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Two of the most important consequences of aggregative
activation! was to reveal the existence of “complex bases” 2 and
“complex reducing agents,” 253 which are two families of useful
reagents in organic synthesis. The several hypotheses which
were formulated about the structure of these reagents!-24 were
deduced mainly from chemical results as well as from the
aggregative activation principles.

Two years ago, we undertook the physical study of these
reagents. Thus, we recently confirmed that the complex
reducing agent Ni(OAc);—NaH—AmONa possesses subna-
nometer Nickel clusters’ and contains Ni© species.6 Until now,
no physical information had been obtained for a complex base.
In the present paper, we wish to report the first spectro-
scopic evidence for the existence of such reagents. We chose
to study aggregates formed when 1 equiv of +-BuOH was added
to 3 equiv of NaNH; to obtain the complex base of NaNH,—
t-BuONa (2/1). We found this complex base composition to
be one of the most useful for organic synthesis’? particularly
in promoting syn eliminations.” It should be noted that studies
of complex base-promoted syn eliminations reported by others’
have utilized a complex base of NaNH,—z-BuONa (1/1) which
may give differing results. We continue to believe that a unique
species was formed during the preparation of the complex base
of NaNH,—¢-BuONa (2/1). This hypothesis is supported by
the present study of central transition line shapes of 2Na MAS
(magic angle spinning) NMR spectra for the complex base
NaNH,—#BuONa (2/1),° compared to spectra of individual
species +-BuONal® and NaNH;.!!
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Figure 1. Experimental (bottom) and simulated (top) 2*Na MAS NMR
spectra at 79.4 MHz of (a) ~-BuONa at a spinning speed of v, = 8 kHz
and (b) NaNH; at a spinning speed of v; = 4 kHz. Refined values for
the quadrupolar parameters and isotropic chemical shifts used in the
simulations are given in the text.

Nuclei with spins greater than !/, like 2Na with spin 35,
experience quadrupolar coupling leading to very broad lines in
the solid state NMR spectrum due to the very strong interaction
between the electric quadrupole and the electric field gradient
at the nuclear site.!? Primarily, this broadening affects the lateral
transitions and to a lesser extent the central transition (1/, —
—1/,) which exists for half-integer nuclear spins. Therefore, a
sharper signal is observed for the central portion in comparison
with the remainder of the spectrum.’* However, in the case of
strong quadrupolar coupling, second-order quadrupolar effects
influence this central transition and produce an extra broadening
and usually a characteristic pattern which may be split into
sidebands under the MAS conditions. Under such conditions,
the central part of the spectrum contains structural information
imparted by the quadrupolar interaction,'# i.e. the quadrupolar
coupling constant y = eq,,Q/h and the asymmetry parameter 5
= (gyy — qu)/qz, Where Q is the quadrupolar moment, gx», gyy,
and g, are the electric field gradient tensor components in its
principal axis system (PAS), and the other symbols have their
usual meanings. These parameters can be derived from spectral
simulations along with an iterative procedure (SIMPLEX) for
refining their values. A general computer program has been
developed for this purpose and will be described elsewhere. 6
It is essentially based on the irreducible spherical representation
of the spin Hamiltonian and on the first- and second-order
perturbation theory approach.

Figure 1 shows the experimental and calculated 2Na MAS
NMR spectra for +-BuONa and NaNH;. In Figures 2 and 3 are
presented the spectra of the complex base NaNH,—s-BuONa
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Figure 2, (a) Experimental Na MAS NMR spectrum of the complex
base NaNH,—+-BuONa (2/1) (sample 1) spinning at 5 kHz. The small
narrow signal indicated by an asterisk probably resulted from a liquid
component. (b) Composite simulated spectrum which resulted from the
superposition of the four simulated spectra ¢, d, e, and f, which are
labeled according to the chemical species ((Na),e means a sodium
atom in the complex base) and to their relative proportions (in percent).

(2/1). The experimental spectra were obtained with short
excitation pulses to prevent spectral distortion and high-power
proton decoupling to suppress potential broadening from 'H—
Na dipolar couplings. For BuONa and NaNH,, each
spectrum contains only one type of 2°Na nucleus and conse-
quently exhibits relatively simple features. Theoretical analysis
performed on several spectra obtained at different spinning
speeds yields perfectly consistent results. Accurate values for
the quadrupolar parameters as well as the isotropic chemical
shifts (with -BuONa as the chemical shift reference) were
determined to be, for NaNH;, vso = 21.9 ppm, y = 2.48 MHz,
and # = 0.32 and, for +-BuONa, v;,, = 0 ppm, ¥ = 1.54 MHz,
and 7 = 0.1.

The experimental and calculated 2Na NMR spectra of sample
1 (Figure 2) of the NaNH,—#-BuONa complex base are much
more complicated than those shown for NaNH; and for +-BuONa
in Figure 1. It is clear that the experimental spectra shown in
Figure 2 cannot be described only by the superposition of the
spectra for --BuONa and NaNH,. Thus, the presence of a third
compound is unambiguously established by this experiment. In
fact, the fitting procedure reveals the existence of at least two
new 23Na species approximately in equal proportions and which
represent 80% of the total integration of the spectrum. These
species have very different quadrupolar parameters from those
for ~BuONa and NaNH,;, indicating drastic changes in the
crystalline structure as compared with those of pure compounds.
In fact, a recent study!* showed, both experimentally and
theoretically, that quadrupolar parameters are very sensitive to
any change in the coordination number and symmetry within
the first 22Na coordination sphere, leading to values for y ranging
from 0.77 to 5.90 MHz and from 0 to 1 for #. In the present
study, quadrupolar coupling constants of 3.53 and 4.15 MHz,
an asymmetry parameter near 0, and isotropic chemical shifts
of 9.9 and 12.6 ppm, respectively, were determined from the
fit to experimental data. An improved fit of the experimental
and calculated spectra was obtained when 4% of +-BuONa which
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Figure 3. Experimental (bottom) and simulated (top) Na MAS NMR
spectra of NaNH,—7-BuONa (2/1) (sample 2) spinning at (a) 5 kHz
and (b) 8 kHz. In the fitting procedure, only percentages and linewidths
were adjusted for each species; the other parameters were introduced
as constants,

had been formed during the complex base preparation and 15%
of the initial NaNH; were included. The quadrupolar parameters
and isotropic chemical shifts for the ~BuONa and NaNH,
contaminants were found to be unchanged with respect to those
of the pure compounds.

To confirm these results, independent measurements were
performed with another sample (sample 2) of the complex base
NaNH,—#-BuONa at two spinning speeds, 5 and 8 kHz. All
the parameters listed above, except proportions and line widths,
which may vary from one sample to another, were included in
the fitting procedure. The result is shown in Figure 3. Small
discrepancies which are noted in the spectrum recorded at a
spinning speed of 5 kHz may be attributed to residual chemical
shift anisotropy effects which disappear at a higher spinning
speed (Figure 3b). However, the spectrum recorded at the low
spinning rate has better defined quadrupolar spinning sidebands,
which allows for an easier separation of species possessing
different quadrupolar coupling constants. This is because the
intensity of spinning sidebands is directly related to the
quadrupolar coupling value.

These preliminary results demonstrate unambiguously the
existence of a specific molecular entity (the complex base) which
includes at least two sodium atoms in electronic environments
definitely different from those in +-BuONa and NaNH,. This
confirms our hypothesis and should be considered as a starting
point toward the determination of the structure of these solid
complex bases and a correlation with structural models. The
experimental evidence for the presence of new species obtained
in the present work and that found for complex reducing
agents>® strongly support our theory of aggregative activation.!
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