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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,®® 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,?’ such
cross-linked oligonucleotides should facilitate studies of en-
zyme-mediated unpairing processes such as transcription, repli-
cation, and recombination.
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NMR spectra of cross-linked oligonucleotides 6 and 7 and the
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(27) In experiments to be reported elsewhere, we have determined that the
disulfide bond of oligonucleotide 6 (74 uM) is virtually unaffected by | mM
2-mercaptoethanol, 25 °C, 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 °C, a factor that
facilitates disulfide reduction. The corresponding cross-linked 12-mer, 5'-
d(CGCGAATTCGCG), is completely resistant to 25 mM 2-mercaptoethanol.
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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.! 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-

*Dedicated to Professor Dr. H. Prinzbach on the occasion of his 60th
birthday.
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Figure 1. Molecular structure of 1 showing the atom-numbering
scheme.!® Selected bond lengths (A) and angles (deg) of 1 and of 2
(values following the oblique lines): S1-0O1 1.449 (2)/1.462 (2), S1-02
1.456 (2)/1.454 (2), S1-C1 1.625 (3)/1.640 (3), S1-C4 1.795 (3)/1.794
(3), 01-81-02 116.7 (1)/116.6 (1), C1-S1-C4 111.3 (1)/111.8 (1),
C3-C1-C2 116.7 (3)/115.5 (3), C3-C1-S1 117.6 (2)/115.7 (2), C2-
C1-S1 117.5 (2)/115.3 (2), C1-S1-01-02 -128.7 (4)/-128.7 (4),
C4-81-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 crystall™ and
in THF solution!2* as dimeric and monomeric contact ion pairs
which are associated via the sulfonyl O atoms. We have previously
probed the free, unassociated a-sulfonyl carbanion® and the ge-
genion effect in the case of the phenyl-substituted species
[PhCH,(Ph)CSO,CF,]~ 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 o-sulfonyl carbanion is also of significant
theoretical interest,” the attainment of the lithium salt of an
alkyl-substituted o-sulfonyl carbanion with complete ion separation
was an attractive goal. In this communication we report the
isolation of the novel title compound (Me,CSO,Ph)(Li-[2.1.1]-
cryptand) (1) and the determination of its crystal structure; that
of the solvated dimeric O-Li contact ion pair {(Me,CSO,Ph)-
Li-diglyme], (2) is already known 3¢

Compound 1 was isolated as orange crystals by addition of an
equimolar amount of [2.1.1]cryptand® to a solution of
(Me,CSO,Ph)Li in THF and recrystallization of the solid formed
from THF. A view of the molecular structure of 1 is depicted
in Figure 1.° 1 is an inclusive cryptate with discrete

(2) Gais, H-J.; Hellmann, G.; Lindner, H. J. Angew. Chem., Int. Ed. Engl.
1990, 29, 100.

(3) (a) Gais, H.-J.; Lindner, H. J.; Vollhardt, J. Angew. Chem., Int. Ed.
Engl. 1988, 24, 859. (b) Gais, H.-J.; Vollhardt, J.; Lindner, H. J. Angew.
Chem., Int. Ed. Engl. 1986, 25, 939. (c) Gais, H.-J.; Vollhardt, J.; Hellmann,
G.; Paulus, H.; Lindner, H. J. Tetrahedron Lett. 1988, 29, 1259. (d) Gais,
H.-J,; Vollhardt, J.; Kriiger, C. Angew. Chem., Int. Ed. Engl. 1988, 27, 1092,
(e) Gais, H.-J.; Miiller, J.; Lindner, H. J.; Braun, S., unpublished work on
the structure of bicyclic allylic lithio sulfones. (f) Gais, H.-J.; Hellmann, G.;
Lindner, H. J., unpublished work on the structure of {{[PhCH,(Ph)-
CSO;CMe,]LrZTHF];.

(4) (a) Boche, G.; Marsch, M.; Harms, K.; Sheldrick, G. M. Angew.
Chem., Int. Ed. Engl. 1985, 24, 573. (b) Hollstein, W.; Harms, K.; Marsch,
M.; Boche, G. Angew. Chem., Int. Ed. Engl. 1988, 27, 846. (c) Boche, G.
Angew. Chem., Int. Ed. Engl. 1989, 28, 277 and literature cited therein.

(5) Kaufman, M. J.; Gronert, S.; Bors, D. A.; Streitwieser, A., Jr. J. Am.
Chem. Soc. 1987, 109, 602.

(6) Free, unassociated a-sulfonyl carbanions exist, e.g., in dilute DMSO
solution with K* as gegenion: Bordwell, F. G. Acc. Chem. Res. 1988, 21, 456
and references cited therein. Bradamante, S.; Pagani, G. A. J. Chem. Soc.,
Perkin Trans. 2 1986, 1035.

(7) (a) Wolfe, S. Stud. Org. Chem. (Amsterdam) 1985, 19, 133 and
literature cited therein. (b) Bors, D. A.; Streitwieser, A., Jr. J. Am. Chem.
Soc. 1986, 108, 1397.

