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A INTRODUCTION 

The occurrence of stereochemtcal change m the substltutlon reactlons of cobalt(II1) 

complexes of the type Co(L4)AX’*+ (X IS the hgand replaced) depends upon the nature of 

the reaction, the nature and posrtron of hgand A and the stertc requrrements of the four 

rutrogen donor system, L4 Of the monodentate hgands so far examined, only A = OH, F, 
Cl, Br, and NCS have definitely been shown to lead to sterrc change, and there IS 
reasonably good evrdence to suggest that A = Hz 0 should also be included It has been 

suggested’ that all of these hgands have m common the potentrahtres of acting as rr donors, 
usmg a lone pair on the donor atom or else a suitably orientated occupied rr orbital on the 
hgand Thrs should provide a conlugatrve assistance for the drssocratron of X- , especially if 

the five-coordmate mtermedrate then assumes a trrgonal brpyramrdal geometry, and may 
thereby lead to stereochemical change 

More recently* it was observed that, m the solvolytrc aquatron of complexes of the type 
trans-[M(L4)ACl]“‘ (M = Crm, Co’“, Rhm, ir”‘), the occurrence of stereochemrcal change 
IS, m general, assocrated with an entropy of acttvatron some 15 cal deg-’ -mole-’ more 
positive than that found for reactrons that take place with complete retention of 
configurdtron In recent years, many more conforming systems have been drscovered and 
also some that do not conform3 All of the new systems mvolve either a variation of L4 or 
M, and no new A ligands that lead to stereochemrcal change have been reported 

We have recently started to prepare complexes with a new range of hgands A which are 

expected to cause stereochemrcal change, m order to test the vahdtty of the hypotheses 
relating to stereochemtcal change reactions Oxygen donors should present a fruitful area 
for further study, and in the search for suitable oxyamons whrch did not have a marked 

tendency to act as chelates, our attention was drawn to the carboxylate anions, RCOO- . 
These have the added advantage of the presence of substrtuent R whrch can be varied 
extensively and thereby allow the relatlonshrp between the basrcrty of the hgand and the 
labrhsmg and ortentmg properties of the hgand to be determined In ths paper we report 

the kinetics and steric course of the catalysed and uncatalysed solvolytic reactions of 
[Co(en), RCOO(X)] +_ 
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B RESULTS 

(I) The isomensa&ron of cls and trans-(Co[en)z CH, COO(H2 0)J 2 ’ 

In any study of the sterlc course of a reaction It 1s necessary, first of all, to determme the 

stereochemlcal lablhty of the product Carunchlo and Ortaggl’ have measured the kinetics 

of the lsomerisatlon of trans-[Co(en)z CH3 COO(Hp 0)] * + in aqueous solution over a range 
of temperature, pH and lomc strength, and in methanol. We have reexammed this reaction 
and find that, although we are m reasonable agreement as to the magnitude of the rate 

constants and the activation parameters for approach to equihbrmm, we find that at 
equdlbrmm the aquoacetato complex comprises 75% czs and 25% tram isomer This IS 
confirmed by approachmg equihbrmm from the czs-[Co(en), CH3COO(H2 0)] *+ complex 
as well as the tram isomer The kinetics were followed spectrophotometrlcally and the rate 
was found to be independent of acid concentration in the range 1 0m3 M < [H+] < 2 M, 

aLthough at higher acldltles acld-catalysed displacement of the acetato group presented 
further problems The posltlon of equlhbrlum was independent of temperature The kmetlc 
data can be summarised as 

mm- [C-?fen)z CH3 COO(Hz 0)] 2+ &$ crs-[Co(en), CH3COO(H2 0)] *+ 
c 

kc +k#(25”)=2 5 X lo-’ set-’ 

& = 28 5 kcal mole-’ 

AS* = +15 6 cal deg-’ mole-’ 

These are fairly typlcal values for lsomerlsatlon reactions of this type and it 1s reasonable 
to beheve that the rsomerlsatlon IS the result of a dlssoclatlve water-for-water exchange with 

stereochemical change. 

