Inorganica Chimica Acta, 74 (1982) 205-213

205

Anionopentaaminecobalt(IIl) Complexes with Polyamine Ligands.
XX. The Synthesis and Reaction Kinetics of Some Isomeric
CoCl(AA)(dien)** (AA = phen, bipy) Complexes
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Two isomeric forms (red and orange) for each of
CoCl{AA)(dien)* (AA = phen, bipy) have been syn-
thesised. From the C-13 nmr spectra the red and
orange forms have been assigned to the unsym-fac-cis-
and mer-geometric arrangements, respectively. Spec-
trophotometrically determined kinetic parameters
[Kege (M7} 57Y), B, (KT mol™), AS* (J K~ mol™!)]
for the Hg**-assisted chloride release from these com-
plexes in HNO; media (u=1.0 M) at 298.2 K are
unsym-fac-cis (phen): 1.65 X 1072, 66, —66, unsym-
fac-cis(bipy): 1.62X 1072, 73, —44; mer-(phen):
1.74 X 107%, 93, —15; mer-(bipy): 6.87 X 107%, 99,
+16. Base hydrolysis kinetics for the unsym-fac-cis-
complexes were determined using a pH-stat and at
2982 K (u=0.1 M NaCl) activation parameters
kKog (MY s7Y), E,, AS¥ are (phen): 1920, 92, +120;

*Author to whom correspondence should be addressed.

(bipy): 1740, 90, +111. These data are compared
with those obtained for analogous CoCl{AA )(dien)*
complexes.

Introduction

For some time, we have been interested in the
structure—teactjvity patterns of isomeric CoCl(Ns)**
systems where (Nj) is a bidentate—tridentate or bis-
(monodentate)—tridentate polyamine ligand combi-
nation [1-18]. In previous work we have used
both symmetrical (dien, dpt) and unsymmetrical
(2,3-tri) [17] tridentate ligands with a variety of
aliphatic bis(mono) [13—16] and diamine ligands.

The introduction of a pyridine-type ligand into the
Co(III) coordination sphere, e.g. cis-CoCl(py }(en)3* or

unsym—fac-cis-CoCl(py)z(dien)2+ results in  some

TABLE I. Analytical Data.

Calculated Found

C% H% Co% Halide%z C% H% Co%  Halide%
[CoCl(bipy)(dien) ] ZnCl, red 29.98 3.77 1051 31.60 29.80 3.85 1041 31.44
[CoCl(bipy)(dien)] ZnCl,4- H,O orange  29.05 4.00 10.18 30.62 29.06 4.12 10.10 30.68
[CoCl(bipy)(dien)](C104), red 30.43 3.83 10.66 19.25 30.62 391 10.61 19.33
[CoBr(bipy)(dien)]ZnBry 2 21.47 2.70 7.52 51.01 21.73 2.89 7.42 50.67
[CoNO,(bipyX(dien)]ZnCl, 2 29.42 3.70 10.31 24.82 29.21 391 10.21 24.61
[CoCl(phen)(dien)]ZnCly-0.5H,0  red 3236 373 992 29.84 3226 3.84  9.85 29.77
[CoCl(phen)(dien)]ZnCl, orange 32.85 3.62 10.07 30.30 32.73 3.69 10.03 3044
[CoCl(phen)(dien)](C104), red 33.33 3.67 10.22 18.44 3341 3.72 10.25 18.67
[CoCl(phen)(dien)](ClO4),-H,O orange 32.32 3.90 991 17.89 32.15 4.02 998 18.04
[CoBr{phen)(dien)]ZnBr4-H,0% 23.29 2.81 7.14 48.42 23.44 2.95 7.24 48.19
[CoNO,(phen)(dien)] ZnCl, ® 3227 355 990  23.81 31.92 348  9.80 24.07

2Derived from the red chloro complex.
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unusual physical properties when compared to the
aliphatic analogues in that base hydrolysis rates are
greater [19, 20], chiroptical parameters are consi-
derably different [21,22] and the pattern of stereo-
chemical change observed during base hydrolysis
is altered [23].

