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: Computcr bascd nnnlysis of the potenﬁo-uemc data  obtained
(At 37°C and‘ fO 15 M ; (NaClO,) for th' Cu(IN)-glycylglycine

o (A)-D!.-d-ﬂmi obutydc acld (B).system indicates the, presence :of ;'_

'. ‘two" ternary oomplexcs (CuAB and CuABEL;).in :addition (o
the’ bjnnry complex specics (HA, H,A, CuA, CuAH:.y; HB, I,B,

“and* CuB). ~The results suggast that the five ‘nnd:sovcu-mcm-
. bcrcd ‘chelate rings In the CuAB complex s less fivoured, It

;‘.fmppcars that the nmlde-dcprotomtcd glyeylglycine in the CuABY,

ilcomplex specles is* tridentate similar to that in the CuAH_,
) glycylglycmo b[nary complex. oo
STUDIES on Cu([[)-dlpcptxdc amino acud tcrmry
icomplex !systems, ' though intermittent, have
“directed for a better understanding of the metal ion-

~enzyme-substrate complexest’®. It is  generally -

’iagrced'—" ithat - initial ‘complex formation between.
{Cu(ll): and “a:dipeptide results in a five-membered
«chelate ring involving N-amino and -O-peptido.donor

‘groups in-both the'binary and ternary systems. At

“higher pH; the dipeptide undergoes deprotonation at
he ‘amide *

Cu II)-dlpcptldc :birary " systems. :However, in the
Cugll) -dipeptide’ ‘(A)-secondary ligand(B) ternary sys-
ems: wheré: B is'bidentate or tridentate,7-?, several-
workérs favour- the: bidentate binding of : amide-
deprotonatcd dipeptides via N-amino and N-peptido
groups, while others®1 favourits tridentate binding
$.is the gasc wnth CuAH..., dipcptide binary coimplex.

‘ al . receritly reported that amide-deprotona-
ed dipeptideis tridentate in the presence of 'a mono-

Atat hganc( likehimidazole in- the Cu(Il) - tcrnary
ystems.:"The.present commumc'mon deals with the
oordmation ‘ehaviour. of n dlpcptldc, viz. glycylgly-
cine (glgl) with Cu(ll) in'the prcscncc of DL-4 -amino-
butync ‘acid " (4taba).’ :
«The ‘potentiometric. studics were C'lrncd out at
37°Cand:7=0.15 M (NaClO,,) with the apparatus
~‘and -procedute: described . previously!z's3, Both glgl
..and 4-aba were obtained from Fluka. Cu(CiGy), and

" other reagents were, preparcd and. estxmatcd as des-

cnbcd earlier!.
- ‘Analysis *of the. potentlometnc data in the pH

' range 3,00—8.00 in the Cu((l)-glgl(A)-4-aba(B) ter-

nary system in this study using: MINIQUAD-75
computer program!®onan IBM-370 computer showed:
the presence ‘of two ternary complexes (CuAB and
CuABH.)). in addition to thc binary species®'!®
(HA, H,A,-CuA, CuAH_,, Cquﬂ_l, HB, H,B and
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!group -‘and! become'® tridentate via
N:amino,N-peptido and O carboxylat«.groups in the -
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'TAuuz I o Sr,\muw Co\:sr ANTS FOR Cu(ll) glgl(A) % xbx ( t))
. Temmw Svsram {

u 015 M(N'\CIO.), tcmp -37°1

Conslant Value ..  Constant’  Value
logBcuan - 12290100 pKF.e 5.5
log ac.,A L 6644  log KEAW,, 502

L6 g KE R, 057
4622 Alog KCuABH-y ~-1.05
: Alog KCuAD L0521

Sl'\bnlnty oonshnts of proton ‘and binary complexes of  plgl
(rcf 6) and 4-aba (ref. 16) with Cull) used for the  caleulatim’
of the above c.ons(.m(s have bosn taken from our gurlicr  pub-

- lished. work

CuB) The chnrgcs of all these complexes are neglect-
cd for clarity.

. Ttappcars that complex formation between glgl(A)
and Cu(Il) in the CuAB specics involves the forma-

tion of a five-membered chelate ring as is the case with
CuA-gigl complcx because log 1\8‘.‘,'\' p (Table 1)

and log K&A values® arc comparable. Similurly
comparison of the log KSuan (Table 1) and log K&y
values® clearly indicate that 4-aba (B) forms a scven-
membered chelate ring in the CuA B complex species,
Thu the CuAB species would contain five-und seven-
-membered -chelate rings.” Sincc more coardination
positions arcavailuble for binding the first ligand ta a
given multivalent metal ion than for the  second
ligand, negative values for- A log Keuan (Egs | and 2)
arc expected. - But tlus parameter for the title system

CuA + CuB & CuAB + Cu: T
Alog Keuan=log feuan= (log Bcu a+log Bcun) ...(2)

is positive (Table 1). It indicates that 4-aba (B)
hgand prefers to add on to CuA glgl binary complex
rather than to aquated Cu(ll). Also, thc  positive
Alog Kcuan valuc suggests that the formation ol
ternary complex, CuAB is preferred over the binary
complexes, CuA or CuB. However, the maximum
amount of the total Cu(Il) present in CuAB complex
is only 7.57% (Fig. 1), while the statistically expacted
value is 50 % indicating that the CuAB formation is .

less favoured. This may be atributed to the steric® . -

factors associated with the five- and scven-mambered
chelate rings in this specics.

