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Abstract: The dynamic stereochemistry of tetraarylmethanes is treated using a rigorous group-theoretical approach. Percep-
tual difficulties inherent in the tetraaryl case, that are absent in the previously studied di- and triaryl cases, are elucidated in
group-theoretical terms. The possible noninverting (of configuration) modes are given and mechanisms which require the
least ring twisting to effect an overall permutational change corresponding to these modes are provided. Implications of the
(non)existence of nonself-inverse double cosets on the symmetry of the potential surface are discussed. Extensive use is made
of the permutation subgroup lattice to obtain isomer descriptors, to delineate the possibilities for residual stereoisomerism,
and to gauge the effect of combining (intersecting) experiments. The construction of topological representations is discussed.
Particular emphasis is placed on novel uses of the group and lattice structures which occur in problems of this kind.

In our first treatment of the dynamic stereochemistry of
tetraarylmethanes,? a group theoretical approach was taken
which permitted discussion of conformational changes in
this system in terms of mode equivalent rearrangements.
The present paper has as its aim the introduction of con-
cepts, based on group theory, which permit a fuller appre-
ciation of the stereochemical subtleties of this system while
capable at the same time of extension in principle to flexible
molecular systems other than those explicitely treated here-
in.

By way of background, we note that the results of empiri-
cal force field calculations? clearly indicate that all substi-
tuted tetraphenylmethanes and -silanes prefer to adopt a Sy
or -S4 conformation.*-® Thus, our analysis is predicated
on the assumption of S4 symmetry throughout.

A Perceptual Difficulty Explained. As was previously
noted,? the physical act of ring rotation in tetraaryl systems
results in a shifting of the 4 or Y-S, axis; it is this fluxion-
al character of the symmetry axis which makes isomeriza-
tions in these systems so difficult to envisage, and differen-
tiates them from isomerizations in the corresponding di-
and triaryl systems’ where the C, (or ¢-C3) and C3 (or
Y-C3) axes remain fixed in space. We shall now show that
this baffling behavior of tetraaryl systems can be traced to,
and understood in terms of, the special relationship between
the molecular point group and the group of skeletal permu-
tations.® For this purpose the definition of a normal
subgroup is required. A subgroup is normal if it is left intact
by conjugation of all the elements of the full group.82

Consider diphenylmethane in the helical conformation.’

The skeletal permutation group is Sy ~ C,, the ring flip
group? is (S,)2, and the full permutation groups8® is S,[S,]
a (S2)? A’ S;. The molecular point group is C,. Obviously,
and trivially, the molecular point group is a normal
subgroup of the skeletal permutation group, C». Similarly,
for triphenylmethane in the propeller conformation, the
skeletal permutation group is S; ~ Ds, the ring flip group
is (S2)3, and the full permutation group? is S3[S,] =~ (S,)3
A S3. The molecular point group, Cs, is also a normal
subgroup of Dj.
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In the case of tetraphenylmethane, the skeletal permuta-
tion group is S4 =~ Ty the ring flip group is (S»)4, and the
full permutation group? is S4{S;] = (S2)* A Ss. If the mo-
lecular point group is S4 (or Y-Sy, as for all substituted te-
traphenylmethanes?®), a new situation arises: S4 is not a
normal subgroup of 7. Put differently: there is only one C;
subgroup in C5, there is only one C; subgroup in D3, but
there are three conjugate S4 subgroups in 7,102 It is this
characteristic that is at the heart of the previously dis-
cussed? perceptual difficulty. To illustrate: in Figure 1 are
shown three views each of three Sy structures differing only

