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Abstract

The concept of correlation diagrams of stereoisograms has been developed to charac-
terize a set of stereoisomers. Each of the stereoisomers is regarded as a tetrahedral un-
inuclear promolecule at an RS-stereogenic center or a binuclear promolecule at a bond
selected to be considered. Stereoisograms, each of which is constructed from a quadruplet
of such promolecules according to Fujita’s formulation (Fujita, S. J. Org. Chem. 2004, 69,
3158-3165), are collected to give a correlation diagram at the center or bond. When all
of the RS-stereogenic centers (along with the bond) are taken into consideration, a set of
correlation diagrams are generated to characterize the set of stereoisomers. Because each
stereoisogram represents the local chirality/achirality and the local RS-stereogenicity/RS-
astereogenicity of the RS-stereogenic center (or the bond), the corresponding correlation
diagram indicates total features of such local symmetries. Non-degenerate and degenerate
cases having two or four RS-stereogenic centers along with a central bond to be considered
have been investigated by using correlation diagrams of stereoisograms. Thereby, over-
simplified features of the conventional dichotomy between enantiomers and diastereomers
have been discussed in detail.

1 Introduction

Although the concept of stereogenicity is important to understand stereochemistry (particu-
larly nomenclatures for specifying stereoisomerism), it has not been directly defined in the



IUPAC 1996 Recommendations [1]. In place of the direct definition of the concept, the term
“stereogenic unit” has been defined in the IUPAC 1996 recommendations [1] and referred to
as “a unit generating stereoisomerism” even in the [UPAC 2004 Provisional Recommendations
[2, P-91.1.1.1]. The indirect definition based on the use of the term “stereogenic unit” implies
that the IUPAC 1996 Recommendations regards the stereogenicity as local properties around
the unit at issue. This implication means that local stereogenicity and global one should be
differentiated.

In the conventional stereochemistry, the necessity of differentiating between local stere-
ogenicity and global one has not been discussed thoroughly, but treated in a practical fash-
ion, as found in the treatment of stereoisomeric tartaric acids. When the Cahn-Ingold-Prelog
(CIP) system of giving RS-descriptors applied to stereoisomeric tartaric acids, we obtain the
following combinations: (25,3S) and (2R,3R) for an enantiomeric pair of tartaric acids (2 and
2) as well as (2R,3S) for an achiral tartaric acid (meso-tartaric acid, 1). As found easily, the
RS-descriptors are concerned with the configurations of respective “stereogenic centers” (or
“asymmetric centers” or “chirality centers” as one kind of stereogenic units) so that they do not
directly indicate global symmetries (chirality/achirality and stereogenicity/non-stereogenicity)
of the tartaric acids. For example, the R- or S-descriptor of (2R,3S)-tartaric acid (1) specifies
the configuration of each stereogenic center and does not directly indicate the global achirality
of (2R,3S)-tartaric acid (1).
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Figure 1: Meso-tartaric acid and an enantiomeric pair of chiral tartaric acids. Proligands for
correlation diagrams of stereoisograms are designated by r, and T.

To demonstrate the achirality of (2R,3S5)-tartaric acid, an appropriate conformation of high-
est attainable symmetry (e.g., an eclipsed conformation with Cg-symmetry or a staggered con-
formation with C;-symmetry) is usually selected [3, pp. 39-41] so that the reflection plane (per-
pendicular to the C;—C3 bond) or the inversion point (at the middle point of the C,—C3 bond)
is recognized as a source of the achirality (cf. [4]). The stereogenic centers at which the CIP sys-
tem aims are concluded to have nothing to do with the global symmetry (achirality) of (2R,3S)-
tartaric acid.

The discussion described in the preceding paragraphs shows that we should use the terms
global (local) symmetry, global (local) stereogenicity, and global (local) chirality on a more
definite basis. As a definite basis of these terms, Fujita [5] has developed the concept of
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stereoisograms and indicated that the local stereogenicity related to RS-descriptors of the CIP
system should be more strictly referred to by the term “local RS-stereogenicity” [6, 7]. By
means of the concept of stereoisograms, the global symmetry of (2R,35)-tartaric acid has been
shown to be represented by a Type-II stereoisogram, while the local symmetry of the C; or C3
stereogenic center has been characterized by a Type-IlI-like stereoisogram [5, Fig. 12]. How-
ever, the Type-Ill-like stereoisogram has not been so fully discussed because of its irregular
format.

The present paper is devoted to a further advanced basis for the use of the terms global
(local) symmetry, global (local) RS-stereogenicity, and global (local) chirality. We here propose
the concept of correlation diagrams of stereoisograms so that we are able to avoid such an
irregular format of stereoisograms in the discussion on the stereochemistry of (2R,3S)-tartaric
acid [5, Fig. 12]. Then, we demonstrate the generality of the concept by using more complicated
examples having four stereocenters.

2  Correlation Diagrams of Stereoisograms

2.1 Basic Terminology

According to previous articles [5, 8], we use the symbols listed in Table 1 to indicate the three
relationships to draw stereoisograms.

Table 1: Three Relationships and Attributes for Stereoisograms [5, 8]

symbol relationship attribute
~——@®—  enantiomeric chiral

—@®@—  (self-enantiomeric) achiral
«~—O0—  RS-diastereomeric RS-stereogenic
—O—  (self-RS-diastereomeric) RS-astereogenic
~—— holantimeric scleral
—e—  (self-holantimeric) ascleral

The three relationships correspond to three pairs of attributes for characterizing a pro-
molecule: chiral/achiral, RS-stereogenic/RS-astereogenic, and scleral/ascleral. As a result, there
appears a quadruplet of RS-stereoisomers in a stereoisomer, where such RS-stereoisomers are
categorized into enantiomers, RS-diastereomers, and holantimers in accord with the three re-
lationships listed in Table 1. Among eight combinations of the three attributes (Table 1), five
types (Type I-V) listed in Table 2 are effective to characterize stereoisograms [5, 8].

2.2 Correlation Diagrams for Two Stereocenters
2.2.1 Characterization of Non-Degenerate Cases

To indicate a non-degenerate case, let us examine stereoisomeric tartaric acid monomethyl es-
ters shown in Fig. 2, which illustrates two enantiomeric pairs: 3/3 and 4/4. When the ligands
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Table 2: Five Types of Stereoisograms [5, 8]

Type combination of the three attributes
TypeI:  chiral <~@— RS-stereogenic ~— ascleral —o—
Type II:  chiral ~~@— RS-astereogenic —>— scleral ~—®—

Type IIl: ~ chiral ~~®—  RS-stereogenic ~°—  scleral ~®—
Type IV:  achiral —@®— RS-astereogenic —°— ascleral —¢—
Type V:  achiral =@®— RS-stereogenic ~O—  scleral ~o—
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Figure 2: Two enantiomeric pairs of tartaric acid monomethyl esters. Proligands for correlation
diagrams of stereoisograms are designated by r, T, and so on.

