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Substitution of methanol-d, for the coordinated water in the
trinuclear complexes, [M;(us-O)(u-CH;COO)s(H,0)5] ™
(M;=Rus, Rh; or Ru,Rh) in methanol-d,
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Abstract

The 'H NMR spectra of acetate methy] signals of the titled three complexes in CD,OD change with time due
to successive substitution of CD;OD for the coordinated water molecules. The first-order rate constants for the
first methanol-d, substitution of the triruthenium(III) and trithodium(III) complexes are 7.7X10* s~! (298.2
K) (AH*=103+6 kJ mol ™' and AS*=+41+12J K~ mol~" at 0-21 °C) and 1.3X 10735~ ! (298.2 K) (AH*=102+9
kJ mol™! and AS*=+42+32 J K~ ! mol~! at 0-10 °C) per one metal ion, respectively, which are greater by
approximately 2 and 6 orders of magnitude, respectively, than the water exchange reactions of the hexaaqua
complexes of these metal ions. The trans effect of the central oxide ion is considered as a major factor responsible
for the labilization. The first-order rate constants for the mixed-metal rhodium-diruthenium complex at 298.2
K are 9.9%x107° (AH*=109+4 kJ mol~' and AS*=+44+9 J K~! mol™!) and 7.9x107° s~ (AH*=103+3 kJ
mol™! and AS*=+22+6 J K~! mol™! at 10.1-35.3 °C) at ruthenium and rhodium centers, respectively, which
arc c. 10 timcs smaller than the corresponding values for the homonuclear complexes. The slower rates in the
mixed-metal complex indicate that electronic configuration in the molecular orbital based on (metal—d)—(oxygen—pr)
interactions plays some role in controlling the substitution rate. On the basis of the activation parameters, a
dissociative mechanism is proposed for all these reactions.

Introduction tris(acetylacetonato) complexes are available for a wider
variety of metal(III) ions [9] including various second-
row transition metal ions, and it has been suggested
that the acetylacetonate exchange reactions may be
used as a more general measure of the metal ion lability
[8, 9]. Among the trivalent metal ions whose water and
acetylacetonate exchange studies are available, Ru(III)
and Rh(III) ions appear to be the most inert ones
[7-10]".

It has been increasingly recognized that metal ions
have a versatile field of a wide variety of di- and
polynuclear complexes (or clusters) [12], whose various
characteristics are quite different from those of the

Ligand substitution properties of simple mononuclear
trivalent metal complexes have been extensively studied
[1-4]. For the first-transition series, substitution lability
is discussed mainly in terms of electronic configurations
(ligand field activation energy) [5, 6] and mechanisms
(whether dissociative or associative) mainly in terms
of metal ion sizes [3, 4, 7]. Recently, a good linear
correlation between the water exchange rate constant
of hexaaqua complexes in aqueous solution and that
of the acetylacetonate exchange of tris(acetylacetonato)
complexes in acetylacetone solvent has been pointed

out for a series of trivalent metal ions [8]. The
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mononuclear species. As one of the most fundamental
aspects, it is important to understand their ligand
substitution properties. In order to understand the effect

"r(III) is probably the most inert trivalent metal ion so far
studied [11].
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of di- and polynuclear moieties on the ligand substitution
properties, 1t is preferable to choose metal ions, of
which the mononuclear complexes are well understood
with respect to their ligand substitution behavior. Al-
though some kinetic studies on the ligand substitution
properties of di- and polynuclear complexes have been
reported [13-25]*, such comparison can be made in
only a limited case**.

The p,-oxo-hexakis(u-acetato)tri(ligand ytrimetal(II)
ions, [M;(u:-O)(u-CH,COO)(L);]" (L=H,0O, pyri-
dine (py), etc.) (Fig. 1) occur in a wide variety of
trivalent metal ions [26] such as vanadium(1II), chro-
mium(IIT), manganese(III}, iron(III), cobalt(III) [27],
ruthenium(1I1), rhodium(Ill), iridium(II1) and gal-
lium(IIT) [28]. The dircct metal-metal bond is absent
in these complexes (metal-metal distance is c. 3.3 A)
[26]. The ligand substitution properties of the mono-
nuclear complexes of these metal ions are well under-
stood [1, 4, 7]. Although the pyridine exchange reactions
of the ruthenium trimers have been studied [22], the
comparison of the rate constants with those of the
mononuclear ruthenium complexes is not straightfor-
ward. We have found during a study of the mixed
ruthenium-rhodium complex, [Ru,Rh(u;-O)(u-CHs-
COO)((H,0);]", that the substitution of CD,OD for
the water ligands can bc monitored quantitatively by
400 Hz '"H NMR spectroscopy in CD,0D [29]. This
type of substitution reaction can be reasonably compared
with water exchange reactions of the mononuclear
complexes of the corresponding metal ions. Thus we
have carried out variable temperature studies of the
CD,OD substitution for the water ligands for the
seriecs of trinuclear complexes, triruthenium(III),

