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Abstract

This review covers the introduction, pharmacological activities, the spectral features, medicinal properties and
biosynthesis of chemical constituents in Skimmia laureola. Besides this, 'H and *C-NMR values of new
compounds and their activity as the antifungal and anticholinesterases agent are also reviewed. The aim of the
present study is to describe the pharmacological and spectral features of constituents of Skimmia laureola. The
pharmacological properties of quinoline alkaloids have been investigated to a limited degree and as a result
evidence of cytotoxic, phototoxic, mutagenic, antibacterial and anti-viral (HIV) activity has been observed.
Quinoline alkaloids have not been screened for enzymatic activities for comparative studies of their constituents.
The anticholinesterase activities of these compounds can be used with advantage in the screening of other

quinoline compounds with structural variations.
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INTRODUCTION

In Pakistan some plants of family
Rutaceae are found in Kashmir and in the
mountains of Mansehra and Hazara in
North West Frontier Province of Pakistan.
The Rutaceae family has 150 genera and
over 1500 species. Skimmia laureola Hook
also belongs to the Rutaceae family and
widely occurs in Kashmir and North West
Frontier Province of the country.

Skimmia laureola is a rich source
of quinoline alkaloids, coumarins and
triterpenes. The occurrence, chemistry and
biosynthesis of quinoline alkaloids have
been frequently reviewed in the Manske
and later Brossi, series of the alkaloids
[1,4-6] and regularly in the specialist
periodical reports of the alkaloids,
published by the Royal Society of
Chemistry [7,8]. The
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latter have been carried on as Natural
Product Reports [9]. Individual
presentations on various aspects of
quinoline alkaloids have also appeared as
book chapters or articles in journals [10-
18]. These constituents have attracted
considerable interest due to their biological
activity but only few publications have
appeared on the spectral features of
different constituents of the plant S.
laureola.
Pharmacological  Activities of S.
Laureola

S. laureola is an ever green shrub. The
leaves of this plant are commonly used in
the indigenous system of medicine. The
soot obtained from the burning of leaves is
inhaled for the treatment of body pain,
fever and flu by the local population of
Hazara [19]. A poisonous crystalline
alkaloid skimmianine has been found to be
present in the leaves. The alkaloid has
been found by experiments to have a direct
action on the muscles of the heart,
decreasing the pulsations and causing the
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disturbances of the diastole [19].
Compound 3-hydroxy-2,2,6-trimethyl-
3,4,5,6-tetrahydro-2H-pyrano-[3, 2-c]

quinoline-5-one (1), ribalinine (2) and
methyl isoplatydesmine (3) were screened
for their enzyme inhibitory activity against

CH;4

2,2,2-Trimethyl-3,4,5,6-tetrahydro
-2H-pyrano[3,2- ¢] quinoline 5-one (1)

Compound  4-methoxy-1-methyl-3-(2'S-
hydroxy-3'-ene butyl)-2-quinolone (134)
and ulopterol (147) were screened for
antifungal activity [24].

Characteristic Features of the Constituents
of Skimmia laureola

Spectral features, biosynthesis and
characterization of some of the classes of
compounds found in S. laureola is briefly
described in following sections:
Spectral  Features  of
Alkaloids

Quinoline

UV and IR Spectroscopy

The UV spectra of furoquinoline-
type alkaloids such as dictamnine showed
an intense band at 235 nm and a broad
band with fine structures (Amax 308, 312
and 328 nm) in the region 290-335 nm was
observed. The N-methyl-2-quinolone
system showed UV maxima at 228, 260,
267 and 320 nm [25]. Ultraviolet and
infrared spectroscopy can be used to
differentiate the 2- and 4-quinolon-types of
alkaloids.
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and

acetylcholinesterase (AcChE)

butyrylcholinesterase (BuChE) by using
modified Ellman method [20-23] were
found to be potent cholinesterase inhibitors
(2, 3].

Methyl isoplatydesmine (3)

2-Quinolinone alkaloids showed
UV absorption maxima between 263-298
nm, while the 4-quinolinone alkaloids
have slightly more intense absorption at
longer waves length 290-340 nm.

In the IR spectra of 2-quinolinones,
the carbonyl absorption commonly occurs
between 1660-1640 cm™', whereas the
carbonyl of 4-quinolinones absorbs at
1630-1620 cm™. The IR spectra of
acridones (also vinylogous amides) are
similar to the 4-quinolones with carbonyl

absorption between 1640-1620 cm ™.

