and the kinetics are consistent with a bridged mechanism
involving chelation of Fe+ prior to electron transfer

K k:
RoL + Fe?* = RoLFe** —> Col! + FelllL,  (2)

‘Ed,[Com] =ky[RoLFe?*] =

k[FelJ Colll]
I + {H*}}KuKa + {H+}/Kar + K[Fell] (€))

where
k2 = le (4)

The term ““1” in the denominator of eq 3 is negligible
under all the conditions used. At low pH, with ferrous
ion in moderate (ca. 20-fold) excess over cobalt(IIl),
the reaction is pseudo-first order in [Fell]. We observe
ky = 1.0 X 105 M—*sec—*! at 25°, ionic strength 1.0 M
(NaClO,), confirming that the polydentate ligand greatly
facilitates electron transfer (¢f. L = Cl—, k;, = 1.35 X
103 M—tsec—!; L = CO. 2, ko = 0.43 M~! sec1.67
At higher ferrous concentrations and at the upper end
of the pH range the rate approaches a limit, as required
by eq 3; whence K = 1.1 X 10 M~'and k, = 9.4 X
10—2 sec™?, corresponding to a lifetime of about 10 sec.

The formation constant, K, of the binuclear complex
is comparable with that of the N-methyliminodiacetato-
iron(II) complex (4.5 X 10® M—'at20°in 0.1 M KC9),
suggesting the presence of two chelate rings; and the
spectrum from 300 to 760 nm shows only the character-
istic bands of the pentaamminecobalt(Ill) and iron(II)
chromophores, so that there is little doubt that the
oxidation states are as shown. Hence we favor struc-
ture I for the predominant form of the intermediate,
which could be described as an outer-sphere association
complex of cobalt(Ill) and iron(Il), in which the two
metal ions also happen to be linked by a “nonconduct-
ing” carbon-nitrogen chain. It does not follow, how-
ever, that the electron is transferred directly across the
intervening space; a carboxyl-bridged transition state
(II), formed by rapid elimination of H,O, is equally
consistent with the data.

(NH,);Co'— 0+ _~0 o
A

H,0 I é
P ’—Fe (0]
1,07 |

2

N/l?
O——Fe— 0]
HZO

I

(NH,);Co'—0

2

I

Further work on reactions with other divalent metals
is in progress.

(6) 1. H. Espenson, Inorg. Chem., 4, 121 (1965).

(7) C. Andrade and H. Taube, ibid., 5, 1087 (1966).
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Rapid Interchange of Monohapto- and
Pentahaptocyclopentadienyl Rings in
Tetracyclopentadienyltitanium

Sir:

The first molecule containing both an (4!-C;H;) and
an (h*-C;H;) group attached to the same metal atom to
be studied as a function of temperature by nmr spectros-
copy was (h*-C;H;)Fe(CO)y(h'-C;H;).! It was shown
that the (#!-C;H;) ring is fluxional and all available
evidence? strongly favors 1,2 shifts as the predominant
rearrangement pathway. However, no indication of
interchange of the two rings has been seen, even up to
temperatures of ~125°, where decomposition becomes
rapid.® This may be attributed to the fact that no
suitable transition state involving two equivalent rings,
each having a relationship to the metal atom inter-
mediate between (h!'-C;H;) and (h5-C;H;), can be
achieved at low activation energy, owing to the lack of
available empty orbitals on the iron atom, which has
the formal 18-electron configuration. Nor is there any
other case in which a genuine (A'-C;H;)—(#5-C;H;)
interchange has been observed. ¢

We now wish to report the first such observation with
full, though preliminary, documentation.

The three compounds (C:H;)sM, M = Ti,® Zr,’
and Hf,® have all previously been reported. The Zr
and Hf compounds exhibit a single, sharp pmr signal
at room temperature and no broadening has been
observed at the lowest accessible temperatures®
(~—150°), nor have we succeeded in obtaining suitable
crystals for X-ray study. Hence the structural and
dynamical properties of these molecules remain un-
defined though there is a strong probability that very
rapid interchange of different ring types occurs.