in the orientation of the S4 axis. If a constant viewing axis
is maintained (a column of structures in Figure 1) a sym-
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Figure 1. Three S4 structures differing in the orientation of the symme-
try axis seen from three different views. The symmetry axis orieniation
is maintained across each row. The viewing axis is maintained down
each column.
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Table I. Rearrangement Modes for S, Tetraarylmethanes
1 2 3a 3b 4 Sa
OF3P 1F3P 1F3p 1F3P 1F3P 2F3P
(137)(248) (137248) (137)(248)(56) (12)(375)(486) (136245) (137248)(56)
(153)(264) (153264) (164253) (135246) (376485) (164)(253)
(175)(286) (176285) (175286) (168257) (173284) (176)(285)
(375)(486) (375486) (386475) (357468) (186275) (386)(475)
(157)(268) (158267) (157)(268)(34) (153)(264)(78) (148237) (158267)(34)
(357)(468) (368457) (12)(357)(468) (173)(284)¢56) (157268) (12)(368457)
(135)(246) (146235) (135)(246)(78) (175)(286)(34) (358467) (146235)(78)
(173)(284) (184273) (174283) (138247) (154263) (183)(274)
5b 6 Ta 7b 8
2F3p 2F3p 2F3pP 2F3P 3F3P
(138)(247) (138247)(56) (148237)(56) (147)(238) (12)(368)(457)
(153264)(78) (164253)(78) (163)(254) (154263)(78) (176)(285)(34)
(176285)(34) (175286)(34) (186)(275%) (186275)(34) (164)(253)(78)
(12)(375486) (12)(386475) (385)(476) (12)(376485) (183)(274)(56)
(167)(258) (168257)(34) (157268)(34) (168)(257) (146)(235)(78)
(368)(457) (12)(357468) (12)(358467) (358)(467) (138)(247)(56)
(146)(235) (135246)(78) (136245)(78) (136)(245) (167)(258)(34)
(184273)(56) (174283)(56) (174)(283) (173284)(56) (12)(386)(475)
9 10 11a 115 12
2F3P 3F3P 3F3P 3F3p 4F3P
(154)(263) (147)(238)(56) (12)(367)(485) (12)(376)(485) (147238)(56)
(148)(237) (163)(254)(78) (185276) (145236) (163254)(78)
(367)(458) (186)(275)(34) (163254) (167258) (185276)(34)
(145)(236) (12)(385)(476) (183274) (367458) (12)(385476)
(184)(273) (168)(257)(34) (145)(236)(78) (154)(263)(78) (167258)(34)
(185)(276) (12)(358)(467) (148)(237)(56) (184)(273)(56) (12)(367458)
(376)(485) (136)(254)(78) (158)(267)(34) (185)(276)(34) (145236)(78)
(158)(267) (174)(283)(56) (385476) (147238) (183274)(56)
13 14 15 16
OFOP 4F2,2P 1FoP 2F0P
E (14)(23)(58)(67) (12) (12)(34)
(15)(37)(26)(48) (18)(27)(36)(45) (1526)(37)(48) (1526)(3748)
(1625)(37)(48) (1625)(3847)
(15)(26)(3748) (1625)(3748)
(78) (12)(78)
(56) (56)(78)
(34) (34)(56)
(15)(26)(3847) (1526)(3847)
17 18 19 20
2FQP 3FQP 4FQP 2F2,2P
12)(56) (12)(34)(56) (12)(34)(56)(78) (1423)(5867)
(16)(25)(37)(48) (16)(25)(3748) (16)(25)(38)(47) (1827)(3546)
(15)(26)(38)(47) (16)(25)(3847) (1324)(5768)
(34)(78) (1625)(38)(47) (1728)(3645)
(12)(34)(78)
(12)(56)(78)
(34)(56)(78)
(1526)(38)(47)
21 22 23 24
0F2,2P 3F2,2P 1F2,2P 2F2,2P
(13)(24)(57)(68) (14)(23)(5867) (1423)(57)(68) (1423)(5768)
(17)(28)(35)(46) (18)(27)(3546) (17)(28)(3546) (17)(28)(36)(45)
(1827)(36)(45) (1827)(35)(46) (18)(27)(35)(46)
(14)(23)(5768) (13)(24)(5768) (13)(24)(58)(67)
(18)(27)(3645) (1728)(35)(46) (1728)(3546)
(1423)(58)(67) (13)(24)(5867) (1324)(5867)
(1728)(36)(45) (17)(28)(36435) (1827)(3645)
(1324)(58)(67) (1324)(57)(68) (14)(23)(57)(68)

metrical structure is seen only where the viewing axis coin-
cides with the symmetry axis.

It is thus impossible to obtain a mental fix on the S4 or
V-S4 axis when attempting to visualize the possible confor-
mational changes. By contrast, analysis of a tetraarylmeth-
ane structure with D; symmetry? would be far easier since
D, is a normal subgroup of T, i.e., there is only one D,
subgroup of T, Hence, one could view all possible D;

structures from the same perspective (constant viewing
axis) and see a symmetrical conformation, although the
three C, axes which would spring into view would not be
equivalent.

