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Abstract. Analysis of the 1H NMR spectra of eight stereodefined 
alkylidenecycloalkanes allows determination of the magnitude of 
allylic coupling in these compounds. In contrast to the trend normally 
observed, the magnitude of transoid-allylic coupling was found to 
be invariably greater by ~0.5 Hz than the cisoid-allylic coupling. 
The larger transoid-allylic coupling may be attributed to the slightly 
smaller dihedral angle relating allylic =C–C–H plane with the C=C–C 
plane in the E-isomers.
Keywords: Proton NMR, Allylic Coupling, Alkylidenecycloalkanes

Resumen. El análisis de los espectros de RMN protónica de ocho 
alquilidéncicloalcanos estereoisoméricos permite determinar la mag-
nitud de los acoplamientos alílicos en estos compuestos. En contraste 
con la tendencia normal, la magnitud de los acoplamientos en seg-
mentos alílicos transoides es siempre mayor que la encontrada en 
sistemas alílicos cisoides, por aproximadamente 0.5 Hz. Los valores 
mas grandes en las constantes de acoplamiento para los sistemas tran-
soides pudiera explicarse con base en el ángulo diedro existente entre 
el plano alílico =C-C-H y el plano en el segmento C=C-C presente en 
los isómeros E, que es ligeramente mas pequeño.
Keywords: RMN de protones, acoplamientos alílicos, alquilidén-
cicloalcanos.

Introduction

Some time ago we reported, as illustrated below, that acetyle-
nic alkyllithiums, generated in quantitative yield by low-tem-
perature lithium-iodine exchange between an acetylenic alkyl 
iodide and tert-butyllithium (t-BuLi), undergo regiospecific 
exo-dig cyclization to give 4-, 5-, or 6-membered rings on 
warming [1, 2]. In the course of this work, eight isomerically 
pure alkylidenecycloalkanes, illustrated in Figure 1, bearing 
gem-dimethyl groups at the endocyclic allylic position were 
prepared and characterized [2]. It occurred to us that these 
compounds presented an opportunity to investigate the magni-
tude of the 4J 1H-1H allylic coupling in a series of fairly rigid, 
stereodefined systems that display first-order behavior.

constitute the π-bond (viz., the bisector of the Cvinyl–CX–HX 
angle): the maximum value for 4Jallyl will result when Φ is 0° 
because the C–H bond and the π-orbital are then coplanar [3, 
7]. It might be noted that this definition of Φ, which follows 
the convention introduced by Barfield in his pioneering treat-
ment of allylic coupling [3], differs from that used in more 
recent discussions in which the angle between the allylic C–H 
bond and the plane of the three carbon unit is taken as Φ [7]. 
Clearly, by this later definition of the dihedral angle, the maxi-
mum value for 4Jallyl results when Φ is 90° [7].
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An extensive literature dealing with allylic 1H-1H cou-
pling has accumulated since the pioneering studies by Barfield 
[3], Karplus [4], Sternhell [5], McConnell [6] and others and 
the experimental data, as well as theoretical treatments, have 
been thoroughly reviewed [7]. The allylic coupling is typically 
of negative sign  [7] and magnitude of the allylic coupling is 
related, as illustrated below, to the dihedral angle (Φ) between 
the allylic C–HX bond and the plane of the π-orbitals that 
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Two modes of coupling may be distinguished: a transoid 
coupling, 4Jtrans, between HX and Ht and a cisoid coupling, 4Jcis, 
between HX and Hc. While there are a good deal of 4Jtrans data 
in the literature, there are relatively few experimental values 
for 4Jcis coupling in stereodefined systems [7, 8]. It has been 
noted, however, that the magnitude of the cisoid coupling is 
generally greater than the transoid coupling in a given system 
[7, 8]. In contrast to this trend, as detailed below, the allylic 
coupling constants of all of the compounds investigated in this 
study (Figure 1) have 4Jtrans > 4Jcis and the magnitude of the 
couplings are related to the dihedral angle, Φ.
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Results and Discussion

