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ABSTRACT

Plane of symmetry is a physical chemical phenomenon and an instrument. Geometrical plane of
symmetry indicates two identical achiral halves. In a slightly modified form, it is applied also in
chemistry. In geometry it cuts a point or a line, while in chemistry it cuts a cloud of electrons (a
bond) or one or more atoms. The second type, chemical plane of symmetry, named also mirror
plane of symmetry, indicates two enantiomeric chiral halves uniformly linked with each other or
uniformly linked on a suitable matrix. Compounds characterized by a mirror plane of symmetry
have been designated meso. Meso compounds designated in this way by Cahn-Ingold-Prelog rules
do not change the latter assertion: one can assert that molecules of this group are formed of two
imaginary enantiomeric halves separated by an imaginary mirror plane of symmetry. From the
definition of meso compounds one can infer, by molecular modelling, that alternative dimerization
of the two enantiomeric halves, between them or on the initial matrix, would produce two chiral
enantiomeric products. However, inositols, considered meso by numerous authors, present
spectacular and unexpected surprises.
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1. INTRODUCTION

Systematization of a multitude formed of similar
elements, regardless of its magnitude, is not the
most difficult task, the most difficult is to find out
a principle, a criterion, able to logically integrate
all present and future component entities. In a
tentative for systematization of natural micro
molecular organic compounds, the elements of
symmetry — mirror plane of symmetry, center of
symmetry and (alternating) axis of symmetry
have been considered as principles (criteria) for
the aimed task. It has been constantly searched
the capacity of organic compounds to exist in a
symmetric form [1-11]. Symmetry is discussed in
connection with planes of symmetry. Plane of
symmetry is a physical chemical phenomenon
and an instrument. Geometrical plane of
symmetry indicates two identical achiral halves. It
can be applied to regular geometrical figures
(circle, square, rectangle, equilateral triangle,
etc.) or to regular geometrical bodies (sphere,
cube, cone, cylinder, etc.). In an equilateral
triangle a geometrical plane of symmetry cuts a
point and a line, in a square two lines or two
points, in a sphere or a cube it cuts an area, etc.
In a slightly modified form, geometrical plane of
symmetry can be applied also in chemistry. In
the latter science it cuts a cloud of electrons (i.e.
a bond) or one or more atoms (i.e. a nucleus or
nuclei and their electronic clouds). In chemistry,
geometrical plane of symmetry operates in this
way: applied to cyclopropane it cuts an atom of C
and two atoms of H, as well as a C-C bond, and
what appears as two identical halves are the two
methylene groups (see below). There are two
alternatives in cyclobutane: (a) geometrical plane
of symmetry cuts two C-C bonds, and two
ethylene groups appear as the two identical
halves; (b) it cuts the two diagonal methylene
group, and what appears as two halves are the
other two methylene groups. Nonetheless that in
chemistry, the geometrical plane of symmetry
has the property to hide (or to mask) some
chemical groups cut by it or situated in it. The
second type, chemical plane of symmetry,
named also mirror plane of symmetry, indicates
two enantiomeric chiral halves uniformly linked
with each other or uniformly linked on a
suitable matrix. In heterodimeric compounds
characterized by a mirror (or chemical) plane of
symmetry, the cut atoms are hidden (masked) of
polarized light. E.g. xylitol, ribitol and numerous
synthetic compounds [10,12].
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Natural and synthetic organic compounds have
been classified, in a tentative of their
systematization, in three types [5,9-11].

A. Symmetric, especially meso (Al) and C,
symmetric (C, symm.) (A2). The molecule
of meso compounds is formed of two
enantiomeric halves, evidenced by a mirror
plane of symmetry. meso Compounds
designated in this way by Cahn-Ingold-
Prelog rules do not change the latter
assertion: one can assert that molecules of
this group are formed of two imaginary
enantiomeric halves separated by an
imaginary mirror plane of symmetry. From
the definition of meso compounds one can
infer, by molecular modelling, that
alternative  dimerization of the two
enantiomeric halves, between them or on
the initial matrix, would produce two chiral
C, symm. enantiomeric products; it should
be stressed that the matrix, without being
necessarily chiral has to satisfy the
definition of C, symmetrical compounds
[12]. Consequently, alternative uniform
dimerization of his two halves produces
two chiral enantiomeric C, symm.
combinations. Hence, the molecule of C,
symm. combinations is formed of two
identical chiral halves uniformly linked with
each other or on a suitable mono- or poly-
atomic matrix [13].

Possible  symmetry  generators, i.e.
compounds possessing a real or imaginary,
but plausible, chemically symmetric
correspondent; irrechi  (from irregular
distribution of chiral carbons) (B1) and
constitutional (constit.) (B2).

archaic (or primitive) that are neither
symmetric nor possible generators of
chemical symmetry.

Two hypotheses can be advanced concerning
the mode of action of the plane of symmetry: (A)
the atoms situated in the plane of symmetry are
concealed of the polarized light; (B) the atoms
situated in the plane of symmetry contribute in an
equal measure to the two enantiomeric halves.

Symmetric compounds are a minority in organic
chemistry. The three groups are (bio)chemically
interchangeable. In preceding papers we have
demonstrated that almost all natural
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micromolecular combinations [1,3-9] appear as
constit., however they all are possible
generators of chemical symmetry. Archaic
(primitive) type is also represented in natural
chemistry. On the other hand, it should be
stressed that symmetric compounds, both meso
and C, symm. have been found almost
exclusively in plants and microorganisms, and
they are usually produced from constit.
precursors.

The term meso-inositol is as ubiquitous as a
pollutant. It can be found in all textbooks and
journals, inclusively in English Nature and
American Science. In this paper is demonstrated
that no inositol per se is meso. All achiral
inositols present a geometrical symmetry, like
benzene and toluene. Comparatively, meso
compounds of seven classes of combinations are
presented (Figs. 1-9 and Table 1). Moreover, our
aim is to identify as much as possible
compounds possessing a real or possible degree
of enantiomorphism in their molecule, both in
natural realm and synthetic group, i.e. potential
chemical symmetry generators.

2. CARBOHYDRATES

At the beginning of the nineteenth century,
polarized light and optical activity have been
discovered and polarimeter was invented. When
Pasteur approached tartaric acid, two specimens
of this acid were known: a dextrorotary type that
had been discovered by Scheele (1770) in the
sediment (tartar) deposited during the grape juice
fermentation [14], and a specimen devoid of
optical activity prepared by Kestner (1822) [15].
Pasteur (1848) separated two types of
enantiomorphic crystals from a Kestner's sample
(Fig. 1), and found out that their watery solutions
were dextrorotary and levorotary, respectively.
Hence, Kestner’'s specimen of tartaric acid was in
fact a racemic mixture. When van’'t Hoff [16] and
LeBel [17] invented steric molecular models, a
guestion had to be raised concerning the
correspondence between the samples of the
enantiomeric tartaric acids and the two models
elaborated by van’t Hoff. Since [+]-tartaric acid
had been the first discovered, it was selected as
reference. Of all chemists faced up with this
dilemma, E. Fischer probabilistically solved it
(Fig. 1) [18] and steadfastly followed it in the
elaboration of the reasoning concerning structure
elucidation of linear aldohexoses and their linear
isomers [19,20]. The configuration of [+]-tartaric
acid has been doubtlessly elucidated by Bijvoet
et al, [21]. An important contribution to E.
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Fischer’s biography was brought by showing that
a preparative method elaborated by H. O. L.
Fischer, his son, aiming at (+)- and (-)-
glyceraldehyde [22,23], significantly facillitates
the elucidation of configuration of C-2 of linear
hexitols. By integration of finding of H. O. L.
Fischer in the strategy of E. Fischer, a
remarkable shortcut to structure elucidation of
linear aldohexoses has been obtained [1].

