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Summary

The reaction between RuCl;NO(SbPh;), and phosphinic ligands anchored on
2 and 4% polystyrene-divinylbenzene has been kinetically studied. The rate
depends on the amount of resin and decreases in the presence of a free leaving
ligand. The proposed reaction mechanism is compared with that of the corre-
sponding reaction in homogeneous phase. The results indicate that the complex
is mainly bi-anchored to the functionalized resin. The observed variations of
the rate constants with temperature do not show any effect attributable to
mobility of the resin.

Introduction

Cross-linked polystyrene has been widely used as a support for various react-
ing groups; intra-resin reactions and reactions between supported groups and
chemical species in solution have been studied. The reduced mobility of the
anchored groups should favour approximation to the condition of “infinite
dilution” and evidence for [1,2,3] and against [4,5] such site insulation has
been presented. It seems [6] that to approximate the condition of “‘infinite
dilution” it is necessary to use a highly cross-linked resin and a low concentra-
tion of supported groups. Studies have been made of polymer-anchored cata-
lysts [7], but they were aimed at obtaining an active catalyst, and so resins
with a low degree of cross-linking and a high concentration of supported groups
were used. These immobilized homogeneous catalysts present a very compli-
cated picture, and often even the structure of the hound complex is unclear. It
has been suggested that the complex RhBr(PPh;); is mainly present as mono-
mer on a 20% cross-linked resin but as dimer on a 2% cross-linked polystyr-
ene-divinylbenzene resin [8]. The complex RhCICO(PPh,), appears to be bian-
chored on a 2% cross-linked resin in which 10% of the aromatic rings have been
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functionalized [4]. Separation between anchoring sites and flexibility of the
polymeric chains have been reported to influence the structure of the sup-
ported complex [9]. Furthermore, the catalytic activity is influenced by the
extent of insulation of polyanchored complexes [10] and by the mobility of
the polymer chains [11].

It seemed that a kinetic study of an anchoring reaction might give valuable
information, and we report below a study of the reaction between RuCIl;NO-
(SbPh.), and resin-supported phosphinic ligands. The conditions used were
comparable to those employed in the preparation of the supported catalyst; the
resins, with 2 and 4% of cross-linking, contained about 17% of functionalized
aromatic rings. ’

Comparison with previous results for the corresponding homogeneous reac-
tion [12] should give also information on the possible difference in reactivity
of the free and anchored phosphinic ligands. i

Experimental

Polystyrene-divinylbenzene resins with 2 and 4% cross-linked 200—400 mesh
were functionalized with —PPh, ligands, by published procedures [13]. Elemen-
tal analysis of the functionalized resins indicated P contents of 4 and 3.7% for
the 2 and 4% resins, respectively. The same method was used also to attach
—AsPh, ligands. The complexes RuCl;NOL, were prepared by a published meth-
od [12].

A fixed amount of solution (100 ml) containing the complex and, where
appropriate, the leaving ligand was used to suspend a known amount of func-
tionalized resin. The mixture was magnetically stirred. Small aliquots of the
liquid phase were withdrawn at suitable intervals and concentration of the com-
plex was determined by ultraviolet spectroscopy [12]. Pseudo first-order con-
ditions were employed throughout, the concentration of the complex always
being low compared to the amount of anchored phosphinic ligands and of the
free leaving ligand, if present. The final absorbance readings were about 0.05.
Good linear kinetic plots were always obtained (the correlation coefficient was
usually not less than 0.99). Values of the observed rate constants (k,) are
shown in the Tables; the uncertainties indicated are standard deviations.

TABLE 1
KINETIC DATA OBTAINED WITH A FIXED CONCENTRATION OF TRIPHENYLSTIBINE

[complex] gofresin® [SbPh3]} kg (sec™1)

1.38 X 107% 0.018 1.42 X 1073 3.39 X 1075
1.38 X 107% 0.018 1.42X 1073 3.82X 10°°
1.38 X 107% 0.036 1.42 X 1073 9.35 X 106
1.38 X 1072 0.036 1.42 X 1073 9.89 X 106
1.38 X 1074 0.054 1.42 X 1073 21.7 X 1075
1.38 X 1074 0.054 1.42% 1073 189. X 1076

1.38 X 107% 0.072 . 142X1073 239 X 1075

% The resin is a 2% cross-linked polystyrene-divinylbenzene with 4% phosphorus. Runs were performed
in 100 mi of CHaCl, at 30°C. :



TABLE 2

KINETIC DATA OBTAINED WITH A FIXED AMOUNT OF RESIN

fcomplex] g of resin ¢ [SbPh3l kg (sec”l)

