UNDER PEER REVI EW

CHEMICAL MORPHOLOGY, A PURE CHEMICAL
SYSTEMATIZATION OF MICRO
MOLECULAR ORGANIC COMPOUNDS

A W N P

13

14 .
15 ABSTRACT
16

There are two circumstances to consider every micro molecular organic
compound: (a) near its similar non-isomeric combinations, i.e. an amino acid with other
amino acids, an organic acid with other organic acids, a steroid with other steroids, etc.,
(b) exclusively with its isomers, as a constituent of a multitude generated by its
molecular formula (MF). The latter approach is the aim of this paper, and if undertaken
systematically it could constitute a new chapter of physical chemical sciences, chemical
morphology.

MFs are inherently uncertain phenomena. They cannot be known and described
but via the compounds they produce. Generation of isomers by a MF illustrates the big
bang of micro molecular organic compounds, e.g. MF Csg of alkanes produces about 2.66
Avogadro’s number of entities.

No matter how large a multitude is, five types of compounds only can be
distinguished inside it: (A) meso, (B) C, symmetrical (C, symm.), (C) irrechi
(configurational), (D) constitutional (constit.), (E) archaic (primitive). The molecule of
meso isomers is characterized by two enantiomeric halves, and that of C, symm. by two
identical chiral halves. The skeleton of irrechi molecule is similar to meso and C; symm.,
however the pattern of its chiral carbons is different. A combination whose MF is unable
to produce a meso isomer, real or imaginary, is archaic (primitive). Two necessary and
sufficient conditions have to be fulfilled by a compound to be constitutional (constit.): (i)
to be devoid of chemical elements of symmetry at the level of its molecule and (ii) its MF
be able to produce at least one meso isomer, real or imaginary.

constit Compounds are much more numerous in living things than meso, C;
symm. and irrechi taken together. MFs including at least a meso isomer, real or
imaginary, are the best proof that chemistry is a dualistic science.

17

18 Keywords: systematization; dualistic; meso, C2 symmetrical; irrechi; constitutional; molecular formula; chemical multitude
19

20 1. INTRODUCTION

21

22 On the chemical multitudes. Almost every molecular formula (MF) generates a chemical multitude. Multitudes
23 containing two isomers appeared in the beginning: silver fulminate and silver cyanate (Liebig, 1823) and ammonium
24  cyanate and urea (Wohler, 1828). Pasteur discovered three isomers: (+)- and (—)-tartaric acid (1848) and meso-tartaric
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acid (1853). (+)-Tartaric acid had been discovered by Scheele (1770) (Swedberg, 2012) in the wine sediment. Butlerov
(1868) expanded this picture to Cas hydrocarbons and alcohols. Van't Hoff (1874) has accomplished a mathematical
approach. Based on his tetrahedral model of C atom valences, he calculated the number of linear aldohexoses as being
16 (two sets of eight), and 10 of their hexitols. In less than two decades, the major part of them have been
discovered/invented (Fischer, 1891). Chemical multitudes produced by MFs CesH12-CsHis as derivatives of cyclopropane
and cyclobutane have been shown (Balaban, 1978). When calculation of the number of chemical entities has been
applied to different classes of substances, it became clear that some of them include a bigger number of isomers than all
combinations known at that time (Schmidt, 1986; Laine, 1994). A good illustration of magnitude and dimensions of a
chemical multitude is given by MF Ca27H460. This chemical multitude include also cholesterol, an unsaturated hydroxy
steroid containing eight chiral carbons. (A steroid is a compound producing Diels' hydrocarbon when heated with Se
(Finar, 1964)). Hence the number of chiral isomers with the same skeleton, is 28 = 256. Many other isomers coming of MF
C27H460, possibly devoid of steroid skeleton, can be written. For C27 alkane, Fujita (2007) counted over three billion
isomers.

To alkanes, Fujita (2007) presented 100 chemical multitudes, from Ci to Ci00. The numeric discrepancy between
Fujita and Pdlya (1937), in the sense that the latter omits some entities, has to be indicated. To MF Ci2H2s, Pélya found
355 isomers, and Fujita 509. Really huge numbers, some bigger than Avogadro’s number, can be found among the
Fujita’s 100 MFs. This is in agreement with the remark that the increase of the number of isomers of MFs, as a function of
the latter is faster than exponential equation (Balaban, 1976).

The elements of symmetry in chemistry acquired their full sense only when the hypothesis of van’t Hoff (1874)
and Le Bel (1874), concerning the tetrahedral distribution of carbon valences, transcended in a veritable theory, due
especially to the works of E. Fischer (1891, 1894), J. Wislicenus (1888) and other chemists.

Two types of symmetry function in chemistry: geometrical (G. symm.) and chemical. Both types are based on
planes of symmetry. A plane of symmetry is a physical chemical phenomenon and an instrument. When applied, it cuts
(intersects) either a bond or one or more atoms. In chemistry, the plane of symmetry has the property to hide (or to mask)
of polarized light, some chemical groups cut by it (or situated in it). C2 symmetry (see below) is also chemical, as well as
symmetries based on axis and center (point) of symmetry (Hoffmann, 2003; Smith and March, 2007). In case of G.
symm., the two halves evidenced by the planes of symmetry are identical and devoid of handedness. In chemical
symmetry, the plane of symmetry separates exclusively enantiomeric halves, and is called mirror plane of symmetry.

Every micro molecular organic natural, or synthetic, compound can be considered in two types of circumstances:
(i) with its similar compounds, i.e. an amino acid (alanine, Ala) with other amino acids (Vickery and Schmidt, 1931),
(preferentially with the other amino acids coded in DNA) an organic acid (caproic acid) with other organic acids (from C1
to Czo, or even Cioo (Fujita, 2007)), a steroid (estrone) with other steroids, etc., and (ii) exclusively with compounds having
the same MF, i.e. with its isomers: Ala with isomers generated by MF C3H7NO., caproic acid inside the molecular diversity
given by MF CeH1202, and estrone with molecules produced by MF CisH2202, etc. Our aim is to exploit the latter
alternative, almost completely ignored till now, according to our knowledge. Development of this idea could probably
constitute a new chapter of physical-chemical sciences, chemical morphology.

One can imagine, or even find, five types (or moldings) of isomers for the most MFs: (A) meso, (B) C> symmetrical
(C2 symm.), (C) irrechi (configurational), (D) constitutional (constit.), (E) archaic (primitive). There is still a small group,
characteristic to (saturated) cyclic compounds, that are simultaneously meso and C, symm., and called of this reason
doublesymmetric (DoSymm.) (Iga, 2004). The types (molds) (A) (B) and (D) are well known. The type (C), (E) and
DoSymm. ones have been identified, characterized and introduced in this paper.

(A) meso Compounds

The molecule of a meso compound is formed either of two chiral enantiomeric halves uniformly linked with each
other (homodimers) or linked on a mono- or polyatomic support (heterodimers) (Magnuson, 1995; Hoffmann, 2003). The
uniform character of the bond means that it is made between atoms with the same rank in the monomeric units. The
linking support can be variable, hence a homodimeric meso can produce numerous equivalent heterodimeric meso
compounds. Linking support is recognized since some of its atoms are cut by (contained in) the mirror plane of symmetry.
On the other hand, every heterodimeric meso combination possesses an equivalent meso homodimer, the latter being
obtained by removing the linking support (Iga, 2024). The binding support can be of the type >CRR’, or of the type >CRa.
meso Compounds are characterized by their mirror plane of symmetry and they are distinguished by the fact that in
homodimers it intersects only bonds, while in heterodimers it intersects one or more atoms.

If the two enantiomeric halves of erythritol, a homodimeric meso, are linked on a >HC(OH) residue, xylitol or
ribitol, both heterodimeric meso, are produced. Similar heterodimeric meso compounds are obtained if the two
enantiomeric halves of erythritol are connected to —CHz— (in deoxyxylitol or deoxyribitol) (Anderson, 1965; Oka et al.,
1984), or simultaneously on two residues: —HC(OH)- and —O- (in 1,5-anhydro-xylitol) (Fletcher and Hudson, 1947), —
HC(OH)- and —CH:- (in 2,4-methylene-xylitol), -HC(O-CH2-O-CO-CHs)- and —CHz- (in 3-acetoxy-methyl-2,4-methylene-
xylitol) (Hann et al., 1944); hence, the linking support can be even fragmented.

The first meso isomer was discovered by L. Pasteur (1853), as meso tartaric acid, a compound devoid of optical
activity and noncleavable by physical-chemical or biological methods. When the theory of tetrahedral carbon appeared
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(van’t Hoff, 1874; Le Bel, 1874), the spacial representations elaborated by van’t Hoff indicated that the model of meso-
tartaric molecule has a mirror plane of symmetry.

Fischer and Stahel (1891) invented xylitol by reduction of D-xylose, and Fischer (1893) discovered ribitol

(adonitol) in the plant Adonis vernalis, two monosaccharides representing a new type of meso compounds, heterodimers
(Hoffmann, 2003; Iga, 2024).
Fischer and Hertz (1892) worked on galactitol and galactaric acid in order to illustrate the phenomenon of meso
symmetry. They reduced galactaric acid (a meso homodimer) with Na-amalgam and obtained a racemic mixture of D- and
L-galactonic acid. This was the first reaction of desymmetrization in chemistry. They separated the two enantiomers of the
mixture as salts of strychnine. Of every enantiomer they prepared the matching aldohexose, i.e. D- and L-galactose. As
expected, both aldohexoses gave the same galactitol or galactaric acid, by reduction with Na-amalgam or oxidation with
nitric acid, respectively. By this experiment, Fischer proved that the molecule of meso homodimers is formed of two
enantiomeric halves. On the other hand, by Fischer’s procedure, the internal meso phenomenon became externalized.
Allitol presented the same behavior (Wolfrom and Schumacher, 1955). Since NMR does not distinguish between the two
enantiomeric halves, they appear as identical in this technique, and only half of them are detected by NMR (Yamamura et
al., 1982; Ishii et al., 1991; Fang et al., 1992; Ali et al., 1998; Sugahara et al., 2007). This is quite obvious by comparing
the number of C atoms evidenced by NMR with the number found by molecular weight determination.

(B) C2 Symmetrical isomers

The first discovered C, symm. compounds have been tartaric acids (Scheele, 1770; Pasteur, 1848; Fischer,
1896), D- and L-mannitol (Fischer and Hirschberger, 1889; Fischer, 1891), D- and L-iditol (Fischer and Fay, 1895), and
their aldaric acids. Elaboration of molecular models (van’t Hoff, 1874) for the two enantiomers, (+)- and (-)-tartaric acid,
that had been isolated by Pasteur (1848), disclosed a scientific and philosophical dilemma: which model to which
enantiomer (Hoffmann and Laszlo, 1991) should be assigned? A preliminary and useful answer has been given by
Fischer (1896) by probabilistic reasoning. This dilemma has been truly solved by X-ray diffraction, i. e., zirconium Ka rays,
by sodium rubidium tartrate of the dextrorotary species (Bijvoet et al., 1951). Bijvoet et al., showed that (+)-tartaric acid is
(2R,3R)-(+)- or L-(+)-tartaric acid. Removing of a carboxyl group of (2R,3R)-(+)-tartaric acid gives (S)-(-)- or L-(-)-
glyceraldehyde [Klyne and Buckingham, 1978]. By an impressive coincidence, the same configuration of (+)-tartaric acid
had been hypothetically attributed by Fischer (1896).

Configuration of chiral centers of (—)-tartaric became also known, by the virtue of the law of enantiomorphism. The
nomenclature of the two enantiomers became L-(+)-tartaric and D-(—)-tartaric acid, according to the recommendations of
Fischer (1891), Rosanoff (1906) and Wohl and Momber (1917).

D-(-)-Tartaric acid is interconvertible with D-(+)-glyceraldehyde, and L-(+)-tartaric acid is related with L-(-)-
glyceraldehyde, either by chain elongation (Kiliani, 1885, 1886, 1887) or chain shortening (Malaprade, 1928a, b; Klyne
and Buckingham, 1978; Jager and Wehner, 1989). As a result, the configuration of the two aldotrioses was elucidated
(lga, 2018).

The molecule of C; symm. compounds is formed of two identical chiral halves uniformly linked with each other
(homodimers) or on a linking support of the >CR2 form (heterodimers). Alternative imaginary dimerization of the two
enantiomeric halves of a meso compound produces one of the following: (a) two chiral C> symm. enantiomers; (b) a
combination being concomitantly meso and C, symm., and called of this reason doublesymmetric (DoSymm.). The groups
(a) and (b) constitute a rational definition of meso compounds (lga, 2024). However, it was Fischer who demonstrated
how C, symm. isomers work. Fischer and Hirschberger (1888, 1889) noticed that kinetic oxidation of D-mannitol produced
one aldohexose only, D-mannose. The same physical-chemical behavior was noticed to L-mannitol and D- and L-iditol.
This was also among the first reactions of desymmetrization in organic chemistry. Other hexitols instead, produced two
different monosaccharides (diastereomers called epimers). They concluded that the molecules of D- and L-mannitol and
D- and L-iditol as well as their aldaric acids, are formed of two identical chiral halves (homodimers). Inspired of this
concept, a series of homo- and heterodimeric C, symm. catalysts with spectacular qualities have been synthesized (Dang
and Kagan, 1971; Kagan and Dang, 1972; Burk et al., 1996; Ghosh et al., 1998; Pfaltz and Drury Ill, 2004). A defining
property of C, symm. isomers is the following: their rotation by 180° around an axis produces the same structural context.
This rule knows also exceptions: compounds 7, 9, 10, etc., (Magnuson, 1995), terreusinone (Lee et al., 2003; Saleem et
al., 2007), all 2,5-diketopiperazines of the same amino acid with the same configuration (Borthwick, 2012), etc.

