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PREFACE

The Cu(II) -a-amino acid complexes have received tremendous

interest due to their biochemical importance. Most of the inves-

tigations concern the synthesis and spectral properties of these

complexes. Recent investigations focus on their reactivity in the

hope of finding simple models of reactivity of some biological

systems which contain metal. The enhanced reactivity of the metal

coordinated-a-amino acid complexes has also been exploited for

the synthesis of various products. The chemical reactions of

Cu(gly)2 and Cu(ala)2 are well documented while the Cu(II) comp-

lexes of rest of the amino acids have received only less atten-

tion- The present investigation deals with the reactions of

Cu(II) complexes of L-serine, DL-serine, L-threonine, DL-threo-

nine and 6-alanine with formaldehyde and acetaldehyde under

various experimental conditions. New products obtained have been

characterized by spectral and analytical methods. The reactions

iiavfc been round to be stereospecific in seme case? The new pro-

ducts synthesized together with a few known condensation products

obtained from Cu(gly)2/ Cu(DL-ala)2 and Cu(L-ala)2 have been

investigated in aqueous media by electronic and ESR spectral

methods to determine the order of tetrahedral distortion. Redox

behaviour of the complexes has been examined by cyclic and diffe-

rential pulse voltammetric methods and an analogy between tetra-

hedral distortion and reversibility of the Cu(II)/Cu(I) process

achieved. Similar studies on the Cu(II) complexes of biologically

active alicyclic-a-amino acids such as 1-aminocyclopropane-l-

carboxylic acid, 1-aminocyclopentane-l-carboxylie acid etc.



reveal that they exhibit similar redox behaviour as the Cu(II)

complexes of simple a-amino acids. Change in pla"nar covalency of

(N-salicylidene-amino acidato)copper(II) complexes on adduct for-

mation with imidazole, pyrazole and pyridine has also been

investigated.

The first chapter briefly reviews the known chemistry of the

Cu(II) complexes of a-amino acids and N-salicylidene-amino acid

Schiff bases. Cyclic voltammetric investigation on a few Cu(II)

complexes of a-amino acids and closely related systems has shown

that these complexes undergo close to reversible one-electron

Cu(II)/Cu(I) redox process. Generally, reversibility of the

Cu(II)/Cu(I) redox process depends on the geometry of the comp-

lexes since Cu(I) species are stable in tetrahedral or pseudo-

tetrahedral geometry. To study the influence of change in

geometry on their redox behaviour, it was decided to synthesize

and investigate Cu(II) complexes of different degrees of tetra-

hedral distortion. Since condensation reactions of Cu(II)-amino

acids with various aldehydes have been used to synthesize various

complexes, available data on these reactions are outlined. This

chapter also presents scope of the present investigation.

In Chapter II experimental procedures pertaining to the

synthesis of various Cu(II) complexes are presented. The con-

densation products and (ethene-bridged-a-amino acidato)copper(II)

complexes were prepared by known general procedures. The new

complexes were characterized by various spectral and analytical

methods. The Cu(II) complexes of a few alicyclic-ot-amino acids,

viz. r 1-aminocyclopropane-l-carboxylic acid, 1-aminocyclobutane-
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1-carboxylic acid, 1-aminocyclopentane-1-carboxylic acid, 1-

aminocyclohexane-1-carboxylic acid and 1-aminocycloheptane-l-

carboxylic acid have been prepared by known methods. The Cu(II)

complexes of N-salicylidene-amino acid Schiff bases derived from

salicylaldehyde and amino acids viz., glycine, L-alanine, L-

serine, L-threonine and 6-alanine and their imidazole, pyrazole

and pyridine adducts were prepared by general procedures. Some of

the adducts are new and were characterized by spectral and analy-

tical methods. This chapter also describes various techniques

employed in the investigation.

Chapter III describes structural elucidation for the new-

complexes and spectral and electrochemical properties of the

condensation products. The complexes are classified as (i) unbri-

dged, those which have CuL2 composition and (ii) bridged, those

which have CuL composition, their amino acid units being bridged

by an ethene, dimethyleneether or pentamethylenediaza group. At

dissolution pH the complexes exhibit the d-d transition at ca.

620 nm and ESR parameters 9i s o ~ 2.120 and A^so -
 7 0 G commen-

surate with tetragonally distorted geometry. On the basis of the

d-d band position and ESR data the order of increasing planarity

is obtained. The unbridged complexes on lowering pH exhibit shift

of the d-d band to higher wavelengths (720 nm) and change in ESR

parameters, increase in gi s o (to 2.150) and decrease in A^so (to

55 G) , indicating formation of protonated species such as [CuL]"1".

For the unbridged complexes formation of such protonated species

could not be detected by the spectral studies.
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Cyclic voltammograms of the unbridged complexes are consti-

tuted of two redox couples C,D and A,B. The major observations

made are: (i) during the first cathodic scan a reduction peak (C)

at ca. -0.2 5 V versus SCE appears and on reverse scan an oxida-

tion peak (D) at ca. -0.19 V appears along with another oxidation

peak (B) at 0.03 V (ii) from the second scan onwards a new reduc-

tion peak (A) at -0.01 V appears (iii) when the scan is reversed

before the appearance of peak C the A-B peaks do not appear (iv)

if the potential is held at a potential well past the peak C

potential and scanned back heights of A-B peaks increase while no

change is observed for the C-D peaks (v) peak separation values

for the C-D couple (AED (C-D)) are ca. 60 mV and -ic/ia values

ca. 1. Based on these experimental observations an electrode

mechanism is suggested to explain the redox behaviour of these

complexes. For these complexes the Cu(II)/Cu(I) process is rever-

sible and tne Cu(I) intermediate species is stable in cyclic

voltammetric time scale. The observation of peaks A-B indicates

that the Cu(I) species undergoes partial decomposition/dispropor-

tionation also. The bridged complexes having ethylene or dimethy-

leneether bridging unit also exhibit similar electrochemical

behaviour as that of the unbridged complexes while the complexes

having rigid pentamethylenediaza bridging unit exhibit absence of

peak D and shift of peak C to more negative potentials (ca. -0.52

V) . This is explained to arise from the more planar geometry of

the complexes and the rigid ligand system. One of the complexes,

(N,N'-1,2-ethandiyl)bis(glycinato)copper(II), exhibits appearance

of another redox couple (C',D') at a more negative potential (-

0.39 V) along with the A-B and C-D couples, which is attributed
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to presence of weak intermolecular interaction between the Cu(II)

centres.

In Chapter IV stereospecificity exhibited by some of the

reactions of the Cu(II)-ot-amino acids is discussed. It is known

that Cu(II) complexes of L-alanine and DL-alanine undergo conden-

sation reaction with formaldehyde in the presence of ammonia

yielding different products. Our investigations show that the

Cu(II) complexes of L-serine, DL-serine, L-threonine and DL-thre-

onine undergo stereospecific reactions with formaldehyde and

acetaldehyde. Reaction of Cu(II) complex of ft-alanine with form-

aldehyde and ammonia is also included. The new products obtained

have been characterized by IR, CD and analytical methods.

As a natural extension of the investigation on the Cu(II)

complexes of a-amino acids, the redox behaviour of Cu(II) comp-

lexes of some alicyclic-a-amino acids is also studied. The

results are presented and discussed in Chapter V. Biosynthesis of

plant growth hormone, ethylene, has been shown to proceed through

1-aminocyclopropane-l-carboxylic acid, where copper plays an

important role. A few other alicyclic-a -amino acid=. are also

shown to be biologically active. While preparation and some spec-

tral data are reported for the Cu(II) complexes of these ali-

cyclic-a-amino acids, their redox behaviour has not been investi-

gated. Our investigation shows that their redox behaviour is

similar to that of Cu(II) complexes of ct-amino acids such as

glycine, L-alanine etc. The Cu(I) species involved in the redox

process is stable in cyclic voltammetric time scale. Chapter V

also describes various studies on the interaction of these Cu(II)



complexes and some of the condensation products discussed in

Chapter III with different N-donor ligands. Spectral and electro-

chemical data of the complexes in the presence of ammonia reveal

characteristic changes of axial coordination of ammonia for all

the complexes except for the pentamethylenediaza group containing

complexes. Addition of other N-donor ligands, viz., imidazole,

pyrazole and pyridine does not effect any such changes.

In Chapter VI spectral and electrochemical investigations on

some (N-salicylidene-aminc acidato)copper(II) complexes, Cu(sal-

aa) (H20) , where aa = glycine, L-alanine, L-serme, L-threonine or

6-alanine and their imidazole, pyrazole and pyridine adducts,

Cu(sal-aa)L, are presented and discussed. Electronic spectra

reveal a shift of 10-20 nm of d-d transition band towards lower

wavelengths for the adducts and ESR data obtained at 120 K

exhibit decrease in g.. and An values suggesting increased planar

cu.aiency on adduct formation. Cy-li- vo 1 tamrrctr i c studies

clearly demonstrate the structural differences between the

Cu(sal-aa)(H20) complexes and the adducts. The, parent complexes

exhibit reversible Cu(II)/Cu(I) redox process similar tc the

unbridged condensation products at a slightly more negative

potential (-0.36 V) while the imidazole and pyrazole adducts

exhibit irreversible Cu(II)/Cu(I) process, irreversibility of the

redox process arising from the more planar geometry of these

adducts. However, the pyridine adducts exhibit reversible

Cu(II)/Cu(I) redox process which is attributed to the higher TT -

acceptor ability of pyridine. At lower pHs formation of

protonated species is evident from CV profiles obtained for the

parent complexes and the adducts.



CHAPTER I

INTRODUCTION

1.1 Biochemical activity of copper

The general involvement of copper in biological systems is

well documented. Role of copper(II) ions in the biological

systems was recognized in an early stage because of the isolation

of copper proteins. The function of copper in biological systems

is primarily associated with the reduction of oxygen to water

with the transfer of oxygen to a substrate. More positive

Cu(Il)/Cu(I) redox potentials at neutral pH indicating a more

effective stabilization of Cu(I) vs. Cu(II), characteristic

visible absorption spectra and ESR behaviour differentiate biolo-

gical copper species from the copper(II) complexes of synthetic

origin.10 The challenge to develop model systems has generated

much activity in this field11"14 and these studies have yielded

copper(II) complexes with very interesting properties.14 Often



it has been found that the spectral properties of the complexes

are reflected in their redox behaviour, i.e. the spectral and

redox properties are interrelated.

The low molecular weight Cu(II)-a-amino acidato complexes

are considered to be biologically active since they have been

found to involve in the transport of Cu(II) ions between blood

and tissues . Several ternary histidine Cu(II) complexes have

been detected in human serum along with Cu(L-his) 2•
1 7 These

observations acted as catalysts for the investigation of the

properties of Cu(II) -a-amino acids and their derivatives. The

chemistry of Cu(II) complexes of a-amino acids has developed not

only from the inorganic point of view but also because of

possible biological interest.

