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Abstract

The concept of prochirality is defined to discuss inorganic stereochemistry on the ba-
sis of enantiosphericity, which has been developed as a purely geometric formulation for
organic stereochemistry (S. Fujita, J. Am. Chem. Soc., 112, 3390-3397 (1990); S. Fu-
jita, “Symmetry and Combinatorial Enumeration in Chemistry”, Springer-Verlag, Berlin-
Heidelberg (1991)). In addition, the concept of pro-RS-stereogenicity is defined to discuss
inorganic stereochemistry on the basis of RS-enantiotropicity (S. Fujita, J. Math. Chem., 33,
113-143 (2003); S. Fujita, Tetrahedron, 62, 691-705 (2006)). These concepts are applied
to the discussion on intramolecular features of octahedral complexes. Alternatively, the ste-
reoisogram approach for organic stereochemistry (S. Fujita, J. Org. Chem., 69, 3158-3165
(2004); S. Fujita, Tetrahedron, 60, 11629-11638 (2004)) is extended to discuss prochiral-
ity and pro-RS-stereogenicity of octahedral complexes in inorganic stereochemistry. After
octahedral complexes are categorized into five types (Types I-V) by means of stereoiso-
grams, stereoisograms for testifying prochirality and pro-RS-stereogenicity are proposed as
alternative devices, which are an extension of the counterparts developed originally for the
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symmetry criterion in organic stereochemistry (S. Fujita, J. Comput. Aided Chem., 10, 76—
95 (2009)). The relational terms enantiotopic and RS-diastereotopic are introduced to make
the symmetry criterion effective. Thereby, pro-A/pro-C-descriptors are concluded to be
based on an RS-diastereotopic relationship. The further concept of pro-ortho-stereogenicity
is proposed to rationalize intramolecular (in)equivalency of proligands, which cannot be
characterized by pro-A/pro-C-descriptors.

1 Introduction

The concept of “prochirality” was originally introduced by Hanson [1] to rationalize pro-R/pro-
S-descriptors for organic molecules. Although such pro-R/pro-S-descriptors are useful to char-
acterize stereoisomeric features, the original intention of characterizing geometrical properties
by pro-R/pro-S-descriptors have proven futile, as pointed out in convincing discussions by Mis-
low and Siegel [2]. Although the term prochirality is recommended to be used in a purely
geometric meaning apart from the terms “prostereoisomerism” and “prostereogenic centers’”
[2], the practical usage of these terms is confused even now, because the relationship between
prochirality and “prostereoisomerism”(or “prostereogenic centers”) has not fully defined, as
found in the explanation of the term “prochirality” in the IUPAC Recommendations 1996 [3].
The confusing situations have unconsciously continued and have been reinforced by explana-
tions adopted in reviews [4, Section 3] and textbooks [5, Chapter 8]. In particular, the terms
“enantiotopic” and “diastereotopic” have been misleadingly lumped together under the term
“stereoheterotopic” in order to make the usage of “prochiral” and “prostereogenic” consistent
[4, Subsection 3.4], just as enantiomers and diastereomers are both called stereoisomers in an
oversimplified fashion (cf. [6]).

The conventional concept of “prochirality” has been applied to coordination compounds [7]
to rationalize their intramolecular properties and pro-A/pro-C-descriptors, where the terminol-
ogy developed for organic stereochemistry has been simply applied to coordination compounds
of inorganic stereochemistry. This means that the confusing situations pointed out in organic
stereochemistry have been brought into inorganic stereochemistry.

We have recently discussed the confusing situations concerning “prochirality” and related
concepts from a viewpoint of the stereoisogram approach [8]. As a result, we have pointed out
that the conventional terminology should be entirely reconsidered to restructure stereochemis-
try, as quoted below with additional items:

1. The term “prochirality” of the pro-R/pro-S system should be abandoned in the same way
as the transmuted term “chirality” of the CIP system should be abandoned. In other
words, the theoretical framework to be developed should define a term prochirality by
starting from the term chirality of a purely geometric meaning [9, 10].

2. The term “‘prostereogenicity” or “prostereoisomerism” of the pro-R/pro-S system and the
term “stereogenicity” for giving RS-stereodescriptors of the CIP system should be aban-
doned. Instead, the newly-developed theoretical framework will define pro-RS-stereo-
genicity by starting from RS-stereogenicity, which has recently been developed [11-14].

3. The terms “enantiotopic”, “diastereotopic”, and “stereoheterotopic’ should be abandoned
to support the pro-R/pro-S system, just as the terms “enantiomeric”, “diastereomeric”,
and “stereogenic” for supporting RS-stereodescriptors of the CIP system should be aban-
doned. In particular, the term enantiotopic will be used only to explain geometric aspects
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apart from the pro-R/pro-S system, while the newly-defined term RS-diastereotopic will
be used to support the pro-R/pro-S system. On a similar line, the term enantiomeric will
be used only to explain geometric aspects apart from the CIP system, while the newly-
defined term RS-diastereomeric will be used to support RS-stereodescriptors of the CIP
system (cf. Parts I and II of this series for C/A-descriptors of inorganic stereochemistry).

4. The use of the term ‘“stereoheterotopic” should be entirely ceased to support the pro-
R/pro-S system. Thereby, the dichotomy between enantiotopic and “diastereotopic” (for
the term “stereoheterotopic”) will be abandoned. The related terms such as “stereohetero-
topism” or “‘stereoheterotopicity” [15, 16] for supporting the pro-R/pro-S system will be
also abandoned.

5. The transmuted term “enantiotopic” [5, page 1198] (and [17, page 238] for inorganic ste-
reochemistry) should be abandoned. The term enantiotopic will be used in a purely geo-
metric meaning.

6. The term chirotopic introduced by Mislow and Siegel [2] does not differentiate a local site
of a chiral molecule from that of an achiral molecule, so that additional concepts (e.g.,
the term enantiotopic defined purely geometrically [18] or the transmuted term “enan-
tiotopic” [5, page 1198] & [17, page 238]) are necessary to define the term prochiral.
In contrast, the terms concerning sphericities (homospheric, enantiospheric, and hemi-
spheric) are able to define the concept of prochirality directly [19, 20] and to be applied
to combinatorial enumerations [9, 10]. It follows that the use of the terms concerning
sphericities are recommended.

7. In addition, a theoretical framework to be developed should explain the difference be-
tween the newly-defined prochirality (geometrically) and pro-RS-stereogenicity, just as it
should explain the difference between chirality (geometrically) and RS-stereogenicity.

8. As such a theoretical framework, the stereoisogram approach has been introduced for
organic stereochemistry [11-13] and for inorganic stereochemistry (cf. Parts I and II of
this series). This approach should be extended to rationalize the concept of prochirality
and related concepts.

The purposes of this article is to clarify that the concepts of sphericities [9, 19] and ste-
reoisograms [11-13] are valid and useful in inorganic stereochemistry, just as they are valid
and useful in organic stereochemistry targeted originally. First, by using octahedral complexes,
we show that the concept of prochirality is able to be discussed in a purely geometrical fash-
ion, i.e., without pro-A/pro-C-descriptors based on the attributive terms “prostereogenicity” and
“prostereoisomerism” as well as without the relational terms “enantiotopic”, “diastereotopic”,
and “stereoheterotopic”. The crux is the concept of sphericity, which has been originally in-
troduced to comprehend organic stereochemistry [9, 19]. Second, we shows that pro-A/pro-
C-descriptors are determined by the concept of pro-RS-stereogenicity (not by the concept of
prochirality). Third, the relational terms enantiotopic and RS-diastereotopic are defined by
means of stereoisograms introduced in Parts I and II of this series. Thereby, we shows that the
conventional terminology should be replaced as enumerated above.
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2 Prochirality

2.1 Prochirality by the Concept of Sphericities
2.1.1 Terminology

In this article, the term prochirality is used in a purely geometric meaning according to a mono-
graph we have published [9, Chapter 10]. A set of equivalent proligands in a promolecule con-
structs an orbit governed by a coset representation G(/G;), where the point group G represents
the global symmetry of the promolecule and the point group G; represents the local symmetry
of each member (each proligand) of the orbit. The group G; is a subgroup of G, where the
degree of the coset representation G(/G;), i.e., |G|/|Gil, is equal to the size of the orbit, i.e.,
the number of the equivalent proligands. The terms concerning sphericities of orbits are defined
as follows [9, 19]:

Definition 1 (Sphericities)
The orbit is defined as being homospheric if both G and G; are achiral; as being enantio-
spheric if G is achiral and G; is chiral; or as being hemispheric if both G and G; are chiral.

It should be noted that the term chirotopic (or achirotopic) is concerned with a ligand (or a
site) in a molecule [2], where the term represents the local symmetry of the ligand (or the site)
without referring the global symmetry so that the number of ligands equivalent to the ligand at
issue is not be taken into consideration. It follows that the term chirotopic is presumed to be
used in combination with a relational term enantiotopic.

In contrast, the terms of sphericities (Def. 1) are more informative, because they are based
on the coset representations G(/G;), which provide us with many pieces of information on
equivalent (pro)ligands, e.g., the number of equivalent proligands in the orbit (|G|/|G|). In
addition to such qualitative applications as discussions on prochirality (cf. Def.1), they support
quantitative applications such as combinatorial enumerations of isomers [9, 10].

The term prochiral is defined on the basis of the term enantiospheric as follows [9, 19, 20]:

Definition 2 (Prochirality)
The term prochiral is used to refer to such an enantiospheric orbit. In an extended meaning,
the term prochiral is used to refer to a promolecule having such an enantiospheric orbit [20].

Thus, the term prochiral is an attributive term to characterize the nature of the orbit or of the
promolecule, which is linked to an enantiospheric orbit [21, 22].

An enantiospheric orbit governed by G(/G;) is divided into two halves under chiral envi-
ronments, where each half has the size of |G|/2|G;|. The relationship between the two halves
is defined as follows [9, 19, 23]:

Definition 3 (Enantiotopic Relationships)

The relationship between such two halves as generated from an enantiospheric orbit is re-
ferred to as an enantiotopic relationship. The two halves in the enantiospheric orbit are referred
to as being enantiotopic to each other.