Electron-lmpact Mass

(ms)

Spectroscopy

This technique has been wused
extensively in the structure elucidation of
quinoline alkaloids [25,28]. The methoxy-
substituted furanoquinolines  generally
yield strong molecular ions, which in
many cases are also the base peaks.
Compounds with a methoxy group in
position-8 such as [I-fagarine (Scheme
1.1-4), give strong [M-1]" and [M-29]"
ions (5) and (7) respectively [26] (Scheme
1.1), which are absent in compounds
lacking in  8-methoxy group e.g.
dictamnine (Scheme 1.2) [26]. The loss of
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CHO is the characteristic behaviour of
quinoline compounds having furan ring.

Mass spectra of furanoquinoline
alkaloids produce significant [M-15]" and
[M-43]" ions due to the formation of
fragments (1.2-9 and 1.2-10). These ions
arise due to the loss of Me or the COMe
from the 4-position respectively [26]. The
common mass fragments of dictamnine are
shown in (Scheme 1.2). The mass spectra
of pyranoquinolinones like flindersine (21)
and N-methyl flindersine (22) produce
significant [M-15]" ion due to the
formation of the benzopyrilium cation (23)
[27]. The mass spectra of linear and
angular dihydropyranoquinolines are very
similar due to a common fragmentation
route (Scheme 1.3). The mass spectra of 3-
prenyl quinolinones such as 24 showed
significant [M-85]" ions (25) due to the
characteristic loss of the side chain [28]
(Scheme 1.4).

B¢- and *H-NMR Spectroscopy

'H-NMR spectroscopy has been
particularly useful for distinguishing
between 2- and 4- quinolinones, which are
unsubstituted in position-5. The chemical
shifts of H-5 are always at a lower
frequency in 2-quinolinones, as compared
to H-5 in 4-quinolinones.

The typical H-5 signals for
quinolones, unsubstituted in the aromatic
ring, appeared at [17.9-8.1 and 8.3-8.5
[29,30] for 2- and 4- quinolones,
respectively. The C-8 proton is generally
the most deshielded aromatic proton in
acridone alkaloids [31]. In furanoquinoline
alkaloids the furan ring protons appear as a
pair of doublets (J = 3.0 Hz). The C-2
proton appears in the region of [ 7.5-7.6
and the C-3 proton resonates in the region
11 6.9-7.1. The C-5 proton is often the
most downfield one ([ 7.5-8.1), and its
multiplicity is a key to determine the
substitution pattern of the benzenoid
nucleus. The aromatic methoxy group
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appears at [1 4.0-4.2 ppm. Methoxy group
shield the vicinal aromatic proton by 0.6
ppm (Table 1) [32].

BC.NMR spectroscopy has also
been very informative in distinguishing
between 2- and 4-quinolinones. The
amidic carbonyls of 2-quinolinones
resonate in between [1160-165 e.g. in
flindersine (28), C-5 appears at [1162.9,
whereas the carbonyls of the vinylogous
amides normally occur at [1171-176 [33].

The carbonyls of the acridones
resonate at even higher frequency [31] i.e.
[1180-182. In furanoquinoline (26), the
furan C-2 appears at [1142.8 and C-3
appears at 104.6, respectively. These
carbons chemical shift values are
diagnostic feature of furanoquinoline
compounds. The C-NMR assignments
for furanoquinoline e.g. skimmianine [32]
are shown around structure 26 and for
pyranoquinoline e.g. flindersine around
structure 28.

