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When a cobalt(II1) complex contams a hgand hnked by a carboxylato group, the 
posslblhty exists that hydrolysis can take place without rupture of the metal-&and 
bond It 1s possible for enher the cobalt-oxygen or the carbon-oxygen bond to be 

cleaved. The position of cleavage can be determined by the use of i80-labelled water. 

Using ths technique, Caghotl and Illummatl ’ have shown that in the serlesczs- and 
tram- [Co(en),(OCOC6 H3 R)? ] + cobalt-oxygen fission 1s involved m base hydrolysis. 

Taube’ has further found that for umdentate carboxylate hgands, a two-term rate 

law operates, v1z. 

Rate = (k, [OH-] + k, [OK] 2, [complex] (1) 

The kl pathway mvolves cobalt-oxygen fission, and the posslblhty of sterlc change, 
whereas the path second-order m hydroxide proceeds via carbon-oxygen fission. TIE 

latter reactlon takes place with complete retention of configuytlon about the cobalt 
atom. When the concentration of base 1s high, therefore, the kmetlcs may be complicated 
by this reactlon. 

If the hgand 1s a chelate, and contains two carboxylate donors, the mechamsm 1s 

yet further complicated. The reaction may take place m two stages dechelatlon, fol- 

lowed by complete loss of hgand. The question of the posltlon of bond rupture applies 
to each step m the reaction This two-stage mechanism has already been demonstrated 
for the base hydrolyses of the [CO(NH~)~CO~ ] + 1on3, and the [Co(en), CO3 ] + lon4. 
It was postulated m the base hydrolysis of the oxalato ion’, [Co(en)*C2 04 I’. and 

subsequently confirmed m this system6. l8 O-exchange studies on this last ion suggest 

that the oxalato-chelate ring 1s ruptured by OH- attack on the carbon, 1 e with carbon- 

oxygen fission’. 
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We can now consider, m general terms. the mechamsms by which base hydrolysis of 

such a chelate complex takes place. Let [Co(en), chel] + be a complex where “chel” 
represents a chelate with two carboxylate donors. The mechamsm of rmg openmg ~111 
probably be smular to that of the oxalato complex 
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The second stage, complete loss of the carboxylato hgand, can take place m a slrmlar way, 
1 e with carbon-oxygen fisnon, or can proceed by cobalt-oxygen f&on The latter 
reaction could be dissociative and independent of base concentration, or It could involve 

the hydroxide ion either m an attack on cobalt or m the SN~CB mechamsm’. 

It seems possible that either step, ring openmg or hgand loss, could take place by 
the path second-order m hydroxide, suggested by Taube’ for highly basic media, VIZ. 
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The overall reaction can now be considered. 
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(I) Ring opemng IS a fast pre-equrbbnttm 

K 
[Co(en), chel] + + OH’ 4 [Co(e& chel(OH)l” 

(a) The second step IS slow and dissocrative 

(5) 

[Co(en)z chel(OH)]’ 
SfOU 

7 {[Co(en)2 OH] ) ‘+ + che12- (6) 

[Co(en), (OH)] 2 + +- OH- 
fast 

----+ ]Co(en), (OH), 3 + (7) 

The reaction wrll appear to be one stage, smce thus IS an example of an SNKB mechamsm, 
the reactron wrll be erther second-order (first in complex, first m hydroxrde concentratron), 
or will be first-order (zero u-r hydroxrde), dependmg on the equrhbrrum constant and on the 

condrtions. 
(b) The loss-of-lrgand step follows at a rate whrch 1s dependent on the hydroxide 

concentratron, vrz. 

[Co(en), chel(OH)]’ + OH- 9 [Co(en), (OH), ] ’ + che12- (8) 

The hmitmg cases are, depending on Kes, erther 

Rate = kobs [complex] [OH-]* 

or 

Rate = kobs [complex] [OH-] (9) 

(2) Rrng opening IS slow 

SlO\C k 
[Co(en)zchel] + + OH- d [Co(en), chel(OH)]’ (10) 

(a) The second step 1s fast and drssocratrve, vrz 

[Co(en), chel(OH)]’ -%= [Co@), (OH)] *+ + che12- (11) 

[Co(en),(OH)] *+ + OH- 
fast 

+ ]Co(en), (OH), I+ (12) 

The reartion IS again single step, second-order (rate = k,hs [complex] [OH-] ), but no lrmrtmg 

rate is expected. 

