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Kinetic experiments of the oxidative addition of methyl iodide to the cationic rhodium(I)
carbonyl complex [Rh(L)(CO)]PF6 (1; L ) 2,6-bis(benzylthiomethyl)pyridine) forming the
observable rhodium(III) methyl species [RhI(L)(CO)Me)]PF6 have been performed by
FT-IR. The reaction yields the isolable rhodium acyl complex [RhI(L)(COMe)]PF6. Plots of
kobs versus concentration of methyl iodide indicate that the reaction proceeds by two parallel
pathways, one which is first order in complex 1 and zero order in MeI (k1) and one which is
first order in complex 1 and first order in MeI (k2). The first-order pathway displays scarce
dependence on the nature of the solvent (k1 (31 °C): 6.7 × 10-6 s-1, acetone; 1.1 × 10-5 s-1,
dichloromethane; 1.7 × 10-5 s-1, acetonitrile), while a larger solvent effect is observed for
the second-order pathway (k2 (31 °C): 6.4 × 10-6 M-1 s-1, dichloromethane; 5.9 × 10-5 M-1

s-1, acetone; 1.4 × 10-4 M-1 s-1, acetonitrile), in agreement with the dissociative and
associative character of the two routes, respectively. The kobs values for the reaction in
methanol exhibit a saturation behavior when plotted against the concentration of methyl
iodide. 1H NMR spectra of complex 1 at different temperatures in the range 208-302 K
display a fluxional behavior typical of tridentate complexes of S,N,S ligands, due to pyramidal
inversion at the sulfur centers. The methyl iodide independent pathway and the saturation
behavior in methanol are due to reversible decoordination of one thiobenzyl arm from
rhodium, yielding a transient three-coordinate bidentate N,S species which reacts rapidly
with MeI. The data are discussed in terms of the concept of kinetic detection of hemilability.

Introduction

Ligand hemilability is a peculiar feature displayed by
some transition-metal complexes in which one donor
atom of a polydentate system equilibrates between a
coordinated, “close”, and a dissociated, “open”, mode, as
indicated in Scheme 1.1 The hemilabile property arises
from the different donor strengths within the chelating
system, in particular from the presence of substitution-
ally inert and substitutionally labile groups. Since the
dissociated form is characterized by electronic and
coordinative unsaturation, it may display appealing
features in terms of reactivity. In fact, it can provide a
free coordination site at the metal during reaction, as
well as stabilize the starting complex or reactive inter-
mediates. The intramolecular dissociation of one arm,
called the “arm-off” mechanism, has been implicated in
various reactions, and a variety of complexes of hemi-
labile ligands have been used successfully in catalysis,

often exhibiting considerable rate enhancements.1c This
field is gaining increasing importance, as testified by
the extensive number of publications focused on the
concept of hemilability. Only scattered examples on the
synthesis and use of hybrid hemilabile ligands and
derived complexes are listed here.2

Evidence of hemilability comes from ligand substitu-
tion reactions (Scheme 1), in which an entering ligand
(S) has displaced the weak donor arm, from fluxional
behavior due to dissociation and recoordination of
weakly bonding moieties, or from the presence of
monomeric as well as dimeric metal complexes.1b The
hemilabile character can also be detected by spectros-
copy, under conditions which have forced the equilibri-
um toward the “open” form.3 Means of evaluating the
effect of hemilability along the reaction coordinate are
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Scheme 1. Hemilabile Character of the Hybrid
Bidentate Ligand D-Z
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missing, and the concept of kinetic detection of hemi-
lability has not been contemplated so far.1a-c

