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This paper represents an extension of our work ontthand*C NMR chemical shifts of norbornane and
2-endaenorborneol. NCS NBO analysis was employed to probe contributions of bond orbitals and orbitals
of lone pairs to nuclear shielding in conformers of the alcohol generated by rotation of-thd@nd. Variations

in IH and**C chemical shifts with the dihedral angle are discussed in terms of Lewis and non-Lewis partitioning
and their respective importance is evaluated. In addition to hyperconjugation of the lone gaiorbital of
oxygen that was previously reported, a sizable participation of the lone pair which is in an sp orbital is also
observed and their combined effect dominates the carbon chemical shifts of-&-6OH and G—C,—

OH fragments. Both lone pairs on oxygen also contribute to localized, though-space effects on nuclei in the
vicinity, these effects answering for the largest deviations in hydrogen chemical shifts on rotation around the
C—0 bond. On the other hand, for conformers in which nonbonded repulsions lead to distortions in the

molecular framework, variations in chemical shifts may be attributed to angular effects.

Introduction
X - exo
Stereo-electronic effects provide an efficient probe for the n - endo
investigation of factors that affect NMR chemical shift§.The S
rotation about a €0 bond can lead to significant variations in
IH and 13C chemical shifts in alcohols and, according to the Hp X
dihedral angle of the €0 rotation, relative contributions of  Figure 1. Norbornyl systems.
different factors to the shielding of the respective nuclei can be
interpreted in terms of steric and electronic effects. by the hydroxyl group and the£Cs bond at 30 intervals
The recent detailed investigation of effects ofC and G-H was carefully analyzed, both in terms of the structural variations

bonds on the shielding adxial and equatorial hydrogens in of the norbornyl skeleton and of the relative contributions of
cyclohexane by natural chemical shieldingatural bond orbital ~ chemical bonds/lone pairs to the nuclei that are affected-b§C
(NCS—NBO) analysi8 has clearly shown the various contribu- rotation.

tions of C-C and C-H bonds to the nuclear shieldings of the Our results show significant contributions of both lone pairs
hydrogens in cyclohexane. A similar approach was applied to ©n 0xygen to the shieldings of almost all nuclei oe@doe

the steric effects that arise from the introduction of a methyl norborneol. They may be transmitted through space, through
group in cyclohexane and bicyclo[2.2.1]heptane (or norbornane) bonds, or both and are strongly orientation-dependent as
as well as those af-pentane in different conformatiofCS predicted by current descriptions of lone pair directionality. This
analysis clearly shows that substituent effects that are attributed@Pproach removes most of the ambiguities in the qualitative
to steric interactions are the result of distortions in molecular interpretation of the origin of stereo-electronic effects of the
structure that lead to bond stretching or compression as well ascorresponding lone pairs* and confirms most of our previous

to angular distortion&.To verify how electronic effects, such ~ Observations on 2-norborneol to a large extent. Additionally,
as those introduced by a hydroxyl substituent, affect nuclear @ was verified for a pentacyclic alcoroboth the p and sp
shielding we calculated théH and 13C chemical shifts of all lone pairs on oxygen affect chemical shielding and both their
nuclei in norbornane (Figure 1; % H) and compared them to relative localized and nonlocalized contributions are much larger
those of 2endenorborneol (Figure 1; ¥X= OH). For the latter, than expected, reinforcing or canceling each other. In fact, when

the dependence of chemical shifts on the dihedral angle formedthe hydroxyl hydrogen is pointing in the direction of a certain
nucleus, the shielding of that nucleus is owing to attenuation

* Author to whom correspondence should be addressed. E-mail: of the localized effect of the Corresponding lone pair and not to

ps$id|@eq.gfrj.br. _ _ polarization of the G-H bond.
, Universidade Federal do Rio de Janeiro. Calculations. The quantum mechanical calculations were
Universidade Federal Fluminense. . . .
§ Universidade Estadual do Norte Fluminense. carried out on SGI octane and SGI origin 2000 workstations
'Universita Potsdam. using the GAUSSIAN 98 program packdgs the B3LYP/6-
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31G(dy level of theory. The conformations obtained result from TABLE 1: Magnetic Shielding Contributions to Chemical
unrestricted optimization of all degrees of freedom except the Shifts of Norbornane (ppm)

