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Equilibrium Studics on Copper(ll) Mixed Livand Corapics.,
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Poteatiometric studics have been earried out to deferniing the altiple equilivrin involy incopper(ifyg SR
(A)-t-histidine, histamine: or imidazole (13) iy o RStems at 37 and 1. 0.1 webdm™ (Mac10), The Protonstion

constants for L-arpinine and (s binary stabilily consgang with conper(1 have heen sl ohitained uder identical coqdi.

tions. Data freatment judicntes the presence of CuAlg, Cud M and CoAybi, binay cospleses ju copperilh g
arginine (A) binary svstem ang the mined species of sEichiome ey CuAHL, CuAni I, CuAl, CauAll e Vi
-the mixed Iigand sy.\fl(-m.';. The resolty sugrest an increased SEability for the i el ('mnphfx«-s:rmup:m;nl (o the s,

ase. The nature of coorGination sites of the varrious complex species defected js discused in forms of their NRIBHTR

constant data,

‘
ANY biological Processes, where he acuvity
depends an CHZNINCS. POSSessitg mieta] jon

Ceitres, owe thuir spedilic funcrion to the
mation of binary and ] nved lgrand comp oyt
The recent alleviation vl’tlin: SYMPpLone of (O Wilson s
discase™! » getictic ilpess CRUSING severe upaip.
ment of copper(il) metdhotism, by il admingsr.
tion of -pencillaming oy tricthy ienetctrnning o
(b)Menke's discase, n diseae characierioed by rapidty
progressive cercbral dcgn!:nvr:.'.tinn and the exingenge
of abnormal spirally twisged badr, by adiministering
coppcr(!l)-(l.—hisli(linc);, complex ape the bent exam.
ples ol the in vive in(cr:l.ci{im) o ransition mead oo
vrith amino acids, Thus, bt order (o late the aequng
fn vive interaction between metal jons wnd body pro.

- teins, in recent years considerable atention bas been

paid'™="" to the “studics of binaev and mixed lieand
complexes. Investigationk in (his ditcction on’ he
metal complexes of petentindlv (erdennge By
oller an excellent possibifity of comples formagiog
nvivo’. We have previousty reporfedsu some by
and ‘mixed ligand complexes of this tpes Fhe preaeg
in\'cs(ig:\lion is aimed at finding out ihe coordination
behaviour of the potentially terdenaye L-trgiining (A)
with copper(11y in the ]')r«:saf-m-c of another potentidly
terdentate L-histidine, or bidentate  histamine ar
monodentate imidazole B) under phyuinlngh;:xlly

mportant conditions by potentioniciry, 1y gl

paper L-arginine, L-histidine, histamine and imidazol,
ligands are respectively referred (o as arpn, hisdg,
hism and imiz. Metal complexes o argn and imis
are of special significancd sinee both these form
part of several proteins.

Materials and Methads

Copper(In perehlorate colutinn. WOIC P e
Ly neutralizing copper(M) darbonate wirly perehlogie
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SR

acid. The dieands, argine hind, hism and
obtivined Irom Flyhg Ago Buchs, Sui,
the solitions v epe PP i doul Dy o e
Acid-wanhed rlveay e and eageni grade chens
were used throughout (he work,

The pii Measwremicns were carried o TSNS
previousty  dew il duipmengion gL T
CONStants of he tised-ligand o
from the titiations iy wiich gl
ol copper(ity,  figan (A and Digand (o .. T
ot odand g POt ration Al fhe Tt
vere done 37 and L O0S usfie o
Calcubidjons .y, e witle b g
MINTQUAT. 75 comprter progeemtt Ly,
370 comprirer. i Drotesition conaang. .-
(A) and (1), 1he « thility conntanis of i )
vompleves with Cofih, o Produect ot
mated At 37 g g DTS ol dime g
were hickd conseggg during the calenligo dha

gaind sestenn, Ausiiiry da Loy Grd b
i1z have alre; ivbeen reportegdsi nder s v
mental conditions ( Fable Do However, o ayod o0
data are noy availabile and henee (he
estimitted - i per e Cxperimonial dy ity
elsewherentmon A the caleulations e resin e
topl below 8 “("-"’Lt\’(,‘l‘ i the copparthily o ey
binary system the caleuiations were FNFRTR P B
720 die 1o Precipitation prolion,.
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Results and Discussinn .
The resulis obtiined are repestesdt in CFabbo o,

20 Table 3 Jise SO OWRCr complox fivmation o

tnts nsed fog compiring the presen: restie,
chirges of fhe complexes species repeated i
PAper ace anvitted fop clarity.

