Coordination Chemistry Reviews, 88 (1979) 177—203 177
© Elsevicr Scientific Publishing Company, Amsterdarmn — Printed in The Netherlands

KINETICS AND MECHANISM OF SUBSTITUTION REACTIONS OF
COBALT(IID) trans-DIOXIMINES IN NON-AQUEQUS MEDIA

N.M. SAMUS

Departiment of Chemistry, Kishinev State Universily, 60 Sadovaya Strect, Rishinev 3
{US.5.R.)

AV ABLQV

Academy of Seience of the Moldavian 5.5.R. {U.5.5.R.}

(Received 17 January 1978)

CONTENTS

A.Introduction . . . . . . . . . . - . . . . . L o <« . . .17
B. Kinetics of halogen suhstitution in Co{III) {rans-dioximines by protic solvents . 178
C. Kinetics of halogen suhstitution in Co{IIl} f{rans-dioximines by dipolar aprotic

solvents _ . . . . . . . . . . . . .. .. e e e e ... 1e7
D. Comparison of lhe kinetic data obtained in protic and dipolar aprotic solvents . 196
E.Conclusion . . . . . . . . . . .+ o« .« . 4 a4 L. .. . 202
References - . . . . . . . . . . . . . . . « « + .« 4 4 . . . 202

A INTRODUCTION

According to Parker [1] solvents can be subdivided by their specific inter-
action with anions and cations into (1) dipotar aprotic and (2) protic. The
tendency of protic solvents to form hydrogen bonds is the reason for their
ability to solvate anions especially well. Dipolar aprotic solvents cannot be hy-
drogen donors, their interaction with anions arises from mutual polarisation
of anions and solvent molecules. The existence of two different types of speci-
fic solvation probably can influence the kinetic parameters of substitution
reactions, relative anion solvolysis rates and the mechanism of substitution.

Previously the influence of specifie solvation of anions on the rates of nu-
cleophilic substitution reactions was studied in detail for organic substances.
The experimental data for such reactions have been summarised [2—4].

For coordination compounds there are few systematic studies of substitu-
tion reactions in non-aqueous media. To elucidate the effect of the nature of
the solvent and specific ion solvation on the rate of substitution reactions one
can study solvolysis kinetics of halogen-ion in cobalt{I1l) trans-dioximine non-
electrolytes in protic (monoatomic alcohols} and dipolar aprotic {dimethyl-
formamide — DMF, dimethylsulfoxide — DMSQ, acetonitrile) solvents, which
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like water are simultaneously solvents and nucleophiles. The aquation Kkinetics
were previously studied in detail for this class of substances [5].

B. KINETICS OF HALOGEN SUBSTITUTION IN Co(Ill} trans-DIOXIMINES BY
FROTIC SOLVENTS

Previously substitution reaction kinetics of coordination compounds were
studied in aqueous and water—organic solvenis. Recently organic substances
such as methanol, dimethylformamide, dimethylacetamide, dimethylsulfoxide,
etc., have been used very frequently as solvents. However there is no unanim-
ity in the estimation of the role of the solventl in the suhstitution processes.
Some authors consider that organic molecules functioning as solvents do not
formm a bond with the central atom or if they form it, this bond is weak and
solvato-complexes are unstable.

Brown et al. [G] studying, by different methods, Lhe kinetics of chloride-
jon substitution by other anions in cis-[Cof{en}.Cl,]" in methanol arrived at
the conclusion that the direct substitution of one anion by another takes
place without methanol participation.

Holba [7] also suggested that the substitution of chiloride ion in cis-dichloro-
bis{ethylenediamine)chromium{}Il} cation by thiocyanate ion in methanol
occurs without participation of solvent.

There are however other studies in which it is demonstrated thal methanol
is involved in the formation of an intermediate complex.

Slaten and Garner [8] were the first to point out chloride-ion solvolysis
from the inner sphere of {rans-{Cr{en),Cl,]” in anhydrous methanol.

Hunt and Taube [9] studying the influence of solvent on the water exchange
in [Co(NH,):(H.0}]"" noted that the reaction rate in methanol mixed with
some water did not depend significantly on the water concentration, i.c. the
rates in water and anhydrous methanol were similar in value. The authors con-
sidered that water did not parlicipate in activated complex formation and the
process, probabiy, took place by formation of a Co—(OHCH,) bond via §,2
mechanism with subsequent rapid substitution of methanol by water.

Asperger et al. [10,11] assumed that methanolysis was the rate-determining
step in the substitution of chloride ion by thiocyanate in trans-[Co{en),NO.CI]".

The rates of the reaction investigated and that of chloride-ion exchange in
methanol were similar; furthermore the exchange rate of Cl” in trans-[Co(en},-
{NO,)Cl}" did not depend on chloride-ion concentration. It is interesting to
point out that the substitution rate of CI" by NCS™ in [Co(en).{NO,)}Cl]" was
greater than that of [Co{en).Cl.]1". In the case of an Sy1 mechanism the
reverse phenomenon would be expected.

Tobe and co-workers [12] isolated 1,6-[Co{en).(CH;O}Cl]" in crystalline
form and showed that, in methanol solution, on adding acid, the above men-
tioned complex was transformed into 1,6-[Co{en}.{(CH,OH)CIi]**. The latter
was quite stable in solution and only in a large chloride-ion concentration con-
verted into 1,6-and 1,2-{Co(en),Cl,] . Considering the stability of this solvato-
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complex, the authors excluded the possibility that it is an intermediate in
chloride-ion exchange reactions of 1,2-]Cofen}.Cl.1°.

Adamson [13] studied thiocyanate-ion substitulion kineties in [Cy{(NH,}.-
{NCS), 1™ by protic solvents with different properties (H.OQ, CH ,OH, C,H.OH).
The data obtained could be accounted for if it is admitted that solvolysis reac-
tions took place by a bimolecular mechanism including the formation of a hy-
drogen bridged bond between anion and solvent. In favour of this supposition
is the extrentely low value of the substitution rate of this complex anien in
nitromethane, which cannot form a hydrogen bond.

The results mentioned above demonsirate that experimental data on sub-
stitulion reactlions in protlic solvents R—OH are not numerous, their interpre-
tation is quite contradictory, and there is no unanimily in estimation of the
solvent’s role in substitution reactions in octahedral complexes. Moreover it
must be kept in mind that alcohols can enter into the inner sphere of com-
plexes to form comparatively stable compounds.

In protic solvents the solvation interaction can be superimposed by strong
hydrogen bonding, which is large for small anions. Concerning the cobalt(III}
dioximines there are no systematic investigations of substitution reaction
kinetics in non-aqueous media. One of us has shown preparatively {14], that
methanol enters into the inner sphere of the complex forming methanaol con-
taining compounds. Their formation may be represented by the following
scheme.

{a) [Co{Amine){DH).Hlg)" + CH,OH — [Co(Amine{CHOH}DH).]" + Hlg"
(b) [Co(H.O}{DH),Hlg]® + CH,OH &% {Co(CH,OH}DIH),Hig|" + H.O

[Co(CH,OH}DH).Hig) + CH,OH 2% | Co(CH,OH),(DM),}" + Hig

It was of interesl Lo study the substitution reaction kinetics of the acid resi-
duc by methanol in the following series of dioximines: 1,6-[CoHIlg{DI1).L.]
{L.= NH,, C.H:NH,, Py, H.O; Hlg = Cl, Br, 1). Previously [15,16] the aqua-
tion kineties of 1,G6-|CoHlg{DH).L] were studied and it was shown that substi-
tution takes place by a mechanism with elements of dissociation.

