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DNA and conclude that (i) an interstrand disulfide cross-link can 
significantly stabilize duplex DNA while causing little structural 
distortion; (ii) disulfide cross-links, unlike psoralen,6b do not perturb 
base pairing and the denaturation pathway of DNA; and (iii) it 
may be possible to drive structural transitions in DNA and to 
rationally engineer non-ground-state DNA structures by exploiting 
the favorable energetics associated with disulfide bond formation. 
Since these unstrained, intramolecular disulfide bonds are both 
kinetically and thermodynamically resistant to reduction,27 such 
cross-linked oligonucleotides should facilitate studies of en­
zyme-mediated unpairing processes such as transcription, repli­
cation, and recombination. 
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(27) In experiments to be reported elsewhere, we have determined that the 
disulfide bond of oligonucleotide 6 (74 j*M) is virtually unaffected by 1 mM 
2-mercaptoethanol, 25 0C, overnight. This thiol concentration is sufficient 
to maintain the enzymatic activity of most proteins. It should be noted, 
however, that 6 and 7 do not form stable duplex DNA at 25 0C, a factor that 
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Recently we disclosed the enantioselective synthesis of a lithium 
a-sulfonyl carbanion salt which is optically stable at low tem­
peratures.1 In view of the new mechanistic and synthetic pos­
sibilities offered thereby, a deeper knowledge of the structure of 
a-sulfonyl carbanions and the Li+ gegenion effect is desirable. 
Work from our laboratories and elsewhere has shown that alka-
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Figure 1. Molecular structure of 1 showing the atom-numbering 
scheme.10 Selected bond lengths (A) and angles (deg) of 1 and of 2 
(values following the oblique lines): S l -Ol 1.449 (2)/1.462 (2), S l - 0 2 
1.456 (2)/1.454 (2), Sl -Cl 1.625 (3)/1.640 (3), S1-C4 1.795 (3)/1.794 
(3), O l - S l - 0 2 116.7 (D/116.6 (1), C1-S1-C4 111.3 (0/111.8 (1), 
C3-C1-C2 116.7 (3)/l 15.5 (3), C3-C1-S1 117.6 (2)/l 15.7 (2), C2-
Cl -S l 117.5 (2)/115.3 (2), C l - S l - O l - 0 2 -128.7 (4)/-128.7 (4), 
C4-S1-C1-C3 -75.8 (4)/-72.8 (4), C4-S1-C1-C2 71.7 (4)/66.3 (4), 
01-S1-C1-C2 42.2 (4)/48.0 (4), 02-S1-C1-C3 -38.6 (4)/-41.3 (4), 
C3-S1-C1-C2 147.5 (4)/139.2 (4). 

li-metal salts of a-sulfonyl carbanions exist in the crystal1"4 and 
in THF solution 1^5 as dimeric and monomeric contact ion pairs 
which are associated via the sulfonyl O atoms. We have previously 
probed the free, unassociated a-sulfonyl carbanion6 and the ge­
genion effect in the case of the phenyl-substituted species 
[PhCH2(Ph)CSO2CF3]" by determining inter alia the crystal 
structure of its tetrabutylammonium and lithium salt.2 Sur­
prisingly, here only a small static and dynamic Li+ gegenion effect 
was found. Since the free a-sulfonyl carbanion is also of significant 
theoretical interest,7 the attainment of the lithium salt of an 
alkyl-substituted a-sulfonyl carbanion with complete ion separation 
was an attractive goal. In this communication we report the 
isolation of the novel title compound (Me2CS02Ph)(Li-[2.1.1]-
cryptand) (1) and the determination of its crystal structure; that 
of the solvated dimeric O-Li contact ion pair [(Me2CSO2Ph)-
Li-diglyme]2 (2) is already known.30 

Compound 1 was isolated as orange crystals by addition of an 
equimolar amount of [2.1.1]cryptand8 to a solution of 
(Me2CSO2Ph)Li in THF and recrystallization of the solid formed 
from THF. A view of the molecular structure of 1 is depicted 
in Figure I.9 1 is an inclusive cryptate with discrete 
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(Me2CSO2Ph)" and [Li-[2.1.1]cryptand]+ ions; the anionic centers 
are well separated from the Li+ ion, and no unusual short in-
termolecular contacts are observed. Hence, 1 may be regarded 
as a model for a solvent-separated ion pair. The anion of 1 has, 
like that of 2, a strongly pyramidalized anionic carbon atom (C0 
atom) with the methyl groups bent away from the O atoms. It 
features the typical Ca-S conformation of a-sulfonyl carban-
ions1"4,6,7 wherein the lone electron pair is almost exactly orientated 
gauche to both O atoms. This allows inter alia for a stabilization 
by negative hyperconjugation (nc-o-SPh*).7 A comparison of the 
bonding parameters of the unassociated anion of 1 and of the 
lithium-associated one of 2 reveals a close similarity except for 
one feature (Figure 1): the trigonal C0 atom in the cryptate 1 
is significantly less pyramidalized than that in the contact ion pair 
2 as shown by the pyramidalization angle x" of 32.5° and 40.8°, 
respectively. There is much evidence from crystal structure 
analysis of acyclic O-M-associated a-sulfonyl carbanion alkali-
metal salts that the pyramidalization of the alkyl-substituted C0 
atom originates primarily from the minimization of torsional strain 
around the C0-S bond whereas the planarization of the phenyl-
substituted C0 atom stems from the maximization of stabilizing 
pT-pT overlap.1"4 This, however, implies that electronically the 
energy difference between a pyrmidalized and planar (at the C0 
atom) a-sulfonyl carbanion is only small, a conclusion that is 
supported by ab initio calculations.715 Thus, in dimeric solvated 
contact ion pairs like 2, intramolecular packing forces could re­
inforce the pyramidalization of the C0 atom because of its shallow 
pyramidalization potential. A space-filling model of 2 (C1) reveals 
indeed a packing that encompasses a close proximity of methylene 
and methyl groups of both diglyme molecules and the methyl 
groups at the C0 atom. The greater pyramidalization of the C0 
atom in 2 therefore may be attributed to a steric intraaggregate 
chelate ligand/anion interaction. In dimeric solvated O-Li contact 
ion pairs of benzylic lithio sulfones,1,2,3c,f,4a,c manifestation of such 
an effect is not to be expected because of a steeper pyramidali­
zation potential of the C0 atom bearing a phenyl group. Ac­
cordingly, the C0 atom of the analogous dimer ([Ph(Me)-
CSO2Ph] Li-diglyme}2 (C1) is almost planar, and no close proximity 
exists between the diglyme molecules and the groups at the C0 
atom.3c 

