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The enzyme phenol oxidaze 1s a copper protein
complex and the oxidation of phenolvprocéeds through the
formation of an intermediate enzyme-phenol complex, Mixed
ligand complexes containing metal amino acid and polyhydroxy
phenols can serve as a model to explain the presumed:
mechanlism of phenol oxidaze reaction, In the previous chapter
formation of metal,polycarboxylic amino acld,polyphenol mixed
ligand complexes has been studied, As an extensicn, the
work on mixed ligand systems [MAL] where A = monoamino
carboxylic acids i,e, glycine, g-alanine or g-alanine was

carried out, The solution study for the determination of

stability constants of the system [MAL] where M = zn°* or
Cd2+, & = glycine, g-alanine or g-alanine and L = catechol,

pyrogallol or 2,3-dihydroxynaphthalene could not be possible
by the method used in thils investigation., This is. because
of the fact that the combination ranges of the monoamino

carboxylic acids and the polyhydroxy phenols with Zn2+ and

cd2+ are the same, Isoclation and characterisation of solid
mixed complexes were, therefore, undertaken, Method of

ligand displacement, as done in chapter III has been followed,

'Isolation of the complexes

l,  To a 25 ml, solution of ZnCl, (0.5&) was added
“ethylenediamine solution (0.2M), The Zn(OH)» was dissolved
by the addition of .excess of ethylenediamine resulting in
the formation of bis gthylenediamine zinc chloride solution
i.e, EZn(en)é]Cl. To this were added one equivalent egch of

glycine and catechol with respect to metal ion, The grey
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washed with water and dried and analysed for the metal and

ecdloured compound §ot separated out, It was filtered,

nitrogen contents,
20,023 N = 8,90 %,
19-323 N = 8925 %:

i

[:Zn( glyecine)( cat)] %enﬁg .2H20 Tequires Zn

i

found Zn

2, To the bls ethylenedlamine zine chloride solution,
were added equivalent quantities of glyeine and pyrogallol
solutions, The yellow coloured compound was separated out,
It was filtered, washed with water,.dried and andlysed for

the metal and nitrogen contents, ,
9.45 4,

[?n(glycine)(pyroi]-% enHa, requires Zn =21,93; N =
found Zn = 21,723 N = 9,26 %,
3. BEquivalent quantities of glycine and 2,3-dihydroxy-

naphthalene dissolved in 50 % ethyl alcohol were added to

the bis ethylenediamine zinc chloride solution, Yellowish

white coloured complex precipitated out, It was filtered,

and washed with water and 50 % ethyl alcohol to remove

excess of 2,3-dihydroxynaphthalene, It was dried and analysed

for the metal and nitrdgen contents,

[Zn(glycine)(2,3-di-naphi}%—ean.Hzo requires Zn=18,62; N=8,64 %
found zZn=18,32; N=8,83 %

4, °°  To the CdClp solution (25 ml.,0,5M) was added an
excess of ethylenediamine so as to dissolve the metal
hydroxide formed and to result in the formation of bis
ethylenediamine cadmium chloride solutiqn i.e, [Cd(en)5301.
This‘was followed by the addition of equivalent gquantities

of glycine and catechol, The grey coloured complex separated
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ont, It was filtered, washed with water, drled and analysed

for the metal and nitrogen contents,

[cd(glycine)(cat)]d enHa ,2H,0 Tequires GA = 31,055 N = 7.75 %,
. found C4d = 30c81§ N = 702h' %o
5, To the bis ethylenediamine cadmium chloride solution

were added equivalent quantities of glycine agd pyrogallol,
Yellowish white coloured compound separated out, It was
filtered, washed with water, dried and analysed for the metal

and nitrogen cbntepts;