Biosynthesis of Quinoline Alkaloids

The quinoline nucleus is derived from

anthranilic acid (30) and one molecule of
acetate/malonate. Malonyl thioester (31)
is formed by the addition of carbon
dioxide to acetyl coenzyme. Thio
coenzyme A (SCoA) stablizes the anions
to the carbonyl group of malonyl thioester.
Attack of this anion on carbonyl group of
anthranilic acid yield the product 32
(Scheme 1.5). The elimination of thio
coenzyme A (SCoA) yield the 4-hydroxy-
1-methyl-2-quinolinone (33) [34,35]. The
C-2 and C-3 of 33 are derived from C-1
and C-2 of acetate, respectively.
Prenylation in C-3 (33) followed by
oxidation of the requisite C-prenyl
substituent (34) at C-2' and C-3' leads to
the formation of 35. The cyclization of the
C-prenyl substituent (38) with an ortho
oxygen function in C-2 or C-4 leads to the
formation of the linear (37) or angular (36)
dihydrofuranoquinolinones. Platydesmine
(37) has been shown to be an intermediate
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in the pathway from prenylquinolinone
(34) to dictamnine (38) (Scheme 1.5) [38].
The removal of the isopropyl group from
the linear dihydrofuranoquinoline (37)
yields the common furanoquinoline
dictamnine (38) [15]. This hypothesis
further supported a more recent finding in
the chemistry of unsubstituted furan ring
arises by the fission of a three
carbonfragment from the cyclized
isopentane unit [36], whereas the C-2
furan ring was formed by the loss of a
three carbon fragment from a mevalonate
derived isoprenyl group [32,35,16]. The C-
4 and C-5 of mevalonic acid are
incorporated specifically into C-2 and C-3,
respectively, of  skimmianine  (50)
(Scheme 1.7).

Prenylation at C-3 of 4-hydroxy-1-methyl-
2-quinolone (33) followed by cyclization
of the requisite C-prenyl substituent [37]
(as in 42), with an ortho oxygen function
at C-4 leads to the formation of angular
pyranoquinolinone  (43), while the
epoxidation of 34 followed by cyclization
of the oxygen at C-2 with the carbon at C-
3" and methylation at C-4 oxygen leads to
the formation of linear pyranoquinoline
(44) while the cyclization of the oxygen at
C-2 with the carbon at C-2' and
methylation at C-4 oxygen leads to the
formation of linear dihydrofuranoquinoline
(45). Similarly the prenylation at C-4
oxygen function of (33) followed by
Claisen-type rearrangement and then
cyclization of the resulting product (40)
leads to the formation of the angular
furanoquinolinone (41) (Scheme 1.6). 2, 4-
Dihydroxyquinoline (46) is known to be a
precursor of kokusaginine (52). When [3-
(-2, 4-dihydroxy quinoline (46) was fed
to Skimmia japonica, incorporation into
dictamnine (38) and platydesminium salt
(49) was observed [39]. The dimethyl allyl
2, 4-dihydroxy quinoline (50) (especially
labelled with '*C) was better incorporated
(3.8% and 4.7% respectively) in accord
with the biosynthetic route. Thus in
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skimmiannine hydroxylation of C-7 and C-
8 probably occurs at a later stage in the
biosynthesis [40]. Dictamnine (38) was
efficiently incorporated into skimmianine
(50) [40,41] indicating that dictamnine is
an intermediate in skimmianine
biosynthesis and that aromatic
hydroxylation occurs after the formation of
the furan ring [42] (Scheme 1.7).
Dictamnine was a specific, although less
efficient, precursor of choisyine (51) and
evoxime (48) [43].

1131 COUMARINS

The coumarins is a group of
aromatic lactones derived from
benzopyrone  possessing a = 2H-I-
benzopyran-2-one nucleus (53). Skimmia
laureola is a rich sourse of coumarins. A
number of coumarins isogospherol,
heraclenol, (+)-7-methoxy-6-(2'R-
methoxy-3'-hydroxy-3’-methyl
butyl)coumarin, 5,8-dimethoxy coumarin-
2H-1-benzopyran-2-one, 7-methoxy-6-[2'-
0x0-3’-methyl butyl) coumarin and (+)-
ulopterol have been isolated from Skimmia
laureola. Many coumarins contain a furan
ring fused on to the aromatic ring, and
these are known collectively as
furanocoumarin such as psoralen (54). The
main natural source of coumarin and
furocoumarin are plants, especially
members of Rutaceae, Umbelliferae and
Leguminosae families [47]. Coumarins
also serve several important functions in
plants. They absorb a wide range of
ultraviolet light and generate intense
fluorescence  (usually  blue).  The
umbelliferone (55) is of commercial
importance since it is the major UV-
absorbing component of many sun-tan
preparations. In addition they posses
antibacterial, anticoagulant and cytotoxic
activities. Some simple coumarins like
scopoletin (56) isolated from various
species of Rutaceae are a potent
germination  stimulant active at a
concentration of 2-20 ppm [44].
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Table 1: Proton NMR data (in ppm) of furanoquinoline alkaloids.