meso-Tartaric acid has been discovered also by
Pasteur (1853) as an optically inactive compound,
non-cleavable by chemical, physical or biological
methods [24,25]. A series of structural
relationsips  between carbohydrates meso
compounds and their C, symm. isomers are
presented (Fig. 1). Concerning meso trehalose
and ent-trehalose all experimental premises are
fulfilled: Unreducing character of trehalose was
inferred by Fischer [26] from the fact that this
sugar did not react with phenylhydrazin.
Trehalose doesn’t reduce Fehling solution and its
optical rotation is not influenced by time or
temperature [27]. The two isomeris of trehalose
have been prepared by synthetical methods.
Fischer and Delbrick [28] obtained isotrehalose,
i. e., the BB-form, by condensing tetraacetyl
glucosyl bromide in the presence of silver
carbonate; isotrehalose is also a C, symm.
compound, while the af one is irrechi. Moreover,
since L-glucose was synthesized [29], the
preparation of a meso isomer based on a-D-
glucopyranose and a-L-glucopyranose is within
our reach.

2.1 Amino Acids

Linear aminoacids with dimeric structure -
cysteine, lanthionine, a,e-diaminopimelic acid
(Figs. 2,3) [30-32], etc.,, and their higher

homologues, present both types of isomers,
meso and C, symm. Vickery [33] included a,e-
L,L-diamminopimelic acid in the same category
with threitol, tartaric acid and cystine. A series of
representatives of linear synthetic diamino
dicarboxylic acids (L/L or D/D) were synthesized
and their biochemical activity investigated [34].
Lanthionine was discovered as a product of
action of alkali on wool [35]. Subsequently, this
amino acid was discovered in living matter and
its isomers synthesized and characterized
[31,36]. Lanthionine presents eight B-methyl
derivatives, at least one of them found in nature
[37], and structural analysis of these isomers
showed that every C, symm. isomer has
two B-methyl isomers while meso one alone has
four.
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Fig. 1. Stereochemistry relationship between meso carbohydrates and their C, symm. isomers
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Fig. 2. All linear isomers of natural symmetric isomers are known

When meso isomer is naturally methylated,
methyl group is found on D-moiety since this
fragment come from L-Thr via a didehydro
intermediate [38]. As expected, homolanthionine
[32] presents also three linear isomers, two C,
symm. and one meso. a,e-Diaminopimelic acid
was discovered in bacterial products. Even from
its discovery this amino acid was compared with
cystine and, as expected, three isomers were
identified, two as a pair of externally
compensated isomers (L,L- and D,D-) and the
other one as a non-resolvable, internally
compensated meso form (L,D-). To accomplish
their separation, a synthetic mixture of the three
forms was converted into diamides and treated
with a hog kidney amidase-Mn*". The action of
the L-directed enzyme led to the following
mixture: the free L,L-diaminopimelic acid, the
D,D-diamide and the L-diaminopimelic acid-D-
monoamide. This mixture was then separated by
ion-exchange chromatography [30]. At least L,L-
and meso forms are natural compounds [39], and
an epimerase converts L,L-diaminopimelic acid
to the meso-isomer. An interesting biochemical
equivalence of lanthionine and diaminopimelic
acid has been noticed [40]. According to the
same principle, at least three isomers are known
for diketopiperazine of Pro: LL, LD, DD [41].
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2.2 Diketopiperazines and Their

Derivatives

Of the 20 common aminoacids, 19 produce C,
symm. diketopiperazines (DKPs) and derivatives
(Table 1). 2,5-Diketopiperazines were discovered
by E. Fischer [42]. All possible forms of
homogenous (LL, DD) and mixed (D and L) as
well as of different amino acids, were
synthesized and/or discovered in natural
materials [43]. Cyclo(L-Val-L-Val) and cyclo(L-
Val-D-Val) were synthesized in view of their
comparative oxidation with dioxiranes.
Cyclodipeptide synthases were discovered as a
novel enzyme family that employs aminoacyl-
tRNAs as substrates for 2,5-diketopiperazine
synthesis. A cyclodipeptide synthase of
Streptomyces noursei AlbC, uses aminoacyl-
tRNAs as substrates to catalyze the formation of
cyclo(L-Phe-L-Leu) [44]. A number of 51
cyclodipeptide  synthases were analyzed
concerning their substrate specificity, and
the conclusion was that they use 17
proteinogenic amino acids. Two such enzymes of
Nocardiopsis sp., NozA and NcdA, catalyze
cyclo(L-Trp-L-Trp) biosynthesis from
tryptophanyl-tRNA, being outstandingly specific
[45]. A few dozens of 2,5-diketopiperazines and
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their derivatives have been evidenced in marine
organisms.

Some diketopiperazines (especially based on L-
Phe, L-Tyr and L-DOPA) and their derivatives,
have antibiotic activity [43]. Cyclo(L-Phe-L-Phe)
was isolated from P. nigricans and from a marine
mangrove endophytic fungus. Cyclo(L-Tyr-L-Tyr)
was isolated from the culture liquid of Cordyceps
sinensis (Berk.) Sacc. Both these DKPs are C,

symm. molecules. The Tyr DKP is converted into
the DOPA analogue, that is also a C, symm.
compound, by PC12 cell lysate, which produces
high levels of tyrosine hydroxylase. In fact, both
these DKPs are intermediates in the biosynthesis
of the anticancer natural products. The
dimethylanalogue of cyclo(L-Tyr-L-Tyr) was
isolated from Streptomyces griseus [43]. Other
meso derivatives (Fig. 3) can be submitted to the
same test for their symmetry quality.

Table 1. Meso compounds and C2 symm. Of 2,5-diketopiperazine

L/L-2,5-Diketopiperazine

L/D-2,5-Diketopiperazine

D/D-2,5-Diketopiperazine

(C, symm.)

(meso)

(C, symm.)

Cyclo-L-Ala-L-Ala
Cyclo-L-Val-L-Val
Cyclo-L-Leu-L-Leu
Cyclo-L-lle-L-lle
Cyclo-L-Thr-L-Thr
Cyclo-L-Ser-L-Ser
Cyclo-L-Cys-L-Cys
Cyclo-L-Met-L-Met
Cyclo-L-Glu-L-Glu
Cyclo-L-GIn-L-GIn
Cyclo-L-Asp-L-Asp
Cyclo-L-Asn-L-Asn
Cyclo-L-Tyr-L-Tyr
Cyclo-L-Phe-L-Phe
Cyclo-L-His-L-His
Cyclo-L-Trp-L-Trp
Cyclo-L-Arg-L-Arg
Cyclo-L-Lys-L-Lys

