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Departamento de Fı´sica, FCEyN, UniVersidad de Buenos Aires, Ciudad UniVersitaria, P. 1 and CONICET
(C1428EHA) Buenos Aires, Argentina, Departamento de Quı´mica Fı́sica, UniVersidad de Alicante, Apartado
99, E-03080 Alicante, Spain, Departamento de Quı´mica Fı́sica Aplicada, Facultad de Ciencias, C2,
UniVersidad Auto´noma de Madrid, E-28049 Madrid, Spain, Department of Chemistry, Flinders UniVersity,
Bedford Park, South Australia 5108, Australia, and Departamento de Quı´mica, Faculdade de Filosofia
Ciências e Letras de Ribeira˜o Preto, UniVersidade de Sa˜o Paulo, AVenue Bandeirantes 3900, 14040-901,
Ribeirão Preto, Sao Paulo, Brazil

ReceiVed: September 28, 2005; In Final Form: December 6, 2005

Hyperconjugative and electrostatic interactions effects on1JCH spin-spin coupling constants (SSCCs) are
critically studied from both theoretical and experimental points of view. A qualitative model is used to predict
how the former affect such SSCCs, while electrostatic interactions are modeled with a point charge placed in
the vicinity of the correspondingσCH bond. Hyperconjugative interactions are calculated using the “natural
bond orbital” approach, and using the point-charge model, it is shown how intertwined are both types of
interactions. Several members of the series 1-X-bicyclo[1.1.1]pentane and 1-X-3-methylbicyclo[1.1.1]pentane
are chosen as model compounds for measuring1JCH SSCCs; in some of them were performed also DFT-
SSCC calculations. The strained cage substrate in these series defines strongσ-hyperconjugative interactions,
making these compounds excellent examples to verify the qualitative model presented in this work. It is
verified that (a) hyperconjugative interactions from theσCH bond or into theσ*CH antibond containing the
coupling nuclei yield a decrease of the corresponding1JCH SSCC and (b) hyperconjugative interactions from
other bonds involving the coupling C nucleus yield an increase of that1JCH SSCC.

1. Introduction

The importance of hyperconjugative interactions in modern
organic chemistry is nowadays well-recognized, and in the
current bibliography extensive lists of recent works can be
found.1 Qualitative descriptions of several aspects of such
interactions can be obtained resorting to the simple PMO
theory.2 Quantitative descriptions of hyperconjugative interac-
tions can be obtained employing Weinhold’s Natural Bond
Orbitals (NBO) method.3 Interactions of typesn f σ*, σ f
π*, π f σ*, and σ f σ* can affect spin-spin coupling
constants (SSCCs) significantly;4 therefore, if properly under-
stood the way in which they are affected, SSCCs can be used
as probes to study hyperconjugative interactions.5 The first type
is part of the “anomeric effect”6 and is known as “negative
hyperconjugative interaction”;7 generally, it is notably stronger
than the latter three. The second and third types are accepted to
be the main transmission mechanism for the Fermi contact (FC)
term of long-range benzylic-like couplings.8 The fourth type is
now known to transmit the FC term of long-range SSCCs in
strained saturated compounds.9

The influence of negative hyperconjugative effects on1JCH

SSCCs has been discussed extensively by several authors;10 and
the closely related lone-pair orientation effect on SSCCs was
also discussed.11 However, in a recent paper Cuevas et al.12

expressed “... the1JCH value in HCOC fragments is definitely
not a consequence ofn(O) f σ*CH delocalization, despite
expectations, although a small contribution cannot be excluded.”
In that paper, Cuevas et al. concluded that the main contribution
to the Perlin effect13 comes from a polarization effect. In several
papers the influence of proximate electrostatic effects on1JCH

was studied from different points of view, like for instance, in
“improper” hydrogen bonds or considering an electric field along
the correspondingσCH bond.14 Nowadays, it is well-known that
hyperconjugative interactions involving either aσCH bond or
its corresponding antibond can be inhibited (enhanced) depend-
ing on the orientation of an electric field along that bond.5c

Therefore, a careful study of hyperconjugative effects on1JCH

SSCCs cannot neglect how intertwined are these interactions
with electrostatic effects.

In this paper an experimental and theoretical study is carried
out in order to obtain a better understanding of how delocal-
ization interactions affect1JCH SSCCs. It is already well-known
that for aσCH bond R to a π-electronic system, like those of
the methyl group in toluene, interactions of typeσCH f π* and
π f σ*CH yield a reduction in the corresponding1JCH SSCC.5a,c

In Section 2, a qualitative theoretical analysis is applied to
predict the influence of different hyperconjugative interactions
on 1JCH SSCCs. From such an approach a few simple rules are
established, although it is important to recall that they are
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obtained only on a qualitative base. In Section 3, experimental
as well as computational details are provided. Since it is known
that electrostatic effects may affect some hyperconjugative
interactions as well as some1JCH SSCCs, in a subsequent section
they are studied resorting to three different model systems in
which very different hyperconjugative interactions take place.

Looking for molecular systems where experimental evidence
supporting the simple rules obtained in Section 2, it was thought
that compounds of these two series 1-X-bicyclo[1.1.1]pentane
(Ia) and 1-X-3-methylbicyclo[1.1.1]pentanes (Ib ) could well be
adequate model systems. The main reasons to make this choice
are as follows. In these strained cyclic compounds delocalization
interactions are notably enhanced;15 such interactions should
be notably affected by some substituents. The orientation of
theσCH bond whose1JCH SSCC will be used as a probe to verify
such rules is adequate to isolate at least some of the expected
effects. In this way, 24 members of seriesIa and 16 members
of series Ib were chosen to perform the present study; in
compounds of theIa series very small13C1-SCS were
reported,16 and such a behavior was rationalized as originating
mainly in the very strongσC2C3 f σ*C1XR hyperconjugative
interactions (and their analogs involving the other two bridge
carbon atoms). InIb the similar 13C1-SCS are slightly
increased17 in comparison with those ofIa. It is also known
that in seriesIa unusual substituent effects on3JC1H SSCCs were
observed,18 and they were correlated with the strong changes
on delocalization interactions induced by an X substituent.19

These considerations suggest that1JC3H SSCCs in seriesIa
should also depend rather strongly on the X substituent. The
“lateral” 1JC2H SSCCs in seriesIa andIb are expected to show
substituent effects that might be rationalized in terms of
differences in electron delocalization interactions. Such1JCH

SSCCs were measured, and for a choice of substituents, they
were also calculated using the CP-DFT methodology20 as
implemented in the Gaussian 03 package of programs.21

Hyperconjugative interactions were evaluated using the NBO
method as implemented22 in that suite of programs.