1.2 Copper(II)-a-amino acid complexes

Bidentate a-amino acids coordinate to Cu(II) through the

amino nitrogen and the carboxylic oxygen donor atoms. Depending

upon the pH of the medium, they form mainly two types of

complexes, [CuL] in the pH range 4.5-5.8 and CuL^ in the pH

range 6.2-7.5.18~20 At neutral pH the complexes have square-

planar arrangement of the donor atoms around the metal ion with

the metal ion slightly disposed towards the axial positions. Few

complexes have two water molecules occupying the axial

coordination sites (I) and few have one water molecule and one

carboxylic oxygen of neighbouring complex molecule at their axial

positions (II). The nature of the donor oxygen atoms at the

apical positions has been found to have little effect on the

properties of the complexes.21



0H

II

1.2.1 Spectral properties

Bis(a-amino acidato)copper(II) complexes exhibit the d-d

transition in their electronic spectra at ca. 620 nm in aqueous

media at neutral pH. The absorption band is weak with e
r ^ max

value in the range 50-100 M~1cm~1. On lowering pH, the d-d band

shifts to higher wavelengths (ca. 720 nm) and has been ascribed

to formation of protonated species such as [CuL2H]
+, [CuL]+,

[CuLH]^ etc..±o where LH = a-amino acid. The Cu(II)-a-amino

acid complexes have also been studied by CD spectroscopy and

are shown to exhibit two CD extrema, one in the 590-620 nm region

and another at ca. 700 nm. Many Cu(II)-L-aminu a^aato complexes

exhibit positive CD band at 700 nm (I) and a negative CD band in

the 620-590 nm region (II); the Cu(II) complexes of imino acids

L-proline and L-hydroxy proline exhibit opposite Cotton effect

i.e. negative sign for the band I and positive sign for the band

II. This has been attributed to the second asymmetric centre,

imino nitrogen, produced in the ligand as a result of

chelation.23 In addition to these two CD extrema, another extrema

has also been observed at ca. 730 nm. The assignment of the

three possible transitions is in the following order of in-

creasing energy:
Blg > Alg < Blg > B2g < B l g > E g



A great deal of literature is available on the ESR dara of

the Cu(II)-a-amino acid complexes.19'25"32 Many workers have

studied the ESR spectra as dilute powders, glasses, and frozen

solutions. The nitrogen superhyperfine splitting is useful

to establish the number of nitrogen atoms coordinated to the

Cu(II) ion. Recently, it has also been shown that mono and bis-

( ot-amino acidato) copper (II) complexes can be readily distin-

guished on the basis of their g and hyperfine A values.1 The X-

band and K-band ESR spectra of the trans-planar Cu(II) complexes

of ot-amino acids, in polycrystalline state at room temperature,

found to exhibit a variety of ESR line-shapes. However, the

frozen glassy spectra are similar and represent typical axial

spectra and have been fitted with dx2_v2 ground state. The ESR

parameters indicate a normal tetragonal geometry for the

complexes. ESR spectroscopy has also been used to investigate

the change in copper-ligand bond strength; for example, decrease

of g values characterizes elongation of axial band and shortening

of the planar Cu-0 bond. Correlation among the g values, the

d-d band energies, bonding parameter and geometrical

configuration of the coordinating atoms for several Cu(II)-ot-

am i no acid complexes has been obtained.25"32

1.2.2 Electrochemical properties

In comparison to the bulk of spectral investigations reported

so far, the Cu(II) complexes of cx-amino acids have received only

less attention with respect to their redox properties. Electro-

chemical reduction of these complexes leads to the formation of

the corresponding Cu(I) species. A fraction of the Cu(I) species



could be reoxidized to Cu(II)-complex electrochemically while

another fraction undergoes chemical decomposition/disproportiona-

tion generating Cu(O) at the hanging mercury drop electrode. The

Cu(O) species produced undergoes two-electron oxidation to

Cu(II) (aq) during the reverse scan which subsequently gets

reduced at a less negative potential during the second scan. Thus

the CV profile is constituted of two redox couples, one

corresponding to the close to reversible Cu(II)/Cu(I) process at

ca. -0.25 V vs. SCE and another at -0.01 V corresponding to

Cu(II)(aq)/Cu(0)(Hg) process. Controlled potential coulometry

(CPC) experiments over mercury pool towards the determination of

number of electrons involved in the redox process have been

unsuccessful. The CPC experiments yield coulombs which correspond

to n = 2. This value does not agree with the other experimental

evidences given for the involvement of Cu(I) species in the redox

process. The apparent discrepancy arises tsc^vr^ of tn<=> reason

that under the continuous influence of cathodic potential the

Cu(I) species generated by the first electron-transfer undergoes

chemical decomposition/disproportionation to Cu(0)(Hg). Hence

the overall process involves two electrons.

1.3 Condensation reactions of Cu(II)-amino acid complexes

Coordination of a-amino acids to metal ions increases the

nucleophilic reactivity at the a-carbon atom through bond

polarization by the metal ion. 3 4' 3 5 The most obvious

illustration of this effect is that, most (not all) metal ions

increase the rate of racemization of a-amino acids. For example,



with Co(III) complexes, it has been demonstrated by NMR

spectroscopy that the rate of racemization is similar to H-D

exchange rate at the a-carbon atom (equation 1.1).

Co

Co(III), Cr(III), Cu(II), Pd(II) and Pt(II) ions accelerate the

racemization rates of a-amino acids. The mechanism is not always

as simple as that outlined above (equation 1.1). This effect

could also be considered as a simple model of the action of metal

ions in some biological transformations of amino acids.36

During the last three decades a great deal of literature has

appeared concerning the reactions of metal coordinated a-amino

acids or small peptides ' with varinu= aldehydes. In

these reactions generally the simple bis( a-amino acidato)metal

complexes are used. Reactions of chiral cobalt(III) complexes

such as A - ( + ) [Co (en) 2 (gly) ] 2 + have been found to yield high

asymmetric products with low overall yield. ' The use of an

a-amino acid-Schiff base metal complex instead of bis( a-amino

acidato)metal complexes seems to increase the nucleophilicity at

the amino acid a-carbon atom and prevents N-alkylation. ' 6

The metal assisted synthesis of DL-threonine from glycine

was one of the first such reactions reported three decades ago.3

The reaction which is base catalyzed, proceeds under far milder

conditions than for free glycine. Similar metal assisted reac-



tions are also known for ligands such as amino alcohols and amino

C "7 CO

thioethers. ' A few metal-assisted condensation reactions of

a-amino acids are discussed below.

The reaction of Cu(gly)2 with acetaldehyde under basic con-

ditions (sodium bicarbonate, pH 11) yields, bis(2,5-dimethylox-

a z o l i d i n e - 4 - c a r b o x y l a t o ) c o p p e r ( I I ) d i h y d r a t e , 1 ( e q u a t i o n 1 . 2 ) . 4 4

Cu(gly)2

MeCHO. NaHCO3

PH 11

(1.2)

The complex on decomposition in an acid medium by H2S releases

DL-threonine in the aqueous solution, copper being recovered in

the form of insoluble CuS. Comparative studies show that formal-

dehyde is unable to form serine from its reaction with Cu(gly)2,

in the conditions in which acetaldehyde gives DL-threonine, in

ca. 40% yield. The reaction it similar to aldol condensation

and has been explained by the mechanism shown in Scheme 1.1.

U\ 2

/ \

RCHOH

R,CHOH

/\J.

V
c

:B

RCHOH

Scheme 1.1
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Condensation of Cu(gly)2 with formaldehyde in presence of sodium

bicarbonate at pH 8.5 yields bis(dihydro-lH,3H,5H-oxazolo[3,4-c]-

oxazole-7a-carboxylato)copper(II) , 2. 4 6 The reaction has been

suggested to follow the same mechanism (Scheme 1.1). However

after the formation of the expected product, bis(oxazolidine-4-

carboxylato)copper(II) (equation 1.3) further condensation takes

place (which is absent in the case of acetaldehyde condensation

probably due to steric hindrance) resulting the formation of

complex 2 (equation 1.3).46

HCHO. NaHCO3

PH S,

Condensation between aldehydes and a-amino acids in the ab-

sence of metal ions, with the acid and amino groups protected is

known to occur very slowly, since the beginning of this century.

The coordination not only protects the groups but also activates

the ot-methylene group that, in basic conditions, most easily

forms carbanions as is seen in equations 1.2 and 1.3. This acti-

vation has been related to the charge of the complex species.

For example, the condensation between the metal coordinated

glycine and acetaldehyde has been shown to follow the

decreasing order of reactivity:

[Co(en)2(gly)j
2+ > Co(gly)3 > [Co(gly)2(C2O4)]"

The reactivity order also changes with various metal ions as

shown below:

Cu(gly)2 > Co(gly)3 > Ni(gly)2 > Zn(gly)2



Activation of the amino protons more than the a-methylene

group of metal coordinated glycine has been established

recently. Condensation of Cu(gly)2 with formaldehyde at acidic

pH (4.5) has been reported to yield, [bis(N-l,3-dioxa-5-azacyclo-

hexyl)acetato]zinc(II).60 Co(II), Ni(II) and Cu(II) complexes of

glycine also undergo similar condensation reaction with formal-

dehyde at pH 4.5 yielding the corresponding metal complexes

(equation 1.4).61 0 0

V ° \ /NN
HCHO I -z/

3

Another reaction of Ni(gly)2 is also known, where the amino

group alone reacts with formaldehyde even at a basic condition

(pH 8.5) in presence of ammnn i a . 6 2 The product has been

identified to be [3N,7N-(1,3,5,7-tetraazabicyclo[3.3.1]-nonyl

diacetato)Jnickel(II). It has also been shown that under the same

experimental conditions Cu(gly)2 also undergoes similar conden-

sation reaction forming the corresponding Cu(II) complex, 4 as

shown in equation 1.5.

r , , . HCH0.NH3Cu(gly)2 3
p«« ^ / \ .
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This reaction is interesting due to two important factors: (i)

the non-involvement of ot-methylene group in the condensation,

though the reaction was carried out at pH 8.5 (ii) the two

glycine units in the resultant complex (as explained for the

nickel complex ) are cis to each other implying that they must

have undergone conversion from the initial trans Ni(gly)2-

It is clear from the foregoing discussion that most of these

reactions involve various transition metal complexes of glycine.

This is due to the fact that mostly these reactions have been

carried out in order to develop simple methods to synthesize

substituted ot-amino acids preferably in an optically active form,

from glycine. The investigations on similar condensation react-

ions of Cu(II) complexes of the other a-amino acids are also

significant, for these reactions seem to exhibit stereospecifi-

city. So far, only a-alanine has been investigated in this

respect. ' 6 5 It has been reported that, Cu(L-ala)2 undergoes

condensation reaction with formaldehyde at pH 8.5 in presence of

ammonia, to yield [3N,7N-(1,3,5,7-tetraazabicyclo-[3.3.ljnonyl)-

dipropionato]copper(II), 5, while Cu(DL-ala)2 under the same

experimental conditions yields, bis(4-methyloxazo-lidine-4'-car-

boxylato)-copper(II) dihydrate, 6.

VV
A A
V
5
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It may be noted that formation of 5 is similar to the

condensation reaction of Cu(gly)2 with formaldehyde and ammonia

at pH 8.5 (equation 1.5) . Very little is known about the

condensation reactions of most of the remaining a-amino acidato

metal complexes. A few of the condensation products have been

characterized by X-ray crystallography and their geometry estab-

lished. However, no further investigations such as electronic

spectra, ESR and electrochemical data in aqueous solution are

reported.

1.4 Copper(II) alicyclic-a-amino acid complexes

Copper(II) complexes of alicyclic-a-amino acids such as, 1-

aminocyclopropane-1-carboxylic acid, 1-aminocyclobutane-l-carbo-

xylic acid etc. have been found to be complexes of uniformly

varying geometry; the change in geometry from complex to

complex arising from the increasing ring size at the a-carbon of

the amino acid units. Recent investigations27'32 on bis(l-amino-

cyclopentane-1-carboxylato)copper(II) and a few other trans bis

(a-amino acidato) complexes reveal that the substitutions at the

a-carbon have definite effect on the geometry and hence the pro-

perties of the complexes. These complexes are shown to be aquated

in solution with two water molecules in the axial sites. Electro-

nic spectral and ESR data are comparable to the Cu (II) - a-amino

acid complexes.

1.5 Copper(II) complexes of amino acid Schiff bases

1.5.1 Reactivity

Condensation of glycine has been recognized to be the best

way to synthesize 6-hydroxy-a-amino acids. However, this reaction
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is not facile due to the low acidity of the methylene group. The

use of transition metal complexes of Schiff bases derived from

glycine and salicylaldehyde or pyruvic acid42' ' instead of

free glycine or bis(glycinato)metal complexes improves the yields

and widens the scope of the reaction. The Schiff base complexes

in many instances ' undergo condensation reactions yielding

optically active products with high enantiomeric excess (ee) .

