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Figure 1. (A) X-ray crystal structure of cyclophane 1 showing selected
interatomic distances and the two localized chloroform molecules. (B)
Space-filling representation of the X-ray crystal structure of 1.

is solvated by a pool of highly disordered chloroform molecules
which, except for two, could not be located (Figure 1A).

The effect of the intracavity functional groups in 6-8 on the
stability of 1:1 inclusion complexes was investigated by 'H NMR
titrations in 0.8 M DCl in D,0/CD;0OD (60:40, % v/v) at 293
K with [host] = 5 X 10 M and [6-cyano-2-naphthol] = (1-12)
X 1073 M. In these titrations, the complexation-induced upfield
shifts (Adg, ~ 0.5-1.0 ppm) of the methylene protons in the n-butyl
bridges of the hosts were evaluated. Macrocycle 8 with no in-
tracavity functional group is by far the best receptor in the series
(K, = 205 L mol}, AG® = 3.1 kcal mol™?). Ketone 6 forms a
weaker complex (K, = 40 L mol™, AG® = ~2.2 kcal mol™),
whereas the hydroxy derivative 7 does not exhibit any significant
binding (K, << 10 L mol™, AG® >> —1.3 kcal mol™). The observed
differences in AG® (22 kcal mol™!) reflect specific desolvation
effects. In the cavities of 6 and 7, incorporation of an apolar
naphthalene residue leads to the energetically unfavorable de-
solvation of the strongly solvated intracavity functional group.
Functional group transformations leading to receptors with con-
vergent, precisely located intracavity catalytic residues are now
being pursued.
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Recently one of us showed that the preferred conformation
along the central bond of 1,1,2-tri-tert-butylethane is near to
eclipsed! and postulated that the central bond in any molecular
fragment R!X---YRZR? (involving tetrahedral atoms X = CH,,
NH, O, etc., Y = CH, N, etc., and groups R demanding of space)
should show a similar tendency. We now report our success in
verifying the postulate often with simpler groups R, using known
structures in the Cambridge Crystallographic Data Base.

We define an eclipsing sum 2 as the sum of the arithmetic
values of the three smaller dihedral angles involving the C-R
bonds, i.e., |¢;} + oo} + |¢s} in diagram 1. For a perfectly
staggered conformation, 2 is 180°, and for a conformation with
all bonds perfectly eclipsed,? £ is 0°. Perfect eclipsing of all groups
on a bond with freedom to rotate is unlikely due to other dis-
tortions, so we will use the term “nearly eclipsed” if Z is less than
60° and “eclipsed” if Z is less than 30°, in which case average
dihedral angles are less than 10°.

¥ H
R3 R2 R3 R2 R3 R?
2
H
s $4 * ¥,
R! | Ri
H R H
® ¥

/ 4 J

Where hydrogen atoms are not identified explicitly in the
structure determination, a pseudoeclipsing sum ¢'Z can be defined.
Thus when only two dihedral angles are identified, as shown in
2,2 is 1.5 X [1(120 = Josh] + 1(120 = |¢sDI]. Where three
dihedral angles are identified, as shown in 3, ¢ 2 is (120 — |¢¢]}
+ (120 - Jé:DI + 1.

We found no crystal structures with fragments of the type
CH3CH2' - 'CH(CR3)CR3 (43) or RzCHCHz' - 'CH(CR3)CR3
(4b) [groups R (#H) need be neither alkyl groups nor identical].
Fifteen structures were found, however, containing the structural
fragment RCH,CH,- --CH(CR;)CR; (5). In 12 cases®*¥ arising
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from a 2,2,6,6-tetrasubstituted cyclohexane ring, the bond was
more or less eclipsed, with = varying from 13.2° to 48.0°. Scheme
I shows structure 6 with the smallest of these = values.®

Only one structure was found* with a fragment of the type
CR,;CH,- - -CH(CR;)CR; (7), but the bond is nearly eclipsed,
with = values of 33.6° and 48.0° in the two molecules in the unit
cell.

Bonds of carbon with oxygen are shorter than carbon—carbon
bonds, and the interactions between substituents which lead to
eclipsing conformations may be the greater therefore. We found
five examples®*~ of the molecular type CH;O- - -CH(CR;), in the
data base, in all of which the conformation is near to eclipsed,
with ¥ 2 ranging from 8.4° to 52.9°. Structure 8 in Scheme I
shows one of these five examples.*

It is a point of caution in discussing crystal structure confor-
mations that lattice forces rather than intramolecular strain may
be determining the conformation, although the consistency of the
occurrence of eclipsed conformations in the two sets of examples
quoted argues against this. We looked at this further by calcu-
lating the conformation in the gas phase of the two relatively
simple molecules 6 and 8 of Scheme I using Allinger’s MM3
molecular mechanics program.® Newman projections of the
significant bond for these two molecules as in the crystal structure
and as calculated for the global minimum conformation are shown
in Scheme I, and the good agreement, within 5° on average,
suggests that it is intramolecular effects which determine the
eclipsing.

Eclipsing is not restricted to the uncommonly branched
structural types reported above. The set of 25 molecules of the
structural type 9 from the data base includes 16 molecules with
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at least one eclipsed or nearly eclipsed bond, seven of these in-
volving at least one bond with an eclipsing sum of less than 30°.
It is not appropriate to examine this more miscellaneous range
in a brief communication, but structure 10 shows a simple molecule
with several eclipsed bonds.”
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This last is one of several examples of a particularly simple type
which promises to be a rich source of eclipsed conformations.
When there are three adjacent equatorial substituents on a six-
membered ring, the middle one being ~X~CH, (or of course
-X-CR2RPR®), the flanking groups will push the central bond
conformation toward one with the X—CHj; bond eclipsing the
ring-H bond.

The presence of an eclipsed single bond conformation was noted
explicitly in only one of the 34 crystal structure determination
reports referred to here, and the importance of vicinal interactions
of groups R was in fact suggested.”> The number of examples
and the relative simplicity of some of them strengthen the original
postulate.!®
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Recent progress in the synthesis of transition metal complexes
with unsaturated silicon ligands has stimulated interest in de-
velopment of new transition metal-silicon chemistry.»? In
particular, attention has focused on silylene complexes, ¢ which
we have obtained via silyl complexes possessing a labile triflate
group.? For example, Cp*(PMe;),RuSi(STol-p),(OTf) (Cp* =
7-CsMes; OTf = OSO,CF;) dissociates triflate in solution to give
Cp*(PMe;),Ru=Si(STol-p),*2® Availability of the bis(triflate)
derivative Cp*(PMe,),RuSi(STol-p)(OTf), (1), and its ioni-
zation in acetonitrile,’ suggested possible routes to new silylene
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