-

Fig. 1. Structure of the trinuclear complexes, [M;(u;-O)(u-
CH,COO)4(L),]".

*Some examples of the kinetic studies of di- and polynuclear

complexes are available for Mo dimers [13, 14], Re dimers [14],
Mo and W di- and trimers [15-18], Mo tetramers [19], Mo, W
complex [20], Ru(TIT} dimers [21], Ru trimers [22], Iry(IILIILIV)
trimer [23], Pt dimers [24], and Pt(Il) tetramer [25].
**One such case 1s the acetate exchange reactions of the te-
tranuclear platinum(II) complex, Pt,(CH,COO); [25]. This com-
plexundergoes arapid igand exchange reaction, which 1s explained
by a strong trans effect of the metal-metal bond.

rhodium(III)-diruthenium(IIT) and trirhodium(IIT). A
remarkable labilization, as compared with the mono-
nuclear complex of these metal ions, and also the effect
of mixing different metal 1ons have been revealed.

Experimental

Materials

The three complexes, [Rus(us-O)(p-CH;COO)s-
(H,0);]C10,, [Rh;(u5-0)(u-CH,COO)s(H,0);]CIO,

and [Ru,Rh(u3-O)(u-CH,COO)s(H,0):]CIO,, were
prepared and recrystallized as described previously [29].
Deuterated methanol (99% deuterated) and CD,OD
from Aldrich were used as received.

Kinetic measurements

These were carried out with a JEOL JNM-GX-400
FT-NMR spectrometer. The complex was dissolved in
the cooled solvent (c. —20 °C) (c. 1xX107* M), and
the sample solution was quickly placed in the NMR
cell compartment which was kept at the desired tem-
perature. The temperature was controlled by the at-
tached variable temperature controller, and was cali-
brated within the accuracy of 4 0.2 °C using the chemical
shift diffcrence between the methyl and hydroxy signals
of methanol. The reaction was monitored at a certain
time interval, and the relative integrated intensity of
the individual peak was obtained to evaluate the rate
constants.

Results

Prelimunary observations

The "H NMR spectra in the acetate methyl region
of the thrcc complexcs, [M;(u;-O)(n-CH,COO),-
(H20):]* (M;=Ru,;, Rh;, Ru,Rh), changed their pat-
terns with time in CD;OD. The changes were interpreted
by considering the successive substitution of CD,0D
for the terminal aqua ligands. Figure 2 shows the
change for the triruthenium complex, [Ru,(us-O)(u-
CH,COO)(H,0);]". Although the complex contains
an odd number of d-electrons, the acetate methyl signals
(at around 1.11 ppm) shifted only moderately from the
position expected for diamagnetic compounds [30]. Six
peaks were observed during the change. The peak at
the highest magnetic field (6=0.76) corresponds to the
original triaqua complex, and the onec at the lowest
field (6=1.44) to the fully substituted tri(methanol-d,)
complex as it is the only peak observed after a prolonged
time. The remaining four peaks can be grouped into
two sets, two peaks in each set with a 1:2 integrated
intensity ratio. The set at the higher magnetic field
(6=0.92, 1.03) should belong to the mono(methanol-



_

o
Al
M

Fig 2 Time dependence of the "H NMR spectrum of [Rus(us-
0)(u-CH,COO0)6(H,0);](C10,) in CD;0D n the acetate methyl
region: (a) 580 s after the dissolution at 0 °C, (b) 80 mun at 0
°C, (c¢) 9 min after the dissolution at 21 °C, (d) 20 min at 21
°C, (e) 38 min at 21 °C, (f) 70 min at 21 °C, (g) 2 h at 21 °C,
(g) 4 h at 21 °C.