§ ‘(’/'/'e':'([!')~(.'/‘}!/‘ GO hincy citen; 4 o
sudy wag recently cagricd o b Broet
Pettit’™ on (his Svsicn where jhe Linge .
CuAll and CUAL were Tound o g R
However, ), Dreseny itl\'(’x{iy:!li:\:). Tt o
presence of e binmey qpecio (TN FER TR

amarpze s
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NAIR & SANTAPPA

TanLe 1 -— PROTON LiGAND Srapiriry CONSEANTS ANIY STA-
RILITY CONSTANTS or Corren(tly Comriexes o ARGN, TSI,
HISM AND IMIZ (A): Temr — 37° 1 — 015 mo} dm= (NaClo,);

STD. DEV. ARE Grven v PARENTHESES
hisima fimizy

Patameter argn ITRE

LIRS 93008 6.95(2)
S 2 ——

11.43(5)
20.22(7)y 14 a5y
22.30010) 17 17w
19.1417) 14 334)

— 10.27(2)
38.11(13) 27 .41021)
26.85(15) 23.96(2) C 21 BX o)

18494y in yo(4)

logBHA
JogBi A
Ingﬂu,;\
logBcuant
logBcua
logBcua, M,
logBCuA,n
logBcua,
logBcua, - - 1. 73(16)
logcua 12.91(24)
(8} Refs 8b and 11 ; number of daga OIS in the copper
(H}-~argn (A) 'syxlcm is 96, " reppe

13 46(4)

9.24018) 4219

7.55(14)

Tantr 2 — STABILITY ConsTANTS or Mivep (f'(vl'l':-:'n(H)~/\;'r.‘N
(A)-1ISD, 1HISM OR 1My 7 (B) Svsresg SRR VAR (IR iS
mol dm=2 (NaCl0O ) Svi. Div. ik Givis N AR six]

Parameter Ligands R

hisd hisin iniy.

logBcua BH, 33.26(349) .
logBcuaBr 29 .717) 28 8Md)
logBcuan 22.4513) 20 i)
logpcuan, it - .
lagBcuan,

-1
PRCuann . T T 714
log @ 12 94
Alog Keaanun . - 032
log XCoanu Y R 10 Uk
logBcuaBi(Calc, ) ,,,- .
A k‘llﬂ((,‘u»\ r'm ’ v '(5,;‘;

CuAl N .. A
"’K'f CuABl PN
l”‘c.._/um2 3.5¢
Alog Kcuann, 0.
log Xcu ABH, I
log Bcuann (Calc.) 3.0
Alog Beuani, 0.

fog &N 2. 2.0
Loz Q’, 16.14
flog Kcuan, C e 0.8
log Xcuan,n - 4.1
logBcuan, i (Calc.) - o 25 81
AlogBcuan,H - o 1. 76
CuABH .

log "'gmn,u . 3,90
log KEIA, 4.3
"100

No. of data points

23.67¢14)
16, 5."(.",\)
275111
20760024

D COPPERAG) MINEFD LIGAND COMPLERES

Tanie 3 Stann iy Corsrins oF  Corrie(l)-Givera: (A
HISD, HISM OR IMIZ2 (B) MINCO SYSTLAS AnND Corrir () Grycpn
(A} Biiary Svsri