CH(OH)COOCH3 and CH(OH)COOH in 3 are regarded as proligands denoted by the symbols
s and T, the molecule 3 is represented by a binuclear promolecule T—s. Accordingly, its enan-
tiomer 3 is represented by another binuclear formula r—s, where the pairs r/f and s/s denote
enantiomeric pairs of proligands in isolation. For the concepts of proligands and promolecules,
see [9]. For binuclear promolecules, see [10, 11].

According to [5], the two promolecules t—s (3p) and r—5§ (3p) construct a stereoisogram
of Type II, as shown in Fig. 3(A) (Stereoisogram #1), where the subscript b of 3;, etc. shows
that the promolecule at issue is concerned with the central bond of 3 and so on. On a sim-
ilar line, two promolecules —s5 (4y,) and r—s (4) generated from 4 and 4 construct another
stereoisogram of Type II, as also shown in Fig. 3(A) (Stereoisogram #2). The combination of
Stereoisograms #1 and #2 is called a correlation diagram of stereoisograms. It should be noted
that two promolecules of each enantiomeric pair are located in the peripheral positions of the
diagram of Fig. 3(A).

Let us next pay attention to C, stereocenters of stereoisomers shown in Fig. 3, where four
proligands, i.e., OH, COOCH3s, r (or T), and H, occupy the four positions of a tetrahedral skele-
ton. The resulting uninuclear promolecules, i.e., 3,/3, and 4,/4,, construct a correlation dia-
gram shown in Fig. 3(B), where the position of each promolecule is selected in accord with the
corresponding position of Fig. 3(A) (e.g., 32 vs. 3,). Note that the subscript 2 corresponds to
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(A) Correlation Diagram at a Central Bond
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Figure 3: Correlation diagrams of stereoisograms for stereoisomeric tartaric acid monomethyl
esters. (A) For a central bond: Stereoisograms of #1 and #2 both belong to Type II; (B) For Cs:
Stereoisograms #1 and #2 are equivalent (Type III), where OH > COOCH3 > r (r) > H; and
(C) For C3: Stereoisograms #1 and #2 are equivalent (Type III), where OH > COOH > s (5) >
> H.

the C, stereocenter. Hence, the uninuclear promolecule 3, and the binuclear promolecule 3,
represent the same molecule 3. The four promolecules in the upper left part of Fig. 3(B) (32/3;
and 4,/4,) construct Stereoisogram #1 of Type III. The four promolecules in the lower right
part of Fig. 3(B) (32/3; and 4,/4, all parenthesized) construct Stereoisogram #2 of Type III.
Obviously, the two stereoisograms are equivalent so as to be duplicated.

An RS-diastereomeric relationship between 3, and 4, in Stereoisogram #1 of Type III (Fig.
3(B)) gives a basis to the assignment of R- and S-descriptors according to the priority sequence,
OH > COOCHj3 >t > H. On the other hand, another RS-diastereomeric relationship between
3, and 4, in the same Stereoisogram #1 gives a basis to the assignment of S- and R-descriptors
according to the priority sequence, OH > COOCH3 > r > H. It should be noted that the
R-configuration of 3, (due to OH > COOCH3 > t > H) is not directly correlated to the S-
configuration of its enantiomer 3, (due to OH > COOCH; > r > H) because the priority
sequences are different from each other. Although the conventional stereochemistry has con-
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sidered 3, and 3, pairwise in the process of giving RS-descriptors, the assignment by pairing
such enantiomers is concluded to be only a convention from the present viewpoint. The conven-
tional stereochemistry has overlooked the implicit participation of Stereoisogram #1 of Type III
(Fig. 3(B)).

By paying attention to C3 stereocenters of stereoisomers shown in Fig. 3, we obtain four
promolecules, i.e., 33/33 and 43/43, where four proligands, i.e., OH, COOH, s (or 5), and H,
occupy the four positions of a tetrahedral skeleton. They construct a correlation diagram shown
in Fig. 3(C), where the four promolecules in the upper left part (33/33 and 43/43) construct
Stereoisogram #1 of Type III, while the four promolecules in the lower right part, i.e., (33)/(33)
and (43)/(43) (all parenthesized), construct Stereoisogram #2 of Type III. Obviously, Stereoiso-
gram #2 is equivalent to #1.

It should be noted that there are other combinations for constructing stereoisograms, i.e.,
33/3; and (43)/(43) at the lower left part of Fig. 3(C); as well as (33)/(33) and 43/43 at the upper
right part. This ambiguity stems from the molecular symmetries of the participant molecules
belonging to Type 1I so that it does not influence discussions and conclusions.

According to an RS-diastereomeric relationship between 33 and 43 in Stereoisogram #1 of
Type 1II (Fig. 3(C)), we are able to assign S- and R-descriptors (the priority sequence, OH >
COOH > s > H). On the other hand, another RS-diastereomeric relationship between 33 and
45 in the same Stereoisogram #1 gives a basis to the assignment of R- and S-descriptors (the
priority sequence, OH > COOH > 5> H). Again, the S-configuration of 33 (due to OH > COOH
> s > H) is not directly correlated to the R-configuration of its enantiomer 33 (due to OH >
COOH > 5 > H) because the priority sequences are different from each other. Although this
type of pairing (33/33) has been a widespread convention for giving RS-descriptors, it should be
pointed out that such pairing in the conventional stereochemistry again overlooks the implicit
participation of Stereoisogram #1 of Type III (Fig. 3(C)).

2.2.2 Characterization of Degenerate Cases

Stereoisomeric tartaric acids (Fig. 1) as a degenerate case can be discussed by modifying the
above-mentioned treatment of the non-degenerate case (Figs. 2 and 3). By converting the ligand
COOCH;3; of the promolecules listed in Fig. 3 into the ligand COOH, we obtain the correspond-
ing correlation diagrams shown in Fig. 4.

The correlation diagram shown in Fig. 4(A) contains two stereoisograms, which are com-
posed of binuclear promolecules. The binuclear promolecule 1 (r—r), which is superposable to
its enantiomer 1 (r—T), constructs a stereoisogram of Type IV, which is depicted as Stereoiso-
gram #1 contained in Fig. 4(A). On the other hand, two promolecules T— (2;) and r—r )
generated from 2 and 2 construct a stereoisogram of Type II, as shown in Fig. 4(A) (Stereoiso-
gram #2).

When we pay attention to C; stereocenters of stereoisomers shown in Fig. 1, we obtain a cor-
relation diagram shown in Fig. 4(B), which contains two stereoisograms (#1 and #2) composed
of promolecules 15/15 and of promolecules 4,/4,. They are equivalent, because the same set of
four proligands, i.e., OH, COOH, r (or 1), and H, occupies the four positions of a tetrahedral
uninuclear skeleton.