Rearrangement Modes. The full permutation group of te-
traarylmethanes is the wreath product!®® S4[S,] of order
384.10¢ To determine the possible rearrangement modes!!
(racemic modes,!2 differentiable isomerizations,!? and basic

Journal of the American Chemical Society | 97:16 | August 6, 1975


file:///p-S4

sets'# are related concepts) it is necessary to find the double
cosets of the S, point group in S4[S;]. It is found2!S that
there are 28 double cosets in the case, i.e., 28 modes (56 in a
chiral environment). We must remember, however, that in
considering only the conformational changes in a tetraaryl
system Ar4Z, we are restricting our inquiry exclusively to
those isomerizations (permutations) in which the absolute
configuration at the center Z is retained.!® These permuta-
tions form a subgroup Gigz of index 2 in S4[S;]. This
subgroup of order 192 is itself a wreath product

Gioy = A4[Ss] =~ T [S))

where A4 is the alternating permutation group on 4 objects
and T the tetrahedral rotation group.

Go2 is the feasible permutation group for tetraarylmeth-
ane, as defined by Longuet-Higgins.%!7 Restriction of the
double coset decomposition of S4[S;] to Gig; yields 28
modes which are listed in Table 1.'® Permutational repre-
sentations are based on the eight ortho ring positions shown
in the structure below; the S4 point group is therefore rep-
resented by the set of permutations:

Sa4 = {E,(15)(37)(26)(48),(1357)(2468),(1753)(2864)}

The 28 modes are reduced in number to 24 when nonself-
inverse double cosets!? are grouped together on the assump-
tion of microscopic reversibility. In other words, when the
inverse of a rearrangement is included in the feasible stereo-
chemistry, only self-inverse double cosets survive, the non-
self-inverse ones having been collected in pairs (four pairs
in the present case).

The occurrence of nonself-inverse double cosets is a pure-
ly group-theoretical result and is independent of the partic-
ular representation.!® Furthermore, the nonexistence of
nonself-inverse double cosets in a double coset decomposi-
tion of a group appears to have implications on the symme-
try of the potential energy surfaces involved. The surface
Ei,/E; is considered where Es, represents the 3n dimen-
sional surface of the cartesian coordinates of »n identical
atoms and Ej represents the Euclidean group in three di-
mensions (translations and rotations-reflections).

The elements of E; are “modded out” of E3, to yield the
surface E3,/E3. That is, the points on the surface E;, which
are related by translations or rotations-reflections are iden-
tified. Points on this surface represent isomers and their en-
antiomers. The nonexistence of nonself-inverse double cos-
ets implies that for all g & S,, there are p,,p; € P such
that pigp> = g~ !. This means that for any path on Es,/E;
representing a degenerate isomerization from a to b (a and
b have point group symmetry P) there is an identical path
from b to a. This condition need not obtain if S,/P yields
nonself-inverse double cosets.

More restricted conditions can be established by consid-
ering the surface E3,/E;* where E3* is the positive Euclid-
ean group which includes only translations and rotations. A
point on this surface represents an isomer without its enan-
tiomer. The condition of equivalent or enantiomeric paths
between a and b will obtain if there are no nonself-inverse
modes of the type:!2
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Table II. Representative Least Motion Ar—C Dihedral Angle
Changes@ (degrees) for Modes in Table I
Ring 1 2 3a 3b 4 Sa 5b
1 -120 -120 -120 +60 0 -120 -120
2 +120 +120 -60 0 -120 -60  +120
3 4120 4120 +120 ~120 -60  +120 ~60
4 0 180 0 +120 -120 180 180
6 Ta 7b 8 9 10 1la
1 -120 +60  +120 -60  +120 +60 -60
2 ~60 -60 +60 -120 +60 ~60 +60
3 -60  +120 0 180 180 -60 180
4 0 0 —-60 -60  +120 0 +120
115 12 13 14 15 16 17
1 +60 +60 0 -60 180 180 180
2 180 180 0 -60 0 180 0
3 -120 +60 0 +60 0 0 180
4 -60 -60 0 +60 0 0 0
18 19 20 21 22 23 24
1 180 180 -60  +120 -60  +120 -60
2 180 180 -60  +120 -60  +120 +120
3 180 180 -120 -120 +60 +60 -120
4 0 180 -120 -120 -120 -120 +60

aThese are the dihedral angle changes for a structure with ¢ = 60
(zef 3, Figure 2). Mode 1 reads: the ring in site 1 is rotated 120°
counterclockwise (as viewed toward the center of the molecule),
the ring in site 2 is rotated 120° clockwise, etc.

