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T'he formation constants (log Ky;., ) of mixed ligand complexes of the type [MAL| (where M = Co", Ni, Cu"
or Zn"; A = 2,2’-bipyridine; L = a-alanine (a@-ala), valine (val), leucine (leu), iso-leucine (iso-leu) or nor-
valine (nor-val) have been determined by SCOGS computer programme at 25, 35 and 45° and at / = 0.2 mol

dm-? (KNOj,).

The thermodynamic parameters (AH and AS5) of binary ML and ternary MAL complexes have been

found to be favourable. The stability quantifyin,

parameter A log K becomes usually less negative at higher

temperatures and the actual values of log Ky, increase with temperature. The ternary complexes are
extrastabilised in solution. The extrastabilisation increases (i) in the order val < nor-val < leu Ziso-leu, which
is significantly the sequence of increasing length of non-coordinating hydrocarbon side-chain of the amino
acids and (ii) also, in general, with temperature. Its extent depends on the nature of the metal ion and the

geometry of the complex.

Mixed ligand complexes of the type M(11).bipy/phen.
amino acid, where M(II) = bivalent metal ions, bipy =
2,2’-bipyridine, phen = 1,10-phenanthroline, have been
considered as simple models for ternary systems like
(mctal ion.enzyme. ATP/inhibitor) and hence they arc
biochemically important!>. Such ternary complexcs
containing amino acids with sutficiently long non-co-
ordinating side-chains may be extrastabilised in solu-
tion due to intramolccular inter-ligand interaction -5
or enhanced hydrophobicity in the vicinity of metal
ion%. Simultaneous structural modifications occurring
duc to tolding ot amino acid molecules are also bio-

chemically important?,

The present work was undertaken with a view to
determine thermodynamic parameters AH and AS and
to investigate the influence of temperature on the sta-
bility quantifying parametcr 4 log K and the cxtra-
stabilisation paramcter A4 log K for the mixed ligand
complexes of the type [M(1).bipy.L], where M(ll) =
Co", Ni", Cu' or Zn" and L = @-alanine (-ala), va-
line (val), leucine (leu), iso-leucine (iso-leu) or nor-
valine (nor-val).

Results and Discussion

The ScoGs refined values of formation constants
JICS-3

for binary (log Kll\\/l/lL) and ternary (log K\V,:A

plexes are recorded in Table I. The log Ky values
follow the expected sequence of ligand basicity, in
general with respect to the amino acids and the Irv-
ing-Williams order with respect to the metal tons. Both
log Kll\\/I/IL as well as log KQ,IAQL values increase. in gen-
cral, with the risc in temperaturc indicating the cn-
dothermic nature of the complexation rcactions, M +
L - ML and MA + L - MAL (charges omitted).
The temperature range chosen tor the present study
lies in the vicinity of body temperature (37.5°). Our
results are suggestive of the fact that the biosystems
like (metal ion.enzymec.inhibitor) may be stabilised to
a greater extent at a higher temperature in this range.

) com-

Evaluation of thermodynamic parameters ot MAL
complexes may be done keeping in view that in thesc
heterosystems two differcnt sets of metal-ligand bonds
M-A and M-L arec involved and one would succeed in
knowing the resultant eftect only. The values ot cn-
thalpy (4H) and entropy (AS) factors tor ML and MAL
complexes are recorded in Table 2. The validity ot the
temperaturc coefficient method used in the present

work has been ascertained by means of lincar plots
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TABIF 1-FORMATION CONSTANT V ALUES FOR [M(1I).AMINO
. .M MA
ACID | (LOG K pp) AND [M(11).BIPY .AMINO ACID] (LOG Kpmar)
COMPLEXES AT DIFFERENT TEMPERATURES

/=02 moldm ? (KNO;)