2. Theoretical Predictions about Hyperconjugative Effects
on 1JCH SSCCs

According to the nonrelativistic Ramsey’s formulation,
isotropic SSCCs are contributed by four terms, namely, Fermi
contact (FC), spin-dipolar (SD), paramagnetic spin-orbit
(PSO), and diamagnetic spin-orbit (DSO) as shown in eq 1:

Each of these terms can be decomposed into localized molecular
orbital (LMO) contributions. Within the polarization propagator
approach,23 the three second-order terms can be expressed as
shown in eq 2:

where i and j are occupied LMOs, whilea and b are vacant
LMOs. For1JCH SSCCs, it is known that the FC term is by far
the most important one. Therefore, for this qualitative analysis
aimed at obtaining insight into how different hyperconjugative
interactions affect1JCH SSCCs, it is enough to consider the FC
term. As shown previously,23b-d the LMO contributions to the
FC term can be written as in eq 3:

where Uia,C(Ujb,H) are the “perturbators” (i.e., the matrix
elements of the FC operator between the occupiedi (j) and
vacanta (b) LMOs evaluated at the C (H) site of the coupling
nuclei), and they give a measure of the strength of thei f a (j
f b) virtual excitation due to that operator.Wia,jb are the
polarization propagator matrix elements, and they correspond
to the response of the electronic molecular system to the
presence of the electron-nucleus FC interaction, connecting two
virtual excitationsi f a and j f b. These matrix elements
decrease when increasing theεifa andεjfb energy gaps between
these occupied and vacant LMOs involved in each virtual
excitation.

In the particular case of the FC term of1JCH SSCCs, the sum
in eq 2 is largely dominated by the following two types of terms:

(1) i ) j corresponds to the LMO localized on theσCH bond
involving the coupling nuclei, anda ) b corresponds to the
vacant LMO localized at thatσCH bond. The corresponding term
in eq 2 is dubbed the “bond contribution” (Jb).

(2) Either i or j corresponds to the LMO on theσCH bond
containing the coupling nuclei, andj or i corresponds to an
occupied LMO on otherσCX bond involving the C coupling
nucleus; anda ) b correspond to localized vacant MOs placed
at that σCH bond containing the coupling nuclei. The corre-
sponding term in eq 2 is dubbed “other bond contribution” (Job).
However, it should be stressed that this term involves also the
σCH bond and antibond containing the coupling nuclei.

For 1JCH SSCCs, theJb contribution is positive while theJob

one is negative, having the former a notable larger absolute value
than the latter. Since only a qualitative description is sought
here, occupied and vacant LMOs in eq 2 can be taken
approximately as bond and antibonding orbitals of the NBO
description. Using this choice, it will be easy to identify how
hyperconjugative interactions affect theJb andJob contributions.
With this idea in mind, the polarization propagator matrix
elements in eq 3 decrease whenever there is an interaction
increasing the energy gap between thei or j and thea or b
antibonding NBOs.

Interactions that increase the relevant energy gaps inJb are
(1) hyperconjugative interactions into the antibonding orbital
(σ*CH) where theσCH bond contains the coupling nuclei; (2)
hyperconjugative interactions from theσCH bond containing the
coupling nuclei. Interactions that increase the relevant energy
gaps in Job are (3) hyperconjugative interactions from the
bonding orbital that correspond to “other bond” (i.e., bonds
involving the C coupling nucleus, but otherwise they are other
than that containing the coupling proton). (4) The same as those
quoted above for theJb contribution (i.e., 1 and 2). However,
since the absolute values ofJob are notable smaller than that of
Jb, this effect, from a qualitative point of view, can be neglected.

Factors affecting the “perturbators” (Uia,C andUjb,C) are the
s % character of the LMO orbitalsi, j anda, b at the C atom,
for example, these contributions are larger when the s %
character is larger (it is assumed that changes in the s %
character at the H site are much less important than those at
the C atom).

The above considerations on the energy gap between an
occupied,i, and a vacant,a, LMO can be interpreted resorting
to the simple PMO theory (Figure 1). In fact, this shows
schematically why a hyperconjugative interaction from theσCH

bond,σCH f σ*BD, yields a decrease ofJb corresponding1JCH

SSCC (σ*BD stands for any antibonding orbital belonging to
the compound under study). It should be noted that this effect
also appears inJob but, since the absolute value ofJb is notably
larger than that ofJob, in a qualitative analysis it can be expected

1JCH ) FCJCH + SDJCH + PSOJCH + DSOJCH (1)

1JCH ) ∑
ia,jb

1Jia,jb(CH) (2)

1Jia,jb
FC (CH) ) Wia,jb[Uia,CUjb,H + Uia,HUjb,C] (3)
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that the main effect of that interaction causes a decrease in that
1JCH SSCC. A similar scheme indicates that a hyperconjugative
interaction into theσ*CH antibond (i.e.,σBD f σ*CH) decreases
theJb contribution to the FC term, and to a lesser extent, to the
absolute value ofJob. (σBD stands for any bond or lone-pair
belonging to the compound under study.) If the “other bond”
undergoes a hyperconjugative interaction, then a decrease in
the absolute value ofJob to the FC term of1JCH is expected,
therefore increasing the FC term of the1JCH SSCC.

The above qualitative considerations were useful when
looking for a set of model compounds where to study the
influence of hyperconjugative interactions on1JCH SSCCs. On
these grounds the seriesIa was chosen since in a previous work
it was observed that in these strained compounds very strong
hyperconjugative interactions of typeσCiC3 f σ*C1X take place
(where Ci stands for any of the three bridge carbon atoms). It
should be noted that the threeσC2C3, σC4C3, andσC5C3 bonding
orbitals participate in three differentJob contributions to1JC3H;
therefore, such hyperconjugative interactions should decrease
their absolute values. Consequently, according to the above
qualitative considerations, it is expected that theseJob contribu-
tions to the FC term should yield an increase in1JC3H. Therefore,
a priori it can be expected that in seriesIa the1JC3H SSCC should
show important substituent effects (i.e., positive values for
electronegative substituents and negative values for electropos-
itive substituents). In fact, an electronegative substituent should
increase such hyperconjugative interactions widening the energy
gaps between theσC2C3, σC4C3, andσC5C3 bonds and theσ*C3H

antibond orbital, yielding a decrease in the absolute value of
the Job contributions to the FC term of the1JC3H SSCC. The
converse holds for an electropositive substituent. It is also
observed that interactions of typeσCiC3 f σ*C1X would also
affectJob contributions to1JCH SSCCs corresponding to bridge
carbon atoms like, for instance,1JC2H. For this reason, com-
pounds of seriesIb are also included in this study since a
comparison of these “lateral”1JC2H SSCCs is expected to provide
further insight into factors affecting these one-bond couplings.
It should be stressed that different effects affecting a given SSCC
are in general intertwined, and the inclusion in the present study
of this type of couplings could provide indirect evidence about
the correctness of conclusions presented in this work.