Oxidative addition of methyl iodide to complexes of
platinum metals is a fundamental process in organo-
metallic chemistry.4 We have recently reported on the
reaction of the rhodium(I) carbonyl complex [Rh(L)(CO)]-
PF6 (1; L ) 2,6-bis(benzylthiomethyl)pyridine) with
methyl iodide, as the first mechanistic study of the
reaction of a cationic rhodium(I) complex and of the
oxidative addition-migratory insertion sequence in a
complex of a tridentate ligand (Scheme 2).5 Cationic
rhodium(I) carbonyl complexes of neutral 2,6-bis(sub-
stituted thiomethyl)pyridine ligands exhibit square-
planar geometry, in which the ligand imposes trans-
dithioether coordination to the pyridine-bound rhodium,
in solution6a and in the solid state.6b We report rate
studies of the oxidative addition reaction of methyl
iodide to complex 1 in various solvents, which highlight
the occurrence of the phenomenon of hemilability in-
volving the thioether group. The analysis allows a

quantitative evaluation of the reactivity of “closed” and
“open” coordination modes of the hybrid ligand 2,6-bis-
((benzylthio)methyl)pyridine.

Results and Discussion

The reaction of the complex [Rh(L)(CO)]PF6 proceeds
via two consecutive processes: namely, oxidative addi-
tion of methyl iodide to form easily observable inter-
mediate rhodium(III) methyl complexes and CO migra-
tory insertion to yield the corresponding acetyl complex
[RhI(L)(COMe)]PF6 (Scheme 2). In this work, we have
extended the initial kinetic study carried out in neat
methyl iodide and in acetonitrile to the solvents acetone,
dichloromethane, and methanol and report on the
results regarding the oxidative addition step. The reac-
tion proceeds in all solvents, with quantitative trans-
formation of complex 1, as observed from the FT-IR
spectra at the end of the kinetic runs. Therefore, no
equilibration is detectable between complex 1 and the
rhodium(III) methyl complexes, which are the products
of oxidative addition. An NMR analysis of this reaction
has revealed the formation of two isomers of the
intermediate rhodium(III) methyl complex shown in
Scheme 2. The runs have been performed by following
the carbonyl band of 1 at 2015 cm-1, as previously
described.5

A plot of pseudo-first-order rate constants ([MeI] .
[1]) obtained from the disappearance of complex 1, kobs,
vs the concentration of methyl iodide is shown in Figure
1, for the reactions in acetonitrile and in acetone. Figure
2 shows the analogous plot for the reaction in dichlo-
romethane. In all cases, the values of kobs, reported in
Table 1, show a linear dependence on the concentration
of methyl iodide. The slopes of the lines correspond to
the second-order rate constants in the various solvents,
which are reported in Table 2 as k2 values (M-1 s-1).
The change of k2 with solvent (acetonitrile > acetone >
neat methyl iodide = dichloromethane) indicates that
increased solvent polarity assists the oxidative addition
reaction, presumably characterized by the development
of charge in the rate-determining step. The overall
mechanistic information, composed of dependence on
[MeI], solvent effect, and activation parameters in
acetonitrile,5 conform with the classical bimolecular SN2

(2) (a) Esteruelas, M. A.; López, A. M.; Oro, L. A.; Pérez, A.; Schulz,
M.; Werner, H. Organometallics 1993, 12, 1823-1830. (b) Martin, M.;
Gevert, O.; Werner, H. J. Chem. Soc., Dalton Trans. 1996, 2275-2284.
(c) Mauthner, K.; Slugovc, C.; Mereiter, K.; Schmid, R.; Kirchner, K.
Organometallics 1997, 16, 1956-1961. (d) Barthel-Rosa, L. P.; Maitra,
K.; Nelson, J. H. Inorg. Chem. 1998, 37, 633-639. (e) Lindner, E.;
Pautz, S.; Fawzi, R.; Steiman, M. Organometallics 1998, 17, 3006-
3014. (f) Andreu, J.; Braunstein, P.; Naud, F.; Adams, R. D. J.
Orgamomet. Chem. 2000, 601, 43-50. (g) Gladiali, S.; Medici, S.; Kégl,
T.; Kollàr, L. Monatsh. Chem. 2000, 131, 1351. (h) Grushin, V.
Organometallics 2001, 20, 3950-3961. (i) Deckers, P. J. W.; Hessen,
B.; Teuben, J. H. Angew. Chem., Int. Ed. 2001, 40, 2516-2519. (j)
Holliday, B. J.; Jeon, Y.-M.; Mirkin, C. A.; Stem, C. L.; Incarvito, C.
D.; Zakharov, L. N.; Sommer, R. D.; Rheingold, A. L. Organometallics
2002, 21, 5713-5725. (k) Kuriyama, M.; Nagai, K.; Yamada, K.; Miwa,
Y.; Taga, T. Tomioka, J. Am. Chem. Soc. 2002, 124, 8932-8939. (l)
Kostas, I. D.; Steele, B. R.; Terzis, A.; Amosova, S. V. Tetrahedron 2003,
59, 3467-3473. (m) Verdaguer, X.; Pericas, M. A.; Riera, A.; Maestro,
M. A.; Mahia, J. Organometallics 2003, 22, 1868-1877. (n) Cadierno,
V.; Crochet, P.; Diez, J.; Garcia-Alvarez, J.; Garcia-Garrido, S. E.;
Gimeno, J.; Garcia-Granda, S.; Rodriguez, M. A. Inorg. Chem. 2003,
42, 3293-3307.
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Scheme 2. Sequence of Oxidative
Addition-Migratory Insertion in the Reaction of

