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Figure 3. Plot of AG¥* (373.15 K) as a function of mole fraction of water
in water-dioxane mixtures. Data used was taken from (@) this work!® and
(A) ref §.

gether, these results provide very strong evidence that chemical
reaction is rate controlling.

With a rate-limiting chemical reaction, the linear depen-
dence of ko on surface area shown in Figure 1 can be ration-
alized only in terms of an interfacial process. Moreover, the
fact that this plot extrapolates through the origin shows that
the observed reaction takes place exclusively at the phase
boundary. Independent evidence that reaction is not occurring
in the bulk liquid phases comes from two additional sets of
experiments. First, we have found a linear dependence of AG*
on the mole fraction of water present for the hydrolysis of |-
bromoadamantane carried out in homogeneous dioxane-water
mixtures (Figure 3). The extrapolated free energy of activation
in pure water (AG¥ = 23.0 kcal mol~1) is considerably lower
than that observed for the biphase process.!8 Second, when a
toluene solution of |-bromoadamantane was saturated with
water at 100 °C for | h and then heated for another 24 h at the
same temperature in the absence of the aqueous layer, no
further hydrolysis could be detected.

If Figure 3 is used as a crude calibration to estimate the
nature of the microenvironment at the toluene-water interface,
an ionizing power equivalent to a 91% (v/v) dioxane-water
mixture is obtained. Menger has proposed that a hydrocar-
bon-water interface is a three-dimensional region containing
both hydrocarbon and water which gradually changes into bulk
aqueous and organic phases.? Our data indicate that the tol-
uene-water interface is of intermediate polarity and is con-
sistent with such a model. However, more information is clearly
needed before a complete description of the microenvironment
is possible.

We believe that biphase hydrolysis of 1-bromoadamantane
represents an attractive kinetic probe for exploring aqueous-
organic interfaces and related studies aimed at defining these
regions in greater detail are being planned.
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Synthesis and Thermal Decomposition of
Homoleptic tert-Butyl Lanthanide Complexes!
Sir:

The organometallic chemistry of the lanthanide elements
is of interest because the unique physical characteristics which
distinguish the lanthanides from other metals may lead to
patterns of reactivity for organic molecules attached to the
lanthanide center which are substantially different from those
found with other metals. Despite this potential for unusual
organometallic chemistry, relatively few investigations of the
organometallic chemistry of these elements have been made.?
We report here the synthesis of a new class of stable, o-bonded
organolanthanide complexes involving the tert-butyl ligand:
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LiLn(¢-C4Hg)4(THF), (Ln = Sm, Br,x = 4;Ln=Yb, x =
3; THF = tetrahydrofuran). This class of compounds not only
expands the list of available ¢-bonded organolanthanides, but
also represents only the second example of a homoleptic ter:-
butyl complex.3 In addition, this class provides a unique op-
portunity to assess the importance of 8-hydride elimination in
organolanthanide chemistry and to further delineate the dif-
ferences in the organometallic chemistry of the transition
metals and the lanthanide metals.#

Previously, most syntheses of stable organolanthanides in-
volving lanthanide-carbon ¢ bonds have used the cyclopen-
tadienyl ligand as a bulky stabilizing ligand,2b although ho-
moleptic 2,6-dimethylphenyl complexes have been knowns
since 1972 and demonstrate that the cyclopentadienyl ligand
is not essential. Recently, the silyl ligands ~-CH»Si(CH3)3 and
-CH[Si(CH3;)3])2, commonly used in organo transition metal
synthesis because they lack 8 hydrogens,® have been used to
form stable organolanthanides.” The results described below
demonstrate that it is unnecessary to limit syntheses of
o-bonded organolanthanides to ligands which lack 8 hydro-
gens,

Slow addition of a freshly prepared pentane solution of ¢-
C4HoLi® to a magnetically stirred suspension of anhydrous
LnCl3% (Ln = Sm, Er, Yb)!9in THF at —55 °C, followed by
stirring for | hour, warming to room temperature, and stirring
for an additional 2 h, affords a solution which has the distinc-
tive color of the trivalent lanthanide ion and a fine precipitate
of LiCl. Filtration and solvent removal yields an oily mass
which is washed with pentane to remove traces of alkyllithium
and extracted with diethyl ether to separate any remaining
LiCl. THF is added to the ether solution, all solvent is removed,
and the process repeated until free-flowing powders are ob-
tained (yield 50-75%). Further purification may be effected
via crystallization of these compounds induced by slow diffu-
sion of pentane into a concentrated THF-hexane solution.