This definition of the term enantiotopic is purely geometric and concerned with two or more (an
even number of) members, which are divided into two halves contained in the enantiospheric
orbit. The enantiotopic relationship due to Def. 3 is essentially equivalent to the original defi-
nition of the term enantiotopic by Mislow and Raban [18], except that the original definition is



-579-

concerned with the relationship between only two ligands, while Def. 3 is concerned with two
halves of an even-membered orbit. The term “enantiotopic” of the conventional stereochemistry
[5, page 1198] is also restricted to the relationship between only two ligands, where the original
geometric meaning has been transmuted to have an inconsistent connotation, as described above

[8].

2.1.2 Illustrative Examples

Octahedral Complexes with Achiral Proligands Only Let us examine octahedral com-
plexes with [Majbcde], where the letters a, b, ¢, d, and e represent achiral proligands and the
letter M represents a central metal atom. The number of stereoisomers has been reported to
be 9, where there appear six enantiomeric pairs of Cj-promolecules and three C-promolecules
[24]. The latter achiral promolecules are illustrated in Fig. 1, where a central metal atom and
coordination bonds are omitted, but hypothetical edges are added for sake of easy recognition.

c d c
ZIN N N

AT A Nl e
NNZ Na 7 \i\c{/
e, (A 6
1(Cy, Type IV)*t 2 (C,, Type IV)*t 3 (C,, Type IV)*t
C,[/Ci(az);4/Cqs(b,c,d,e)] Cs[/Ci(a2);4/Cs(b,c,d,e)]  Cs[/Ci(az);4/Cs(b,c,d,e)]
0C-6-14 0C-6-13 0C-6-15

Figure 1: Achiral octahedral complexes with [Mabcde], where the point-group symmetry, the
stereoisogram type, the SCR notation, and the configuration index are assigned to each complex.
Each configuration index stems from the CIP priority: a > b > ¢ > d > e. A complex with an
asterisk is prochiral, while a complex with a double dagger is pro-RS-stereogenic.

The six substitution sites of a octahedral skeleton construct an orbit governed by the coset
representation Oy, (/Ca,). The derivations of the octahedral complexes illustrated in Fig. 1 are
characterized by subductions of the coset representation (SCR) according to Table 3 of [24]:

Oh(/c4v) l Cx = Cs(/Cl) +4C.S'(/Cx)~ (1)

Each octahedral complex depicted in Fig. 1 is derived by placing a set of achiral proligands
(2a, b, ¢, d, and e) in accord with the SCR shown in Eq. 1. For example, the complex 1 of the
C,-symmetry is generated by placing a, on the two-membered C(/C))-orbit as well as each of
achiral proligands (b, ¢, d, and e) on a one-membered C;(/Cy)-orbit. This mode of substitutions
is represented by the SCR notation [25], i.e., Cs[/C(az);4/Cs(b,c,d,e)], which is commonly
assigned to all of the complexes shown in Fig. 1.

The coset representation Cy(/Cy) is enantiospheric in terms of Def. 1, because the global
symmetry C; is achiral and the local symmetry C; is chiral. According to Def. 2, the orbit of
ap in 1 (or in 2 or in 3) is concluded to be prochiral because of enantiosphericity. Hence, the
promolecules 1, 2, and 3 are regarded as being prochiral. The relationship between the two
proligand a, in 1 (or 2 or 3) is enantiotopic according to Def. 3.

Let us next examine octahedral complexes with [Maybscd], where the letters a, b, ¢, and
d represent achiral proligands and the letter M represents a central metal atom. The num-
ber of stereoisomers has been reported to be 6, where there appear two enantiomeric pairs of



-580-

b a b o
\ \ \ \
W N W W
N e N e NS N g
N N4 a7 N
d, b, 4 b
4(Cy. Type I) 4(Cy. Typel) 5(Cy, Type 1) 5(Cy. Type 1)
C,[6/Ci(2a,2b,c,d)] C,[6/Cy(2a,2b,c,d)] C,[6/Ci(2a,2b,c,d)] C,[6/Ci(2a,2b,c,d)]
0C-6-32-A f 0C-6-32-C 0C-6-42-A i 0C-6-42-C
/ a\' / b\I / C\] / C\I
2b//?/c\ a//‘{/l\ 3a//?7§ 3a//—77&
N —a N e X J b Nyl —a
A N Ny 1 N
afa 6 6 6
6 (C,, Type IV)*1 7 (Cy, Type IV)*1 8 (C, Type IV)*} 9 (Cy,, Type IV)
Cy[/Ci(a2);4/Cs(2b,c,d)]  Cs[/C1(ba);4/Cs(2a,c,d)]  CL2/Ci(az,by);2/Clc,d)]  Cay[Cs(az): Ci(b2);2/Cay(c,d)]
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Figure 2: Octahedral complexes with [Maxbscd], where the point-group symmetry, the ste-
reoisogram type, the SCR notation, and the configuration index (with the A/C-descriptor) are
assigned to each complex. A complex with an asterisk is prochiral, while a complex with a dou-
ble dagger is pro-RS-stereogenic. An underbrace with a dagger indicates a pair of enantiomers,
while a simple underbrace indicates a pair of RS-diastereomers.

C-promolecules, two C,-promolecules, one Cj-promolecules, and one Cs,-promolecule [24].
They are illustrated in Fig. 2.

The six substitution sites of a octahedral skeleton construct an orbit governed by the coset
representation Oy, (/Cs,), the derivations of the octahedral complexes illustrated in Fig. 2 are
characterized by subductions of the coset representation (SCR) according to Table 3 of [24]:

0,(/C4) | C; = 6Ci(/Cy) @)
Oh(/C4v) l C = Cs(/cl) +4CS(/CS) 3)
04(/Cay) | €y = 2C{(/C1) +2C((/CY) e
04(/Ca) L Cay = Cou(/Cs) + Cau(/C5) +2C2y(/Cay), (%)

Each octahedral complex depicted in Fig. 2 is derived by placing a set of achiral proligands (2a,
2b, ¢, and d) in accord with one of the SCR listed in Egs. 2 to 5. For example, the complex
6 belonging to the point group C; is generated by placing a; on a two-membered C;(/Cj)-
orbit and four achiral proligands (2b, ¢, and d) on respective one-membered C(/Cy)-orbits in
accord with Eq. 3. This mode of substitutions is represented by the SCR notation [25], i.e.,
C,[/Ci(a2);4/Cs(2b,c,d)].

Among the coset representations appearing in the right-hand sides of these equations, the
coset representations C;(/C) and C}(/C,) are enantiospheric in terms of Def. 1, because the
global symmetry C; or C} is achiral and the local symmetry Cy is chiral.

According to Def. 2, the orbit of a; in 6, the orbit of b, in 7, and the orbit of a, (or by) in 8
are concluded to be prochiral because of enantiosphericity. Hence, the promolecules 6, 7, and 8
are regarded as being prochiral. The relationship between the two proligand a, in 6 (or between
b, in 7 or between a; (or by) in 8) is enantiotopic according to Def. 3.
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Figure 3: Octahedral complexes with [Mazbcd], where the point-group symmetry, the stereoiso-
gram type, the SCR notation, and the configuration index (with the A/C-descriptor) are assigned
to each complex. A complex with an asterisk is prochiral, while a complex with a double dag-
ger is pro-RS-stereogenic. An underbrace with a dagger indicates a pair of enantiomers, while
a simple underbrace indicates a pair of RS-diastereomers.

Let us examine octahedral complexes with [Mazbcd], where the letters a, b, ¢, and d repre-
sent achiral proligands and the letter M represents a central metal atom. The number of stereo-
isomers has been reported to be 4, where there appear one enantiomeric pair of C;-promolecules
and three Cg-promolecules [24]. They are illustrated in Fig. 3.

Each octahedral complex depicted in Fig. 3 is derived by placing a set of achiral proligands
(3a, b, ¢, and d) in accord with one of the SCR listed in Eq. 3. For example, 11 (Cy) is generated
by placing a, on the two-membered C;(/C)-orbit as well as each of achiral proligands (a, b,
¢, and d) on the one-membered C,(/C;)-orbit. This mode of substitutions is represented by
the SCR notation [25], i.e., Cs[/C)(a2);4/Cs(a,b,c,d)], where the three a’s are divided into the
two a’s of the C(/Cy)-orbit and the one ‘a’ of the C(/Cj)-orbit.

According to Def. 2, the orbit of a; in 11 (or 12 or 13) is concluded to be prochiral because
of its enantiosphericity. Hence, the promolecules 11, 12, and 13 are regarded as being prochiral.
The relationship between the two proligand a, in each orbit is enantiotopic according to Def. 3.

Let us examine octahedral complexes with [Masb,c|, where the letters a, b, and ¢ represent
achiral proligands and the letter M represents a central metal atom. The number of stereoiso-
mers has been reported to be 3, where there appear one C-promolecule, one C;-promolecule,
and one Cy,-promolecule [24]. They are illustrated in Fig. 4.

Each octahedral complex depicted in Fig. 4 is derived by placing a set of achiral proligands
(3a, b, ¢, and d) in accord with one of the SCR listed in Egs. 3-5. These modes of substitutions
are represented by the SCR notations [25], which are collected in Fig. 4.

According to Def. 2, the orbits of a; and of b, in 14 (or the orbit of a, of 15) are concluded
to be prochiral because of their enantiosphericity. Hence, the promolecules 14 and 15 are re-
garded as being prochiral. The relationship between the two proligand a; (or by) in each orbit
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Figure 4: Octahedral complexes with [Masbsc], where the point-group symmetry, the stereoiso-
gram type, the SCR notation, and the configuration index are assigned to each complex. A com-
plex with an asterisk is prochiral, while a complex with a double dagger is pro-RS-stereogenic.

is enantiotopic according to Def. 3.

It should be noted that the proligand ‘a’ on the vertex 1 of 14 belongs to the one-membered
C.(/C.)-orbit and different geometrically from the proligands a, in the two-membered enan-
tiospheric orbit (on vertices 2 and 3). This is recognized by examining the structure of 14 or by
glimpsing the SCR notation attached below the structure.

Octahedral Complexes with Chiral and Achiral Proligands Let us examine octahedral
complexes with [Mabepp], where the letters a, b, and ¢ represent achiral proligands, the letters
p and p represent promolecules of an enantiomeric pair in isolation (when detached), and the
letter M represents a central metal atom. The number of stereoisomers has been reported to be
10, where there appear five enantiomeric pairs of C-promolecules three Cs-promolecule, and
two C}-promolecule [24]. Among these octahedral complexes, five achiral promolecules are
illustrated in Fig. 5.