Previously, Nair and coworkers®® reported  that
amide-deprotonated glgl (AH-)) is bidentate in the
CuABH-,, when B is a bidentate ligand like n1.-2-
aminobutyric acid, 3-aminobutyric acid, histaminz
or glycinamide; or atndcntatuhg'\nd like L-listidine,
pL-2,3-diaminopropionic acid, br-2,4- dmrmnuhnhm
acid or pL-ornithinc. This conclusion was arrvived s
by considering (i) log K&uawand log K&y, (m
Hlog Kewanny (Eqs 3 and 4) and (i) pK &g an varlies

- in the Cu(lf)-glgl(A)-B and Cu([l) l,lyuxmmldu (A) -B

ternary systems




CuAH_, + CuB e CuABH- -+ Cu )

T Afog Kc..z'.inrr;-‘:"“#'f—'~log PourBrn—; — (l'og Bouan—; -

- One may cxpect ‘the-same type of binding of the
'+ ligand B in both CuAB and CuABH-, complexes and
", thuslog K& and log KEALE! | values must be com-
1.0 parable. This trend was seen® in the Cu(ll)-glycina-
.. mide(A)-B ‘systenis, but in the Cu(ID)-glgl (A)-B
* " systems the log Kouannasy values were lower than log
KEURS values by ~3 log units. This was explained-
by:considering:the bidentate binding of AH-, glg!
v in;CuABHZ; ‘unlike ‘its tridentatc binding in the
CuAH-;: “Similar arguments have been put forward®
o explain the negative ‘A lo Keuann—, values (Eq. 4)
:with high maguaitude in the case of Cu(I)-glgi(A)-B
» systems, swhile the " Alog Keyi—y values in theCu(Ll)-

" glycinamide-B systems arc in the order of statistically
expected “values.,. The bidentate. mode of binding

- " of AH-glglin the ternary complex systems is further
_confirmed by the " fact that pK'éuAn values in all the
Cu(II)-glgl-B systems “studied - are nearly identical
within the limits of experimental error to the corres-
ponding Cu(Il)-glycinamide-B systems. Sigel? also
reéported-‘the bidentate -binding of AH-, glgl in the
Cu(ID)-glgl-2,2"-bipyridyl ternary system. .For finding

“studied Cu(ll)-glgl-4-aba system, the Cu(Il) glycian-
mide-4-aba system was also investigated, but no app-
reciable complexing seems to have been revealed. If
one compares the log Kg.}'fn_fa}td log KAy values
. . inTable 1 for the titlc system; it may be noted that the
.7 .-latter parameter is. lower than the former by only
- ~1.5 log unitsand its ‘Alog Koyanu—; value is in the

. order "of statistically :‘expected valucs. - Both thesc

- .:values suggest that the AH-, glgl is tridentate in
+*CuABH-; as'in the case in CuAH-, glg! binary com-
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- Fig. 1 Species distribution for the Cu(Il)-glgl(A)4-aba(B)
:gs(em at a metal-A-B:ratio of 1:1:1 [(1) unbound Cu(Il);
co and (7) CuABH_,).

-out the mode of coordination of AH- glgl in presently -

) CuA; .(3) CuAH-;: (4) CuAH_,; (5) CuB; (6) CuAB; .

plex. Thus in the CuABH.; specics three equatorial
coordination sites would be occupied by AH-,
glgl, while the 4-aba (B) would occupy one equatorial
and onc axial position. This sturcture is similar to
that of. the Cu(AI-,)A glgl complex®, the difference
is that the second glgl ligand is replaced by the 4-aba
(B) ligand in the ternary system.

This tridentate binding of Atl-, glgl in the title
system is surprising, becausc 4-aba(B) is also a biden-
tate ligand  like bpL-2-aminobutyric acid or 3-
aminobutyric acid, under whosc presence Al{-, glgl
is.found to be .bidentate®, This ‘may probably be
accounted for by considering the fact that if AH..,
glgl binds in a bidentate manner, then the CuABIH-.,
species in the title system would have five- and seven
membered chelate rings, possibly less favourcd due to
steric reasons. - The strain due to the scven-membered
ring of 4-aba (B) would get reduced by its coordina-
tion in onc cquatorial position and one axial position
at a greater distance. This is possible only by the

- coordinatidn of AH-, glgl in a tridentatc manncr,

i.c. by occupying threc cquatorial sites similar to

its binding in the CuAH-, glgl binary complex. The -

difference in the log K&'Au and log KEuAWTY) values
of ~1.5 log units in the title system may thus be
accounted for by the fact that in the CuAB complex,
4-aba (B) occupics two cquatorial positions while in
the CuABH_, complex, it occupies onc cquatorial
and one axial position.

