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Abstract 

The equilibrium constants of the reaction of cis, trans-[Ru(CO)2(PMe3)2(CH3)I] (Mc) with carbon monoxide to give cis, trans- 
[Ru(CO)2(PMe3)2(COMe)I] (Ac) and trans, trans-[Ru(CO)2(PMea)2(COMe)I] (At) were measured at various temperatures in toluene. 
The thermodynamic parameters are compared with those obtained for the isoelectronic complexes of iron, and the trend is discussed. The 
kinetics of the carbonylation reaction of Me, as well as those of the inverse decarbonylation reaction of At were measured. The kinetics 
of the carbonylation of the new complex trans, trans-[Ru(CO)2(PMea)z(CH3)I] (bit) were also investigated. All the results afford further 
support to the previously proposed CO insertion mechanism occurring via methyl migration. The comparison of these kinetic results with 
those of isoelectronic complexes of iron indicates that ruthenium is more reactive than iron, which is reflected by its greater aptitude to 
act as catalyst in many processes. © 1997 Elsevier Science S.A. 
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1. Introduction 

Carbon monoxide insertion in the metal-alkyl bond 
is one of  the most important steps in homogeneous 
catalysis with organometallic complexes [1]. The kinet- 
ics [2], thermodynamics [3] and stereochemistry [4] of 
this reaction have been extensively studied. The reac- 
tion proceeds via migration of the alkyl group onto a 
cis-CO with the consequent creation of a vacant coordi- 
nation position [5] that is usually occupied by an enter- 
ing nucleophile. The effects of the ancillary ligands on 
the insertion reaction are explained on the basis of  their 
influence on the metal-alkyl  bond strength [6]. 

Surprisingly few studies have been carried out on the 
effect of  the nature of the metal in isoelectronic series 
[7]. We undertook a study of this effect upon the 
isoelectronic [M(CO)2L2RX] complexes (M = Fe, Ru, 
Os; L = phosphine ligands; R = methyl and X = I). The 
results of a study on iron complexes have been pub- 
fished previously [8,9]. 

Ruthenium complexes cis, trans-[Ru(CO) 2 L 2 RX] re- 
act with carbon monoxide to initially give the acetyl 
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complexes cis, trans-[Ru(CO)2L2(COR)X] which iso- 
merizes to trans, trans-[Ru(CO)2L2(COR)X] [10,11]. 
The stereochemistry and the mechanism of  this reaction 
have been clarified by a qualitative study of  the reaction 
with nucleophiles [10] and by isotopic labelling with 
13CO [11]. The results exclude the previously proposed 
mechanism via CO migration [12], and confirm the 
methyl migration mechanism [2]. 

In this paper we present the results of  a quantitative 
study of  the kinetics and thermodynamics of the car- 
bonylation reaction of cis, trans-[Ru(CO)z(PMe3) 2 
(CH3)I] (Mc) and of the new complex trans, trans- 
[Ru(CO)2(PMe3)2(CH3)I] (Mt) (kinetics only) (see 
Scheme 1); these results are compared with those ob- 
tained for the isoelectronic iron complexes. 

2. Experimental details 

2.1. General 

PMe 3 was prepared as described in Ref. [13]; 
cis, trans-[Ru(CO)2(PMe3)2MeI] (Me) was prepared as 
described in Ref. [14]; toluene and other solvents were 
purified by standard methods [15]. Since cis, trans- 
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[Ru(CO)2(PMe3)2(COMe)I] (Ac) cannot be isolated due 
to its high isomerization rate, even at 0°C, it was 
characterized spectroscopically: IR spectrum (n-hexane): 
Vco=1980(s),  2038(s)cm-1; IH NMR spectrum 
(CH2CI~): ~COMe = 2.34(s)ppm; 6prae = 1.71(t) ppm, 
~Jp. +4-Jpn] = 3.8Hz; 31p NMR spectl"um (CD2C12): 
3p = - 16.9 (s) ppm. IR spectra were recorded on a 983 
Perkin-Elmer dispersive spectrophotometer or on a 
1725X FT-1R Perkin-Elmer spectrophotometer. X H and 
3~p NMR spectra were recorded with an AC200 Bruker 
spectrometer. The ~H chemical shifts were related to 
tetramethylsilane as internal reference and the 31p 
chemical shifts were relative to 85% H3PO 4 in D20 as 
external reference with a positive sign indicating a shift 
to lower field. 