For example, threonylglycine and threonine69"72 could be syn-

thesized with an ee of 95% by condensation of Cu(II) complexes of

chiral Schiff bases of glycylglycine and glycine respectively

with acetaldehyde. Optically pure a-alkyl-ot-amino acids could

also be prepared via alkylation of Ni(II) complexes of Schiff

bases derived from DL-alanine and (S)-2-N-(N'-benzylprolyl)amino

benzaldehyde.72 The transition metal complexes of Schiff bases

of a-amino acids and salicylaldehyde (III), pyridoxal (IV), pyru-

vic acid (V), and (1R)-3-(hydroxymethylene) camphor (VI) are im-

portant from the bioinorgonic point of view, since the complexes

have been shown to be good model systems for the catalytic inter-

mediates in the reactions of pyridoxal phosphate with a-amino

acids.73"77

•0

"OH,



13

The Schiff base complex IV exhibits tautomerism as shown by

the equation 1.6.

o

HOCH

(1.6)

Both transamination and racemization require loss of a proton

attached to the a-carbon of the amino acid, which must be very

reactive in these structures. In fact, this property has been

exploited to synthesize various 3-hydroxy-a-amino acids.67-72

1.5.2 Spectral and redox properties

Several Cu(II) complexes of a-amino acid Schiff bases have

been characterized by X-ray crystallography.78"82 The X-ray

analysis revealed that the complexes coordinate via phenolic

oxygen, one carboxylic oxygen and the imino nitrogen with a water

molecule completing near square-planar geometry of Cu(II) ion.

Many of the model studies of the metal complexes of a-amino

acid Schiff bases have been upon the spectroscopic and

mechanistic properties of the complexes. Recently, enhancement

of reactivity of a-methylene group has been related to its

correct stereochemical positioning within the molecule. 8 6 Due

to the importance of stereochemical factors that control the

correct positioning of the groups to be labilized, considerable

attention has been paid to the stereochemistry of the model
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systems, which mimic the biological reaction types. '

Detailed conformational studies on the Cu(II) complexes are

available in literature and are briefly discussed here along with

the UV-Vis and ESR spectral data.

The UV absorption spectra of Cu(sal-aa)(H20) complexes,

where sal-aa = N-salicylidene-a-amino acidato anion, exhibit an

intense band at ca. 375 nm and has been attributed to TT -*• TT

transition originating mainly within the azomethine chromophore.

The intense bands occurring at still higher energies, viz., 270

and 225 nm, have been assigned to be associated with benzene ring

TT + 7i* transitions. Shoulders were observed in the spectra of

most of the chelates. The UV spectra of Cu(pyv-aa)(H2O) comp-

lexes, where pyv-aa = N-pyruvylidene-a-amino acidato anion, are

found to exhibit only a broad band centered near 220 nm, with

badly resolved shoulders on its low energy side. The UV spectral

data are available for few other Cu(II)-Schiff base complexes

also.86"89

For Cu(sal-aa)(H20) complexes the d-d transitions were

observed in the wavelength region 680-600 nm in solution, which

has been ascribed to the square-planar or weakly distorted tetra-

gonal geometry.89"96 The d-d band was shifted significantly to

higher energy regions whenever the a-amino acid unit had a third

donor group (e.g. histidine), which can interact axially.89'96

CD spectra are more informative than the electronic spectra.

Several Cu(II) and Zn(II) complexes of Schiff bases of aldehydes
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such as salicylaldehyde, pyridoxal, pyruvic acid etc. and ot-amino

P, f> RQ Q 7

acids have been investigated by CD spectroscopy recently. ' '

In general the complexes derived from salicylaldehyde and pyrido-

xal in methanol exhibit three CD extrema at 3 60, 270 and 230 nm

corresponding to the maxima of the electronic absorption. Simi-

larity in the CD spectra of various Schiff base complexes has

been interpreted to be due to common conformation adopted by the
Q Q

coordinated ligands. The Cotton effect associated with the

azomethine and the high energy benzenoid band are related to the

sign or visible band observed between 680 and 6GC nm. This is

always consignate with the azomethine band and dissignate with

the 230 nm band. The visible CD spectra of Cu(II) complexes of

L-amino acid Schiff bases in methanol or pyridine exhibit two or

three resolved bands attributable to d-d transitions, similar to

the simple Cu(II)-a-amino acidato complexes, ' at a wave-

length higher than 700 nm 'positive), 68O-600 nm (negative) and

at a wavelength lower than 600 nm (positive) . In several

instances the band at the lower energy side of 700 nm was absent

and has been explained to occur at lower energy beyond the

instrumental range (8 00 nm), or more likely, be buried under the

more intense oppositely signed band in the 680-600 nm region.

The Cu(II) complexes derived from pyruvylidene Schiff bases show

significant dissimilarities to those of the salicylidene and

pyridoxylidene series. CD spectral data available in

literature89'98 reveal that histidine containing complexes

exhibit a striking tendency to bind Cu(II). For example, the

CD spectra of Cu(pyv-L-his) in water displays dominant Cotton

effects of opposite sign pattern of that of Cu(pyv-L-aa)
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complexes, where the amino acid is with non polar side chain.

The unique behaviour of Cu(pyv-L-his) has been inferred to be due

to the interaction of the imidazole group with the central Cu(II)
Q Q

ion, leading to change in conformation.

ESR data of the Cu(II) complexes of these Schiff bases are

also available in literature.86'88'89'94'96'103'104 The frozen

glassy ESR spectra in aqueous methanol for most of these

complexes could be fitted for g- > 9± > 2.0, showing the pattern

typical for tetragonal symmetry.00'0^'30 The general

characteristics of the spectra are as follows: (i) the frozen

glassy ESR spectra of the complexes in methanol or water are

axial with an extra high field absorption (ii) the ESR parameters

show solvent dependence, indicative of coordination of donor

molecules to the metal centres; the g- and g values obtained

from pyridine solutions are smaller and An values larger (iii) in

several instances the spectra exniuit superhyperfine interaction

with the ligand (nitrogen) nuclei, which gives useful information

of the number of nitrogen atoms involved in the donor set (iv) in

some cases complex pattern of lines results from superposition

of copper hyperfine and ligand superhyperfine splittings.

Using the ESR and CD data, molecular orbital coefficients,a ,

P>1 and B, which characterize the planar o and TT bonding and the

out-of-plane TT -bonding, respectively have been calculated for

these Cu(II) complexes. The magnitudes of molecular orbital

coefficients enable one to refine the stereochemical description

of these Cu(II) complexes in terms of donor sets, ligand field

symmetry and bonding character.
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The (N-salicylidene-amino acidato)copper(II) complexes have

a water molecule at the fourth equatorial site as has been

mentioned already. Recently105 it has been shown that, the

change in ESR parameters giSO/
 Aiso' 9n anc* Al observed for the

Cu(sal-aa) (H20) complexes in presence of pyridine is due to the

formation of pyridine adducts. Though the metal complexes of

amino acid-Schiff bases have been extensively studied, no

detailed work on their redox properties is reported so far.

1.6 Scope of the present investigation

Electrochemical investigations on Cu(II)-amino acidato comp-

lexes have shown that electroreduction of these complexes pro-

ceeds via Cu(I) intermediate complex species. In general, rever-

sibility of the Cu(II)/Cu(I) process depends on the stability of

the intermediate Cu(I) species. The Cu(I) species is stable only

in tetrahedral or pseudo-tetrahedral environments. To investigate

the effect of structural variation on the reversibility of the

Cu(II)/Cu(I) redox process, it was planned to synthesize Cu(II)

complexes of varying geometry. It is known that Cu(gly)2 under-

goes condensation reactions with formaldehyde and acetaldehyde

under various experimental conditions yielding products with the

same CuN2O2 chromophore. However the products possess different

degrees of tetragonal distortion. Towards synthesizing more

number of such complexes similar condensation reactions of Cu(II)

complexes of a few other amino acids are carried out. In this way

it became possible to synthesize a variety of structurally

different complexes. They are characterized and their electro-

chemical behaviour examined.



18

During the course of our investigation on the condensation

reactions, it has been observed that some of these reactions are

stereospecific. Similar behaviour has been reported only for

Cu(II) complexes of L-alanine and DL-alanine previously. ' In

the present investigation condensation reactions of Cu(II)

complexes of L-serine, DL-serine, L-threonine and DL-threonine

with formaldehyde and acetaldehyde are included. CD spectroscopy

has been used to follow the reactions.

While the Cu(II) complexes of ot-amino acids such as glycine,

alanine etc. , have been investigated extensively only limited

data is available on the Cu(II) complexes of alicyclic-a-amino

acids. As a p a n of our investigation on the redox properties of

Cu(II) complexes of ot-amino acids and related systems it became a

natural extension to study the spectral and electrochemical

properties of the Cu(II) complexes of some alicyclic-ot-amino

acids.

The Cu(II) complexes of N-salicylidene-ot-amino acids have

been the subject of various spectral investigations because of

their usefulness as model systems to study the enzymatic

reactions of pyridoxal phosphate and their ability to catalyze

transamination and racemization. However, their redox behaviour

has not yet been reported. In conformity with our research plan,

it appeared logical to investigate the redox behaviour of these

complexes. For this purpose, Cu(II) complexes of Schiff bases of

number of amino acids have been prepared and their redox charac-

teristics examined. It is known that these complexes form
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adducts with N-donor bases such as imidazole, pyrazole and

pyr id ine . 1 0 5 ' 1 0 The adducts show differences in their

electronic and ESR parameters revealing change in geometry,

nature of coordination etc. from their parent complexes. We also

planned to investigate the adducts electrochemically in order to

elucidate their redox mechanism and more fully understand the

structural changes accompanying adduct formation.
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Chem. Soc. 1970, 92, 5365.

102. S. Bunel, M. Rodriguez, A. Urbina and C.A. Bunton, 3_^_ Inorq.

Nucl. Chem. 1981, 43, 190.

103. G.O. Carlisle, A. Syamal, K.K. Ganguli and L.J. Theriot, J.

Inorq. Nucl. Chem. 1972, 34, 2761.



28

104. J.F. Villa and L.A. Zyzyck, Spectrosc. Lett. 1972, 5, 371.

105. J. Jezierska, Polyhedron 1987, 6, 1669.

106. G. Plesch, C. Friebel, 0. Svajlenova and J. Kratsmar-

Smogrovic, Inorg. Chim. Acta 1987, 129, 81.



CHAPTER II

EXPERIMENTAL

2.1 Chemicals

Glycine, L-alanine, L-serine, D-serine, DL-serine, L-

threonine, D-threonine, DL-threonine, 3-alanine, formaldehyde

(40% W/V), salicylaldehyde, imidazole (Sisco), pyrazole, N,N'-

1,2-ethanediylbisglycine and 1-aminocyclopropane-l-carboxylic

acid (Fluka) were used as supplied. Fresh acetaldehyde obtained

from depolymerisation1 of the commercially available paraldehyde

(Ranbaxy) was used for the reactions. Pyridine (Sisco) was

distilled prior to use. Spectroscopic grade methanol (Ranbaxy)

was employed for spectral measurements.



2.2 Preparation of complexes

2.2.1 Bisfa-amino acidato)copperfII)

The Cu(II) complexes, viz., Cu(gly)2'
H20' Cu(L~ala)2' Cu(DL-

ala)2-H2O, Cu(L-ser)2.H2O, Cu(D-ser)2.H20, Cu(DL-ser)2, Cu(L-

thr)2.H2O, Cu(D-thr)2.H2O, Cu(DL-thr)2 and Cu(6-ala)2.2H2O were

prepared by employing a known general procedure. The alicyclic-

ot-amino acids, 1-aminocyclobutane-l-carboxylic acid, 1-aminocy-

clopentane-1-carboxylic acid, 1-aminocyclohexane-l-carboxylic

acid and 1-aminocycloheptane-l-carboxylic acid were prepared from

the corresponding alicyclic ketones and their Cu(II) complexes

were prepared by the same general procedure.2

2.2.2 Bis(2. 5-dimethyloxazolidine-4-carboxylato)copper(II)

dihvdrate (I)4

To an aqueous solution of glycine (0.75 g, 10 mM) was added

CuCO3.Cu(OH)2 (0.55 g, 2.5 mM) along with freshly cracked

acp-i-aldehyde1 (5 ml) . The pH was adjusted to 11 by addition of

sodium bicarbonate. The reaction mixture was stirred well and

filtered. The filtrate was kept at room temperature for 7 days.

