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What are alkaloids?

¢ An alkaloid 1s a cyclic organic
compound that contains nitrogen in a
negative oxidation state and is of
limited presence among living
organisms. It doesn’t include simple
amides.

& It 1s almost always derived from an
amino acid combined with building
blocks from the shikimic acid,
polyketide, or mevalonic acid
pathways.
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What are alkaloids?

Morphine (Papaver somniferum) Mescaline (Lophophora williamsii) Strychnine (Strychnos nux-vomica)




The pyrrolidine and piperidine alkaloids
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The pyrrolidine and piperidine alkaloids L 'le”necarboxylauon I
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The pyrrolidine and piperidine alkaloids
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& Condensation of two molecules of putrescine leads Ho  : _cHoH 1 owoH
to pyrrolizidine alkaloids. U — [ 1 3
& They are produced by plants as a defense mechanism Sl 1 (1) Trachelanhamidioe
. . . . . soretronec
against insect herbivores. Many insects build up -
those alkaloids in their bodies, and use them to l““‘ 10112

produce useful compounds (such as pheromones in
queen butterfly)
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Fig.2 Biosynthesis of pyrrolizidine alkaloids




The pyrrolidine and piperidine alkaloids

& Pelletierine, a vermifuge, 1s biosynthesized from lysine, in a pathway similar to the one
leading to cocaine.

& Other alkaloids similar in structure follow a completely different path:

o

4
Y il H N h
H

Pelletierine (+) Coniine Pinidine

Fig. 4 Structure of piperidine alkaloids of different biogenesis. Pelletierine comes
from lysine, whereas coniine and pinidine come from acetate

Coniine

Here, the nitrogen atom doesn’t come from an amino acid,
but directly from ammonia



The pyrrolidine and piperidine
alkaloids

¢ Quinolizidine alkaloids are formed from cadaverine (coming
from lysine) and piperidine.

N

Quinolizidine

& Sparteine is an antiarrhytmic agent found 1n Cytisus scoparius.
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Lupinine (derived
from (§)-2 *H-cadaverine)




Alkaloids derived from tyrosine
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Morphine  (Papaver somniferum)




hydroxylation

. 5 : NHzﬂ—Ho 1 dopamine
Alkaloids derived from tyrosine ;9: Reg

Pictet-Spenge

COOH .
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HO

NH,
-PLM
L-Tyrosine  PLP CHO

¢ Fundamental principles:

COOH
¢ Aromatic hydroxylation, O-methylation, and 2 m —ci;
decarboxylation of the amino-acid.

& Pictet-Spenger condensation with a carbonyl
compound

(8)-Coclaurine

via N-nor-
e llOI. [CHs])

& Phenol coupling

& Bebeerine and its derivative tubocurarine are the
main active components of the arrow poison
prepared by the indians of the Amazon.
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Fig. 12 Biosynthesis of (§)-reticuline, papaverine and (S ,5)-bebeerine
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Alkaloids derived from tyrosine

& The rather complicated aliphatic part of emetine comes

from the monoterpene loganine. e
X 2; [II}éI{ZO
& Secologanin on the scheme comes from the oxidative Ny dic

fission of loganine.

Protoemetine

OH

Emetine

Fig. 13  Biosynthesis of emetine



Alkaloids derived from tyrosine

& Morphine 1s biosynthesized from reticuline, which we saw two slides ago.
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& The enzyme systems capable of converting codeine into morphine are also present in mammalian tissues




Alkaloids derived from tyrosine

¢ Corydine, glaucine and dicentrine have similar structure, so chemists
could 1magine this kind of biosynthesis, from reticuline.

& Actually, those alkaloids aren’t formed from reticuline, but from
norlaudanosoline.

Corydine

Glaucine

Fig. 18 Biosynthesis of corydine, glaucine and dicentrine



[Fd]: BEE UNIVERSITY OF
lceland - BUCHAREST
Liechtenstein GREENCAM for tomorrow ~—~

Norway grants ®NTNU

“Working togetherfora green,
competitive and inclusive Europe™

Norwegian University of
Science and Technology

Chapter 8-2
The Alkaloids

Elisabeth Jacobsen and Susanne Hansen Trogyen, NTNU
Spring 2022



Alkaloids derived from tryp O

¢ «The indole alkaloids»

¢ Primarily from three plant families:

Tryptophan

o
Sopean

ocynageae, | . S :
® légur)())nﬁlﬁ%rsmloglcal actiggenaceae Rubiaceae

® Sometimes the indole nucleus 1s modified

Isoquinoline

Quinoline

Serotonin (neurotransmitter)



Alkaloids derived from tryptophan
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Alkaloids derived from tryptophan ° M v i

Where does the
aliphatic part of more

complex indole |
alkaloids come from? | Catharanthine

COOCH,

Monoterpene hypothesis:

Mevalonate (in the form of geranyl
phosphate) is incorporated to give a variety
of indole alkaloids

HaCOOC

| . Vindoline Proved by incorporating 13C labelled
- Ajmalicine - Aspidosperma type ot
Corynanthe type ' geranyl phosphate