2 . 2 .  P r e p a r a t i o n  o f  t r a n s ,  t r a n s -  
[Ru(CO)2(PMe 3)2(COMe)I] (At) 

Mc (2.5 g) was dissolved in n-hexane (50m l). CO 
was bubbled in the solution at room temperature. After 
30 min equilibrium was reached: Me, At and Ac were 
present. Complex At was crystallized from this solution 
at - 18°C as a white crystalline solid: 2g (yield 80%): 
anal. calcd: C, 25.03; H, 4.41; found: C, 25.28; H,4.61. 
1R spectrum (n-hexane) .  Vco = 1986 (vs), 
2077(vw)cm-1; JH NMR spectrum (CD2C12): 6COMe 
= 2.49 (s) ppm; 6VMe3 = 1.61 (t)ppm, 12JpH +4JpH] = 
3.7 Hz; 31p NMR (CD2CI:): 6p = -14.6(s)ppm. 

2.3. Preparation of trans, trans-[Ru( CO )2( PMe 3 ) 2 MeI] 
(Mr) 

Finely powdered crystals of Mc (2 g) were irradiated 
in a glass vessel under N 2 atmosphere with a 100W 
tungsten lamp for 1 week. The formation of Mt was 
followed by IR spectra observing the CO stretching 
band (Vco = 1963 cm- l in n-hexane). The reaction 
reached equilibrium after 1 week and, under these con- 
ditions, the concentration of Mt was 40%. The pow- 
dered solid was dissolved in n-hexane, filtered, cooled 
to 0 °C and saturated with CO. The complex Me reacted 
to give At, which was crystallized at -18°C;  in the 
meantime, the solution concentrated into the complex 
Mt, which, at this temperature, did not react with CO. 

Repeating this procedure twice, the concentration of Mt 
reached 90%. Further concentration of Mt was not 
possible, so the solid was crystallized from this solution 
and used for the kinetic measurements. Mt was charac- 
terized spectroscopically by comparing it with the anal- 
ogous iron complex [10]: IR spectrum (n-hexane): Vco 
=1963(vs),  2020(vw)cm-1; IH NMR spectrum 
(CD2C12): 6c, ~ = - 0.23 (t) ppm, 3JHp = 5.3 nz; ¢$PM% 
= 1.63 (t) ppm, 12Jp, +4Jp81 = 3.6Hz; 31p NMR spec- 
trum (CDzC12): 6p = - ll.8(s)ppm. 

2.4. Equilibrium constants 

Measurements of equilibrium constants were per- 
formed in toluene. The experimental procedure for the 
preparation of CO-N 2 mixtures and measurements of 
CO concentrations were similar to those described in 
Ref. [8]. In a typical experiment 10ml of a solution of 
Me in toluene ((1-2) × 10 -3 M) was introduced into a 
thermostatted reactor filled with the gas mixture. When 
the reaction was at equilibrium, the IR spectrum was 
recorded in the CO stretching region. The concentra- 
tions of Me and At were determined by Beer's law. 
This was obtained, for At, by preparing standard solu- 
tions in CO atmosphere in order to avoid the transfor- 
marion of At into Me: at Pco = 1 atm, appreciable 
concentrations of Ac and Me were present at equilib- 
rium, but the slow rate of reaching equilibrium allowed 
the At concentration to be measured. The concentration 
of Ac was calculated by taking the difference between 
the initial concentration of Me and the equilibrium 
concentration of Mc and At. The equilibrium conditions 
were also obtained by starting from complex At. The 
equilibrium constants, so obtained, were within the 
same limits of experimental errors. 

