
Journal of Organometallic Chemirtry, 456 (1993) 279-286 279 

JOM 23613 

Molecular structure of the compound 
[Rh,(02CCH,)4(C6H,)P(BrC,H,-1,2)(C6H~)] l (HO,CCH,),]. Kinetic 
study of the exchange reaction of acetate groups with CD,CO,D 

P. Lahuerta, J. Latorre, E. Perk and M. Sanafi 
Departamento de Qu’mica Irwrgdnica, Universitat de Vahcia, Dr. ~Uoliner 50, E-46100 Burjassot-Valencia (Spain) 

S. Garcia-Granda 
Departamento de Q&mica F&a y Analitica, Universidad de Oviedo, Julian Chverh s/n, E-33006 Oviedo &ain) 

(Received December 16, 1992) 

Abstract 

The compound [Rh,(02CCH3)3((C6H4)P(BrCsH4-1,2XCsH5)). (HO,CCH,),] has been isolated in high yield from the thermal 
reaction of dirhodium tetraacetate and the phosphine PfBrC,H.,-1,2) (C,Hs), in acetic acid. The structure of this compound has 
been determined by X-ray diffraction; it crystallizes in the Pl (triclinic) space group and contains three acetate groups bridging a 

4+ Rhz unit the Rh-Rh distance being 2.432(1JA; the fourth bridging ligand is an ortho-bromophenyldiphenylphosphine metallated 
at one of the ortho positions of the unsubstituted phenyl rings. Two molecules of acetic acid occupy the axial coordination 
positions. Stepwise exchange of C&CO,- by CD,CO,- is observed in CDCl,/CD,CO,D mixtures. The first step involves a fast 
exchange of the acetate group tmns to the metallated phosphine and exchange of the two axial molecules of acetic acid. In a 
second step, the two acetate groups ci.r to the metallated phosphine slowly exchange with CDsCO,D at two different rates. The 
kinetics of the two slow processes have been studied by ‘H NMR spectroscopy using different CDCI,/CD,CO,D mixtures as 
solvent. The kinetic data follow rate laws of the type, v =k[CD,CO,D]t/*[Rh,]. At 298 K, the rate constants are k, 
(1.86 f 0.02) x lO-‘j s-l M-r/* (AH* = 103 f 3 kJ mol -‘; AS* = -7 f 9 J K-’ mol-t) and k, = (0.77 f 0.01) x 10e6 s-l 
M-l/’ (AZ-Z* = 100 f 6 kJ mol-‘; AS* = -20 f 20 J K-’ mol-‘). Electrophilic attack at one oxygen atom of the bridging acetate 
by a protonated acetic acid species is assumed to be the first and rate-determining step. The unimolecular rate constant observed 
for the analogous compound with triphenylphosphine is negligible in this case, probably due to the low lability of the single axial 
acetic acid. 

1. Introduction 

It has been reported [l-51 that dirhodium tetraac- 
etate reacts thermally with arylphosphines to give com- 
pounds where one or two acetates have been replaced 
by arylphosphine anions (PC-) forming singly and dou- 
bly metallated compounds. Such reactions are usually 
performed in the presence of acetic acid or even in 
pure acetic acid [l]. Under such conditions labilisation 
and exchange of the bridging acetates with the reaction 
medium have to be considered even if such processes 
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do not have any influence on the reaction stoichiome- 
try unless a different carboxylic acid is used. A confir- 
mation of this is the reaction of [Rh,(O,CCH,),] with 
PMe,(C,H,) in pivalic acid that yields [Rh,(O,- 
CCMe,),{(C,H,)PMe,},(HO,CCMe,),l 161. 

The exchange of acetate for trifluoroacetate groups 
in Rh,(O,CCH,), was reported some years ago [7]. We 
have recently investigated the exchange of acetate 
groups with CD,CO,D in the monometallated com- 
pound [Rh2(0,CCH,),((C,H,)P(C,H,),}(H0,CC- 
H3j2] [8]. The acetate group trans to the metallated 
phosphine and the two axial molecules of acetic acid 
exchange very fast, while the two acetate groups czk to 
the metallated phosphine exchange with CD,CO,D 
much more slowly. The kinetics of this slow process 
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gave a rate law of the type u = (k, + k,[CD,C0,Dl’/2] 
]Rh,l. 