The blue crystalline product formed was filtered, washed

successively with distilled water, ethyl alcohol and diethyl

ether and dried at 50 °C under reduced pressure for 12 h.

2.2.3 Bis(dihydro-lH,3H,5H-oxazolo[3,4-cloxazole-7a-carboxylato)

copperfTT) (2)5

A reaction mixture (30 ml) of Cu(gly)2.H2O (1.2 g, 5 mM) and

formaldehyde (20 ml, 40% W/V) was stirred well and adjusted to pH

8.5 by the addition of sodium bicarbonate. The reaction mixture

was filtered and the filtrate kept at room temperature for 7
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days. The blue crystalline product deposited was treated as

described for the complex 1.

The complex 2 can also be prepared by another reported

method6 from Cu(L-ser)2.H20.

2.2.4 BisTN-(1. 3-dioxa-5-aza-cvclohexyl)acetato1 copper(II) (3)7

A reaction mixture (30 ml) consisting of Cu(gly)2.H2O (1.2

g, 15 mM) and formaldehyde (10 ml, 40% W/V) was stirred and its

pH adjusted to 4.5 by dilution with distilled water. The

reaction mixture was then filtered and the filtrate was allowed

to stand for 3 days at room temperature. The blue crystalline

product formed was treated as described for the complex 1.

2.2.5 r3N,7N-(l,3.5.7-tetraazabicyclor3.3 .11nonyl)diacetatoi

copper(II) (4)

This cnTTiplex was prepared by a procedure reported for the

preparation of the corresponding Ni(ll) complex.

To an aqueous solution (60 ml) of Cu(gly)2.H2O (1.2 g, 5mM)

was added formaldehyde (10 ml, 4 0% W/V) and the pH of the

reaction mixture was adjusted to 8.5 by the addition of ammonium

hydroxide solution. After filtration, the filtrate was allowed

to stand for 7 days and the blue microcrystalline product deposi-

ted was filtered and treated as described for the complex 1.

2.2.6 r3N,7N-(1.3.5.7-tetraazabicvclor3.3.11nonyl)di-2-propion-

atolcopper(II) (5)9

To an aqueous solution (50 ml) of Cu(L-ala)2 (1.2 g, 5 mM)

was added formaldehyde (15 mM, 40% W/V) and the pH of the
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reaction mixture was adjusted to 8.5 by the slow addition of

ammonium hydroxide solution. After filtration the filtrate was

allowed to stand at room temperature for 7 days. The dark blue

solution was evaporated on a boiling water bath to 20 ml and

cooled. Blue needle shaped crystals obtained were filtered,

washed with ethanol and acetone and dried under reduced pressure

at 50 °C for 12 h.

2.2.7 Bis(4-methvloxazolidine-4-carboxvlato)copper(II)

dihvdrate (6) 1 0

To an aqueous solution of Cu (DL-ala) 2 • H20 (1.2 g, 5 mM) was

added formaldehyde (15 ml, 40% W/V) and stirred. The pH was

adjusted to 8.5 by the addition of concentrated ammonium

hydroxide. The reaction mixture was allowed to stand for 7 days

at room temperature hence deep blue crystals appeared. These

were filtered, washed successively with cold distilled water,

ethanol and acetone and were finally dried under reduced pressure

at 50 "C for 12 h.

2.2.8 FN.N'-l.3-(2-oxapropanedivl)bisfoxazolidine-4-carboxvlatoi

copper(II) (7) ;

To an aqueous solution (50 ml) of Cu(DL-ser)2 (1.35 g, 5 mM)

excess formaldehyde (15 ml, 40% W/V) was added and the reaction

mixture was stirred and filtered. The filtrate (pH ca. 4.5) was

allowed to stand at room temperature for 7 days. The blue micro-

crystalline product was filtered, washed successively with dis-

tilled water, ethanol and diethyl ether and finally dried under

reduced pressure at 50 C for 12 h.
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2.2.9 fN.N'-l,3- (2 -oxapropanediyl) bis (5-methyloxazolidine-4 -car-

boxvlato) 1 copper(II) monohvdrate (8)

The complex (8) was prepared from Cu(DL-thr)2 by the method

described for the complex, 7. The product was deep blue coloured

and crystalline.

2.2.10 Bis(2-methyloxazolidine-4-carboxvlato) copper(II)

dihvdrate (9)

To an aqueous solution (50 ml) of Cu(DL-ser)2 was added

freshly cracked acetaldehydex (5 ml) , the reaction mixture was

stirred well and allowed to stand. The blue crystalline product

deposited within 6 h was filtered and treated as described for

the complex 7.

Cu(DL-thr)2 under the same experimental conditions yielded

the complex 1.

2 . 2.11 Bisi5-methvloxazolidine-4-carboxvlat.O)copper(II)

dihvdrate (10)

To an aqueous solution (50 ml) of Cu(DL-thr)2 (1.50 g, 5 mM)

was added formaldehyde (10 ml, 4 0% W/V) . The pH of the reaction

mixture was adjusted 8.5 by the addition of sodium bicarbonate

and filtered. The filtrate was allowed to stand at room

temperature for 2 days. The blue crystalline product obtained

was treated as described for the complex 7. Use of concentrated

ammonium hydroxide instead of sodium bicarbonate also yielded the

same product.

Cu(DL-ser)2 under the same experimental conditions yielded

the complex 2.
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2.2.11 Copper(II) complexes of ethene-bridged-a-amino acids

The Cu(II) complexes of ethene-bridged amino acids, glycine

(11), L-alanine11 (12) and L-isoleucine11 (13) were prepared by

the following general procedure.

To the appropriate ethene-bridged amino acid (5 mM) in 50 ml

water was added excess basic copper carbonate. The reaction

mixture was heated for 3 0 min on a boiling water bath and

filtered to remove unreacted copper carbonate. The resultant

blue solution was evaporated to one third of its volume on a

boiling water bath. Blue crystalline product formed after

cooling was filtered and dried at 50 °C under reduced pressure.

2.2.12 BisrL-(oxazolidine-4-carboxylato)1 copper(II)

monohydrate (14)

To an aqueous solution (30 ml) of Cu(L-ser)2-H20 (1.35 g, 5

mM) was added formaldehydp (10 ml, 40% W/V), stirred well and the

reaction mixture was filtered. The filtrate (pH was about 4.5)

was allowed to stand for 7 days. The dark blue product deposited

was filtered, washed successively with cold distilled water etha-

nol and diethyl ether and dried under reduced pressure at 50 °C

for 12 h.

2.2.13 Bis CL-(N-2-hydroxvmethvl-4-methyloxazolidine-4-carboxvl-

ato)copper(II) dihvdrate 15

The complex 15 was prepared by the same procedure described

for 14 from Cu(L-thr)2.H20. The product was washed with little

amount of cold distilled water and acetone and dried under

reduced pressure at 50 °C for 12 h.
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The Cu(II) complexes of D-serine and D-threonine also

undergo similar reaction yielding the corresponding D-products.

2.2.14 F3N.7N-f1.3.5.7-Tetraazabicvclo\3.3.11nonvl)di-3-propion-

atoi copperfII) 16

To an aqueous solution (50 xnL) of Cu(6-ala)2.2H2O (1.4 g, 5

mM) was added formaldehyde (10 ml, 4 0% W/V) and the pH was adjus-

ted to 8.5 by the.addition of concentrated ammonium hydroxide.

The reaction mixture was allowed to stand at room temperature for

7 days. The dark blue crystalline product formed was filtered,

washed successively with ethanol and diethyl ether and dried at

50 °C under reduced pressure for 12 h.

The complexes 7-10 and 14-16 are new. Analytical data for

all the complexes are collected in Table 2.1. Details of

structural elucidation of the new complexes (7-10 and 14-16) are

presented in Chapters III ana iv.

2.2.15 (N-salicvlidene-amino acidato)copper(II) complexes

rcu(sal-aa)(H20)1

The Cu(II) complexes of N-salicylidene-amino acid ligands

derived from salicylaldehyde and various amino acids viz. .

glycine [Cu(sal-gly) (H20) ] , L-alanine [Cu(sal-ala) (H2O) ] , L-

serine [Cu(sal-ser)(H20)], L-threonine (sal-thr)(H20)] and R-

alanine [Cu(sal-B-ala)(H20) were prepared according to a general

method.12

In a typical preparation, a solution of salicylaldehyde

(0.61 g, 5 mM) in ethanol (30 ml) was added to the appropriate
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amino acid (5 mM) in water (15 ml) followed by aqueous NaOH (10

mM) and the reaction mixture was stirred for 24 h. The resulting

precipitate was removed by filtration, recrystallized from water

and dried under reduced pressure at 50 °C for 12 h.

2.2.16 Adducts of Cufsal-aa)fH^O) complexes

The imidazole, pyrazole and pyridine adducts of the Cu(sal-

aa)(H2O) complexes were prepared by a known general procedure.
13

A solution of Cu(sal-aa)(H2O) (5 mM) in 3:1, ethanol:H20 (150 ml)

was heated up to boiling and the ligand (10 mM) was added. The

solution was filtered and allowed to cool. Dark green product

separated was removed and recrystallized from methanol.

Analytical data for the Cu(sal-aa)(H20) complexes and the

imidazole [Cu(sal-aa) (im)], pyrazole [Cu(sal-aa) (pz) ] and

pyridine [Cu(sal-aa)(py)] adducts are collected in Table 2.2.

2.3 Physical measurements

2.3.1 Spectroscopic studies

The C, H and N elemental analyses were performed on a Perkin

Elmer 2 4 0C Elemental Analyzer. Infrared spectra were recorded on

a Perkin-Elmer 297 Spectrometer in the region 4000-600 cm"1 as

KBr pellets. Solution electronic spectral measurements were

carried out using either a Shimadzu 200S double beam Spectro-

photometer or a Perkin-Elmer Lambda 3B UV/VIS Spectro-photometer.

The CD spectra were recorded on a JASCO J2 0 instrument in the

wavelength region 700-400 nm. ESR spectra were recorded in the

solution and frozen-glassy states on a JEOL FE-3X Spectrometer

using DPPH as the internal standard. Quartz tubes were used for
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Table 2.1. Analytical data for the complexes 1-16

Complex

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

37.

37.

33.

34.

39.

33.

35.

37.

33.

34.

23.

36.

39.

30.

34.

39.

C

,2(37

5(37

6(33

9(35

4(39

4(33

2(35

5(37

4(33

0(33

2 (23

2(36

8(39

5(30

3(34

4(39

.2)

•9)

.8)

.2)

.6)

•4)

.6)

.6)

•4)

•4)

.3)

.2)

.8)

.6)

.3)

.6)

6.

4.

4.

4.

5.

5.

4-

5.

5.

5.

5.

5.

8.

4.

5.

5.

Found(Calcd.

H

1(6

1(4

5(4

7(4

5(5

4(5

2(4

2(5

4(5.

5(5,

7(5,

4(5.

3 (8.

7(4.

7(5.

4(5.

.2)

.2)

.5)

.6)

•4)

.6)

.2)

.2)

.6)

.6)

•9)

.3)

•4)

.5)

,8)

4)

7

7

8

18

16

7

8

7

7

8

10

10

7

8

6

16

) %

N

.2(7.

.5(7.

.0(7.

.3(18

.9(16

.8(7.

.2(8.

.3(7.

.7(7.

.0(7.

.4(10

.6(10

.81'/.

.7(8.

.8(6.