An RS-diastereomeric relationship between 1, and 25 in Stereoisogram #1 of Type III (Fig.
3(B)) gives a basis to the assignment of R- and S-descriptors according to the priority sequence,
OH > COOH > r > H. On the other hand, another RS-diastereomeric relationship between
1, (parenthesized) and 2, in the same Stereoisogram #1 gives a basis to the assignment of S-



and R-descriptors according to the priority sequence, OH > COOH > r > H. It should be
emphasized that 1, and 1, (parenthesized) represent the same achiral molecule 1. Hence, the
different promolecules 1 and 1, (parenthesized) should be regarded as exhibiting the local
symmetry (local chirality and local RS-stereogenicity) at the C, atom of the achiral molecule 1
in the form of a Type-III stereoisogram.

In contrast, the conventional process assigns an R-descriptor to 1, without considering 15,
because 1, and 1, represent the same achiral molecule 1. Even if 1, and 1, were compared
in the conventional process, the R-configuration of 1, (due to OH > COOH > t > H) is not
directly correlated to the S-configuration of its enantiomer 1, (due to OH > COOH > r > H)
because the priority sequences are different from each other. The conventional stereochemistry
has overlooked the implicit participation of the RS-diastereomeric relationship between 1, and
25, as found in Stereoisogram #1 of Type III (Fig. 4(B)).

Stereoisogram #1 of Type III (Fig. 4(B)) is alternatively recognized to show the assignment
of an S-descriptor to the C, of 2 by using the RS-diastereomeric relationship between 2, and
1, as well as the assignment of an R-descriptor to the C, of 2 by using RS-diastereomeric
relationship between 2, and 1, (parenthesized). This methodology is in sharp contrast to the
conventional method of stereochemistry in which the S-configuration of 2, is directly correlated
to the R-configuration of its enantiomer 2, in spite of their different priority sequences (OH >
COOH >r > H vs. OH > COOH >t > H).

The Cs stereocenter of each stereoisomer shown in Fig. 1 accommodates four proligands,
i.e., OH, COOH, r (or 1), and H. The corresponding correlation diagram is shown in Fig. 4(C),
which contains two equivalent stereoisograms (#1 and #2). Although we adopt 35/(33) and
43/4; for constructing Stereoisogram #1 (the upper left part), we can alternatively select 33/(33)
and (43)/(43) (parenthesized) at the lower left part of Fig. 4(C). This ambiguity stems from the
molecular symmetries of 3 (Type V) and 4/4 (Type II) so that it does not influence discussions
and conclusions.

Another set of four remaining promolecules at the lower right part of Fig. 3(C), i.e., (33)/(33)
and (43)/(43) (all parenthesized), construct Stereoisogram #2 of Type III. Obviously, Stereoiso-
gram #2 is equivalent to Stereoisogram #1 because of the molecular symmetries of the partici-
pant molecules.

According to an RS-diastereomeric relationship between 13 and 23 in Stereoisogram #1 of
Type III (Fig. 3(C)), we are able to assign S- and R-descriptors (the priority sequence, OH >
COOH > r > H). On the other hand, another RS-diastereomeric relationship between 35 and 43
in the same Stereoisogram #1 gives a basis to the assignment of R- and S-descriptors (the priority
sequence, OH > COOH > r > H). Again, the S-configuration of the promolecule 13 (due to
OH > COOH > r > H) is not directly correlated to the R-configuration of its enantiomeric
promolecule 13 (due to OH > COOH > § > H) because the priority sequences are different
from each other. It should be noted that the promolecules 13 and 1; (parenthesized) indicate the
local symmetry (local chirality and local RS-stereogenicity) at the C3 stereocenters, although
they globally represent the same achiral molecule 1.

Finally, Stereoisogram #1 of Fig. 3(B) and Stereoisogram #1 of Fig. 3(C) represent equiv-
alent characteristics because of the global symmetries of the participant molecules, which are
represented by Fig. 3(A). Even though equivalent, the two stereoisograms distinctly represent
the local symmetries at the C, and Cj3 stereocenters, which should not be confused with the
global symmetries represented by Fig. 3(A). In this context, the Type-III-like stereoisogram re-
ported in [5, Fig. 12] should be revised into Stereoisogram #1 of Fig. 3(B) or Stereoisogram #1
of Fig. 3(C), which belong to Type III.
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Figure 4: Correlation diagrams of stereoisograms for stereoisomeric tartaric acids. (A) For a
central bond: Stereoisogram of #1 belong to Type IV, while Stereoisogram of #2 belong to Type
II; (B) For C;: Stereoisograms #1 and #2 are equivalent (Type III), where OH > COOH > r (1)
> H; and (C) For C3: Stereoisograms #1 and #2 are equivalent (Type III), where OH > COOH
>r () > H.

2.3 Correlation Diagrams for Four Stereocenters
2.3.1 Characterization of Non-Degenerate Cases

The above-mentioned discussions on the cases having two stereocenters can be extended to
cases having four stereocenters. By examining Figs. 3 and 4, it is sufficient to select the upper
left part of each correlation diagram. In other words, each lower right part involving parenthe-
sized promolecules can be omitted to give a simplified diagram without loosing generality. Be-
cause the present cases of four stereoisomers would give huge correlation diagrams, we use such
simplified diagrams corresponding to the half parts of respective correlation diagrams. Accord-
ing to this guideline, let us examine eight enantiomeric pairs of 2,3,4,5-tetrahydroxyhexanedioic
acid monomethyl esters shown in Fig. 5 as one example of non-degenerate cases.

First, the molecules listed in Fig. 5 are regarded as binuclear promolecules, where each
central bond (C3—Cy) is taken into consideration. By using the symbols 1; (r;) and s; (5;)



-11-

(/s/ (‘IOO(EM ‘/; COOCH, /s ‘COOCH\ [ - COOCH\S“
\_H=—, c«()l-y S5 5 \tlp—z&Lu/’ 2l g N H'ZC‘QH/ 5| \Ho__,éLH/‘ alg,
R S
He—y ‘OH Hw—y C—=OH HO =y ‘H HOw— C—=H
He—y C=OH He, CL~OH Hoey CwOH He, C=OH
T 4’7 & — ~ T '4’7‘ ~ T
i /H'(\j‘o“’\ iiive ”'SE‘S‘O“\ fn /H's(‘:;OH Hn ,V/H‘s‘LOH\
; (A= (.
\' coon / \"  coon \"  coon / \" _ coon /
5 6 7 8
') $ e b
c: k3 ¥ ks
r/{ $00cm ‘K COOCH) ﬁr (‘ZOOCH\J (s cooci
\,1;10»2(:5«1-1 AR \}1—2&"&01{/’ i \HO=-, c‘«l—[/ 2| \H—, <OH/ S
HO=— SwH HO=—C~H Ho—y *wOH ]-[—34:«0]-1
HOm—C el _ HOm, Ct HO= Rt _ HOm-, %t
T 4’7 37, 4’7 T
e /HOmsCtal e (Ho»?f‘ wn 0| o™ 1| o= R
) ( (
\\'7 COOH / \"  coon / \"  coon / \"  coon /
5 6 7 8
/s COOCH), ‘/; COOCH) /s COOCH) ‘G' COOCH\
et eon/ [ \om ¢t || o [ o |
Humy C"wOH HemyCwOH HOwm—y et HO=yCieH
HOm, HOw, % HOm,C%wH HOw, C
T I T T
e ‘/Hf‘gm P2l ity ol HTC‘TOH\ 172 (o
: : (#
\_ coon \"  coon / \*  coon / \' _ coon /
9 10 11 12
\
: ; ;
/5 coocHy ‘/, COOCH) /s COOCH) (s coock
\HOmy Pt/ |31 o |2 ‘\ﬂ,o—z&ﬁ,/ s i[9
HOm et HOwCiwH HeyC%woH HﬁéLOH
S
_ Ho\ CmOH _ Hm\ C=OH . He ' ~OH _ H—y CwOH
T T5| 5 — ~ T T
i /0»% «H\ R \/HO'»;‘R‘H\ R /O>é<l-l N o™ /HO>‘<H\
(.
\\'7 COOH / \"  coon / NS COOH / \"_ coon /
9 10 11 12