Each octahedral complex depicted in Fig. 5 is derived by placing a set of achiral proligands
(2a, b, ¢, and p/p) in accord with the SCRs listed in Egs. 3 and 4, as indicated by the SCR nota-
tions listed below the compound numbers. Because all of these octahedral complexes (17-21)
has a pair of p and p which belongs to a two-membered enantiospheric orbit (Def. 1), they are
concluded to be prochiral (Def. 2). This means that a chiral reagent is capable of differentiat-
ing between p and p to generate a pair of enantiomeric complexes, although an achiral reagent
cannot differentiate between p and p. This type of prochirality exhibits the geometrically same
situation as the above-mentioned prochirality concerning achiral proligands only (cf. Figs. 1-4).

In addition, the C}-promolecule 20 (or 21) has another enantiospheric orbit containing a,
which can be discussed on a similar way to the enantiospheric orbit containing p/p. Geomet-
rically speaking, there is no reason to differentiate the enantiosphericity of the orbit of achiral
proligands a; from the enantiosphericity of the orbit of chiral proligands p/p.

From the geometric point of view, the two a’s of 17-19 belong to one-membered orbits
separately (cf. their SCR notations), so that they are so inequivalent to be attacked selectively
even by achiral reagents. This means that only geometric consideration (viz. without assign-
ing pro-A/pro-C-descriptors or even without considering pro-RS-stereogenicity or pro-ortho-
stereogenicity) is sufficient to discuss reactivities of the complexes 17-19.

Moreover, discussions on “prochirality” and “prostereogenicity” on the basis of the conven-
tional terminology are misleading in most cases of inorganic stereochemistry:

1. Because p and p are not “homomorphic” according to the conventional definition (e.g.,
[5, page 1200] & [17, page 238]), they are not in an “enantiotopic” relationship, if we
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Figure 5: Achiral octahedral complexes with [Ma,bcepp|, where the point-group symmetry, the
stereoisogram type, the SCR notation, and the configuration index are assigned to each com-
plex. A complex with an asterisk is prochiral. A simple underbrace indicates a pair of RS-
diastereomers.

obey the transmuted term “‘enantiotopic” (e.g., [5, page 1198] & [17, page 238]). Hence,
the prochiralities of the octahedral complexes (17-19) are not detected in terms of the con-
ventional stereochemistry, because the definition of “prochirality” is accordingly trans-
muted (e.g., [5, page 1204] & [17, page 240]).

2. In contrast, the prochiralities of the octahedral complexes (20 and 21) are detected in
terms of the conventional stereochemistry, because a, are “homomorphic” according to
the conventional definition (e.g., [5, page 1200] & [17, page 238]) so that they are re-
garded as being in an “enantiotopic” relationship (e.g., [5, page 1198] & [17, page 238]).
Geometrically speaking, however, there is no reason to ignore the prochiralities of 17-19.

3 Pro-RS-Stereogenicity

We have originally introduced the concept of tropicities in order to discuss global/local permuta-
tional-group symmetry [26], where the three terms, i.e., homotropic, enantiotropic, and hemitro-
pic, were coined to characterize prostereogenicity (Note that the suffix “tropic” for the attribu-
tive terms should be differentiated from the suffix “topic” for the relational terms). However,
the concept of tropicities has limitations, because the RS-permutation group is required to be
identical with the stereogenic group. This means that the original concept of tropicities is useful
mainly to tetrahedral derivatives. Later, the concept of tropicities has been restricted to a the-
oretically meaningful subconcept, i.e., the concept of RS-tropicities [27], where more definite
terms RS-homotropic, RS-enantiotropic, and RS-hemitropic were coined to characterize pro-
RS-stereogenicity. More strictly speaking, the concept of RS-tropicities should be restricted to
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discussions within a stereoisogram. Hence, it has limitations for the purpose of discussing octa-
hedral complexes, because each complex is characterized by a multiplet of stereoisograms (cf.
Part IT of this series). In spite of such limitations, the concept of RS-tropicities will be briefly in-
troduced here in order to go further to demonstrate complicated cases of pro-RS-stereogenicity
or prostereogenicity.

3.1 Pro-RS-Stereogenicity by RS-Tropicities
3.1.1 Terminology

According to Part I of this series, we take account of the RS-permutation group Oj, which
corresponds to the point group Oy,. Subgroups of the RS-permutation group Oy are categorized
into RS-stereogenic groups and RS-astereogenic groups, just as subgroup of the point group Oy,
are categorized into chiral and achiral groups.

Let G be an RS-permutation group corresponding to the point group G, where the groups
G and G concurrently but independently act on a skeleton (e.g., an octahedral skeleton in the
present article). A set of equivalent proligands in a promolecule constructs an orbit governed
by a coset representation G(/G;), where the subgroup G; corresponds to G; without changing
ligand chirality. The degree of the coset representation G(/G;), i.e., |G|/|G.], is equal to the size
of the orbit, i.e., the number of the equivalent proligands. The terms concerning RS-tropicities
of orbits are defined as follows [27]:

Definition 4 (RS-Tropicity)

The orbit is defined as being RS-homotropic if both G and G; are RS-astereogenic; as being
RS-enantiotropic if G is RS-astereogenic and G; is RS-stereogenic; or as being RS-hemitropic
if both G and G; are RS-stereogenic.

The term pro-RS-stereogenic is defined on the basis of the attributive term RS-enantiotropic
as follows [27]:

Definition 5 (Pro-RS-stereogenicity)

The term pro-RS-stereogenic is used to refer to such an RS-enantiotropic orbit. In an ex-
tended meaning, the term pro-RS-stereogenic is used to refer to a promolecule having such an
RS-enantiotropic orbit [27].

Thus, the term pro-RS-stereogenic is an attributive term to characterize the nature of the orbit
or of the promolecule, which is linked to an RS-enantiotropic orbit [27].

An enantiotropic orbit governed by G( / (},-) is divided into two halves under RS-stereogenic
environments (i.e., with no ligand permutations), where each half has the size of |G|/2|G;|. The
relationship between the two halves is defined as follows [27]:

Definition 6 (RS-Diastereotopic Relationships)

The relationship between such two halves as generated from an RS-enantiotropic orbit is
referred to as an RS-diastereotopic relationship. The two halves in the RS-enantiotropic orbit
are referred to as being RS-diastereotopic to each other.

Thus, this definition of the term RS-diastereotopic is independent to geometric operations, so
that the terms RS-diastereotopic and enantiotopic are independent to each other. In contrast,
the term “diastereotopic” of the conventional stereochemistry is dependent to the term “enan-
tiotopic”, as pointed out above [8].
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3.1.2 [Illustrative Examples

Octahedral Complexes with Achiral Proligands Only When we take account of achiral
proligands only, the results shown in Figs. 1-4 can be easily transformed into the formats for
characterizing pro-RS-stereogenicity. For example, the data of Fig. 1 (the achiral octahedral
complexes with [Maybcde]) provide us with the corresponding data as follows:

1 (G, TypeIV): Cs[/C(a);4/Cs(b,c,d,e)] (6)
2 (C;,TypeIV):l: CS[/Cl(az);4/cs(b,c,d,e)] 7
3 (Cy,TypeIV)i Cy[/Ci(a2);4/Cs(b,c,d,e)], (®)

where the SCR notations are extended to specify the packing of proligands in accord with RS-
tropicities. Thereby, each orbit corresponding to the coset representation C,(/Cy ) is determined
to be RS-enantiotropic, so as to accommodate two achiral ligands a, of the same kind. In other
words, an enantiospheric orbit governed by C4(/C;) (or C}(/Cy)) is regarded to be superposed
on an RS-enantiotropic orbit governed by Cy(/Cy). In a similar way, an enantiospheric orbit
governed by Cy(/C;) (or C,(/Cy)) of each octahedral complex shown in Figs. 2-4 is regarded
to be superposed on an RS-enantiotropic orbit governed by Cs( /Cy), as denoted by a double
dagger.

Octahedral Complexes with Chiral and Achiral Proligands Among the achiral octahedral
complexes shown in Fig. 5, the promolecule 17 is pro-RS-stereogenic, because of the following
RS-enantiotropicity:

17 (C%Typelv)i éﬂ[/cl (az),4/ég(b,c7p,]§)] (9)

Hence, the two proligands a’s accommodated in the Cs(/C})-orbit (a two-membered RS-
enantiotropic orbit) of 17 belong separately to one-membered orbits governed by C;(/C;) in a
purely geometric meaning (i.e. according to the point-group symmetry).

On the other hand, the two proligands a’s in each of 18-21 require a more elaborate treat-
ment, which will be discussed in Section 5 after the introduction of stereoisograms for testifying
prochirality and pro-RS-stereogenicity.

4 Stereoisograms for Testifying Prochirality and
Pro-RS-Stereogenicity

As discussed independently in the preceding subsections, the concept of prochirality (Subsec-
tion 2.1) and the concept of pro-RS-stereogenicity (Subsection 3.1) are independent to each
other, just as the concept of chirality and the concept of RS-stereogenicity are independent to
each other (cf. Part I of this series). However, the concept of prochirality and the concept of pro-
RS-stereogenicity interact, just as the concept of chirality and the concept of RS-stereogenicity
interact. The interaction between the concept of chirality and the concept of RS-stereogenicity
has been discussed by means of stereoisograms, as found in Part I of this series for octahedral
complexes.

In addition to the criteria based on orbits (cf. Subsections 2.1 and 3.1), three types of
criteria based on stereoisograms have been developed to determine prochirality and pro-RS-
stereogenicity in organic stereochemistry, i.e., the substitution criterion [28], the membership
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criterion [27, 28], and the symmetry criterion [29]. They are capable of arriving at equivalent
results in organic stereochemistry as well as in inorganic stereochemistry.

In this section, we discuss transformation of stereoisograms in order to integrate the con-
cept of prochirality (Subsection 2.1) and the concept of pro-RS-stereogenicity (Subsection 3.1).
Among the three types of criteria based on stereoisograms, we adopt the symmetry criterion
[29], which is applied to octahedral complexes selected as candidates of showing prochirality
or pro-RS-stereogenicity.

4.1 Three Topic Relationships and Related Attributes

The conventional stereochemistry lacks the attributive terms for characterizing orbits (e.g., Defs.
1,2, 4, and 5). Instead, the conventional terminology has depended on relational terms such as
the transmuted term “enantiotopic” (e.g., [5, page 1198] & [17, page 238]) and the related terms
such as “diastereotopic” and “stereoheterotopic” [4, Subsection 3.4]. To avoid the confusing
situations due to the conventional terminology, we use the relational terms reported previously
[29], which have been described in Defs. 3 and 6 and are summarized in Table 1.