Imaginary alternative dimerization of the two halves of allitol produces D- and L-mannitol, while galactitol gives D-
and L-iditol. The same imaginary process applied to a meso compound usually gives rise to two enantiomeric C, symm.
isomers. Vickery (1957) noticed C, symm. isomers as a distinct group, and Reusch (2011), similar to Fischer (1891), used
this quality of D-mannitol in demonstration of configuration of C-2.

At first sight, at least, chiral compounds possessing an equal humber of R and S chiral carbons, disclosed by
Cahn-Ingold-Prelog criteria (1966), are considered meso isomers. This rule has some exceptions. D- And L-iditol have the
same number of R and S centers in their molecule, however they are C, symm. Also C> symm. are humerous natural and
synthetic compounds having an equal number of R and S chiral carbons: (3R,4S,6S,7R)-3,7-dimethyl-4,6-dihydroxy-1,8-
nonadien, (3S,4R,6R,7S)-3,7-dimethyl-4,6-dihydroxy-1,8-nonadien (Gao et al., 2011), tunaxanthin C [(3R,6S,3'R,6'S)-¢,¢-
carotene-3,3'-diol], tunaxanthin J [(3S,6R,3'S,6'R)-¢,e-carotene-3,3'-diol] (Ikuno et al., 1985), hybocarpone-(2R,3S,4S,5R),
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hybocarpone-(2S,3R,4R,5S) (Nicolaou and Gray, 2004), (7R,8S,8'S,7'R)-7.0.7',8,8'-lighan, (7S,8R,8'R,7'S)-7.0.7',8,8'-
lignan (Fonseca et al., 1979; Cui et al., 2014; Lenta et al., 2015), (S,R,R,S)-quadrigemine and (R,S,S,R)-quadrigemine
(Canham et al., 2015), etc.

Less studied compounds presents a similar picture: (3R,4S,6S,7R)-3,4,6,7-tetraMe-5-methylene-nonane,
(3S,4R,6R,7S)-3,4,6,7-tetraMe-5-methylene-nonane, (1S,3S,4R,5R)-1,3,4,5-tetraMe-2-methylene-cyclopentane,
(1R,3R,4S,55)-1,3,4,5-tetraMe-2-methylene-cyclopentane, (3R,4S,5S,6R)-1,7-dien-3,4,5,6-tetraMe-octane,
(3S,4R,5R,6S9)-1,7-dien-3,4,5,6-tetraMe-octane, (3R,4S,5S,6R)-3,4,5,6-tetraMe-octane, (3S,4R,5R,6S)-3,4,5,6-tetraMe-
octane, (2R,3S,4S,5R)-2,5-dihydroxy-3,4-diMe-hexane, (2S,3R,4R,5S)-2,5-dihydroxy-3,4-diMe-hexane, (2R,3S,4S,5R)-
2,3,4,5-tetraMe-THF, (2S,3R,4R,5S)-2,3,4,5-tetraMe-THF, (3R,4S,6S,7R)-3,4,6,7-tetraMe-5-keto-nonane, (3S,4R,6R,7S)-
3,4,6,7-tetraMe-5-keto-nonane, (1R,2R,3S,4S)-1,2-dihydroxy-3,4-diMe-cyclobutane, (1S,2S,3R,4R)-1,2-dihydroxy-3,4-
diMe-cyclobutane.

In this paper, compounds that possess chemical elements of symmetry in their molecule — meso, C, symm., as
well as compounds characterized by a center or an axis of symmetry, are preferentially taken into consideration.

(C) Irrechi isomers

Sustaining of a new group of isomers needs two conditions: (a) to possess a significant number of components;
(b) to possess characteristics that are unique and different of other groups, in other words to submit to a new principle of
construction (molding).

Diastereomers have been defined as isomers that are not enantiomers to a given chiral compound. By this
statement diastereomers are not defined by themselves but relative to another compound, outside them. Of the large
family of diastereomers, two groups are distinct: meso (Fang et al.,, 1992; McAuliffe et al., 2001; Hoffmann, 2003;
Sugahara et al., 2007) and C, symm. (Ghosh et al., 1998; Pfaltz, 1993, 1996; Mamidi et al., 2012). The investigation of a
large number of compounds has led us to a third distinct group of diastereomers, i.e. configuration isomers. We have
temporarily called them irrechi [ai’rekai] (from irregular distribution of chiral carbons), and they are of two types: (i) on one
hand isomers having the same skeleton with some real or imaginary meso or C, summ. ones, but a different pattern of
chiral carbons; (ii) dimers produced by a non-uniform dimerization, i.e. based on a linkage formed between atoms with
different ranks in the monomeric units. Since the latter superposes to constit. isomers, we adopted the latter classification.
MFs producing meso isomers containing two chiral carbons would produce only C, symm. ones, while MFs with three
asymmetric carbons satisfying the same condition would produce irrechi, besides meso and not necessarily C, symm.
E.g. C4H1004 gives erythritol, two enantiomeric threitols and hydroxymethyl glycerol. CsH120s gives ribitol and xylitol, both
meso, D- and L-arabinitol, both irrechi (Fischer and Stahel, 1891; Fischer, 1893) and hydroxytetritol (constit.). A similar
picture is known for the isomers of trihydroxyglutaric acid (Wheeler and Tollens 1889; Fischer and Bromberg, 1896; Fuijita,
2016). MFs able to give meso isomers with four asymmetric carbons are archetypes similar to CeH140s: galactitol and
allitol are meso, D- and L-mannitol and D- and L-iditol are C, symm., D-glucitol (L-gulitol), L-glucitol (D-gulitol), D-talitol (D-
altritol), L-talitol (L-altritol) are irrechi, and hamamelitol is constit. The role of irrechi compounds is not less justified than
meso and C, symm. A remark should be made: the most MFs of organic compounds can alternatively adopt all the five
molds: meso, C, symm., irrechi, constit., archaic. (see below).

(D) Constitutional

Constitutional (constit.) isomers form the fourth group. Compounds devoid of chemical elements of symmetry, and
whose MF is able to produce at least one meso isomer are constitutional. E.g. MF C1sH2202 gives meso-hexestrol (Suzuki
and Shapiro, 2009); all the other isomers given by this MF — estrone (Suzuki and Shapiro, 2009), trenbolone, (4-
butylphenyl)(4-methoxy)-methanol, 1,4-dibutoxy-2,5-diethynylbenzene (He et al., 2011), (8S,9S,13S,14R,17S)-estra-
1(10)-2,4,6-tetraene-14,17-diol (Wefelscheid et al., 2007), hexyl-naphthalene-2-acetate, 3-hydroxy-estra-1,3,5 (10)-trien-
16-one (Suzuki and Shapiro, 2009), etc., are constit. Bis(1-methyl-1-phenylethyl) peroxide (Su et al., 2008) is symmetric
but it is neither meso nor C, symm., but G. symm. Consequently, it cannot be invoked as an argument for the major task
of this paper, that chemistry is a dualistic science. MF Cz7H460 has no known meso compound, according to our
knowledge. However, one can imagine numerous meso isomers as coming from the above MF. Hence, cholesterol,
cholestanone, etc., are constit., as related to meso isomers. Nonetheless, we consider MFs containing meso isomers as
privileged, since they are suitable to the above exercise: to convert all non-meso isomers in meso one(s), and finally to
MF. This exercise can be conceived as a phenomenon of reversible volatility.

Every constit. compound belong to a population of isomers including at least one meso combination, real or
imaginary, a proof that chemistry can be considered a dualistic science. They are devoid of elements of symmetry, they
are either optically active or inactive, and are much more numerous in living things than meso, C, symm. and irrechi taken
together.

Concerning the hierarchy of the four types of isomers, the following arguments have to be taken into account. An
intrinsic property of meso combinations is their character of dimerism, hence their molecule is formed of two entities that
are contrary in a spatial, chemical and optical sense. In structural terms, they have the lowest freedom degrees of all four
molds, hence they have the lowest rank. On the other hand, they undoubtedly indicate that chemistry is a dualistic
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science. Of this reason they are used as reference compounds in this work. Constit. molecules are characterized by the
least such structural restrictions. Of this reason, probably, natural chemistry opted for them, and they possess the highest
rank. The structure of all natural compounds is written in a program, i. e. a genome. Hence the hierarchy itself is
registered in genome, and the evolution process has been accomplished at this level.

When physical chemistry appeared and developed, biologists and other scholars connected with biomolecules,
hoped that physical chemists would discover a marker for natural compounds, as density is for gold. Till now such hope
has been only partially fulfilled (Metzler and Metzler, 2003). Nonetheless, natural combinations possess some unique
characteristics, and one of them, in our opinion, is the fact that they are less restricted, in structural sense, than meso, C-
symm. and irrechi. A proof for this assertion is the fact that as soon as a living thing dies, nature sends a thousand
messengers to recover its component materials. We reckon that at least one of these characteristics is that constit.
compounds have a higher number of structural freedom degrees, in comparison with the other types.

It should be stressed that a compound is constit. only and only if its MF can produce at least one meso isomer.

Archaic (primitive) compounds

Compounds coming from MFs unable to produce meso isomers are archaic (primitive). CeHs, C7Hs, C10Hs, C14H1o,
CesHsO, C10HsO, etc., produce archaic compounds.

In different classes of compounds which constitute series, small groups can be found whose components are
unable to possess meso isomers, and of this reason they have been called archaic (primitive). Archaic compounds can
reach the level where they are able of producing meso isomers only by chemical transformations. E. g. propane belongs
to archaic group, however, by oxidation it becomes propanoic acid, an advanced form able to present a meso isomer;
however, propenoic acid is archaic. Fischer [Fischer and Passmore, 1889; Fischer, 1894] illustrated this phenomenon by
preparing a variety of Cs monosaccharides from formaldehyde. Compounds as Ci-C7 alkanes, C2-Cs alkenes, C2-Ce
alkynes (alkadienes), C1-Cs monohydroxylic alcohols, C1-C4 aldehydes/ketones, Ci1-C: saturated carboxylic acids, arenes
(benzene, toluene, naphthalene, anthracene, phenanthrene, diphenyl), fumaric/maleic acids, benzoic acid, phthalic acid,
heterocyclic compounds (sepiapterine, niacin (nicotinic acid, nicotinamide), xanthopterin, leucopterin, pyrrole, imidazole,
indole), choline, glycerol, salicylic acid, belong to archaic group. Compounds of the series, with MF above the limit of
archaic have at least meso isomers, besides constit., or even all five types.

Natural micromolecular organic combinations can be also classified in a different manner, partially superposing
with the afore mentioned classification: (i) symmetric (meso and C, symm.); (ii) potential symmetry generators (irrechi,
constit.); (iii) archaic.

Total or even partial reduction, or adding more atoms to the latter compounds, increase their status. Cyclohexane,
methylcyclohexane, tetrahydronaphthalene, etc., are no more archaic. Systematically, archaic compounds will be met
among the first terms of the functional (progressive) series (see below).

In the following, systematization and principles proposed in this paper would be applied to different classes of compounds,
hence their value and their limit would become obvious.

1. The big bang of micro molecular organic compounds

MFs give rise to a large variety of numbers of isomers, from one or two or three entities to a dozen of Avogadro’s
number, and even more. Development of the content of a MF constitutes a spectacular phenomenon, a real big bang
(Levinton, 1992) of micro molecular organic compounds. Fujita (2007) enumerated over three billion (3.344.714.436)
isomers to MF Cz7Hss, the alkane matching to cholesterol. MF Cse produces about 2.66 Avogadro’s number of entities.
One wonders if any other science could equalize chemistry by possesing such a concentrated symbolization. Fig. 1
illustrate this phenomenon by a much lower MF, CsH100a4.

On the other hand, although isomers of the same MF are not interchangeable by the known chemical rules, we
can imagine that they are all equivalent, interconvertible and reducible to one of them, and finally to their MF, but never to
zero, in the virtue of laws of matter conservation. This constitutes an example of reversible volatility or a reversibility of the
big bang of micro molecular organic compounds, and it applies to all multitudes (Fig. .2).
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Figure 1. Big bang exemplification of micro molecular organic compounds with CgH100a.
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Figure .2. Reversible volatility by MF C22H26N4, in support of big bang exemplification of micro molecular organic
compounds.

