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1. INTRODUCTION 

The study of reaction mechanisms is pursued for different 

motives: by scientific curiosity which wants to look be­

hind things, e.g. chemical transformation, or for didac­

tic purposes, because solving mechanistic problems pro­

vides an excellent intellectual training. Moreover, the 

study of reaction mechanisms is from a synthetic chemist's 

point of view not a "l'art pour l'art" exercise since 

mechanistic knowledge will make it possible to select the 

best conditions for a desired chemical transformation 

rationally and with a good degree of exactitude. A few 

years ago, the mechanistic study of a chemical transfor­

mation still risked to be a formidable venture, a trial 

of patience hardly competitive with purely empirical 

search for "the best reaction conditions". This situation 

has started to change for the better: with the advent of 

an arsenal of highly sophisticated, accurate and rapid 

instrumentation for physical measurements, systematic 

mechanistic studies have become far more convenient to carry 

out. 

The real benefit of systematic mechanistic study was in 

fact the observation that the enormous variety and complexi­

ty of chemical transformations can be reduced to a number 

of mechanistic prototypes. Early physical organic chemistry 

provides us with well known examples: e.g. the S NI / S„2 

classification of substitutions at tetrahedral carbon are 

based on observed rate laws and nucleophilicity scales 

have been established on the basis of rate measurements. 

For inorganic reactions, mechanistic prototypes have been 

reckognized only much later than in carbon chemistry. The 

considerably greater complexity and variability of coordi-
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nation centers is responsible for this lag in time. 

This thesis is concerned with one of the first known mecha­

nistic prototypes in the chemistry of octahedral coordina­

tion compounds: the base hydrolysis reaction. This reaction 

type has been discovered in and been widely studied with 

Co(III) amine complexes. In 1851, F.Claudet [l] noted the 

general substitutional lability of the then recently dis­

covered Co(III) pentaammines in alkaline solution. Kine­

tic studies of these reactions which were typically under­

taken some 80 - 100 years later have indeed shown a 10 -

10 fold substitution rate acceleration in base, relative 

to neutral or acid solution [2-14,18]: 

- X / + H5O 
- - CoA5OH2 

CoA5X 
'1 

- X / + OH 

:1 « k2 (D 

CoA„OH 
Ic2 - - 5 

(charges omitted) 

Analogous, though smaller accelerations are found in Cr(IIl). 

Ru(III), Os(IIl), Rh(III) and Ir(IIl) amine chemistry as 

well as in the chemistry of aqua complexes of many metals. 

In every case, the rate enhancement has been attributed 

to formation of a conjugate base of the complex by de-

protonation of a coordinated ligand. 

However, a satisfactory explanation how deprotonation of 

a coordinated ligand can increase the substitution labi­

lity of ligands is still lacking. This thesis is concerned 
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with stereochemical experiments to test one of the early 

interpretations of this acceleration effect, viz. r.- bon­

ding between the deprotonated ligand and the metal centre 

in an intermediate arising after loss of the leaving 

group [19]. 
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1.1. PROPOSED MECHANISMS FOR THE BASE HYDROLYSIS REACTION 

OF COBALT (III) PENTAAMMINE COMPLEXES 

1.1.1. THE $2 MECHANISM 

In this mechanism which was originally proposed by CK. 

Ingold and coworkers [2-8] and developped further by 

M.L.Tobe [9] and S.C.Chan and coworkers [io], the OH-

ion displaces the leaving group in a bimolecular process 

<eq 2). 

CoA5X*
 3~n) + OH" ~ COA5OH

3+ + Xn~ (2) 

S.C.Chan and coworkers [io] found that the reactivity of 

halogeno pentaamine Co(IIl) complexes with an alkaneamine 

ligand in base follows the same order as S.,2 substitution 

at saturated halogenoalkanes. Both kinetic results and 

comparison of activation energies, solvation energies and entro­

py changes were considered to support this proposal. However, 

the constant isotope fraction ( O / O) for base hydroly­

sis of Co(IIl) pentaamine complexes with the leaving groups 

Cl-, Br", N0~ [ll] (eq 3) is inconsistent with an SN2 

H18O 

16OH" COA5
16OH2+ 

Il + C o A 5 x 2 + " (3) 
19OH- COA^18OH2+ 

H16O 
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mechanism. A constant competition ratio during base 

hydrolysis of Co(III) pentaamine complexes with different 

leaving groups but the same competition reagents such as 

anions X- and H_0 (see table 2) are also inconsistent 

with a bimoiecular S„2 process. Measurements of activation 

volumes of base hydrolysis of halogeno pentaamine Co(IIl) 

complexes [13-15] give evidence for an essentially disso­

ciative mechanism. An other important argument against an 

SH2 mechanism comes from the observation that the rate of 

base hydrolysis increases when ammonia in halogenopenta-

ammine Co(IIl) complexes is changed against more bulky 

monoaIkylamines [l6]. 
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1.1.2. THE CONJUGATE BASE MECHANISM 

A first version of these mechanisms was originally pro­

posed by Garrick [l8]: an intermediate formed by previous 

deprotonation of a coordinated amine function - the 

conjugate base - reacts with a water molecule (eq 4). 

Co(NHj1-X
2+ + OH" « Co(NH,KNH0X

+ + H0O 
J -1 k (4) 

Co(NH3)4NH2X
+ + H2O Co(NH3) 5OH

2+ + X~ 

The acceleration in base can be explained with this mecha­

nism by the smaller charge in the conjugate base. This 

mechanism includes a bimolecular step, viz. the reaction 

of the conjugate base. This S..2CB mechanism is inconsistent 

•with the observed leaving group independent product distri­

bution cited as evidence against Chan's S..2 mechanism (cf. 

1.1,1.). For associative mechanisms of any kind, the rate 

of product formation should be influenced by the nature and 

concentration of the entering nucleophile. Such influence 

was never observed. Basolo and Pearson [19] have further 

developped this model of a base hydrolysis mechanism. In 

their proposed mechanism the conjugate base looses the 

leaving group X- in a rate determining step to form a 

coordinatively unsaturated intermediate state which adds 

a water molecule in a fast reaction (eq 5). 



-15-

Co(NH,)SX
2+ + OH" • ^ • Co(NH3)4NH2X

+ + H3O 

Co(NH3)4NH2X
+

 r Co(NH3J4NH
2+

 ( g ) 

Co(NH3J4NH^
+ + H2O CO(NH3)5OH

2+ 

This mechanism fits the rate law (eq 6}. 

Ic-IL [OH ] 
r a t e = — [complex] [20] (6) 

1+K^[OH ] 

K for coordinated amines being smaller than 10~ for most 

pentaamines» this reduces to the observed rate law in the 

usual concentration range for [CH~] ̂  IM (eq 7): 

rate = k-Kb [OH ] [complex]
 k*Kb = k0H 

= k0H [0H"][complex] (7) 
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1.1.3. A 7T-STABILIZED COORDINATIVELY UNSATURATED INTER-

MEDIATE STATE 

Basolo and Pearson [20] argue that the acceleration in 

alcaline aqueous solution cannot be attributed exclusi­

vely to the less positive charge of the conjugate base 

relative to the initial complex, in view of the results 

of calculations based on electrostatic theory [21] and 

comparisons of the rates of 2+ charged with 1+ charged 
2 

complexes. An acceleration factor of less than 10 can 
be attributed to a charge effect, but the acceleration is 

usually greater than 10 [l7]. There remains therefore 
4 

a factor of at least 10 . Basolo and Pearson explain this 
factor by TT (2pN _». 312 2) - bonding in the coordinati-

vely unsaturated trigonal-bipyramidal intermediate (eq 8). 

3f€̂ " — »ld< * - ». 

while this hypothesis is still presently widely accepted, 

it has never passed a more or less rigorous experimental 

test. We try therefore to design systems which are able 

to inform us whether a trigonal-bipyramidal intermediate 

state of chemically significant lifetime is involved in 

our reactions. This kind of information clearly does not 

prove specifically the it-bonding hypothesis since such 

an intermediate state could adopt a trigonal-bipyramidal 
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configuration for other reasons. However, the observation 

of unambiguous stereochemical evidence for a trigonal-

bipyramidal configuration of the required structure for 

^-bonding will satisfy a rather subtle and discriminating 

necessary condition for such bonding. 
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1.1.4. THE REDOX MECHANISM 

Gillard [23] proposed another mechanism which also fits 

the observed rate law: (k,/k_,)k2[OH~][complex]. This 

proposal involves an electron transfer process (eq 9): 

[L,CoIIIxln+ + Y" - J[L5CO
111X]Yj(n"l)+ 

[L,conn](n-l) + 

For base hydrolysis (Y = 0H~), the reduction of the ion 

pair in the preequilibrium (rate k2) is the rate determining 

step. Gillard considers that the electron transfer is most 

likely to an excited Co(IIl) ion because excited states of 

Co(IIl) are better oxidising agents than the ground state 

[24]. Then the five coordinate Co(II) intermediate is 

oxidized and coordinates hydroxide in one step. Evidence 

for this mechanism came from comparison of redox potentials 

of Co(IIl) with other d transition metals in comparison 
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with their reactivity and from Polarographie studies 

but a correct study of the electrochemical series shows 

that thermodynamically the proposed mechanism has no chance, 

since the free enthalpy difference A G ° of the rate deter­

mining step is markedly positive (E°(OH- + e~ — - OH-) = 

1.4 V; E°(Co3+ + e~ — Co2+) = 1.8 V (3f HNU3); A E ° = 

+ 0.44 V), The proposal of Gillard is also inconsistent 

with the observation that the rate of base hydrolysis in­

creases with bulky amine groups which supports the idea 

that the loss of the leaving group must be the rate de­

termining step [16] which is not the case in the redox 

mechanism. Furthermore, N enriched ammonia should ex­

change rapidly with any Co(II) ammine species, NH,, 

added to a base hydrolysis solution therefore should 

provide 5NH- - containing product which was not .the 

case [25]. Last but not least, it would be difficult to 

explain full retention of configuration [26,27] in one 

case and full racemisation (this work) in another, 

similar case. 
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1.1.5. THE HIGH SFIH MECHANISM 

Buckingham, Marty and Sargeson [28] explain the stereo­

chemical results of the base hydrolysis of halogenopenta-

amine Co(IIl) complexes with glycine or glycine ester 

as a monodentate ligand by proposing a mechanism where 

rate determining chloride release leads to a coordinatively 

unsaturated intermediate state which has properties very 

different from ordinary Co (ill) species (eq 10): 

As-
\/_\S> 'COOR 

Cl 
COOR 

(10) 

R = H , C2H5 

tetradentate ligand = triethylenetetramine 
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Mutarotation at the secondary amine nitrogen centre at 

the junction of two coplanar five-membered chelate rings 

(eq 10) is observed during base hydrolysis. This mutaro-

tation process can be excluded for the starting material 

and for the final products on the timescale of the expe­

riment. It must therefore occur during the lifetime of 

an intermediate state arising after loss of the leaving 

group and which is consumed by capture of an entering Ii-

gand. Clearly nitrogen inversion can only occur if the 

HH proton is removed. The rates of NH deprotonation 

(k „ = 105 - 108 M-1S-1) and reprotonation (k u « 10
9 -

T n - I 10 s ) in Co(III) pentaamines and hexaamines are much 

faster than pyramidal inversion at coordinated amides 

RR-1N - Co (kinv == 10
3 - 104 s-1 in Co(III) hexaamines). 

From these data it was concluded that the mutarotation 

process had to be much faster than in hexaamines since 

it had to be complete within the much shorter lifetime 

of the coordinatively unsaturated intermediate state 

(Xy2 =10 - - 10 s). In this case, the intermediate 

has to have properties different from a hexaamine such that 

pyramidal inversion at the nitrogen is accelerated. The 

authors [28] propose high-spin Co(IIl; or an intermediate 

with some transient transfer of an electron to give a 

Co(Il) - IK radical pair. 

The general criterion for the rate of pyramidal inversion 

is the energy barrier between sp and sp nitrogen (if 

hybrid orbitals are used). Clearly, this will be lowered 

if there is a possibility for the RE1N- donor to partici­

pate in ̂ -bonding of some kind and such bonding is the 

essential part of the Basolo and Pearson theory (cf.1.1.3.). 

At least some degree of ^-bonding appears possible for the 

postulated five-coordinate intermediate state even if it 
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2+ is considered that the Co(trien)(glyO)Cl system reacts 

with full retention at the Co(IIl) centre: 

9 
V 

:co: 

,NH, 

^NH„ COOR 

y 2 

COOR 

120° < « > 90< 

It is required that the limiting fully it-stabilized 

trigonal bipyramid is not developped since there is no 

rearrangement into the p, isomer but to any degree of 

distortion towards the stabilized state «/ill correspond 
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some degree of ^-bonding. On the other hand, ir-bonding is 

much less favorable for a high-spin Co(IIl) state since 

the accepting orbitals are partially populated and it is 

not clear how formation of the high-spin state could 

contribute to a lowering of the inversion barrier. 

The proposed Co(Il) - NEE' radical pair would require a 

high energy for its formation if we assume that a Co(III) 

substituent exerts a o-bonding influence which is smaller 

but still comparable to that of a proton: 

R x .. • E^ 
>I Co(III) 

R' E' 

The formation of the radical pair would require an ener­

gy of the order of magnitude of the ionization potential 

of a secondary amine ( « 200 kcal/mol) which is not likely 

to be much compensated by stronger Co (II) - E„NH bon­

ding. This argument has still some merit if the analogy 

between Co(IIl) and H+ is not good so that only 10% of the 

ionization energy of EE'NH would be required. 

Archer £107] has invoked high-spin Co(IIl) intermediates 

in order to rationalize observed rearrangement during 

the lifetime of the intermediate state resulting" from 

loss of the leaving group. 
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1.1.6. THË ION PAIR MECHANISM 

The claimed (and later challenged [l2]) observation that 

the relation between pseudo first order rate constants of 

base hydrolysis of pentaammine Co(III) complexes and the 

hydroxide concentration is not exactly linear when the 

hydroxide concentration is varied over a vide range may 

have suggested the ion pair mechanism (eq 11) [29]. 

[CoA x ] n + + OH" 

([COA5Xf+OtH 

([CoA5OH T+X-J 

f a s t 
k 

r . d . s . 

([CoA5Xf+OH -) 

([CoA5OH ]n+X") (11) 

[CoAcOH]n+ + X -

fast 

The rate lav of the ion pair mechanism is not different 

from that of the S N ICB mechanism. Both are given by the 

expression k . = Kk[OH~]/l + K[OH-], vhere in the ion 

pair mechanism K means the ion pairing equilibrium constant 

and k the rate of the ion pair rearrangement [29] and in 

the S NICB mechanism K means the conjugate base equilibrium 

constant and k the rate of loss of the leaving group [20]. 

The observed rate lav is therefore not unambiguously ex­

plained by the ion pair mechanism. However, it would seem 

unlikely that hydroxide induces substitution so much faster 

than other anions - anation reactions in neutral aqueous 

solutions vith anions such as Cl-, N^, WCS- etc. are about 

10 times slower [30-32]. This mechanism is also incon­

sistent with the effect of steric acceleration [l6] since 

an increase in size of the substrate would decrease electro­

static anion - cation interaction. Buckingham, and cowor-
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kers [33] recently obtained kinetic data for base hydrolysis 

of three 3+ hexaamine Co(IIl) complexes with tetradentate 

ligands 2,2',2"-triaminotriethylamine (= tren) or 2-methyl-

amino-21,2"-diaminotriethylamine (=Metren) and NH-. Analysis of 

their data enabled them to determine the degree of ion 

pairing and the acidity of the amine protons which lead to 

the conjugate base. In conclusion, they propose a combined 

S NI(IP)CB mechanism, in which the ion pair assists 

dissociation of an amine proton to give the conjugate 

base which rapidly looses the leaving group (eq 12). 

Co 3- + OH" ^ ~ CO3VOH- ^ - CO - H2+ 

k0H (12) 

products 

This mechanism with the two preequilibria naturally fits 

the same mathematical expression for the observed rate law 

as indicated above, where K means KTtJC__. However, the 
Ir La 

question is open, whether only the ion pair has the 

possibility to dissociate a proton since other kinetic and 

stereochemical data gave no evidence for ion pair formation 

([13], this work). The best possibilities for the obser­

vation of the effects of ion-pairing are offered by 

highly charged complexes. Rotzinger [34] has studied the 

base hydrolysis of (NH3J5CoNH2Co(NH3)^
+ and (-)- [en2NE3Co]2 

NH^+ where the rate law (eq 13) was found: 
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k K_ [OH ][complex] 
rate = s (13) 

-n2 1 + K13[OH ] + KBK^[0H ] 

This was taken to indicate the presence of a reactive 

conjugate base and an unreactive ion pair with the 

conjugate base. 
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1.1.7. THE E2 - MECHANISM 

Recently, R.W.Hay and p.R.Norman [35.36] proposed a con­

certed E2 - mechanism which is adapted from organic che­

mistry to explain general base catalysis [37-39]. The 

decrease of the second order rate constant of base 

hydrolysis with increasing pH may be explained with 

a rate determining proton transfer in the starting mate­

rial. This idea is consistent with a concerted mechanism 

where the conjugate base is not formed in a pre-equilibrium 

(eq 14). 

slow I -
BH+ + N=-CO -f X (14) / 

products 

While deprotor.atior. is certainly the rate determining 

step, it is not easy to decide whether release of the 

leaving group is concerted with it. The cited dependence 

of the rate on the leaving group is consistent with con-

certedness, but it could also be due to differences in 

N-K acidity caused by the different leaving groups. 
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1.2. EVIDENCE FOR A DISSOCIATIVE MECHANISM 

One of the central problems of a mechanism o£ .Co(IIl) 

pentaamine complexes is the question whether and to 

what extent the substitution process MA1-X + Y 

—•• MA5Y + X is dissociative. In the dissociative case 

([13] and references theirin) the leaving group X departs 

independently of the influence of Y and the five-coordi­

nate intermediate and its second coordination sphere 

loose all "memory" of X before the M-Y bond begins to 

form. This situation will be realized in two cases: 

1. when ML, i-s lon9 lived relative to the time scale of 

exchange of potential ligands between the second coor­

dination sphere and bulk solution; and 

2. when X cannot be held in the second coordination 

sphere and passes immediately into bulk solution -

as when X and ML1. carry the same charge (e.g. HgCl
+ 

separating from Co(NH3);: or when X is uncharged and 

non polar (e.g. N2 loss after nit rosa t ion of Co(NH3J15N3
+) 

In an interchange mechanism ([l3] and references therein) 

exchange of X and Y occurs within a preassembled encounter 

complex I [MA1-X]Y x H-O). M - Y bond-forming occurs before 

MA1. has lost "memory" of X, that is, before the second 

coordination sphere has had time to relax. In particular, 

we have a dissociative interchange (In) i-? bond-making 

M - Y occurs only after the M - X bond is broken but before 

x is lost from the second coordination sphere. 
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1.2.1. ACTIVATION PARAMETERS 

In the dispute over a base hydrolysis mechanism for Co(IIl) 

pentaamine complexes activation parameters are often dis­

cussed. 

There exists a linear free energy relationship (LFER) 

for the free energy of activation A G : 

AG* = <*AG° + constant (15) 

where the Brunsted slope is 

« - <8G* / ÛG°)p|T (16) 

It can be shown that the slope a is 1.0 for dissociative 

mechanisms whereas it is 0.5 for associative mechanisms 

[13 and references therein]. For the base hydrolysis of 

«alogeno pentaammine Co(IIl), a LFER of a= 1.0 vas 

found [40], 

It is clear that a LFER of unit slope exists for the 

enthalpy of activation UH* if it exists for AG . 

Powell's enthalpy of the transition state A H „ [4l] 

which is nothing else than A H - A K ° reflects this 

situation and it is really constant for base hydrolysis of 

Co(NH3J5X
2+ - complexes where X~ = Cl~, Er-, I-, NO3 

(AH 1, = 163.3 hj moi
-1 ± 4 [42]). 

The activation entropies A s * for an SM1CB - mechanism 

are expected to be in the order of 40 cal mol deg 

[43j since the first step of the reaction - the formation 

of the conjugate base - can easily be compared with a 

deprotonation of an aqua complex, where activation pa­

rameters are available. To the second step - abstraction 

of the leaving group - an activation entropy of about 0 

may be attributed from comparison with the well known 

values of aquation reactions. The measured values -
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some are listed in table 1 (see too references [43] and 

[44]) - are in good agreement with these estimates but 

complex As* (cal deg 1InOl 1J réf. 

Co(KH3J5F
 2+ 

Co(KH3) Cl
 2+ 

Co(NH3) Br
 2+ 

Co(NH3) I
 2+ 

Co(KH3J5NCS
 2+ 

Co(HH3J5KO2
 2+ 

Co(HH3J5NO3
 2+' 

Co(NH3J5N3
 2+ 

Co(NH3J5SO4
 + 

+ 16.6 

+ 32.4 

+ 35.4 

+ 46.4 

+ 42.0 

+ 44.0 

+ 43.1 

+ 30.3 

+ 24.6 

45-10 

45,10 

45,10 

46,10 

47 

48 

40 

49 

50,51 

table 1 : selected activation entropies for base 

hydrolysis of some Co(IIlJ pentaammines 

they are not with an S.,2 mechanism. 

In an interpretation of these activation parameters it 

should be pointed out that (l) the average values for a 

D or an I_ mechanism might be about the same, (2} the 

interpretation of a mechanism consisting of two or more 

steps is very difficult, (3j all estimates have been made 

with very simple models and (4J activation parameters are 

quasithermodynamic quantities and therefore very difficult 

to interpret exactly. Nevertheless, the observed activation 

parameters are not inconsistent with an S„1CB mechanism. 

The measurement of the volume of activation Av* by high 

presure kinetics ( n / 8p)_, = -Av* / RT becomes 
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increasingly important. Data for one-step mechanisms are 

relatively easily interpreted in tenrs of atomic motion 

only [13]. But one intriguing problem remains: in base 

hydrolysis an overall reaction is measured and the results 

are interpreted by a stepwise mechanism. Direct comparison 

therefore becomes very difficult. However, first results 

are available [14,15] and they are in full agreement with 

a dissociative'mechanism. Kitamura [14] found an activa­

tion volume for the base hydrolysis of the chloro penta-

ammine Co(IIl) complex of + 33.4 ml mol-1 which he inter­

prets in terms of a S„1CB rr.echanism and Bait [15] found 

good agreement of this value with his calculated one. 



-32-

1.2.2. COMPETITION EXPERIMENTS 

The competition of the possible intermediate states for 

other nucleophiles (Y) than water or hydroxide added 

during base hydrolysis of Co(IIl) pentaamine complexes 

allows to distinguish a dissociative process -

where a common, leaving group - independent five - coor­

dinate intermediate with a chemically significant life­

time is built up from other mechanistic possibilities 

(eq 17). 

COA5 - H . S 9 O j S U ^
 C O A5 O H 

j ̂ _or Y / TT+ 

OVl" 
Ho0 °fj-——' CoA1-OH + X 

CoA5X 

(17) 

When a coitunon intermediate is produced in a dissociative 

mechanism, the competition ratio CoA^OH / CoA-Y should be 

independent of the leaving group X and only vary with the 

nucleophile added, whereas for any concerted bimolecular 

mechanism it will be dependent on the nature of both X 

and Y. Numerous competition experiments have been done in 

the last 15 years and some of them are listed in table 2. 



