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Figure 1. Each panel in the figure shows two sets of transitions to the
same excited state. The transitions are labeled with the J, K,, and K,
quantum numbers as Jx x_corresponding to the labels of the zeroth-order
uncoupled states. The feft panel shows two sets of transitions to the 1,
excited state. The middle and right panels are to the 2, and 3,, excited
states, respectively. In each case the similarity of the patterns of peak
positions and intensities is apparent, demonstrating the presence of vi-
brational mode coupling.

between the peaks in these clusters is 0.004 cm™. Therefore, the
magnitude of the matrix element need not be very large in order
to have a significant effect in mixing states.

To veryify that a cluster of peaks is, in fact, caused by mixing
of states, one can compare two sets of transitions to the same
excited state. The same pattern of peak spacing and intensities
should appear for two different transitions to the same excited
rotational state. Shown in Figure 1 are several spectral regions
consisting of pairs of transitions to the same excited state. The
similarity of the patterns is apparent, and we conclude that mode
coupling is causing these clusters of peaks.

From a simple state-counting algorithm that treats the normal
modes in 2FE as harmonic oscillators,'® with the exception that
the C-C torsion and the O—H torsion are treated as hindered
rotors,'® 2FE has 58 states/cm™! at the CH stretching region. With
this density of states, virtually all modes must be coupled to the
optically active mode. The fact that all modes appear to couple
to the optically active mode is similar to the results of previous
studies of terminal acetylenes.!*!* In contrast, however, the av-
erage matrix element that couples the asymmetric CH stretch to
other modes is 0.0029 £ 0.0011 cm™, which is a factor of 2-3
smaller than those calculated for the terminal acetylenes.!® The
small magnitude of the matrix element in 2FE relative to butyne
is particularly surprising given that the acetylenic CH stretch
would be expected to couple poorly to the other modes in butyne,
as the authors note. The small amount of coupling in 2FE is
consistent with the slow rate of isomerization observed when this
CH stretch was excited in a matrix. Further experiments are
necessary to fully quantify the relationship between mode coupling
and isomerization rates. In particular, the high-resolution infrared
spectrum of the OH stretch is essential for comparison with the
current high-resolution spectrum of the CH region. One might
expect that the mode coupling would be more substantial in the
OH stretch to account for the faster reaction rate upon excitation
of this mode in matrices. Such experiments are currently un-
derway in our laboratory. The results presented here demonstrate

(18) Kemper, M. J. H,; Van Dijk, J. M. F.; Buck, H. M, Chem. Phys. Lett.
1978, 53, 121. Davidovics, G.; Pourcin, J.; Carles, M.; Pizzala, L.; Bodot, H.
J. Mol. Struct. 1983, 99, 165.

(19) The torsional potentials were calculated as in Lewis et al, (Lewis, J.
D.; Malloy, T. B,, Jr.; Chao, T. H.; Lanne, J. J. Mol. Struct. 1972, 12, 427),
using the data from Wiberg et al. (Wiberg, K. B.; Murcko, M. A. J. Mol.
Struct. 1988, 163, 1). The dark states and the matrix elements were calculated
by using the Green’s function method as in the following: Lawrance, W. D.;
Knight, A. E. W. J. Phys. Chem. 1985, 89, 917.

the power of high-resolution spectroscopy to resolve the controversy
surrounding the role of mode-selective chemistry in the isomer-
ization reaction of 2FE.
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Readily prepared a-diazo ketones bearing tethered alkyne units
have shown potential for the construction of polycyclic skeletons.>
Exposure of compounds like 1 (Scheme I) to a variety of tran-
sition-metal catalysts results in cycloisomerization of an initially
formed a-keto carbene (2) to an intermediate in which carbene-like
reactivity has been transferred to one of the alkyne carbons (cf.
3 and/or 5). A second strategically disposed functional group
G may then trap this monocyclic intermediate via known carbene
chemistry* to give various products. The specific role of certain
metals throughout this type of transformation has been of interest
to us. We report here the results of a study that addresses the
fundamentally important mechanistic question of whether the
metal moiety actually migrates to the alkyne carbon in the
Rh,(OAc),-catalyzed reactions of 1.

Likely metal-containing intermediates lie within the continuum
represented by 2-5.° We recognized that this manifold could
also be entered from the vinylogous «-diazo ketones 6. Presumably
the distribution of products arising via 3% would be different from
that via 5. If metal migration were to occur in the conversion
of 1, then the reactions of isomeric 1 and 6 would both proceed
via the common intermediate 5 and identical product distributions
would result. Such is not the case; distincly different product
distributions arise. This strongly implies that migration of rhodium
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tories, 1990-1991.
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E.; Schofftstall, A. M. J. Org. Chem. 1990, 55, 414. (c) Padwa, A.; Krumpe,
K. E; Garreau, Y.; Chiacchio, U. J. Org. Chem. 1991, 56, 2523.
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1979, 26, 361. (c¢) Wulfman, D. S.; Poling, B. In Reactive Intermediates;
Abramovitch, R. A., Ed.; Plenum Press: New York, 1980; Vol. 1, p 321. (d)
Doyle, M. P. In Catalysis of Organic Reactions; Augustine, R. L., Ed.; Marcel
Dekker: New York, 1985; Chapter 4. (e) Doyle, M. P. Chem. Rev. 1986,
86, 919. (f) Doyle, M. P. Acc. Chem. Res. 1986, 19, 348. (g) Maas, G. Top.
Curr. Chem. 1987, 137,75. (h) Taber, D. F,; Ruckle, R. E., Jr. J. Am. Chem.
Soc. 1986, 108, 7686.

