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Trends for geminal’0y) and vicinal Jun) nuclear magnetic resonance indirect sggpin coupling constants,
SSCCs, for 2-methylthiirané&) and 2-methyloxiraned) are studied both from experimental and theoretical
points of view to determine the influence of hyperconjugative interactions on these couplings. These two
analogous compounds were chosen because it was expected that they exhibit quite different anomeric effects.
Hyperconjugative interactions are investigated using the “natural bond orbital” method. Coupling constants
are calculated within the density functional theory including all four scalar contributions, that is, the Fermi
contact, the spirrdipolar, and the paramagnetic and diamagnetic-spibital contributions. Solvent dielectric
effects are taken into account using Tomasi’s polarizable continuum model. Results for geminal couplings
are consistent with linear correlations connecfifig; with the coupling pathway occupation numbers taken
from the literature. The present analysis suggests that @gthand 2Jyy coupling constants are sensitive
probes to gauge the anomeric effect, as well as other hyperconjugative interactions.

Introduction SCHEME 1

The importance of a lone-pair (LP) orientation in the Hl\g,...Hz u N & E'H
conformational stability for several types of compounds, such ozc\é “H; Ne=c¢” “Hs TTI
as acetals, sugars, and nucleotides, is very well knlowfor Hy T SH A
many years, the interaction that defines such lone-pair orienta- N @ H
tion was called the anomeric effect; now, it is also known, 3)
following Schleyer et alf, as “negative hyperconjugative
interaction”. One rationalization of the nature of the anomeric o/H Hy., 5 B Hy., A B
effect is to consider it also to be a two-electron stabilizing shift (': / \ / \

) TN Hi CH; Hi CH;

from a lone pair of electrons on one oxygen atom to an 32H’ H,

antibondingo* orbital, adjacent to the €O bond, one in the ) ©®

case of sugars and acetals. A similar effect is known for other
types of lone-pair-bearing atoms (X); in this case, dfe o ) . .
antibonding orbital corresponds to a bond adjacent to thxc ~ €lucidating molecular structurésSince the pioneering work
bond, where X is an electronegative lone-pair bearing atom such®f Ramseyi? it has been considered that couplings involving
as nitrogen. Although this interaction is strongest for an NOt only protons but also other light atoms are dominated by
antiperiplanar arrangement between the LP anddthenti- the Fermi cor_ltact term. Now, high-level ab_lnltlo calqulatlons
bonding orbital, it has also been observed for other conforma- tend to confirm such a trend, although in some instances
tions? The anomeric effect is a fundamental stereoelectronic Noncontact contributions can have a non-negligible influence,
interaction and presents a profound influence on the molecular€ven in interproton couplings. Several cases were reported
electronic structure, not limited to either acetals or ring where, individually, noncontact contributions are more important
systemd:3 At present, the natural bond orbital (NBO) approach than the FC term, but they almost cancel each cther.
of Weinhold et aB has been frequently used to quantify the The influence of the anomeric effect ofdyy coupling
anomeric effect, as well as other hyperconjugative interactions. constants was, by far, less studied than the influence of such
LJcn couplings are known to be sensitive to the anomeric interactions orfJcy couplings!? It is known that experimental
effect, and many authdi&studied them from both experimental 23,4 couplings cover a very wide range of values from about
and theoretical approaches. Such studies show that, at least in-24 to +43 Hz!® and it is accepted that they depend on a
many cases,Jch couplings are an adequate probe to gauge this variety of factorsté17 Recently8 for a CH, moiety placed to
interaction. Very early in the history of NMR spectroscopy, an sp@ carbon atom, for example, a carbonyl moiety such as
interproton couplings were recognized as powerful tools for acetaldehydel] or a G=C double bond such as that in propene
(2) (Scheme 1), eq 1 was written for different valuesothe
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2 _ . : . . .
iy, (H2) = Jp + AZAOCC(OC(FHZJ) + BxAoccE Ca‘Hz,a) -(E/g‘r?sLtgnlts (PI-{g)tc;gr%rjl?ﬂng{ﬁ?llltﬁili’]rgtr?e(?g)ma{n%nCZj-ﬁgltjr?)llllggirane
(1) (6) in CDClgP
whereZAocc is the sum of the differences between the NBO 2Ho,,‘ > ,.«eH} A
occupancies of thec,-n,, bonding orbitals containing both compounds I CHy W oyt
coupled protons for an anglte and those corresponding to 1
= 0° (and the analogous quantity for the respectivec(-n, ) :2 géi g‘;g
antibonding orbitals). Fol, we obtained)y = —19.38,A = H3 292 3.00
324, andB = 1249, whereas fa?, the following eq 1 parameters H4 1.51 1.32
were reported:Jo = —18.30,A = 616, andB = 720. These 2Jngh, 1.07 -1.37¥ 5.11 (5.669
parameters for eq 1 indicate that for compouridsind 2 zJHle 5.72 (5.54) 2.71(2.52)
hyperconjugative interactions from the coupling pathway yield 33]:2:3 2-3‘2‘ (6.60) 45'2273(4-069
3Ha . .