-33-

complex a) [Y],M % CoA5Y réf. 

2+ 

2+ 

2+ 

2+ 

2+ 

2+ 
3+ 

Co(NH3J Cl 

Co(NH3)5Cl 

Co(NH3J5Cl 

Co(NH3J5Br 

Co(HH3J5I 

Co(NH3J N O 3 

Co(NH3J5DMSO 

Co(NH3J5OP(OMe)3-

Co(NH3J5OC(NH2J13
3+ 

cis-Co;-;H,en-Ci + 

trans-CoNH3en2Cl
 2 + 

Co(NH 2CK 3J 5Cl
 2+ 

CobampdapoCl + 

CobampdapoBr 

CobamptrcdCl 

3+ 

2+ 

2+ 

2+ 

2+ 
CobamptmdBr 

Cobamper.Cl 

•x-CodiendapoCl 

*-CodiendapoCl 

x-codiendapoCl 

x-CodiendapoBr 

•x—Codi endapoBr 

x-CodiendapoBr 

2+ 

2 + 

2+ 

2+ 

2+ 

2+ 

N 3 
N 3 

NCS 

N 3 

rt 

n 

t i 

t i 

0 . 5 

1.0 

» 
K 

I t 

II 

II 

I I 

I t 

II 

It 

0 . 5 

•1 

n 

n 

" 
0 . 5 

0.25 

1.0 

0 . 5 

0.25 

4 . 9 

8-5 
5-5 
8.7 
10.0 

10.4 

12.3 

:(.2.5 
12.0 
i 
24 

24 

^5.9 6.5 
Ö.0 

8, 

i 
9j 
6p. 6 

4 7 . 1 
1 

28.3 

61.7 

48 .3 

30.4 

12 

12 

12 

12 

12 

12 

52 

52 

52 

53 

53 

16 

27 
27 
26 

26 

26 

t h i s 
11 

n 

n 

t i 

t i 

work 
n 

• i 

t i 

IT 

n 

a) for abbreviations see £.1. 

table 2 : selected competition values 

In competition experiments with Co(NH.J1-A
 + - complexes, 

Reynolds [58] found a competition ratio which was 

about 10¾ higher for 3+-complexes than for 2+ complexes. 

He interprets these results by an !_ mecnanism. Hou-ever, 

it seems obvious that a change in charge could increase 
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the concentration of competing nucleophiles in the sol­

vent sheath surrounding the initial species (cf.3.1.). 

Of course, an increase in charge could also favour 

the ion pairing (increase of K in eq 18). However, 

no kinetic evidence for ion pairing with added nucleo­

philes was found [13,59]. Measurements of the rate of 

C o - X rupture in base showed no significant difference 

in cases with or without added nucleophile. 
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1.2.3. STERIC ACCELERATIOK 

One of the most important results of the last years 

supporting- a dissociative mechanism is the increase 

of the base hydrolysis rate on going from pentaammine 

Co(IIl) complexes to more and more sterically hindered 

pentakis(alkylamine) Co(IIl) complexes. Sargeson and 

coworkers [l6l have found that base hydrolysis of pen-

takis(alkylanine) Co(IIl) complexes show an acceleration 

of a factor of more than 10 when the amines vary from NH 

to CH3NH3, 11-C3HNH2 and i-C H9NH3 (table 3). It could 

be shown that this marked acceleration can be attributed 

to steric effects for the following reasons: 

k k 3^ k b) ref 

IO9 s"1 io'4 10"6 
CoA5Cl

 2+ 

A 

NH, 

eis NH, 
tr CH3TJH3 
CH3NH2 

n-C-H7NK2 
1-C^H9HH2 

% -1 M 1S 1 

0.25 

0.64 

3800 

11000 

150000 

1-7 5 3 16,54,55 

16 

37 30 30 56,57 

180 
16 

16 

a) cis amine protons 

b) trans amine protons 

- table 3 : steric acceleration 
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There exists a linear free energy relationship (LFER) 

between the logarithm of the proton exchange rate of the 

coordinated amines and the pK -value [l6,60l. Because 
el 

there is no possibility to directly measure the pK of coor-
a 

dinated amines (pK_>14), this direct proportionality must be a 
accepted as the only measure of the acidity of the coor­

dinated amines. Comparison of the proton exchange rates 

of the complexes with deuterated ammonia and methyl-

amine as amine ligands show that the proton exchange 

for eis or trans amine protons differ by less than a 
factor of about 5 (table 3). The difference in base 

4 

hydrolysis rate of about 10 cannot therefore be attribu­

ted to the basicity differences of the conjugate base. 

Competition experiments which were made on the same 

systems are also in agreement with a dissociative 

mechanism. The increase of the competition ratio from 

about A% to 36% (cf. table 2} is consistent with a more 

stabilized coordinatively unsaturated intermediate 

state due to steric strain in starting materials and 

products. 
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1.2.4. STEREOCHEMICAL CHANGE 

If base hydrolysis of Co(IIl) pentaamine complexes 

really follows an S„1CB mechanism - and much evidence for 

this exists now as was shown in the preceding sections -

the configurations of the final products should only 

reflect the geometry of the intermediate state of reduced 

coordination number and therefore be independent of the 

leaving group. Products from competition with other 

nucleophiles than water therefore should also have the 

same configuration. Most published results show this 

feature. However, base hydrolysis of N-methyi-2,2',2"-

triaminotriethylamine ammine Co(IIi) complexes with diffe­

rent leaving groups such as Cl-, Br~ and NH„ show a marked 

difference from this behaviour [6l]. Buckingham and coworkers 

interpret this by either a purely dissociative process 

in which the solvent sheath of the coordinatively un­

saturated inermediate state has had no time to rearrange 

and therefore still reflects the environment of the ini­

tial species or by an I_ process where the loss of the 

leaving group is accompanied by some small degree of 

bond making with the nucleopile. Both interpretations 

are consistent with the observation that the stereo­

chemistry seems to be influenced by the charge of 

the initial species. 
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1.3. CONCLUSION 

Concluding the discussion of all proposed mechanisms, 

we see that there exists considerable evidence for the 

formation of leaving-group independent coordinatively 

unsaturated intermediate states in base hydrolysis of 

Co(III) pentaamine complexes. These intermediate states 

may arise from the well established S^iCB - mechanism. 

If reactive ion pairs with OH- (S NIIP) are included, the 

pattern presented in eq 18 is obtained. 

CoA5X
n+ + OH" 

Q *K 
CB 

fast 

, I F • (CoA„Xn+ / OH") 
fast 3

 Ä 

0 
Ki 

C0A5-HX^
n-1^+ + H2O ^ i P . 

CB 

fCoAc-HX
(n-^+/ OH") 

CCA5-H
0+Ji=* C0A5-H

n+ JL* C0A5-H
n+ 

(TBP)O (SP)© 
kHrt0 

CoA OH 

- The conjugate base G may be produced by dissociation 

of an amine proton in the starting materialQ or in 

the ion pair ©, produced by starting material Q) and 
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a hydroxide anion. The fraction of both pathways depends 

on the values of the equilibrium constants K__, K__ 
Uti Ir 

and Kig. Subsequent loss of the leaving group leads 

to the coordinatively unsaturated intermediate state ©. 

This reaction is normally rate determining, but there 

exist cases where the deprotonation 'of the coordinated 

amine function is slower than loss of the leaving 

group. In these cases each act of deprotonation leads 

to reaction of the conjugate base (cf.1.1.7.). 

- The coordinatively unsaturated intermediate state © 

which results from loss of the leaving group from the 

conjugate base G has first square pyramidal configu­

ration ©. Relaxation to a trigonal bipyramidal Q) or 

a tetragonal pyramidal configuration © should have 

rates which are faster than reprotonation or bond 
formation to the entering nucleophile (k = 
19 id. —i relax 

10-10 s [61]). If base hydrolysis follows the route 
via the coordinatively unsaturated intermediate G. the 
stereochemistry in the products will be predicted from 
the values of the constants KT and. Ki which reflect 
the stabilities of the three possible configurations. 

In the case of a r.-stabilized intermediate state (this 

work) K1 £> 1 > K' (if the rearrangement of the square 

pyramidal configuration is faster than reprotonation 

or bond formation to the entering nucleophile). In the 

case of N - C o ( I I I ) - backbonding [26,27] KJf K^ < 1 

or bond formation to the entering nucleophile is faster 

than rearrangement of the initial square pyramidal 

species. Henderson and Tobe have recently demonstrated 

[62] that the geometry of the ligand sphere has a big 

influence on K 
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- The route via intermediate @ symbolizes a possible I_ 

mechanism without a coordinatively unsaturated inter­

mediate. This route possibly explains unusual stereo­

chemical results [6l] . It is obvious that this 

behaviour becomes important with increasing charge 

of starting materials. 

- Unusual stereochemical results [6l] and changes in 

competition ratios using differently charged leaving 

groups [61,52,58] show the need for having additio­

nal information on the rearrangement lability of the 

first coordination sphere on the time scale of the 

life-time of the coordinatively unsaturated interme­

diate state. It is evident that the structure of this 

environment is reflected in both product distribution 

and product configuration. 
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1.4. THE CONFIGURATION OF THE COORDINATTVELY UNSATURATED 

INTERMEDIATE STATE 

There exist in principle three possible configurations 

for five coordinate intermediate states, two may be 

termed as pentahedra, one is a hexahedron [63] (fig.l). 

square tetragonal trigonal 
pyrami d pyramid bipyramid 

(pentahedron) (pentahedron) (hexahedron) 

figure 1 : possible configurations for the coordina-

tively unsaturated intermediate states 

The square pyramid arises from an octahedral complex by 

loss of a ligand without subsequent rearrangement. The 

four small triangular faces are essentially blocked 

against attack of incoming nucleophiles. Attack at the 

square bottom face will lead to retention of configura­

tion. The two other polyhedra are the result of some re­

arrangement subsequent to lo'ss of a ligand. The faces are 

now all open to attack by nucleophiles and this allows 

for configurational rearrangement. 
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1.4.1. THE STEREOCHEMICAL CONCEPT 

The stereochemistry of starting materials and products 

is normally easy to detect whereas the configuration of 

the intermediates is not, especially when the intermediates 

are short-lived as it is the case in base hydrolysis 

where their lifetime is at the diffusion controlled li­

mit [64]. In these cases a stereochemical relationship 

between the configuration of starting materials and 

products is very useful. The following conditions must 

be fulfilled [26]: 

- The intermediate is short lived enough that attack of 

incoming nucleophiles is faster than multiple rearrange­

ments. 

- In a first state immediately following metal-leaving-

group rupture, the intermediate state has square py­

ramidal configuration. 

- In subsequent rearrangement the ligand motion should 

be as small as possible. 

- The attack of an incoming nucleophile is in principle 

the reverse of the first step, viz. attack of the 

nucleophile at a square bottom face of a square pyramid. 

Stereochemical changes are essentially easy to detect 

when the starting material is optically active. In these 

cases we observe retention or inversion of the configu­

ration - a chiral intermediate is the consequence - or 

racemisation - an achiral intermediate is the conse­

quence - or a mixture of all. 

Our work aims at designing and testing a suitable ligand 

system which should enable us to distinguish whether the 

intermediate has pentahedral or hexahedral configuration 

(fig.2). 
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racemisation retention 

figure 2 : a possible system to detect the configuration 

of the intermediate state 

It is evident that full racemisation in such a system 

would be consistent with the only achiral intermediate 

state which is a trigonal bipyramid and would have the 

possibility to be stabilized by ir-bonding. 
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2. RESULTS 

2.1. ABBREVIATIOKS 

A 

bach 

bamp 

dap o 

dien 

dimen 

dmso 

dpt 

en 

ept 

H d i p i c 

tmd 

X 

x' 

IT 

It ' 

O) 

W ' 

it NNO 

L, NNO 

amine l i gand 

l , 3 - b i s - ( a m i n o m e t h y l ) - i s o c h i n o l i n 

2 t 6 - b i s - ( a m i n o m e t h y l ) - p y r i d i n e 

1 ,3-diaminopropane-2-ol 

2 ,2 ' -d i aminod ie thy lamine 

1 ,2-d imethyle thylenediamine 

d imethy lsu l fox i de 

3 ,3 ' -d iaminodipropylamine 

e thy lened i amine 

2 1 3-diaminoethylpropylamine 

p y r i d i n e - 2 , 6 - d i c a r b o x y l i c ac id 

1,3-diaminopropane 

mer-syn-N a ' 

mer -an t i -N a* 

( ï ) f ac -exo-O a , c 

( ì ) fac -endo-O a ' c 

meso-fac-exo-0 a 

meso-fac-endo-O a 

( - ) f a c - t r i d e n t a t e dapo a 

m e s o - f a c - t r i d e n t a t e dapo 

a) This nomenclature refers to the coordination of an 

aliphatical triamine ligand, dapo and a monodentate 

ligand to a Co(III) center (cf. fig.8). 

b) The orientation of the secondary amine proton is assigned 

from the base hydrolysis rate and structure comparisons with 

related compounds [65,66]. 

c) The orientation of the hydroxo group is assigned by the 

stereochemical course and the relative rates of the 

coordination of the dangling OH-group (cf.2.6.2.)-
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2.2. TYPE OF COMPOUMDS 

Our stereochemical concept for the bonding characteristics5 

in the coordinativeIy unsaturated intermediate state 

(cf. 1.4.1.) required us to develop mixed ligand co(iii) 

complexes of the general formula [Cofmeridionally coor­

dinated tridentate ligand)(bidentate ligand)(leaving 

group)] n, where either the tridentate or the bidentate 

ligand are prochiral. This, together with the prochiral 

unit constituted by the other chelate ligand coordinated 

at the Co(IIl) center plus the leaving group creates a 

chiral complex (fig.2). The possibility of a it bond bet­

ween the r. system of a pyridine donor and the d 2 2 orbi-
x —y 

tal of Co(IIi) in the coordinatively unsaturated inter­

mediate state and the influence of this bond on the con­

figuration of this intermediate have been examined previous­

ly in pentaamines [26,27]. The change of the coordination. 

sphere from CoA X to CoA„OX allows to analyse electronic 

effects in base hydrolysis and on the properties of the 

coordinatively unsaturated intermediate state involved. 

Recently, Henderson and Tobe [62] proposed a correlation 

between the ring size and arrangement of chelate ligands 

and the base hydrolysis rate. They found that all structural 

features favouring the formation of a ^-stabilized trigonal-

bipyramidai intermediate give rise to an increase in the 

base hydrolysis rate constant. 

In this work, a stereochemical test of this structure-

reactivity correlation has been carried out. This test 

makes use of the clearly defined stereochemical conse­

quences of this IT bonding effect. 
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Co bamp dimen X Co bamp dapo X 

O 
Co bach en X Co bach tmd X 

G 
Co dipic dimen X 

figure 3 

© 
Co dipic dapo X 
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N H 2 

HN -N.H2 

H 2 ^ 

O 
x-Co dien dimen X x-Co dien dapo X 

HN 

N H2 

,Co 

*N H2 

x-Co dpt dimen X x-Co dpt dapo X 

H N 

NH2 

Xo 

.NH2 

N H2 

H;N 

"Co' 

>H*2 

O 
x-Co ept en X 

O 
x-Co ept tmd X 

figure 3 (cont.) 
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figure 3 : examples for ch i ra l mixed ligand Co(III ) 
complexes o£ the general formula [Co(meri-
dionally coordinated t r iden ta te ligand) 
(bidentate ligand) (monodentate ligand)] 

© : réf. [26,27] 
© : th i s work, ref. [67] 
© : th i s work, ref. [68] 

(Q : th is work 
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2.3. REACTIONS 

Comparison of base hydrolysis rates with the rates of 

spontaneous aquation allows to estimate the reactivity of the 

conjugate base. In previous work [21,43,44,17] accele­

ration factors of about 10 ~ 10 have been found. Compe­

tition experiments allow to examine the characteristics of the 

substitution reaction (associative or dissociative, step-

vise or synchronous) and to estimate the lifetime of 

the intermediate state relative to other starting- mate­

rials. Adequate description of the base hydrolysis reac­

tivity requires the knowledge of the rates of many indi­

vidual reaction steps: The rate of deuterium exchange 

gives a relative measure of the acidity of the NH protons 

and thus of the relative ease by which different possible 

conjugate bases are formed. The rate of base hydrolysis 

is usually a composite quantity (cf. 1.1.2.) reflecting the 

deprotonation step as well as the rate determining loss 

of the leaving group. The immediate hydrolysis product, 

arising from scavenging of solvent by the coordinatively 

unsaturated intermediate state may undergo various sub­

sequent reactions: isomerization may be accompanied by 

spectral change in the UV/VIS region; change in optical 

activity may occur at the same or a different rate and 

needs to be specified separately. In the presence of coor­

dinating anions, the primary hydroxo or aqua complex 

may undergo anation (substitution of OH"/ OH. by anions) 

concurrently. Another possibility of forming aniono 

complexes is by way of scavenging anions concurrently 

with solvent scavenging. Subsequent hydrolysis of this 

anion competition product may also be observed. These 

possibilities, all of which have been observed in this 

work are summarized in fig. 4. 
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figure 4 : reactions studied in our systems: 

<D spontaneous hydrolysis (k„ n t
s~ J ) 

2 r -1 11 
© proton exchange (k... [H s J) 
G base hydrolysis (kQH [M

- S~ J ) 
@ competition (% CoA Y) 
G racemisation (k_H [M

- s~ J ) 

© anation (^! *' [s"1] ) 

© isomerisation (k. [s~̂ J ) 
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2 . 4 . METHODS OF SYNTHESIS AHD RESOLUTION OF CHIRAL COMPOUNDS 

2 . 4 . 1 . SYNTHESIS OF Co d i p i c A A X - COMPLEXES 

2_ 
.Complexes wi th mer id iona l l y coo rd ina t ed d i p i c , two amine 

l i g a n d s and a monodentate l i g a n d c o n t a i n t he chromophore 

CoA OpX where t he two oxygen donors occupy t r a n s p o s i t i o n s . 

Our work i n t h i s a rea aimed a t developing good s y n t h e t i c 

r o u t e s and methods t o a s s ign t h e i r s t r u c t u r e s . A genera l 

r o u t e t o t h e s y n t h e s i s of mixed l i g a n d C o ( I I l ) systems 

wi th amine l i gands i s t he ox ida t i on of t he cor responding 

l a b i l e Co(II ) complexes. Fa l l ab and coworkers [ 7 0 , 7 l ] 

have shown . tha t dioxygen o x i d a t i o n of spec i e s with a t 

l e a s t t h r e e n i t r o g e n donors g e n e r a l l y g ives b i n u c l e a r 

M-peroxo s p e c i e s which normally undergo redox decomposi­

t i o n t o l e a d t o mixed l i gand C o ( I I l ) compounds. However, 

dioxygen o x i d a t i o n of an equimolar mix ture of sodium 

p y r i d i n e - 2 f 6 - d i c a r b o x y l a t e , e thylenediamine and Co( I l ) 

n i t r a t e hexahydra te i n wa te r a t O 0C gave dark brown 

r e a c t i o n mix tu res from which p y r i d i n e - 2 , 6 - d i c a r b o x y l i c 

a c i d and Coen2OH2Xn+ were i s o l a t e d a f t e r a c i d i f i c a t i o n 

(eq 1 9 ) . Only a small amount (<1%) of Co d i p i c en OH2
+ 

was d e t e c t e d by H-NMR and IR spec t roscopy i n a s o l i d 

f r a c t i o n ob ta ined by adding a c e t i c ac id to t he r e a c t i o n 

m i x t u r e . We i n t e r p r e t t h i s r e s u l t by d i s p r o p o r t i o n a t i o n 

of t h e b i n u c l e a r Co( I l ) p r e c u r s o r complex (eq 1 9 ) . 

2 (19) 

[Co I 3 : I dip ic en 0 H . ] + [Co (en) ( O H J 2 ^ + + [Co d ip ic , , ] " 
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This hypothesis is supported by the observation that dioxy-

gen oxydation of the same reaction mixture in presence of 

an excess of sodium nitrite did not yield the desired 

Co dipic en NO - complex but a compound which was found 

by chromatographic analysis and individual characterization 

of the components to be a mixture of cis-[Co enp (
N0
0)p]o 

Cco dipic (NO2) ] and trans-[Co en? (NO 2)^ 2 [Co dipic (NO2)J 

(« 1 : 0.7; 1H-NME). 

We therefore have chosen an alternative approach, starting 

from Co(III) complexes with substitutional^ labile-Ii-

gands. This method has prcedent in recent work [72-74] . 

One possible starting material is the Co(CO.)-AA~ - ion 

(eg 20). 

C(NH0). [Co en (COJ0] + H.dipic + H0O 

Cco dipic en OH3 + CO2 + C(NH2) HCO (20) 

[Co dipic en OH] + HX » [Co dipic en OH0]X 

The pure hydroxo complex was only isolated in very small 

amounts, but treatment of the crude material, probably 

a mixture of hydroxo'and carbonato complexes, with acids 

afforded salts of the aqua complexes in very high yields. 

Solutions of the hydroxo complex were prepared by depro-

tonation of the aqua ion which is a weak acid with 

pK = 7.48 - 0.05 (determined by Potentiometrie titration 
a 4-

at 25.0 - 0.1 0C, fi= 1.0 (NaClO )). Deprotonation is 

accompanied by a spectral change of the lower energy 

spectral band to lower frequencies (fig. 5). 
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€ (1 mol"1 cm"1) 

1200 

1000 

800 

600 

400 

200 

350 400 450 500 
X (nm) 

550 600 

figure 5 : spectral change during deprotonation of 

Co dipic en OH* at |i= 1.0 and 25.0 - 0.1 0C 

pH = 6.50 

-• pH = 7.33 

pH = 8.02 

pH = 9.30 

Another suitable starting material are Erdmann's salt 

type Co A A (N0.)4 ~
 sPec:Les* They react with H dipic 

in water to give the corresponding nitro complexes 

(eq 21). 
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1 h 80 0C 
Co A A (NO2) + Hgdipic - Co dipic A A KO 

—--̂ "̂ 1 (21) 

Co dipic A A ONO Co dipic A A OH* 
2 

In the diammine series, three different species could be 

isolated to all of which ve attribute a structure where 

the ammine ligands are trans to each other (cf. 2.5.1.). 

First a yellow brown compound precipitated which is spa­

ringly soluble in either water or dimethyl sulfoxide. 

It is not retained on both cation or anion exchange re­

sins (Dowex 5OW X8, 50-100 mesh; Dowex 1 XB, 100-200 mesh 

respectively). This fact together with its VTS-spectrum 

which is typical of a chromophore with N-bound nitrite 

is compatible with a trans-Co dipic A NO - complex. 

As a second product a purple water-insoluble species, 

presumably trans-Codipic A ONO could be isolated. After 

some days, crystals of the presumably aquated complex 

were filtered off. This violet water-soluble trans-

Co dipic A OH* - ion shows retention on a Dowex 5OW 

X8, 50-100 mesh column. The same synthetic route applied 

to Co dapo (NO-)" led directly to a violet sparingly 

water soluble compound, probably the Co dipic dapo ONO -

complex which has no retention on a Dowex 5OW x8, 50-100 

mesh column. 