torsional angle for the 12 rotamers of the hydroxyl group. The NBO C C Cr Hiq Hx  Hon H7
population analysis and the natural chemical shielding (RCS) Ci—CoL 1147 —1301 013 023 006 007 000
analysis were done using the NBO B.éhodule linked to the NL —0.32 -0.73 —001 024 001 0.01—0.09
GAUSSIAN 98 program. All chemical shifts were calculated C,—GsL  —-11.47  0.06 0.3 023 023 0.19 013
as differences in magnetic shieldings between the corresponding\L -032 -0.11 -0.01 0.24 —0.08 —0.03 —0.06
nucleus and TMS using the GIAO method at the B3LYP/6- ﬁt‘cﬂ _13-53 oof;_lé'ig g-gg 00(-)29 006%)6 ooi836
31G(d) level of theory. C—H:L  —1320 056 0.82 2699 002 001 0.14
NL 056 —-1.15 —1.39 0.09 0.02 0.01-0.01
Results and Discussion C—CsL 0.01 —10.19 —0.89 0.10 0.04 0.17 0.06
. o _ NL 0.46 —0.27 —0.08—-0.16 0.06 0.03 0.04
Natural Chemical Shielding (NCS) Analysis of Norbor- Co—Hax L 096 -9.74 —0.03 023 0.00-001 0.03
nane.The theoretical NMR shieldings of tHel and3C nuclei NL -111  1.06 0.09-0.12 0.01 0.00 0.1
in norbornane were partitioned into contributions from the Co—Hal 0.81 -860 —-043 036 002-001 0.05

various bonds using NCS analysis based on the NBO méthod. N- —076 063 005-009 001 0.02-0.05

: : , Cs— CyL -123 012 013 0.07-0.08 —0.04 0.00
This type of analysis applied to cyclohexane revealed that 000 013 —0.01 001 —017 —-013 —0.09

contributions of G-C and C-H bonds to the chemical shifts ¢, | ~0.14 086 —0.03 000 0.06—002 0.03
of a certain nucleus depend on the stereochemistry of thesenL 0.05 -1.14 0.09 0.01-0.07 0.04 0.01
bonds® Since all carbon nuclei of cyclohexane are equivalent Cs—HanL —-0.30  0.61 —043 0.04 0.04-0.12 0.05
and the hydrogens bonded to them occupy either equatorial orgL c 0-3;2 —10-056 %053—0-:3 _0-8280 0-0709—0-05’ .
axial positions, only one type of-©€C bond and two types of = Csl -L 1 1 07 : L .
. NL 0.00 -0.02 —0.01 0.01 0.05 0.01-0.06
C—H bonds had to be considered. In contrast, for norbonane, c,_¢, 033 -001-1167 033 0.11-0.02 0.6
there are several bonds that must be taken into acéaurth NL 051 —0.45 —0.45-0.18 —0.09 —0.06 0.13
as those formed by the three types of carbon and four types ofCs—HsL -093 -052 082 006 013 0.22 0.14
hydrogen. They correspond to bonds formed by bridgehead NL 055 036 —-1.39-0.07 —0.07 —0.03 —0.01
carbons Gand G; those that are part of ethano bridges Cs, Cs—Col 00l 016 -089 010 082 094 021
Cs, and G; and the methano bridge carbory, @hereas ethano - 046 0.09 ~0.08-0.16 —0.06 —0.04 —0.02
5 ' g AN Cs—Hsx L -0.14 —0.02 —0.03 0.00 26.89 1.32—0.04
hydrogens may occupy exo £Hbr endo (H) positions, methano  NL 005 003 009 001-001 025 0.02
hydrogens may be syn (Hor anti (H) to one of the ethano  Cs—Hs, L —0.30 0.02 —0.43 0.04 139 26.76—0.03
bridges (Figure 1; X= H). NL 0.36  0.06 0.05-0.02 0.17 0.02 0.01
In norbornane, the contributions to the shielding of carbon Co~Hex L 081 -095 -043 036 018 -0.07 —0.03
d hydrogen nuclei by distinct-€C and G-H bonds are A ~0r6 004 0057009 —0.12 ~0.07 001
and hydrogen y distinct = Co—HenL 0.96 —-0.67 —0.03 0.23 —0.08 0.16 —0.04
considerably different, as is given in Table 1. The-C, bond NL ~1.10 003 009-012 -0.15 —0.10 0.02
contributes—13.74 ppm to the chemical shift of,@vhile this Ci—HrzalL 0.37 —-0.63-12.67 0.19 —0.03 0.04 27.01
value is reduced te-10.46 ppm for G—Cz. Contributions from NL —-0.68  0.07 100-006 0.04 0.03-0.03
C—H bonds are also distinct. For,Cthese values are 8.68 C7— HrsL 037 —056 1266 0.19-004 0.00 1.08
m from G—Hayx and—7.97 ppm from G—H,,, while for C NL 08 022 1.0170.06 003 ~0.04  0.16
PP 2~ Mox 1 pp an, 1 Ci(core)L  202.92 —0.15 —0.20 0.88 —0.04 0.00 —0.04
these contributions are11.79 ppm from ¢—C; and —13.24 NL 021 003 004-025 001 000 001
ppm from G—C5, and the contribution from £-H is —12.64 Cy(core)L  —0.27 202.98 —0.14-0.05 0.44 0.66 —0.07
ppm. Thus, the relative magnetic contributions of a certain NL 0.04 0.14 0.03 0.00-0.10 —0.14 0.02

