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Nuclear magnetic shielding and chirality. 1l. The shielding tensor
of a naked spin in Ne helices
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We continue our investigation of the nuclear magnetic shielding tensors of Xe@ble
complexes(l). Here we replace Xe by a naked spin. The full shielding tensor qf MNsix
diastereomers is calculated and compared with the equivalent Xg@ibistereomers. €003
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INTRODUCTION polarization functions.Distributed gauge origins are imple-
mented through the use of gauge-including atomic orbitals

environment. In Paper | we considered the shielding re{GIAO) a”‘?' theGAL?SS'AN 98program package was Use‘?' for
sponse of a Xe atom to a chiral environmérthe overlap all calculationg, using density-functional theory, in particu-
and exchange of the Xe electrons with those of the chiral@r using the popular hybrid functional B3LYP. In addition to
system provides a shielding response that is large enough #8€ chiral systems used for Xe in Paper I, we use negative
observe. Indeed the chiral shifts calculated for diastereomerigharges for the outer helix to see whether the sign of the
pairs are the same order of magnitude as those observed fohiral shift would be different than that for the Néelix

Xe in chiral cages electronically coupled to chiral tetifers. coupled to 15 positive point charges. We shall refer to these
Now we wish to examine the molecular shielding of thediastereomeric pairs ast (¢_), (R r_), (Lr_), (R€_).
chiral system itself. This is the shielding that can be mappegh all cases the naked spin is located at the center of the helix
by placing a magnetic moment anywhere arotodin) the  (the origin; the helical axis is along th& axis, and thex
molecule” We expect the large deshielding that is usual forgyis js chosen along the, axis. The shielding tensor reflects
the Xe atom closely interacting with any neighbors to bethe symmetry at the site of the naked spin. The coordinate

dominated by paramagnetic deshielding arising from overla%xes have been chosen so as to reflect the minimum number
and exchange and also electron correlation contributions.

Without this large deshielding arising from the response on gn|que nonvanishing componeqts dictated by this symme-
the Xe electron to its environment, to what extent does théry in the laboratory axes. By rotation of the laboratory axes,

shielding tensofat a particular locationof the molecule by ~MiXing of elements of the full tensor can lead to apparently
itself reflect its chiral character? Is the sign of the chiral shiftlarger number of nonvanishing tensor elements. The proper
between diastereomers related to the same or opposite harfdloice leads to a tensor that has elements that cannot be
edness of the two chiral systems that make the diastere¢educed further in number.

meric pair? If so, assignment of chiral structures in the NMR ~ The results are shown in Tables | and II, where the full
spectrum would be possible. In this paper, we use a nakensor, the symmetric part, and the antisymmetric part are
spin to calculate the molecular shielding at the center of heseparately shown. The shielding tensor has a nonvanishing

We consider the shielding of a naked spin in a chiral

lical systems to find the answers to these questions. antisymmetric part in a chiral environment. Since the helical
axis is chosen along th# direction in the laboratory frame,
METHOD AND RESULTS the signs of the antisymmetric tensor elements are reversed

] ) for the components involving, when the handedness of the
To model the chiral environment we choose the most\. helix is changed from to R. We show only the compo-
?’rﬂ?féga 'e\xlt?)r:e“X"lrr: aP?apgr . (;I;h?z)itzgs(,) 2 gﬁgRaor_th)hO;f 3 g1ents for thel enantiomer. In the presence of the charges the
'9 s W us ' P! ““antisymmetric elements increased in magnitude, just as they

A. The Ne atoms are in the range 3.27-3.70 A from thed'df xe located at th e, We sh I h
center. A second helix with a radius of 6.3706 A, co-axial®'¢ 0" /€ localed at Ihe same site. e show only one eac

with the helix of Ne atoms, made up of a partial charge arra)Pf the diastereomeric pairs since the components of the mir-
of 15 equally spaced positive chargeémagnitude O image enantiomer are the same except for a change in