Complex 1 with MeI

Figure 1. Plot of kobs values vs concentration of methyl
iodide for the reaction of complex 1 in acetonitrile and in
acetone, at 31 °C.
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mechanism exhibited by neutral and anionic rhodium-
(I) carbonyl complexes, involving Rh-Me bond forma-
tion and C-I bond breaking in the rate-determining
step.7

This analysis takes into account a route involving
both complex 1 and MeI in the rate-determining step.
However, the graphs of Figures 1 and 2 show a positive
y intercept, which is more evident in dichloromethane
due to the lower reactivity of the SN2 pathway. Plots of
kobs vs the concentration of one reagent characterized
by a linear dependence and an intercept on the y axis
are due to the presence of parallel first-order (in this

case, first order in complex 1, zero order in MeI, k1, s-1)
and second-order (first order in complex 1, first order
in MeI; k2, M-1 s-1) pathways.8 This is described by eq
1. In the graphs, the slope of the line represents k2 and
the intercept represents k1.

Therefore, in addition to the SN2 pathway there is a
second route in which the rate is independent of methyl
iodide. A graphical representation of a chemical model
satisfying eq 1 is shown in Scheme 3, where S is the
substrate and P is the product. Path A represents the
SN2 route to the oxidative addition product. The zero-
order dependence on MeI implies the formation of a
reactive species, S*, via rate-determining (k1) rear-
rangement of the substrate, followed by fast reaction
(k3) with MeI (path B). Due to the higher reactivity of
S* with respect to complex 1, this species reacts with
MeI as soon as it forms and does not accumulate in the
reaction medium.

Table 2 lists the values of both k1 and k2 rate
constants. The contribution of path B to the reaction
can be interpolated from the plots of Figures 1 and 2,
by comparing the kobs value at a chosen concentration
of methyl iodide with the k1 value. For instance, at [MeI]
= 1 M about 10% of the consumption of complex 1 occurs
via path B in acetone and in acetonitrile, while in
dichloromethane this route accounts for about 60% of
the reaction. The contribution of path B is relatively
large at low concentration of methyl iodide and becomes
smaller with increasing [MeI].

The kinetic behavior of the reaction of complex 1 with
MeI appears peculiar. In fact, while the linear depen-
dence on concentration of MeI is characteristic of
oxidative addition to d8 transition-metal complexes,7a,9

we have found only one case in which a plot of kobs vs

(7) (a) Hart-Davis, A. J.; Graham, W. A. G. Inorg. Chem. 1970, 9,
2658-2663. (b) Griffin, T. R.; Cook, D. B.; Haynes, A.; Pearson, J. M.;
Monti, D.; Morris, G. E. J. Am. Chem. Soc. 1996, 118, 3029-3030. (c)
Aullon, G.; Alvarez, S. Inorg. Chem. 1996, 35, 3137-3144. (d) Lam-
precht, D.; Lamprecht, G. J. J. Comput. Chem. 2000, 21, 692-703.