Figure 5: Eight enantiomeric pairs of 2,3,4,5-tetrahydroxyhexanedioic acid monomethyl esters.
Proligands for drawing correlation diagrams are designated by letters r, T, and so on.

for representing proligands (i = 1 and 2), the resulting binuclear promolecules are arranged to
construct a correlation diagram of stereoisograms, as shown in Fig. 6(A). Because all of the
stereoisograms appearing in Fig. 6(A) belong to Type II, the right part of each stereoisogram is
omitted so that respective enantiomeric pairs are depicted at peripheral positions of the correla-
tion diagram (Fig. 6(A)).

The C; stereocenter of each stereoisomer shown in Fig. 5 is regarded as being attached by
a set of four proligands OH, COOCHz, r; (or 1;), and H, where i = 3—-6. The corresponding uni-
nuclear promolecules (5,/5,—12,/125) construct a correlation diagram of stereoisograms shown
in Fig. 6(B), which involves four stereoisograms (#1-#4) of Type III.

An RS-diastereomeric relationship between 5, and 65 in Stereoisogram #1 of Type III (Fig.
6(B)) gives a basis to the assignment of R- and S-descriptors according to the priority sequence,
OH > COOCHj3 > r3 > H. On the other hand, another RS-diastereomeric relationship between
5, and 6; in the same Stereoisogram #1 gives a basis to the assignment of S- and R-descriptors
according to the priority sequence, OH > COOCH3 > 13 > H.
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Figure 6: Correlation diagrams of stereoisograms for stereoisomeric 2,3,4,5-tetrahydroxyhexanedioic
acid monomethyl esters. (A) For a central bond: Stereoisogram of #1—#8 belong to Type II; (B) For
C,: Stereoisograms #1—#4 belong to Type III where OH > COOCHj3 > 1; (t;) > H (i = 3-6); (C) For
Cs: Stereoisograms #1—#4 belong to Type III, where OH > s (5) > 1; (t;) > H (i = 1,2); (D) For Cy4:
Stereoisograms #1—#4 belong to Type III, where OH > r () > s; (5;) > H (i = 1,2); and (D) For Cs:
Stereoisograms #1—#4 belong to Type III, where OH > COOH > s; (5;) > H(i = 3-6).
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The correlation diagram shown in Fig. 6(B) contains additional stereoisograms of Type III,
i.e., Stereoisogram #2: an RS-diastereomeric relationship between 7, and 8, (the priority se-
quence, OH > COOCH3; > r4 > H) and another RS-diastereomeric relationship between 7, and
8, (the priority sequence, OH > COOCH; > Ty > H); Stereoisogram #3: an RS-diastereomeric
relationship between 9, and 10, (the priority sequence, OH > COOCH3 > rs > H) and another
RS-diastereomeric relationship between 9, and 10, (the priority sequence, OH > COOCH;
> 15 > H); as well as Stereoisogram #4: an RS-diastereomeric relationship between 11, and
12, (the priority sequence, OH > COOCH3 > rg > H) and another RS-diastereomeric rela-
tionship between 11, and 12, (the priority sequence, OH > COOCH3 > T > H). The listed
RS-diastereomeric relationships are used to give RS-descriptors according to the respective pri-
ority sequences attached in pairs of parentheses.

The C3 stereocenters of stereoisomers listed in Fig. 5, each of which is attached by a set
of four proligands represented by OH, s (5), r; (or 1;), and H (i = 1 and 2), are characterized
by a correlation diagram shown in Fig. 6(C). The correlation diagram involves four stereoiso-
grams (#1-#4) of Type III as follows: Stereoisogram #1: an RS-diastereomeric relationship
between 53 and 73 (the priority sequence, OH > s > r; > H) and another RS-diastereomeric
relationship between 53 and 73 (the priority sequence, OH > § > f; > H); Stereoisogram #2:
an RS-diastereomeric relationship between 63 and 83 (the priority sequence, OH > 5 > r; > H)
and another RS-diastereomeric relationship between 63 and 85 (the priority sequence, OH > s >
11 > H); Stereoisogram #3: an RS-diastereomeric relationship between 93 and 113 (the priority
sequence, OH > s > r; > H) and another RS-diastereomeric relationship between 95 and 115
(the priority sequence, OH > 5 > 1, > H); as well as Stereoisogram #4: an RS-diastereomeric
relationship between 103 and 123 (the priority sequence, OH > § > rp > H) and another RS-
diastereomeric relationship between 105 and 125 (the priority sequence, OH > s > 1, > H). The
listed RS-diastereomeric relationships are used to give RS-descriptors according to the respec-
tive priority sequences attached in pairs of parentheses.

The C4 stereocenter of each stereoisomer listed in Fig. 5 is attached by a set of four proli-
gands represented by OH, r (F), s; (or §;), and H (i = 1 and 2). The corresponding uninuclear
promolecules are characterized by a correlation diagram shown in Fig. 6(D), which involves
four stereoisograms (#1—#4) of Type III, i.e., Stereoisogram #1: an RS-diastereomeric relation-
ship between 54 and 94 (the priority sequence, OH > 1> 5| > H) and another RS-diastereomeric
relationship between 5,4 and 9, (the priority sequence, OH > r > s; > H); Stereoisogram #2:
an RS-diastereomeric relationship between 64 and 104 (the priority sequence, OH > 1> so >
H) and another RS-diastereomeric relationship between 64 and 10y (the priority sequence, OH
>r1 > 5 > H); Stereoisogram #3: an RS-diastereomeric relationship between 74 and 114 (the
priority sequence, OH > T > 5, > H) and another RS-diastereomeric relationship between
7, and 114 (the priority sequence, OH > r > s, > H); as well as Stereoisogram #4: an RS-
diastereomeric relationship between 84 and 124 (the priority sequence, OH > > s; > H) and
another RS-diastereomeric relationship between 84 and 124 (the priority sequence, OH > r >
51 > H). The listed RS-diastereomeric relationships are used to give RS-descriptors according
to the respective priority sequences attached in pairs of parentheses.

