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The ratio of the L to the D form of the adduct in the absence of 
DNA increases with increasing methanol and decreases with the 
presence of DNA. The finding that deuterium is incorporated 
selectively into the C2 position of the L form of the thiol-drug 
adduct suggests that the steric geometry of the thiol which donates 
the hydrogen is relatively fixed in its relationship to the drug. 
Accordingly, the mechanism of hydrogen abstraction favors an 
internal hydrogen transfer into C2 of the drug from the attached 
L-form thiol at C12. 

Although NCS-Chrom is converted into a diradical intermediate 
upon thiol activation that is capable of bistranded interaction with 
DNA, it has been puzzling that single-stranded lesions are much 
more prevalent than double-stranded lesions.11 The finding of 
significant intramolecular hydrogen abstraction from the adducted 
thiol by the radical center at C2, resulting in the conversion of 
a bifunctional agent into a monofunctional one, may provide an 
explanation.12 This result is consistent with recent evidence that 
the C6 radical is specifically responsible for hydrogen abstraction 
from the C-5' position of deoxyribose of T residues,5 the lesion 
primarily responsible for single-strand breaks. 

Acknowledgment. We thank Dr. Charles E. Dahl for the 
solid-phase peptide syntheses. The 1H NMR experiments at 500 
MHz were performed at the Comprehensive NMR Center for 
Biomedical Research (supported by NIH Grant RR-00995) of 
the Francis Bitter National Magnet Laboratory at the Massa­
chusetts Institute of Technology. This work was supported by 
NIH Grants CA44257 and GM12573. 

(11) Dedon, P. C; Goldberg, I. H. 7. Biol. Chem. 1990, 256, 14713. 
(12) Whether or not the amount of deuterium incorporated from the a 
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Activity in supramolecular chemistry continues to develop with 
many impressive achievements being recorded. Clathrate inclusion 
complexes allow a broad category of host-guest phenomena to 
be readily studied, and they have also been the subject of increasing 
recent interest.1 The unique properties of tri-othymotide2 (TOT, 
4) provide an especially suitable system for study because TOT 
affords a host lattice for inclusion compounds with guest molecules 
having a wide variety of sizes, shapes, and functionalities3 and 
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Figure 1. Molecular structure of TSBS (3) in the (5)-(+)-2-butanol 
clathrate." The hydrogen atoms have been eliminated for clarity. The 
sec-butyl group disorder in subunits A and C is indicated by the extra 
atoms C9A» and C9C«, respectively; this is effectively methyl-ethyl sub­
stitutional disorder. In addition, one of the three carbonyl oxygens 
(05 /Oy) displays positional disorder with 0.5:0.5 occupancy values. 
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because of its tendency to undergo spontaneous optical resolution 
on crystallization.4 While modification of its chemical structure 
has been carried out over the past 40 years, none of the analogues 
retained the versatile properties of TOT itself.5 In order to better 
understand the physical properties which make TOT such a unique 
host, we report the preparation of tri-3-(2-butyl)-6-methyl-
salicylide (TSBS), a TOT analogue which is unusual because of 
the presence of chiral sec-butyl units and its broad clathrate-
forming properties. 

TSBS (3) was prepared by the cyclodehydration6 of racemic 
3-(2-butyl)-6-methylsalicylic acid (2),7 starting from m-cresol (1) 
(Scheme I), and isolated as the TSBS/n-hexane complex (mp 132 
0C).8 Crystallization of TSBS from all solvents used thus far 
has afforded complexes, and more than 30 clathrates (both cage-
and channel-type) have been characterized. The included guests 
have alcohol, carboxylic acid, ester, ketone, haloalkane, and alkane 
functionalities and represent sizes and shapes which are common 
to TOT clathrates.9 A few modified TOT analogues form 
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0.92 (9 H, two triplets, 7 = 8 Hz), 1.17, 1.26 (9 H, two doublets, 7 = 8 Hz), 
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7.22 (3 H, d, 7 = 7 Hz), 7.38 (3 H, d, 7 = 7 Hz). Anal. Calcd C, 75.79; 
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(9) For example, TSBS forms cage-type, 2:1 (space group Pl^l) clath­
rates with nitromethane, ethyl acetate, 2-butanol, trifluoroacetic acid, and 
2-chlorobutane; a channel-type, 2:1 (space group W1), clathrate forms with 
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has not been collected. 
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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 
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