also been carried out using SFs as an infrared sensitizer.?

However, SFg is less effective than SiF4. Under the same
conditions as in run 5, if SF¢ is used as a sensitizer, methylac-
etylene begins to appear only after 50 pulses.

Our studies on the use of SiF4 as an infrared sensitizer for
inducing chemical reactions in the gas phase by high power
infrared lasers are continuing.
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Observation of a Rapid Ionic Photoassociation Reaction
in the Q-Switched Laser Photolysis of a Planar Complex
of Nickel(II) in Solution

Sir:

Among transition metal complexes examples of photoas-
sociation are very rare. The first case was reported! in 1972,
and more recently, exciplex formation in an Ir(III) complex
has been described.2 We wish here to report a novel example
of an ionic photoassociation reaction. The phenomenon was
observed during the Q-switched laser photolysis at 530 nm of
the complex 1,1,7,7-tetraethyldiethylenetriaminenickel(II),
[Ni(Etsdien)CI]Cl. In acetonitrile solutions of this complex,
two planar diamagnetic species, Ni(Et,dien)Cl* and a sol-
vent-separated ion pair NiEtdienCl*|Cl-, are present in
equilibrium with paramagnetic five-coordinate Ni(Etqdien)-
Cls, according to the scheme? (L = Etydien):

NiLCl, = NiLCI*||CI= = NiLCI* + CI- (1)

Figure | shows the transient conductivity changes, moni-
tored by the voltage divider method,* which occurred when
acetonitrile solutions of the complex were irradiated with
Q-switched neodymium laser pulses (60-ns duration) at 530
nm (trace a) and 1060 nm (trace b). In trace b, the rapid in-
crease and subsequent decay in conductivity as a result of
1060-nm irradiation mark the photochemical formation
(within the laser pulse) of planar NiLCI*||CI~ from five-
coordinate NiLCl,, the principal absorbing species at 1060 nm,
followed by relaxation of the perturbed equilibria (eq 1). This
is in line with the interpretation put forward in a previous
paper,? of the transient optical density changes observed in the
same system following 1060-nm irradiation.

The novel feature we wish to highlight here is illustrated by
trace a, from which it is evident that a rapid conductivity de-
crease follows the 530-nm laser pulse and a subsequent re-
laxation to equilibrium conditions takes place. This unexpected
observation of an initial decrease in conductivity was verified
in numerous experiments.> It can be explained by the rapid
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Figure 1. Transient conductivity changesin laser-irradiated Ni(Et4dien)-
Cly in CH3CN, monitored by the voltage divider method; applied voltage
200 V, solution resistance 14.5 k2, load resistance 400 Q: (a) irradiation
at 530 nm (vertical scale 2 mV /div, horizontal 0.5 us/div); (b) irradiation
at 1060 nm (vertical scale 5 mV /div, horizontal 0.5 us/div).

relaxation of the equilibrium (see eq 1) between the solvent-
separated ion pair and free ions following the occurrence within
the laser pulse of an association reaction between Cl~ ion and
photoexcited NiLCl* produced by irradiation at 530 nm
where the principal absorber® is the ion pair, NiLCI*+|CI~.
This photoassociation displaces the ion pair = five-coordinate
equilibrium toward the latter species. The ensuing rapid re-
laxation (r; < 0.2 us at room temperature) to a lower con-
ductivity followed by a return to the initial level is consistent
with the reaction scheme of eq 1 which should be characterized
by two relaxation times. Clearly, only the slower of these two
relaxations can actually be measured under the conditions of
the experiments reported here.” This (“slow”) relaxation time,
73, should be the same as that measured when equilibria 1 are
perturbed to the right by 1060-nm irradiation. In fact, the
relaxation times derived from traces such as (a) and (b) agreed
within experimental error and varied with the concentration
of complex. In the 530-nm irradiation experiments the fol-
lowing values of 75 (us) at 23 °C were measured at the con-
centrations indicated ([complex] X 10~% mol dm~3): 1.1 (2.5),
0.93 (5),0.91 (7.5), 0.86 (10), 0.79 (25), yielding a curved plot
for r;~! against [NiLCI*] + [C1~]. This is in accord with a
standard kinetic analysis® of eq 1, taking 7, to be associated
with the (relatively) slow relaxation between five-coordinate
complex and four-coordinate ion pair coupled to the faster
relaxation between ion pair and ions.” As well as leading to a
satisfactory kinetic analysis, the proposed photoassociation was
supported by spectrophotometric measurements since transient
absorbance increases within the laser pulse were seen in the
wavelength range 420-500 nm when the complex was irradi-
ated at 530 nm.

