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ABSTRACT: The kinetics of base hydrolysis of some (aminomonocarboxy-
lato)(tetraethylenepentamine)cobalt(Ill) complexes, [(tetren)CoO,CR]?** (R = —NH,CH,, pyr-
idine-2—, —NH,CH,CH,, —NH,CH(CH,) (8S isomer); R = —NH,CH(CH,) («BR isomer)),
have been investigated in methanol-water media (0—-80 vol % MeOH) at 15.0 = t°C = 40.0
(0.02 mol dm~2 NaOH). The second-order rate constant at zero ionic strength, k,°, increases
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nonlinearly with Xy.on. The transfer free energy of the initial state and the transition state of
the amido conjugate base ([A,G(i)],) for the glycinato- and pyridine-2—carboxylato com-
plexes have been calculated using the solubility data of their picrate salts, pKy, date of their
N-protonated forms, and the k,° values in mixed solvent media. The kinetic solvent effects
have been interpreted in terms of preferential solvation of the initial state, transition state,
and the solvent structure. The activation enthalpies and entropies varied nonlinearly with
Xueon displaying extrema, which is attributable to the solvent structural effects on these ther-
modynamic parameters. It is also evident that the mutation process, «BR — «BS isomer for
the a-alaninato complex, where this isomerisation refers to the arrangement of the tetren
skeleton around the planar secondary NH is sensitive to the nature of the cosolvent molecules
and solvent structure. The mutation process is generally more favorable for the five coordinate
amido conjugate bases than the initial state. © 1999 John Wiley & Sons, Inc. Int ] Chem Kinet 31:

55-64, 1999

INTRODUCTION

A recent study of the base-catalyzed hydrolysis of a
series of halogeno amine cobalt(111) complexes, cis-
[Co(en),(B)(X)]?* (X = Cl, Br, B = a monodentate
amine of varying structure and hydrophobicity; en =
1,2 diaminoethane) in methanol + water media [1]
demonstrated that the reactivities of these substrates
are grossly influenced by the preferential solvation,
solvent structure, and hydrophobic interaction. These
substrates, however, undergo ligand substitution in ba-
sic medium via SN,cb mechanism. Stereochemical
changes at the cobalt(l11) center (cis — trans isom-
erization) occur during the base hydrolysis, due to the
fact that the octahedral amido conjugate base assumes
a transition state that is essentialy a five-coordinate
one with trigona bipyramidal (TBP) geometry. This
stereochemical change at the cobalt(111) center can be
prevented in the base hydrolysis of (tetren)CoX"* (te-
tren = tetraethylenepentamine) due to the rigidity of
the tetren ligand. It is our hope that the kinetic solvent
effects can be better understood in the absence of the
complexity due to stereochemical changes at the co-
balt(l11) center.

Our recent investigations on the base-catalyzed hy-
drolysis of the substrates, [(tetren)CoO,CR]?* (R =
—CH,NH,, —CH,CH,NH,, — CH(CH3)NH,, pyr-
idine-2— (1-1V) in CH,CN + water [2] and DMSO
+ water [3] mediareinforced our views that the chem-
ical potentials of the initial states and transition states
of these substrates are grossly affected by the solvent
acidities (), basicities (B), polarizahilities) (#*), and
the structure of the mixed solvents. Our earlier work
on the base hydrolysis of aBS-(o-methoxy benzoato)
(tetren)cobat(l1l) [4] and «BS-(saicylato)(tetren)
caobalt(l11) [5,6] in different aquo-organic solvent me-
dia aso indicated that the relative stabilities of the
initial state and transition state are cosolvent specific
and governed by preferential solvation. It wasapparent
that the hydrophobicities of the substrates and the co-

solvent molecules play a specific rolein mediating the
reactivities of the substrates. We now report a thor-
ough and extensive study in methanol + water media
to further elucidate the role of hydrophobic interac-
tions and solvent structure on the kinetics of the base-
catalyzed hydrolysis of (aminomonocarboxylato)
(tetren)cobalt(I11). MeOH was chosen, asit isaprotic
hard electron-pair-donor capable of influencing the
structure of water and associated with the substrates
through hydrogen bonding. Besides, it can aso un-
dergo hydrophobic association with substrates due to
the favorable interaction of the CH; group with the
apolar segments of the latter.

EXPERIMENTAL

The complexes [(tetren)CoO,CR](CIO,), [R = pyri-
dine-2—(n = 2, aBS isomer); R = *NH4(CH,—,
*NH;CH,CH,— (n = 3, aBS isomer); R =
*NH,CH(CH;)— (n = 3, aBSand aBR isomers) and
the picrate sdts, [(tetren)CoO,CCH,NH,](Pic),
2H.0; [(tetren)CoO,CPy(-2-)](Pic),, 2H,0, were re-
ceived from our earlier work [2,3]. Therelatively more
reactive isomer of the a-alaninato complex was as-
signed as the «BR configuration.

