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The reaction between Fe(CO),(CH,=CHPh) and PPh, is studied in the presence of carbon monoxide (0-22 atm). The
effect of carbon monoxide on the rate constants and on the [Fe(CO),PPh,}/[Fe(CO),(PPh,),] ratio is observed. The re-
sults indicate that the Fe(CO),(PPh,), complex is formed by reaction of PPh; with the intermediate Fe(CO),. This inter-
mediate is obtained by dissociation of Fe(CO),, which is the product of the dissociation of the Fe(CO),(CH,=CHPh) com-

plex.

Introduction
In a previous paper' we reported the results obtained in the
mechanistic study of the reaction

Fe(CO),(CH,=CHPh) + (2 — a)PPh, - aFe(CO),PPh, +
(1 — 0)Fe(CO),(PPh,), + CH,=CHPh + (1 -~ a)CO M

in which « is the fraction of monosubstituted complex formed
per mole of the starting olefin compound. On the basis of
the results available two different reaction mechanisms were
suggested to explain the simultaneous formation of mono-
substituted and bisubstituted complexes. The first assumed
that the intermediate, Fe(CO),, formed in the first reaction
step, was present in two forms in equilibrium, as observed

for the M(CO)¢ (M=Cr, Mo, W) complexes® and that these
two forms, due to their different reactivity towards PPh,,

give rise to both monosubstituted and disubstituted com-
plexes. The second mechanism assumed, instead, that the
intermediate, Fe(CO),, underwent further dissociation to

give Fe(CO),, which was then responsibile for the formation
of the bisubstituted complex. In the hope of shedding further
light on the mechanism and on the nature of the reaction
intermediates, this paper reports results obtained from the
study of the effect of carbon monoxide on the kinetics of
reaction I and on the ratio o/(1 — ).

Experimental Section

Fe(CO),(CH,=CHPh) was prepared as in the literature.® Kinetic
runs were carried out at atmospheric pressure (or less) of carbon
monoxide in a thermostated vessel* from which aliquots were drawn
using a syringe. The solution was saturated with CO, prepared and
purified according to ref 5. The reaction vessel was connected to a
CO reserve so as to maintain constant CO pressure during the reaction.
A CO pressure less than atmospheric was obtained by dilution with
nitrogen, and a Mohr vessel was used to measure gas volumes. The
solutions were stirred magnetically. The kinetics were followed by
observing the intensities of the CO stretching bands both of Fe(CO),-
(CH,=CHPh}, at higher frequency, and of the mono- and disubstituted
complexes. Measurements were carried out on a Perkin-Elmer IR
257 spectrophotometer.

The reactions at CO pressure greater than atmospheric (1-22 atm)
were carried out in a beaker set in a reactor of the bomb calorimeter
type. The reactor was thermostated at 50° and the toluene solu-
tion stirred magnetically. The carbon monoxide used was of commer-
cial origin and contained small amounts of Fe(CO),. The ratio o/(1 —
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«) was measured spectrophotometrically at the end of reaction. It
was not possible to remove intermediate aliquots during the measure-
ments, so reaction rate constants for the reaction could not be deter-
mined.

The formation of Fe(CO), in trace amounts (~1%) was ascertained
only where the ratio [CO]/{PPh,] = 1. These values are very low
owing to the vigorous stirring and partial temperature evaporation of
Fe(CO);.

During the reactions carried out with commercial CO, the forma-
tion of Fe(CO), was checked by carrying out blanks under identical
conditions and comparing the final concentrations of Fe(CO), ob-
tained with those found during reaction. The concentrations of car-
bon monoxide present were determined assuming Henry’s law was

valid and using the solubility data for 1 atm and various temperatures.®

Results and Discussion

Table I shows the values of the rate constants measured
from the disappearance of Fe(CO)4(CH,=CHPh) and also
those from the appearance of Fe{CO),PPh; and Fe(CO),-
(PPh3),, for various concentrations of PPh; and carbon
monoxide. The values of /(1 — &) measured under the same
experimental conditions are reported. These ratios remain
constant as the reaction proceeds. Table II shows the values
of /(1 — &) obtained at high CO pressure (1-22 atm) and at
various concentrations of PPhy. These reactions were not
followed kinetically. The «/(1 — o) values for several reac-
tions, carried in excess of CH,=CHPh, are also reported.

The additional points of relevance, considering the results
of ref 1, are as follows.

(1) The ratio &/(1 — a) does not vary with the concentra-
tion of CH,=CHPh.

(2) In the absence of CO, the ratio a/(1 — o) does not de-
pend on the concentration of PPh; when [PPhs]/[Fe(CO)4-
(CH,=CHPh)] > 5. For lower values of the latter ratio,
a/(1 — @) increases with decrease in the ratio [PPh,]/[Fe-
(CO),(CH,=CHPh)].