.6(16

2)

4)

9)

.1)

.8)

8)

3)

3)

8)

8)

.5)

.5)

7)

9)

7)

.8)

16

16

17

20

18

17

18

16

17

17

20

23

17

19

15

18

Cu

.5(16.

.5(16.

.6(17.

.5(20.

.7(19.

.5(17.

.7(18.

.5(16.

.6(17.

.5(17.

.3(20.

.8(23.

. '-i (17 .

.8(20.

.0(15.

.7(19.

4)

7)

9)

7)

0)

7)

8)

6)

7)

7)

5)

9)

6)

2)

1)

1)
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Table 2.2. Analytical data for Cu(sal-aa)(H20) complexes and

their (im), (pz) and (py) adducts.

Found (Calcd.)%
Complex

C H N Cu

Cu(sal-gly)lhH2° 40.3(40.4) 3.7(3.8) 5.3 (5.2) 23.6(23.7)

Cu(sal-gly)im 46.8(46.7) 3.7(3.6) 13.5(13.6) 20.4(20.6)

Cu(sal-gly)pzH2O 44.2(44.1) 4.05(4.0) 12.8(12.9) 19.3(19.5)

Cu(sal-gly)py 52.5(52.6) 3.8(3.8) 8.8 (8.8) 19.7(19.9)

Cu(sal-ala)2H2O 41.3(41.3) 4.6(4.5) 4.9 (4.8) 21.7(21.9)

Cu(sal-ala)im 48.4(48.4) 4.1(4.1) 13.2(13.0) 19.5(19.7)

Cu(sal-ala)pz 48.3(48.4) 4.2(4.1) 13.2(13.0) 19.1(19.7)

Cu(sal-ala)py 54.1(54.0) 4.2(4.2) 8.4 (8.4) 19.7(19.0)

Cu(sal-ser)2H2O 39.2(39.1) 4.3(4.3) 4.4 (4.6) 20.7(20.7)

Cu(sal-ser)im 45.8(46.1) 4.0(3.9) 14.5(14.4) 19.0(18.8)

Cu(sal-ser)pz 46.1(46.1) 3.9(3.9) 12.3(12.4) 18.9(18.8)

Cu(sal-ser)py 51.5(51.5) 4.0(4.0) 7.9 (8.0) 18.2(18.1)

Cu(sal-thr)2H2O 41.1(41.2) 4.8(4.7) 4.4 (4.4) 19.7(19.8)

Cu(sal-thr)im 47.6(47.7) 4.3(4.3) 12.0(11.9) 18.1(18.0)

Cu(sal-thr)pz 47.7(47.6) 4.3(4.3) 11.9(11.9) 18.0(18.0)

Cu(sal-thr)py 52.8(52.8) 4.5(4.4) 7.8 (7.7) 17.4(17.5)

Cu(sal-6-ala)H20 44.1(44.0) 4.1(4.0) 5.2 (5.1) 23.1(23.3)

Cu(sal-B-ala)im 48.3(48.4) 4.2(4.1) 12.9(13.0) 19.4(19.7)

Cu(sal-6-ala)pz 48.3(48.4) 4.0(4.0) 13.1(13.0) 19.6(19.7)

Cu(sal-B-ala)py 54.1(54.0) 4.3(4.2) 8.4 (8.4) 19.0(19.0)
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frozen solutions, while a quartz water solution cell was employed

to collect room temperature spectra. JEOL NM 7700 'Temperature

Controller was used for low temperature measurements. Solutions

of 0.005 M concentration of the Cu(II) complexes (in 95:5,

waterrmethanol mixture) were used to record frozen-glassy ESR

spectra.

2.3.2 Measurement of pH

The pH of the solutions was .measured using an EC Model pH

5651 digital pH meter.

2.3.3 Electrochemical experiments

Cyclic and differential pulse voltammetric experiments were

carried out using a Princeton Applied Research 370 Electro-

chemistry System, consisting of Model 174 Polarographic Analyzer,

Model 175 Universal Programmer, RE 0074 XY Recorder and a 374

three-eiectrode cell system. Metrohm E410 Hanging Mercury Drop

Electrode (HMDE) was used as the working electrode along with a

Pt-wire auxiliary electrode and a PAR Model 9331 saturated

calomel reference electrode (SCE). The experiments were carried

out for 0.001 M solution of the complexes under nitrogen atmos-

phere using sodium perchlorate (0.1 M) as the supporting electro-

lyte. For pH adjustment dilute solution of perchloric acid or

sodium hydroxide were used.
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and M.R. Snow, Ĵ . Am. Chem. Soc. 1973, 95, 2034.

7. S.B. Teo and S.G. Teoh, Inorq. Chim. Acta 1984, 91, L17.

8. S.B. Teo, S.G. Teoh and M.R. Snow, ibid. 1985, 85, LI.

9. S.B. Teo, C.-H. Ng and E.R.T. Tiekink, ibid. 1989, 163, 129.

10. S.B. Teo, S.G. Teoh and M.R. Snow, ibid. 1985, 107, 211.

11. B.M. Katz, V.I. Stenberg, Polyhedron 1985 4, 2031.

12. M.R. Wagner and F.A. Walker, Inorq. Chem. 1983, 22, 3021.

13. G. Plesch, C. Friebel, O. Svajlemova and Kratsmar-Smogrovic

Inorq. Chim. Acta 1987, 129, 81.



CHAPTER III

CONDENSATION PRODUCTS OF COPPER(II)-a-AMINO ACID COMPLEXES

2.1 Abstract

Condensation reactions of Cu(II) complexes of DL-s^ri/ie and

DL-threonine with aliphatic aldehydes such as formaldehyde and

acetaldehyde are investigated. The products obtained are charac-

terized by spectral and analytical data. The new complexes toge-

ther with a few known condensation products of Cu(II) - a-amino

acid compJexes are studied by electronic spectral, ESR, cyclic

voltammetric and differential pulse voltammetric techniques in

aqueous media at various pH conditions. Spectral data indicate

tetrahedral distortion in the complexes as the ligand system

varies. Electrochemical data reveal involvement of Cu(l) inter-

mediate species in their redox process. A general conclusion,

more the planarity of the system, more negative is the
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Cu(II)/Cu(I) reduction potential, less stable is the Cu(I) inter-

mediate species and less reversible is the redox process, has

been achieved. Flexibility of the ligand system also influences

considerably reversibility of the redox process as evidenced by

the irreversible Cu(II)/Cu(I) reduction observed for two of the

complexes, which contain rigid pentamethylenediaza group bridging

the two amino acid units. Another complex, (N,N'-1,2-ethane-

diyl)bis(glycinato)copper(II) , exhibits a unique redox behaviour,

which is attributed to weak intermolecular interaction present

between the metal centres in aqueous solution.

Spectral data at low pHs categorize the complexes into two

groups viz.. unbridged and bridged. The unbridged complexes exhi-

bit formation of various protonated species at low pHs, [CuL]+

(where L = ligand anion) being the dominant species. For the

bridged complexes, species formation could not be detected by the

spectral techniques. Electrochemical data at low pH? -~v*nl th=>̂

only the bis complex species undergo close to reversible

Cu(II)/Cu(I) redox process. Bridged complexes show shift of

Cu(II)/Cu(I) redox potential towards less negative potentials on

lowering pH, which is related to protonation leading to change in

ligand CFSE.

3.2 INTRODUCTION

In recent years, extensive studies have been carried out on

the condensation reactions of bis( a-amino acidato)copper(II)

complexes with formaldehyde and acetaldehyde as briefly discussed

in Chapter I. Most of these investigations are on Cu(gly)2 or

Cu(a-ala)2 while the complexes of several other amino acids have
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received only scant attention.1"6 in this respect, we have in-

vestigated the condensation reactions of Cu(II) complexes of DL-

serine and DL-threonine with formaldehyde and acetaldehyde at

various experimental conditions.

The new products together with some known condensation

products are having the same CuN2O2 chromophore, however their

geometry may vary since the complexes are having different subs-

tituents at the a-carbon and/or amino nitrogen atoms. It is

known that tetrahedral distortion and electron donor properties

are the important factors which influence redox properties of

Cu(II) complexes.7"10 Therefore, redox properties of the

condensation products were investigated to see if any correlation

between geometry and redox properties exists. Though precise

estimation of geometry or the tetrahedral distortion of the comp-

lexes in solution is not facile, reasonable estimation can be

obtained from their solution electronic absorption and ESR

spectral data.11"14 Hence, electronic and ESR spectral tech-

niques have been used to gain an insight into the geometry of the

complexes in aqueous media. Similar investigations have received

considerable interest in recent years towards the understanding

of the * unique' spectral and redox properties of the type I or

xblue' Cu(II) sites in metallo-proteins.15~20

3.3 EXPERIMENTAL

3.3.1 Preparation o£ complexes

* The complexes, bis(2, 5-dimethyloxazolidine-4-carboxylato)-

copper(II) dihydrate (1), bis(dihydro-lH,3H,5H-oxazolo[3,4-c]oxa-
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zole-7a-carboxylato)copper(II) (2) , bis[N-(1,3-dioxa-5-azacyclo-

hexyl)acetato]copper(II) (3), [3N,7N-(1,3,5,7-tetraazabicyclo-

[3.3.1]nonyl)diacetato]copper(II) (4) , [3N,7N-(1,3,5,7-tetraaza-

bicyclo[3.3. l]nonyl) di-2-propionato]copper (II) (5) , bis (4 -methyl -

oxazolidine-4/-carboxylato) copper(II) dihydrate (6), [N,N'-1,3-

(2-oxapropanediyl) bis (oxazolidine-4-carboxylato] copper (II) (7) ,

[N, N' -1, 3- (2-oxapropanediyl) bis (5-methyloxazolidine-4-carboxy-

lato] copper(II) monohydrate (8), bis(5-methyloxazolidine-4-

carboxylato)copper(II) dihydrate (9), bis(2-methyloxazolidine-4-

carboxylato)copper(II) dihydrate (10), [(N,N'-ethanediyl)bis-

(glycinato) copper (II) tetrahydrate (11), [(N,N'-ethanediyl)bis(L-

alaninato)copper(II) (12), [ (N,N'-ethanediyl)bis(L-isoleucin-

ato)copper(II) dihydrate (13) were prepared as described in

Section 2.2.

3.3.2 Physical measurements

The general techniques employed are briefly dxscuobeu in

Section 2.3.

3.4 Results and discussion

3.4.1 Structure of the complexes

Analytical data of the complexes are given in Table 2.1. The

known complexes 1-6 and 11-13 were prepared according to the

reported procedures (Section 2.2). Their purity was checked by

analytical data and IR spectra. The new complexes 7-9 were

prepared as described in Section 2.2. Various reactions leading

to the formation of complexes 1-10 and the structures of 11-13

are shown in Figure 3.1. The structures of the new complexes

were deduced from the following data:
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MeCHO V'x'/'f I \ / I
Cu(DL-ser)2 > Cu I / \ L̂  12 R = Mel^A R R

Figure 3.1. Reactions leading to the formation of complexes 1-10

and structures of complexes 11-13.

(i) a closely spaced set of three IR bands is observed in

the region 1200-1080 cm"1 for the complexes 7-10, which is

characteristic of oxazolidine ring system;

(ii) complex 7 does not show IR bands above 3100 cm"1

indicating the absence of both -OH and >NH groups;

(iii) complex 8 shows presence of an IR band at 3500 cm" ,

indicating the presence of -OH group;

(iv) complexes 9 and 10 show presence of both -OH and >NH

groups since the characteristic bands are present;

(v) the complexes obtained from Cu(DL-ser) 2, 7, 10 and the

complexes obtained from Cu(DL-thr)2, 8 and 9, on decomposition by

treatment of H2S in acid media yield the parent amino acids

(copper being separated as insoluble CuS), implying that the

condensation has not taken place at the a-carbon atom.