Cyclo-L-Ala-D-Ala
Cyclo-L-Val-D-Val
Cyclo-L-Leu-D-Leu
Cyclo-L-lle-D-lle
Cyclo-L-Thr-D-Thr
Cyclo-L-Ser-D-Ser
Cyclo-L-Cys-D-Cys
Cyclo-L-Met-D-Met
Cyclo-L-Glu-D-Glu
Cyclo-L-GIn-D-GIn
Cyclo-L-Asp-D-Asp
Cyclo-L-Asn-D-Asn
Cyclo-L-Tyr-D-Tyr
Cyclo-L-Phe-D-Phe
Cyclo-L-His-D-His
Cyclo-L-Trp-D-Trp
Cyclo-L-Arg-D-Arg
Cyclo-L-Lys-D-Lys

Cyclo-D-Ala-D-Ala
Cyclo-D-Val-D-Val
Cyclo-D-Leu-D-Leu
Cyclo-D-lle-D-lle
Cyclo-D-Thr-D-Thr
Cyclo-D-Ser-D-Ser
Cyclo-D-Cys-D-Cys
Cyclo-D-Met-D-Met
Cyclo-D-Glu-D-Glu
Cyclo-D-GIn-D-GIn
Cyclo-D-Asp-D-Asp
Cyclo-D-Asn-D-Asn
Cyclo-D-Tyr-D-Tyr
Cyclo-D-Phe-D-Phe
Cyclo-D-His-D-His
Cyclo-D-Trp-D-Trp
Cyclo-D-Arg-D-Arg
Cyclo-D-Lys-D-Lys

Fellutanine A

Fellutanine C

J
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Fig. 3. Meso derivatives related with C, symm. compounds
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3. CAROTENOIDS

Carotenoid (polyprenyl, isoprenoid) compounds
constitute one of the best and the most abundant
illustration of C, symm. phenomenon (Fig. 4).
They present a large structural variety and
numerous outlines of relationships between
meso, C, symm. irrechi and constit. because all
their representatives (about 1000) are possible
symmetry generators. Hence no carotene or
carotenoid is archaic [46].

Chemical representations of perhydro polyprenyl
compounds - squalane, lycopane, carotane,
isorenieratane, renierapurpurane, 1,10-
bis(2’,2’,6'-trimethylcyclohexyl)-3,8

dimethyldodecane — are presented in an
equivocal way concerning their chirality [47,48],
and this allow us to hypothesize that the isomers
of these compounds can belong to the three
types: meso, C, symm and constit.

As expected, carotenoids possessing two
asymmetric carbons present only two types of
optical isomers, meso and C, symm. Cy,
carotenoids with two chiral centers are
represented by [B-carotene-2,2’-diol [49], B-
carotene-3,3’-diol (zeaxanthin), B-carotene-4,4'-
diol (isozeaxanthin), astaxanthin [50], alloxanthin,
tetrahydrozeaxanthin dione,
tetradehydroastaxanthin [51]. At least in case of
zeaxanthin, B-carotene-2,2’-diol, alloxanthin [52],
(6,6'S)-¢,e-Carotene-3,3’-dione  [53,54] and
astaxanthin, all three isomers — two enantiomeric
C, symm. and one meso, are known [51]. meso-
Zeaxanthin [(3R,3’S)-B,B-carotene-3,3-diol] (Fig.
4) is largely distributed in nature, usually mixed
with other isomers, especially (3R,3’'R)- and
(3S,3'S)-. Separation was made
chromatographically, e.g. via the dicarbamates of
(S)-(+)-a-(1-naphthyl) ethyl isocyanate. After the
first isolation of meso-zeaxanthin in nature [55], it
was found in shellfishes, human retina (as a
major carotenoid), shrimp, fish and turtle [55].
Meso-zeaxanthin was synthesized by

asymmetric hydroboration. Meso-dihydroxy--
carotene [(2R,2’'S)-B,B-carotene-2,2’-diol] has
been isolated from the stick insect Ectatosoma
tiaratum as a mixture with the other two isomers
[56]. Tunaxanthin D [(3R,6S,3'S,6’'R)-¢,¢e-
carotene-3,3’-diol] was isolated as a major
carotenoid from the yellow-tail rockfish Sebastes
flavidus [57] and the fresh-water fish Siniperca
scherzeri [58]. A HPLC chiral colum was used for
its purification.Tunaxanthin E [(3R,6R,3'S,6’S)-
€,e-carotene-3,3’-diol] was isolated as a minor
carotenoid from the fishes Chaenogobius isaza
and Siniperca scherzeri [58]. Five meso
compounds - (3R,3'S)-astaxanthin, (3R,3'S)-
zeaxanthin, (6R,6’S)-3,3'-diketo-e-carotene,
tunaxanthin D, tunaxanthin E — are linked in
Siniperca scherzeri by a reductive metabolic
pathway from astaxanthins to tunaxanthins (Fig.
4). Meso-astaxanthin is distributed in natural
materials in the crab Paralithodes brevipes,
shellfishes [59], northern circumpolar shrimp
Pandalus borealis (Crustaceae Malacostraca,
order Decapoda), as well as in other aquatic
animals [58]. Meso-3,3’-diketo-¢-carotene
[(6R,6°'S)-¢,e-carotene-3,3-dione] has  been
isolated from the yellow-tail rockfish Sebastes
flavidus [57] in a mixture with its optical isomers,
(6R,6'R) and (6S,6'S). They were separated by
HPLC on a chiral column. Some aquatic
organisms contain abundantly alloxanthin, all
three isomers. The structure of meso-alloxanthin
was checked also by chemical synthesis [60]. Cy4o
carotenoids with four or more chiral centers
present the four types of isomers, C, symm.,
meso, irrechi, constit. e. g., capsorubin
[(3S,5R,3’S,5'R)-3,3’-dihydroxy-k,k-carotene-
6,6’-dione] [61], auroxanthin-
(3S,5R,8R,3'S,5'R,8'R), auroxanthin-
(3S,5R,8S,3'S,5'R,8'S), [62]. Of Csq carotenoids,
sarcinene, decaprenoxanthin, okadaxanthin and
sarcinaxanthin possess four chiral carbon while
flavuxanthin, C. p. 450, bacterioruberin,
bisanhydrobacterioruberin, tetrahydro
bisanhydrobacterioruberin has two.

R H

2,5-Diketopyperazines 2,5-Diketopyperazines 2,5-Diketopyperazines

of L/L aminoacids

of L/D aminoacids

of D/D aminoacids

Fig. 4. Chemical modelling of 2,5-diketopiperazines



Iga; Asian J. Appl. Chem. Res., vol. 14, no. 1, pp. 44-62, 2023; Article no.AJACR.102819

4. LIGNANS

Discovery of phenylpropanoids, lignans (Fig. 5)
and neolignans, is due to three criteria: (i) the
need to increase the therapeutic efficiency of

plants, used as remedies for millennia,
determined the knowledge of their chemical
composition, and sometimes even the

recognition of chemicals as the active biological
components; (ii) the elaboration and practice of
biological or biochemical tests, the so called
bioasays i. e., the quality of some compounds to
regulate biochemical or biological parameters:
the activity of enzymes, the level of hormones,
the life of culture cells, etc.; (i) systematic
chemical inquiry of biological material, its
relative abundance of some principles being
important.

The word lignan was coined by Haworth [63] as
an unequivocal term concerning the vegetable
origin of these compounds. Lighans and
neolignans have a wide distribution in plants
kingdom, and in the same plant they are usually
found in all its organs. Lignans are typically
dimerization products of phenylpropanoids,
which are called monolignols in this instance.
Dimerization reaction is accomplished in such a
manner to block it at this stage, completely
different from lignin biosynthesis. Lignans are
optically active. Lignans are formed by the fusion
of two phenylpropane units through the center
carbon atoms (C-8/C-8') of their sidechains.
Systematization of lignans used in this paper is
based on Lignan Nomenclature [64], the work of
Hearon and MacGregor [65] and Tepono et al.,
[66].