[cacgiycine) (pyroylt enHa, requires Ca = 32,825 N = 8,21 %,
found Cd = 33,083 N =8,01 %..
6, The equivalent quantities of glycine and’ 2,3-dihydroxy-

naphthalene dissolved in 50 4 ethyl alcohol were added to an
equimélar bis eéhylenediamine cadmium chloride solution,
White coloured coﬁpléx precipitaﬁed ouf; It was filtered and
washed with water and 50 % ethyl alcohol, It was rdried and
analysed for the metal and nitrogen contents, |

[Cd( glycine) (2, 3-di—naph)]% enHp JM4H20

requires Cd = 25,043 N = 6,26 %,
found Cd = 24,85; N = 5,91 %,
7, To the bis ethylenediamine zine chloride solution

were added equivalent quantities of g-alanine and catechol
solutions, Grey coloured complex gqt séparated out, It was
filtered, washed with water, dried and analysed for the metal

and nitrogen contents,

N
[t}

[Zn(a—alanine)(eati}%'enEé.ZHéo requires zn = 19,643 N = 8,48 %,

19'35; N = 8027 %l‘

found Zn



g 208

8. To the bis ethylenediamine zinc chloride solution
were added quivalent quantities of g-2lanine and pyrogallol
.solutions, Yellowish white coloured complex gor precipitated
out, It was filtered and washed with water, It ﬁas dried .

and analysed for the metal and nitrogen contents,

[Zn(a—alanine)(pyroi}%-enHz. requires Zn = 20,95; N = 9,03 %,
found Zn = 21,043 N = 9,08 %,
9 Bquivalent quantities of g-alanine and 2,3-dihydroxy-

naphthalene dissoclved in 50 % ethyl alcohol were added to an

equimolar bis ethylenediamine zinc chloride solution, White

coloured complex got separated out, It was filtered and.

washed with water and 50 % ethyl alcchol, Then it was dried

and analysed for the metal and nitrogen contents, o

[zn(q-alanine)(2,3-di-naph)]3 enHa, requires zn=18,85; N=8,13 %,
found Zn=18,523 N=8,6% %,

10, To bis ethylenediamine cadmium chloride solution ﬁere
added equivalent quantities of g-alanine and catechol, Grey
coloured compound precipitated out, This was filtered,
washed with water, dried and analysed for the metal and

nitrogen contents,

E&i(a-alanine)(catj]%-enH@.2H@O requires Cd = 29,703 N = Z,ha\%,
found Cd = 29,613 N = 7,23 %,
11, Equivalent quantities of g-alanine and pyrogallol

were added to bis ethylenediamine cadmium chloride solution,
Compound having yellowish white colour was obtalned, This
was filtered out, washed with water, dried and analysed for'.

the metal and nitrogen contents,
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[Cd(u-alanine) (pyro)]3 entz 4H0 requires Cd=26,92; N=6,7+ %,
found Cd=26,203 N=6,55 %.

12, Equivalent quantities of g-alanine and 2,3-dihydroxy-
naphthalene dissolved in 50 % ethyl alcohol were added to an
equimolar bis ethylenediamine cadmium chloride solution,
Compound having white colour precipitated out., This was
flltered and washed with water and 50 4 ethyl ‘alcohol, It
was dried and analysed for the metal and nitrogen contents,

[Cd( ac-alanine) (2, 3—di~naph)]-%' enH> ,2H20

requires Cd = 26,255 N = 6,55 %,
found Cd = 25,933 N = 5,95 %,
13, g-alanine and catechol in equivalent quantities were

added to an equimolar solution of bis ethylenediamine zinec -

chloride, Grey coloured compound separateg out, It was —

filtered, washed with water, dried and analysedvfor the metal

and nitrogen contents,

[zn(e-alaniine) (cat)]Fents 41,0 requires 7n=18,25; N=7.86 %,
found Zn=18,203 N=8,19 %,

14, To the solution of bis ethylenediamine zinc chloride,
were added g-alanine and pyrogallol in equivalent quantities,
This led to the precipitation of yellowish white coloured -
complex, It was filtered and washed with water, After
drying it, it was analysed for the metal and nitrogen contents,
20.92; N = 9.03 %,
21,055 N = 8,99 %,