(8) Atwood, J. D. Inorganic and Organometallic Reaction Mecha-
nisms; Brooks/Cole: Monterey, CA, 1985; p 14.

(9) (a) Chock, P. B.; Halpern, J. J. Am. Chem. Soc. 1966, 88, 3511-
3514. (b) Ugo, R.; Pasini, A.; Fusi, A.; Cenini, S. J. Am. Chem. Soc.
1972, 94, 7364-7370. (c) de Waal, D. J. A.; Gerber, T. I. A.; Louw, W.
J. Inorg. Chem. 1982, 21, 1259-1260. (d) Collman, J. P.; Brauman, J.
I.; Madonik, A. M. Organometallics 1986, 2, 310-322. (e) Wegman, R.
W.; Abatjoglou, A. G.; Harrison, A. M. J. Chem. Soc., Chem. Commun.
1987, 1891-1892. (f) Vanzyl, G. J.; Lamprecht, G. J.; Leipoldt, J. G.;
Swaddle, T. W. Inorg. Chim. Acta 1988, 143, 223-227. (g) Fulford, A.;
Hickey, C. E.; Maitlis, P. M. J. Organomet. Chem. 1990, 398, 311-
323. (h) Bassetti, M.; Monti, D.; Haynes, A.; Pearson, J. M.; Stanbridge,
I. A.; Maitlis, P. M. Gazz. Chim. Ital. 1992, 122, 391-393. (i) Wilson,
M. R.; Liu, H.; Prock, A.; Giering, W. P. Organometallics 1993, 12,
2044-2050. (j) Dueker-Benfer, C.; van Eldik, R.; Canty, A. J. Orga-
nometallics 1994, 13, 2412-2414. (k) Gonsalvi, L.; Adams, H.; Sunley,
G. J.; Ditzel, E.; Haynes, A. J. Am. Chem. Soc. 1999, 121, 11233-
11234. (l) Jawad, J. K.; Al-Obaidy, F. N. K.; Hammud, J. A.; Al-Azab,
F. J. Organomet. Chem. 2000, 599, 166-169. (m) Roodt, A.; Steyn, G.
J. J. S. Afr. J. Chem. 2001, 54, 1-22. (n) Gonsalvi, L.; Adams, H.;
Sunley, G. J.; Ditzel, E.; Haynes, A. J. Am. Chem. Soc. 2002, 124,
13597-13612. (o) Chauby, V.; Daran, J.-C.; Serra-Le Berre, C.;
Malbosc, F.; Kalck, P.; Delgado Gonzales, O.; Haslam, C. E.; Haynes,
A. Inorg. Chem. 2002, 41, 3280-3290. (p) Gonsalvi, L.; Gaunt, J. A.;
Adams, H.; Castro, A.; Sunley, G. J.; Haynes, A. Organometallics 2003,
22, 1047-1054.

Figure 2. Plot of kobs values vs concentration of methyl
iodide for the reaction of complex 1 in dichloromethane, at
31 °C.

Table 1. Values of kobs (s-1) for the Reaction of the
Complex [Rh(L)(CO)]PF6 (1; L )

2,6-Bis((benzylthio)methyl)pyridine) with Methyl
Iodide in Methanol, Acetone, and

Dichloromethane at 31 °Ca

[MeI], M kobs, s-1 in CH2Cl2 [MeI], M kobs, s-1 in CH2Cl2

0.76 1.6 × 10-5 2.09 2.3 × 10-5

1.46 2.1 × 10-5 3.20 3.2 × 10-5

[MeI], M kobs, s-1 in Me2CO [MeI], M kobs, s-1 in Me2CO

0.392 2.99 × 10-5 0.944 6.15 × 10-5

0.618 4.35 × 10-5 1.120 7.35 × 10-5

[MeI], M kobs, s-1 in MeOH [MeI], M kobs, s-1 in MeOH

0.16 6.5 × 10-6 1.53 7.8 × 10-5

0.50 3.6 × 10-5 2.09 8.7 × 10-5

1.05 6.3 × 10-5

a [1] ) 0.005-0.010 M.