2. Compounds of homologous (progressive) series

Compounds of homologous series, or compounds with functional groups (Reusch, 2011), constitute an important
chapter of organic chemistry, and their systematization is due especialy to analytical reactions and to methods for
molecular weight determination (Avogadro, 1811; Cannizzaro, 1858). An interesting characteristic of these series is the
fact that their first term is relatively different of the next terms. It is as if they show some inertia to start to develop their
series.

2.1. CnHan+2, ALKANES

Scholars with double qualification, chemistry and mathematics, approached the enumeration of alkanes as a
function of MFs (Polya, 1937; Robinson et al., 1976; Fujita, 2007; Fujita, 2016). There is a significant difference between
the results of Polya and Fujita since the former omits optical isomers, and other tridimensional aspects.

In the increasing series of alkanes, Ci1-C7 are archaic, however, C7Hzs is the first term able to show itself as two
pairs of enantiomers (Robinson et al., 1976) (Fig. 3).
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2

3
2 . 3
1
1 2

(3a,4B,5B)-3,4,5- (3B,4a,4B,5B)-3,4,4,5- (3B,40,4B,50)-3,4,4,5- (30.40,4B,58)-3,4,4,5- (35,5R)-2356-  (4R,65)-4,6-
TriMe-heptane TetraMe-heptane TetraMe-heptane, ~ TetraMe-heptane, ~ TetraMe-heptane, DiMe-nonane
(irrechi) (meso) C, symm. Ca symm. meso. (meso)

—
3 3
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(3B.4B.5B)-3,5- (3B.4a,5B)-35- (3B.4B,5a)-3,5- (3a,4B,5B)-3,5- (3R,4R,5R,6R)- (3S,4S,5S,65)-
DiMe-4-Et- DiMe-4-Et- DiMe-4-Et- DiMe-4-Et- 3,4,5,6-TetraMe- 3,4,5,6-TetraMe-
heptane, meso heptane, meso  heptane, irrechi heptane, irrechi octane (C, symm.) octane (C, symm.)

3 3 3 ) v (3
2 2 2 2
1 1 1 1

13

(3R,4S,5S,6R)- (3S,4R,5R,6S)- (3R4R,55,65)- (3R4S5R,6S)- (3R4R5S,6R)-  (3S,4R,5S,6S)-
3,4,5,6-TetraMe-  3,4,56-TetraMe-  3,4,5,6-TetraMe- 3,4,5,6-TetraMe- 3,4,5,6-TetraMe- 3,4,5,6-TetraMe-
octane (C,symm.) octane (C, symm.) octane (meso) octane (meso) octane (irrechi) octane (irrechi)

(3R/45,58,65)-  (3R,4R,5R,65)-

3,4,5,6-TetraMe- 3,4,5,6-TetraMe-

octane (irrechi) octane (irrechi)
Figure 3. Chiral, meso, C, symm. and irrechi alkanes.
Hence, C7Hi6 presents only one type (mold) of nine isomers, all constit., that can be achiral (5) or chiral (4) (Fujita, 2007,
2016). MF CgHis presents one meso, two enantiomeric C, symm. and 16 constit. isomers. MF CoHzo has the same, but 35
constit. isomers. MF C1oH22 (88 isomers) has three meso isomers, two as diMe-octane and one as tetraMe-hexane, and
every meso of these has two C, symm. Moreover, CioH22 has two meso isomers as triMe-heptane, two irrechi with the
same skeleton, but no C, symm. The latter isomerism is similar to pentitols (Fischer and Stahel, 1891; Fischer, 1893) and
trihnydroxyglutaric acid (Fischer and Bromberg, 1896; Wheeler and Tollens 1889; Fujita, 2016).

An interesting chapter of chemistry appeared in connection with detection and measuring of infinitesimal values of
optical activity. Fischer’s techniques consisting in ends equalization reactions has stressed his unmovable belief in the
unity of structure and physical-chemical properties. When Kiliani studied L-arabinitol, he concluded this compound is
devoid of optical activity, since he measured zero value (in fact a very low value) for this parameter (Kiliani, 1887). But
Fischer, having in mind the structure of L-arabinitol, insisted to find out a defined value of optical activity, and he
succeeded by adding an optical activity enhancer, borax (Fischer and Stahel, 1891). However, in case of xylitol they found
zero value both in the absence and presence of borax. A similar problem regarded the measuring of small optical activity
of alkanes. By mixing an alkane, with a relatively small value of optical activity, with a nematic liquid crystal, a cholesteric
mesophase with measurable optical rotation is formed (Robinson et al., 1976).

MF Ci1H24 (203 isomers) has two meso and two irrechi isomers (no C, symm.) as di-Me-Et-heptane, and meso
and C, symm. as tetraMe-heptane (no irrechi). MF Ci2H2s (a total of 509 isomers), as well as all higher alkanes,
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demonstrate the existence, real or envisaged, of all four fundamental moldings. The latter MF has 16 meso isomers (Fig.
4), eight homo-

3 3 3
2\ 1 1 2 2 2 1

(35,4R)-2,2,34, (4R55)-2,4,5,7- (3S,6R)-2,4,5,7- (5R,65)-5,6- (4R,7S)-5,6- (3R,85)-3,8- (3R4R,5S,6S)-
55-HexaMe-  TetraMe-octane TetraMe-octane DiMe-octane DiMe-octane DiMe-octane 3,4,5,6-TetraMe-
hexane (meso) (meso) (meso) (meso) (meso) (meso) octane (meso)

——i3 i—— 3 3
1 2 2 1 1

(BR/4S,5R,65)-  (4B,5B.6B)-3,4,5- (4B,50,6B)-3,4,5- (3B,4B,5B)-3,5-DiMe- (3B,4B,5p)-3,5-DiMe-
3,4,5,6-TetraMe- TriMe-nonane, TriMe-nonane, 4-isopropyl-heptane, 4-propyl-heptane,
octane (meso)  meso meso meso meso

7 <
: : 3 ,
1 1 1 1
(3B.4a.,5P)-3,5-DiMe-  (3B,4a,5B)-3,5-DiMe-  (3B,4B,5B)-2,3,4,5,6-  (3B,40,5)-2,3,4,5,6-

4-isopropyl-heptane,  4-propyl-heptane, PentaMe-heptane, ~ PentaMe-heptane,
meso meso meso meso

Figure 4. meso Isomers of Ci2Hzs, indicating C> symm. and irrechi.

and eight heterodimers, hence 16 C, symm. and four irrechi; the rest to 509 are constit. meso And C, symm. isomers
need at least two asymmetric carbons, while irrechis need at least three. A comparison of the number of isomers as a
function of MW, between the values of Polya (1937) and Fujita (2016) indicates a difference increasing with MW, since
Fujita is very careful with optical isomers, still commencing with alkanes. In fact, the latter author prefers the term 3D
structural (or stereocisomers (Fujita, 2006; Fujita, 2007)) instead of the favourite bidimensional representation of Polya,
constitutional. To MF Ci2H26 Polya (1937) presents 355 isomers and Fujita (2016), 509.

Diastereomers have been defined as isomers that are not enantiomers to a given chiral compound. However,
since diastereomers are not of a unique type, every type should possess a specific, independent definition. Of the large
family of diastereomers, two groups are considered distinct till now: meso (Hoffmann, 2003) and C, symm. (Pfaltz, 1993,
1996). The investigation of a large number of compounds has led us to another distinct group of isomers, irrechi.
According to our reasoning, the ten linear hexitols can be sorted out in the way described above.

2.2. Establishing of levels of evolution in chemistry

A good illustration of a philosophical law — quantitative accumulations determine qualitative transformations
(Spirkin, 1990) — can be seen among the first terms (C1-C12) of alkanes. Four steps can be noticed: (i) archaic (primitive)
stage; (ii) chirality; (iii) meso and C, symm. isomerisms; (iv) irrechi (configurational) isomerism. Terms that cannot present
meso isomerism have been called archaic (or primitive).

If one takes into account optical activity [Toth et al., 1989; McMurry, 2008], the total number of isomers for CsHis
is 20. Of these 20, one is meso, two are C, symm. [Robinson et al., 1976; Fujita, 2016], and the others are constit. (chiral
or achiral). Similar to other molds of isomers, those called by us irrechi are distinctly recognized, by NMR and MS.

The best connection between chemistry and philosophy are compounds based on homologous series: alkanes,
alkenes (cycloalkanes), alkynes (alkadienes), alcohols (monohydroxyl alkanes), diols (dihydroxyl alkanes), triols (tridroxyl
alkanes), carbonyl compounds (aldehydes and ketones), organic acids (monocarboxylic acids), etc.

Systematization of micro molecular organic compounds facilitates identification of degrees of evolution in
chemistry. The appearance of two chiral heptanes [2,3-dimethylpentane (1) and 3-methylhexane (2)] (Robinson et al.,
1976) in the series of alkanes means a qualitative spring since chiral heptanes, contrary to Ci-Cs alkanes, are able to
interact with polarized light and with other chiral compounds in a characteristic manner. The second qualitative spring in
alkane series is given by some isomers produced by MF CsHis. Although presented in an equivocal manner by Robinson
et al., (compd 7), in reality they are (3R,4S)-3,4-DiMe-hexane (meso), (3R,4R)-3,4-DiMe-hexane (C, symm.) and (3S,4S)-
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3,4-DiMe-hexane (C, symm.), since meso isomer molecule is formed of two enantiomeric halves, and every C, symm., of
two identical chiral halves. If compounds (8-16) (Robinson et al., 1976) are regarded as a progressive series of alkanes,
(15) is identical to (7), and both are equivalent to tartaric acids as isomerism; (16) is the same, but if a hydroxy group is
linked on C-4 of the latter, C, symm. isomers become forbidden for the new construction.

The third qualitative spring in alkane series is shown by some isomers of MF CioH22, that offers two isomers
meso, (33,4B3,5B)-3,4,5-triMe-heptane and (33,40,58)-3,4,5-triMe-heptane, two irrechi, (3,48,5a)-3,4,5-triMe-heptane and
(30,4B,5B)-3,4,5-triMe-heptane, but no C> symm., with this skeleton. The latter isomerism is similar to linear pentitols. A
better expression of the four types, that resembles to linear hexitols, is found to tetraMeoctane (Fig.1).

2.3. CnHan, ALKENES AND CYCLOALKANES
Isomers coming from MFs of this series express their morphological variety in two ways: in cyclic and in open form (Fig.
3 and 4).

i. Cyclic isomers. C2-C4 items are archaic. Cs, as cyclopropanes derivatives, and Cs, as cyclobutane derivatives
(as 1,2-dimethyl), present a meso and two enantiomeric C, symm. isomers (Fig. 3) (Annunziato et al., 2016; Setser and
Rabinovitch, 1962; Gerberich and Walters, 1961). Trimethylcyclopropane can exist only as meso isomers (DePuy et al.,
1977). C7 shows, beside meso and C, symm. isomers (all three as cyclopentane derivatives), two meso isomers —
(1B,2B,3B)-1,2,3-triMecyclobutane and (183,2a,3[3)-1,2,3-triMecyclobutane — and two irrechi (all with cyclobutane ring) —
(1B,2B,30a)-1,2,3-triMecyclobutane and (1a,23,3B)-1,2,3-triMecyclobutane — (Balaban, 1978). Cg presents meso, C, symm.
and irrechi isomers (as 1,2,3,4-tetraMecyclopentane), and two meso and two irrechi as 1,2,3-triMecyclohexane; 1,3,5-
triMecyclohexane can show only meso isomers. Cio shows all types of isomers only as 1,2,3,4-tetraMecyclohexane, while
1,2,3,4,5-pentaMecyclopentane has exclusively meso isomers, similar to pentahydroxycyclopentane (Collins, 2006). C11
behaves similarly to 1,2,3,4-tetraMecyclopentane (as 1,1,2,3,4,5-hexaMecyclopentane and to pentaMecyclohexane, C;
symm. is forbidden). 1,2,3,4,5,6-HexaMecyclohexane mimics inositols, and 1,4-diEt-2,3-diMecyclohexane mimics 1,2,3,4-
tetraMecyclohexane. Higher terms submit to the same rules, as indicated by Cis - Ca.

ii. Isomers with open chain. CnH2n Isomers with open chain present the whole variability except DoSymm (Fig.
4). In this case C2-Cq are archaic. Cio allows meso and C, symm, and beginning with Ci4 only, irrechi. The latter has
four asymmetric carbons, hence it presents ten isomers with the same skeleton: two mesoy four C, symm, and four irrechi.