3. Experimental and Computational Details

A. Experimental Details.Syntheses of compounds of series
Ia andIb are described elsewhere.18,24Samples were prepared
in CDCl3 (X ) NH3Cl in D2O) at concentrations of ca. 0.6
mol/L. 13C NMR spectra were recorded on a Varian Gemini
300BB instrument, operating at 75.462 MHz.1J13C1H SSCCs

were determined from proton-coupled spectra, measured at
100-500 Hz spectral width, with a digital resolution of ca. 0.1
Hz/point. Experimental couplings thus obtained are considered
to be accurate to( 0.1 Hz (Department of Chemistry, Faculty
of Science and Engineering, Flinders University of South
Australia).

B. Computational Details.The geometries for 1-X-bicyclo-
[1.1.1]pentane (Ia) and 1-X-3-methylbicyclo[1.1.1]pentane (Ib)
derivatives were optimized using the hybrid B3LYP functional,
which corresponds to the Lee et al. correlated functional,25 and
the exchange part is treated according to the Becke’s three-
parameter approach.26 For such optimizations the 6-311G(d,p)
basis set was chosen. The geometries for methane (II ) and
tetrahydropyran (IV ) were calculated at the MP2/cc-pVTZ level.

Calculations of all four terms of SSCCs (i.e FC, SD, PSO,
and DSO) were carried out using the B3LYP functional, and
the EPR-III basis set27 was chosen, which is of a triple-ú quality
and includes diffuse and polarization functions. For compounds
containing either a Cl, Br, or I atom, two different basis sets
were employed, namely (i) EPR-III for all light atoms and all-
electron 6-311** for the halogen atom and (ii) the same for all
light atoms and the LANL2DZ ECP for the halogen atom. Since
results found with these two different basis sets are similar (see
below), for Sn-containing compounds, the latter possibility was
chosen. Thespart of the EPR-III basis set is enhanced to better
reproduce the electronic density in the nuclear regions; this point
is particularly important when calculating the FC term. It is
important to stress that coupling constants calculated at the
B3LYP/EPR-III level are close to the basis set converged
values.28 The CP-DFT20 perturbative approach was used for
calculating all the three second-order terms of spin-spin
couplings (i.e., FC, SD, and PSO); the DSO term is treated as
a first-order quantity. All DFT calculations were carried out
with the Gaussian 03 package of programs.21 Hyperconjugative
interactions were studied using the NBO approach.22

For studying electrostatic effects, the FC term of1JCH SSCCs
were calculated for methane (II ), 1-X-bicyclo[1.1.1]pentanes
(X ) H and F) (III ), and tetrahydropyran (IV ) including a
chargeq facing aσCH bond (CsH- - - -q); in all cases the H- - - -
q distance was kept fixed at 2.5 Å. The point chargeq was
changed in the range-0.5 au to+0.5 au in 0.1 au steps. These
model systems correspond to an inhomogeneous electric field
directed along the CsH bond and pointing in the Cf H
direction. This electrostatic interaction mimics somehow the
main interaction that takes place in weak hydrogen bonds of
type C;H- - -X (electronegative atom) giving place to the so-
called “blue-shifting hydrogen bonds”14a-d and yields a slight
shortening to the correspondingσCH bond. It is also known that
such an interaction can be detected experimentally, measuring
the corresponding1JCH SSCC, and it manifests itself as an
increase of a few Hz. It should be recalled that such an increase
in a 1JCH coupling could be reproduced by theoretical calcula-
tions at the ab initio HF and post-HF levels as well as within
the DFT framework.5d

4. Results and Discussion

A. 1JCH SSCCs in Series Ia and Ib.In Table 1, experimental
1JC3H and1JC2H () 1JC4H ) 1JC5H) SSCCs in 24 members of series
Ia (Scheme 1) are displayed. It is observed that the range of
values covered by1JC3H SSCCs goes from 156.3 to 181.2 Hz,
while 1JC2H SSCCs cover a range from 143.4 to 151.6 Hz. In
Table 1 are shown also experimental values of1JC2H SSCCs in
16 members of seriesIb (Scheme 1); they cover a range
from143.2 Hz to 150.0 Hz. Substituent effect trend for1JC3H

SSCCs does not parallel exactly that of1JC2H SSCCs inIa.

Figure 1. If the occupiedi orbital undergoes a hyperconjugative
interaction of typei f BD* , then according to the simple PMO theory,
the energy gap between these two orbitals change fromε(a, i) to ε(a,
i′). This change can affect significantly the energy gap for the virtual
transitioni f a. It is important to note that thea antibonding orbital
is not affected by thei f BD* hyperconjugative interaction.
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For “linear” X substituents the direction defined by both
bridgehead carbon atoms inIa corresponds to a 3-fold symmetry
axis; consequently, all six “lateral”1JCH SSCCs are equal.
Experimentally, for nonlinear substituents similar effective
symmetries were observed both inIa andIb , which is indicative
that in all cases different rotamers are separated by a rather low
potential energy barrier. For a selected set of compounds
displayed in Table 1,1JCH SSCC and NBO calculations were
performed. Calculated1JCH SSCCs are compared with their
experimental values in Table 2, where all four isotropic terms
are included, although they are not explicitly shown. In all cases
noncontact terms are notably smaller than the FC term; they
cover the following ranges, SD (0.4( 0.05) Hz; PSO from 0.4
to 0.6 Hz; and DSO from 0.8 to 1.1 Hz. For compounds
involving Cl, Br, or I, two different types of SSCC calculations
were carried out, namely, EPR-III for light atoms and for the
halogen atom these two different choices were made, all-electron
6-311G** basis set and the ECP LANL2DZ. As shown in Table
2, there is no much difference between them, for this reason in
tin-containing compounds only the second alternative was used
(i.e., LANL2DZ ECP for the heavy atom while the EPR-III
basis set was used for light atoms). Experimental trends are
nicely reproduced, although calculated total1JC3H SSCCs are
in general overvalued from about 5 to 7 Hz, a trend that is
similar to that observed in other calculated1JCH couplings.5d

This overvaluation worsens when taking into account the effect
of nuclear motions, which is now accepted to be dominated by

the zero-point vibrational correction (ZPVC).29 For 1JC2H SSCCs
such an overvaluation is somewhat smaller than for1JC3H

SSCCs. However, calculated couplings follow nicely the
experimental trends, which are taken as an evidence that
interactions that define experimental trends are well accounted
for at the level of theory used in this work.