One could expect that comparison of data obtained for methanolysis with
those for aquation will permit us to elucidate how the substitulion of water
by alcohol influences the kinetics and mechanism of substitution reactions in
cobalt dioximines.

As is seen int Table 1 halogen substitution rates by methanol depend upon
the axial ligand. The halogen situated in ¢trans-position to ammonia is substi-
tuted faster than the halogen in frans-position to pyridine. The comparison of
rate constants obtained in methanol with those of aquation reveals {Table 2}
that substitution reactions proceed more slowly in methanol than in water
although activation energies are similar in both cases [16].

The amine {Table 2} influences in a different fashion the rates of halogen
substitution by water and methanol. Axial ligands disposed in order of
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TABLIE 2

Comparison of rate constants for halogen substitution in 1,6-[CoHig(DH):L] by methanol
and water
Ccnulplux = 107" mol 1! . 50°C

Complex K x 10" {sec™ ) K x 10% (sec™!)
in water in methanol

[{CoCHDH)-Py | 310 12
[CoBr{DH).Py] 270 9.5
{Col(DH}:Pv | 110 7.9
[CoCHDH}>CpHsNH3 | 250 49
[CoBr{DH)>CHsMNH2 | 200 31
[Col{DH},C,Hs N ] 76 13
ICOC](DH);NH;] 530 80
[CoBr(DH}-Niz | 510 47
[Col{DH}INEI, | 1200 16

diminishing halogen substilution rates by methanol are as follows: NH, >
C,.H.NH. > Py. For aquation of the same complex the sequence is: NH, >
Py > C,H.NFH,.

The substitution rates of halogen by water and methanol depend upon the
leaving group (Table 2). For complexes with L. = Py or C H;NH,, the rates
decrease from chloro- to iodo-compounds.

Ammonia-containing complexes behave in a different way in water and in
methanol. While the rate sequence of halogen substitution by methanol 1s
similar with that observed for pyridine- and aniline-containing complexes, in
aqueous solution inversion of the rate substitution sequence takes place — the
rate constants increase from chloro- to iodo-complex.

Hence regularities observed for aquation do not coincide completely with
those obtained for halogen substitution reactions by methanotl although water
and methanol belong to the same category of solvent (protic).

Among other effects, the influence of the steric factor on the rate of sub-
stitution allows us to make certain deductions concerning the probable reac-
tion mechanism. Previously [17—19] it was shown that substitution of the
halogen in 1,6-[CoHlg(DfH).L] * by water occurs [aster than for compounds
of the same type containing dimethylglyoxime. This is possible in the case of
aquation reactions occurring by a dissociative mechanism.

Investigation of halogen substitution kinetics in 1,6-[CoCl{D{H},L1 by
methanol {Table 3) shows that for complexes with o-benzildioxime the amine
also influences the value of the rate constants, which decrease in the foilow-
ing sequence: Py > NH; > C H,NH,. It must be pointed out that the exchange
of dimethylglyoxime by «-benzildioxime in case of pyridine<ontaining com-
plexes leads to the rate constants increasing, while for compounds with axial
coordinates H,N—Co—Cl and C ,H;—NH,—Co—Cl a rate decrease takes place.

* DiH-&-benzil dioximate ion.
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TABLE 3

Effect of the dioxime on the substitution rate of halogen by methanol in 1,G-[ CoHlg-
{Dioxim):L] Cepmpiex = 3 X 107! moi 171, 50°C

Complex K x 10¢ Complex K x 10%
{sec™t) (sec?)
[CaCl{DH}aPy] 12 [CaCl{DfH}:Py] 110
[CoCl{DIL}.C H:NH> | 19 [CoC{DIH).C 1N | 34
[CoCi(DH )aNI{;] 650 [CoCl{DrH)»Ntiy] 49

Such a different dependence an the steric factor for the halogen substitu-
tion rate in methanol in comparison with that in water is probahly caused by
a different degree of solvent participation in the formation of the intermedi-
ate,

A study of the behaviour of 1,6-[ CoHlg{DH}.L] in ethanol, and in n-prop-
anoi, has shown that the specific resistance of these solutions diminishes with
time, and hence electrical conductivity increases. This fact indicates that
methanol and some other alcahols can enter in the dioximine Inner sphere.

It was of interest to investigate the effect of the alcohol an the halogen sub-
stitution rate. With this aim in mind the change of electrical conductivity
with time of 1,6-[Co(C.H;NH,)}(DH).Cl] was studied in absolute ethano! and
in n-propanol. The experimental data show that chloride-ion substitution rate
decreases from methanol to n-propanol. For example, at 50°C in methanol
A =49 X 10°%see™! and in ethanol K = 9.6 X 107* sec™'; at 60°C in n-propanol
K =3.1X10""sec™" and in methanol K = 160 X 107" sec™".

This decrease may be caused by the Increase in size of the aleohal hydracar-
bon radical or by decrease of the media dielectric permeability | 20]. The
latter plays an important role in the ion—dipolar interaction of Lthe leaving
graup with solvent.

The dioximines discussed so far contain as axial ligands amines which diifer
in their basicity and steric bulk. It was of interest to study the substitution
kinetics in methanol for complexes, where the number of the influencing fac-
tars is 2 minimum. The non-electralyte dicximines 1,6-[ CoCi{IDH).-

{(H,NC, H.X)1 have been investigated further. [n these complexes the axial
ligands, the benzene ring substituted anilines, are practically unchanged in
steric bulk near the central atom but differ in their basicity. Kinetic data for
these complexes should throw light on the mechanism of the reactions invest-
igaied.

The rate constants for the substitution of the halogen by methanol in 1,6-
[CoCH{DHY.(H.NC ,H,;X)] are presented in Table 4.

The rate of chloride-ion substitution by methanol in the complexes under
investigation changes in the same order as the change in the inductive effect
of Lhe axial ligand {Table 4). If the logarithms of the rate constants for 1.6-
[CoCHDH).(H,.NC,H,X)] are plotted against Hammett’s v-constants for sub-
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TABLE 4 ¢

Methanolvsis rate constants Tor release of the ehloride ion from 1,6-[CoCI{DH},-
(HaNCaH3X)T 50°C, Copmprex = 1 % 1072 mal I

Complex Hammett's ¢ K x 10® (sec™!)
[CoCH{DH}1(p-HaNC, HiOCH )] —0.268 105

[CoCHDH ) (p-H2NCH4CH )| —0.170 G2.0
[CoCH{DH)»(m-HaNC H,;,;CH3) 1 —0.068 35.0
[CoCI{DH)(HaNCgH;)] 0.000 25.0
fCOCH{DH )2 -H2NC H;0CH ) ) +0.115 29.0
[CaCHDH}Y:(p-HKC H,Cl}] +0.227% 10.0
[CoCl{DH}Y;{p-H2NC H ;1) +0.276 19.5
{CoCHDH){rt-HaNCgHACH | +0.373 51.0

[CoCl{DH ) {m-H-NC H Br) ] +0.391 26.0

T NAL Samus and Ngyen Than Hong, unpublished data.

stituents in the aniline benzene ring, two different straight lines are obtained
{Fig. 1).

