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Interproton allylic spin-spin coupling
DIAGRAM 1

(defined in diagram 1 as cisoid = J Ax 2nd

B

HX \\\ B transoid = J X) has received considerable
N
~
N attention and the very large number of data
=
)

“ have been thoroughly reviewed and inter-

pretedl-’5 while the theoretical background

H is due to Karplus6, Barfie1d3’ 7, Hoffrnan8

A h

and ot;hersl .

It is commonly obaervedl-s, and

, 9

theoretically jnstifiedz’ 3 , that in acyclic compounds J has a larger (in fact

cisoid

negative) absolute value than the corresponding J although very similar sets of

transoid’
values and small reversals have been observedl-s. In view of the fact that substituents
undoubtedly influence the values of allylic coupling constants and that the conformation in
acyclic compounds is often uncertain { see below for examples of pairs of conformationally

unequivalent isomers), these slight reversals have not been considered significant from the

theoretical point of view and merely emphasise that the relation l Jcisoidl)lJtransoidI

is unreliable as a basis of structural assignments in acyclic systemss’ 9.

. 10 s s .
We have previously observed = a significantly larger | Jtransoi Ithan I Jcisoidlm
a structure devoid of conformational ambiguity., We have since prepared a large number of
analogous compounds, conducted a literature search for further examples and obtained a

number of compounds from other laboratories for accurate NMR measurements. A

selection from these results is given in table 1. It can be seen that with four-membered,
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Footnotes to Table 1

a All new compounds gave correct elementary analyses and spectroscopic constants. NMR
assignments were made on the basis of well established shielding effects by neighbouring
groups. Unless otherwise stated, the coupling constants are significant to t .02 Hz. Where
no signs are indicated the coupling constants can be assumed to be negative by analogy {c.f.
references in text). All data from these laboratories were obtained with a Varian HA100

instrument for approximately 10% solutions in CDCl_ or CC14. b M. Mﬂhlst'édt, M. Hermann

3
and A. Zschunke, Tetrahedron, 24, 1611 (1968). ¢ G. Van Binst, J.C.Nouls, J. Stokoe,

— 2

C.Danheux and R. H, Martin, Bull, Soc. Chim. Belges, 74, 506 (1965); J.C.Nouls, P.Wolast,

J.C. Braekman, G, Van Binst, J. Pecher and R.H, Martin, Tetrahedron letters, 2731 (1968).

d We are grateful to Prof. Takashi Tsuji for 2 sample of a precursor of this compound. See

also T. Tsuji, I. Moritani, S. Nishida and G, Tadokoro, Bull. Chem. Soc.Japan, 40, 2344

(1967). e We are grateful to Prof. Dr. M. Mihlstidt for a sample of a precursor of this
compound, See also M, Muhlstidt and H, Meinhold, J, Prakt. Chem., g, 162 (1968).
f W.Cherry, Q.N.Porter and S. Sternhell, unpublished data. g We are grateful to Prof.
E.Ritchie and Dr, W. C. Taylor for this sample. See also L. N.Mander, E, Ritchie, and
W. C. Taylor, Aust.J.Chem,, 2, 1021 (1967) and reference 1. The value quoted here

represents accurate remeasurement.

five membered, rigid six-membered and probably also with t’.hree-memberedll rings with

exocyclic methylene, alkylidine etc. groups

JtransoidPPcisoid ' . The apparent inconsis-

tency with some non-rigid six-membered rings ( Table 1) can be easily resolved by consider-
ing the following points: (i) In compounds (1i) and (2i) the six-membered rings are probably
not planar and hence the angles §f are not approximately 30° and 1500, as with flat rings but
approximately 15° and 105° (Dreiding models). The allylic coupling constants are therefore
averages for these two angles and should be similar to those in propene3 as is indeed found,
(ii) The sets of isomeric pairs (1ii - 1v) and (2ii) are not expected to exist in identical

average conformations, and examination of models and the established:l-5 relationship between
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# and the magnitude of allylic coupling leads to the expcctation of larger| J allvlic for the

flatter trans series than for the more puckered cis series, as is indeed [ound.
From the examination of the data for planar compounds ( Table 1, entries 3-9 and

other examples collected by us) we conclude that as the angle # approaches 0 or 180° (i.e.

for large, presumably negative, allylic coupling constants) Jtransoid becomes consistently

larger than Jcisoid' This, besides being of obvious empirical usefulness in the interpretation
of NMR spectralz, explains the series of uncertain values for acyclic compounds (see above)
as lying close to the "cross-over'' point and also the fact that the largest (absolute magnitudes)

allylic coupling constants are observed for transoid cases (e.g. entries 3, 10 and 11 in Table

1). Clearly, a reinterpretation of the theoretical basis of allylic coupling is required.

DIAGRAM 2 !

e . N -
transoid ) cisoid

a b
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For the purposes of structural determination, Barfield's curve53 (Diagram 2a) will
still be found useful, although clearly a modification to a form shown in Diagram 2b must be
made. As pointed out by GarbischZ there is also some uncertainty about the values of Jcisoid
for § = ca. 900, where the scarce experimental data suggest that the calculated3 values are too
far to the positive side. Further, recent calculations by Barﬁeld7 indicate that the large
negative maxima at § = 0° and 180° in Diagrams 2 should be deeper by approximately 0.4 Hz.
Entries 3, 10 and 11 in Table 1 support this, The remaining portions of the thus modified two
curves in Diagram 2b fit quite well the numerous experimental results assembled by us, which
will be published elsewhere,

It cannot be overemphasised that some rare substituent effectss, bond orders 1ess4'
than 2, the possibility of alternative simultaneous coupling paths in small cyclic systems,
steric strain and unusual magnitudes of the planar angles {8 and 8' in Diagram 1) in the
allylic system will cause significant deviationsl-s’ 13 from the general relationships summa-
rized in Diagram 2. The best example of such a discrepancy is found in cyclobutene deriva-
tivesl4 where the (transoid) allylic coupling constants have much smaller (negative) values

3

than expected from the magnitude of . This is most likely due to the presence of two "sigma'

coupling paths leading to a larger positive { cancelling) contribution.
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