d,) complex: the peak with the smaller intensity cor-
responds to the acetate bridging between two aqua
ruthenium(Ill) ions ((H,O)Ru-Ru(OH,)) and the
other with the larger intensity to the one bridging
between the CD,OD-ruthenium(III) and the aqua-
ruthenium(Il) ((CD;OD)Ru-Ru(OH,)). A similar
assignment can be made for the other set (§=1.22,
1.24) which should belong to the di(methanol-d,)
complex. Figure 3 shows the change with time in the
'H NMR spectrum of ‘diamagnetic’* [Rhs(u;-O)(u-
CH,COO)((H;0),]* in CD,0D. The signals appeared
within a much narrower range. Six peaks were again
observed, which were assigned similarly. The change
in the "H NMR spectrum, and the peak assignment
of the ‘diamagnetic’* mixed-metal complex, [Ru,Rh(us-
0)(u-CH,CO0)4(H,0);]" in CD,OD, was reported
previously [29]. Unlike those of the Ru, and Rh,
complexes, the acetate methyl signal of the Ru,Rh
complex did not show appreciable shift by the different
monodentate ligand at the opposite site; for example,
the methyl signals of (H,O)Ru(u-CH,COO),Ru(H,0)
moieties from the two different complexes, [{Ru-
(H,0)}1.{Rh(H,0)}(O)(CH,COO0),] * and [{Ru(H,O)},-
{Rh(CD;0OD)}O)(CH,COO),]* were observed as a
single peak.

*The term, ‘diamagnetic’, 1s used here for the compounds that
have no unpaired electron and not for those with negative magnetic
moments. In fact, the Rh; and the mixed Ru,Rh complex show
small positive magnetic moments [31].
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Fig. 3. Time dependence of the 'H NMR spectrum of [Rhs(u,-
0)(1-CH;CO0)s(H,0);]{CIO,) in CD;OD in the acetate methyl
region: (a) 6 5 min after the dissolution at 0 °C, (b) 49 min at
0 °C, (c) 15 mun after the dissolution at 21 °C, (d) 28 mun at
21 °C, (e) 38 min at 21 °C, (f) 53 min at 21 °C, (g) 100 min at
21 °C, (g) 3 h at 21 °C.

The assignments of all the acetate methyl signals
observed during the changes are summarized in
Table 1.

Kinetic analysis for the two homonuclear complexes

Figure 4 shows the change in relative intensities (R
(%)) of four sets of peaks of the Ru; complex with
time. A similar result was also obtained for the Rh,
complex. It is clear that successive substitution of
CD,0OD for aqua ligands takes place.

[M3(15-O)(u-CH;COO)6(H,0):]™ (A)

2 [My(15-0)(-CH,COO)s(H,0),(CD,OD)]* (B)
2, [Ma(15-0)(u-CH,COO),(H,0)(CD,0D),]* (C)
—> [M(p1-0)(u-CH,COO)5(CD;0D),]* (D)
(M=Ru or Rh)

The concentration of each species is defined as [X]
which is equal to 0.01R,[M;],0.1 (R, Telative integrated
intensity of X in %), where X=A, B, C or D. For the
first step, eqn. (1) holds.

—In[A]=kz ~In{[M;],oea} 1)

The plot of In[A] against ¢ gave a good straight line
(Figs. 5 and 6), from the slope of which k; was evaluated.
The second and the third steps were analyzed less
accurately at 21 °C. Nevertheless, the rate constants,
k, and k;, were evaluated with reasonable certainty by
using a non-linear least-squares computer simulation
to the observed time dependence of the change in the
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TABLE 1. Peak positions (& vs.
CH;CO0),(H,0),(CD;0D);_,]* in CD,0D

TMS) of

the acetate methyl

signals of the

trinuclear

complexes,

[Ma(p3-O)(12-

M3 Site

(H0)M-M'(H;0)

(H,0)M-M’(CD,0D)

(CD;0D)M-M'(CD,0D)

Ru, 0.76 (n=0)
0.92 (n=1)

Rh, 2284 (n=0)
2287 (n=1)

Ru,Rh* 1.92 (Ru-Ru)
237 (Ru-Rh)

103 (n=1)

122 (n=2)

2293 (n=1)

2.297 (n=2)

1.96 (Ru-Ru)

236 (M=Ru, M’'=Rh)
240 (M=Rh, M'=Ru)

124 (n=2)
144 (n=3)
2304 (n=2)
2308 (n=3)
200 (Ru-Ru)
2.39 (Ru-Rh)