8-epi-Larreatricin  and its isomer  3,3-
didemethoxynectandrin B have been found as
products of biosynthesis from anol [67]. ent-8'-
epi-Larreatricin can be found in a series of
natural compounds: fragransins (A2, B2, C2), (-
)-talaumidin, (-)-galbelgin, (-)-galbacin, etc., [68].
Nordihydroguaiaretic and dihydroguaiaretic acid
are also biosynthesized from anol via larreatricin
and 3,3’-dihydroxylarreatricin in creosote bush
[67]. C, symm. isomers of nordihydroguaiaretic
[69] and dihydroguaiaretic acid [70] are also
known.

Under the title 1,4-diaryl-2,3-dimethylbutane (2,3-
dibenzylbutane) derivatives have been included
guaiaretic  acid, dihydroguaiaretic  acids,

51

nordihydroguaiaretic acids and their derivatives.
This type of lignans contains usually two chiral
centers, hence they present only two types of
isomers, C, symm. and meso. Guaiaretic acid
was isolated from the resin of Guaiacum
officinale L. or G. sanctum L. as insoluble
potassium salt in alcoholic solution [65]. Its
structure was elucidated by Schroeter et al [71]
and confirmed by Haworth et al [72]. Guaiaretic
acid has been a key compound in the elucidation
of the absolute configuration of lignans. As
expected, its hydrogenation leads to two isomers,
meso-dihydroguaiaretic acid and (-)-
dihydroguaiaretic acid. Rao and Chattopadhyay
[73] discovered (-)-dihydroguaiaretic acid in the
plant Saururus cernuus, and in order to prove its
structure they synthesized (-)-dihydroguaiaretic
acid from (-)-austrobailignan-5. The other
isomers are also known: (+)-dihydroguaiaretic
acid (C, symm.), meso-dihydroguaiaretic, (+)-and
(-)-nordihydroguaiaretic (both C, symm.) [69]
and meso-nordihydroguaiaretic acid.

Tetrahydrofuroguaiacin B (isonectandrin B) has
been isolated from Myristica fragrans (nutmeg);
its structure was elucidated by chemical and
spectroscopical methods (*H and *C NMR
spectra) [74]. (+)-Saucernetindiol has been
isolated and characterized of the same material
[75], while (—)-saucernetindiol has been found in
Hippophae rhamnoides fruits [76]. Zuonin B, has
been separated from the stem bark of Machilus
thunbergii [77]. (+)-Galbacin is of the same group
with 8-epi-larreatricin. (+)-Galbacin was isolated
from the bark of Machilus thunbergii [78], was
found in Aristolochia triangularis Chamisso [79],
in Virola surinamensis (accompanied by (+)-
galbelgin, 5-methoxygalbelgin and grandisin) [80],
in  Machilus japonica Zieb. et Zucc.,
(accompanied by (+)-galbelgin) [81]. For
structure elucidation, the latter authors combined
chemical methods (permanganate oxidation) with
physical ones (NMR and MS). The main and
significant products of potassium permanganate
oxidation were veratric acid (3,4-
dimethoxybenzoic) and piperonylic acid (3,4-
methylenedioxybenzoic acid). Both (+)-galbacin
and (+)-galbelgin have been prepared by
chemical synthesis [82]. (-)-Galbacin was
isolated from Myristica fragrans (nutmeg).
Nectandrin B was also found in Myristica
fragrans and fragransin A2 in the seeds
of Viethamese nutmeg Myristica fragrans
[83].
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Fig. 5. Chemical modelling of meso carotenoids
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5. PHENOLS

Meso Phenols are also represented among
natural compounds (Fig. 6). Hybocarpone [6,6'-
bis(3-ethyl-2,7-dihydroxynaphthazarin)] (C,
symm.) was isolated from the cultured mycobiont
of Lecanora hybocarpa (Tuck.) Brodo [84].
Natural hybocarpone and some of its isomers
have been synthesized, by an oxidative
dimerization of hydroxynaphthoquinone by a
technique of single electron transfer, and studied
by Nicolaou and Gray [85]. Some isomers were
compared about their relative thermodynamic
stability: (2S,3S,4S,5S) (natural compound; C,
symm.), (2S,3R,4S,5S) (irrechi), (2S,3S,4S,5R)
(irrechi), (2S,3R,4S,5R) (meso), (2R,3S,4S,5R)
(C, symm.), (2R,3R,4S,5S) (meso) [85]. The
following conclusions could be drawn: the most
stable isomer proved to be the natural one,
followed by a meso isomer, and the least
stable was a meso isomer, i. e., the all-cis
one. These results are in agreement with
a study about lignans: grandisin, a C, symm.
compound, proved to be more stable by 6.5
kcal-mol™ than its all-cis isomer (meso), [rel-
(7R,8S,7'S,8'R)-3,4,5,3',4’,5-hexamethoxy-7,7’-
epoxylignan], due to the hydrogen bonds
between methoxy groups in trimethoxyphenyl
rings [86].

Five diarylheptanoids including a C, symm.
compound have been isolated from the rhizomes
of Curcuma xanthorrhiza (Zingiberaceae) [87]. Its
structure was determined to be
octahydrocurcumin [(3S,5S)-1,7-bis(4-hydroxy-3-
methoxyphenyl)-heptane-3,5-diol], while the
structure of a similar chiral compound (a
biosynthesis precursor, probably) was concluded
as (3R,5R)-I-(4-hydroxyphenyl)-7-phenylheptane-
3,5-diol. Catalytic hydrogenation of curcumin led
to three isomers, two C, symm. and one meso:
(3S,59)-, (3R,5R)- and (3R,5S)-
octahydrocurcumin [87].

A diol, hannokinol [3,5-dihydroxy-1,7-di-(p-
hydroxyphenyl)-heptane], has been isolated from
vegetable tissue in all three forms: meso, (+), (-)
[88]. Its enantiomers are (3S,5S)-hannokinol and
(3R,5R)-hannokinol, both C, symm.

Gordonia sp. 647W.R.1a.05, a bacterium isolated
from the venom duct of the cone snail, Conus
circumcises, produces two C, symm. molecules
with the same configuration of their chiral centers,
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(2S,39)-1,4-diphenyl-(+)-2,3-butanediol and
diolmycin B2 [(2S,3S)-1,4-di-(p-hydroxyphenyl)-
(+)-2,3-butanediol] [89]. Four other compounds,
circumcins A-C and kurasoin, found in the same
material, suggest a strong metabolic relationship
between these compounds. Intermediates of
benzoin type (circumcins B and C, kurasoin)
show that their biosynthesis is similar to 2,3-
butanediols. A meso isomer, diolmycin B1, was
isolated from the fermentation broth of
Streptomyces sp. WK-2955 [90].