Alkaloids derived from
a1

o
HsCOOC

Ipecoside *

Strictosidine
(lsovincoside)

H,COOC

Vincoside
(in vitro)

Stnictosidine
{Isovincoside)

1. Hydrolysis
2. Double bond
migration

Cathenamine

Geissoschizine

Ajmalicine
antihypertensive drug




Alkaloids derived from
tryptophan

¢ Geisoschizine 1s also an important intermediate

o i H o o
Tryptophan —== Strictosidine —= Dehydrngeissoschizine __fl_ Geissoschizine =——
[O]

HaCOOC

(Geissoschizine,
tautomeric form) Condensation between

G carboxyl group and acetate

Acetyl-CoA

. l Reduction and
T cyclization

Preakuammicine
Retroaldol 1-CH,0
condensation

Akuammicine



Alkaloids derived from tryptophan

Catharanthine

Preakuammicine Stemadenine

',
“,,

Vindoline Vinblastine

Retroaldol
condensation

l AcCoA
Vinblastine (Velban)

is a well known
chemotherapy drug

Catharanthine

Vindoline



¢ Indole part comes from tryptophan

& Rest comes from mevalonic acid as geranyl

phosphate

& Important intermediates:

& Strictosidine

® @Geissoschizine

® Preakuammicine

Strictosidine
(Isovincoside)

v

Tryptophan

HsCOOC

Geissoschizine

Preakuammicine




O OH
Alkaloids derived from anthranilic a

NH>

¢ Quinoline, acridine and quinazoline skeletons

\\ \\
/ /

Qumohne Acr1d1ne Qumazohne
¢ Anthranilic acid comes from shikimic acid, and is a precursor to tryptop}

Often found in the Rutaceae
(rue) family
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Alkaloids derived from Whisas &

2 Isoprenylation

1. [Cls)

anthranilic acid
». [0

Quinoline 1
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Terpene derived alkaloids

¢ Amination of terpenes/terpenoids
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Terpene derived

& Many monoterpene alkaloids are Valeriana alkaloid

[(TI]T Tyramine

derived from 1iridoids of varying
oxidation levels

& Valeriana officinalis and Actinidia
polygama attract cats because they
contain specific monoterpenoids and

8-Hydroxy-

" eraniol
alkaloids : i,
& Actinidine affects the EEG of cats
w %Y }}‘v"' -~
» - , ,( - . }"f,’f N 74 .

Hydroxysky- Dehydrosky- Hydroxysky-
tanthine 11 tanthine tanthine I




Terpene derived alkaloids
I

STEROID ALKALOIDS

& Metabolites of Solanaceae, Liliaceae and
Buxaceae families

Samandarin

Found in the skin of the fire
salamander (Salamandra

3 H Found in nightshades salamandra)
~J 4 “‘T l Very toxic Extremely toxic, causes strong
A N Used 1n pesticides, asthma muscle convulsion (shaking)
t J/ treatment and for common and hyperventilation in
Solanine (R = solatriose) cold Vertebrates

Buxaceae (bOX famlly)

Sarker & Nahar, Chemistry for Pharmacy Students, Wiley 2007



Class/structural types Generic structure Examples Class/structural types Generic structure Examples

Aporphine ‘
(Tyrosine derived) Indolizidine N Swainsonine and castanospermine
Boldine Indolizidine

N““R Isoquinoline = Codeine, berberine, morphine,
Aporphine R = Me (Tyrosine derived) =N papaverine, sanguinarine and

Noraporphine R = H thebaine

Isoquinoline
Betaines
~ . . .
N o Choline, muscarine and neurine

Betaine Macrocyclic spermines Celabenzine

and spermidines
N
)
N Pilocarpine Spermine
H

Imidazole Norlupinane Q\IO Cytisine and lupanine
Indole . (Lysine derived)
(Tryptophan derived) @ Norlupinane
N

Indole Phenethylamine NH, Ephedrine and mescaline
: (Phenylalanine derived)
Tryptamines

CL/{\NH:E Moschamine, moschamindole, Phenylethylamine
ITJ psilocybin and serotonin
H

Purine Caffeine, theobromine
Tryptamine and theophylline

Purine
Ergolines QES]\' “H RN
Ergine, ergotamine and Pyridine and @ ]\/j Arecoline, coniine, nicotine,
N J lysergic acid (Nicotinic acid derived) N N piperine, sparteine and trigonelline
H H

Ergoline Pyridine  Piperidine

Imidazole




Class/structural types Generic structure Examples

Pyrrole and pyrrolidine Hygrine, cuscohygrine and nicotine
{Ornithine derived) '

Pyrrole Pyrrolidine

Pyrrolizidine S Echimidine and symphitine

Quinoline Ty Cinchonine, brucine, quinine
(Tryptophan/anthranilic and quinidine
acid derived)

: : h .
Terpenoidal/steroidal ' Aconitine

Terpenoidal

Steroidal LA A Batrachotoxin, conanine,
irechdiamine A, solanine,
samandarine and tomatillidine

Tropane Atropine, cocaine, ecgonine,
(Ornithine derived) hyoscine and scopalamine

Tropane R = Me
Nortropane R = H

Sarker & Nahar, Chemistry for Pharmacy Students, Wiley 2007
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N-Heteroaromatics

& A lot of N-heteroaromatics are essential for life and reproduction, and are part of the
primary metabolism.