Table 1: Three topic relationships and the corresponding attributes, which are characterized by
stereoisograms for testifying prochirality and/or pro-RS-stereogenicity [29].

symbol relationship attribute attribute for an orbit

(Concerned with reflections @)
~—@— enantiotopic [Def. 3] prochiral [Def. 2] enantiospheric [Def. 1]
—o— (self-enantiotopic) - -

(Concerned with RS-permutations o)
~O— RS-diastereotopic [Def. 6] pro-RS-stereogenic [Def. 5] RS-enantiotropic [Def. 4]
—o— (self-RS-diastereotopic) - -

(Concerned with ligand reflections e)
PEPE (holantitopic)® (proscleral)? =)
—e— (self-holantimeric)® - -

¢ The term holantitopic and related terms do not appear in usual situations.

According to the stereoisogram approach [11-13], a quadruplet of RS-stereoisomers is char-
acterized by a stereoisogram, which is categorized into one of the five types, i.e., Type I (the
stereoisogram index [—, —,a]), Type II ([—,a, —]), Type Il ([—, —, —]), Type IV ([a,a,a]), and
Type V ([a,—, —]), as described in Part I of this series. Thereby, the concept of prochirality is
concerned with conversion processes from achiral promolecules (Type VI [a,a,a] and Type V
[a,—,—]) into chiral promolecules (Type I [-,—,a], Il [~,a,—], and Il [-,—, —]), where their
features are rationalized by examining the vertical C-axes of stereoisograms. On the other
hand, the concept of pro-RS-stereogenicity is concerned with conversion processes from RS-
astereogenic promolecules (Type II [—,a,—] and IV [a,a,a]) into RS-stereogenic promolecules
(Type I [—,=,a], I [-,—,—], and V [a,—,—]), where their features are rationalized by exam-
ining the horizontal S-axes of stereoisograms. Note that boldfaced letters changed from a to —
indicate clues for exhibiting prochirality or pro-RS-stereogenicity.
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Figure 6: Reference stereoisogram for characterizing an octahedral skeleton. This stereoiso-
gram is tentatively drawn as Type III.

The symmetry criterion adopts enantiotopic and/or RS-diastereotopic relationships by using
stereoisograms testifying prochirality and/or pro-RS-stereogenicity [29]. These relational terms
used in combination with stereoisograms provide us diagrammatically with definite results in
equal ways to the rather abstract criteria based on orbits (cf. Subsections 2.1 and 3.1).

To exemplify the symmetry criterion, we derive such stereoisograms from a reference ste-
reoisogram shown in Fig. 6, where the central metal atom is omitted and the numbering of
vertices of 22 is tentatively selected without losing generality. According to Part I of this series,
the conversion of 22 into its enantiomeric skeleton 22 along the vertical C-axis (Chirality-axis)
is conducted by the reflection (1 6)(2)(3)(4)(5), where each number with an overbar repre-
sents the reflection of ligand chirality. The conversion of 22 into its RS-diastereomeric skeleton
23 along the horizontal S-axis (RS-Stereogenicity-axis) is conducted by the RS-permutation
(16)(2)(3)(4)(5), where each number without an overbar represents no reflection of ligand
chirality. The conversion of 22 into its holantimeric skeleton 23 (along the diagonal direction)
is conducted by the ligand reflection (1)(2)(3)(4)(5)(6), where no skeletal inversion occurs and
each number with an overbar represents the reflection of ligand chirality.

4.2 Conversion of a Stereoisogram of Type IV into Type I
4.2.1 Test of Prochirality

As a promolecule of Type IV, let us examine 1 shown in Fig. 1, which is characterized by its
enantiospheric orbit of ay governed by C,(/C;). According to [29], the two a’s of 1 are testified
to determine the prochirality.

The stereoisogram of 1 shown in the left of Fig. 7 belongs to Type IV, where a quadruplet
of promolecules is degenerated into a single achiral promolecule. To testify the prochirality of
1, the two proligands a’s are differentiated so as to be marked by the symbols a% and aP. The
resulting stereoisogram is called a testifying stereoisogram.

As shown in the right of Fig. 7, the testifying stereoisogram belongs to Type I, where the
two proligands denoted by a% and aP are regarded as being different tentatively and the relevant
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Figure 7: Stereoisogram of Type IV (left) and a testifying stereoisogram of Type I (right) due
to tentative differentiation. The symbols a* and aP represent proligands which are generated by
differentiating two proligands a’s to testify prochirality (along the vertical C-axis) and pro-RS-
stereogenicity (along the horizontal S-axis).

promolecules (24 and 24) are regarded tentatively as being chiral. When we focus our attention
on chirality, the two tentative promolecules along the C-axis of the testifying stereoisogram, i.e.,
24 and 24, are enantiomeric to each other. Thereby, the proligands a* and aP are enantiotopic
to each other so that the promolecule 1 is concluded to be prochiral.

It should be emphasized that the enantiotopic relationship between the proligands a* and
aP in the promolecule 1 (= 24) is interpreted to correspond to the enantiomeric relationship
between 24 and 24 in the testifying stereoisogram shown in Fig. 7. Thus, the intramolecular
relationship is replaced by the intermolecular relationship in terms of such a testifying stereoiso-
gram. The determination of an enantiomeric relationship by such an testifying stereoisogram
(i.e., an intermolecular comparison) is obviously consistent with the determination by Def. 3
(i.e., an intramolecular comparison).

The test for determining prochirality (the symmetry criterion [29]) is confirmed by substitut-
ing the proligand a® for A (and the proligand aP for a) in the testifying stereoisogram (right) of
Fig. 7, where the resulting pair of promolecules along the C-axis is found to be an enantiomeric
pair. The resulting enantiomeric pair (26 and 26) are shown in Fig. 8, which is a usual reaction
diagram so as to show the conversion of an achiral promolecule 1 (= 24) into the two chiral
promolecules of an enantiomeric pair (26 and 26). This confirmation process corresponds to
the substitution criterion [28].

Because the difference (i.e., an enantiomeric relationship) between 24 and 24 (= 25) stems
from the differentiation of the two a’s into a% and aﬁ, the relationship between the two a’s is
found to be an enantiotopic relationship. Hence, we reach the following alternative definition
(cf. Def. 3):

Definition 7 (An Alternative Definition of Enantiotopic relationships)
Let us consider an achiral stereoisogram (Type IV or V) of a promolecule with two proli-
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Figure 8: Conversion of an achiral promolecule 1 (= 24) to a pair of enantiomers (26 and 26) in
accord with the test of Fig. 7.

gands equivalent under the point group. If the differentiation of the two proligands converts the
stereoisogram into a chiral one (Type I, 1I, or III), the two proligands are referred to as being
enantiotopic.

4.2.2 Test of Pro-RS-Stereogenicity

To testify pro-RS-stereogenicity, we focus our attention on the two tentative promolecules along
the S-axis of the testifying stereoisogram, i.e., 24 and 25 (= 24), which are RS-diastereomeric
to each other. Although the tentative RS-diastereomers 25 is identical with the enantiomer 24,
they are conceptually differentiated from each other in a similar way to usual stereoisograms of
Type I (cf. Part I of this series). Thereby, the proligands a* and a? are RS-diastereotopic to each
other so that the promolecule 1 is concluded to be pro-RS-stereogenic.

It should be emphasized that the RS-diastereotopic relationship between the proligands a*
and aP in the promolecule 1 (= 24) is interpreted to correspond to the RS-diastereomeric re-
lationship between 24 and 25 (= 24) in the testifying stereoisogram shown in Fig. 7. The
determination of an RS-diastereotopic relationship by such an testifying stereoisogram (i.e., an
intermolecular comparison) is obviously consistent with the determination by Def. 6 (i.e., an
intramolecular comparison).

Because the difference (i.e., an RS-diastereomeric relationship) between 24 and 25 (=24)
stems from the differentiation of the two a’s into a% and a? , the relationship between the two a’s
is regarded as being an RS-diastereotopic relationship. Hence we reach an alternative definition
as follows (cf. Def. 6):

Definition 8 (An Alternative Definition of RS-Diastereotopic relationships)

Let us consider an RS-astereogenic stereoisogram (Type II or IV) of a promolecule with
two proligands equivalent under the RS-permutation group. If the differentiation of the two
proligands converts the stereoisogram into an RS-stereogenic one (Type I, III, or V), the two
proligands are referred to as being RS-diastereotopic.
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4.2.3 Assignment of pro-A/pro-C-Descriptors

When the CIP priority is presumed to be a% (1) > af (IY>b@2)>c@B)>d@) >e (),
the tentative promolecule 24 is named to be OC-6-1'4-C. Hence, the proligand a® in 24 is
characterized to be pro-C. On the other hand, the tentative promolecule 25 (= 24) is named to
be OC-6-1'4-A. Hence, the proligand a% in 25 (= 24) is characterized to be pro-A. This means
that the proligand aP in 24 is characterized to be pro-A. Alternatively, when the CIP priority is
presumed to be aP (1) >a* (") >b(2) >c(3)>d (@) >e(5), the tentative promolecule 24 is
named to be OC-6-1'4-A. Hence, the proligand aP in 24 is characterized to be pro-A.

Although the present procedure of giving pro-A/pro-C-descriptors is based on the rules re-
ported in [1, 7], it is based on RS-stereogenicity, but not on chirality, as found in the stereoiso-
gram shown in the left of Fig. 7. This means that pro-A/pro-C-descriptors are specified by RS-
diastereotopic relationships, whereas the original formulation [1, 7] has claimed that pro-A/pro-
C-descriptors are specified by “enantiotopic” or “stereoheterotopic” relationships. This fea-
ture of pro-A/pro-C-descriptors in inorganic stereochemistry is equivalent to the feature of pro-
R/pro-S-descriptors in organic stereochemistry, which are also specified by RS-diastereotopic
relationships, not by “enantiotopic” nor “stereoheterotopic” relationships [29].

4.3 Conversion of a Stereoisogram of Type IV into Type II
and into Type V

The promolecule 17 is prochiral because the orbit consisting of p and p is enantiospheric (cf.
Fig. 5). At the same time, the promolecule 17 is pro-RS-stereogenic because the orbit consisting
of two a’s is RS-enantiotropic (cf. Eq. 9). These conclusions can be confirmed by examining
stereoisograms of testifying prochirality and pro-RS-stereogenicity.

