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in 1929. In 1944, Waxman isolated streptomycin which is used for the
treatment of tuberculosis.

1.3 RECENT PROGRESS IN THE CHEMISTRY OF
NATURAL PRODUCTS3,4,5

Among the recent outstanding contributions to the chemistry of natu-
ral products is the conformational analysis designed by Derek Barton.
He used it for the structural determinations of many complex molecules
such as β-amyrin and cycloartenol. Robert B. Woodward was involved in
the structural determinations of penicillin, strychnine, patalin, terramycin,
aureomycin and the synthesis of Vitamin B12.

The other important scientists include V. Prelog, L. Ruzicka,
P. Plattner, O. Jeger, A. Eschenmoser, D. Arigoni, A. Dreiding, J. Dunitz
and many more. Other famous investigators regarding the biosynthetic
studies were A. Birch and R. Robinson who studied the biosynthesis of
polyketides having C6-C3-C6 backbones such as plant phenolics, polyene
macrolides, terpenoids and alkaloids, sterols, fatty acids and prostaglandins
(discovered in seminal fluids).

Otto Wallach (1847–1931) proposed the “isoprene rule” and many
scientists were engaged in isoprenoid studies. Among them was Wieland,
Windaus, Karrer, Kuhn, Butenandt and Ruzicka. Paul Karrer (1889–1971)
established the foundation of carotenoid chemistry which was proceeded
by Otto Isler and Hans Eugster. Adolf Butenandt (1903–1998) dealt with
human sex hormones and obtained estrone from pregnant women, pro-
gesterone from sow ovaries and 50 mg of androsterone from 400 gallons
of male urine. Together with Peter Karlson, he isolated 25 mg of ecdysone
(insect and crustacean molting hormone) from 500 kg of silkworm larvae.

Studies on isolation from adrenal cortex and the synthesis of cortisone
(in 28 steps), an anti-arthritic hormone, was accomplished in the 1940s
by Woodward and others. Cortisone was used as an important military
medicine during World War II. Carl Djerassi from Stanford University
directed the research at the Syntex Laboratories, which led to the synthesis
of the first oral contraceptive “pill” for women. Koji Mori is very active in
the field of the synthesis of pheromones.
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Extracts of toxic plants has been used for hunting and murder through-
out the world for thousands of years. Thus, Strychnos and Chondrodendion
(both containing strychnine) were used in arrow poisons. The Colombian
arrow poison consists of toxins from the legs of frogs. When rye is infected
by the fungus, Claviceps porpurea, the toxin ergotamine and a number of
ergot alkaloids are produced. These compounds cause serious illnesses.

In 1952, Bloch and Woodward suggested a mechanism for the cycliza-
tion of squalene to cholesterol. In 1962, Francis Crick and James Watson
described the double helix structure of proteins. Hodgkin determined
the structure of vitamin B12 and of penicillin through collaboration
between Woodward and Eschenmoser, involving postdoctoral fellows. In
1877, Alexander Fleming discovered penicillin which was active against
tuberculosis.

The study of marine natural products has great possibilities for new
products. Thus, Paul Scheuer from Hawaii studied bioactive compounds
from mollusks and other marine sources. Luigi Minale, Raffaele Riccio and
Maria Iorizzi from Italy, conducted a comprehensive research on marine
steroidal glycosides. Joel Kashman from Tel-Aviv University investigated
on the biologically active natural products from marine organisms.

Palytoxin, a most poisonous substance from the Hawaiian soft coral,
Palythoa toxica, was isolated by Woodward. It contains about 64 chiral
centers and seven double bonds, capable of E/Z isomerism, giving rise to
the possibility of 271 isomers (close to Avogadro’s number). It was synthe-
sized by Armstrong, et al., in 1989. In 1996, a most toxic toxin, maitotoxin
was isolated and its structures was determined by two Japanese groups.
Its empirical formula is C164H256O68S2NO2 and its molecular weight is
3422. Human medicinal agents from plants were described by Kinghorn
and Balandrin.6

1.4 THE CLASSIFICATION OF NATURAL PRODUCTS

The classification of natural products may follow the four schemes below:

(1) Classification based on the molecular skeletal structure: Open-chain
aliphatic, alicyclic and cycloaparaffinic, aromatic, benzenoid and
heterocyclic.
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(2) Classification based on physiological activity: The interest in natural
products is frequently initiated by attempts to isolate and clarify a phys-
iologically active principle of plant or animal origin. Actually, many
medicines currently in use are natural products, e.g. alkaloids, such as
morphine and penicillin G.