Anadar grade reagents were used. MeOH (Quali-
gens, purity > 99.9% by G.C.) was further dried over
molecular sieve (4 A) and distilled; themiddlefraction
(b.p. 64.8°C) was used. Distilled water was redistilled
over akaline KMnO, in an all glass distillation ap-
paratus. Solvent mixtures were prepared in volume
percent, conversion to mol fraction was done by using
density data. The pH measurements were made with
an ELICO digital pH meter model L1 120 using acom-
bined glass—Ag/AgCl, Cl-(2 mol dm-3 NaCl) elec-
trode CL 51. The electrode system was calibrated with
standard aqueous buffers of pH 4.01, 6.86, and 9.2.
The observed pH values (pH,) of the experimental
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solutions in MeOH + H,O media were corrected us-
ing the reported values of the correction factor & for
different solvent compositions (pH = pH,s — 6) [7a]
and the corrected pH data were converted to [H]
(=10-PH/y,*) by yy* caculated using the Davies
equation [7b]. The UV-visible sectrawere recorded on
a JASCO 7800 spectrophotometer using 10-mm
matched quartz cells.

pPK Measurements

The pK of the N-protonated pyridine-2—carboxylato
complex in MeOH + H,O was determined spectro-
photometrically at 25°C. The absorbances (260 nm) of
a known concentration of the complex at 1 = pH =
6 were measured. The pH adjustments were done with
standard HCIO, or NaOH. The molar extinction co-
efficients of the unprotonated (e,) and N-protonated
forms (e,) were taken to be the observed values
(€.s) @ pH 6 and 1, respectively, €, and e, were also
solvent composition independent. The e, data at pH
= 3.5-4.5 (€, = €[C?] + &[CH3*]. [C]; = [C¥]
+ [CH?3*], where C?* and CH3* denote an unproton-
ated and N-protonated complex, respectively) were
used to calculate Ky, {=[C?"] [H*]J/[CH3*]}. The
acid dissociation of the N-protonated glycinato and
aaninato complexes did not result in significant spec-
tral changes. Hence, pH titration was adopted to de-
termine their pK,,. The effect of ionic strength on
pKyy (25.0°C) was studied for the pyridine-2—carbox-
ylato complex at 0, 20, and 80% (v/v) MeOH + H,0;
ionic strength (adjusted with NaClO,) was varied as

0.010, 0.020, 0.050, 0.10 and 0.15 mol dm-3. The val-
ues of pKy° (i.e., pKyy a zero ionic strength) were
calculated by eg. (1) based on the Davies Equation
[7b] for the activity coefficients of ions.

Py = Py + SA {1%2/(1.0
+112) — 021} (1)

Note that the values of the slope (S A) of the plots
of pKyy vs. [1Y%/(1.0 + 1v2) — 0.21] yielded +2.5as
the effective charge of the N-protonated complex
(CH3*); the values of the Debye-Huckel constant
A(=1.824 X 108/(D.T)%?, D4isthedielectric constant
of the medium) were calculated using the value of D
reported by Akerlof [8]. Thisisunderstandable, asthe
2+ and 1+ charge centers are well separated in the
N-protonated complex. Similar behavior was shown
in the CH,CN + H,O media. For al other complexes
pKyy Wasmeasured at 1 = 0.1 mol dm~3 and corrected
for the ionic strength effect using eg. (1) and the same
value of the slope parameter (). pKy,° values are col-
lected in Tablel.

Solubility Measurements

The sparingly soluble picrate salts of the N-protonated
glycinato and pyridine-2—carboxylato complexes
were equilibrated in MeOH + H,O media at 25.0 =
0.1°C in awater thermostat for 1 week. However, the
solutions attained saturation within 48—72 h. The
complexes are virtually inert to aguation (i.e., substi-
tution of the bound carboxylate by H,O) under the

Table I Solubilities (s) of Picrate (Pic) Salts and pKy,;° of a83S-
[Tetren)CoO,CR]"* lons in Methanol + Water Media at 25°C2®
§/(10-4 dm? mol -1)¢ pK® @

Xyreon | I | I
0.0 6.11 = 0.10 410 + 0.10 8.26 = 0.05 4.03 = 0.07
0.047 6.73 = 0.08 358 + 0.11 8.19 = 0.01 393 = 0.04
0.10 5.94 + 0.05 3.76 = 0.09 8.12 = 0.03 3.86 = 0.02
0.16 6.28 = 0.16 445 + 0.04 7.94 + 0.05 3.70 = 0.07
0.227 6.49 = 0.04 3.20 = 0.16 7.87 = 0.02 3.60 = 0.06
0.306 7.69 = 0.07 3.02 £ 0.12 7.82 + 0.03 3.44 = 0.08
0.398 8.72 = 0.04 3.86 = 0.05 7.70 + 0.02 3.35 = 0.03
0.507 8.19 = 0.08 3.69 + 0.09 7.61 + 0.06 3.27 = 0.06
0.64 791 = 0.12 4,02 = 0.04 7.49 + 0.05 3.18 = 0.02

aR = —CH,NH, (n = 3) (I) and —(-2-)CsH,N (n = 2) (I1).
b Xyeon = 0.023, 0.047, 0.10, 0.16, 0.227, 0.306, 0.398, 0.507, and 0.64 are for (v/v)%
MeOH, 5.2, 10.0, 20.0, 30.0, 40.0, 50.0, 60.0, 70.0, and 80.0, respectively.