One of the straight lines is formed by points characterising electron-donor
substituents and another by electron-acceptor substituents.

An analogous dependence between log K and Hammett’s g-constants has
been pointed out previously in a study of the aqualion reactions of the dioxi-
mines under investigation [21].

By analtogy with aquation of 1,6-[CoCl{DH) {H .NC ¥, X)] it may be
assumed that halogen substitution by methanol in these complexes proceeds
by a different mechanism depending on the nature of the substituent in the
aniline benzene ring. For dioximines with electron-donor sithstituents X su 3-

log K+6

p-CCH,

18+ -CH
P 3 megr o
pzyd m-Ci

16F p-Ct

m-CH,

om-OCH5
ol CaH NH
1 6‘ 5 2 Il i
-02 Q +3,2 +3.4

Hammett's o
Fig. 1. Dependence of {g A for methanolysis of [CoCI{DH}a{H2NCsH;X)] on Hammett's o.
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stitution reactions proceed via dissociative activation and for dioximines with
electron-acceptor substituents X, associative elements in the mechanism pre-
vail.

Further it was necessary to explore if the influence of the inductive effect
on the substitution rate is typical of the whole class of dioximines or is a dis-
tinctive feature of the dioximines containing inner sphere aniline and its sub-
stituted derivatives.

For these reasons the kinetics of halogen substitution by methanol in dioxi-
mines 1,6-[CoHig(DH}.{XNH,)}] (X = CH,, C.H;, n-C H,} and 1,6-[CoHIlg-
(DH).{{CH,).NH}]1 (Hlg = Cl, Br, I}, in which the axial ligands are alkyl deri-
vatives of ammonia have been studied (Table 5}. It is found that chloride ion
is substituted faster than iodide ion. Such a sequence of substitution rates is
analogous to that observed for aquation and methanotlysis of 1,6-[CoHlg-
{DH}.Amine}] (Amine = Py, C,H;NH., NH,).

The rate constants of halogen substitution by methanol depend upon the
axial ligand (Table 6}.

From Table 6 it is seen that the rate of Cl” substitution increases from NH;
to CH,NH. and C,H;NH.. Such a rate constant increase agrees with the Taft’s
induction constants for the amine substituents under investigation. A butyl
group in accord with its induction effect must favour methanolysis in greater
degree than, for example, an ethyl group. However, for a dioximine contain-
ing n-butylamine as axial ligand a decrease of the methanolysis rate constant
is observed.

It may be that this fact is connected with the observation of the Nathan—
Baker effect in the [CoHlg{DH}.(XNH,}] complexes. It is known that the

TABLE 5®

Kinetic data for halogen solvolysis by methanol in 1,6-[CoHlg(DH)>(XNH,)]
Ceomplex = 1 X 107% mol 17}

Complex K x 10% (sec !} E g 2
{xJ
30° 40° 145° 50° 80° mol™!)
[CoCHDH).(CH;3NH\)}] 17.3 67.6 135 242 BO7 105 13
[CoBr{DH).(CH;NH,}] 8.81 20.9 395 75.0 231 102 12
[Col{ DH)2(CH;3NF;}] 2.30 7.68 13.8 23.0 71.4 95 11
[CoCl{DH)»(CaHsNH2}| 69.7 184 313 598 1732 g5 12
[CoBr{DH),(C2H:sNH-}] 25.3 75.9 129 259 575 85 10
[Col{DH)2{C:H;NH2}] 10.1 25.5 46.1 75.4 188 83 9.9
[CoCHDHYn-C.H,NH.)] 140 51.3 92.0 173 557 100 12
[CoBr{DH):({n-CyHyNH>)] 7.0 21.9 39.9 66.0 199 95 11
[CoIl{(DH)2{n-C4H¢NH:}) 291 9.14 10.9 20.4 63.4 92 10
[CoCI{DH), {{CH:)-NH}] 26.0 105 210 442 1768 120 16
[CoBr(DH), {{CH3)aNH}] 18.0 95.1 195 244 840 115 15
[Col{DH): {{CH;):NH }] 14.4 489 83.5 168 554 103 13

2 N .M. Samus and Ngven Than Hong, Z2h. Neorg. Khim_, 21 {1976} 1261.
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TABLE 6
Rate constants for chlaride-ion solvolysis by methano! in 1,6-[CoCl{DH)2Amine] at 50°C

Complex Taft 0 K % 10% (sec™!)
[CoCI{DH)A(MH 1) +0.49 80.0
[COC]{DH):(CH;NH:)] 0.00 242

[CoCH{DH ) {GsHsNH1}] —0.10 598

[CoCl(DH) (n-CaHgNHaA}] —-0.13 173
[CoCl{DH}1 {(CH3},NH}] — 442

Nathan—Baker effect is observed in hydrolysis reactions of organic compounds
in polar solvents [22], where strong solvation takes place.

The methanolysis rate increases from n-C H,NH, to {CH,}.NH. This can be
accounted for by an amine inductive effect increasing in consequence of the
introduction of the second methyl group. It must be pointed out that the pK,
values for dimethylamine and ethylamine are close to one another {(pK; =
10.72 and 10.67 for {(CH;).NH and C.H;NH,, respectively). Probably, the rate
constant is also influenced by a steric factor, which becomes more apparent
in case of dimethylamine.

To elucidate the effect of the protic solvent (alcohols) on the Kinetics of
halogen-ion solvolysis in 1,6-[CoHlg{DH),{(XNH.}] the rate of Cl™ substitution
in 1,6-[CoCl{DH}-(XNH.,)] by ecthanol and n-propanol {Table 7}, was investi-
ated.

The rate of chloride-ion substitution by alcohols (Table 7) decreases from
methanol to n-propanol. Such a decrease in rate may be caused by alcohol
radical increasing or by media dielectric permeability decreasing,

We should point out that the manifestation of the inductive effect and
Nathan—Baker’s effect decreases from methanol to n-propancl. While in

TABLE 7

Camparison of the rale constants ol solvolysis of ehloride iun in 1,6-[CoCI{DH )2 (XNHz2)}
by methanol, ethanol and n-propanol
60°C, Ceomprex = 1 X 1072 mol 17}

Coordinate K % 10¢ {sec™)

€ =326 €=24.3 ¢ =201

methanol ethanol n-propancl
Cl—Co—NH;\ 383 71.7 25.5
Cl—Co—H;NCHa 807 171 25.6
Cl—Co—C-HgNH» 1732 384 69.0
Cl—Co—n~C.;HgNH3 557 280 37.6
Ci—Co—(CHax)2NH 1768 499 81.0




156

methanol and ethanol substitution rates and Taft’s constants are regularly
interrelated, in propanol solutian rate constants for Cl” substitution in 1,6-
{CoCl{DH},(NH,}] and 1,6-{ CoCI{DH).{CH,NH.)] are close to one another.
The rate of halogen substitution for the Cl—Co—n-C H.NH. coordinate is
somewhat lower than for dioximine, containing ethylamine.