negative increases in tHdyy coupling, whereas hyperconju-
gative interactions into the coupling pathway yield positive aOnly absolute values of SSCCs were measured in this work.
increases in th&Jyy coupling. As examples of how the anomeric > Manatt et af’ reported for styrenimine?Ju,n, = 0.87 Hz, %y, =
effect affects2Jyy couplings, methylamine3j and methanol 3'2”9 dHZ[; Slncm’*m 3 g'lfﬂHz'cMea;qu.red by Ma”a%et &lin styrene
(4) were taken as model compouridsnd the FC term ofJu, 1, sulfide.“Measured by Manatt et dLin styrene oxide.
was calculated for different rotation anglgs,around the &N
and C-O bonds, respectively. It should be recalled that the
inductive effect is not expected to dependgntherefore, the
plots shown in Figure 27 of ref 18 mainly reflect the influence
of the anomeric effect (negative hyperconjugative interactions)
on2Ju, 1, A plot of these couplings versus the sum of the NBO
occupancies of theof c,-H, 7 antibonding orbitals shows that
for both compound8Jy, 1, increases monotonically when that
sum was increaséd.This indicates that negative hyperconju-
gative interactions, as well as other hyperconjugative interac-
tions, qualitatively affec?Jyn couplings in the same way.
However, the influence of the former is notably more important
than that of the latter.

Vicinal proton—proton coupling constant8)yy, in H—C—
C—H fragments are a powerful tool for structural elucidation NMR Measurements.Compound$ and6 are commercially
and conformational analysis of molecules in solutfdrecause available (Acros) and were used without further purification
of their Karplus-type dependerf€eon the corresponding because they did not show any impurity in the proton NMR
dihedral angle. During the last two decades, several factors thatspectra. ThelH NMR spectra were obtained on a Varian
affect the standard Karplus curve, such as bond angles, bondNOVA spectrometer operating at 499.88 MHz for solutions
lengths, substituent electronegativity, and orientation, were of ca. 20 mg in 0.8 mL of CDG]J with a probe temperature of
studied'>21 1t is already known that hyperconjugative interac- ca. 25°C. H spectra were referenced to internal TMS, and
tions involving either bonding or antibonding orbitals belonging typical conditions for taking the spectra were 48 transients, and
to the coupling pathway could have a significant influence on spectral width of 4000 Hz, with 32k data points and zero filled
the respective FC term of such vicinal couplif§slthough it to 128k to give a digital resolution of 0.06 Hz. Under such con-
seems that the relationship between hyperconjugative interac-ditions, the spectra of both compounds are first order; therefore,
tions and vicinal couplings is more complicated than the effect the chemical shifts and the absolute values of the coupling
of such interactions on geminal couplings. Apparently, the FC constants were taken directly from the spectra (Table 1).
term of other types of couplings involvingC and**N nuclei Computational Approach. All DFT calculations were car-
are similarly influenced by hyperconjugative interactiéhs. ried out with the Gaussian 98 package of progrrasing the