]

[?n(ﬁaalanine)(p§roi}%fenHz. réﬁuires Zn

i

found Zn

15, Equivalent quantities of g-alanine and 2,3-dihydroxy-
naphthalene dissolved in 50 % ethyl alcohol were added to an



equimolar bis ethylenediamine zine chloride solution, Wh?tg)?
'coloured complex precipitated out, It was filtered, washed .
with water and 50 % eﬁhyl alcohol, ,It was dfied énd analysed
for the metal and nitrogen contents,
[Zn(g-alanine)(2,3~di;naphi]%enﬁz.requires Zn=18,82; N=8.13 %,
found zn=19,15; N=8,24% %,

16, g-alanine and catechol in equivalent quantities

were added to a solution of bis ethylenediamine cadmium |

chloride, Gfey coloured complex got separaﬁed out, It was

filfered, washed with water and dried, Thén‘it was analysed

f&r the metal and nitrogen contents, . .‘ ‘ t

[cae-salanine)(cat)]F enta.3H20 Tequires Cd=28,35; N=7.08 %,
' ~ found C4=28,18; N=‘7.31‘7;.

17, - The equivalent quantities of g-alanine and pyrogallol

were added to an equimolar .bis ethylenediamine cadmium -

A

chioride solution, This led to the precipitation of yellowish

white coloured complex, It was filtered and washed with water,

Then it was dried and analysed for -the metal gnd“nitrogen :

contents, ‘ . | o .

[@d(g-alanine)(pyroi}%—enHz.ZHzO requires Cd=26;15; N=6,52 %;
found Cd=25,753 N=6,65 %,

18, To an equimolar solution of bis ethylenediamine
cadmium chloride, were added g-alanine and 2,3-dihydroxy-
naphthalene dissolved in 50 % ethyl alechol, in equivalent
quantities, White coloured compound got.separatgd out yhich_
was filtered .and washed with water and 50 % ethyl‘alcohol.'

It was dried and analysed for the metal and nitrbgen contents,
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[ca(g-alanine)(2,3-di-naph)}5 entz, requires Cd=28,6%; N=7.19 %,
found €d=28,28; N=7,08 %,

The compounds were also obtained using propylensdiamine
in place of ethylenediamine, However, the nitrogen percentages

did not correspond to any definite compositions,

The pyrogallol complexes have a tendency to change
colour from yellowish white to brown on exposure to air,
Since sensitivity of the above metal (i.e., Zn(II) and CA(II))
complexes to atmospheric oxygen is very unusual, the change
in colouf is possibly because of the oxidation of the ligand,

Freshly prepared compounds were therefore used in all cases,

The water molecules are present as water of

erystallisation as they are lost at ~1Y0°C,.

I.,R.Spectral studies H

The T.R. sSpectra of the compounds were obtained in

KBr phase, The characteristic bands obtalned are as follows :

Compound Characteristic bands
-1
em

1. [?n(glycine)(cati}%-enH2.2Hgo

r~3500(m), ~3000(w), ~2500(w),
~1900(w), ~1600(m), ~1500(m),
~ 1%60(w), ~1380(w), ~1300(s),
~1290(w), ~1230(w), ~1150(s),
~1060(s), ~1000(m), ~ 960(w),
~ o40(m), ~ 860(s), ~ 780(m),
~ 760(m), ~ 750(w),

2, [7n(glycine)(pyro)l: ent.
~3500(w), ~3000(w), ~1600(w),
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~ 1420(w),
~  740(m),

~ 3500(w),
~ 1700(w) ’
~ 1¥40(m),
~ 1290(w),
~ 1150(w),
~ 950(m),
~ 720(m),

[ca(glycine) (cat)]3- entz 2H,0

~ 3500(wW),
~1600(m),
~1310(m),
~ 1070(w) ,
~ 780(w),

[ca(glycine) (pyro)]%_‘- enH, .