Thus, the present investigation shows that the coor-

- dination behaviour ol amide-deprotonated dipeptide

in the ternary Cu(ll) complex systems is highly in-
fluenced by the chelate ring size-duc to the sccondary
ligand, B. The CuABH_; complex specics is favoured
above pH 6.5 and there is a steady increase in  its
concentration with.riscinpHas shown in g |
At pH 8.0, about 24 Y of the total metal was found to
be present in the form of CuABH-, specics.
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Computer hased analysis of the potentiometric data  ohtuined
at 37°C and [ = 0.15 M (NaClO,) for the Cu(iD)-glycylplycine
(A)-pDL-4-aminobutyric acid (B) system indicates the presence of
(wo ternary complexes (CuAB awml CuABIL_,) in addition to
the binary complex specics (HA, H:A, CuA, CuAHL,, HB, [1,D,

. and CuB). The results suggast that the five and scven-men-
bered chelate rings In the CuAB complex {s less favoured. It
appears that the amide-deprotonated glycylglycine in the CuABI_,
complex specles Is tridentate similar to that ia the CuAH_,

glycylglycln'e blnary complex.

STUDIES on Cu(ﬂ) -dipeptide-amino acid  ternary

complex systems, though intermittent, have
directed for a better undcrstandmg of the metal ion-
cnzyme-substrate complexest'®. It is  gencrally
agreed’=%" that initial' complex formation between
Cu(ll) and a dipeptidé results in a  five-membered
chelate ring involving N-amino and O-peptido donor
groups in both the binary and ternary systams. At

- higher pH, the dipeptide undergocs deprotonation at
the amide ‘group and béCeme'-® tridentate via
N-amino, N-peptido and O-carboxylategroups in the
Cu(ID)-dipeptide binary systems. However, in the
Cu(Il)-dipeptide (A)-sccondary ligand(B) ternary sys-
tems where B is bidentat: or tridentats, 372, scveral
workers favour the bidentate hinding of amide-
deprotonated dipeptides via N-amino and N-peptido
groups, while othcrs®' favourits tridentate binding
as is the casc with CuA H—, dipeptide binary compicx.
Nair er al.}! recently reported that amide-deprotona-
ted dipeptide is tridentatc in the presence of a mono-
dentate ligand like imidazolc in the Cu(Il) ternary
systems. The present communication deals with. the
coordination behaviour of a dipeptide, viz. glycylgly-
cine (glgl) with Cu(lI) in the presence of bL-4-amino-
butyric acid (4-aba).

The ‘potentiometric studics were carried out at
37°C and 7 = 0.15 M (NaClO,) with the .apparatus
and procedure described previously!?13.  Both glgl
and 4-aba werc obtained from Fluka. Cu(CIGy), and
other: rcagcnts were preparced and cstimated as dles-

cribed carliert?.

Analysis ‘of "the po(cntxomctnc data in the pH
range 3.00—8.00 in the Cu(ll)-glgl(A)-4-aba(B) ter-
nary system in this study using MINIQUAD-75
computer programt® on an IBM-370 computer showed
the presence of two ternary complexés (CuAB and
CuABH-,) in addition to the binary species®!®
(HA, H;A, CuA, CuAH-,, CuA,H-,, HB, H,B and

Fost-Graduate

Department of Chemistry,
St, John's

{Present address ¢
Extension Centre, Madurai Kanaraj University,
. College Campus, Palayamkotiai 627 012,
$Present address : Vice Chanccllor, University of Madras,

Madras 20.

Ay o

ERRSERSTN

Reprlmed rrom the Indion .Ioumal of Chemistry Vol 21 A Apnl 1982 pp. 435-437

TasLe | — Sranintry Coqastanes roz Calth) il ) Lo o

TerNaArRY Sesred

[{ = 0.15 A (NaClO); temp. = 377
Constant Value Constant Valu
log BCuAb 12.29(10) PTG 5.0,
log Bcuanii., GOHY  bg KEal, S0
log K&ESAD 6.59 log ASNa, L e
log I‘L::‘\ln 621 Alog ACaann., =~ i3
Alog Acuan -4-0.52

Stability constants of proton and binaey complese
(ref. 6) and 4-aba (ref. 16) with Cu(ll) used for the
of the above constants have tezsn taken fronmn our e ulic
lished work.

CuB). The charges of all thes: compluzes e nvio
ed for clarity.

It appears that complex formation b
and Cu(ll) in the CuAB specics mv.;l.-. s
tion of a five-membered chelate ring s is the: cise v
CuA-gigl complex, because log I\“"-'.. g
and log K&ua values® are comparihl,
comparison of the log K&nn (Tabl: 1) et i
valuest® clearly indicate that 4-aba (B) forms o
membered chelate ring in the CuAB compla
Thu the CuA B species would contain five-wei <
membered chelate rings. Since more coordimtion,
positions arc available for binding the first ligaud t a
given multivalent metal ion than for the  seeamd
ligand, negative values for A log Kewan (Fgs Fand 2y
arc expected. But thus parameter for the title Systom

CuA 4 CaBl =2 CuAB - Cu (1)

Alog KCuAn:lOg ﬂcu/\nz (log ﬂCu A,’Og ﬁ(‘vull) (’.2)
is positive (Table 1). It indicates that 4-aba (B) -~
ligand prefers to add on to CuA glgl binary complex
rather than to aquated Cu(lf). Also, the  positive
~Alog Kcuan valuc suggests that the formation of
ternary complex, CuAB is preferred over the  hinary
complexes, CuA or CuB. However, the maximum
amount of the total Cu(Il) present in CuAB complex
isonly 7.5%, (Fig. 1), while the statistically expactad
valuc is 50 % indicating that the CuAB formation is
less favoured.  This may be atributed to tie sterie
factors associated with the five- and seven- nm.nhmd
chelate rings in this specics.

