1975. Pergamon Presa. Printed in Great Britain,
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Pulse-Fourier transform (PFT) NMR has been widely used to achieve greater sensitivity than continuous
wave (CW) NMR in a given time. Alternatively this method may be used fo obtain a 10 ppm IH spectrum in as
little as 2 s (for 4K points). Although slow compared with, e.g., UV methods for following chemical reactions
PFT NMR has the advantage of giving structural information about intermediates formed at high concentrations
of reactants, the most favourable conditions for the accumulation of intermediates formed by associative

1.2 study on a moderately fast

reactions. We now report preliminary results of a stopped flow IH PFT NMR
timescale (~30 s) of intermediates in the rapid reaction between N, N-dimethylaniline (l) and tetracyano-
ethylene (1) in CD30D. R

It has been shown by Rappoport™ that in solvents of moderate polarity such as CHCI3 the reaction
between | and 1l {(see Scheme 1) involves rapid and reversible formation of a blue 7-complex [Il. There follows
a slow irreversible reaction via at least one colourless intermediate, to which we assign structure V (not IV4) in
accordance with a study of a similar intermediate in the para-tricyanovinylation of 2,6—dimethy|ani|in35 and
our own CW NMR experiments on V and on the reaction between | and Il in CDC|3,6 before the final red
product VI. InV the chemical shift § 3.02 (see Table) of the N-Me protons lies between the values for | and
VI. In contrast the N-Me protons of the &-complex IV should be at much lower field: compare the relative

6s in the model compounds VII-IX.
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SCHEME 1. Slow reaction in CHCI3 and model compounds for chemical shifts.
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TABLE. 'H chemical shifts relative to SiMe4 for solutions in CD300 (CDCIS)

Signal | I-p* A I-07) v BEXI) VI vil Vil IX
N-Me 2.87 3.29 3.26-2 (3.02) 3.05 3.25 2.32 3.03 3.5
' 3.1 3.78
Aromatic 6.7 7.6 7.53-° 6.87) 6.86 7.0 - - -
7.15 7.24 7.51) 7.47 8.15

9 Chemical shift decreases with time (see text); values refer to first (at 4 s) and last (at 25 s) spectra
in the Figure.

The reaction between | and Il is greatly accelerated by very polar solvents but the colour changes mimic
those in CHC|3. Using, e.g., 0.15M solutions of | and of Il in cosoo, the instantly formed, intensely blue
w-complex Il decays leaving a colourless solution after ~20 s which then develops a deep red colour during
several minutes. The Figure shows the PFT NMR spectra during the first 25s. Even at the first pulse (4 s) there
is no signal for free I. The first intermediate A, which can not be lll (see below and note 7), has signals that
move upfield (see Table and Figure) as it decays to the second intermediate B, that shows a growth in the
intensity complementary to the fall in intensity of A. After 1 min, when A has largely disappeared, the final
product VI (N-Me at & 3.25 superimposed on the CHD OD solvent signal) begins to show in the spectrum.

If we make plausible extrapolations from publlshed data for the association constant K and the molar
extinction coefficient e for 1ll and assume that | and Il are removed in a reaction that is first order in each of

them, then the disappearance of the blue colour of Ill within ~20 s implies that the concentrations of | and Il
CHD oD
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FIGURE.  Successive spectra at 3 s intervals beginning 4 s after mixing 0.15M solutions of | and of Il in
CDan (CHCI3 at & 7.54 in external lock sample)
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I + Il + CD,OD == [l fr-complex) + CD,OD

3 3
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PhNMe, + CDZO(CN),.CD(CN), ¢ CN)) DC(CN),
! X1 . Xl = B

SCHEME 2. Fast reaction in CD3OD

must have fallen by < 90% before the first pulse at ~4 5. It is known® that Il reacts very readily with ethanol
in the presence of very weak bases to give ethoxytricyanoethylene, which, like Il, reacts with | to give VI.
The formation of methoxytricyanoethylene (XII) presumably goes via the weakly basic methoxytetracyanoethane
anion (X) (see Scheme 2), which would not be expected to deprotonate I-0* 1o give the ethane Xl and free I.
The dissociation of X to XlI, however, liberates the more strongly basic cyanide ion, which will deprotonate
I-D+ giving [. We therefore interpret intermediate A as the fon |-D+ in mobile equilibrium with an increasing
relative amount of the free base |, the concentration of which had fallen to a low value in the first very fast
reaction giving I-D” and X. The intermediate B has not been isolated but the close similarity between the
NMR spectra of B in coaoo and of V in CDC|3 strongly suggests that B-is XIII.

It has been suggested that T-complex formation between | and il is followed by electron transfer giving
a radical anion-radical cation pc:ir,3 a situation which might give rise to CIDNP9 under the conditions of this
experiment. CIDNP was not observed. It should be noted, however, that 90° pulse angles were used so that
multiplet effects would not be expected. 10 In any case absence of CIDNP does not eliminate the possibility

of an electron transfer mechanism.
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