To gain further insight into the effect of hyperconjugative B3LYP functional?#25 The aug-cc-pVTZ basis set was em-
interactions orfJyy and3Jyy coupling constants, we report the  ployed for geometry optimizations, and occupancy numbers and
study of 2-methylthiiraneq) and 2-methyloxiraned) (Scheme energies of hyperconjugative interactions were calculated with
1), which were chosen as model compounds. This choice wasthe NBO progran#® All four isotropic contributions to SSCCs,
based on the following considerations. (1) The antibonding thatis, Fermi contacC, spin—dipolar,JSP, diamagnetic spin
orbitals corresponding to the-@4 bonds, bound to these small,  orbit, J°SO, and paramagnetic spirorbit, J7SO, were calculated
strained, cyclic heteroatom compounds, are expected to be verywithin the DFT framework. Their calculation was implemented
good electron acceptors for hyperconjugative interactions. Therewithin the Gaussian 98 program, where all three second-order
are two reasons for expecting such behaviors, and both of themterms were evaluated either within the FPT single-perturb&tion
are based on Bent’s rufé namely, (i) an electronegative atom  approachJ ¢ andJSP) or within the coupled perturbed Kokn
is bounda. to the CH moiety; and (i) the strained ring-€C Sham approact CP—KS (JFC and J?S9. Both types of
bond presents {v s % character. Therefore, the ring-€& bonds approaches correspond to the same approximation, and for the
in 5 and6 should show hig s % character at the C atom (vide implementation used in this work, it was verified th#fC
infra), and their antibonding orbitals are good electron acceptors. numerical values for FPT and €S approaches are equal
(2) Both heteroatoms belong to group VI of the periodic table, within 0.01 Hz. A detailed description of the corresponding
but they are expected to show notably different anomeric effects implementation is presented in Peralta et al.’s pap€&he JPSC
because they belong to different rows of the periodic table. Suchterm was obtained as the mean value of the DSO operator in
a difference in the anomeric effect for O and for S atoms is the unperturbed reference state. The one-electron integrals for

observed when comparing the relation between the -43igh,

and equatorialdc, couplings, which is reversed when going
from cis-4,6-dimethyl-1,3-dioxane to the 1,3-dithiane analo§e.
Therefore, compoundsand6 can be considered to be test cases,
and the trends observed in this study could be expected to hold
for the FC term of other geminal and vicinal couplings involving
either3C or 15N isotopes. The proton spectra®find6 were
taken at 500 MHz, and the corresponding experimehtaly
couplings were determined. The coupling constants were
calculated within the DFT framework, and the hyperconjugative
interactions were studied with the NBO mettod.

Experimental Details
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Figure 1. 'H NMR spectrum in CDGlat 500 MHz for (a) 2-methylthiiranes], and (b) 2-methyloxirane6y.

the PSO and DSO operators were computed with the Daltonis included in the FPT calculation of the FC term using the

1.1 progrant?

To calculate SSCC contributions, we used two different types
of basis sets. Thd”S°andJPSO contributions were calculated
by employing the correlation-consistent triglebasis sets
(cc-pVTZ). TheJFC and JSP terms were calculated using the
aug-cc-pVTZ-3! basis set, which is essentially the aug-cc-
pVTZ22 basis set, but it was optimized for calculating SSCC
by augmenting it with four tight s functions with very large
exponents, which are crucial for a correct description of the
JFC term 32 The aug-cc-pVTZ-J basis set performance within
the DFT framework was recently studied, and its potential to
calculate SSCCs was determiriédhe dielectric medium effect

polarizable continuum model, PCM, of Tomasi efal.