¢ Solubilities of IPic; and IIPic,.

dpKy© = 7.48 = 0.08, 9.0 + 0.1, and 8.83 + 0.05 (25°C) for N-protonated (a8R), (a3S),
and (aBS) isomers of a- and B-aaninato complexes in aqueous medium, respectively.
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condition of the solubility measurements. The concen-
trations of the complexes in their saturated solutions
were computed from the absorbances (A,,) a 355 nm.
A caibration curve {A,s = (€, + ney)[complex];
where €, and €, denote the molar extinction coeffi-
cients of [(tetren)CoO,CR]™* and Pic~, respectively}
was used. It was assumed that the picrate (Pic) and
the complex ions did not undergo association in the
saturated solution, and the solid phase did not change
its state of hydration in the mixed solvent media. The
solubility equilibria for the pyridine-2—carboxylato
and glycinato complexes may be defined as given in
egs. (2) and (3), for which the solubility product may
be defined by egs. (4) and (5), respectively.

CPiCs et iy = C*F(sovated) T 2 PIC (woivatey  (2)
CHPICs et iy == CH* (sovate) T 3 PIC (sonvateq)

(©)

KSpO = 48 Ype- 0 V2T (4)

Ke® = 278" ¥uc * Yon' ®)

The solubility products (K,°) were cal culated from
the solubility data (s) using the activity coefficients
computed from the Davies Equation [ 7b]; the effective
charge of CH®* was taken to be + 2.5, as mentioned
earlier. These data are also collected in Table 1.

Kinetic Measurements

The base-catalyzed hydrolysis of the complexes was
studied in MeOH + H,0O (0 = v/v% MeOH = 80) at
20.0 = t/°C = 40.0 (%= 0.1°C) under pseudofirst-order
conditions with [complex]y = (2-8) X 10~ and
[NaOH]; = 0.02 mol dm~=3. The reaction was moni-
tored at 260 nm using a stopped flow spectrophotom-
eter (SF51, M/sHITECH, UK) interfaced with an AP-
PLE Il GS PC. The decrease of absorbance with time
for any run was a single exponential curve character-
istic of the first-order kinetics. The values of k., and
(ke Were calculated from at least seven replicate
measurements for any run.

All other calculations were done on an IBM 486
PC. A weighted least-squares program was used and
the dependent variable was weighted as the inverse of
its variance.

(fetren) Co 0, C (fetren) Co0,C CH*

/ ANV

CH, CHy NH3

(n (m

(tetren)Co 07 C chy'* (tetren) o0 C, 27

(H/
| LO

(110 (1v)

Structures  |—[(tetren)Co(glycinato)]?*, I1—[(tetren)Co
(B-alaninato)]?* 11— (tetren)Co(a-aaninato)]?+, IV —[(te-
tren)CoO,C(-2-)Py]?+.

RESULTS AND DISCUSSION

The base hydrolysis reaction in methanol —water me-
dia may be represented by eqg. (6)

K

(tetren)CoO,CR?* + S- { (tetren).----HS}

(€)

CoO,CR} * (KC—B)> (tetren)CoS?* + RCO,—  (6)

where S~ is the lyate ion ([S[{ = [OH "] = [OH]
+ [~OMg]), K& is the apparent equilibrium constant
of the formation of the reactive amido conjugates base
{Kap = [CB*]/([C?][S"]+)}, and ky, isthefirst-order
dissociation rate constant of the carboxylate ion
(RCO,") from the conjugate base. The conjugate base
equilibrium is rapidly established and it is essentially
shifted to the reactant side due to the high pK of the
coordinated amine (pKyy > 15). Note that SH liber-
ated in the conjugate-base equilibrium is hydrogen
bonded to the strongly basic amido base. The reaction
obeys second-order kinetics (first order in both [com-
plex] and [OH ~]+). Accordingly the second-order rate
constant (k, = k.,s/[OH"]+) isgiven by eq. (7)

Ky = KypKcp® (7)
where
K& = K&y'e KRE/(KRE + K&Y*©); 8

K& and K&¥e are the equilibrium constants for the
formation of the reactive amido conjugate base by
OH- and MeO-, respectively [see eg. (6); VK& =
VK¥O + 1/KEH]. The overall second-order rate con-
stant (k,) was corrected to zero ionic strength (k,°)
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assuming that the ionic strength effect on k, at the low
ionic strength used was due to the same on the equi-
librium constant, K&, and ys = you = Yome - The
kX (=k, a | = 0) values were calculated using the
relationship [see eq. (9)]

logk, = log k* — 2z, A1Y?/(1 + 1¥2)  (9)

where z, isthe charge of the complex ion, and Aisthe
Debye-Huckel constant as defined earlier. The values
of k,° and associated activation parameters are col-
lected in Table Il.