Previously, Nair and coworkers®™® reported that
amidec-deprotonated glgl (AH-)) is bidentate in the
CuABH-,, when B is a bidentate ligand like or-2-
aminobutyric acid, 3-aminobutyric acid, histamine
or glycinamide; or a tridentate ligand like L-histidine,
pL-2,3-diaminopropionic acid, pL-2,4-diaminobutyric
acid or bL-ornithine. This c,onclusion was arrived at

1A~ (“)

by considering (i) log K&y and log K& wABiT -
Alog Keuasuy (Egs 3 and 4) and (i) PR an values
in the Cu(ll)- glgl(/\) -B and Cu(ll)-glycinamide (A)-B
ternary systcms,




CuAH., 4 CuB CuABH-, + Cu ...(3)

Alog Keyann—; = log Boursn-; — (log Bouarim; -
log Boun) . ..(4)

One may cxpect the same type of binding of the
ligand B in both CuAB and CuABH-, complexes and
thus log Kg.',’ﬁn'and'ldg K&AHS" values must be com-
parable. This trend -was seen® in the Cu(Il)-glycina-
mide(A)-B systems, but in the Cu(Il)-glgl (A)-B
- systems the log Kovanwa—, values were lower than log
KE&4u valucs by ~3 log units. This was explained-
by considering the bidentate binding of Al-, glgl
in CuABH.; unlike its tridentate binding in the
CuAH-,. Similar arguments have been put forward®
to explain the negative A lo Keuann—, values (Iq. 4)
with high magnitude in the case of Cu(ID)-glgl(A)-B
systems, while the Alog Kagyi—, values in theCu(Il)-
glycinamide-B systems arc in the order of statistically
expected values. The bidentate mode of binding
- of AH-., giglin the ternary complex systems is further

confirmed by the fact that pKH,ap values in all the
~ Cu(Il)-glgl-B “systems studied are nearly identical
within the limits of experimental error to the corres-
ponding Cu(ll)-glycinamide-B systems. Sigel® also
reported the bidentate binding of AH-, glgl in the
Cu(1D)-glgl-2,2"-bipyridyl ternary system. For finding
out the mode of coordination of AH-, glglin preseatly
studied Cu(II)-glgl-4-aba system, the ‘Cu(Il) glycian-
mide-4-aba system was also investigated, but no app-

- reciable complexing seems to have been revealed., If

. . AR
one compares the log K&oap and log KR!, values

in Table 1 for the title system, it may be noted that the
- latter parameter is lower than the former by only
. ~1.5 log units and its Alog Kouann—; value is in the

" order of statistically expected valucs. Both these
+ ‘values suggest thdt the AH-, glgl is tridentate in

“CuABH-, as in the case in CuAH-, glgl binary com-
100 T T T i T

15 i [
-0 4.0 50 60 7.0 8.0’
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Fig. I — Species distribution for the Cu(ll)-glgi(A)-4-aba(B)

system at a metal-A-B ratio of 1:1:1 {(1) unbound Cu(ll);

(2) CuA; (3) CuAH-,; (4) CuA,H_,; (5) CuB; (6) CuAB;
) and (7) CuABH..,). )
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plex. Thus in the CuABH-, species three cquatorial
coordination sitcs would be occupicd by Al
glgl, while the 4-aba (B) would occupy one cquatorial
and one axial position. This sturcfure is similac to
that of the Cu(AH-))A glgl complex?, the difference
is that the second glgl ligand is replaced by the d-aba
(B) ligand in the ternary system.

This tridentate binding of AH-, glgl in the title
system is surprising, because 4-aba(B) is also a biden-
tate ligand - like DpL-2-aminobutyric acid or 3-
aminobutyric acid, under whose presence AlH., glpl
is found to be bidentate®. This may probably be
accounted for by considering the fact that if AH-,
glgl binds in a bidentate manner, then the CuABH_,
specics in the title system would have five- and seven
membered chelate rings, possibly less favoured due to
steric reasons. The strain due to the seven-membered

ring of 4-aba (B) would get reduced by its coordina--

tion in one equatorial position and one axial position
at a greater distance. This is possible only by the
coordination of AH-, gigl in a tridentate manuner,
i.c. by occupying threc cquatorial sites similar to
its binding in the CuAH_, glgl binary complex. The
difference in the log K& and log '832,‘,‘.,‘_', valucs
of ~1.5 log units in the title system may thus be
accounted for by the fact that in the CuAR complex,
4-aba (B) occupies two cquatorial positions while in
the CuABIH_, complex, it occupics one cquatoria!
and one axial position,

Thus, the present investigation shows that the coor-
dination behaviour of amide-deprotonated dipeptide
in the ternary Cu(ll) complex systems s highly in-
flucnced by the chelate ring size-due to the sccondary
ligand, B. The CuABH_, complex specics is favoured
above pH 6.5 and there is a steady increasc in its
concentration with riscinpllas shown in Fig. 1.
AtpH 8.0, about 24 % of the total metal was found to
be present in the form of CuABH-., species.
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Ternary Coordination Complex Formation between
Glycylglycine, Copper(ll) & ‘bL-4-Aminobutyric Acid
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Computer based analysis of the potentiometric data. obtained

