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Proton-proton coupling is not normally detected across four bonds in saturated
systems since effects transmitted solely through the o~ framework decrease by a factor
of 10-20 per bond. @) However, recently a number of exampies of stereospecific inter-
proton spin-spin coupling across four single bonds have been reported in the literature.(a)
We wish to report another interesting example of long renge proton~proton interaction
across four single bonds. Recently two chromone-ketene dimethyl acetal photoeddition

products (I and II) were prepared in this laboratory. 3)
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W..e the nmr spectrum of adduct I was essentially normal, that of adduct II was
unigue. Using the Swalen-Reilly program(l") for a four spin system, the coupling constants
for the cyclobutane hydrogens in adduct II were precisely determined. ‘The values obtained
are given below. The initial approximations of the coupling constents and chemical shifts
for the cyclobutane hydrogens, as well as the location of the frequencies of the individual
transitions, ‘was easily accomplished due to the significant chemical shift differences
between the hydrogens involved. The coupling constants for adduct I were read directly

from its spectrum and are also shown below.
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Adduct I Adduct II
Jip =9 cps Jp = 8.2 cps
Jl3 =<1 cps J]_3 = 3.5 cps
Jllt =<1 cps th_ = 0.6 cps
J23 = 9 cps J23 = 8.9 cps
th = 3.2 cps J21+ = 9.1 cps
J31‘_ = =13 cps J3,+ = ~12.9 cps

From the calculated coupling constants for adduct II, it can be seen that the nmr
spectrum of this compound exhibits two rather unusual features. First, long range coupling
(J13) of apprecisble magnitude is observed over four saturated bonds. Secondly, the addition
of a mole of ketene dimethyl acetal to adduct I has so altered the conformation of the
cyclobutane ring that in addition to introducing the long range coupling, the vicinal cis
and trans proton couplings (J23 and th) have become essentially equal and quite large.

Unfortunately the observation of long range coupling in adduct II by itself does
not appear to shed much light on the conformational change in the cyclobutane ring. While
several examples Aof this type of coupling have been observed, @) the actual mechanism of
the long range coupling still remains in doubt. Indeed it is possible that there may be
more than one mechanism by vhich this interaction can occur. (5) It was initially cone
ciuded that the Fermi or contact potential was largely responsible for proton spin-spin
coupling because of the s-electrons surrounding the hydrogen nuclei. 6) Using this approach
the coupling constant should be proportional to the square of the overlap integrals for the
two carbop~hydrogen bond orbital wave f‘tmctions.(?’s) Wiberg, ®) however, has shown that
this relationship does not appear to be valid for the long range coupling observed in
certain bicyclo[z.l.l]he:mne derivetives. From his calculations he concludes that the
Fermi contact potential may not be the most important contributor to long range coupling.

mrfield(S) has investigated the angular dependence of long range proton-proton
coupling. He states that both "direct" ("through space") and "indirect" ("through-the-
bond") coupling paths may be important contributors to the coupling constant. This in-
direct coupling is related to the importance of the vicinal exchange interaction ia

(2,10)

paraffins. (9) Numerous experimentel results have shown that long range coup-

ling over four saturated bonds is most pronounced when the atoms assume a W
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orientation. Barfield suggests that for some conformetions of this model the large separa-
tion between the two hydrogens would indicate a negligible contribution from the "direct"
coupling path and it is the "indirect" coupling which is responsible for long range inter-
action. However, his calculations predict a maximum coupling of only 1.2 cps under ide'al
stereochemical conditions, when the two protons are in‘the C-C-C plane, a condition clearly
not met in adduct II.

Meinwald(ll) has also observed long range interaction in the nmr spectra of bicyclo;
[2.l.l]hexanes. He has suggested that this coupling may be due to a direct overlap between
the small orbitals of the carbon atoms involved; i.e. that the interaction “across four ‘
bonds" does not involve the two carbon-carbon bonds at all. This would restrict this

coupling to systems which can adopt the "W" orientation. However, it is not possible to

distinguish between a "Meinwald" type interaction and a "direct" ('"through space") coupling.
Indeed, Ba.rfield(5 ) is careful to state that for an eclipsed conformetion of a saturated

hydrocarbon, the “direct"” contribution to -
It appears that the real clue to the change in the conformation of the cyclobutane

may be quite significant.

ring in going from adduct I to II is the vicinal coupling constants. While the cis vicinal
coupling constant (J23) remains 9 cps, the trans coupling (Ja,_‘_) changes from 3.2 to 9.1 cps.
Using the Karplus curve(lz) to relate the coupling constant to the dihedral angle, this
means that the dihedral angle for the cig hyd.rogéns mst remain close to 0O° , but that for
the trans hydrogens must approach closer to 1800. In addition, since the coupling between
the geminel hydrogens (J3,+) is the same in both adducts, the dihedral angle between the

two geminal hydrogens must remain the same. (13) The proper dihedral angles for the cis
and trans hydrogens in adduct II can be obtained by a "twisting" of the cyclobutane ring.
As seen from the Karplus curve, (12) the change in the vicinal trens coupling (th-) from
3.2 to 9.1 cps is accomplished by increasing the dihedral angle towards 180°. Normally
this change would tend to .increase the angle between the cis hyd.:;ogen.s resulting In a
decrease of the cis coupling (J23). However, this is not always the case and the following

formila projections can be used to best accommodate all of the data.
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Adduct I Adduct II

In adduct I H3 is slightly out of the H2-02-C3 plane as shown. Addition of a mole
of ketene dimethyl acetal to I causes the cyclobutane ring to twist in the opposite
direction so that H3 roves through an eclipsed orientation to a new position slightly
out of the H2-02—03 p..ane on the other side. In this manner the dihedral angle between
the two cis hydrogens, hence the coupling constant, remains essentially the same. In
addition, this twisting of the cyeclobutane ring has the effect of increasing the dihedral
angle, and hence the coupling constant, between the trans hydrogens (H2 and Hh) in adduct
II. Te cyclobutane r1ing is pictured as having C3 twisted slightly upward in I and
slightly downward in [I.

If it is this type of "twisting" of the cyclobutane ring which explains the vicinal
cis and trans couplings, it is most likely that the long range coupling between Hl and
H3 (Jl3 = 3.5 cps) occurs by the "Meinwald" type mechanism, that is direct overlap
between the small orbitals of the carbon atoms involved. Twisting the cyclobutane ring
as indicated for adduct II would have the effect of orientating the small orbitals of
the carbon atoms invo .ved (Cl and 03) in a position more favorable for overlap.

The use of F.M.0. models (k) provides a plausible explanation for this suggesteci
twisted cyclobuvane. Addition of ketene dimethyl acetal to the carbonyl of adduet I
is be: " cccomplished by having the oxetane oxygen atom directed away from H1+ However,
even in this configuration there is still steric interaction between H, and one group
of methoxyl hyd-ogens. This hindrance is diminished by twisting the cyclobutane ring

as described.
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