2.5. Kinetic measurements 

In all the measurements, the carbon monoxide con- 
centrations were much greater than the complex (ratio 
10:1), using a thermostatted reactor of 300 ml. 

(a) The rate of formation of At (Scheme 1) in toluene 
with varied CO pressures (0.1-0.5 atm) and tempera- 
tures (4.7-15 °C) was followed. During each kinetic run 
the CO pressure was held constant. IR spectroscopy was 

PMe 3 PMe 3 PMe3 
OC,,,,,,..] ..... ,~CI-I3 k 1 OC,t,,, ],,,,,COMe k 2 OCIt,,,, ] ..... x~COMe 

O C ~ . ~ t / . ~  i + CO ~ k d  OC ~''Rff''l " ~ I  ~ k _  2 I ~ R [ U ' ~ c o  

PMe 3 PMe 3 PMe 3 

(Mc) (Ac) 

Scheme 1. 

(At) 
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PMe 3 PMe 3 

oc,,,,. [ ..... ~CH 3 ~ OC,,,,..R~u CO 
"Ru" ~ COMe = At, Ac and Mc 

PMe 3 P i e  3 

(Mt) 

Scheme 2. 

used to determine the concentration of complexes. The 
concentration of Me was followed by the disappearance 
of both the CO stretching modes (2015, 1955cm-1); 
the concentration of Ac was obtained by following the 
CO stretching mode at 2035 cm- i. The concentration of 
At was not followed directly due to the partial superim- 
position of the CO stretching mode (1983cm -1) with 
that of Ae (1974cm-1). The Me, Ac and At were in 
equilibrium after carbonylation in the investigated tem- 
per am re and pressure ranges. 

The pseudo-first-order rate constants were obtained 
from 

(-) a In D° De =(k fwa+krev ) t=k f~a - - t  (1) 
D t D e xo 

where D o, D e and D t were absorbances of complex Mc 
or At at zero, equilibrium and time t, k~a and kr~ v 
were the pseudo-f'wst-order rate constants for the for- 
ward and the reverse reactions respectively, and a and 
x e were the initial and the equilibrium concentrations of 
Mc and At respectively. 

(b) The decarbonylation of complex At was followed 
in toluene on varying the CO pressure from 0.1 to 
0.175atm in the temperature range 10-20°C. The 
pseudo-fwst-order rate constants were obtained by Eq. 
(1). The appearance of the CO stretching mode of Mc 
was observed in the IR spectrum at 1955cm -1. In this 
case a was the initial concentration of At and x e the 
equilibrium concentration of Me. 

(c) The carbonylation reaction of Mt went to comple- 
tion and was followed in toluene from 0.1 to 1.0 atm of 
CO pressure in the temperann'e range 30-50°C. The 
reaction rates were lower than those of the Me carbony- 
lations and of the At decarbonylation; the reaction 
products were Me, At and Ae in equilibrium (Scheme 
2). The reaction rate was followed by the disappearance 
of the CO stretching mode at Vco -- 1963cm -1 of Mt 
and the pseudo-f'wst-order rate constant was calculated 
from 

Do 
hi --l~t = kob~ t (2) 

where D o and D t w e r e  respectively the absorbances at 

zero and t times of the CO stretching mode of Mt at 
1963 cm -1 . 

3. Resalts 

3.1. Photochemical isomerization of  Mc 

Complex Mt was prepared by photochemical isomer- 
ization of Me in the solid state, which is slower than 
that of the isoelectronic iron complex. The equilibrium 
concentration of Mt is 40%, while it can be as high as 
80% for the iron complex [9]. Attempts to prepare Mt 
by photochemical isomerization in solution afford de- 
composition products and At. 