We report in this paper the preparation and crystal 
structure determination of the compound [Rh,(O,- 
CCH,),{(C,H,)P(BrC,H,-1,2)(C,H,)](HO,CCH,),l 
(2). The kinetic study of the exchange of acetate groups 
with CD,CO,D in [Rh2(02CCH&(C6H4)P(BrC6H4- 
1,2XC,H,))(HO,CCH,)] (1) shows that this exchange 
reaction takes place via a bimolecular process only. 

2. Experimental details 

2.1. Procedures and materials 
[Rh,(O,CCH,),(MeOH),] was prepared according 

to literature methods [9]. Commercially available 
P(BrC,H,-1,2XC,H,), (Aldrich), CDCl, and CD,- 
CO,D (acetic acid-d,) were used as purchased. ‘H 
NMR measurements were recorded on a Bruker AC- 
200 spectrometer. All solvents were of analytical grade. 
Chloroform and toluene were dried and degassed be- 
fore use: acetic acid was degassed. 

2.2. Synthesis of I and 2 
[Rh2(02CCH,),(MeOH)2] (100 mg, 0.198 mm00 

and of P(BrC,H,-1,2XC,H,), (87 mg, 0.198 mm00 
were dissolved in 50 ml of acetic acid. The resulting 
brown solution was heated under reflux for 45 min and 
it turned to deep blue. The solvent was removed under 
vacuum and the crude solid was dissolved in 5 ml of 
CH,Cl, hexane (1: 1). The solution was column chro- 
matographed (1.5 x 30 cm2, silica gel/hexane). Elution 
with CH,Cl,/hexane (1: 1) gave a minor yellow band 
which was discarded. Further elution with CH,Cl,/ 
hexane/CH,CO,H (10: 1: 2) gave a deep blue band 
which was collected. The solvent was removed under 
reduced pressure and the solid 1 was crystallized from 
a mixture of CH,Cl,/hexane (yield 75%). To obtain 
good analytical data, this crystallization had to be re- 
peated several times. ‘H NMR (CDCl,) spectrum: 1.15 
(3H, CH,, s); 1.48 (3H, CH,, s); 2.17 (3H, CH,, s); 2.24 
(3H, CH,, s); 6.7-7 (13H, aromatics, m) ppm. 31P{1H] 
NMR (CH,Cl,) spectrum: 6p, = 24.9 ppm, ‘.Z(Rh-Pa) 
= 145.5 Hz, 2.Z(Rh-Pa) = 6 Hz. Anal. Found: C, 39.73; 
H, 3.08. Rh,PBrC,H,,O, calcd.: C, 39.82; H, 2.98%. 

Crystals of the bisadduct 2 suitable for X-ray studies 
were obtained by slow diffusion of hexane into a solu- 
tion of 1 in a 1: 1 CH,Cl,/HO,CCH, mixture. 

2.3. Kinetic measurements 

Kinetics of exchange of I with acetic acid-d, 40 mg 
(0.05 mmol) of 1 were added to an NMR tube. The 
solid was dissolved in 0.7 ml of a mixture of 
CDC13/CD3C02D of different compositions. The 

probe of the NMR spectrometer was equilibrated suc- 
cessively at 298, 308 and 318 K. The reaction progress 
was monitored by recording ‘H NMR spectra of the 
sample every 5-30 min depending on the reaction 
rates, by the decrease of the signals at 1.15 and 1.48 
ppm corresponding to the cis CH,CO; groups. The 
total intensity of all the methyl resonances, Ci(CH,), 
was taken as the internal reference. This value corre- 
sponds to 4 methyl groups per mol of rhodium dimer. 
The percentage of protonated cis methyl groups is 
given by lOOR, with R = 4[i(CH,CO;cis)/Ci(CH,)l. 
The plot of InR vs. time was linear with correlation 
coefficients within the range 0.992-0.999. Activation 
parameters were calculated from the corresponding 
Eyring plots of the data obtained at different tempera- 
tures. 

2.4. Crystal’ data 

C2,H30_BrW’Rh27 M, b 843.23, triclinicd space 
group P,1, a = 11.228(1)A, b = 11.714(4)A, c = 
14.472(1)A, LY = 79.76(l)“, /3 = 68,00(l)“, y = 64.70(l)“, 
l’= 1595.3(6) A3”, 2 = 2, 0, = 1.76 g ~m-~. MO Ku 
radiation (graphite crystal monochromator, A = 0.71073 
A), ~(Mo Ka) = 23.59 cm-‘, F(OO0) = 836, T = 293 K. 

