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1.8. BIOSYNTHESIS OF ALKALOIDS . | |
Precursors of alkaloids are amino-acids and amino-aldehydes or amines. Amijp,

aldehydes and amines are derived from amino acids. fTheretis grftagsdli]g?r;izﬂi& th
i i iversity of structure, e |
structure of alkaloids. Because of this great diversi ' .
i i ] alkaloids. Thus many pathways hg,
develop only one pathway for the biosynthesis of al : .
bzen pliopog’ed, egch one accounting for the biosynthesis of a number of alkaloids

related structure. S |
The most common amino acids that act as precursors in alkaloid biosynthesis are ,

follows :
H,N - CH, - CH, - CH, - (IZH — COOH

. NH,
Ornithine

H,N - CH, - CH, - CH, - CH, - (IIH - COOH

Lysine NH,

@ CHy— (|:H - COOH

NH,

Phenylalanine

HO @— CH, - (IIH - COOH

NH
Tyrosine 2

@j~ CH, - CI:H - COOH
N NH,

Tryptophan
CH; -5 - CH, - CH, - cllH - COOH

- Methionine NHZ

Many type of reactions are involy '
: ed for the bios i : .
take place in the presence of specific enzymes. The rg;;[’filgjllss ;fea'lkalmds. These reactior

d O a .

I
R-CH)
IH C'KQ)—H—'FR_CHZ_NH2+COZ
NH,

(ii) Oxidative deaminaion : Thi i
: : This rea . .,
reaction can take place via two ways : E converts 4Mmino acid into aldehyde. T"

(@) R-CH-COOH—=%%2 , g _ oy .
l | R-CH, -NH, — R _cHo
NH, :
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(b) R~ CH~=COOH ——R - C-COOH —=%%2_, g _cp
NH, O

(ili) Condensation between carbox ' ] ' ‘ |
Aldehyde reacts with amine to give oha}xlll]i(r:)%mpound R e i

R~CHO+R'- NH, »R-CH=N-R’

(iv) Mannich reaction : This reaction i ' ' i i
alkaloids. This leads the formation of C_co_liqlf)orgy tmportant dnefiea 2
0 o
I

| R’ '

R_C_CH'%"'CHZO"'HN/ /R
‘ — R-C-CH, - -

\R' 2 —CHy; =N \R'

1.8.1. Formation of Alkaloids derived from phenylalanine

Thfa ma(iin alkaloids of thisr group are ephedrine, nor-y-ephedrine, hordenine,
dopamine, adrenaline and mescaline. The main precursor is the phenylalanine.

: _Hardenine, dopaminq, adrenaline and mescaline are phenyl ethyl amines. They
o.rlgmatg by decarboxylation of the amino acids thyrosine and DOPA. They have ethyl
side chain and are frequently methylated by methionine. Tyrosine is the actual precursor

of hardenine.
Tyrosine — Tyramine — N-methyl tyramine — Hordenine

= CO;
HO @ CH, - (|3H ~ COOH ——#=»-HO @ CH, - CH, - NH,
Tyramine

NH,

Tyrosine

Methionine Mothionine CH;,
~———— HO CH, - CH, - NH - CH;— HO CH, - CH, - N
Hordenine CHy

N-Methyl tyramine

Dopamine is the actual precursor for adrenalin and mescaline.
HO

Hydroxylation
HO @ CH, - (|3H ~COOH ——— = {0 @ CH, - C\JH ~ COOH
_ NH, NH,
T:VI'OS‘H'IO DOPA
|-
HO
. Methionine
; Dopamine
OH CH;0
A | HO @ CH, - GH, - NH,
HO CH - CH; - NH;
Noradrenalin

Scanned by CamScanner



Scanned by CamScanner




JI—

Biosynthesis 29

- C() 9
c NI _[ 2 1\ f
HOO NH, HOOC NH, HOOC N/

o- k(.lo -£-amino
caproic acid

Mehylaion

—_—
® ~
N

|
CH,

N-methyl-
Al-piperidinium cation

1 . T L .
N-methyl-A"-piperidinium cation then undergoes a Mannich type reaction with

ethylacetoacetae.
COOH
-0, 3 H
&~ (")
| |
COOH
Cieh Amon of CH, Hy H

ethylacetoaceate

0
@
-H
&
i
o. CHj
0 O

y-pelletierine

Alkaloids of the coniine type have been in conium maculalum, the hemlock. The
conium alkaloids originate from four molecules of acetate via, an intermediate polyketide.

: 0 0O O
=5 NHS = HZO
ACHEE COOH = » =TI s = |
o2\ O 07 NF I 07 NNt
OH H
Polyketide

\y-comceme

Connne

Isotoplc labelling experiment showed that carbon atoms 2, 4, 6 and 2’ of coniine were
radioactiye when acetate—1-"*C was feeded.
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4CHj - C.:OOH ~ il .O.\A.
I
H

ii igi tic acid.
This experiment confirmed that coniine originates from ace

1.8.3. Biosynthesis of Pyrrolidine — Pyridine Alkaloi'ds
The most common alkaloid of t.his category 1is
heterocyclic rings : pyridine and pyrroline.
% I

| X
N CH,
: 1
In Nicotiana species, nicotinic acid condens?s V\.flth N-mehyl-A
carbon-3, with the elimination of CO,, to form nicotine.

nicotine. Nicotine contains tw,

-pyrrolinium cation

l CH,
P CH3
Z P /‘ @
(\J N~ +CO,+H
N |
N CH,
Nicotine
Now the question arises how nicotinic acid and N-mehyl-A! pyrrolium cation are
biosynthesised?

