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ABSORPTION SPECTRA OF VINYL CATIONS
Shinjiro KOBAYASHI,* Tsugio KITAMURA, Hiroshi TANIGUCHI, and Wolfram SCHNABEL*
Department of Applied Chemistry, Faculty of Engineering, Kyushu University 36,
Hakozaki 6-10-1, Higashi-ku, Fukuoka 812
*Hahn-Meitner-Institut fir Kernforschung Berlin, Bereich Strahlenchemie,

Glienicker Strasse 100, D-1000 Berlin 39-Wannsee, West Germany

The absorption spectra of a-(p-methoxyphenyl)vinyl cations
were measured by laser flash photolysis of the corresponding vinyl
halides in acetonitrile and the nucleophilicity of several alcohols
to the vinyl cations was evaluated by measuring the decay rates in

the presence of the alcohols.

In spite of wide recognition of a vinyl cation as one of reactive
intermediates!) there remain many difficulties to detect it.2) The detection of

an a-ferrocenyl-substituted vinyl cation by nmr spectroscopy has been reported

recently.3) It has been postulated that vinyl cations are formed by photolysis of
substituted vinyl halides in solution.4_6) Recent photocurrent measurement by
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laser flash photolysis of 1,2,2-tris(p-methoxyphenyl)vinyl bromide gave dire
evidence for formation of a cationic species, a vinyl cation.7) We wish here to
report the first example of measurement of absorption spectra of vinyl cations
and the nucleophilicity of alcohols to the vinyl cations.

Optical absorption measurement by irradiation of vinyl halides Ia-d in
acetonitrile with 15 ns flashes of 265 nm light or 25 ns fléshes of 347 nm lights)
gave absorption spectra of the transient species shown in Fig. 2 immediately after

the flashes. Oscilloscope traces of both optical absorption and photocurrent

measured simultaneously after flash-irradiation of Ib were given in Fig. 1.9) The
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detected species should be ions because the decay rates of optical absorption were
equal to those of photocurrent. The transient species seem to be neither radicals
nor radical anions because there was no difference between oxygen-bubbling and
argon-bubbling into the acetonitrile solution on the oscilloscope traces of both
formation and decay of the transient species. The absorption spectra obtained
from bromide Ib and chloride Ic were identical. These results and the effect of
alcohols as additives mentioned below show that the transient species should be
vinyl cations IIa-c.

The decay rates of the vinyl cations in acetonitrile increased by addition of
alcohols shown in Fig. 3 and a comparison of the effect of alcohols on decay of
vinyl cations IIa and IIc was shown in Fig. 4. Decrease of the decay rates in the
series MeOH > EtOH > i-PrOH > t-BuOH means decreasing nucleophilicity as well as
increasing steric hindrance. Noteworthy is the low reactivity of water. This is
probably caused by the fact that in acetonitrile H20 molecules combine to clusters
which are held together by hydrogen bonds. Cluster formation should weaken the

nucleophilic character. The effect of alcohols on the decay of vinyl cations IIa
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Fig. 1. Oscilloscope traces depicting the decay of a) photocurrent and
b) optical absorption at 355 nm by irradiation of Ib in acetonitrile.
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and IIc shown in Fig. 4 indicates
that there is a reactivity-
selectivity relationship. Vinyl
cation IIc is more reactive than
ITa and decay rate ratios,
kMeOH/kt—BuOH’ were 12 for Ilc
and 21 for Ila.

Further studies on vinyl
cations by laser flash photolysis

are in progress.
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Fig. 3. The pseudo-first-order decay
rate constants of the transient species
by flash-irradiation of Ia in the
presence of additives in acetonitrile.
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Fig. 2. Absorption spectra of the
transient species just after flash-
irradiation of a) Ia, b) Ib and Ic,
and c¢) Id in acetonitrile.
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Fig. 4. The relationship between the
effects of additives on the decay for
the transient species by flash-
irradiation of Ia and Id.



1120 Chemistry Letters, 1983

One of the authors (S.K.) wishes to thank Hahn-Meitner-Institut for inviting

him as one of the guest scientists.

References

1) P.J.Stang, Z.Rappoport, M.Hanack, and L.R.Subramanian, "Vinyl Cations",
Academic Press, New York (1979).

2) H-U.Siehl, J.C.Carnahan, L.Eckes, and M.Hanack, Angew.Chem.,Int.Ed.Engl.,13,
675 (1974); H-U.Siehl and M.Hanack, J.Am.Chem.Soc., 102, 2686 (1980).

3) T.S.Abram and W.E.Watts, J.Chem.Soc.,Chem.Commun., 1974, 857; J.Chem.Soc.,
Perkin Trans. 1, 1977, 1522.

4) T.Kitamura, S.Kobayashi, and H.Taniguchi, Tetrahedron Lett., 1979, 1619.; T.
Suzuki, T.Sonoda, S.Kobayashi, and H.Taniguchi, J.Chem.Soc.,Chem.Commun., 1976,
180.

5) B.Sket and M.Zupan, J.Chem.Soc.,Perkin Trans.1, 1979, 752.; B.Sket, M.Zupan,
and A.Pollak, Tetrahedron Lett., 1976, 783.

6) S.A.McNeely and P.J.Kropp, J.Am.Chem.Soc., 98, 43 (1976).

7) W.Schnabel, I.Naito, T.Kitamura, S.Kobayashi, and H.Taniguchi, Tetrahedron, 35,
3229 (1980).

8) Irradiation of vinyl halides Ia-d was done in air-, argon-, or oxygen-
saturated acetonitrile solutions with 15 ns flashes of 265 nm light or 25 ns
flashes of 347 nm light. The concentration of the solutions was kept constant, the
absorbance of which showed 0.1 (light path: 1 cm) at the wavelength of the incident
light.

9) Finding somewhat delayed photocurrent formation in Ref. 7 was based on an
experimental error and its decay was as same as this work.

(Received May 18,1983)