Results and Discussion

Under the conditions described above, tHeNMR spectra

for compounds5 and 6, Figure 1, show, as expected, four
different signals, one for each ring hydrogen and one for the
three methyl protons, although they present different coupling
patterns. The corresponding chemical shifts and coupling
constants are displayed in Table 1. These coupling constants
are compared, respectively, with those reported for styrene
sulfide®® and styrene oxid&, which are compounds that are
analogous t® and6, where the methyl group is replaced by a
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TABLE 2: Comparison between Calculated and Experimental (CDCl3) "Iy Couplings (Hz) in 5, 6, and 7

Compounds "Tnn S e (oY o A Jesp.
H oS W Jup, 137 036 312 292 081 -1.07
‘HACH;‘ iy, 609 000 248 280 577 572

©) ity 713 016 024 -0.10 734 634

Uup, 652 005 132 -134 655 572

2y 0 P i, 546 035 294 310 565 5.1
"W emst i, 240 002 272 311 203 271
(6) i, 405 012 037 -042 412 427

s, 582 005 131 -146 572 523

g, 552 029 304 301 520 -3.0°
ZH,' \\H3
IA" \ . wm, 536 000 256 -28 507 50
H CH;
Jup, 914 014 029 029 928 85
W)

Yy, 668 007 118 -130 6.63

2The FC and SD terms were calculated at the FPT-B3LYP/aug-cc-pVTZ-J level for H and C atoms and FPT-B3LYP/aug-cc-pVTZ for O and
S atoms? Predicted by Manatt et &f.

TABLE 3: Comparison of Significant NBO Interactions (in

phenyl group. Itis observed that the three-bond dngSSCCs kcal mol~?1) for 2-Methylthiirane (5) and 2-Methyloxirane (6)

are similar for analogous compounds. As expected from the

different patterns of thefH NMR spectra, two- and three-bond energy

Jun SSCCs are notably different for compounfisand 6, orbital interactions 5 6

although the bond angles and dihedral angles are similar. In LPA(X) — S*c, 1, 270 562

fact, optimized H—C—C—Hz and H—C—C—Hj3 dihedral LP(X) — S*c,—1, 2.92 5.24

angles are 149.6 and 154.and 2.8 and 1 for 5 and 6, LPy(X) = S*c,—H, 2.90 5.42

respectively. LPo(X) = S*ee-c; 274 4.78
The calculateddFC, JSP, JPSC and JPSC contributions to OX5-C6 " S CqHy 1.62 1.40

. . . %0506 S*cy 1.86 1.40
isotropic Ju4 SSCCs in5, 6, and methylcyclopropane7), 9%5-C6= S o he

considering an isolated molecule are shown in Table 2, being X = S for compounds and X= O for compounds.

that the following features of such data deserve comment. Both

geminal and vicinal coupling constants are dominated by the The very large difference between tEC term of 2Juy
FC term, although for the geminal coupling3nthe absolute  couplings in5 (—1.37 Hz),6 (+5.46 Hz), and7 (—5.52 Hz)

values of thelPS°andJPSOterms are larger than that of tHE® suggests that besides an electronegativity effect such differences
term; however, they are of opposite sign and almost cancel eachare influenced by the stronger negative hyperconjugative
other. In 6, the JPSC and JPSC terms of 2Jyy are similar in interactions into thed*c,-, ) antibonding orbitals iré than
magnitude to those irb, but the algebraic value of the in 5, which are absent ii. The difference in these interactions
correspondingFC term is notably larger. ThdPSOterm follows can be quantified by comparing the energies of the interactions

a well-known trend; that is, if the space spanned by the electronsLP2(O) — (0% c,—,,4 and LR(S) — (0*c,-h,,9 (LP2 corre-