1
pe

1/\2 1/\2 1/\2 }Az\ }AZ
/A\ A /A U @S2R)-12-diMe-

(1S,2R)-1,2-diMe  (1R,2R)-1,2-diMe  (1S,2S)-1,2-diMe 1B,2B,3B-1,2,3- 1B,2B,3a-1,2,3- cyclobutane,
cyclopropane cyclopropane cyclopropane TriMe-cyclo- TriMe-cyclo- Gerberich and
Annunziato et Annunziato et Annunziato et propane, DePuy  propane, DePuy  Walters, 1961
al., 2016 (meso)  al., 2016 (C, symm.) al., 2016 (C, symm.) etal., 1977 (meso) etal., 1977 (meso) (meso)

N

1B,2B,38-1,2,3-TriMe- 1B,20,3-1,2,3-TriMe- 1B,2B,3a-1,2,3-TriMe- 1,28,3-1,2,3-TriMe- (1S,2R)-1,2-diMe-

cyclobutane, cyclobutane, cyclobutane, cyclobutane, cyclopentane
Balaban, 1978 Balaban, 1978 Balaban, 1978 Balaban, 1978 (meso)
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cyclopentane cyclopentane,
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Figure 5. Structural variety of cycloalkanes in ring form: meso, C, symm., irrechi.
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2 6 2 6

1 7 1 7
(3R,55)-3,5- (3R,4R)-3,5-
DiMe-4- DiMe-4- (3R,4R,6S,7S)- (3R,4R,65,7R)- (3R,4R,6R,7R)-
methylene-  methylene- 3,4.6,7-Tetra- 3,4,6,7-Tetra- 3,4,6,7-Tetra-
heptane heptane methyl-5- methyl-5- methyl-5-
(meso) (C, symm.) Mmethylene- methylene- methylene-

nonane (meso)  nonane (irrechi) nonane (C, symm.)
Figure 6. Symmetric alkenes as open chain: meso, C, symm., irrechi.

2.4. Double symmetry (DoSymm.)

A rule has been inferred from a paper of Fischer and Hertz (1892) concerning meso compounds, i.e. alternative
dimerization of the two enantiomeric halves of a meso compound leads to two enantiomeric C, symm. isomers. We have
shown that this rule applies to numerous compounds (lga, 2024). On the other hand, it was found out that some meso
compounds do not submit to this rule (Fig. 5), since by alternative dimerization of their two enantiomeric halves they
lead to an isomer being concomitantly meso and C, symm. We have tentatively called this phenomenon supersymmetry,
but we had to admit that this term is a monopoly of supersymmetry described in physical/mathematical language. In this
work, we advance a new proposal for this phenomenon, that is doublesymmetry (DoSymm.).

A meso compound, 1B,2B,3B,4B-1,2,3,4-tetraMecyclobutane (Balaban, 1978; Wieland et al., 1996) gives
18,2B,3a,4a-1,2,3,4-tetraMecyclobutane, a combination that is concomitantly meso (it has a mirror plane of symmetry)
and C, symm. (when rotated by 180° around an axis, one arrives at the same structural context). Due to its unique
qualities, the latter combination has been called doublesymmetric (DoSymm.). If the same treatment of dimerization is
applied to 183,2B,3a,4a-1,2,3,4-tetraMecyclobutane, another DoSymm. product is obtained, 1a,23,30,43-1,2,3,4-
tetraMecyclobutane (Balaban, 1978; Wieland et al., 1996) (Fig. .5), although as a meso isomer it is heterodimer.
(1B,2B,3B,40a,5a,6a)-1,2,3,4,5,6-HexaMecyclohexane, (1B,2a,3B,4a,5B,6a)-1,2,3,4,5,6-hexaMecyclohexane,
(1S,2R,4R,5S)-tetraMecyclohexane (cyclodecane isomer), (1S,2S,4R,5R)-tetraMecyclohexane, as well as isomers of
hexadecene, eicosene, tetracosene, etc., could be also DoSymm. isomers. (1S,2R,4R,5S)-Tetrahydroxycyclohexane and
(1S,2S,4R,5R)-tetrahydroxycyclohexane, as well as their isomer (1S,2R,4S,5R)-tetrahydroxycyclohexane are symmetric
derivatives of pantoic acid (Metzler and Metzler, 2003). (1R,2R,5S,6S)-1,2,5,6-Tetrahydroxy-cyclooctane has been
synthesized from a dihydroxyepoxide (Wang et al., 2014). Cis, C20 and C24 DoSymm involve the hypothesis that they
present meso isomers with the indicated rings. Instead, 1(,2f3,3a,4a-1,2,3,4-tetracarboxy-cyclobutane (Griffin et al.,
1961), 1a,2B,30,4B-1,2,3,4-tetracarboxy-cyclobutane (Vellturo and Griffin, 1966), (18,28,30,4a)-1,2,3,4-tetra(4-pyridyl)-
cyclobutane (rctt isomer, a homodimer) and (1B,2a,3B,4a)-1,2,3,4-tetra(4-pyridyl)-cyclobutane (rtct isomer, as
heterodimer) (Kole and Vittal, 2022), are proven DoSymm. Hydroxy groups of cis-inositol have been alternatively replaced
by —OH, —-OAc, -OBz, -CO:H, —-CO:Me, -CO2Bn, —Me, -F, trifluoromethyl (Yu et al.,, 2020). Nine inositols
(hexahydroxycyclohexanes) are known [Pigman, 1957, Finar, 1964], two are C, symm., chiral and enantiomeric, and
seven devoid of optical activity. Of all the latter, only cis-inositol and muco-inositol can be treated as homodimeric meso.
Alternative dimerization of the two enantiomeric halves of cis-inositol gives neo-inositol (Iga, 2024). The latter is a special
molecule: it has a mirror plane of symmetry containing some atoms, hence it is a heterodimer. On the other hand, it has
an axis of symmetry, and when rotated by 180° around this axis, the same structural context is found, that is a feature of
C, symm. compounds. Of this reason neo-inositol (Fig. .5) has to be considered DoSymm. When treated as meso
heterodimer, and its linking support removed, neo-inositol gives another Dosymm. combination, i.e. (13,23,3a,4a)-1,2,3,4-
tetrahydroxy-cyclobutane. allo-Inositol is a homodimer with a mirror plane of symmetry. When its enantiomeric halves are
alternatively dimerized, the symmetry is perturbed and two chiral, C, symm. enantiomers are produced, D-(+)-chiro- and
L-(-)-chiro-inositol. allo Inositol is the only inositol isomer with a typical behavior of meso compound, giving two
enantiomeric C, symm. products, by the alternative dimerization of its halves. Alternative dimerization of the two
enantiomeric halves of muco-inositol, gives another Dosymm combination, scillitol. Hartmann and Steinmetz (1967) have
synthesized two isomers of tetrahydroxy-cyclobutane, and Skrela (2012) prepared 18,283,383,4B-tetrahydroxy-cyclobutane.
Based on these works we have used three such derivatives — 1B,2[,33,4B-1,2,3,4-tetrahydroxycyclobutane, 13,23,3a,4a-
1,2,3,4-tetrahydroxy-cyclobutane, 1a,23,3a,4B-1,2,3,4-tetrahydroxycyclobutane, in our theoretical considerations. Three
DoSymm. oligosaccharides have been mentioned (Fig. .5), that are isomer to three irrechi cyclodextrines. Cyclodextrines
are cyclic oligosaccharides formed of six, seven and eight glucose moieties (Koizumi et al., 1991; Shirashi et al., 1993).
Oligosaccharides indicated in this work contain some non-glycosidic (ether) bonds. However they are natural bonds (Zhao
and Ma, 2016). For Dosymm. structure, see also MF CgHs.
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Figure 7. Real and imaginary DoSymm. compounds.

2.5. ent-Phenomenon and Doublesymmetrical Templates Generating Chemical Entities

Some DoSymm. templates have been elaborated (Fig. 8) based on DoSymm. structures. By these templates,
the number of DoSymm. compounds is limited only by the number of known pairs of enantiomers.
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ent- Is another term for enantiomerism, and it has been discovered by Pasteur (1848) at the level of crystals.
When van’t Hoff (1874) invented chemical models for micro molecular organic molecules, he became aware that the ent-
counterpart of (+)-tartaric acid, that had been discovered by Scheele (1770), was (—)-tartaric acid, without knowing which

Cholest-O, ,O-Cholest
a-D-Glcp-O D-Ala-O, ‘N‘O-D-Ala
1 O-a-L-Glcp Cholest-O_ 1 . O-Cholest
B ent- B@O . L-Ala-O "'O-L-Ala-
holest- 'O-ent-
a-D-Glcp- 3 cholest Cholest ~ ent-Cholest- O-ent-Cholest
-a-L-Glcp DoSymm tetracholesteryl- Di-O-Cholest-di-O-ent-Cholest-
Tetra-glucopyranosyl- ~ cyclohexane di-O-D-Ala-di-O-L-Ala-
cyclobutane (DoSym) cyclododecan (DoSym)

Figure 8. Supersymmetric templates for generation of supersymmetric compounds.

acid to which model should be associated. An important contribution to ent-phenomenon was brought by Kiliani (1886)
and Fischer (1891) when they discovered that the arabinose prepared by chain shortening of glucose was the ent-isomer
of arabinose prepared from sugar beet and other vegetable materials.

ent-Compounds are usually synthetic products which are enantiomers of natural ones. ent-Glucose (L-glucose)
has been synthesized by Fischer (1890) by an isomerization reaction, or from suitable precursors, by two independent
paths (Gal et al., 1979; Johnson et al., 1992). It has been included e.g. in a cerebroside, 1-O-B-L-Glucopyranosyl-N-
palmitoyl-DL-sphingosine, by chemical means. The two enantiomeric 3-deoxyarabinitols have been prepared also
chemically (Boydell et al., 2003). Due to the development of ent-amino acids (D-amino acids) a series of ent-derivatives
have been synthesized: ent-carboline (Deveau et al., 2008), ent-Win 64821 (Overman and Paone, 2001), ent-chaetocin
(lwasa et al., 2010). These combinations facilitate the synthesis of meso isomers: meso-carboline, meso-Win 64821,
meso-chaetocin, etc.

The general principle, that symmetrical joining of two chiral molecules might lead to a C> symm. chemical system,
applies also to lipids. It was shown that when cholesterol, a chiral molecule with eight asymmetric C atoms, is put in the
presence of concentrated sulfuric acid, a dimer, bicholestadiene, is formed, in which cholesterol kept seven asymmetric C
atoms (Rapoport and Raderecht, 1972; Niiya et al., 1980). Bicholestadiene is a veritable C, symm, compound. A dimeric
C, symm. steroid based on a flexible diyne spacer have been synthesized (Valdez-Garcia et al., 2018). On the other
hand, ent-cholesterol has been prepared (Crowder et al., 2001). It might be supposed that if racemic cholesterol is mixed
with sulfuric acid, three types of bicholestadiene are formed, one meso and two C, symm.; and the same applies to
cholesterol diyne dimer. Other ent-steroids — ent-lithocholic, ent-chenodeoxycholic, ent-deoxycholic acid (Katona et al.,
2009; Kristiana et al., 2012) — can serve to different purposes.

Cardiolipin is [bis(1,2-diacyl-sn-3-glycero-phosphoryl)-1,3-glycerol or  bis(sn-3-phosphatidyl)-1,3-glycerol]
(Schlame et al.,, 2005; Schlame, 2008; Kim et al.,, 2011). (In fact, the display of cardiolipin in sn-nomenclature is
paradoxical: no matter how is written glycerol in the middle, it is both sn-1-and sn-3-glycerol-phosphate). By analogy with
other compounds, cardiolipin could be named pseudoasymmetric (Smith and March, 2007) or “pseudo”-C2-symmetric
(Boydell et al., 2003; Linclau et al., 2003; Gao et al., 2011). Our discussion will concern only cardiolipin formed of one or
two types of fatty acids uniformly distributed, or better the product obtained by removing of fatty acids, i. e., [bis(sn-3-
glycerol-phosphoryl)-1,3-glycerol]. It seems a definitive established rule that phospholipids of higher organisms are based
on sn-3-glycerol phosphate. However, a group of archaebacteria contains sn-1-glycerol phosphate (ent-sn-3-glycerol
phosphate) as a core structure for their phospholipids and glycoglycerolipids (Koga et al., 1993; Koga and Morii, 2005).
Hence, one can imagine and synthesize a mixed cardiolipin and polyglycero-phosphate ester containing sn-3- and sn-1-
glycerol phosphate, i. e., [(sn-3-glycerol-phosphoryl)-1-glycerol-3-(sn-1-glycerol-phosphate)]. The latter compounds would
have a meso structure similar to xylitol (Fischer and Stahel, 1891). Synthesis of ent-sphingosine and ent-psychosine
(Parameswar et al., 2010) opened interesting perspectives in sphingolipids. Synthesis of ent-adenosine made possible
the production of meso derivatives of coenzyme A, ostrerine A (Ouyang, 2006) and nucleoside disulfide [9-(5-deoxy-5'-
thio-B-d-xylofuranosyl)adenine disulfide] (Peng et al., 2010). All these pairs of ent-compounds can serve to produce
complex DoSymm. entities.

