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Abstract: 'H NMR spectra have been obtained for the Rh(II) complex [(n°-C¢Meg)RhCp*]*, Cp*

= »*-CsMe;, at 200, 250,

and 470 MHz. A single resonance was observed for the arene CH; protons between 298 and 183 K in CD,Cl,. The temperature
dependence of the resonance was consistent with a doublet-state formulation of the Rh(II) complex. At 298 K, the CH; chemical
shifts were 56 ppm for the arene substituents and 123 ppm for the cyclopentadienyl substituents. The magnetic equivalence
of the arene methyl resonances is consistent with a planar arene structure in the complex. It is shown that a structural formulation
including a highly fluxional bent arene is unllkely The results demonstrate that when a metal complex undergoes a two-
electron-transfer-induced change from 75- to n*-arene hapticity, the one-electron intermediate can retain the planar arene structure,

even if this results in a 19-e™ metal.

Ligands with a variable hapticity may be important in the action
of metal-based catalytic systems, since their electronic ambivalence
allows low-energy associative and dissociative pathways.! The
importance of this property has been identified in connection with
both 16/18-electron diamagnetic systems? and with 17/19-electron
radical systems.?

Muetterties and Bleeke pointed out that most catalyst precursors
for arene hydrogenation have an accessible formal two-electron
couple involving the d® and d? electronic configurations (eq 1).4

d8-M**2 4 2¢” = d8-M" (0

They and others suggested®” that the arene bends into a tetrahapto
bonding mode to accommodate the two electrons gained in co-
ordination of dihydrogen prior to transfer of 2H to the arene
(Scheme I).

A key factor in this process was identified as the effect of the
d* electronic configuration on the energy of both the »* and #*
arene complexes.* It is logical to address this problem by studies
of model metal-arene complexes in which the d® = d® change
occurs by transfer of two electrons rather than by transfer of
H,5!

Two redox systems have so far been reported that display the
hexahapto/tetrahapto arene transformation upon receipt of two
electrons by the metal, [(n"-arene)Ru(n -arene)]2+/° (ref 10-12)
and [(n"-arene)MCp*]?*/°, M = Rh or Ir, Cp* = n’-CsMe,.8?
Crucial to these studies is knowledge of the arene hapticity in the
odd-electron intermediate. Arguments have been made, on the
basis of the influence of arene substituents on the dé/d” and d7/d®
formal potentials of a Rh(IIT)/Rh(II)/Rh(I) sequence!® and with
utilization of kinetic data for electron exchange,'*® that arene
bending occurs in the second electron transfer. However, no direct
spectroscopic or crystallographic evidence has been presented. We
now report '"H NMR data consistent with the assertion that the

* This may be considered as part 19 of the series “Structural Consequence
of Electron-Transfer Reactions”. Part 18: Bowyer, W.; Merkert, J.; Geiger,
W. E.; Rheingold, A. L. Organometallics 1989, 8, 191,
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Rh(II) species in that series has a planar or nearly planar arene
The d’ intermediate is shown to prefer a 19-electron configuratior.
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Table I. 'H NMR Data for 0.010 M [(#5-C¢Mes)RhCp*][PF,] in
CD,Cl, at 200 MHz

CeMeg CsMes
T, K wy20 Hz 6, ppm w0 Hz 6, ppm
233 124 70.60 526 154.51
243 121 68.09 486 148.57
253 108 65.78 444 143.09
298 81 56.28 305 123.10
298 68¢ 56.42¢ 218¢ 123.26¢
298 944 57.714 3134 122.04

9Peak full width at half-height. ®Chemical shift with respect to
tetramethylsilane. ¢ The frequency was 469.58 MHz. ¢The frequency
was 250 MHz.

(structure A, Scheme II) to a 17-electron configuration (structure
B, Scheme II), at least when the metal is rhodium.

Besides being of fundamental importance in understanding the
7% = 5* hapticity change, the geometry of the arene in the d’
intermediate is also relevant to the mechanism of arene hydro-
genation catalysis, since d” monohydrides must be considered as
potential intermediates or transition states in the process, and some
d” metals are known as hydrogenation catalysts.'

Experimental Section

Chemicals. [(n5-C¢Meg)RhCp*]?* was prepared as the bis(hexa-
fluorophosphate) salt by a literature method.'® The neutral complex
(7*-CsMeg)RhCp* was prepared by reduction of the dication with 2 mol
of cobaltocene, as in a recently described procedure.!® CD,Cl, (Aldrich)
was distilled from P,Os and stored under argon prior to use.