(Ii) The aqrtatlon of trans-[CofenJ2 CH3 COO(Cl)j’ 

Parallel spectrophotometrlc and tltrlmetrlc studies mdlcate that the reaction m water 
consists of displacement of chloride to form [Co(en), CH3COO(H2 O)] *+ Parallel or 
subsequent loss of acetate does not interfere except at higher acid concentrations and until 
these conltlons are reached, the rate of reaction IS mdependent of the concentration of 
acid (at pH > 9 the base-catalysed displacement of chloride can be observed) The change 

of spectrum as a function of time indicates clean lsosbestlc points throughout the reactlon 

at 553,432,379 and 337 nm. These correspond exactly to the crossmg pomts of the 
spectra of tram- [Co(en), CH3 COO(Cl)] + and the 75% cis + 25% tram equlhbrmm 
[Co(en), CIi3 COO(HZ 0)] ‘+ rmxture and indicates that the subsequent lsomensatlon IS 

either very much faster than the aquatlon or else that it does not occur. The latter 
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possrbrhty can only be achteved rf the product is actually formed at, or very close to, Its 
eqmhbrmm composrtron The semrlogarrthrmc plots of log,, (Do0 - &) agamst trme (Dr 
and Dm are the optrcal densrties of the reactron mixture at 490 nm, or any other suitable 

wavelength, at time t and at the end of the reactron, respectively) are linear over at least 
three half-hves and the derived rate constants are mdependent of the wavelength used and 

m very close agreement to those determmed from the rate of release of chloride The rate 
data can be summarrsed by 

kzs = 3 1 x 10e6 see-’ (see ref. 5 for detaded kmettcs) 

A& = 27 2 kcal mole-’ 

AS* = +7 6 cal deg -’ - mole -r 

The trans- [Co(enTz C6 Hs COO(Cl)] + complex behaves m a very srmrlar manner, the spectral 

changes also bemg chardcterrsed by well-defined rsosbestrc points The spectrophotometrrc 
and trtrrmetrrc rate data are in close agreement and can be summarrsed by 

kzs = 1 2 x lo+ set-’ (ref 5) 

& = 29 0 kcal - mole-’ 

AS* = +12 cal deg-’ mole-’ 

Thrs now allows an expansron of the reactrvrty sequence for the aquatron of complexes of 

the type trans-[Co(en)z A(Cl)] +. which aquate with stereochemrcal change, so that A = 

OH( 160) > Br(4 5) > Cl(3 9) > CHs COO(0 3 1) > C6 Hs COO(0 12) > NCS(0 005) (The 
values m parentheses are 10’ k, measured at 25 0” ) 

A drscussron of the relatrve labrlismg powers of CH3CO0 and C6 Hs COO IS premature 
wrth only two examples for conslderatron but the effect IS m the r&u direction for an 
electron donatron labthsmg effect The more basic acetate (pKa of acetic acid = 4 74) 
labrhses the chloride a httle more strongly than benzoate (pK, = 4 22) 

It IS clear that the specrfic rate constant for the approach to rsomensatron equlbrmm 
(k,+kt=25x10B5 set-* at 25”) 1s some eight times greater than the rate constant for 
aquatton of the tram chloroacetato complex The difference is not so great as to account 
for the observed sharpness ofthe rsosbestic points, and an mdependent determmatron of 
the sterrc course mdicates that the actual act of aquatlon produces 75 * 10% CIS- and 

25 + 10% trans-[Co(en)z CH3COO(H2 0)] ’ + duectly The analysis consists of calculating 
curves for the relatlonship between observed extmctlon coefficient at a sultable wavelength 
and time assummg a reactron 

trans-[Co(en)z CH,COO(Cl)] + + 

Coord Chem Rev, 8 (1972) 

[Co(en), CH3COO(H2 0)] *+ + [Co(en), CH3 COO(H2 O)] *+ 

(j% cts + (100 - j)% tram) (75% c~s + 25% tram) 
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and using approprrate values for the rate constants The treatment is set out m full m ref. 5 
L&k of detailed knowledge of the spectra and the rsomerrsatron kmetrcs of the aquo- 

benzoato system precludes an accurate evaluation of the steric course of aquation of the 

chloro-benzoato complex. However, published data6 indrcate a close srmrlanty between 
the aquoacetato and aquobenzoatobrs(ethylenedramme)cobalt(III) complexes, and rt seems 
reasonable to beheve that aquatron of the tr-arzs-chlorobenzoato complex IS accompamed by 

extensrve stenc change. 
The observation of entropies of actrvatron m the regzon of +8 to +I2 cd- deg vi mole V-1 

in assocratron with extensrve stereochemrcal change IS fully consrstent wrth our prevrous 

correlation* 

(m) The Hg2 f-catalysed hydrolysrs of trans-(Co(en)z CH, COO(Cr)/’ 