4.3.1 Conversion of a Stereoisogram of Type IV into Type II — Test of Prochirality

Let us examine 17 as a promolecule of Type IV shown in Fig. 5, which is characterized by
its enantiospheric orbit of p and p governed by C(/C;). The stereoisogram of 17 shown in
the left of Fig. 9 belongs to Type IV, where a quadruplet of promolecules is degenerated into
a single achiral promolecule. To testify the prochirality of 17, the pair of proligands p and p
are differentiated so as to be marked by the symbols p* and ﬁﬁ (or pB and p%), as shown in the
testifying stereoisogram (right) of Fig. 9.

The testifying stereoisogram (the right of Fig. 9) belongs to Type II, where 27 and 27 of
a pair along the vertical C-axis are enantiomeric to each other. Accordingly, the proligand p*
(P) of 27 is converted into the proligand §* (or pP) of 27 by the reflection (1 6)(2)(3)(4)(5)
(cf. Fig. 6) along the vertical C-axis. Thereby, the proligands p* and PP in 27 or the proligands
pP and p% in 27 are enantiotopic to each other, so that the promolecule 27 is concluded to be
prochiral.

The test for determining prochirality (the symmetry criterion [29]) is confirmed by substi-
tuting the proligand pP for A (and the proligand p® for p) in the testifying stereoisogram (right)
of Fig. 9, where the resulting pair of promolecules along the C-axis is found to be an enan-
tiomeric pair. The resulting enantiomeric pair (28 and 28) is shown in Fig. 10, which is a usual
reaction diagram so as to show the conversion of an achiral promolecule 17 (= 27) into the two
chiral promolecules of an enantiomeric pair (28 and 28) under the attack of chiral reagents. This
confirmation process corresponds to the substitution criterion [28].
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Figure 9: Stereoisogram of Type IV (left) and a testifying stereoisogram of Type II (right) due to
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Figure 10: Conversion of an achiral promolecule 17 (= 27) into a pair of enantiomers (28 and
28) in accord with the test of Fig. 9.

4.3.2 Conversion of a Stereoisogram of Type IV into Type V —
Test of Pro-RS-Stereogenicity

Let us next examine the two a’s of the promolecule 17, which constructs a two-membered RS-
enantiotropic orbit (cf. Eq. 9). They are differentiated by marking by the symbols o and 3,
so that the stereoisogram of Type IV (the left of Fig. 11) is converted into the corresponding
stereoisogram for testifying pro-RS-stereogenicity (the right of Fig. 11).

To testify the pro-RS-stereogenicity, we focus our attention on the S-axis of the testifying
stereoisogram of Type V (the right of Fig. 11), where the two tentative promolecules at issue,
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Figure 11: Stereoisogram of Type IV (left) and a testifying stereoisogram of Type V (right) due
to tentative differentiation. Two proligands a’s are differentiated by the symbols a%/aP in order
to testify RS-stereogenicity (along the horizontal S-axis).
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Figure 12: Conversion of an achiral promolecule 17 (= 29) into a pair of RS-diastereomers (31
and 32) in accord with the test of Fig. 11.

i.e., 29 and 30, are RS-diastereomeric to each other. Hence, the proligands a* and aP are RS-
diastereotopic to each other so that the promolecule 17 is concluded to be pro-RS-stereogenic.

It should be emphasized, again, that the RS-diastereotopic relationship between the proli-
gands a% and aP in the promolecule 17 is interpreted to correspond to the RS-diastereomeric
relationship between 29 and 30 in the testifying stereoisogram shown in Fig. 11. The de-
termination of an RS-diastereotopic relationship by such an testifying stereoisogram (i.e., an
intermolecular comparison) is obviously consistent with the determination by Def. 6 (i.e., an
intramolecular comparison and cf. Eq. 9).

The test for determining pro-RS-stereogenicity (the symmetry criterion [29]) is confirmed
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by substituting the proligand a? for A (and the proligand a® for a) in the testifying stereoisogram
(right) of Fig. 11, where the resulting pair of promolecules along the S-axis is found to be an
RS-diastereomeric pair. The resulting RS-diastereomeric pair (31 and 32) are shown in Fig.
12, which is a usual reaction diagram so as to show the conversion of an achiral promolecule
17 (= 29) into the two achiral promolecules of an RS-diastereomeric pair (31 and 32). This
confirmation process corresponds to the substitution criterion [28].

It should be noted that the conversion of 17 into 31 and 32 requires no chiral conditions,
because the two a’s belong to one-membered homospheric orbits separately. The starting pro-
molecule (17) and the resulting promolecules (31 and 32) in Fig. 12 are both achiral. Compare
this case with the conversion of an achiral promolecule 1 into a pair of enantiomers (26 and 26).
The latter reaction requires chiral conditions as shown in Fig. 8, because the two a’s belong to
a two-membered enantiospheric orbit.

4.3.3 Assignment of pro-A/pro-C-Descriptors

When the CIP priority is presumed to be a%® (1) > aP (M >b2)>c@B >p@ >p®5),
the tentative promolecule 29 is named to be OC-6-1'3-A. Hence, the proligand a% in 29 is
characterized to be pro-a, where the lowercase letter ‘a’ is used in place of the uppercase letter
of pro-A. On the other hand, the tentative promolecule 30 is named to be OC-6-1'3-C. Hence,
the proligand a% in 30 is characterized to be pro-c (or pro-C). This means that the proligand
aP in 29 is characterized to be pro-c. Alternatively, when the CIP priority is presumed to be
aP () >a* (1) >b(2)>cB) >p ) >p(5), the tentative promolecule 29 is named to be
0C-6-1'4-C. Hence, the proligand aP in 29 is characterized to be pro-c.

Although the present procedure of giving pro-A/pro-C-descriptors (lowercase letters in this
case) is based on the rules reported in [1, 7], it is based on RS-stereogenicity, but not on chi-
rality, as found in the stereoisogram shown in the left of Fig. 11. This means that pro-A/pro-
C-descriptors are specified by RS-diastereotopic relationships. In contrast, the original formu-
lation [1, 7] has claimed that pro-A/pro-C-descriptors are specified by “enantiotopic” or “stere-
oheterotopic” relationships on case-by-case bases, where “enantiotopic” and “diastereotopic”
(contained in “stereoheterotopic”) are mixed up with respect to reflections and permutations.
This feature of pro-A/pro-C-descriptors in inorganic stereochemistry is equivalent to the feature
of pro-R/pro-S-descriptors specified by RS-diastereotopic relationships, not by “enantiotopic”
nor “stereoheterotopic” relationships, in organic stereochemistry [29].

4.4 Conversion of a Stereoisogram of Type V into Type III
4.4.1 Test of Prochirality

As promolecules of Type V, let us examine 18 and 19 shown in Fig. 5, each of which is char-
acterized by the presence of an enantiospheric orbit of p and p governed by Cs(/C;). The
stereoisogram of 18 and 19 shown in the left of Fig. 13 belongs to Type V, where a quadruplet
of promolecules is degenerated into two achiral promolecules, which are RS-diastereomeric to
each other. To testify the prochirality of 18 (or 19), the pair of proligands p and p are differen-
tiated so as to be marked by the symbols p* and ﬁB (or pB and p%), as shown in the testifying
stereoisogram (right) of Fig. 13.

The testifying stereoisogram (the right of Fig. 13) is found to belong to Type III, where
33 and 33 of a pair along the vertical C-axis are enantiomeric to each other. Accordingly,
the proligand p* (ﬁﬁ) of 33 is converted into the proligand p* (or pB) of 33 by the reflection
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enantiomeric proligands (in isolation) which are generated by differentiating two proligands p’s
(or p’s) to testify prochirality (along the vertical C-axis). The stereoisogram of Type V (left)
already exhibits RS-stereogenicity (along the horizontal S-axis).
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Figure 14: Conversion of an achiral promolecule 18 (= 33) to a pair of enantiomers (35 and E)
as well as conversion of an achiral promolecule 19 (= 34) to a pair of enantiomers (36 and 36)
in accord with the test of Fig. 13.

(16)(2)(3)(4)(3) (ct. Fig. 6) along the vertical C-axis. Thereby, the proligands p* and p? in
33 or the proligands p? and p* in 33 are enantiotopic to each other so that the promolecule 18
(= 33) is concluded to be prochiral.

A parallel discussion is effective to another pair of 34 and 34 along the vertical C-axis, which
are tentatively regarded as being enantiomeric to each other. Hence, the proligands p* and ﬁﬁ
in 34 or the proligands p? and p* in 34 are enantiotopic to each other so that the promolecule
19 (= 34) is concluded to be prochiral.

The enantiotopic relationship between the proligands p* and pP in the achiral promolecule
18 (= 33) or in the achiral promolecule 19 (= 34) is interpreted to correspond to the enantiomeric



-595-

relationship between 33 and 33 or between 34 and 34 in the testifying stereoisogram shown in
Fig. 13. Thus, the intramolecular relationship is replaced by the intermolecular relationship in
terms of such a testifying stereoisogram. The determination of an enantiomeric relationship
by such an testifying stereoisogram (i.e., an intermolecular comparison) is obviously consistent
with the determination by Def. 3 (i.e., an intramolecular comparison).

The test for determining prochirality (the symmetry criterion [29]) is confirmed by substi-
tuting the proligand ﬁﬁ for A (and the proligand p? for p) in the testifying stereoisogram (right)
of Fig. 13, where the resulting pair of promolecules along the C-axis is found to be an enan-
tiomeric pair. The resulting enantiomeric pair (35 and 35) are shown in Fig. 14 (left), which is a
usual reaction diagram so as to show the conversion of an achiral promolecule 18 (= 33) into the
two chiral promolecules of an enantiomeric pair (35 and 35). Similarly, another enantiomeric
pair (36 and 36) is obtained from an achiral promolecule 19 (= 34) as shown in Fig. 14 (right).
These two confirmation processes correspond to the substitution criterion [28].

4.4.2 Test of Pro-RS-Stereogenicity

As found in the stereoisogram of Type V shown in the left of Fig. 13, 18 and 19 are RS-
diastereomeric to each other, so that they are already RS-stereogenic. Thus, a pair of C/A-
descriptors is assigned to the RS-diastereomeric pair, i.e., OC-6-32-A to 18 and OC-6-32-C to
19 (cf. Fig. 5).