(3) The ratio a/(1 — @) increases with the CO pressure. At
constant CO pressure a/(1 — &) decreases with increase in
PPh, concentration. Figure 1 shows the a/(1 — &) plots vs.
P at constant concentration. Figure 2 shows the a/(1 -
«) plots vs. 1/[PPhj] at constant CO pressure. All of the
plots are parabolic with nonzero intercepts on the ordinate
axis.

(4) The first-order rate constants do not depend on the
concentration of CO, and the % values obtained from the
Fe(CO)4(CH,=CHPh) disappearance and from the Fe(CO);-
(PPh;), and Fe(CO),PPh; appearance are equal, within the
limits of experimental error.

The independence of the rate constants and the change of
a/(1 = a) with the CO pressure support the presence of a
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Table I. Pseudo-First-Order Rate Constants (k) at 50° for the
Reaction Fe(CO),(CH,=CHPh) + (2 — «)PPh, - aFe(CO),PPh, +
(1 = a)Fe(CO),(PPh,), + (1 —a)CO + CH,=CHPh at Various CO

Pressures and PPh, Concentrations in Toluene

10%k, sec™!

PCO’ a/

{PPh,},M  atm [COY}, M a b ¢ (1-w
5.16 x 107" 1 5.76 X 10"* 3.87 3.91 3.9 2.7
573X 107 1 576 x 107* 392 3.85 3.6 3.0
213x 1077 1 576 X 107* 3.75 3.80 3.5 33
1.08x 107% 1 576 x 107* 373 3.64 3.6 6.2
6.57x107° 1 5.76 x 107° 393 3.83 3.7 9.0
481'%x107* 1 576 x 107* 3.66 3.60 3.51 14.5
4.92x 107 0.75 4.32x 107° 3.53 3.54 3.5 9.3
477x 107* 0.50 2.88x 10" 3.61 3.52 34 7.2
4.81x 107* 0.25 1.44x10°* 3,70 3.51 3.59 49
492x 107 0 0 3.52 3.69 3.50. 44

@ Rate constants based on olefinic complex disappearance. ? Rate
constants based on monosubstituted complex appearance. ¢ Rate

constants based on disubstituted complex appearance.

Table Il. Values of o/(1 — «) at Various PPh,, CH,=CHPh, and CO

Concentrations in Toluene at 50°

Pco, [CH,=CHPh], o
[PPh,],M  atm [CcOl,M M (1-o
[Fe(CO),(CH,=CHPh)] =1 X 107, M
500X 107 1 576X 107 0 2.9
500X 1077 3.8 219x 107 0 5.9
500X 10* 5.5 3.17x 1072 0 8.3
500X 107 83 479x 107 0 12.5
500X 107 11 634x107* 0 18.2
500X 1072 22 1.27x 10" 0 o
6.64% 107" 5.5 3.17x10? 0 6.1
1.04 x 10" 55 3.17x1072 0 4.7
202X 107" 55 317x 107 0 3.5
297X 1070 55 3.17x102 0 3.3
510X 107 5.5 3.17x 107 0 3.0
500x 10 0 0. 0 2.7
5001072 0 0 0 2.6
[Fe(CO),(CH,=CHPh)] =2 X 107, M
500102 0 0 0 2.9
500x 102 0 0 0 2.7
1.00X 102 0 .0 0 2.8
1.00X 107" 0 0 0 2.8
500x10" 0 0 0 2.5
110X 102 0 0 595% 107 2.8
1.03x 1072 0 0 1.26 X 107! 2.9
122x10% 0 0 3.23% 107! 2.7
110X 10 0 0 9.13x 107 2.5

dissociative step of Fe(CO), to Fe(CO); in the mechanism.
On the basis of these results, the following reaction mecha-
nism of eq 2 is proposed.

1 i
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The competition between SbPh; or AsPh; and CO for the
Fe(CQ), intermediate can be calculated from the results of
ref 1,7,and 8. The values obtained at 50° in toluene are
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Figure 1. o/(1 — &) v5. Pgqg plots at 50° in toluene: curve A,
[PPh,] =5 X 107% M, lower abscissa scale; curve B, [PPh;] = § X
107* M, upper abscissa scale.
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Figure 2. /(1 ~a) vs. 1/[PPh,] plots at 50° in toluene: curve A,

Pco =1 atm, upper abscissa scale; curve B, Poo = 5.5 atm, lower

abscissa scale.
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2.8,and 2.9, respectively. Probably the value for PPh, is
not very different, as found for various other complexes.’
For this reason, in eq 2 is inserted also the reaction of Fe-
(CO);L with CO.