Relevant IR data are presented in Table 3.1. Analytical

data collected in Table 2.1 further support the structures

proposed.
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Table 3.1. IR data for the complexes 7-10

Complex Bands Assignment

7

8

10

1180, 1135, 1080 (t)

1150, 1120, 1090 (t) ;
3580, 3440

1125, 1100, 1080 (t);
3440, 3200

1180, 1160, 1120 (t);
3500, 3200

oxazolidine ring

oxazolidine ring;
OH and >NH groups

oxazolidine ring;
OH and >NH groups

Oxazolidine ring;
OH and ^NH groups

t = three closely spaced bands.

Based on their structural features, the complexes are

categorized into two groups:

(i) unbridged complexes, those which are having their

nitrogens unbridged and having the composition CuL2 (1-3, 6, 9

and 10) ;

(ii) bridged complexes, those which are having their

nitrogens bridged by a pentamethylenediaza group (4 and 5) , di-

methyleneether group (7 and 8) or ethene group (11-13) and

having CuL composition.

3.4.2 Electronic and ESR spectral data

The condensation products 1-10 and the Cu(II) complexes of

ethene-bridged-a-amino acids, 11-13 can be expected to possess

geometry of varying tetrahedral distortion since they are

substituted differently. Electronic and ESR spectral data were

collected in order to find out, the order by which the complexes
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vary in their tetrahedral distortion. The data were also

collected at lower pHs to follow protonation and subsequent

formation of different protonated species.

The unbridged complexes at neutral pH exhibit the d-d

transition in the wavelength region 635-620 nm. The pentamethyl-

enetetraaza-bridged complexes (4 and 5) exhibit the d-d band at

610 nm while the ethene-bridged complexes (11-13) exhibit the

band in the higher wavelength region 670-640 nm. The dimethylene-

ether-bridged complexes (7 and 8) exhibit the d-d band similar to

the unbridged complexes in the wavelength region 63 5-62 0 nm.

For all complexes ESR spectra were recorded in aqueous media

at room temperature at neutral and lower pHs. At neutral pH, the

complexes exhibit the normal four-line profiles. The spectra

shows poorly resolved superhyperfine splitting of coordinated

nitrogens. ESR parameters for all complexes are collected in

Table 3.2. It could be seen from the data that, g-iso and A^

values for all the unbridged complexes are ca. 2.120 and ca. 70 G

respectively and do not vary considerably from complex to

complex. The pentamethylenediaza-bridged complexes 4 and 5 show

the lowest gi s o value, 2.101 and the highest A^so value 75 G; the

ethene-bridged complexes exhibit <3iso values ca. 2.115 and A^so

ca. 7 3 G while the dimethyleneether^bridged complexes exhibit

and A^so values similar to the unbridged complexes.

It is generally accepted that the g values decrease and A

values increase as the planar ligand field becomes stronger^^~24

and this is accompanied by a blue shift of the d-d absorption
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bands.25 On the basis of the ^TOav values and the ESR
iiidx

parameters, the complexes appear to have the following order of

increasing tetrahedral distortion:

4,5 < 11-13 < 1-3, 6-10

At low pHs, the electronic spectral behaviour exhibited by

the complexes is distinct for the unbridged and bridged

complexes. The unbridged complexes exhibit a gradual shift of

^max v a l u e s towards low energy region (red shift). These

complexes exhibit the d-d band at 720 nir. at pK 4; on further

decrease of pH decomplexation occurs resulting disappearance of

the d-d band.

The red shift of the d-d band observed for the unbridged

complexes at lower pHs parallels the behaviour exhibited by

bis(a-amino acidato)copper(II) complexes, which is explained to

arise from the formation of various protonated species, [CuL2H]',

[CuL]+, [CuLH]2+ etc. where LH = a-amino acid. At lower pHs

[CuL]+ has been shown to be the most predominant species. The

bridged complexes do not exhibit any shift in their d-d band

position on lowering pH indicating that the protonation does not

effect any change in geometry. Electronic spectra of representa-

tive complexes at various pHs are shown in Figure 3.2 and the

data collected in Table 3.2.

ESR spectra of the complexes in aqueous media at various pHs

also differentiate the unbridged and bridged complexes. The

bridged complexes exhibit normal four-line (21+1) pattern,



50

UJ

z
<
m
a.
o
to
CD

500 600

WAVELENGTH ( n m )

CD
cr
o
VI
m

500

700 800

6 00 7OU 8 0 0

WAVELENGTH ( n m )

Figure 3.2. Electronic spectra of an unbridged complex, 1, (A)

and a bridged complex, 4, (B) in aqueous media at

various pHs.
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pH7-5

= 70-0

= 2-12O

A=700G
g=2-H9

g=2-117

A =71-0 0

t
32OOG

Figure 3.3. ESR spectra of an unbridged ccplex, 2, (A) and a

bridged complex, 8, (B) in aqueous media at various
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Table 3.2. Electronic and ESR data of the complexes 1-13 at various pHs.

Complex PH •max
( nm)

Aiso
(G)

Complex PH ^ max
(nm)

9iso is
(G)

7.1
5.9
4.8
4.1

7.5
6.0
5.6
4.5

7.3
5.5
4.4
3.9

7.2
5.6
2.1
1.2

7.0
5.0
3.5
1.4

7.5
6.0
5.0
4.3

7.1
4.7
3.7
2.0

625
650
710
720

630
660
710
720

635
690
720
720

615
615
615
615

610
610
610
610

620
650
710
710

635
635
635
b

2.121
2,) S3
2.153
2.150

2.120
2.12"*
2.142
2.148

2.120
2.148
2,151
a

2.101
2.101
2.101
2.101

2.114
2.113
2.113
2.113

2.114
2,151
2.144
2.152

2.120
2.123
2.123
a

69.3
56.7
56.7
56.7

70.0
70.0
53.3
5.67

65.0
56.7
56.7
a

73.3
75.0
75.0
75.0

75.0
75.0
75.0
75.0

71.0
56.7
56.0
5.83

67.7
70.0
71.0
a

10

11

12

13

7.0
5.9
5.1
2.0

7.5
5.9
4.9
4.2

7.0
6.1
4.7
4.1

7.0
5.5
4.1
2.5

7.0
5.3
3.8
2.5

7.1
5.3
3.7
2.3

635
635
635
b

620
67C
710
720

620
670
710
720

670
670
670
b

640
640
640
H

645
640
645
b

2.119
2.121
2.119
a

2.119

2.154
2.146

2.120
2.118
2.156
2.150

2.120
2.120
2.120
a

2.118
2.118
2.118
a

2.114
2.118
2.113
a

70.0
71.0
72.0
a

70.0
73.C
54.0
55.0

69.3
70.0
52.0
56.6

66.7
66.7
66.7
a

73.8
73.3
73.3
a

73.7
73.8
76.6
a

aFour-line ESR profile absent; the d-d band absent.



53

commensurate with Cu(II) complexes; in the pH range 6-5, a five-

line pattern is obtained, at still lower pHs ( < 5 ) a four-line

pattern with change in gi s o and A i s o values appears. The change

o f 9iso and A i s o values, from 2.120 and 70 G respectively at

neutral pH to 2.150 and 55 G at pH < 5, suggests formation of

different species at low pHs. The appearance of five-line pattern

in the pH range 6-5 is due to the of presence of both protonated

and neutral species. Similar ESR spectral changes have been

observed for bis(a-amino acidato) copper(II) complexes also and

were attributed to formation of [CuL]+ species at lower pHs.

The bridged complexes do not exhibit change in g^so and A^so

values on lowering pH, indicating absence of change in geometry

accompanying the pH lowering. Besides, the complexes are more

stable towards decomplexation than the unbridged complexes as

evidenced by the observation of four-line ESR pattern at a pH, as

low as 2. Electronic spectra also exhibit the d-d band at low pHs

(ca. up to pH 2.0). These observations reveal that the bridged

complexes are more stable towards protonation followed by decomp-

lexation in comparison to the unbridged complexes. The enhanced

stability is attributable to the additional chelation present in

the bridged complexes. Representative ESR spectra of the two

types of complexes at various pHs are shown in Figure 3.3 and

data collected in Table 2.2.

3.4.3 Electrochemical data

*••••'• CV and DPV data were collected for the analytically pure

complexes in aqueous media at the dissolution pH (ca. 7.0).

Experimental procedure is given in Section 2.3. CV and DPV pro-
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files of all complexes except those of 4, 5 and 11 were similar

as shown in Figure 3.4. The experimental observations made for

the complexes complexes 1-3, 6-10, 12 and 13 can be summarized as

follows:

(i) only one reduction peak (C) appears in the first forward

scan, the peak potential varies for each complex and the value is

in the range -0.25 to -0.33 V;

(ii) during the reverse scan an anodic peak (D) in the

potential range -0.13 to -0.26 V and another oxidation peak at

ca. 0.03 V appear;

(iii) a new cathodic peak (A) appears from the second scan

onwards at -0.01 V;

(iv) the C-D peaks form a redox couple with a peak separa-

tion value, AEp,(C,D) of ca. 60-70 mV and the A-B peaks form

another redox couple with AEp,(A,B) value ca. 30-40 mV;

(v) A-B redox couple deer r.~>t appear, if the scan is rever-

sed before the appearance of peak C (at -0.20 V) ;

(vi) holding the potential well past the peak C for one

min and scanning back, heights of A-B peaks increase considerably

while the effect on C-D peaks is marginal;

(vii) the peak potential values do not vary considerably at

various scan rates.

The peak C which appears from the first scan onwards can be

due to either the one-electron Cu(II) ^==± Cu(I) process or the

two-electron Cu(II) ̂ ^ Cu(0) process. If it is due to the one-

electron reduction, the oxidation peak D, which appears on rever-

sing the scan, with AEp,(C,D) value ca_, 60 mV can be explained to
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o

0-1 -0-2 -0-3 -Qi.00 -0-1

VOLTS

Figure 3.4. CV and DPV profiles of the complex 3 at various scan

rates: 0.010 V/s ( ); 0.020 V/s ( ); 0.050 V/s



arise from the corresponding oxidation i.e. the electrochemical

process should involve Cu(I) intermediate species. The observa-

tion of A-B redox couple having AEp value ca. 30 mV indicates

clearly that this is not a one-electron process and can be a two-

electron process. The potential at which the process occurs (ca.

+0.01 V) is comparable to the Cu(II)/Cu(0) potential of free

Cu(II) ions in aqueous media. Therefore, the A-B peaks must be

due to Cu(II)(aq)/Cu(0)(Hg) redox couple, which necessitates the

presence of Cu(0) (Hg) . As it could be seen from the observations

presented above, the complexes do not show the A-B peaks if the

potential scan is reversed at -0.2 0 V, i.e. before the appearance

of peak C which shows that the electrochemically produced Cu(I)

species undergoes partial decomposition before getting oxidized

to Cu(II) complex species on the reverse scan into Cu(II)(aq)

ions and Cu(0)(Hg). Based on these arguments, the electrochemical

processes can be presented as follows:

Cu(II) _ l e * Cu(I) (3.1)

2Cu(I) Chemical reaction > C u ( I I ) ( a q ) +Cu(0)(Hg) (3.2)

Cu(0)(Hg) 2e» Cu(II)(aq) (3.3)

The AEp value is close to 60 mV and -ic/ia ca. 1 (Table 3.3) for

the C-D peaks supporting the mechanism. Similar electrochemical

behaviour has been observed for the parent bis(ot-amino acidato)-

2 "7 0 8

copper(II) complexes and a few Cu(II)-dipeptide complexes. '

The complexes 4 and 5 exhibit different cyclic voltammetric beha-

viour, the major observations are as follows:
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^ i ^ of the complex 4 at various scanprofiles of

). 0.020 v/s ( — ) ; o.oso v/s
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T.iblo 3.