Biosynthesis of Nicotinic acid

In case of most bacteria and higher plants, nicotinic acid is synthesized from aspartic

acid and a three carbon unit derived from glycerol. Gl /

: ' ; . Glyceraldehyde phosphate probably

(t:lclmdenses first with tl}e amino group of aspartic acid to form the Schiff's bIa)se (1) I\)/vhich i$

en converted to quinolinic acid via intermediate (II) and (III) by the elimination ¢
phosphate and a proton, dehydration, and dehydrogenation.

OoP CH, - COOH
CH,0OH ‘ (IZH (|OP
2 CH

| ) HN" coop CH, \_H

CHOH —— CHOH + Aspartic acid |

| — CHOH CH-COOH

CH,0H C | |
B 55 CH_ _CH
Glyceraldehyde \ \COOH

phosphate 0]
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—_— }{N/)’_j\
COOH
Wy HNJ—Nj\COOH bl
HN— ~COOH

I HZ /C = NH
C=0 H;N Argini
A ginine
Ornithine HZN/ Citrultine l
-
HN/J 4 HN-— T NH,
" = NH, |
2 2 c': 3 O /C - NH
R HzN/ Carbomyl- e i
Methylation putrescine
Oxidative
deamination
(Amine oxidase) f m —>
Ll ®
Hzﬂm _CH, %(Q_/NH - CH;,4 H N\
. CH
N-Methylputrescine 1-Methylamino butyraldehyde # ’

|

e, CH3
N -\Ill\lﬁ_hﬁg]:&l\-pyrrolinium cation
1.8.4. Biosynthesis of Tropane Alkaloids i
The main alka]q

ids of thig group is atropine, h
occurs in deadly rj

M a member of the
10 tropine Jahe]led
atom-1 of tropine

| . Lithine gjye Tise
ncorporated In such 5 way that Carbop
his amip, acid.

the Same extent as
C-1. This e

XPeriment shows that
. - - 3 N e
4) give rise tg tropine with 15N14CH Methy] Putrescin
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These alkaloids containg two h
uinudidine nucleus. eterocyclic ring systems -

HO 0] H
| ey 0G 0G
HO”  COOH L .
H,COO0C H,COOC x 0

Loganin

35

. ! [ Secologanin

The rqactlon which ln.ltlates quinine biosynthesis appears to be similar to a Mannich
condensation Of' tryp'tan_une (I) and secologanine (II) resulting in the formation of
vincoside (I.II). .Vmcomde then convents into ajmalicine (IV). Feeding experiment showed
that vincoside is a precursor of quinine. The actual precursor of quinine is compound (V)
which is derived from ajmalicine by opening of the O-heterocyclic ring. This compound
(V) then converts into quinine. The biosynthesis of quinine is given below in Scheme 11.

N CHO _~
2
G, - & - CoOH 0 =Gl
‘ - l S ©
N N NH,

) 7 HiCO00C
I!I Tryptophane (0 Secologanin
Tryptamine
Condensation
Ni© | CH
«— H
@)
l H,CO0C H,C00C7
3
! O\ H
O-Glu
H,COOC l

(1) Vincoside

y - ———
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CHO
OH
=
C
H
S (] 0 qu‘r;‘N I 15 f 2]
b.':l;;H[Iu sliivratel. o

) ey o0 pegl
R st Ly 1

oo ﬂ;CQOC \C\/\EH '

. ﬁ_.".']il'l W e
- H,0

(i) Hydrolysis
| (1) Reduction
= (1ii) Isomansation

1§
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Scheme 11 :

The above reaction sequence is in good agreement with feeding exper.lr.nents whig)
shows that the radioactive carbon of tryptophane-2'-*C is loca.ted at POSltl?(;] Zhof the
quinoline ring and radioactive carbon of geraniol-3-'C is located in the vinyl side chain o
the quinoclidine nucleus.

1.8.6. Biosynthesis of Phenanthrene Alkaloids
The main examples of this class of alkaloids are morphine, codeine and thebaine

These alkaloids are also known as opium alkaloids. These are known as phenanthreng

alkaloids because they contain the phenanthrene nucleus.

These alkaloids originate from two molecules of dopa. One molecule converts inty
dopamine by deamination. The other dopa molecule converts into 3, 4-dihydroxyphenyl
acetaldehyde either by transamination or oxidative deamination.

HO HO
Pyridoxal-5'-phosphate
ro{_)-ct,-gucoon 2 0oy
NH,

Dopamine (A)

Dopa
HO HO
Oxidative deamination
HO@CHz—(IIH—NHZ > HO@CHZ—(”I—COOH
NH

COOH

HO HO
H,0 -CO,
L - g-coon 2% 10 -Gty - G0

3, 4-Dihydroxy phenyl acetaldhyde (B)

Dopamine and 3, 4-dihydroxy phenvlacetal :
e reduct)i(gnpreac{jo; aldehyde converts into norlaudanosine (1)

Hom ; HO:@O HO &

HO 7 ———

NH, C/ HO He {/I}I Home
H

H~ "CH, |
CH, CH,
OH
OH OH OH
OH OH
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