Given eq 2 and assuming the steady-state approximation
is valid for the intermediates Fe(CO),, Fe(CO);, and Fe-
(CO),L, expression 3 is obtained for the ratio a/(1 — «).

@ _uy _ka [Fe(CONl ks [CO]_
l-a Up ks [Fe(CO)s;L] ks [L]
koko1 'k JCOTE | kgkey!  kok
2 '1 4[ ] 2 1’ 2,4 [CO]+
ki'ksks[L] kak, kyks
ks [CO1 &
BN, (3)
ks [L] Kk

The values of vy and vy correspond to the rates of forma-
tion of Fe(CO),4L and Fe(CO);L,, respectively. All the rate
constants refer to reaction mechanism 2 and L indicates the
phosphine ligand. Expression 3 indicates a parabolic de-
pendence of a/(1 — ) on both [CO] and 1/[PPhj] variation.
Curve A of Figure 1 fits better than curve B to a parabolic
dependence: owing to the low CO pressure value for the
measurements of curve B, the CO developed during the reac-
tion changes the CO total pressure. For this reason the
intercept of curve Bis higher than that of curve A. Both
curves are consistent with a parabolic dependence. The co-
efficients of the parabolic plots give the following very rough
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values: kok-1'ky/ky'ksks & (1-2) X 102, k4/ks =~ 5-7, and
kak-1'/ksky" + kaoka/ky ks negligivle compared to k,/ks[L].

The fact that the ratio o/(1 — @) is not zero for zero con-
centration of CO and for very low concentration of PPh,
may be due to the development of CO during the reaction 1.
The amount given off is sufficient to influence the dissocia-
tive step of Fe(CO), to Fe(CO), and to favor the formation
of Fe(CO)4PPh;.

The formation of the Fe(CO); is not unreasonable; in fact
other carbonyl complexes'® undergo step dissociation, and
recently experimental evidence of the formation of Fe(CO),
in the photolysis of Fe(CO)5 in matrix'! was obtained.

Mechanism 2 also suggests that the formation of Fe(CO),-
(PPhs),, observed during the reaction between several car-
bonyl complexes of Fe and PPhjs, is due to the formation of
the intermediate Fe(CO), in the first step of the reaction. If
this mechanism does indeed occur, then the ratio /(1 —a)
should be the same. This has been observed for all the
(CH,=CHX)Fe(CO), and Fe,(CO)y complexes.! For Fes-
(CO)y,, however, this ratio is very different and changes with
the concentration of PPh,. In fact, a different reaction
mechanism for this complex was suggested.’®> According to
this mechanism Fe;(CO),, reacts with PPhy, giving Fe;(CO)4;-
PPhj, which on further reaction with PPh leads to Fe(CO),-
PPh; and Fe(CO)4(PPhjy),.
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Phosphorescent emission from the *CT state of Ru(bipy),** is quenched by Fe®*, Fe®*, and TI** ions in aqueous solution
with quenching rate constants of 1.9 X 10°,1.6 X 107, and 1.1 X 10®* M ™! sec™!, respectively at room temperature (ca.
20°), u = 0.5 M, Irradiation of solutions containing Ru(bipy),** and TI1%* in the singlet charge-transfer absorption band of

Ru(bipy),** causes oxidation of the ruthenium(II) complex to Ru(bipy),>*.

The limiting quantum yield for the loss of

Ru(bipy),2* at infinite thallium(III) concentration is 2.0 + 0.4. The rate constant for the photochemical reduction of T1**
determined from the dependence of the quantum yield upon thallium(IIl) concentration is the same as the rate constant
for the quenching of the Ru(bipy),** phosphorescence by thallium(IlI). TI** ions are produced as intermediates in the

photochemical reaction and can oxidize Ru(bipy), ** and reduce Ru(bipy),**.

The quantum yield is unchanged in the

presence of methanol. The quenching of the Ru(bipy),?* phosphorescence cannot take place by an energy-transfer mech-
anism and electron transfer from *CT Ru(bipy),* to TI** is responsible for the phosphorescence quenching and the initial

step in the photochemical reaction.

In recent years Ru(bipy)s** has been widely used in quench-
ing and photosensitization experiments with transition metal
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complex acceptors. The lowest charge-transfer triplet state
(17.1 kK above the ground state®) which is involved in these
processes emits phosphorescence (A 620 nm, lifetime 0.65

usec*) even in fluid solution at room temperature and is ex-

(3) R.J. Watts and G. A. Crosby, J. Amer. Chem. Soc., 93, 3184
(1971).