In this investigation, we have prepared some
CoCI(AA)YABA)** complexes using 1,10-phenan-
throline and 2,2"-bipyridyl as bidentate ligands and
diethylenetriamine as the constant tridentate. Thus
we can compare the properties of these complexes
which contain ligands with extensive m-conjugation
with those of previous CoCl(AA)(dien)?* systems,
where this feature is absent.*

Experimental

The commercially available amines (J. T. Baker,
Fluka, AG) were used without further purification.
All other chemicals were of the best reagent grade
quality available. mer-Co(NO,);(dien) [24] and mer-
CoCly(dien) [25] were prepared using previous
methods [15]. Unless otherwise stated, the products
isolated in this work were washed with ethanol and
then acetone and air dried. Analytical data are listed
in Table I. Aqua ions were generated from the
[CoCl(AAXdien)]ZnCl, isomers by dissolving the
solids in 0.76 M HCIO, containing 934 mM
Hg(NO3),. The visible absorption spectral parameters
(Table 1I) were recorded after 24 hours at room
temperature. Lr. spectra of the pure (by C-13 n.m.r.,
Table IIT) isomers (ZnCl3™ salts, KBr disc) are shown
in Fig. 1.

CAUTION. Although we have experienced no dif-
ficulties with the perchlorate salts listed in Table I,
these complexes should be treated as potentially
explosive and handled accordingly.

Red and Orange Isomers of Chlorofdiamine)(dien -
cobalt{IIT) Tetrachlorozincate(Il) Salts

[CoCl(bipy)(dien)]ZnCl,4. Method A

Bipy (5 g) was added to a suspension of mer-
CoCl3(dien) 8.5 g, NO; free by i.r.) in ethano! (240
mL) and water (60 mL). The mixture was refluxed
for 2 hr, during which time most of the trichloride
dissolved. The hot, filtered solution (orange-red) was
poured into 75 mL of 12 M HCI containing ZnCl,
(25 g) and the (mainly) red isomer crystallised from

*Abbreviations used: en=NH,(CH;);NH,, tn=NH,-
(CH,)3NH,, dien = NH,(CH,),NH(CH;);NH,, dpt=NH,-
(CH2)3NH(CH)3NH,,  2,3-tri = NH,(CH2),NH(CH,)3NH,,
phen = 1,10-phenanthroline, bipy = 2,2'-bipyridyl, py=
pyridine, DMSO =dimethyl sulphoxide, dg-DMSO-hexa-
deutero dimethyl sulphoxide.
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Fig. 1. L.1. spectra (ZnClﬁ_ salts, KBr disc) in the 4000—-400
cm ! range, of orange-(H!)-mer-CoCl(phen)(dien)?*, red-
unsym-fac-cis-CoCl(phen)(dien)2*, orange-(H!)-mer-CoCl-
(bipy)(dien)?* and red-unsym-fac-cis-CoCl(bipy)(dien)?* in
descending order.

the cooled solution. Successive crops of the more
soluble orange isomer were obtained from the mother
liquor after 24 hr at room temperature and on subse-
quent slow evaporation.

Each crop was recrystallised from 0.1 M HCl by
the addition of 12 M HCI containing ZnCl,. The com-
bined yield of both isomers was 14.2 g. L.r. spectra
were used to monitor the isomeric purity of the
recrystallised material.
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TABLE II. Visible Absorption Spectral Parameters for
Isomeric CoX(AA)(dien)?* Complexes.“'b

Isomer X AA Ash Amax Amin
(nm)  (nm) (nm)
red Cl phen 519 419
unsym-fac-cis (96.3) (28.6)
orange Cl phen 533 465 427
(H{)-mer (51.2) (81.9) (68.1)
red Cl bipy 519 416
unsym-fac-cis (90.2) (24.6)
orange Cl bipy 533 465 420
(H)-mer (54.3) (87.8) (60.9)
unsym-faccis OH,  phen 487 404
(89.1) (18.9)
(H{)-mer OH, phen 461 410
(96) (48.8)
unsym-fac-cis OH,  bipy 486 401
(844) (15.2)
(H{)-mer OH,  bipy 461 410
(101) (51.1)

3For X =(l, the solvent is 0.1 M HCl and for X = OH,, the
solvent is 0.76 M HCIO4 containing 9.34 X 10™2 Hg(NO3),.
All spectra were measured at room temperature in duplicate.
Reproducibility in e is of the order of 1%. byalues in
parenthesis are the molar extinction coefficients (e, M !,
cm™ ).

