On the Conformation of 1,1,2,2-Tetraphenylethane
and the Applicability of 3Jyp to

Conformational Analysis

Sir:

Ingold and coworkers have shown that the highly hindered
tetrasubstituted ethanes [(Me3C),CH]; and {(Me;Si),CH],
adopt a gauche conformation exclusively,! while in the less
hindered (Me>CH), the gauche and anti rotational isomers
are present in a 2:1 (i.e., statistical) ratio.? 1,1,2,2-Tetraal-
kylethanes therefore prefer the gauche conformation, a pref-
erence which increases with increasing size of the alkyl groups.>
One might reasonably expect a similar preference for te-
traarylethanes, but this expectation is not fulfilled: in sharp
contrast to the findings of Ingold et al., empirical force field
(EFF) calculations® on the parent compound, 1,1,2,2-tetra-
phenylethane (TPE), predict a ground state with an anti C,
conformation, and with the lowest energy gauche conformer,
~5 kcal/mol less stable than the anti form. A serious question
is thus raised concerning the validity of the EFF calcula-
tions.

We now report experimental evidence which fully confirms
the earlier computational results® and vindicates the soundness
of the EFF approach as applied to the calculation of tetra-
arylethane structures.’” We also show that an apparently
abnormally low vicinal 3/ p coupling constant for the ethano
fragment of TPE-d is due to efficient quadrupolar relaxation
and could lead to erroneous conclusions regarding the con-
formation of TPE.

The crystal and molecular structure of TPE was determined
by x-ray diffraction. Crystals of TPE, obtained from acetone,
are monoclinic with a = 17.686 (6), b = 5.974 (3),c = 17.781
(6) A; 8=91.35(3)° and dcaica = 1.182 gcm™3 for Z = 4.
Intensity data were measured on a Hilger-Watts four-circle
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diffractometer (Ni-filtered Cu Ko radiation, 6-26 scans, pulse
height discrimination). Of the 1921 accessible reflections for
6 < 152°, 1541 were considered to be observed (I > 2.5q(1)).
All refinements were carried out by full matrix least squares.
The final model structure, which was treated as a twofold
statistical disorder of the molecules in space group 42/a,
yielded the structure in Chart I, with R = 0.056 and wR =
0.068 for the observed reflections.?

A comparison of structural parameters (Chart I) reveals
striking agreement between values obtained by the x-ray and
EFF methods. Not only does the molecule prefer an anti C,
conformation, as predicted, but more refined structural fea-
tures such as valence angle distortions and degree of twist of
the phenyl rings are also correctly predicted by the EFF cal-
culation. The Cphenyi-Cethane—Cethane—Cphenyi dihedral angles
are 174 and 175° for the x-ray and EFF methods, respectively.
The major differences between the two structures reflect a
tendency of the EFF to overestimate steric repulsions as evi-
denced by an elongated ethane bond and overly distorted
Cophenyl~Cethane—Cethane Valence angles. A similar tendency to
overestimate bond and angle distortions was noted in the EFF
structure of trimesitylmethane® and appears to be a general
deficiency of our force field; however, the correct trend in va-
lence angles is reproduced. We note that the anti conformation
is also assumed in the crystal by the closely related 1,1,2,2-
tetramesitylethane (TME)'® and 1,1,2,2-tetrakis(2-me-
thoxyphenyl)ethane.'!

Compelling evidence that the anti conformation of TPE also
predominates in solution is provided by the '"H NMR (90 MHz
FT) spectrum of a sample (in CDCls) enriched in
Ph,'3CHCHPh,.'2 The spectrum displays the expected eight
lines of the AB portion (methine protons) of an ABX spin
system. The 3/ is exhibited four times in this subspectrum,
and has a value of 11.3 Hz, consistent only with the anti con-

- 74.9°

@ Top: stereoscopic drawing of a molecule of TPE showing the C; symmetry of the molecule; the thermal ellipsoids of the carbon atoms are scaled
to the 50% probability level; the hydrogen atoms are shown as spheres of a fixed, arbitrary size, Bottom left: crystal structure parameters; boldface
numbers represent the degree of twist of the phenyl rings, e.g., looking from Cyop to C g, a 23.4° counterclockwise rotation of the (C,25-C;15-C6p)
plane eclipses the (C19a-C1os-Cy8) plane. Bottom right: calculated’ EFF structure of TPE; the definition of the ring dihedral angles is chosen to cor-
respond to that used for the crystal structure and differs from the notation employed in ref 5.
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formation.!? This value is invariant over the temperature range
310-370 K (toluene-ds), in harmony with the predicted’ strong
preference for the anti conformer,'* The observed value of
'Jch, 129.7 Hz, is also consistent with this type of structure. !’
The value of 2Jcy is —5.4 Hz. Similar coupling constants
(3Jun and 'Jcy) are obtained by analysis of the '3C satellite
lines of TPE of natural isotopic composition,!8.19

