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Mechanism of the Uncatalyzed Dissociative the isomerization to their corresponding cis compleXaesd4
Cis—Trans Isomerization of (the initial reaction rate for the aryl exchange is about %.2
Bis(pentafluorophenyl)bis(tetrahydrothiophene): 107 mol L™* s™%, whereas the initial isomerization rate bfs
A Refinement 7.3 x 108 mol L1 s71 in CDClz at 320.1 K using (10.06t

0.3) x 1072 mol L1 solutions). In other words, the isomer-
Arturo L. Casado, Juan A. Casares, and ization and the aryl-exchange are two independent reactions,
Pablo Espinet* both involving L dissociation. In fact the addition of tht retards
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The cis-trans isomerization of complexes [P4R] is a very R! R2 k_ex R2
important reaction in organopalladium(il) chemistry (ed 1). 4 3 5
A Kso R
L—Pd-L — L—Pd-R (1 This affects the interpretation of the results on isomerization
A P |1 reported by Minniti because it is not possible that the dissocia-
1SO

tion of tht from complexe4 or 3 controls both the isomerization
and the aryl exchange, since these two processes have very

Different mechanisms have been proposed for this process® - wo
different rates. Moreover, the dissociation of tht cannot be

depending on the nature of R and L. Thus, Yamamoto et al. ~""'> ) o - .
have reported an autocatalytic mechanism in the case ®f R limiting the reaction rate of the trans-to-cis isomerization, which

Me and L= PRs, occurring with intermolecular exchange of is the slower one. The same can k?e applied to the cis complexes,
Me groups? More recently Minniti reported an example of 2 and4, for which the differences in rate for the two processes
spontaneous intramoleculgis—transisomerization for the case ~ &€ even highef. . o .
of R = CgFs and L= tht and proposed the mechanism depicted ~ Thus, although the mechanism outlined in Scheme 1 is
in Scheme 2. essentially correct, a revision of the kinetic approximation, and
Employing the steady-state approximation, Minniti obtained & reinterpretation of the activation parameters are needed. In
eq 2 which eventually simplifies to eq 3 in the absence of added OUr approximation, according to the experimental results, the
tht4 He interpreted that the dissociation of tht from complex dissociation of tht is considered to be faster than the topomer-
trans[Pd(CsFs)2(tht)s] (1) (via stepky) was the rate-determining ~ ization of _the _three-_coordmate |r)termed|ate Thls means that
step of the process and found support for this in the high value @ Preequilibrium will be established upon dissociationlof

of the enthalpy of activationAH*s, = 137 + 6 kJ mol%) and Hence the isomerization rate is controlled by two factors, namely
the large positive value of entropy of activatiohSis, = 83 + (1) the extension of the dissociation preequilibrium, which
19 J K- mol-1) measured for the isomerization afto cis- determines the concentration &f, and (2) the subsequent
[Pd(CsFs)2(tht)] (2). topological rearrangement éf. Considering the dissociation

constantKeq = ki/k-1, and using this assumption we obtain eq

kykKs ; 5.7 Equation 5 is formally similar to eq 2 and explains also the
Fisoss— Kisosd 1 = (K 1k, + koko) + k_1k3[tht]ll] ) retarding effect of the addition of tht.
Fiso,5s= Kso o 1] = Ki[1] ©) Kedeo
s o riso,pe: kiso,Pe[l]total = W_'_Keq[l]total (5)

The interpretation given by Minniti appeared correct with the
data available at that time. However, in the course of our
investigation of the dynamic behavior in solution of bis-  (6) The cis complexe& and4 exchange their aryls about 5 times faster
(perhaloaryl)palladium(ll) complexes we have found recently than the t(ans_complexes, Whel_'eas the isomeriza_tion rate in the c_is-
a new process, operating on the same species, which also needs to-trans direction is about 13 times slower than in the trans-to-cis

. S . o ' direction (as derived from the equilibrium constant value).
the dissociation of neutral ligand tht. This is the intermolecular (7) The equilibrium is very much shifted to the cis isomer (more than

exchange of aryls, which can only be detected by means of 97%) and in practice can be properly considered as irreversible for

i the mathematical treatment. The concentration of intermediaite
crossover experlments. Indeddand.trgns[Pd(Q;CIgFg)z(tht)g] determined by the equilibrium constatt, as
(3) exchange their aryl groups giving rise to the heteroaryl K
complex trans[Pd(GsCloF3)(CsFs)(tht)] (5) (eq 4)°> This [A] = —9 1],
process has been shown to proceed stereoselectively, preserving [tht] + K?q '
the configuration of the starting complexes, and is faster than ~ where Lwa = [1] + [A]. The reaction rate is then
_ 8[:I-][o'tal_ KA
* Corresponding author. E-mail: espinet@cpd.uva.es. Fiso,pe = aH oAl
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(3) Minniti, D. Inorg. Chem.1994 33, 2631-2634.