Effect of Solvent Composition on the
Reactivities of the Complexes

It is observed that k,° increases nonlinearly with in-
creasing mol fraction of the cosolvent (see Fig. 1).
This trend is similar to those observed for CH,CN +

Leg k(;

XMeoH
Figa
Figure 1 Plot of log k,° vs. Xyeon fOr base hydrolysis of
[(tetren)CoO,CR]?+ complexes at 25°C: R = —CH,CH-

NH,(a3S)(1), —CH(CH)NH,(a8S)(2), —CH,NH, (a3S)
(), —(-2-)Py(apS)(4), —CH(CH2)NH(aBR)(S).

H,O [2] and DMSO + H,0 [3] media. The rate-ac-
celerating effect of this dipolar protic cosolvent is,
however, less than the same for the other two dipolar
aprotic cosolvents under comparable conditions of di-
electric permitivity. We believe that this differential
behavior at least partly arose due to the solvation sta-
bilisation of OH~ by MeOH through hydrogen bond-
ing, which is not possible for DMSO or CH,CN. Un-
likethetwo dipolar aprotic cosol vents, both MeO~ and
OH~ are likely to set up the conjugate base equilib-
rium for the complex in MeOH + H,O. Thisis more
significant at relatively high value of X,,.o4 (X denotes
mol fraction). It is, however, possible to evaluate the
OH~ component rate constant at zero ionic strength,
k,OH ©S, Combining egs. (7) and (8), k,°" ©S can be
expressed as in eg. (10)

9% = ke (KL + (KEIKENT

= k" (1 + ayeo-/aon-)

In eg. (10) k,°S and k,°" ©S denote the overall sec-
ond-order rate constant and its OH~ component (i.e.,
(tetren)CoO,CR?* + OH- — (tetren)CoOHZ* +
RCO,; k,°H ©9) in the mixed solvent (s) and at zero
ionic strength, respectively, and the activity ratio
aueo 2oy refer to the same solvent composition as
the rate constants. The values of ay,o /agy Can be
calculated from the ratio of ionic product of water
Kf°) and ionic product of methanol (K}4°H) in the
same solvent composition as  ayeo /Aoy =
KMeOH/KIH0,  Using the values of K (X =
H,0, MeOH) reported by Rochester [9], the values of
ayeo /aoy turned out to be 0.041, 0.086, 0.193, 0.358,
0.574, 0.879, 1.320, 2.042, and 3.529 for 5.2, 10.0,
20.0, 30.0, 40.0, 50.0, 60.0, 70,0 and 80.0 (v/v)%
MeOH, respectively at 25°C. An attempt is made here
to elucidate the solvent effects on the OH - catalyzed
hydrolysis of the complexes by considering the trans-
fer Gibbs free energies of the initia state, transition
state, and OH -, and the solvent structure.

The Gibbs excess free energy (GF) of the mixed
solvent may be taken as an indicator of solvent struc-
ture. The solvent effect on the stability of thetransition
state relative to that of the initial state can be judged
from the relative transfer free energy P’ as defined by

eq. (11)[1]

P’ = [AG(tS) — AG(i.S)] s
= RT In (k" OWOH 08) + [AGOH )]sy  (12)

wheret.s. { =[(tetren .. HOH)Co?* . ... “O,CR]* *}
is the dissociative transition state of the conjugate



Table II

Rate Constants (k,°) and Associated Activation Parameters (AH*) and AS*) for Base Hydrolysis of
[(Tetren)CoO,CR]?* in MeOH + Water Media?

AH# ASH
102 k,% dm3 mol -1 s kJmol-1 JK-1 mol-2
Xuvieon 20.0 £ 0.1 250 £ 0.1 350+ 0.1 40.0 = 0.1°C
R = CH,NH.?