*Splitting due to the difference 1n the monodentate ligand at the opposite site was not observed (see text)
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Fig. 4. Time dependence of the relative integrated intensities (R
(%)) of the signals of [Rus(u;-O)(u-CH;COO)s(H,0),](ClO,) in
CD;0D at 21 °C: (A) peak at §=0.76, (O) sum of the peaks
at 0.92 and 1.03, (@) sum of the peaks at 1.22 and 1.24, (A)
peak at 1.44

In [Ra]
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t/10°s
Fig. 5. First-order plots of the decrease in the concentration of
[Rus(p3-O)(n-CH3COO0)(H,0);](ClO,) (A) estimated from the
relative integrated ntensity of the 'H NMR signal at §=0.76 n
CD;OD at. (m) 0, (®) 7, (O) 10.5, (O) 14 °C
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Fig. 6. First-order plots of the decrease in the concentration of
[Rh;3(p3-O)(u-CH;COO)(H,0):1(C10,) (A) estimated from the
relative integrated intensity of the 'H NMR signals at §=2.284
m CD;OD at (W) 0, (@) 5, (O) 7.5, (O) 10 °C

ratio of various species (Fig. 3 for the Ru; complex).
Rate constants (k,, k£, and k,;) were converted into
those per metal ion (k,, =k,/3, k,. =k,/2, ks,=k3), and
are listed in Table 2, together with the activation
parameters for k,,.

Kinetic analysis for the rhodium—diruthenium complex

Reaction scheme (Fig. 7) given here uses somewhat
different notations, for convenience, from those adopted
in the previous paper [29]. Because of the failure to
observe the splitting of the NMR peak due to the
difference in the monodentate ligand at the opposite
site, evaluation of the rate constants is not straight-
forward and rate constants other than k,; and k,, were
difficult to estimate.

The relative intensities (R (%)) of the signals of the
acetate methyl groups bridging between two Ru(H,0O)
moieties and between Ru(H,O) and Rh(H,O) are
expressed as I(Ru-Ru) and I(Ru-Rh), respectively. The
first-order plots, In(/(Ru-Ru)}) or In({(Ru-Rh)) versus



TABLE 2. Rate constants and activation parameters for the
substitution of deuterated methanol for the water in [M;(us-
0)(r-CH;CO0)((H0);]* (M=Ru or Rh) in CD;0OD
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TABLE 3. Rate constants and activation parameters for the first
substitution of deuterated methanol for the water in the mixed-
metal complex, [Ru,Rh(x3-O)(p-CH;CO0)s(H,0)5]* in CD;0D?

Temp. (°C) k12 (per Ru) ky, (Rh)
10.1 9.3%x107° 1.0x107°
21.0 6.0x10°3 5.1%1073
30.5 2.15x10°* 1.90x10"*
353 4.9%10°* 407x1074
AH* (k] mol™!) 109+ 4 10343
AS* (J K7 ' mol™!) +44+9 +22+6

Temp. 107*k,,* AH? AS*
O () kJ mol™) (J K7 ! mol™")
M=Ru
0.0 0.19
7.0 0.57
ki 105  1.06 103+6 141412
14.0 1.44
21.0 5.5
Ka 210 32
ks, 210 21
M=Rh"
0.0 0.33
ky, gg (1)?? 10219 +42+32
10.0 1.63
Ka 210 44
ks 210 39

“Rate constants per one metal 1on (ky,=k(/3, kx=k,/2,
ksa=ks). Pkq, at 21.0 °C calculated from the activation param-
eters 15 89x107* 57!

Fig. 7. Diagram of the successive substitution of CD;OD for
water 1n [Ru;Rh(u;-O)(u-CH;COO0)6(H,0):]* in CD;0D.
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Fig. 8. First-order plots of the decrease in relative integrated
intensity of the 'H NMR signals of [Ru;Rh(u,-O)(p-

CH,COO0)((H;0),](ClO,) in CD,OD at 30.5 °C: (O) peak at 1.92
ppm (I(Ru-Ru)), (M) peak at 2.37 ppm (/(Ru-Rh)).