The mechanism of the thermal and photochemical 
isomerization of [M(CO) 2 L 2 X 2 ] complexes (M = Ru 
[16], Fe [17]; L = phosphine ligands; X = halides) has 
been extensively studied in solution. It proceeds via 
phosphine or carbon monoxide dissociation. In contrast, 
the photochemical isomerization in the solid state of the 
ruthenium complex Me can proceed with the formation 
of an excited state, in which the ionization of the Ru-I 
is easy and the rearrangement to the Mt structure is 
possible, as previously hypothesized for isoelectronic 
complexes of iron [8]. The energy barrier of this rear- 
rangement for the iron complex has been estimated to 
be less than 10-1210 [18]; it can also occur in the solid 
state. 

P i e  3 PMe3 

OCon,, I ,,~CH3 Ka OCoi, . . . . .  ~COMe 

O c ~ ' R l U ' ~ I  + CO ~ Rt/' t ~ "  ] "~co / - -  
PMe 3 PMe3 

(Mc) (At) 

PMe 3 

OCIo, ,~xCOMe 
°"Rt/" 

oc # "  I ' ~ i  
PMe 3 

(Ac) 
Scheme 3. 
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Table 1 
Equilibrium constants at various temperatures for the reactions of 
Scheme 1 in toluene 

Table 3 
First-order rate constants kf~ a for the decarbonylation reaction of At 
in toluene at various temperatures 

T (°C) 10-ZKl (M- I) 10-IK 3 ( M - l )  T (°C) 102Pco (atm) 10'*kfw d (s-  i) 

24.5 17.39 18.94 10.0 4.0 2.18 
18.97 14.22 3.5 2.18 

33.8 12.22 11.38 2.5 2.37 
42.0 6.94 8.49 1.75 2.42 

6.59 8.67 15.0 10.0 4.32 
49.3 4.06 4.88 4.0 4.74 
56.5 2.90 3.15 2.5 4.56 
64.4 1.96 2.10 20.0 10.0 9.64 
74.3 1.20 1.65 4.0 10.80 

2.5 11.60 

It was not possible to obtain pure Mr; therefore, it 
was only characterized spectroscopically. The IR spec- 
trum shows two CO stretching modes at 2020 (vw) and 
1963(vs)cm -1 (n-hexane) in agreement with two CO 
ligands in the trans position; the I H NMR spectrum in 
CDEC12 shows a 'deceptive' triplet [19] indicating that 
the two PMe 3 ligands are magnetically equivalent. Hav- 
ing fixed the two CO in the relative trans position, the 
two phosphines must have a relative trans position too. 
The remaining CH 3 and iodide ligands must be in the 
relative trans position. 

3.2. Thermodynamic and kinetic results 

The equilibrium constants in toluene at various tem- 
peratures and CO pressures, which refer to the reactions 
reported in Scheme 3, are reported in Table 1. K 2 
equilibrium constants are not shown in Table 1 because 
they depend on  g 1 and K 3 (the analytical concentra- 
tion of Ac was not measured directly, see Section 2.4). 

The pseudo-first-order rate constants of the carbony- 

Table 2 
Pseudo-first-order rate constants a kfwd in toluene for the carbonyla- 
tion reaction of Me 

T (°C) Pco (atm) 103 [CO] (M) 104kfwd (s- i ) 

4.7 0.50 4.26 7.77(0.33) 
0.25 2.13 6.83(0.17) 
0.175 1.49 5.84(0.33) 
0.125 1.06 4.92(0.07) 
0.10 0.85 4.18(0.14) 

9.7 0.50 4.01 13.51(0.73) 
0.25 2.00 11.16(0.42) 
0.175 1.40 10.22(0.51) 
0.125 1.00 7.53(0.21) 
0.10 0.80 6.98(0.22) 

15.0 0.375 2.89 24.67(0.13) 
0.25 1.88 22.86(0.66) 
0.175 1.32 17.84(0.29) 
0.125 0.94 10.87(0.15) 
0. I 0 0.75 10.13(0.27) 