Each Cjs stereocenter of the stereoisomers shown in Fig. 5 is attached by a set of four pro-
ligands represented by OH, COOH, s; (or §;), and H, where i = 3—6. The resulting uninuclear
promolecules (55/55—125/125) construct a correlation diagram of stereoisograms shown in Fig.
6(D), which involves four stereoisograms (#1—#4) of Type III. The following RS-diastereomeric
relationships in respective stereoisograms are used to give RS-descriptors according to priority
sequences attached in pairs of parentheses, i.e., Stereoisogram #1: an RS-diastereomeric re-
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lationship between 55 and 125 (the priority sequence, OH > COOH > s3 > H) and another
RS-diastereomeric relationship between 55 and 125 (the priority sequence, OH > COOH > s3
> H); Stereoisogram #2: an RS-diastereomeric relationship between 65 and 115 (the priority
sequence, OH > COOH > s¢ > H) and another RS-diastereomeric relationship between 65 and
115 (the priority sequence, OH > COOH > 5¢ > H); Stereoisogram #3: an RS-diastereomeric
relationship between 75 and 105 (the priority sequence, OH > COOH > 55 > H) and another
RS-diastereomeric relationship between 75 and 105 (the priority sequence, OH > COOH > ss
> H); as well as Stereoisogram #4: an RS-diastereomeric relationship between 85 and 95 (the
priority sequence, OH > COOH > s4 > H) and another RS-diastereomeric relationship between
85 and 95 (the priority sequence, OH > COOH > 54 > H).

2.3.2 Characterization of Degenerate Cases

A degenerate case of stereoisomeric 2,3,4,5-tetramethylhexanedioic acids (Fig. 7) can be dis-
cussed in comparing with the above-mentioned non-degenerate case of their monomethyl esters
(Fig. 5). Each molecule listed in Fig. 7 is obtained by converting the ligand COOCH3 of the
monomethyl ester (occupying the corresponding position of Fig. 5) into the ligand COOH.
Thereby, there appear two achiral molecules (13 and 19) and four pairs of enantiomers (14/14,
15/15, 16/16, and 18/18). Degenerate features are characterized by the presence of two super-
posable mirror images (13 and 19 parenthesized to exhibit duplication) and by the presence of
two parenthesized (duplicated) pairs of enantiomers (17/17 and 20/20).

When we pay attention to the central bonds (C3—Cy4) of respective molecules listed in
Fig. 7, the corresponding binuclear promolecules construct a correlation diagram shown in Fig.
8(A), where two proligands selected from ry (1) and r () are linked to generate each binuclear
promolecule. Stereoisograms #1 (r;—rt) and #6 (r,—T») belong to Type IV, which shows the
meso-characters of 13 and 19. On the other hand, Stereoisograms #2—#5 belong to Type II.

In accord with the degenerate nature of the correlation diagram shown in Fig. 8(A), paren-
thesized Stereoisograms #2 is equivalent to Stereoisograms #2; and parenthesized Stereoiso-
grams #3 is also equivalent to Stereoisograms #3. In spite of duplication, these stereoisograms
are necessary to go on with the following discussions on other correlation diagrams.

The C; stereocenter of each stereoisomer shown in Fig. 7 is attached by a set of four proli-
gands represented by OH, COOH, r1; (or 1;), and H, where i = 3—6. The corresponding uninuclear
promolecules construct a correlation diagram of stereoisograms shown in Fig. 8(B), which in-
volves four stereoisograms (#1—#4) of Type III.

Although the pair of 17/17 (parenthesized) is identical to the pair 15/15, the corresponding
pair of promolecules 17,/17; (parenthesized) is different from the pair of promolecules 15,/15,.
This means that the local symmetry (local chirality and local RS-stereogenicity) at the C, atom
(Fig. 8(B)) is different from the global symmetry represented by the correlation diagram shown
Fig. 8(A). A similar situation holds true for 20,/20, (parenthesized) vs. 14,/14.

The four stereoisograms contained in Fig. 8(B) are capable of giving RS-descriptors by
means of RS-diastereomeric relationships, i.e., Stereoisogram #1: an RS-diastereomeric rela-
tionship between 13, and 14, (the priority sequence, OH > COOH > r3 > H) and another
RS-diastereomeric relationship between (13,) and 145 (the priority sequence, OH > COOH >
13 > H); Stereoisogram #2: an RS-diastereomeric relationship between 15, and 16, (the priority
sequence, OH > COOH > r4 > H) and another RS-diastereomeric relationship between 15, and
16, (the priority sequence, OH > COOH > 74 > H); Stereoisogram #3: an RS-diastereomeric
relationship between (172) and 18, (the priority sequence, OH > COOH > rs > H) and another
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Figure 7: Six (self-)enantiomeric pairs of 2,3,4,5-tetrahydroxyhexanedioic acids. Proligands
for drawing correlation diagrams are designated by letters r, T, and so on. Each parenthesized
molecule (or pair) is duplicated because locant numbers are not taken into consideration.

RS-diastereomeric relationship between (17,) and 18; (the priority sequence, OH > COOH >
s > H); Stereoisogram #4: an RS-diastereomeric relationship between 19, and (20,) (the pri-
ority sequence, OH > COOH > rs > H) and another RS-diastereomeric relationship between
19, and (20,) (the priority sequence, OH > COOH > T > H).

The Cj stereocenter of each stereoisomer listed in Fig. 7 is attached by a set of four proli-
gands represented by OH, r (¥), r; (or 1;), and H (i = 1 and 2). The corresponding uninuclear
promolecules are characterized by a correlation diagram shown in Fig. 8(C), which involves four
stereoisograms (#1—#4) of Type III. Each stereoisogram contains two RS-Diastereomeric rela-
tionships, which are used to give RS-descriptors according to the respective priority sequences
attached in pairs of parentheses, i.e., Stereoisogram #1: an RS-diastereomeric relationship be-
tween 133 and 153 (the priority sequence, OH > r > r; > H) and another RS-diastereomeric
relationship between 135 and 153 (the priority sequence, OH > T > t; > H); Stereoisogram #2:
an RS-diastereomeric relationship between 143 and 163 (the priority sequence, OH >r > 71| >
H) and another RS-diastereomeric relationship between 143 and 163 (the priority sequence, OH
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Figure 8: Correlation diagrams of stereoisograms for stereoisomeric 2,3,4,5-tetrahydroxyhexanedioic
acids. (A) For a central bond: Stereoisogram of #2—#5 belong to Type II, while #1 and #6 belong to Type
IV; (B) For C,: Stereoisograms #1—#4 belong to Type III where OH > COOH > 1; (t;) > H (i = 3-6);
(C) For Cj: Stereoisograms #1—#4 belong to Type III, where OH > r () > r; (t;) > H (i = 1,2); (D) For
Cy4: Stereoisograms #1—#4 belong to Type III, where OH > r () > r; (t;) > H (i = 1,2); and (D) For Cs:
Stereoisograms #1—#4 belong to Type III, where OH > COOH > r; (t;) > H(i = 3-6).
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> T > > H); Stereoisogram #3: an RS-diastereomeric relationship between (173) and 1953 (the
priority sequence, OH > r > r, > H) and another RS-diastereomeric relationship between 173)
and (193) (the priority sequence, OH > T > T, > H); Stereoisogram #4: an RS-diastereomeric
relationship between 183 and (203) (the priority sequence, OH > > r; > H) and another RS-
diastereomeric relationship between 185 and (203) (the priority sequence, OH >r > 1, > H);