Complex

1

2

3

4

5

6

7

8

9

10

11

12

13

3. Cyclic voltammetnr

media at

Scan
rate
(V/s)

0.01
0.02
0.05

0.01
0.02
0.05

0.01
0.02
0.05

0.01
0.02
0.05

0.01
0.02
0.05

0.01
0.02
0.05

0.01
0.02
0.05

0.01
0.02
0.05

0.01
0.02
0.05

0.01
0.02
0.05

0.01

0.02

0.05

0.01
0.02
0.05

0.01
0.02
0.05

different

Aa

-0.03
-0.04
-0.05

-0.02
-0.02
-0.02

-0.03
-0.03
-0.03

0.01
0.01

-0.01

-0.01
-0.01
-0.01

-0.01
-0.02
-0.02

-0.02
-0.04
-0.04

-0.03
-0.02
-0.02

-0.01
-0.02
-0.02

-0.04
-0.04
-0.05

-0.02

-0.02

-0.02

0.00
0.00

-0.02

0.00
-0.03
-0.03

data of the c

scan

E

B

0.02
0.03
0.03

0.04
0.04
0.06

0.03
0.03
0.03

0.04
0.04
0.04

0.02
0.02
0.02

0.03
0.02
0.02

0.03
0.03
0.03

0.03
0.03
0.03

0.03
0.03
0.03

0.02
0.02
0.02

0.05

0.05

0.06

0.04
0.05
0.05

0.03
0.04
0.04

rates.

p(V)

C

_ ft

-0.
-0.

-0.
-0.
-0.

-0.
-0.
-0.

-0.
-0.
-0.

-0.
-0.
-0.

-0.
-0.
-0.

-0.
-0.
-0.

-0.
-0.
-0.

-0.
-0.
-0.

-0.
-0.
-0.

-0.
(-0.
-0.
(-0.
-0.
(-0.

-0.
-0.
-0.

-0.
-0.
-0.

27
27
28

26
26
26

29
2<;
30

51
51
50

53
53
53

27
27
27

28
28
29

25
26
26

25
26
26

27
28
28

30
41)
30
41)
30
41)

34
34
35

33
34
34

omplexes 1

D

-0.21
-0.21
-0.19

- 0 - 2 0
-0.20
-0.18

-0.23
-0.22
-0.21

b
b
b

b
b
b

-0.21
-0.21
-0.20

-0.22
-0.22
-0.21

-0.19
-0.19
-0.17

-0.19
-0.19
-0.17

-0.21
-0.20
-0.19

-0.24
(-0.35)
-0.23
(-0.35)
-0.23
(-0.35)

-0.29
-0.28
-0.27

-0.27
-0.26
-0.25

-13 at the dissolution pH

AEp(C.D)
(V)

0.06
0.06
0.09

0.06
0.06
0.18

0.06
0.07
0.09

—

0.06
0.06
0.07

0.06
0.06
0.08

0.06
0.07
0.09

0.06
0.07
0.09

0.06
0.08
0.09

0.06
(0.06)
0.07
(0.06)
0.07
(0.06)

0.05
0.06
0.08

0.06
0.08
0.09

Ei(C.D)
(V)

-0.240
-0.240
-0.235

-0.230
-0.230
-0.220

-0.260
-0.255
-0.255

--

--

-0.240
-0.240
-0.235

-0.250
-0.250
-0.250

-0.220
-0.225
-0.235

-0.220
-0.225
-0.235

-0.240
-0.240
-0.235

-0.270
(-0.330)
-0.265
(-0.330)
-0.265
(-0.330)

-0.315
-0.310
-0.310

-0.300
-0.290
-0.295

in aqueous

-ic/:La
(CD)

1 .00
1.00
1.04

1.00
1.00
1.06

0.93
0.96
0.96

—

1.07
1.03
1.03

1.00
1.06
1.04

1.00
1.05
1.00

1.00
1.05
1.00

1.00
1.00
1.03

0.96
(1.00)
0.92
(1.00)
1.00
(1.00)

1.00
1.00
1.00

1.00
1.00
0.96

*Peak appears only in the second and subsequent scans;
 b

Peak not observed.

Values given in parentheses for the complex 11 correspond to the C and D' peak..
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(i) during the first forward scan a reduction peak (C)

appears at a more negative potential (-0.51 V for the complex 4

and -0.53 V for the complex 5);

(ii) on the reverse scan, the corresponding oxidation peak

(D) does not appear, however the two-electron oxidation peak, B

appears;

(iii) from the second scan onwards a new reduction peak A

appears forming a reversible two-electron redox couple (A-B)

similar to the rest of the complexes;

(iv) on reversing the scan before the appearance of peak C

the A-B peaks do not appear;

(v) if the potential is held at a potential well past peak C

and scanned back, the heights of A-B peaks increase considerably.

Cyclic voltammetric profiles of complex 4 are shown in

Figurf 3.5. The CV profiles and tb.p observations given above

reveal that these complexes undergo irreversible one-electron

reduction dissimilar to the complexes discussed before. However,

the redox behaviour of these complexes could be explained by the

same electrode mechanism except that the first step (equation

3.1) is irreversible implying that the Cu(I) intermediate species

is very unstable.

The complex 11 exhibits a unique cyclic voltammetric

behaviour. Two overlapping reduction peaks C and C appear for

this complex at -0.30 and -0.41 V during the first forward scan

and two oxidation peaks D' and D appear at -0.3 5 and -0.24 V on

the reverse scan. The observation of another oxidation peak (B)
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at +0.03 V and a new reduction peak (A) at -0.01 V from the

second scan onwards is similar to the other complexes of this

investigation, which exhibit reversible Cu(II)/Cu(I) redox

process. The appearance of the two overlapping redox couples C-D

and C'-D' requires special mention. CV profile of the complex is

shown in Figure 3.6.

A survey of literature on the redox properties of Cu(II)

complexes reveals that, no mono nuclear Cu(II) complex is

reported to exhibit similar redox behaviour. However, a wealth of

binuclear Cu(II) complexes have been found to exhibit such a

redox behaviour, * J J where the Cu(II) nuclei undergo sequential

one-electron reduction at two different potentials involving a

Cu(I)-Cu(II) intermediate species. In several instances the in-

volvement of Cu(I)-Cu(II) species has been convincingly

established.2 9 '3 1 It could also be noticed from the literature

surv«s> that mainly weakly interacting binurlosr Cu(II^ complexes

exhibit the sequential one-electron reduction process, ' ^ / J J -

while the strongly coupled systems show single two-electron

-JO

reduction also.

Since the complex 11 is mono nuclear, if the xunique' redox

behaviour is due to interaction of two Cu(II) nuclei, i t can be

only possible through intermolecular interaction. Interestingly,

the complex has been recently suggested to possess weak

intermolecular interaction on the basis of i t s inability to

quench superoxide34 while few other ethene-bridged-a-amino

acidato-copper(II) complexes have been found to quench super-

oxide. The xunique' redox behaviour of the complex can be
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C

B
D

0-1 0-0 •0-7 -0-2 -0-3

VOLTS vs SCE

-0-5 -0-6

Figure 3.6. CV profiles of the complex 11 at the scan rate 0.050

V/s in aqueous media at pH 7.2 in the absence of

ammonia ( ) and in the presence of ammonia ( ).



explained on the basis of weak intermolecular interaction of the

metal atoms. To establish the validity of this conclusion, the

following experiment was carried out:

Cyclic voltammogram was recorded for this complex in pre-

sence of ammonia (1:2, complex to ammonia ratio, at pH 7.0). It

was expected that ammonia being a good donor might enter the

apical coordination sites, thereby breaking the dimeric nature of

the complex.

CV profile in the presence of ammonia exhibits only C-D and

A-B couples as expected as shown in Figure 3.6. The redox couple

C'-D' does not appear. The following electrode mechanism is pro-

posed to explain the redox behaviour of the complex (similar to

the mechanism of the intramolecuarly coupled Cu(II) dinuclear

complexes):

Cu(II) Cu(II) ^ le» Cu(I) Cu(II) (3.4)

Cu(I) Cu(II) ^ l e^ Cu(I) Cu(I) <:.5)

Cu(I) Cu(I) Chemical reaction> Cu(II)(aq) +Cu(0)(Hg) (3.6)

Cu(0)(Hg) r - ^ Cu(II) (aq) (3.3)

The equations 3.4, 3.5 and 3.3 explain the redox couples C-D,

C'-D' and A-B respectively. The equation 3.6 is a chemical

reaction so it does not appear in the cyclic voltammogram.

As it could be seen from the Table 3.3, the Cu(II)/Cu(I)

redox potential, E^ (C,D) varies for each complex. For the un-

bridged complexes the value is in the range -0.23 to -0.25 V; for

the complexes 7 and 8 which have a three-membered dimethylene-

ether group bridging the nitrogens also exhibit E^ (C,D) value
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in the same, range. The complexes 11-13 which have a comparatively

short two-membered ethene group bridging the nitrogens, exhibit

the value in the potential range -0.27 to -0.31 V while the

complexes 4 and 5 which have a rigid pentamethylenediaza bridging

group exhibit irreversible Cu(II)/Cu(I) reduction at the poten-

tials -0.51 and -0.53 V respectively. The data can be presented

in the following order of decreasing potential value:

Unbridged complexes, dimethyleneether bridged complexes > ethene-

bridged complexes > > pentamethylenediaza bridged complexes.

Reversibility of the Cu(II)/Cu(I) process depends on the

stability of the Cu(I) intermediate species, and the species is

known to be stabilized by tetrahedral or pseudo-tetrahedral

environment around the metal ion. All the complexes are of the

^me CuN2°2 chromophore and nature of the coordinating groups

does not vary much for these complexes. Therefore, the main

factors which can influence the redox properties are the geometry

of the complexes and flexibility of the ligand systems.7"10 When

the redox properties of the unbridged and bridged complexes are

compared, it is obvious that the unbridged complexes can easily

undergo distortion towards tetrahedral geometry in order to

stabilize the Cu(I) intermediate species. The observation that

the complexes with three-membered bridges exhibit Ei, (C,D) values

similar to the unbridged complexes while the complexes with 2-

membered bridges exhibit more negative Ei. (C,D) values for the

Cu(H)/Cu(I) process shows that shortening of the bridging group

restricts the distortion. The complexes 4 and 5 are shown to be



64

the most planar from the electronic spectral and ESR data. Higher

planarity of the complexes explains the irreversibility of the

Cu(II)/Cu(I) reduction process exhibited by these complexes. The

inflexibility of the pentamethylenediaza bridging group may also

be another reason.

The investigation on the present set of complexes

demonstrates that the geometry of the complexes (as revealed from

the ^ m a x values and ESR parameters) is reflected in their redox

behaviour. More the planarity of the complexes, more negative is

the Cu(II)/Cu(I) reduction potential, less stable is the Cu(I)

intermediate species and less reversible is the redox process.

On lowering pH, two different types of electronic and ESR

spectral behaviour have been observed for the complexes. The

unbridged complexes produce various protonated species at lower

pHs and [CuL]+ species has been found to be predominant species

at pH 4.5 whereas the bridged complexes do not exhibit any shift

in ^ m a x value, so as to ascribe to any species formation.

Therefore, it is useful to investigate the low pH cyclic

voltammetric behaviour of all complexes.

The unbridged complexes exhibit the following changes on

lowering pH: i) no considerable shift in both C-D and A-B

couples observed; ii) the heights of peaks C and D decrease while

that of A-B peaks increase; iii) peak A starts appearing from the

first scan onwards; iv) at decomplexation pH (ca. 4) only the A-B

peaks appear. The bridged complexes also exhibit decrease in

peak heights of the C-D couple and increase in the peak heights
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z
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0-1 0-0 -0 .1 -0-2 -0-3

POTENTIAL ( V )

figure 3.7. CV and DPV profiles of an unbridged complex, 3, at

scan rates 0.050 and 0.010 V/s respectively at

various pHs: pH 7.3 ( ); pH 5.5 ( — ) ; pH 4.4 ( );

pH 3 . 9 ( ) •
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Figure 3.8. CV and DPV profiles of a bridged complex, 7, at

scan rates 0.010 and 0.050 V/s respectively at

various pHs: pH 7.1 ( ) ; pH 4.7 ( ) ; p H 3.7
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of A-B couple. However, the complexes exhibit gradual shift of

Cu(II))/Cu(I) redox potential towards less negative values. The

complexes do not decompose until very low pH fca. 2 for the

complexes 7, 8 and 11-13 and ca. 1 for the complexes 4 and 5).

