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Acetate ions greatly accelerate chromium-carbon bond cleavage in [ ( H20)5CrCH20H] + to give 
[Cr( H20)5(  OAc)] +. 

Mechanisms for the hydrolysis and spontaneous cleavage of 
the chromium(n1)-carbon bond in organochromium(II1) com- 
plexes in aqueous solution are quite well estab1ished.l How- 
ever, the effects of added ions on the rates of Cr-C bond 
cleavage have not been investigated extensively, and the 
mechanism is not well understood.2 

We have found that the rate of Cr-C bond cleavage in 
[(H20)5CrCH20H]2+ is greatly accelerated in lithium acetate- 
acetic acid buffer solutions, resulting in the formation of 
[C~(H,O),(OAC)]~+ ions. We report herein the kinetic results 
for this reaction and the mechanism deduced from the kinetic 
data. 

The [Cr(H20)5(OAc)]2+ ions were separated from the reac- 
tion mixture on an SP-Sephadex C-25 (Na+ form) cation 
exchange column, and were characterized by their u.v.- 
visible absorption spe~ t rum.~  The yield of [C~(H,O),(OAC)]~+ 
was in agreement with the stoicheiometry of equation ( 1 ) .  

Hf 
[(H20),CrCH2OHI2+ + OAc- -+ [Cr(H2O),(OAc)I2+ + 

organic products (1) 

Kinetic measurements were made at ionic strength ( I )  1 .O M 
(LiClO,) and 25.0 "C under a nitrogen atmosphere. The 
[(H20),CrCH20H]2+ solutions were prepared from 
[Cr(H20),l2+, H,02, and MeOH [equation (2)14 immediately 
before the kinetic measurements. In our experiments, the con- 
centration of H202 was controlled to be slightly in excess of 
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Figure 1. Relation between /cobs and [H+] for the reaction of 
[(H,0),CrCH,0H]2+ with acetate ions : [OAc-]/dm3 mol-' = 
0.0500 (a), 0.0650 (b), 0.0800 (c), 0.100 (d), and 0.130 (e). 

the stoicheiometric amount in order to eliminate the unreacted 
Cr2+ ions in the [(H2O),CrCH2OHI2+ solution. 

2[Cr(H20)6]2f + H20, + MeOH -+ [(H2O),CrCH2OHI2+ 
[Cr(H20)6]3f + OH- f 3 3 2 0  (2) 

The kinetics of the reaction of [(H20),CrCH20HI2+ with 
acetate ions were studied by the use of a Union-Giken RA401 
stopped-flow spectrophotometer under pseudo-first-order 
conditions; concentrations of acetate ions greatly exceeded 
those of the organochromium complex. The hydrogen ion 
concentrations were measured by a Toa HM-20B pH meter 
calibrated against standard HC104 solutions at I = 1.0 M 
( LiC104). 

The reactions obeyed pseudo-first-order kinetics over at 
least three half-lives, and the pseudo-first-order rate con- 
stants, kobs, were determined by the standard method; they 
were dependent on the concentration of both the hydrogen 
ions and the acetate ions as shown in Figure 1. The kinetic 
behaviour is compatible with the reaction scheme given by 
reactions (3)-(6), where KCrOAc is the equilibrium constant 
of reaction (3), and k s ,  kb, and kc are the rate constants for 
reactions (4), (3, and (6), respectively. 

KC~OAC 
[(H20)5CrCH20H]2+ + OAc- FA [(H,O),(OAc)CrCH,OH]+ 

f HZO (3) 
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Figure 2. Plots of equation (8) (upper) and equation (9) (lower). 
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k a  
[(H,O),(OAc)CrCH,OH]+ + 2H,O --f [Cr(H,O),(OAc)I2+ 

+ organic products + OH- (4) 

k b  

+ organic products ( 5 )  
[(H,O),(OAc)CrCH,OH]+ + H30+ --f [C~(H,O),(OAC)]~+ 

kc 

H2O 
[(H20),(0Ac)CrCH,0H]+ + HOAc -+ [C~(H,O),(OAC)]~+ 

+ organic products + OAc- (6) 

Reactions (3)-(6) give rate equation (7), where ko and k, 
aredescribed by equations (8) and (9); KHOAc is the acid dis- 
sociation constant of acetic acid. The equilibrium and rate 
constants in equations (8) and (9) were determined from the 
plots shown in Figure 2; KCrOAc = 11 & 1 dm3 mol-l, ka 
= 1.12 f 0.07 s-l, k, <2 x lo2 dm3 molP1 s-l, and kc = 
0.6 i- 0.2 dm3 mol-1 s-l. 

The kinetic results show that the intermediate, [(H,O),- 
(OAc)CrCH,OH]+, undergoes much faster Cr-C bond 
cleavage than the penta-aqua species, [(H20)5CrCH20H]2+; 

reaction (4) is 1600 times faster than the hydrolysis of [(H,O),- 
CrCH,OHI2+ (7.0 x lo-, s-l)., Replacement of a co-ordinated 
water molecule by an acetate ion, which is more basic, will 
facilitate the elimination of the hydroxymethyl group. 

The present work provides evidence that the accelerated 
cleavage of the Cr-C bond occurs via the ligation of the added 
anion. Some studies indicate that the position trans to the 
alkyl group in penta-aqua-alkylchromium(m) complexes is a 
labile substitution This suggests that the replacement 
of a water molecule in [(H20),CrCH,OHI2+ by an acetate ion 
[reaction (3)] occurs at the position trans to the hydroxy- 
methyl group. 
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