M=RgR\JRg "'ggtR\URg, 'gg2RU ...

for R = rotation point group and g1,g2 € P — R. These are
collections of double cosets of the rotation point group in
the full permutation group.

A pictorial example may aid in understanding these con-
ditions. Consider the substitution of a trigonal bipyramid
structure. Two processes which are shown are inverses of
each other.

L, L,
L, (146) L.
L,~< + L — L + L
L, L;
L5 L5
L4 L‘a
L (164) L.
LI~—< + Lg — L, + L, (2)
L, L,
L(, L5

The forward reaction (reaction 1) involves equatorial at-
tachment of the ligand while the reverse (reaction 2) in-
volves axial attachment. These two processes do not “look
alike” yet would be microscopic reverses of each other (with
proper ligand labeling). No sequence of rotations and re-
flections will cause these single-step processes to resemble
each other. Stated differently, the permutations (146) and
(164) are in different double cosets of D3y, in Sg.208

While it is beyond the scope of the present paper, it is
possible to establish conditions for equivalence of these two
processes 1 and 2 by multiple steps through other TBP or
symmetrical intermediates. The necessary mathematical
structure is the double coset algebra.!92.205 An example of
the two-step process is given by the permutations:

(26)(34)(132)(26)(34) = (146)
(26)(34)(123)(26)(34) = (164)

Nourse, Mislow [ Dynamic Stereochemistry of Tetraarylmethanes
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Table III. Least Motion Ar—C Dihedral Angle Changes
(degrees) Corresponding to Mode 11a
Ring
1 -60 +60 180 -120
2 +60 -60 -120 180
3 180 +120 ~60 +60
4 +120 180 +60 -60
Table IV. Modes for a D,4 Tetraarylmethane?
(1,12) (6) (16,21)
(34,3,8,10) 9 (17,20)
(2,4,11a,11b) (13,14) (18,23)
(5a,7b)
[:(51),7(1) (15,22) (19,21)

@ Numbers correspond to modes listed in Table I.

Figure 2. Lattice of subgroups between the point group C and the fea-
sible permutation groups Gisz which contain intact modes. See Tables
land V.

Mechanistic Considerations. Although it cannot be em-
phasized too strongly that a permutational description of an
isomerization gives no intrinsic information about interme-
diate states, i.e., about the mechanism of isomerization,? it
is of course possible to associate mechanisms with permuta-
tions if the physical motions bring about, and are therefore
consistent with, a given permutational change. A particu-
larly interesting mechanism is the one which requires the
least motion. For a given ring, twists of . . . —660°, —300°,
+60°, +420° . .. cause the same permutational change but
a mechanism requiring a twist of +60° may be the most
reasonable. Descriptions of twist angle changes correspond-
ing to least motion for the possible modes are given in Table
I1. These descriptions are not unique in that the ring per-
mutations?!

(12)(34); (1423)%; (1324)=

yield a mechanism corresponding to the same mode. For ex-
ample, each of the four mechanisms shown in Table III cor-
responds to mode 1la, and there are of course countless
others.

Mode 14 can be represented by a particularly facile mo-
tion which takes an Sy4 structure through a D, structure
and back to an Sy structure.® This “rocking” motion may
have such a low barrier that it may make more sense to talk
about tetraarylmethanes (in particular tetraphenylmeth-
anes) as having “time averaged” D,; symmetry (on an
NMR time scale). However, this added symmetry reduces
the number of possible rearrangement modes, and as a re-
sult, the 28 modes given in Table I are reduced to 13 in
number (Table IV). These are the double cosets of D,y in
S4[S>] restricted to Gygz. There is still one pair of nonself-
inverse double cosets, (5a,7b) and (5b,7a), so that there are
12 modes if microscopic reversibility is assumed.?2

The Wreath Product Subgroup Lattice. Further chemi-
cally useful information can be most efficiently obtained by
considering the lattice of subgroups®* between the point
group S4 and the wreath product S4{S,], i.e., all subgroups
of S4{S,] which include S4. Such subgroups will include in-
tact double cosets of S4 in S4{S;]. If we limit ourselves to
include just the feasible (noninverting) permutations, the
pertinent lattice of subgroups is between point group C3
and wreath product Gs3.