(3) Classification based on chemotaxonomy: The field of chemotaxonomy
attempts to review plant constituents according to plant taxa. Namely,
constituents are regarded as markers for evolution as well as the clas-
sification of plants.

(4) Classification based on biogenesis: It has been established that the
primary synthetic process in nature is photosynthesis by which green
plants utilize the energy of the sun for the production of organic com-
pounds from carbon dioxide. The initial products of photosynthesis
are carbohydrates. Further metabolic alterations lead to the forma-
tion of a pool of organic compounds of low molecular weight and
simple structures such as carboxylic- and amino acids, which are vital
for the living organisms. They form the synthetic starting materials
for specific, genetically controlled, enzymatically catalyzed reactions
that lead to the complex compounds that characterize the secondary
metabolism of plants and mammals. The reaction pathway leading to
a particular natural product is called the biosynthetic pathway and the
corresponding event is known as biogenesis. Different plant and ani-
mal species can employ different biosynthetic pathways to produce the
same metabolite. This feature can be employed in the classification of
plants in terms of their chemotaxonomy.

Of the four major classes of biochemicals (carbohydrates, proteins,
nucleic acids and lipids), experiments have shown that the first three classes
could have arisen through prebiotic chemistry.7 Although the biosynthesis
of many natural products can be traced back to acetate (e.g. fatty acids,
terpenes and polyketide biosynthesis) or amino acids (e.g. alkaloid biosyn-
thesis), there are many whose biosynthetic origins are either obscure or
result from a complex combination of pathways (Fig. 2).



Dec. 11, 2007 14:40 SPI-B530 Selected Topics in the Chemistry of Natural Products Ch01

The Origin and the Nature of Natural Products 7

H2OCO2 hv

photosynthesis

erythrose-4
phosphate

glucose

phospho-enol
pyruvate

shikimate

pyruvate

mevalonateacetyl-CoA

cycle
de Krebs

amino acids

mono-, oligo-,
polyosides

phenols, quinones,
polyacetylenes,

macrolides,
fatty acids, lipids...

essential oils,
sesqui- and diterpenes,
saponins, cardenolides,

carotenes...
proteins...

cinnamates,
lignans,

coumarins...
quinones

flavonoids,
anthocyanins,

tannins, ...

GLYCOSIDES

POLYACETATES

ALKALOIDS

TERPENES
AND

STEROIDS

SHIKIMATES

Fig. 2. Schematic presentation of natural products formation.8
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Fig. 3. Chromatographic and spectroscopic techniques.9

1.5 IDENTIFICATION OF NATURAL PRODUCTS BY
CHROMATOGRAPHIC AND SPECTROSCOPIC
METHODS

Recently, natural products chemistry has undergone explosive growth due
to advances in isolation techniques, synthetic and biosynthetic approaches
as well as spectroscopic and chromatographic methods.

The advent of computers and Fourier transform completely revolu-
tionized the detection and identification of organic compounds. Modern
automated instruments allow very small samples in the nanogram (10−9 g)
range to be characterized in a very short time. The application of Fourier
transform nuclear magnetic resonance (FTNMR) and Fourier transform
infrared (FTIR) allows recovery of the sample in contrast to mass spec-
trometric (MS) determination which is a destructive but quite often a
necessary technique.
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Modern methods used to separate complex organic mixtures utilizing
gas-liquid chromatography (GLC), high-pressure liquid chromatography
(HPLC), and droplet counter-current (DCC) chromatography can sepa-
rate samples rapidly and efficiently in the picogram range. This has been
impossible until recently. Coupling the chromatographic instruments to
spectrometers enables a partially automated analysis in an even shorter
period of time. The following coupling of chromatographic instruments
has been performed: GC-MS, GC-FTIR, GC-MI-FTIR, GC-UV-VIS,
HPLC-MS, HPLC-FTIR, HPLC-FTNMR and MS-MS (Fig. 3).

These semiautomated systems of analyzing and characterizing small
samples are vital to the natural product organic chemist and biochemist for
the detection of highly active substances in extremely low concentrations
in living organisms. A typical example is in the field of pheromones which
includes insect sex attractants that differ quite markedly in many insects.
Their concentration has often been found in the 10−9–10−12 g range.
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