[Temp. 7000 0005 mol

faramerer (FE

hisd
22

log Beuann
14.02

log Beuan
fog BCuAn,
oz gy A 02 1
lopp (:..,\; 15,54
Refs. 8¢ and 1

fog § 1A
1og 8 cua

¥

CuA;H, in addition to the species HA, H.A and H, A"
The mode of metal-ligand bonding in the CuAH
argn complex is certainly glyciae-like with the Broton
residing on the guanido group ofargn. This is suppor-
ted by the fact that the log 7 values of 7.71 (Iiq. 1)
for the CuAH argn complex compares

Iog Po= log ﬁCuAr{ - IOg [3&!,\ (l)

favourably with the log Bega vatlue of §.45 (Tabic 3)
for the copper(t)-plycine (A) binary system.  Sipni-
laely (he comparable log 77 (Fy. 2) vidue of 1542
for the CuALH argn complex  with (he lon Bega,
vilue of )

lop P loe Proag - log By — L {2)

1
3

15.54 1o the copper (H)-plycine (A ) (Table &y SHrenis
that the CuA,H wrgn complex is presumoed (6o eontain
two glycine-like ligands with onc of the iwo pieaido
groups being profonated. The posibility of bineding,
ol the other guanido group with the metn) in (he
Cul I arpn complex iy be ruled out, hecnise (he
T s of the

I\'(:"‘”\'," (fus Xand 4) value of

log, CuA,
order expecied for the plveine-like honding.

N oA 1T '(,.Ilv‘l\“
4 A = CuAldl; I\('u/\:,H
ACuA 1]
[CuAH}A]

- uAdl . “
fog K g == log Beaaw -~ 10) Beyvn

CuAll

b the CuALHL, arpn comples, the bindine of
7

arpn ligands s certainly in oelyene ke o
resulting in two five-membered chelate ving . ang
sites of protonation arc the puanido group. of
argn ligands. This is beciuses the log P77 (1a 9y v
ol 15.25 s close to g Peany I the copperlip-giye
{A) system (Table 3).

l”g P ’”g ﬁ(‘/u/\.‘uu e 2 ]‘)z'{ Bia

The concentration wpcies distribution «
obtained for the copper(ilaren (AY sy -tem
the same qualitative features raparted!
the  copper(il)-diaminocarboxyli
systems, In a1 12 solution of cop;
(A), the maximum amounts of (he (ot med fonnd
to be present in the form of CuAl, CuA.bi and
CuA,H, are respectively 77.7, 439 and 755 per
cent.

D) Copper(I)-argn (A)-hisd, Jiismi or imis ()
niixed ligand systemys - In the mixed figzanil SAEURL I

r{H snd aren
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with B hisd, (he presence of (hree s ; .
CuABH,, CuABH and CuA B was coairmed whife
the sestem with B o hism  the formaiion of only
CoABIH and CuAB complexes was indic il it Ny
be mentioned. that Brookes and Petitt qian “tindied
the copper(ll)-arpn (A)-histl (1) syadom, howeee
they foynd only one mi.\'cd-ll';;:m:.! specien, CaA .
The mixed fipand ('UITIPIC,\"{'.‘; Gl siniclionictry

CuA B, CuAB, Cu/\li:l-l':n}d CuAB. were tonnd

to be present in (he copper(th)-nrgnlA)-imiz(n)
system, ’
The /vk'(f.'u/\m[ values in Tu;hlc. 2 for all the three

mixed systems in this study are close and compirible
stgeesting the possibility for the extra preton i (hege
CoABN complexes 1o he atinched 1o Aren (A
ligand, obviously to jrs cuanido proup as i e enne
with the CuAll or CuALIT ayen iy comple, -
The same arguments become miore cicar i it s e
that Iog O (Fq. 6) values :

2

log O - log Bouans — log 844 BT

m Falle 2 for (he systema with §;
are close and  compialo ln% the respective o
Bouar vitlues in Table ¥ R TR TR it e dveing
(A)-hisd, hism or imis {13 s}\:\:lunan. The vibies
obtained as per-bqs (7-10Y for (a) Adop Kothe dinies
rence in stability or the binary Eomplex with that of
the mixed ligand complex and (b) for X, e dispro-
portionation constarit are included in Table 2 for the
CuAlll complexes. ' ‘