Uncharged aniono complexes were prepared by two principal 

different routes. The sparingly water soluble azido, 

nitro an thiocyanato complexes in the ethylenediamine 

series were obtained by anation of the corresponding aqua 

complex in neutral aqueous solutions containing the anion 
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at IM concentration at 25 0C (eq 22). 

Co dipic en OH2
+ + X~ - Co dipic en X + H O (22) 

The formation of the azido complex was followed kinetically 

(cf. 2.6.7.)» In other experiments we tried to thermally 

dehydrate the different solid salts of the aqua complex. 

Heating X-ray powder photographs were taken of samples 

at heating rates of 1 or 6 °C/min. (fig. 6). In most 

cases (X = NO", Br", CH COO-, (SO. J1) redox decomposi­

tion of the samples occurred at temperatures lower than 

or close to the temperature of dehydration. On the other 

hand, for X = Cl" and C-OH-, the set of powder lines of 

the starting materials disappeared and a new set arose 

(fig. 6). Thermal analysis with on-line mass spectral mo­

nitoring of gaseous reaction products established that 

the process was strictly stoichiometric (fig. 7). There 

was no evolution of CO2 (g). 

These two thermal reactions could be carried out on a 

preparative scale (eq 23 and 24) and the reaction pro­

ducts gave satisfactory analyses. 

w200 0C 
Co dipic en OH Cl (s) *• Co dipic en Cl (s) 

+ H2O (g) (23) 

^100 0C 
Co dipic en OH3 C3O4H (s) Co dipic en O4C2H (s) 

+ H2O (g) (24) 
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© 

Pt Pt Pt 

f i g u r e 6 : h e a t i ng X-ray powder photographs of 

[Co d i p i c en O H ] C O H ( s ) ( (D ) and 

[Co d i p i c en OH2]Cl ( s ) ( © ) . 

Fe Ka - i r r a d i a t i o n ; h e a t i n g r a t e = 1 *C/min 
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.Figure 7 : DTG, TG and MS spectrum of t he complexes 

[Co d i p i c en OH2]Cl ( s ) ( ) and 

[Co d i p i c en OH3]C2O4H ( s ) ( - ) 

h e a t i n g r a t e : 6 °C/min; 10 mg ( c h l o r i d e ) , 

25 mg ( o x a l a t e ) 



-59-

The chloro complex proved insoluble in water but was so­

luble in dmso. A solution of the chloro complex in dmso 

treated with Hg or Ag (eq 25) led to the dmso - complex 

which was precipitated as the nitrate or Perchlorate 

salts. 

dmso 
Co dipic en Cl + AgNO - [Co dipic en dmso] NO 

+ AgCl (s) (25) 

Its VIS - spectra is very similar to that of the corres­

ponding aqua ion (cf. table 4). A cursory investigation 

of its aquation was therefore made by H-NME in D_0 t 

making use of the significant difference of chemical 

shifts of free and coordinated dmso (cf, 2.6.7.)» 
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2 . 4 . 2 . SYNTHESIS OF Co dien dapo X "and Co dpt dapo X 

COMPLEXES 

Dioxygen oxidation of aqueous solutions of Co(IIl) chloride 
hexahydrate, dien or dpt and dapo in stoichiometric r a t i o s 
at O 0C afforded a dark-brown solution, presumably con­
taining the binuclear ji-peroxo complex with the desired 
mixed ligand sphere [71.72,75]. The crude solution was 
t rea ted with hydrochloric acid and zinc chloride at 0 0C. 
The colour changed to dark green. After one night at 
room temperature, a green c r i s t a l l i n e substance, most 
l ike ly a binuclear p-superoxo complex, was f i l t e r e d off 
from the solution which had turned dark red. The desi­
red mononuclear chloro complexes precipi tated during the 
next few days as te trachlorozincate sa l t s and were r e -
c r i s t a l l i z e d from water at 0 0C and precipi ta ted by addi­
t ion of hydrochloric acid and zinc chloride. There exist 
six geometric isomers of the type [Co dien dapo x ] n + 

and two with dapo as a t r iden ta te ligand [Co dien dapo] 
( f ig . 8 ) . The «and «'isomers have meridionally coordinated 
dien. They differ only in the orientat ion of the secondary 
amine proton. No such isomerism i s possible for the other 
isomers. Both mer-structures are c h i r a l . Dissymmetry 
may be considered to a r i se from the OH-group remote from 
the donor atom by two atoms. The IT and *' isomers differ 
from each other by the orientat ion of the OH-group in the 
dapo ligand. While the i^-isomer has the poss ib i l i t y to 
coordinate the OH-group which gives the "NNO-isomer there 
ex is t s no such poss ib i l i ty for the ir-isomer without pre­
vious rearrangement of the ligand sphere. Both isomers 
are c h i r a l . An analogous difference exis ts for the two 
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^fT2 * 

x NNO WNNO 

figure 8 (cont.) : the geometrical isomers of 
[Co AAA dapo x ] n + and [Co AAA dapo] 3 + 

(AAA = dien or dpt) 

meso-fac s t ructures uandw1. There exist therefore two 
geometrical isomers for complexes with t r iden ta te coordi­
nated dapo, the ch i ra l KNNO - isomer and the meso wNNO -
isomer. 

In the dien se r i e s , five different isomers were i so la ted 
and characterised (x, / , *, *', UNNO) by the i r CD-, VIS-, 
IR-, 1H-NME- and 13C-NMR-spectra (cf. 3 .5 .2.) and by 
the i r base hydrolysis kinet ics (cf. 2 . 6 . ) . The yield of 
the different mononuclear chioro complexes i s strongly 
dependent of the reaction temperature and the time between 
the end of the preparation and the precipi ta t ion of the 
product. I t was shown by ion exchange chromatography 
(Dowex 5OW X2; 100-200 mesh) that a fresh reaction mixture 
of the mononuclear pentaamine Co(IIl) - complexes con-
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tained no irNNO - isomer. The x- aqua compound isomerizes 

in acid solution to afford a * - type isomer. Dioxygen oxi­

dation of the labile Co(Il) precursor complex gave the *' -

isomer in very small isolated yield only and the «'-isomer 

vas never found. The last was prepared from the x'-azido 

complex by addition of hydrochloric acid and precipitated 

as the tetrachlorozincate salt. 

The bromo complexes were prepared either by reacting the 

corresponding hydroxo complexes prepared by silver (l) 

or mercury (II) assisted hydrolysis of the chloro com­

pounds with hydrobromic acid and zinc bromide or by reac­

ting the corresponding azido complexés with hydrobromic 

acid. 

The azido complexes were either obtained from neutral 

aqueous solutions of the corresponding chloro or aqua 

complexes with an excess of sodium azide or by hydrolysis 

of the corresponding chloro complexes in alcaline solutions 

in presence of an excess of sodium azide. The azido com­

pounds were crystallized as tetrachlorozincate salts by 

addition of zinc chloride and lithium chloride. Base 

hydrolysis of the x- chloro complex in sodium azide contai­

ning solution afforded a mixture of the x- and x'-isomers 

in a ratio of about 1 : 1.5 ( H-NMR). These mixtures were 

precipitated fractionally from aqueous solutions by addition 

of sodium antimonyl - L - tartrate. 

In the dpt - series only one isomer was isolated which was 

13 
characterised by i t s CD-,VIS- and C-NMR-spectra as the 
x- isomer (cf. réf. [75-78] ). 
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2.4.3. RESOLUTION OF ENANTIOMERS 

All complexes resolved in this work are cations. They were 

resolved by precipitation of the less soluble diastereo-

meric salt with an optically active anion, such as sodium 

arsenyl - L - tartrate or sodium antimonyl - L - tartrate. 

To aqueous solutions - the presence of lithium chloride 

increased in some cases the optical yield - of the comp­

lexes was added half an equivalent of the optically active 

anion. The precipitate was recristallized from aqueous 

solutions containing the resolving reagent. This proce­

dure vas repeated until constant ellipticity was reached. 
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2 . 5 . SPECTROSCOPY AND STSUCTURAL ASSIGNMENTS 

±n 
2 . 5 . 1 . Co d i p i c A A X - COMPLEXES 

2— The t r i d e n t a t e l i g a n d d i p i c i s coo rd ina t ed m e r i d i o n a l l y 

as i n a l l known complexes of t h i s l i g a n d f o r which X-ray 

s t r u c t u r e de t e rmina t ions e x i s t [79-81] . 

The VIS- spec t r a l da t a of most of t he new compounds a r e 

l i s t e d i n t a b l e 4 . Since t h e chromophores have low symme­

t r y , t he p o s i t i o n of t he maxima i s i n f l u e n c e d by t h e 

r e l a t i v e i n t e n s i t y of ove r l app ing components of t h e s p e c t r a l 

bands . For example, t h e long wave l eng th maximum of 

Co d i p i c ~ occurs a t s l i g h t l y h ighe r f r equenc ie s than t h a t 

of Co d i p i c dien , c o n t r a r y t o a simple p r e d i c t i o n based 

on donor atom p o s i t i o n s i n t he spec t rochemica l s e r i e s . 

This i s mainly due t o t h e d i s t o r t e d c o o r d i n a t i o n geometry 
2 -caused by the d i p i c - l i g a n d . The band p o s i t i o n s have 

t h e r e f o r e l i m i t e d va lue i n determining t h e s e t of donor 

atoms. However, s t r u c t u r a l assignment of the t h r e e t r a n s -

Lco d i p i c (NH ) x] complexes may be supported by t h e 

VIS- spec t r a l p r o p e r t i e s . The yellow-brown s p e c i e s , a non-

e l e c t r o l y t e , has t h e low energy t r a n s i t i o n (der ived from 

o c t a h e d r a l A. —- T ) a t 465 nm and the second t r a n ­

s i t i o n (de r ived from o c t a h e d r a l A —*- T p ) i s not ob ­

served because of over lap wi th a s t r o n g charge t r a n s f e r 

t r a n s i t i o n . Both a re c h a r a c t e r i s t i c f o r N-bound C o ( I I l ) -

n i t r o complexes (cf . t a b l e 4 ) . On t h e o the r hand the two 

o t h e r i somers have VIS- spec t r a l p r o p e r t i e s which a r e cha­

r a c t e r i s t i c f o r Co d i p i c A A X - - s p e c i e s wi th a l i gand 

X with an oxygen donor. 
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2_ 
Infrared spectroscopy of the complexes containing dipic , 
two ammonia or a diamine and a monodentate ligand served 
as a useful charac te r i s t i c of the species. Although the 
spectra vere not fully analysed, the comparison with 
reference spectra and l i t e r a t u r e values (83-87] allowed 
to determine some bands of diagnostic value. Coordinated 

2— dipic has the following charac te r i s t i c bands: 1080 -
1090 cm" ( intense, sharp), 910 - 920 era"1, 680 - 695 cm -1. 

2— —1 
The carbonyl band for coordinated dipic (1670 - 1630 cm ) 
l i e s between the l ines for free H_dipic (1700 cm ) and 

2— —1 
free dipic (1600 cm ) . The C E » - s t retching frequencies 
occurs at 2100 cm" for the N-bounded thiocyanato complex 
[83] and the azide ion absorbs at 2040 cm" and 1335 cm 
in the aaido complex [84]. For the presumed 0- and N-
bonded n i t ro complexes, none of the charac te r i s t ic f r e ­
quences of the n i t r i t e ion have been observed [85J in the 
spectra of the dipic complexes and we cannot presently 
ident i fy the NO. bonding mode with cer ta in ty . Linkage 
isomerism i s also possible for dmso [86] and th i s ligand 
has been considered to be oxygen-bonded in [Co (NH ) dmso] 
[87] on the base of a low energy shif t of the v streching 
frequency to about 930 - 950 cm" . In [Co dipic en dmso] NO , 

-1 -1 
a strong broad band at 930 cm with shoulders at 940 cm 
and 960 cm" i s assigned to t h i s v ibra t ion. This band does 
not appear in [Co dipic en OH ] NO and we infer bonding 
through oxygen in th i s dmso complex. 
The 1H-NMR spectra typical ly show a re la t ive ly complex 
seven- to th i r t een- l ine pattern for the three aromatic 
protons of coordinated dipic ( f ig . 9) . In contras t , a 
two l ine pat tern with a coupling constant of less than 
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1 Hz i s found for H dipic (8.38 ppm) and Na.dipic (8,01 ppm) 
in D_0 and this feature has been used to t e s t for free 

O TlJ. 

dipic in reaction mixtures. In the Co dipic en X 

series, the ethylenediamine methylene protons generally 

appear as two quintet patterns (intensity ratio about 

1 : 4 : 6 : 4 : 1 ) owing to very similar coupling to 

vicinal CH and NH protons (fig. 9). In alcaline solutions 

containing the hydroxo complex (X = OHj, the amine functions 

are deuterated and the resulting methylene proton pattern 

may be described phénoménologiealIy as two sets of doub­

lets with some mutual effect on the line intensities (fig. S). 

JiX 

A. 

J\ A ^ U V J K -

A 

-A-A. TV J 

JV 

Jd y v LJL_ 
8 7 6 5 4 3 ppm 

f i g u r e 9 : 200 MHz H-NMR s p e c t r a of [Co d i p i c en X ] n + 

complexes i n DMSO-dg ( O - O ) o r D-O 

( © , O ) r e l a t i v e t o i n t e r n a l TSP. 

<D : X = N"; © : X = N0~; O : X = Cl" ; 

@ : X = dmso; © : X - OH3; © : X = OH2; 

O : X = OH-

0 

A A J\A.)\A- © 

O 
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On the whole, these patterns are sharp and simple owing to 

the large inequivalence of the methylene groups adjacent 

to the eis and trans amine functions relative to the uni-

dentate ligands. 

The amine protons are observed in acid D?0 / DpS0 solu­

tions (pD » 3). They exchange slowly in this medium. 

The two NH_ - groups are strongly nonequivalent in 

Co dipic en X species, one occuring at about 7.3 ppm and 

the other near 4.8 ppm (fig. 9), thus overlapping with the 

HOD - signal. The last is observed in DMSO-dfi - solutions. 

In Co dipic en dmso dissolved in DMSO-d- the NH„ protons 
o d 

at low field give rise to two separate resonances. In 

Co dipic dapo O H + the same inequivalence is observed 

for both NH - functions, but no such splitting is observed 

in Co dipic en Cl. Inequivalence as observed in the first 

two cases is attributed to solvation effects and has been 

observed previously [88,89], Since this inequivalence of 

the amine protons in the ethylenediamine series is influenced 

by the leaving group, we may assign them to the amine 

function eis to the leaving group. An irradiation experi­

ment on Co dipic en O H + ion showed that the ethylenedia-

mine methylene protons at low field couple to the amine 

group at low field, eis to the leaving group (fig. 10). 
2+ 

Yoneda and coworkers [90] have found for Co A Cl comp­
lexes that trans NH - protons appear at higher field. 
The observed positions for the amine protons in 

[Co dipic (KH3J3I
+ in D3O (5.2 ppm (3 H) and 3.7 ppm 

(6 H)) can serve as a guide in the structural assignment 

in [Co dipic (NH ) ? x ]
n + complexes. For the three diffère 

unidentate ligands X = H3O (D2O), NO2 (DMSO-dg) and ONO 
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I 

7 6 5 4 3 2 ppm 

figure 10 : 200 MHz H-NMR spectra of [Co dipic en OHJ+ 

in D_0 / D SO r e l a t i ve to in ternal TSP 
©; i r r ad ia ted at 4.93 ppm 
0 : i r rad ia ted at 7.34 ppm 

(DMS0-d6), amine proton signals are found at 4 . 1 , 4.4 
and 3.6 ppm, respect ively. This i s consistent with the 
position' of ligand X t rans to the pyridine nitrogen 
donor and therefore a trans arrangement of the turo euimine 
l igands. 

© 
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2.5.2. CO AAA dapo X n + - COMPLEXES 

The VIS - spectral parameters of these complexes are listed 

in table 5. The differences between complexes with meri-

dionally and facially coordinated dien are qualitatively 

the same as for Co dien tmd X n + - complexes 175]. In 

the region of the transitions at lower energy (components 

of the parent octahedral A n —• T1 transition) the 
1S 1^ n + absorption band is split for the Co AAA dapo X "' isomers. 

The change of intensities of the two bands in this region 

(460 - 495 nm, 530 - 545 nm for AAA = dien; —560 nm for 

AAA = dpt) owing to different distortions of the octahe­

dral symmetry is a good means for assigning facial or 

meridional coordination of the tridentate ligand (fig. ll). 

i 

! A 
i •' '-
! I \ 

IM \ 

i; 
I-
i 
i 

i 
\ 

/ H \ // * 

i / ; * 
À / U 

M ? 

/-"' 
/ 

/ / 
. / / 
\ // /' 
..... ^ !'T\ 
;t I ^ 
;/ / 

// I 
J I 

"\ 
\ 
\ 

\ \ 

\ ^ -\ v\ 
\ * 

figure 11 : 

VIS-spec t ra of 

2+ K-CodiendapoCl 
x'-CodptdapoCl2* 

2+ n-CodiendapoCl 
2+ tf-CodiendapoCl 

350 400 450 500 550 600 650 nm 
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In a l l known cases, one of the two low-energy absorption 
bands has a higher extinction coefficient for facia l 
and a smaller extinction coefficient for meridional 
coordination. The high energy band of the JTNNO - isomer 
i s very sensi t ive to deprotonation of the coordinated 
OH - group and the pK - value (pK = 2.74 - 0.05; deter-a a 
mined by Potentiometrie t i t r a t i o n at 25.0 * 0.1 0C; 
\i = 1.0 (NaClO )) was thus also measured spectrophoto-
metrically ( f ig . 12) to give agreement with the f i r s t 
resu l t (pKa = 2.72; T = 25.0 - 0.1 0C; |j = 1.0 (NaClO4)). 

pH ss 1 

pH = 2.404 
pH = 3.145 
pH = 14 

300 350 400 450 500 550 600 run 

figure 12 : VIS-spectra of tfNNO-[Co dien dapo] 
in various buffers [69] 
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AIl compounds show the usual two CD-absorption bands in 
the region of the low energy t rans i t ion (derived from 
octahedral A

1 O ~ " "
 Tia-) with opposite sign'. The CD spectra 

in the region of the second t rans i t ion (derived from 
octahedral A —- T ) are very sensi t ive to the leaving 
group. The isomers with meridionally coordinated dien or 
dpt have phenomenologically nearly the same CD-spectra 
as [Co bamp dapo Cl] [26,27] which also has a meri.dionally 
coordinated t r iden ta te amine ligand (fig. 13).This s imila­
r i t y i s a t t r ibu ted to the same source, v iz . the OH - group 
of dapo as the only disturber of symmetry of a l l three 
chromophores in question. I t destroys the time-average 
mirror plane present in the analogous tmd complex. 

Optically active fac ia l isomers are easi ly distinguished 
from meridional ones by the i r i n t ens i t i e s of the t ran­
s i t i o n s . The opt ical ac t iv i ty of the x- isomers may be 
a t t r ibu ted to a conformational effect induced by the 
OH substi tuent of dapo [26,92], The resul t ing disturbance 
of symmetry i s remote from the chromophore and causes 
a small CD - effect . On the other hand, the opt ical a c t i ­
v i ty of the n- type isomers a r i ses from a configurational 
effect , a dissymetric posi t ion of the ligand atoms. Their 
CD - i n t ens i t i e s are therefore ~5 - 6 times higher. 

1 ±n 
The H-HMR spectra of Co dien dapo x - complexes were 
compareö with the dien- and dapo-camplexes in the dipic 
ser ies ( f ig . 14). The signal of the secondary dien amine 
proton has the highest chemical sh i f t . I t s exchange ra te 
in complexes with meridionally coordinated dien i s higher 
than that of a l l other e i s amine protons (cf. 2 . 6 . 3 . ) . 
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2+ x- Co dien dapo Cl „ 

Jt- Co dien dapo Br 
2+ 

x- Co dien dapo N„ „+ 
x- Co d ien dapo OH 

X- Co dpt dapo C l . ' 
Co bamp dapo Cl 

2+ 

2+ ir- Co dien dapo Cl . 
it- Co dien dapo Br 

nNNO-Co dien dapo 
irNNO-Co d ien dapo 

2+ 
3+ 

350 400 450 500 550 600 650 nm 

figure 13 : CD - spectra of opt ical ly active Co(IIl) complexes 
utith dapo and ei ther dien, dpt or bamp (arbi t rary 
ordinate sca le ) . 
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f i g u r e 14 : 200 MHz 1H-NME s p e c t r a i n DMS0-dg ( © - © ) 

o r D20/D3SO C © - <Q) ) r e l a t i v e t o TSP : 

® Co d i p i c dapo ONO 

(D Co d i p i c dien + 
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2+ 
Q) x - Co dien dapo Cl 

@ x - Co dien dapo Cl 
2+ 

0 x- Co dien dapo Br 

(D x - Co d ien dapo N 

(2) V- Co d ien dapo N 3
2 + 

® T - Co d ien dapo C l 2 + 

2+ 
(§) T- Co dien dapo Br 

2+ 
Q IT- Co dien dapo N -

(Ql T'- CO dien dapo Cl 

I n t h e same complexes, t h e t r a n s amine p ro tons have t he 

lowest chemical s h i f t s and the h ighes t exchange r a t e s 

(cf . 2 . 6 . 3 . ) . They normally appear a t h ighe r f i e l d than 

t h e e i s amine p ro tons [ 9 0 , 9 3 ] , and i t i s we l l Jcnown t h a t 

t h e i r exchange i s s lower i n CoA5Ci2+ complexes than i n e i s amine 

p ro tons [94] . The e i s amine p ro tons of dapo and d ien are 

p a r t l y b u r i e d under t he HOD s i g n a l . They a l l can be ob ­

se rved when s p e c t r a a r e c a r r i e d out i n DMSO-d,- - s o l u t i o n s . 
1 ° 

The main d i f f e r ence i n H-NMR spec t roscopy between the * 

and *' i somers of t h e az ido complex l i e s i n t h e d i f f e r e n t 

chemical s h i f t of the secondary amine p ro tons ( f i g . 1 4 ) . 

11 
C-NMR spec t roscopy i s perhaps t he s imples t method t o 

d i s t i n g u i s h and t o s t r u c t u r a l l y c h a r a c t e r i z e t h e d i f f e r e n t 
i somers of Co dien AA X™"- and Co dpt AA X*1"*"- complexes. 

Owing t o t h e d i f f e r e n c e s i n symmetry between x - , r.- and 
1 *i 

w-type isomers (cf . f i g . 8 ) , t he number of ^C-NMR s i g n a l s 

a r e d i f f e r e n t . Since t h e r e a r e symmetry equ iva len t carbon 

n u c l e i , t h e number of l i n e s i s reduced i n x and w i s o m e r s . 
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This is strictly true only for species with no other than 

methylene carbons. For xdapo complexesj the-two pairs of 

dien carbons are only nearly equivalent (see below). Further­

more, their chemical shifts show nearly no influence of 

the leaving group X (fig. 15). The attribution of the diffe­

rent signals to specific carbon atoms is possible by com­

parison of the spectra of the different isomers with each 

other and with other complexes containing coordinated 

dien, dpt or dapo (fig. 15, table 6). 