Paiameter  Temp. Co! Nill Cu®t Znt
°C

a-ala

log KNy 25 4.69 5.38 8.10 5.19
MA

log K pay 431 5.00 770 485

log Kppp 35 471 5.40 8.15 5.2
MA

log Kl]\:IAAL 435 495 7.75 4.95

log Ky as 482 551 $.22 531

g K pay 4.36 505 185 5.05

val ¢

log Ky 5 44 474 150 533
M

log K pia) 1.54 3.24 6.95 5.06

og K ny 15 4.74 486 7.50 5.54
L, MA

log k'ﬂ:\" 4.00 3.50 6.98 4.80

log Ky 45 4.82 4.93 730 5.69
MA

log K iy 4.15 381 7.20 4.89

leu

log K g 25 5.11 5.36 7.22 5.09
M

g K ppar 4.60 481 642 452

log Ky B 528 541 732 5.17
MA

log K ppny 498 5.0 6.50 469

g KNy a5 520 555 141 5.23
_MA

g Kyt 4.83 5.12 6.69 4.70

150-leu :
M

log K g 25 451 531 7.90 5.20
JMA

1og K gy 4.16 4.70 7.58 5.12
M

g Ky 35 463 5.40 7.86 531
MA

log Kyiay 4.28 479 7.63 5.16

log Ky as 472 472 7.98 5.45
.MA

log A MAL 431 4.32 1.72 5.36

not-val :
.M

log Ky 25 444 545 8.10 450
L MA

log K ppay 411 5.15 7.80 425

B M

og Ky 35 5.05 555 8.05 4.59
,MA

og K nyay 475 5.25 175 434
UM

log Ky 45 5.14 554 8.17 5.22
,MA

log I\M/\l, 4.74 525 7.82 495
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TABLE 2-THERMODYNAMIC PARAMETLRS AH (kcal mol 1)
AND 45 (cal K ! mol ') FoR BINARY (ML) AND MIALD
LIGAND (MAL) COMPIEXES

System Parameter Temp. Co" Ni'"  Cu"  Zn"
°C
[M(1). ar-ala] A4H 25-35 25 08 -2 -3
48 0.8 0.8 2.1 13
[M(m).bipy.-ala] AH 25-35 -1.7 -I.I =20 =42
a8 144 294 282 9.0
IM(1m).val] AH 25-35 -21.0 -5.0 -83 =58
a8 51.1 48 343 5.2
[M(11).bipy.val] AH 25-35 -193 -109 -13 110
45 486 218 279 155
[M(11).leu] AH 25-35 7. B B 34
as 0.6 18.0 J18Y9 128
[M(11).bipy.leu] AH  25-35 -160 R4 "4 -7
AS 32.1 6.2 19.0 32
[M(11).is0-leu] AH 25235 50 38 <17 46
4S8 3.7 1.6 41.3 83
[M(11).bipy.iso-leu] AH 25-35 -2.1 -88 -2 -7
as 2.1 88 277 178
[M(11).nor-val] AH 25-35 256 42 21 42
AS8 65.7 o8 H. 79
IM(u).bipy.nor-val] 4 H 25-35 -269 42 I -38
AS8 71.5 5.1 428 O

between log K vs T~!, where K is the formation con-
stant of ML or MAL complex and T the temperature
(K). Also the values of the correlation coctficient have
been found to lic around 0.99 indicating cxcellent lin-
earity. The uncertainty in log K values is very small
(standard deviation, = 0.01 to 0.03) in view of their
refinement by SCOGS software, which turther
minimises uncertaintics in the enthalpy factor. For both
ML and MAL complexes the enthalpy and entropy
factors arc found to be favourable. The enthalpy
changes arc generally large in binary complexation than
in the formation of the ternary complexes, but the en-
tropy ftactors arc numerically higher and morc
favourable for the ternary complexes perhaps because
2,2’-bipyridine is a ncutral ligand and considerable
desolvation occurs in the combination MA + L duc to
the charged naturc of combining species.

The numerical values of the stability quantitying
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parameter 4 log K (= log Kll\\/l/lzL‘ log Kl\l\/lllL) are, in
general, found to be somewhat greater at higher tem-
peraturcs due to nominal differences in the rate of
change of log K I\I\/I}QL and log K ]1\\,'11[‘ with temperature
(plots of log K vs T not shown). Further analysis of
the formation constant daia has been done to cxamine
the extrastabilisation of the mixed ligand complexes
in solution and also to study the influence of tempera-
ture on their extrastabilisation. The basic approach
tollowed is the same as published carlier®3. In the
present work, a-ala possesses a negligibly small side-
chain (-CHj;) attached to its aminocarboxylate end
which is invariably involved in complcxation in cach
case. The non-coc rdinating side-chains in the rest of
the amino acids are : val, (CH;),CH-; leu. (CH;),-
CHCH,—; nor-val, CH;CH,CH,~; iso-leu, CH;CH,-
CH(CH;)-.

Increase in the length or bulk of non-coordinating
side-chain is expected to lower the stability of the re-
sulting mixed ligand complex, but preliminary exami-
nation shows that the A log K values generally be-
come less negative in these cases indicating greater
stabilisation of the ternary complexes. The extent of
this extrastabilisation may be assessed quantitatively
in terms of a parameter A4 log K defined as

Adlog K = AlogK| — Alog K, ¢))

where 4 log K| stands for the observed value of 4 log
K with a ‘large-sized” ligand (viz. val, leu, iso-leu,
nor-val) and A log K for the experimental value of
4 log K with the “small-sized” ligand (herc, a-ala)
which may be used as a reference” for comparison.
The calculated values of A4 log K are presented in
Table 3. Positive and significant values of A4 log K
obtained in several cases indicate extrastabilisation.
The non-coordinating hydrophobic ends cause fold-
ing of the amphiphile amino acid molecule, the extent
ot which depends on the hydrophobicity” (a-ala,
~500; val, 1500, leu, —1800 cal mol~!) of the side-
chain. The folded end of the amino acid may undergo
intramolecular inter-ligand interaction with the bonded
primary ligand (bipy) duc to its proximity with the
latter. The interaction becomes more probable and sig-
nificant if the side-chain is sufficiently long and ca-