substituent (2ndoOH in this case) must be taken into account Cs(core) L —0.15  —0.13 —0.14 0.07 —0.05 —0.03 —0.07

; ; - : e NL 0.04 0.04 0.03 001 001 001 002
when evaluating the magnitude of its effect on chemical shifts. Ci(core)l —017 —0.13 —0.20~0.07 —0.08 —0.06 —0.04

Conformational Effects of the Hydroxyl Group on Shield- NL 005 004 004 002 002 002 001
ing Contributions. DFT B3LYP calculations using the 6-31G(d) Cs(core) L  —0.15-010  —0.14—0.07 —0.07 —0.06 —0.07
basis set were used to obtain isotropic shielding values by theNL 0.04 002 003 001 002 001 001

GIAO method for twelve rotamers of @donorborneol that ~ Ce(core)L  —027 -0.12 —0.27 0.05  0.07 —0.06 —0.07

. . NL 0.04 0.03 004 000 001 001 0.01
are found at 3Dintervals of the G—C,—O—H dihedral angle. Cr(core)L  —0.27 —013 203.00-0.04 —0.07 —0.05 0.52

Energy minima occur at 60 18C°, and 300 (Figure 2) and NL 004 003 013 000 001 0.01-010
correspond approximately to conforme2#\, 2B, and 2C, s Lewis 15257 160.29 151.91 30.46 31.16 30.88 30.78

respectively, of ref 1 (Figure 3). Y non-Lewis —1.88 —2.30 —0.96 -0.45 —0.57 —0.01 0.07
On rotation about the €0 bond, largest variations in 2 total 150.69 157.99 150.96 30.01 30.59 30.88 30.86
13C or1H 189.69 189.69 189.69 32.18 32.18 32.18 32.18

chemical shielding for carbon nuclei were observed far@,
> - (TMS)

and G while for hydrogen these nuclei are,Hs., Hzn, Hsn, chemical  39.00 3170 3873 217 159 130 1.32
Hex, and Hsn.! Figures 4 and 5 show the respective variations  shift
in carbon and hydrogen chemical shifts for these nuclei with experiment® 36.3 29.6 383 2192 1471 1162 1181
the G—C,~O—H dihedral angle. a13C chemical shifts, Barfield, MJ. Am. Chem. Soc995 117,

This approach reveals that certain differences in chemical 2862.b 1H chemical shifts, ref 14.
shifts are still larger than those that had been reported (only
the lowest energy rotamers are considered in ref 1). Bpfo€ however. For example, Gs found at lowest field a® = 180¢°
example, theresia 6 ppm difference between thé @tamer (the global minimum) but, at this anglez @xd H are observed
and the 180 rotamer, while for H, this difference between°0 at highest field. The chemical shifts of other carbon and
and 120 rotamers is over 0.8 ppm. In addition, shielding of hydrogen nuclei depicted in Figures 4 and 5 vary in distinct
almost all nuclei proved to be strongly dependent on the C  ways, but their dependence on the dihedral angle is quite regular,
C,—OH dihedral angle. Each nucleus is affected differently, a strong hint that this behavior can be properly accounted for.
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Figure 2. Variation in energy of Z2ndenorborneol conformers with
the G—C,—O—H dihedral angle.
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Figure 3. Lowest energy conformers of @adenorborneol.
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Figure 5. Variation in'H chemical shifts of selected nuclei ofeéide
norborneol with the €-C,—0O—H dihedral angle. Black®, H (6x);
W, H (6n); a, H (5n); gray: a, H (3x); ®, H (3n); &, H (1).
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Figure 6. Variation of selected bond lengths ofeRdenorborneol
with the G—C,—O—H dihedral anglea, C;—C;; B, C,—Cs.
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(NBO).# The NBO approach of Reed and Weinh@lHas been
used in conjugation with calculateC chemical shifts to
guantify the amount of intramolecular charge-transfer interac-
tions in some strained bicyclic pentarisThis led to the
conclusion that lone pair electron delocalizations toward
neighboring G-C antibonding orbitals, as quantified by the
NBO approach, have a significant effect on the chemical shift
for variations in chemical shifts of {Cor Cz.1# Alignment of of the carbon nucleus that is involved. In the present work, NBO
the p-orbital on the oxygen with the;€C; or C,—C3 bonds analysis is used as a probe for the extent that hyperconjugation
should result in lengthening of these bonds and deshielding of contributes to shielding or deshielding of speciff€ or 'H
the corresponding nucleus. However, the chemical shift;of C nuclei.
for 2C, where hyperconjugation was favored, was com-  Hyperconjugation can be in quantified in terms of the energy
parable to that of2A, where hyperconjugation was absent. of the second-order perturbation interaction as obtained in the
Attenuation of the effect of hyperconjugation as well as NBO analysisi? In this approach, the noncovalent bonding
deshielding of G were attributed to electrostatic effects of the antibonding interaction is expressed by means of the second-
hydroxyl group! order perturbation interaction enerds?) involving neighboring