CuAM —LCuB = CuABH - Cu e (7)

= log [30"/\_1::1 -+ (l_«;]' Bewan

Dl B or iy

AN I(-‘I,l ’\’Um\nu i

'(‘.}' F”'l'(ll) . (x)
Curtl. - CuB, = 2 CuAl H: Newann
[CuABL ! )
[CoA L) [CuB,) i Y
log -\'ru,\nn i 2 Log ﬁ(:u/\uu ‘I— (’h’)g foas 1

1 log Bueany) o B
The stabilisation constant, fop fearnn in Table 2
results  from  “the dificrence |in the stabiliny
constant measured for the mixed compiex and thay
caleulated on siatistical grounds. On siatisticul

consideration”, values . of N dog Ko 2 0.6, log

A= 0.6 and Ao log B to be positive demonstiate (e
marked stabilization of the mised Jigand complexe:
compared to the binary complexes. The same trends
are scen in the values obtained (Tahle 2) for the
CuABH complexes jn all the three systems under
study. The positive A 10g Kegann|valucs in Table 2
for the systems with B hism jand jmiz sugpest
that B prefers to bind to CuAH complex rather (lhan
to the solvated metal jon. It may be noted that the
log Beuann value of 29.7] in the copper(1)-argn
(A)—hisd (B) system in our study lis in good agrec-
ment with the value of 29.25 reparted by Brookes
and Pettit!s) afier making allowande for the changes
in experimental conditjons, !

The log A((l‘,’,(\]ﬁl values in Table 2{for all the three
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JANUARY peg

sesiems with B Bijed, hian OF TN e b e e
coemparable 1o the copr sponding Tog no g
(Tabie 1, demonagag T erdeniate, it .
and monecde hiw sad i
(%) with coppeiihy g i [iewenee of areg 0
Thus the SUEC pline of e i the o Vit
sprecies i (he copper{tl-iara (A) Wi hy vedem
would contain o, ive-membered sine doe g, [Fioe
coardination of warpn CA) i apedycine-line ot g
one six-membered che e ring doe o the biiniin:
of - hism (B and (he exira proton i e
be attached 1o the cuiiido  group  of i
This structure would be more Tvotired due (o Pt
the s:::hilil_\,’-un.’n:lncin;: clivet of the Tmiinsole o
on the formation of copper( miyed IRV O

b Banding of Do

Xes, provided gn Oudonor limind i peaeng o von
(BY e prelisrence o copperii cos Corit o
e live. ol NENCTHCTCT oy e "
CUARTE specion in il Copporit i,

REESUTRIRTS

el Bisd obiy v

SyrTenswonh! gl e,
thatihe carboa inge .
S rCuPYIng oy .

R L SRR I

Tl compirinom o
S R R TTL AT RO
Sin Tabic Doy the
1 the copper{ih. f
vitlies calculated  on
inchicate i< marked slaindiiy,

CaAbl 1 CuBly 4= CuABL, - Oy R

B B N TR L]

statisiical peonpd e

Alog KUuA"u,. <oy Pesangg
— (log Beua 1
CuA,il, Cult, b 22 CuABIL, Newan,

[CaAREL "

'([!i ﬁ«'nnn) Lo

COA I [ Cun fha
l‘—".ff ~"'(::l/\ H”.z 2 rl)i! SR
on i foe rnan) stk

oy be predicted thay of e two et [RIAHAVEINREY

CuABL, KPCCICS, Onas woig)d ha attached to sren 1y 5.