[ CoCl{phen)(dien)]ZnCl,. Method A

An entirely analogous procedure using 6.9 g of
mer-CoCl;(dien) and 5 g of phen:H,0 gave a com-
bined yield of 12.7 g for both isomers, with the red
form again being the less soluble.

TABLE III. C-13 NMR Data.2
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Red-[ CoClf bipy )(dien )] ZnCl,. Method B

Bipy (2.5 g) was added to a suspension of mer-
CoCly(dien) (4.2 g, 0.016 mol) in DMSO (25 mL)
containing AgClO, (6.6 g, 0.032 mol). Some glass
balls were added and the solution gently warmed
(with swirling) for 0.5 hr at 60 °C. 6 M HCI (100 mL)
was then added and the solution was filtered to
remove traces of unreacted trichloride, and the
filtrate poured into 12 M HCI (30 mL) containing
ZnCl, (30 g). The red isomer that deposited im-
mediately was collected and recrystallised as above to
give 6.4 g of isomerically pure material.

Red-[ CoCl{phen)(dien)]ZnCl,. Method C

Phen+H,0 (5 g) was added to a suspension of mer-
Co(NO,);dien (10 g) in ethanol (12 mL) and water
(38 mL). The mixture was refluxed for 2 hr and then
filtered to remove 2.7 g of unreacted trinitro. The
filtrate was added to 12 M HCI (100 mL) and boiled
for 0.5 hr. On cooling, cis(?)-[CoCl,(phen),]Cl [26]
(3.7 g) deposited and was removed by filtration.
ZnCl, (25 g) was added to the warm filtrate and the
ZnCl3™ salt of the red isomer deposited on cooling. A
yield of 1.9 g of the isomerically pure product was
obtained on recrystallisation.

Perchlorate Salts

The isomerically pure ZnCl3™ salts (0.5 g) were
dissolved in the minimum volume of 40 °C 3 M
HCIO; and excess NaClO,-H,O was added. The
products that crystallised from the ice-cooled solu-
tions were collected, washed with 2-propanol, and
then ether and air dried. The yields were: red-[CoCl-
(bipy)(dien)](Cl10,),, 0.38 g; red-[ CoCl(phen)(dien)]-
(Cl0,4),, 0.44 g; orange-[CoCl(phen)(dien)](Cl0,),"
H,0,0.37 ¢.

phen dien
CoCl(phen)(dien)?* red 15431 147.36 140.00 130.32  127.71 126.83 55.73 54.19 4401 4171
154.14 147.10 139.73 130.05 127.57 126.17
orange 155.56 148.21° 140.15 130.82 127.64 126.08 51.59 46.78
154.06 139.89 129.83 12730 126.00
bipy dien
CoCl(bipy)(dien)?* red 157.31 153.30° 14144 128.16 12434 55.28 53.56 4397 41.15
156.81 141.15 12749 124.19
orange 158.10 154.63 141.46° 12753 12492 5149 46.90
158.01 152.28 127.17  123.67
bipy
Colbipy)3* (yellow) 156.62 151.65 144.82 132.00 128.00

250—100 mg of the ZnClﬁ_ salts in dg-DMSO which also acts as internal standard.

of the others.

bThese resonances are twice the intensity
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Bromo(diamine)(dien)cobalt(IlI) Tetrabromozincate-
(1) Salts; [ CoBr(AA )(dien)] ZnBr,