The complex ion [Li-[2.1.1]cryptand]+ has already been 
crystallographically characterized; its present structure shows no 
significant deviation.12 Since with 1 the separation of an O-
Li-associated lithium carbanion salt has been achieved in the solid 
state,13 isolation of inclusive cryptates of other synthetically im­
portant lithium carbanion salts with O-Li and/or N-Li associ­
ation40,14 may be feasible too.15 

In summary, the Li+ gegenion effect on an alkyl-substituted 
or benzylic a-sulfonyl carbanion in dimeric solvated lithium salts 
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is apparently small. The extent of the pyramidalization of the 
Cn atom, however, can be determined in the former case to a 
certain degree by intraaggregate interactions. 

A fair structural picture of the associated as well as the 
unassociated a-sulfonyl carbanion has now emerged. This should 
aid considerably an investigation of the asymmetric induction 
exerted by the sulfonyl group at the C0 atom which is now un­
derway in our laboratories. 
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The lac repressor-operator system has been the prototype for 
studying protein-DNA interactions.1 While site-specific muta­
genesis has provided information on the role of individual amino 
acids in recognition,2,3 it is not understood at a detailed molecular 
level.4'5 Many mutants have been generated by nonsense mu­
tations6,7 (although the substitutions are limited to amino acids 
whose codons have suppressible mutations) and cassette muta­
genesis.8 Here, we describe the secondary structure of a 56-residue 
lac repressor mutant headpiece studied by two-dimensional NMR. 
The tyrosine 7 to isoleucine (Y7I) mutant of the repressor has 
been designed to test the importance of proposed tyrosine 7-
tyrosine 17 stacking in the stabilization of the protein and the role 
this might play in DNA recognition. This interaction reported 
by Jardetzky9,10 remains one of the first NOEs observed for lac 
headpiece. While some NMR spectral differences have been 
reported for mutant repressors,11,12 we believe this study to rep­
resent the first direct comparison of the structural and biological 

f Department of Chemistry, Purdue University. 
'Present address: Biological and Medical Research Division, Argonne 

National Laboratory, Argonne, IL 60439. 
(1) Gilbert, W.; Gralla, J.; Major, J.; Maxam, A. Protein-Ligand Inter­

actions; de Gruyter: Berlin, 1975; pp 270-288. 
(2) Lehming, N.; Sartorius, J.; Oehler, S.; von Wilcken-Bergmann, B.; 

Muller-Hill, B. Proc. Natl. Acad. Sci. U.S.A. 1988, 85, 7947-7951. 
(3) Lehming, N.; Sartorius, J.; Kisters-Woike, B.; von Wilcken-Bergmann, 

B.; Muller-Hill, B. EMBO J. 1990, P, 615-621. 
(4) Caruthers, M. H. Ace. Chem. Res. 1980, 13, 155-160. 
(5) Ptashne, M. A Genetic Switch; Cell Press: Cambridge, MA, 1986. 
(6) Miller, J. H.; Coulondre, C; Hofer, M.; Schmeissner, U.; Sommer, H.; 

Schmitz, A. J. Biol. 1979, 131, 191-222. 
(7) Kleina, L. G.; Miller, J. H. J. MoI. Biol. 1990, 212, 295-318. 
(8) Lehming, N.; Sartorius, J.; Niemooller, M.; Genenger, G.; v. Wilck­

en-Bergmann, B.; Muller-Hill, B. EMBOJ. 1987, 6, 3145-3153. 
(9) Jardetzky, O. Progress in Bioorganic Chemistry and Molecular Bi­

ology; Ovchinnikov, Y. A., Ed.; Elsevier: Amsterdam, 1984, pp 55-63. 
(10) Ribeiro, A.; Wemmer, D.; Bray, R.; Wade-Jardetzky, N.; Jardetzky, 

O. Biochemistry 1981, 20, 818-823. 
(11) Zagorski, M.; Bowie, J.; Vershon, A.; Sauer, R. T.; Patel, D. Bio­

chemistry 1989, 28, 9813-9825. 
(12) Jarema, M. C; Lu, P.; Miller, J. H. Proc. Natl. Acad. Sci. U.S.A. 

1981, 78, 2707-2711. 

0002-7863/91/1513-4003S02.50/0 © 1991 American Chemical Society 