The Cy4 stereocenter of each stereoisomer listed in Fig. 7 produces the corresponding unin-
uclear promolecule shown in Fig. 8(D), where a set of four proligands OH, r (7), r; (or T;), and
H (i = 1 and 2) is taken into consideration. The correlation diagram (Fig. 8(D)) involves four
stereoisograms (#1—#4) of Type III, i.e., Stereoisogram #1: an RS-diastereomeric relationship
between 134 and (174) (the priority sequence, OH >t > 1| > H) and another RS-diastereomeric
relationship between (134) and (174) (the priority sequence, OH > r > r; > H); Stereoisogram
#2: an RS-diastereomeric relationship between 144 and 184 (the priority sequence, OH >t > 1y
> H) and another RS-diastereomeric relationship between 144 and 184 (the priority sequence,
OH > r > 1, > H); Stereoisogram #3: an RS-diastereomeric relationship between 154 and 194
(the priority sequence, OH > > 1, > H) and another RS-diastereomeric relationship between
15, and (194) (the priority sequence, OH > r > rp > H); as well as Stereoisogram #4: an RS-
diastereomeric relationship between 164 and (204) (the priority sequence, OH >t > r; > H)
and another RS-diastereomeric relationship between 16,4 and (204) (the priority sequence, OH
> r > 1| > H). The listed RS-diastereomeric relationships are used to give RS-descriptors by
adopting the respective priority sequences attached in pairs of parentheses.

The correlation diagram shown in Fig. 8(E) is concerned with the Cs stereocenters of
stereoisomers shown in Fig. 7, where each Cs stereocenter is attached by a set of four proli-
gands represented by OH, COOH, r; (or 1;), and H, where i = 3—6. The correlation diagram (Fig.
8(E)) involves four stereoisograms (#1—#4) of Type III, where the following RS-diastereomeric
relationships in respective stereoisograms are used to give RS-descriptors according to priority
sequences attached in pairs of parentheses, i.e., Stereoisogram #1: an RS-diastereomeric rela-
tionship between 135 and (205) (the priority sequence, OH > COOH > 13 > H) and another
RS-diastereomeric relationship between 135 and 205 (the priority sequence, OH > COOH > r3
> H); Stereoisogram #2: an RS-diastereomeric relationship between 145 and (195) (the priority
sequence, OH > COOH > 14 > H) and another RS-diastereomeric relationship between 145 and
195 (the priority sequence, OH > COOH > 1 > H); Stereoisogram #3: an RS-diastereomeric
relationship between 155 and 185 (the priority sequence, OH > COOH > 15 > H) and another
RS-diastereomeric relationship between 155 and 185 (the priority sequence, OH > COOH > r5
> H); as well as Stereoisogram #4: an RS-diastereomeric relationship between 165 and 17s)
(the priority sequence, OH > COOH > r4 > H) and another RS-diastereomeric relationship
between 165 and 175 (the priority sequence, OH > COOH > 14 > H).

3 Discussion

3.1 Global and Local Symmetries

In the present approach, a local symmetry in a molecule is divided into a local RS-stereogenicity
(paired with RS-astereogenicity) and a local chirality (paired with achirality), where the local
RS-stereogenicity is a basis for giving RS-descriptors of the CIP system. In a parallel way, a
global symmetry is divided into a global RS-stereogenicity (paired with RS-astereogenicity) and
a global chirality (paired with achirality). The crux of the present approach is that such local
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symmetries at respective sites (stereocenters, bonds, etc.) are characterized by stereoisograms,
each of which contains RS-stereoisomers concerning the site at issue.

The newly-developed concept a correlation diagram of stereoisograms provides us with
an integrated perspective over geometrical and stereoisomeric properties characterizing a set
of stereoisomers. When we repeatedly compare a correlation diagram constructed at a site
of a common locant number of each stereoisomer with a correlation diagram constructed at a
site of another common locant number, we find that a correlation diagram of stereoisograms
at an appropriate site (i.e., a definitely determined site under an appropriate criterion such as
centroids and bicentroids) is found to specify a local symmetry at the site as well as the global
symmetry of each stereoisomer. This feature is particularly useful for the characterization of
meso-molecules.

For example, the correlation diagram of Fig. 4(A) determines the local symmetry at the
C,—C3 bond of 1 (as the binuclear promolecule 1,) and the local symmetry at the C,—C3
bond of 2/2 (as a pair of promolecules 2,/2,); at the same time, the binuclear promolecule 1,
(or the pair of binuclear promolecules 2,/ 2;) indicates the global symmetry of 1 (or 2/2).

On the other hand, the correlation diagram of Fig. 4(B) indicates the local symmetry at the
C, stereocenter of 1 (in terms of the uninuclear promolecule 1,) and the local symmetry at the
C, stereocenter of 2/2 (in terms of a pair of uninuclear promolecules 2,/25). Obviously, the
uninuclear promolecules are incapable of representing global symmetries. Parallel situations
hold true for the correlation diagram of Fig. 4(C) which determines the local symmetries at the
Cj3 stereocenters.

Figure 8 shows another example of linking local and global symmetries together. Stereoiso-
gram #1 of Fig. 8(A) indicates the local symmetry at the C3—C,4 bond of 13 (as the binuclear
promolecule 13,) and at the same time the global symmetry of 13. The Type-IV nature (cf.
Table 2) of the binuclear promolecule 13, corresponds to the fact that 13 is achiral and RS-
astereogenic globally as determined to be a binuclear meso-molecule. This holds true for the
promolecule 19, which also exhibits meso-nature. Other correlation diagrams of Fig. 8(A) be-
long to Type II and show local symmetries at the C3—C,4 bonds as well as global symmetries.

The correlation diagram of Fig. 4(B) indicates the local symmetry at the C; stereocenter
of 13 etc. in terms of the uninuclear promolecule 1, etc., as found in Stereoisogram #1 and so
on. However, the uninuclear promolecule 1, etc. are generally incapable of representing global
symmetries. The enantiomeric relationship between 1, and (1) is incapable of representing the
global symmetry (the global achirality), although it demonstrates the local chirality of 13 well.
Parallel situations hold true for the correlation diagrams of Fig. 4(C), (D), and (E), which are
concerned with the C3, Cy4, and Cs stereocenters.