Further compelling evidence for an excited state association
reaction as a consequence of irradiation at 530 nm was pro-
vided by studies of the complex in ethanol. In this solvent, only
four-coordinate species, NiLCI*||Cl~ and NiLCl*, are present
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Figure 2. Absorbance difference spectrum for Ni(Et4dien)Cl; in ethanol,
10~3 mol dm~3. Laser irradiation at 530 nm.

and although the relatively high conductance of the solutions
precluded transient conductivity studies, spectrophotometric
measurements in the 380-500-nm range showed a rapid ab-
sorbance increase and subsequent decay with a first-order time
constant of 0.3 us at 20 °C when the solution was irradiated
at 530 nm. The transient spectrum is shown in Figure 2 and
is very similar in shape to the corresponding spectrum in ace-
tonitrile, but with Ap.x showing a slight blue shift. There can
be little doubt that this is the spectrum of a five-coordinate
species formed in an association reaction between Cl~ and the
photoexcited NiLCI+ complex, especially since there is no
evidence for the five-coordinate complex in ethanol in normal,
equilibrium (*“dark’) conditions.

The explanation for the ready occurrence of the photoas-
sociation reaction may lie in the distortion of the (vibrationally
equilibrated) excited state produced by the laser pulse. Our
previous studies*® of the laser flash photolysis of planar Ni(11)
complexes, as well as earlier spectral and photochemical evi-
dence,'0 strongly suggest that some of the ligand field excited
states of d® planar complexes may be tetrahedrally distorted.
In the present system, repulsion between the filled d.2 orbital
in planar NiLCI* and an approaching C1~ ion might be less-
ened in the event of such a distortion of the complex away from
a planar configuration. A parallel factor to be considered is the
spin change accompanying the formation of paramagnetic
five-coordinate product since in the altered electronic config-
uration the d2 orbital becomes singly instead of doubly oc-
cupied. The role of the solvent must also be taken into ac-
count,!! and the details of the solvent and structural relaxation
processes leading from the initially populated Franck-Condon
state to the observed five-coordinate species remain a matter
for future investigation.

The photoreversibility of the system widens the access to the
kinetic parameters which characterize the ground electronic
state interconversions and thus provides a check on the internal
consistency of the assignments of the relaxation processes
which follow photoexcitation. Systems of this type should also
be useful models for testing some current proposals'? con-
cerning the similar nature of transition states for thermal re-
actions and the thermally equilibrated excited states which are
thought to mediate the photochemical reactions of metal
complexes.
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Diels-Alder Reactions of
a-Phenylsulfinylmethylenecarbonyl Compounds. The
Synthesis of Disodium Prephenate Dimethyl Acetal
Sir:

Cyclohexadienones such as 1 might well service several
synthetic objectives. If R = H, phenol 2 would be produced,
presumably under the conditions of the formation of 1. Al-
ternatively, if R # H, deacylation (e.g., decarboxylation) of
the vinylogous 8-dicarbonyl system would lead to phenol 3. Of
course, acid-catalyzed dienone-phenol rearrangements' and
photochemical transformations? could also be exploited.

In addition to such general possibilities, a suitable version
of 1 might serve as a precursor.to prephenic acid (4), a central
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