All of the complexes are extremely air and moisture sensi-
tive. The erbium derivative appears less sensitive than the yt-
terbium and samarium compounds, which decompose to white
powders within seconds of air exposure. The erbium complex
is also the most thermally stable complex in the series and
begins to decompose at 60 °C in vacuo.!! The samarium and
ytterbium compounds appear to decompose slowly at room
temperature over a period of several days. The compounds are
insoluble in hydrocarbon solvents and are converted to oils by
aromatic solvents. They are completely soluble in diethyl ether
and THF.

The composition of the rerz-butyl complexes has been ver-
ified by an accurate and complete elemental analysis of the
most stable erbium complex!2 and by complexometric metal
analyses of the other members of the series.!3 As expected,
hydrolysis of the complexes yields THF and 2-methylpro-
pane.'4

The infrared spectra of the complexes'? are virtually iden-
tical exhibiting sharp absorptions at 1045 and 890 cm™!
characteristic of coordinated THF'® and absorptions at 1455,
1180, 1135, and 780 cm~! which may be assigned to the tert-
butyl group. Absorptions at 2760, 2730, 2670, and 2620 cm™!
are attributable to Li-H1C interactions!? suggesting that the
lithium cation is not completely surrounded by solvating THF
molecules. Each complex exhibits a near-IR-visible spectrum
characteristic of the free trivalent ion.!8 The erbium spectrum
is particularly interesting in that the absorptions at 526 and
383 nm due to transitions from the 47,5, ground manifold to
2H1)/2 and G 2, respectively, are hypersensitive.!®

Variable-temperature magnetic susceptibility measure-
ments?! confirm the +3 oxidation state of the metal in these
complexes (Table I). As expected, the erbium and ytterbium
compounds obey the Curie-Weiss law, while the samarium
complex does not. Only for the samarium derivative was a 'H
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Table I
108 xm, Heft f
compd color cgs (corr)  (280K) (K)
LiEr(1-C4Hg)4(THF)4 pink 43200 9.7 10
LiYb(t-C4Hg)4(THF); red-purple 9500 4.6 2
LiSm(z-C4Hg)4(THF)4 dark gold 2000 2.1

NMR spectrum observable in the normal region and the sharp
singlet at 6 —0.79 was assigned to the 36 equivalent protons
contained in the 4 equivalent tert-butyl groups.

Thermal decomposition of the samarium derivative could
be conveniently monitored via NMR and showed a decrease
in the 6 ~0.79 singlet with concomitant appearance of ab-
sorptions for 2-methylpropane?* during a 12-h period in THF
at 40 °C. The decomposition was complete after 16 h, and
quantitative measurements indicated that 3.25 mol of 2-
methylpropane had formed/mol of LiSm(¢-C4Hg)4(THF)..
The only other major organic product observed was 0.5 mol
of ethylene, presumably formed by attack of free t-C4HgLion
THF.?5 Since the infrared spectra indicate that Li is already
interacting to some extent with the tert-butyl groups, it is
reasonable to suggest that dissociation of t-C4HsLi occurs as
one of the initial decomposition steps. Consistent with this
proposal is the decomposition of LiSm(z-C4Hg)4(C4D50)426
in C4D30. The 2-methylpropane formed is ~25% (CH3);CD
suggesting that only one of the four terz-butyl groups reacts
with THF to form 2-methylpropane.27.28