.at37°Cand [= 0.15 A (NaClQ,) for the Ca(ID)-glycylplycine

(A)-'ﬁl'_.'-ﬂ-'ﬂmindbuiyric acld (B) system indicates the presence of
two ternary . complexes (CuAB and CuABLL.,) in addition to
the binary complex specics (HA, H A, CuA, CuAHL_,, HIB, H,B,

" and CuB).- The results suggest that the five and- seven-mem-

bered chelate rings in the CuAB complex s less favoured. It
appears that the amide-deprotonated glycylglycine in the CuABII,

" complex species Is tridentate similar to that in the CuAli_,

glycylglycine binary complex.

STUDIES on Cu(ll)-dipeptidc-amino acid - ternary
complex systems, though intcrmittent, have

dirccted for a better understanding of the metal ion-
énzyme-substrate complexest’. It is  generally

agreed =% that - initial complex formation. between
Cu(lD) and a dipeptide results in o five-membered
chelate ring involving N-amino and O-peptido donor
groups in both the binary and ternary systems. At

" higher pH, the dipeptide undergoes deprotonation at

thc amide group and become™* tridentate via

- N-amino, N-peptido and O-carboxylategroups in the

Cu(ll)-dipeptide binary systems. Howcver, in the
Cu(Il)-dipeptide (A)-sccondary ligand(B) ternary sys-
tems where B is bidentate or tridentat:, 7%, scveral

" workers *favour the bidentate binding of amide-

deprotonated dipeptides via N-amino and N-peptido

" groups, while others®!° favourits tridentate binding
as is the case with CuAH-, dipeptide binary complex.
Nair et al.** recently reported that amide-deprotona-

ted dipeptide is-tridentatc in the presence of a mono-
dentate ligand like imidazolc in the Cu(Il) ternary
systems. The present communication deals with the

- coordination behaviour of a dipeptide, viz. glycylgly-

cine (glg!) with Cu(Il) in the presence of pL-4-amino-
butyric acid (4-aba).
The ‘potentiometric studies were carricd out at

- 37°C and [ = 0.15 M (NaClQ,) with the apparatus

and procedure described previouslyt™t3. Both glgl
and 4-aba.were obtaincd from Fluka. Cu(CIG,), and
other reagents were prepared and estimated as des-
cribed earlier't. -
Analysis of the potentiometric data in-the pH
range 3.00—8.00 in the Cu(ll)-glgl(A)-4-aba(B) ter-
nary system in this study using MINIQUAD-75
computer program®on an IBM-370 computer showed
the presence of two ternary complexes (CuAB and
CuABH-,) in addition to the binary specics®!®

(HA, H,A, CuA, CuAH-,, CuA,H-,, HB, H,B and

{Present address : Department of Chemistry, Post-Graduale
Extension Centre, Madurai Kamaraj University, St, John's
College Campus, Palayamkottai 627 0)2,

$Present address : Vice Chancellor, Universily of Madras,

Madras 20.
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TasLe | Sranuary Co sseanes rox Coll)-plaii\) o s
Teunary Svsrest

[{ = 0.15 A (NaClO)); temp. = 177]

Constant Value Cosstant  Value )
log BCuAB 12200000 7 pal g
log Bcuabii_, 6649 lg AEIAL, - St

-CuA X -Culy o
lug l\('u‘/\ B 6.57 - og AE?.:‘,\IIH.I 5%
log K&uNy 6.22 Alog KCunisiio, - 105
Alog Kcuan +0.52

Stability constants of proton and binary compleses of - pinl
(ref. 6) and 4-aba (ref. 16) with Cu(ll) uscid for the cateul ion
of the above constants have besn taken from our carficr  pub-
lished work.

.
CuB). The charges of all these complexes are neploct-
cd for clarity. A
It appears that complex formation betwern jeii A
and Cu(Il) in the CuAB specics involves the forma.
tion of a five-membered chelate ving as is tiv: e wirhy
CuA-glgl complex, because log K&k (Table b
and log K& values® are comparable. N
(A

comparison of (he log AEN L (Table 1) v e
values'® clearly indicate that d-aba () Ko, o

membered chelate ring in the CuAB comniz
Thu the CuAB specics would contain five-nm!
membered chelate rings. Sinoc more con
positions arc available for binding tiv first Huitid ton
given multivalent metal ifon than for th: el
ligand, negative values for A log Keyan (Lo sl )

are expected. But this paramcter for G titi: AT

CuA -+ CuB = CuAB 4 Cu D
Alog KCUAT‘:log ﬁc.mn=' (log ﬁ(’u A {]‘)[Z ﬁ'.:nh) l"

is positive (Table 1), Tt indicates that 4-aba (1)
ligand prefers to add on to CuA glgl binary complac
rather than to aquated Cu(ll). Also, tie  positive
Alog Kewan value suppests that the formation of
ternary complex, CuAR is preferred over tive binary
complexcs, CuA or CuBB. However, the maximom
amount of the total Cu(ll) present in CuAB complex
is only 7.5% (Fig. 1), while the statistically expacted
value is 50 % indicating that the CuAB formation is
less favoured, This may be atributed to the steric
factors associated with the five- and scven-membered
chelate rings in this species.