2.5. X-Ray crystallographic procedures 
A well-formed blue crystal of the compound grown 

by slow diffusion of hexane into a solution of 1 in a 1: 1 
CH,Cl,/HO,CCH, mixture was used for the struc- 
ture determination. X-Ray diffraction data were col- 
lected on an Enraf-Nonius CAD4 single-crystal diffrac- 
tometer using graphite-monochromated MO Ka radia- 
tion. Unit cell parameters were determined from the 
angular settings of 25 reflections with 15” < 0 < 20”. A 
triclinic cell was obtained and the space group Pi was 
confirmed from structure determination. A total of 
5808 reflections were measured, hkl range (- 13, 
- 13, 0) to (13, 13, 31) and 8 limits 0” < 8 < 25”, using 
the w-29 scan technique and a variable scan rate with 
a maximum scan time of 60 s per reflection. Intensity 
was checked throughout data collection by monitoring 
three standard reflections every 60 min. Final drift 
corrections were between 0.97 and 1.02. Profile analy- 
sis was performed on all reflections [lO,ll]. Empirical 
absorption correction was applied using p-scans [12], 
correction factors ranged from 0.93 to 1.00. Some 
Friedel pairs were averaged, Rint = C( 1 Z 1 - < Z 
> )/Cl = 0.012, resulting in 5564 unique reflections, 
4626 of which were ‘observed’ with Z > 3a(Z). Lorentz 
and polarization corrections were applied and data 
reduced to I F, I -values. 

The structure was solved by Patterson Interpreta- 
tion using the SHELX~~ program 1131 and completed by 
DIRDIF [14]. Isotropic least-squares refinement using 
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SHELXT~ [15] was performed until convergence. An ad- 
ditional empirical absorption correction was applied 
[16], with maximum and minimum correction factors of 
1.50 and 0.75. Further anisotropic refinements fol- 
lowed by a difference Fourier synthesis allowed the 
location of most of the hydrogen atoms. Positional 
parameters and anisotropic thermal parameters of the 
non-hydrogen atoms were refined. All hydrogen atoms 
were refined isotropically riding on their parent atoms 
with a common thermal parameter. 

Final conventional agreement factors were R = 0.036 
and R, = 0.041 for the 4626 ‘observed’ reflections and 
384 variables. The function minimized was CW (F,-F,)‘, 
w = l/[02(F,,> + 0.00010F,21. The final difference 
Fourier map showed no pe!ks higher than 0.74 e AA3 
nor deeper than - 1.23 e Ap3. Atomic scattering fac- 
tors were taken from International Tables for X-Ray 
Crystallography [17]. Geometrical calculations were 
performed with PARST [18]. Drawings were made using 

the EUCLID package [19]. All calculations were made on 
a MicroVax-3400 at the Scientific Computer Center, 
University of Qviedo and on a VAX 4000 at the 
Departamento de Quimica Fisica of the University of 
Valencia 

Lists of structure amplitudes, anisotropic thermal 
parameters, H-atom parameters, distances and angles 
involving H atoms, distances, angles and least-square 
planes data and principal torsion angles are deposited 
with the Cambridge Crystallographic Data Centre. 

3. Results 

The thermal reaction of dirhodium tetraacetate with 
the phosphine P(BrC,H,-1,2XC,H,), in acetic acid 
gives the monometallated compound [Rh,(O,CCH,),- 
KC,H,)P(BrC,H,-1,2XC,H,))(H02CCH3)1 (1). In the 
presence of large concentrations of acetic acid (cu. 
50% in volume) it forms a bisadduct of acetic acid, 

Fig. 1. Perspective view and atomic numbering scheme of compound 2. 
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[Rh,(O,CCH,),[(C,H,)P(BrC,H,-1,2XC,H,)l(HO,- 
CCH,),] (2), with one (C,H,)P(o-BrC,H,XC,H,)- 
and three acetate groups bridging the Rhz4+ unit. 

3.1. h4olecular structure of 2 
A view of the structure is shown in Fig. 1. Important 

bond distances and angles are listed in Table 1, and 
atomic coordinates in Table 2. The two Rh atoms are 
bridged by three acetate groups and by one phosphine 
metallated in one of the two phenyl rings; two oxygens 
of two acetic acid molecules occupying the two axial 
positions complete the distorted octahedral coordina- 
tion (angles in the range of 80.3(1)-104.0(l)) around 
the rhodium atoms. 