The isomerically pure chloro tetrachlorozincate(II)
salts (0.25 g) were refluxed in 24% HBr (40 mL) for
2 hr. The resulting purple-red solutions were cooled
and a solution of HBr (24%, 10 mL) containing
ZnBr, (2 g) was added. The platlet crystals that
deposited were collected by filtration. The yield from
the starting chloro isomers were red-bipy, 0.29 g; red-
phen, 0.24 g and orange-phen, 0.24 g respectively.
The i.r. spectra indicated that the product from the
red-bipy had the same configuration as the starting
material, whereas the products from red- and orange-
phen were identical and appear to contain approxi-
mately 90% red-phen and 10% orange-phen configura-
tion. Separation of these bromo isomers was not
attempted.

Nitro(diamine )(dien Jcobalt(Ill)  Tetrachlorozincate-
(1) Salts, [ Co({NO, )J(AA )(dien)]ZnCl,

The isomerically pure red chloro tetrachlorozin-
cate(II) salts (0.25 g) were dissolved in water (10 mL)
and NaNQ, (1 g) was added. After heating for 10 min
at 70 °C, the now yellow solution was poured into
1:6 ethanol:acetone (400 mL) and yellow crystals
(dipy 0.11 g, phen 0.15 g) slowly deposited.
Regeneration (by refluxing in 6 M HCI) of the chloro
complexes from these nitro derivatives indicated (i.r.)
that there was no detectable isomerism of the red-
bipy configuration, whereas for the red-phen system,
about 10% conversion to the orange form had
occurred.

Base Hydrolysis and Reanation

Any isomeric mixture (or the isomerically pure
compounds) gives essentially the same result. [CoCl-
(AA)(dien)]ZnCl, (1 g) was dissolved in 2 M NaOH
(25 mL) and the orange-red solutions allowed to
stand at room temperature for 30 min. HCI (12 M,
25 mL) was then added and the solutions evaporated
to near dryness on a steam bath. The residues were
dissolved in water (40 mL) followed by 6 M HCI (30
mL) containing ZnCl, (10 g). The crystalline com-
plexes that deposited were collected and the i.r.
spectra were recorded to determine the isomeric com-
position. For AA =bipy, 095 g of the pure red
isomer was obtained but for AA = phen 0.74 g of red
and 0.22 g of the orange form (96% recovery) was
produced.

Instrumentation

Infrared spectra were determined in KBr discs
using a Perkin Elmer 580 ir. spectrophotometer.
Visible absorption spectra and the rates of Hg?*-
assisted chloride release were obtained using a Varian
Superscan recording spectrophotometer. In the
kinetic work, constant temperature (+0.05 °C) was
maintained using water jacketted sample and reference
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cell holders. Rates of base hydrolysis were measured
using a Radiometer pH-stat and C-13 n.m.r. spectra
(Table III) were run in dg-DMSO using a Varian FT-
80A NMR spectrometer operating at 20 MHz.

Kinetics

The procedures used in obtaining rate constants
for the Hg?**-assisted chloride release and base hydroly-
sis reactions have been described previously [15,
19]. ZnCl3™ salts were used for the Hg?*-assisted
chloride release reactions and ClOj salts for the base
hydrolysis studies. We note, in this regard, that
ZnCl%™ salts can be used for base hydrolysis rate
studies using pH-stat techniques, provided the set pH
is less than 8.0.

Results and Discussion

Synthesis and Structure

Two isomers each for [CoCl(AA)(dien)]ZnCl,
(AA = phen, bipy) have been isolated from the reac-
tion of mer-CoCls(dien) and the diamines in aqueous
ethanol. The less soluble red forms show a clear 4-
resonance pattern for the dien C-atoms in the C-13
n.m.r. spectra and are thus assigned to the unsym-fac-
cis- configuration [15, 27, 28]. The more soluble
orange forms have two dien C-atom resonances at
~51.5 and ~46.8 ppm and are assigned to one of the
two possible mer-dien configurations (Fig. 2).
Although the sym-fac-cis- configuration also shows
two dien C-atom resonances, these occur at ~55 and
~44 ppm, that is, with much greater separation than
is observed for the mer-isomers.