A-1. 1JC3H SSCCs in Series Ia.NBO calculations were
carried out for compounds displayed in Table 2, and relevant
NBO parameters are analyzed to verify how consistent are the
qualitative considerations made above with calculated FC
contributions in members of seriesIa. NBO occupancies are
considered to be significant parameters to estimate the impor-
tance of different hyperconjugative interactions involving either
a bond or an antibond, which must affect, according to Section
2, 1JC3H SSCCs. It is to be noted that, for the problem under
study, such occupancies are considered to be more significant
parameters than individual hyperconjugative interactions since
for instance, according to Section 2, all hyperconjugative
interactions from theσC2C3, σC4C3, andσC5C3 “other bonds” (σCiC3,
when quoted together) irrespective of the acceptor antibonding
orbital. The same holds for other occupancies considered in this
section. In Table 3, orbital occupancies relevant to study
qualitatively the behavior ofJb (σC3H bond and of theσ*C3H

antibond) andJob (ΣσCiC3 bond orbitals) contributions to the FC
term of1JC3H SSCCs are displayed. Bond occupancies are given
as the difference between the actual calculated values and the
“ideal” occupation of a bonding orbital (i.e., 2.000); for all
occupancies only three decimal figures are kept and are given
in 10-3 units. Within this approximation, for nonlinear substit-
uents, the occupancies of all threeσC2C3, σC4C3, andσC5C3 bonds
are the same. Referring to the FC term of1JC3H SSCCs, the
former two occupancies convey an idea of how theJb contribu-
tion is affected by the X substituent. On the other hand, the
latter three occupancies (σC2C3, σC4C3, andσC5C3) convey an idea
of how the threeJob contributions are affected by the X
substituent effect. In the same Table 3 are included the
experimental1JC3H SSCCs, (E), and the calculated FC contribu-

TABLE 1: Experimental 1JCH Couplings in
1-X-Bicyclo[1.1.1]pentanes, Ia, and in
1-X-3-Methylbicyclo[1.1.1]pentanes, Ib

Ia Ib
1JC3H

1JC2H
1JC2H

H 167.8 144.5 146.8
CH3 163.9 146.7
CH2OH 165.5 144.2 143.5
t-Bu n.o. 143.4
Ph 165.4 144.4 143.7
COCH3 167.0 ona

CONH2 167.0 146.3
CO2H 168.3 147.5 146.6
CO2CH3 168.0 147.5 146.3
CN 170.6 149.1 148.2
NH2 169.6 144.4 143.2
NH3Cl 178.1 148.6 147.4
NO2 180.4 151.6 150.0
OCH3 174.2 145.4
OAc 176.4 147.6 146.8
F 181.2 148.6
Cl 177.0 149.2 147.9
Br 176.7 149.8 148.4
I 174.1 149.7 148.5
SPh 169.8 147.0 146.3
SO2Ph 174.0 150.3 149.2
SePh 169.4 147.5 146.4
SnBu3 156.3 143.8
SnPh3 159.9 144.9

a Not observed.

SCHEME 1: 1-X-Bicyclo[1.1.1]pentane (Ia) and 1-X-3-
methylbicyclo[1.1.1]pentane (Ib).

TABLE 2: Comparison between Calculated and
Experimental 1JC3H in Ia and 1JC2H SSCCs for a Selected Set
of the Substituents Shown in Table 1

Ia Ia Ib
1JC3H

1JC2H
1JC2H

X exp calcd exp calcd exp calcd

H 167.8 168.5 144.5 148.5 146.8 147.8
CH2OH 165.5 171.2 144.2 149.0 143.5 148.1
COCH3 167.0 172.6 noa 150.9 145.8 150.0
CONH2 167.0 173.8 146.3 151.8 no 150.1
COOH 168.3 173.8 147.5 151.8 146.6 151.0
CN 170.6 175.0 149.1 153.2 148.2 152.2
NH2 169.6 175.2 144.4 148.4 143.2 147.6
NO2 180.4 184.3 151.6 155.0 150.0 154.0
F 181.2 186.2 148.6 151.7
Clb 177.0 182.9 149.2 153.5 147.9 152.5
Brb 176.7 182.6 149.8 154.0 148.4 153.0
Ib 174.1 180.5 149.7 154.3 148.5 153.2
Clc 177.0 183.5 149.2 153.4 147.9 152.4
Brc 176.7 182.2 149.8 153.8 148.4 152.8
Ic 174.1 180.9 149.8 154.0 148.5 153.0
SnMe3 d 163.2 e 148.3

a Not observed.b Calculations of SSCCs were performed using the
B3LYP/EPR-III basis set for all atoms except Cl, Br, and I where the
6-311G** basis set was employed.c Calculations of SSCCs were
performed using the B3LYP/EPR-III basis set for all atoms except Cl,
Br, I, and Sn where the LANL2DZ ECP was employed.d In X )
SnBu3, 1JC3H ) 156.3 Hz and in X) SnPh3, 1JC3H ) 159.9 Hz.e In X
) SnBu3, 1JC2H ) 143.8 Hz and in X) SnPh3, 1JC2H ) 144.9 Hz.
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tion, (T), to the1JC3H coupling; the NBO s % character of the
σC3H bond at C3 and the natural atomic charge (Q1) at the C1

carbon atom. It should be recalled that the s % character affects
the “perturbator” at C3, while Q1 conveys an idea of how
important an electrostatic substituent effect could be. It is
observed thatQ1 and the s % character of theσC3H bond at C3

do not correlate with each other. Although it is expected that
hyperconjugative interactions should affect the C3 s % character,
an electric field along theσC3H bond could also affect it even if
hyperconjugative interactions are not much affected.5c

Values displayed in Table 3 show that the occupancy of the
σC3H bond is not sensitive to substitution for X groups having
a carbon atom at theR position. For those X substituents changes
in the occupancies ofσCiC3 bonds are compatible with the
decrease, in absolute value, of the threeJob contributions,
yielding a slightly larger calculated FC term for the1JC3H SSCC
than for X) H. The negative substituent effect observed for X
) SnMe3 seems to originate mainly (see Section 2) in theJb

contribution owing to hyperconjugative interactions into the
σ*C3H antibonding orbital. For X) CN and X ) NH2, the
calculated FC terms are practically the same; it seems that this
result is a consequence of different competitive effects, for
instance,Jb(X ) CN) > Jb(X ) NH2); |Job(X ) CN)| > |Job(X
) NH2)| and the s % character at C3 of theσC3H bond is larger
for X ) CN than for X ) NH2. The 1JC3H trend along the
halogen atoms is also very interesting since theσC3H occupancy
decreases while that ofσ*C3H increases, defining a decrease of
Jb along the series. On the other hand, theσCiC3 occupancies
decrease yielding a decrease, in absolute value, inJob, and the
s % character at C3 decreases along this series.

