants by carefully cutting the plants, then adding a
solution of hydrochloric or sulfuric acid to form their corresponding mineral salts.

* In this process, the alkaloids (bases) are liberated from the organic acids, and then the
alkaloids are dissolved in the form of solutions of salts of hydrochloric or sulfuric acid
with sugars and some other compounds found in the tissues of plants.

* As the alkaloids do not dissolve in water, theyv can be precipitated from chloride or
sulfuric salts by adding bases such as sodium or potassium hyvdroxide.

+ In the case of volatile alkaloids such as nicotine, the salt solution or the raw material is

treated with the addition of alkali (sodium hydroxide) and treated by steam distillation,

then the alkaloids are extracted by organic solvents such as, chloroform or other organic
solvents.
The mixture of alkaloids is separated by various methods into pure substances .




General Properties 4l ol sil

O

. Alkaloids are colorless, in crystalline form, and do not dissolve in water, but dissolve

in organic solvents, such as, chloroform, ethyl aleohol ... ete.

But there are liquid alkaloids that can be mixed with water, such as coniine and
nicotine, and some have a vellow color like piperine.

Most alkaloids have a bitter taste and optically active .

It generally contains one or two nitrogen atoms in a tertiary state in a ring.

Most alkaloids also contain an oxygen.



oty i) S T Cpinl! dalad) (G o)
Structure —elucidation of alkaloids

O

1-The first step in determining the structure of a pure alkaloid consists in

ascertaining its molecular formula and optical rotatory power.

2- Functional nature of oxygen

The oxygen atom may be present in the form of alcoholic or phenolic hyvdroxyl
(-OH), methoxyl (—OCHE), acetoxyl OCOCHE], benzoxyl (- COC.H 5}, carboxyl
(-COOH) or carbonyl (C=0) group, various oxygen functional groups can be

characterized according to the following characteristics




Classification of alkaloids

Phenylethyl amine alkaloids

)

Classification of alkaloids
(1) Pllen}fl_etllyl amine alkaloids Phenyl ethyl amine group
(2) P}’T_I'D_lldllle Ei]kEllD 1qs ) Many compounds of this group are known
(3) Pyridine or piperidine alkaloids some natural and other synthetic .The

I)FT] dine- rolidine alkaloids physiological action is to increase the blood
Egg TI'DpEiI]B 5&101 ds pressure .They are referred to as the blood -

i - - pressure drugs.

(6) Quinoline alkaloids

(7) Isoquinoline alkaloids
(8) Phenanthrene alkaloids
(9) Indole alkaloids

Synthesis of Beta phenyl ethyl amine

QCHZCI + ECN —»= QCH:CEN+ EC1
COOH NH;

- ooy

SRS NSy o

phenyizlmine EB-phenvisthy] smim
CH,—CH,-NH-;




(C,H,,NO, ) Adrenaline &bz V)

OH
_oH
H
|
HO CH,
adrenaline

It is a non-steroid
hormone. Adrenaline was
the first hormone to be
isolated in a crystalline
form ,adrenaline is active
only when given by
injection , it raises blood
pressure ,is used locally to
stop hemorrhage.

catechal or its daerivative
it has terminal
M-CH, group

ﬂ positive test
{gresn colour)

methylamine odour

phenolic character

f

ppt. as adrenaline

- Fecl, acid
bailing
KGH\\\\ (3) (2) base soluble compound
_:—'—'_'_'_'_'_'_‘_"_
Adrenaline 1
4 C'E"H1 }NDJ
(4) ! (6) Fhs O_Cl
alkal, fusion
/ benzens tisulformd
OH 171 methylation derivative
21 KOH/ Tusion
e OH
| (0]
-
Oke .
COOH L Ce ketonic compound
protocatechole acid | : + {CH M
(n o \U

\U o H

. kri d
Adrenaline contains “Eﬁ'”r;c e

btwo OH's at 3 & 4
positions

Adernaline has 2° ry
OH group




(C,H,,NO, ) oaltia, )

chloroacetic aci




' (Pyrrolidine group) i e sas oiuge —
(Hygrine) &2 CgH,.NO

@

Confirmation of the structure

- Ol S il JSEN L)

D\EH;CUEHJ

M

Dry distilation
CyHisNo _OXidation ¢ 1y No, = = ‘i/\"'—c“s

CH, Hygring ini i
Hygrinic acid Methyl pyrrolidine

On oxidation of Hygrine ,Hyerinic acid is formed . Hygrinic acid was first believed to be a one
from piperidine carboxvlic acids but comparison with the three acids show ed this was incorrect.
A€ g3 KU oyl paleal (pa | pmes 43} AShey IS 23 el el pmea G5 6K yanel) BALS)
ol BRIV 1A das e Sl A0 el g A5

CoOH ; COOH
CoH T — 3
E\/I\ E\/I/ ﬁ] < A 3COOH o / \3 2
N7 “COMH N N r|l S~
H H H CH, éH
ol

piperidine carboxylic acids Hygrinic acid




(Hygrine) ¢z

O

Synthesis of Hygrinic acid( N-methyvlpyvrrolidine carboxylic acid )

COOEt
Br _COOEt
+ Na< g Br(CH,);CH(COOEt), _ Bra o
Br COOEt COOE
1,3 dibromo propane Br Br t
CH-;NH
Q\EDDH i) Hydrolys. OZDDEt ELLLL
- -2HBr
J:H ii) HCI, iii) <O, N COOEt
3

Hygrinic acid H4C




Synthesis of Hygrine ¢z 2! jmaad

O




Crt ] de gana il plé
Pyridine alkaloids Coniine CgH N i</

O

1-M.F CgH,N
2-Dry dist. with zine dust coniine is converted into conyrine
3- Pyridine 2-carboxylic acid (a-picolinic acid )was obtained
via oxidation of conyrine

4- Coniine is may be piperidine with side chain with three
carbon atom

5- the side chain either n-propvl or iso propyl .it may be n-
produces n- propyvl (heating coniine with hydroiodic acid
octane not iso —octane,so Coniine is 2-n-propyvlpiperidine
which confirmed by symthesis .




Coniuine CgH N
O




(Pyrrolidine-pyridine group) C:m (il gl 45 geaa Gl 5l
Nicotine(C, H, ,N,) (-S4l

O

7
|
- CH
M
nicotine

Confirmation of the structure

oSl S JSa el

= ~CO:H  Nacro, CH,I
| - (a) nicotine () quatermnary salt
= H.50
h T & Fe(CM
nicotinic acid CHSCD(:l KE E{ E’E.
nicotine has structural mild conditions
formula
No reaction M - methyl nicotine
| SN i.e. nicotine is teriary amine
N""’ Na,Cr,O,
H.S0,

nicotine can be written as

M - methyl pyrrole

“——  _2- carboxylic acid

== —pyrrole
(o

M




Nicotine (C, H, N,) o=

O

Confirmation of the structure

O Sl S ) Sl Sl
| . -CO0H  acro, @/Q CH,| @/Q
| |
= H.30, | H; CH, | ﬁf CH,

[
nicotinic acid nicoting CH, I”

H.S0,

Na,Cr.0- (ﬁ K,Fe(CN),
CH
e
CH

CH,

1- methylpyrrole-2- M- methyl nicoting
carboxylic acid



Synthesis of Nicotine (s8s<all) juaas

1- methyl- 2 - pyrrolido

ethyl nicotinat