3.2 Balanced and Unbalanced Binuclear Molecules

The dichotomy between centroidal and bicentroidal trees (alkanes as graphs) which was for-
mulated by Jordan [12] and Cayley [13] has been extended to apply to three-dimensional
(3D) trees (alkanes as stereoisomers) by Fujita [14, 15]. Thus, 3D trees (alkanes as stereoiso-
mers) were categorized into centroidal and bicentroidal 3D trees as models of acyclic stereoiso-
mers [14, 15]; and then they were enumerated [14, 15] by means of Fujita’s proligand method
[16, 17, 18]. Alternatively, such 3D trees (alkanes) have been categorized into balanced and
unbalanced 3D trees according to another dichotomy developed by Fujita [19]. They were
enumerated according to this dichotomy also by employing Fujita’s proligand method. A fur-
ther scheme for enumerating alkanes after dual recognition as uninuclear and binuclear pro-
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molecules has been reported by Fujita [11]. Note that a bicentroid is selected from a set of
binuclei and that a centroid is selected from a set of uninuclei.

The two dichotomies have been combined to give three categories, i.e., centroidal & un-
balanced 3D-trees (alkanes), bicentroidal & unbalanced 3D-trees (alkanes), and bicentroidal &
balanced 3D-trees (alkanes) [19]. In this context, we can say that the present paper deals with
bicentroidal & unbalanced acyclic stereoisomers (cf. non-degenerate cases) and bicentroidal &
balanced acyclic stereoisomers (cf. degenerate cases).

For example, the correlation diagram of Fig. 4(A) indicates that the promolecule 1, repre-
sents a bicentroidal & balanced molecule; and that the pair of promolecules 2,,/2, also represents
a bicentroidal & balanced molecule. The correlation diagram of Fig. 8(A) indicates that the pro-
molecules 13, and 19, represent bicentroidal & balanced molecules. The pair of promolecules
16,/16, and the pair of promolecules 18,/18, represent bicentroidal & balanced molecules. It
should be pointed that the balanced nature requires binuclear formulas listed in Fig. 4(A) and
Fig. 8(A), because Fig. 4(B) and (C) as well as Fig. 8(B)—(E) are insufficient to discuss geomet-
ric and stereoisomeric features, especially global ones.

The remaining promolecules in Fig. 4(A) and Fig. 8(A) are bicentroidal & unbalanced
molecules. The unbalanced nature does not necessarily require binuclear formulas listed in
Fig. 4(A) and Fig. 8(A), because uninuclear formulas shown in Fig. 4(B) and (C) as well as in
Fig. 8(B)—(E) are sufficient to discuss geometric and stereoisomeric features.

Moreover, all of the promolecules listed in in Fig. 3(A) and Fig. 6(A) are bicentroidal &
unbalanced molecules. The unbalanced nature does not necessarily require binuclear formulas
listed in Fig. 3(A) and Fig. 6(A), because uninuclear formulas shown in Fig. 3(B) and (C) as
well as in Fig. 6(B)—(E) are sufficient to discuss geometric and stereoisomeric features.

In summary, the dichotomy between balanced and unbalanced 3D trees (as models of acyclic
stereoisomers) is important to discuss global symmetries of the 3D trees. The global symmetries
of unbalanced 3D trees can be discussed by means of uninuclear promolecules whether they are
centroidal or bicentroidal. Thus, examination of binuclear promolecules is not always required.
In contrast, the global symmetries of balanced 3D trees (which are all bicentroidal) should be
discussed by means of binuclear promolecules.

3.3 A Remedy for the Over-Simplified Dichotomy

The traditional terminology of stereochemistry has heavily depended on the dichotomy between
enantiomeric and diastereomeric relationships, as found in reviews [20, 21], textbooks on stere-
ochemistry [3,22-25], glossaries [1, 2], and several reports on a flow-chart approach [20,26—
28]. The dichotomy would be effective for characterizing the stereoisomers shown in Figs. 1
and 2, where they have two stereocenters. However, the cases of four stereocenters shown in
Figs. 5 and 7 become less controllable because of over-simplified features of the dichotomy. The
dichotomy has been critically discussed by Fujita, where the concepts of RS-stereoisomerism
and stereoisograms were developed to change the dichotomy into a new theoretical framework
[5,7,29-32]. Such over-simplified features of the conventional dichotomy can be more thor-
oughly avoided by means of the present concept correlation diagrams of stereoisograms.
When the molecule 5 (Fig. 5) is given, for example, we can recognize a pair of enantiomers
5/5. According to the dichotomy between enantiomers and diastereomers, the relationship be-
tween 5 and 6 is diastereomeric; the relationship between 5 and 7 is also diastereomeric; ...;
5 and 12 is also diastereomeric; and 5 and 12 is also diastereomeric. Thus, the resulting 14
relationships concerning 5 are all determined to be diastereomeric. In general, there appear one



-20-

Table 3: Correlation of 5 to RS-Stereoisomers

Main correlation diagram Epimeric correlation diagrams
Stereoisogram  Quadruplet Stereoisogram  Quadruplet
Fig. 6(C) #1 53/53; 75/73
Fig. 6(C) #2 63/63; 83/§3 Fig. 6(B) #1 52/52; 62/32
Fig. 6(C)#3  93/93; 113/113 Fig. 6(D) #1  54/54;94/94

Fig. 6(C) #4  103/103; 123/123 Fig. 6(E) #1  55/55; 125/125

enantiomer (e.g., 5) and 14 diastereomers (others listed in Fig. 5) even when the a molecule
(e.g., 5) is fixed to be examined.

The correlation diagrams collected in Fig. 6 provides us with a clue for categorizing 14
diastereomeric relationships appearing in Fig. 5. For the sake of convenience, each pair of
enantiomers is taken into consideration. We start from the pair 5/5, where the corresponding
promolecules at the C3 stereocenters are contained in Stereoisogram #1 of Fig. 6(C). Note
that stereoisograms of Fig. 6(C) is diagrammatic expressions of epimerizations at C3 atom.
Hence, the epimerization of the pair 53/53 into the pair 73/73 appears as the RS-diastereomeric
relationships in Stereoisogram #1 of Fig. 6(C), as collected in Table 3. By omitting the subscript
of each structure number, this epimerization concerning promolecules can be regarded as the
C;-epimerization of the corresponding pairs of molecules, i.e., the pair 5/5 converted into the
pair 7/7.

On a similar line, Stereoisogram #1 of Fig. 6(B), Stereoisogram #1 of Fig. 6(D), and Stereo-
isogram #1 of Fig. 6(E) represent epimerizations of the pair 5/5 into 6/6, 9/9, and 12/12 re-
spectively, as collected in the right column of Table 3. As a result, conventional diastereomeric
relationships can be detailedly reinterpreted by means of RS-diastereomeric and holantimeric
relationships, which are contained in each stereoisogram.