The substitution rate is greatest for dimethylamine-containing dioximine.
This fact allows us to assume that the rate increase is caused by a steric effect
of the axial ligand, However steric hindrance increases from methylamine to
butylamine as well. But this does 1tot influence the solvolysis rate constants as
muceh as dimethylamine. Probably, the introcduction of a second methyl group
in the tetrahedral structure of the amine nitrogen leads to greater space filling
near the central atom than does increasing the hydrocarban radical in the case
of the primary amines. The different degree of space filling may be the cause
of Lhe different rate increase due to the replacement of methylamine by
cthylamine and dimethylamine.

The methanolysis kineties for Co{lll)-coordination compaunds with mono-
O-methyl ether of diacelyldioxime — 1,6-[CaHlg,{(DMe)} * {(DHMe)] were also
investigated. These compaunds, as mentioned above, are non-electrolytes but
contain an intramolecular hydrogen bond [23]. The data obtained should
permit the ehucidation of the influence of the equatorial and axial higand on
the rate constant, halagen substitution sequence and, probably, reaction
mechanism.

[t is seen from Table S that the substitution rates of the first chloride and
bromide ions are approximately equal, while iodide-ion substitution takes
place significantly [aster.

This sequence of halogen substitution by methanol is the inverse of the
order ohserved previously for methanolysis of the non-electrolyie dioximines:
Cl>Br>1.

The experimental clata show changing the complex structure significantly
affects the sequence of the substitution of the acid residue by methanol.

Comparing the rate constant af halogen substitutian in 1,6-[ CoHlg.{DMe)-
{DMel}] by methanol with the aguation rate constants of these complexes
we observe that the methanolysis rates are higher than the aquation rates. Far
oxample, at 50°C in methanol, the rate constants far 1,6-[CoCl.{DMe){DHMe)]
and 1,6-[CoBr.(DMe)}(DMell)] are, respectively, 59.8 X 107" sec™" and 56.2
X 107" sec™', whilst the aquation rate constants for these compounds are,
respectively, 12.4 X 107 sec™ and 5.07 X 107° sec™'. The increase of the
moethanolysis rate in comparison with aquation of the Co(III) dihalogeno-
compounds, containing diacetyldioxime mona-O-methyl cther cannot be
accounted for by a change in dielectiric permeability of the solutian.

The mfluence of the entering group, fulfilling both a nucleophile and sol-
vent role, on thie rate constants permits us to suggest the presence of agsocia-

* DHAe = CHy—C—C CHi,
i I

NOI[ NOCH,
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TABLE S8

The substitution kinctics of halogen in 1,6-[CoHlgz(DMe )}(DHMe) | by methanol
Ccompics =1 % 107 mot 17}

Complex K % 10° {sec™ ") E(kd gz
mol~!)
40° 45° 50° 55° &0°
[CoCla{DMe )} DHMe)] 15.5 33.9 59.8 — 184 91 11
[CoBra(DMeX DHMe} | 19.1 34.0 56.2 — 158 90 10
[Coly(DMe) DHMe)] $9.1 149 230 103 — 82 9.5

4 N.M. Samus, Nyyen Than Hong and O.A. Bologa, Zh. Neorp, Khim., 24 {1979) 98.

tion elements in the mechanism of this reaction.

Large negative absolute values of the activation entropies are in favour of
this proposition {Table 8).

Summarising the data on the kinetics of Co(lil} dioximine substitulion
reactions in protic solvents we concluded that the value of the rate constants,
the acid residue substitution sequence, and reaction mechanism are influenced
by the nature of the complex compound and also by the nature of the solvent,
which is simultaneously the nucleophile.

C. KINETICS OF HALOGEN SUBSTITUTION IN Co(lIl1} truns-DIOXIMINES BY
DIPOLAR APROTIC SOLVENTS

Some authors have isolated in crystalline form, complex compounds of
chromium {III} and cobalt ¢(II1), containing i1 their inner coordination sphere,
one or two molecules of dipolar aprotic solvents such as dimethylacetamide,
dimethyiformamide or dimethyisulfoxide [24,25]. Kinetic data for substi-
tution reactions of Ca(lIl) and Cr{IIi) coordination campounds in dipolar
aprotic solvents are also in the literature [26—34].

The important role of the sotvents in these substitution processes is recog-
nised. The essential importance of ion association in aprotic solvents and the
influence of solvation on the kinetics is also pointed out.

For cobalt{Ill} dioximines, as we know, there are no systematic investiga-
tions of the substitution reaction kinetics in non-aqueous media. The only
exception is a Rumanian investigation of chloride and bromide ion substitu-
tion in H[Co{DF}.Cl,] and H{Co{DH).Br,] in aqueous solution with addition
of 10—20% dimethylformamide {35,36]. The authors suggested the possi-
hility tliat dimethylformamide enters the inner sphere on the basis of a com-
parison of activation parameters, obtained in aqueous and mixed solvents.

Substitution reaction kinetics in Co(IIl) dioximines in non-agqueous solvents
have been studied to elucidate the effect of solvent on the kinetics and meclhia-
nism, estimating solvation effects, and comparing Kinetic data for protic and
dipolar aprotic solvents.

Dimethylformamide {DMF}, dimethylsulfoxide {DMSO}, and acetlonitrile
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{ACN), which are simultaneously nucleophiles and solvents were investigated.
Non-electrolyte dioximines are taken as the cbjects of investigation,

First it was shown that 1,6-[Co{C H;NH.}DH}.CI] in dimethylformamide
is converted into [Co{C H . NH. }YDMF}DH},]NO; through action of AgNO,
(in molar ratio 1 : 1} with heating. Dimethylformamide readily enters the
inner sphere of irans-acidoaquodioximines. On adding dimethylformamide at
room temperature to 1,6-] Co(H.O}DH).Br] the latter is transformed into
[Co{DMFYDH).Br] - L DMF.

The kinetics of solvolysis of halogen in 1,6-[CoHlg(DH}. Aminc} (Hlg = Cl,
Br, I; Amine = NH,, C,H.NH., Py} in dimethylformamicde was studied by
measuring the variation of clectric conductivity at 30—70°C.

Rate constants and other kinetic characteristics are summarised in Table 9.
It is seen in Table 9 that for aniline and amine complexes dimethyiformamide
substitution is most fast for the iocdide ion, followed by bromide, and then
chloride ion. For pyridine complexes the sequence of halogen substitution is
similar to that observed in protic solvents: Cl > Br > I, and the difference
between the rate constants is very small.

‘Thie activation energy changes from chloro- to iodocomplex do not corre-
spond to the change it rate constants — the activation energy grows with
increasing rate constant and diminishes with decreasing rate constant. On the
other hand there is accordance between lg 2 and variation in rate constant,

Probahly, ig Z influences the halogen substitution rate to a preater degree
than does the activation energy.

In Table 10 Kinetic parameters for halogen substitetion by DALF in halo-
genoaquedioximines 1,6-[Co{H ,0)(DH)}.Hlig] (Hlg = Cl, Br, 1) are presented.
It is scen that the raie of halogen substitution by dimethylformamide in these

TABLE9®

Kinetic characteristies for halogen solvolysis by dimethylformamide in 1,6-[CoHlg-
{DH): Amine]
Ceomplex = 1 X 107 mot ¢!