+0.061952), (r, or £,) is coupled to the first helix to Sign of certain of the off-diagonal elements. As discussed
produce diastereomeric pairk ¢.), (R ry), (L r,), and earlier, these are not measures of chirality since one may be
(R €.). The Ne atoms and the positive charges are equallyeached from the other via a rotation.

spaced on the inner and outer helices. For each Ne atom we The results for the perturbation by an external helix of
use 77 basis functions, uncontracted 18p) plus fourd  negative charges are shown in Table Ill. The sign of the
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TABLE I. Shielding tensor of a naked spin at the center of thgNeg helix,

Sears, Jameson, and Harris

TABLE Ill. Shielding of a naked spin at the center of co-axial helices

ppm. Neg- (—d)1s-
Full tensor N@Ne;- (—q)1s(L€-)
11267 0 0 Full tensor
0 0.6934 0.9742 0.8487 0 0
0 0.9748 -1.8249 0 0.3425 1.4182
, 0 1.3082 —-3.9742
Symmetric tensor
1.1267 0 0 Symmetric tensor
0 0.6934 0.9745 0.8487 0 0
0 0.9745 —1.8249 0 0.3425 1.3632
, _ 0 1.3632 —-3.9742
Antlsymmetrlc tensor
0 0 0 Antisymmetric tensor
0 0 —0.0003 0 0 0
0 +0.0003 0 0 0 +0.0555
0 —0.0555 0
N@Ne- (—d)gs(Lr-)
antisymmetric part is opposite to that of the corresponding Full tensor
diastereomeric helices with positive charges. 8'8387 003366 2 4371
A summary of the isotropic shielding values for the vari- 0 13193 40358
ous chiral systems studied here is given in Table IV. The _
isotropic shielding at the center of the Neelix is a small Symmetric tensor
. i ) . ; 0.8387 0 0
negative valuédeshielding. In the diastereomeric pairs hav- 0 0.3366 13782
ing the external helix of positive point charges, it is positive 0 1.3782 —4.0358
shielding of around 0.9 ppm, whereas in the diastereomeric _ _
. . H . . P Antlsymmetrlc tensor
pairs having the external helix of negative point charges, it is 0 0 0
negative shielding, arounet0.9 ppm. The coupling of the 0 0 10.0589
Neg helix to the chiral field of positive point charges leads to 0 —0.0589 0

a net withdrawal of electron density from the center of the

Neg helix where the naked spin is located, whereas the nega-

tive point charges leads to a net increase of electron density.

TABLE II. Shielding of a naked spin at the center of co-axial helices Ne The chiral shift is —0.0191 ppm

for oisoL €+)