In order to overcome the unfavourable relatronsmp between the rate of formation of the 

aquo complex and the rate of its subsequent isomerisatron, attempts were made to increase 

the former whrle holding the latter constant The addition of Hg(C104)2 allows thrs readily 

and the kmetrcs of solvolysrs fol!ow the well-established rate law 

F&te = (kaq + &g [Hg”] )[complexl 

With sufficient excess of Hg ‘+, it IS possible to Ignore the catalysts by IIgCl+, but at 

relatively low mercurrc ran concentratrons thrs plays quote a srgmficant part. The spectral 
changes m the presence of Hg2+ are identical with those of the uncatalysed solvolysis, 
except of course that the rate of change 1s much greater The isosbestic pomts remam even 
when the rate of solvolys~s 1s some twenty times faster than the subsequent lsomerlsatlon 

This mlcates quite clearly that the product is formed exactly m the eqmhbrmm 
composltlon 7.5 + 2% CIS + 25 + 3% tram as a dnect result of the Hg2*-catalysed solvolys~s 
The rate constant, k& = 0.40 mole-’ -set-’ at 39”, [H“] = 0 01 M 

(ru) Acid-catalysed hydrolysrs of trans-[Co(e~~)2(CH3COO)2]i* 

As m the prevrous two cases, the progress of the reaction is defined by a set of spectra 

with very well-defined isosbestrc pomts In contrast to the observatrons with the Hg2+ 
catalysrs of the chloroacetato complex, the posrtrons of the rsosbestrc pomts are somewhat 

dependent on the concentration of the acid used Closer exammatron shows that thts is 
because the spectrum of the trans-[Co(en)2CHsCOO(H20)] 2i ion, m the near ultraviolet, 
is sensitive to acid concentration The final spectrum 1s unaffected, and corresponds to that 
of the 75% crs + 25% truns-[Co(en), CHsCOO(H2 O)] * + equrlrbrmm mrxture The rate of 
reactron rs very sensrtrve to the concentratron of acid, and m neutral solutton the change IS 

very slow mdeed The slowest reactions studied were constderably slower than the 
subsequent isomerrsation, but increasing the acrd concentratron did not increase the rate of 

*See ref 7 for full detmls of the kmetlcs 
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solvolysrs indefinitely A hmitmg rate was approached that was only some 2-3 times faster 

than the subsequent rsomerrsatron Thrs was sufficrent to allow a very accurate 

spectrophotometnc analysrs, along the lines indicated above and once again, the irutral 

product ratio was shown to be 80 f 5% czs + 20 + 5% rrans The kmetrcs, at constant ronic 

strength, obeyed the rate law 

--d[complex] = kK[complex] [H* 1 

dt 1 +K[H+] 

and at a partrcular hydrogen ion concentration the reaction was first order and the pseudo 

first-order rate constant, kobs, could be measured spectrophotometrlcally Thus, k,bs = 

kK[@]/l +K[i?] , and a plot of l/k&s vs l/[I-I+] should be hnear with a slope of l/Kk 

and an intercept of l/k The values of k and K are collected m Table 1 It 1s proposed that 

the kinetics result from a pre-equrhbrmm protonatron, step (I), followed by dzssocration of 

the new weakly bonded protonated hgand 

[Co(en), (CHs COO)l]+ + HsO+ 5 [Co(en), (CHs COO)(CHs COOH)] *+ + H2 0 

[Co(en), (CHsCOO)(CHa COOH)] 2f + HZ0 5 [Co(en)2CH,COO(H20)]2’+ CHsCOOH 

The kinetic form wrll also allow an alternative mechanism m whrch H,Of attacks the 

unprotonated hgand, but thus IS considerably less likely m the light of the available evidence 

The pre-equrhbrmm protonatzon was also examined spectrophotometrrcally and values ofK 

were obtained from the change of mitral absorbance at 300 nm as a function of acid 

concentratron. These agree closely with those obtained from the kmetrc analysis 

The conclusron to be drawn from the study of the stertc course of aquation of 

cram- [Co(en), CHs COO(X)] n+, where X = Cl-, ClHg* and CHsCOOH is that in all cases, 

the uutral product contains 75% czs and 25% tz-azzs-[Co(en), CHsCOO(H2 0)] 2+, and that 

thrs 1s strongly mdrcatrve of a drssoczatrve mechanism with a common five-coordmate 

intermediate The occurrence of stereochemrcal change m the acid-catalysed hydrolysts of 

