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clathrates with a single guest,10 but this is the first example of 
a TOT analogue displaying the same versatility in clathrate 
formation as TOT. The space groups, cell dimensions, and 
host:guest ratios for the TSBS clathrates and the conformation 
of the host molecule (see below and Figure 1) are the same as 
those for the corresponding TOT clathrates. 

The crystal structure of the TSBS/(S)-(+)-2-butanol clathrate" 
(Figure 1) shows that all of the host molecules have identical P 
(or AO propeller chirality in the central ring, while the three 
distinct sec-butyl groups predominantly display an RSR (or SRS) 
configuration. The presence of the second diastereomer RRR (or 
SSS), anticipated to be present in low proportion, is not evident. 
Designating the three aromatic subunits A, B, and C, one sees 
no disorder in the B sec-butyl groups, which have the R config
uration, while the A and C sec-butyl groups exhibit appreciable 
substitutional disorder: A has 0.8:0.2 R:S while C has 0.8:0.2 
S:R occupancy values. Interestingly, the ordered sec-butyl group 
has an anti conformation, while both of the disordered ones have 
gauche conformations.12 The guest is heavily disordered within 
the cavity, but separate atoms are discernable exhibiting 2-fold 
disorder that remains to be elucidated. 

When single crystals of the TSBS clathrates are dissolved at 
0 0C in chloroform, the solutions have initial optical rotations of 
[«]20D ~100° (some crystals afford (+) and some (-) rotation 
values), which over a period of 5 min approach 0°. This is due 
to the P =̂* M conformational isomerization of the propeller 
conformation of the host which, in single crystals of space group 
P3,21, should be homochiral.13 The half-life (T1̂ 2) for this process 
was determined to be 4.7 min at 0 0C; on the basis of its tem
perature dependence (via polarimetry), the energy of activation 
(AG*) and Arrhenius parameters (£a, log A) were calculated to 
be 22.2 and 22.7 kcal/mol and 16.1, respectively. 

These results confirm that the structural motif of TOT may 
be modified in order to engineer improved host structures for 
clathrates and open up the possibility of obtaining host properties 
(e.g., chemical reactivity centers, optical properties for nonlinear 
effects, etc.) which are not observed in TOT. This is of specific 
importance and interest with regard to difficult resolutions (e.g., 
halothane) and may provide systematically modified clathrate 
structures which will allow us to better understand the structural 
requirements that lead to clathrate formation. 
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Studies of addition to the 5-substituted adamantanone 1-X and 
its derivatives 2-X have produced insights into the electronic factor 
influencing the stereochemistry of that process.1 The results, 
highly uniform over a very wide variety of reactions,2 appear to 
support the generalization that the reagent prefers attack at that 
face which is antiperiplanar to the more electron-rich vicinal 
bond(s). To interpret this phenomenon, we have employed the 
idea of transition-state hyperconjugation first proposed in 1981 
by Cieplak3 to explain the peculiar preference of many nucleophilic 
reagents for axial attack on cyclohexanone. Probes 2-X have 
seemed ideal for these studies because from the steric point of 
view they have virtual C21, symmetry, and the donor bonds are 
essentialy strainless, yet rigidly oriented. 
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Nevertheless, the concept has not been universally accepted, 
perhaps in part4 because the selectivities in the reactions of 
electroneutral substrates 2-X have been quite modest:5 an E/Z 
alcohol ratio of about 1.5. Such small ratios make it difficult to 
dismiss the possible responsibility of a host of otherwise incon
sequential factors; hence, we sought to design new probes pos
sessing the same advantages of an adamantane skeleton but with 
a much more powerfully polarizing substituent. We now wish 
to report our findings in the borohydride reduction of 5-azaa-
damantan-2-one derivatives 4-6. The known6 parent amino ketone 
(7) is isoelectronic with 1-H, and the configurations of the E and 
Z alcohols 8 derived from it have been determined.7 

(1) (a) Cheung, C. K.; Tseng, L. T.; Lin, M.-h.; Srivastava, S.; Ie Noble, 
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The reduction of 4 in methanol gave a product whose NMR 
spectra suggested that it was a single compound. N-Methylation 
of the two parent alcohols 87 showed the product to be the E 
epimer. Careful scrutiny of the base line in the NMR spectra 
revealed the Z alcohol to be detectible also, to the extent of 4-5%. 
Thus, the E/Z ratio of isomers in this instance was 20-25, an order 
of magnitude larger than any we had encountered before. 