This lattice is shown in Figure 2. It was constructed by
collecting the modes in Table I into subgroups of Gis;
which contain C; (mode 13).25 The modes contained by
each group are indicated in Table V. Each group on the lat-
tice in Figure 2 is a subgroup of any group above it to which
it is connected. Subgroups with an N are normal in Gjg,.
The significance of the asterisks will be discussed in the
next section.

Isomer Descriptors. When a stereochemical problem is
treated using permutation groups, the isomers of a maxi-
mally labeled structure2 correspond to the right cosets, gR,
of the rotation group in the full permutation group. In the
tetraaryl case the rotation group is C; (i.e., the rotational
subgroup of the skeletal point group S4) and the full per-
mutation group is S4[S;]. Consequently there are

(G 2
right cosets of C; in S4[S>], corresponding to 192 isomers of
a maximally labeled tetraarylmethane.? In this section it
will be shown how these isomers can be given descriptors?’
which are based on the subgroup lattice discussed in the
previous section and which correspond to traditional chemi-
cal concepts.

Consider the sequence of groups in the left-hand column
of Table VI, which make up part of the chain of groups des-
ignated with asterisks in Figure 2. The group S4[S:] con-
tains, as we saw, all 192 right cosets of C; (isomers). The
subgroup Gio2 contains 96 of these isomers and those in
G 9> differ from those not in Gg3 by their absolute configu-
ration at the central atom Z. Hence a two-valued descriptor
such as C (configuration, which could correspond to an R
or S descriptor) can be assigned to all isomers depending on
whether or not they are contained in Gys2. The 96 isomers
in Gg can be further partitioned into three sets of 32 each,
which differ by the orientation of the S4 (or -S4) symme-
try axis; Geq is one such set. A second, three-valued descrip-
tor such as O (orientation) designates the orientation of the
Ss axis. Modes in Table I which are designated nF3P
change S4 axis orientation and hence the value of this des-.
criptor. The subgroup Gi;c contains half the isomers in Ggs
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Table V. Subgroups of G,,, Which Contain C,
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and those in G3; differ from those not in Gsy by their heli-
city. A third, two-valued descriptor such as H (helicity)
serves to designate each set. This is the helicity defined ear-
lier? which can be associated with the two two-bladed pro-
pellers of the S, structure, the two aryl rings (blades) in
each propeller being interconvertible by a C; or -C, oper-
ation. Modes in Table I which are designated nF2,2P
change helicity and hence the value of this descriptor. Fi-
nally, C, represents one of the 16 isomers in G3ac. These 16
isomers are interconverted by flipping rings by = radians,
and hence there are four appropriate descriptors which are
two-valued and which designate the N (endo) and X (exo)
edge? for each of the four rings. Any mode with nFmP, n >
0, will change the values of some or all of these descriptors.
Thus a maximally labeled tetraarylmethane isomer can be
classified by giving values to seven descriptors;*© for exam-
ple, if the reference isomer shown below (left) were arbi-
trarily given the designation C,O;,HX,;X3X3X4, the test
isomer (right) would be designated C+O;3H-N X;5N3X,.3!

SO
oD B=E

reference isomer test isomer

It would be possible to assign descriptors based on any
group chain from C; to Gy9; in Figure 2, although other des-
criptor sets would be generally less “‘intuitive” chemically.
Nevertheless it is possible to describe a kind of uniqueness
property to the set of descriptors given above. The chain of
groups, marked with asterisks in Figure 2 (with which the
descriptors are associated), form what is called a composi-
tion series for the group S4[S,].32 Briefly each group is a
maximal normal subgroup of the group directly above it in

Table V1. Descriptors for Ar,Z Isomers

Group
8,[8,]

Isomers Decomposition of isomer set
192

Descriptor

Two enantiomeric sets Configuration
Cqn C
Orientation
0,3 0,50y,
Helicity
He, H_
Endo-exo
X, X, X, X,
N, N,, N, N,

G, 96 Three sets differing in
orientation of S, axis

Two sets differing in
helicity

16 isomers differing in
endo—exo disposition

of rings

32

Ge4
G,, 16
c

2 1

the chain. A standard result of finite group theory is the
Jordan-Hdlder theorem which states that any two composi-
tion series in a group are equivalent.32® Thus a set of des-
criptors which can be related to a composition series are
unigue up to this equivalence.3?