2.6. Chemistry follows the law of unity and strugle of contrary sides

18,28,3B,4B-1,2,3,4-tetraMecyclobutane (Balaban, 1978; Wieland et al., 1996) has eight mirror planes of
symmetry, identical four by four. Four of them cut only bonds, and they make consider cyclobutane derivative as
homodimer. They should probably have a higher priority than the other four planes cutting atoms and of this reason
considering the cyclobutane derivative as heterodimer. However, we have comparable proofs for both homodimer and
heterodimer. The same is with 1(3,23,3B,48-1,2,3,4-tetra-carboxy-cyclobutane (Luo et al., 2004), (1a,2a,30,40)-
tetrahydroxy-18,283,383,43-tetraMe-cyclobutane (Kahle, 1987), etc. Other meso compounds are indicated exclusively as
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heterodimers by their mirror plane(s) of symmetry — (1S,2R)-1,2-dimethyl cyclopropane (Setser and Rabinovitch, 1962),
(2R,3S)-2,3-diMe-oxirane (Durig et al., 1983), (1a,2a,3p)-triEt-carboxylate-cyclopropane, 3aa (Kozhushkov et al., 2003),
(1B,2a,3B)-1,2,3-triEt-carboxylate-(1a,2,3a)-1,2,3-triCN-cyclopropane (Papa, 1968), norpinic acid (Kerr, 1929), rtct
isomer (Kole and Vittal, 2022), etc.

There are compounds characterized by both, a geometrical and a mirror plane of symmetry: (13,33)-1,3-
dicarboxy-cyclobutane (Allinger and Tushaus, 1965), (1B,3B)-1,3-diMe-cyclobutane-dicarboxylate (Allinger and Tushaus,
1965), (1B,3B)-1,3-diMe-cyclobutane (Allinger and Tushaus, 1965), (1B,4B)-1,4-dicarboxy-cyclohexane (Kricheldorf and
Schwartz, 1987), (1B,58)-1,5-dimethyl-cyclooctane, etc. Mirror plane of symmetry indicate a meso combination, while the
geometrical plane of symmetry indicates its non-meso nature.

As situated in the core of cardiolipin, glycerol-1,3-bisphosphate respects both definitions of sn-nomenclature, as
sn-1 and sn-3 (Schlame et al., 2005; Schlame, 2008; Kim et al., 2011).

2.7. ChH2n2 ALKYNES (ALKADIENES)

Alkynes (alkadienes) isomers can be presented in cyclic (ring) form (Fig. 9), or in open form (Fig. 10).

e 2l 2R 2

(1R,3S)-1,3-DiMe- (1R,3S)-1,3-DiMe- (1B,3B,4B)-1,3,4- (1B,3B,4a)-1,3,4- (1B,3a,4B)-1,3,4-
2-methylene- 2-methylene- TriMe-2-methylene- TriMe-2-methylene- TriMe-2-methylene-
cyclopropane cyclobutane cyclobutane cyclobutane cyclobutane
(meso) (meso) (meso) (meso) (irrechi)

1 %2 1 %2 1] 3

1 3 1 3
3 \<%>/ 3 \{iy/

(1a,3B,4B)-1,3,4- (1R,3S)-1,3-DiMe- (1B,3B.4B)-1,3-DiMe- (1R,3S)-1,3-DiMe- (1B,2B,2a,3B)-1,2,
TriMe-2-methylene- 2-methylene- 4-Et-2-methylene- 2-methylene- 2,3-tetraMe-4-cyclo-
cyclobutane cyclopentane cyclobutane cyclopentane pentene (meso)
(irrechi) (meso) (meso) (meso)

1.3 1.3 \1&3’/
5 4 5. /4

(1R,3S,4S,5R)-1,3,4,5- (1R,3S,4R,5S5)-1,3,4,5-
(1B,3B,5B)-1,3,5- tetraMe-2-methylene- tetraMe-2-methylene-
TriMe-2-methylene- cyclopentane (meso) cyclopentane (meso)
cyclohexane (meso)

Figure 9. Cyclic (ring) CnHzn-2 isomers of alkynes (alkadienes).
-5
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(3R)-1,4-Dien- (3R,4S)-1,5-D|en- (3R,4S)-1,6-Dien- (3B,4B,5B)-3,4,5- (3B.,4B,4a.,5B)-3,4,4,5-
3-Me-hexane 3,4-diMe-hexane 3,5-diMe-heptane TriMe-1,6-Dien- TetraMe-1,6-Dien-

(meso) (meso) heptane (meso)  heptane (meso)
4 5
3 6
25, ~ 1
1 8

(3R,4R,55,6S5)-1,7- (3R,4R,5R,6R)-1,7- (3R,4R,55,6R)-1,7-
Dien-3,4,5,6-tetra- Dien-3,4,5,6-tetra- Dien-3,4,5,6-tetra-
Me-octane- Me-octane- Me-octane-

(meso) (Cysymm.) (irrechi)

Figure 10. Open chain CnHzn-2, alkynes (alkadienes).

Ring form of alkynes (alkadienes). C2-Cs terms are archaic. CsHio, as diMe-methylene-cyclopropane and C7Haz,
as 1,3-diMe-2-methylene-cyclobutane or 1,4-diMe-2-cyclopentene shows one isomer meso and two enantiomeric C»
symm. (Fig. 7). CsHi4, as triMe-methylene-cyclobutane or 1,2,3-triMe-4-cyclopentene show meso and irrechi isomers
(C2 symm. is impossible), while 1,3-diMe-2-methylene-cyclopentane presents one isomer meso and two enantiomeric C,
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symm. For CoHss, irrechi alternative is possible only as 1,3-diMe-4-Et-2-methylene-cyclobutane, while 1,2,2,3-tetraMe-4-
cyclopentene and 1,5-diMe-3-mehylene-cyclohexane allow one isomer meso and two enantiomeric C, symm. CioHis
Permits two irrechi isomers as 1,3,5-triMe-2-mehylene-cyclohexane and two meso tetraMe-2-methylene-cyclopentane.
Every latter compound might generate four C, symm. and four irrechi isomers.

Open form of alkynes (alkadienes). In this case, C2-C7 terms are archaic. However, one isomer of C7Hi2 is
optically active (Fig. .8). Cs and Cg have one isomer meso and two enantiomeric C, symm. The irrechi isomers appear at
Ci1o, and meso and C, symm. at this MF appear as 3,4-diEt-1,5-dien-hexane. The symmetric isomers of MF Ci1Hz20 mimic
Co isomers. Some isomers of MF Ciz2H22 might possess four chiral carbons per molecule, hence they follow the archetype
of linear hexitols.

2.8. CnH2n+10H, Monohydroxylic alcohols

Ci1-Cs Monohydroxylic alcohols are archaic. However, MF C4HsOH has chiral isomers (Fig. .9). Cs Has meso as
(3B,4B,5B)-3,5-DiMe-4-hydroxy-heptane and (3,4a,5B)-3,5-DiMe-4-hydroxy-heptane) and irrechi as (3[3,48,5a)-3,5-DiMe-
4-hydroxy-heptane and (3a,48,58)-3,5-DiMe-4-hydroxy-heptane isomers. Monohydroxylic alcohols have no C, symm.
isomers, hence there is a structural limitation for this type of compounds at monohydroxylic alcohols.

2.9. ChH2n(OH)2, Dihydroxylic alcohols

In the molecule of dihydroxylic alcohols (Fig. 10), the two functional groups can exist on chains of varying
length. On the other hand, they can be vicinal or isolated. In vicinal state, they are easily recognized due especially to
Malaprade reaction, i.e. susceptibility to periodic acid or lead tetraacetate (Malaprade, 1928a, b).

C2-Cs Dihydroxylic alcohols are archaic. C4 Has meso ((2R,3S)-butane diol) and C, symm. ((2R,3R)-butane diol;
(2S,3S)-butane diol) isomers. The same is with Cs-C7, every chain length presents a variety of symmetric isomers. Cs,
Dihydroxy-octane has meso ((2R,3R,4S,5S)-2,5-dihydroxy-3,4-dimethyl-hexane), C, symm. ((2R,3R,4R,5R)-2,5-
dihydroxy-3,4-dimethyl-hexane) and irrechi isomers ((2R,3R,4S,5R)-2,5-dihydroxy-3,4-dimethyl-hexane). Still, C4 allows
the existence of optically active isomers. Cs, as 2,5-dihydroxy-3,4-dimethyl hexane has four chiral carbons hence it might
have an archetype similar to linear hexitols.

it IR IS

)- and (2R)-
2 hydroxybutane (3B,4B,5B)-3,5-DiMe-4- (3B,4a.,5B)-3,5-DiMe-4- (3B,4B,5a)-3,5-DiMe-4- (3a.,4B,5B)-3,5-DiMe-4-
hydroxyheptane hydroxyheptane hydroxyheptane hydroxyheptane
(meso) (meso) (irrechi) (irrechi)

Figure 11. Monohydroxy alcohols.

GRS RIS S SN T

(2R,3S)-Butane  (2R,3R)-Butane (2S,3S)-Butane (2R,3R,4S,55)-2,5- (2R,3S,4R,55)-2,5- (2R,3R,4R,5R)-2,5-

diol (meso) diol (C, symm) diol (C, symm.) Dihydroxy- Dihydroxy- Dihydroxy-

B : 3,4-dimethyl- 3,4-dimethyl- 3,4-dimethyl-

3 4 3 v hexane (meso) hexane (meso) hexane (C, symm.)
Hm—@ -~ OH HO.... @——OH

5 5

1 6 1 6
(2R,3R,4S,5R)-2,5- (2S,3R,4S,5S)-2,5-
Dihydroxy- Dihydroxy-
3,4-dimethyl- 3,4-dimethyl-
hexane (irrechi) hexane (irrechi)

Figure 12. Isomers of dihydroxylic alcohols.

2.10. CnHa2n-1(OH)3, Trihydroxy alcohols
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Cs-C4 Trihydroxylic alcohols are archaic. However, Cs (1,2,3-trihydroxypropane, glycerol) has different ends,
consequently its random oxidation gives two chiral enantiomers, D-glyceraldehyde and L-glyceraldehyde, a property
found by Fischer and Hertz (1892) at galactitol. Still, glycerol is not meso, it can be considered a pro-meso, an ancestor of
meso isomers. In fact, the symmetry of glycerol is considered ambiguous (Hirschmann, 1960); we consider it archaic.
CsHe(OH)3 Gives meso as (283,38,4B)-2,3,4-trihydroxy-pentane and (23,3a,4B)-2,3,4-trihydroxy-pentane and irrechi as
(2B,3B,40)-2,3,4-trihydroxy-pentane and (2a,38,48)-2,3,4-trihydroxy-pentane) (Fig. 11) isomers. Isomers C, symm. are
forbidden for this class of compounds.

OH OH
HO OH OH HO OH OH HO>)\OH HONOH
HO HO o) 4 4 4 X 4

. N\ 1>2)}/ Jﬁ/ 125 1/%s

H H H (2B.3B4B)-2.3, (2B.30.4P)-2,3, (2B,3B4)-2,3, (20.3B,4B)-2.3,

J H 4-Trihydroxy- 4-Trihydroxy- 4-Trihydroxy- 4-Trihydroxy-
O H H pentane pentane pentane pentane
L-Glyceraldehyde ~ Glycerol D-Glyceraldehyde (meso) (Meso) (irrechi) (irrechi)

Figure 13. Trihydroxy alcohols isomers.

2.11. CyH2,0, Carbonylic compounds (Aldehydes and ketones)

C1-Cs Derivatives of aldehydes and ketones are archaic (C1 and C: for aldehydes, Cs for ketones). C4 produces
meso, (2R,3S)-2,3-DiMe-oxirane (Fig. 12) (Durig et al., 1983), and C, symm., (2R,3R)-2,3-DiMe-oxirane (Durig et al.,
1983) isomers. Isomers meso, (2R,3R,4S,5S)-2,3,4,5-tetraMe-THF), C, symm,, (2R,3R,4R,5R)-2,3,4,5-tetraMe-THF) and
irrechi, (2R,3R,4R,5S)-2,3,4,5-tetraMe-THF), are given by CsHi60O. In fact, the latter MF can generate ten isomers with the
same skeleton: two meso, four C; symm. and four constit. This pattern is frequently met at compounds possessing at
least four chiral carbons and symmetric isomers. The discovery of this pattern is due to lineary hexitols (Fischer, 1891).

In the open form, the first meso (3R,5S)-3,5-DiMe-4-keto-heptane and C, symm. (3R,5R)-3,5- DiMe-4-keto-
heptane terms are generated by CoH180, while for the first irrechi Ci3H260 is needed (Fig. .12).

(2R,35)-2,3-DiMe- (2R,3R)-2,3-DiMe- (2R,3R,4S,55)- (2S,3R,4S,5R)- (2R,3R 4R 5R)- (25,3S,4S,55)-
oxirane, Durig ~ oxirane, Durig 2,3,45-Tetra- 23,45-Tetra- 2,3,4,5-Tetra- 2,34,5-Tetra-

etal., 1983 etal., 1983 methyl-THF ~ methyl-THF  methyl-THF  methyl-THF
(meso) (Cy symm.) (meso) (meso) (C, symm.) (Cy symm.)
i i
0 0 3y 4 (s 3y 45
1 7 1 7
(2R,3R,4R,5S)- (2R,35,4S,5S)- (3R,55)-3,5- (3R,5R)-3,5- 1 9
2,3,45-Tetra- 2,3,4,5-Tetra- DiMe-4- DiMe-4- (3R,4R,6S,7R)-
methyl-THF  methyl-THF  Kketo-heptane keto-heptane 3,4,6,7-Tetra-
(irrechi) (irrechi) (meso) (Cosymm.)  methyl-5-
keto-nonane
(irrechi)

Figure 14. Isomers of CnH2nO carbonylic compounds (aldehydes and ketones).

