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precursors 1 and 6 reported here prove the lack of a common
intermediate in these two reaction manifolds. This is most con-
sistent with the lack of rhodium migration to an alkyne carbon
in the alkyne insertion reactions of 1.
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Thioether radical cations are known to be stabilized by coor-
dination of the unpaired p electron of the oxidized sulfur atom
to free p-electron 2pairs. Complex radical cations coupled by a
three-electron (¢)%(¢*)! S-S bond are usually the only radical-
cation species observed in liquid-phase studies of the oxidation
of alkyl sulfides.”* The dimer radical cations are more stable

RS = SR,

than the monomer radical cations, which in aqueous solutions
undergo fast deprotonation reactions.!* Monomer thioether
radical cations have previously only been observed in rigid matrices
by EPR.510

Here we show that thioether radical cations are stabilized by
electron donation from aromatic solvents, and we have observed
their EPR spectra in the liquid phase by time-resolved fluores-
cence-detected magnetic resonance (FDMR) spectroscopy. The
thioether radical cation EPR parameters are strongly solvent
dependent and are a sensitive probe of the solvent to radical cation
(electron) charge transfer. This is the first example of saturated
radical cations that form compiexes with w-electron donors.
Perhaps the closest analogue is the complexation of chlorine atoms
with benzene, which was noted for the first time in the classical
studies of the photochlorination of alkanes.!!-!%
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Figure 1. FDMR spectra observed in toluene/thietane mixtures: (a) 3
X 1073 M thietane, T = 205 K; (b) 1072 M thietane, 7 = 290 K. The
anthracene-d,, scintillator concentration was 10~ M. The microwave
pulse was applied from ¢ = 0 to # = 150 ns, The multiplet spectrum (a
=20.8 G, 4 H) in part a is assigned to thietane radical cations which are
formed via electron transfer to toluene radical cations formed by electron
radiolysis. The multiplet spectrum (a = 9.8 G, 8 H) in part b is assigned
to thietane dimer radical cations formed by reaction of thietane radical
cations with neutral thietane molecules.

Table I. EPR Parameters for Thioether Radical Cations

matrix
radical cation  or solvent T.K a,G £ ref
(CH,),S**  toluene 205 13.1(6H) 2010 e
CF,CCl, 81 204 (6 H) 2013 7
CF,CICFCl, 81 204(6H) 2017 8
CFCl, 130 21 (6H) 2014 9
(CH,);S* toluene 205 208 (4H) 2013 e
CFCl, 9 31.1 4 H) 2.019 7
CFCl, ca. 120 31 (4H) 2016 9
(CHp)S** toluene 205 212(4H) 2011 e
CF,CICFCl, 81 284 (4 H)Y 8
CFCl, 77 30 (4 H)? 2.014 9

“The g factors in toluene are relative to that of the anthracene rad-
ical anion (g = 2.0027) (Segal, B. G.; Kaplan, M.; Fraenkel, G. K. J.
Chem. Phys. 1965, 12, 4191). ®The g factors in Freons are averages of
& 8 and g,. ©Average of 37.8 (2 H) and 18.9 (2 H). ¢ Average of 40
(2 H) and 20 (2 H). *This work.

Figure 1 shows FDMR spectra obtained in toluene solvent
containing thietane (trimethylene sulfide). In the pulse radioly-
sis/FDMR method, fluorescence from the recombination reaction
between spin-correlated pairs of radical cations and aromatic
scintillator radical anions, eq 1, is modulated at resonant magnetic
field by a microwave pulse.!® The plot of the magnetic field
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R,S** + A — RS + 'A* (1a)
A* —~ A+ hy (1b)

dependence (constant microwave frequency) of the observed
fluorescence intensity yields the superimposed EPR spectra of the
positive and negative ions.!” The FDMR experiment has been
described in detail elsewhere.!®!