In (IRu-Ru) or In (IRu-Rh)

“Rate constants per metal ion are given (kg , =k, kyo =k;1/2).

t, gave good straight lines (Fig. 8). The rate constants,
k,; and k,;, were obtained from the slopes of the plots
taking the following points into consideration. The
decrease of I(Ru-Ru) should correspond to the dis-
appearance of the tri(aqua) and the {Ru(H,O0)},-
Rh(CD,OD) species. Since the latter species may be
neglected in the initial part of the reaction, k,, is
evaluated from the slope of the plot In(J(Ru-Ru))
versus t. The good straight line over more than two
half-lives indicates that the values of k,, and k,,' are
close to those of k,; and k,,, respectively. The initial
decrease of I(Ru-Rh) should be related to the two
processes corresponding to k4, and k,,. While the former
process results in complete loss of the corresponding
NMR peak, the latter process leaves half of the peak
intensity (corresponding to the Ru(H,0)-Ru(CD,0D)-
Rh(CD;0D) species). If the subsequent disappearance
of the Ru(H,0)-Ru(CD,;0D)-Rh(CD,0OD) species was
slow, then the plot would show a concaved curve. The
plot is practically linear for more than two half-lives,
indicating that k,, is of a similar magnitude to k,; and/
or k,,. From the slope of the plot, at least in the initial
part, the value k;; +k,,* can be evaluated.

The rate constants per metal ion, k;;, (=k,;) and
ksia (=k,,/2) are summarized in Table 3 together with
corresponding activation parameters.

Discussion

Effect of the trinuclear assembly

The rate constants for the trinuclear complexes are
compared with those of the solvent exchange reactions
of the mononuclear complexes of Ru(1Il) and Rh(IIT)
(Table 4) [7, 10, 32-35]. It is assumed here that the
rate constant for the substitution of CD,OD for the
water ligands in the trinuclear complexes is approximate
to that of the water exchange reaction of the same
complexes, since the dissociative mechanism is assigned

*In the previous paper [29], it was erroneously stated that the
slope corresponds to kg + (1/2)ky.
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TABLE 4. Kinetic data on the solvent exchange and complex formation reactions of Ru(III) and Rh(III)

Complex System k AH? AS? Reference
(s7Y (298.2 K)* (kJ mol™") J K ' mol™Y)

(t) Rutheruum (III)

[Ru(H,0)e1** H,O-exchange 3.5%x107° 89.8+4 —483+14 7

[Ru(OH)(H,0),]** H,0-exchange 5.9x10™* 95.8+7.9 +149+244 7

[Ru(NH,)s(H,0)]** H,0-exchange 23x107* 91.5+13 ~7.7+4.4 32

‘Ruy’ H,0—- CD;0D 7.7x107* 10346 +41+12 this work

‘Ru,Rh’ H,0 - CD,OD 99x10~° 109 +4 +44+9 this work

Ru(acac); Hacac-exchange 1.4x10™ " 115 +8 —67+19 33

(it) Rhodwum(III)

[Rh(H,0)¢** H,0-exchange 22x107° 131423 +29+69 10

[Rh(OH)(H,0),** H,0-exchange 42x1073 10

[Rh(NH;)s(H,0)]** H,0-exchange 8.4x107¢ 103.3+£1.3 +34+4.6 34

‘Rhy’ H,O - CD,;0D 1.3x1073 102+9 +42+32 this work

‘RuRh’ H,0—-CD,;0D 7.9%107° 10313 +22+6 this work

Rh(acac); Hacac-exchange 48x107" 11842 —-85+6 35

*Rate constants per one metal 1on are given. Those not available at 298.2 K were calculated by using reported activation parameters.

here (vide infra). The Rh; complex, [Rhi(us-O)(u-
CH,;CO00)4(H,0);]*, undergoes CD,OD substitution
for the water ligands with a first-order rate constant
that is nearly 10° times larger than that of the water
exchange reaction of [Rh(H,O)}** [10]. The difference
is less remarkable in the case of the Ru; complex, but
a 2 10% acceleration is still observed as compared with
the water exchange of [Ru(H,O)¢]** [7]. It is clear
that the Ru and Rh ions in the trinuclear complexes
are considerably more labile than those in the mono-
nuclear complexes.

It is concluded that the labilization of the metal ions
in the trinuclear complexes is due to the trans-labilization
effect of the central oxide ion. It is generally known
that the deprotonation of the coordinated water mol-
ecule considerably accelerates the liberation of the
neighboring ligands (‘conjugate base mechanism’) [1-5].
Further deprotonation to oxide ion is expected to cause
even stronger labilization. In fact, the oxo-metal bond
is known to strongly labilize the ligand trans to it, and
is considered as an extreme of the conjugate base
mechanism [9, 15a]. The us-oxide may not be as effective
as terminal oxide or hydroxide, but may still have a
considerable labilizing effect. As Table 4 shows, the
rate constant of the Ru; complex is very close to that
of the conjugate base form of the hexa(aqua)-
ruthenium(III) ion, namely [Ru(OH)(H,O);]** [7],
while the Rh; complex reacts faster by more than one
order of magnitude than [Rh(OH)(H,0),]** [10]*.