Complex K x 10° (sec™) E (kd gz AST
mol 1} {J

50° 60° 65" 70° nol™!

g
[Co(NH 3} DH)}Cl] 2.2 1.6 G.d 9.7 71 G.1 —187
[Co(NH;)DH)1Brj 7.5 15 28 45 82 8.5 —91
[Co{NH;){DH}:1] 12 37 62 100 99 115 —34
{Col(CuHsNH. ) DH).Cl1 5.9 12 17 24 6 5.1 —155
[Co{CoHaNH2)¥DH),Br| 6.6 16 26 36 77 7.2 —-117
[Co(CoHsNEH Y D)L 7.0 19 33 55 93 9.8 —G7
[CoPy{DH:Cl] 2.5 6.6 11 19 102 10.7 —50
[CoPy{DI)2Br} 2.1 5.3 7.9 12 78 7.1 —119
{CuPy (D)1l — 5.1 7.2 10 70 5.7 —116

4 NM. Samus, T.8. Lukyanets and A.V. Ablov, Zh. Neorg. Khim., 19 (1974) 2477,
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TABLE 10 %

Kinetic characteristies for halogen substitution in 1,6-[ Ca{H-QYDH).Hlg] by dimeihyl-
formamide
Coomplex = 1% 107 mol 17!

Complex K » 10" {(sec™ ') E (kd g Z AS?

(J
maol™!) mol™!
50° 60° G5° 70° gty
{Co{H O} DH}.CI] 6.3 14 20 31 75 7.3 —113
[CofH2 O} DH)-Br| 7.1 18 28 45 86 9.2 —78
[Co{1}-OXDH).1| 8.6 25 43 74 ag 114 —36

# NUN. Somus and T.S. Lukyvanets, unpublished data.

cases also increases from chloro- to iodocomplex, while in protic solvents
(water, methanol) the reverse sequence of halogen substitution is observed.

The interaction of dimethylformamide with halogenoaquocomplexes may
be presented hy the following scheme.

[Co(H,0)DH).Hlg] + DMF 22 [co(DMFYDH).Hlg} + H,0

[CotDMFXDH),Hlg] + DMF 5 [Co{DMF),{DH}.]" + Hlg"

The data in Tahle 11 confirm that the rate constants characterize only halo-
gen suhstitution

Rate constants of halogen substitution in [Co(H,O}DH},Hlg] and [Co-
(DMFXYDH).Hlg] are equal within experimental error. This suggests that suh-
stitution of the water molecule in the halogencagquocomplexes by dimethyl-
formarmnide proceeds very rapidly and halogen substitution is the rate-deter-
mining reaction.

To elucidate the influence of a steric facter on the rate of halogen substitu-
tion the kinetics of substitution in 1,6-[Co{Amine{DfH) *,Hlg] were studied.
Rate constants for halogen substitution by dimethylformamide in [CoCl-

{DH);Amine] and [CoCl{DfH},Amine] are summarised in Table 12.

The rate constants {Table 12) for both groups of compounds are similar,
while the aquation rate constants for analogous complexes of a-benzyldioxime
are larger than for dimethylglyoximine compounds [47]. For example, at
30°C, pH = 3.0; 1 = 0.1 for [Co(C H;NH.¥DH},Cl] K, quation = 8.01 X 107°
sec”!, and for [Co{C H;NH . }{DfH).Cl] K, quation = 127 X 107°% sec™’.

Probably, in the case of solvolysis by dimethylformamide the influence of
the steric factor on the rate cannot be a criterion for the reaction mechanism.

Table 13 summarizes the kinetic chavacteristics of the substitution reac-

* DfH = CGHS—?"'—(!?—C(,HS
NO™ NOH
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TABLE 11

The comparison ol the rate constants of halogen substitution by dimethv[formamide in
1,6-[Co(H- QXD }-Hig] and 1 ,6-]Co{DMF}DH); Higl

50° C. ccorn1)h< =1x 1077 maol 17!

Complex K x 10% Complex K »x 10"
{sec™ ¥} {see™1)

[Co(H20)DH}:Cl | 6.3 [Co(DMF){DH)>Cl] 6.0

(Co(H20)(DH)Br 7.1 [Co(DMF}DH}2Br | 6.9

tions in dioximines 1,6-[ CoL(Dioxim}.HIg] containing Thio *, Scarb * and
Thios ¥ as axial ligands L.

The sequence of halogen substitution by dimethylforniamide in thiese com-
plexes {(Table 13} is also the reverse of that observed in water (Cl << Br < ).

Possibly inversion of the sequence of halogen substitution rates observed
in a dipolar aprotic solvent — dimethylformamide — is connected with the
phenomenon of specific solvation. It is known that in protic solvents anion
solvation decreases inn the order Cl > Br > [, while in dipolar aprotic solvents
the iodide ion is solvated most strongly and bromide and chloride ions more
weakly [37]. Table 13 demonstrates how the axial ligand (L) influences the
rate constants. The substitution rates increase in the following sequence:
Thio <C Scarb <C Thios. This sequence was also observed for aquation of the
dioximines under investigation [38].

Comparison of solvolysis rates for dimethylglyoximine and a-benzyldioxi-
mine complexes shows that substitution in the latter proceeds faster than in
the former. For example, at 30°C, and C.ompiex = 1 X 1077 mol I'*, the rate
constants for 1,6-[CoCl{DH},Secarb] - 3 H, O and 1,6-[CoCl{DfH}. Scm b] are,
respectively, 7.94 X 107% and 3168 X 107¢ sec”

Taking into consideration the increase in steric hindrance in benzildioxi-
mine complexes the data above may be accounted for by assuming a dissocia-
tive mechanism for halogen substitution by the dipolar aprotic solvent, dime-
thylformamide.

However as we pointed out above for the amine-containing dioximines 1,6-
[Co{Amine}{DH).Hig] and 1,8-[Co(Amine)(DfH),Hlg], the change from dime-
thylglyoxime to a-benzildioxime does not always lead to an increase in rale
constant.

These facts suggest that even in the same solvent (DMF) the importance of
the steric factor also depends on the nature of the complex.

Further it was of interest to determine if, in dimethylformamide solution,

_NH; _NH—NH, _NH—NH»
* Thio = §=C7  ;Searb = 0=CZ :"Thios = §=CZ
NH. N 2
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TABLE 12

Inilut-m:o of the dioximie on the rate of halogen substitution by dimethylformamide
50C, Coppnprex =1 % 107* maol ™!

Comploex K x 10" Complex K x 10"
(sec™!) {soc™t)
[CoPy(DH).Cl] 2.3 [CoPy(DIH):CH] 4.6
[Co{C HNE-WDH).CI] 5.9 [Col{CeH;NHAYDIH)ACl] 6.6
[CotNI, ) DH)C1] 2.2 [Co(NH)(DfH)-Cl] 2.5

by analogy with methanol, manifestation of the inductive effect of the axial
ligand takes place.

With this aim in mind halogen substitution kinetics by dimethylformamide
were studied for dioximines containing ammonia and its alkyl derivatives in the
inner sphere (Table 14).