6. ALKALOIDS

Meso Isomers of the spectacular group of
alkaloids are not abundantly represented (Fig. 7).
Monomeric unit of pyrrolidinoindoline alkaloids is
hexahydropyrrolo [2,3,-blindole (HPI) ring [91].
Its dimerization, preceded by partial and specific
N-methylation, produces dimeric isomers (Fig. 7).
Oxidative dimerization of a natural product
(dipterin;  N-methyltryptamine) suggested a
biochemical pathway to chimonanthine [92]. The
indole alkaloid family of chimonanthines includes
all three possible isomers — meso, levo, dextro,
(the latter two, C, symm.) and all three have
been found in nature: meso- and (-)-
chimonanthine in plants as Psychotria colorata
flowers, [93,94], (+)-chimonanthine in a
dendrobatid frog and in plants [95]. Psychotria
colorata (Willd.,, ex R & S.) Muell. Arg. is a
medicinal plant used by some Amazon tribes in
the treatment of earache (flowers) and to
alleviate abdominal pain (roots and fruits).
Chemical analysis indicated that these vegetable
materials  contained alkaloids  and its
fractionation, monitored by bioassay, led to an
alkaloid with molecular formula C,,H25Nj,. 'H and
¥C NMR spectra disclosed a C, symm.
compound, chimonanthine. Polarimetry indicated

a levorotary  combination [93]; meso
chimonanthine was found in the same
source [94]. The chimonanthine isomers

are both C, symm., a result provided by *C NMR
analysis [96]. Absolute configuration of
chimonanthine C, symm. enantiomers has been
elucidated by circular dichroism in comparison
with their isomer, (+)-calycanthine. In acidic
conditions, the latter is in equilibrium with (-)-
chimonanthine. It was easy to conclude that the
frog alkaloid was very similar to the alkaloid from
plants; however the optical rotation of the first
was levorotary, while the second was
dextrorotary.
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Fig. 6. Relationship between meso lignans and their C, symm. isomers
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(C, symm.) (meso)

(2S,3R,4S,5R)-Hybocarpone

Hybocarpone-(2S,3R,4R,5S)
(C, symm.)

Hybocarpone-(2R,3R,4R,5R)

(Co symm.) (meso)

(2S,3S,4R,5R)-Hybocarpone

Hybocarpone-(2S,3S,4S,5S)
(Cy symm.)

(3R,5R)-Octahydrocurcumin

(3S,5R)-Octahydrocurcumin

(3S,5S)-Octahydrocurcumin

(3S,5S)-Hannokinol

Diolmycin B2 (2S,3S)

(3R,5S)-Hannokinol

(2S,3R)-Diolmycin B1

(3R,5R)-Hannokinol

ent-Diolmycin B2 (2R,3R)

Fig. 7. Isomerism of natural phenols

7. SESQUITERPENOIDS

Meso terpenoides are less numerous than other
isomers of this group. Well known and
characterized are daibudilactone C (meso) and
daibudilactone D (C, symm.) (Fig. 8).
Daibudilactones B and C have been isolated
from the stem of Neolitsea daibuensis Kamikoti
by bioassay-guided fractionation. Their structures
were elucidated by spectral analysis and single-
crystal X-ray diffraction. Both daibudilactones
presented potent anti-inflammatory activity using
an inducible enitric oxide synthase (iNOS) assay
[97,98]. ent-Daibudilactone B is a hypothetical
compound for the time being.
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8. ARCHAIC (PRIMITIVE) COMBINATIONS
AND GEOMETRICAL SYMMETRY

Archaic (primitive) combinations have been
defined as a distinct group devoid of chemical
symmetry and of an imaginary partner
possessing chemical symmetry. Many of them
are in an advanced degree of oxidation [9].
However, they are characterized by a
geometrical symmetry (Fig. 9). Benzene has six
planes of symmetry, and toluene one. The
symmetry parts of benzene depend of the plane
of symmetry, whether it cuts two =CH- or two
bonds. Symmetry plane of toluene cuts a C, a
CH (of methyl groups) and an =CH- (C-4 of
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benzene ring). Important combinations belong to
archaic group: alkanes (C;-C;. C; is the first
alkane presenting optically active isomers),
alkenes (C,-C,), alkynes (alkadienes) (C,-Cg),
arenes  (benzene, toluene, naphthalene,
anthracene, phenanthrene, diphenyl, etc.),
alcohols (C;-Cg), aldehydes (ketones) (C;-Cy),
saturated organic acids (C;-C,). Other
combinations also belong to archaic group:
fumaric/maleic acids, benzoic acid, phthalic acid,
nucleic bases, sepiapterine, niacin (nicotinic acid,
nicotinamide), xanthopterin, leucopterin, pyrrole,
imidazole, choline, indole, glycerol, salicylic acid,
etc.

9. IS THERE ANY
DERIVATIVE?

INOSITOL A MESO

When the same reasoning is applied to inositols,
the following results are obtained. cis-Inositol, a
compound formed of six equivalent carbons and

characterized by six geometrical planes of
Me H

M\e H H N

rN’ l\( i rN

(-)-Chimonanthine
(C, symm.)

symmetry, and epi-inositol give neo-Inositol (Fig.
9a and b). myo-Inositol gives muco-inositol and
the latter gives scyllo-inositol, a centrosymmetric
molecule with three geometrical planes of
symmetry. Geometrical symmetry is clearly
broken in case of neo- allo- and scyllo-inositol;
all three compounds produce (+)- and (-)-inositol
(Fig. 9). Hence inositols behave completely
different of typical meso compounds in the
sense that dimerization of their halves fails to
produce C, symm. derivatives, and from this
behaviour we have concluded that they are not
meso.

Disubstituted  derivatives instead  (usually
phosphorylated or methylated) are clearly meso
(Fig. 11), at least in Haworth representations. An
interesting behaviour has 1,3-dideoxy-1,3-
diguanidyl-scyllo-inositol, a  constituent  of
streptomycin (Fig. 12). It is neither meso nor C,
symm. However, 1,3-dideoxy-1,3-diguanidyl-2,5-
diketo-scyllo-inositol is clearly meso (Fig. 12).

Chimonanthine (+)-Chimonanthine
(meso)

(C, symm.)

Fig. 8. Three isomeric chimonanthines: One meso and two C, symm

Daibudilactone B

Daibudilactone C

ent-Daibudilactone B

Fig. 9. Three isomeric sesquiterpenoides: Meso (daibudilactone C) and C, symm.
(daibudilactone B and ent-daibudilactone B)
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Fig. 11. Symmetry properties of inositols
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HO OH HO OH HO OH
HO OR OR RO
2 > +
1 H H
cis-Inositol-1,2- H R R H

bis-phosphate
(meso)

R is P03H2

neo-Inositol-1,6- neo-Inositol-1,6-
bis-phosphate  bis-phosphate
(C, symm.) (C, symm.)

Fig. 12. Cis-Inositol-1,2-bis-phosphate is a meso compound
OH 0

HO HO

N N NG
>»NH2 HZN‘/gw 7»NH2

NH, H, NH,

1,3-Dideoxy-1,3-diguanidyl-
2,5-diketo-scyllo-Inositol
(meso)

1,3-Dideoxy-1,3-diguanidyl-
scyllo-inositol (symmetric,
neither meso, nor C, symm.)

Fig. 13. Symmetry comparison of two disubstituted derivatives of scyllo-inositol

10. CONCLUSIONS REFERENCES

1. Meso Isomers are exemplified in seven 1. |ga DP. Basic princip|es of the Strategy
classes of natural compounds: concerning the elucidation of configuration
Carbohydrates, amino acids, carotenoids, of chiral centers of linear isomeric
lignans, phenols, alkaloids, terpenoids. aldohexoses. Found Chem. 2018;20:31-41.

