320 Journal of the American Chemical Society | 100:1 |/ January 4, 1978

properties of 1,2-dioxetanes and the photophysics of their
cleavage products are presently in hand.

Other catalysts with acidic sites (e.g., alumina but not Norit)
are also effective in catalyzing the chemiluminescent cleavage
of 2. The monoanthryl-substituted 1,2-dioxetane described
earlier shows similar behavior.® Since the catalyst may be re-
moved by filtration, these heterogeneous systems offer in-
triguing possibilities for a practical chemiluminescent light
source, which may be switched on and off. Studies of the scope
and mechanism of the catalytic process are in progress.
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Correlation of Chemical Shifts
of Protons and Carbon-13
Sir:

We would like to draw attention to the chemical significance
of a method for correlating proton and carbon-13 chemical
shifts based on spin-spin coupling, information which is tra-
ditionally obtained from coherent proton decoupling over a
range of different frequencies.!-3 It uses a two-dimensional
Fourier transform technique recently introduced by Ernst#3
where one species (the S spins) is detected indirectly by ob-
servation of a second species (the I spins). A rigorous treatment
of this experiment has recourse to the density matrix formal-
ism,%7 although considerable insight may be obtained by a
simpler approach based on spin population arguments.?

The method has already been applied to the problem of
correlating proton (S) and carbon (/) shifts in some simple
molecules.®® The experiment consists of an initial 90° pulse
applied to protons, an evolution period ¢, to allow free pre-
cession of the protons, a second 90° proton pulse which creates
nonequilibrium spin populations, and then (simultaneously or
suitably delayed) a 90° carbon-13 pulse to monitor the car-
bon-13 free induction decay. As the second proton pulse acts
on magnetiziation vectors with different orientations in the
transverse plane, it can be thought of as behaving in a fre-
quency-selective manner, pumping spin populations differ-
entially. This is how information about the proton spectrum
is transmitted via the carbon-13 signal to the receiver, which
is tuned to carbon-13 not protons. There is no net transfer of
magnetization, the “new” carbon-13 resonances having positive
or negative intensities with an algebraic sum of zero.** Two-
dimensional Fourier transformation generates a spectrum in
two frequency dimensions containing information about pro-
tons (in the F; dimension) and carbon-13 (in the F, dimen-
sion)-essentially a shift correlation chart containing some
additional information about spin coupling.

Spectra were obtained from natural-abundance carbon-13
samples on a Varian CFT-20 spectrometer provided with a
program for double Fourier transformation.! The carbon-13
free induction signals were detected under conditions of co-
herent off-resonance proton decoupling, causing incomplete
coalescence of the proton splitting of the carbon-13 resonances
in the F dimension without allowing the antiphase components
of these multiplets to come close enough together for mutual
cancellation.® No attempt was made to remove the corre-
sponding doublet splitting of the proton spectra in the F di-
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Figure 1, Two-dimensional Fourier transform spectrum (absolute value
mode) of the methyl groups in menthone. The assignment of a and b re-
mains ambiguous.
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Figure 2, Two-dimensional Fourier transform spectrum (absolute value
mode) of the methyl groups in camphor. Note the reversal of the proton
and carbon-13 shifts of the syn- and anti-methyl groups.

mension since the CH coupling provides useful structural in-
formation. By recording the two-dimensional spectrum of
tetramethylsilane, the frequency axes F, and F, have been
calibrated (in parts per million) with TMS as origin. This new
method of shift correlation emphasizes the importance of using
a common reference material for protons and carbon-13.

We concentrate on correlating the shifts of methyl groups,
since they give the clearest two-dimensional spectra, probably
because of a general tendency to be only weakly coupled.
Figure 1 shows the methyl region of the spectrum of menthone.
Along the right-hand margin of this diagram, in the £, di-
mension, runs the spectrum of three strong decoupled lines
from the unmodulated carbon-13 signals; they identify the
carbon-13 shifts of sites, a, b, and ¢, but have no significance
for correlation purposes. At each of these F frequencies there
is a proton spectrum running in the F; dimension, arising from
carbon-13 signals that are modulated as a function of ¢;. Each
such proton spectrum is basically a doublet due to the direct
CH coupling, with proton-proton fine structure. This may well
be one of the simplest ways of obtaining the proton spectrum
of carbon-13 bearing molecules unencumbered by the signals
from carbon-12 molecules. The mean frequency of the doublet
is a good measure of the proton shift. No analysis of the proton
fine structure was made, but it may be noted in spectrum ¢ that
there is an evident asymmetry attributable to strong proton-
proton coupling.

Of particular interest are the responses that appear near the
centres of the a and b doublets but are absent from spectrum
c. These signals are transmitted through the two long-range
couplings J(C-C-CHj) across the gem-dimethyl group. Note
that the response of proton a is detected at the chemical shift
of carbon b, and vice versa. This characteristic pattern may be
used as a diagnostic test for geminal methyl groups, although
the absence of long-range responses may only mean that the
coupling is weak, leading to signal cancellation.

Figure 2 shows a section of the two-dimensional spectrum
of camphor, an example of the reversal of the chemical shift
effects for protons compared with carbon-13 in the ¢ (syn) and
b (anti) methyl groups. It is immediately clear that the low-
field proton shift is associated with the high-field carbon-13
shift, as has been established previously by careful selective
double-resonance experiments.'! Weak responses transmitted
through the long-range couplings in the gem-dimethyl group
are indicated by the arrows.
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Interaction of Acetylene and Ethylene
with Nickel Atom
Sir:

The interaction of w-bonded molecules such as acetylene and
ethylene with zero-valent metals, particularly organometallic
complexes, has long been of interest. Such species are involved
in a number of important homogeneous reactions including
metathesis,! cyclization,? hydrogenation, and dehydrogena-
tion.3 In addition, the smaller unsaturated hydrocarbons,
ethylene and acetylene in particular, have become very im-
portant in the study of heterogeneous organometallic systems.
The techniques of flash desorption,* UV PES,* and LEED®
have been used extensively in an effort to elucidate the chem-
isorptive bonding of unsaturated molecules to metal sur-
faces.

To gain some detailed understanding of the electronic
structure of such species, we have carried out ab initio theo-
retical studies of w-coordinate Ni-acetylene and Ni-ethylene
complexes. The importance of such complexes as simple models
for heterogeneous and homogeneous reaction systems has re-
cently been emphasized by matrix isolation studies showing
strong similarities in the properties of zero-valent monoolefin
complexes and their respective chemisorbed counterparts.’
Accordingly, we have calculated the optimum geometry of
each complex, including electron-correlation effects (gener-
alized valence bond and configuration interaction) and char-
acterized qualitatively the low-lying states.?

The results of the geometric optimization are presented in
Figure 1. We find that the geometries change only slightly from
those of the free molecules. In both cases the CC bond length
increases by ~0.02 A. For acetylene the HCC bond angle is
distorted by 5°, while for ethylene the H,C group is distorted
by 2°.

The calculated Ni-C bond distances of 2.01 and 2.07 A for
acetylene and ethylene, respectively, are somewhat larger than
the values for Ni-C covalent bonds (1.78 A for NiCH;° and
1.87 A for NiCH3%) or ¢ lone-pair coordination bonds (1.90
A for NiCO!9). Although comparison with known organo-
metallic complexes must be made with caution due to the other
ligands present in these systems, the results appear to be con-
sistent with the limited structural data available (e.g.,
[(C;H4)NiP(c-CgH ,)2]5 shows R(CC) = 1.39 A and R(NiC)
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