- Previously, Nair and coworkers®™? reported  that
amide-deprotonated glgl (AH-)) is bidentat: in thc
CuABH-~,, when B is a bidentate ligand like D1.-2-
aminobutyric acid, 3-aminobutyric acid, histamins
or glycinamide; or a tridentate ligand like L-histidine,
pL-2,3-diaminopropionic acid, nL-2,4-diaminobutyric
acid or pr-ornithyne. This conclusion was arrived at
by considering (i) log K&iawand log KESuils, (if)
Alog Keyanu_y (Egs 3 and 4) and (iii) pK, an values
in the Cu(l)-glgl(A)-B and Cu(Il)-glycinamide (A)-B
ternary systems,
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- expected values,

CuAH., 4 CuB w CuABH-, 4 Cu )

Nlog Keuanne, = log Bouanie; —- (log Bewan—, -
log Peun) ()
Onc may cxpect the same type of binding of  the

ligand B in both CuABand CuABH-., complexes and-

thus log KE'Ay and log KEANT! valies must be com-
- parable. This trend: was seen® in the Cu(l0)-glycina-
mide(A)-B systems; but in the Cu(tl)-glgl” (A)-B
systems the log Keuawwa—, values were lower than log
KEAD values by ~3 log units. This was explained-
by considering the bidentate binding of AH-, glul
in CuABH-, unlikc its tridentate binding in the
CuAH-,, Similar.arguments have been put forward®
to explain the negative A lo Keuwann—y valucs (Eq. 4)
with high magnitude in the case of Cu(ll)-glgl(A)-B
systems, whilc the Alog Koys—y values in theCu(ll)-
glycinamide-B systems arc-in the order of statistically
- The bidentate mode of binding

~ of AH-; glgl in the ternary complex systems js further

- Cu(ll)-glgl-B systems
~ within the limits of cxperimental error to the corres-
.-ponding Cu(Il)-glycinamide-B systems.
- reported "the bidentate binding of AH-, glgl inthe
' Cu([[)-glgl-2,2'-bipyridyl ternary system. For finding

confirmed by the fact that pK&, a0 values in all the
studied are nearly identical

Sigel® also

out the mode of coordination of AH- glgl in presently
studied Cu(Il)-glgl-4-aba system, the Cu(Il) glycian-
mide-4-aba system was also investigaled, but no app-
reciable complexing seems to have been revealed. If
onccompares the log KS'As and log KEsAniits values
in Table 1 for the title system, it may be noted that the
latter parameter s lower than the former by only

- ~1.5 log units and its Alog Keuann— value is in the
..order of statistically expected . valucs,

Both these
values suggest that the AH., glgl is tridentate in
-CuABH-, as in the case in CuAH-, glgl binary com-

100 7 T T T T
— J o
1
80|~ -
60/~ . —

total

% (Cu,('lhl)] }
)
!
I

; 20~ Co\ e 7~
: 2
[~ 6
-.o ] L ]' _44“~
3:0 40 -+ 540 6.0 7.0 80 -
Y. pH .

Fig. 1 = Specics ‘distribution for ‘the Cu(ll)-glgl(/\)-«i-:iba(n)
sgs(cm at a‘-mefal-A-B ratio'of 1:J:1 ((1) unbound Cu(l1);
(2)iCuA; (3).CuAH.,: (4) ‘CuAH_.,; (5) Cub; (6) CuA;
i - and (7) CuADH...]_.\ ‘

g

“tate ligand

14. Nawr, M.

plex. Thus in the CuABH-; species three cquatorial
coordination sites would be occupicd by Alf.,
elpl, while the 4-uba (8) would occupy one cquatorial
and one axial position, This stwreture s similar o
that of the Cu(A FLo)A plel complex”, the diflerence
is that the sccond glgl lgand is replaced by the d-aba
(B) ligand in the ternary system.

This tridentats binding of AL glol in the  title
system is surprising, becuuss 4-aba(B) is also a biden-
like pL-Z-aminobutyric  acid or 3.
aminobutyric acid, under whoss presence Al pigl
is found to be bidentats®, This may probably Iy
accounted for by considering the fact that if A1,
glgt biads in a bidentate maaaer, then the CuABI,
species in the title system would  have five- and seven
membered chelate rings, possibly less favoured dus ¢,
steric reasons, The strain due to the seven-membered
ring of 4-aba (B) would get reduced by its coopding-
tion in onc cquatorial position and one axial position
at a greater distance. This js possible only by the
coordination of AH._, glel in a tridentate manncr,
i.c. by occupying three cquatorial sites similar to
its binding in the CuAl{_, glgl binary complex. The
difference in the log K& and log KEUAMTE, values
of ~L.5 log units in the title system may thus be
accounted for by the fact that i the CuAB complex,
4-aba (B) occupics two cquatorial positions while jn
the CuABH_, complex, it occupics ane cquatorial
and one axial position,