~3500(w),
~ 1420(w),
~  74%0(w),

~3500(w),

.~ 1600(m),

~1300(m) ,
~ 1050(w),
~J 750(1!1) s

7 [Zn((c‘;—alanine) (cat)}%— enHs ,2H20

~ 3500(w) ,
r 1600(m) ,
~ 1350(w),
NIZL"O(V) ’
NlOlO(W),‘
~ 860(1!1),
~J 760(1}1),

~ 860(w),

[Zn(glycine)(2,3-di-naph)]s enHz Hz0

~3000(w),
~1600(w),
~ 1350(3) ,
~125%0(w),
0 1060(s),
~ 860(m) ’

~3000(W) ,
~1500(m),
~124%0( W),
~ 94O(w),
~ 770(w),

~3000(W),
~ 870(w),

- [Ca(eryeine)(2,3-di-naph)J3- enty L0

~3000(w),
~1500(s),
n1240(m) ,
~ 960(w),
~ 720(w),

s 3000(w) ,
~1500(m) ,
~1310(s),
~1170(s),
~ 970(w),
~ 850(w),
~ 750(m),

209

~ 800(w),

~N2500(w),
~1500(m),
~1300(m),
r1170(m),
~1040(m) ,
~ 750(w) ’

~ 2500(w) ,
~1450(w),
~1150(m) ,
~ 870(m),
~ 750(w).

~1600(w),
~ 800(w),

~ 2500(w) ,
~ 1350(w),
~ 1170(w),
~ 870(m),

~2500(w) ,
~J 1"“’75("’) ]
~ 1300(w),
~ 1060(s),
~  9Ho(w),
~ 780(m),
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8. EZn( a-alanine) (pyro)]%- enHa,

0 3500(W) 5 ~u 3000(W), ~s1750(w),
- 1420(w) , f\.;lléo(w), ~ 81L0(w),
~ 730(w) .

9. [2n(e-alanine)(2, 3-di—naph)]~§- enHa .

~ 3500(w), ~ 3000(w), rv 2500(w),
~ 1900(w), ~1730(w), ~ 1600(W),
~J 1500(m), s 1380(w), ~1340(s),
s 1300(!!1) s 1290(W) s v 12)"'0(31)‘,
~ 1170(m), ~ 1150(w), ~ 1080(s),
~ 1060(m), ~ 9H0(m), ~ 870(m),
~ 750(m), ~v 720(m), '

10, 1’9&( a-alanine) (cat)]3 enBa 2020

~ 3500(w), ~v 3ooo(w), ~ 2500(w) ,
~ 1900(wW), ~ 1750(w), ~ 1600(m),
~ 1500(m), ~ 1HH0(W), o 1310(wW),
| ~1250(W)y ~ 1175(W), ~ 1060(W),
~  930(w), ~ B860(w), ~ 780(w),
~ 770(w), v 750(w), o 7HO(W).

11, [Cd(c-alanine)(pyro)}F enHp MH;0

~ 3500(w), ~ 3000(w), ~, 1600(w),
~ 1""60(3)’ ~J 1"('30(111), ~ 1290(111), )
~ 1080(W), v 850(w), ~ 790(w),
~  7Ho(w), A

12, [Cd(g-alanine)(2,3-di-naph)]3- enHz.2Hz0

~ 3500(w), ~ 3000(W), ~ 2500(w),
o~ 1825’(“7)’ ;\)1580(111), NlSOO(m),
~ 1350(w), ~,1300(m), ~ 1240(m),
~ 1160(W), A 1020(W), ~v 950(W),
~ 870(m), ~ 7so(m), ~ 7zocw>.‘

13, [Zn(g-—almine)(catﬂz enHp 4820

o 3500(w), NBOOO(W) ~ 2500(W),
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15.

16,

17.