As is seen in Table 14 the sequence of halogen substitution by DMF is the
sarmne as for the compounds mentioned above: Cl1 < Br < 1.

The nature of the axial ligand influences differently the solvolysis rates in
methanol and in dimethylformamide {Table 15). Whilst in methanol the rate
constants depend upon the inductive effect, in dimethylformamide substitu-
tion of the hydrogen atom in ammonia by an alkyl radical (—CH;, —C.Hs)
hardly influences the reaction rate.

“Thoese data demonstrate that steric and inductive factors do not manifest
themselves in the solvolysis of amine-containing dioximines by dipolar aprotic
solvents.

1t should be pointed out that the rate constants of halogen substitution by
dintethyiformamide are considerably smaller than those obtained in methanol.
This fact cannot be accounted for by media dielectric permieahility alone
hecause for methano! and dimethylformamide ¢ is nearly the same (€&} ,0n =

TABLE 13"
Kinetic characteristics of halogen substituiion by DMF in 1 B-[CoL{DH):Hig] at 60°C

Compiex K x 10" E (kdJ
(sec™ !} mo!l™!)
(Co{Thio}{ DH),Cl1j 1.99 61
[Co(Thio}(DH)>Br] 6.21 81
[Co{Thic){Di{}-1] 35.9 83
[Co(Scarb}{DH),Ct] - 3 H,0O 83.1 56
{Co(Scarb)}{DH),Br] - 3 H30 776 74
[Cof{Scarb}{DH},I} - H,O 1630 84
{Co{Thios}{ DH}.Cl] 259 64
{Co(Thios){ DH)2Br] 3513 86

a2 N.M. Samus arrd Ngyernr Than Hong, Zh. Neorp. Khim., 21 (1976) 1802,
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TABLE 15

Methanol and dimethvlformamide solvolvsis rate constants of chloride ion in 1,6-[CoCl-
(DH}{(RNH:)]

60°C, Cenmpiex = 1 X 1073 mol 17}

Complex K %x 10® Complex K x 10"
{sec™NY in {sec™ 'y
CH;OH in DMF
[Cof{NH;}DH),Cl] 293 [Co{NH; XDH).CI1 4.61
[Co{CHiNH,}¥DH).Cl} 807 [Co{CH3NH,}DH}CI] 3.17
[Co(C,HsNH1 X DH),Cl} 1732 [Co(C:HsNH> )} DH)Cl] 4.78
[Co{n-C4Hy N ¥ DH},CI] 557 [Co(n-C4HeNH{DH}.CI1] 10.0
[Co {{CH3).NH H{DHCI | 1768 [Co {{CH;):NH H{DH),Cl] 25.1

32.6; cie = 36.7). Decrease of the halogen substitution rate in DMF in com-
parison with halogen substitution in methanolic media cannot be caused by
the nucleophilic properties of the reagents because DMF is a better nucleo-
phile than methanol.

The rate decrease in dimethyiformamide is probably connected with solva-
tionr properties of the solvent.

Kinetic investigation of halogen solvolysis by dimethylisulfoxide (DMSO)
in the Co{III) dioximines, 1,6-[CoL{Dioxim}.Hlgl, has shown a sequence of
halogen substitution rates analogous to dimethylformamide solvolysis {Table
16).

The axial ligand influences the halogen solvolysis rates both in dimethyl-
sutfoxide as well as in dimethylformamide. For example, at 60°C rate con-
stants for {Co(Thio}{DH).Cl], [Co(Scarb)}{DH)}.Cl} - 3 H,O and [Co{Thios)-
(DH).Cl] in DMSO are, respectively, 17.4 X 10™%sec™!, 238 X 107* sec”' and
458 X 107*sec”'. Hence the sequence of labilizing ability of axial ligands is the
same as in dimethylformamide: Thios > Scarb > Thio.

Chloride-ion solvolysis by dimethylsulfoxide in these dioximines proceeds
faster than Cl” substitution by dimethylformamide (Tahle 17). The rate sequ-

TABLE 16 #

Kinetic characteristics of halogen substitution by dimethylsulfoxide in 1,6-[Co(Thio}-
(DH};Hig]
60°C, Ceamplex = 1 X 107% mol I}

Complex K x 10° E (kd g Z
(sec™ ') mol™!)
(Co(Thio)YDH),Cl] 174 63 5.1
[Co(Thio)(DH)}:Br] 78.2 68 6.6
[Co{Thio)(DH)»I] 159 71 7.3

2 N.M. Samus and Ngven Than Hong, Zh. Neorg. Khim., 22 {1977) 1847.
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TABLE 17

Rate constants for chloride-ion substitution by DMSOQ and DMF in 1,6-{CoCl{DH),L] at
60°C

Complex K % 10" (sec!)
DMSO DM
[CoCH DM} {Thios}] 458 259
[CoCI{DH };(Scarh}1 - 2 H20 238 83.1
[CoCl{DH)(Thio}] 17.1 1.99

ence is the same as the order of increasing nucleophilie ability and dieleciric
permeabiiity of these solvents. From compatison of the activation parameters
(Table 18} it may be seen that entropies of activation for DMF and DMSO
solutions are negative and large by absolute vaiue. Taking into consideration
the strong solvation of cations it dipolar aprotic solvents we propose that
solvolysis proceeds via a dissociative mechanism both in DMFE and DMSO.

The increase of the solvolysis rate constants of sterically hindered a-benzil-
dioxime complexes in comparison with those of dimethylglyoxime also testi-
fies in favour of dissociative activation. For example, rate constants for [CoCl-
{DH).(Thio}} and [CoCH{DFH).(Tbio)] at 60°C, (Ceomprex = 1 X 10> mol 17"}
are respectively 17.4 X 107%sec™? and 41.1 X 107% sec™’.

Study of halogen solvolysis it 1,6-[CoCH{DH).Amine] {Amine = NH,,
C.H:N, C,H:NH,) by dimethylsulfoxide has shown that rate constants are
similar to one another (Table 19}). Hence, the amine does not significantly
influence the substitution rate.

Investigation of halogen substitution by dimethylsulfoxide in 1,8-[CoHlg-
{DH).{XNH.)] has revealed that also in this case the nature of the axial ligand
(aliphatic amine) does not influence the rate constants (Table 20}.

It is seen from Table 20 that the rate of substitution increases from the

TABLE 15

Activation parameters for cehloride-ion substitution by DMSQO and DAITF in 1,6-[ CoCl-
(DH)aL1 at 60°C

Complex DMSO DMF
AHT AST AHT AS™
(kd mol™#) {J mol-1 (ed mob™ 1) {J mol™!
gh) g
{CoCHDH),{Thio}| 60 —156 58 —179
[{CoCI{DH)s(Scarb}] - 3 H.O 63 —130 53 —167

{CoCH{DH),(Thios)} 71 —-108 61 —130




TABLE 19 ®

Kinetics of the Ci™ solvolysis in 1,6-[ CoCl{ DH }Amine] by dimethylsalloxide

Complex K x 10° (sec”!) E(kd I %
mof_i)
60°C  65°C T0°C  75°C
[CoCH{DH)}-NH4] 5.75 791 13.8 20.0 G8 5.5
[CoCH{DH)(CsH;sN)] 5.43 9.35 16.6 27.3 95 9.7
[CoCIHDH)(Cat s NH)] G5 1G.9 19.1 30.1 95 9.8

®N.AL Samus and Ngyen Than Hong, unpublished data.

chloro- to iodot omplex, i.e. the sequence is the same as in dimethylormamide
solution: Cl < Br < I.