1.38 X 1074 0.054 1.42 X 103 21.7 X 1076
1.28 X 107¢ 0.054 1.42 X 1073 189 X 1076
1.38 X 107 0.054 1.84 X 1073 13.7 X 1076
1.38 X 1079 0.054 2.12 X 1073 11.4 X 1076
1.38 X 1072 0.054 2.83 X 1073 8.62 X 1076
1.38 X 1072 0.054 4.26 X 1073 5.95 X 1076

2 The same conditions as for Table 1.

TABLE 3

KINETIC DATA OBTAINED IN ABSENCE OF TRIPHENYLSTIBENE

[complex] g of resin & E'g (sec™ 1)

1.38 X 10% 0.018 0.47 X 1079
1.38 X 107% 0.036 3.49 X 1079
1.38 X 107% 0.054 6.38 X 1072
1.38 X 10™% 0.054 5.70 X 10~?
1.38 X 107¢ 0.072 13.7 X 1079
1.38 X 107% 0.144 37.0 X 1079
1.38 X 1074 0.180 48.2 X 1079
1.38 X 1074 0.216 63.3 X 1079
1.38 X 107% 0.288 82.3 X 1072

@ The same conditions as for Table 1.

TABLE 4

KINETIC DATA OBTAINED WITH A FIXED CONCENTRATION OF TRIPHENYLSTIBENE

fComplex] g of resin 2 [SbPh3] kg (sec™1)

1.38 X 107¢ 0.018 1.41 X 1073 2.75 X 1076
1.38 X 107% 0.036 1.41 X 1073 7.08 X 1076
1.38 X 107% 0.036 1.41 X 1073 7.45 X 10~
1.38 X 107% 0.054 1.41 X 1073 9.32 X 1076
1.38 X 107% 0.072 1.41 X 1073 17.4 X 1076

@ The resin is a 4% cross-linked polystyrene-divinylbenzene with 3.7% P. Runs were performed in 100 ml
CHCl1; at 30°C.

TABLE 5

KINETIC DATA OBTAINED AT DIFFERENT TEMPERATURES

T o) [complex] g of resin [SbPh3] kg (sec™H)

30 1.38 X 1074 0.054 ¢ 1.42 X 1073 0.67 X 10°5
40 1.38X 107% 0.054 1.42 X 1073 1.33 X 10°5
40 1.38 X 10¢ 0.054 1.42 X 1073 1.53 X 1075
50 1.38 X 10¢ 0.054 1.42 X 1073 3.3¢4 X 105
50 1.38 X 10¢ 0.054 1.42 X 1073 2.67 X 1075
60 1.38 X 107% 0.054 1.42 X 1073 6.34 X 1075
60 1.38 X 1074 0.054 1.42 X 1073 6.14 X 1075
30 1.38 X 10~% 0.054 % 1.42 X 1073 0.32 X 10~5
40 1.38 X 107% 0.054 1.42 X 1073 0.72 X 1075
50 1.38 X 107¢ 0.054 1.42 X 1073 1.46 X 10-5
60 1.38 X 1074 0.054 1.42 X 1073 2.65 X 10~5

% 99 cross-linked resin. ? 4% cross-linked resin. Runs were performed in 100 ml of benzene.
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Results and discussion
The folowing mechanism [12] has been proposed for the homogeneous

reaction between complexes of the type RuCl:NOL, and a phosphinic ligand
L',

3
RuCL;NOL, == RuCl;NOL + L , (a)
-1
k ’
RuCl,NOL + L' — RuCI,NOLL’ 5 RuCI;NOL, + L (b)

The corresponding rate law is:

[RUC13NOL2][L']
k_,[L] + k,IL']

The reaction between RuCl;NO(SbPh,), and resin-supported phosphinic
ligands is much slower than the corresponding homogeneous reaction. Even in
the pseudo-first order conditions the usual kinetic plots deviated downward,
while the initial rate was dependent upon the amount of resin present. These
findings are consistent with a much lower value of the rate constant k, in eq. 1,
which in this case reduces to:

k_,[SbPh,]

U =k2k;

(1)

(2)

where the ratio k;/k_, becomes the equilibrium constant K. for the first disso-
ciative step (it is assumed that &, and k_, retain the same value as in the homo-
geneous reaction).