18.
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~ 1H40(w) , ~v 1420(W), ~ 1310(s),
~ 1240(w), ~» 1180(m), ~o 1060(s),
~ 1020(m)y v 980(W), ~ SHO(m),
~ 860(m),~» 780(m), ~ 760(s),
~ 750(w),~ 740(w),

[Zn( g-alanine) (pyro)]%—- enH,,

r~ 3500(1&) s~ 3000("’)  1NJ 21‘"00(‘\7) ’
~ 1600(w), v 1’4-20('91), ~ 1300(w) R
~ 800(w), ~  730(w), ‘

[Zn(8-alanine)(2, 3-di—naph)]? enH, .

~ 3500(w), o 3000(w), ~ 2500(w),
~ 1900(w), ~v 1740(m), ~» 1600(w),
r 1500(m) , ~v 1460(m) , ~v 1370(s),
~ 1320(m), ~ 1290(w), ~ 1240(m),
ov 1180(s), ~v 1140(m), ~s 1080(s),
~ 1040(m), v 9H0(s), v 870(m),
~  840(w), ~» 780(m), &~ 740(m),

[ca(g~alanine) (cat)]3- entiz 3H20

o 3500(w)y ~s 3000(wW) 4 ~u 2500(W),
~ 1900(w), ~ 1600(s), ~v 1510(m),
~ 1440(w) 4 ~v 1310(8), v 1240(W),
~ 1175(s), v 1060(m)y ~ 9%0(m),
~ 860(s), s 850(w), ~ 835(w),
~  780(w)y, ~v 760(m), ~ 750(m),

[Qd( g-alanine) (pyro)]% enHz ,2H,0

~ 3500(w), ~s 3000(W), ~s 1600(W),
o~ 1’4‘80(1#), Nlhéo('S), ~ 1350(W)9
~ 1320(w), ~v1290(m), ~ 1240(w),
e~ 1080(w)y ~u 970(w), ~ 850(w),
r~  790(w), ~v 71"0(*!),‘

[Cd( p-alanine) (2, 3—di~naph)]%— enHy .,

~ 3500(w), ru 3000(w), ~s2500(w),
~ 1600(m), ~s 1500(m), ~, 1460(wW),
~ 1400(s), s 1300(m), ., 1240(s),
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r~ 1170(m) y ~s 1080(W), ~ 1060(w),

~ 980(m), ~ 950(m), ~ 860(m),

~ 750(m), ~ 720(m),

It was observed earlier’by Patel and Bhattacharyal

and also in the chapter III, that on addition of two
equivalents of polyhydroxy derivatives of bengzene i.e, catechol,
pyrogallol to a complex [E(en)é]2+, the base molecules are
displaced from the coordination(sphege)and they go out to the
outer sphere as protonate& cations, resglting in the formation
of complexes of the type [M(L)é]enﬂg*.~ However, in the ‘“
present study it 1s also observed that instead of addition of
two equivalents of polyhydroxy phenocl 1ligand, if the addition
of 1:1 equivalent of monoamino carboxylic acid (i,e, glyciﬁ%,
a~2lanine or g-alanine) and polyhydroxy phenol (i.e, catechol,
pyrogallol or 2,3-dihydroxynaphthalene) is carried out, the
ethylened;émiﬁe molecules are displaced by these two ligands
and they go to the outer sphere as protonated catioms,
neutralizing the charge on complex anion, This results in ﬁhe
formation of the complex of the type [MﬂL]F%-enHz.tzo. The

reactions can be represented bjlthe following equations :
2[M(en)2]Cly + 2NHz.CHz (COOH + 2CgHy(0H)2 ————>
2 [M(N, CH, GCOOH) (C4Hy02) Jenta + WHCL + 3en,

2[M(en)]Cls + 2NH,.CHp .COOH + 2C¢H,(0H); >
2[M(N,CHp ,COOH){ C¢Hy0z ,0H) JenHp + HHCL + 3en,