Study of the chloride substitution kinetics of 1,6-] CoCH{DH) {RRNH,)] in
acetonitrile solution (Table 213 has shown that the rate constants are close
one to another in value, independent of the axial ligand. WWe observe only a
slight increase in the rate constants with the growth of the Taft ¢ # constants
for the substituents X in the ammonia molecule. It can therefore be concluded
that in dipolar aprotic solvents in contrast to protic solvents the inductive
effect of the non-substituting axial ligand does not become apparent.

The kinetic characteristics of the first halogen-ion substitution in 1,6-
[CoHlg.(Dae}{ DHMe)] by dimethylformamide are presented in Table 22.

It is scen {Table 22} that the rate of bromide solvelysis is somewhat larger
than that of chloride and in the case of the iodide-complex the substitution
procceds very fast. Comparing the rate constants of halogen substitution in
these complexes in protic solvents {water, methanol) with those dipolar apro-
tic solvents (DMF) it may he seen that the solvolysis rates increase in the
following sequence: H,O < CH,0Ot < DMF (Table 23). The increase in rate
constant from water to methanol and further to ditnethylformamide shows

TABLE 20 #

Kinetic characteristics for halogen sotvolysis in 1,6-] CoHlg{DI{):(X-NH31)} Ly dimethyl-
sulfoxide at 60°C

Complex K x 10% E (kJ e Z
{sec™ '} nal™hy
[CoCH{DH )2(CH ;NH, ) | 7.35 61 1.5
[CoBr(DH){CH3NI1;}} 12.1 6 7.0
[Col(DH)2(CH3NH, )] 28.5 30 9.6
[CoCl{DH )(C2HsNH, )] 5.68 77 6.8
[CaBe{DH)>(CaHsNH3}] 13.8 35 5.8
[Col{DH}:{C:HsNHa1)] 35.1 95 10
[CoCHDH}:{n-CiHyNH2)] 10.9 77 6.9
[CoBr{DH)s{n-CsH,NH»}] 15.0 a5 10
[Col{DH)}a{n-C;HyNH2) A4 104 12

*N.M. Samus, Ngyen Than Hong and LA, Fridman, Zh. Neorg. Khim., 23 {1978} 994.
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TABLE 21

Rate coastants for chloride-ton substitution in 1,6-[CoCl{DH)(XNH;}] by acetonitrile
at 60°C

Complex K 10% Taft o*

{sec™!}
[CoCKDH)2(NH}] 5.50 +0.49
[CoCHDH - {CH;NH-)] 8.20 0.00
[CoCi{DH}»{C-HsNH1)| 101 —0.10
fCoCHDH }a{n-CsHuyNH2)1 13.0 —0.13
TABLE 222

Kinetie characteristics for the first halogen substitution by DMF in 1,6-[CoHlg.(DMe)-
{DMeH)]
Ceomplex = 1 X 107% mol 1™

Complex K % 10° {(see ) E({kd I Z
- moI"I)
25°C 3a0°c 85°C  40°C

[CoCl{DMe)XDMeH)] 36.0 450 654 88.3 48 4.1
[CoBry(DMe)}{DMeH)] 460  58.4  78.2 123 60 6.1
{Cola(DMe} DMeH}) fast

7 N.M. Samus, Ngyen Than Hong and O.A. Bologa, Zh. Neorg. Khim., 24 {1279) 98.

that the entering group plays an important role in substitution. This observa-
tion infers the elements of association in the mechanism of the reactions un-
der investigation.

Investigation of the kinetics of halogen substitution in Co(l111) dioximines
by dipolar aprotic solvents has shown that the rate, substitution sequence and
reaction mechanism depend upon the nature of dioximine and solvent, as is
the case with protic solvents.

D. COMPARISON OF THE KINETIC DATA OBTAINED IN PROTIC AND DIPOLAR
APROTIC SOLVENTS

The experimental data on Co{lll) dioximine substitution reactions in non-
agueocus solvents have revealed that the solvent influences the substitution
sequence of the coordinated anion by solvent. In the protic solvents the sub-
stitution rate of halogen by solvent in 1,6-[ CoHlg(DH}-,L} decreases from
chloro- to bromo- and further to the iodo-complex. For the same complexes
in dipolar aprotic solvents the halogen substitution sequenee is reversed. The
different sequence of halogen substitution by protic and dipolar aprotic sol-
vents is probably connected with the specific splvation of the solvents.

The quantitative investigation of methanolysis of Co(III) coordination com-
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pounds, containing mono-0O-methyl ether of the diacetyldioxime, 1,6-
[CoHlg:{DMe)}Dlell)] {Hlg = Cl, Br, I} has shown that the sequence of halo-
gen substitution by methanol (I > Br > Cl} is inverse to that observed for aqu-
ation and methanolysis of the amine-containing Co(1ll) dioximines {Cl >

Br > I}). This fact may be accounted for in terms of Pearson’s theory of hard
and soft acids and bases [39,40]. The metal atom in [CoHig{DH).L] has the
character of the soft acid (class b), therefore according to [41] the bond
strength Co—halogen increases with the growth of the softness of the base
{halogen}, i.e. it grows from the chloro- to iodocomplex, by analogy with {Co-
{CN);X]*" [42] and in contrasl to [Co{NH,},X]}*" and [Coen.X.] [43,44].
The Co{llI} complexes with the ligand — mono-O-methy! ether of diacelyl-
dioxime — in contrast to Co(lll} dimethylglyoximines contain a single intra-
molecular hydrogen bond, as shown by X-ray invesiigation [45]. As a resulit
the Cof{lll} atom in the former complexes is a harder acid than in the latter.
Therefore the strength of the Co—Hlg bond decreases in the [ollowing sequ-
ence: Co—Cl > Co—Br > Co—I1. Hence, the nature of Lhe complex can also
affect Lhe sequence of halogen substitution.

Study of the halogen substitution in 1,6-[CoHlg{DH},{RNH .}] by different
solvents has demonstrated that in methanol the rate constants depend both
on the inductive effect and Nathan—Baker’s effect of the non-substituted
axial ligand. It is found that the manifestation of these effects diminishes
from methanol to ethanol and further Lo n-propanol. In dipolar aprotic sol-
vents the inductive effect of the substituent (R} in the aliphatic amine doces
not significantly influence the value of the rate constant.

The rate constants of halogen substitution by dipolar aprotic solvents (DMT,
DMSO, acetonitrile} are two orders of magnitude smaller than those obtained
in methanol (Table 24) although the dielectric permeability of DMF, DMSO
and acetonitrile is larger than that of methano! [20]. Consequently, the dielec-
tric constant of the medium cannot reflect all the changes the complex under-
goes in the course of substitution.