2. Two types of symmetries can be 2  |ga DP. Chitwin compounds: A new

distinguished to chemical combinations:
Geometrical and chemical (the latter
characterized by the mirror plane of 3,
symmetry).

3. Alternative dimerization of the two halves

revelation of chemistry and biology. Chem
Res J. 2018;3:63-79.

Ilga DP. A new kind of symmetry in
chemistry and biology and a virtual mirror
intrinsic to vegetable tissues evidenced by

of a meso combination produced two
enantiomerical C, symm. compounds.

All the achiral inositols behaved in a
different manner at this modelling. It has
been concluded that no inositol per se is a
meso compound; they present a
geometrical symmetry instead.

COMPETING INTERESTS

Author has declared that no competing interests

exist.

58

comparative structural analysis of dochi
Compounds. Chem Res J. 2020;5:71-91.
Iga DP. Carotenoid structures an
illustration of a new kind of symmetry in
chemistry. Chem Res J. 2021;6:20-48.

Iga DP. New chemical dualities illustrated
by Meso and C2 symmetrical (CTS)
compounds. Asian J Biochem Genet Molec
Biol. 2022;12(4):15-34.

Iga DP. An integrative action based on
molecular formula and an exercise of
comparative chemistry indicate a



10.

11.

12.

13.

14.

15.

16.

17.

Iga; Asian J. Appl. Chem. Res., vol. 14, no. 1, pp. 44-62, 2023; Article no.AJACR.102819

relationship  of  hierarchy and a
phenomenon of duality in chemistry. Chem
Res J. 2022;7(4):64-76.

Ilga DP. All the major metabolites
containing a significant aliphatic moiety
possess at least one real or envisaged
meso isomer. Open Acc J Bio Sci. 2022;
4(5):2034-2042.

lga DP. An exercise of comparative
chemistry — On the possibility of an
alternative to the chemical world of today
living things. Asian J Res Biochem. 2022;
10(4):22-37.

Ilga DP, Popescu D, Niculescu VIR.
Bermuda triangle in chemistry. Asian J
Chem Sci. 2022;12(2):14-30.

Iga DP, Popescu D, Niculescu VIR. On the
impact of meso compounds and their
isomers: Towards a new type of
oscillation?. Chem Res J. 2022;7(9):39-48.
Iga DP, Popescu D, Niculescu VIR.
Biochemical symmetrization/
desymmetrization of organic compounds:
Dendrimeric relationship with molecular
formulas. Asian J Chem Sci. 2023;13(2):
47-66.

Hoffmann RW. Meso Compounds:
Stepchildren or favored children of
stereoselective synthesis? Angew Chem.
Int. Ed. Eng. 2003;42:1096-109.

Whitesell JK. C2 symmetry and
asymmetric induction. Chem. Rev. 1989;
89:1581-90.

Svedberg G. A tribute to the memory of
carl  Wilhelm  Scheele (1742-1786)
presented at the 2012 annual meeting of
the royal swedish academy of engineering
sciences royal swedish academy of
engineering sciences (IVA) Editor: Anna
Lindberg. Stockholm Sweden: IVA Kaigan
AB; 2012.

Derewenda ZS. On wine chirality and
crystalography. Acta Cryst A. 2008;64:246-
58.

Van 't Hoff JH. A suggestion looking to the
extension into space of the structural
formulas at present used in chemistry And
a note upon the relation between the
optical activity the chemical constitution of
organic compounds. Arch. Neerland. Sci.
Nat. 1874;9:445-54,

Le Bel JA. Sur les relations qui existent
entre les formules atomiques des corps
organiques et le pouvoir rotatoire de leurs
dissolutions. Bull Soc Chim France. 1874;
22:337-47.

59

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Fischer E. Configuration der Weinséure.
Ber deut chem Ges. 1896;29:1377-83.
Fischer E. Ueber d. und i.
Mannozuckersaure. Ber deut chem Ges.
1891;24:539-546.

Fischer E. Ueber die Configuration des
Traubenzuckers und seiner Isomeren. Ber
deut chem Ges. 1891;24:1836-45.

Bijvoet JM, Peerdemann AF, van Bommel
AJ. Determination of the absolute
configuration of optically active compounds
by means of X-rays. Nature. 1951;168:
271-72.

Baer E, Fischer HOL. Studies on acetone-
glyceraldehyde. IV. Preparation of D-(+)-
acetone glycerol. J Biol Chem. 1939;128:
463-73.

Baer E, Fischer HOL. Studies on acetone-
glyceraldehyde. VII. Preparation of L-
glyceraldehyde and L-(-)-acetone glycerol.
J Am Chem Soc. 1939;61:761-65.

Hilditch TP. A Concise History of
Chemistry. New York: D Van Nostr
Company; 1911.

Kendall J. Great discoveries by young

chemists. New York: Th Y Growell
Company; 1953.
Fischer E. Verbindungen des

Phenylhydrazins mit den Zuckerarten. Ber
Deut Chem Ges. 1884;17(1):579-584.
Kekulé A. Lehrbuch der Organischen
Chemie, Ferdinand Enke, Erlangen; 1861.
Fischer E, Delbrick K. Synthese neuer
disaccharide vom typus der trehalose. Ber
Deut Chem Ges. 1909;42(2):2776-85.

Gal AE, Pentchev PG, Massey JM, Brady
RO. L-Glucosylceramide: Synthesis,
properties and resistance to catabolism by
glucocerebrosidase in vitro. Proc Natl Acad
Sci. USA. 1979;76:3083-86.

Hoare DS, Work, E. The Stereoisomers of
ag-Diaminopimelic Acid: Their Distribution
in Nature and Behaviour towards certain
Enzyme Preparations. Biochem. J. 1957
65:441-447.

Brown GB, du Vigneaud V. The
stereoisomeric forms of lanthionine. J Biol
Chem. 1941;140:767-71.

Chiku T, Padovani D, Zhu W, Singh S,
Vitvitsky V, Banerjee, R. H,S Biogenesis
by human Cystathionine y-Lyase leads
to the novel sulfur metabolites lanthionine
and homolanthionine and is responsive
to the grade of hyperhomocysteinemia.
J Biol Chem. 2009;284(17):11601-
12.



33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

Iga; Asian J. Appl. Chem. Res., vol. 14, no. 1, pp. 44-62, 2023; Article no.AJACR.102819

Vickery HB. Assignment of D L prefixes to
the tartaric acids. J. Chem. Ed. 1957
34:339-41.

Berger EA, Heppel LA. A binding protein
involved in the transport of cystine and
diaminopimelic acid in escherichia coli. J
Biol Chem. 1972;247(23):7684-7894.

Horn MJ, Jones DB. The isolation of
lanthionine from human hair, chicken
feathers, and lactalbumin. J Biol Chem.
1941;139:473-77.

Kellner R, Jung G, Horner T, Zahner H,
Schnell N, Entian KD, Gotz F. Gallidermin:
A new lanthionine-containing polypeptide
antibiotic. Eur J Biochem. 1988;177:53-59.
Goto YB, Li BJ, Claesen JY, Shi YMJ, Bibb
MJ, van der Donk WA. Discovery of unique
lanthionine  synthetases reveals new
mechanistic and evolutionary insights.
PLoS Biol. 2010;8(3):€1000339.