Table 2. Values of Kinetic Constants for the
Reaction of [Rh(L)(CO)]PF6 (1; L )

2,6-Bis((benzylthio)methyl)pyridine) with MeI in
Various Solvents, at 31 °C

solvent εa k1 (s-1) k2 (M-1 s-1) k-1/k3

CH2Cl2 9.1 [1.1((0.1)] × 10-5 [6.4((0.6)] × 10-6

MeCOMe 20.7 [6.7((1)] × 10-6 [5.9((0.1)] × 10-5

MeCN 37.5 [1.7((0.6)] × 10-5 [1.4((0.1)] × 10-4

MeOH 32.6 [1.7((0.1)] × 10-4 1.8 ((0.05)

a Dielectric constant.

Scheme 3

kobs ) k1 + k2[MeI] (1)
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[MeI] reveals a non-zero intercept on the y axis, among
the reactions of rhodium(I) complexes.10 The reaction
of the complex [Rh(cupferrate)(CO)(PPh3)], coordinated
by the bidentate anionic ligand PhNONdO, with methyl
iodide proceeds through two competing rate-determining
steps, one of which is zero order in methyl iodide. It has
been proposed that this route is due to a solvent-
assisted, and rate-determining, rearrangement of the
square-planar rhodium(I) complex into a trigonal-bi-
pyramidal intermediate, which reacts rapidly with MeI,
and is indicated as a solvent-catalyzed pathway.

The plot of kobs vs [MeI] for the reaction in the polar
protic solvent methanol shows a saturation effect, in
which the rate constants tend toward a limiting value
at increasing concentration of the electrophile (Figure
3). This behavior, described by eq 2 as adopted to path

B of Scheme 3, is typical of a reaction which proceeds
via an intermediate species, in equilibrium with the
substrate. The formation of this species can be assisted
by solvent.11Path B of Scheme 3 can account for this
behavior, the saturation effect arising from competitive
return of S* to substrate S or reaction with MeI.12 A
linear plot obtained from a graph of 1/kobs vs [MeI] yields
the values of k1 (1.7 × 10-4 s-1) and the ratio k-1/k3 )
1.8. This kinetic analysis indicates a larger value of k1
in methanol than in the other solvents, which may
explain why path B becomes dominant with respect to
path A. A saturation behavior in oxidative addition
reactions of methyl iodide with rhodium(I) complexes
is also not common. For instance, the kobs values for the
reaction of the complex [Rh(CO)2I2]NBu4 show linear
plots up to high concentrations of MeI, so that the

reaction is overall first order in rhodium complex and
first order in MeI.9g

A mechanistic description which accounts for the
kinetic patterns observed in acetonitrile, acetone, and
dichloromethane is shown in Scheme 4. The four-
coordinate complex [Rh(L)(CO)]PF6 reacts following
path A via a rate-determining attack of MeI (k2).
Reversible decoordination of one thiobenzyl arm from
rhodium generates an equilibrium between the sub-
strate and a transient three-coordinate 14-electron
species, which reacts rapidly with MeI, via path B. This
species forms under steady-state conditions and is
therefore not detectable by spectroscopic means. The
system does not remain 14e, since the novel species
returns to the substrate by recoordination of the pen-
dant arm (k-1 . k1), reacts with MeI (k3 . k1), or
becomes temporarily solvated before either step. Via this
route, the dissociative process of the thiobenzyl group
is the rate-determining step (k1) of the oxidative addition
reaction.13

In agreement with this interpretation, the k1 values
show scarce dependence on the nature of the aprotic
solvent, as expected for an intramolecular dissociative
step, with respect to the k2 values. Square-planar
complexes of d8 transition metals are known to undergo
substitution of thioether ligands via dissociative mech-
anisms involving coordinatively and electronically un-
saturated 14-electron species.14 Recently, upon studying
the kinetics of ring closure of bidentate hemilabile
ligands on platinum(II) metal centers, Romeo and co-
workers have found that the substitution reactions of
the homoditopic S-S ligand in [Pt(Ph)2(κ2-S-S)] (S-S
) 1,2-bis(phenylthio)ethane, 1,3-bis(phenylthio)pro-
pane) by a diphosphine, bis(diphenylphosphino)methane
or bis(diphenylphosphino)propane, in dichloromethane
proceed according to eq 1; i.e., the plots of kobs values
as a function of diphosphine concentration afford straight

(10) Basson, S. S.; Leipoldt, J. G.; Roodt, A.; Venter, J. A. Inorg.
Chim. Acta 1987, 128, 31-37.