The donor ahilily of the solvents probably does not play a paramount role
in determining the substitution rate, because it is larger for DMF and DMSO

TABLE 24
Rate constanis of halogen substitution in 1,6-[CoHlg{DH}xAmine] by different sclvents

Complex K % 108 {(sce™ ')
CH,0H DMF Aceloniirile DMSO0
c=32.6 €= 36.7 €=31.6 c =185
[CoCI{DH }>{NH;}] 290 1.60 5.50 5.75
[CaCl{DH ) {CFHiNH-)} 807 317 8.20 7.35
{CoCl{DH}2(CzHsNH=2)] 1732 4.718 10.1 B.GS
[CoCHDH):(n-CqHgNH2}] 557 10.0 13.0 10.9

[CoCH{DH)» {{CH;):NH}] 1768 25.1
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than for methanol [48]. Decrease of the substitution rate of halogen by dipo-
lar aprotic solvents is due to the effect of solvation.

Axial ligands such as Thios and Scarb arve characterized by the most pro-
nounced lahilizing power independently of the nature of the solvents {protic
or dipolar aprotic) in which the substitution processes were studied {Table
25). With respect to the other axial ligands their labilizing ability depends
strongly upon the solvent. In protic solvents one secquence of rate constant
variation is observed and in dipolar aprotic quite another,

This allows us to sugpgest that the values of the rate constants depend not
only on the labilizing power ol the axial ligands but also on some other fac-
tors, among which the effect of solvation plays the important rote.

In Table 25, we see Lthat rales of halogen substitution by DMSO in dioximines
with Thio, Searb, Thios as axial ligands are larger than in DMF, while for dioxi-
mines with C:H. N, C, H.NH., NH, as axial ligands the appropriate rale con-
stants are similar in value. This is probably connected with interionic associa-
tion, which retards the reaction, and is larger in DMF, than in DMSO. The
interionic association influences the rate more strongly in dissociative reac-
tions. On this assumption, we suggest {hat substitution reactions in dioxi-
mines, containing strong {rans-influencing ligands such as Thio, Scarb, Thios,
proceed in dipolar aprotic solvents as well as in water via a dissociative mech-
anism. The substitution reactions of the complexes with C;H N, NH, and its
alkyl derivatives, C H.NH. and substituted benzene ring derivatives, as axial
ligands, probably, proceed via a mechanism with associative elements. Analy-
sis of Lthe activation parameters of halogen substitution in 1,6-[CoHlg{Dii}.L]
both in protic and dipolar aprotic solvents has shown thal the activation
entropy [or the majority of the complexes under investigation are negative
and in dipolar aprotic solvents Laryge in value {Table 26).

In the case of a dissociative mechanism for cobait(IIl) dioximines the tetra-
gonal pyramid is the most probable geometry of the activated complex.
During the transition from the original to the activated complex, the only
changes are in the solvation of the complex and the leaving group.

Since bulky cations wilh small charge are strongly solvated by dipolar apro-
tic solvents the negative entropy values suggest a dissociative mechanism for
the reactions under investigation.

The isokinetic relationship between AH ™ and AS” is observed for these sol-
volysis reactions. This refationship, presented in Fig. 2, probably indicates a
similar transition state in different solvents. The lack of dependence of the
structure of the transition complex on the solvent aiso suggests that the solvo-
Iysis of halogen iens in Co({LLL} dioximines proceeds via a dissociative mecha-
nisme.

It is of interest to study the dependence of the solvolysis rate on dielectric
permeability (Fig. 3). It is seen from Fig. 3 that two different straight line
dependencies of lg K on (e — 1}{2¢ + 1) are observed, one for protic, and
another for dipolar aprotic solvents. Suppose we take as a characteristic of a
solvent its solvating ability. This can be described by an energy parameterx
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TABLE 26 201

Activation parameters of halogen solvolysis by protic and dipolar aprotic solvents in 1,6-
[CoHlig{DH)}.L]|

Coordinate CH;;OH DMSO DME

AH* As*  aAn? AS*  AHT AS*

(kJ (3 (kdJ (J (kJ (J

moi™!) mol™!  mol™!) mol™!  mol™") mol™!

g') gh) ")

Ci—Co—NH, 108 +2.0 65 —136 G8 —137
Cl—Co—CH;NH; 102 —8.0 58 —167 10% —8
Br—Co—CH ;NH, 29 —2.4 T3 —119 92 —56
I—Co—CHNH, 92 -7 87 —67 83 —&7
Cl—Co—C,HsNH, 92 —40 Td —123 99 —30
Br—Co—C-H;NH- 52 70 52 —B83 91 —58
[-Ca—CsHsNIia 30 -~77 92 —62 T4 —108
Cl—Co——n-CiHyNH- 97 -—241 T —112 88 —67
Br—Cao-n-C,H,NH: 92 —d3 92 —62 85 —75
I—Co-—n-CaHyNH2 39 —62 102 —24 76 —104
Cl—Co—(CH3);NH 117 +41 92 —&0
Br—Co—(CH1);NH 112 +20 69 —123
FCo—(CH;)sNH 100 -5 B4 —135
Cl—Co—Thio 60 —1506 h8 —179
Br—Co—Thio 65 —127 T3 —110
1—-Co—Thio 68 —113 B85 —T74
Cl—Co—S8carh 63 —130 53 —-1G7
Br—Co—Scurb 71 —91
I—Co—Scarh 81 —B61
Ci—Co—Thios 71 —106 61 —130
Br—Co—Thios 80
[—Co—Thios 87 —T8
Ci—Co—CgH;NH2 108 —5 92 —B7 61
Cl—Co—C5iisN 97 —31 92 —G3 99 -—50

as? J3/mal-gr

40

~120

-160[,

G50 a0 100 120

aH¥ ka/mot
Fig. 2. Isokinetic retationship hetween AS™ and AH for solvolysis reactions of dioxi-
mines.
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Fig. 3. Dependence of Ig K on (€ — 1} (2¢ + 1) farsolvolysis of {CoCI{DH ) (NI1) | in protic
and dipolar aprotic solvents.

Fig. 4. Correlation between g K and transition energy of the charge transter band (E1) Tor
salvoivsis of [CoCH{DH ). (NH }]{.

such as the energy Er of the charge transfer hand associated with thel™ - 7-
(N-heterocycele) internal charge transfer of 1-ethyl-d-methoxycarbonylpyri-
dine iodide in various solvents [20]. We obtain then the single straight line
dependence of lg K against £ both for protic and dipolar aprotic solvents.
In Fig. < this is presented for {CoCl{DH).{NH,)].

The experimental data show that the dielectric permeability of the solvent
cannot characterize the specific intermolecular interactions between particles
present in the solution. A betier characteristic of such interactions is the
energy of the charge transfer band Eop.

E. CONCLUSION

The foliowing principal conclusions can be drawn from the above experimen-
tal material.

(1) The rates of cobalt(111) dioximine substitution reactions depend upon
the nature of the solvent as well as on the nature of the dioximines,

(2) The important factor, which influences both the kinetics and mecha-
nism of the substitution reaclions is the phenomenon of specific solvation.

(3) The medium dielectyic permeability incompletely characterizes the inter-
actions between different particles in the solution microvolume. The interac-
tions discussed above are better described in terms of the energy of the charge
transfer band.

(-1} Substitution reactions in non-aqueous media involving Co(3II) dioxi-
mines proceed via interchange mechanism. In some cases dissociative elements
prevail in the mechanism, in others, associalive.
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