It is possible to make further use of composition series in
determining the final four two-valued descriptors (rather
than using endo-exo designations). The relevant group
chain is

€y —> Gge = Gy —> G — Giac

and is marked with asterisks in Figure 2. The cosets of Gi¢
and Giy are sets of isomers with an even or odd number of
rings endo (and therefore exo). The cosets of Gg. in G are
sets of isomers with constant pairwise relationships across
the S4 axis. The cosets of Gy in Gg are sets of isomers with
all other pairwise relationships constant. Finally the cosets
of C; in Gy are isomers which differ in all endo-exo desig-
nations. These descriptors would be conceptually disadvan-
tageous because they do not describe intuitive chemical
concepts. However, in determining the action of modes on
sets of isomers, these descriptors are rigorous and unique in
the sense that the composition series is unique.

Residual Sterecisomerism. In our recent work on triaryl-
methanes®* we found it convenient to introduce the concept
of residual stereoisomerism to describe distinct sets of ap-
propriately substituted interconverting isomers at a particu-
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Table VII. Some Residual Stereoisomerism Possibilities in
Maximaily Labeled Ar,Z

Restriction Group No. of dl pairsa
All rings rotate freely Gy, 1
Only an even number Gy 2
of rings flip (0,2,4)
No change of S, axis G,, 3
orientation
No change of helicity G, 6
No ring flips G 16
Rocking motion only G.p 48
All motion frozen out C, 96

@ The groups listed in the center column correspond to structures
with a fixed absolute configuration,'® C,. or C_. The d! pair in each
case contains also those structures with the opposite absolute con-
figuration, i.e., those with C and C _.

lar time scale of observation. This situation will occur
whenever the isomerizations (permutations) in a mode or
modes which can occur at a given time scale of observation
generate a subgroup of the full permutation group.>® The
index of this subgroup in the full permutation group is the
number of residual stereoisomers for a maximally labeled
structure. The possibilities for residual stereoisomerism are
numerous in the tetraaryl case but can be enumerated by
reference to the subgroup lattice in Figure 2. The number of
residual stereoiscmers resulting from a single rearrange-
ment mode is equal to 384 divided by the order of the small-
est group in Figure 2 which contains this mode. For exam-
ple, mode 1 leaves 384/12 = 32 residual diastereomers,
G 2. being the smallest group containing mode 1. Mode 10
leaves 384/192 = 2 residual enantiomers (the enantiomers
based on the configuration at the central carbon), Go2
being the smallest subgroup containing mode 10. A combi-
nation of two or more modes leaves a number of residual
stereoisomers equal to 384 divided by the order of the
smallest group which contains all the modes involved. The
experimental observation of residual stereoisomerism de-
pends of course on the energetics of the process involved.
Thus if mode 10 were able to occur at a given time scale of
observation, only the two conventional enantiomers of a
maximally labeled tetraarylmethane would be observed in
spite of the occurrence of any other process.?

Table VII offers a further illustration of the way in which
the subgroup lattice is utilized to determine the number of
residual stereoisomers. Beginning with Gy, corresponding
to one of the two enantiomeric sets containing 96 isomers
each (i.e., operationally one 4/ pair; see Table VI), the
number of residual stereoisomers steadily increases (right
column) as motion after motion is frozen out (left column).
The example in Table VII refers of course just to a portion
of the subgroup lattice in Figure 2, arbitrarily chosen for
purposes of illustration; different portions could have been
selected, corresponding to different restrictions on the mo-
tions and consequently different numbers of residual iso-
mers.

Intersecting Experiments. Further use can be made of the
subgroup lattice in the design and choice of experiments.
The double cosets of any of the groups on the lattice will
contain intact modes, and the lattice operations of union
and intersections therefore determine analogous operations
on sets of modes. It follows that a single, and possibly diffi-
cult, experiment can be replaced by a combination of sim-
pler experiments performed on systems which share some,
but not all, of the features of the more complex system.