The carbon atoms in the dien and dpt ligands in several 

mer-cis-[Co dien A x] + - species are pairwise nearly 

or perfectly isochronous [95,963. The small splitting 

of the two or three corresponding resonances is attributed 

to the presence of the OH - group in the sine membered 

chelate ring which influences its conformational equili­

brium position. This small, distant effect is transduced 

to the carbon atoms of the tridentate ligands. 
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x- Co dien dapo Cl 2+ 

>'- Co d ien dapo Cl 

x- Co dien dapo Br 2+ 

2+ 

2+ 

x- Co d ien dapo Br 

x- Co dien dapo N, 

it- Co dien dapo N 2 + 

x- Co dien dapo OH 2+ 

2+ 

2+ 

2+ 

IT- Co dien dapo Cl 

*- Co dien dapo Cl 

r - Co dien dapo Br 

70 60 50 40 30 20 ppm 

f i g u r e 1 5 : 50.32 MHz 1 3C NME-spectra i n D20/D2S0 r e l a t i v e t o 

i n t e r n a l Dioxan (67.4 ppm) 
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I 
r.~ Co d ien dapo N 

TrNNO - Co dien dapo 3 + 

TTNNO - Co dien dapo-H 2 

x- Co dpt dapo Cl 2 

x- Co dpt tmd Cl 2 + 

x~ Co dpt en Cl 2 + 

x- Co dien tmd Cl 2 

2+ 
Ü»- Co dien en Ci 

1 . . . 1 

70 60 50 4 0 30 20 ppm 

figure 15 (cont.) 
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subs t ance O b) e) 

2+ 

2+ 

2+ 

2+ 

2+ 

2+ 

2+ 

2+ 

2+ 

x-CodiendapoCl 

x'-Co di en dap oCl 

x-CodiendapoBr 

V-Co di endap oBr 

x-Co di en dapoN 

x'-Co dien dapoN„ 

x-CodiendapoOH 

T-CodiendapoCl 

tf-CodiendapoCl 

1[-Co di en dapo Br 

S-CodiendapoN 

TNNO-COdiendapo 

INNO-Co di en dapo 

x-CodptdapoCl2 + 

x-CodpttmdCl2+ 

x-CodptenCl2 + 

*-CodientmdCl2 + 

w-Codi enenCl 

2+ 

2+ 

3+ 

2+ 

64 .1 

64.0 

63.8 

63.2 

64.5 

64 .3 

64.4 

64.6 

65.3 

64.5 

64.4 

78.2 

77.4 

64.4 

25 .6 

25.9 

51.0 

50.3 

52 .1 

51.3 

50.3 

49.9 

49.6 

55.7 

55.8 

56.2 

54.8 

55.2 

54.0 

51.9 

51.6 

52.4 

50.8 

55.6 

5 1 . 0 ; 4 8 . 

5 0 . 1 : 4 7 . 

5 2 . 0 ; 4 8 . 

51.1f47. 

50.1J48 . 

4 9 . 8 ; 4 7 . 

4 9 . 6 ; 4 8 . 

5 5 . 0 ; 4 5 . 

5 3 . 9 : 4 5 . 

5 5 . 7 : 4 5 . 

5 4 . 3 : 4 4 . 

5 2 . 9 ; 4 5 . 

5 2 . 4 ; 4 4 . 

5 1 . 6 : 4 0 . 

3 9 . 9 : 2 5 . 

3 8 . 9 ; 2 5 . 

48.2 

45 .8 

3 :48 .2 

8 ;47 .4 

2 : 4 8 . 1 

2 ;47 .1 

2 ; 4 8 . 1 

4 : 4 7 . 1 

1;48.0 

0 ;44 .7 

043.9 

2 ; 4 4 . 1 

4 ;44 .2 

5:43.8 

4 : 4 3 . 0 

2 ; 3 9 . 5 ; 2 5 . 

4 

2 

8 ;25.7 

4 3 . 

4 3 . 

4 3 , 

4 3 , 

4 4 . 

44 . 

44 . 

4 3 . 

44 . 

4 3 , 

4 3 . 

4 5 , 

47 , 

42 . 

39, 

4 5 . 

39 . 

4 4 . 

, 6 ; 

• 4 ; 

. 5 ; 

• l i 

• 2 ; 

• 0 ; 

. 1 ; 

. 0 ; 

• 1 ] 

. 4 ; 

. 2 ; 

• 5 ; 

. 9 ; 

• 5 ; 

. 3 ; 

. 7 ; 

. 8 ; 

. 0 

: 4 3 . 

•A3. 

A3. 

A3. 

A3. 

•A3. 

A3. 

; 42 . 

; 4 3 , 

;42 , 

142, 

; 45 , 

;47 , 

; 4 i , 

; 37 . 

;44 . 

;39 . 

A 

,2 

,2 

,0 

,6 

.5 

.4 

.7 

.6 

.9 

.8 

. 5 

.4 

.6 

.7 

.5 

.5 

t a b l e 6 : 50.32 MHz 3C-NMR chemical s h i f t s of aqueous s o l u t i o n s 

r e l a t i v e t o i n t e r n a l dioxan (67.4 ppm) i n ppm 

a) t e r t i a r y carbon of dapo 

b) methylene carbons of d ien or dpt 

c ) methylene carbons of dapo 
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2.6. REACTIVITY AND STEREOCHEMISTRY IN BASE CATALYZED 

SUBSTITUTION PROCESSES 

Base hydrolysis of all complexes in aqueous buffer solu­

tions (fi = 1.0 Ht NaClO or NaN3; 25.0 ± 0.1 "C) was 

followed spectrophotoraetrically (VTS), by stopped flow 

methods (SF) or with CD-spectroscopy (CD). When pseudo 

first order kinetics were observed, plots of 

log (D - D00) against time were linear for at least three 

half-lives. The observed rate law for base hydrolysis is 

consistent with that usually found for base hydrolysis 

of Co(IIl) pentaamine complexes: k . = k
0 HC°

H ] 

(cf. 1.1.2.). The products of each reaction were analysed 
lì 

by their C-NMR-rviS- and CD-spectra for optically active 

materials. 

In this chapter, the data tables list the values of kQH 

(base hydrolysis) or of kQD (proton exchange). The 

corresponding values of k , are calculated by multi­

plying k_H or k-_ by the pertinent OH
- or OD- concentra­

tion from the given pH or pD values. pK values are indi­

cated in each table. 
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2 . 6 . 1 . BASE HYDROLYSIS RATES OF C o ( I I l ) COMPLEXES WITH 

MBRIDIONALLY COORDINATED-dien, dapo AND A MONOr 

DENTATE LEAVING GROUP 

2+ The base hydrolysis ra te of x-[Co dien dapo Cl] i s 
uo.thin the error the same as that of x-CCo dien tmd CIl 
[65]. The influence of the dapo hydroxy group i s there­
fore even less important than that observed for the 
Co bamp AA X - systems where AA = tmd or dapo [263* 
The x-isomers of Co dien dapo X - complexes with X = 
Cl , Br - and iC respectively have the highest base hydro­
lys i s ra tes measured so far in Co(IIl) pentaamine chemistry, 
This feature i s discussed in terms of the ^-bonding model 
(cf. 3 . ) . Data are presented in tables 7-9. The i n i t i a l 
product.of base hydrolysis i s shown by the i r C-NMR 

O J . 

spectra to be >95% «-[Co dien dapo OH] ion. This i s o -
merizes slowly to ^[Co dien dapo OH] . The observed ra t e 
constant for t h i s reaction was measured at 25 0C or 45 0C 
in the same reaction medium as base hydrolysis. I t i s 
independent of the OH- concentration at pH a 6.6. 
This subsequent isomerisation of the x-[Co dien dapo OH] 
i s therefore at leas t 50 times slower than the measured 
base hydrolysis r a t e s . Data are presented in table 10. 
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Buffer pH 3^ 

P y r i d i n e 5.821 

Py r id ine 5.821 

Py r id ine d ' 6.104 

Tr ie thanolamine 8.246 

T r i s 8.255 

Diethanolamine 9.239 

Ethanolamine 9.792 

Methylamine 10.988 

kOH[M' 

1.19 

1.09 

1.43 

1.11 

1.22 

1.06 

9.83 

1.24 

-I3-I3 

105 

IO5 

IO5 

IO5 

IO5 

IO5 

IO4 

IO5 

Method 

CD b> 

vis c ) 

co e ) 

SF f» 

SF f> 

SF £1 

SF *> 

SF f' 

- 1 - 1 kQH = (1 .13 - 0.093) IO5 M-1S 

2+ 
t a b l e 7 : base h y d r o l y s i s r a t e s of x-tCo dien dapo Cl] 

T = 25.0 - 0 .1 0C; \i= 1.0 (NaClO ) ; bu f fe r 

c o n c e n t r a t i o n : 0 . 1 M; LCo] t t = 2 1 0 - 3 M 

a) pKw = 13.77 

b) X= 460 nm 

c) A = 305 nm 

d) measured i n IM NaN 

e) X = 491 nm 

f ) A= 300 nm 

base h y d r o l y s i s r a t e of x-[Co d ien tmd Cl] 

i n t he same c o n d i t i o n s : k_ = 1.14 10 M s 
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Buffer 

Tr ie thano lamine 

T r i s 

T r i s 

Dietnano1amine 

Diethanolamine 

Ethanolamine 

k r t„ = (1 .40 ì 0.0 

PH *> 

8.239 

8.253 

8.274 

9.219 

9.238 

9.705 

172) IO6 M - 1 

ko>' 

1.34 

1.49 

1.49 

1.37 

1.36 

1.35 

s"1 

"1S-1J 

IO6 

IO6 

i o 6 

IO6 

i o 6 

i o 6 

OH 

t a b l e 8 : b a s e h y d r o l y s i s r a t e s o f x - [Co d i e n dapo Br] 

T = 2 5 . 0 * 0 . 1 *C; jj = 1 . 0 (NaClO ) ; b u f f e r 

c o n c e n t r a t i o n ; 0 . 1 M; Leo] t S 2 - 1 O - 3 M; 

SF; X= 342 nm 

a ) P K v = 1 3 . 7 7 

B u f f e r pH a) k Q H [ M - 1 s - 1 ] Method 

T r i s 8 . 2 7 4 

D i e t h a n o l a m i n e 9 . 2 1 9 

D i e t h a n o l a m i n e 9 . 2 1 9 

D i e t h a n o l a m i n e 9 . 2 3 8 

E t h a n o l a m i n e 9 . 7 4 5 

E t h a n o l a m i n e 9 . 8 1 8 

1 .67 

1 .22 

1 .30 

1 .45 

1 .14 

1.12 

1 0 ' 

i o : 

i o : 

i o : 

i o 1 

10J 

CD 

CD 

VIS 

VIS 

VIS 

VIS 

b ) 

b ) 

e) 
e) 
e) 
e) 

"OH 
- ( 1 . 3 2 - 0 . 2 1 ) 1 0 : M s 

t a b l e 9 : b a s e h y d r o l y s i s r a t e s o f X-[Co d i e n dapo N J 

T = 2 5 . 0 ì 0 . 1 0 C ; M= 1 .0 (NaClO ) ; b u f f e r 
— 1 

c o n c e n t r a t i o n : 0 . 1 M; [ C o ] . t = 2 • 1 0 M 

a ) p * v = 1 3 . 7 7 

b ) X = 490 nm 

e ) X = 390 nm 
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ßuffer T [0C] 

HClO. IM 
4 P*yridine 

N-ethyl-morphol ine 

T r i s 

T r i s 

Di e t hanolami ne 

Ethanol amine 

Methylamine 

45 .0 
45 .0 

45 .0 

45 .0 
25.0 

25 .0 

25 .0 

25 .0 

PH a) 

0 
6.200 
8.070 
8.450 
8.500 
9.450 
9.472 
10.0 

U t"] 

1T97 

26.7 
55.6 

55.7 
4.8 

6.29 

5.65 
5.33 

10 
,-5 

10 

10 
10 
10' 

,-5 
-5 

1-5 
-5 

kobs = (5.52 Î 0.62) 10"5 s"1 (T = 25.0 0C; pH > 6,6) 

table 10 : isomerisation r a t e of the base hydrolysis 
product of x-[co dien dapo x] 
[1= 1.0 (NaClO ); buffer concentration: 0.1 M 

[Col = 2 1O-3M; VIS; A= 485 nra 

a) pKv = 13.77 
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2 . 6 . 2 . BASE HYDROLYSIS EATES OF C o ( I I l ) COMPLEXES WITH 

FACIALLY COORDINATED d i e n , dapo AND A MONODENTATE 

LIGAHD 

I n t h i s c h a p t e r we r e p o r t p r e l i m i n a r y k i n e t i c s t u d i e s of 

t h e i s o m e r s w i t h f a c i a l l y c o o r d i n a t e d d i e n t o s u p p o r t by 

k i n e t i c d a t a s t r u c t u r e and b a s e h y d r o l y s i s mechan ism of 

t h e i s o m e r s w i t h m e r i d i o n a l l y c o o r d i n a t e d d i e n . ^C-NMR-, 

V I S - a n d CD- s p e c t r a l a n a l y s i s o f t h e f i n a l p r o d u c t s of 

t h e c o m p l e x e s r e a c t e d i n a l c a l i n e a q u e o u s s o l u t i o n s show 

t h a t b o t h T a n d T ' i s o m e r s l e a d t o t h e TNNO-[Co d i e n dapo] 

i o n i n two r e a t i o n p h a s e s . As e x p e c t e d [653* t h i s r a t e i s 

much s m a l l e r t h a n t h e b a s e h y d r o l y s i s r a t e O f T - [ C o d i e n 

dapo Cl3 . I t i s a c c e l e r a t e d b y a f a c t o r o f 24 i n t h e T ' 

i s o m e r a n d t h i s r a t e e f f e c t w a r r a n t s f u r t h e r s t u d y . I t 

a p p e a r s c o n s i s t e n t w i t h t h e p o s s i b i l i t y of p a r t i c i p a t i o n 

of t h e dapo h y d r o x y g r o u p i n t h e t r a n s i t i o n s t a t e ( f i g . 1 6 ) . 

1+ 
N ^ 

Ha 
N ^ , N 

f i g u r e 16 : h y p o t h e t i c a l t r a n s i t i o n s t a t e o f b a s e h y d r o l y s i s 

of i r ' - [Co d i e n dapo ClJ 
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This would t h e r e f o r e support t he s t r u c t u r a l assignment 

$ '= ( i ) fac-endo-OH. 

Both 1 and TC' i somers l e a d to c y c l i z e d product a t t h e end 

of t he second, s lower r e a c t i o n p h a s e . The second phase i s 

10 x f a s t e r i n t he T1 i somer r e l a t i v e t o t he T isomer and 

t h i s impress ive r a t e d i f f e r e n c e c l e a r l y suppor t s t h e 

hypo thes i s t h a t t h e Tt' isomer i s t he one t h a t c y c l i z e s 

wi thout t he n e c e s s i t y of rearrangement a t Co, i . e . ( ± ) f a c -

endo—OH. 

An independent argument i n f avo r of t h i s assignment comes 

from t h e o b s e r v a t i o n t h a t t he TT - isomer c y c l i z e s wi th i n ­

v e r s i o n of c o n f i g u r a t i o n ( f i g . 1 7 ) . This i s c o n s i s t e n t 

wi th t he need f o r rearrangement a t Co i n t h e (i)fac-exo-OH 

hydroxo complex. The s t e reochemica l course i s probably 

p a r t i a l r acemiza t ion wi th some n e t i n v e r s i o n from the 

q u a l i t a t i v e obs e rva t i ons made so f a r . 

550 500 450 400 350 nm 

f i g u r e 17 : s t e reochemica l change during base h y d r o l y s i s 

of X-CCo dien dapo C l ] 2 + (pH = 1 1 . 1 1 ; \i= 1.0 

T = 25 .0 ~ 0 .1 0C; t = 30 min . ; [971) 
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Buffer/ Base pH a) v t«-l--ll 
'OH1 

NaOH 12.665 26.41 SF 

NaOH 12.506 21.44 SF 

Methylamine 10.910 23.90 CD 

Ethanolamine 9.750 23.09 CD 

Ethanolamine 9.750 29.68 VIS 

b) 

b) 

e ) 

e) 

b) 

Diethanolamine 9.200 24.55 CD c ' 

Diethanolamine 9.200 29.40 VIS ' 

k0H = 25,5° ± 3 ' 1 4 M 
- 1 - 1 

t a b l e 11 : base h y d r o l y s i s r a t e s of T - t C o d ien dapo C l ] c 

T = 25 .0 ± 0 .1 0C; M= 1.0 (NaClO ) ; b u f f e r -

c o n c e n t r a t i o n : 0 .1 M; [Co] S 2 - 1 0 ~ J H ; [93] 
' t o t 

a) PKv = 13.77 

b) X= 305 nm 

e ) x = 502 nm 

base h y d r o l y s i s r a t e of T1- [Co dien dapo Cl] 2+ 

kQH = 1 . 3 2 IO2 H - 1 S - 1 

(T = 25.0 - 0 . 1 0C; p= 1.0 (NaClO ) ; pH = 8.483 ( T r i e t h a -

nolamine, 0 .1 M); [ C o ] t o t = 2 - 1 0 - 3 M; VIS, X= 310 nm) 
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Buffer PH 
a ) k^jM"1**"1] Method 

UH 

Methylamine 12.978 

Methylamine 13.040 

Methylamine 13.083 

T r i s 8.253 

k0H = 1 7 7 * 2 ± 1 2 * 2 " " 1 S " 1 

t a b l e 12 ; base h y d r o l y s i s r a t e s 

159.1 

184.2 

184.8 

180.9 

OfT-[Co 

SF 

SP 

SF 

VIS 

dien dapo I 2+ 

T = 25 .0 - 0 . 1 0C; M 1.0 (NaClO ) ; b u f f e r -
—3 

c o n c e n t r a t i o n : 0 .1 M; t C o ] t o t = 2-10 J M; [91] ; 

\ = 334 nm 

a) pKv = 13.77 

Buffer / Base pH a) ^ 1 I M - V 1 J 

Methylamine 

NaOH 

NaOH 

10.970 

12.875 

12.699 

6.997 10 

4 .871 10 

4.436 10 

- 2 

r2 

- 2 

k n u = (5.435 ~ 1.370) 1O - 2 M - 1 S - 1 

Un 

t a b l e 13 ; base h y d r o l y s i s r a t e s of T-[Co dien dapo N3I 

T = 25 .0 i 0 .1 0C; \i = 1.0 (NaClO4); b u f f e r -

c o n c e n t r a t i o n : 0 .1 M; L c o ] t o t = 2 10*"½; 

X = 370 nm; VIS; [98] 

a) PKw = 13.77 

2+ 
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2 . 6 . 3 . PROTONEXCHANGE RATES OF C o ( I I l ) COMPLEXES WITH 

MERIDIONALLY COORDINATED d i e n , dapo AND A MONO-

DENTATE LIGAND 

The p r o t o n e x c h a n g e r a t e s w e r e m e a s u r e d f o r x - [ C o d i e n 

dapo Cl ] + , K-[Co d i e n dapo B r ] + , x - [ C o d i e n dapo N ] + , 

- [ C o d i e n dapo N g ] and x - [Co d i e n tmd Cl ] , who; 
1 
x - [Co d i e n dapo N ] and x- [Co d i e n tmd Cl ] , whose 

H-NMR s p e c t r a a r e shown i n f i g . 1 4 . The m e a s u r e m e n t s w e r e 

p e r f o r m e d i n 1 M a c e t a t e o r 1 M f o r m i a t e b u f f e r s o l u t i o n s 

o r i n d i l u t e d D SO s o l u t i o n s a t 20 Ì 2 0C and 25 - 2 0C 

a t d i f f e r e n t i o n i c s t r e n g t h s . P l o t s of l o g ( p e a k s u r f a c e ) 

v s . t i m e w e r e c o n s t a n t f o r a t l e a s t t h r e e h a l f l i v e s . 

The d a t a f i t t h e u s u a l l y o b s e r v e d r a t e law k . = 

k D + kQ_[OD~] [94] , but was measured only in the alcaline 

region. The rate constants of the primary and secondary 

amines are directly comparable as shown in eq 28. Proton 

exchange at the primary amine functions is best described 

as a consecutive reaction system: 

OD 

k 
NH2 - NHD + OH 

( 2 6 ) 

OD 

k 
NHD ND2 + OH 

and t h e f o l l o w i n g e x p r e s s i o n f o r p e a k s u r f a c e = f ( t ) h o l d s 

a s i n b i p h a s i c k i n e t i c s : 

S t s S H D 2 ^ o + ^MH * S N D a H « H a l 0
 e ' k l t + 

<SNHD - SND2> r > l [ N H 2 ] o / <*2 " k l ^ 

{e-V - e-V} (27) 
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Considering that the specific peak surfaces of NH? and 
NHD give a 2 : 1 r a t i o and that for reasons of mass con­
servation k. = 2 k , t h i s reduces to 

S t = SNHa
tNH2]0 e " k l t - 3 N H 2 ^ O < e ~ k l t - e " k 2 t ) 

where the observed ra t e constant i s that of the second 
react ion, NHD —•- ND . 

S t = 3 N H 2 ^ o e " k 2 t <28> 

Data are presented in tables 1 4 - 1 7 . 

The protons trans to the acido group always exchange 
fas te r than the sec. amine proton with the exception of the 
tnd complex. The consequence of t h i s resu l t together with 
the stereochemical observations for the s i t e of deproto-
nation and formation of the react ive conjugate base are 
discussed in chapter 3 . 3 . . 
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Buffer pD a) 

Acetate 

Formiate 

Acetate 

Formiate 

Acetate 

Formi ate 

Acetate 

4.539 

4.641 

4.645 

4.878 

5.045 

5.091 

5.237 

k„^(secA) k „ ( t r a n s ) k _ n ( c i s ) 
OD̂  OD* 

5.78 10° 2 .04 10' 

5.71 10" 

6.83 10e 

5.70 10É 

6.80 10É 

5.33 10É 

5.94 10* 

1.84 10' 

2.64 IO' 

2 .00 IO' 

2.06 IO' 

2.18 10^ 

1.65 10' 

OD1 

<10" 

k0D < s e c " A > = < 5 * 9 7 Ì °* 5 6 ) l o 6 ' M - 1 S" 1 

kQD ( t r a n s ) = (2.06 ± 0.28) IO7 M - 1 S - 1 

k 0 D ( e i s ) < 10-

Ace ta t e 

Ace ta te 

b ) 

e ) 
5.045 

5.045 

„-1 -1 
H s 

3.30- IO6 

7.97 IO6 

r 

1.10 10 

1.92 10 

t a b l e 14 : exchange r a t e s of t he amine p ro tons of 
2+ - 1 - 1 x-[co dien dapo Cl] " i n M ~s 

T = 20 - 2 0C; [i = 1.0; buf fe r c o n c e n t r a t i o n : 

1.0 M; t C o ] t o t = 0 .1 M; [99J 

a) pKß 0 = 14.869; pD = pH + 0.4 

b) M=20.5 

c ) T = 25 0C 
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Buffer PD a) knTì(secA) k ( t r a n s ) }c_ ( e i s ) 
OD OD OD1 

Formiate 

Ace ta te 

4.878 

5.237 

1.01 IO7 3.76 IO7 

1.17 10J 4.50 10 P i o ­

t a t i l e 15 : exchange r a t e s of t he amine pro tons of 

K-[Co dien dapo Br] i n M s~ 

T = 20 - 2 0 C; [i = 1.0; buf fe r c o n c e n t r a t i o n : 

1.0 M; [ C o ] t o t = 0 .1 M; [99] 

a) pK 0 = 14 .869; pD = pH + 0 .4 
2 

table 16 : Preliminary experiments show that the exchange 

rates of the secondary amine protons of 
2+ , 2+ 

x- co dien dapo N„ and x - Co dien dapo N„ 
d i f f e r by a f a c t o r of about 3 . 