Examination of the proton NMR spectra of the eight stereode-
fined alkylidenecycloalkanes, which are summarized in Tables 
1 and 2, reveals some interesting trends. The chemical shifts of 
the vinyl proton in both phenyl-substituted (1 and 3) and tri-
methylsilyl-substituted (2 and 4,) Z-cycloalkylidenes are con-
sistently downfield, by 0.03–0.25 ppm, in comparison to the 
analogous chemical shifts of the E-isomers. The gem-dimethyl 
protons in the Z-trimethylsilyl-substituted cyclobutylidene 
(Z-4) and cyclopentylidene (Z-2) compounds appear down-
field by 0.11–0.12 ppm compared to those of the E-isomers 
(E-4 and E-2 , respectively). In the aromatic series, the methyl 
protons of both cyclobutylidene isomers, E-3 and Z-3, have 
very similar proton chemical shifts (viz., δ = 1.25 and 1.29, 
respectively). However, the methyl protons of Z-benzylidene-
cyclopentane (Z-1) resonate upfield by 0.15 ppm compared to 
those of the isomeric E-compound (E-1). This observation is 
in accord with the geometry of the calculated minimum energy 
conformation (vide infra) of Z-benzylidenecyclopentane (Z-
1) which suggests that the phenyl ring lies at a ~80° angle to 
the plane of the double bond: the methyl protons are therefore 
expected to be somewhat shielded by the ring current of the 
aromatic ring. The calculated distance (vide infra) between 
the methyl protons and the phenyl ring is greater in Z- ben-

zylidenecyclobutane (Z-3) than in Z-1 and for this reason the 
effect of the diamagnetic anisotropy exhibited by the phenyl 
ring is expected to be less important in the cyclobutane com-
pound.

Examination of the allylic coupling constants of all of the 
compounds studied (Tables 1 and 2) clearly shows that the 
magnitude of 4Jtrans is invariably greater by ~ 0.5 Hz than is 
the magnitude of 4Jcis. As noted above, the opposite trend is 
generally observed [7, 8]. Indeed, we had initially relied on 
the relative magnitudes of the allylic couplings to assign the 

Table 1. Proton NMR Data for Benzylidenecycloalkanesa

H

H3C

H3C

H3C

H3C

H1 1

2 2

3 4

5

3

5

compound 1 2–CH3 3 4 5 aromatic

Z-1 6.42
broad s

1.00
s

1.55
t, J = 6.89 Hz

1.61–1.69
m

2.55
t of doublets
3J = 7.37 Hz
4J = 2.07 Hz

7.16–7.31
m

E-1 6.17
t, J = 2.56 Hz

1.15
s

1.55
t, J = 6.86 Hz

1.74
app. quintet
J = 7.06 Hz

2.67
t of doublets
3J = 7.25 Hz
4J = 2.56 Hz

7.15–7.31
m

Z-3 6.10
t, J = 2.15 Hz

1.29
s

1.78
t, J = 8.04 Hz

2.69
t of doublets
3J = 8.03 Hz
4J = 2.15 Hz

7.14–7.30
m

E-3 6.07
t, J = 2.60 Hz

1.25
s

1.91
t, J = 7.91 Hz

3.01
t of doublets
3J = 7.92 Hz
4J = 2.60 Hz

7.14–7.30
m

a Recorded in CDCl3; numbers on structures refer to the tabulated proton chemical shifts. The sign of the coupling constants were not determined.
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Fig. 1. Stereodefined Alkylidenecycloalkanes
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stereochemistry of the gem-dimethyl alkylidenecycloalkanes; 
however, detailed NOE-difference spectra and phase-sensitive 
NOESY experiments, as well as single-crystal X-ray analysis 
of a derivatized product, confirmed the assignments illustrated 
in Figure 1 [2]. In an effort to rationalize the observation that 
the transoid allylic coupling in the E-isomers is larger than the 
cisoid coupling in the corresponding Z-isomers, the dihedral 
angle (Φ) between the allylic C–C–H unit and the plane of the 
π-orbital in each compound were estimated from the minimum 
energy structure of each isomer obtained using the MM2-
parameter set [9] incorporated into the Chem3D Pro program 

[10]. It might be noted, as detailed elsewhere [2], that the X-
ray structure of a crystalline derivative of Z-1 is virtually iden-
tical to that computed by molecular mechanics using the MM2 
parameters. The results of these calculations are summarized 
in Table 3.

Inspection of the data presented in Table 3 reveals that, 
for a given set of isomers, the larger allylic coupling, 4Jtrans , 
is found in the E-isomer and this in turn is the isomer with 
the smaller value of Φ. Hence, the magnitude of the 4Jtrans 
coupling is larger than that of the 4Jcis coupling as a result of a 
more effective overlap of the orbitals in the allylic C–H bond 
with the π-system in the E-isomers.
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H3C

H3C

H3C
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5

3

5
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s
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s
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s
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s
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