A-2. “ Lateral ” 1JCH SSCCs in Series Ia and Ib.In Table
4, the occupancies of theσC2H bonding and of theσ*C2H

antibonding orbitals as well as of those ofσC1C2 andσC2C3 bonds
are displayed for compounds with X) H, CN, F, Cl, Br, and
I. With the exception of X) NH2 and X ) NO2 (see below),
for other compounds the differences in the lateral1JCH′ SSCC
are small, and it is not worth commenting on them. Since
compounds shown in Table 4 have a 3-fold symmetry axis, all

six lateral1JCH SSCCs are the same. In this Table 4 are also
included the experimental1JC2H SSCCs, (E), and the calculated
FC contribution, (T), to the corresponding1JC2H coupling. The
s % characters at the C2 carbon atom of theσC2H bonds are also
displayed. In these compounds there are three differentJob

contributions to the FC term of the1JC2H′ SSCC, namely, those
corresponding to theσC2H′ bond (i.e., to theσC2H bond not
containing the coupling proton), and those corresponding to the
σC1C2 andσC2C3 bonds. The X) CN substituent effect on1JC2H

is compatible with smaller absolute values than for X) H of
theJob contributions corresponding to theσC1C2 andσC2C3 bonds
since their occupancies are smaller than for X) H. For X ) F,
Cl, Br, and I, while the occupancies of theσC1C2 bonds are
practically the same as that for X) H, those of theσC2C3 bonds
are notably smaller. This trend is compatible with a decrease
of the absolute value of theJob contribution, where ob) σC2C3

and originates in the increasing acceptor ability along the
antibond seriesσ*C1F < σ*C1Cl < σ*C1Br < σ*C1I. It is noted
that, along the halogen series, while1JC3H decreases,1JC2H′ does
not change much.

The calculated FC terms of “lateral”1JCH SSCCs in com-
pounds Ia (X ) NH2) and Ib (X ) NO2) are worthy of
considering in detail. Their values are displayed in Table 5,
where occupancies of bonds and antibonds relevant for the
qualitative analysis of theirJb andJob orbital contributions as
well as the s % character at the C atom of each bond are shown;
occupancies are expressed as in Table 3. The spatial orientation
of the 6 lateralσCH bonds and the X groups are displayed in
Figure 2, where the axial view from X of both compounds are
shown. ForIa (X ) NH2) (Figure 2a), the N nonbonding
electron pair is in the symmetry plane, while forIb (X ) NO2)
both OdN bonds are contained in that plane. In both compounds
the FC term of1JC4H11 is larger than the FC term of1JC4H10,
probably due to the proximity of H11 to an electronegative atom,
N for NH2, and O for NO2.5c It is noted that occupancies of
relevant bonds and antibonds for X) NO2 are the same for

TABLE 3: Calculated FC Term of 1JC3H SSCCs, Occupancies of NBO Orbitals Relevant for Analyzing the1JC3H SSCC Values,
the s % Character at the C Atom of the σC3H Bond, and the NBO Atomic Charge at the C1 Atom (au)a

H SnMe3 CH3 CH2OH COCH3 CONH2 COOH CN NH2 NO2 F Cl Br I

σC3H -6 -7 -6 -6 -6 -6 -6 -6 -7 -10 -10 -15 -16 -18
σ*C3H 39 45 39 39 39 38 37 35 36 36 35 38 40 42
ΣσC2,4,5C3 -111 -117 -120 -120 -120 -120 -120 -123 -129 -150 -156 -168 -171 -174
1JC3H (E)b 167.8 159.9c 163.9 165.5 167.0 167.0 1.683 170.6 169.6 180.4 181.2 177.0 176.7 174.1
1JC3H (T)d 167.5 161.7 169.0 169.7 171.1 172.2 172.2 173.5 173.6 182.8 184.6 181.3 181.0 179.0
s % 28.95 28.12 28.87 28.87 29.03 29.12 29.19 29.48 29.09 29.37 29.48 28.63 28.24 27.90
Q1 (10-3) -173 -525 2 -25 -111 -129 132 -152 188 86 412 -31 -91 -181

a Bond occupancies are given as the difference between the actual calculated values and the “ideal” occupation, 2.000; for all occupancies only
three decimal figures are kept and are given in 10-3 units. b Experimental values, taken from Table 1.c Measured for X) SnPh3. d Calculated
values for the FC contribution.

TABLE 4: Occupancies of One Antibonding and Four
Bonding Orbitals Defining the Jb and Job Contributions to
the FC Term of 1JC2H SSCCs in Six Members of Series Ia
Having the C1- -C3 Direction as a 3-Fold Symmetry Axisa

X ) H CN F Cl Br I

σC2H -9 -9 -10 -10 -10 -10
σ*C2H 19 18 18 18 18 18
σC1C2 -37 -58 -36 -38 -38 -37
σC2C3 -37 -41 -52 -56 -57 -58
1JC2H′(E) 144.5 149.1 148.6 149.2 149.8 149.7
1JC2H(T) 148.5 153.2 151.7 153.4 152.8 154.0
s % 25.74 26.00 26.13 25.86 25.80 25.75

a Occupancies are given as in Table 3.