of a given molecule is partitioned into two regions considering Sponds to the lone pair NBO orbital with higher energy), which
a sphere whose diameter is determined by the distance separatingre presented in Table 3. Energies @ {c,) — (0*c,-,,) and
both coupled protons, then electrons inside such a sphere yieldos-c;) — (0*c,-n,,) hyperconjugative interactions are also
a negative contribution, whereas those outside the sphere yielddisplayed, which are notably smaller than the negative hyper-
a positive contributiod® In concordance with such a trend, the conjugative interactions. Moreover, the occupancies of the NBO
JPSO term of the2Jyy SSCC in6 is more negative than that in ~ LP. and ¢*c,-n,,,) orbitals also convey an idea about the
5 because the €0 bond is shorter than the-€S bond. The importance of such interactions, which are comparedbfd,

marked difference between tdBSC contribution t03Jy,n, and and7 (Table 4). In the same Table,els % character at the C
3Ju,Hs, IN €ach compound, can also be rationalized on the sameatom of the ¢c-+, ,) bond orbitals is also shown. The high s
grounds, remembering the difference in the respectiveCH % character indicates that the respective antibonding orbitals
C—H dihedral angles. AIPSO term, similar to that calculated are very good electron acceptors. The negative hyperconjugative
for 3Ju,n, SSCCs was reported by Sauer e¥dor 2Jyy in ethane interactions are notably more important@rthan in5, and this

in the 180 dihedral angle conformation-38.13 Hz). fact is also appreciated by comparing the respective occupancies
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TABLE 4: NBO Carbon s % Character of the C—H Bonds TABLE 5: Comparison between Experimental (CDCk) and
and Occupancy of thee* c—y Antibonding Orbitals and the Calculated "Jyn2 Couplings (Hz) Including Solvent Effect
LP,(X) (1074, Calculated at the B3LYP/aug-cc-pVTZ Level (PCM)

for Compounds 5 (X=S), 6 (X= 0), and 7

n _ b
carbons % character occupancy Compounds Jug e=1 CHCl  Acctone  Jop

Ci—Hi Cs—H, Ce—Hz 0*cam 0%cpn, 0%cems LPAX)

5 2875 2880 2659 190 184 262 19460
6 2970 29.64 27.22 216 212 292 19285  H S W
7 2784 2778 2544 122 114 204 N

1 4

2y, 081 <107  -115  -1.07

;577 594 591 572

of the (*c,-n,,y antibonding orbitals. This observation is
compatible with the more positiv&y SSCC in6 than those
in 5 and7.18 1t should be noted that althoudBf€ in 7 is notably
more negative thaRJ™ in 5 and2J"C in 6 it is notably more Q)
positive than in unstrained saturated hydrocarbons, where it is ugr,  6.50° 6.52¢ 6.52¢ 572
known that2Jyy is ca. —12 Hz13 It should be recalled that
methylcyclopropane is a strained compound whexe ) —
(6*c—n) = 2.40 kcal mof™ hyperconjugative interactions take 2JH1H2 5.65 5.33 5.22 5.11
place.

It is known that for a given compound the negative hyper- / \
conjugative interactions are slightly inhibited by the solvent 11f CHy iy 2.03 2.10 2.12 2.71
dielectric effect!o NBO analysis of such interactions taking into
account solvent effects yields the following results. The energies s
of the LR, — (0*c,-n,,) interactions are 2.90 kcal mdl in Jupy 412 4.28 4.37 4.27
compound5 for € = 1, whereas fore corresponding to 6)
chloroform, the energy for the same interaction is 2.84 kcal 3 . R .
mol~! and fore corresponding to acetone, is 2.80 kcal mol Jugny 372 371 372 3.23
Similar differences were also observed for compoéndhe @The FC term was calculated at the FPT-B3LYP/aug-cc-pVTZ-J
JFC term of theduy couplings, in5 and6, was also calculated level for H and C atoms and at the FPT-B3LYP/aug-cc-pVTZ level

including the solvent dielectric effect, which was taken into L%u%sagfcgugfﬁgf Vf:r?g':tz rf’;?np;dfvderiggi%g?e”g :;Tf, ;%Sgo\l/t/jitti
account using the PCM mod®#l. Solvent effects on the '