(b) The rate of loss of hgand is dependent on hydroxrde concentratron but rs fast compared 
wrth reaction (10). the kmetrcs would be as m mechamsm Z(a)_ 

(c) The rate of loss of the hgand is dependent on hydroxide concentratron, but IS slower than, 
or comparable wrth, the rate of reaction (10) In these crrcumstances, a two-stage mechamsm 

could be observed, each stage first-order m complex and first-order m hydroxide concentratron. 
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Either stage could be susceptible to the path shown m eqn. (4). which 1s second-order m 

hydroxide concentration. 

Thus the assignment of mechanism from the observed kinetics appears to be difficult. 

The sterlc course of the reactlon can also provide mformatron about the mechanam. In this 

case, the crlterlon we have 1s that carbon-oxygen fission produces no sterlc change but a 

reaction via cobalt-oxygen fission c4n produce stenc change, 1 e rf sterlc change IS observed 

m the reaction, C-O fission 1s ruled out. 

A further complicating factor 111 consldermg the steric change IS the stereochemistry of the 

products, the [Co(en), (OH), ] + ions These ions car exist m either czs or tram forms and 

undergo lsomerlsatlon m basic media to an eqmhbrmm mixture which contams approximately 

50% of each lsomergT’O The rate of lsomerlsatlon IS independent of the base concentration”. 
When, therefore, the rate of hydrolysis 1s less than that of equdlbratlon. the 

Ko(en), (OJ-% I+ tons m the product ~111 be m their equlhbnum proportlons 

and no mformatlon about the sterlc course IS gamed. 
A study of the base hydrolysis of the [Co(en),C204] + Ion m basic media’ 

shows that the hydrolysis reactlon takes place m two stages under certam con- 
&Ions. At low temperatures and m concentrated base, the loss of oxalate becomes 

greater than first-order m hydroxide, and under these condltlons a 1 1 mixture 

of the CIS- and turns- [Co(en),(OH),] t Ions 1s obtamed even when the rate of 

hydrolysis is faster than the eqmhbratlon The sterlc course m concentrated 

base contrasts with that m more dilute base where the mltlal product 1s only 

czs- [Co(en), (OH), ] +. 
The mechanism put forward for this reaction6 was that under condrtlons of low 

base concentrations and high temperatures, rmg opening 1s a fast pre-eqmhbrmm 

However, as the temperature IS lowered the relative actlvatlon energes are such 

that the rmg opening can be observed and the reaction becomes two-stage 

(mechanism Z(c)) 

At high temperatures, the loss of hgand was posrulated to go via mechanism I(b), 

above. At high base concentrations and low temperatures, a path was postulated, 

second-order m hydroxide but with Co-O fission. to account for sterlc change 

As a contmuatlon of the study of such reactions of bls(ethylenedlamme)cobalt(III) 

cations in highly basic media, the work has been extended to ions contammg 

rralonato and substituted malonato hgands 

The malonato hgand IS interesting because it contains a potentially active 

methylene group. 

(13) 

The base hydrolysis of the bn(ethylene&amme)cobalt(III) complex contaimng this simple 

malonate group has been studied 4. In dilute base, [OH’] < 1 Mandp= 1 M 

(perchlorate medta), the hydrolysis 1s single stage. 
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Because the hydrolysis 1s slower than the equrhbration of the &hydroxo tons, the 

product 1s a c2s/2mrts equrbbrium mtxture9y’o of the [Co(en), (OH), ] + ions. The reac- 

tion 1s second-order and the acttvatton parameters are AH* = 28.7 kcahmole-’ and 

AS* = 1-20 e.u. 

In concentrated base, [OH-] up to 3.7 M (perchlorate medra), the 

cis- [Co(en), (0H)a ] + 1s the usual product and a hmrtmg rate, zero-order m hydroxrde, 

1s reached at about 2 M NaOH at 37 5”. 

Two stages have not been observed m the hydrolysis of the malonate complex, 

although the mitral spectrum changes with the hydroxide concentration, consistent 

with an initial fast equrhbrmm. Mechanism I(a) would be consrstent wrth these observa- 

tions. However, malonate may be a special case and a second mechamsm whrch takes 

thrs mto account 1s also feasrble. Such a mechanrsm IS 2(d) or 2(b) and an addrtronal fast 

preequthbrrum m which a proton IS removed from the malonate rmg Thrs produces 

a non-reactive resonance-stabrhsed ring, whrch effectively removes the complex from 

partrcrpatron m the second step, VIZ. 
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Consistent wrth reaction (14), the protons from the methylene group have been 

found by PMR studies to exchange with deuterrum from the solvent in both acrdic 

and basic medra. In acid the reaction IS first-order m D30’ and first-order m complex 

For [Co(en), mall’ the acttvatton parameters are AH $ = 27.5 f 3 kcahmole- * and 

AS* = 27 + 6 e-u. The effect has been confirmed for the ion [Co(brpy), mall +, where 

AH~=18f4kcalmole-1,AS*=-l &5eu 
In order to investigate further the mechanisms of the reactions of such malonato 

complexes, substituted mafonato hgands were used, and complexes of the type 

[Co(en), Rmal] + where R IS ethyl or benzyl, were prepared. These contain the ring 

0 
4 t-l o--c\ / 

co’ FY ‘o-c, R 
0 

The base hydroiyses of these substituted malonato complexes are found to be two 

stage. and both dechelatron and loss of mdlonato hgand can be studred separately. 