0.0 0.33 = 0.01 0.65 = 0.02 249 = 0.07 420 = 0.20 97+ 2 115+ 7
0.023 0.37 = 0.02 0.68 = 0.05 2.67 = 0.05 5.25 + 0.25 99 + 2 121+ 7
0.047 0.39 = 0.02 0.78 = 0.08 3.07 = 0.07 6.18 = 0.13 103 = 2 138 =+ 6
0.10 0.47 = 0.02 0.89 = 0.04 3.77 = 0.06 7.36 = 0.19 104 = 2 140 = 6
0.16 0.53 = 0.04 1.05 = 0.05 451 = 0.10 9.53 + 0.26 110 = 3 162 =+ 9
0.227 0.63 = 0.06 1.26 = 0.06 552 = 0.15 114 = 0.3 110+ 1 163 = 5
0.306 0.73 = 0.04 148 = 0.10 6.86 = 0.42 141 = 1.3 111+ 2 168 = 6
0.398 0.91 + 0.07 1.72 = 0.10 7.28 + 0.58 134 + 0.8 102 = 2 140 = 7
0.507 0.96 + 0.06 1.94 = 0.15 8.17 = 0.71 152 = 0.7 1031 146 = 3
0.64 1.27 = 0.07 250 = 0.16 10.1 = 0.9 19.0 = 1.6 1011 141 = 2

R = —CH,CH,NH.P
0.0 0.28 = 0.01 0.58 = 0.02 2.08 = 0.12 3.82 £ 0.07 97 +1 112+ 3
0.023 0.33 = 0.02 0.66 = 0.02 251 + 0.07 459 = 0.20 9 +1 120 = 3
0.047 0.37 £ 0.02 0.71 = 0.03 2.67 = 0.07 521 = 0.29 98 +1 119+ 5
0.10 0.37 = 0.02 0.76 = 0.03 3.14 = 0.09 6.15 *+ 0.42 1051 144 + 2
0.16 0.39 + 0.02 0.81 = 0.02 358 = 0.10 7.19 + 0.63 110+ 1 160 = 4
0.227 0.42 = 0.02 0.85 = 0.03 378 £ 0.22 7.35 = 0.55 108 + 2 154+ 6
0.306 0.45 * 0.02 0.93 = 0.03 4.01 = 0.07 8.08 = 0.55 109 = 1 157 = 3
0.398 0.51 + 0.02 1.20 = 0.08 4.68 = 0.32 9.27 = 0.68 108 = 2 156 = 8
0.507 0.73 = 0.03 159 + 0.10 5.90 = 0.22 109 = 0.7 101 + 2 136 + 5
0.64 1.16 = 0.07 1.90 = 0.09 9.59 + 0.50 176 = 14 107 = 8 158 = 26

R = —CH(CH;)NH®
0.0 1.40 = 0.03 256 = 0.13 8.80 = 0.71 146 = 14 88+ 1 9% + 4
0.023 1.50 = 0.07 279 £ 0.19 9.02 = 0.91 16.1 = 1.6 88 = 0.3 % =1
0.047 164 = 0.14 3.15 = 0.20 10.0 = 05 185 + 1.3 89+ 1 100 =5
0.10 203 = 0.11 3.63 £ 0.36 124+ 11 218 £ 21 881 100 = 3
0.16 242 + 0.20 468 = 034 192+ 19 354 £ 25 1011 145+ 5
0.227 463 = 0.11 8.84 + 0.35 32716 55.6 £ 5.5 94 +1 128+ 4
0.306 9.66 = 0.20 173+ 15 546 = 4.3 93.1 = 8.0 84+ 03 9 =+1
0.398 131+ 11 26.0 £ 1.7 87.3 = 8.6 127 = 11 85+ 4 105 * 14
0.507 251+ 15 46.3 = 3.7 159 * 16 254 + 25 87 +2 118 £ 6
0.64 309 = 3.2 52.6 = 3.8 206 + 20 410 = 41 98 + 4 156 * 15

R = —CH(CHZ)NH°
0.0 0.19 + 0.01 0.33 = 0.02 1.33 = 0.05 2.60 = 0.07 99 + 3 117 = 9
0.023 0.20 = 0.01 0.35 = 0.01 1.39 = 0.04 2.70 = 0.20 9 =+4 117 = 13
0.047 0.23 = 0.02 0.41 = 0.02 1.54 = 0.04 313 £0.13 P=+14 119 * 12
0.10 0.28 = 0.02 0.50 = 0.04 1.85 = 0.09 3.94 £ 0.15 100 = 4 122 + 14
0.16 0.33 £ 0.03 0.65 = 0.02 2.67 £ 0.24 474 = 0.30 101 = 2 128+ 6
0.227 0.39 = 0.02 0.79 = 0.04 363 = 0.13 6.77 = 0.57 109 * 2 158 = 8
0.306 0.48 = 0.04 1.02 = 0.07 4.46 = 0.19 8.68 = 0.38 108 =1 157 = 3
0.398 0.58 = 0.05 1.28 = 0.12 543 + 0.35 10.5 + 0.38 107 =1 155 + 3
0.507 0.86 + 0.03 1.82 = 0.06 8.01 = 041 157 = 1.3 109 = 1 164 = 3
0.64 121 + 0.13 1.92 = 0.15 9.77 = 0.50 202 £ 15 111 =7 172 = 23