The absence of equivalent quantities of 2-methylpropene
and 2-methylpropane in this decomposition is remarkable and
suggests that 8-hydride elimination is not the most facile de-
composition pathway. This result contrasts sharply with organo
transition metal chemistry, where the ease of 8-hydride elim-
ination usually precludes the formation of stable tert-butyl
species.?® The only reported homoleptic tert-butyl transition
metal complex, Cr(z-C4Hg)4, presumably is stable owing to
an interlocking cogwheel arrangement of ligands which pre-
vents close approach of the 8 hydrogen and the metal. None-
theless, 8-hydride elimination is one of the reaction pathways
in the thermal decomposition of Cr(¢-C4Hg)4 which occurs in
1 h at 70 °C to form 2-methylpropene, 2-methylpropane,
methane, ethane, and propane.3 Since the lanthanide metal
center is substantially larger than that of chromium,3? geo-
metrical restraints to 8-hydride elimination are unlikely unless
the solvating THF molecules significantly affect chemical
reactivity at the metal center by occupying vacant coordination
sites.2® The origins and practical utility of these unusual re-
activity patterns observed for these organolanthanides are
under investigation.
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General Base Catalysis and Evidence

for a Sulfurane Intermediate in the [odine
Oxidation of Methionine

Sir:

The oxidation of methionine by iodine to give the cyclic
sulfimine dehydromethionine (S-methylisothiazolidine-3-
carboxylic acid) is catalyzed by general bases and gives a
nonlinear Brgnsted plot which breaks from a slope of ~1.0 to
a slope of zero at approximately pK, = 2. This is interpreted
as evidence for a mechanism involving stepwise proton transfer
through a preassociation mechanism. At low concentration of
buffer, the reaction is inversely dependent on the concentration
of iodide ion. At high buffer concentration, the reaction rates
exhibit a nonlinear dependence on iodide concentration which
approaches an inverse-squared dependence. The observation
of a simple inverse dependence at low buffer requires that
diffusion apart of the iodosulfonium ion-iodide encounter
complex (1) must be slow with respect to reduction of the
complex through k_; and ring closure through k¢ (eq 1). The

“npn

‘
)
3

changeover to an inverse-squared dependence at high buffer
requires a kinetically significant intermediate after the ring
closure step. It is suggested that this intermediate is a tetra-
coordinate sulfurane.

The iodine oxidation of sulfides proceeds through the initial
formation of an iodosulfonium ion.' Typically, this interme-
diate can be attacked by iodide ion, reversing the reaction, or
by water to give the sulfoxide. A major unanswered question
in nucleophilic reactions of these types is whether the attack
occurs through an Sx2-like transition state or if a tetracoor-
dinate sulfurane is involved as an obligatory intermediate.? In
the iodine oxidation of methionine, the proximal amino group
apparently traps the iodosulfonium ion intermediate faster
than that intermediate is attacked by the solvent to give sulf-
oxide. In its simplest form, this mechanism predicts an in-
verse-squared dependence on the concentration of iodide ion:
one inverse dependence as a result of the equilibrium to give
trilodode ion and the second due to reversal of the oxidation
process by attack of iodide on the iodosulfonium ion. The ob-
servation by us and others? that this reaction shows a simple
inverse dependence at low buffer concentrations requires that
either attack be rate limiting or that free iodide in solution does
not reduce the iodosulfonium ion intermediate. Since buffer
catalysis is observed, it is unlikely that attack of iodine is rate
limiting. Therefore, the rate constants for reversion of the io-
dosulfonium ion-iodide encounter pair back to starting ma-
terials (k-) and the rate constant for ring closure (ko) must
be faster than the rate constant for diffusion apart of the ion
pair. Since the ion pair is not expected to be extraordinarily
stable, this suggests that k_; and k¢ will also be faster than the
rate constant for diffusion of 1 M buffer base up to the en-
counter pair. This requires that the buffer preassociate with
the methionine-iodine complex before the oxidation step oc-
curs and that the catalysis occur through either a concerted
or a stepwise-preassociation mechanism.* While those two
mechanisms can theoretically be distinguished based on their
Brgnsted behavior, the data do not rigorously exclude a linear
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