2.12. CyH2,02, Organic acids

C1 And C: are archaic. Cs: Propanoic acid as a constit. mold has a meso (1S,2R)-1,2-dihydroxy-cyclopropane and
C, symm. (1S,2S)-1,2-dihydroxy-cyclopropane isomers (Fig. 13). The three types of molds are exhibited by MF
CeH1202.
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H OH H "OH  12-Dihydroxy- 1,2-Dihydroxy-1,2-Dihydroxy- 1,2-Dihydroxy-
(1S,2R)-1,2-Dihy-  (1S,2S)-1,2-Dihy-  3.4-dimethyl- 3,4-dimethyl- 3,4-dimethyl-  3,4-dimethyl-

droxy-cyclopropane droxy-cyclopropane cyclobutane cyclobutane  cyclobutane  cyclobutane
(meso) (C, symm.) (C, symm.) (Cysymm.)  (Czsymm.) (C, symm.)

OH HQ, OH HOQ,

HO. ) OH HO 5 ~\\\OH HO 2 OH HQ, 2 2 \EZKOH
1 T, 1, ;Eg ng ANE 0 s
7l 4 4 4 4 4

(1R,2S,3S,4R)- (1R,2R,3S,4R) (1S,2S,3S4R)- (1R,2_S,3R,4R)- (1R,2$,35,4S)— (1R,2$,3R,4S)-
1,2-Dihydroxy- 1,2-Dihydroxy- 1,2-Dihydroxy- 1,2-D_|hydroxy- 1,2-D_|hydroxy- 1,2-D_|hydroxy-
3,4-dimethyl-  3,4-dimethyl-  3,4-dimethyl- 3,4-dimethyl- 3,4-dimethyl- 3,4-dimethyl-
cyclobutane cyclobutane cyclobutane  cyclobutane  cyclobutane  cyclobutane

564 (meso) (irrechi) (irrechi) (irrechi) (irrechi) (meso)

565 Figure 15. The three types of molds exhibited by organic acids.

566

567  2.13. MF CgHg, Phenylacetylene; MF CgHs, Vinylbenzene

568

569 Phenylacetylene, CsHs, is a good example of a compound that in spite of its highly oxidated state is able to

570 present meso and C, symm. isomers (Fig. .14). No wonder that a compound relatively richer in hydrogen, CsgHs,
571  vinylbenzene, would produce a larger pattern of meso, C, symm., and even irrechi isomers. It presents also linear and
572 cyclic constit. isomers. Borden et al., (1979) synthesized an interesting tricyclo compound. The latter could present a
573 meso isomer.

574
f
Wy ] H H ) /
1 2 1 2 1 2
CgHe, Phenyl  CgHe, 24.6-Triyn- - CgHg, (1B,2B)-  CgHe, (1B.20)-  CgHe, (1a,2B)-  CgHg, Vinyl
acetylene octane (constit) 1,2-Diacetylene- 1,2-Diacetylene- 1,2-Diacetylene- benzene
(constit) 3-methylene- 3-methylene- 3-methylene- (constit)
cyclopropane cyclopropane cyclopropane
(meso) (C, symm.) (Cy symm.)
I W I w
1 WA 1462
- W T 2 H A\
CgHg, 1,3-Diyn- CgHg, 1-En-3- CgHg, 1-Methy|- CgHg, (1ﬁ,2ﬁ,3ﬁ)- CgHg, (1[5,2a,3ﬁ)-
7-en-octane methyl-4,6-diyn  1,3-dien-5-acetylen- 1,2-Diacetylen-  1,2-Diacetylen-
(constit) heptane (constit) cyclopentane 3-methyl- 3-methyl-
(constit.) cyclopropane cyclopropane
(meso) (irrechi)
W N L, N 22 N oz
1 2
1 1 1
CgHg, 1p-Acety- CgHg, (IR,2S)- CgHg, (IR,2R)- CgHg, (18,25)- CeHs, anti-Tricyclo  CgHg, meso
lene-2B-vinyl-3- 1,2-Diacetylen- 1,2-Diacetylen- 1,2-Diacetylen- [4.2.0.0>%]octa-3.7-  Isomer of anti-
methylene- cyclobutane  cyclobutane cyclobutane  diene, Borden tricyclo[4.2.0.
cyclopropane  (Meso) (C, symm.) (Cosymm.)  etal, 1979 0*°Jocta-3.7-
c7e (irrechi) (DoSymm.) diene

576 Figure 16. Isomers of phenylacetylene and vinyl benzene, CgHs.
577
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4. CONCLUSION

The time has probably arrived for a tentative systematization of the micro molecular organic compounds, natural
or synthetic. In this paper the key criterion for this task are the symmetry and form of molecules, within a new proposal of
a chapter of physical chemical sciences, chemical morphology. Seeing a great part of chemistry as a sum of independent
multitudes generated by molecular formulas (MFs), is a relatively novel vision in chemistry. The groups of isomers of
natural and synthetic micro molecular organic compounds are unique, spectacular, magnificent multitudes,

A general search in chemistry and physics, for a dual system, led us to the enantiomorphism, in spite of its
unnaturalness in chemistry. Of this reason, we have adopted meso compounds, defined in physical chemical terms, as
the reference ones. Our tentative in fact has been to demonstrate that chemistry is a dualistic science.

REFERENCES

Ali, A. A., Mohamed, M. H., Kamel, M. S., Fouad, M. A., & Spring, O. (1998). Studies on Securigera securidacea (L.) Deg.
et Dorfl. (Fabaceae) seeds, an antidiabetic Egyptian folk medicine. Pharmazie 53(10), 710-715.
https://www.researchgate.net/publication/13474959;

Allinger N. L., & Tushaus, L. A. J. Org. Chem. 30, (1965). 1945-1951. Conformational Analysis. XLIll. Stereochemical
Studies in the Cyclobutane Ring System.

Anderson, P. J. (1965). Oxidation of 3-deoxyxylitol by L-iditol dehydrogenase. Biochim, Biophys. Acta, 110(3), 627-629.
Annunziato, G., Pieroni, M., Benoni, R.. Campanini, B., Pertinhez, T. A., & Pecchini, C. et al., (2016). Cyclopropane-1,2-
dicarboxylic acids as new tools for the biophysical investigation of O-acetylserine sulfhydrylases by fluorimetric methods
and saturation transfer difference (STD) NMR. Journal of Enzyme Inhibition and Medicinal Chemistry, 31, sup4, 78-87.
Avogadro, A. (1811). Essai de déterminer les masses relatives des molécules élémentaires des corps, et les proportions
dans lesquelles elles entrent dans ces combinaisons. J. Phys. Chim., 73, 58-76.

Balaban, A. T. (1976). Chemical Applications of Graph Theory. Balaban, ed., Academic Press, London.

Balaban, A. T. (1978). Chemical Graphs. XXXII. Constitutional and Steric Isomers of Substituted Cycloalkanes. Croatica
Chemica Acta, CCACAA 51 (1) 35-42.

Bijvoet, J. M., Peerdemann, A. F., & van Bommel, A. J. (1951). Determination of the absolute configuration of optically
active compounds by means of X-rays. Nature, 168, 271-272.

Borden, W. T., Young, S. D., Frost, D. C., Westwood, N. P. C., & Jorgensen, W. L. (1979). Photoelectron spectra of the
1,2,5,6-tetramethyl-3,4,7,8-tetramethylene derivatives of tricyclo[3.3.0.02,6]octane and tricyclo[4.2.0.02,5]octane. J. Org.
Chem., 44(5), 737-740.

Borthwick, A. D. (2012), 2,5-Diketopiperazines: Synthesis, Reactions, Medicinal Chemistry, and Bioactive Natural
Products. Chem. Rev., 112, 3641-3716.

Boydell, A. J., Jeffery, M. J., Burkstummer, E., & Linclau, B. (2003). Short Synthesis of Enantiopure C2-Symmetric 1,2:4,5-
Diepoxypentane and “Pseudo”Cz-Symmetric 3-Azido-1,2:4,5-diepoxypentane from Arabitol. J. Org. Chem., 68 (21), 8252-
8255.

Burk, M. J., Gross, M. F., Harper, T. G. P., Kalberg, C. S., Lee, J. R., & Martinez, J. P. (1996). Asymmetric catalytic routes
to chiral building blocks of medicinal interest. Pure & Appl. Chern., 68(1), 37-44.

Butlerov, A. M. (1867-1868). Lehrbuch der organischen Chemie zur Einflhrung in das specielle studium
derselben, 4 pts., Leipzig.



UNDER PEER REVI EW

637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696
697

Cahn, R. S., Ingold, C. K., & Prelog, V. (1966). Specification of molecular chirality. Angew. Chem. Int. Ed. Eng., 5, 385-
415.

Canham, S. M., Hafensteiner, B. D., Lebsack, A. D., May-Dracka, T. L., Nam, S., Stearns, B. A., & Overman, L. E. (2015).
Stereocontrolled enantioselective total synthesis of the [2+2] quadrigemine alkaloids. Tetrahedron, 71, 6424-6436.
Cannizzaro, S. (1858). Sketch of a Course of Chemical Philosophy Given in the Royal University of Genoa. Il Nuovo
Cimento 7, 321-366.

Collins, P. M. (2006). Dictionary of Carbohydrates. Edited by P. M. Collins. Second Edition. Chapman & Hall/CRC, Taylor
& Francis Group, Boca Raton, London, New York.

Crowder, C. M., Westover, E. J., Kumar, A. S., Ostlund, R. E., Jr., & Covey, D. F. (2001). Enantiospecificity of Cholesterol
Function in Vivo. J. Biol. Chem., 276, 44369-44372.

Cui, H., Xu, B., Wu, T., Xu, J., Yuan, Y., & Gu, Q. (2014). Potential Antiviral Lignans from the Roots of Saururus chinensis
with Activity against Epstein—Barr Virus Lytic Replication. J. Nat. Prod., 77, 100-110.

Dang, T. P. & Kagan, H. B. (1971). The asymmetric synthesis of hydratropic acid and amino-acids by homogeneous
catalytic hydrogenation. J. Chem. Soc. Chem. Commun., 481-481.

DePuy, C. H., Fuenfschilling, P. C., Andrist A. H., & Olson, J. M. (1977). Stereochemistry of the electrophilic ring opening
of cyclopropanes. 2. Reaction of cis- and trans-1,2,3-trimethylcyclopropane with deuterium(1+) ion. J. Am. Chem. Soc. 99,
6297-6303.

Deveau, A. M., Costa, N. E., Joshi, E. M., & Macdonald, T. L. (2008). Synthesis of diketopiperazine-based carboline
homodimers and in vitro growth inhibition of human carcinomas. Bioorg. Med. Chem. Lett., 18(12), 3522-3525.

Durig, J. R., Nease, A. B., & Rizzolo, J. J. (1983). Vibrational spectra and torsional analyses of cis-2,3-dimethyloxirane
and trans-2,3-dimethyloxirane. Journal of Molecular Structure, 95, 59-84.

Fang, J.-M., Lee, C.-K., & Cheng, Y.-S. (1992). Lignans from Leaves of Juniperus chinensis. Phytochemistry 31(10),
3659-3661.

Finar, I. L. (1964). Organic Chemistry. Vol 2, Longmans Green and Co Ltd London.

Fischer, E. (1890). Ueber die optischen Isomeren des Traubenzuckers, der Gluconsaure und der Zuckerséure. Ber. Deut.
Chem. Ges. 23, 2611-2624.

Fischer, E. (1891). Ueber d. und i. Mannozuckersaure. Ber. deut. chem. Ges. 24, 539-546.

Fischer, E. (1891). Ueber die Configuration des Traubenzuckers und seiner Isomeren. Ber. deut. chem. Ges. 24, 1836-
1845.

Fischer, E. (1891). Ueber die Configuration des Traubenzuckers und seiner Isomeren. Il. Ber. deut. chem. Ges. 24, 2683-
2687.

Fischer, E. (1893). Ueber Adonit, einen neuen Pentit. Ber. deut. chem. Ges. 26(1), 633-639.

Fischer, E. (1894). Synthesen in der Zuckergruppe Il. Ber. Deut. Chem. Ges. 27, 3189-3232.

Fischer, E. (1896). Configuration der Weinsaure. Ber. Deut. Chem. Ges. 29, 1377-1383.

Fischer, E., & Bromberg, O. (1896). Ueber eine neue Pentonsdure und Pentose. Ber. Deut. Chem. Ges., 29(1), 581-585.
Fischer, E., & Fay, I. W. (1895). Ueber Idonsaure, Idose, Idit und Idozuckersdure. Ber. Deut. Chem. Ges. 28(2), 1975-
1983.