R = —(-2-)CgH, NP

0.0 0.77 = 0.03 1.50 = 0.07 5.90 = 0.20 11.0 = 0.07 100+ 1 131+ 3
0.023 0.87 = 0.01 1.62 = 0.07 6.08 = 0.50 125+ 0.6 98+ 2 127 = 7
0.047 0.93 = 0.01 1.81 = 0.08 7.33 £ 0.26 138 = 0.6 100+ 1 135+ 4
0.10 1.03 = 0.03 2.19 = 0.09 9.14 + 0.14 185+ 0.8 107 =1 159 *+ 2
0.16 1.14 + 0.06 240 = 0.12 105 + 04 212+ 24 109 = 1 167 = 2
0.227 1.37 = 0.06 2.86 = 0.10 125+ 0.3 249 £ 22 109 £ 1 167 = 3
0.306 1.96 + 0.13 451 = 042 202 £ 12 36.8 = 3.9 112 = 3 181+ 9
0.398 2.55 = 0.07 553 £ 0.32 26.6 £ 2.7 547 + 34 115+ 1 192 =3
0.507 2.80 = 0.08 533 £ 0.34 262+ 22 538 = 4.1 110 = 3 176 *+ 12
0.64 155 = 0.10 2.64 £ 0.19 156 = 15 294 = 1.7 113+ 6 182 + 21

a[complex]; = (2.0-8.0) X 10~4 mol dm=3; A = 260 nm. (b) oS isomer. (c) «BR isomer.
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base) and i.s. is the initial state of the complex, [(tet-
eren)CoO,CR]2*; [A,G°(OH )] s, denotesthe trans-
fer free energy of OH-, the transfer of species being
considered from water (w) to the mixed solvent (s) and
k,OH OW denotes the second-order rate constant at zero
ionic strength for agueous medium. The [AG°
(OH")](s—w) data reported by different workers [10—
12] are based on diffrent extrathermodynamic as-
sumptions (see Tablell of [1]) and, hence, do not show
good agreement so far as the absolute values are con-
cerned. However, the trend is similar. The values
given by Abraham et al. [11] cover the widest range
of the solvent composition (0 = vol % MeOH = 90).
Using their values after due correction for the desired
solvent composition the P’ values (molar scale) were
calculated [see eg. (11)]. Itisat once evident (seeFig.
2) that the unipositive and expanded transition stateis
stabilized to a greater extent than the dipositive and
more compact initial state when transfer occurs from
water to MeOH + H,O media (A,G(t.s.) < AG(i.s)).
A minimum is discernible in the P’ vs. Xy,.on plOts
(seeFig. 2) around X0y ~ 0.35. Therelativetransfer
free energy (P’) is clearly substrate specific beyond
Xueon = 0.1. The tetren envelope of cobalt(l11) and
the apolar skeleton of the amino acids remarkably in-
fluence the solvation of the initia state and the tran-

P’ /kT mo}?

i 1 1
0 010 0.30 0.50 070
X MeOH

Fig.2
Figure2 P’l kdmol-! vs. Xy.on plot for base hydrolysis
of [(tetren)CoO,CR]>* complexes a 25°C: R =
— CH(CH3)NH,(aBR)(1), —CH(CHz)NH,(aBS(2), —
CH,NH, (aBS) (3), —CH,CH,NH(aBS)(4), —(-2-
)Py(aBS)(5)

sition state. The role of the conformational arrange-
ment of tetren around cobalt(I11) on the solvation of
the substrates is also clearly evident in the observed
trend in the variation of P’ with X0y for the a8S
and aBR isomers of the a-alaninato complex (P’
(aBR) < P’ (aBY)) at Xyeon > 0.2 (seeFig. 2, curves
1 and 2). We are, thus, led to believe that these sub-
strates, both in theinitial state and transition state, tend
to discriminate the solvent molecules in their solvation
sphere that results in the preferential solvation. The na-
ture of variation of the gradient (6P'/6Xy.0n) @ound
the minimum of the P’ vs. Xj,.on PlOts may be taken
to indicate that the species (i.e, i.s. or t.s.) are prefer-
entially solvated by H,O a Xyeon < 0.32 and by
MeOH a Xyeon > 0.32. This effect is relatively
sharply defined for the pyridine-2—carboxylate (see
Fig. 2), thus indicating the specific role of the pyridine
moiety. Also, a clear indication of the marked prefer-
ential solvation by H,O upto X,y ~ 0.5 for the «BR
isomer of a-alaninato complex demonstrates that the
preferential solvation is also solute structure mediated.
It is quite likely that both structure and hydrophobicity
of the substrates and solvent mediaplay adominant role
in the preferential solvation, which is a marker of mo-
lecular recognition.