The above observations indicate thatlthe replacement
of ethylenediamine cénnot be due to the decomposition of
[ﬁ(en)2301g where M = Zn(II) or cd(11), by excess acidit& ~
contributed by the added amino carboxylie acids and the
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phenolic derivatives, because the pH of the solution is not
significantly lowered by the addition of polyhydroxy phenol -
and the amino acid , Reactions are also not« instanteneous
but- solid appears slowly on scratching, This indiecates that
1t is a substitutlion reaction, The addition of the first
ligand to the complex M(en)z 2+ results in the replacement
of one "en" molecule and one molecule of monoaminbrcanboxylic
acid is incorporated, The successive step, on the addition of
polyhydroxy phenol, is the replacemént of the remaining "en"
molecule and incorporation of phenolic molecule at its place,
This results in the férmétien of mixed ligand complexes, The

reactions can be represented as follows :

[:M(en)z]2+ + _Al" —————9'[M(A~)en']1+ + en

[wen]t + 127 — 5 [M(A) ()15 entia.

2+

where M =.Zn" or Cd2+; A = glycine,’ g-alanine or g-alanine

and L = catechol, pyrogallol or 2,3-dihydroxynaphthalene,

The addition of 1:1\equivalent of glycine or g-alanine
or gaalanine‘and protocatechuic acid, to the [M(en)é]Clz
sélution do -not result in the formatiég of solid; This may
be because of‘the greater solibility of the resulting compoundf

2+ 2+

7zn“" and Cd°" are known to undergo sp3 hybridization,

So in the compounds [M(A)(Li}%—enﬁz.xﬂéo where M = Zn2+ or Cd2+;
A = glycine, g-alanine or 8-alanine and L = catechod, pyrogallol
or 2,3-dihydroxynaphthalene, one monoamino carboxylic acid ion
and one polyhydroxy phenol ion may be disposed in the
tetrahedral way around the zine or cadmium ion,

The I,R, Spectra of the complexes have been obtained,

I3
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Since the coﬁplexesvhave three molecules bound in the inner

and outer spheres, there is ‘overlapping of the individual bands,
making the precise interpretation of the spectrum difficult,
However, a general discussion showing the presence of all the
three ligand molecules in the éomplex is possible, Compounds’
exhibit band at ~v 3500 cm."1 cérresponding to the 0-H stretching,
This accounts for the presence of water molecules2. The band

1

in the region ~ 3000 cm -~ corresponds to the N~H stretching

of the coordinated -NHo, of the amino acid3’n and -NH3+ of

3

ethylenediamine§"7 The N-H stretching is lowered down as a

8 in glyeine and as a result of - =1 ..

result of coordination ‘
protonationg“}% in ethylenediamine, The ﬁ-H bands are broad
and cover up the C-H aromatic and aliphatic stretching bands,
In some cases there 1s a bfoad-band extending in the region

~ 3500 to 3000 cm""1 and may be due to the overlap of 0-H, N=H

and C-H stretching frequéncies. The band at nearly 1600 em™t

is because of CO0~ assymetric stretching].‘2 The N-H bending
vibrations and 0-E~0 bending vibrations of the lattice water®
may occur in this region, The bands at}# 1400 cm"l correspond
to C-H bending mode, There are number of bands observed in
the regiod ~ 1600-~1300 cmfl. These are similar to those
observed in complexesl conéaining the polyhydroxy phenols and
may correspond to ring vibration,modes. The symmetric CO0O™
stretching also occurs in this region%3 The bands at nearly

1200 cm t

may correspond to C-C, C-N and C-0 stretching modes,
The other bands in the regidn:~ﬁ1000—700 cm'"1 correspond to
" C-H, 0-H and N-H out of plane deformations and C00~ bending

modes, The band at r~ 750 cm."1 corresponds to 1,2-disubstituted

«

3
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benzene ring,  The spectra beyond 650 cmfl could not be

obtained and hence M-I stretching vibrations cannot be
interpreted, The number of bands observed in case of pyrogallol
complexes are less, The I,R, Spectra do not lead muqh to

the structures of the complexes, NMR and X-ray studies can

throw more light on the structures of these compounds,
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