TABIF 3-CALCULAIED VAIULS OF EXIRASTABITISA TION

PARAMFTER (44 10G K). EQUINIBRIUM CONSTANI (R)),

PLRCINTAGL OF EXIRASTABIISID FORM (%) MAL Al

DI FERENT TLMPERA TURLS FOR [M(I1) BIPY AMINO \(1D]
MIXFD LIGAND COMPILXLS

Paiamecter ~ Temp.  Co' Ni't Cull Zn"
°C
IM(11).bipy.val] :
44 log K 25 -0.32 112 -0.15 +0 08
K, - - - 0.202
(%) MAL - - - 16.80
A4 log K 35 -0.38 -0.91 -0.12 -0.47
K, - - - -
(%) MAL - - _ ~
AAlog K 45 -0.21 -0 66 +0.04 -0 54
K, - - 0.07 -
(%) MAL(eg) - - 8.75 -
[M(11).bipy.leu] -
AA log K 25 -0.13 -0.17 -0.40 -0.23
K, - - - -
(%) MAL - - - -
AAd log K 35 +0.06 +0.05 -0.42 -0.25
K, 0.14 0.2 - -
(%) MAL 12.89 10.87 - -
A4 log K 45 +0.08 +0 03 -035 027
K, 0.20 0.07 - -
(%) MAL 16.81 6.62 - _
[M(11).bipy.iso-leu] :
Ad log K 25 +0.03 -0.23 +0.08 +0.26
K, 0.07 -020 081
(%) MAL ., 6.62 - 1680 45.01
AAlog K 35 +0.01 -0.16 +0.17 +0.12
K, 0.02 - 0.47 031
(%) MAL . 224 - 238 2413
Ad log K 45 +0.06 -019 +0 11 +0.17
K, 0.14 - 0.28 047
(%) MAL o 12.89 - 22.36 10.38
IM(11).bipy.nor-val] :
A4 log K 25 +0.05 +0.08 +0.0% +0 09
K, 0.2 0.20 0.202 0.23
(%) MAL 10.87 16.80) 16.80  18.7)
AAlog K 35 +0.06 +0 15 +0.10 +0.02
K, 0.14 041 0.25 0.04
(%) MAL,, 12.90 2906 20,00 150
AAlog K 45 +0.06 +0.17 +0.04 +0.01
K, 0.14 0.47 007 0.02
(%) MAL 12.90 32138 8.75 224
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pable of extending itself beyond the axial region of
metal ion. Details of mechanistic and structural as-
pects have been discussed earlier=>,

In view of the tetrahedral network of water mol-
ccules all the molecules of the ternary complex may
not be folded. The hydrophobic ends are believed? to
be housed in the polyhedral cavities in the network of
water molecules. There may thus exist an equilibrium
between the “extrastabilised” (interacted) form MAL
and the “open” or uninteracted form MAL op of the ter-
nary complex as shown below.

MAL,, = MAL,, @)

The cquilibrium constant, K, of this equilibrium in-
volving two isomeric forms of the ternary complex is
a dimensionless quantity given by the expression,

) [MAL,,]
- [Mary) ©

K, may be cxpressed in terms of 44 log K as>*

K1=| 10 44 logk __ 1] )

The percentage of extrastabilised form , (%) MAL
may bec expressed in terms of K| as

Mk 1
(%) MAL%:\J Jx 100 (5)

1

The calculated values (only in those cases where
A4A4 log K has been found to be signiticant and posi-
tive) of K and (%) MAL, have been recorded in Table
3. The data indicate that extrastabilisation of the mixed
ligand complexes occurs in the general sequence, val
<lecu <iso-leu < nor-val . It appears that the length of
side-chain rather than its bulk (volume) is more im-
portant, because in comparable cases straight side-
chain amino acids are associated with greater
cxtrastabilisation than their branched chain isomers.
Variations observed with the metal ions also indicate
that the gecometry and stercochemistry of the complexes
also matter. The data further reveal that extrastabi-

lisation is generally more at higher temperature in the
322

temperature range under study.
Experimental

Chemicals of standard purity (AnalaR; Mecrck,
G.R.; Loba, A.R.; Sigma) were used. The solutions
were prepared in double-distilled water. The metal ion
solutions werc standardiscd by complexometric titra-
tions®. The formation constants of the binary and ter-
nary complexes were determined initially by poten-
tiometric pH-titrations using the Irving-Rossotti ap-
proachm'“ at 25, 35 and 45° and at / = 0.2 mol dm™?
(KNO;). The final metal and ligand concentration was
maintained at [M]=|A]=|L]=2.0 x 10~} mol dm™?,
The titrations were performed on an Elico LI-120 pH
meter. A 2.0 mol dm™? carbonate-free NaOH
solution was uscd for the titrations. Refined values ot
formation constants considering protonatcd specics
were evaluated by using the SCOGS computer
programme !2-14-
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