The value of the Rh-Rh bond distance, 2.4320) A, 
is similar to those reported for monometallated com- 
pounds [2,3,20]. As judged by the torsion angles about 
the rhodium-rhodium bond (12.2(2)-18.9(2Y’), the 
rhodium atoms are far from a totally eclipsed configu- 
ration. The Rh-Rh-0 axial angles 166.0(1>0 and 
171.2(l)“, deviate from linearity, as in other monomet- 
allated complexes [2,3,20]. The Rh(l)-P and Rh(2)- 
C(12) bond distances are comparable to those found in 
other monometallated compoutds [201. The Rh-0 
bond tram to carbon, 2.220(3) k, is longer than that 
tram to the P atom, 2.152(3) A, consistent with the 
expected order of tram influences of M-C and M-P 
bonds. These bonds are much longer than the other 
four involving bridging-acetate ligands [2.030(4)- 
2.053(3) A]. One of the axial Rh-0 bonds (Rh(l)-O(7)) 
is considerably longer (2.434(4) A) than the other 
(Rh(20-O(9) = 2.274(4) A) and even longer than other 
reported distances of this type. This lengthening is 
indicative of some steric hindrance produced by the 

TABLE 1. Selected bond lengths (A) and angles (“1 with e.s.d.s for 2 

bromine atom of the phosphine, which is not in the 
coordination sphere of the rhodium. 

The OH group of the axial acetic acid molecule with 
the shortest Rh-0 distance interacts with the oxygen 
atom of the two bridging acetate tram to the metal- 
lated phosphine, forming an intramolecular hydrogen 
bond (H(105) - - - O(4) = 1.727(5) A), while no H-bond 
was observed in the case of the axial molecule with the 
longest Rh-0 distance. 

The product resulting from crystallization from a 
CH,Cl,/hexane solution of 1 has an ‘H NMR spec- 
trum consistent with the presence of only one acetic 
acid per rhodium dimer. This spectrum shows four 
signals in the methyl region at 2.24 (3H, CH,CO,- 
tram to PC-), 2.17 (3H, axial CH,CO,H), 1.48 ppm 
(3H, CH,COz- cis to PC-) and 1.15 ppm (3H, 
CH,CO,- cis to PC-). This assignment is based on 
previous NMR studies made for other monometallated 
compounds [2,3,20]. The observation of different chem- 
ical shifts for the two cis acetate bridges is due to the 
lack of symmetry in the metallated phosphine. 

3.2. Exchange reactions 
When 1 is dissolved in a mixture of CDCI,/CD,- 

CO,D, the ‘H NMR signal due to the trans CH,CO,- 
group disappears immediately, while the two signals 
due to the cis acetate groups remain unchanged. The 
‘H NMR spectrum of a freshly prepared sample shows 
signals at 1.48 and 1.15 ppm due to the ci.r acetate 
groups and at 2.14 ppm due to the tram acetate group 
and the axial acetic acid rapidly exchanging with free 
acetic acid. After 5 min stirring, the sample was precip- 
itated with hexane. The ‘H NMR (CDCl, solution) of 
the isolated solid shows that complete exchange of the 

Rhl-Rh2 
Rhl-03 
Rh2-02 
Rh2-09 

Pl-Rhl-Rh2 
Ol-Rhl-Pl 
03-Rhl-Pl 
05-Rhl-Rh2 
05-Rhl-01 
07-Rhl-Rh2 
07-Rhl-01 
07-Rhl-05 
04-Rh2-Rhl 
06-Rh2-Rhl 
06-Rh2-04 
09-Rh2-02 
09-Rh2-06 
C12-Rh2-02 
C12-Rh2-06 

2.4320) 
2.152(3) 
2.044(3) 
2.273(4) 

89.500) 
90.8(l) 

175.70) 
87.00) 

172.70) 
166.00) 
96.00) 
88.30) 
86.10) 
87.10) 
87.6(l) 
91.70) 
93.60) 
97.X2) 
87.7(2) 

Rhl-PI 
Rhl-05 
Rh2-04 
Rh2-Cl2 

2.2160) 
2.054(3) 
2.220(3) 
1.982(4) 