Fischer, E., & Hertz, J. (1892). Reduction der Schleimsaure. Ber. Deut. Chem. Ges. 25 1247-1261.

Fischer, E., & Hirschberger, J. (1888). Ueber Mannose. Ber. Deut. Chem. Ges. 21(1), 1805-1809.

Fischer, E., & Hirschberger, J. (1889). Ueber Mannose. Il. Ber. Deut. Chem. Ges. 22(1), 365-376.

Fischer, E., & Hirschberger, J. (1889). Ueber Mannose. lll. Ber. Deut. Chem. Ges. 22(1), 1155-1156.

Fischer, E., & Hirschberger, J. (1889). Ueber Mannose. IV. Ber. Deut. Chem. Ges. 22(2), 3218-3224.

Fischer, E., & Passmore, F. (1889). Bildung von Acrose aus Formaldehyd. Ber. Deut. Chem. Ges., 22(1), 359-361.
Fischer, E., & Stahel, E. (1891). Zur Kenntniss der Xylose. Ber. Deut. Chem. Ges. 24(1), 528-539.

Fletcher, Jr., H. G., & Hudson, C. S. (1947). 1,5-Anhydro-xylitol. J. Am. Chem. Soc. 69, 921-924.

Fonseca, S. F., Barata, L. E. S., Ruveda, E. A., & Baker, P. M. (1979). 13C nuclear magnetic resonance spectral and
conformational analysis of naturally occurring tetrahydrofuran lignans. Can. J. Chem., 57, 441-443.

Fujita, S. (2006). Sphericities of cycles. What Polya’s theorem is deficient in for sterecisomer enumeration, Croat. Chem.
Acta, 79, 411-427.

Fujita, S. (2007). Alkanes as stereoisomers. Enumeration by the combination of two dichotomies for three-dimensional
trees. MATCH Commun. Math. Comput. Chem. 57, 299-340.

Fujita, S. (2007). Enumeration of alkanes as stereoisomers. MATCH Commun. Math. Comput. Chem. 57, 265-298.

Fujita, S. (2016). Chirality and RS-Stereogenicity as Two Kinds of Handedness. Their Auftheben by Fuijita's Stereoisogram
Approach for Giving New Insights into Classification of Isomers. Bull. Chem. Soc. Jpn., 89, 987-1017.

Fujita, S. (2016). Half-Century Journey from Synthetic Organic Chemistry to Mathematical Stereochemistry through
Chemoinformatics. Iranian Journal of Mathematical Chemistry, 7(2), 155-221.

Gal, A. E., Pentchev, P. G., Massey J. M., & Brady, R. O. (1979). L-Glucosylceramide: synthesis, properties and
resistance to catabolism by glucocerebrosidase in vitro. Proc. Natl. Acad. Sci. U.S.A., 76, 3083-3086.

Gao, X., Han, H., & Krische, M. J. (2011). Direct Generation of Acyclic Polypropionate Stereopolyads via Double
Diastereo- and Enantioselective Iridium-Catalyzed Crotylation of 1,3-Diols: Beyond Stepwise Carbonyl Addition in
Polyketide Construction. J. Am. Chem. Soc., 133, 12795-12800.


https://www.sciencedirect.com/journal/journal-of-molecular-structure
https://www.sciencedirect.com/journal/journal-of-molecular-structure/vol/95/suppl/C

UNDER PEER REVI EW

698
699
700
701
702
703
704
705
706
707
708
709
710
711
712
713
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744
745
746
747
748
749
750
751
752
753
754
755
756
757

Gerberich, H. R., & Walters, W. D. (1961). The Thermal Decomposition of cis-1,2-Dimethylcyclobutane. J. Am. Chem.
Soc. 83, 3935-3939.

Ghosh, A. K., Mathivanan, P., & Cappiello, J. (1998). C2-Symmetric chiral bis(oxazoline)-metal complexes in catalytic
asymmetric synthesis. Tetrahedron Asymmetry, 9(1), 1-45.

Griffin, G. W., Vellturo A. F., & Furukawa, K. (1961). The Chemistry of Photodimers of Maleic and Fumaric Acid
Derivatives. |. Dimethyl Fumarate Dimer. J. Am. Chem. Soc., 83, 2725-2728.

Hann, R. M., Ness, A. T., & Hudson, C. S. (1944). 2,4:3,5-Dimethylene-D,L-xylitol and 2,4-methylene-xylitol. J. Am. Chem.
Soc. 66, 670-673,

Hartmann, W., & Steinmetz, R. (1967). Photosensibilisierte C4-Cycloadditionen mit Vinylencarbonat. Chem. Ber., 100(1),
217-222.

He, S.-H., Yi, S.-X., & Men, J. (2011). Crystal structure of 1,4-dibutoxy-2,5-diethynylbenzene, CigH2202. Z. Kristallogr.
NCS, 226, 371-372.

Hirschmann, H. (1960). The Nature of Substrate Asymmetry in Stereoselective Reactions. J. Biol. Chem., 235(10), 2762-
2767.

Hoffmann, R. W. (2003). meso Compounds: Stepchildren or Favored Children of Stereoselective Synthesis? Angew.
Chem., Int. Ed., 42, 1096-1109.

Hoffmann, R., & Laszlo, P. (1991). Representation in Chemistry. Angew. Chem. 30, 1-16.

lga, D. P. I. (2024). Meso Compounds Systematization — A Chemical Paradox among Inositols and a Group of Super-
symmetric Combinations. Asian Journal of Research in Biochemistry 14(3), 34-49. Article no.AJRB.115365

Iga, D. P., (2018). Basic Principles of the Strategy Concerning the Elucidation of Configuration of Chiral Centers of Linear
Isomeric Aldohexoses. Found. Chem., 20(1), 31-41. DOI 10.1007/s10698-017-9292-5

Ikuno, Y., Maoka, T., Shimizu, M., Komori, T., & Matsuno, T. (1985). Direct diastereomeric resolution of carotenoids. Il. All
ten stereoisomers of tunaxanthin (g,e-carotene-3,3’-diol). J. Chromatogr., 328, 387-391.

Ikuno, Y., Shimizu, M., Koshino, Y., Maoka, T., & Matsuno, T. (1985). Stereochemical investigation of carotenoids from
yellow-tail rockfish Sebastes flavidus. Bull. Jap. Soc, Sci. Fish., 51, 2033-2035.

Ishii, H., Sakurada, E., (nee Kawanabe), Furukawa, T., Koseki, C., Ogata, K., Koseki, N., Ishikawa, T., & Harayama, T.
(1991). Photochemistry  of  2-(3,4,5-trimethoxyphenyl)-4-(3,4-methylenedioxyphenyl)-4-oxo-2-butenonitrile (B-
cyanochalcone): anomalous dimerization through isomerization in the solid state. Chem. Pharm. Bull. 39(8), 2173-2175.
Iwasa, E., Hamashima, Y., Fujishiro, S., Higuchi, E., Ito, A., Yoshida, M., & Sodeoka, M. (2010). Total Synthesis of (+)-
Chaetocin and its Analogues: Their Histone Methyltransferase G9a Inhibitory Activity. J. Am. Chem. Soc. 132, 4078-4079.
Jager, V., & Wehner, V. (1989). 2-O-Benzylglyceraldehyde: a synthetic building block available in both enantiomeric forms
configurationally stable owing to rapid oligomerization. Angew. Chem. Int. Ed. Engl. 28, 469-470.

Johnson, C. R., Golebiowski, A., & Steensma, D. H. (1992). Enzymatic Asymmetrization in Organic Media: Synthesis of
Unnatural Glucose from Cycloheptatriene. J. Am. Chem. Soc., 114, 9414-9418.

Kagan, H. B., Dang, T. P. (1972). Asymmetric Catalytic Reduction with Transition Metal Complexes. I. A Catalytic System
of Rhodium (I) with (-)-2,3-(9-Isopropylidene-2,3-dihydroxy-1,4-bis(diphenylphosphino) butane, a New Chiral
Diphosphine. J. Am. Chem. Soc. 94, 6429-6433.

Kahle, C. F., Il, (1987). Synthesis and use of a tetradentate ligand with C4v symmetry: 7a,2a,3a,4a-tetrahydroxy-
18,288, 3B,4B-tetramethylcyclobutane. University of lllinois at Urbana-Champaign, Ph.D., Order Number 8721670.

Katona, B. W., Anant, S., Covey, D. F., & Stenson, W. F. (2009). Characterization of Enantiomeric Bile Acid-induced
Apoptosis in Colon Cancer Cell Lines. J. Biol. Chem. 284(5), 3354-3364,

Kerr, C. A. (1929). Synthesis of Cyclobutane Acids. I. Norpinic Acid. J. Chem. Soc., 51, 614-619,

Kiliani, H. (1885). Ueber das Cyanhydrin der Lavulose. Ber. deut. chem. Ges. 18, 3066-3072.

Kiliani, H. (1886). Ueber die Constitution der sogenannten Kohlenhydrate. Ber. deut. chem. Ges. 19, 3029-3036.

Kiliani, H. (1887). Ueber die Einwirkung von Natrium-amalgam auf Arabinose. Ber. Deut. Chem. Ges. 20, 1233-1235.
Kiliani, H. (1887). Ueber die Zusammensetzung und Constitution der Arabinosecarbonsaure bezw. der Arabinose. Ber.
Deut. Chem. Ges. 20, 339-346.

Kim, J., Minkler, P. E., Salomon, R. G., Anderson, V. E., & Hoppel, C. L. (2011). Cardiolipin: characterization of distinct
oxidized molecular species. J. Lipid Res., 52(1), 125-135.

Klyne, W., & Buckingham, J. (1978). Atlas of Stereochemistry, Absolute Configurations of Organic Molecules, Vol. 1,
Chapman and Hall Ltd., Second edition, London.

Koga, Y., & Morii H. (2005) Recent Advances in Structural Research on Ether Lipids from Archaea Including Comparative
and Physiological Aspects. Bioscience, Biotechnology, and Biochemistry, 69, 11, 2019-2034.

Koga, Y., Nishihara, M., Morii, H., & Akagawa Matsushita, M. (1993). Ether polar lipids of methanogenic bacteria:
structures, comparative aspects, and biosynthesis. Microbiol. Rev., 57, 164-182.

Koizumi, K., Okada, Y., Fujimoto, E., Takagi, Y., Ishigami, H., Hara, K., & Hashimoto, H. (1991). Separation and
characterization of three positional isomers of Dimaltosyl-cyclomaltoheptaose (Dimaltosyl-B-cyclodextrin). Chemical and
Pharmaceutical Bulletin, 39(8), 2143-2145.

Kole, G. K., & Vittal, J. J. (2022). Isomerization of cyclobutane ligands in the solid state and solution. Journal of the Indian
Chemical Society, 99(9), 100630.



UNDER PEER REVI EW

758
759
760
761
762
763
764
765
766
767
768
769
770
771
772
773
774
775
776
77
778
779
780
781
782
783
784
785
786
787
788
789
790
791
792
793
794
795
796
797
798
799
800
801
802
803
804
805
806
807
808
809
810
811
812
813
814
815
816
817
818

Kozhushkov, S. I., Leonov, A., de Meijere, A. (2003). Simple Large-Scale Preparation of 1,2,3-Tris-Acceptor Substituted
Cyclopropanes. Synthesis (6), 0956-0958.

Kricheldorf, H. R., & Schwarz, G. (1987). New polymer syntheses, 17. Cis/trans isomerism of 1,4-cyclohexanedicarboxylic
acid in crystalline, liquid-crystalline and amorphous polyesters. Makromol. Chem., 188, 1281-1294.

Kristiana, 1., Luu, W., Stevenson, J., Cartland, S., Jessup, W., Belani, J. D., Rychnovsky, S. D., & Brown, A. J. (2012).
Cholesterol through the Looking Glass. Ability of its enantiomer also to elicit homeostatic responses. J. Biol. Chem.,
287(40), 33897-33904.

Laine, R. A. (1994). Invited Commentary: A calculation of all possible oligosaccharide isomers both branched and linear
yields 1.05 x 1012 structures for a reducing hexasaccharide: the Isomer Barrier to development of single-method
saccharide sequencing or synthesis systems. Glycobiology, 4(6), 759-767.

Le Bel, J. A. (1874). Sur les relations qui existent entre les formules atomiques des corps organique et le pouvoir rotatoire
de leurs dissolutions. Bull. Soc. Chim. Fr. 22, 337-347.

Lee, S. M., Li, X. F., Jiang, H., Cheng, J. G., Seong, S., Choi, H. D., & Son, B. W. (2003). Terreusinone, a novel UV-A
protecting dipyrrologuinone from the marine algicolous fungus Aspergillus terreus. Tetrahedron Lett., 44, 7707-7710.
Lenta, B. N., Chouna, J. R., Nkeng-Efouet, P. A., & Sewald, N. (2015). Endiandric Acid Derivatives and Other Constituents
of Plants from the Genera Beilschmiedia and Endiandra (Lauraceae). Biomolecules 5, 910-942.