Buffer pD 
a) * A n (secA) k . f t r a n s ) k n n < c i s ) 

OD OD OD' 

A c e t a t e 5.563 2 .69 106 2.44 10 

Ace ta te 5.899 2.62 106 2.32 106 <£ 10 5 

t a b l e 17 : exchange r a t e s of the amine p ro tons of 

x-[co dien tmd Cl] i n H - s 

T = 20 - 2 0C; Jj= 1.0; bu f f e r c o n c e n t r a t i o n : 

1.0 M; L C o J t o t = 0 .1 M; [99 ] 

a^ pKD 0 = 14.869; PD = pH + 0 .4 
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2 . 6 . 4 . THB ANATION RATE OF THE K-[Co d i e n dapo O H ] 2 + 

AND K-CCo d i e n dapo OH2]
 3 + IONS AND THE DETER7-

MINATION OF THE pK - VALUE OF THE AQUA COMPLEX 

The a n a t i o n r a t e v a s m e a s u r e d i n a q u e o u s b u f f e r s o l u t i o n s 

c o n t a i n i n g sod ium a z i d e . The m e a s u r e m e n t s w e r e p e r f o r m e d 

s p e c t r o p h o t o m e t r i c a l l y u s i n g b a s e h y d r o l y s e d s o l u t i o n s of 

t h e c h l o r o c o m p l e x . Under p s e u d o - f i r s t o r d e r c o n d i t i o n s , 

t h e r a t e i s i n d e p e n d e n t o f t h e a z i d e c o n c e n t r a t i o n i n 

t h e r a n g e o f 0 . 0 5 < [ N ~ " ] < 1 M ( t a b l e 1 8 ) . A n a t i o n i s , d e s ­

c r i b e d b y t h e f o l l o w i n g r e a c t i o n s y s t e m : 

CoOH 9
3 + , a * CoOH 2 + + H+ 

k0H 

CoOH 2 + + N~ CoN 2 + + OH" ( 2 9 ) 

_ k 0 H 2 
CoOH 2

3 + + N 3 - C o N 3 2 + + H2° 

The corresponding rate lav is well known: 

r a t e = - ^ tot = k[co]. . [»"] (30) 
dt z o z -1 

and u n d e r p s e u d o f i r s t o r d e r c o n d i t i o n s : 

r a t e = k [ C o ] t o t * ( k 0 H ICoOH2+] + k 0 H 2 [CoOH 2
3 +J) [ M ~ ] 

, OH [CQOH2+J OH t C o O H ?
3 + ] ) f r i , . 

L 0 0 ^ t O t l e i t e t 3 

• * ' ' * ' 

r 1 - r 
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With the acidi ty constant of the aqua ion 

- _ [H+HcW+J ,__, 
K a - LCOOH2

5+T ( } 

the fraction of hydroxo complex r becomes 

K -,[H+] 

and the rate constant k can be shown to be a linear function 

of r (eq 33) with the intercept k0H2 and the slope k0H- k0H2 

k = r (k0H - k0H2) + k0H2 (33) 

Linearisation of the plot k . vs . pH therefore a s s i s t s 
in determining the pK value of x-[Co dien dapo OHJ 
as well as in determining the observed ra te constants for 
the hydroxo and the aqua ion (cf. table 18, f ig . 18): 

pKs = 5.92 - 0.2 

k°H = 2.10 IO"2 S"1 

k°H2 = 1.0 IO"3 s" 1 

l'i The products of the reaction vere analysed by C-NMR 
spectroscopy and found to be the equilibrium mixture 
of x- and x'-Cco dien dapo NJ + ( ra t io — 6 : 4 ) . 
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Buffer 

Di e thanolamine 

Diethanolamine 

N-ethyìmorphol ine 

Tr i e thanolami ne 

P y r i d i n e 

Py r id ine 

Py r id ine 

Azi de 

Azi de 

Azi de 

Azi de 

N-ethylmorphol ine 

N-ethylmorphol ine 

N-e t hylmorpholine 

N-ethylmorpholi ne 

N-ethylmorphol ine 

N-ethylmorphol ine 

N-ethylmorphol ine 

PH *> 

9.65 

9.52 

8.43 

7.65 

6 .41 

6.27 

5.95 

5.72 

5.60 

4.92 

4.56 

8.43 

8.43 

8.43 

8.43 

8.43 

8.43 

8.43 

^ t O t 

1 .0 

1 .0 

1 .0 

1 .0 

1 .0 

1 .0 

1 .0 

1 .0 

1 .0 

1 .0 

1 .0 

0.85 

0.77 

0 .70 

0.50 

0.25 

0.10 

0.05 

o b s 

2 .17- IO" 2 

2 .10- IO" 2 

2.14 * IO"2 

1.98-IO"2 

1 .29- IO - 2 

1 .34- IO - 2 

1 .12- IO - 2 

8 . 7 8 ' 1 O - 3 

6 . 6 0 - 1 0 - 3 

2 . 9 4 ' I O - 3 

1.09-IO"3 

2 . 0 4 - 1 0 - 2 

2.17-10~ 2 

2 .07 -1O - 2 

2 . 1 3 - I O - 2 

2 .04- IO" 2 

2 . 2 4 ' 1 O - 2 

1.93-10" 2 

t a b l e 18 : ana t i on r a t e s o£ x-[Co dien dapo OH] + and 

«-[Co dien dapo OH ] 3 + wi th N -

T = 25.0 - 0 . 1 0C; |j= 1.0 M; buf fe r concentra­

t i o n : > 0 .1 M; [Co] S l - I O " 3 M; [ 9 9 ] 

a) pKv = 13.77 
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10 

24 

22 

20 

18 

16 

14 

12 

10 

8 

6 

4 

2 

-3 
Oti S [s'1] 

pH 

f i g u r e 18 : ana t i on r a t e s of X-[Co dien dapo OH] 

and V-[Co dien dapo OH ] 3 + wi th N~ 

[N~J = 1 H; ji = 1.0; T = 25 .0 ± 0 .1 ° 

2+ 
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2 . 6 . 5 . THE STEREOCHEMISTRY OF BASE HYDROLYSIS OF COMPLEXES 

VTCTH MERIDIONALLY COORDINATED d i e n , dapo AND A 

MOMODENTATE LIGAWD 

The opt ica l ly active X-[Co dien dapo Cl] and X-[Co dien 
dapo Br] complexes racemize to (100 - 2) % during base 
hydrolysis. On the timescale of these experiments, the 
meridional arrangement of dien i s preserved to > 95 %. 
However, the mer-hydroxo complex racemizes fas te r than 
base hydrolysis of the chloro and bromo species in the 
pH range accessible for CD kinet ics using conventional 
mixing techniques [99]. The stereochemistry of these substitu­
t ions remains therefore undetermined by these experiments. 
Ear l ier experiments f i r s t suggested some retent ion of 
configuration on a much longer timescale for the hydroxo 
ion but t h i s could subsequently be a t t r ibu ted to some rea r ­
rangement of the aqua ion in acidic solution (cf. 2 . 6 . I . ) . 
This rearrangement process in acidic solution in te r feres 

2+ 
with attempted preparations of Tt-Co dien dapo X species 

where X is a very good leaving group such as N0~, CH_S0~ 

or others. It is expected that base hydrolysis in these 

cases is much faster than racemization of the X- hydroxo 

complex and if complete racemization were observed on the 

timescale of the complex with X, the stereochemistry of 

the substitution could be deduced directly. However, 

this method would be sensitive to the presence of small 

amounts of rearranged or ring-cosed products. 

Another method consists in examining the stereochemistry 

of anion competition products in the base hydrolysis of 

X-[Co dien dapo x] + species (X=Cl,Br). These reactions 
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may be carried out e.g. in 1 H N" and the azido complex 

resulting both from competition as veil as from anation 

must be racemic if a symmetrical, trigonal-bipyramidal 

intermediate state of reduced coordination number is 

involved. In the possible case where only partial race-

misation of the immediate products occurred, this would be 

detected by some retention tor possibly inversion) of 

optical activity in the azide competition product provided 

this does not racemize on the timescale of the experiments. 

On the other hand, the hydroxo ion will' racemize faster 

than base hydrolysis of the two starting materials and 

the hydroxo complex from this source will give racemic 

azido complex by anation in the achiral medium used. The 

utility of this method will depend on the amount of compe­

tition which has been shown to be very high (cf. 2.6.6.). 

The base hydrolysis kinetics of Oc-[Co dien dapo X ] 2 + (x = 

Cl-,Br-) were followed in different buffered azide media 

([pyridine] = 0.1 M; pH = 5.95 - 6.10; [C] = 0.5 - 2 M; 

\i = 1.0 or 2.05). The change in CD intensity was followed at 

491 nm at a sensitivity of 0.2 m'/an. Pseudo first-order, 

uniphasic kinetics were observed (cf.table 7) and in all 

runs, O« coincided with the base line run with the buffer 

solution alone. These measurements were done at the maximum 

value of Ö on the most sensitiv scale and, given the high 

competition values, an accuracy of at least - 2% is assigned. 

The result is therefore (100 - 2) % racemisation. 

In a blank experiment, the CD intensity of optically active 

*-azido complex was .monitored at 491 nm in one of the pre­

viously used pyridine buffers (pH = 5.85). No decrease in CD 

intensity was found for at least 30 min. and therefore, in 

the above experiments, the presence of racemic azido complex 

is not due to racemization after its formation. 
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2.6.6. KINETICALLY MEASURED COMPETITION EATIOS OF Co(IIl) 

COMPLEXES WITH MERIDIONALLY COORDINATED dien, dapo 

AND A MONODENTATË LIGAND ______ 

The base hydrolysis reaction kinetics of X-[Co dien dapo X] 

(X = Cl-,Br-) in the presence of N~ (0.25 - 1 M) and buffer 

(pyridine / HClO ; pH = 7.96 - 8.04; n = l.o) at 

25 0C are biphasic. Both phases are accompanied by an in­

crease in optical density at 514 nm (x = CÏ) or 530 nm 

(X = Br-), consistent with formation of the*-azido complex. 
13 The formation of this compound has been verified by C NMR 

(cf. 2.6.4.) and is essentially quantitative at the end of 

the reaction sequence. The pseudo-first order rate constants 

of these two reaction phases were determined by nonlinear 

regression using a computer programme [34,101] . The rate 

constants are relatively close to each other under the con­

ditions of the experiment and the analysis is therefore 

subject to a larger error (- 21%) than usually found for 

uniphasic kinetics. Nevertheless, the rapid reaction phase 

has a rate constant (k b = 0.146 s
-1; pH = 8.04 for X = Cl" 

and k . = 2.86 a-1; pH = 8.04 for X = Br) close to that of obs r _, 
base hydrolysis of the halogeno complexes C^Qu_= 0.208 s 

for X = Cl" and k , = 2.58 s~ for X = Br"; values calcula-
ODS 

ted from k_„ for pH = 8.04, cf. table 7,8) under these 

conditions. The slow phase has a rate constant (k , = 

2.25 10 .s ) close to that for anation of the hydroxo 

product (k , = 2.10 10 s ) and it is independent of the 

'leaving group. Under these conditions, base hydrolysis of 

the azido complex will make but a negligible contribution 

(k . = 2.44 10~4 s-1, calculated from kQH for pH = 8.04, 

cf. table 9). 

we interpret these observations by the following sequence 

of transformations (chelate ligands dien and dapo are 

omitted): 
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Co - OH ^+ 

anation 
(34) 

2+ slow phase CO - N 
fast phase 

two parallel reactions 

The azido complex therefore arises both from competition 

(fast phase) and from subsequent anation of the hydroxo 

complex (slow phase). 

In order to determine the amount of competition, the initial 

concentration of the azido complex (E-,., = 256 M- cm- ; 
—1 —1 5^4 

£ 0 = 231 M cm ) has to be determined at the beginning 
of the slow phase by extrapolation to t = O. The stopped-
flow kinetics have been monitored at 514 nm and at 530 nm, 

2+ 2+ 
the isosbestic points of Co - Cl and Co - OH and 

2+ 2+ —1 —1 
Co - Br and Co-OH , respectively, where E= 72 M on 
(X = Cl-) and £= 65 M-1Cm-1 (x = Br-). 

In stopped-flow kinetics, care has to be taken in defining 

the zero-point of the time axis. This was found to be va­

riable and the following procedure was used: The value of 

the optical density of the solution of starting material 

(without base) was recorded as a horizontal trace on the 

oscilloscope. To this was superimposed a kinetic trace of 

the biphasic reaction sequence in alcaline azide solution, 

maintaining the oscilloscope settings. With the aid of the 

computer programme, the best parameters of the following 

sum of exponentials: 

—V 1- —V t-
Y = A e 1L + B e 2 + C 

was fitted to the curve. The function thereby obtained was 

then used to find the value of Y(t=0). In an iterative 

procedure, arbitrary values of t = 0 and t = -1 sec were 

used to calculate the coordinates of the crossing point with 
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the horizontal trace of the starting material. This inter­

section point was then used along with a second, arbitrary 

point to calculate a new intersection point. This procedure 

was continued until the intersection point remained invariant, 

For the corresponding value was calculated the extrapolated 

value of y for the second exponential alone (eq 35). 

(35) 

The following re la t ions hold: 

»A = Ec0C1 t c ° c l 2 + ] ( 3 6 ) 

EB = S COOH C C ° ° H 2 + J + E CCN3 C
008S+I comp « 3 7 > 

2+ 2+ o e 
At the isosbestic point between CoCl amd CoOH , S C o 0 H =

 6CoCl 
At the end of the fast phase, the reaction mixture contains 

(38) 

but CoOH2+ and CoN3
 + 

[COOH2+] = [ c o ] t o t - [CON3
2+J c o m p 

Thus, 

and 

- e. 
»B = 1 ^ t O t 8CoCl + CCoN3 " W <SCoN3 - "COCl 

) (39) 

[CON3
2+^ 

DR - [0 0ItOt 8CoCl (40) 
omp ^ n N - £ 
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The competition values were calculated from this formula and 

are presented in table 19 and figure 19. A formula of the same 

type is also easily derived from 

-k,t D = Ê A + (SA - V H ^ 1 + ( W 
*iM0 

Ce-V -e-V) [ioo] 

the general expression for any system exhibiting biphasic ki­

netics (A,B,C: starting material, intermediate (s), product(s)) 

K'] number of 
runs 

% CoN. 2+ 

Cl 

Cl~ 

Cl~ 

Br~ 

Br~ 

Br~ 

table 19 

1.0 

0.5 

0.25 

1.0 

0.5 

0.25 

competition ratios of 

x- [co dien dapo Xj 

63-6 - 5.74 

4 7 . 1 - 2.7Ö 

28.3 

61.7 

48 .3 

30.4 

• X = C l 
* X = Br" 

f i g u r e 19 : compet i t ion r a t i o s of x-[Co dien dapo x] 
2+ 
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2.6.7. THE REACTIVITY OF Co(lll) COMPLEXES WITH dipic 

TWO AMINE LIGANDS AND A MONODENTATE LIGAND 

2-

Preliminary studies of the reactivity of these complexes 

show that the change of charge and / or the change of the 

electronic structure about the Co(III) - ion lead to a 

marked but not very high difference in substitution 

ractivity. The most important change can be observed in 

the deprotonation equilibrium of the aqua complex. The 

pK value of [Co dipic en 0H_]+ is 7.48 - 0.013, i.e. 
a fi 

about half an order of magnitude higher than for Co(IIl) 

pentaamine complexes. This is presumably due to the lower 

charge. On the other hand the spontaneous aquation rate 

of [Co dipic en dmso]+ in neutral water at T =• 25 °C and 

P = 2-10"2 with k = g.88 10~5 s"1 lies in the same aq 
order of magnitude expected for Co(IIl) pentaamine comple­

xes ([Co (NHj^ dmso]3+; T = 25 0C; M =0.1; k =2-10-5 s 

[102]). The anation rate of [Co dipic en OH ] is also 

comparable with observed values for Co(IIl) pentaamine 

complexes [43] which are normally in a range of about 

10~ s~ for solutions containing 1 M N~ (k m = l.l 10~ s 
j cul 

1 M N~; T = 25 0C). 
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3. DISCUSSION 

3.1. AZIDE COMPETITION 

When Co(IIl) pentaamine complexes are base hydrolysed in 

presence of competing nucleophiles Y such as aside, thio-

cyanate, nitrite, sulfate, methanol or others, a procuct 

mixture of CoA 0Hn+ and CoA Z + results, (cf. I.2.2.)* 

where the amount of CoA generally is rather small 

(about 10-30% for solutions of 1 M Y; tables 2 and 20). 

The product ratios CoA_OHn+ / CoA Y™+ show but a very 

small dependence of the leaving group [52,58,102]. These 

results are usually taken to indicate a common intermediate 

of reduced coordination number fl2J and the competition 

ratios are taken to be a relative measure of the lifetime 

of this inermediate state [64] . The competition of X-[Co 

dien dapo x] (x= Cl", Br") for azide of 63 % suggests 

that this system has the most stable intermediate state 

of reduced coordination number observed so far. This 

remarkable stabilisation is also reflected in the highest 

base hydrolysis rate of a chloro Co(IIl) aliphatic penta­

amine complex ever measured so far. For a completely unse-

lective intermediate state formed in 1 H N - / 55.6 M HO, 

a product mixture containing only 1.8% azido complex is 

predicted. So far, all competition experiments have given 

higher amounts of azido complex and this can be interpre­

ted in terms of selectivity of an intermediate [20] . 

Some anomalies in ion competition such as a small leaving 

group dependence and nonlinear plots of the ratio CoA Y ^ / 
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CoAç0H
n+ vs. concentration of the competing ion are dis­

cussed in more recent papers in terms of a dissociative 

interchange mechanism with ion pairing in the intermediate 

state [58,102]. We note that plots of competition ratio 

vs. concentration of the competing ion are generally 

nonlinear and are only approximativeIy linear for low com­

petition ratios and in a limited concentration range. 

Our results (cf. 2.6.6.) fit the function F(Y) = [ Y ] / (1-R" 1) 

(\ = 3Sr / kH 0^* w h i c h is the general expression for com­

petition in the absence of ion pairing [34]. Independently, 

the fact that the azido complex resulting from base hydro-

lysed optically active chloro complex in azide containing 

solutions is completely racemic can only be interpreted 

with an achiral intermediate state, which would not be 

the case for any interchange mechanism. This result is 

certain to a high degree of accuracy of the measurements 

owing to the high competition ratio. Sargeson and coworkers 

[52] observed that the competition ratios in Co(IIl) penta-

amine complexes differ only by a factor of about 5 in 

changing the competing nucleophiles over a wide range. 

They argue that the rate controlling step is the abstrac­

tion of the nucleophile from the solvent sheath surroun­

ding the reactant. Ion pairing concerted with the rate 

determining step should afford a much greater difference 

in competition ratios. In the limiting dissociative 

mechanism, the observation that the competition ratios 

are slightly dependent on the charge of the leaving group 

is explained by differences in the relative rates of anion 

capture and rearrangement of the solvent sheath. The 

leaving group dependence implies that the solvent sheath 
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remains the same as in the starting complex or is at least 

still influenced by the starting material. Anion capture 

is therefore faster or comparable in rate with rearrange­

ment of the solvent sheath. 

The observation of a leaving group dependence for substrates 

of different charge is, however, not necessarily consistent 

with a concerted substitution process with dissociative 

activation (In). It can be seen as a consequence of extre­

mely short lifetimes in a stepwise substitution. The obser­

ved absence of anion-dependent terms in the rate law for 

substitution for a variety of substrates and entering 

nucleophiles is inconsistent with concerted substitution 

and so is the general lack of correlation between compe­

tition ratios and the expected stability of ion aggregates 

with the reactants. 
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3.2. IMPLICATIONS OF RACEMISATION DURING BASE HYDROLYSIS 

The high stabilisation of the intermediate state has the 

stereochemical consequence of full racemisation during 

base hydrolysis. In this sense the intermediate has effec­

tively lost all memory of the optically active starting 

compound and it is therefore evident that the leaving 

group is completely abstracted from the first coordination 

sphere before entering of the new ligand. It is further­

more evident that attack of H O which affords a racemic 

product with the same configuration as the starting mate­

rial from an optically active complex must be an attack 

at a fully achiral trigonal bipyramidal state. 

If we exclude deprotonation at a primary amine eis to the 

leaving group (cf. 2.6.3., 3.3.), there exist two possible 

trigonal bipyramidal intermediate states with meridional 

configuration of dien (fig. 20). 

trans to 

leaving group 

figure 20 : a chiral and an achiral trigonal bipyramidal 

intermediate state 
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Only the conjugate base deprotonated at the secondary amine 

affords an achiral intermediate state Tidth the possibility 

of T-bonding. It has been argued that deprotonation indu­

ces dissymmetry in the intermediate which affects the 

product stereochemistry [l04J. Therefore, complete racemi-

zation is not expected to be consistent with deprotonation 

trans to the leaving group. 
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3.3. PROTON EXCHANGE RATES AMD THE SITE OF DSPROTONATIQN 

The site of deprotonation in the conjugate base is dicussed 

controversially in the literature. Coordinated aliphatic 

amines normally have pK - values greater than 14 and thus 
a 

are not measurable in aqueous solutions. Consequently, 

they cannot be determined separately from the usual 

rate lav of base hydrolysis. Measurements of the exchange 

rates of the amine protons with the deuterated solvent 

by H-NMR - techniques establish the N-H acidities on a 

relative scale [ 33l • Our measurements show once more that 

isolated exchange rates have no necessary implication on 

the base hydrolysis mechanism, because it is not necessary 

that the most acidic amines afford the most reactive 

conjugate base, provided the exchange rate is faster than 

base hydrolysis. An increase in acidity by a factor of about 

4 in the case of the amine protons trans to the leaving 

group relative to the secondary amine which presumably 

affords the most reactive conjugate base does not necessarily 

provide an argument against our hypothesis of deprotonation 

of the secondary amine function in the reactive conjugate 

base. In any alkaline solution there will be comparable 

concentrations of the two conjugate bases arising from 

trans and secondary amine deprotonation. Secondary amine 

deprotonation is still about 10 times faster than base 

hydrolysis of coordinated chloride. Protons at amines trans 

to the leaving group normally exchange faster than the 

ones eis to the leaving group [94,105]. Nordmeyer [lOö] 

postulates that usually the amines eis to the leaving 

group are deprotonated. This affords the unique possibility 

for ̂ -stabilisation of the five-coordinate intermediate 

state even in early stages of base hydrolysis. Independently 
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of the arguments mentioned above, a system comparable to 

ours with a tertiary amine function in the place of the 

secondary amine presumably deprotonated in the conjugate 

base ("-[Co Medien dapo x] ) could be used to test our 

assertion. This complex would be expected to change its 

reactivity totally (competition ratio, stereochemistry! 

base hydrolysis rate). 