The spectrum in Figure 1a consists of an intense feature due
to the unresolved EPR lines of the anthracene radical anion and
the five-line EPR spectrum of the thietane radical cation. At
higher thietane concentrations and higher temperature, the mo-
nomer sulfide radical cation spectrum disappears and is replaced
by the nine-line EPR spectrum (outer lines not visible) of the
thietane dimer radical cation (Figure 1b). In similar experiments
carried out in alkane solvents (e.g., n-hexane), monomer sulfide
radical cations were not detected; only dimer radical cations were
detected.?®

The greater stability (with respect to dimer formation and/or
deprotonation) of monomer thioether radical cations in aromatic
solvents versus alkane solvents can be accounted for by complex
formation in the former case. The charge-transfer interaction with
the aromatic solvent can be inferred from the EPR parameters,
which are significantly shifted from the values measured in Freon
matrices. Table I lists the hyperfine coupling constants for the
radical cations of thietane, tetrahydrothiophene, and dimethyl
sulfide measured by FDMR in toluene and by EPR in Freon
matrices. In every case the hyperfine coupling constant is ~30%
smaller in toluene. This is not a temperature effect or a matrix
effect. Transfer of spin from sulfur to toluene accounts for the
smaller coupling to the 8-protons on the sulfide and should lead
to a concomitant reduction in the g factor, which is also observed.

When m-xylene is the solvent, the monomer radical cation
coupling constants are between 10 and 15% smaller than in toluene
and the g factors also undergo a further reduction. This indicates
an even greater degree of charge transfer in m-xylene and cor-
relates with the relative gas phase ionization potentials of toluene
(8.8 eV) and m-xylene (8.5 eV). The EPR parameters of dimer
sulfide radical cations are not nearly as solvent dependent, which
indicates that the solvent interaction is broken when the unpaired
electron is coordinated instead to the free p-electron pair of another
sulfur atom. Furthermore, the liquid-phase EPR parameters of
the dimer radical cations are in good agreement with those
measured in Freon matrices,” which shows the absence of any
matrix effect.

Binding of chlorine atoms by benzene and substituted benzenes
changes their reactivity. The arene—chlorine atom complex is a
much more selective reagent (shows a greater preference for
abstracting tertiary versus primary H atoms) than free chlorine
atoms.!I"15 Likewise our results indicate that complexation of
thioether radical cations in aromatic solvents decreases their re-
activity. Solvent effects are very important factors in determining
the reactivity of a wide variety of reactive radical intermediates
and can be used to great advantage for achieving greater chemical
selectivity.

In summary, we have made the first liquid-phase observation
of thioether monomer radical cations by using time-resolved
FDMR spectroscopy. The detection of the thioether radical
cations was possible because of the formation of a unique radical
cation—arene w-molecular complex in aromatic solvents involving
the interaction of the predominantly 3p SOMO of the thioether
radical cations with the arene w-systems and also because of the
time-resolved capability of FDMR. FDMR detects radical ions
on the 108-107 s time scale and thus does not determine their
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long-term (>107¢ s) stability. The thioether radical cation-arene
complexes should possess charge-transfer bands in the visible or
near-UV by analogy with the arene—chlorine atom complexes 2!~2
and thus could be studied by optical methods as well.
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For the many hydrophobicity scales for amino acid residues
in protein and polypeptides,'™"! there is reasonable agreement for
a sequence in which Phe (F) > Ile (I) ~ Leu (L) > Val (V) >
Ala (A) > Gly (G). When these residues are substituted at
position 4 within (Val!-Pro®-Gly*-Val*-Gly®),, abbreviated poly-
(VPGVG), to give a structure written poly[fx(VPGXG),fy-
(VPGVG)] where fy is the mole fraction of pentamers with valyl
residues at position 4 and fx is the mole fraction of pentamers
with a guest residue, X, at position 4 with fx + fy = 1, the
temperature of a reversible aggregational transition in water
(actually a phase transition described as a coacervation) is here
demonstrated to be inversely dependent on the mean hydropho-
bicity, and in addition, the heat of the transition is found to be
directly proportional to the mean residue hydrophobicity in studies
where the temperature and heat of the transition were determined
by differential scanning calorimetry (DSC). With the use of
transition temperature to determine relative hydrophobicity having
been established in this molecular system, data for Trp (W), Tyr
(Y), and Met (M) complete the values for residues comprising
the apolar half of the natural amino acids in this first hydro-
phobicity scale based on a physical property so integral to the
process of protein folding and assembly. Importantly, the tran-
sition temperature, in this relatively simple polypeptide (pro-
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