NMR Spectroscopy. Data at the University of Vermont were obtained
on Bruker 250- and 270-MHz instruments. Spectra at Purdue University
were obtained by using Nicolet NT 200 and NT 470 instruments. Data
aquisition utilized a single-pulse technique with a 5-9-us pulse width,
acquired in a 32K block size; 100 scans were usually sufficient. The
temperature (£1 K) was controlled with a nitrogen gas-flow device and
was measured with a substitution technique using methanol and ethylene
glycol standard samples.'¢

Results and Discussion

Assignment of the Resonances, The complexes [(n-CsMeg)-
RhCp*]**, where n = 2, 1, and 0, are stable or persistent in all
three oxidation states. Bowyer showed that acetone or di-
chloromethane solutions of [(n-C¢Meg)RhCp*]* did not decom-
pose under dinitrogen for several hours.® However, the deep blue

(6) Muetterties, E. L.; Bleeke, J. R.; Wucherer, E. J.; Albright, T. A.
Chem. Rev. 1982, 82, 499.

(7) (a) Muetterties, E. L.; Bleeke, J. R.; Sievert, A. C. J. Organomet.
Chem. 1979, 178, 197. (b) Landis, C. R.; Halpern, J. Organometallics 1983,
2, 840. (c) Crabtree, R. H.; Parnell, C. P. Organometallics 1984, 3, 1727.
(d) Traylor, T. G.; Stewart, K. I.; Goldberg, M. J. J. 4m. Chem. Soc. 1984,
106, 4445. (e) Traylor, T. G.; Goldberg, M. J. Organometallics 1987, 6, 2413.
(f) Fordyce, W. A.; Wilczynski, R.; Halpern, J. J. Organomet. Chem. 1985,
296, 115. (g) Butler, I. S.; Ismail, A. A. Inorg. Chem. 1986, 25, 3910. (h)
Barbati, A.; Calderazzo, F.; Poli, R.; Zanazzi, P. F. J. Chem. Soc., Dalton
Trans. 1986, 2569. (i) Bleeke, J. R.; Muetterties, E. L. J. Am. Chem. Soc.
1981, /03, 556. (j) Johnson, J. W ; Muetterties, E. L. J. Am. Chem. Soc.
1977, 99, 7395. (k) Zingales, F.; Chiesa, A.; Basolo, F. J. Am. Chem. Soc.
1966, 88, 2707.

(8) Bowyer, W. J.; Geiger, W. E. J. Am. Chem. Soc. 1988, 107, 5657.

(9) Bowyer, W. J; Geiger, W. E. J. Electroanal. Chem. 1988, 239, 253.

(10) Laganis, E. D.; Voegeli, R. H,; Swann, R, T ; Finke, R. G.; Hopf, H.;
Boekelheide, V. Organometallics 1982, 1, 1415,

(11) Finke, R. G; Voegeli, R. H.; Laganis, E. D.; Boekelheide, V. Or-
ganometallics 1983, 2, 347.

(12) (a) Plitzko, K-D.; Boekelheide, V. Angew. Chem., Int. Ed. Engl. 1987,
26, 700. (b) Voegeli, R. H.; Kang, H. C.; Finke, R. G.; Boekelheide, V. J.
Am. Chem. Soc. 1986, 108, 7010.

(13) (a) Bowyer, W.; Merkert, J.; Geiger, W. E.; Rheingold, A. L. Or-
ganometallics 1989, 8, 191. (b) Nielson, R. M.; Weaver, M. J. Organo-
metallics 1989, 8, 1636.

(14) (a) Klabunde, K. J.; Anerson, B. B.; Bader, M.; Radonovich, L. J. J.
Am. Chem. Soc. 1978, 100, 1313. (b) Bennett, M. A.; Huang, T.-N,; Turney,
T. W. J. Chem. Soc., Chem. Commun. 1979, 312. (c) Rathke, J. W.; Feder,
H. M. J. Am. Chem. Soc. 1978, 100, 3623.