TABLE 5: Calculated FC Contributions to “Lateral” 1JCiH j

SSCCs in Compounds I (X) NH2) and I (X ) NO2)a

NH2 NO2

1JC2H9
1JC4H10

1JC4H11
1JC2H9

1JC4H10
1JC4H11

FC 146.2 145.3 148.1 153.1 151.8 155.0
σCiHj -9 -10 -10 -10 -10 -10
σ*CiHj 19 20 19 17 17 17
σCiHj(ob) -9 -10 -10 -10 -10 -10
σC1Ci -40 -46 -46 -40 -54 -54
σC3Ci -42 -41 -41 -50 -50 -50
s % 25.62 25.35 25.68 26.06 25.97 26.23

a Occupancies of bonds and antibonds affecting theJb and Job of
such SSCCs are also shown; they are given as in Table 3. The spatial
orientation of the 6 lateralσCH bonds, and the X groups are displayed
in Figure 2.
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σC4H10 andσC4H11 bonds; however, their respective s % character
at C4 show significant differences, 25.97% and 26.23%,
respectively. Although the relevant energy gaps could also be
affected by this electrostatic interaction, it seems that the larger
effect comes through the “perturbators”, due to changes in the
s % character, rendering a larger FC contribution for1JC4H11

than for 1JC4H10. The small difference in the occupancy of the
corresponding antibond for X) NH2 is too small to account
for the observed difference on the FC term. Therefore, differ-
ences in1JC4H11 and1JC4H10 SSCCs are interesting examples of
couplings affected by electrostatic effects not affecting the
relevant hyperconjugative interactions.

Differences in1JC2H SSCCs for analogous compounds of
seriesIa andIb are commented in Section 4E, where they are
rationalized in terms of differences in their respective geometries
as given by the bridgehead C1- - -C3 distance.

B. Electrostatic Effects on1JCH SSCCs Studied in Model
Systems. In the previous section, it was argued that the
calculated differences for the FC contribution to1JC4H11 and
1JC4H12 SSCCs in compoundsIa (X ) NH2) andIa (X ) NO2)
originate in an electrostatic effect due to the proximity of the
σC4H11 bond to an electronegative atom (N for X) NH2; O for
X ) NO2). To deepen the understanding of such an effect, NBO
and FC SSCC calculations were carried out in the model system
IIa (Scheme 2) (i.e., a CH4 molecule with a point charge facing
one of itsσCH bonds). The Ha- - -q distance was fixed at 2.5 Å,
with q covering a range from-0.5 au to+0.5 au in 0.1 au
steps, and the CH4 geometry was fixed at its optimized structure
(q ) 0 au). This system is chosen since in methane very small
hyperconjugative interactions take place; therefore, electrostatic
interactions on them should not be important. As expected,
occupancies of bothσCHa andσ*CHa orbitals changed less than
0.001; on the other hand, the FC term of1JCHa increases almost

linearly fromq ) +0.5 toq ) -0.5 au, though the sensitivity
to a positive charge is slightly larger than for a negative charge.

The main results thus found are collected in Table 6, where
it is observed that1JCHa SSCC changes 21.4 Hz whenq changes
from +0.5 au to-0.5 au, while for the remaining bonds1JCH

changes in-8.0 Hz within the same range ofq values. It is
important to stress that inIIa only weak hyperconjugative
interactions take place, and for this reason, changes in occupan-
cies are too small. To verify if the electrostatic effect observed
in IIa is sensitive to the s % character of theσCH bond facing
chargeq, the same calculations were repeated forIIb (Scheme
1) (i.e., for IIa changing the H-C-Ha angles from tetrahedral
to 120° but keeping the C-Ha direction as a 3-fold symmetry
axes). In these conditions1JCHa changes 25.2 Hz whenq changes
from +0.5 to -0.5 au (i.e., the sensitivity to electrostatic
interactions seems to increase somewhat when increasing the s
% character at the C atom). Such a distortion in the CH4

molecule changes the FC term of1JCH SSCC (forq ) 0 au)
from 126.7 to 180.4 Hz, and the s % character at the C atom
changes from 25.0% to 32.06%.

To study how different is the influence of the same
electrostatic interaction, shown in the model systemII , when
applied to a system undergoing strongσ-hyperconjugative
interactions, modelsIIIa andIIIb are chosen (Scheme 3). The

distanced and chargeq were fixed as in modelII (i.e., 2.5 Å),
and q was changed from+0.5 to -0.5 au. Results for these
two model systems are displayed in Table 7, where it is observed
that in IIIa and IIIb 1JC3H changes in 30.6 and 31.2 Hz,
respectively, when changing fromq ) +0.5 toq ) -0.5. Those
ranges for1JC3H SSCCs inIIIa and IIIb should be compared
with those in methane,IIa and IIb , (i.e., 21.4 and 25.2 Hz,
respectively, as shown in Table 6).

In IIIa andIIIb the behavior of theσ*C3H antibonding orbital
occupancy is consistent with an inhibition of hyperconjugative
interactions into this antibond whenq < 0, and with an

Figure 2. Axial view for (a) Ia (X ) NH2) and (b)Ia (X ) NO2). In both cases the calculated FC contribution for the lateral1JCH SSCCs is shown.

TABLE 6: FC Terms of SSCCs (in Hz) Calculated in the Model Systems IIa and IIb Whenq Changes from-0.5 to +0.5 aua

IIa IIb

q 1JCHa
1JCH s % σCHa σ*CHa

1JCHa
1JCH s % σCHa σ*CHa

-0.5 137.0 123.0 25.77 -1.5 0.6 192.2 108.9 32.98 -1.2 0.5
0.0 126.7 126.7 25.00 -1.2 0.4 180.4 113.2 32.06 -1.0 0.5
0.5 115.6 131.0 24.21 -1.0 0.2 167.0 117.9 31.14 -0.9 0.4

a Occupancies ofσCH bond andσ*CH antibond are given as in Table 3.

SCHEME 2: IIa d ) 2.5 Å; q Was Changed from-0.5
to +0.5 aua

a The structure of the CH4 molecule was kept fixed at its optimized
geometry.IIb the Same as inIIa , but the H-C-Ha angle was changed
from tetrahedral to 120°.

SCHEME 3: d ) 2.5 Å; q Was Changed from-0.5 to
+0.5 aua

a X ) H (IIIa ), X ) F (IIIb ).
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enhancement of such interactions whenq > 0. According to
the qualitative description presented in Section 2, electrostatic
induced changes in theσ*C3H occupancy are compatible with
an increase in theJb contribution to the FC term of1JC3H when
the σC3H bond faces a negative charge. The occupancy of the
σC3H bond for different values ofq show that the proximity to
a negative charge enhances hyperconjugative interactions from
a σCH bond, counteracting in part the effect onJb. Changes in
the occupancies ofσCiC3 bonds (i ) 2, 4, 5) are very important,
and they show that such a negative charge facing theσC3H bond
enhances hyperconjugative interactions of typeσCiC3 f σ*C1X.
These interactions, according to Section 2, yield algebraic
increases in theJob contributions to the FC term of1JC3H SSCC.
The s % character at C3 of the σC3H bond is more sensitive to
electrostatic interactions forIIIa than for IIIb ; the former
changes 2.32% while the latter 1.82% when changingq from
+0.5 to-0.5 au. These values should be compared with those
in methane, where the s % character changes in 1.56% for the
same change inq. Taking into account the NBOQ1 values
(Table 3), it seems that the point chargeq tends to compensate
the electrostatic effect ofQ1 on the FC term of the1JC3H SSCC;
in fact, in IIIb Q1 changes from 0.412 au forq ) 0 to 0.406 au
for q ) -0.5 au. One of the important questions that remain to
be answered is about the larger sensitivity to theq electrostatic
effect of the FC term of1JC3H SSCC inIIIa andIIIb than that
of 1JCH in both IIa and IIb . In the next subsection, an answer
to such a question is sought by studying this type of electrostatic
interaction on aσCH bond participating in a strong negative
hyperconjugative interaction.