To verify these hypotheses; €C, and G—Csz bond lengths, orbitals. This energy represents an estimate of the off-diagonal
those that would be most strongly affected by hyperconjugation NBO Fock matrix elements. For example, t&é interaction
of their 0™ c—c antibonding orbitals with the lone pairs are plotted involving the p-type lone pair on the oxygen as donor and one
against the €-C,—0O—H dihedral angles in Figure 6. Com- of the antibondings(C—X)* orbitals of a vicinal CX group as
parison of the behavior of the;Chemical shift (Figure 4) and  acceptor is strongly dependent on the-8—C,—Cy(Cs)
C,—C; bond length (Figure 6) on rotation around the @ bond dihedral angle. As shown in ref 4, for éo- and 2endc
shows a general agreement, as is the case with the chemicahorborneols the highest value f& (up to 9.11 kcal/mol),
shift of C3 and the G—C3; bond distance. This qualitative  corresponding to the conformation of strongest lone patGC
agreement led to a more detailed study of the effects of antibonding interaction, is found for those conformations where
hyperconjugation on chemical shifts of the norbornyl alcohol the p-type oxygen lone pair is perfectly aligned with the©
(Figure 1; X= OH) by NBO analysis. bond (corresponding to£= C,—O—H dihedral angles of 180

Hyperconjugation of the oxygen lone pairs with the anti- and 360 for C; and 90 and 270 for Cgs, respectively), while
bonding orbitals on certain ©C or C—H bonds in 2-nor- vanishing interactions are found for those dihedral angles where
borneols is conveniently described by natural bond orbitals the p-type oxygen lone pair and the-C bond are perpendicular

Dihedral angle / °

Figure 4. Variation of3C chemical shifts of selected nuclei oe2do
norborneol with the €-C,—O—H dihedral angle®, C;; a, C;; R,
C..

Our previous results on norborneol indicated that hypercon-
jugation with the lone pair on oxygen was mainly responsible
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Figure 7. Variations of non-Lewis contributions from oxygen lone

pairs, LP(1) and LP(2), respectively, to natural chemical shieldings of

C; and G in 2-endenorborneol with the €-C,—O—H dihedral angle.

The sign denotes shielding-f or deshielding ). A, LP(1) O G NL

(black).m, LP(2) O G NL (black). a, LP(1) O G NL (gray).m, LP(2)

O G; NL (gray).

to one another (corresponding to1@—C—C dihedral angles
of 60° and 240 for C; and 180 or 360 for Cs, respectively).
DFT calculations show that the oxygen lone pairs occupy
two different orbitals, one with a high p character and the other
of sp-type’ Thus, in addition to hyperconjugation with the lone
pairs in a p-type orbital, interactions of a similar nature should
be expected with lone pairs that occupy an sp-type orbital.
Analysis of the natural chemical shieldings of &d G (see
Supporting Information) reveals the significant non-Lewis
contributions of both the sp-type orbital, denoted LP(1), and
the p-type orbital, denoted LP(2), as expected if both participate
in hyperconjugation with neighboring-€C bonds. The cor-
relation between the non-Lewis contributions of the oxygen lone
pairs to the shieldings of {and G, respectively, and the£
C,—0O—H dihedral angled shown in Figure 7 reveal that the
two different types of lone pair have distinct angular effects.
LP(1), which is mostly of sp character, is delocalized most
strongly at a dihedral angle of 6deshielding @by about 0.4

