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General kinetic laws. 
An experimental reaction-order of +1 and +2 has been found for 4 and 1 respectively (in excess of 1). 
The following mechanism has been examined to ascertain the experimental results.  
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The experimental rate for the peroxo complex 4 consumption is expressed by the following equation 
with α = 1 and β = 2: rate = k [4]α [1]β.  An analytical expression of the rate can be obtained by 
solving the following coupled differential equations: 

d[4]
dt

- k1 [4] [1] + k-1 [6]=

d[6]
dt

 k1 [4] [1] - (k-1 + k2 [1]) [6]=

d[cis-7]
dt

 k2 [6] [1]=
 

This general case (excess of 1) will be noted na (no approximation). However, some approximations 
could be made to simplify the kinetic problem and to derive analytical solutions of the rate law.  
If the reaction rate of complex 6 in reaction (2) is sufficiently slow so that the first reaction may be 
considered as being at equilibrium, the relation between rates becomes: k-1 [6] >> k2 [6][1]. This 
approximation corresponds to the pre-equilibrium approximation (noted pe). The second step (Eq 2) is 
thus the rate determining step. The rate of peroxo complex consumption then becomes:  

v =
k1k2 [4] [1] 2
k-1  

In the opposite case, where k-1 [6] << k2 [6][1], the concentration of 6 is small, and remains constant. 
This approximation corresponds to the steady state hypothesis (noted ss). The forward reaction in Eq 
(1) is thus the rate determining step. The rate of peroxo complex consumption becomes: v = k1[4][1]. 
However, these three cases may a priori be in competition. Competition parameters, pi, may be 
introduced, such as the ratio of the average concentration of the key species obtained when each case 
is considered alone.29 
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The average concentration may be expressed as: 

,=[6]ss k1C°
k2

=[6]pe k1C°[1]
k-1

=[6]na C°,
 

where C° is the limit concentration of 4. Thus, one has:  
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When a species is formed at a given rate, the faster its consumption, the smaller its concentration is. 
Consequently, if many mechanisms are in competition, the major mechanism is that leading to the 
smallest concentration of the key intermediate species. Figure S1 shows the kinetic zone diagram 
representing the competition between the three mechanisms and their interconnections. 

 
Figure S1. Kinetic zone diagram for the competition between three 
cases, na, pe and ss. The shaded area is not available for our system. 

 
According to this diagram, the experimental results obtained in this work suggest that the mechanism 
depicted above and in Scheme 9, is close to the boundary between the pre-equilibrium domain (pe) 
and the domain where no approximation is done (na). This explains why the system may be shifted 
more or less towards each limiting case when [1] is varied (note that since k1 >> k2, then logp3 >> 0). 
For substoichiometric concentrations of 1 (see 31P NMR investigations), the system cannot proceed all 
the way to the formation of cis-7 and stops at the level of 6 (less than 1 equiv of 1) or to that of a 
mixture of 6 and cis-7.25 
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Figure S2. Kinetics of the reaction of the arylboronic acid 1a 
with (η2-O2)Pd(PPh3)2 4 (C0 = 2 mM) in DMF (containing 
nBu4NBF4, 0.3 M) at 25 °C, as monitored by amperometry at 
a rotating gold disk electrode (d. 2 mm, ω = 105 rad.s-1) 
polarized at +0.70 V on the plateau of the oxidation wave of 
4. Determination of the reaction order in 1a: plot of ln(kobs) 
against ln([1a]): ln(kobs) = 2.1×ln([1a]) 
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Figure S3. Kinetics of the reaction of the arylboronic acid 
1c with (η2-O2)Pd(PPh3)2 4 (C0 = 2 mM) in DMF 
(containing nBu4NBF4, 0.3 M) at 25 °C, as monitored by 
amperometry at a rotating gold disk electrode (d. 2 mm, ω = 
105 rad.s-1) polarized at +0.70 V on the plateau of the 
oxidation wave of 4. Determination of the reaction order in 
1c: plot of ln(kobs) against ln([1c]): ln(kobs) = 1.86×ln([1c]) 
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Figure S4. Kinetics of the reaction of the arylboronic acid 
1b with (η2-O2)Pd(PPh3)2 4 (C0 = 2 mM) in DMF 
(containing nBu4NBF4, 0.3 M) at 25 °C, as monitored by 
amperometry at a rotating gold disk electrode (d. 2 mm, ω = 
105 rad.s-1) polarized at +0.70 V on the plateau of the 
oxidation wave of 4. Determination of the reaction order in 
1b: plot of ln(kobs) against ln([1b]): ln(kobs) = 2.13×ln([1b]) 
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Figure S5. Kinetics of the reaction of the arylboronic acid 
1b with (η2-O2)Pd(PPh3)2 4 (C0 = 2 mM) in chloroform 
(containing nBu4NBF4, 0.3 M) at 25 °C, as monitored by 
amperometry at a rotating gold disk electrode (d. 2 mm, ω = 
105 rad.s-1) polarized at +0.70 V on the plateau of the 
oxidation wave of 4. Determination of the reaction order in 
1b: plot of ln(kobs) against ln([1b]): ln(kobs) = 2.19×ln([1b]) 
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Table S1. Optimized structure of the peroxo complex 
(η2-O2)Pd(PPh3)2 (the labelling is reported in Figure 1). Distances d in 
Å and angles θ in degrees 

 LANL2DZ BS2 X-raya 

d (Oa-Ob) 1.429  1.350   1.421 

d (Pd-Oa) 2.043  2.039   1.999 

d (Pd-Ob) 2.061  2.052   2.013 

d (Pd-Pa) 2.400 2.337  2.272 

d (Pd-Pb) 2.394  2.326  2.295 

θ (OaPdOb) 40.7  38.537  41.5 

θ (PadPPb) 105.9  107.647  102.5 
a For the experimental X-ray data see: a) Yoshida, T.; Tatsumi, K.; 
Matsumoto, M.; Nakatsu, K.; Nakamura, A.; Fueno, T.; Otsika, S. 
Nouv. J. Chim. 1979, 3, 761-774. b) Aboelella, N. W.; York, J. T.; 
Reynolds, A. M.; Fujita, K.; Kinsinger, C. R.; Cramer, C. J.; Riordan, 
C. G.; Tolman, W. B. Chem. Commun. 2004, 1716-1717. 
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Table S2. Selected computed structural parameters of the optimized structures (distances d 
in Å and angles θ in degrees) using the BS2 basis. See Figure 1 for nomenclature and 
labeling. 
 
6 d (Oa-Ob) d (Oa-B) d (Pd-Oa) d (Pd-Ob) θ (PPdP) θ (PdOaB) θ (OaObB) 

6a 1.374 1.635 2.138 2.012 106.0 104.7 112.3 

6b 1.375 1.636 2.126 2.016 105.4 105.0 112.7 

6c 1.379 1.620 2.133 2.015 105.5 105.1 113.3 

6'b 1.354 3.297 2.049 2.039 107.3 98.4 95.8 

 