Thus, the present investigation shows that the coor-
dination bchaviour. of amide-deprotonated dipeptide
in the ternary Cu(ll) complex systems is highly in-
lluenced by the chelute ring size-duc to the sccondary
ligand, B. The CuA BH_, complex species is lavoured
above pH 6.5 and there is a steady increase in  its
concentration with risc in pH as shown in Fip. 1,
Atpll 8.0, about 24 % of the total metal was found to
be present in the form of CuABH-, specics.
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Computer based analysis of the potentiometric data  obtained
at 37°C and 7 = 0.15 M (NaClO,) for the Cu(ID-glycyiglycine
(A)-pL-4-aminobutyric acid (B) system indicates the presence of
{wo teriary complexes (CuAB and CuABH._,) in addition fo
{hie binary complex specics (HA, HzA, CuA, CuAH..,;, HB, H,B;
and CuD).- The results suzgest that the five and scven-npiem-
bered chelate rings In the CuAB complex fs less favoured.

" appears {hat the amlide-deprotonated glycylglycinein the CuABHL_,
- complex species Is tridentate similar (o that ia the CuAtl.,

glycylglycine binary complex.

STUDTIESdn Cu(lD)-dipeptide-amino acid ternary
_complex :systems, though intermittent,  have

* directed for a better understanding of the metal ion-
. enzyme-substrate complexcst’®.
+agreed!=8 that initial complex formation between
Cu([l) and'a dipeptide results in a five-membered

* chelate ring involving N-amino and O-peptido donor

It is generally

groups in both the binary and ternary systems. At

" higher pH, the dipeptidc undergocs deprotonation at

the amide group and become'® tridentate via

- N-amino, N-peptido and O-carboxylategroups in the

Cu(ID)-dipeptide binary systems. However, in the
Cu([D)-dipeptide (A)-secondary lipand(B) ternary sys-

workers favour the bidentate binding of amide-
deprotonated dipeptides via N-amino and N-peptido
groups, whilc others®® favourits tridentate binding
as is the case with CuAH=, dipeptide binary complex.
Nair et al.l' recently reported that amide-deprotona-
ted dipeptideiis tridentate in the presence of a mono-
dentate ligand like imidazole in the Cu(ll) ternary
systems. The present ‘communication deals with the
coordination behaviour of a dipeptide, viz. glycylgly-
cine (glgl) with Cu(fl).in the presence of nL-4-amino-
butyric acid (4-aba).

The ‘potentiometric- studies were carried out at
37°C and I = 0.15 M (NaClO,) with the apparatus
anid procedure described previously!?13,  Both glgl
and 4-aba were obtained from Fluka. Cu(C1Gy), and

"+ other reagents were preparcd and estimated as des-

cribed carliert?. - -,
Analysis of the potentiometric data in the pH

* range 3.00—8:00 in the Cu(ll)-glgl(A)-4-aba(B) ter-

nary system in this study using MINIQUAD-75
computer program!®on an [BM-370 computer showed
the presence of two ternary complexes (CuAB and
CuABH-,) in addition to the binary specics™ 10
(HA, H,A, CuA, CuAH-;, CuA,H-,, HB, H.B and

{Present address : Department of ‘Chemistry, Post-Graduate
Extension Centre, Madurai Kamaraj University, SL John's
Colicge Campus, Palayamkottai 627 0 2,

tPresent address : Vice Chanccllor, University of Madras,

Madras 20..

tems where B is bidentate or tridentate, 379, - several-
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TABLE | —- Seamuiry Co israsrs ox Culll)plzi(A) eaa ()
TERNARY  SysteM :

[{ = 015 A (NaClO)); temp. = A7)

Constant Value Constant AURYITE
log BCuAD 12.29(10) PR 565
log BCuABIIL, 6.60Y b KEUAN L, S0
log KEUA, 6.59 o K& R
log A'E:,‘,'\',, 6.22 Alog ACuantio, - 105
Alog Kcuan +4-0.52

Stability constants of proton and binary compicsas of wiit
(ref. 6) and -aba (ref. 16) with Cu(IT) used for the dlation
of the above constants have tesn taken from our cibies pub-

lished work.

CuB). The charges of all these complexes are nzglect-
cd for clarity.

It appears that complex formation between piel(A)
and Cu(If) in the CuAB species involyes the forma-

“tion of a five-membered chelate ring as is tivs ¢its: with

CuA-glgl complex, because log KGiAn (Table 1)
and log K&A values® are comparable.  Similerly
comparison of the log K& (Table 1) and log K&l
values!d clearly indicate thatd-aba (B) forms a saven-
membered chelate ring in the CuAB complex spaeies.
Thu the CuAB specics would contain five-amnd stven-
membered chelate rings. Sinoz more coordizatinn
positions arc available for binding the fusst lizand v
given multivalent metal ion than for the soed
ligand, negative values for A log Neaan (Egsix
arc expected. But this parameter for the tithe st

CuA - CuBl 2 CuAB -4 Cu .

Alog Keyan=:1og ficuan = (log fleq - log feant LD

is positive (Table 1). Tt indicates that 4.
ligand prefers to add on to CuA gigl bary
rather than to aquated Cu(ll). Also, the  po
Alog Kcuan valuc suggests tiat the formatis
ternary complex, CuAB is preferred over the binary
complexes, CuA or Cull. However, the  maximuy
amount of the total Cu(Ll) present in CuAR complex
is only 7.5% (Fig. 1), while the statistically cxpo.isd
value is 50 % indicating that the CuAB lormai o
less favourcd. This may be atributed to the st
factors associated with the five- and seven-meini vl
chelate rings in this specics.