McAuliffe O, Ross RP, Hill C. Lantibiotics:

Structure, biosynthesis and mode of action.

FEMS Microbiol Rev. 2001;25:285-308.
Metzler DE, Metzler CM. Biochemistry:
The chemical reactions of living cells.
Amsterdam: Elsevier; 2003.
Mengin-Lecreulx D, Blanot D, Van
Heijenoort J. Replacement of
diaminopimelic acid by cystathionine or
lanthionine in the peptidoglycan of
escherichia coli. J Bacteriol. 1994;176(14):
4321-27.

Izumida H, Imamura N, Sano H. A Novel
chitinase inhibitor from a marine bacterium,
Pseudomonas sp. J Antib. 1996;49(1): 76-
80.

Fischer E. Synthese von polypeptiden. XV.

Ber Deut Chem Ges. 1906;39(3):2893-931.

Borthwick  AD. 2,5-Diketopiperazines:
Synthesis, reactions, medicinal chemistry,

and bioactive natural products. Chem. Rev.

2012;112:3641-716.

Gondry M, Sauguet L, Belin P, Thai R,
Amouroux R, Tellier C, et al
Cyclodipeptide synthases are a family of
tRNA-dependent peptide bond-forming
enzymes. Nat Chem Biol. 2009;5(6):414-
20.

James ED, Knuckley B, Algahtani N,
Porwal S, Ban J, Karty JA, et al. Two
distinct cyclodipeptide synthases from a
marine actinomycete catalyze biosynthesis
of the Same diketopiperazine natural

product. ACS Synth Biol. 2016;5(7):547-53.

Britton G, Liaaen-Jensen S, Pfander H.
Carotenoids. Basel: Springer AG; 2004.

60

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Schouten S, Sinninghe Damste JS, De
Leeuw JW. A novel triterpenoid carbon
skeleton in  immature  sulphur-rich
sediments. Geochim Cosmochim Acta.
1995;59(5):953-58.

Schwarzbauer J, Jovancicevic B. Main
types of organic matter in geosphere. In:
Fossil Matter in the Geosphere.
Fundamentals in organic geochemistry.
cham: Springer; 2015.

Buchecker R, Eugster CH, Kjosen H,
Liaaen-Jensen S. Algal Carotenoids. IX.
Absolute Configuration of ,e-Caroten-2-ol,
B,B-Caroten-2-ol, and J,B-Carotene-2,2’-
diol. Acta Chem Scand B. 1974;28(4):449-
452,

Andrewes AG, Borch G, Liaaen-Jensen S,
Snatzke G. Animal Carotenoids. 9. On the
absolute configuration of astaxanthin and
actinioerythrin. Acta Chem Scand B.
1974;28:730-736.

Maoka, T. Carotenoids in marine animals.
Mar. Drugs. 2011,9:278-293.
Meyer-Harms B, Pollehne, F. Alloxanthin in
dinophysis  norvegica  (Dinophysiales,
Dinophyceae) from The Baltic Sea. J
Phycol. 1998;34:280-85.

Andrewes AG, Liaaen-Jensen S. Fungal
Carotenoids. VII. Synthesis of B,y- and vy,y-
carotene with terminal methylene groups.
Acta Chem Scand B. 1971;25(5):1922-
1923.

Andrewes AG, Liaaen-Jensen S. Animal
carotenoids. 8. Synthesis of beta, gamma-
carotene and gamma, gamma-carotene.
Acta Chem Scand B. 1973;27(4):1401-9.
Maoka T, Arai A, Shimizu M, Matsuno T.
Comp Biochem Physiol. The first isolation
of enantiomeric and meso-zeaxanthin in
nature. 1986;83B:121-24.

Kayser H, Aareskjgld K, Borch G, Liaaen-
Jensen S. Partly racemized 2-hydroxy-(-
type carotenoids from the insects Cerura
vinula and Ectatosoma tiaratum. Insect
Biochem. 1984;14;51-54.

Ikuno Y, Maoka T, Shimizu M, Komori T,
Matsuno  T. Direct  diastereomeric
resolution of carotenoids. 1l. All ten
stereoisomers of  tunaxanthin (,e-
carotene-3,3’-diol). J Chromatogr. 1985;
328:387-91.

Matsuno T, Katsuyama M, Ikuno Y,
Yamashita E, Ha BS. The occurrence of
eight stereoisomers of Tunaxanthin from
the fresh-water fish Siniperca scherzeri.
Bull Jap Soc Sci Fish. 1990;56(4):651-54.



59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Iga; Asian J. Appl. Chem. Res., vol. 14, no. 1, pp. 44-62, 2023; Article no.AJACR.102819

Matsuno, T. Aquatic animal carotenoids.
Fisheries Science. 2001;67:771-83.
Yamano Y, Maoka T, Wada A. Synthesis
of (3S,3'S)- and meso-stereocisomers of
alloxanthin and determination of absolute
configuration of alloxanthin isolated from
aquatic animals. Mar Drugs. 2014;12:
2623-32.

Ha SH, Kim JB, Park JS, Lee SW, Cho KJ.
A comparison of the carotenoid
accumulation in capsicum varieties that
show different ripening colours: Deletion of
the capsanthin-capsorubin synthase gene
is not a prerequisite for the formation of a
yellow pepper. J Exp Bot. 2007;58(12):
3135-44.

Asai A, Terasaki M, Nagao A. An epoxide—
furanoid rearrangement of  spinach
neoxanthin occurs in the gastrointestinal
tract of mice and in vitro: Formation and
cytostatic activity of neochrome
stereoisomers. J Nutrit. 2004;2237-43.
Haworth RD, Mavin CR, Sheldrick G. The
constituents of guaiacumresin. Part |l
Synthesis of dl-guaiaretic acid dimethyl
ether. 311. J Chem Soc. 1934;1423-29.
Moss GP. Nomenclature of lignans and
neolignans (IUPAC Recommendations
2000). Pure Appl Chem. 2000;72(8):1493-
1523.

Hearon WM, MacGregor WS. The naturally
Occurring lignans. Chem Rev. 1955;55:
957-1068.

Teponno RB, Kusari S, Spiteller M. Recent
advances in research on lignans and
neolignans. Natural Product Reports. 2016;
33:1044-1092.

Cho MH, Moinuddin SGA, Helms GL,
Hishiyama S, Eichinger D, Davin LB et al.
(+)-Larreatricin hydroxylase an enantio-
specific polyphenol oxidase from the
creosote bush (Larrea tridentata). Proc
Natl Acad Sci USA. 2003;100:10641-46.

Li G, Lee CS, Woo MH, Lee SH, Chang
HW, Son JK. Lignans from the bark of
Machilus thunbergii and their DNA
topoisomerases | and Il inhibition and
cytotoxicity. Biol Pharm Bull. 2004;27(7):
1147-50.

Gezginci MH, Timmermann BN. A short
synthetic route to nordihydroguaiaretic acid
(NDGA) and its stereoisomer using Ti-
induced carbonyl-coupling reaction.
Tetrahedron Lett. 2001;42:6083-85.
Yamauchi S, Masuda T, Sugahara T,
Kawaguchi Y, Ohuchi M, Someya T, et al.
Antioxidant activity of butane type lignans,

61

71.

72.

73.

74.

76.

79.

80.

81.

82.

secoisolariciresinol, dihydroguaiaretic acid,
and 7,7'-oxodihydroguaiaretic acid. Biosci
Biotechnol Biochem. 2008;72(11):2981-
86.