(11) (a) Mawby, R. J.; Basolo, F.; Pearson, R. G. J. Am. Chem. Soc.
1964, 86, 3994-3999. (b) Collman, J. P.; Hegedus, L. S.; Norton, J. R.;
Finke, R. G. Principles and Applications of Organotransition Metal
Chemistry; University Science Books: Mill Valley, CA, 1987; p 357.

(12) In principle, other mechanisms are compatible with saturation
kinetics. See ref 8, p 15, and also: (a) Jenks, W. P. Catalysis in
Chemistry and Enzymology; McGraw-Hill: New York, 1969. (b) Bas-
setti, M.; Monti, D. J. Am. Chem. Soc. 1993, 115, 4658-4664.

(13) Cation-anion or dimer-monomer equilibria as alternative
phenomena to cause the MeI-independent pathway are unlikely,
especially if considered as rate-determining events. In fact, the νCO
stretching values of complex 1 are similar both in the polar solvent
acetonitrile and in dichloromethane, suggesting negligible ion pairing.
Complex 1 is yellow both in the solid and in solution, while dimeric
species involving Rh-Rh bonding interactions are red.6b

(14) Plutino, M. R.; Monsù Scolaro, L.; Romeo, R.; Grassi, A. Inorg.
Chem. 2000, 39, 2712-2720 and references therein.

Figure 3. Plot of kobs values vs concentration of methyl
iodide for the reaction of complex 1 in methanol, at 31 °C.
The solid line represents the fitting of the experimental
points with eq 2.

kobs )
k1k3[MeI]

k-1 + k3[MeI]
(2)

Scheme 4. Mechanism of the Reaction of Complex
1 with MeI
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lines with a y axis intercept different from zero.15 In
analogy to Schemes 3 and 4, this work indicates the
presence of parallel pathways, one of which involves the
rate-determining dissociation of one sulfur group to
afford the [Pt(Ph)2(κ1-S-S)] transient intermediate. In
the reaction of [Pt(PPh3)3] with MeI, the reactivities of
[Pt(PPh3)3] and of [Pt(PPh3)2], resulting from dissocia-
tion of PPh3, have been determined by kinetic measure-
ments.16

Less straightforward to understand is the behavior
observed in methanol. In an alternative to a process
proceeding via an intermediate species, a trivial effect
arising from reduced polarity of the medium with
increasing concentration of methyl iodide cannot be
ruled out. However, it is possible that the specific
coordinative ability of MeOH assists and stabilizes the
formation of the transient species and increases k1 with
respect to the other solvents. In this case, recoordination
of the thioether arm (k-1) and oxidative addition (k3)
compete for the intermediate and become comparable
in rate. Effects arising from H-bonding interactions with
the metal center7c,9g or with the free thioether arm17

cannot be excluded. Peculiar behaviors of reactions
carried out in methanol have been reported. For in-
stance, it has been described that coordination of
methanol molecules to a cationic rhodium(I) metal
center of a hybrid tridentate P-C-O ligand is essential
to create low-energy pathways for C-H and C-C bond
activation.18