Table 4 
Summary of k 2, k I / k _  l, k_ 2, thermodynamic and activation pa- 
rameters a for the carbonylation reaction of Mc and decarbonylation 
reaction of At 

T(*C) 103k2 (s -1) k 1 / k _  l (M - I )  104k_ 2 (S - l )  

4.7 1.04(0.20) 813 
9.7 2.02(0.38) 641 
15.0 4.77 348 4.54(0.21) 
10.0 2.29(0.13) 
20.0 10.68(0.99) 

Thermodynamic and activation parameters: 

AH#(k2) = 102(2)kJmol -  I AS#(k2)  = 67 (7 ) JK  - l  mol-1  

AH(kl/k_l)=-52(14)kJmo1-1 AS(kl/k_I)=-113(50)JK 1 mol-1  

AH#(ktk2/k_t)=43(7)kJmol-t AS#(klk2/k l)=-83(23)JK-tmol -~ 
A H # ( k _ 2 )  = 105(5)kJ tool- 1 ziS#(k_2) = 57(14)J  K -  1 tool-  I 

a Values in parentheses are the standard deviations at the 95% 
confidence limit. 

lation of complex Mc and of the decarbonylation of 
complex At in toluene at various temperatures and CO 
pressures are given in Tables 2 and 3 respectively. 

A summary of the rate constants of the carbonylation 
and decarbonylation reactions and the thermodynamic 
and kinetic parameters are given in Table 4. 

The pseudo-first-order rate constants of the carbony- 
lation of Mt in toluene at various temperatures and CO 
pressures are given in Table 5. 

Table 5 
Pseudo-first-order rate constants a kob s in toluene for the carbonyla- 
tion reaction of Mt at various temperatures 

T (°C) Pco (atm) 1 0 6 k o b s  ( S -  1) 

30.0 0.2 5.68(0.32) 
1.0 5.56(0.30) 

40.0 0.1 26.9(0.55) 
0.2 26.0(0.62) 
1.0 28.7(0.75) 

50.0 0.1 84.8(0.82) 
0.2 89.0(0.75) 
1.0 79.0(1.20) 

a The values in parentheses are the standard deviations of four a Values in parentheses are the standard deviations of four measure- 
measurements, ments. 
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Table 6 
Comparison of rate constants, thermodynamic and activation parame- 
ters for the carbonylation and decarbonylation reactions of ruthenium 
and iron complexes in toluene at 20°C a 

Fe Ru 

K 1 (M- 1 ) 73000 2582 
AH, (kJmol-1) -60(4) -47.5(3) 
A S  l (JK-l mol- J) - I 11(8) -97(9) 
K 2 31 11.8 
A H 2 (kJ  mol- l) - 18(4) - 6(6) 
A S  2 (JK-1 mol- 1) -33(12) 0(20) 
K 3 (M- 1) 1454 231 
A H 3 (kJ tool- t ) - 47(4) - 42(6.5) 
AS 3 (JK-1 mol- I) - 100(12) -98(21) 
k 2 (s - I )  7.65× 10 -4 9.75× 10 - 3  

AH~ (kJmol-1) 95(4) 102(2) 
AS2 # (JK-~ mol - ') 20(5) 67(7) 
k_ 2 (s- l) 7.62× 10 - 6  1 0 . 7 ×  10 - 4  

A H_~2 (kJ moi- l) 86(7) 105(5) 
AS~_2 (JK l mol-l) -36(25) 57(14) 
k t ( s -  1) 2.50X 10 - 7  1.31 X 10 - 6  

Ant # (kJmol- ~) 110(4) 105(10) 
ASt ~ (JK -~ mol t) 4(12) 303) 

a Values in parentheses are the standard deviations at the 95% 
confidence limits. 

A comparison of rate constants, thermodynamic and 
activation parameters of  the carbonylation and decar- 
bonylation reactions of  ruthenium and iron complexes 
in toluene at 20 °C are given in Table 6. 