As a specific example, consider the problem of determin-
ing whether residual stereoisomers exist in a maximally la-
beled tetraaryl system ArsZ. Such a compound would be

difficult to obtain but the problem can be solved without di-
rect access to this system, by application of the concept de-
veloped above. Consider the following two systems, each of
which is less complex (and more easily obtained) than max-
imally substituted ArsZ: one in which the four aryl rings
are different but all possess local C; symmetry (which we
shall call (Arg)4Z), and one in which the four rings are all
the same, but none of them have local €, symmetry
((Ars)aZ). In (Arg)4Z, ring exchange can be monitored, but
ring flipping cannot, whereas the reverse is true for
(Ars)4Z. On the assumption of S4 or Y-S4 symmetry for all
systems under discussion? it is seen by reference to Figure 2
and Table 1 that the effective symmetry groups®® for AryZ,
(Arg)sZ, and (Arg)sZ are Caz, G3a, and Gya,, respectively.
Now, the number of residual diastereomers is determined
by the modes which are relevant on the given time scale of
measurement, and these modes will just be collections of the
28 modes already described. In the present case, the modes
for the (Arg)4Z experiment (double cosets of Gz, in Gyoz)
will contain intact modes from Table I as will the modes for
the (Ars)4Z experiment (double cosets of G2, in Gyg3). Per-
forming these two experiments (assuming common mecha-
nisms) permits a pinpointing of the actual mode (from
Table 1) since the mode determined by the (Arg)sZ experi-
ment will be a different collection of those in Table I from
that determined by the (Arg)4Z experiment. The actual
mode (from Table I) must be one common to these two col-
lections. This procedure is facilitated by noting that the in-
tersection of Giac and Gia, on the subgroup lattice (Figure
2) is Cy, which is the effective symmetry group for the
ArsZ experiment.’” The lattice structure thus determines
the intersection of the collection of modes. The result is that
performance of two relatively easy experiments with effec-
tive symmetry groups Gsz; and Gia, is equivalent®’ to per-
forming one difficult experiment with effective symmetry
Ca.

This conceptually simple example (of an experiment to
isolate residual diastereomers) was chosen only to illustrate
the use of the lattice operations. Other experiments can
have effective symmetry groups larger than the molecular
point group (in a general case). For example, NMR experi-
ments (hamiltonians) are invariant to all permutations of
magnetically equivalent nuclei, not just those included iu
the permutation representation of the point group. The lat-
tice theoretic considerations would apply to these or any ex-
periments.

Topological Representations. In complicated stereochem-
ical problems it is often convenient to introduce interconver-
sion graphs or “topological representations”, since such rep-
resentations help to facilitate a grasp of the relationships
between interconverting structures (represented by verti-
ces). Although it seems unlikely that a full representation of
S4[S;] (two disconnected interpenetrating 96-vertex
graphs) would be of much use,3® we believe that it is worth-
while to describe the appearance and construction of appro-
priate graphs in terms of the concepts developed in this and
the preceding? paper.

We begin by pointing out that wreath products of the
type Sx[S2], also called hyperoctahedral groups,®® are iso-
morphic to symmetry groups of »n dimensional cubes (Table
VII1); it is this property which accounts for the appearance
of so many cubical graphs in the literature®® which deal
with permutation processes corresponding to elements of
S.[S3] for n = 2 or 3. Since topological representations will
be invariant to action of the full permutation group in-
volved,*! it is reasonable to use the hypercube as a starting
point for the construction of a graph. The problem now is to
determine the action of G,92 on the 16-vertex hypercube.
Since a transitive permutation representation of G2 is in-
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Figure 3. Octahedral graph of six isomers differing only in their orien-
tation and helicity descriptors.

Table VIII. Realization of Wreath Products S,,[S,] as
“Hyperoctahedral Groups”

Isomor-
Dimension Geometric No. of phism to  Order of
(n) realization vertices point group group
1 Line segment 2! C, 2
2 Square 22 D, 8
3 Cube 23 Oy 48
4 Hypercube 24 a 384

@This is the four-dimensional point group XLVII defined by E.
Goursat, Annales Scientifique de L'Ecole Normale Superieure, 6,9
(1889). We are grateful to a referee for pointing our attention to
this reference.