Ppossibly o its poanido sroup, and the ather woady!

veside upoa hisd (1), probably attaching 1o s

primary  amino sroup as o gsothe case with the

CulBH, CuB,H, or CuBiT hisd binary complexes®h,
The reactions may be represerded by gl (15,

,"l\’('.!ul\lllll——]..'-i PRE a2

CuABH, = CuABH =2 uAl

(A == argn,
Bo=hisdy L (19)

The log Begaw vatlues in Table 2 decrease in the ordor
of B as : hisd > hism = imiz, suggesting terdentae,
bidentate and monodentaie Linding of these three
ligands (B) in their respective. CuAB complexes
when A = argn. It is doubtfu] whether the unpro-
tonated guanido group of argn (A) participates in
the bonding, since this would require the formation
of an cight-membered chelate ring which s’ less
favoured for copper(I) due to the well-known steric
reasons. The Jog K&, valuss in Table 2 alko
support this argument. Thus {he metal-ligand bind-

~r




NAIR & NARNTAPEFA

i in the CuAB compleae, in Copperihiyar a0

Irisd, Rism or.imiz (13) [SESTENTE

woirhd by g

those deseribed carlier for (he CuABI comn Ly
in these systems. The Paranctens Clos £ foe
and A log-"B for CuAB complexes an i gady

could not 17 derived using (he caprestions deserifoo
clsewherefinaaae 40 the wabilite consan
datac could not be ohain, d Yor the Con
arpn biritry compleagsy (Talile 15

[Ty

)
LRI

As in the other Protonated dived copnfee,

cribed in the heginning, i appetvathatin the Cra i
spedics in copper(t-arpniA)-imiy () avatem giao
the extra proton is attached 1o the przinido gronp o
argn (A). A comparable Jop () (Eg. 10y vabie o

Tod1dwith the jog Beaan, vitltic of 1SO1 i he
copper(M)-glycine (A)- imir (1) systei conlirms

log Q" == log ﬁ(’q/\“:u — log g4 - (106)
this argument. The Sodog Ko log X (Fgs 17-20) -
and the  stabilizatjon COnstant, 2 Jog B values
included in Table 2 for the CuAB,H species very
well show its marked stabiligy,

CuAll Cul, =+ CuAB L - Cu {1

A log Kdu/mz.( == log Bewa M

—(log Bey A - log ,";’run:) - ()

CuALH, -5 CuB3, <=2 CuAB.1i; Newarn,,

. lcuamy: N

U ICUAT LT (G - ()

lO!_Z /\'CHA"_‘_.I[ =2 ,(\g le‘fll'\".,:n

- (l()g ﬁ(‘fu,\:u2 -[- IOg Beuny) (2())

conipitcd
the same
comple-

However, these parameters could pog by
for the CuAB, mixed specics due
fersons mentioned in the case of CuAR
. ~CuABI ) O UAR

N M -~ O ..
xes. The Jog K¢ uABH 0T log K wAL,
Table 2 arc much higher
valuefs of 2,19 demonstrating thay (he addition of
one mere imiz (B) to a mixed livand system i moge
favoured compared to that in the copper(Hy -iniy
(BY binary system i.c. the m-aceepior property of imiy,
is manifest greater in the mixed Jigand svsiem com-
pared to that in the binary svstem of jimiy.

fer

in
than  the oy 1\":.‘_'.13"
: ul,

vilues

It seems to be interesting (o find vt the arder of
stability obtained for (he nsaturited mixed comple-
xes, CuABH or CuAD
the corresponding saturated complexes, CuAB L or
CuAB , in the copper(Il-arpn (Aj-imis (1) system.,
Considering the factorgshts-17. viz. (a) the toss of
7--bonding in going from an in-plang coordinaged
imiz to (wo out-of-planc cis-coordinated imiz ag
observed in the cis-bjs (imiz) complexes and (b) the

and compare it witl) those of

statistical cffect resulting from tho reduction mnavajl. -

able binding sites for the coordination of second
imiz molecule, one would expect greater stability for
the unsaturated mixed complex than that for the satu-
rated complex. But the A leg K values in Table 2 for

SOOEPIRON AUNT D Ploani CONMPLENT

ey ; 1 ! ‘
i
|
;_n.!t
A yd
G i\ /
w36 ?-[— \ /
: \ //
[\] /
0 \ \ T
‘-..‘-\\
- N /
\
A AN
20 ~ / 3
o -'\'\.‘___'y\_
25 S
0 S VNN N L =
“ 34 4t 5.4 .

pH

- R
copper(liy-argn (A) fiod
[ Unbound coppergdi)
LITIHRE

Fig. 1 e Species distribution for the
(B} system at a Co-A-13 iy of 1

(h. CuAly (), Culd L, (3), CoBld (8, Cuits;,
Fo, UL T), Culs, (5), CGARH, (1), Cunin L) and CuAl
1L The species CuAMT s not shivwn due 1o H3 very b

concentiation).

