June 5, 1964

ionic reaction since no cyclic product was observed in
the free-radical addition of hydrogen bromide to allene,!
while the presence of an inhibitor did not prevent the
formation of I.

Experiments are under way to examine the reaction
mechanism in more detail and to define the scope of
this novel cyclization with regard to other electrophilic
reagents, other unsaturates, and possible crossover
experiments between different unsaturates. The re-
sults of these investigations and the chemistry of the
1,3-dihalocyclobutanes obtained will be discussed in
forthcoming papers.

Acknowledgment.—The author is indebted to Dr.
G. G. Wanless for providing the mass spectrometric
data and Mr. A. M. Palmer for valuable technical
help.
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The Question of Long/Range Spin-Spin Coupling
through Space: H-F Splitting over Six Bonds!
Sir:

It has been noted that long-range spin—spin couplings,
namely over more than three consecutive bonds, are
not necessarily negligibly small.? Special geometries
are required in order for the splitting to be observable,?
but proximity of the nuclei is not always required.
Thus, four-bond H-H coupling has been observed by
Meinwald! between an endo-2-proton and the 7-proton
antt to it, which are further apart than the correspond-
ing exo-2-proton and the 7-proton sy to it in a bicyclo-
[2.2.1]heptane skeleton; the geometry, however, is
such as to favor four-bond H-H coupling.? On the
other hand, Roberts, who has reported a number of
cases of H-F spin-spin coupling over four and five
bonds,’® has suggested that possibly the five-bond
H-F couplings observed by him may take place through
space rather than through the bonds. Spin-spin
coupling between H and F nuclei over more than five
bonds seems to be unknown.

The proton n.m.r. spectrum of o-fluoro-N,N-di-
methylbenzamide shows the following signals: an
aromatic multiplet centered at 7 2.75 p.p.m. area =
4), a methyl singlet at = 6.97 p.p.m. (area = 3),
and a methyl doublet at 7 7.22 p.p.m. (area = 3).
The nonequivalence of the two N-methyl groups arises
from restricted rotation around the C—N bond, of which
many examples are known.’

The conformations of this amide which maximize
resonance interactions could be flat, all the atoms (ex-
cept the methyl hydrogens) being coplanar as in Ia
and Ib. Although these forms would be consistent
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with the observed n.m.r. spectrum, it seems more
reasonable to assume that, due to nonbonded and
electrostatic repulsive forces, the dimethylamido group
is flat but turned out of the plane of the benzene ring.?
In order to estimate the interplanar angle 6 (between
the benzene ring and the dimethylamido group)
acetophenone derivatives were used as models. Appli-
cation of the method of Braude and Nachod® to the
values of the extinction coefficients reported by Horton
and Robertson!® for the primary absorption bands of
o- and p-fluoroacetophenone indicates that the angle
8 is ca. 25° Consequently contributions from the
resonance form II must be small and the system can
be considered as rotating sufficiently fast between
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the limiting structures II1a and I1Ib, at room tempera-
ture, to result in a n.m.r. spectrum which is the average
of the two forms. On the average, then, one methyl
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group is closer to the w-electron cloud of the aromatic
ring and to the o-fluorine than the other omne, and is
constrained by the ortho substituent to lie above (or
below) the plane of the phenyl ring.

In trying to assign the methyl resonances the anisot-
ropy of both the phenyl ring and the carbonyl group
must be considered and assignment on theoretical
grounds becomes questionable. It seemed that an
unsymmetrically N,N-disubstituted benzamide, in
which one of the methyl groups had been replaced
by a bulkier group, might exist in a preferred conforma-
tion. Such a system would, then, enable unequivocal
assignment of the methyl resonances in o-fluoro-N,N-
dimethylbenzamide. The compound prepared for
this purpose was o-fluoro-N-cyclohexyl-N-methylbenz-
amide. Its proton n.m.r. spectrum shows, in addition
to the aromatic and cyclohexyl multiplets, two discrete
methyl resonances, 0.2 p.p.m. apart, the high field one
being a doublet with J = 1.3 c.p.s. The integrated
areas, in this case, are in the ratio of 3:2, the high field
resonance having the larger area. This can be in-
terpreted as being due to the rotational isomers IVa
and IVb; it seems reasonable to assume that IVa will
be the energetically preferred form. Since the high

(8) This argument is strengthened by current studies in ring-substituted
benzamides to be published separately.