Spin-spin coupling constants between homotopic protons
have also been elucidated by determination of the pertinent
proton-deuteron coupling constant and application of the
equation2®

"Juu = (Yu/vp)"JHp (n

where n = number of intervening bonds, and yu/yp =
6.514.2'2 However, 'H NMR spectra of 1-deuterio-1,1,2,2-
tetraphenylethane (TPE-d,), prepared by coupling of an
equimolar mixture of benzhydryl chloride and benzhydryl
chloride-d, with tin,22 display an apparent vicinal HD coup-
ling of less than 1 Hz in CDCls, benzene-ds, toluene-dy, CCly,
and acetone-de.2? Application of eq 1 requires 3/ < 6.5 Hz,
consistent only with a gauche conformation. We now describe
the resolution of this paradox.

Rapid quadrupolar relaxation of a deuteron is theoretically
capable?* of effectively spin-spin decoupling the deuteron from
a vicinal (or geminal) proton, thereby producing an anoma-
lously small (in the absence of such relaxation) 'H-2H cou-
pling constant.25 Thus, if molecular correlation is too slow
(vielding short deuteron spin lattice relaxation times), 'H-2H
spin-spin coupling may be unobservable. In such a case, ap-
plication of eq | and of the Karplus equations for conforma-
tional analysis is vitiated unless complete line shape analyses
are undertaken.

The proton line shape, accounting for quadrupolar relaxa-
tion and natural ('H) line width, can be calculated from

1(w) = re {W-A—".1} ()

where re denotes “the real part of’, W is a row vector whose
components are the probabilities of the lines of the multiplet
(in this instance the row vector (1 1 1)), A~! is the inverse of
the line shape matrix A, 1 is the column vector {1 1 1}, and w
is the chemical shift from the center of the multiplet.24-26 This
equation has previously been employed for line-shape analyses
of 2H and '4N coupled proton spectra,25:26

The 2H spin-lattice relaxation times for TPE-d| in toluene
are 0.091,0.108,0.160,and 0.191 sat 310, 330, 350, and 370
K, respectively. Proton spectra of the methine portion of
TPE-d were calculated with T,* (“effective” transverse re-
laxation time) = 0.3 5,27 and Jyp = (11.3/6.514) = 1.74 Hz.
Taking T, = 0.091 s, an apparent value of 3Jyp < 1 Hz is
obtained, corresponding (eq 1) to 3Jyy < 6.5Hz. With T =
0.191 s, the corresponding values are 1.2 and 7.8 Hz, respec-
tively. It is only when T = 1 s (~600 K, estimated from the
Arrhenius equation) that one obtains a value of 3/yp = 1.68
Hz which corresponds to a realistic value of 3/ = 10.9 Hz.2¢
It is thus evident that, at conventional temperatures, confor-
mational assignments for TPE based on a first-order analysis
of 3Jup will lead to erroneous conclusions.??

We believe that the (deuterium) isotopic substitution
method of obtaining spin-spin coupling constants for homo-
topic nuclei can continue to be a valuable aid in conformational
analysis, provided that its limitations are realized. In general,
efficient quadrupolar relaxation may be expected to affect
significantly the “observed” value of 2/yyp and 3Jyp for rigid
spherical molecules in normal organic solvents (n ~0.5 cP)
possessing radii >3 A for which correlation times are >10~'!
s at ambient temperatures.*°
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Rapid Access to Analogues of Phalloidin
by Replacing Alanine-1 in the Natural Toxin by

Other Amino Acids!
Sir:

In extensive studies of structure-activity correlations of the
phallotoxins from the toxic mushroom Amanita phalloides,?
the amino acid in position 1 (alanine) of phalloidin (1a) has
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Figure 1. CD spectra of phalloidin Ia and its analogues 1b, lc, and 1d
measured in water solution.
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