(4. — 0oL ). We found this sign for Xe in the same diaste-
n@Ney- (+q)15(LE.) reomeric helices. On the other _handgriso(L ) _
Full tensor —0iso(L r_)=+0.0258 ppm. Both the sign and the magni-
L2034 o o tuQe of the chira_tl shift changed. Thus the _sign of_ the F:hiral
0 1.0482 0.5330 shift between diastereomers of the co-axial helices is not
0 0.6439 0.3138 uniquely related to the handedness of the diastereomeric
pairs.
Symmetric tensor
1.4034 0 0
0 1.0482 0.5885 DISCUSSION
0 0-5885 0-3138 We note the parallel behavior of the Xe shieldifig I)
Antisymmetric tensor and the naked spin shielding. In particular, we compare the
0 0 0 chiral shift—0.0191 ppm with the chiral shift induced by the
8 +8.0555 7060555 same system in Xe atom:0.9324 ppnt The response of
the electrons of Xe is 46 times as large. Although we did not
N@Nes- (+0)15(Lr) do the Xe calculations in the Néelix coupled to a helix of
14004 Full tensor o o negative point charges, it is expected that the Xe chiral shift
0 1.0535 05170 too will change in sign.
0 0.6282 0.3597
Symmetric tensor TABLE IV. Isotropic shielding of a naked spin in chiral systems.
1.4094 0 0
0 1.0535 0.5726 System Mirror image system Tisor PPM
0 0.5726 0.3597 @Ne (L) "@Ng (R) " 0.0016
Antisymmetric tensor [N@Ne;-(+0) 5] (LE) [N@Neg;- (+9)15] (Rr) +0.9218
0 0 0 [n@Nes- (+0)1s] (RY) [N@Neg- (+0)4s] (LT) +0.9409
0 0 —0.0556 [N@Ney- ()15 (L€) [N@Nes- (—a)1s] (RY) —-0.9277
0 +0.0556 0 [n@Ney- (—q)15] (RC) [N@Ney- (—q)45] (LT) —0.9535
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The shielding tensor of a naked spin in the center of theal shift. Replacing Xe by a naked spin gives a clear indica-
Neg helix has a nonvanishing antisymmetric part, just as wasion of the induced diastereomerism of the Xe electrons: the
found for a Xe atom located at the same position. The 5&hiral shift is 0.9342 ppm for Xe compared to 0.0191 ppm
electrons of Xe located at the same position amplified thdor the naked spin. The same or opposite handedness of the
effect. The antisymmetry elements are purely paramagnetienantiomers that make the diastereomeric pairs do not intrin-
since the diamagnetic part of the shielding is a symmetrisically determine the sign of the chiral shift. In other words,
tensor. The chiral shift, on the other hand, may include bottit is not possible to assign the individual peaks which would
diamagnetic and paramagnetic terms for a spin at the origirbe observed in an NMR spectrum unequivocallyltf Rr)

With the origin defined at the naked spin, how much of theor (Lr, Rl). We have shown that the sign of the chiral poten-
chiral shift is due to differences in diamagnetic and paramagtial affects whether the same-handed diastereomers appear
netic contributions cannot be easily determined due to thenore shielded or less.
use of gauge-including atomic orbitals in the calculations.
We _cquld have used a common qrigi_n methoq c_)f CalcmationACKNOWLEDGMENT
but it is well known that unless distributed origins are used,
the imbalance between the accuracy of calculating(fingt This work has been supported by The National Science
ordep diamagnetic term and thigecond ordérparamagnetic Foundation(Grant No. CHE99-79259
term leads to poor results except in the limit of complete
basis set.z:.Thergfore i_t would not be possible to find out_ ID. N. Sears, C. J. Jameson, and R. A. Harris, J. Chem. Bhgs2685
whether the chiral shift here found to be 0.0191 ppm is (2003, preceding paper.
dominated by the paramagnetic or the diamagnetic term. WEE. J. Ruiz, M. M. Spence, S. M. Rubin, D. E. Wemmer, A. Pines, N.
leave that question to be answered in Paper IIl, where the Winssinger, F. Tian, S. Q. Yao, P. G. Schult&rd Experimental NMR
knowledge of all excited states is complete and both thegconfer-enc‘-BAprII 14-19, 2002, Asilomar, CA.

K. Wolinski, J. Chem. Physl06, 6061 (1997.
diamagnetic and the paramagnetic term can be calculated tec. J. Jameson, D. N. Sears, and A. C. de Dios, J. Chem. Rh§s2575

the desired precisioh. (2003.

SH. Partridge and K. Faegri, Jr., NASA Tech. Memo. 10391892.

6M. J. Frisch, G. W. Trucks, H. B. Schleget al, Gaussian 95 Revision
A.9, Gaussian, Inc., Pittsburgh, PA, 1998.

1A ; "Nuclear Magnetic Shielding and Molecular Structurdited by J. A.
The molecular shielding of the system of ]Nend point Tossell(Kluwer Academic, Dordrecht, 1993

charge helices is sampled by the naked spin at the centebp N, sears, C. J. Jameson, and R. A. Harris, J. Chem. Riigs 2694
revealing the diastereomerism in the scalar property, the chi- (2003, following paper.

CONCLUSION

Downloaded 08 Sep 2003 to 131.193.196.71. Redistribution subject to AIP license or copyright, see http://ojps.aip.org/jcpo/jcpcr.jsp