Compounds H-2 H-3 4-OCH; | H-5 H-6 H-7 H-8
Dictamnine (8) 7.53 6.95 4.32 811 |- - 7.88
Robustine (27) (8-hydroxy) | 7.50 7.13 4.13 - - - -

6-Methoxy dictamnine 8.05 - - 7.50 |- 7.34 |7.90
7-Methoxy dictamnine 7.95 - - 8.10 |7.10 |- 7.25
Skimmianine (26) 7.58 7.07 442 8.05 725 |- -

6,7-Dimethoxy dictamnine | 7.90 7.40 4.40 744 |- - 7.30
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Geiparvarin  (57) has stimulated the
development of a wide variety of
interesting and practical synthesis due to
its antitumor activity. The furano coumarin
rutain (58) shows antibiotic activity
against fungi [45]. Coumarins are
physiologically active compounds [46]
which have many and varied effects upon
living cells. Aflatoxins, which are
metabolites of Aspergillus flavus are
intense liver poisons and are among the
most potent known carcinogens. Coumarin
exhibits a wide range of cytological and
physiological effects on plants, some of
which are shared by certain of its
derivatives. It has been known for many
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years that contact of the skin with the
juices of certain plants, followed by
exposure to sunlight, can lead after a delay
of some hours to development of
erythema. Subsequently pigmentation of
the effected areas occurs and in severe
cases vesicle formation takes place. This
effect is one of photosensitization of the
skin [46].

Dicoumarol (59) has marked
anticoagulant properties and does on
occasion cause the death (from internal
haemorrhage) of livestock that have con-
sumed contaminated hay. The powerful
rodenticide warfarin (60) was developed
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with these anticoagulant properties in mind
and has proved to be very effective in
controlling the rat population.

Most of the coumarins have
eriobrucinol (61) and toddalenone (62)
types skeletons. Many of the observed
activities of coumarins appear attributable
to the benzofuran system but simple
coumarins are also toxic and are reported
to deter some generalist herbivores. Some
troublesome clinical cases have been
reported in field workers handling plants
infected with the fungus Sclerotinia
sclerotiorum  [48], which contains
xanthotoxin and 4, 5, 8- trimethyl psoralen
[48].

1.1.3.2.1 Characteristic
Features of Coumarins

Spectral

113211 UV and IR Spectroscopy

The UV spectra of simple
coumarin e.g. archetypal (53) showed
absorption bands at 274 and 311 nm (log £
4.03 and 3.72), which have been attributed
to the benzene and pyrone rings
respectively [50]. Introduction of methyl
group into the coumarin nucleus results in
very small shifts of the absorption
maxima. Substitution of a methyl group at
C-3 causes a small hypsochromic shift of
the 311 nm maximum, leaving the other
maximum essentially unchanged.
However, the methyl substitution at C-5,
C-7 or C-8 leads to a bathochromic shift of
the 274 nm maximum but leaves the 311
nm maximum practically unchanged [50].

In the IR spectra of coumarins the pyrone
carbonyl stretching frequency is found in
the region of 1700-1750 cm™ [51,52].
When an alkoxyl group is attached to C-5
with C-8 unsubstituted, the carbonyl band
shifts to a frequency higher than 1720 cm’
but when the alkoxyl group is substituted
at C-8, a frequency lower than 1720 cm’!
is obtained [53]. The IR spectra of
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pyranocoumarins showed a  strong
absorption band at 1717-1730 cm™ whic

shifts: ~ to  1735-1750  cm”  in
dihydropyranocoumarins.

1.1.3.2.1.2 Electron Impact Mass
Spectrometry (MS)

Electron-impact mass spectrometry
of simple coumarin (53) gives a strong
molecular ion at m/z 146 (M") and a base
peak at m/z 118. The later ion formed from
the molecular ion by loss of carbon
monoxide, a highly stable neutral particle
[54] from the pyrone ring [55]. The
benzofuran ion (63) decomposes further by
consecutive loss of CO and a hydrogen
atom yield, an ion at m/z 89 (65) (Scheme
1.8). Following sections summarize the
mass fragmentation pattern in different
classes of coumarins.

Hydroxy coumarins and
coumarins

Alkoxy

The mass spectra of hydroxy
coumarins showed characteristic loss of
C,H,0 from the pyrone ring. This yields a
base-peak which is 42 mass units lower
than the molecular ion. This helps in the
recognition of a 4-hydroxy coumarin [56]
(Scheme 1.9). The molecular ion is also
the base-peak in the mass spectrum of 7-
methoxy coumarin (69). A strong [M-
CO]" ion (69a) is also present in their mass
spectra [55]. Loss of a methyl radical from
the methoxy group yields a conjugated
oxonium ion 73 (m/z 133), but this only
occurs after the molecular ion has been
converted to the 6-methoxy-benzofuran
ion [56] (69a) (Scheme 1.10).

