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Cobalt(III) Complexes in Dipolar Aprotic Solvents.
Part XV.* Some Reactions of trans-methylbis(dimethylglyoximato) (dimethyl-
sulphoxide)cobalt(IIl), trans-[CoCH;(DH),(DMSO)] in Dimethyl Sulphoxide
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The anation reactions: trans-[CoCH,(DH) ,(DMSO)]
+ X~ = trans-[CoCH,(DH) ,X]~ + DMSO have been
studied for X~ = NCO~, N5~ and NCS~ in the solvent
DMSO. Equilibrium constants and rate constants have
been determined over a range of temperature. The
reactions are appreciably faster than those in the trans-
[Co(DH)(NO,)(DMSQ)] system! confirming the
strong trans labilizing effect of the CHj3™ ligand. The
results are consistent with a dissociative mechanism,
showing correspondence with similar systems in aqueous
solutions.>2

Introduction

These studies are a continuation of our recent work
on trans-[Co(DH),(NO,)(DMSO)] in DMSO and its
anation products with Br~ and NCS~. These systems are
under study for comparison with the anation results of
cationic complexes of cobalt(IlI) in dipolar aprotic
solvents>> and to confirm the assigned dissociative
mechanism of reaction for these complexes in aqueous
solution®®7 through studying solvent transfer phenom-
ina.

The analogous aqueous chemistry of trans-[Co(CHj;)
(DH),(OH,)] has been studied by Crumbliss and Wil-
marth® and more recently by Sakurai, Fox and Ingra-
ham,” while a series of alkyl complexes have been stud-
ied in mixed solvents by Costa et al.® as models for
the vitamin B, system.®1® The consensus is that the
mechanisms of all these reactions are dissociative inter-
change,5 reaching the extreme of the limiting dissociative
mechanism in the trans-[Co(DH),SO,OH,]~ system.

A comparison of the trans-[Co(DH),CH;(OH,)] and
trans-[Co(DH),NO,(OH,)] systems in water show
the former to be 10° times more labile because of the
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strong trans labilizing effect of the CH;~ ligand.®7 In
water the nucleophilicities of SCN™ and N;~ are in the
ratio 1.0:0.7.% The same labilization by CH;™ is shown
in DMSO. Previously we measured DMSO exchange
with trans-[Co(DH),NO,(DMSO)] by pmr spec-
troscopy, a technique which is inapplicable to the
methyl system where exchange is complete in the time
of mixing. This observation of solvent exchange much
faster than anation, is not found for the cationic com-
plex of cobalt(II)>* where anation rates approach a
limiting value close to that of solvent exchange because
of the predominance of ion association pre-equilibria.

Experimental

trans-[Co(DH),CH;(OH,)] was prepared after
Schrauzer and Windgassen.'! Anal. Calc. for trans-
[Co(DH),CH;(OH,)]: C,33.6; H,59; N,174%
Found: C, 33.2; H,5.8; N, 17.4%.

DMSO was purified as previously'? and all salts were
recrys‘allized analytical reagent grade except Et,NCIO,,
which was prepared from aqueous Et,NCl with 70%
HCIO, ond recrystallized from warm acetone with
ether, anc Et,NN;, which was prepared after Ko and
Parker.!>

trans-[Co(DH),CH,;(DMSO)] resulted immedi-
ately, confirm~d by pmr spectroscopy, from the intro-
duction of trai's-[Co(DH),CH4(OH,)] into DMSO.
At the concentra ion used in both the kinetic and equi-
librium studies the ntroduced water (5 X 10~* mol dm=3)
was negligible. Prec ‘utions were taken to exclude light
in all work.

The equilibrium re: \lts were obtained by spectro-
photometric analysis on a Perkin Elmer 450 Spectropho-
tometer, and the equilibrium constants calculated using
a modified Newton and Arcand method.'s The rate
constants were obtained using a Durrum—Gibson stop-
ped-flow spectrophotometer. In the cases of N;~ and
NCO~ where anation went to completion under all
conditions plots of log(e—e, ) versus time yielded
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pseudo-first-order rate constants for the anation process.
For the SCN- system where the reverse solvolysis reac-
tion was significant plots of log(e-¢, ) v. time gave a
combined rate constant (see later).