(15) White, C.; Thompson, S. J.; Maitlis, P. M. J. Chem. Soc., Dalton
Trans. 1977, 1654. Rybinskaya, M. L; Kudinov, A. R.; Kaganovich, V. S.
J. Organomet. Chem. 1983, 246, 279.
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Flgure 1. The 270-MHz 'H NMR spectrum of [(n5-C¢Mes)RhCp*]-
[PFg] in acetone-dg at 298 K. Chemical shift in § vs TMS.
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Figure 2. Shift of CH; proton resonances of [(n®-CgMeg)RhCp*]* in
acetone-dg as function of 1/7. The circles refer to the arene methyl
resonance, the diamonds to the cyclopentadienyl methyl resonance.

Rh(II) solutions were ESR silent down to 77 K,!” implying a very
fast electronic relaxation process and suggesting the possibility
that narrow-line resonances might be observed in an NMR ex-
periment.!8

If the arene is planar (n°) in the Rh(II) complex, a single
resonance should be observed for the protons in the arene Me
groups. A bent arene (1*) should show three arene Me resonances,
as observed for the neutral complex (n*-C¢Meg)RhCp* 8 It is also
possible that a bent arene complex could give a single 'H resonance
for the Me groups if the complex is fluxional in such a way that
the motion averages the environments of all the Me groups within
the NMR time scale (vide infra).

In collecting spectra, care was taken to ensure that only the
Rh(II) monocation was present in solution, since the presence of
either the dication or the neutral complex could lead to electron
exchange, giving shifted and/or broadened peaks. This condition
was realized by adding a slightly substoichiometric amount of
Cp,Co reductant to a slurry of [(55-CsMeg)RhCp*][PF,], in

(17) Bowyer, W. J., unpublished research at University of Vermont.

(18) For example: (a) Poole, Jr., C. P.; Farach, H. A, In Theory of
Magnetic Resonance, 2nd ed.; Wiley: New York, 1987; Chapter 11. (b)
Weber, J.; Goursot, A.; Penigault, E.; Ammeter, J.; Bachmann, J. J. Am.
Chem. Soc. 1982, 104, 491. (c) Reference 37b.
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CD,Cl,, since the dication is poorly soluble in this solution and
its concentration could be neglected. Alternatively, equimolar
amounts of the dicationic and neutral complexes when mixed in
CD,Cl, gave the monocation through the comproportionation
reaction!® (eq 2).

Rh(IIT) + Rh(I) = 2Rh(1I) )

Essentially identical results were obtained by the two methods,
Data at 200 MHz are discussed as representative (Table I). Two
resonances were observed (Figure 1, 298 K), one at 56 = 1 ppm
(wy;2 = 81 Hz) and one at 123 £ 1 ppm (w;,, = 305 Hz). Wi
is the peak width at half-height. Integration of/ these peaks (1.20;1
ratio) enabled assignment of the signal at 56 ppm to the CsMeq
group and that at 123 ppm to the CsMes group. Identical results
were obtained when the monocation was prepared by compro-
portionation in acetone, so that the solvent appears to have no
major effect on the chemical shifts.

Spectra at lower temperatures showed that the chemical shifts
of both the C¢Meg and the CsMe; peaks increased linearly with
1/T over the range T = 183-298 K (Figure 2). The 1/7 de-
pendence of the chemical shift is consistent with a Curie law
dependence of the spin susceptibility?® and infers that one state
is responsible for the observed paramagnetism. Put in other terms,
the magnetic susceptibility apparently arises from a doublet spin
state, with no evidence of a singlet/triplet equilibrium being
involved. The line widths of the resonances increased with de-
creasing temperatures, but not excessively so, and the effect ap-
pears to be due merely to decreasing electronic relaxation times
at lower temperatures.

An experiment performed using a 470-MHz instrument resulted
in a decrease in line widths for both the arene and cyclopentadienyl
Me resonances. Since a line width limited by exchange (i.e.,
fluxionality in the present case) should increase with increased
magnetic field, 2?2 this indicates that little if any of the observed
line width is due to such site-exchange effects.

Significance of the Single Arene Resonance. As mentioned
above, there are two possible interpretations for the observed
equivalence of the arene methyl resonances. One is that the arene
is planar in the Rh(II) monocation. The second is that the arene
Me groups are magnetically equivalent owing to rapid fluxionality
of the metal-arene bond. Although the latter behavior is known
for bent metal-arene complexes, the structures are usually non-
fluxional at or slightly below room temperature.?>"2>  We now
show that fluxionality cannot account for the behavior of the
present Rh(II) system.