Furano coumarins

The ready elimination of CO from
the pyrone ring is the characteristic feature
for furanocoumarins [55,57]. However, in
methoxy  furanocoumarins such as
xanthotoxin (74), loss of a methyl radical
can give rise to a conjugated oxonium ion
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(75) and this process often predominates
[55,56] (Scheme 1.11).

Pyranocoumarins

The ready elimination of methyl
group from the pyrone ring and generation
of a stable benzopyrylium ion (75), which
is frequently the base-peak is the
characteristic feature of pyranocoumarins
[55,58]. The stable benzopyrylium ion
(75), which is obtained from xanthyletin
(74), is also obtained by the loss of 31
mass units from the 7-methoxy coumarin,
suberenon (76) (Scheme 1.12).

“C-NMR

1.1.3.2.1.3 'H-and

Spectroscopy

In the 'H-NMR spectra of
coumarins, two characteristic doublets
between [16.1-6.4 and 7.5-8.3 indicate a
coumarin skeleton unsubstituted in the
pyrone ring. These characteristic signals
arise from the H-3 and H-4 olefinic
protons respectively [59]. The majority of
natural coumarins have an oxygen function
at C-7 which cause H-3 to resonate to
higher field as compared to unsubstituted
coumarin (53) [60]. When a 7-oxygenated
coumarin is substituted at C-5, the latter is
invariably an oxygen function. The protons
at C-6 and C-8 are now meta-related and
give rise to a pair of close doublets (J = 2.0
Hz), when both are present and two
singlets, when either C-6 or C-8 carries a
carbon substituent. When only one
aromatic proton is present as in 5-and 8-
alkoxy psoralens, the position of
substitution can still be clearly inferred. In
the 8-alkoxy series (e.g. xanthotoxin (71),
Scheme 1.11), the H-4 and H-2' signals
overlap and H-5 appears at [ 7.3-7.4,
whereas for 5-alkoxy psoralens, H-4 is
shifted downfield, H-2' upfield and H-8
resonates at [ 7.0-7.2 [61,62].

BC.NMR spectroscopy is also an

important technique for the structural
studies of coumarins. For most coumarins
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the chemical shift of the carbonyl carbon
atom has been found generally at [ 160
ppm. The chemical shifts of C-3 and C-4
of [J,[J-unsaturated lactone ring of
coumarin generally appear at (1114 and
143 respectively. For a simple coumarin
e.g. archetypal (53) the following chemical
shifts have been observed, [63] C-2,
(160.4), C-3, (116.4); C-4, (143.6); C-4a,
(118.8), C-5, (128.1); C-6, (124.4); C-7,
(131.8); C-8, (116.4) and C-8a, (153.9) are
characteristic of the coumarin ring system.

Cinnamic acid is generated by the
conversion of 3-dehydro-shikimate (77).
Formation of shikimic acid 3-phosphate
(78) followed by reaction with
phosphoenol pyruvate (79) and after
subsequent elimination and rearrangement
of chorismate (81) produces prephenate
(82). (This [3,3] sigmatropic
rearrangement is a symmetry allowed
pericyclic  process) (Scheme 1.13).
Decarboxylation of prephenate (82) is
followed by aromatization and amination
to produce the amino acid phenylalanine
(83). An alternative route provides the
tyrosine (84) and involves reductive
amination of prephenate (82). The
stereospecific anti elimination of ammonia
from either phenyl alanine (83) or tyrosine
(84) yields cinnamic acid (85) or para
coumaric acid (86) respectively (Scheme
1.13). Trans cinnamic acid formed from
the enzyme mediated deamination of
phenylalanine (83), and subseuently
undergoes ortho oxidation. The ortho
coumarinyl  glucoside are probable
intermediates as is confirmed by the high
incorporation of the former (14C—labelled)
into coumarin. O-Coumaric acid glucoside
(88) wundergoes isomerization to the
corresponding cis acid (90) by the action
of phenyl alanine ammonia lyase. This
enzyme is liberated on crushing the cells,
affording the unstable cis 2-hydroxy
cinnamic acid which spontaneously
lactonizes to coumarin (89a). Substitution
to yield simple substituted coumarins
occurs only after cyclization, while
prenylation occurs at the umbelliferone
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stage [65]. The mechanism of prenylation
of umbelliferone is visualized as involving
the formation of the stable anion (9la-
91c). The electrophilic attack of a prenyl
carbonium ion can occur at either C-6 or
C-8 to yield C-prenyl coumarins (93, 94)
or can occur on the phenoxide to give O-
prenyl compounds (92) (Scheme 1.14).