If the conjugate base is deprotonated at the secondary 

amine function, the rate of the exo-NH and endo-NH species 

( x and *' ) should differ by the deprotonation rate diffe­

rence of the two amine functions (cf. eq 7), since the 

reprotonation rates can be expected to be diffusion con­

trolled. In the case of the azido complexes the deproto­

nation rate difference has been shown to be about 3 (cf. 

2.6.3.). In the case of the proposed S NICB mechanism with 

deprotonation at the secondary amine function, the pure 

C o - X abstraction rates could be detected. For all other 

mechanisms, the rate differences of the x and tf isomers 

will be unequal to the proton exchange differences. 
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3.4. THE REACTIVITY OF THE BASE HYDROLYSIS PRODUCTS 

In addition to the high competition ratio and the complete 

racemisation observed in the products of base hydrolysis 

the high stabilisation of the coordinatively unsaturated 

intermediate state has a third unique effect. The anation 

rate of the hydroxo product is unusually high (cf. réf. 

[43]). Optically active x-[co dien dapo OH] + has a very 

high racemisation rate (cf. 2.6.5.) which is indicative of 

a rather high lability of the coordinated hydroxy group. 

The observation that the hydroxo complex racemizes faster 

than the chloro and bromo species is unusual since normally 

OH" is a much poorer leaving group than Cl" or Br (ti for 

solvent exchange of trans [co en2 NH OH] 2 + : 200 h) [121,122]. 

A high anation rate could therefore be expected because 

anation-of the hydroxo complex with azide means nothing 

else but competition with azide during water exchange 

in the hydroxo complex when we presume the same substi­

tution mechanism, viz. S ICB with deprotonation at the 

secondary amine. High lability of coordinated hydroxide 

could also be observed in T- and ï1- isomers, where the 

relatively fast ring closure with the dapo hydroxy group is 

taken to express a competition situation between H O and 

diamine-bound dangling hydroxide at the stage of the co-

ordinatively unsaturated intermediate state. The ring-? • 

closure rate along with a presumably small selectivity 

of the intermediate state implies a high lability of the 

hydroxy group. 

The high racemisation .rate of optically active hydroxo 

species was an intriguing factor in the stereochemical 

analysis of the base hydrolysis. However it is now 

clear that racemisation is due to the achiral stabilized 

coordinatively unsaturated intermediate state subsequent 

to loss of the leaving group. From the competition experi-
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ment s, the hydroxo complex formed during base hydrolysis 
of opt ica l ly active T-[Co dien dapo x ] n + i s inferred to 
be racemic and racemisation i s therefore not due to any 
reaction of the hydroxo complex. Attack of the two com­
peting nucleophiles water and azide takes place at the 
same intermediate s t a t e and the azido product which i s 
completely stable in the medium of our experiments i s 
shown to be 100 - 2 % racemic (cf. 2 . 6 . 5 . ) . 
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3.5. THE UNIQUENESS OF THE OBSERVED RESULTS 

Most Co(IIl) pentaamine complexes react with partial 

retention of configuration [107] and competition ratios 

(tables 2 and 20) as veil as the ratio of base hydroly­

sis to aquation rates (acceleration factors, cf. table 

20) 'and anation rates (cf. réf. [43]) normally indicate 

a lesser stabilisation of the intermediate as observed in 

this work. Why this unique result? Tobe and Henderson 

[62] recently noted that the base hydrolysis rate increa­

ses with all structural features of the complex that 

facilitate the formation of a trigonal bipyramidal inter­

mediate of the type shown in fig. 21. 

a= 180 ° 

/3=7 = 120 

f igure 21 : best geometry for ^ - s t a b i l i ­
sation in the intermediate of 
reduced coordination number 
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Such a re la t ionship i s possible since factors which s t a ­
b i l i z e the coordinatively unsaturated intermediate s t a t e 
wi l l also exert t he i r influence on the preceding t r a n s i ­
t ion s ta te and therefore on the ra te of leaving group 
re lease . As mentioned above, deprotonation at a c i s amine 
provides the best s t a b i l i s a t i o n . Furthermore, Henderson 
and Tobe point out that the species has the best chance 
to be s tab i l ized byX-bonding i f two 5-membered chelate 
rings f ix the amide function in the plane of the Co( I I l ) -

d 2 2 orb i ta l because th i s arrangement i s the most favo-x —y 
rable for the required planarizat ion of the secondary amine 
function. Furthermore, the remaining equatorial posit ions 
are best occupied by two monodentate amines or a s ix 
membered chelate to accommodate the ideal 120 * angle 
in the tr igonal bipyramidal intermediate. Our chloropenta-

amine complex f u l f i l l s a l l these conditions and has indeed 
the highest base hydrolyses r a t e observed so far for a 
chloropentaamine complex with saturated amine l igands. 
A tes t for the importance of the factors mentioned 
above could be made on similar systems with different 
combinations of s ix - and five- - membered chelates 
such as x-[Co dpt dapo X] n + , x-[Co dien dimen x] , 
»-[Co dpt dimen x]n + ,x-[Co ept AA x ] n + e t c . (cf. f ig . 3) . 
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3.6. THE REACTIVITY OF THE CONJUGATE BASE 

The stabilisation of the conjugate base is in fact better 

reflected by the acceleration ratio k_„ / k of base 
Uri aq 

hydrolysis against spontaneous aquation (table 20) than 

by base hydrolysis rates alone. In this analysis, differen­

ces in the N-H acidities should be taken into account. From 
p 

proton exchange data, they are known to vary < 10 fold for 

related substances which is much smaller than the observed 

differences in k_H. The acceleration factors compared 

with competition ratios and stereochemical changes during 

base hydrolysis give the best appraisal of the degree 

of stabilisation of the corresponding intermediates. 

We therefore propose the following interpretation: 

1. The stabilisation of the pentakisalkylamine complexes 

arises at least partly from steric strain i.e. the 

transition states producing and consuming the inter­

mediate are destabilized. 
2. The unique result of full retention in the case of 

Co bamp dapo X complexes [26,27] cannot exclusively 

be due to the impossibility of X-stabilisation but 

the square pyramidal intermediate is likely to be 

stabilized by f-backbonding (see below), 

3. X-[Co dien dapo Cl] and x-[Co dien en ClJ have 

very similar acceleration factors and this is consistent 

with similar stabilization of the intermediates and 

argues against strong steric acceleration in the dapo 

complex. 

Most important for the reactivity of the conjugate base 

are all structural conditions which fix the amide-T-orbital 

in the plane of the Co(IIl) d 2 2 - orbital plane. How-
x —y 

ever, comparison of the isolated acceleration factors is 

likely to be misleading and it appears necessary to wait 

for complementation of the results presented in table 20) 
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table 20 : acceleration factors and competition ratios 

of base hydrolysis reactions of some selected 

pentaamine Co(IIl) complexes at T = 25 0C 

and P= 1.0 

a) estimated from other ionic strength 

b) estimated from analogous tmd complex 

by the missing competition and stereochemical data. We point 

out that it is indeed the lifetime at the coordinatively 

unsaturated intermediate state, reflected by competition 

ratios, which answers the question concerning the stabi­

lity of the intermediate state, which indeed is dependent 

on the activation barrier leading to the products. All rate 

or acceleration values are dependent on the activation 

barrier leading to the intermediate state and therefore 

give no direct information about the relative stability 

of the intermediate state. However it is clear from the 

Hammond postulate that an increase in the stability of 

the intermediate will decrease the activation energy of 

the leaving group release step in some way, but there is 

no evidence for a direct relationship as we can see from 

table 20, We argue that one of the most important factors 

for T-stabilisation is the positioning of the amide orbital 

in the plane of the Co(IIl) d 2 2 orbital. Some stereoche­

mical results on Co tren, Co Metren and Co trenen complexes 

[33,61,94,105,lioj support this hypothesis. A clear answer 

could arise from investigating [bo ept AA Xj n complexes. 
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The role of the S - s t ab i l i z ing nitrogen p orb i ta l i s c l a r i ­
f ied by a series of experiments with [Co bamp dapo x] 
complexes ( f ig . 22) [26,27]. 

f igure 22 : fu l l re tent ion in base hydrolysis of 
[Co bamp dapo x j n + 

There i s a pyridine nitrogen as a potent ial donor of a 
! - s t a b i l i z i n g o r b i t a l . Although the system i s s t ruc tura l ly 
very similar to ours, fu l l retent ion of configuration i s 
observed. This re tent ion i s proved not to be due to a 
concerted attack of HO at a tr igonal bipyramidal i n t e r ­
mediate s t a te deprotonated only at the amine trans to the 
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leaving group because full retention is observed also in 

the azide competition product performed in solutions where 

the presence of HN can be excluded,, The pyridine nucleus 

has accessible X* orbitals and a square pyramidal interme­

diate state can be stabilized by Co(III) to pyridine back-

bonding. This backbonding contribution may in fact be strong 

enough to exclude rearrangement to a trigonal bipyramid 

before attack of the entering nucleophile and thus be 

responsible for the observed retention of configuration, 

There is a ligand field spectral evidence for such 

AT—IC* backbonding in Co(MpY)^+ [112] , Co(phen)?+ [112] 

and Copy4X
+ [113]. An open question is whether the pyri­

dine nitrogen orbitals would fulfill the necessary conditions 

for X-bonding. An answer to these questions could come 

from a similar series of experiments with dipic complexes 

where Co(IIl) to pyridine backbonding should in fact be 

much smaller due to the electrophilic carboxylato groups-

However» the experiments with the bamp complexes (full 

retention) and with the dien complexes (full racemisation) 

provide us with good evidence for the reality of QT-sta­

bilisation. This is because we can exclude a stabilisation 

by release of steric strain effects in the case of Co bamp 

complexes as we find for the pentakisalkylamine series. The 

comparable Co dien complexes are much more stabilized than 

both types of complexes mentioned above and stabilisation 

by steric strain release effects may therefore be excluded 

in this case too. The competition results in the Co dien and 

Co bamp species are strikingly different (64¾ vs. 8% in 1 K l O 

and this difference is hard to accommodate by differences in 

outer-sphere aggregate stabilities since the two classes of 

complexes are structurally very similar. This provides an 

argument against a concerted mechanism of base hydrolysis 

in these cases. 
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One question remains. The configuration and lifetime o£ the co-

ordinatively unsaturated intermediate state in the case of the 

pentakisalkylamine Co(IIl) complexes may be interpreted with 

the steric strain in the hexacoordinated species, with Co (III) 

to pyridine backbonding in the case of CobampAAXn+ complexes 

and with amide to Co(Hi) nr-bonding in the case of CodienAAXn+ 

complexes. Where does the stabilisation in all other 

cases come from? It is very important to point out 

that the stabilisation in each case cannot be ex­

plained by only one effect. Steric strain may be more or 

less important in each case and ̂ -stabilisation can only 

be excluded in the CobampAAx complexes where full reten­

tion is observed. In each case it is very important to see 

that questions regarding the possibility of T-bonding can 

only be answered clearly in a very limited number of cases. 

One important fact needs to be reemphasized: Trigonal 

bipyramidal geometry is required only for maximum stabili­

zation by T-bonding. 
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3.7. CONSEQUENCES FOR THE 7T- STABILISATION HYPOTHESIS 

Returning to the isolated case of base hydrolysis of 

x-[Co dien dapo x] we repeat that all experiments are 

clearly in good agreement with a limiting S ICB mechanism 

whi,ch consists of the sequence: a fast deprotonation equi­

librium forming a very reactive conjugate base by deproto­

nation at the secondary amine function of dien. This species 

looses the leaving group in the rate determining step, 

which is fast relative to other pentaamines. The resulting 

coordinatively unsaturated intermediate state is strongly 

stabilized relative to other systems. It shows no evidence 

for ion pairing and is completely achiral. In a following 

fast reaction it captures nucleophiles present in the 

solvent sheath surrounding it. By its stabilization, 

it shows high selectivity for azide. Thus all necessary 

structural conditions for If-stabilization are fulfilled 

in this reaction. This is more than could ever be proven 

for comparable systems but no further conclusions are 

possible. We are not presently able to imagine any 

laboratory experiment to really prove the existence of 

the inferred !-bonding. Orbital energy calculations could 

lead further. 
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4.EXPERIMENTAL PART 

4.1. PHYSICAL MEASUREMENTS 

IR spectra vere recorded either on a Perkin Elmer 521 or 

a Beckman IR 4250 instrument in the region of 4000 - 200 

cm- by means of KBr or CsBr pellets. VIS spectra vere 

measured on Cary 14» Unicam SP 1800 or Uvikon 810 instru­

ments at 25.0 - 0.1 0C unless stated otherwise. A Jasco 

J - 500 instrument served to measure the CD spectra at 

25.0 - 0.1 0C. H- and C-NMR spectra were recorded on 

Bruker VP 200, Bruker HX 90 or Bruker HX 9OE instruments, 

all in the FT mode at 25 0C or on a Perkin Elmer R 12B 

60 MHz NMR instrument. pH measurements were performed 

with a Metrohm E 388 compensator or with a Metrohm 605 

pH-meter. The Phillips C 11 electrode (l M NaClO) was 

calibrated by titration of a standard Titrisol HCl solu­

tion (Merck) with a standard Titrisol NaOH solution (Merck) 

at constant ionic strength (1,0 M; NaClO ). The kinetics 

were all measured under pseudo first order conditions in 

complex. They were, performed on a Jasco J - 500 instrument 

(CD), on a Unicam SP 1800 or a Uvikon 810 instrument (VTS), 

on a Dionex (Durrura) D - 110 instrument (stopped flow), 

on a Bruker WP 200 instrument (H-exchange) or on a Perkin 

Elmer R 12B 60 MHz NMR instrument ( H-NMR). Thermoana­

lyses were performed on a Mettler TMl thermobalance coup­

led to a Balzers Quadrupole QMG 101 mass spectrograph 

system via steel capillary. Heating X-ray powder photo­

graphs were taken on a Nonius Lenné'camera using Fe Ka 

irradiation. The heating rate was 1 0C / min.. C,H,N,Cl, 

Br, and S were analysed by the Mikrolabor at the ETH 

Zurich, 
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4 . 2 . MATERIALS 

P1UTiSsImTJm or r eagen t graùe commercial chemicals were used 

except f o r t he o rgan ic l i g a n d s which were of purum g rade . 

Sodium a r seny l t a r t r a t e was p repared from a r s e n i c ( l l l ) ox ide , 

sodium hydroxide and t a r t a r i c ac id i n water a t 90 0C [ l l 4 ] . 
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4 . 3 . SYNTHESIS OF COMPLEXES 

Upon r e c o v e r y » a l l compounds v e r e w a s h e d w i t h a c e t o n e o r 

e t h a n o l and e t h e r a n d d r i e d i n v a c u o (12 - 24 h ; 1-10-10" 

t o r r , 2 0 0 C) b e f o r e c h a r a c t e r i s a t i o n . 

4 . 3 . 1 . C o ( I I I ) COMPLEXES WITH MERIDIONALLY COORDINATED 

TRIDENTATE p y r i d i n e - 2 , 6 - d i c a r b o x y l a t e , TWO 

AMINES AND A MONODENTATE LIGAND, INCLUDING STAR-

TING MATERIALS AND REFERENCE SUBSTANCES 

[ ( D i e t h y l e n e t r i a m i n e ) ( p y r i d i n e - 2 , 6 - d i c a r b o x y l a t o ) c o b a l t ( I I I ) ] 

c h l o r i d e [ l l l l 

T r i c h l o r o d i e t h y l e n e t r i a m i n e c o b a l t ( l l l ) [ i l 5 , 1 1 6 ] (3 g-; 

0 . 0 1 mo l ) and p y r i d i n e - 2 f 6 - d i c a r b o x y l i c a c i d ( 1 . 8 6 g; 

0 . 0 1 mol ) w e r e d i s s o l v e d t o g e t h e r i n t h e minimum amount 

o f w a t e r . A f t e r t h r e e d a y s p u r p l e r e d c r y s t a l s d e p o s i t e d 

f rom t h e s o l u t i o n on a d d i n g l i t h i u m c h l o r i d e . They w e r e 

r e c r y s t a l l i z e d t w i c e f rom h o t w a t e r a t pH = 9 ( a m m o n i a ) . 

Y i e l d : 2 . 8 g ( 0 . 0 7 7 m o l ; 7 7 . 2 %). 

C a l e . C 3 6 . 4 3 H 4 . 4 5 N 1 5 . 6 5 % 

Found " 3 6 . 2 3 " 4 . 6 1 •' 1 5 . 7 1 % 

C-,-,Hn -NO1 1ClCo 
11 16 4 4 

( 3 6 2 . 6 6 ) 
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Ainmonium [ b i s ( p y r i d i n e - 2 t 6 -d ica rboxy la to ) c o b a l t a t e f i l l )] 

C o b a l t ( l l ) n i t r a t e hexahydrate (15 g; 0 .05 mol) and p y r i -

d i n e - 2 , 6 - d i c a r b o x y l i c ac id (16.7 g; 0 .1 mol) ve re suspen­

ded i n water (100 ml) t o g e t h e r wi th c h a r c o a l . Dioxygen 

was pas sed through the mix tu re f o r 1 h a t 80 0 C. The 

complex vas p r e c i p i t a t e d from the v i o l e t s o l u t i o n by adding 

ammonium c h l o r i d e . The v i o l e t c r y s t a l s were r e c r i s t a l l i z e d 

tw ice from ho t w a t e r . Y i e l d : 6 .04 g (0 .025 mol; 49 .9 % ) . 

C1 H10N OgCo Ca le . C 41.29 H 2.48 N 10.32 % 

(407.14) Found " 41.24 " 2.57 " 10.28 % 

Bis [ d i n i t r o b i s ( e t h y l e n e d i a m i n e ) c o b a l t ( l I l ) ] [ , t r i n i t r o ( p y r i -

d i n e - 2 , 6 - d i c a r b o x y l a t o ) c o b a l t a t e ( l I l ) ] 

A stream of dioxygen was passed through an aqueous s o l u t i o n 

(90 ml) of c o b a l t ( l l ) c h l o r i d e hexahydra te (20 g; O.O84 mol ) , 

p y r i d i n e - 2 , 6 - d i c a r b o x y l i c a c i d (15,7 g; 0 .093 m o l ) , sodium 

n i t r i t e (20 f 3 g; 0,29 mol) and e thylenediamine (5 .5 g; 

O.092 mol) dur ing 16 h o u r s . At t h e end of t he r e a c t i o n , 

an orange brown p r e c i p i t a t e was f i l t e r e d o f f . I t was 

r e c r y s t a l l i z e d twice from hot w a t e r . Yie ld : 12.4 g (O.038 mol; 

44.7 %). 

C15H N16O18CO3 Cale . C 19.92 H 3.9O. N 24.78 Co 19.55 % 

(904.341) Pound " 19.87 " 3*86 " 23.83 " 19.3 % 
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Sodium [ t r i n i t r o (pyridine-2.6-aicarboxylato)cobaltate(lI l) j 

a. Bis[dini t ro(bis e thylenediaminejcobal ta te( i l l )1 t r in i t ro 
(pyridine-2,6-dicarboxyiato)cobalt(II l) (5 g; 0.0055 mol) 
vas passed through a cation exchange res in (Dowex 50W X2; 
H - form). The eluate was precipi ta ted by adding sodium 
Perchlorate. Yield: 1.67 g (0.0038 mol; 68.4 %). 

b . The d in i t ro bis(ethylenediamine)cobaltate(lI l) -
cation from the b i s td in i t ro bis(ethylenediamine)cobal-
t a t e ( I I I ) ] [ t r in i t ro(pyridine-2,6-dicarboxylato)cobal t ( I I I ) ] 
(5 g; 0.0055 mol) was precipi ta ted as the Perchlorate 
s a l t by adding sodium Perchlorate (3.09 g; 0.022 mol). 
The sodium sa l t of the anionic component deposited 
from the f i l t r a t e and was r e c r i s t a l l i z e d once from 
water. Yield: 0.92 g (0.0021 mol; 37.8 %) 

C7H N O12CoNa2 Ca le . C I 8 . 9 3 H 1.59 N 12.62 % 

(444.066) Found " 19.09 " 1.25 " 12.34 % 

!(pyridine - 2 , 6 - d i c a r b o x y l a t o ) t rianimine c o b a l t ( l l l ) ]_n i t r ä t e 

Carbonato tetraammine c o b a l t ( l l l ) n i t r a t e (9.96 g; 0 .04 

mol) t l l 7 ] and p y r i d i n e - 2 t 6 - d i c a r b o x y l i c a c i d (6.68 g; 

0 .04 mol) were s t i r r e d t o g e t h e r i n water (200 m l ) . When 

t h e e f fe rvescence of carbon d iox ide ceased, ammonia was 

added. After a few days, dark v i o l e t c r y s t a l s were c o l l e c ­

t e d from t h e v i o l e t s o l u t i o n . They were r e c r y s t a l l i z e d 

twice from hot aqueous ammonia ( p H ~ 1 0 . Y ie ld : 3.0 g 

(0 .011 mol; 27.3 %)a 

C 24.94 H 3.59 N 20.77 % 

" 24.91 " 3.59 " 20.62 % 
C7H12N4O8Co Ca le . 
(337.139) Found 
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( P y r i d i n e - 2 . 6 - d i c a r b o x y l a t o ) n i t r o diammine c o b a l t ( l l l ) 

Potassium t e t r a n i t r o b i s ammine c o b a l t ( l l l ) [ l l 8 ] (5 .2 g; 

0.016 mol) and p y r i d i n e - 2 , 6 - d i c a r b o x y l i c ac id (2 .75 g; 

0.016 mol) were d i s s o l v e d i n t h e minimum amount of w a t e r . 

When t h e e f fe rvescence of n i t r o u s gases ceased , t he s o l u ­

t i o n had a yellow-brown c o l o u r . The s o l u t i o n vas kept i n 

t h e dark a t ambient t empera ture f o r a week. Then the r ed 

brown c r y s t a l s were f i l t e r e d off and r e c r y s t a l l i z e d from 

hot w a t e r . Y ie ld : 3.8 g (0.012 mol; 78 .1 %), 

C-HnNO-Co C a l e . C 27.65 H 2.98 N 18.42 % 
7 9 4 6 

(304.11) Found " 27.34 " 3.24 " 18.47 % 

RPyr id ine -2 t 6-d ica rboxy la to )à i ammine aqua c o b a l t ( l I l ) j ] n i t r i t e 

A c o n c e n t r a t e d s o l u t i o n of ( p y r i d i n e - 2 f 6 - d i c a r b o x y l a t o ) n i t r o 

diammine c o b a l t ( l l l ) (2 g; 0.0063 mol) i n wa te r of pH = 7 

was aquated by h e a t i n g t he s o l u t i o n f o r about 1 h a t about 

80 0 C. The v i o l e t c r y s t a l s were f i l t e r e d off . Yie ld : 1.36 g 

(0.0042 mol; 65 %). 

