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Figure 1. The 270-MHz 'H spectrum of 1, 11, and terz-butyl cations in
SO,CIFat ~110°C.

was then dissolved in SO,CIF at —125 °C. The 270-MHz
proton spectrum at —103 °C demonstrated the presence of ion
I and its rearrangement product ion 11.2 The resonances
characteristic of ion I are 3.4 (m, 2 H), 3.1 (m, 6 H), and 1.1
ppm (s, 9 H) (external Me4Si capillary).? Ton I had peaks at
3.2 (m, 2 H) and 1.8 ppmn (m, 15). There was also a proton acid
peak at 8.9 ppm. The spectrum showed no trace of further
addition products of ion I with isobutylene. However, when the
ratio of rert-butyl cation to olefin was reduced to 3:1, or when
SbF; containing no proton acid was used, considerable amounts
of apparent condensation products were formed.

We also prepared cation I from 2-chloro-2,4,4-trimethyl-
pentane and excess SbFs (containing proton acid), using
SO,CIF as a solvent. When the sample was warmed to —80 °C
it was observed that as the peaks of ion I disappeared, the acid
peak also decreased at the same rate. A singlet appeared at 3.2
ppm corresponding to tert-butyl cation at twice the rate of
decrease of ion I. These observations are explained by 3-
cleavage of ion [ to give rert-butyl cation and isobutylene,
which is protonated to give a second molecule of rert-butyl
cation,

In another experiment, cation I was generated in the pres-
ence of a 5:1 excess of previously formed isopropyl cation. At
—105 °C the solution (Figure 1) consists of cation I-isopropyl
cation, 11.7 (heptet, 1 H) and 3.5 ppm (d, 6H), and un-ionized
isopropyl chloride-SbFs charge-transfer complex 4.8 ppm*
(heptet, 1 H) and 1.8 ppm (d, 6 H). The solution was allowed
to warm in the NMR tube at =95 °C for 1 h and then returned
to —105 °C (Figure 2). The spectrum shows a new resonance
at 0.8 ppm. This peak corresponds to the upfield methyls of
dimethylisobutyl carbonium ion. Although the other peaks of
dimethylisobutyl carbonium ion occur under the doublet of the
isopropyl cation and the singlet of the terz-butyl cation, the
peak at 0.8 ppm, upon warming to —95 °C the line broadening
due to the 1,3 hydride shift characteristic of this ion was ob-
served.’

We feel that these observations can only be explained if
isobutylene is formed as an intermediate via a 8-cleavage
mechanism. Oligomer or polymer is not detected since ap-
parently the olefin is all trapped by reaction with excess iso-
propyl cation rather than reacting with the starting ion.

The addition of methyl fluoride-antimony pentafluoride
complex® to isobutylene at —80 °C did not yield tert-amyl
cation, but polymerization took place. This complex apparently
does not react rapidly enough with the olefin at —80 °C to
compete with reaction with the small amount of tertiary ions
present.
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Figure 2. The 270 MHz 'H spectrum of isopropyl, terz-butyl, and iso-
butyldimethyl carbonium jons at —105 °C.

A small amount of proton acid was present during the ad-
dition of isopropyl and tert-butyl cations to isobutylene. At —95
°C and below the cations react almost quantitatively without
an observable decrease in the amount of proton acid present.
The acid (presumably HF) is, therefore, less reactive than the
carbonium ions in this addition reaction.

In this system, equilibrium must favor the addition step;
otherwise, we would not observe it. Cleavage can be observed
only because one of its products, isobutylene, is trapped.
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Photochemical Reaction of Alkylpentacyanocobaltates
with Nitroxides. A New Biophysical Tool
Sir:

The photoinduced homolysis of the cobalt-carbon ¢ bond
in vitamin B-12! and the related synthetic macrocycles? is well
known. It was suggested by the mechanistic studies of Wood
et al.3 on vitamin B-12 that the alkyl radicals thus obtained
should react readily with nitroxides and hence might provide
a useful technique in spin-label studies;* however the restricted
solubilities of these cobalt compounds (£10~2 M) limit their
use in aqueous systems. We wish to report that the highly
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water-soluble [Co(CN)s(CH,CO;7)]~* reacts rapidly with
nitroxides according to eq |, when irradiated in the absence
of O, with light of 300-400 nm.? The relatively long excitation
wavelength required, the inertness of the pentacyanocobaltate
complexes toward most of the organic functionalities found
in phospholipids and proteins,” and their nonpermeability
through phospholipid membranes make this a highly versatile
technique for the specific destruction of nitroxides.® It has
already been used in this laboratory to measure rates of lateral
diffusion in phospholipid bilayers!! and to determine the
number of nitroxide labels (used as antigens in immuno-
chemical experiments'?) on the outer surface of lipo-
somes. !0

[Co™(CN)J(CH,CO, ")) + HO
I

hv

— Co'l(CN),”® + HO NOCH,CO,” (1)

111

I was prepared by the method of Halpern and Maher!3 and
purified by fractional recrystallization from aqueous ethanol
to give a yellow solid which decomposes and turns green at 180
°C; it is freely soluble in water and slightly soluble in ethanol.
A 1072 M solution under argon at 25 °C is stable for several
months. Spectral and analytical data are given in the
notes.!4

A solution of I and II (5 X 1073 M each) is completely stable
in normal room light (no reaction after 2 weeks); however,
irradiation with a 300-W tungsten bulb causes slow (over 1 h)
decrease in the nitroxide paramagnetic resonance signal.!s
Irradiation with a 450-W high-pressure Hg arc lamp abolishes
the signal completely in ~45 s. Although kinetics and mech-
anistic details are still under investigation, the stoichiometry
of eq | has been verified by quantitative analysis of the ni-
troxide resonance signal intensity and absorption spectra of
the cobalt complexes.® No side reactions, such as the ab-
straction of hydrogen atoms by the alkyl radical or dimeriza-
tion of the radicals, have been observed.'¢ 111 is stable for at
least 24 h at the above concentration, after which there is a
slow recovery of the original signal intensity (over about a
week.)!?

The wavelength dependence of the disappearance of ni-
troxide was observed using a monochromator and mercury
source, giving relative pseudo-first-order rate constants
(wavelength subscripts in nanometers) k331/k36s = 1.6 and
ki3 /k312 = 1.2, indicating a moderate though not pronounced
rate maximum at the absorption maximum. This is to be
contrasted with the recently reported data of Mok and Endi-
cott2b on Co([14]ane N4)(OH,)CH;*2 for which homolysis
quantum yields were wavelength independent from 250 to 520
nm.

We have also begun flash photolysis studies, using a Q-
switched doubled ruby laser (340 nm, ~1 mJ/20-ns pulse), and
obtained similar results. This approach has been successfully
applied to the measurement of membrane lateral diffusion
coefficients!! and may be useful for studies of rapidly relaxing
equilibria between two environments separated by a perme-
ability barrier,

Finally it may be noted that, for studies requiring a cobalt
concentration <1072 M, vitamin B-12 derivatives and other
cobalt macrocycles behave similarly!® and are particularly

suited for use with “leaky’” membranes, which pass small ions
at an unacceptable rate but not large ones.
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