01-Rhl-Rh2 
03-Rhl-Rh2 
03-Rhl-01 
05-Rhl-Pl 
05-Rhl-03 
07-Rhl-Pl 
07-Rhl-03 
02-Rh2-Rhl 
04-Rh2-02 
06-Rh2-02 
09-Rh2-Rhl 
09-Rh2-04 
C12-Rh2-Rhl 
C12-Rh2-04 
C12-Rh2-09 

Rhl-01 
Rhl-07 
Rh2-06 
Brl-C22 

2.044(3) 
2.4344) 
2.030(4) 
1.887(5) 

87.4(l) 
86.3(l) 
87.90) 
93.90) 
87.0(l) 

104.00) 
80.30) 
86.7(l) 
87.1(l) 

172.1(l) 
171.3(l) 
85.3(l) 
95.80) 

174.8(2) 
92.9(2) 
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TABLE 2. Fractional positional and thermal parameters (with e.s.d.s) 

Atom x Y z u =a 

Rhl 
Rh2 
Brl 
Pl 
01 
02 
03 
04 
05 
06 
07 
08 
09 
010 
Cl 
C2 
c3 
c4 
c5 
C6 
C7 
C8 
c9 
Cl0 
Cl1 
Cl2 
Cl3 
Cl4 
Cl5 
Cl6 
C21 
(322 
C23 
C24 
C2.5 
C26 
C31 
C32 
c33 
C34 
c35 
C36 

0.06439(3) 
0.25873(4) 

- 0.33605(6) 
- 0.03480) 
- 0.@287(3) 

0.1313(4) 
0.1711(3) 
0.3175(4) 
0.1814(3) 
0.3736(3) 

- 0.0906(4) 
- 0.0467(6) 

0.4464(4) 
0.5315(4) 
0.0218(5) 

- 0.0581(6) 
0.2703(6) 
0.3314(7) 
0.3111(5) 
0.3993(7) 

- 0.1141(6) 
-0.2086(S) 

0.5332(5) 
0.6535(7) 
0.0985(5) 
0.2219(5) 
0.3278(5) 
0.3078(6) 
0.1860(6) 
0.0810(6) 

- 0.1558(4) 
- 0.2820(5) 
- 0.3741(6) 
-0.3411(7) 
-0.2164(S) 
- 0.1239(6) 
- 0.1365(5) 
-0.1114(5) 
-0.1884(6) 
- 0.2880(6) 
- 0.3164(5) 
- 0.2393(5) 

0.25945(3) 
0.26300(4) 
0.40701(6) 
0.2285(l) 
0.4507(3) 
O&41(3) 
0.2935(4) 
0.3431(4) 
0.0705(3) 
0.0891(4) 
0.2492(4) 
0.3676(6) 
0.2827(4) 
0.3611(5) 
0.5002(5) 
0.6389(5) 
0.3291(5) 
0.3572(S) 
0.0308(5) 

- 0.0981(6) 
0.3014(7) 
0.2874(9) 
0.3201(6) 
0.3198(7) 
0.1580(S) 
0.1774(4) 
0.1238(5) 
0.0585(6) 
0.0439(6) 
0.0906(6) 
0.3726(4) 
0.4499(5) 
0.5603(6) 
0.5991(7) 
0.5254(7) 
0.4148(5) 
0.1305(4) 
0.0423(5) 

- 0.0340(6) 
- 0.0196(6) 

0.0687(5) 
0.1436(5) 

0.84145(3) 
0.69292(3) 
0.91055(4) 
0.74686(9) 
0.8228(2) 
0.6693(3) 
0.9232(2) 
0.7890(3) 
0.8551(3) 
0.7366(3) 
1.0107(3) 
1.0876(4) 
0.5683(3) 
0.6456(3) 
0.7405(4) 
0.7229(5) 
0.8820(4) 
0.9466(5) 
0.8071(5) 
0.8393(6) 
1.0838(5) 
1.1852(5) 
0.5672(4) 
0.4747(5) 
0.6321(4) 
0.6065(3) 
0.5165(4) 
0.4575(4) 
O&321(4) 
0.5705(4) 
0.7071(3) 
0.7735(4) 
0.7452(6) 
0.6461(7) 
0.5770(5) 
0.6069(4) 
0.7961(3) 
0.8721(4) 
0.9086(5) 
0.8699(5) 
0.7954(4) 
0.7584(4) 

3.60(2) 
3.96(2) 
6.57(3) 
3.47(5) 