C 26.10 K 3.44 N 17.39 % 

» 26.06 " 3.18 " 17-52 % 
C7H11N4O7Co Ca le . 
(322.13) Found 
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( P y r i d i n e - 2 , 6 - d i c a r b o x y l a t o ) ( e t h y l e n e d i a m i n e ) hydroxo 

c o b a l t ( l l l ) hemihydrate 

Guanidìniurn b i s ca rbona to ( e t h y l e n e d i a m i n e ) c o b a l t a t e ( l l l ) 

[119,120] ¢9.9 g; 0.033 mol) and p y r i d i n e - 2 , 6 - d i c a r b o x y l i c 

a c i d (5 .55 g; O.033 mol) were d i s s o l v e d i n wa te r wi th 

s t i r r i n g (300 m l ) . During a s t r o n g e f fe rvescence of carbon 

d i o x i d e , t he s o l u t i o n t u r n e d v i o l e t . Af te r about 30 h , 

ace tone was added t o p r e c i p i t a t e a crude mauve mix ture 

probably c o n t a i n i n g hydroxo- , aqua- and ca rbona to comple­

x e s . i t was r e c r y s t a l l i z e d twice from hot water a t p H ~ 8 

(sodium h y d r o x i d e ) . Y ie ld : 1.4 g (0.0045 mol; 13.7 %)• 

C 9 H 13 N 3°5 .5 C o C a l C * C 3 4 * 8 5 H 4 * 2 2 N 1 3 , 5 5 % 

(310.15) Found " 34.74 " 4 .36 - 13.37 % 

Because of t he small y i e l d of t h i s s y n t h e s i s , s o l u t i o n s 

o r t h i s compound were normal ly produced by depro tona t ion 

of ( p y r i d i n e - 2 , 6 - d i c a r b o x y l a t o ) e t h y l e n e d i a m i n e aqua c o b a l t ( l l l ) 

s a l t s CpK = 7 . 4 8 ) . 
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An ionoßpyr id ine -2 f 6-d ica rboxy la to )e thy lened iamine 

aqua c o b a l t ( l I l ) l 

The c rude product of t h e r e a c t i o n of guanidinium b i s 

ca rbona to e thy lenediamine c o b a l t a t e ( l l l ) w i th p y r i d i n e -

2 , 6 - d i c a r b o x y l i c a c i d was used as t h e s t a r t i n g m a t e r i a l . 

To a suspens ion of t h i s complex mix tu re ¢3.9 g) i n water 

were added v a r i o u s c o n c e n t r a t e d a c i d s . Effervescence of 

carbon d iox ide and c o l o u r change t o r e d - v i o l e t cou ld be 

obse rved . From t h e s e s o l u t i o n s , t h e cor responding s a l t s 

of aqua complexes were f i l t e r e d off i n y i e l d s of about 

60 % r e s p e c t i v e t o b i s carbonato e thy lenediamine coba l t a -

t e ( l l l ) . 

Perchlorate : 

C9H13N3°9C1CO 

(401.604) 

nitrate: 

C9H13N4O8Co 

(364.159) 

chlori de : 

C9H13N3O5ClCo 

(337.607) 

bromide: 

C9H13N3O8BrCo 

(382.063) 

acetate: 

C11H16N3°7C° 
(361.199) 

Cale. 

Found 

Cale, 

Found 

Cale. 

Found 

Cale, 

Found 

Cale, 

Found 

C 26.92 H 3.26 N 10.46 Cl 8.83 % 
n 26.73 " 3.26 " 10.32 " 8.69 % 

C 26.69 H 3.60 N 15.39 % 

" 26.60 " 3.51 " 15.30 % 

C 32.02 H 3.88 N 12.45 Cl 10.50 % 

" 31.86 " 3.75 n 12.37 " 10.41 % 

C 28,29 H 3,43 N 11.00 Br 20.92 % 

" 28.36 " 3.5O " 11.06 " 19.67 % 

C 36.58 H 4.47 N 11.63 % 

" 36.28 » 4 .33 " 11.70 % 
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s u l f a t e d i h y d r a t e : 

0 I 8
1 V 6

0 I 6 ^ 2
3 

(736.40) 

hyd rooxa l a t e : 

c i i H i 4 N 3 ° : 
(409.197) 

C11H14N3°10C O 

Cale. 

Found 

Cale. 

Found 

C 
» 

C 
n 

29.36 

29.05 

32.29 

32.45 

H 
it 

H 
it 

4.11 

4.08 

3.94 

4.04 

N 
n 

N 
« 

11.41 

11.32 

10.27 

10.31 

Chloro Cpyridine-2 f 6-dicarboxylato)ethyJLene_di amine c o b a l t ( I I I ) 

F ine ly powdered K p y r i d i n e - 2 t 6 - d i c a r b o x y l a t o ) e t h y l e n e d i a m i n e 

aqua c o b a l t ( l l l ) ] c h l o r i d e (5g; 0.015 mol) vas hea ted for 

about 3 h a t 218 0C i n a dry ing oven. Yie ld : 4 .73 g 

(0 .015 mol; 100%). 

C H11N 0 ClCo Ca le . C 33.82 H 3.47 N 13.15 Cl 11.09 % 

(319.592) Found " 33.99 " 3.50 " 13.03 " 11.03 % 

Hydrogenoxa la to (pyr id ine -2 ,6 -d ica rboxy la to )e thy lened iamine 

c o b a l t ( I I I ) 

F i n e l y powdered ( p y r i d i n e - 2 t 6 - d i c a r b o x y l a t o ) e t h y l e n e d i a m i n e 

aqua c o b a l t ( l l l ) h y d r o o x a l a t e (3 .73 mg; 9.115 10" mol) was 

hea ted f o r about 3 h a t 114 0C i n a dry ing oven. Yie ld : 

3.57 mg (9.126 10"6mol; 100 % ) . 

C H N OgCo l o s s of weight Ca le . 4 .40 % 

(373.166) Found 4 . 3 ± 0 . 1 % 



- 1 3 4 -

[ ( P y r i d i n e - 2 , 6 - d i c a r b o x y l a t o ) e t h y l e n e d i a m i n e d ime thy l -

su l fox ide c o b a l t ( l I I ) J n i t r a t e 

C h l o r o ( p y r i d i n e - 2 , 6 - d i c a r b o x y l a t o ) e t h y e n e d i a m i n e c o b a l t ( i l i ) 

(5 g; 0 .16 mol) and s i l v e r n i t r a t e (2 .66 g; 0.16 mol) were 

s t i r r e d t o g e t h e r i n t h e minimum amount of d ime thy l su l fox ide . 

Af te r removal of t h e s i l v e r c h l o r i d e p r e c i p i t a t e ( a f t e r 1 h ) , 

t h e s o l u t i o n was al lowed t o s t and i n t he r e f r i g e r a t o r o v e r ­

n i g h t . The p r e c i p i t a t e was f i l t e r e d off and r e c r y s t a l l i z e d 

twice from dmso s o l u t i o n s , s a t t u r a t e d wi th l i t h i u m P e r ­

c h l o r a t e , which were added t o a mix ture of n-propanol 

and e t h e r ( ~ 1 : 1 ) . Yie ld : 3.28 g (0.0077 mol; 48 .3 %) 

C n H N OgSCo Ca le . C 31.14 H 4 . 0 4 N 13,21 % 

(424.277) Found " 30.31 " 4 .05 " 11.76 % 

Azido(pyr id ine -2 ,6 -d ica rboyy la to )e thy ' l ened iamine c o b a l t ( i l l ) 

( p y r i d i n e - 2 , 6 - d i c a r b o x y l a t o ) e t h y l e n e d i a m i n e aqua c o b a l t ( l l l ) 

c h l o r i d e ( 1 . 5 g; O.OO44 mol) was s t i r r e d i n an aqueous 

s o l u t i o n ( l50 ml) c o n t a i n i n g sodium az ide (20 g; 0 .31 mol ) . 

The s p a r i n g l y s o l u b l e v i o l e t c r y s t a l l i n e product was f i l ­

t e r e d off a f t e r 2 weeks. The p r e c i p i t a t e was washed wi th 

wate r and d r i e d a t 50 0C (72 h ) . Yie ld : 1.27 g (0.0039 mol; 

88.5 * ) . 

CnHn.,N,0 „Co C a l e . C 33.14 H 3.40 N 25.77 % 
9 11 6 4 

(326.158) Found " 33.17 " 3.66 " 25.55 % 
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Hitro(pyi?idine--2.6-dicarboxvlato)ethylene idi iani ine coba l t ( i l l ) 

( p y r i d i n e - 2 ( 6 - d i c a r b o x y l a t o ) e t h y l e n e d i a m i n e aqua ' c o b a l t ( l l l ) 

c h l o r i d e (1 .5 g; O.OO44 mol) vas s t i r r e d i n an aqueous 

s o l u t i o n (150 ml) c o n t a i n i n g sodium n i t r i t e (15 g; 0.37 m o l ) . 

The dark r ed p l a t e l e t s were f i l t e r e d off a f t e r one 

week. The s p a r i n g l y s o l u b l e n i t r o complex was washed 

wi th wate r and d r i e d a t 90 0C (24 h ) . Yie ld : 1.32 g 

(0 .004 mol; 90.9 %), 

C H1xN4O6Co Ca le . C 32.74 H 3.36 N 16.97 % 

(330.144) Found " 32.71 " 3.43 " 16.84 % 

Thiocyanato(pyr i d i n e - 2 1 6 - d i c a r b o x y l a t o ) e t h y l e n e d i amine 

c o b a l t ( l l l ) 

( p y r i d i n e - 2 , 6 - d i c a r b o x y l a t o ) e t h y l e n e d i a m i n e aqua c o b a l t ( l l l ) 

c h l o r i d e (1 .5 g; 0.0044 mol) and ammonium t h i o c y a n a t e 

(20 g; 0.26 mol) were s t i r r e d t o g e t h e r . The v i o l e t p r e c i ­

p i t a t e was f i l t e r e d off a f t e r two weeks. The c r y s t a l l i n e 

produc t was washed wi th wate r and d r i e d a t 90 °C. 

Y ie ld : 1.36 g (0.004 mol; 90 .3 %). 

C 35.09 H 3.24 N 16.38 % 

" 34.99 " 3.26 " 16.30 % 

C10H11N4°4S C O C a l C * 
(342.220) Found 



- 1 3 6 -

N i t r i t o ( p y r i d i n e - 2 f 6 - d i c a r b o x y l a t o ) ( l t 3 - d i a m i n o p r o p a n e -

2 - o l ) c o b a l t ( l I l ) 

A s t i r r e d aqueous s o l u t i o n of sodium t e t r a n i t r o ( d i a m i n o -

p r o p a n e - 2 - o l ) c o b a l t ( l I l ) (c f . r e £ . [ i i 8 ] ) (2 .5 g; 0.007 mol) 

and p y r i d i n e - 2 , 6 - d i c a r b o x y l i c ac id ( l . l g; 0.007 mol) 

was hea ted t o about 80 0C dur ing 1 h. The s o l u t i o n became 

b l o o d - r e d . Af te r one day the v i o l e t c r y s t a l s were f i l t e r e d 

of f . Yie ld : 0 .3 g (0.0008 mol; 11.33 %). 

C10H N OgCo Ca le . C 31.76 H 4 .00 N 14 .81 % 

(378.185) Found " 31.66 " 4 .01 " 14.36 % 
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4 . 3 . 2 . Co( I I I ) CCMPLEXES WITH A TRIDENTATE DIALKYLTRIAMINE, 

1,3 -diaminopropan - 2 - Ol AND A MONODENTATE 

LIGAND _ _ _ ^ _ 

[ChloroCdiethylenetr iamine ) (1 ,3 -d iaminopropane-2-o l ) 

cobal t ( l I I )3 te t rachlorozincate 

An aqueous solution (300 ml) of cobalt chloride hexahydrate 
(145.8 g; 0.612 mol) of 0 0C was mixed with an aqueous so­
lut ion (240 ml) of diethylenetriamine (63 g; 0.612 mol) 
and l,3-diaminopropane-2-ol (55.2 g; 0.612 mol) at 0 0C. 
During the slow addition of the ligands to the coba l t ( l l ) 
solution, the temperature was kept at 0 0C. Then, 0„ 
was passed through the mixture for 1 h at 0 0C. A solution 
of zinc chloride (120 g; 0.88 mol) in hydrochloric acid 
(10 M; 540 ml) were added dropwise within 3 h always at 
0 0C. The brown mixture was allowed to stand at ambient 
temperature overnight. After removal of a green c rys ta l l ine 
species, presumably a M-superoxo decaamine dicobalt complex 
(16.4 g) , the solution deposited red and violet c o b a l t ( l l l ) 
pentaamine complexes within 24 to about 150 h. The different 
crops vere rec rys ta l l i zed from the minimum amount of water 
(0 0C) by adding zinc chloride (0.67 g / g complex) and 
hydrochloric acid 10 H (3.35 ml / g complex). By t h i s 
method, four different isomers of the chloro complex 
could be i so la ted : x-, rr-, IT1- and nNNO-species 
(see below). Yield of a l l i so la ted complexes: 98.17 g 
(0.I8 mol; 32.1 %). 
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x- [Chloro( di e t h y l e n e t r i a m i n e ) ( l , 3 - d i a m i n o p r o p a n e - 2 - o l ) 

c o b a l t C l I I ) ] t e t r a c h l o r o z i n c a t e 

Th= f i r s t crop i n t he r e c r y s t a l l i s a t i o n of t he combined 

p r e c i p i t a t e s i s o l a t e d 1 and 2 days a f t e r t he above s y n t h e ­

s i s gave pure r e d H- i somer . Y ie ld : 44 .0 g (0 .09 mol; 

14.7 % ) . 

C H N Cl CoZn C a l e . C 16.99 H 4.68 N 14.15 Cl 35.82 % 

(494.862) Found " 17.54 " 4 .60 " 14.02 " 36.00 % 

it- [Chloro( d i e t h y l e n e t r i a m i n e ) ( 1 ,3-diaminopropane-2-ol ) 

c o b a l t ( l l l ) ] t e t r a c h l o r o z i n c a t e 

The second p r e c i p i t a t e of the r e c r y s t a l l i s a t i o n f o r t he 

x isomer and the p r e c i p i t a t e s of the s y n t h e s i s above 

a f t e r 3 and 4 days were combined i n a r e c r y s t a l l i s a t i o n t o 

g ive t he pure v i o l e t IT- i somer . Yie ld : 15.48 g (0 .03 mol; 

5 .1 %). 

C7H2 N Cl OCoZn Ca le . C 16.99 H 4.68 N 14.15 Cl 35-82 % 

(494.862) Found " 17.24 " 4 .56 " 13.93 " 36.03 % 

A b e t t e r y i e l d of t h i s isomer i s ob ta ined when t h e l i g a n d s 

and the c o b a l t ( i l ) s a l t a r e mixed a t ambient t empera ture 

and t h e oxygenated peroxo-complex i s hea ted f o r about 3/4 h 

t o 80 0C a f t e r t r ea tmen t wi th z inc c h l o r i d e and hydroch lo r i c 

a c i d . By t h i s method y i e l d s of t he - - i s o m e r up t o 20 % were 

o b t a i n e d . 
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I1- [ChloroC diethylenetr i amine )(1,3-di aminopropane-2-ol ) 
coba l t ( I I I ) ] te t rach loroz inca të 

The second crop of the mother l iquor of the r e c r y s t a l l i s a -
t ion for t h e T - isomer (above) was rec rys ta l l i zed a second 
time to yie ld 0.1 g (0.2 mmol; 0.03 %) of mauve p l a t e l e t s 
of the T1- isomer. . 

C H N Cl OCoZn Cale. C 16.99 H 4.68 N 14.15 Cl 35.«2 % 
(494.862) Found " 16.95 " 4.46 " 13.95 " 35.43 % 

INNO-[chloro(diethylenetriamine)(l t3-diaminopropane—2-ol) 
coba l t ( I I I !^tetrachlorozincatë chloride 

All crops which were col lected from the synthesis above 
after more than 4 days including the th i rd fraction of 
the r ec rys ta l l i za t ion for the X-isomer were combined and 
rec rys ta l l i zed to give the pure orange TNNO-isomer. 
Yield: 21,79 g (0.04 mol; 7.2 %). 

CH J C l OCoZn Cale. C 16.99 H 4.68 N 14.15 Cl 35.82 % 
(494.862) Found " 17.09 « 4.58 " 13.97 " 35.93 % 

A be t t e r yield of t h i s isomer was real ized when the c o b a l t ( l l ) / 
ligand mixture was not cooled and the peroxo complex t reated 
with zinc chloride and hydrochloric acid was heated to 
80 0C un t i l the effervescence of O. ceased. 



- 1 4 0 -

* - [ A z i d o ( d i e t h y l e n e t r i a m i n e ) ( l , 3 -d iaminopropane-2 -o l ) 

c o b a l t ( l I I ) ] t e t r a c h l o r o z i n c a t e 

x- c h l o r o ( d i e t h y l e n e t r i a - n i n e ) ( l , 3 - d i a m i n o p r o p a n e - 2 - o l ) 

c o b l t ( l l l ) t e t r a c h l o r o z i n c a t e (8 ,5 g; 0.017 mol) was d i s ­

so lved i n 26 ml of a t r i e t h a n o l a m i n e buf fe r (pH = 9.5) 

c o n t a i n i n g sodium a s i d e (2 M). The c o l o u r immediately 

tu rned p u r p l e . Af te r two minutes l i t h i u m c h l o r i d e (5 .8 g; 

0.14 moles) and z inc c h l o r i d e (7 g; O.05 moles) were added 

t o t h e cooled s o l u t i o n (0 0 C) ; The dark pu rp l e p r e c i p i t a t e 

vas immediately f i l t e r e d off . Yie ld : 6 .6 g (0.013 mol; 

77 .4 % ) . 

C7H2 NgCl OZn Ca le . C 16.77 H 4 .62 N 22.35 Cl 28.28 % 

(501.429) Found " 16.81 " 4 .43 " 22.18 " 28.18 % 

13 This complex vas ana lysed by C-NMR t o be a 1 : 1 -

mix ture of the syn-NH and anti-NH i somer s . 

E e c r y s t a l l i z a t i o n of t he mix ture of both isomers from 

concen t r a t ed aqueous s o l u t i o n c o n t a i n i n g sodium antimonyl 

t a r t r a t e (0 .7 g / g complex) a f forded the p u r e , o p t i c a l l y 

a c t i v e x-isomer. The antimonyl t a r t r a t e s a l t was d i s s o l v e d 

i n s l i g h t l y a c i d s o l u t i o n (pH = 5) and p r e c i p i t a t e d by 

a d d i t i o n of l i t h i u m c h l o r i d e and z inc c h l o r i d e . 

Treatement of t he az ido complex wi th concen t r a t ed hydro-

bromic or hyd roch lo r i c ac id gave the pure bromo or 

c h l o r o complexes r e s p e c t i v e l y which a r e p r e c i p i t a t e d 

by a d d i t i o n of z inc bromide or z inc c h l o r i d e . 
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x- [Bromo(d ie thy lene t r i amine) ( l , 3 -d iaminopeopane-2 -o l ) 

c o b a l t ( l l l ) ] t e t r a c h l o r o z i n c a t e 

x- c h l o r o ( d i e t h y l e n e t r i a n i i n e ) ( l , 3 - d i a m i n o p e o p a n e - 2 - o l ) 

c o b a l t ( l l l ) t e t r a c h l o r o z i n c a t e (10 g; 0.02 mol) and s i l v e r 

n i t r a t e (17.16 g; 0 .1 mol) v e r e d i s so lved i n t he minimum 

amount of wa te r and s t i r r e d t o g e t h e r a t ambient t empera­

t u r e i n t h e dark f o r 3 days . After removal of t h e s i l v e r 

c h l o r i d e p r e c i p i t a t e , hydrobromic ac id (48%; 157 ml) and 

z inc bromide (30 g; 0.13 mol) were added. The s o l u t i o n 

was then evapora ted i n a d e s i c c a t o r over s u l f u r i c ac id i n 

t he r e f r i g e r a t o r . The f i r s t t h r e e f r a c t i o n s ( c o l l e c t e d 

a f t e r 1 ,2 ,3 days) con ta ined the pure x- isomer . Y ie ld : 

5.35 g (0.007 mol; 37.3 % ) . 

C H23N Br OCoZn Cale . C 11.72 H 3.23 N 9.77 Br 55.71 % 

(717.142) Found » 11.90 " 3.14 " 9.93 " 55.45 % 

i t-[Azido( di e t h y l e n e t r i amine) ( l ( 3-d iaminopropane -2 -o l ) 

cqbf t l t ^ I I I i J t e t r a c h l o r o z i n c a t e [9l3 ,„. 

H- c h l o r o ( d i e t h y l e n e t r i a m i n e ) ( l , 3 - d i a m i n o p r o p a n e - 2 - o l ) 

c o b a l t ( l l l ) t e t r a c h l o r o z i n c a t e (5 g; 0 .01 mol) was d i s ­

so lved i n t he minimum amount of water c o n t a i n i n g sodium 

az ide (1 .5 g; 0.02 mol ) . Af te r t h r e e weeks i n t he dark 

a t ambient t e m p e r a t u r e , v i o l e t c r y s t a l s were f i l t e r e d 

of f . They were r e c r y s t a l l i z e d once from water by adding 

l i t h i u m c h l o r i d e and z inc c h l o r i d e . Y i e l d : 0.43 g (8,58 mmol; 

8.58 %) . 

C 16.77 H 4.62 N 22.35 % 

" 16.44 " 4 .47 " 21.86 % 
C7H23N6Cl4OZn Ca le . 

(501.429) Found 
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fi- [ Bromo(diethylenetriamine)(l t3-diaminopropane-2-ol) 

COiJaIt(I1II1J]tetrachlorozincate [91] 

TC - [chloro ( di ethylenet r i amine ) ( 1,3-di aminopropane-2-ol ) 
coba l t ( l l l ) ] te trachlorozincate (5 g; 0.01 mol) was dissolved 
in the minimum amount of water. To t h i s solution, s i lve r 
n i t r a t e (8.58 g; 0.05 mol) was added and the mixture 
was s t i r r ed at ambient temperature in the dark for 6 
days. After removal of the s i lve r ch lo r ide 'p rec ip i t a t e , 
hydrobromic acid (48 %; 100 ml) and zinc bromide (15 g; 
0.07 mol) were added. Half of the solvent was evaporated 
at 40 0C and af ter one day vio le t c rys ta ls could be 
f i l t e r e d off. Yield: 1.73 g (2.4 mmol; 24.12 %). 

C H23NBr OCoZn Cale. C 11.72 H 3.23 N 9.77 % 
(717.142) Found " 11.82 " 3.20 " 9.48 % 

K- [chloro(dipropylenetriamine)(l,3-diaminopropane-2-ol) 

c o b a l t ( i l l )J te trachlorozincate 

To an aqueous solution (50 ml) of coba l t ( l l ) chloride 
hexahydrate (24.3 g; 0.102 mol) an aqueous solution of 
dipropylenetriamine (13.38 g; 0.012 mol) and 1,3-diamino-
propane-2-ol (9.2 g; 0.102 mol) was added, Didxygen was 
passed through the s t i r r ed and cooled (0 0C) solution for 
1 h. Zinc chloride (5Og; 0,37 mol) and hydrochloric acid 
(10 M; 85 ml) were added to the cooled solution. The so­
lu t ion was allowed to stand a t ambient temperature (2 days). 
The mauve c rys ta l l ine product was then f i l t e r ed off and 
recrys ta l l i zed once from cold water by adding zinc chloride 
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(2 g; 0.015 mol) and hyd roch lo r i c a c i d (IO M; 10.05 m l ) . 