*Effect of possible deprotonation of the aqua ligand of the
present trinuclear complexes on the rate constants would be
small, since the deprotonation is less favorable in methanol and
the substitution takes place at a different metal center from the
deprotonation site. In fact, a similar trinuclear complex, [Mos(us-
0),(CH;COO),(H,0);)** showed very small [H*] dependence
in 1ts substitution of ethanol-d, for coordmnated H,O (A. Nagasawa,
unpublished observation).

The substitution rate constants of the two complexes
appear to decrease slightly from the first step to the
second and to the third steps (Table 2). The extent
of the decrease is small, however, and it would be
more reasonable to conclude that the substitution takes
place almost independently at each site of the trinuclear
complexes. For the ligand substitution reactions of some
trinuclear molybdenum(IV) and tungsten(IV) com-
plexes, it was concluded that the three metal centers
behave almost independently [15b, 17, 19, 36].

The present mixed Rh-Ru complex does not show
appreciable regioselectivity in its terminal ligand sub-
stitution. The substitution rate constants are almost
identical between the two different reaction sites, the
Ru and the Rh centers. The Ru(lll) center in
[Ru(H,0)¢]** is more labile by more than three orders
of magnitude than the Rh(III) center of [Rh(H,O)¢]**
[7, 10]. The difference becomes smaller in their conjugate
bases, [M(OH)(H,O)]** (M=Ru or Rh), namely the
labilizing effect of the coordinated hydroxide is more
significant for the rhodium complex. In the trinuclear
complexes, the central oxide ion labilizes both the Ru
and the Rh ions to a different extent diminishing the
original difference in reactivities of the two metal ions
found for the hexaaqua complexes. It is unlikely that
the absence of regioselectivity is an intrinsic consequence
of mixing two metal ions. In fact, the mixed molyb-
denum-tungsten  complex, [MoW,(u;-O),(u-CH,-
COO0)s(H,0),]**, shows remarkable regioselectivity;
substitution of CD,;OD is at least 10 times faster at
the Mo site than that at the W sites [15¢].

Terminal ligand substitutions at the Ru and the Rh
centers in the heterometal complex, [Ru,Rh(u;-O)(u-
CH,COO)«(H,0);]", are nearly one order of magnitude
slower than those in the homonuclear complexes. The
reason for the reactivity difference is not clear at the



present stage. The reactivity should be related to the
electronic configuration of the trinuclear units. The
electronic structures of these complexes have been
discussed in terms of the molecular orbital based on
the metal dmoxygen pw interactions [29, 30, 37]. The
number of electrons involved in the molecular orbital
would affect the lability of the individual metal ions.
The hitherto unknown RuRh, derivative should give
highly relevant information on this point.

Mechanism of the substitution reactions

It is known for some aqua complex ions that the
conjugate base pathway ([M(OH)(H,O);s]**) proceeds
through a more dissociative mechanism as compared
with their parent complexes, [M(H,O)s]**, and is char-
acterized by large AH?, positive AS* and positive AV*
values [7, 10, 38, 39]. Significantly large AH* and positive
AS* values for the reactions of the trinuclear complexes
point to a dissociative mechanism, which is consistent
with the assignment of the conjugate-base-type mech-
anism. A similar conclusion was previously made for
the terminal ligand substitution reactions (substitution
of CD;O0D for the aqua ligands and the pyridine
exchange) of [Mos(ps-CCH;)(p;-O)(-CH;COO),-
(L);]** (L=H,0, py) and related complexes on the
basis of the activation parameters, dependence of the
rate on the type of leaving ligands and in the case of
the pyridine exchange the independence of the rate
on py concentration [15b]. The pyridine exchange re-
action of [Ru;(us-O)(u-CH;COO)s(py)s]*, which is
much slower than the present CD,OD substitution
reaction and indicates strong leaving ligand dependence,
is reported to proceed through a dissociative mechanism
[22a]. It seems that the dissociative mechanism is a
common feature for the terminal ligand substitution of
the oxo-centered trinuclear complexes.
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