4.60) 
5.0(2) 
5.3(2) 

5.4(2) 
5.1(2) 

5.4(2) 
6.1(2) 

11.8(4) 
6.5(2) 
8.2(3) 
4.9(2) 
6.7(3) 

5.4(3) 
9.1(4) 
5.5(3) 

S&4) 
6.8(3) 

11.1(5) 
5.8(3) 
8.1(2) 

4.4(2) 
4.1(2) 
5.3(2) 
6.5(3) 

7.0(3) 
6.5(3) 

3.9(2) 
4.8(2) 
7.2(3) 

8.6(4) 
7.7(4) 
5.4(2) 

4.0(2) 
5.3(3) 
6.9(3) 

6.9(3) 
5.6(3) 
4.8(2) 

TABLE 3. Observed values of k, and k, at different temperatures 
and concentrations of CD,CO,D 

[CD,CO,DXM) 0.00 0.51 2.34 4.68 9.35 14.08 

T=298K 

lo%, (s-1) 0.00 - - 0.37 0.55 0.70 
lo%, (s-1) 0.00 - - 0.12 0.22 0.55 

T = 308 K 
lo%, (s-l) 0.00 - - 1.68 2.51 2.99 

lO’k, (s-1) 0.00 - - 0.88 1.39 1.68 

T=318K 

lo%, (s-l) 0.00 2.26 4.59 6.93 9.15 11.60 
lO’k, (s-l) 0.08 1.26 2.61 3.73 5.63 7.56 

ppm corresponding to the cis acetate groups, in chloro- 
form solutions of constant concentration of 1 with 
concentrations of CD,CO,D. 

+ 2DO,CCD, - 

[Rh*(O*CCDsL, 

x (O,CCD,L,,,IPC) (DO&CD,)] + 2HO,CCH, 

This has already been described for the monometal- 

lated compound [Rh,(O,CCH,),((C,H,)P(C,H,),}- 
(HO,CCH,),] in a recent publication [8]. 

By the procedure described in the experimental 
section, we obtained k,, values from the slopes of the 
plots of InR, and InR, US. time, in which R, = l/4 
[I’(CH,CO,-&,I/ [CI’(CH,)l and R, = 1/4[I’(CH,- 
CO,-cLrJ/[Ci(CHJ] (a and b being the two different 
czk acetate bridges). As changes in the concentration of 
1 do not lead to any significant change in the observed 
rate constants k, and k,, we assume that the reaction 
is first-order in 1. The reaction was performed at 
different concentrations of acetic acid-d, and different 

cruns acetate and the axial acetic acid by the deuter- 
ated groups has occurred. 

Slow exchange of the ck acetate groups is observed 
with 1 in solution in a CDCl,/CD,CO,D mixture at 
room temperature for several hours, as already de- 
scribed for a related monometallated compound [8]. 
The kinetics of this slow process show two different 
rates for the exchange of the two different ck acetate 
groups. 

3.3. Kinetic study 
The slow carboxylate exchange process has been 

studied kinetically by ‘H NMR spectroscopy, monitor- 
ing the disappearance of the signals at 1.48 and 1.15 

0 ka(318) 

. kb(318) 

n ka(308) 

= Y(308) 

l w=) 

l w=) 

0 1 2 

d[CD3CO2D] (4:) 
4 

Fig. 2. Plots of k, and k, us. [CDsC02Dl’/* for the exchange of 
acetate groups between 1 and CD&Or-. 
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InK2alT 

InK2bl-i 

-6 1 
. 

I I I 
0,0031 0,0032 0,0033 0.0034 

l/T (l/K) 
Fig. 3. Standard Eyring plots for the intermolecular mechanism of 
exchange of acetate groups between 1 and CD&O,-. 

temperatures. The observed rate constants obtained 
for the substitution of each acetate group are summa- 
rized in Table 3. 

The plots of k, and k, against acetic acid-d, con- 
centration (Fig. 2) were fitted to eqns. (1) and (2) with 
correlation coefficients of mare than 0.99. 

k, = k,,[CD3C02D]1’2 (1) 

k, = k2,[CD,C02D]rb2 (2) 

The second-order rate constants k,, and k,, are 
associated with intermolecular processes. We did not 
observe scrambling of the carboxylate groups between 
cis and truns positions when the partially deuterated 
compound [Rh2(O,CCH3)2cis(02CCD,),,,,,{(CsH4)P- 
(BrC,H,-1,2)(C,H,)}(DO,CCD,}] is dissolved in 
CDCl, in the absence of acetic acid-d,. 