. X the three methyl protons.
remaining three terms of SSCCs were not taken into account.
Results for5 and 6 considering solvent dielectric constants _ HaHg+H3Hg +HaHyy — 3.38+ 13.50+ 2.63_ 6.50 H
. . = = = 0. z

corresponding to chloroform and acetone are compared in Table "' 3 3
5, where the FC term (including the solvent dielectric effect)
plus all other three contributions calculated in an isolated 15C°) is slightly more important than that oidy,u, (dihedral
molecule € = 1), are compared with experimental SSCCs. The H—C—C—H about 0), but this trend is reversed for compound
following features of data shown in Table 5 are noted. 6. Such a trend suggests that the influence of negative

Geminal Couplings This type of SSCC becomes more hyperconjugative interactions 8y SSCCs is more important
negative, both fob and6, when increasing the solvent dielectric  for a ® conformation than for a 150conformation. The
constant, that is, when inhibiting slightly the negative hyper- influence of hyperconjugative interactions &y couplings
conjugative interactions. This result is then compatible with are known to be more complicated than that on figy
assuming that the anomeric effect causes an algebraic increaseouplingst® The first distinction to be made is between
in the 2J4y SSCC. This is further supported when noting that hyperconjugative interactions (a) within the coupling pathway
the solvent dielectric effect iy in 6 is larger than that ib. and (b) involving nearby bonds or antibonding orbitals. Those
It is also noted that the totalyy SSCCs are in better agreement  of type a seem to enhanéayy couplingst®® as well as thel™¢
with experimental values when taking into account the solvent term of 3Jcy couplings?® Those of type b in an HC—C—H
dielectric effect on thelFC term. It is noteworthy that th@Fc fragment and corresponding to either hyperconjugative interac-
term of 2Jyy in 5 and 6 shows a solvent influence similar to  tions into the ¢*c—n) antibonding orbitals or hyperconjugative
that reported by Webb et &l.for the 2Jcy coupling across the  interactions from the €H bond orbitals cause a decrease in
carbonyl group in acetaldehyde and on the absolute value ofthe 3Juy coupling?® Hyperconjugative interactions into the
23wk coupling in formamidé? Recently?? it was shown thatin =~ (0*c-c) antibonding orbital also cause a decrease3Jny
acetaldehyde this trend originates in & term of this2Jcy coupling, as is well knowA®13 These considerations can shed
coupling, which, like other geminal SSCCs through a carbonyl some light on the trends observed for the values reported in
group#* is unusually large and positive, provided the magne- Table 2, both for théJFC¢ and experimentaldyy SSCCs. It is
togyric ratios of both coupled nuclei are of the same sign. This noted that there is a remarkable differencédm, 1, couplings
feature of geminal SSCCs through a carbonyl carbon atom is along the serieg > 5 > 6, which parallels the increase in the
originates in part from the strong hyperconjugative interactions negative hyperconjugative interactions involving tb&d-n, )
involving the p-type carbonyl oxygen lone pair and the antibonding orbitals. Moreove?Jy,n, is notably smaller ir6
antibonding orbitals belonging to the coupling pathwaif than in5, which is slightly larger than if7. This suggests that

Vicinal Couplings The calculated solvent dielectric effects the Karplus-like relationship must be markedly affected when
for 5 and 6 on the JC term for both3Jy,1, and 3y, are of the correspondingot c—n) antibonding orbitals are involved in
opposite sign to those for the geminal couplings, and their strong negative hyperconjugative interactions with nearby
absolute values are smaller. Moreover, for compognthe nonbonding electron pairs’Jyy SSCCs for an almost cis
calculated solvent effect Gy, (dihedral H-C—C—H is about configuration seem to be more affected than for a °150