Schroeter G, Lichtenstadt L,
Uber die konstitution
guajacharz-Subztanzen. (I.). Ber
Chem Ges. 1918;51(2):1587-1613.
Haworth RD. Natural resins. Ann Rep Prog
Chem. 1937;33:266-79.

Rao KV, Chattopadhyay SK.
Regioselective cleavage of the
methylenedioxy group: Conversion of (-)-
austrobailignan-5 to (-)-dihydroguaiaretic
acid. J Org Chem. 1990; 55(5):1427-29.
Nguyen PH, Le TVT, Kang HW, Chae J.
Kim SK, Kwon Kl, et al. AMP-activated
protein kinase (AMPK) activators from
myristica fragrans (nutmeg) and their anti-
obesity effect. Bioorg Med Chem Let.
2010;20:4128-31.

Lu Y, Xue Y, Chen S, Zhu H, Zhang J, Li
X-N. Antioxidant lignans and neolignans
from acorus tatarinowii. Sci Rep.
2016;6:22909.

Redei D, Kusz N, Jedlinszki N, Blazs6 G,
Zupkoé |, Hohmann J. Bioactivity-guided
investigation of the anti-Inflammatory
activity of Hippophae rhamnoides Fruits.
Planta Med. 2018;84:26-33.

Park BY, Min BS, Kwon OK, Oh SR, Ahn
KS, Kim TJ, et al. Increase of caspase-3
activity by lignans from Machilus thunbergii
in HL-60 cells. Biol Pharm Bull. 2004;
27(8):1305-07.

Yu YU, Kang SY, Park HY, Sung SH, Lee
EJ, Kim SY, et al. Antioxidant lignans
from machilus thunbergii protect CCl,-
injured primary cultures of rat hepatocytes.
J Pharm Pharmacol. 2000;52(9):1163-
69.

Ricker G, Langmann B, de Siqueira NS.
Constituents of aristolochia triangularis.
Planta Med. 1981;41(2):143-49.

Lopes NP, de Almeida Blumenthal EE,
Cavalheiro AJ, Kato MJ, Yoshida M.
Lignans, y-lactones and propiophenones
of Virola surinamensis. Phytochem. 1996;
43(5):1089-92.

Takaoka D, Watanabe K, Hiroi M. Studies
on lignoids in lauraceae. Il. Studies on
lignans in the leaves of machilus japonica
Sieb. et Zucc. Bull Chem Soc Jap. 1976;
49(12):3564-66.

Hazra S, Hajra S. A diastereoselective route
to 2,5-diaryl-3,4-disubstituted tetrahydrofuran
lignans: protection free synthesis of (+)-

Ireneu D.
der
Deut



83.

84.

85.

86.

87.

88.

89.

90.

Iga; Asian J. Appl. Chem. Res., vol. 14, no. 1, pp. 44-62, 2023; Article no.AJACR.102819

galbelgin and (+)-galbacin. RSC Adv. 2013;
45.

Thuong PT, Hung TM, Khoi NM, Nhung
HTM, Chinh NT, Quy NT, et al. Cytotoxic
and anti-tumor activities of lignans from the
seeds of vietnamese nutmeg myristica
fragrans. Arch Pharm Res. 2014;37:399-
403.

Ernst-Russel M, Elix J, Chai C, Willis A,
Hamada N, Nash T, lll. Tetrahedron Lett.
Hybocarpone, a novel cytotoxic
naphthazarin derivative from mycobiont
cultures of the lichen Lecanora hybocarpa.
1999;40:6321-6324.

Nicolaou KC, Gray DLF. Total synthesis of
hybocarpone and analogues thereof A
facile dimerization of naphthazarins to
pentacyclic systems. J Am Chem Soc.
2004;126:607-12.

Ramos CS, Linnert HV, de Moraes MM, do
Amaral JH, Yamaguchi LF, KatoMJ.
Configuration and stability of naturally
occurring  all-cis-tetrahydrofuran  lignans
from Piper solmsianum. RSC Advances.
2017;7:46932-937.

Uehara SlI, Yasuda I, Akiyama K, Morita H,
Takeya K, Itokawa H. Diarylhepatanoids
from the rhizomes of curcuma xanthorriza
and alpinia officinarum. Chem Pharm Bull.
1987;35:3298-304.

Martin TS, Kikuzaki H, Hisamoto M,
Nakatani N. Constituents of amomum tsao-
ko and their radical scavenging and
antioxidant activities. J Am Qil Chem Soc.
2000;77:667-73.

Lin Z, Marett L, Hughen RW, Flores M,
Forteza I, Ammon MA, et al. Neuroactive
diol and acyloin metabolites from cone
snail associated Bacteria. Bioorg Med
Chem Lett. 2013;23(17):4867-4869.
Tabata N, Sunazuka T, Tomoda H,
Nagamitsu T, Iwai Y, Omura, S.
Diolmycins, new anticoccidial agents
produced by Streptomyces sp. Il. Structure
elucidation of diolmycins Al, A2, B1 and
B2, and synthesis of diolmycin Al. J
Antibiot. 1993;46(5):762-69.

91.

92.

93.

94.

95.

96.

97.

98.

Xie W, Wan X, Ma D, Jiang G, Liu H, Hu J,
et al. Highly enantioselective
bromocyclization of tryptamines and Its
application in the synthesis of (-)-
chimonanthine. Angew Chem Int Ed. 2013;
52:12924-27.

Scott Al, Mccapra F, Hall ES.
Chimonanthine. A one-step synthesis and
biosynthetic model. J Am Chem Soc. 1964;
86:302-03.

Verotta L, Pilati T, Tato M, Elisabetsky E,
Amador TA, Nunes, DS.
Pyrrolidinoindoline alkaloids from
Psychotria colorata. J Nat Prod. 1998;61:
392-96.

Verotta L, Peterlongo F, Elisabetsky E,
Amador TA, Nunes, DS. High-performance
liquid chromatography-diode array
detection tandem mass spectrometry
analyses of the alkaloid extracts of
Amazon Psychotria species. J Chromatogr.
A. 1999;841:165-176.

Overman LE, Paone DV, Stearns BA.
Direct stereo- and enantiocontrolled
synthesis of vicinal stereogenic quaternary
carbon centers total syntheses of meso-
and (-)-Chimonanthine and (+)-
Calycanthine. J Am Chem  Soc.
1999;121:7702-03.

Tokuyaua TJW, Daly JW. Steroidal
Alkaloids  (Batrachotoxins and  4/3-
Hydroxybatrachotoxins), Indole Alkaloids
(Calycanthine and Chimonanthine) and a
Piperidinyldipyridine Alkaloid
(Noranabasamine) in skin extracts from the
colombian poison-dart frog phyllobates
terribilis  (Dendrobatidae). Tetrahedron.
1993;39(1):41-7.

Wang, YY. Chemical constituents and anti-
inflammatory activity from the stem of
neolitsea  daibuensis [MSD thesis].
Kaohsiung, Taiwan: Kaohsiung Medical
University; 2011.

Lin C, Wang Y, Chen IS. Secondary
metabolites from the stem of neolitsea
daibuensis and their anti-inflammatory
activity. Planta Med. 2013;79 - 166.

© 2023 Iga; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/102819

62


http://creativecommons.org/licenses/by/2.0