volved there must be a group of order 192/16 = 12 which
fixes one vertex.*? Referring again to Figure 2, there are
two subgroups of Gigs of order 12 which contain C,, and
which are isomorphic to each other and to Ay ~ T. Choos-
ing G124, it can be seen from Tables I and V that the permu-
tations in this group change either the helicity or the orien-
tation of the S4 axis but none of the endo-exo designations.
Thus, the vertices of the hypercube can be considered as
representing the 16 possible endo-exo combinations.? Each
vertex on the graph can be “expanded” into an octahedron
to reflect the tetrahedral symmetry and the six possible
values for the two descriptors changed by this group (S,
axis orientation and helicity). Thus the vertices of the 96-
vertex graph can be situated at the vertices of 16 octahe-
drons which are themselves located at the vertices of a hy-
percube. Figure 3 shows one such octahedron, with the ap-
propriate descriptor labels. The configuration descriptor
(C) is invariant. The next two descriptors exhaust all possi-
ble combinations of orientation (O) and helicity (H), thus
“filling” the six vertex positions on the octahedron. The
four remaining descriptors are again invariant, since the
particular vertex of the hypercube at which the octahedron
is situated itself represents a given exo-endo situation. The
16 octahedra located on this particular hypercube will
therefore represent all 96 isomers with a C4 configuration.
The other, disjoint graph will be identical, with the one dis-
cussed above, except that all configurations are now C_.

It should be noted that for the purpose of graphical rep-
resentation, it is not essential to use an octahedron; a prism?
or a hexagon would be equally satisfactory. The connectivi-
ties of these graphs would not necessarily correspond to the
connectivities of the component polyhedrons. Methods for
determining connectivities of topological representations
(double coset matrices) have been given.'9243 For each of
the modes in Table I the connectivity at one vertex is equal
to the number of permutations divided by 2.44 Thus mode
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10, for example, connects a given isomer to four others.
Totalling the connectivities for all 24 modes gives 96 as
would be expected since there must be some permutation
which connects any pair of isomers.

Notation and Conventions. Permutations are written as
(1357) and read: move whatever is in site 1 to site 3; move
whatever is in site 3 to site 5, etc. Multiplication of permu-
tations is from left to right. G;[G2] is the wreath product of
G, and G; or the composition of G; around G,. X inserted
between two groups means the direct product of the two
groups. A inserted between two groups means the semidi-
rect product of the two groups. The first group is the nor-
mal subgroup. S, is the symbol for the symmetric group of
n objects. S4, Dyy, C, are the usual point groups. |Gy
means the order (number of elements) of the group G,. Pos-
itive torsion angles are clockwise as defined in ref 3.
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Abstract: Detailed analyses of 'H NMR and CD spectra of derivatives of erythronolide B have revealed that this aglycon
ring is conformationally flexible. The general diamond-lattice type conformation is maintained with subtle modification in
either the C-2 through C-5 or C-6 through C-9 ring segments depending on the nature and position of ring substituents.
Variable temperature measurements in a series of O-acetyl derivatives have indicated that the conformational changes in
these two regions are interdependent and enabled the determination of the limiting conformations which are populated to

.different extents in this series.

The erythromycin antibiotics are representative members
of a group of natural products which possess unique struc-
tural and conformational characteristics. The aglycon of
these glycosidic compounds, a 14-membered macrocyclic
ring, possesses surprising conformational stability which is
evidenced by its spectroscopic properties and the nature and
selectivity of its chemical reactivity. Previously reported
studies in these laboratories® using 'H NMR and CD data
have shown the conformation of erythronolide B (1) to be
that depicted in Figure 1. These studies have indicated that
the stability of this conformation is probably a consequence
of the adoption of a diamond-lattice type framework of the
ring atoms. In addition, the unique substitution pattern of
this macrocycle confers additional rigidity by minimizing
internal interactions and at the same time preventing free
rotation of carbon-carbon bonds.

Throughout the series of derivatives studied, it was clear
that a large degree of conformational homogeneity existed

as evidenced by the consistency of proton chemical shifts
and coupling constants. As more and more members of the
series were examined, however, it became apparent that
subtle conformational effects were occurring as a result of
certain substituent changes on the macrocyclic ring. It was
felt that a more detailed scrutiny of the 'H NMR and CD
spectra of these compounds and the use of the more recent
13C NMR spectroscopic technique would provide useful in-
formation about these subtle changes. This paper discusses
the studies carried out using '"H NMR and CD instrumen-
tation.

Experimental Section

The '"H NMR spectra which will be discussed in the following
sections were obtained on a Varian Associates HA-100 spectrome-
ter operating in frequency sweep. Chemical shifts are reported in
parts per million (8) downfield from internal tetramethylsilane,
and coupling constants are reported in hertz. Both chemical shifts
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