Results and Discussion

The equilibrium constants for the reactions: trans-
[Co(DH),CH4(DMSO)] + X~ = trans-[Co(DH),
CH,X]~ + DMSO presented in Table I are concentra-
tion based with no allowance for solution non-ideality.
These constants differ from the thermodynamic con-
stants by a factor which is a function of activity coef-

Y (Comr)

ficients ( Fr——

) where “Com™ is the product
complex and “Com” the reactant complex. If at the con-
centration of these experiments (3—12 x 10~* mol dm™)
the Debye Hiickel Limiting Law is taken to account
for these activity coefficients then y. . =yx and
Ycom = 1and thus the recorded constants can be expect-
ed to closely represent the thermodynamic constants.
In practice, this has been confirmed by studying each
system as a function of ionic strength up to 0.1 mol dm=>
and the equilibrium constants thus determined were
found to be invariant. That each system was involved
in a clean reaction was confirmed by the existence of
isosbestic points in the equilibrium spectra at 426 nm for
NCO™, 441 nm for N;~ and 422 nm for NCS~.

The thermodynamic functions based on this equilib-
rium data are collected in Table II. These equilibrium
constants are of the order 10 times greater than the
values for the analogous aqueous reactions,® which is a
reflection of the greater anion (X™) activity in DMSO

TABLE I. Equilibrium Constants for the Formation of trans-
[Co(DH),CH;X] in DMSO.

X- Tem- £,° £,° 107K
perature dm® mol™?
C

NCO~ 327 1137 342 3.59
40.0 1157 350 3.04
48.0 1162 366 2.59

Ny~ 32.2 1022 538 3.08
40.0 1034 570 2.73
49.2 1064 590 2.33

NCS- 325 1168 340 0.102
423 1177 342 0.086
53.5 1180 344 0.070

®¢, and ¢, refer to the molar extinction coefficients of trans-
[{Co(DH),CH,(DMSO)] and trans-{Co(DH),CH,X]~ respec-
tively at the wavelengths 460 nm for NCO~, 466 nm for N;~
and 460 nm for NCS~. Isosbestic points occur in reactant and
product spectra at 426 nm, 441 nm and 422 nm for respective-
ly, the NCO~, N;~ and NCS~ systems.

S.T.D. Loand D.W. Watts

TABLE II. Thermodynamic Functions for Reactions trans-
[Co(DH),CH5(DMSO)] + X~ = trans-[Co(DH),CH,X]~ +
DMSO in DMSO.

X~ AH® 4S° AG*
kJ mol™? Jdeg'mol™'  kJ mol™?!
(25°C)
NCO~ -17.6 £ 0.8 13+£2 211
N;~ -13.5+£ 0.9 23+3 ~20+1
NCS- -15+1 -10+£2 -12 1

compared with water, not compensated by increased
activity in the larger more polarizable complex anion.?’
In water® the anation equilibrium constant for N;~ is
greater than for NCS™ by a factor of 2. This factor is
increased to 3 in DMSO.

The dissociative model which is favoured for the
aqueous system®® and is applicable to the trans-
[Co(DH),NO,(DMSO)] system in DMSO,! is specified
in the following equations:

k
trans-[Co(DH),CH,(DMSO)] ‘k;
1
[Co(DH),CH,] + DMSO

(intermediate)
Ky
[Co(DH),CH,] + X~ <——k——“’trans- [Co(DH),CH,;X]"

for which a steady state treatment yields the following
for the observed first order rate constant (plotting
log(e—e,, ) against t) provided [X] is in large excess:

Kek, [X] + k_iky

kobs = k_1 + kx[X_] (1)

The primary rate data for the three systems (Ta-
bles III, IV and V) are presented in Figure 1 and show
the plot of k., against [X7] to be curved in each case
and further, in the case of SCN-, show a non-zero
intercept at [X7] = 0. In the bisethylenediamine co-
balt(IIl) cationic systems such curvatures are due to
associative pre-equilibria which are unlikely for these
neutral complexes,! and further receive no support
from the absence of anion concentration dependant
charge transfer spectra, and from the absence of any
comparable effect in the trans-[Co(DH),NO,(DMSO)]
system.’