Tetracyclopentadienyltitanium has now been well
characterized structurally and dynamically. The com-
pound crystallizes in the hexagonal system, and sys-
tematic absences indicate one of the enantiomorphous
space groups P6:22 or P6;22. The unit cell dimensions
are: a = 9.214 and ¢ = 31.895 A. A unit cell

(1) M. J. Bennett, F. A. Cotton, A, Davidson, J. W. Faller, S. J.
Lippard, and S. M, Morehouse, J. Amer. Chem. Soc., 88,4371 (1966).

(2) F. A. Cotton and T. J. Marks, ibid., 91, 7523 (1969).

(3) F. A. Cotton and T. J. Marks, unpublished observations.

(4) The ring interchange in (CsH;);MoNO is a special case, since two
of the rings have a very unusual relationship to the metal® quite different
from the regular (h5-CsHs)M geometry, and it is easy to believe that
this predisposes them toward facile interchange with the #21-CsH; ring.
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(1967).
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Figure 1. The pmr spectra of (C;H;),Ti at several temperatures.

The intermediate spectra were run at higher gain.

volume of 2345 A%and Z = 6 give peatca Of 1.31 g/ecm?3
(the great reactivity of the compound prevented us
from determining the density experimentally). The
integrated intensities of 1205 reflections, including
384 Friedel pairs (i.e., 821 Laue-independent re-
flections), within the sphere 8 < 65° were measured on a
General Electric XRD-5 manual diffractometer using
nickel-filtered copper radiation and a 6-28 scan tech-
nique. The structure was solved by a combination of
Patterson, Fourier, and least-squares calculations. At
the present stage of refinement, by using isotropic
temperature factors and the space group P6,22, the
conventional R factor is 0.139. Though further
refinement is needed for meaningful discussion of the
finer details, the structure unambiguously contains
(7*-CsHg)y(#*-C5H;).Ti molecules lying on twofold axes.
The following average distances (in angstrdms with
esd’s of ~0.02 A) are pertinent.

A"Q.SQ\V 139

315—7

The pmr spectra at several temperatures in Cg-
D;CD; solution are shown in Figure 1. The two
lines at lower temperatures are due to the fluxional
h'-C;H; rings (7 4.12) and the A5-C;H; rings (r 4.82).
Studies at lower temperatures are being conducted in
other solvents to examine the A!-C;H; rearrangement
process. As the temperature rises, these two lines

(10) The peak marked X, which has been erroneously attributedsd
to (CsHs)4Ti, is due to (CsHs)sTiCl. This molecule, presumably (hs-
CsHs)a(h!-CsH5)TICl is also fluxional, and a broad study of this and
other (CsHs)sTiX molecules is in progress.

collapse and merge, clearly proving that ring inter-
change occurs. The Arrhenius parameters are E, =
16.1 £ 0.3 kcal/mol and log 4 = 13.5 = 0.5.

The relatively facile occurrence of (A'-CsH;)-
(h5-C;H;) interchange in this compound may be at-
tributed to the formal 16-electron configuration, which
means that the metal atom possesses an empty orbital.
This orbital can be employed in binding two rings
which are initially (#5-C;H;) and (A'-C;H;) in an
equivalent fashion, very likely similar to the binding of
the two non-(h*-C;H;) rings in (C;H;);sMoNO, thus
affording a suitable, low-energy transition state.!!
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Rearrangements Involving Simple Vinyl Cations
Generated by Solvolysis!

Sir:

One of the best indications of the intermediacy of
carbonium ions in a reaction is the observation of
rearranged products, Although excellent evidence has
been presented that the solvolysis of simple alkyl
substituted vinyl triflates can in some cases lead to
vinyl cations,? we wished to confirm this conclusion by
studying the behavior of substrates expected to give
rise to rearrangement.

Two types of rearrangements involving vinyl cations
are possible: (1) to the double bond (I — II) and (2)
across the double bond (III — IV). We present here
examples of both types in strain-free systems.5

R R
N, o+ S Nt |/
—

—C—C=C C—C=C
/ N

I II

R R
+ /S +
—~C=C —>» C=C—
/
I v

The solvolysis of z-butylvinyl triflate (V) in aqueous
ethanol was shown to give t-butylacetylene as the
major product, but 10-15% of 2,3-dimethylbutadiene
as well as rearranged alcohols and ethers were also
obtained.® Similar products are found after acetolysis.
Those products were formulated® as arising from a
vinyl cation rearrangement.®

We have now excluded an alternative rearrangement
course involving addition—elimination.” As indicated
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