Y ie ld : 1.2 g (0.002 mol; 2 .25 %). 

C H N Cl OCoZn Ca le . C 20.67 H 5-20 N 13.39 % 

(522.916) Found " 20.55 " 5.13 " 13 .31 % 
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4.4.RESOLUTION OF THE COMPLEXES 

x - [ C h l o r o ( d i e t h y l e n e t r i a m i n e ) ( l , 3 - d i a m i n o p r o p a n e - 2 - o l ) 

c o b a l t ( I I I ) ] t e t r a c h l o r o z i n c a t e 

Racemic x - [ c h l o r o ( d i e t h y l e n e t r i a m i n e ) ( 1 , 2 - d i a m i n o p r o p a n e -

2 - o l ) c o b a l t ( l I I ) ] t e t r a c h l o r o z i n c a t e (13.2 g; 0.027 mol) 

vas d i s s o l v e d i n an aqueous a o l u t i o n of l i t h i u m c h l o r i d e 

0.24 M (132 ml a t 0 0 C. Sodium a rseny l L - t a r t r a t e (12.7 g; 

0.027 mol) i n wa te r (42 ml) was then added. A p r e c i p i t a t e 

forms which was f i l t e r e d off immedia te ly , washed wi th 

e thano l and e t h e r and d r i ed i n a s tream of a i r . Yie ld : 

15.6 g. 

The l e s s s o l u b l e d i a s t e r e o i s o m e r i c s a l t vas r e c r y s t a l l i z e d 

from an aqueous s o l u t i o n of l i t h i u m c h l o r i d e 1.92 K (500 ml) 

a t 0 0C by a d d i t i o n of sodium a r seny l L - t a r t r a t e (3 .6 g; 

0.0074 mol) i n wa te r (12 m l ) . The r ed c r y s t a l s were f i l ­

t e r e d off a f t e r one n igh t a t -15 0 C. The p r e c i p i t a t e was 

washed wi th e thano l and e t h e r and a i r - d r i e d . Yield : 5.25 g. 

The a r s e n y l L - t a r t r a t e s a l t vas d i s s o l v e d i n hydroch lo r i c 

a c i d ( 0 . 1 M; 35 m l ) . Hydrochlor ic ac id ( i o M; 15 ml) was 

added and the complex was p r e c i p i t a t e d as t he t e t r a c h l o r o -

z i n c a t e s a l t by adding z inc c h l o r i d e (6 g; 0.044 m o l ) . 

Y ie ld : 4 .05 g (0.0082 mol; 60.74 % of t he l e s s s o l u b l e 
25 - 1 - 1 

a n t i p o d e ) . E l i i p t i c i t y of t h e p r o d u c t : G 4 ^ 3 = - 7°5 I M m , 

In a second a p p l i c a t i o n of t h i s procedure were ob ta ined 

2.25 g (0.0045 mol; 33.3 % based on the l e s s s o l u b l e 

an t ipode i n t he s t a r t i n g m a t e r i a l . E l i i p t i c i t y of t he 

p r o d u c t : 6 4 5 3 = - 862 1 M - 1 m"1 . 

Af t e r applying t h e procedure a t h i r d t ime , t h e e l i i p t i c i t y 
25 —1 —1 

was cons t an t w i t h i n t he e r r o r : ô . g 3 = - 858 I M m . 

Al l mother l i q u o u r s were s e p a r a t e d i n two groups , one which 

con t a ined more of t h e l e s s s o l u b l e a r seny l L- t a r t r a t e 
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diastereoisomer and one with the more soluble one. These 
two solutions were adsorbed on an ion exchange res in (Do-
ex 5OW X2; H - form) individual ly . Washing with water 
CpH =3; HCl) removed a l l foreign anions and the cation 
was eluted with HCl (5 M) to give a concentrated aqueous 
solution from which the tetrachiorozincates were regene­
rated by adding zinc chloride. Both enantiomers were pre­
pared by these procedures, using sodium arsenyl L -
or D - t a r t r a t e s . 

x-[Eromo(diethylenetriamine)(l,3-diaminopropane-2-ol) 
coba l t ( I i l ) ] tetrabromozincate 

Racemic x- [bromo (di ethylenetr i amine) ( l ,3-d i aminopropane-
2-ol )cobal t ( l I I ) ] tetrabromozincate (10.0 g; 0.014 mol) was 
dissolved in an aqueous solution of lithium chloride 
0.24 M (80 ml) at 0 0C. Sodium arsenyl L - t a r t r a t e (6.59 g; 
0.014 mol) in water (22 ml) was added. The prec ip i ta te 
was immediately f i l t e r e d off, washed with ethanol and ether 
and a i r dried. Yield: 12.3 g. 

The arsenyl L- t a r t r a t e s a l t obtained was recrys ta l l i zed 
from an aqueous solution of lithium chloride (1.92 M; 3BO ml) 
at 0 0C by addition of sodium arsenyl L - t a r t r a t e ( l . 9 g; 
0.004 mol)in water (6.3 ml). After one night at -15 °Ct 

the p rec ip i ta te was col lected, washed with ethanol and 
ether and a i r dried. Yield: 4.8 g. 

The arsenyl L - t a r t r a t e sa l t was dissolved in the minimum 
amount of hydrobromic acid. Hydrobromic acid (48 %; 3 ml / 
g complex) was added and the complex was precipi ta ted 
as the tetrabromozincate sa l t by adding zinc bromide 
(6.8 g; 0.03 mol). Yield:-2.82 g (0.0039 mol; 56.2 %). 
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x-[Azi do(diethylenetriamine)(1,3-di aminopropane-2-ol) 
coba l t ( I I I ) ] te t rach loroz inca te 

Recrys t a l U s a t i on of a mixture of the and isomers 
from sodium antimonyl L - t a r t r a t e containing aqueous solu­
t ions gave the pure, opt ica l ly active x-isomer (cf. p.140). 

T-[chloro(diethylenetr i amine)(l,3-diaminopropane-2-ol) 
cobalt (I I I )] dichlori de 

Racemic Iv-chloro(diethylenetriamine) (1,3-diaminopropane-
2-o l )cobal t ( l I I )d ich lor ide (17 g; 0.047 mol) was dissolved 
in water (20 ml; 30 0C). 15 ml of an aqueous solution of 
sodium arsenyl L - t a r t r a t e (11.55 g; 0.024 mol; 30 0C) 
were added dropwise to the f i r s t solut ion. The p rec ip i ­
t a t e , collected af ter J h at ambient temperature, was 
washed with ethanol and ether and a i r -d r i ed . Yield: 
9*73 g (0.023 mol; 96 % based on the less soluble a n t i ­
pode). E l l i p t i c i t y of the product: 9 c L = 3200 1 M-1 m"1. 

1K-[Bromo(diethylenetriamine) (l,3-diaminopropane-2-ol) 
cobalt ( i l l ) ] dibromi de 

Racemic 1R-bromo(diethylenetriamine) (l.3-diaminopropane-
2-ol)cobalt( lI l)dibromide (15.7 g; 0.032 mol) was dissolved 
in water (30 ml; pH = 3 (HClO)). 25 ml of an aqueous 
solution of sodium arsenyl L - t a r t r a t e (7.79 g; 0.016 
mol) were added to the f i r s t solut ion. After 12 h at 0 0C, 
the prec ip i ta te was f i l t e r ed off. Yield: 4.58 g (0.0079 mol; 
49.7 % based on the less soluble antipode). E l l i p t i c i t y 
of the procuct: G ^ L = 3849 1 M-1 m"1. 



-147-

5. REFERENCES 

1 F.Claudet, Phil.Mag., 2, 4 (1851) 

2 C.C.Brown, C.K.Ingold and R.S.Nyholm, J.Chem.Soc, 
2674 (1953) 

3 D.D.Brown and C.K.Ingold, J.Chera.Soc., 2680 (1953) 

4 D.D.Brown and C.K.Ingold, J.Chem.Soc.r 2696 (1953) 

5 D.D.Brown and C.K.Ingold, J.Chem.Soc., 1691 (1956) 

6 S.Asperger and C.K.Ingold, J.Chem.Soc., 2862 (1958) 

7 C.K.Ingold, Weizmann Memorial Lecture (1958) 

8 C.K.Ingold, Theoretical Org.chem., Kékulé Symposium 
(1959) 

9 M.L.Tobe, Sci.Progr., 48, 483 (I960) 

10 S.C.Chan, K.Y.Hui, J.Miller and W.S.Tsang, J.Chem. 
Soc., 3207 (1965) 

11 M.Green and H.Taube, Inorg.Chem., 2, 948 (1963) 

12 D.A.Buckingham, I.I.Olsen and A.M.Sargeson, 
J. Am. Chem. Soc. , 8_8, 5443 (1966) 

13 T.V/.Swaddle, Coord.Chem.Rev., 14, 217 (1974) 

14 Y.Kitamura, Bull.Chem. Soc. Jap. , _50, 2097 (1977) 

15 S.Bait, Inorg.Chem., 18, 333 (1979) 

16 D.A.Buckingham, B.M.Foxman and A.M.Sargeson, 
Inorg.Chem., 9, 1790 (1970) 

17 M.L.Tobe, Accts.Chem.Res. , _3> 377 (1970) 

18 F.J.Garrick, Nature, _139, 507 (1937) 

19 F.Basolo and R.G.Pearson, Adv.Inorg.Chem.and 
Radiochem. , _3, 25 (1966) 

20 A.M.Sargeson, Pure appi.Chem., _33, 527 (1973) 

21 F.Basolo and R.G.Pearson, J.Am.Chem.Soc., 78, 4878 
(1956) 

22 F.H.Westheimer and M.Shookhoff, J.Am.Chem.Soc., 
6_2, 269 (1940) 

23 R.D.Gillard, J.Chem.Soc, A1 917 (1967) 

24 A.W.Adamson, Discuss.Faraday Soc, _29, 163 (i960) 

25 D.A.House, private communication 

26 U.Tinner, Diss. ETH Zurich 6463 (1979) 



-148-

27 U.Tinner and W.Marty, Inorg.Chem., in press (Sept 1981) 

28 D.A,Buckingham, W.Marty and A.M.Sargeson, 
HeIv.Chim.Acta, 61f 2223 {1978) 

29 S.C.Chan, J.Chem.Soc, A1 1124 (1966) • 

30 G.R.H.Jones, R.C.Edmondson and J.H.Taylor, 
J.Inorg.Nucl.Chem., 32, 1752 (1970) 

31 T.W.Swaddle and G.B.Guastalla, Inorg.Chem., 8, 1604 
(1969) 

32 C.H.Langford and W.R.Muir, J.Am.Chem.Soc., 89, 3141 
(1967) 

33 D.A.Buckingham, C.R.Clark and T.W.Lewis, 
Inorg.Chem., 18, 2041 (1979) 

34 F.Rotzinger, Diss. ETH Zurich 6744 (1980) 

35 R.W.Hay, Inorg.Chim.Acta, 43, L83 (1980) 

36 R.W.Hay and P.R.Norman, J.Chem.Soc.Comm., 734 (1980) 

37 E.Ahmed and M.L.Tobe, Inorg.Chem., ̂ 13,2956 (1974) 

38 E.Ahmed, M.L.Tucker and M.L.Tobe, Inorg.Chem., 
14. 1 (1975) 

39 P.W.Mak and C.K.Poon, Inorg.Chem., _15, 1949 (1976) 

40 V.E.Jones, R.B.Jordan and T.W.Swaddle, Inorg.Chem., 
8, 2504 (1969) 

41 H.K.J.Powell, Inorg.Nucl.Chem.Lett., S, 157 (1972) 

42 D.A.House and H.K.J.Powell, Inorg.Chem., 10, 1583 
(1971) 

43 J.O.Edwards, F.Monacelli and G.Ortaggi, Inorg.Chim. 
Acta, 11, 47 (1974) 

44 D.A.House, Coord.Chem.Rev. , _23, 223 (1977) 

45 T.W.Swaddle and W.E.Jones, Can.J.Chem., 48, 1054 (1970) 

46 R.G.Yalman, Inorg.Chem., _1, 16 (1962) 

47 D.L.Gay and G.C.Lalor, J.Chem.Soc, A, 1179 (1966) 

48 G.C.Lalor, J.Chem.Soc, A, 1 (1966) 

49 G.C.Lalor and E.A.Moelwyn-Hughes, JChem.SocLondon, 
1590 (1963) 

50 F.Monacelli, Inorg.Chim.Acta, 2- 65 (1973) 

51 L.L.Po and R.B.Jordan, Inorg. Chem., ]_, 526 (1968) 

52 N.E.Dixon, VJ.G. Jackson, W.Marty and A.M. Sargeson 
Inorg.Chem., submitted for publication 



- 1 4 9 -

53 D. A. Buckingham, 1.1.Olsen and A.M.Sargeson, 
J . Am.Chem.Soc., $0, 6654 (1968) 

54 D.A.Buckingham, I . I , O l s e n and A.M.Sargeson, 
Inorg.Chem., 2» 174 (1968) 

55 F . J . G a r r i c k , T rans . Faraday S o c , _33f 486 ¢1937) 

56 S.C.Chan, K.Y.Hui, Aus t . J .Chem. , 20, 2529 (1967) 

57 M . P a r r i s , J . C h e m . S o c , A1 583 (1967) 

58 W.L.Reynolds and S.Hafezi , Inorg„Chem., _17_, 1819 
(1978) 

59 CH.Langford and H.B.Gray, Ligand S u b s t i t u t i o n 
P r o c e s s e s , W.A.Benjamin, New York (1965) 

60 J . E . L e f f l e r and E.Grunwald, Rates and E q u i l i b r i a 
of Organic Reac t ions , Wiley, New York, N.Y. (1963) 

61 D.A.Buckingham, J .D.Edwards, T.W.Lewis and 
G.M.Hc Laughl in , J.Chem.Soc.Chem.Comm., 892 (1978) 

62 R.A.Henderson and M.L.Tobe, Inorg.Chem., _16, 2576 (1977) 

63 D .Br i t t on , J . D . D u n i t z , Acta C h r i s t . A1 2£ , 362 (1973) 

64 A.M.Sargeson, XlV ICCC, Toronto (1972) , P lenary Lecture 

65 Lim Say Dong and D.A.House, Inorg.Chim.Acta, 
.19, 23 (1976) 

66 A.R.Gainsford, D.A.House and W.T.Robinson, 
Inorg.Chim.Acta, _5, 595 (1971) 

67 P.Comba and W.Marty, t o be pub l i shed i n Helv.Chim.Acta 

68 P.Comba and W.Marty, Helv.Chim.Acta, 63 , 693 (198O) 

69 Fh,Renaud, t r a v a i l de l a b o r a t o i r e avancé, Un ive r s i t é 
de Neuchâ te l , 1980 

70 R.Caraco, D.Braun-Ste in le and S .Fa l l ab , Coord.Chem. 
Rev., ,16, 147 (1975) 

71 Oe.Bekâro^lou and S . F a l l a b , Helv.Chim.Acta, 4 6 , 2120 
(1963) 

72 N.B.Celap, M.J.Malimar and T . J a n c i c , Z .Anorg .a l lg . 
Chem., ^ 8 3 , 241 (1971) 

73 K.Yamanari, J .Hidaka and Y.Shimura, Bull.Chem.Soc. 
J a p . , 4 8 , 1653 (1975) 

74 T.Ho and M.Shibata , Inorg.Chem., _16, 108 (1977) 

75 A.R.Gainsford and D,A.House, Inorg.Chim.Acta, 
6, 227 (1972) 



- 1 5 0 -

76 A.R.Gainsford and D.A.House,Inorg.Chim.Acta, 
1 , 33 (1969) 

77 P . R . l r e l a n d , D.A.House and W.T.Robinson, Inorg.Chim. 
Acta , 4 , 13? (1970) 

78 D.A.House, P„R . I r e l and , I .E.Maxwell and W.T.Robinson, 
Inorg.Chim.Acta , j>, 397 (1971) 

79 J .A .Th ich , Chia-Chih Ou, D.Powers, B.Vasi l iow, 
D.Mastropaolo, J .A.Potenza and H . j .Schuga r , 
J .Am.Chem.Soc, j38, 1425 (1976) 

80 Chia-Chih Ou, W.J .Borovski , J .A.Potenza and 
H . J . s chuga r , Acta C r i s t . , 1333. 3246 (1977) 

81 W.Fttrst, P.Gonzerh and Y.Jeannin , J .Coord.Chem., 
£ , 237 (1979) 

82 F .See l and A.Meyer, Z.Anorg.Aiig.Chem., 408, 275 (1974) 

83 A. Saba t in i and T . B a r t i n i , Inorg.Chem., 4., 959 (1965) 

84 W.Beck, W.P.Fehlhammer, P.PÖllmann, E . S c h i e r e r and 
K . F e l d l , Chem.Ber., K)O, 2335 (1967) 

85 K.Nakamoto, J . F u j i t a and H.Murata, J.Am.Chem.soc., 
80, 4817 (1958) 

86 S .E .L iv ings tone , Quar t .Rev . , 1Ç), 410 (1956) 

87 C . R . P i r i z Mac Col l and L.Beyer , Inorg.Chem., 1£ , 7 (1973) 

88 U.Tinner and W.Marty, HeIv.Chim.Acta, _60, 1629 (1977) 

89 B.M.Fung, J.Am.Chem.Soc., 8£, 5788 (1967) 

90 H.Yoneda and Y.Nakashima, Bul l .Chem.Soc . Jap . , 
41, 669 (1974) 

91 C.Besso, t r a v a i l de l a b o r a t o i r e avancé, U n i v e r s i t é 
de Neuchâ te l , 1980 

92 B.Bosnien and J.MacB.Harrourfield, J.Am.Chem.Soc., 
£ 4 , 3425 (1972) 

93 H.Yoneda and Y.Nakashima, B u l l . e h e m . S o c . J a p . , 
4 8 , 766 (1975) 

94 D.A.Buckingham, p . A . M a r z i l l i and A.M.Sargeson, 
Inorg.Chem., £ , 1595 (1969) 

95 Foo Chuck Ha, D.A.House and J .W.Blunt , Inorg.Chim. 
Acta , .33, 269 (1979) 

96 J .W.Blunt , Foo Chuck Ha and D.A.House, Inorg.Chim. 
Acta , 32, L5 (1979) 



- 1 5 1 -

97 M.Ferigo, t r a v a i l de l a b o r a t o i r e avancé, U n i v e r s i t é 
de Neuchâte l , 198O 

98 Ch.Borei , t r a v a i l de l a b o r a t o i r e avancé, U n i v e r s i t é 
de Neuchâte l , 1980 

99 A.Anwander, t r a v a i l de diplôme, U n i v e r s i t é de 
Neuchâte l , 1981 

100 W.G.Jackson, J .MacB.Harrovfie ld and P.D.Vovles, 
I n t . J . C h e m . K i n e t i c s , %, 535 (1977) 

101 F .Ro tz inge r , p r i v a t e communication 

102 N.Rodriguez, ElKremer, C .R .P i r i z Mac Col l and L.Beyer, 
Z.Anorg.Allg.Chem., 412 (1975) 

103 D.A.Buckingham, C.R.Clark and T.W.Lewis, Inorg.Chem., 
IB, 1985 (1979) 

104 D.A.Buckingham, 1.1.Olsen and A.M.Sargeson, J.Ara.Chem. 
S o c , _89_, 5129 (1967) 

105 D.A.Buckingham, P . J . C r e s s w e l l and A.M.Sargeson, 
Inorg.Chem., 14, 1485 (1975) 

106 F.R.Nordmeyer, Inorg.Chem., O1 2780 (1969) 

107 R.D.Archer, Coord.Chem.Rev., 4 , 1243 (1969) 

108 R.W.Hay and K.B.Nolan, J .Nucl .Chem., _3jif 2118 (1976) 

109 F.Basolo and R.G.Pearson, Mechanism of Inorganic 
React ion , 2 n d Ed . , Wiley, New York, N.Y. 

110 P . J . C r e s s w e l l , Ph .D .Thes i s , A.N.U., Canberra (1974) 

111 J . l . L e g g and D.W.Cooke, Inorg.Chem., £ , 594 (1966) 

112 J.Josephsen and C.E.Schäffer, Acta Chem.Scand.A, 
.31, 8l3 (1977) 

113 T.Laier, C.E.Schäffer and J.Springborg, unpubl.work 

114 C.G.Henderson and A.R.Ewing, J.Chem.Soc, lo2 (1895) 

115 Inorg. Synth., J_* 2 0 9 

116 Inorg.Synth., 2» 2 1 1 

117 Inorg.Synth., 6, 173 

118 I n o r g . Syn th . , 9., 170 

119 M.Mori, MaShibata, E.Kyuno and K0Hoshiyama, Bu l l . 
Chem.SOC8Jap., 3 1 , 291 (1958) 

120 M . F e i s s t , Dip lomarbei t , ETH Zürich, 1963 



-152-

121 C.J.Boreham, D.A.Buckingham, D.J.Francis, A.M.Sargeson 
and C.G.Warner, J.Am.Chem.Soc., _103, 1975 (1981) 

122 D.F.Martin and H.L.Tobe, J.Chem.Soc, 1388 (1962) 



- 1 5 3 -

6 . ABSTRACT 

Synthes i s and s t r u c t u r a l ass ignements of two types of 

compounds a r e r e p o r t e d : C o ( I I l ) complexes wi th m e r i d i o n a l l y 

coo rd ina t ed p y r i d i n e - 2 , 6 - d i c a r b o x y l a t e , two amines o r an 

a l i p h a t i c diamine and a monodentate l i g a n d , and C o ( l l l ) 

complexes wi th a m e r i d i o n a l l y or f a c i a l l y c o o r d i n a t e d 

a l i p h a t i c t r i a m i n e and d i - o r t e r d e n t a t e diaminopropane-

2 - o l . The r e a c t i v i t y of t he n e u t r a l o r 1+ charged t r i ­

amine complexes has been i n v e s t i g a t e d c u r s o r i l y and a p ­

p e a r s not t o be much d i f f e r e n t from t h e wel l known p e n t a -

amine complexes. 

The new C o ( I I I ) pentaamine complexes gave impor tan t 

k i n e t i c and s t e reochemica l r e s u l t s . They are d i s ­

cussed i n terms of t he w e l l known 1 - s t a b i l i s a t i o n hy-

p t h e s i s of Basolo and Pearson . The k i n e t i c r e s u l t s a r e i n 

good agreement wi th a l i m i t i n g S..1CB mechanism. Proton 

exchange measurements a r e d i scussed i n terms of a depro-

t o n a t i o n of t he secondary amine func t ion e i s t o t h e l eav ing 

group competing wi th dep ro tona t ion t r a n s t o t he l eav ing 

group. The r e s u l t i n g conjugate base proved t o be very 

r e a c t i v e and l o s s of t he l e av ing group a f fords a r e l a ­

t i v e l y h igh ly s t a b i l i z e d a c h i r a l c o o r d i n a t i v e l y u n s a t u r a t e d 

i n t e r m e d i a t e s t a t e . This spec i e s shows no evidence f o r ion 

p a i r i n g . In a f a s t r e a c t i o n s t e p , t h i s a t t a c k s any n u c l e o -

p h i l e p r e sen t i n t he so lven t shea th sur rounding the i n t e r ­

mediate s t a t e . 
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