Vip 2 L Spocies distiiiuiion for the conper(t
s (18) systen a o CO-AB ratio of |-y I
copperl) (1), CoAll (), CuALl S Cuigt e

i CuAL g ot
s very Jow COnCH o,

CaB (o), Cubl, (7). CoAlin (%)
CuALH s nod shown due 1

the CuAn,H COMPIEX ire more positive CopPiieg
o that for the CuARH suggestinge more stahifi
for the former. e sime obscrvation, .. IREEIE
stabilities for (e sttarated complexes, CoA LT ..
CuA B, compired to unsatura(ed COMPlees s g
or CuAB complexes were aho noticedsem i
copper(i)-plycing, D Zaminohutyric aeid or
ornithine (A)-imjy (B) mixed Systerm v
chelation of all (hese primary ligands (A) ¢
afive-membered ring. However, in (he systems whaors
the primary lipand {A) forms a six-nmembered chelage
ring, higher stabilities for the CuAB comparcd (o

SIS D

¥
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100 —— .

3.4

Vi, 3. Species (li!JlihUlim{ i
imiz (1) SYsiem at gy (‘u-u\-lii
copper(ll) (1), CuAl (2), (u
CuAn, CuABH (7 el

Culs,, Culbl, and Culd, el

I L‘(\nucnn'.uinn.\},

I

|
CuAp, complexes were e
it may be stared that in
mixed sysiems,

by the chelage ring size due
lo the factorg (2) and (1)
forms a five-membered

reverse would be (rye i
I a six-membered ring, |

Figures 1-.3 represent thi

dinary and mixed complex
cent bound copper(ll)  as
copper (IN-argn (A)-hisd,
Systems. In (he former (wo
- tion of all (he complex spec

T ["l“'" T

the stabiliry
and CuAn mixed complene
todipand (A Y,
mentinned

chelite. ring,
complexes wonld be more g4

INDIAN 1. ¢} M.,

==

64, 7.4
i

o th Coppe(il) A (A
Fatio of ] o« o [Unboun
AL un i),
AR (S e

o showy Besconeg

af

wied"h
W

Thus, in Neicra,
COPPeriil)-A i, (i3}
order bepween CuAn,
T Prinvarily determine,
i addition
above, je
the CuAn,

able than Cuan and he
¢ chelation of A resiilis
distribution of various
SPCCies in (erms ol pey
A function of i the
1S or jmiy (B) mixed
Systems, the concenyra.
Ies were Tound (o he

el ver,

VOL..

R

i
Cuangyg 9,
WU U

1.

13. H!un)l\'lfs, .

4. Brook ES, G

I Mang, M. S,

15, Brea, . W, Frresan, 1, C

. MUH:\N,

4N

21A, JANUA RY 1952

Appreciable amoyngg even in thejr | -
(Figs T and 2), while in
most of ()i comple

Il solitiong

the system with B

Xes especially CuAB, H and Cop 13,
complexes a(ain their maximum concenirition, jn
:2:2 solutiong (Vi ). T ese diaprn. depicy
the marked stabilitics of (he mixed fipan Coniplex
species whep their CORCCHAtions reachied over the
statistical]y SNpected S0t G0 hee total hoyng
copper(ily, The eter guadiiafive featimes ohe pvegtn
lor the conceniriatiog distribugion diagrams of (he
mixed ligand SYstems are also seen jn th

i:ni/.,

ese dierms,
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