A preferential solvation model as discussed in our
earlier work [1] may be used to interpret the transfer
free energies according to which the Gibbs excessfree
energy of transfer is given by eq. (12)

[AGH)](sew) = IRT Xyeon(1 — Xueon)
= [AG)]s—w = Xveon[AG()] meor—wy  (12)

where i denotes the species (initial state or the tran-
sition state) transferred, and g is a dimensionless pref-
erential solvation parameter. Taking account of the
solvent structural effectsand preferential solvationand
combining egs. (11) and (12), P’ can be expressed by
eg. (13)

P’ = aXyewn + b Xueon 2 + CGE (13)

wherea = AgRT + h, b = — AgRT, Ag = g(t.s) —
g(i.s), and cisaconstant. The values of GE weretaken
from the literature [13] and P’ data were fitted to eq.
(13). The b Xyeon® term turned out statistically
insignificant. Setting b = 0, the values of a and c were
recalculated, which are collected in Table Ill. As
GF is positive (see footnote a of Table I1), the neg-
ative value of its coefficient (c) point to the fact
that solvent structural perturbation tends to make P’
negative and, hence, it has rate accelerating effect.
Burgess et a. [14,15] reported similar correlation in
the substitution reaction of pentacyanoferrate(ll) com-
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Table Il Calculated Values of a and ¢ for Base
Hydrolysis of [(Tetren)CoO,CR|?* Complexes at 25° C?

R a/kJ mol 1 c
—CH(CH)NH, 3.0=x08 —-189* 13
[-3.3 + 1.1]° [-16.9 = 1.7]°
—CH,NH, 37+11 -16.1 + 1.7
—CH,CH,NH, 2.2+ 0.8 —-120=*x 13
—(-2-)C;H,N 9.9 + 05 —-258+ 09

aSee eg. (13) G¥/kJImol ~* used are 0.02, 0.04, 0.10, 0.149, 0.20,
0.255, 0.29, 0.30, 0.260, at Xy, 0.023, 0.047, 0.10, 0.16, 0.227,
0.306, 0.398, 0.507, and 0.64, respectively [13].

bValues in the parentheses are for «SR isomer and unparen-
thesized values are for a8S isomer.

plexesin agueous a coholic media. The sign and mag-
nitude of “a’ (see Table Il1) suggest that Ag and “h”
might be sensitive to the solute hydrophobicity and
conformational arrangement of tetren around co-
balt(I11) center. Also the positive value of a (i.e., the
coefficient of X,.on) Shows that preferential solvation
results in destabilization of the transition state relative
to the initial state and, hence, has a rate retardation
effect. Interestingly for the «8R isomer of the a-alan-
inato complex, both the effects are favorable for rate
enhancement.

A further detailed analysis of the solvent effects on
theinitial state and transition state for pyridine-2—car-
boxylato and glycinato complexesis possible by com-
bining the pKy and solubility data with the rate con-
stants. It is possible to calculate the transfer free
energies of the unprotonated (C2*), N-protonated
(CH?®*), complexes and their transition states (25°C)
as given below using the transfer free energies of pic-
rate (Pic™) and H+ ions [11].

RT In KGOWIKSS = [AG(1)] sew)
+ NAGUPiC ) e (14)

2.303RT(pKRH — pKRI) = [AGXC*)] (5w
+ AGUH ) swy — [AG(CH)] sy (19)

Note that K, denotes the solubility product of the
picrate salt of a complex at | = 0 (25°C) and n = 2
and 3 for the pyridine-2—carboxylato and N-proton-
ated glycinato complexesrespectively; i denotes|(tetren)
Co0O,C(-2-)Py]?+ (C?*) and [(tetren)CoO,CCH,NH]3*
(CH3+*). Then combining the P’ data with those for
[AGY(C?#)]s—wy it is possible to caculate
[AG(t.S.)](s—w)- Figure 3 depicts the solvent and sub-
strate dependence of [AG(i)] s—w) (i = C?*, CH3*, and

t.s). Extrema are discernible, which presumably re-
flect the solvent structural effect on the transfer free
energies. The sequence [AG(CH®")]ewy >
[AG(C?)] 5wy > [AG(L.S)](s—w) IS Maintained over
the entire composition range for the pyridine-2—car-
boxylato complex. Note that the transfer free energies
are positive and increase with increasing Xy,.oy for the
C?* and CH3* gpecies of this complex while
[AG(t.5.)] (sw) IS Close to zero upto Xyeon ~ 0.16 and
thereafter it increases nonlinearly with increasing
Xueon - A similar trend is also evident for the glycinato
complex beyond Xyon ~ 0.18, but the effect isrela-
tively less pronounced compared to that for the pyri-
dine-2—carboxylato complex. It is thus evident that
the solvent acceleration of the rate of base hydrolysis
is partly attributable to the fact that the transition state
is more stabilized than the initial state when trans-
fer occurs from water to MeOH + H,O
(IAGES)] sy < [AGC? )] uy)-