Ui, 734 TAT 748 634

ZH, [e) \HS
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configuration. FurthermoréJu.ume in 6 is only slightly smaller
than3Ju,nme in 5. A different sensitivity between cis and trans
3Juy SSCCs through the HC—N—H pathway was reported in
formamide where Vaara et #° measured 2.25 and 13.90 Hz
for cis and tran$Jyy SSCCs, respectively. The last coupling
was also measured recently by Farrar & @h.a dilute solution

of CCly, trans®Jyn = +13.7 Hz was obtained. If these two
couplings are calculated using the Karplus-like relationship
obtained by Hu and Bd% for vicinal couplings through an
H—C—N—H fragment, then the values of 7.22 and 10.06 Hz
were obtained for cis and traf3;y SSCCs, respectively; that
is, the strong hyperconjugative interactions that take place in
formamide, LP(Q) — (0* cc—n) and LP(Q) — (0% cc—n), Seem
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Conclusions
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to the anomeric effect. Results presented in this work are
compatible with the influence of hyperconjugative interactions
on 2Juy discussed in the literatufé;that is, hyperconjugative
interactions into antibonding orbitals belonging to the coupling
pathway cause a significant algebraic increase in Xhg
coupling, and hyperconjugative interactions from the bond

(15) Mahaim, C.; Currupt, P. A.; Vogel, Plelv. Chim. Actal985 68,

(16) Pople, J. A.; Bothner-By, A. AJ. Chem. Phys1965 42, 1339.

(17) (a) Barfield, M.; Grant, DJ. Am. Chem. S0d.963 85, 1899. (b)
Wong, T. C.; Clark, G. RJ. Chem. Soc., Chem. Comm®844 1518. (c)
Williams, D. H.; Bacca, N. SChem. Ind. (London}965 506. (d) Sternhell,
S. Q. Re. 1969 23, 236.

(18) Contreras, R. H.; Peralta, J.lrog. Nucl. Magn. Reson. Spectrosc

orbitals belonging to the coupling pathway cause an algebraic 200q 37, 321.

decrease in the correspondifdyy coupling.
The influence of hyperconjugative interactions 8wy
couplings seem to be more complicated than the trend&figr

(19) (a) Freitas, M. P.; Rittner, R.; Tormena, C. F.; Abraham, R. J.
Phys. Org. ChenR001, 14, 317. (b) Yoshinaga, F.; Tormena, C. F.; Freitas,
M. P.; Rittner, R.; Abraham, R. J. Chem. Soc., Perkin Trans.2002
1494. (c) Freitas, M. P.; Tormena, C. F.; Rittner, R.; Abraham, R. J.

couplings. However, some simple cases can be quoted. Result®hys. Org. Chem2003 16, 27.

discussed in this work suggest that hyperconjugative interactions

into the @*c—n) antibonds for an HC—X—-H (X = C, N)

(20) Karplus, M.J. Chem. Phys1959 30, 11.
(21) (a) Esteban, A. L.; Galache, M. P.; Mora, F.; Diez, E.; Casanueva,
J.; Fabian, J. S.; Barone, V.; Peralta, J. E.; Contreras, B. Phys. Chem.

frag_m_ent, coupling _pathways that cause important reducti(_)nsA200l 105, 5298. (b) Minch, M. JConc. Magn. Resori994 6, 41. (c)
in vicinal 3Jyy4 couplings, seem to be more important for a cis Thomas, W. A.Prog. NMR Spectroscl997, 30, 183. (d) Altona, C. In
than for a trans configuration. However, hyperconjugative effects Encyclopedia of NMRGrant, D. M., Harris, R. K., Eds.; Wiley: Chichester,

into the *c-c) antibond seem to affect, notably, the Karplus
dependence on the dihedral angle.

Results presented in this work are consistent with a slight
inhibition of the anomeric effect due to the solvent dielectric
effect. For this reasor%3Juy couplings whose coupling path-
ways are involved in very strong negative hyperconjugative
interactions are expected to be solvent-dependent.

Trends discussed in this work were found to originate in the
FCIun contribution to?23Jyy SSCCs. This suggests that tHd
contribution to other types of SSCCs suchlasSSCCs should
be similarly affected when bonding and antibonding orbitals,
belonging to the coupling pathway, are involved in negative
hyperconjugative interactions.
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