Crazzs- [Co(en)2 (CHJ COO)* 1’ 1s mcontrovertrble evidence of Co-O bond fission 

(u) T/ze aczd-catalysed hydrolyszs of cls-/Co(en)2 (CH, COO),] +* 

The czs dzacetato complex undergoes acid-catalysed hydrolyses very much faster than Its 

tram Isomer As a consequence, the srerrc course could be estabhshed without need for any 

correction due to the subsequent rsomerrsatron, and the actual kinetics of the process could 

only be followed by stopped-flow techruques Direct exammatron of the initial reaction 

product showed that the substrtutron was stereoretentrve and the untral product was 100% 

czs- [Co(en), CHs COO(HS 0)] ’ + The rate law was of the same form as that found for the 

tram isomer except at the hrghest acid concentrations Here there was some mdrcatron of 

*See ref 7 for full details of the klnetvzs 
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further protonation leadmg to decrease in reactnity, especially at the lowest temperature. 

It has not yet been possible to examme these devratrons m detail as they occur at the hmits 

of usefulness of the adopted techniques The denved rate and equrhbrmm constants are 

collected in Table 1, from which rt ~111 be seen that the higher rate of reactlon compared 
with the fratzs isomer arises from an mcreased baszcrty (K) and a consrderably greater 

dissocratrve labrhty It IS far less easy to assign a mechamsm to the reaction of the czs Isomer 

The relentron of configuratron does not provrde an answer, smce rt IS consistent both wrth 

carbon-oxygen bond fission, which, of necessity, requires retention of configuratlon at 
cobalt, and with Co-O bond frsnon, which, apart from a couple of possibly equrvocal 

exceptrons, is shown to take place with complete retentron of configuratton for aquation of 

complexes of the type cis-[Co(en)2 AX]“+ In a slmdar sltuatlon, Deutsch and Taube’ 

proposed that the enthalpy of activation for the acid-catalysed aquatlon of 
Cr(H2 O), CHa COO’+ (19 kcal mole-’ ) was so much smaller than the values normally 

observed for solvolys~s at CrU1 (- 23 kcal mole-’ ) that C-O bond fissron was indicated 

(It was pomted out that the enthalpy of activatron for the acid hydrolysis of methyl 

acetate, which mvolves C-O bond fission, was 16 4 kcal mole-’ ) If this reasomng was 

applied to the reaction of czs-[Co(en), (CH, COO)Z 1’ (A$ = 15 4 kcal mole-’ ), carbon- 

oxygen bond fission would be clearly mdrcated However, m many of the cases where the 

trans Isomer of a pan aquates with stereochemical change and the czs isomer reacts with 

complete retention of configuration, not only is the entropy of activation of the former 

considerably more positrve than that of the latter, but the enthalpy of actrvatron is 

considerably greater in compensation In these examples there is no ambrguity about the 

posrtron of bond fissron It 1s thus not possible to state unequrvocally whether the 

czs-dracetato complex hydrolyses wrth C-O or Co-O bond fission 

REFERENCES 

1 f Basolo and R G Pearson, J Amer Chem Sot ,78 (1956) 4878, C K Ingold, R S Nyholm and 
bl L Tobe, Nature, 187 (1960) 477 

2 M L Tobe, Inorg Cilenl , 7 (1968) 1260 
’ 3 hi D Alexander and H G Hamdton, Ifzorg Clzern ,8 (1969) 2131, J A Kernohan and _I r Endlcott, 

Inorg Cilem ,9 (1970) 1504 
4 V Carunchlo and G Ortagggl, Rrc Scl , 37 (1967) I 121 
5 T P Dasgupta, W Fitzgerald and hl L Tobe, ftzorg C/zenz , submitted for pubhcatlon 
6 V Carunchio, G Grassuu Strazza, G Ortaggl and C Padlghom, Rrc Scr , 36 (1966) 1187 
7 T P Dasgupta and M L Tobe, Itzorg CIzetn.. 11 (1972), m press 
8 E Deutsch and H Taube, Itzorg Chem , 7 (1968) 1532 

Coord Chem Rev, 8 (1972) 