/NHZ 2+ 2 2+
HoN NHo HaoN J
/
Ho NHz
I o
H X 2+ 2+
NN AN
N« —NH N —NH
/ \ - 2 () \ .- 2
; /’; H ; - ;
M M-
HoN NH H,N NH
2 / 2 2 / 2
NHZ NH2
ITa TIb

Fig. 2. Possible geometric configurations for a CoCI(AA)-
(dien)?* complex. I = unsym-fac-cis-, Il = sym-fac-cis-, Illa =
(H)-mer- and 11Ib = (H)-mer-.



Co(Illj Complexes of Polyamines

No method, apart from single crystal X-ray analy-
sis, has yet been devised to distinguish between the
two possible mer-configurations when only one
isomeric form has been isolated [17]. Nevertheless,
for all mer-CoX(AA)dien)™* complexes where single
crystal X-ray data are available [6,11, 14,29, 30],
the sec-NH proton is directed away from the coordi-
nated aniono ligand. Thus we suggest that these
orange forms also have the (H{)-mer-CoCl(AA)-
(dien)?* configuration (Fig. 2, IlIb) [31].

The isomeric ratio of the complexes produced in
the synthetic procedure with phen, bipy and aliphatic
monoamines [15] appears to be related to the extend
and rate of the (H{)-mer Sunsym-fac-cis equilib-
rium. We suggest that in the reaction mixture, the
(H!)-mer is the first formed product and this subse-
quently isomerises in the basic medium to give the
unsym-fac-cis- form. Such an isomerism is known to
occur for (Hi)-mer-Co(AA)(dien)(OH,)* ions (AA =
(NH3),, en, tn) [13] and our base hydrolysis—anation
observations for the phen/bipy systems seem to
support this hypothesis.

Kinetics

Kinetic data for the rates of Hg?*-assisted chloride
release for these isomeric CoCl(AA)dien)?* complexes
in 1.0 M NO3 media are reported in Table IV and the
derived kinetic parameters for these and related
systems are listed in Table V. It is known that the
medium used for Hg**-assisted chloride release studies
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has a considerable influence on the rate of reaction
and rate constants determined in 1.0 M ClO3 are
about 0.65 times slower than those determined in 1.0
M NOj [32]. Nevertheless, the rates of Hg?*-assisted
chloride release from the orange (H{)-mer-CoCl-
(AA)(dien)** (AA = phen, bipy) complexes are an
order of magnitude slower than those observed for
analogous systems with aliphatic diamines and are
among the slowest rates reported for CoCl(Ns)**
systems in general [33]. This suggests some trans
stabilisation of the Co—Cl bond by the heterocyclic
diamine, especially as the unsym-fac-cis isomers,
where this structural feature is absent, react with
‘normal’ rates (Table V). Unfortunately (H{)-mer-
CoCl(py),(dien)** is unavailable for comparative
purposes. Indeed, there are very few known Co(III)
complexes with a trans- Cl-Co-heterocyclic amine
structural feature [34] but recent work in this
laboratory [35] using CoCl(en),(adenine)** and
CoCl(en),(2-amino-pyrimidine)** where a trans con-
figuration is suspected, again indicates a slow Hg?*-
assisted chloride release reaction.

Base hydrolysis rate data (u = 0.1 M, NaCl) for the
unsym-fac-cis- isomers are presented in Table VI and
relevant kinetic parameters in Table VII. While there
is the expected rate increase for these phen/bipy com-
plexes relative to their aliphatic diamine analogues
(the rate increases by about a factor of ten, phen:tn)
the analogous unsym-fac-cis-CoCl(py),(dien)?* base
hydrolyses 15 times faster again [36]. The only

TABLE 1IV. Observed and Calculated Rate Constants for the Hg”-assisted Aquation of Some CoCl(AA)(dien)2+ Complexes (u =