Thus the non-linearity here must be explained by (1)
as must the intercept in the case of SCN~. An inspec-
tion of (1), since k_; has the same value for all three
systems, shows us that the SCN™ intercept must arise
from the significantly larger value of k_,, that is from
a term which correlates with the observed smaller
stability of the SCN~ complex. The curvature of the
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TABLE III. Rate Constants for the Anation of trans-[Co(DH),CH,(DMSO)] by NCO~ in DMSO. Initial
[trans-[Co(DH),CH,;(DMSO)]] = 5.94 x 10~* mol dm™.

t°C 102[KNCO] 10[KCIO,] 1071 102k, (s°)
mol dm™ mol dm™3

25.2 4.60 0 4.60 4.54
29.7 4.60 0 4.60 6.7
343 4.60 0 4.60 10.7
40.4 4.60 0 4.60 19.0
45.0 4.60 0 4.60 28.5
25.2 3.44 1.18 4.60 3.51
25.2 2.30 2.30 4.60 240
252 1.15 345 4.60 1.20
25.2 0.92 0 0.918 0.94
25.2 0.92 1.18 2.10 0.92
25.2 0.92 3.60 4.52 0.94
252 0.92 4.81 5.73 0.93

TABLE 1V. Rate Constants for the Anation of trans- [Co(DH),CH,;(DMSO)] by N,~ in DMSO. Initial
[trans-[Co(DH),CH;(DMSO]] = 5.68 x 10~* mol dm™.

t°C 10°[Et,NN,] 10’[E4,NCIO,] I 10%k,, (s™)
mol dm™ mol dm™

25.2 11.5 0 0.115 3.72
30.5 11.5 0 0.115 6.1
35.2 11.5 0 0.115 10.2
40.7 11.5 0 0.115 173
45.5 11.5 0 0.115 26.1
25.2 8.65 2.88 0.115 2.97
25.2 5.77 5.76 0.115 2.03
25.2 2.88 8.65 0.115 1.06
25.2 2.88 0 0.029 1.10
25.2 2.88 1.40 0.043 1.06
25.2 2.88 4,23 0.071 1.08

TABLE V. Rate Constants for the Anation of trans-[Co(DH),CH,;(DMSO)] by NCS~ in DMSO. Initial
[trans-[Co(DH),CH,;(DMSO)]] = 4.74 X 10~* mol dm™3.

t°C 102[KNCS] 10[KC1O,] 1071 10%k gy, (sY) 10%k_, (s71)®
mol dm™ mol dm3

25.2 7.85 0 7.85 12.0

25.2 5.88 1.95 7.85 9.7

25.2 3.92 3.93 7.85 6.8

25.2 1.96 5.89 7.85 4.01

252 1.96 4.48 6.44 4.02

25.2 1.96 9.09 11.0 4.05

25.2 0.98 6.87 7.85 257 12402

31.0 5.88 1.97 7.85 16.6

31.0 3.92 3.93 7.85 12.2

31.0 1.96 5.89 7.85 7.9

31.0 0.98 6.87 7.85 4.43 24 +04

373 5.88 1.97 7.85 30.7

373 3.92 3.93 7.85 232

373 1.96 5.89 7.85 142 6%1

2 Obtained from the intercept of a plot of k. versus added NCS~ concentration.
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Figure 1. Plots of k,, versus added X~ concentration (where
X~ = NCS~(A), NCO(B) and N;7(C)) at 25.2° C.

plots arises from the fact that k,[X7] for this inter-
mediate is significant compared with k_,. This was not
found under comparable conditions in the trans-
[Co(DH),NO,(DMSO)] system. Thus in the present
system the anions have improved reactivity for the
intermediate compared with the solvent (DMSO).