If we restrict our discussions to a single stereoisogram such as the left of Fig. 13, we are
able to focus our attention on only the pair of proligands, p and p, as discussed in the preceding
paragraphs. As found by the SCR notations, i.e., Cs[/C;(pp);4/Cs(2a,b,c)] for 18 (and 19), a
purely geometric discussion indicates that two a’s in 18 (or 19) are so inequivalent as to belong
to one-membered orbits separately.

If we extend our discussions to a multiplet of stereoisograms (cf. Part II of this series), more
complicated treatments are required, as discussed below (Section 5).

4.5 Conversion of a Stereoisogram of Type II into Type III

The two a’s of the promolecule 37 (the left of Fig. 15) constructs a two-membered RS-enantio-
tropic orbit, so that they are RS-diastereotopic to each other. To determine the RS-diastereotopic
relationship, they are differentiated by marking by the symbols & and . Thereby, the stereo-
isogram of Type II (the left of Fig. 15) is converted into the corresponding stereoisogram of
Type III for testifying pro-RS-stereogenicity (the right of Fig. 15).

To testify the pro-RS-stereogenicity, we focus our attention on the two tentative promolecu-
les along the S-axis of the testifying stereoisogram, i.e., 38 and 39, which are RS-diastereomeric
to each other. Hence, the proligands a® and af are RS-diastereotopic to each other, so that the
promolecule 37 is concluded to be pro-RS-stereogenic.

It should be emphasized, again, that the RS-diastereotopic relationship between the proli-
gands a% and af in the promolecule 37 is interpreted to correspond to the RS-diastereomeric
relationship between 38 and 39 in the testifying stereoisogram shown in Fig. 15. The de-
termination of an RS-diastereotopic relationship by such an testifying stereoisogram (i.e., an
intermolecular comparison) is obviously consistent with the determination by Def. 6 (i.e., an
intramolecular comparison).

The test for determining pro-RS-stereogenicity (the symmetry criterion [29]) is confirmed
by substituting the proligand aP for A (and the proligand a“ for a) in the testifying stereoisogram
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Figure 15: Stereoisogram of Type II (left) and a testifying stereoisogram of Type III (right) due
to tentative differentiation. Two proligands a’s are differentiated by the symbols a%/aP in order
to testify RS-stereogenicity (along the horizontal S-axis). A pair of symbols p/p represents a
pair of enantiomeric proligands (in isolation).
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and 41) in accord with the test of Fig. 15.
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(right) of Fig. 15, where the resulting pair of promolecules along the S-axis is found to be an
RS-diastereomeric pair. The resulting RS-diastereomeric pair (40 and 41) are shown in Fig. 16,
which is a usual reaction diagram so as to show the conversion of a chiral promolecule 37 (=
38) into two chiral promolecules of an RS-diastereomeric pair (40 and 41). This confirmation
process corresponds to the substitution criterion [28].

4.6 pro-A/pro-C-Descriptors Assigned by pro-RS-Stereogenicity
4.6.1 Systematic Rationalization Due to the Stereoisogram Approach

The stereoisogram approach has been applied to organic stereochemistry and concluded that
each pair of pro-R/pro-S-descriptors is assigned to a pair of RS-diastereotopic proligands, which
is directly linked to a pair of tentative RS-diastereomers appearing in the horizontal direction
(the RS-stereogenicity axis) of each stereoisogram for testifying prochirality and/or pro-RS-
stereogenicity [27-30]. The preceding discussions for inorganic stereochemistry have reached
a parallel conclusion on pro-A/pro-C-descriptors, which is clarified to be assigned to a pair of
RS-diastereotopic proligands.

Table 10.5 of [8] for pro-R/pro-S-descriptors in organic stereochemistry is effective to pro-
A/pro-C-descriptors for inorganic stereochemistry, as summarized in Table 2. The discussions
described in [8] are quoted as follows with some modifications required to be applied to inor-
ganic stereochemistry.

1. Coincident appearance of prochirality and pro-RS-stereogenicity: Figure 7 shows a
case of Type IV (into Type I) in which prochirality (achiral — chiral) coincides with
pro-RS-stereogenicity (RS-astereogenic — RS-stereogenic). As summarized in Table 2,
the prochirality is ascribed to the enantiotopic relationship between the two a’s of 1,
while pro-RS-stereogenicity is ascribed to the RS-diastereotopic relationship between the
same a’s of 1. The latter RS-diastereotopic relationship permits a pair of pro-A/pro-C-
descriptors.

2. Appearance of pro-RS-stereogenicity: Figure 11 shows a case of Type IV (into Type
V), which is characterized in terms of pro-RS-stereogenicity (RS-astereogenic — RS-
stereogenic). As summarized in Table 2, pro-RS-stereogenicity is ascribed to the RS-
diastereotopic relationship between the two a’s of 17, which are named by a pair of pro-
A/pro-C-descriptors.

On the other hand, Fig. 15 shows a case of Type II (into Type III), which is also character-
ized in terms of pro-RS-stereogenicity (RS-astereogenic — RS-stereogenic). As summa-
rized in Table 2, pro-RS-stereogenicity is ascribed to the RS-diastereotopic relationship
between the two a’s of the promolecule 37 which are named by a pair of pro-A/pro-C-
descriptors.

3. Appearance of prochirality: Figure 9 shows a case of Type IV (into Type II), which is
characterized in terms of prochirality (achiral — chiral). As summarized in Table 2, the
prochirality is ascribed to the enantiotopic relationship between p and p of the achiral 17.

Figure 13 shows a case of Type V (into Type III), which is characterized in terms of
prochirality (achiral — chiral). As summarized in Table 2, the prochirality is ascribed to
the enantiotopic relationship between p and p of the achiral 18.
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Table 2: A single criterion for giving pro-A/pro-C-descriptors and another single criterion for
discussing prochirality in the stereoisogram approach.?

stereoisogram change prochirality ~ pro-RS-stereogenicity

(achiral — chiral & RS-astereogenic — RS-stereogenic)
Type IV —1 [a,a,a] — [-,—,a] (Fig.7) enantiotopic  RS-diastereotopic

(RS-astereogenic — RS-stereogenic)

Type IV —V |[a,a,a] — [a,—,—] (Fig. 11) - RS-diastereotopic
Type l = I [—,a,—] — [—,—,—] (Fig. 15) - RS-diastereotopic
(achiral — chiral)

Type IV — 11 [a,a,a] — [-,a,—] (Fig.9) enantiotopic -

Type V—1I [a,—,—] — [-,—,—] (Fig. 13) enantiotopic -

(chirality-faithfulness)

¢ For a single criterion for giving pro-R/pro-S-descriptors in organic stereochemistry,
see Table 10.5 of [8].

Table 3: Entangled criteria for giving pro-A/pro-C-descriptors and for discussing prochirality
in the conventional approach.®?

“prostereogenicity”
(“prochirality”)

Type IV —1 (Fig.7) “enantiotopic”
Type IV — V (Fig. 11) “diastereotopic”
Type I — III (Fig. 15) “diastereotopic”

Type IV — 11 (Fig.9) -
Type V — III (Fig. 13) -

————
“stereoheterotopic”

% These criteria should be replaced by a set of independent and more succinct
criteria shown in Table 2.

b For entangled criteria for giving pro-R/pro-S-descriptors in organic stereo-
chemistry, see [8].
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In the preceding categorization, the relational terms for specifying the relationships between the
members of an orbit (enantiotopic and RS-diastereotopic, cf. Defs. 3 and 6 as well as Defs. 7
and 8) can be replaced by the attributive terms for specifying the property of the orbit at issue
(enantiospheric and RS-enantiotropic, cf. Defs. 1 and 4).

It is to be noted that the promolecule 17 is pro-RS-stereogenic with respect to the two a’s
(Fig. 11) while it is prochiral, at the same time, with respect to the enantiotopic pair of p and
p (Fig. 9). This case of 17 decisively indicates that pro-RS-stereogenicity and prochirality are
independent concepts. It follows that the coincident appearance of prochirality and pro-RS-
stereogenicity in 1 should be explained as above from the common standpoint that pro-RS-
stereogenicity and prochirality are independent concepts.

4.6.2 Problematic Rationalization Due to the Conventional Approach

Because of the lack of the categorization of Types I-V, discussions based on the conventional
approach (e.g., pro-R/pro-S-descriptors in organic stereochemistry and pro-A/pro-C-descriptors
in inorganic stereochemistry) are incapable of arriving at categorized modes of conversions
(Fig. 2).

The problematic situations of the conventional approach in inorganic stereochemistry can
be more clearly demonstrated by entangled criteria summarized in Table 3, which is a modifi-
cation of Table 10.6 of [8] described for organic stereochemistry. In particular, the misleading
confusion of “prochirality” with “prostereogenicity” stems from a theoretical basis which over-
looks the coincident appearance of prochirality and pro-RS-stereogenicity (Fig. 7). As found
in the [Type IV — I]-row of Table 3, the “prochirality” (or the “enantiotopic” relationship) is
taken into sole consideration, so that the pro-RS-stereogenicity (the RS-diastereotopic relation-
ship) is nullified. The term “stereoheterotopic” which has been introduced to lump the terms
“enantiotopic” and “diastereotopic” together (Table 3) has seemingly rationalized the nullifi-
cation but rather concealed inconsistency profound in the conventional organic and inorganic
stereochemistry.

5 Stereoisograms for Testifying Pro-ortho-stereogenicity

5.1 Conversion into Ortho-Stereogenic Stereoisograms

The stereoisogram of Type V shown in the left of Fig. 13 (for 18 and 19) has an equivalent ste-
reoisogram with the constitution [Masbcpp] under the stereoisomeric group, as discussed in Part
II of this series (cf. Stereoisograms 261 and 279 in Fig. 13 and Eq. 68 in Part II of this series).
As for 18 and 19, Stereoisograms 42 and 43 are obtained as such equivalent stereoisograms by
a permutation of vertices 2 and 3, i.e., (1)(2 3)(4)(5)(6), as shown in Fig. 17.

First, we focus our attention on Stereoisogram 42 of Type V. When we differentiate two pro-
ligands a’s in 18 by marking o and f3, the corresponding stereoisogram of testifying prochirality
or pro-RS-stereogenicity is obtained as a Type V stereoisogram, i.e., Stereoisogram 48. Within
Stereoisogram 48, the proligands a® and aP are not interchangeable under the RS-permutation
group (Oy), the elements of which are collected in Fig. 2 of Part I of this series. Note that the
permutation (1)(2 3)(4)(5)(6) for converting 44 into 45 is not contained in O;. Although Ste-
reoisogram 48 exhibits RS-stereogenicity just as Stereoisogram 42 exhibits RS-stereogenicity,
the relationship between a% and af is beyond the scope of Def. 6, so that it is not an RS-
diastereotopic relationship.