1.0 M, HNO3).®
T (K] [H'] (Hg?*];® 103k o1 © 10° ke ? 10° kg(calc)®
€0 ) mM ) Mg M5
unsym-fac-cis-CoCl(phen)(dien)>*
38.4 [311.6] 0.88 35.5 1.87+0.08 5.27+0.22 51.7
1.90 +0.04 5.35%0.11
36.0 [309.2] 0.88 35.5 1.50%0.02 424106 424
1.56 £0.04 439+1.1
34.8 [308.0] 0.88 355 1.34 £0.03 377408 384
1231005 346+1.4
0.82 574 2.03+0.05 35.4+0.9
2.10 £0.07 36.6+1.2
32.5 (305.7] 0.88 35.5 1.14 £0.03 321408 31.6
1.14 £0.02 32.1£0.8
0.82 574 1.87£0.09 326%16
1.89 £0.03 329405
0.78 67.5 2.11 £0.02 31.240.2
2.18 £0.08 323%1.0
0.88f 355t 1.10 £0.02 30906
30.8 [304.0] 0.88 35.5 0.993 +0.004 279 +0.1 27.3
0.972 £0.02 274406
1.01+0.02 285+06
0.76 777 2.18 £0.05 28.0 £0.6

(Continued overleaf}
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TABLE 1V. (Continued)

29.9 [303.1] 0.88 35.5 0.921 +0.02 259+0.6 25.3
0.82 574 1.47 £0.07 25612

27.2 [300.4] 0.82 574 1.07%0.02 18.6 0.4 20.0
1.14 2003 19.9+0.5
0.78 675 1.35%0.03 20.0 0.5
1.36 £0.02 20.1 £0.3

25.0 [298.2] 16.5

unsym-fac-cis-CoCl(bipy)(dien)2*

38.4 [311.6] 0.88 35.5 2.2340.03 62.8+0.8 57.3
36.0 [309.2] 0.88 35.5 1.72+0.03 48.4+0.8 46.0
1.76 +0.04 496+1.1
34.8 [308.0] 0.82 574 204%0.1 355417 41.2
325 [305.7] 0.76 77.1 2.40%0.1 30.9+1.3 33.3
0.88 35.5 1.08 2001 304 0.3
1.10£0.03 309408
30.8 [304.0] 0.76 77.1 2.22%0.05 28.5%0.6 28.4
2.17£0.03 279404
224%0.03 28804
0.88 35.5 1.03+0.01 29.0 £0.3
1.02+0.01 28.7%0.3
29.9 [303.1] 0.82 574 147+0.1 26.8+20 26.1
0.88 35.5 0.97 £0.02 27.3+0.6
27.2 [300.4] 0.82 574 1.24 £0.05 21.6+09 20.1
25.0 [298.2] 16.2

unsym-fac-cis-CoCl(en)(dien)2*

34.8 [308.0] 0.82 574 3.40%0.04 592107 61.3
3.57+0.11 62219
0.88 355 2.25%0.02 63.610.6

30.0 [303.2] 0.88 355 1.48*003 417208 43.5

27.2 [300.4] 0.82 574 2.01+0.03 350105 355
212101 36917

25.0 [298.2] 30.1

mer-CoCl(phen)(dien)?*

624 [335.6] 0.76 71.7 0.870 £0.04 11.2%05 11.1
593 [332.5] 0.76 711 0.669£0.012 8.16 £0.14 8.15
54.2 [327 4] 0.76 717 0.366 £0.002 4.17+0.03 4.84
498 [323.0] 0.76 71.7 0.241 £0.009 3.10%0.11 3.05
25.0 [298.2] 0.174

mer-CoCl(bipy)(dien)?*

62.4 [335.6] 0.88 35.5 2.02%0.01 56.9%0.3 575

59.3 [332.5] 0.88 35.5 1.48 £0.07 41.6%20 414

542 [327.4] 0.76 771 1.85%0.08 23.8%10 23.8
0.88 35.5 0.855 £ 0.008 24.1%0.2

492 [322.4] 0.76 77.7 1.04 £0.011 13420.1 13.6

25.0 [298.2] 0.687

®As ZnC13™ salts in HNO; plus Hg(NO3), solution. binitial [Hg2*]. ©Observed pseudo first-order rate constant. Rate
constants obtained from fixed wavelength scans at 490 (phen) or 550 nm (en, bipy). dng = kobs[Hg2+]i_1. €Calculated
from the activation parameters cited in Table II. fAs ClOj salt.
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TABLE V. Kinetic Parameters for the Hg“-assisted Aquation of Some CoCl(AA)(dien)2+ Complexes at 298.2 °K (u= 1.0 M).