The addition of the dimethyl-allyl
unit at C-6 appears to be stereospecifically

L
O (¢}
Archetypal (53)
S
O
Umbelliferone ( 55)
L
0" "o

of
=
A\

HO (6]

CH;

Geiparvarin ( 57)
O

H;C

CH; O

Eriobrucinol ( 61)

Volume 2 Issue 2 : 2013

ISSN 2319-1082

controlled by the enzyme dimethyl allyl
phosphate  umbelliferone  transferase
[65,66]. The role of prenylating enzymes is
to localize the charge on the anion and
thereby directing the attack of the prenyl
unit (Scheme 1.14).

Scopoletin (56)

O B D-glucosyl

Rutarin (58)

OH CHs O

X CH;
O O
Warfarin (60)
OCH;
X
H;CO o) o)
(6]
N\~
CH;

Toddalenone (62)
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1.1.3.2.2 Biosynthesis of
Coumarins
Biogenetically  coumarins  are

formed from cinnamic acid. Mate

The secondary modification takes
place on the prenyl side-chain, via the
initial epoxidation of the olefinic double
bond. The O-prenylation and C-
prenylation process is controlled by two
distinct ~ mono-oxygenases,  probably
because of differing stereo-electronic
requirements of the two prenyl types [67].
The intermediate appears to be either the
prenyl epoxide (96) or the diol (100) for
the linear type or their C-8 prenyl
equivalents for the angular type [67]. The
furanocoumarins marmesin  (98) and
columbianetin (104) contain a coumarin
and a C-5 sub-units. Biosynthetic
pathways via 7-demethyl suberosin (95)
and osthenol (103) to marmesin (98) and
columbianetin (104) is analogous (Scheme
1.15). Further metabolism of marmesin
produces psoralen, (99) in which three of
the original carbon atoms have been lost.
Hydroxylation at C-5 then yields bergaptol
(100) and methylation yields bergapten
(101). Subsequent hydroxylation at C-8
and  methylation finally = produces
isopimpinellin (102) (Scheme 1.15).

1.1.3.3 TRITERPENOIDS AND
STEROIDS

Triterpenoids and steroids are a
naturally occurring group of compounds
whose structures comprise six isoprene
units. Terpenes and terpenoids constitute
one of the most numerous and varied
classes of organic compounds, embracing
a wide range of substances from simple
monoterpenes to the highly complex
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triterpenes. A number of triterpenes have
been isolated from Skimmia laureola [3].
Like alkaloids, terpenes also serve
important functions. In daily life, volatile
terpenes are used as perfumes and
fragrances. In addition they possess
antibiotic, cytotoxic and antifeedant
activities and are commonly used as drugs
and pesticides. The chief natural source of
terpenes, marine and triterpenoids are
plants but terpenoids are also reported
from other sources, such as
microorganisms and sex hormones of
insects and from fungi.

Some simple terpenes like santonin
isolated from various species of Artemesia
and Ascaridole as well as from the oil of
Chenopodium, are used in the treatment of
round worms [68]. The biological activity
of cyclic terpenes is due to their oxyge-
nated nature e.g. the fungal antibiotic
ovalicin is highly oxygenated. Other
compounds having similar basic skeleton
to ovalicin are reported to possess
antimicrobial activity [69].