Oxidation of 7 gave amine oxide 5 (isoelectronic with our 
previously most powerful probe, 1-F), and treatment of 7 with 
chloroacetic acid furnished betaine 6. Both 5 and 6 were subjected 
to borohydride reduction and product proof and analysis, as was 
4; furthermore, 13C NMR additivity studies supported our as
signments of configuration. The EjZ ratio in all three cases 
equaled 20-25. 
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One alternative reason for the large selectivity in 4 is the 
possibility of an electrostatic interaction bringing the borohydride 
anion preferentially to the zu face. Haberfield8 has shown con
vincingly that such preassembly can lead to large rate effects, such 
as a factor of 106 in one such reaction in THF, and also that the 
effect virtually vanishes (1.2) upon a change of solvent to water. 
In our case, the ratio with 4 did not change at all with a change 
of methanol to water or even to saturated aqueous sodium chloride. 
The results cannot be attributed to unexpected strains or distortions 
in the cage structure either. In support of this statement, we refer 
to Galvez's crystal structure of a derivative of protonated £-8 
("Each ring of the adamantone cage system is a nearly perfect 
chair ...").9a A pyramidally distorted carbonyl group is ruled out 
by known crystal structures of monoprotonated9b and -methylated90 

5,7-diazaadamantanone, in which the three angles at C2 add up 
to 360°. We conclude therefore that the unusually large selec-
tivities reported here are attributable to transition-state hyper-
conjugation. The effect is so much more visible than before, 
because the bonds vicinal to the 5-substituent have been so much 
more powerfully deactivated. 

The nucleophilic addition to 7 itself is also of interest, since 
it seems conceivable that the unshared pair on nitrogen might 
interact with the C M and C3-4 bonds so as to promote their donor 
abilities. It is noteworthy, in this connection, to compare the 
following carbonyl stretching frequencies (KBr): 4,1735.5 cm"1; 
5, 1729.0 cm-1; adamantanone, 1718.2 cm-1; 7, 1713.4 cm-1 (6 
gave only strong OH signals). Indeed, treatment with methyl-
lithium in THF gave a mild excess (55-45) of the Z tertiary 
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alcohol Z-9. Borohydride reduction in methanol produced an 
excess of £-8 (62/38); possibly a hydrogen-bonded amine center 
is responsible for this unprecedented reversal of stereochemistry. 
We also mention here experiments detailed in the supplementary 
material and aimed at the pH dependence of the carbonyl carbon 
resonance of 7 and its derivatives. They may vary by more than 
100 ppm; carbonyl hydration is responsible.10'11 
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( H ) A referee suggested that we consider a recent critique (Frenking, G.; 
Kohler, K. F.; Reetz, M. T. Angew. Chem., Int. Ed. Engl. 1991, 30, 1146). 
In this computational paper, the authors state that the "explanation given by 
Cieplak ... is based on a rather paradoxical assumption: Stereoelectronic 
control... is attributed to electron donation from the occupied orbitals ... into 
the vacant antibonding a* orbital associated with the incipient bond" (italics 
theirs). Presumably, the explanation would not be "paradoxical" for a 
breaking bond yet, by virtue of microscopic reversibility, the transition states 
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Palladium and platinum provide the most widely used catalysts 
for transformations of organosilicon compounds.' Recent interest 
has focused on development of catalysts for the dehydrocoupling 
of hydrosilanes to polysilanes, which can suffer from competing, 
metal-catalyzed redistribution of substituents at silicon.2 Un
fortunately, enhancement of selectivity in these systems is com
plicated by a lack of relevant mechanistic information.20 Recent 
observations that Si-Si bond formation can occur via reductive 
elimination from Pt and Pd bis(silyl) complexes28'' suggest the 
possibility that dehydrocoupling may occur simply via oxidative 
addition/reductive elimination cycles.20 Redistribution has most 
often been attributed to the activity of intermediate silylene 
complexes (e.g., (R3P)Pt(=SiR'R")(R'")SiR'R"R"'),2e but ox
idative addition/reductive elimination cycles could also account 
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