The proposal of a reaction pathway involving an arm-
off mechanism of the ligand in complex 1 should be
evaluated in the context of the known properties of
transition-metal complexes coordinated by S-N-S
ligands. The hemilabile character of these systems has
been demonstrated by dynamic 1H NMR studies carried
out by Orrell et al. on [ReX(CO)3L] complexes, in which
L is the bidentate (N-S) 2,6-bis((p-tolylthio)methyl)-
pyridine or 2,6-bis((methylthio)methyl)pyridine. An in-
tramolecular fluxional process exchanging coordinated
and uncoordinated thioalkyl or thioaryl groups as well
as pyramidal inversion of sulfur in the bound moiety
have been revealed by spectra at different temp-
eratures.19a Both processes occur by loosening of the
Re-S bond. Palladium(II) methyl complexes of 2,6-bis-
(R-thiomethyl)pyridine ligands (L; R ) Me, t-Bu, Ph)
exist as the neutral bidentate (N-S) species [Pd(L)-
MeCl] bearing a potentially coordinating arm in position
6 of the pyridine ring or as the cationic tridentate (S-
N-S) species [Pd(L)Me]Cl, in which the pendant thio-
ether arm has replaced the chloride ligand. Canovese
et al. have shown that the two species can exist in
equilibrium and undergo insertion of 1,1′-dimethylallene
into the palladium-carbon bond at different rates, the
bidentate species being more reactive.20 The presence
of chloride ion, which modulates the equilibrium be-

tween the two complexes, can affect the overall rate of
allene insertion. A scheme analogous to Scheme 4 has
been proposed. In this case, the bidentate and tridentate
species are stable and different starting materials.
Spectroscopic and kinetic experiments have allowed the
authors to determine directly the equilibrium constant
of the bidentate-tridentate coordination and to deter-
mine, independently in each case, the rates of reaction
of the bidentate species and of the tridentate complex,
which were found to differ by 2 orders of magnitude.

We have looked for an indication of the specific
hemilabile character of complex 1, which would be
independent of the kinetic study. The methylene groups,
py-CH2-S and S-CH2Ph, of complex 1 show an exchange-
broadened 1H NMR spectrum in dichloromethane-d2 at
room temperature. When the temperature is lowered,
the H-4 hydrogen of the pyridine ring splits into two
triplets at δ 7.75 and 7.78 (J ) 7.9 Hz) ppm, which are
well resolved at -43 °C, and also the methylene region
is increasingly resolved. At -65 °C, this region is
characterized by four AB systems, two of high intensity
at δ 4.36, 4.28 (2 d, 18 Hz) and δ 4.11, 4.00 (2 d, J ) 13
Hz) ppm and two of lower intensity, the first one at δ
4.49, 4.27 (partially hidden) (2 d, J ) 17 Hz) and the
second at δ 4.23 ppm being unresolved. The two sets of
AB systems are in 4:1 ratio, as determined by integra-
tion of the doublets at 4.00 and 4.49 ppm. The doublet
at δ 4.11 shows an 3JRh-H coupling constant of 1.4 Hz.
The two sets of signals are attributable to the diaster-
eomeric mixture of the racemic-dl and meso isomers of
1, due to the presence of the stereogenic sulfur centers.
The signals become broad again upon raising the
temperature, resulting in two coalesced peaks, δ 4.45
(py-CH2S) and 4.17 ppm (S-CH2-Ph), at 29 °C. The
spectra at 29 and -65 °C are shown in Figure 4. The
pyramidal inversion of the coordinated sulfur atoms
causes this fluxional behavior.6c,19 Therefore, the in-
tramolecular exchange of coordinated and noncoordi-
nated thiobenzyl groups in complex 1 is confirmed by
the dynamic NMR properties.

The occurrence of a four-coordinate 16-electron and
of a transient three-coordinate 14-electron species react-
ing in parallel toward methyl iodide represents an
interesting case among oxidative addition reactions.16

Although 14-electron complexes of rhodium(I) are known
to be involved in various processes,18,21 the oxidative
addition reaction of MeI generally proceeds via the four-
coordinate complex.7c,9 In the context of hemilability, it
should be noted that oxidative addition of methyl iodide
to iridium(I) complexes of the type [IrCl(CO)(phos-
phine)] was found to be 100 times faster when the
phosphine ligand is PMe2(o-MeOC6H4) than when it is
PMe2(p-MeOC6H4) or PMe2Ph. This effect has been
attributed to temporary coordination of the o-methoxy
group on iridium, with enhanced electron density, and
hence reactivity, on the metal.22

With regard to the CO migratory insertion step, which
leads from the rhodium(III) methyl species to the
isolable acyl complex [RhI(L)(COMe)]PF6 (Scheme 2),

(15) Romeo, R.; Monsù Scolaro, L.; Plutino, M. R.; Romeo, A.; Nicolò,
F.; Del Zotto, A. Eur. J. Inorg. Chem. 2002, 629-638.