For a fluxional system to be in the fast-exchange limit of the
NMR time scale, the rate constant for exchange, k.,, needs to
be much greater than 2wAv, where Av is the difference in chemical
shifts (in hertz) between the exchanging sites.? To calculate the
minimum rate of fluxionality needed to average the NMR en-
vironments of the arene resonances, we need to estimate the
differences in chemical shifts expected for the distinguishable pairs
of Me groups in a bent arene paramagnetic complex.

It may be expected that the Rh(II) complex, like other para-
magnetic sandwich complexes, has a metal-ligand spin delocal-
ization mechanism dominated by the Fermi contact interaction

(19) Formal potentials for the Rh(III}/(II) and Rh(IT)/Rh(I) couples, as
reported in ref 8, are, respectively, —0.50 and -0.87 V in CH,Cl,. An equi-
librium constant for comproportionation in excess of 106 is indicated by these
values.

(20) Jesson, J. P. In NMR of Paramagnetic Molecules, Principles and
Applications; LaMar, G, N., Horrocks, W., Jr,, Holm, R. H., Eds.; Academic
Press: New York, 1973; Chapter 1.

(21) Swift, T, J. In ref 20, Chapter 2.

(22) McConnell, H. M. J. Chem. Phys. 1958, 28, 430.

(23) Darensbourg, M. Y.; Muetterties, E. L. J. Am. Chem. Soc. 1978, 100,
7425.

(24) Kang, J. W; Childs, R. F.; Maitlis, P. M. J. Am. Chem. Soc. 1970,
92, 720. The neutral complex (7*-C¢Meg)RhCp* is also fluxional at elevated
temperatures. At a temperature of 383 K in toluene-d; the resonances are
very broad, but the coalescence temperature has still not been reached (J.
Merkert, unpublished data, University of Vermont).

(25) Koelle, U.; Fuss, B. Chem. Ber. 1986, 119, 116.

Merkert et al.

rather than by a dipolar interaction,?® The downfield shift of
the Me resonances supports this assumption, as does the small
g-value anisotropy in the closely related Co sandwich complex,
[(n®-C¢Meg)CoCp*]*.27  We can therefore expect that the
chemical shifts will reflect primarily the spin densities on the
ligands.

There appears to be only one measurement of ligand chemical
shifts or hyperfine splittings for a paramagnetic tetrahapto arene
complex, Elschenbroich and co-workers?® observed large dif-
ferences in coupling constants for the protons of the bent benzene
ring in the ESR spectrum of [(#*-CgHg)Cr(n5-C4Hg)]~. Values
of ay, the isotropic proton hyperfine splitting, are 7.75, 1.57, and
1.00 G. Since spin transmission from a carbon pr orbital to CH,
groups and to H atoms is about equally effective,”? we could expect
similar differences in methyl proton hyperfine splittings if the
Rh(IT) complex had a bent arene. At room temperature in fluid
media, a difference of over 6 G in ay corresponds to a difference
of over 4000 ppm® in 'H chemical shifts. Being more conservative,
if we assume a difference in hyperfine splittings of only 1 G, a
chemical shift difference of about 75 ppm is predicted at 298 K,
The inferred difference in chemical shifts is well over 100 ppm
at 183 K, a temperature at which we clearly observe a single arene
resonance,

Assuming even this minimum chemical shift difference, the rate
constant for fluxionality needed to average the magnetic envi-
ronments on the basis of the above relations is well in excess of
10% 57!, even at 183 K. For the sake of comparison, the rate of
1,2-shifts of the neutral fluxional tetrahapto complex [7*-Cq-
(CO,Me) RhCp*] is only 2 s™! at the considerably higher tem-
perature of 356 K. An activation barrier of over 80 kJ/mol was
reported for the fluxionality of the neutral Rh(I) complex.? In
contrast, the AG* for fluxionality in the Rh(II) system would have
to be less than 20 kJ/mol to explain the singlet arene resonance
at low temperatures. This activation energy is of the order of
magnitude seen for the barrier to rotation of planar w-bonded
ligands such as °-Cp and n®-arene®' and far from that expected
for a 1,2-shift mechanism for a bent arene. We can therefore
deduce with confidence that the Rh(II) intermediate must have
a planar or nearly planar arene ring.