4 .  D i s c u s s i o n  

4.1. Thermodynamic results 

Both the carbonylation reaction of Me to At  and Ae 
are exothermic ( A H I = - 4 7 . 5 ( 3 ) k J m o l - t ;  A H 3 =  
- -  42(6.5) kJ m o l -  1 ). Due to the large loss of  rotational 
and translational entropy by CO(g) upon insertion [20], 
the negative carbonylation entropy values are nearly the 
same in both two reactions (AS 1 = - 97(9) J K -  1 m o l -  l; 
AS 3 = - 9 8 ( 2 1 ) J K  - I  mol-1) .  The greater stability of 
At  with respect to Ae is essentially caused by the 
enthalpic term influenced by the steric hindrance of I. 

A comparison of these values with the corresponding 
ones of  the iron complexes (Table 6) indicates that 
acetyl complexes of  iron are more stable than the 
ruthenium ones ( K  1 = 7 3 0 0 0 M  -1 for iron and 
2580M -1 for ruthenium; K 3 = 1454M -1 for iron and 
231 M -  1 for ruthenium at 20 °C). This is a general trend 
for metals of  the same group with increasing period. 
The acetyl complex is more stable with respect to the 
methyl ones for metals of  the second and third periods 
and is due to the increasing strength of the M - R  bond 
[21]. 

A comparison of the isomerization equilibria ( K  2 = 
31 for iron and 11.8 for ruthenium) suggests that At is 

more stable with iron than with ruthenium, in agreement 
with the prevalent influence of  the steric effect which is 
greater in the more crowded iron complexes [22]. 

4.2. Reaction mechanism 

4.2.1. Carbonylation o f  Me  
The carbonylation process in toluene is represented 

in Scheme 1. The first step ( M e - A e )  is very fast and is 
experimentally impossible to follow by conventional 
techniques. During this step, Ae forms from Me until 
equilibrium is reached. Subsequently, Ac isomerizes to 
At, while the [Ae]/ [Me]  ratio remains constant and 
reaches a final equilibrium with At. The kinetics were 
followed during the attainment of  equilibrium with At  
and treated according to Scheme 1 where the first step 
is much faster than the second. This allows Me and Ae 
to be at equilibrium during the formation of At  [23]. 

On the basis of  the mass conservation law and 
equilibrium requirements [24] and assuming that k 2 << 
k_ 1, the first-order rate constants kfw d follow Eq. (3): 

k'k2[CO] (3) 

kfwd = k 1 [CO] + k_ l 

The assumption that k 2 << k ~ seems to be reasonable 
owing to the fast attainment of the M e - A t  equilibrium 
compared to that of  Ae and At. 

Rearrangement of  Eq. (3) yields 

1 1 k _  1 
+ (4) 

kfwd k2 klk2[CO] 

Plots of  1 / k ~ d  vs. 1 / [COl  give a straight line with 
1 / k  2 as intercept and k _ ~ / k l k  2 as slope (Fig. 1). The 
values of k 2 and k l / k _  1 at various temperatures are 
given in Table 4. Within the limits of  the experimental 

' I I I 

~o 
, r -  

0.20 

0.10 

i i 1 

0.40 0.80 1.20 

1/[C0] 10 .3 (M 1) 

Fig. 1. Plots of l / k f ~  vs. I/[CO] at various temperatures in 
toluene: (at) T = 4.7°C; (ll) T = 9.7°C; (0 )  T = 15°C. 
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error, kl /k_ 1 values are in agreement with the experi- 
mental equilibrium K 3 constants (see Section 4.1). 

The rate constants of the isomerization step (k:)  are 
independent of the CO concentration; therefore, the 
positive effect of the CO pressure on the rate of the 
isomerization reaction, reported in the literature [12,20], 
can only be explained as a shift of the carbonylation 
equilibrium towards the Ac complex. 