AA 10% kgyq E, log PZ as# Ref.
Mg kJ mol™1 JK™! mor™!
unsym-fac-cis- isomers
en? 1.49 48.1+2 8.38 -932+4 c
en? 3.01 554%3 8.186 -965+6 d
(NH3),2 7.76 653145 10.333 ~55+9 e
(MeNH,), 2 8.98 61.7£30 9.760 -66*6 e
tn@ 100 e
(Py), @ 0.166 931433 13.525 ~57%6 e
phen® 1.65 659120 9.767 —66.214 d
bipy? 1.62 726 %5.0 10.928 —44 10 d
(H{)-mer-isomers
en? 0.521 81.5 -23 c
(NHj),2 2.14 e
(EtNH,),2 16.9 e
tn® 25.0 t
phen® 0.0174 92.5%2 12.437 —15.1 4 d
bipy® 0.0687 985 +1 14.088 +16.4 2 d
a,=1.0MHCIOs. Pu=10MHNO;. °©Ref.8. 9Thisresearch. ®Ref.16. fRef. 17.

TABLE VI. Observed and Calculated Rate Constants for the Base Hydrolysis of unsym-fac-cis-[ CoCl(AA)(dien)](C104)5 (1 = 0.1

M, NaCl).
T pH 107[OH™]2 1, P 103k ops 1072k o 10 3k gp(calc)d
cO )] (min) ™ wish @rtsh
AA = bipy
10.1 9.00 59.3 7.55 1.53 0.258 0.270
7.41 1.56 0.263
8.50 19.2 225 0.513 0.267
15.3 8.50 29.9 7.0 1.65 0.550 0.547
6.8 1.70 0.567
25.0 7.70 10.6 4.5 2.57 2.42 1.92
7.50 6.70 8.3 1.39 2.07
7.0 1.65 2.46
7.5 1.54 2.16
7.30 3.72 11.4 1.01 2.72
120 0.963 2.59
120 0.963 2.59
30.5 7.00 3.15 10.1 1.14 3.62 3.77
10.0 1.15 3.65
7.10 3.96 8.1 143 3.61
7.20 4.99 6.4 1.80 3.61
AA = phen
10.1 9.00 59.3 7.80 1.48 0.249 0.257
7.75 1.49 0.251
153 8.50 29.9 7.3 1.58 0.528 0.500
7.1 1.50 0.502
25.0 75 6.70 94 1.23 1.83 1.74
10.4 1.11 1.65
7.3 3.72 16.4 0.704 1.89

{Continued overleaf)
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TABLE VL. (Continued)

A. R. Gainsford and D. A. House

30.5 7.2 4.99 7.0
7.0
71

1.65 3.31 3.37
1.65 331
1.63 3.27

2_log[OH™] = pK\yc— log v+ — pH: see A. J. Cunningham, D. A. House and H. K. I. Powell, J. Inorg. Nucl. Chem., 33, 572

(1971). pH meter calibrated with 0.01 M borax buffer pH = 9.18 at 25.0 °C.
(previously adjusted to set pH) using 0.100 M NaOH as titrant. V, based on wt. of complex used.

dCalculated from the activation parameters cited in Table IV.

bFor 20—30 mg complex in 50 ml 0.1 M NaCl
¢koH = kobs[OH]7L.

TABLE VII. Kinetic Parameters for the Base Hydrolysis of Isomeric CoCI(AA)(dien)?* Complexes (u = 0.1 M,

NaCl) at 298.2 °K.