In solutions where [OH-] < 1 M, both stages are found to be second-order and 

the mrtral product IS cis- [Co(en), (OH), ]‘_ The final product 1s a mtxture of 90% 

[Co(en)a (OH), I+ and 10% [Co(en), Rmal(OH)]” Actrvatron parameters are shown in 

Table 1. 
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TABLE I 

Activation parameters for the base hydrolyslb of some b~(ethylenedlamme)cobalt(III) complexes 
conlamlng substituted malonate hgands 
(R = ethyl, R’ = benzyl) 

Complex AS* 
(e-u.1 

[Co(en)t Rmal] + 
[Co(ex&Rmal(OH)] 0 

[Co(en)aR’malj+ o 
[Co(e& R’mal(OH)] 

14.5 + 1 -22f3 

25.5 * 1 + 753 

17.5 _+ 1 -12+3 
27.5 f 1 +13*3 

!n concentrated base (NaOH up to 4M, P = 4 M chloride medium), deviations from 

second-order kinetics occur m both stages of the reaction, when [OH-] > 2 M. It ap- 

pears that instead of a hmitmg rate, as with the simple malonato complex, terms higher 

than first-order m hydroxide ion are entermg mto the rate equation. Such a situation 
also occurs m the oxalato system, [Co(en), C2 Oq ] +, m concentrated base’, except 

that under these condltlons the reaction product changes from czs- to a mixture of 

czs- and ~rans- [Co(en)* (OH), ] + ions. In the substituted malonato systems, however, 

no such change m the sterlc course IS noticed and the mltlal product IS always 
IX- [Co(en), (OH), ] + 

The reactions of the substituted malonato complexes seem to indicate that the 

hydrolysis of the simple malonato rmg proceeds via mechanism 2(b) together with rsactlon 
(14) The presence of substltuents slows down the bimolecular attack by hydroxide on the 
neutral complex, so that the second stage IS observable. Thus IS a reasonable consequence 

of the sterlc effect. The mductlve effect of substltuents would also tend to make the 

hydrogen less acidic, so that reaction (14) no longer plays a prominent role. 

The alternatlve explanation IS that mechamsm I(a) operates in the case of the simple 

malonate. The presence of substltuents now slows down the nutlal rmg opening reactlon, 
but the second step must change from dlssoclatwe to assoclatlve, whch does not appear 

to be a hkely effect. Further mvestlgatlons mto the kinetics and sterlc course of the 

hydrolysis of d&rboxylato compiexes are ?mtinumg 

ACKNOWLEDGEhIENT 

MA R.S. thanks the S R.C. for a Fostgraduate student&p. 

REFERENCES 

S V. Caghott and G. Illummatl, Proc. Int. Conf Coo& Chem., 8th. VIema, 1964, p- 29% 
2 RB. Jordan and H. Taube, i Amer. Chem Sot, 86 (1964) 3891. 
3 H. Scheldegger and G. Schwartzenbach, Chtma, 19 (1965) 166. 
4 M.E. Farago, Coo&. Chem Rev., 1 (1966) 66. 



CARBOXYLATO-BIS(ETHYLENEDIAMINE)Co”’ COMPLEXES 

I 

5 G. lapldus and G.M. Hams, J. Amer. Chern Sot, 85 (1963) i223, 
S. Sheel, D.T. Meloon and GM. Harris, Inor& Chetn, 1 (1962) 170. 

6 M.E. Farago and C.r_V. Mason,J. Chem Sot. A., (1970) 3100 
7 C. Andrade and H. Taube.J. Amer. Chem Sot. 86 (1964) 1328. 
8 I-. Basolo and RG. Pearson, Mechamsms of Inorgamc Reachons, 2nd ed., Wdcy, 

Nev. York, 1967, p. 177. 
9 J. BJerrum and S.E. Rasmuwn. Acta Chem. Scan& 6 (1952) 1265. 

.O M.E. rarago. B.A. Page and C.T.V. Mason, In0r.q. Chem. 8 t1969,2270 

101 

Coord Chenr Rev 8 (1972) 