The decarbonylation reaction of At follows a first- 
order kinetic law (Table 3) and, since the decarbonyla- 
tion of Ae is much faster than the isomerization reac- 
tion, the total reaction rate is determined by this last 
process (k~v = k_ 2). 

A comparison of the kinetic results of the isomeriza- 
tion reaction of ruthenium and iron shows that ruthe- 
nium has a higher reactivity. The rate constant ratios 
k2(Ru)/k2(Fe) and k_z(Ru)/k_2(Fe) are 12 and 140 
respectively and are not due to the activation enthalpry, 
which is lower for iron (Table 6), but rather to the 
entropic term. 

Neither the carbonylation nor decarbonylation kinetic 
results provide information on the mechanism of the 
insertion ste8 of Scheme 1. However labelling experi- 
ments with CO [11] exclude the formation of labelled 
13COMe, in moderately polar solvents, as observed for 
the iron isoelectronic complexes [25], and therefore 
exclude the ionization of the Ru-I  bond in Me at least 
in these solvents. This supports the methyl migration 
mechanism, previously proposed by Mawby and 
coworkers [10] that proceeds with the formation of an 
unsaturated pentacoordinated intermediate which rear- 
ranges and reacts with CO to give Ae and At com- 
plexes. Since the CO concentration influences both the 
formation of Ae and At, the isomerization reaction is 
not influenced by the CO concentration in agreement 
with the experimental results. 

The activation parameters for the formation of At 
from Mc can be calculated for iron and ruthenium 
complexes. The values are AH* =47kJmo1-1 and 
AS # = - 9 1 J K  - l m o l  -L for iron and A H  # = 
54.5 kJ mol- 1 and A S # = - 30 J K-  1 mol- ~ for ruthe- 
nium. These values are in agreement with the M-CH 3 
bond strength, which is lower for the iron complexes 
with respect to the isoelectronic ruthenium complexes 
[26]. In general, the difference in the M - R  bond strength 
between the metals of the first and second transition 
series is ca. 15-20kJmo1-1 

4.2.2. Carbonylation of Mt 
Complex Mt reacts with CO to give an equilibrium 

mixture of At, Ac and Mc. The pseudo-first-order rate 
constants reported in Table 5, within the limits of the 
experimental error, are independent of the CO pressure. 
This suggests that the carbonylation mechanism pro- 
ceeds via methyl migration with the formation of an 
unsa tu ra t ed  p e n t a c o o r d i n a t e d  i n t e rmed i a t e  

Ru(COXPMe3)2(COMe)I which rearranges to give Ac, 
At and Mc (Scheme 2). 

The pseudo-first-order rate constants kob S correspond 
to the first order rate constants k t of the migrat ion step 

(Scheme 2). The k t values are higher than the corre- 
sponding iron values (Table 6). No appreciable differ- 
ences in the activation enthalpy and entropy are ob- 
served. 

The lower reactivity of the iron Mt complex can be 
explained on the basis of its higher stabilization due to 
the steric hindrance of I which is more effective in the 
iron complexes than in the ruthenium ones as observed 
in the Ac and At complexes. 

The reaction rate of Mt is much lower than Mc: the 
ratio between the half-life times of these two reactions 
are < 10 -2. This can be explained on the basis of the 
effect of the methyl trans ligand as proposed by Berke 
and Hoffmann [27] and observed experimentally by 
Kubota et al. [28]. 

5. Condas ims  

Both Mc and Mt complexes of ruthenium react with 
carbon monoxide via the methyl migration mechanism; 
the Mt iron complex also reacts with this mechanism, 
while the Me reacts via the ionization mechanism. The 
ruthenium complexes are more reactive than the iron 
ones, while the M - C H  3 bond strength is stronger for 
ruthenium. The acetyl Ac and At complexes are rela- 
tively more stable than the methyl Mc ones for iron, in 
agreement with the lower F e - C H  3 bond strength. 
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