The present findings are also consistent with the results of a
recent investigation of the self-exchange and electrochemical
exchange kinetics for [(n-CsMeg)RhCp*]2*/*/0 in relation to the
congeneric Co system.!® In contrast to the cobalt redox steps,
for which no hapticity change occurs, the second (+/0) elec-
tron-transfer step for rhodium exhibits markedly (up to 10*fold)
slower exchange kinetics than for the 24 /+ step. The substantial
additional intrinsic barrier for the addition of the second electron
is consistent with the hapticity change being coupled primarily
with this step. The examination of solvent-dependent kinetic data
also suggests that this coupling of the hapticity change with the
second electron transfer is partly concerted in nature,'®

Comparisons to Other Metal-Arene Systems. Two classes of
compounds have been structurally confirmed as undergoing a »°
to #* hapticity transformation induced by two-electron addition:
[(n-CsMeg)Ru(nf-CgMeg)]2+/0 101131 and [(n-CsMeg)MCp*]2+/0
(M = Rh, Ir).%%13 In other cases, the hapticity change has been
postulated, but its confirmation has been frustrated by the in-
stability of either the fully reduced*? or fully oxidized?* member
of the electron-transfer series. In each study, it has been recog-

(26) Rettig, M. F.; In ref 20, pp 220ff.

(27) Koelle, U,; Fuss, B.; Rajasekharan, M. V.; Ramakrishna, B. L.; Am-
meter, J. H.; Boehm, M. C. J. Am. Chem. Soc. 1984, 106, 4152.

(28) Elschenbroich, Ch.; Bilger, E.; Koch, J.; Weber, J. J. Am. Chem. Soc.
1984, /06, 4297. The 1.00-G hyperfine splitting was assigned to hydrogens
on the decoordinated double bond, and the 7.75-G splitting was assigned to
H on the “hinge” carbons.

(29) Carrington, A.; McLachlan, A. D. Introduction to Magnetic Reso-
nance; Harper & Row: New York, 1967; Chapter 6.

(30) Hausser, K. H.; Brunner, H.; Jochims, J. C. Mol. Phys. 1966, 10, 253.

(31) Fischer, E. O.; Elschenbroich, Ch. Chem. Ber. 1970, 103, 162,

(32) (a) Rieke, R. D,; Arney, J. S.; Rich, W. E.; Willeford, B. R.; Poliner,
B.S. J. Am. Chem. Soc. 1975, 97, 5951. (b) Henry, W. P.; Rieke, R. D. J.
Am. Chem. Soc. 1983, 105, 6314.
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nized that the key to understanding the mechanism of the
structural change is knowledge of the hapticity of the one-electron
intermediate.®!1125322 The present results demonstrate that this
process can occur through an nf-arene intermediate (eq 3). There

(n-arene)M"t = (nb-arene) M D+ =(n4arene) M2+  (3)

is also an implication that 19-electron intermediates or transition
states such as may be important in some arene hydrogenation
reactions.

M M= 12-electron moiety
NH

A number of 19-electron metal-arene species are now known.
With the exception of [(C¢Hg),Cr]™,2 which is exceptional in being
an early-transition-metal complex, the complexes previously
structurally characterized have a planar or nearly planar arene
ring, 23334 However, this may be due to the fact that all of these
complexes were with first-row metals, which exhibit reluctance
in forming tetrahapto complexes,%8253% The present work appears
to provide the first information concerning metal-arene hapticities
in second- or third-row odd-electron complexes.

Distribution of the Unpaired Electron. It is generally believed
that the half-filled orbital in d” sandwich compounds has e;*
symmetry and is an admixture of the metal d,, (or d,,) orbital
and the 7* orbitals of the two polyolefins.’ Physical studies on
the isoelectronic and isostructural mixed sandwich complex
(n%-arene)FeCp indicate that the spin is about 60-70% metal-
centered.’® The ligand contribution is predominantly on the Cp
ring rather than on the arene,3® in contrast to theoretical pre-
dictions.’” A similar situation is found in the Co analogues,
[(n®-arene)CoCp]*,?” for which a 60% metal contribution to the
e,* orbital is estimated, the remaining spin density being 3—4 times
larger on the five-membered ring than on the six-membered ring.