C. Negative Hyperconjugative Interaction Effect on1JCHax

and on 1JCHeq in Tetrahydropyran (IV). In Section 4B, it was
observed that inIIIa andIIIb the sensitivity of1JC3H SSCC to
chargeq is notably different to that observed inII . Apparently,

this originates in the strong hyperconjugative interactions that
take place in the bicyclo[1.1.1]pentane substrate, where both
Jb andJob contributions to1JC3H are strongly affected by charge
q. For this reason, it is considered interesting to test two other
systems,IVa and IVb (Scheme 4), to study the electrostatic
effect on1JCH SSCCs in tetrahydropyran with a point chargeq
facing theσC1Hax bond, IVa , and with a point charge q facing
theσC1Heq bond,IVb . Both distanced and chargeq were taken
as in model systemsII andIII . In IV there is a strong negative
hyperconjugative interaction into theσ*C1Hax and the pyran
substrate is notably less strained than those of modelsIIIa and
IIIb . Calculated FC terms of1JCHax and1JCHeq SSCCs; the s %
character at the C atom of the respectiveσCH bond, and the
occupancies of bonds and antibonds that affect the respective
Jb andJob contributions (forq ) -0.5, 0.0, and+0.5 au) are
collected in Table 8.

It is observed that, when changingq from +0.5 au to-0.5
au, the FC terms of1JCHax (IVa) and1JCHeq (IVb ) SSCCs change
in 20.9 and 21.5 Hz, respectively. Comparing results displayed
in Tables 7 and 8 ,it is noteworthy that, while in systemsIIIa
andIIIb the occupancies of bonds affecting theJob contributions
are notably changed, inIVa and IVb they are not affected by
the presence of point chargeq. This result is somewhat
unexpected since theσC1Hax bond is playing the role of “other
bond” in IVb , and the electrostatic interaction affectingσC1Heq

does not change, within the approximation considered here, the
σC1Hax occupation. This different behavior and the large natural
chargeQ1 at the C1 atom, seem to be the main reasons why
1JC3H in IIIa and IIIb is more sensitive to electrostatic
interactions than both1JCHax and 1JCHeq in IVa and IVb ,
respectively. In Figure 3, the behaviors of1JCHax and 1JCHeq

SSCCs with a point charge facing the respectiveσCH bonds are
displayed. In Figure 3a, the second-order perturbation energy
corresponding to the n(O)f σ*C1Hax negative hyperconjugative
interaction and the calculated FC term of1JC1Hax versus the point
chargeq are displayed, while in Figure 3b the second-order
perturbation energy corresponding to theσC3O f σ*CHeq hyper-
conjugative interaction and the calculated FC term of1JC1Heq

versus the point chargeq are plotted. In both cases a negative
point charge facing the correspondingσCH bond inhibits the
respective hyperconjugative interaction into theσ*CH antibond;
however, it is important to note the different vertical scale used
in Figure 3a,b for the second-order perturbation energy. This
conspicuous difference between both hyperconjugative interac-
tions suggests that, changes in1JC1Hax are mainly due to the
inhibition of the n(O) f σ*C1Hax interaction when a negative
charge faces theσC1Hax bond. On the other hand, results displayed
in Figure 3 suggest that changes in the1JC1Heq SSCC plotted in
Figure 3b originate mainly on changes in the electronic
distribution along theσC1Heq bond produced by the electrostatic
interaction with the point chargeq. This effect seems to be
similar to that described above forIIa , where hyperconjugative
interactions are very weak.

D. Oxygen Protonation Effect on1JCHax and 1JCHeq SSCCs
in Tetrahydropyran (IVc). In modelIVc (Scheme 5) tetrahy-

TABLE 7: FC Terms of SSCCs (in Hz) Calculated in Model
Systems IIIa and IIIb for Different Point Charges Facing the
σC3H Bonda

IIIa IIIb

q 1JC3H s % σC3H σ*C3H σC2C3
1JC3H s % σC3H σ*C3H σC2C3

-0.5 181.2 29.91 -7 34 -39 197.6 30.12-14 31 -54
0.0 166.5 28.86 -6 39 -37 182.9 29.31-12 35 -52
0.5 150.6 27.59 -5 47 -36 166.4 28.30-10 41 -50

a Occupancies ofσC3H andσC2C3 bonds andσ*C3H antibonds are given
as in Table 3. The s % character of theσC3H bond at the C3 carbon
atom is also shown.

SCHEME 4

TABLE 8: FC Term of 1JCHax and 1JCHeq SSCCs in Model Systems IVa and IVb for Different Point Charges Facing theσCHax

and σCHeq Bonds, Respectivelya

IVa IVb

q 1JCHax s % σCHax σ*CHax σCHeq σC1O σC1C6
1JCHeq s % σCHeq σ*CHeq σCHax σC1O σC1C6

-0.5 146.7 24.48 -14 26 -18 -10 -14 155.5 24.55 -20 16 -13 -10 -14
0.0 136.9 23.76 -13 32 -18 -10 -14 145.8 23.84 -18 18 -13 -10 -14
0.5 125.8 22.93 -12 41 -16 -10 -14 134.0 23.03 -16 21 -12 -10 -14

a Occupancies are given as in Table 3.
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dropyran is protonated with a proton in axial position, where
the optimized geometry for neutral hydropyran was held fixed.
In Table 9, data corresponding to the FC contribution to1JCHax

and1JCHeq SSCCs, the s % character at the C atom ofσCHax and
σCHeq bonds, and occupancies of orbitals relevant for analyzing
qualitatively the behavior ofJb and Job contributions to such
SSCCs are collected.