J. Phys. Chem. A, Vol. 109, No. 5, 200305

of LP(1) and LP(2) is to partially cancel each other. The-C
Cs bond reaches its maximum length at*@hd 270 (Figure

6), the positions in which overlap between LP(2) and the
antibonding orbital on €is most favorable and deshielding
reaches its maxima as well (Figure 7). At a dihedral angle of
90, the effect of LP(1) is slightly shielding (0.4 ppm) while at
27C it is negligible so the chemical shift fors@vill correspond
almost solely to deshielding by LP(2). Thus, the larger confor-
mational effect on gover G can be attributed to a combination
of better overlap of the corresponding antibonding orbital with
LP(2) on oxygen as well as the absence of a contrary effect by
LP(1).

NCS analysis ofendo 2-norboneol conformers provides
further insight into the relative importance of these contributions.
Substituent effects based on comparisons of norbornane and its
2-endo hydroxy derivative in different conformations can be
used to evaluate relative contributions of distinct factors. For
example, the €-C,4 bond has stronger influence on the chemical
shift of C; than the G—Cz bond while for G the stronger effect
is owing to the G—C; bond. Analysis of the shielding
contributions reveals that forzGhere is a difference of more
than 6 ppm between chemical shifts of 1&hd O conformers.
Here, the localized effects of the oxygen lone pair gnat:
reinforced by the deshielding contributions of-€C3;, C3—C,,
Cs—Hasx, and G—Ha, bonds (contributions from the latter three
bonds are comparable to those from-Cs3). On the other hand,
for C; the difference between conformers is only ca. 2 ppm.
Here, not only is the contribution from the;€C, bond
relatively smaller, but there is a still larger one from the-C
Cs bond (it is affected by the position of the hydroxyl group).

Relative magnitudes of localized and delocalized effects of
the oxygen lone pairs on shielding carbon nuclei may be
evaluated by comparing conformational effects gna@d G.
Whereas for @the largest contribution is observed for positions
in which either LP(1) or LP(2) is favorably aligned for
delocalization and corresponds to non-Lewis deshielding con-
tributions of about 2.5 ppm, contributions tq &e much smaller
(about 1.0 ppm) and are of a localized nature. Maxima are

ppm and shielding this nucleus by almost the same amount atobserved for conformations in which LP(1), LP(2), or both are

180C. It has an inverse effect orgGshielding this other nucleus
by about 0.4 ppm at 60and deshielding it by almost 1.2 ppm
at 180. LP(2) occupies an orbital which is essentially of p
character. Its contribution to the shielding of &ssumes its
maximum values at dihedral angles of 1&hd 300, deshield-

ing this nucleus by just over 1 and 0.8 ppm, respectively. The
contribution of LP(2) to the chemical shift of;& much larger,
deshielding this nucleus by almost 2.5 ppm at @é@d 270.
Thus, the angular dependence of non-Lewis contributions of
both lone pairs on oxygen is in good agreement with our
previous interpretations based on hyperconjugative interac-
tions14 Those of LP(2) to the chemical shifts of @d G are
stronger, probably owing to its better overlap with the anti-
bondingo* orbital of the adjacent €C bond.

The effect of hyperconjugation diC chemical shifts is best
observed for dihedral angles betweerf &hd 270 and was
attributed to the lengthening of-€C bonds! In this region,
the G—C, bond reaches its maximum length at &C,—OH
dihedral angle of 180(Figure 6). In this conformation, overlap
between the lone painia p orbital corresponding to LP(2) and
the antibonding orbital on {Os most favorable and* back-
donation is strongest, lengthening the-C, bond. This is the
position in which deshielding of {by LP(2) is at a maximum
(Figure 7). However, it also coincides with the position in which
shielding by LP(1) reaches its maximum and the resulting effect

closest in space to&nd a minimum corresponds to the rotamer
for which the hydroxyl hydrogen points toward the inside of
the ring system, in the general direction of this nucleus.

NCS analysis thus partially confirms some of the previous
observations related to the effect of hyperconjugation-ih
NMR chemical shifts;* Hyperconjugation can account for
some of the largest variations ¥#C chemical shifts on rotation
around the €O bond. Nevertheless, there are significant
differences among contributions from different bonds and these
must be taken into account on comparison of substituent effects.