(16) Pearson, R. G.; Rajaram, J. Inorg. Chem. 1974, 13, 246-247.
(17) (a) Rablen, P. R.; Lockman, J. W.; Jorgensen, W. L. J. Phys.

Chem. A 1998, 102, 3782-3797. (b) Krepps, M. K.; Parkin, S.; Atwood,
D. A. Cryst. Growth Des. 2001, 1, 291-297.

(18) Rybtchinski, B.; Oevers, S.; Montag, M.; Vigalok, A.; Rozenberg,
H.; Martin, J. M. L.; Milstein, D. J. Am. Chem. Soc. 2001, 123, 9064-
9077.

(19) (a) Abel, E. W.; Ellis, D.; Orrell, K. G. J. Chem. Soc., Dalton
Trans. 1992, 2243-2249. (b) Abel, E. W.; Orrell, K. G.; Poole, M. C.;
Sik, V. Polyhedron 1999, 18, 1345-1353.

(20) Canovese, L.; Visentin, F.; Chessa, G.; Uguagliati, P.; Santo,
C.; Bandoli, G.; Maini, L. Organometallics 2003, 22, 3230-3238.

(21) Goikhman, R.; Milstein, D. Angew. Chem., Int. Ed. 2001, 40,
1119-1122 and references therein.

(22) Miller, E. M.; Shaw, B. L. J. Chem. Soc., Dalton Trans. 1974,
480.
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we had no experimental information about the possible
role played by the “opening” and “closing” of the (benz-
ylthio)methyl arm on rhodium.5 The CO migratory
insertion reaction is in fact independent of methyl iodide
concentration, as expected for an intramolecular step.
Such opening and closing mechanisms have been in-
ferred in the oxidative addition-migratory insertion
sequence of methanol carbonylation processes catalyzed
by very active rhodium(I) complexes of mixed phos-
phine-phosphite1a,9e or phosphine-ether bidentate

ligands.23 It is interesting to note that the reaction with
MeI of a complex containing a bis(oxazoline)-derived
tridentate ligand, [Rh(κ3N,N,N-pybox)(CO)]PF6 (pybox
) 2,6-bis[4′(S)-isopropyloxazolin-2′-yl]pyridine), stops at
the oxidative addition product.24 Due to the structural
similarity with complex 1, and since steric effects should
not adverse the migratory insertion step in this N,N,N
system, it is possible that the different behavior depends
on the diversities of the ligand donor strength.

Conclusions

This work represents the first kinetic observation of
the arm-off mechanism operating along the reaction
coordinate in a rhodium metal complex of a tridentate
ligand. The kinetic analysis displays the intramolecular
ligand dissociation step as well as its role in the reaction.
Since the most relevant implication of hemilability is
reactivity, the kinetic approach should play an impor-
tant role in this field, and we expect that the concept
here presented will find validation in other systems, as
in the case of the ligand substitution reactions.15,25

Experimental Section

All operations were carried out under an argon atmosphere
using standard Schlenk line techniques. Methyl iodide and
dichloromethane were distilled from calcium hydride, aceto-
nitrile from phosphorus pentoxide, and methanol from mag-
nesium turnings. Acetone was a reagent grade solvent. A
Bruker AM-300 spectrometer was used for the 1H NMR
spectra, and the chemical shifts are reported in values relative
to tetramethylsilane. The kinetic experiments were performed
as described previously.5
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Figure 4. 1H NMR spectra of complex 1 in the range δ
5-3.5 ppm at 29 and - 65 °C, in dichloromethane-d2.
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