(5) (a) Any of 3, 4, or § could reversibly lose the metal moiety to give the
corresponding strained cyclopropene.23%® (b) Milller, P.; Pautex, N.; Doyle,
M. P.; Bagheri, V. Helv. Chim. Acta 1990, 73, 1233.

(6) (a) Formation of 3 is analogous to the Doyle mechanism*-* for Rh-
(11)-catalyzed cyclopropanation involving an electrophilic attack of the carbene
carbon on the alkene. (b) Doyle, M. P.; Griffin, J. H.; Bagheri, V.; Dorow,
R. L. Organometallics 1984, 3, 53.
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Table I. Rh,(OAc),-Induced Reactions of Isomeric Diazo Ketones 1 and 6
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to the remote alkyne carbon does not take place in these alkyne
insertion reactions of 1.

Product distributions from three homologous pairs of enynyl
a-diazo ketones 1a—c¢ and their isomers 6a—c were compared (see
Table I). Enones 6a and 6¢” were sufficiently stable at room
temperature, but study of 6b required in situ preparation from
7b in the presence of Rh,(OAc), to prevent its otherwise facile
intramolecular 1,3-dipolar cyclization to a pyrazoline.

The differences in product identity and ratios (see Table I) can
perhaps best be rationalized through the intermediacy of the
zwitterion 3’ and its isomeric Rh(II)—carbene complex §’ (Scheme
IT): specific renditions of the generic 3 and 5. With respect to
alkyne insertion/1,2-hydrogen migration to give dienones 8, a-
diazo ketone 1 yielded mostly trans olefins (entries 1, 3, and 5),
while 6 favored cis stereoselectivity? (entries 2 and 6). This
divergence likely follows from steric demands within the transition
states leading from 3’ (i.e., 12) vs §’. «-Diazo enyne 1a gave the
unusual dienone 9a (entry 1), but 6a did not; thus, vinylogous

(7) The syntheses of 6a—c are described in the supplementary material.

(8) (a) Ganem, B.; lkota, N.; Takamura, N.; Young, S. D. Tetrahedron
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Tetrahedron Lett, 1989, 30, 3049.
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Wolff rearrangement9 within 5" was not observed. Cyclo-
propanation!© to give 9b was the only mode of carbene trapping
from 7b (via 6b, entry 4), but 1b pursued additional pathways
(entry 3). The a-diazo enynes 1 consistently reacted with the
benzene solvent after alkyne insertion (but never before)!! to give
cylcoheptatrienes 10 and also cyclized to the distal alkyne carbon
to yield cyclohexenone isomers?® (entries 1, 3, and 5), while the
vinylogous diazo ketones 6 did neither. Finally, 1c failed to provide
11c¢ by insertion into an allylic C—H bond*? after cyclization, but
this was the major product from reaction of 6c (entry 6).

As is often the case with metal-carbene complex mediated
transformations of organic substrates, mechanistic inferences are
most readily, if not only, available through product analysis. The
clear differences in product distributions from the isomeric diazo

(9) (a) Smith, A. B.; Toder, B. H.; Branca, S. J.; Dieter, R. K. J. Am.
Chem. Soc. 1981, 103, 1996. (b) Smith, A. B.; Toder, B. H.; Richmond, R.
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Russel, D. N.; Twohig, M. F. J. Chem. Soc., Chem. Commun. 1985, 491,

(12) (a) Wenkert, E.; Davis, L. L.; Mylari, B. L.; Solomon, M. F,; da Silva,
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1982, 47, 4803.
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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.!1-15
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Figure 1. FDMR spectra observed in toluene/thictane mixtures: (a) 3
X 107 M thietane, T = 205 K; (b) 102 M thietane, T = 290 K. The
anthracene-dy, scintillator concentration was 10~ M. The microwave
pulse was applied from ¢t = 0 to ¢t = 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 gt ref
(CH;),S"*  toluene 205 13.1(6H) 2010 e
CF,CCl, 81 204(6H) 2013 7
CF,CICFCl, 81 204 (6H) 2017 8
CFCl, 130 21 (6H) 2014 9
(CH,),S**  toluene 205 208(4H) 2013 e
CFCl, 90 31.1(4H) 2019 7
CFCl, ca. 120 31 (4 H) 2016 9
(CH,)S**  toluene 205 212(4H) 2011 e
CF,CICFCl, 81 28.4 (4 H)* 8
CFCl, 77 30 (4 H)? 2014 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
g 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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