The contact shifts for [(n5-CsMeg)CoCp*]* in CD,Cl, are 21.4
and 48.5 ppm for the C4Me; and CsMes groups, respectively, 2’38
so that the analogous contact shifts for the Rh complex (56 and
123 ppm) are about 2.5 times larger than those reported for the

(33) (a) Astruc, D. Acc. Chem. Res. 1986, 19, 377. (b) Astruc, D;
Hamon, J.-R.; Althoff, G.; Roman, E.; Batail, P.; Michaud, P.; Mariot, J.-P.;
Varret, F.; Cozak, D. J. Am. Chem. Soc. 1979, 101, 5445. (c) Hamon, J.-R ;
Astruc, D.; Michaud, P. J. Am. Chem. Soc. 1982, 103, 758. (d) Michaud,
P.; Mariot, J.-P.; Varret, F.; Astruc, D. J. Chem. Soc., Chem. Commun. 1982,
1383. (e) Madonik, A. M.; Astruc, D. J. Am. Chem. Soc. 1984, 106, 2437.

(34) Thompson, M. R,; Day, C. S.; Day, V. W,; Mink, R. I.; Muetterties,
E. L. J. Am. Chem. Soc. 1980, 102, 2979.

(35) Jonas, K.; Deffense, E.; Habermann, D. Angew. Chem., Int. Ed. Engl.
1983, 22, 716.

(36) (a) Haaland, A. Acc. Chem. Res. 1979, 12, 415. (b) Ammeter, J. H.;
Swalen, J. D. J. Chem. Phys. 1972, 57, 678.

(37) (a) Clack, D. W,; Warren, K. D. J. Organometal. Chem. 1978, 152,
C60; (b) Struct. Bonding 1980, 39, 1.

(38) The contact shift is the difference in shift between the paramagnetic
complex and an analogous diamagnetic complex. The diamagnetic complexes
used for these calculations were [(C¢Meg)CoCp*][PFg], (C¢Meg = 2.32 ppm,
CsMe; = 1.68 ppm) and the analogous Rh dication (C¢Meg = 2.29 ppm,
CsMes = 1.84 ppm), in acetonitrile-d;.
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Co congener. If it is assumed that the g values of the Rh complex
are also not highly anisotropic, then the larger observed contact
shifts are due to significantly larger electron density on the rings
of the Rh complex. Since the Rh 4d orbitals are more spatially
diffuse than are the Co 3d orbitals, the greater delocalization may
be due to more effective overlap of the metal orbital with the
carbon p, orbitals of the aromatic ligands. A similar effect has
been noted for the two 19-electron radicals [(#*-CsPhs)M(CO),]"
(M = Co, Rh),* in which the metal contribution to the half-filled
orbital was calculated to be about 20% lower for M = Rh than
for M = Co.

Summary

NMR studies of the Rh(II) complex [(#5-CsMeg)RhCp*]*
show that the arene Me groups are magnetically equivalent. This
fact does not support a bent arene structural formulation for the
complex in this oxidation state. Rather, a planar or near-planar
arene geometry is favored. This result answers the question, at
least for this system, of whether an arene bends in the first or
second electron-transfer step when going from a hexahapto to
tetrahapto complex through eq 1. It is clearly implied that the
major arene structural change occurs roughly concomitantly with
the second, rather than the first, electron transfer. Odd-electron
metal hydride structures may exhibit similar behavior, so that
19-electron intermediates in metal arene hydrogenation reactions,
having planar arene rings, must be viewed as plausible.

By analogy with the present system, it is likely that [(ar-
ene);Ru]*, an intermediate in the reduction of [(n®-C¢R¢),Ru]?*
to (n*-CgRg)Ru(n®-C4R;),1%!13! has two planar arenes, the metal
therefore having a 19-electron count, This would be consistent
with the hypothesis of Finke et al. that the Ru(I) intermediate
has a structure closer to that of the Ru(II) complex [(n°-
C¢Meg),Ru]?* than that of the Ru(0) complex (n*-CsMeg)Ru-
(n8-CeMeg)'!.

One other study of relevance to this discussion is that of the
reduction of (arene)Cr(CO); complexes.?>*#! First, Rieke and
co-workers®»*0 and then Leong and Cooper*! have shown that this
class of compounds undergoes a two-electron reduction to a re-
active dianion that apparently has »*-type bonding between the
ring and the metal. The metal-ring slippage has been postulated
to occur after the first electron transfer,*® in contrast with our
results on the Rh system. Taken together with the ESR char-
acterization by Elschenbroich et al. of the bent arene 19-electron
complex [(n*-CsHg)Cr(C4Hg)]1™, 2 it must be considered that bent
arene structures are more likely for electron-rich early transition
metals than for their later-transition-metal counterparts.
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