-600-

Equivalent (Self-ortho-diastereomeric)

S

o o N N
2cn/“/\ B 2zn/“/\ B ‘a/ZD B ‘a/lD N
\\ﬁ///c o \“\p///c X\ﬁ//C o N\p//c
18 19 18’ (=18) 19 (=19)
o Xt o Xt
P’ P P’ P
0 N N P N Ny
N7 87 N7 N
18(=18) 19(=19) 18 (=18) 19 (=19)
c Stereoisogram 42 c Stereoisogram 43

¢

¢

s
o AN LB AN
la«/“/\ . 2av/:/\ . ‘a»/zﬁ . ‘a»/lﬁ .
N\j//c o \M\Vc N\j/c o N\//c
Ps P Ps P
44 45 46 47
Xt Xt
Ak o o N
law/\‘ N ’a«/:/\ . s lﬁc‘ ‘aﬁ/lﬁc‘
N\j//c o W\Vc \u"\,// o N\//
Pr Ps Pr Ps
44 (=44) 45 (=45) 46 (=46) 47 (=47)
c Stereoisogram 48 c Stereoisogram 49

Ortho-diastereomeric

Figure 17: Stereoisograms of Type V (upperleft and upperright) equivalent to each other under
the stereoisomeric group as well as testifying stereoisograms of Type V (lowerleft and lower-
right) ortho-diastereomeric to each other under the stereoisomeric group. Two proligands a*
and aP in each promolecule are not RS-diastereotopic in a stereoisogram, but they are ortho-
diastereotopic between the two stereoisograms.

In a similar way, Stereoisogram 43 of Type V, which is equivalent to Stereoisogram 42 under
the stereogenic group (i.e., the symmetric group of degree 6 in this case), generates Stereoiso-
gram 49 as the corresponding stereoisogram of testifying prochirality or pro-RS-stereogenicity.
Although Stereoisogram 49 similarly exhibits RS-stereogenicity, the relationship between a*
and aP is beyond the scope of Def. 6, so that it is not an RS-diastereotopic relationship.

Second, we examine the relationship between the testifying stereoisograms 48 and 49. They
are inequivalent but interchangeable by the permutation (1)(2 3)(4)(5)(6), which is an element
of the stereogenic group (i.e., the symmetric group of degree 6) but does not belong to the RS-
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permutation group (Oy). In other words, 48 and 49 are ortho-diastereomeric in terms of Def. 1
of Part II of this series.

Because the difference (i.e., an ortho-diastereomeric relationship) between 48 and 49 stems
from the differentiation of the two a’s into a% and aﬁ, the relationship between the two a’s is
referred to as an ortho-diastereotopic relationship, which is defined as follows:

Definition 9 (Ortho-diastereotopic relationships and pro-ortho-stereogenicity)

Suppose that a stereoisogram of a promolecule with two proligands has an equivalent ste-
reoisogram under the stereogenic group. If the differentiation of the two proligands makes the
two stereoisograms inequivalent (i.e., ortho-stereogenic due to Def. 1 of Part II of this series),
the two proligands are referred to as being ortho-diastereotopic. Such a promolecule as having
ortho-diastereotopic proligands is referred to being pro-ortho-stereogenic.

By replacing the differentiated proligands a% and aP by proligands A and a (not changed),
the stereoisograms of Type V (Fig. 17) are converted into the stereoisograms of Type V, where
an RS-diastereomeric pair of 50 and 51 is ortho-diastereomeric to another RS-diastereomeric
pair of 52 and 53. They are “diastereomeric” according to the conventional terminology.
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Figure 18: Stereoisograms of Type V generated from the stereoisograms of Type V (Fig. 17) by
replacing a% and af by A and a (not changed).

From a viewpoint of chemical reactions, the proligands a* and aP of 18 (= 44) are differ-
entiated and replaced by A and a (or vice versa) to produce 50 (or 52). Similarly, 19 (= 45) is
capable of producing 51 or 53, so that the following modes of conversions are possible.

18(=44) — 50+52
19(=45) — 51453

10)
an
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5.2 Group-Theoretical Discussions on Pro-Ortho-Stereogenicity
5.2.1 Pro-Ortho-Stereogenicity by Ortho-Tropicities

Let us consider an octahedral complex with [Maybed,], which is generated by substituting the
proligands p and p of 18 ([Maybcpp] for d>. The complex corresponds to two equivalent stereo-
isograms of Type IV, which are generated Stereoisograms 42 and 43 (Fig. 17) by substituting
the proligands p and p for dp. The two stereoisograms are parallel to the two stereoisograms
154 and 170 with [Ma;b,cd], as shown in Fig. 5 of Part II of this series. They are characterized
by the following stereoisomeric group:

G =

3)(4)(
3)#)(5)}, (12)

which is a subgroup of the stereoisomeric group for characterizing an octahedral skeleton. The
promolecules with [Maybeds,] under the group G are degenerated into a single promolecule.

Stereoisograms 42 and 43 (Fig. 17) are reversely generated by substituting d, of the complex
[Masbcd;] for p and p, where the group G does not fix 42 (or 43), because the RS-permutation
(16)(2)(3)(4)(5), for example, converts the promolecule 18 into an inequivalent promolecule
19. Note that the inequivalency is judged by considering the RS-stereoisomeric group, where
18 and 19 are RS-diastereomeric to each other.

The conversion from [Majsbcd;] to [Mabepp] results in the restriction of the group G into
a subgroup as follows:

G = {(H@B)4)5)(6).(16)(2)3)4)(5).
(1)(23)(#)(5)(6),(16)(23)(4)(5)}, (13)

which represents the symmetries of the promolecules contained in Stereoisograms 42 and 43
(Fig. 17). If we focus our attention on the promolecule 18 appearing in the Stereoisogram 42,
the group G’ generates a quadruplet of promolecules, i.e., 18, 18 (=18), 18’ (=18), and 18’
(=18), which are degenerated into a single promolecule (18). These promolecules are collected
to construct a skew-stereoisogram for characterizing ortho-stereogenicity as shown in Fig. 19,
where the horizontal S-axis is concerned with a permutation which is not contained in the RS-
permutation group. Note that the symbol 0 denotes the permutation (1)(2 3)(4)(5)(6) of the
group G’ and the symbol @] denotes the operation (1 6)(2 3)(4)(5) of the group G’ (Eq. 13). The
quadruplet of promolecules in the skew stereoisogram of Fig. 19 is degenerated into a single
promolecule.

Let us consider the following subgroup of G’ to characterize the local symmetry of each
proligand of the two a’s:

Ge ={(1)(2)(3)(4)(5)(6),(16)(2)(3)(4)(5)}- (14)

Obviously, the group Gy fixes each proligand of the two a’s.
By starting from the global symmetry G’ (Eq. 13) and the local symmetry G-, the following
coset decomposition is obtained:

G' =G +G(1)(23)(4)(5)(6), (15)
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Figure 19: Skew-stereoisogram for characterizing ortho-stereogenicity, where the horizontal
S-axis is concerned with a permutation (represented by ) which is not contained in the RS-
permutation group. The quadruplet of promolecules in this skew stereoisogram is degenerated
into a single promolecule.

Thereby, the coset representation G'(/Gy,) of degree 2 (|G'|/|G[-| = 4/2 = 2) is generated to
characterize the orbit of the two a’s in the promolecule 18.

The global symmetry G’ is regarded as being ortho-astereogenic, while the local symme-
try G- is regarded as being ortho-stereogenic. Hence, the coset representation G’(/Gy.) is
concluded to be ortho-enantiotropic, so that the corresponding orbit of the two a’s is an ortho-
enantiotropic orbit. The term ortho-enantiotropic is used in a parallel way to the term RS-
enantiotropic defined in Def. 4, where a pair of RS-stereogenic/RS-astereogenic in Def. 4 is re-
placed by a pair of ortho-stereogenic/ortho-astereogenic. According to the ortho-enantiotropic
orbit of the two a’s in the promolecule 18, the relationship between the two a’s is concluded to
be ortho-diastereotopic (cf. Def. 9), as well as the promolecule 18 is concluded to be pro-ortho-
stereogenic.

Let us next consider the following subgroup of G’ to discuss the pro-ortho-stereogenicity of
the promolecule 18 in an alternative way:

Gs={(1H2)B)@)(5)(6),()(23)H)(5)(6)}, (16)

which characterize the relationship between 18 and 18’ (= 18) along the S-axis of Fig. 19. When
we regard the group G¥ is the global symmetry of 18, each proligand of the two a’s is fixed by
the identity element (1)(2)(3)(4)(5)(6), so that the local symmetry at issue is concluded to be
C; (an identity group). The orbit of the two a’s is concluded to be governed by the coset rep-
resentation G(/C), where the size of the orbit is calculated to be |G§|/|Ci| =2/1 = 2. The
global symmetry GY is regarded as being ortho-astereogenic, while the local symmetry C; is re-
garded as being ortho-stereogenic. Hence, the coset representation G(/C;) is concluded to be
ortho-enantiotropic, so that the corresponding orbit of the two a’s is an ortho-enantiotropic orbit.
On a similar way to the coset representation G’(/Gy-), the present coset representation G5(/C)
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reveals that the relationship between the two a’s is concluded to be ortho-diastereotopic (cf. Def.
9), as well as the promolecule 18 is concluded to be pro-ortho-stereogenic.

5.2.2 Skew-Stereoisograms for Testifying Pro-Ortho-Stereogenicity

The pro-ortho-stereogenicity of the promolecule 18 is alternative deduced by means of a skew-
stereoisogram for testifying pro-ortho-stereogenicity, as shown in Fig. 20. In a similar way
to the conversion shown in Fig. 17, the two proligands a’s of each promolecule in the skew-
stereoisogram (Fig. 19) are differentiated by marking o and . Thereby, the correspond-
ing skew-stereoisogram of testifying pro-ortho-stereogenicity is obtained as shown in Fig. 20,
where the self-ortho-diastereomeric relationship between 18 and 18’ (= 18) in Fig. 19 is changed
into the ortho-diastereomeric relationship between 44 and 46 in Fig. 20. It follows that the pro-
ligands a%® and aP are ortho-diastereotopic (cf. Def. 9).
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Figure 20: Skew-stereoisogram for testifying pro-ortho-stereogenicity, where the horizontal
S-axis is concerned with a permutation (represented by ) which is not contained in the RS-
permutation group. The quadruplet of promolecules in this skew stereoisogram is degenerated
into two achiral promolecules.