& Some N-heteroaromatics are products of the secondary metabolism, such as caffeine, and
saxitoxin

\ON/
N
ﬁ/>

OITIN

Saxitoxin

Caffeine Fatally poisonous toxin produced
by some algaes, and occasionally

accumulated in clams and shellfishes




N-Heteroaromatics

f @/>

Pyr1m1d1ne Purine

fo\N
|
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Pteridine Cobalamin (vitamin B12)




Pyrimidines, purines and pteridines

g:;;ﬁfxe Uracil
1_sosine S % = NH;, y= OH z ; H
Yne ‘Y= OH, 72 CH
Guanine Thymine
& The major bases in RNA and DNA are purine derivatives | — -

(adenine, guanine, cytosine, uracil (only in RNA), thymine
(only in DNA)...)

. 1 . l .. ’,. a-Xanthine . - Zeatin B
& The free bases are only present in trace amounts in the cells. . RReRE %i,(i"};“h 2t

Paraxanthine .. but-2-enybadenine)

Caf:feine

& In some fungis, nucleosides are produced in larger quantities
and have antibiotic properties (such as neburaline)

Nebalarine
(N?-8-Ribosylpurine)

N N Nbdy
A N
HO N /
 QH

C ll Z'OC)/ be ne bu [a ]’ZS 5,6,7;Sl’F'etrahydr;)biopteri!: X&ﬂ-‘hQPteﬁ“




Biosynthesis of purines

& This biosynthesis shows, again, that structural information can be misleading when finding
the natural synthesis pathway.

Pyrimidine

Imidazole

1

Fig.3 1, Imaginable precursors of the purine ring; 2, precursors of the purine ring
e Glycine, * Formate, [][NH3], A CO2




LCOOH
Introductlon of aN
~atom from aspartic ~COOH

Biosynthesis of purine

. o0e cacid o
nucleotides oy
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Biosynthesis of purine alkaloids

k ‘) s g .
Purine S IMP

— XMP-

De ROVO Nucleic acid
synthesis

. mommmree -
nucleotides

M?‘._ o 5 b -y
7-CHy-XMP breakdown and

methylation

7-CHs-Xanthine

l [CH,]

Theobromine 7-Methylxanthosine

|

- Caffeine




Biosynthesis of pyrimidine nucleotides

¢ Pyrimidine nucleotides are formed from ribodisation of a preformed pyrimidine derivative, and
has a simpler biosynthesis.

NHa] + COp; + ATP

I HGQ L0

HOOC
- HOP H2N
NHCOOP 4+ . e
Carbamoyl PN COOH ~COOH
phosphate  Aspartic acid
)

)\ - F AD )\ pre
~COoH ©OOH  Ribodisation by 5-
" phosphoribosyl-1-

. pyrophosphate

D1hyd-r(mranc . _ . Omtu. acid

© Orotidylicacid (OMP)  Uridylic acid (UMP)



Pyrroles and porphyrins

& Pyrrole derivatives are rare in nature. An example 1s prodigiosin, produced by the bacteria
Serratia marcescens.

I\:dethionine
Prolipe :

CH
o [}

l
N
H

]
Alanine

. A [
EHGOOH <‘|3H2000H CHA0H2C00H
NH; OH NH,

Fig. 8 Pyrrole derivates. 3, Labelling pattern in prodigiosin observed from feeding
experiments; 4, a pheromone in Danaus spp. derived from a pyrrolizidine alkaloid




Biosynthesis of uroporphyrogen

& Porphobilinogen are synthesized from the dimerization of
5-aminolevulinic acid, which comes from succinyl CoA
and glycine.

COOH
COOH COOH
f/ f -2 Hzo
2
11 N
H
NH,

Porphobilinogen (PBG)

¢ Cosynthetaze 1s needed to complete the biosynthesis of

uroporphyrogen. Otherwise, it leads to its inactive version.

& Uroporphyrin I and III are strongly colored compound
(conjugated 18-pi-systems).

Porphobilinogen (PBG) x 2
HOOC

oo Tetramerlzatlon of PBG

HCOC

Ureporphyrin 11T

sl-zr N5

Uroporphyrinogen |

Uroporphytin §



Uroporphyrinoges Il Corrins, Vitamin By,

COOH
Coproporphyrinogen [11

: .-2(“.{)2
/ B

COOH - COOH
Protoporphyrinogen 111 Protoporphyrin IX°

g r / ; l.km :

- 0] .
Haeme ~# Bile pigments
Cytochromes

| o | Cobalamin (vitamin B12)

The structure was elucidated in 1946 using X-ray
crystallography.

COfmytyl  COCH;
Chiorophyll a







