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increasing catalyst turnovers, even though the 20.5-A basal
spacings are retained.

In summary, our new chromia pillared clays exhibit galler
heights (11.7 A after dehydration at 500 °C) that are ~3.0
larger than those of zirconia and alumina pillared clay catalysts.
The scope of their intracrystalline catalytic and sorptive properties,
along with structural studies of the intercalated chromia aggre-
gates, are under active investigation and will be the subjects of
future reports.
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The interaction in amides, esters, and thiol esters between a
lone pair of electrons on the heteroatom and =* of the carbonyl
group stabilizes the planar conformations, and most of these
compounds are planar or nearly planar.? Esters of carboxylic
acids generally have a strong preference for the conformation in
which the alkyl group attached to the “ether” oxygen is cis to the
carbonyl oxygen.>* The corresponding (Z) conformation of
secondary amides is also generally of lower energy than the E
isomer,® and this preference is of importance in determining the
conformations of proteins.

In compounds such as methyl acetate, steric repulsion in the
E conformation between the alkyl groups is expected to favor the
Z conformation. However, the E isomer of methyl formate
contributes only 0.3% to the conformational mixture at —83 °C
in DMF/acetone-dg solvent,® corresponding to a free energy
difference of 2.2 kcal/mol, although any steric repulsion between
the methyl group and formyl hydrogen in this conformation should
be more than offset by repulsion between the methyl group and
the larger carbonyl oxygen in the Z isomer. Indeed, the free energy
difference for zert-butyl formate is smaller (0.5 kcal/mol), but
the equilibrium still favors the Z isomer. Thus, steric repulsion
between the two alkyl groups in acetates and higher esters may
reinforce the conformational preference that exists in formate
esters but cannot entirely account for the conformational pref-
erences in these compounds.

A number of possible explanations for the lower energy of the
Z conformation of esters have been proposed,’ three of these are
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probably important for methyl formate: (1) Dipole-dipole in-
teractions destabilize the E conformation, relative to the Z, as
indicated by the dipole moments of the two conformations of
formic acid.® (2) Interaction of the “ether” oxygen lone pair with
o* of the carbonyl group of the Z conformation may stabilize this
isomer.? (3) A cyclic “aromatic” system of six electrons is possible
for the Z conformation,!® with the carbonyl group, the “ether”
oxygen, and the methyl group!? each contributing two electrons,
as indicated below. A similar stabilizing interaction is not possible
for the E isomer.

0/0 \@

' '""C—H

The first two factors should be of lower importance for thiol
esters than for esters. The dipole moments for the two confor-
mations of thiolformic acid differ by 1.3 D,!? while the corre-
sponding difference for formic acid is 2.4 D,’ indicating that
dipole—dipole repulsion will be more important in decreasing the
population of the E conformations of carboxylic acids and esters
than for the related sulfur compounds. A CXC bond angle of
90° in RCO(XR’) would leave one lone pair of electrons in an
s orbital and the other pair in a p orbital. The electrons of the
p orbital could not interact with ¢*, and any interaction of the
remaining lone pair with ¢* should be of nearly equal importance
for either conformation. The smaller CSH bond angle for
(Z)-thiolformic acid (92.7°)!* than for the COH angle of (Z)-
formic acid (106.8°)!° suggests that the n—¢* interaction may be
lower for thiolformic acid.

The position of equilibrium for a thiol ester in solution should
then be influenced mainly by the “aromaticity” of the Z isomer.!¢
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Only the Z conformation of methyl thiolformate was found? in
the gas phase by microwave spectroscopy, and the similarity of
the dipole moments in benzene (1.6 % 0.1 D)* and in the gas phase
(1.58 % 0.05 D)% indicates that the Z conformation also pre-
dominates in the solution. We have found from a DNMR study
of tert-butyl thiolformate in CHCIF,/CHCLF (2:1) that the Z
conformation also predominates in this compound (85% at —-105
°C).®® The phenyl group of phenyl thiolformate (1) cannot
complete an aromatic sextet of the Z conformation, and it was
expected that the E isomer of this compound would be appreciably
populated in solution.

The NMR spectrum (90.02 MHz) of 1 in CHCIF,/CHCLF
(2:1) at +25 °C shows a single peak for the formyl proton at &
10.16. At lower temperatures, the peak broadens and splits into
two lines at 6 10.07 and 10.21, with populations of 0.60 and 0.40,
respectively, at -104 °C.»! A free-energy difference at this
temperature of 0.13 kcal/mol was calculated from the relationship
AG® = ~-RT In K, and populations of 0.58 and 0.42 were estimated
at the coalescence temperature (—80 °C), assuming that AG® does
not change with temperature. Rate constants of 1757 (Z — E)
and 23 57! (E — Z) were obtained by comparison of the exper-
imental spectrum at coalescence with theoretical line shapes®?
generated for different rate constants, and the corresponding
free-energy barriers were calculated from the Eyring equation
(10.1 £ 0.2 and 9.9 % 0.2 keal/mol at -80 ).

Although steric interactions in planar I shouid destabilize the
Z conformation, some evidence suggests that the phenyl group
may actually be perpendicular to the rest of the molecule, and
therefore the difference in steric interactions for the two con-
formations is probably small. The rotational barrier of thiophenol
is only 0.8 kcal/mol, favoring the planar form,?* while the reso-
nance interaction for the lone pair and the phenyl group can be
estimated? as 33|oz°] = 33(0.19)** = 6.3 kcal/mol. Much of
the difference between the resonance energy and the rotational
barrier is probably due to stabilization of the transition state by
interaction of an occupied orbital of the phenyl group with ¢* of
the SH bond.?* Support for this interpretation comes from the
effects of adding an electron to the benzene ring to form the radical
anion® or adding an amino group in the para position;* in both
cases, the perpendicular conformation is stabilized and becomes
the preferred conformation. In phenyl thiolformate, the cross
conjugation of the sulfur lone pair with the carbonyl group should
make the sulfur a poorer 7-donor to the bevzene ring than in
thiophenol and should also favor the perpendicular conformation.
The R value for the CH;COS group (+0.68)% is consistent with
a nonplanar and possibly perpendicular orientation for phenyl
thiolacetate and, by extension, for the thiolformate ester.

The available evidence then indicates that the phenyl group in
1 is not coplanar with the rest of the molecule? and that the small
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energy difference between conformations is due to the lack of
aromaticity of the Z isomer, rather than to steric interactions.
The percentage of the E isomer in N-phenylformamide is also high
(27-55%),° compared to N-methylformamide (8%),% although
the conformational equilibrium in this system will be affected by
hydrogen bonding, and steric effects may also be important.
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Tetracyclo[5.5.1.0%13,01%3]tridecane-2,5,8,1 1-tetraene (1) has
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1 2, X=H, or Br

been a target of considerable interest to organic chemists for some
time.*7 This stems, in part, from the desire to study the stability
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