It should be noted that the testifying skew-stereoisogram shown in Fig. 20 can be regarded
as a simplified version of the testifying stereoisogram shown in Fig. 17. By replacing a® and aP
by A and a (not changed) in Fig. 20, we are able to obtain Stereoisogram 54 shown in Fig. 18.
Reversely, by replacing aP and a® by A and a (not changed) in Fig. 20, we are able to obtain
Stereoisogram 55 shown in Fig. 18

5.3 Pro-ortho-stereogenicity and Prostereogenicity
5.3.1 New Definition of Prostereogenicity

To harmonize the present terminology with the conventional one, the term prostereogenic (or
diastereotopic) is defined on the basis of the definition of the term stereogenicity (or diastere-
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omeric) described in Def. 3 of Part II of this series.

Definition 10 (Diastereotopic relationships and Prostereogenicity)

Suppose that an enantiomeric pair of promolecules (or an achiral promolecule as a self-
enantiomeric pair), which has two proligands, has an equivalent (self)-enantiomeric pair of
promolecules under the stereogenic group. If the differentiation of the two proligands makes the
two pairs (or the two promolecules) inequivalent (i.e., diastereomeric due to Def. 3 of Part II of
this series), the two proligands are referred to as being diastereotopic. The (self)-enantiomeric
pair of promolecules having such a diastereotopic pair of proligands is referred to as being
prostereogenic.

As an example of determining a diastereotopic relationship in terms of Def. 10, the skew-
stereoisogram shown in Fig. 19 is compared with the skew-stereoisogram for testifying pro-
ortho-stereogenicity (Fig. 20). In Fig. 19, the achiral promolecule 18 (as a self-enantiomeric
pair of promolecules) has an equivalent achiral promolecule 18’ (=18), where the equivalency
is assured by a permutation (1)(2 3)(4)(5)(6) of the group G§ (Eq. 16), which is a subgroup of
the stereogenic group (i.e., the symmetric group of degree 6 in this case). The two proligands
a’s are differentiated by adding o and 3 as superscript so as to give the skew-stereoisogram
for testifying pro-ortho-stereogenicity (Fig. 20). Thereby, the resulting achiral promolecules,
i.e., 44 and 46 become inequivalent, because they are not interconvertible by the permutation
(1)(23)(4)(5)(6), as found in Fig. 20. In other words, 44 and 46 are diastereomeric due to Def.
3 of Part II of this series. According to Def. 10, the two proligands a’s in 18 is concluded to be
diastereotopic, so that 18 is prostereogenic.

It should be emphasized that 18 is concluded to be pro-ortho-stereogenic and prostere-
ogenic by examining the skew-stereoisogram for testifying pro-ortho-stereogenicity (Fig. 20).
The concept of pro-ortho-stereogenic stems from quadruplets of RS-stereoisomers (stereoiso-
grams), while the concept of prostereogenic stems from pairs of (self-)enantiomers. The con-
cept of prostereogenicity due to Def. 10 consists of pro-RS-stereogenic (Def. 5) and pro-ortho-
stereogenic (Def. 9), approximately speaking, i.e., if we tentatively ignore the difference be-
tween the RS-permutation group and the stereogenic group.

5.3.2 Newly-Defined Prostereogenicity vs. the Conventional “Prostereogenicity”

It is safe to say that the conventional concept of “prostereogenicity” has overlooked the dif-
ference between the RS-permutation group and the stereogenic group. In other words, the
concept of “prostereogenicity” in the conventional stereochemistry ignores the presence of the
RS-permutation group and takes no account of the intermediate concept of RS-stereoisomers
formulated by the stereoisogram approach.

The newly-defined concept of prostereogenicity is independent to the concept of prochiral-
ity of a purely geometric meaning. The concept of pro-RS-stereogenicity is abstracted from
the concept of prostereogenicity. After that, the interaction between pro-RS-stereogenicity and
prochirality is discussed by means of stereoisograms for testifying prochirality and pro-RS-
stereogenicity, where the concept of pro-RS-stereogenicity is independent to the concept of
prochirality of a purely geometric meaning.

Accordingly, the achiral promolecule 1 is characterized as follows:

Def. 2: ap prochiral (Type IV to I) Fig. 7 17
Def. 5: ay pro-RS-stereogenic (Type IV to I) Fig. 7 (18)
Def. 10: a) prostereogenic Fig. 7 (19)
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The orbit of two a’s is characterized as being prochiral, pro-RS-stereogenic, and prostereogenic.
The assignment of pro-A/pro-C-descriptors stems from the pro-RS-stereogenic (cf. Table 2).

In contrast, the conventional concepts of “prostereogenicity” and “prochirality” are entan-
gled as shown in Table 3. As a result, the conventional stereochemistry has nullified the pro-
RS-stereogenicity (Eq. 18) and prostereogenicity (Eq. 19) of the two a’s in 1. Thereby, the
assignment of pro-A/pro-C-descriptors to the two a’s in 1 is presumed to stem from “prochiral-
ity”, because the two a’s are regarded as being “enantiotopic” (cf. Table 3). This presumption
is inconsistent with the following cases of 17 and 18.

As for 17, the results described above are summarized as follows:

Def. 2: pp prochiral (Type IV to II) Fig. 9 (20)
Def. 5: ap pro-RS-stereogenic (Type IV to V) Fig. 11 (21)
Def. 10: ap prostereogenic Fig. 11 (22)

The prochirality of 17 is concerned with the proligands p and p, while the pro-RS-stereogenicity
of 17 is concerned with the proligands a’s. Thereby, the assignment of pro-A/pro-C-descriptors
to the two a’s in 17 stems from the pro-RS-stereogenicity (cf. Table 2).

As for 18, the results described above are summarized as follows:

Def. 2: pp prochiral (Type V to III) Fig. 13 (23)
Def. 9: ap pro-ortho-stereogenic Figs. 17, 19, and 20 (24)
Def. 10: ap prostereogenic Figs. 19 and 20 (25)

The prochirality of 18 is concerned with the proligands p and p. The two proligands a’s in 18
exhibit pro-ortho-stereogenicity, where the two a’s are differentiated by the attack of chemical
reagents. Because they do not exhibit pro-RS-stereogenicity, pro-A/pro-C-descriptors are not
been assigned to the proligands a’s.

Eqgs. 17-19 for 1, Egs. 20-22 for 18, and Eqs. 23-25 for 19 show different modes of inter-
action between the newly-defined concept of prostereogenicity and prochirality. The different
modes are more clearly specified in terms of pro-RS-stereogenicity (Eqs. 18 and 21) and pro-
ortho-stereogenicity (Eq. 24) in the present stereoisogram approach. Hence, it is advisable to
use the term prostereogenicity in the following restricted fashion:

1. As for cases similar to 1, the term prochiral (Eq. 17) is used to characterize reactions
under chiral conditions and the term pro-RS-stereogenicity (Eq. 18) is used to rationalize
pro-A/pro-C-descriptors. The usage of the term prostereogenicity (Eq. 19) is not recom-
mended so that the more definite term pro-RS-stereogenicity (Eq. 18) should be used.

2. As for cases similar to 18, the term prochiral (Eq. 20) is used to characterize reactions
under chiral conditions and the term pro-RS-stereogenicity (Eq. 21) is used to rationalize
pro-A/pro-C-descriptors. The usage of the term prostereogenicity (Eq. 19) is not recom-
mended so that the more definite term pro-RS-stereogenicity (Eq. 18) should be used.

3. As for cases similar to 19, the term prochiral (Eq. 23) is used to characterize reactions
under chiral conditions. The term pro-ortho-stereogenicity (Eq. 24) is used to rational-
ize intramolecular (in)equivalency of proligands, which cannot be characterized by pro-
A/pro-C-descriptors. The term prostereogenicity (Eq. 25) may be used in the meaning of
pro-ortho-stereogenicity if such usage causes no confusion.
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The above-mentioned restriction of the term prostereogenicity meets the conventional term
“prostereogenicity”” halfway, so that past literature dealing with “prostereogenicity” would be
effective with minor modifications. However, it should be noted that the conventional terminol-
ogy based on the terms “prochirality” and “prostereogenicity” has several items of inconsistency
as follows:

1. The conventional term ‘“‘prostereogenicity”’ nullifies the prostereogenicity of Eq. 19 so
that the prochirality of Eq. 17 is taken into sole consideration. This nullification results in
entangled situations collected in Table 3.

2. The conventional term “‘prostereogenicity” does not differentiate between the prostere-
ogenicities represented by Eq. 22 and 25. It follows that the term “prostereogenicity” is
not always successful in the decision of whether pro-A/pro-C-descriptors can be assigned
or not.

3. The conventional term “prochirality” overlooks prochirality in the cases of converting
Type IV into Type II (Eq. 20) and in the cases of converting Type V to Type III (Eq. 23).

6 Conclusion

As a continuation of Part I and Part II of this series, the stereoisogram approach is extended
to discuss prochirality and pro-RS-stereogenicity for octahedral complexes in inorganic ste-
reochemistry. According to the formulation described previously for organic chemistry, the
concept of prochirality is defined in a purely geometric fashion on the basis of enantiospheric-
ity [9, 19, 20]. On the other hand, the concept of pro-RS-stereogenicity is defined on the basis
of RS-enantiotropicity [26, 27]. These concepts are applied to intramolecular features of octa-
hedral complexes, which have been enumerated previously [24] and discussed with respect to
their intermolecular features in Part I and Part II of this series.

After octahedral complexes are categorized into five types (Types I-V) by means of ste-
reoisograms, stereoisograms for testifying prochirality and pro-RS-stereogenicity are proposed
as alternative devices, which are an extension the counterparts developed originally for the
symmetry criterion in organic stereochemistry [29]. The relational terms enantiotopic and RS-
diastereotopic are introduced to make the symmetry criterion effective. Thereby, pro-A/pro-C-
descriptors are concluded to be based on an RS-diastereotopic relationship. The further concept
of pro-ortho-stereogenicity is proposed to rationalize intramolecular (in)equivalency of proli-
gands, which cannot be characterized by pro-A/pro-C-descriptors.
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