From (1) the intercept for SCN- gives a value for
k_, of 1.2 x 1072 57! while k_, for NCO~ and N, are
effectively zero (<1073s7),

Reorganizing (1) yields:

1 1 kK,
kot ki (k)X ]
which for N;~ and NCO~ gives:
1 1 k4

+ —
kews ki kK [X7]

A plot of 1/kg,, against [X7] (Figure 2) for these two
systems gives an intercept of 1/k; which yields k, =
0.6 £ 0.1s™* at 25.2°C (Table V). The ratio of the
intercept to the slope gives (k,/k_,) the values of which
are recorded in Table VI. A combination of the equi-

kikx
k_ ko,

values for k_, which are also in Table VI. The value for
SCN- of k, =1.33 x 102s™! compares reasonably
well with intercept of Figure 1 of 1.20 x 102s~1. The

librium constants K, = and the slope yields
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100

l/kobs

or 30
UGk k)

X
(s)

50 100
VK] (mo1™} an’)

1 1 (where
kobs kubs‘"k—x [X_]

X- = NCS™(A), NCO(B) and N;~(C)) at 25.2° C.

) versus

Figure 2. Plots of (or

values for Ny~ and NCO~ are substantially less than
103s7!, the minimum value for Figure 1 to show a
non-zero intercept for these ions.

The values of (k,/k_,) yields the relative reactivities
of the nucleophiles NCS™, NCO~, N;~ and DMSO for
the intermediate, which decrease in the order given
provided the DMSO comparison is made at equal
concentrations. The relative nucleophilicities thus cal-
culated are NCS-:NCO~:N, :DMS0:42:28:9.6:1,0r
alternatively expressed, at an initial anion concentra-
tion of 0.5 mol dm=, NCS~ would gain 58% of the
intermediates competing only with solvent, NCO~, 48%
and N;7, 24 %.

The value of k, calculated here to be 0.6 s™* (t1,~1 s)
is consistent with the observation that exchange of
DMSO is complete before mixing in a pmr experiment.
When compared with k; measured for trans-[Co(DH),
NO,(DMSO)] of 1.90 x 10~*s™*, the increased rate

TABLE VI. Calculated Rate Constants for the Reaction trans-
[Co(DH),CH,(DMSO)] + X~ = trans-[Co(DH),CH;X] +
DMSO at 25.2°C.

X- k,® K /k_q 103K x-*
st dm?® mol™!
NCO- 2.53 x 104 1.82 4.32
N;~ 1.10 x 10— 0.63 3.50
NCS- 1.33 x 102 2.76 0.124
? Values obtained from K, = }l:l;("_ and the slope (Figure 2)
10—x

of the plot of 1/kg, against 1/[X~]. ® Values calculated from
the results in Tables I and II.
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(5000 fold) points to the already established strong
trans labilizing influence of the CH,~ ligand.?%-°

The relative nucleophilicity of SCN™ and N~ (here
4.4:1) is slightly greater than in water (1.4:1).5

The activation energies (E,) calculated on the basis
of the temperature dependence of k,,, for the three
reactions are 77 2 kJ mol~! (NCO"), 77 + 2 kJ mol?
(N;7) 69 + 8 kI mol* (SCN-), are composite of the

kkl_kl X) for the cases of
NCO™ and N;~ and a more complicated function still
for SCN-. These values however are considerably lower
than the activation energies for the trans-[Co(DH),
NO,(DMSO)] reactions,’ which is again consistent
with the trans labilizing effect of the CH,™ ligand.

The imprecise values of k_,, Table V, yield an activa-
tion energy of 100 + 15 kJ mol~? which is not accurate
enough to be fruitfully compared to other work.

In conclusion it can be said that the results on this
system in DMSO, like those for frans-[Co(DH),NO,
(DMSO)] in DMSO?! and the results in water®$ are
compatible with a reaction of dissociative character in
which a pentacoordinated square pyramidal intermedi-
ate is close to fully developed.

temperature dependance of (
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