-1

[A Gl (5 0—q) /% J mol

Fig.3

Figure3 Plot of [AG(i) /K mol~t vs. Xyeon for differ-
ent species of «BS-[(tetren)CoO,CR]™ complexes at 25°C:
R = —(-2-(Py(1), —CH,NH,(2): (a) CH*"; (b) C**; (c)
t.s. The Gibbs transfer free energy data used for H+, OH-
and Pic™ ions are in molar scale at 25°C [11]. [A, =
G°(i)](s—w/kImol~* for i = H* (OH") [Pic] are 0.27
(—=0.08) [—0.15], 0.39 (—0.17) [—-0.56], 0.44 (—0.08)
[-1.27],0.35(0.17) [-2.20], —0.01 (1.05) [ 2.85], —0.45
(2.68) [—3.36], —0.70 (4.81) [—3.67], and 0.44 (7.44)
[—3.69] for Xyeon Of 0.047, 0.10, 0.16, 0.227, 0.306, 0.398,
0.507, and 0.64, respectively.
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Medium Effect on the Mutation Process,
af3R Isomer — afS Isomer, for the -
Alaninato Complex

The rate constants for the («BR) and («¢BS) isomers
of the a-alaninato complex, [(tetren)CoO,CCH-
(CH3)NH,]?*, can be used to calcul ate the free energy
change associated with the mutation process, SR —
aBS, which is due to the conformational change of the
coordinated tetren ligand. As discussed in our earlier
article [2,3], aparamter Z' may be defined by eq. (16)

VARS
— RTIn {k,°" °XapR)KS" ©X(aBS)}  (16)
= AG%;(aBR < aBS)
— AG% (aB8R < aBS)

where AG%; and AG%" denote mutational Gibbsfree
energy changes for the five coordinate amido
conjugate-base intermediate {CB?* = [(tetren-
HOH)Co)?*} and its six coordinate conjugate acid an-
aog {C? = [(tetren)CoO,CR]?*}, respectively. This
anlaysisis based on the limiting SN,cb mechanism so
that the Gibbs free energy of the transition state is
considered to be additive {i.e,, G(t.s) = G(CB?*) +
Go%(— O,CCH(CH3)NH,)}. The calculated values of
Z' for MeOH + H,0, CH,CN + H,0[2] and DMSO
+ H,O [3] are compared in Figure 4 using the data
for the last two solvents from our earlier work. It is
clear that the mutation (¢8R — «BS) is more favor-
able for the five coordinate amido base (CB?* = [(te-
tren-HOH)Co]?*) than for the initia state C?*
(AG(CB?*) < AG(C?")). However, both the nature of
the cosolvent and composition of the mixed solvents
influence this process. The dipolar protic methanol fa-
vor this process with increasing methanol content be-
yond Xyeonq = 0.15, while the dipolar aprotic cosol-
vents tend to show opposite trend at high cosolvent
contents. At mol fractions greater than 0.2, the trend
for the isomerization (e¢BR < «afBS), is MeOH >
CHLCN > DMSO. This specificity of the solvent ef-
fect is closely an indication of the role of preferential
solute—solvent interaction, which might be linked
with solvent structure and hydrophobic interaction.
Note that the hydrophobic interaction of the cosolvent
molecules with the substrate is likely to follow the
sequence: DMSO > CH,CH > CH,OH.

Variation of AH* and AS* with Xy,.on

Datain Table Il depict the variation of activation en-
thalpies and entropies (AH#, AS*) with Xyon. The
clear contrasting feature is shown in the plots of

7’ /kJImol™

0 0.10 0.30 050 070
X Me0H

Fig.4
Figure4 Plot of Z'/kImol-1vs. Xy,.on fOr base hydrolysis
of [(tetren)CoO,CCH(CH;)NH,]?* complexes at 25°C: 1—
MeOH + H,0, 2 —CH4CH + H,0, 3 —DMSO + H,0.
Datafor CH,CN + H,0 and DM SO + H,O weretakenfrom
refs. [2] and [3], respectively.

AH?* (AS*) vs. Xyeon fOr the two isomers of the a-
alaninato complex; extremabeing evident for the o SR
isomer. For al other complexes the trend is similar to
that observed for the oS isomer of the a-alaninato
complex. It is thus clear that the geometrical arrange-
ment of the tetren ligand strongly influence the solvent
structural perturbations in the cospheres of the initial
state and the transition state for which the solvation
components of the observed AH# and AS* are most
likely influenced by the solvent structure. However,
a linear correlation, AH* (kJmol-1) = (53.7 =
1.6) + (0.340 = 0.013) AS* (JK-1mol ~1) (corr.
coeff. = 0.931) suggests that the effect of solvent on
these thermodynamic parameters is mutually compen-
satory. Thiscan only betrueif theintimate mechanism
is insensitive to the solvent variations.
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