From the values at different temperatures of k, 

and k2,,, we obtained standard Eyring plots (Fig. 3) 

TABLE 4. Values at different temperatures of k, and k,: activa- 
tion parameters 

T 00 
(s-l M-‘12) :::oI-l, ;:im01-~ K-‘) 
106k,, 

298 1.86 
308 8.05 
318 30.6 103*3 -7* 9 

298 0.77 
308 4.49 
318 19.13 100+6 -20*20 

from which we have calculated the activation parame- 
ters (Table 4). 

4. Discussion 

The above kinetic results show that 1 undergoes 
very rapid exchange of the truns acetate group and of 
the axial molecule of acetic acid with the acetic acid 
present in solution. The two cb acetate groups, which 
are magnetically non-equivalent, undergo slow ex- 
change with acetic acid at different rates. This can be 
due to difference in the steric hindrance produced by 
the bromine atom of the metallated phosphine which is 
closer to one of the cis acetate groups. We assume that 
the cis acetate group which is closer to the bromine 
atom, labelled b in Scheme 1, will exchange more 
slowly than the other (a). 

These results must be compared with those obtained 
for the exchange reaction of the monometallated com- 
pound with triphenylphosphine [8]. In both systems, 
the reaction rate depends on the square root of the 
total acetic acid concentration due to the weak dissoci- 
ation of CD,CO,D in chloroform-d solution according 
to 2CD,CO,D * CD3C02D2++ CD&O,-. The main 
difference in the kinetics of these two systems is that 
the rate law for 2 does not contain the unimolecular 
term observed for the triphenylphosphine compound. 
If we take into account that a factor of 2 has to be 
applied to the observed constant rates in 1, due to a 
probability factor (we measure the substitution of indi- 
vidual cis acetate bridges), k,, (1.86 f 0.03 X 10T6 s-i 
Me112) is identical to the intermolecular rate constant 
k, in the triphenylphosphine analogue compound (3.83 
+ 0 01 X 10e6 s-l Me112; for the substitution of two - . 
equivalent cis acetate bridges). However, k,, is re- 
duced by a factor of 2.5, due to the probable steric 
influence of the bromine atom. The activation parame- 
ters AH # and AS # are similar for both compounds. 
Analogous monometallated compounds containing Cl 
and (C,H,)Fe(C,H,) groups instead of Br also show 
different rates of substitution of the two ci.s acetate 
groups [211. 

The suggested reaction mechanism presented in 
Scheme 1 is similar to that described for the triph- 
enylphosphine compound, without the intramolecular 
path. The intermolecular process is described as (i) 
concerted transfer of one D+ from one protonated 
acetic acid to one oxygen of the bridging group fol- 
lowed by (ii> cleavage of the Rh-0 bond of the proto- 
nated acetate with coordination of one acetate group. 
As we saw in the triphenylphosphine compound, the 
substitution of the trms acetate group is as fast as that 
of the axial ligands, maybe due to the tram influence 
induced by the metallated phosphine. 
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Two possible interpretations were given for the in- 
tramolecular process observed in our previous studies. 
The first was to assume that the axial carboxylic acid 
can rotate around the Rh-0 bond, interacting with the 
cis acetate group. The alternative was to assume that 
the axial acetic acid undergoes Rh-0 bond cleavage 
prior to the attack. The results presented in this paper 
support the idea that the unimolecular process must be 
the result of the breaking of the axial Rh-0 bond. 

The crystal structure shows that compound 2 con- 
tains one axial molecule of acetic acid more strongly 
bonded than the other, which is closer to the bromine 
atom of the metallated phosphine. Crystals of com- 
pound 2 with both axial acetic acid molecules are only 
obtained if a large concentration (cu. 50% in volume) 
of acetic acid is present in solution. 

As a result, the less sterically hindered axial molecule 
of acetic acid must be more strongly bonded, and 
consequently less labile than in other biscadduct) 
species such as [Rh,(O,CCH,),{(C,H,)P(C,H,),}- 
(HO,CCH,),l. The lack of a unimolecular term in the 
rate law for the exchange of carboxylate ligands in 1 is 

attributed to the relatively lower lability of the unique 
axial acetic acid in this monoadduct. 

‘O*CCD, 
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