(4) Subscript “ss” in equations refers to the steady-state approximation, from which the first-order isomerization constant is obtained:

and “pe” is relative to the preequilibrium model. KeJ(z
(5) Casado, A. L.; Casares, J. A.; EspinetOPganometallics1997, 16, Ksope™ om0
5730-5736. ' [tht] + Keq
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Notes
Scheme 1
i ki } ke
tht-PId-tht -~ tht=Pd+ tht
R & R Ko
1 A

It is important to realize that the actual concentration of tht
in solution is [tht] = [tht]gis + [tht]agded Where [tht}s is the
concentration arising from autodissociation. In other words,
eqg 5 can be rewritten as eq 6. Even in absence of added tht,
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Table 1. Dissociation of tht from Complekans[Pd(CsFs)z(tht)]
(1) To Give Intermediatérans[Pd(GsFs)(tht)] (A): Concentration
of Autodissociated tht ([thi}) and ratioa. = [A]/[1] at Different
Concentrations of Added tht

5 . 5 —5 —
the concentration of tht is not zero, but [th] This equation [thgqagi’ef,lg [”,ﬁ,]g'f’fff [:.:g{]qu ¢ _([)2)]/[1]
can be simplified to eq 7 only for high concentrations of tht
added but not when these are in the order of the concentration g ﬁi igi ii
of tht arising from autodissociation. 10 9.26 19.3 0.9
20 6.70 26.7 0.7
1 Red ) (6 60 286 629 03
|so pe k150 pe[ ]total [tht]dis+ [tht]added+ Keql ]total ( ) 100 1:77 102. 0:2
eqk2 a Calculated from the value dfeq = 1.8 x 10°% mol L2
|so pe kISO ps[l]total [tht]adde[lltotal (7) 19
This can be better seen in a plotlef, vs [tht]aggeq  for the I:’ 1.0 ¢
values given by Minniti (Figure 1): a straight line is obtained 8 08
for the range of higher concentrations of tht added, but a clear o
retardation is observed when the tht concentration arising from o 06
autodissociation becomes important. Thus fthgannot be A
neglected in the treatment of these data. § 04 1
The values ofKgq and ko can be estimated easily: the T 02
equilibrium constant for the dissociation bfis defined in eq E 5
8. Since [tht]= [tht]gis + [tht]addea and A] = [tht]gs, this =0 ‘ ©
equation can be rewritten as eq 9. Finding the value ofgtht] 0 0'5 ] lO e ;O o5
from eq 9, and taking it into eq 6, the kinetic eq 10 is obtaihed. ’ ' _5' P ’
k /10" s
5]e]
Keq=M (8) _Figure_2. _[tht]added vs kiso plot of values given in ref 3 for the
[1] isomerization otrans[Pd(GsFs)2(tht),] (1) to cis-[Pd(CsFs)a(tht);] (2).
= ([thtgis + [t acged N s ) (1.8+0.3)x 10®mol L *andk, = (1.4 £ 0.2) x 103s7%,
o [ otar — [tt]gis for [1] = 1072 mol L%
K qk Keo od1] Using thgse va}lues it is possible to est_imate the co.n.tribution
[tht] s ggeq= ed2 _ o _iso,pe total (10) of the_ agt_od|ssomated tht under the_experlmental conditions used
Kiso,pe ko by Minniti ([tht] gis) as well as the ratio. = [tht]gd[1] = [AJ/[1]

A nonlinear fit of the experimental data in ref 3 ([thiJeavs
kiso) to eq 10 (Figure 2) affords the following value&eq =

1.5
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Figure 1. kso VS [thtlaasea* plot of values given in ref 3 for the
isomerization otrans[Pd(GsFs)2(tht);] (1) to cis-[Pd(GsFs)2(tht)] (2).

(Table 1). The results show that (1) as we had presumed;dtht]
cannot be neglected with respect to [fhida and (2) the value

of Keq is small, as expected for an unsaturated (or perhaps
solvent coordinated) species. Accordinglys small in all the
range, and the dominant species is the four-coordinhteot

the three-coordinatedl. The latter reaches a maximum of about
1.3% in the absence of added tht.

This analysis shows that the preequilibrium hypothesis is
compatible with the experimental data. Since the preequilibrium
is fast, it can be concluded that the most substantial barrier to
isomerization is met in the topological rearrangement of the

(8) The concentration of [thi} from eq 9 is

_([tht] added+ Keo) + \/([tht] added+ Keo>2 + 4Ke511]lotal

[tht] s = 2
Taking this value into eq 6 we have:
2K ko
kiso,pe:

[tht]added+ Keq\/([tht]added+ Keq)2 + 4KeJl]total
which can be rewritten as in eq 10.
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T-shaped intermediate, not in the dissociative step. Moreover,one would be the main contribution to the overall activation
this reinterpretation reconciles the experimental data with the entropy, since in this step the number of particles increases.
results of a well-known theoretical study of the mechanism The activation enthalpy would be contributed mainly by the
outlined in Scheme 1, which states that three-coordinate transsecond stepk).

intermediates such a& must find a substantial topological In summary, although the isomerization process discussed
barrier in its rearrangement to the cis-like intermediates such follows indeed a dissociative path, the dissociation step is not
asB.° the rate-determining step. It influences the rate because a

Another consequence of this new view of the mechanism is preequilibrium is established, controlling the concentration of
that the activation parameters derived from the Eyring treatmentthe unsaturated species, but it is the topomerization step that
of kiso (eq 1) cannot be properly assigned to only one elementary presents the highest activation barrier in the process.
step (i.e. they are not real, bapparentactivation parametersy.
According to eq 5, they most probably are contributed to a
certain extent by both steps associated Wjtandk,. The first
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