Monoterpene glycosides play an
important role in the storage and
transportation [70] of different essential
constituents in the plant. Cyclic
monoterpenoids are surprisingly quite rare
as fungal metabolites, however, a p-
menthanetriol has been isolated from the
fungus Fusicoccum amygdali. The search
for biologically active natural products has
afforded a number of new triterpenoids. A
number of tumor-inhibitory derivatives
exemplified by isocucurbitacin D have
also been isolated. The highly oxidized
triterpenoid such as azadirachtin from
Melia azadrach is of interest because of its
insect antifeedant activity.
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Scheme 1.13: Biosynthesis of coumaric acid.
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Table 2: Reported Compounds from Skimmia laureola

2. 3, 23-Dihydroxy-20 (30)- 29-al, Di-Ac | C34Hs,05
lupen: (37 form) [71]

0
1. |323-Dihydroxy-20 (30)- 29-al, -29- | CsHsoOs —
alcohol, 29-Ac, 3-ketone lupen: (3
form) [71]
o
0
0

P

0
H
o
,4\0
O\

3. 3,23-Dihydroxy-20-(30)-29-al,Ac,  3- | C3;Has04
ketone, lup: (301 form) [71]
0]

9
o

o\
07\
O
4, Aviprin : (R form) [72-90] C17H,50¢ 7 o
O
H(iﬁ 0
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5. 24, 24-diethyllanosta-9 (11), 25-dien-3- | C35HgO
ol: (3C-form) [911-92]
~o
0 X
6. 7,8-Dihydroxy-2H-1-benzopyran-2-one | C;sH;30s o
[93-130]
Ol
7. Edulinine (R form) [131-136] Ci6H1oNO
3
e
8. Furo [2,3-b] -4, 7, 8-teiol; ri-me-ether | Ci4H3NO o N. o
quinoline [137-158] 4 - S
P/
oL
OH
9. 2- (4-hydroxy phenyl)-1- methyl-4 (1H) | C;cH;3sNO
—quinolinone [159-161] 2
O
10. | Edulinine : (S form) [131-136] CisH;NO o
5
11. | Heraclenol (S form) [ 75, 91, 165-
166,175-
169]
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OH
12. |2 (4-Hydroxy  pheny)-1-methyl-6- | C;7H;sNO
methoxy -4 (1H) quinolinone [165-167] | 3 O
ENVES
(J -
o_
13. | 24-Ethyl-24-methylcyclo-art-25-en-3-0l | C34Hs50
(371, 24 E form) [170]
™o
O X
14. | 7-Hydroxy-2 H-1-benzopyran-2-one; O- | C15H60g o
[J-D-glucopyranoside  [57, 107-108,
171-199]
(@]
OH
OHOH
o
15. | Isopimpinellin [98, 200-201] CisHiOs | o o o
N Y/
0L
16. | 25-Ethyl-24-methylene cycloartan-3-ol : | C34Hss0
me ether (30 form) [189]
~o
0]
17. | 7-Hydroxy-6-methoxy-2H-1- C10HgOq4 o
benzopyran-2-one [199, 207-239] |
HO
Ol
|
18. | Isoplatydesmine ( R form) [240-245] CisH19NO N | 0
3
/O
@)
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o
19. | 7-Hydroxy-8-(3-0x0-2-methyl  butyl)- | C;sH;604 o
2H-1-benzopyrane-one-me- ether [82, |
246-249]
(@)
|
20. | p- Menth-1-ene: (S form) [250-255] CioHis
21. | 24-Methyl lanosta-20,25-diene-(24 R)- | C3;Hs500
3-one [245]
of
22. | Rutarin [256-271] C30H32013 OH
° HO_  OH
042 OH\
oS0
0]
23. | Oxypencedanin: (R fom) [80,82,272-
279] [ ©
o
OH
24. | Rutaretin : (R form) [256-271] C31H34014 o
OH
-0 OH
g o)
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25. | 3-Deacyl, 3- ( 2z, 4E, 6E decatrienoyl ) | C49HgoO¢ o
Skimmiarepin A[ 280-281]
o]
OH
HO
0]
26. | Pencenin [282-287] Ci6H1504 |
O OH
. =
27. Sesehn [288-297] C14H1203
@) O O
O
28. | Ptelefoliarine [136] CisH21NO
4 X
Structure under review.
29. | Skimmiarepin A [280,281] C3sHs60¢ o
o]
OH
HO
O\”/\(
o]
30. | Skimmiwallichin [298, 170] C35HgoO
<0
\
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31. | 14- Taraxeren-3-ol : (30 — form) [299-

313]

OH
32. | 14-Taraxeren-3-ol: (3(1- form) [136]
OH
~o
33. | Ptelefoliarine (S form) [299] C,sH,1NO
) B
(@]
N So \H/
| 0
Structure under review.

34. | 14- Taraxeren-3-one : (30]-form) [300- | C30H4s0

313]
35. |5, 6, 7- Irihydroxy-2- methyl-4H-1-| C;sH;305

benzopyran-4-one [314-317]
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