Upon protonation, bothσCHax and σCHeq bond occupancies
decrease notably; the former due to the presence of theσ*OH

antibond (i.e., there is an importantσCHax f σ*OH interaction)
and the latter due to the increase in the acceptor ability of the
σ*OC3 antibond. On the other hand, the occupancies ofσ*CHax

andσ*CHeq antibonds are notably reduced, although this effect,
as expected, is much stronger in the former than in the latter.
To understand the behavior of1JCHax and 1JCHeq SSCCs upon
protonation it is important to remember that theσCHax bond plays
the role of “other bond” for1JCHeq and so doesσCHeq for 1JCHax.
These results are compatible with the conclusion that the main
factor defining the experimental difference between1JCHax and
1JCHeq SSCCs is the negative hyperconjugative interactionn(O)
f σ*CHax.

E. Geometric Effect on 1JCH SSCCs. Results displayed in
Table 6 show that in methane, where hyperconjugative interac-
tions are very small, how1JCHa SSCC is affected by a distortion
in the molecular geometry. That distortion was obtained
increasing the Ha-C-H bond angles from tetrahedral to 120°,
keeping the C-Ha direction as a 3-fold symmetry axis. It is
also observed an important increase in the s % character at the
C atom of theσCHa bond. This geometry effect on a1JCH SSCC
is expected to be present when other effects are also operating,
like, for instance, hyperconjugative and/or electrostatic interac-
tions. Of course, in actual compounds all these effects are
strongly intertwined, and it might be impossible to obtain a neat
separation between them. However, in some instances indirect
evidence might be obtained on any of these effects; this seems
to be the case of1JC2H in compoundsIb where such couplings
were measured as part of this work (Table 1), and their total
calculated values are shown in Table 2. In fact, it is observed
that, although small, there is a systematic difference between
such couplings in seriesIa and Ib (Table 10), which is rather
insensitive to the nature of the X substituent. In Table 10 are
collected also the difference in the bridgehead C1- - -C3 distance,
∆(dC1C3), obtained from their optimized geometries and between
the C2 s % character,∆(s %), as given by the NBO method
between compounds of seriesIa and Ib for the same X
substituent. It is observed that the methyl group, seriesIb , yields
an increase indC1C3 of about (8 to 10)× 10-3 Å, which also
decreases the C2 s % character in ca. 0.4% for theσC2H bond.
On the other hand, a qualitative analysis of how hyperconju-
gative interactions affect the respectiveJb andJob contributions
to the FC term of such couplings show that these effects tend
to compensate among each other (Table 11). These observations
are compatible with ascribing to a geometric effect (i.e. a slight
lengthening of the bridgehead C1- - -C3 distance), the changes

Figure 3. Response of the FC term of1JCH SSCCs inIVa andIVb to
a point chargeq facing the correspondingσCH bond. In both cases, the
H- - -q distance was kept fixed at 2.5 Å, and the tetrahydropyran
geometry was kept fixed at its optimized value. (a) InIVa the second-
order perturbation energy corresponding to then(O) f σ*CHax negative
hyperconjugative interaction and the calculated FC term of1JCHax vs
the point chargeq. (b) In IVb the second-order perturbation energy
corresponding to theσC3O f σ*CHax hyperconjugative interaction and
the calculated FC term of1JCHeq vs the point chargeq.

SCHEME 5

TABLE 9: Effects upon Protonation of One Oxygen
Lone-Pair in Tetrahydropyran

1JCH s % σCH σ*CH σC1O σC1C6

ax neut. 136.9 23.76 -13 32 -10 -14
prot. 160.7 25.08 -19 19 -7 -12

eq neut. 145.8 23.84 -13 18 -10 -14
prot. 151.6 24.04 -18 14 -7 -12

a The FC term of SSCCs are given in Hz. s % corresponds to the
character of the respectiveσCH bond. Occupancies of NBO orbitals,
given as in Table 3, relevant to analyze qualitatively the behavior ofJb

andJob contributions to the respective FC terms are shown.

TABLE 10: Comparison of Experimental 1JC2H Couplings
(in Hz), Bridgehead C1- -C3 Distances,dC1C3 (in Å), and
∆(dC1C3) (in 10-3 Å), and the C2 s % Character of the σC2H
Bond

Ia Ib

X ∆(1JC2H) dC1C3 dC1C3 ∆(dC1C3) ∆(s %)

H -2.3 1.8812 1.8891 -7.9 0.35
CH2OH 0.7 1.8821 1.8902 -8.1 0.37
COCH3 1.8820 1.8902 -8.2 0.39
CONH2 1.8818 1.8904 -8.6 0.39
CO2H 0.9 1.8771 1.8850 -7.9 0.39
CN 0.9 1.8815 1.8898 -8.3 0.37
NH2 1.2 1.8801 1.8881 -8.2 0.42
NO2 1.6 1.8398 1.8489 -9.1 0.38
Cl 0.7 1.8403 1.8499 -9.6 0.41
Br 1.4 1.8386 1.8486 -10.0 0.42
I 1.2 1.8398 1.8507 -10.9 0.37
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observed in1JC2H SSCCs when comparing analogous compounds
in seriesIb and Ia.

5. Concluding Remarks

In the qualitative analysis of how hyperconjugative interac-
tions affect 1JC(sp)3,H SSCCs presented in Section 2, it is
concluded that (a) hyperconjugative interactions whether from
the σCH bond or to theσ*CH antibond (both of them involving
the coupling nuclei) yield a reduction on the1JC(sp)3,H SSCC;
(b) hyperconjugative interactions from any of the three “other
bonds” involving the coupling C nucleus yield an increase in
that1JC(sp)3,H SSCC. Experimental1JC3H couplings measured in
members of theIa series support conclusion (b).

Effects of changes in the polarization along theσCH bond on
the corresponding1JC(sp)3,H SSCC are studied resorting to model
systemsII and III . Such results show that polarization of the
σCH bond by an electric field along that bond and pointing in
this way, C f H, yields an increase on the corresponding
1JC(sp)3,H SSCC. This result is compatible with experimental
values taken from the current bibliography. Conspicuous
examples are those observed in weak hydrogen bonds of type
C-H- - -O, now recognized as very important in biological
compounds. A reversal of the polarization along that bond yields
a reduction of such a coupling.

In many instances electrostatic interactions, like for instance,
in modelsIIIa and IIIb , are notably intertwined with hyper-
conjugative interactions. In fact, the latter can be inhibited
(enhanced) by electrostatic interactions depending on the
orientation of the electric field. Despite such sensitivity of
hyperconjugative interactions on electrostatic effects, results
shown for modelsIVa and IVb suggest that the main effect
defining the difference between1JC1Heq and 1JC1Hax in IV
originates mainly in the strong negative hyperconjugative
interaction affecting theσCHax bond (i.e.,n(O) f σ*CHax).
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