Levinton, J. S. (1992). The big bang of animal evolution. Sci. Am. 267(5), 84-91,

Liebig, J. (1823). Sur I'Argent et le Mercure fulminans. Ann. Chim. Phys., 24, 294-317.

Linclau, B., Boydell, A. J., Clarke, P. J., Horan, R., & Jaequet, C. (2003). Efficient desymmetrization of “pseudo”-C2-
symmetric substrates: illustration in the synthesis of a disubstituted butenolide from arabitol. J. Org. Chem., 68, 1821-
1826.

Luo, J., Jiang, F., Wang, R., & Hong, M. (2004). The first cyclobutane-1,2,3,4-tetracarboxylate containing metal
coordination polymer with three-dimensional framework. Inorganic Chemistry Communications, 7(5), 638-642.

Magnuson, S. R. (1995). Two-Directional synthesis and its use in natural product synthesis.Tetrahedron 51, 2167-2213.
Malaprade, L. (1928). Action des polyalcools sur I'acide périodique. Application analytique. Bull. Soc. Chim. Fr. 43, 683-
696.

Malaprade, L. (1928). Oxydation de quelques polyalcools par I'acide périodique. Applications. Compt. Rend. Acad. Sci.
186, 382-384.

Mamidi, N., Gorai, S., Mukherjee R., & Manna, D. (2012). Development of diacyltetrol lipids as activators for the C1
domain of protein kinase C. Mol. BioSyst. DOI: 10.1039/c2mb05452¢c

McAuliffe, O., Ross, R.P. & Hill, C. (2001). Lantibiotics: structure, biosynthesis and mode of action. FEMS Microbiol. Rev.,
25, 285-308.

McMurry, J. (2008). Organic Chemistry, Thomson Learning, London.

Metzler, D. E., Metzler, C. M. (2003). Biochemistry: the chemical reactions of living cells. Elsevier, Amsterdam

Nicolaou, K. C., & Gray, D. L. F. (2004). Total Synthesis of Hybocarpone and Analogues Thereof. A Facile Dimerization of
Naphthazarins to Pentacyclic Systems. J. Am. Chem. Soc., 126, 607-612.

Niiya, T., Goto, Y., Ono, Y., & Ueda, Y. (1980). Study on the Correspondence of Color Change with Polyenyl Cation
Formation of Cholesterol in Strong Acids. Chem. Pharm. Bull., 28(6), 1747-1761.

Oka, J., Ueda, K., Hayaishi, O., Komura, H., & Nakanishi, K. (1984). ADP-Ribosyl protein lyase. Purification, properties,
and identification of the product. J. Biol. Chem. 259(2), 986-995.

Ouyang, M. A. (2006). A new adenosyl-alkaloid from Ostrea rivularis. Nat. Prod. Res., 20(1), 79-83.

Overman, L. E., & Paone, D. V. (2001). Enantioselective Total Syntheses of Ditryptophenaline and ent-WIN 64821. J. Am.
Chem. Soc., 123 (38), 9465-9467.

Papa, A. J. (1968). Reaction of triethyl trans-1,2,3-tricyanocylopropane-1,2,3-tricarboxylate with base. Formation of a
substituted cyclopropane anion radical. J. Org. Chem., 33, 2532-2534.

Parameswar, A. R., Hawkins, J. A., Mydock, L. K., Sands, M. S., & Demchenko, A. V. (2010). Consise synthesis of the
unnatural sphingosine and psychosine enantiomer. Eur. J. Org. Chem., (17), 3269-3274. doi:10.1002/ejoc.201000024
Pasteur, L. (1848). Memoire sur la relation qui peut exister entre la forme cristalline et la composition chimique, et sur la
cause de la polarisation rotatoire. Compt. rend. 26, 535-538.

Pasteur, L. (1853). Sur la transformation des acides tartriques en acide racémique. Découverte de I'acide tartrique inactif.
Nouvelle méthode de séparation de I'acide racémique en acides tartriques droit et gauche. C. R. Séances Acad. Sci. 37,
162-166.

Peng, C., Gunaherath, G. M. K. B., Piggott, A. M., Khalil, Z., Conte, M., & Capon, R. (2010) 9-(5'-Deoxy-5"-thio-B-d-
xylofuranosyl)adenine Disulfide from the Southern Australian Marine Sponge Trachycladus laevispirulifer: the First Natural
Occurrence of a Nucleoside Disulfide. Australian Journal of Chemistry, 63(6), 873-876.

Pfaltz, A. (1993). Chiral Semicorrins and Related Nitrogen Heterocycles as Ligands in Asymmetric Catalysis. Acc. Chem.
Res., 26, 339-345.

Pfaltz, A. (1996). Design of Chiral Ligands for Asymmetric Catalysis: from C2-Symmetric Semicorrins and Bisoxazolines to
Non-Symmetric Phosphinooxazolines. Acta Chemica Scandinavica, 50, 189-194.

Pfaltz, A., & Drury lll, W. J. (2004). Design of chiral ligands for asymmetric catalysis: From C2-symmetric P,P- and N,N-
ligands to sterically and electronically nonsymmetrical P,N-ligands. Proc. Natl. Acad. Sci. USA 101(16), 5723-5726.



UNDER PEER REVI EW

819
820
821
822
823
824
825
826
827
828
829
830
831
832
833
834
835
836
837
838
839
840
841
842
843
844
845
846
847
848
849
850
851
852
853
854
855
856
857
858
859
860
861
862
863
864
865
866
867
868
869
870
871
872
873
874
875
876
877
878

Pigman, W., ed., (1957). The Carbohydrates: Chemistry, Biochemistry, Physiology. Academic Press, New York.

Pélya, G. (1937). Kombinatorische Anzahlbestimmungen fiir Gruppen, Graphen und chemische Verbindungen. Acta Math.
68, 145-254.

Rapoport, S. M., & Raderecht, H.-J. (1972). Physiologisch-chemisches Praktikum. VEB Verlag Volk Und Gesundheit,
Berlin, 290-291.

Reusch, W. (2011). Virtual textbook of organic chemistry. Department of Chemistry, Michigan State University. East
Lansing, Michigan.

Robinson, R. W., Harary, F., & Balaban A. T. (1976). The Numbers of Chiral and Achiral Alkanes and Monosubstituted
Alkanes. Tetrahedron, 32, 355-361.

Rosanoff, M. A. (1906). On Fischer's Classification of Stereo-Isomers. J. Am. Chem. Soc. 28, 114-121.

Saleem, M., Ali, M. S., Hussain, S., Jabbar, A., Ashraf, M., & Lee, Y. S. (2007). Marine natural products of fungal origin.
Nat. Prod. Rep., 24, 1142-1152.

Scheele, 1770: Svedberg, G. (2012). 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, IVA. Kaigan AB, Stockholm, Sweden.

Schlame, M. 2008. Cardiolipin synthesis for the assembly of bacterial and mitochondrial membranes. J. Lipid Res., 49,
1607-1620.

Schlame, M., Ren, M., Xu, Y., Greenberg, M. L., & Haller, I. (2005). Molecular symmetry in mitochondrial cardiolipins.
Chemistry and Physics of Lipids, 138(1-2), 38-49.

Schmidt, R. R. (1986). New methods for the synthesis of glycosides and oligosaccharides—are there alternatives to the
Koenigs-Knorr method? Angew. Chem. Int. Edn Engl, 25, 212-235.

Setser, D. W., & Rabinovitch, B. S. (1962). Singlet Methylene From Thermal Decomposition Of Diazomethane.
Unimolecular Reactions Of Chemically Activated Cyclopropane And Dimethylcyclopropane Molecules. Can. J. Chem., 40,
1425-1451.

Shirashi, T., Hiraiwa, M., & Uda, Y. (1993). Effects of cyclodextrins on the hydrolysis of ganglioside GM1 by acid beta-
galactosidases. Glycoconjugate Journal, 10, 170-174.

Skrela, B. C. (2012). Synthesis and Coordination Chemistry of New Multidentate Ligands for Applications in Olefin
Polymerization and Dinitrogen Activation. A Thesis Submitted to the Faculty of Graduate Studies in Partial Fulfilment of
the Requirements, for the Degree of Master of Science Graduate Program in Chemistry, York University, Toronto,
Ontario, August 2012.

Smith, M. B., & March, J. (2007). March’s Advanced Organic Chemistry: Reactions, Mechanisms, and Structure, Sixth
Edition, Wiley, New York.

Spirkin, A. (1990). Fundamentals of Philosophy, Moscow: Progress Publishers.

Su, W.-Y., G.-Y. Hou, Q.-X. Yin and L.-N. Zhou, Acta Cryst. (2008). E64, 02128. Bis(1-methyl-1-phenylethyl) peroxide.
Sugahara, T., Yamauchi, S., Kondo, A., Ohno, F., Tominaga, S., Nakashima, Y., Kishida, T., Akiyama, K., & Maruyama,
M. (2007). First stereoselective synthesis of meso-secoisolariciresinol and comparison of its biological activity with (+) and
(-)-secoisolariciresinol. Biosci. Biotechnol. Biochem., 71, 2962-2968.

Suzuki, T., & Shapiro, S. (2009). Structure-Activity Relationships for Receptor Binding of Environmental
Estrogens : Analogies with b-Cyclodextrin Inclusion Complexes. Journal of Toyo University, Natural Science, No. 53, 9-32
Toth, M., Helmchen, G., Leikauf, U., Sziraki, Gy., Szocs, G. (1989). Behavioral Activity of optical isomers of 5,9-
dimethylheptadecane, the sex pheromone of Leucoptera scitella L. (Lepidoptera: Lyonetidae). Journal of Chemical
Ecology, 15(5), 1535-1543.

Valdez-Garcia, R. M., Alarcon-Manjarrez, C., Arcos-Ramos, R., Flores-Alamo, M., & Iglesias-Arteaga, M. A. (2018).
Synthesis and characterization of dimeric steroids based on 5-0x0-4,5-seco-yne units linked by a diyne spacer. Arkivoc
part iv, 13-22.

van't Hoff, J. H. (1874). 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. 9, 445-454.

Vellturo, A. F., & Griffin, G. W. (1966). Electrolytic Oxidation of Cyclobutane-1,3-dicarboxylic Acids. An Electrochemical
Synthesis of 2,4-Dicarbomethoxybicyclobutane. J. Org. Chem., 31, 2241-2244.,

Vickery, H. B. (1957). Assignment of D L prefixes to the tartaric acids. J. Chem. Educ. 34, 339-341.

Vickery, H. B., & Schmidt, C. L. A. (1931). The history of the discovery of the amino acids. Chem Rev. 9, 169-318.

Wang, M., Feng, M., Tang, B., & Jiang, X. (2014). Recent advances of desymmetrization protocol applied in natural
product total synthesis. Tetrahedron Letters 55, 7147-7155.

Wefelscheid, U. K., Bridgam, I., Hartl H., & Reif3ig, H.-U. (2007). Crystal structure of (85*,9S*,13S* 14R* 17S*)-estra-
1(10),2,4,6-tetraene-14,17-diol monohydrate, CisH2202 - H20. Z. Kristallogr., NCS, 222, 467-468.

Wheeler, H. J., & Tollens, B. (1889). Ueber die Xylose oder der Holzzucker, eine zweite Penta-Glycose. Liebigs Ann.
Chem., 254(3), 304-320.

Wieland, T., Kerber, A., & Laue, R. (1996). Principles of the Generation of Constitutional and Configurational Isomers. J.
Chem. Inf. Comput. Sci. 36, 413-419.



UNDER PEER REVI EW

879
880
881
882
883
884
885
886
887
888
889
890
891

Wislicenus, J. (1888) Ueber die Lage der Atome in Raume. Antwort auf W. Lossen’s Frage. Ber. Deutsch. Chem. Ges. 21,
581-585.

Wohl, A., Momber, Fr. (1917). Die sterische Beziehung zwischen Glycerinaldehyd und Weinséure. Ber. deut. chem. Ges.
50, 455-462.

Wohler, F. (1828). Ueber kiinstliche Bildung des Harnstoffs. Annalen der Physik 88(2), 253-256.,

Wolfrom, M. L., & Schumacher, J. N. (1955). The Action of Alkali on D-Fructose. J. Am. Chem. Soc. 77(12), 3318-3323.
Yamamura, S., Niwa, M., Yukimasa, T., & Nonoyama M. (1982). The isolation and structures of novel neolignans and
neosesquilignans from Heterotropa takaoi M. nm, heterotropan. Bull. Chem. Soc. Jpn. 55, 3573-3579.

Yu, C., Kitt, A., Rdschenthaler, G.-V., Lebl, T., Cordes, D. B., Slawin, A. M. Z., Buhl, M., & O’Hagan, D. (2020). Janus
Face All-cis 1,2,4,5-tetrakis(trifluoromethyl)- and All-cis 1,2,3,4,5,6-hexakis(trifluoromethyl)- cyclohexanes. Angew. Chem.
Int. Ed. 59, 19905-19909.

Zhao, J., & Ma, J.-S. (2016). Phytochemicals and Biological Activities of the Genus Cinnamomum. J. Pharmac.
Phytochem., 4 (1), 27-34.