(8) Dietrich, B.; Lehn, J. M.; Sauvage, J. P. Tetrahedron Lett. 1969, 2885.
{2.1.1]Cryptand = 4,7,13,18-tetraoxa-1,10-diazabicyclo{8.5.5]eicosane.
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{Me,CSO,Ph)~ 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 (C,
atom) with the methy! groups bent away from the O atoms. It
features the typical C,-S conformation of a-sulfonyl carban-
jons'™*67 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—ogp,*).” 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 C, 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 C,,
atom originates primarily from the minimization of torsional strain
around the C,—S bond whereas the planarization of the phenyl-
substituted C, atom stems from the maximization of stabilizing
Px—Px overlap.!™* This, however, implies that electronically the
energy difference between a pyrmidalized and planar (at the C,
atom) a-sulfonyl carbanion is only small, a conclusion that is
supported by ab initio calculations.” Thus, in dimeric solvated
contact ion pairs like 2, intramolecular packing forces could re-
inforce the pyramidalization of the C, atom because of its shallow
pyramidalization potential. A space-filling model of 2 (C;) reveals
indeed a packing that encompasses a close proximity of methylene
and methyl groups of both diglyme molecules and the methyl
groups at the C, atom. The greater pyramidalization of the C,,
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,!23f4¢ manifestation of such
an effect is not to be expected because of a steeper pyramidali-
zation potential of the C, atom bearing a phenyl group. Ac-
cordingly, the C_, atom of the analogous dimer {[Ph(Me)-
CSO,Ph]Lidiglyme}, (C)) is almost planar, and no close proximity
exists between the diglyme molecules and the groups at the C,
atom.’

The complex ion [Li-[2.1.1]cryptand]* has already been
crystallographically characterized; its present structure shows no
significant deviation.!*> Since with 1 the separation of an O-
Li-associated lithium carbanion salt has been achieved in the solid
state,!? isolation of inclusive cryptates of other synthetically im-
portant lithium carbanion salts with O-Li and/or N-Li associ-
ation®!* may be feasible t00.!%

In summary, the Li* gegenion effect on an alkyl-substituted
or benzylic a-sulfonyl carbanion in dimeric solvated lithium salts

(9) Crystal data for 1: C,3H3LiN,OS, monoclinic, space group C2/c with
a=30.113 (19) A, b =8.446 (3) A, ¢ = 25.248 (8) A, 8 = 127.50 (1)°, ¥
= 5094 A3, Z =8, Doy = 1.247 g cm™. The final residuals for 306 variables
refined against 3014 data with |F] 2 2¢(F) (3° < 20 < 45°) were R = 4.8%
and R, = 6.0%.

(10) Keller, E. scHAKAL-88, A FORTRAN Program for the Graphic
Representation of Molecular and Crystallographic Models; Freiburg, FRG,
1988.

(11) Ermer, O.; Bell, P.; Mason, S. A. Angew. Chem., Int, Ed. Engl. 1989,
28,1239, x: dihedral angle C2-C1-S1/C3-C1-S1. Note that for a planar
C, atom x = 0°, and for a fully pyramidalized (sp’) C, atom x = 60°.

(12) Moras, P. D.; Weiss, R. Acta Crystaliogr. 1973, B29, 400. Arnaudet,
L.; Charpin, P.; Folcher, G.; Lance, M.; Nierlich, M.; Vigner, D. Organo-
metallics 1986, 5, 270. Ettel, F.; Huttner, G.; Zsolnai, L. Angew. Chem., Int.
Ed. Engl. 1989, 28, 1496.

(13) Complete ion separation in the crystal by TMEDA, 13 12-crown-4,134
and THF'* has been reported for synthetically less important lithium car-
banion salts having no anionic O and/or N atoms: (a) Schmidbaur, H.; Weiss,
E.; Zimmer-Gasser, B. Angew. Chem., Int. Ed. Engl. 1979, 18, 782. (b)
Olmstead, M. M.; Power, P. P. J. Am. Chem. Soc. 1985, 107, 2174. (c)
Bartlett, R. A.; Power, P. P. Organometallics 1986, 5, 1916. (d) Olmsteadt,
M. M.; Power, P. P.; Weese, K. J. J. Am. Chem. Soc. 1987, 109, 2541, (e)
lzigckers, B.; Enkelmann, V.; Milllen, K. Angew. Chem., Int. Ed. Engl. 1989,

, 458.

(14) Seebach, D. Angew. Chem., Int. Ed. Engl. 1988, 27, 1624.

(15) For a recent solution study of lithiated hydrazone cryptates, see:
Galiano-Roth, A. S.; Collum, D. B. J. Am. Chem. Soc. 1988, 110, 3546.

is apparently small. The extent of the pyramidalization of the
C, 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 C, 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.! While site-specific muta-
genesis has provided information on the role of individual amino
acids in recognition,?? it is not understood at a detailed molecular
level. % Many mutants have been generated by nonsense mu-
tations®’ (although the substitutions are limited to amino acids
whose codons have suppressible mutations) and cassette muta-
genesis.? 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 Jardetzky®'? remains one of the first NOEs observed for lac
headpiece. While some NMR spectral differences have been
reported for mutant repressors,!!'2 we believe this study to rep-
resent the first direct comparison of the structural and biological

t Department of Chemistry, Purdue University.
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