AA kon E, as¥ Ref.
M1l (kJ moI™}) J K 'mol™)
unsym-fac-cis- configuration
(NH3), 8.0 x 101 a
(MeNH,), 2.52x102 a
(en) 2.66 x 10! b
(tn) 1.38 x 102 91.4 +94 c
(ry)2 2.77 x 104 a
(bipy) 192 x103 924%15 +120t3 d
(phen) 1.74 x 103 90.1 +1.4 +111 3 d
sym-fac-cis- configuration
(NH3), 6.95 x1071 84.3 +26.5 e
(en) 471 93.2 +72 e
(tn) 1.06 x 101 123 +179 c
(H{)-mer- configuration
(en) 3.0 x10% b
(tn) 5.02x105 83.3 +135 c
(phen) ~3 x 10 d

2D. A. House, unpublished research.
©Ref.9.  dThis research.  ©Ref. 16.

analogous system where activation parameters have
been established is wunsym-fac-cis-CoCl(tn)(dien)*
[9] and when compared with the phen/bipy systems,
it is a more favourable activation entropy for the
latter which determines the rate increase.

We were unable to measure the base hydrolysis
rate of the orange-CoCl(AA)dien)** (AA = phen,
bipy) isomers using the pH-stat because at pH = 4—5,
where the rate of reaction is measurable, there is
prohibitive interference in OH  uptake from the
equilibrium: Co(OH)(Ns)** + H,0 2 Co(Ns)(OH,)*
+0OH .

Nevertheless, using an estimated half-life of 10 min
(AA = phen, pH=4.5, NaAc/HAc buffer, u = 0.1 M)
measured spectrophotometrically at room tempera-
ture we calculate koyp(298) ~ 3 X109M°! 7!

bR w. Hay and K. B. Nolan, J. Inorg. Nucl. Chem., 38, 2118 (1976).

Conclusion

The incorporation of conjugated heterocyclic
ligands (phen, bipy) to form CoCl(Ns)?* systems has
not been well documented, although CoCl(en)(AA)-
(NH3)** (AA = phen, bipy), of unknown stereoche-
mistry, have been reported [37]. These complexes
have thermal aquation rates of kg (298) ~ 5 X 107
s7! and we compute [32] an Hg?*-assisted chloride
release rate of Ky, (298)~ 1.9 X 107! M~ ! 57! which
is of the same order as kg4 (298) (1.2 X 107! M™!
s~ 1) for CoCI(NH;)Z* [33]. We would thus suggest
that these complexes have the leaving group trans- to
an aliphatic NH, group and probably a cis-bis(di-
amine) configuration.



Co(lii} Complexes of Polyamines

In the unsym-fac-cis-CoCl(AA)dien)** configura-
tion, the change from an aliphatic diamine to an
heterocyclic diamine appears to have little influence
(apart from kg) on the physical properties measured,
but in the mer- configuration, where the coordinated
anion is #rans- to the heterocyclic N donor, some Co—
Cl bond strengthening seems to occur.

For CoCI(N;)** systems containing a unidentate
amine (e.g. cis-CoCl(en),(N)?* [39] the change from
an aliphatic to aromatic heterocyclic ligands (e.g. N =
MeNH, to N = py) results in an increase of koyg by-a
factor of about 30. The comparable factor in the
unsym-fac-cis-CoCl(AA)dien)®* reported here is
about 70 (bipy:en) but the incorporation of two
unlinked unidentate aromatic heterocyclic ligands
causes an increase in kgy of about 350 [(py),:
(NH;),].

However, for the (H{)-mer-CoCl(AA)dien)**
(AA =phen, bipy) there are two rate accelerating
influences contributing to kom (a) the increased
acidity of the sec-NH proton in the ‘planar’
—(CH;),—NH-—(CH,),— polyamine configuration [9,
38, 39], and (b) the ‘heterocyclic amine effect’, with
a factor of ~100 (phen:en) attributed to the latter.
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