Although diastereomeric relationships between 5/5 and the remaining molecules (8/8, 10/10,
and 11/11) cannot be determined by direct epimerizations, they can be traced by multiple
epimerization processes. The combination of Stereoisogram #1 of Fig. 6(B) with Stereoiso-
gram #2 of Fig. 6(C) results in a multiple epimerization process: 5,/5;, — 6,/6; — 83/83 (the
second row of Table 3). This process is recognized to specify detailed versions of the con-
ventional diastereomeric relationships between 5 and 8 and between 5 and 8. Similarly, the
combination of Stereoisogram #1 of Fig. 6(D) with Stereoisogram #3 of Fig. 6(C) results in a
multiple epimerization process: 5,/5; — 9,/9, — 115/113 (the third row of Table 3); as well as
the combination of Stereoisogram #1 of Fig. 6(E) with Stereoisogram #4 of Fig. 6(C) results in
a multiple epimerization process: 5,/5) — 12,/12, — 105/103 (the fourth row of Table 3).

By scrutinizing Table 3, we are able to reach a new viewpoint for selecting multiple epimer-
ization processes. The counterpart stereoisograms which have been combined with the stereo-
isograms of direct epimerizations all appear in the correlation diagram of Fig. 6(C), which is
referred to as a main correlation diagram in Table 3. The stereoisogram corresponding to the
first direct epimerization is contained in the main correlation diagram (Fig. 6(C)), while the
stereoisograms corresponding to the other direct epimerizations are separately contained in the
other correlation diagrams named epimeric correlation diagrams (Fig. 6(B), (D), and (E)).

In general, an indirect conversion (e.g., 5—8) can be interpreted by a multiple process of
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Table 4: Fourteen Diastereomeric Relationships Concerning 5

Pair Relationship Stereoisogram

one enantiomeric relationship
5/5  enantiomeric at C3 Fig. 6(C) #1

fourteen diastereomeric relationships

5/7  RS-diastereomeric at C3 Fig. 6(C) #1
5/7  holantimeric at C3 Fig. 6(C) #1
5/6  RS-diastereomeric at C; Fig. 6(B) #1
5/6  holantimeric at Cy Fig. 6(B) #1
5/8  RS-diastereomeric at C; Fig. 6(B) #1

and RS-diastereomeric at C3  Fig. 6(C) #2
5/8  RS-diastereomeric at C, Fig. 6(B) #1

and holantimeric at C3 Fig. 6(C) #2
5/9  RS-diastereomeric at Cy4 Fig. 6(D) #1
5/9  holantimeric at Cy4 Fig. 6(D) #1
5/11 RS-diastereomeric at Cy Fig. 6(D) #1

and RS-diastereomeric at C3  Fig. 6(C) #3
5/11 RS-diastereomeric at Cy4 Fig. 6(D) #1

and holantimeric at C3 Fig. 6(C) #3
5/12 holantimeric at Cs Fig. 6(E) #1
5/12 RS-diastereomeric at Cs Fig. 6(E) #1
5/10 RS-diastereomeric at Cs Fig. 6(E) #1

and holantimeric at C3 Fig. 6(C) #4
5/10 RS-diastereomeric at Cs Fig. 6(E) #1

and RS-diastereomeric at C3  Fig. 6(C) #4

epimerizations in which a stereoisogram of an epimeric correlation diagram (e.g., Stereoiso-
gram #1 of Fig. 6(B): 5—6) is combined with another stereoisogram of an appropriate main
correlation diagram (e.g., Stereoisogram #2 of Fig. 6(C): 6—8). Such a main correlation dia-
gram and epimeric ones as shown in Table 3 are relative so that Fig. 6(B), (D), or (E) can be
selected as a main correlation diagram in place of Fig. 6(C). The relative features in the selec-
tion of a main correlation diagram and in the appearance of stereoisograms can be extended to
general cases.

Discussions based on such tables as Table 3 are sufficient to understand the total features of
the stereoisomerism shown in Fig. 5. In order to show more clearly the over-simplified features
of the traditional dichotomy between enantiomers and diastereomers, the fourteen diastere-
omeric relationships are translated into appropriate combinations of three RS-stereoisomeric
relationships, among which RS-diastereomeric relationships and holantimeric ones are mainly
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employed in Table 4.

The results shown in Table 4, which are derived from Table 3, can be confirmed by scru-
tinizing the stereoisomers shown in Fig. 5. For example, the conventional diastereomeric rela-
tionship between 5 and 8 (the pair-5/8-row of Table 4) is interpreted by a multiple process of
epimerizations which correspond to two RS-diastereomeric relationships, as shown in the fol-
lowing scheme of conversion: 5§ —(at C3)— 6 —(at C3)— 8. Comparison between Table 3 and
Table 4 shows that descriptions based on promolecules (Table 3) are more concise than those
based on molecules (Table 4).

3.4 What Do RS-Descriptors Specify?

One of the most important conclusions is that R and S-descriptors of the CIP system are pair-
wise given to two promolecules in an RS-diastereomeric relationship. In other words, the ca-
pability of giving RS-descriptors is ascribed to local RS-stereogenicity. Although local RS-
stereogenicity (corresponding to RS-diastereomeric relationships) and local chirality (corre-
sponding to enantiomeric relationships) are closely linked with each other by means of a single
stereoisogram, they are conceptually distinct.

In this context, the section title “Enantiomers: the CIP priority system” of IUPAC 2004
Provisional Recommendations [2, P-91] would cause undesigned confusion, because the CIP
priority system has been clearly shown to deal with RS-diastereomers, not enantiomers. Be-
cause RS-diastereomers are linked with enantiomers to generate RS-stereoisomers by means of
stereoisograms, a more plausible title would be “RS-Stereoisomers: the CIP priority system” or
more definitely “RS-Diastereomers: the CIP priority system”.

4 Conclusion

Correlation diagrams of stereoisograms have been developed to characterize a set of stereoiso-
mers. Each of the stereoisomers is regarded as a tetrahedral uninuclear promolecule at an RS-
stereogenic center or a binuclear promolecule at a bond selected to be considered. Stereoiso-
grams, each of which contains a quadruplet of such promolecules, are collected to give a cor-
relation diagram at the center or bond. When all of the RS-stereogenic centers (along with the
bond) are taken into consideration, a set of correlation diagrams are generated to characterize the
set of stereoisomers. Because each stereoisogram represents the local chirality/achirality and
the local RS-stereogenicity/RS-astereogenicity of the RS-stereogenic center (or the bond), the
corresponding correlation diagram indicates total features of such local symmetries. Thereby,
over-simplified feature of the conventional dichotomy between enantiomers and diastereomers
have been discussed in detail.
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