Previously, Nair and coworkers®? reported  that
amide-deprotonated glgl (AH-)) is bidentate in tic
CuABH-,, when B is a bidentate ligand like o)
aminobutyric acid, 3-aminobutyric acid, histemine
or glycinamide; or a tridentate ligand like L-lustic
pL-2,3-diaminopropionic acid, bL-2,4-diaminobui
acid or br-ornithine. This conclusion was arriv
by considering (i) log K&ianand log KEuRNTL, (1)
Alog Keaanniy (Eqs 3 and 4) and (iii) pREaan vaiues
in the Cu(il)-gigi(A)-B and Cu(Lf)-glycinamide (A)-B
ternary systenis.




T o Alog Kcll/*“";-i %;.108 Beuansi—y — (log Bouar—, -
oo log Bean)” . .. (4
One may cxpect the same type of binding of the

Rages tor o i

thus log K&yap and log KA values must be com-
parable. This trend was seen® in the Cu(ll)-glycina-
mide(A)-B systems, but in the Cu(ll)-glgl (A)-B

. systems the log Kouanna—, values were lower than log
KERn values by ~3 log units. This was cxplained-
by. considering the bidentate binding of AH., glgl
-'in ‘CuABH., ‘uilike 'jts tridentate binding in the
. " CUAH-i. Similar arguments have been put forward®
~ to explain the negative A lo Ko, avn~; values (Eq. 4)

-systems, - while the- Alog Keun—y values in theCu(I1)-
glycinamide-B systems arc in the order of statistically
v expected values. The bidentate mode of binding
i+ of AH=y'glglin the ternary complex systems is further
) . confirmed by the fact that pKeuap values in all the
 Cu(ll)-glgl-B systems: studied are nearly identical

o L within the limits of experimental error to the corrcs-

- ponding: Cu(Il)-glycinamide-B systems.  Sigel® also
~_reported the bidentate binding of AH-, glgl in the

: Cu([I)—glgl—Z,2'-bipyr‘idyl"tcrimry system, For finding

- .7 ‘out the mode of coordination of AH-, glgl in presently
- studied Cu(lI)-glgl-4-aba system, the Cu(ll) glycian-
‘mid¢-4-aba system was also investigated, but no app-’

: . reciable complexing scems. to have been revealed. If
. one compares the log KS'2s and log KConhiit1 values
t..in Table | for the title:system, it'may be noted that the
latter parameter s lower than the former by only
~1:5 log units and its. Alog Kouanu—; value is in the
order ‘of: statistically. expected valucs.  Both these
- :values suggest that the AH-, glal is tridentate in
o0 'CuABH-, as in the case in CuAH., glgl binary com-

s

.va -

) ) .
Fig. 1'=~ Species “distribution
system .at-a metal-A-B . ratio: of J:1:} (1) unbound -Cu(ll);

N

and (7) CuABH_,).

 2

CuAH-, 4 CuB = CuABH-, + Cu o ()

ligand B in both CuAB and CuABH- complexcs and.

quith high magnitude in the case of Cu(ID)-glgl(A)-B -

o
o
~
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o
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plex. Thus in the CuABH-, species three cquatorial
coordination sites would be oceupicd by AH-,
glgl, while the 4-aba (3) would occupy one cquatorial
and one axial position. This sturcture is simjlar to
that of the Cu(AH- A glgl complex®, the difference
is that the sccond glg! ligand is replaced by the 4-aba
(B) ligand in the ternary system,

This tridentate binding of A, plgl in the title
system is surprising, becausz 4-aba(B) is also a biden.
tate ligand like * pL-2-aminobutyric * acid or 3-
aminobutyric acid, undsr whose presence AH-, glal
is found to be bidentats®. This may probably be
accounted for by considering the fact that if AH-,
glgl binds in a bidentate manner, then the CuABH-,
species in the title syst:m would have five- and scvei
membered chelate rings, possibly less favoured due to
steric reasons, The strain due to the seven-membered
ring of 4-aba (B) would get reduced by its coordina-
tion in one cquatorial position and one axial position
at a greater distance. This is possible only by the
coordination of AH-, glgl in a tridentate manauner,
i.c. by occupying three cquatorial sites similar to
its binding in the CuAH-, glgl binary complex. The
difference in the log K&iAn and log ASAT! ) values
of ~1.5 log units in the title system may thus Dbe
accountzd for by the fact that in the CuAR camplex,
4-aba (B) occupies two equatorial positions while in
the CuABH_, complex, it occupies onc cquatorial
and one axial position.

Thus, the present investigation shows that the coor-
dination behaviour of amide-deprotonated dipeptide
in the ternary - Cu(ll) complex systems s highly in-

fluenced by the chelats ring size-du e to the sccondary .

ligand, B. The CuABH_; complex specics is favoured
above pH 6.5 and there is a steady increase in  jts
conicentration with risc in pH as shown in Fig. 1.
At pH 8.0, about 24 % of the total metal was found to
be present in the form of CuABH-, specics.
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