In our previous work on norbornedlhyperconjugative
interactions did not seem to make significant contributions to
hydrogen chemical shifts. In fact, the chemical shift of H
appeared to be relatively insensitive to conformational effects.
The difference in chemical shifts for conformatioAsand B,
where the C-H bond is properly aligned with LP(2), and,
where this alignment is unfavorable, are less than 0.1 ppm, a
fraction of that observed for 44 or Hg,, for example. Figure 8
shows the variation of the non-Lewis contribution of LP(1) and
LP(2), respectively, to the shielding of;hivith the G—C,—
O—H dihedral angle. Deshielding reaches its maximum value
at 60 and 180 (conformationsA andB, respectively) and its
minimum at 300 (conformationC), the maximum difference
being about 0.3 ppm. Deshielding also reflects an increase in
the G—H, bond length but, in this case, its effect on hydrogen
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0 ‘ ‘ ‘ ‘ Delocalization of both lone pairs on oxygen accounts for the
-0,1 largest variations in carbon chemical shifts while localized
02 . through-space interactions have the largest effect on hydrogen

\ / chemical shifts; nevertheless, there are significant differences

-0,3

among contributions from distinct bonds and these must be taken

04 \ / ’.\\_ into account on comparisons of substituent effects. Anisotropic
0.5 ;7‘#{ / effects of the G-O bond do not make a significant contribution

06 to hydrogen chemical shifts.

Magnetic shielding ¢ / ppm

K / The strong directional character of the effects that can be
-0,7 . . . . .
E / traced to oxygen is evident from these studies. It is also quite
0.8 clear that both lone pairs on oxygen can affect shielding of
0,9 carbon and hydrogen nuclei, the magnitude of their respective
Dihedral angle /° contributions depending on their hybridization and position

Figure 8. Variations of non-Lewis contributions from oxygen lone ~elative to that of the nucleus under consideration.
pairs, LP(1) and LP(2), respectively, to natural chemical shieldings of

H: in 2-endenorborneol with the €-C,—O—H dihedral angle. The Acknowledgment. P.R.S. and J.W.M.C. have research
sign denotes shieldingt() or deshielding {). 4, LP(1) O (H) NL. fellowships from the CNPq. This work was partially carried
W, LP(2) O (H) NL. out while P.R.S. was at the Univerditaotsdam and E.K. at

the Universidade Federal Fluminense under the auspices of the

chemical shifts is not as large as that observed fgrdi Hen DAAD-FAPERJ Exchange Program

(Figure 5). Both these nuclei reveal broad maxima for regions
where either LP(1) or LP(2) is close in space to one of them
and minima for the conformer in which the hydroxyl hydrogen
is pointing in their direction. Thus for hydrogens, the main
shielding contribution is of a localized (Lewis) type, the non-
Lewis contributions being small for all hydrogens except H
but it, too, is relatively small compared to the localized
contributions.

The orientation dependence of substituent effectsltdn
chemical shifts of norbornane had already been noted, those ofD. (1)J SFeBOIIiv'P-I RSt Totstt(aTSH%o%HRE-:M %%rgfig%gll \é\g de M.; Taft, C. A;
2-endenorborneol having been attributed mainly to electric field P'as; J. = Mol. Struct. (1] 099 SO e ,
mecha_nism:_%‘.‘ Our results reveal that the_re are _sevgral effects Pimgz‘)P_S‘g_dIS’_?'ngtf "i‘,r_ng'_r%_f :rg\f/t', dCe_ Z‘szsé?rsljc{ g-'H%bgﬁE’MJ)' Fi
operating simultaneously and that their relative importance 2002 579 101.

depends on stereo-electronic interactions and can be evaluated (3) Tostes, J. G. R;; Dias, J. F.; Seidl, P. R.; Carneiro, J. W. de M,;
by theoretical methods. Taft, C. A.J. Mol. Struct. (THEOCHEMPO002, 580, 75.

- . . (4) Carneiro, J. W. de M.; Dias, J. F.; Tostes, J. G. R.; Seidl, P. R.;
There is a still another type of conformational effect that must 144 ¢ A Int. J. Quantum Chen2003 95, 322.

Supporting Information Available: Natural chemical shield-
ings for all13C, H, and'’O nuclei of 0, 3¢°, 60°, 9C°, 120,
150°, 180, 210, 24C, 270, 300, 330 rotamers of 22nde
norborneol are given. This material is available free of charge
via the Internet at http://pubs.acs.org.
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