(9) E. A. Braude and F. C. Nachod, *Determination of Organic Struc-
tures by Physical Methods,” Academic Press, Inc.,, New York, N. Y., 1955,

pp. 173-174.
(10) W. J. Horton and D. E. Robertson, J. Org. Chem., 25, 1016 (1960).
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field methyl resonance has the larger area it appear that
the N-methyl group lying close to the benzene ring,
as in IVa, is more shielded than the one syz to the
carbonyl, as in IVb. Consequently it is possible to
assign the methyl resonances in o-fluoro-N,N-di-
methylbenzamide by analogy: the methyl group
closer to the benzene ring must be the more shielded
of the two.

The number of bonds between the two N-methyl
groups and the fluorine nucleus is the same: four single
bonds and two ‘“‘partial’’ double bonds (one aromatic
and one C-N bond). However, the proximity and
geometrical relationship of the two methyl groups to
the fluorine are different and this undoubtedly accounts
for the fact that H-F spin—spin splitting with only one
of the groups is observed. Interestingly enough it is,
as has been noted above, the high field methyl reso-
nance, arising from the methyl group lying closer to
the fluorine, which is split. This splitting is field
invariant!! (J = 1.2 c.p.s.) and is consequently as-
cribed to H-F coupling.

The magnitude of the six-bond H-F coupling ob-
served in this system is comparable to that of the five-
bond gauche H-F coupling observed by Roberts,® rais-
ing, once more, the question whether, perhaps, such long-
range couplings are not taking place through space in-
stead of through the bonds.

Acknowledgment.—The author wishes to acknowl-
edge the helpful assistance of Dr. Theodore Cohen
and to thank Jonathan Lipowitz for a sample of o-
fluoro-N,N-dimethylbenzamide.
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Election Spin Resonce of Triplet Cyclopentadienylidene
and Indenylidene
Ser:

Previously we reported the e.s.r. of the ground state
triplet fluorenylidene (biphenylenemethylene)!? (I)
which may be regarded as dibenzocyclopentadienyli-
dene. We have now observed the e.s.r. of the parent
cyclopentadienylidene (II) and the monobenzo deriva-
tive, indenylidene (III). The observations indicate
that these species have one ¢- and omne w-unpaired
electron. The interaction between the two electrons
stabilizes one of the degenerate w-orbitals in II so that
the formula II represents the dominant resonance
form. The bonds to the divalent carbon atoms (C-1)
in these cyclic methylenes appear to be ‘‘bent.”
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The precursors, d1azocyclopentad1ene3 and diazo-
indene,® were photolyzed in hexafluorobenzene or
hexachlorobutadiene at 77 or 4°K. The spectra were
obtained with a Varlan V-4500 spectrometer with
100-ke. modulation and were characteristic of randomly
oriented triplets of low symmetry.® The spectra
persisted for hours after irradiation ceased indicating
that the observed species were the ground states or
were thermally excited above the ground states by
not more than ~10 cm. ~1

The spectra may be described by the Hamiltonian®

= gBH S + DS + E(S,2 — S,)

With I D = (4078 and E = 0.0283,? and we find
for II D = 0.4089 and E 0.0120 while for IIT D =
0.3777 cm.~! and £ = 0.0160 cm.—!. The zero-field
parameters, D and £, are proportional to the averages
of (1/7%) (32%/#%) and (y? — x2)/7% respectively,
where » and its components refer to the distance be-
tween the two unpaired electrons.® A possible assign-
ment of the principal magnetic axes, analogous to
1,2 accompanies the formulas; the y-axes are perpen-
dicular to the molecular planes.

If the nonbonding o-orbital at C-1 in II contained
two paired electrons, the triplet would have two un-
paired m-electrons. In such =-triplets with one 2pw
atomic orbital available at each carbon atom, the
Pauli exclusion principle requires the vanishing of any
interactions due to the unpaired electrons residing on
the same carbon atom. This limitation upon the
closest approach of the spins places an upper limit on
D of ~0.2 cm.~17 The larger value observed requires
a significant one-center interaction, and indicates
that one unpaired electron lies in a C-1 s-orbital.

A symmetrical distribution of the unpaired =-
electron in II, in which each of the lower pair of de-
generate orbitals is equally populated, would have a
m-spin density at C-1, p1, of 0.20. Because of the domi-
nance of the one-center interaction,® for a given ge-
ometry about C-1, D should be approximately pro-
portional to p;. The similar values of D for I, II, and
II1 imply similar values of p;. An SCF-MO calcula-
tion for the fluorenyl radical yields py = 0.55; for the
indenyl radical p; = 0.41.° With II py should be >0.4.
A mechanism for the increase in p; in II above 0.20
arises from the presence of the orbital degeneracy in
the w-system. One of the degenerate pair of orbitals
has a Hiickel p; = 0.40. An exchange interaction with
the unpaired g-electron, analogous to Hund’s rule, and
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