Equation 2 is in qualitative agreement with experimental results: it predicts
(1) a slower reaction rate (if k,K, is lower than k,), (ii) a dependence of the rate
on the amount of resin, (iii) a retarding effect due to the leaving ligand set free
in solution during the reaction. If the leaving ligand is present in large excess
with respect fo the complex, eq. 2 becomes:

v = Ro[RuCI;NO(SbPh,),]
where

[Ph,P—Pol]
[SbPh,]

Table 1 lists the data obtained for kinetic runs in the presence of a fixed con-
centration of triphenylstibine; Fig. 1 shows that a linear correlation exists
between k, and the amount of resin. From the slope it is possible to calculate
k,K./c, which turns out to be (5.79 + 0.28) X 10" g1 sec™! mol™!, where cis a
conversion factor between the grams of resin and the active concentration of
the phosphinic ligands. Table 2 gives the data obtained in presence of a fixed
amount of resin and varied concentration of the leaving ligand; the expected
linear relation between &k, and 1/[SbPh,] is shown in Fig. 2. From this plot a
value was calculated for B,K. /e ((5.76 + 0.17) X 1077), in close agreement with
that previously found. .

kO = lee
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Fig. 1. Plot of kg vs. the amount of 2% cross-linked resin: [SbPh3] = 1.42 X 103,

The remarkable fall in the value of &, compared with that in the homoge-
neous phase can be interpreted in terms of severe steric hindrance around the
supported phosphinic ligands. Various factors, such as polymer porosity, pore
dimensions, and polymer rigidity, must contribute to such hindrance, which
seems to operate also in reactions catalyzed by supported metal complexes
[7a]. The integration of eq. 2, with the condition that [Ph,P-Pol] is constant

w

=}
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a0 400 600 800
1(sb Ph3)

Fig. 2. Plot of kg vs. the reciprocal of [SbPh3]; 0.054 g of 2% cross-linked resin was used.
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during a kinetic run, gives

fcomplex],

— i
[complex], + [complex], — [complex],

—[complex], ln

= R2&e 1pp,p—Pol] - (3)

where n is the number of molecules of SbPh, set free for each molecule of com-
plex leaving the solution, and the subscripts 0 and ¢ refer to time zero and ¢
respectively.

Equation 8 allows another test of the proposed mechanism, in that the left-
hand side should be linearly related to ¢ as found experimentally. A plot of the
ko= k.K./n [Ph,P-Pol] values vs. the amount of resin (see Table 3 and Fig. 3),
using the previously determined vatues of k,K./c, permits calculation of n,
which turns out to be 1.8. This indicates that there is a strong tendency to
chelation, so that the complex is mainiy bi-anchored to the polymer. The data
obtained for the reaction of RuCl;NO(SbPh,), and phosphinic ligands sup-
ported by a 4% cross-linked resin (see Table 4) are consistent with the proposed
mechanism; for this reaction the calculated value of k,K,./c is (3.60 = 0.20) X
1077 which, after correction for the lower phospheorus content, becomes
(3.89 + 0.22) X 1077, It appears that in this more rigid resin the proposed inter-
mediate RuCl,NOSbPh; experiences greater difficulty of access to the phos-
phinic ligands. This could be due to a variation of k, (i.e., increased steric hin-
drance around the phosnhmlc ligands) and/or to a variation of 1/c (i.e., a larger
fract ulon of the phosphinic ligands unavailable to the substitution reaction).

Fig. 3. Plot of kb vs. the amount of 2% cross-linked resin.
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The temperature effect on the rate was investigated to examine possible
effects connected with the mobility of the polymer chains. To extend the tem-
perature range adequately we changed to benzene as the solvent and the results
are reported in Table 5.

At 30°C the rate in benzene is lower than in CH,Cl,; the greater swelling of
the resin in benzene indicates that the rate reduction is to be associated with a
solvent effect on the first dissociative step and/or on k5. The In kg vs. 1/T plots
are linear, so that no definite effect of the resin mobility is observed. The acti-
vation energy, inclusive of the AH, for the first homogeneous dissociative step,
is 14.85 + 0.02 kcal/mol and 14.09 = 0.01 kcal/mol for the 2 and 4% cross-
linked resins respectively.

The strong tendency to chelation found in this anchoring reaction might be
common to other systems, so that a decrease of catalytic activity would be
expected every time the dissociation of a phosphinic ligand is involved in the
catalytic mechanism. However, the use of a large excess of anchored PFh,
ligands in the present studies might cast some doubt on the suggestion that
there is a general preference towards chelation. To clarify this point, we
anchored the complex RuCl,NO(AsPh,), on a 2% cross-linked resin functional-
ized with AsPh, ligands. This anchored complex does not appreciably react
with PPh, in solution under the conditions which gave rise to ligand exchange
in homogeneous conditions [12]. The hypothesis that this lack of reactivity
should be ascribed to the chelation seems to be supported by the very slow
reaction, observed in some preliminary runs, between: the complex RuCI;NO-
(Ph,AsCH,CH,AsPh,) and PPh; in solution.
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