Representative CV profiles for the unbridged and bridged comp-

lexes at various pHs are shown in Figures 3.7 and 3.8 respecti-

vely. CV data for all the complexes given in Table 3.4. The ob-

servations on the unbridged complexes reveal that only the bis

complex species undergoes Cu(II)/Cu(I) redox process; the [CuL]+

species undergo Cu(II)/Cu(O) redox process. For the bridged comp-

lexes though no electronic and ESR spectral changes could be

detected at low pHs, the complexes do get protonated. The proto-

nated species does not show change in geometry however the nature

of ligands is affected, probably the protonation weakens the

strength of ligand-metal bonds, effecting lowering of CFSE of the

ligands and hence shift of Cu(II)/Cu(I) redox potential towards

less negative values as is observed. Observations (iii) and (iv)

indicate that at pH < 4, decomplexation occurs with the formation

of Cu(II)(aq) ions. For the bridged complexes decomplexation

occurs at pH < 2.

DPV data were obtained for all the complexes at the same

experimental conditions as those of the CV experiments. The DPV

data corroborate the CV results. Representative profiles are

shown in Figures 3.4, 3.5, 3.7 and 3.8 and the DPV data presented

in Table 3.5. The n value (number of electrons) calculated from

the W^ values (half peak-width ) for C-D peaks approximates to

one, further supporting the conclusions drawn from the CV data.
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Table 3.4. Cyclic voltammetric data of the complexes 1-13

the scan rate 20 mV/s.

at various pHs in aqueous media at

Complex

1

2

3

4

5

6

7

8

9

10

11

pH

7.1
5.9
4.8
4.1

7.5
6.0
5.6
4.5

7.3
5.5
4.4
3.9

7.2
5.6
2.1
1.2

7.0
5.0
3.5
1.4

7.5
6.0
5.0
4.3

7.1
4.7
3.7
2.0

7.0
5.9
5.1
4.0

7.5
5.9
4.9
4.2

7.0
6.1
4.7
4.1

7.0

5.5

4.1

2.6

Aa

-0.04
-0.02
-0.02
-0.02

-0.02
-0.03
-0.03
-0.02

-0.03
-0.04
-0.03
-0.03

0.01
0.00
0.00

-0.02

-0.01
-0.01
-0.01
-0.01

-0.02
-0.02
-0.01
0.00

-0.04
-0.02
-0.01
0.00

-0.03
-0.03
-0.03
-0.3

-0.02
-0.02
-0.02
-0.03

-0.04
-0.04
-0.04
-0.03

0.00

0.01

0.01

0.00

B

0.03
0.03
0.04
0.04

0.04
0.04
G.G4
0.05

0.03
0.03
0.04
0.05

0.05
0.05
0.04
0.03

0.02
0.02
0.02
0.02

0.02
0.04
0.05
0.05

0.03
0.04
0.05
0.04

0.03
0.03
0.04
0.04

0.03
0.04
0.04
0.05

0.02
0.03
0.04
0.04

0.05

0.06

0.06

0.06

Ep(V)

C

-0.27
-0.27
-0.26

b

-0.26
-0.26
-0.25
b

-0.29
-0.29
-0.29
b

-0.51
-0.46
-0.26
-0.12

-0.62
-0.54
-0.34
-0.18

-0.27
-0.26
-0.25
b

-0.28
-0.28
-0.21
b

-0.25
-0.25
-0.24
b

-0.26
-0.24
-0.23
b

-0.28
-0.27
-0.27
b

-0.30
(-0.41)
-0.29
(-0.40)
-0.28
(-0.39)

b

D

-0.21
-0.21
-0.20

b

:0.20
-0.19
-0.19

b

-0.22
-0.22
-0.22
b

b
b
b
b

b
b
b
b

-0.21
-0.21
-0.20

b

-0.22
-0.22
b
b

-0.19
-0.19
-0.18
b

-0.19
-0.19
-0.17
b

-0.20
-0.20
-0.21

b

-0.23
(-0.34)
-0.23
(-0.33)
-0.21
(-0.33)

b

A3

16
46
70
100

24
32
50

120

35
90

160
260

14
24
40
46

8
14
26
42

22
50
72

110

25
90

150
220

12
22
40
84

16
66
82

100

44
44
52
120

24

34

50

65

B

16
28
50
110

24
34
54

120

35
90

160
240

12
20
36
40

8
18
30
44

10
56
90

110

24
85

165
200

12
24
42
96

18
66
94

120

24
32
64
126

40

50

62

110

ip(uA)

r»

42
32
18

4G
34
22

120
80
35
--

24
30
18
10

26
24
20
12

62
30
10
—

72
90
25
—

30
28
18
—

42
14
10
—

40
38
18
--

24
(24)
20
(18)
16
(14)
—

D

42
32
22

40
34
20

125
80
35
—

__

--

--

60
30
14
—

62
90
—
—

30
28
20
—

44
26
20
—

40
38
22
—

26
(24)
16
(18)
10
(14)
—
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12

13

7.0
5.3
3.6
2.5

7.1
4.4
3.7
2.3

0.00
0.00

-0.04
-0.03

-0.03
-0.02
-0.02
-0.05

0.05
0.05
0.03
0.04

0.04
0.04
0.04
0.05

-0.34
-0.34
-0.15
b

-0.33
-0.32
-0.12
b

-0.28
-0.28
b
b

-0.26
-0.26
b
b

16
16
20
34

6
14
32
50

18
16
32
40

8
22
48
48

36
36
24
—

36
16
10

36
36
--
—

36
14
--

Peak appeared from the second scan onwards; peak absent.

Values given in parentheses for the complex 11 correspond to the C and D' peaks.

Table 3.5. Differential pulse voltamnetric data of the complexes 1-13 in aqueous nedia at

various pHs at the scan rate 0.010 V/s.

Complex

1

2

3

4

5

6

7

8

9

10

7.
5.
4.

7.
6.
4.

7.
5.
3.

7.
5.
1.

7.
5.
1.

7.
6.

1

3
9
1

5
0
5

3
5
9

2
6
2

0
0
4

5
0

4,3

7.
4.
2.

7.
5.
4.

7,

s.
4.

7 t
6.
4.

1
6
0

e
9
0

5
9
2

o
1
1

Ab

-0.03
-0.04
-0.03

-0.03
-0.03
-0.04

-0.03
-0.03
-0.02

-0.03
-0.03
-0.03

-0.01
-0.01
-0.01

-0.02
-0.02
0.00

-0.03
-0.03
0.00

-0.03
-0.03
-0.04

-0.03
-0.03
-0.03

-0.02
-0.03
-0.03

0
0
0

0
0
0

0
0
0

0
0
0

0
0
0

n
0
0

0
0
0

0
0
0

0
0
0

0
0
0

B

.03

.03

.04

.04

.04

.04

.03

.03

.04

.04

.05

.03

.02

.02

.02

.03

.04

.05

.03

.03

.03

.03

.03

.04

.04

.05

.05

.03

.03

.03

Ep(V)

c

-0.27
-0.27
c

-0.25
-0.25

c

-0.29
-0.29
c

-0.50
-0.45
-0.11

-0.53
-0.42
-0.16

-0 = 27

-0.26
c

-0.28
-0.28
c

-0.24
-0.24
c

-0.25
-0.25
c

-0.27
-0.27
c

D

-0.21
-0.21
c

-0.20
-0.19
c

-0.23
-0.22
c

c
c
c

c
c
c

-0,21
-0.21
c

-0.22
-0.22
c

-0.17
-0.17
c

-0.19
-0.19
c

-0.21
-0.21
c

C

95
95
--

100
100
--

100
95
--

130
95
95

130
95
95

90
90

90
90

""

110
100

" • •

120
90

"'

110
95

Wi(mV)
2

D

100
90
—

100
100
—

100
95
—

—
—
—

—
—
—

95
90

""

95
95

""

110
100

""

110
110

110
100

a
n

C

0.95
1.00
--

0.90
0.90
--

0.90
0.95
—

0.70
0.95
0.V5

0.70
0.95
0.95

1.00
1.00

1.00
1.00

0.82
0.90

~~

0.75
1.00

0.82
0.95

0
1

0
0

0
0

0
1

0
0

0
0

0
0

0
0

D

.95

.00
—

.90

.90
--

.90

.95
—

—
—
—

—
—
—

.95

.00
" " * " •

.95

.95

""

.90

.90

""

.82

.82

.82

.90
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Table. 3.5 (Contd.)

11

12

13

7.

5.

2.

7.
5.
2.

7.

4.
2.

0

5

6

0
3
5

1
4
3

-0

-0

-0

-0
-0
-0

-0
-0
-0

.02

.03

.03

.03

.02

.03

.03

.03

.03

0.

0.

0.

0.
0.
0.

0.
0.
0.

.04

06

05

04
04
04

04
04
06

-0.
(-0.
-0.

<-o.
c

-0.
-0.
c

-0.
-0.
c

30
41)
29
40)

34
34

33
32

-0.
(-0.
-0.
(-0.

c

-0.
-0.
c

-0.
-0.
c

25
36)
24
35)

29
28

27
26

100
(100)
90
(95)

100
90

95
95

100
(100)
90
(90)

110
90

100
100

0
(0
1
(0

0
1

0
0

.90

.90)

.00

.95)

.90

.00

.95

.95

0.
(0.
1.
(1.

0.
1.

0.
0.

90
90)
00
00)

82
00

90
90

Wj = 90.4/n; peak appeared from the second scan onwards; cpeak absent.

3.5 Conclusions

The Cu(II) complexes of QL-serine and DL-threonine undergo

cor.clensation reaction with formaldehyde and acetaldehyde yielding

products containing oxazolidine rings. Electronic and ESR spec-

tral investigation on these new products together with some known

products reveal variation of geometry for the complexes. At low

pHs formation of [CuL]+ is evident for the unbridged complexes

while formation of such protonated species does not exhibit any

spectral changes for the bridged complexes. This difference

arises from the greater stability of chelates. Except for the

doubly bridged complexes and one complex with weak intermolecular

interaction all complexes exhibit similar redox behaviour. The

electrochemical behaviour is commensurate with a three-step elec-

trode mechanism. The cu(H)/Cu(I) reduction potential of the

complexes follows the order unbridged complexes > bridged comp-

lexes > doubly bridged complexes. The electrochemical irreversi-

bility of the doubly bridged complexes arises from the instabi-

lity of the electrochemically generated Cu(I) species in more

planar geometry. The unique redox behaviour exhibited by an

intermolecularly interacting complex is explained on the basis of

a different electrode mechanism involving a Cu(II)-Cu(I) inter-

mediate species.
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CHAPTER IV

STEREOSPECIFIC REACTIONS OF COPPER(II) COMPLEXES OF SERINE

AND THREONINE WITH FORMALDEHYDE

4.1 Abstract

CoLQen^a^on jLc.3cticns of Cu(L-ser}2 arc". ~ _ v'L~t-.hr) ̂  with

formaldehyde at pH 4.5 yield two new optically active products,

namely, bis[L-(oxazolidine-4-carboxylato)]copper(II) monohydrate,

14 and bis[L-(N-hydroxymethyl-5-methyloxazolidine-4-carboxylato)]

copper(II) dihydrate, 15, respectively. Cu(D-ser)2 and Cu(D-thr)2

also undergo similar reactions. The new products are different

from the products obtained from Cu(DL-ser)2 and Cu(DL-thr)2. A

mechanism has been suggested to explain the stereospecificity of

these reactions. Condensation reaction of Cu(6-ala)2 with formal-

dehyde and ammonia atpH8.5 yields a new product, [3N,7N-

(1,3,5,7-tetraazabicyclo[3.3.1]nonyl)di-3-propionato]copper(II),



16. The ESR spectral data reveal similar geometry for all the new

complexes, 14-16, while CV and DPV data indicate distinct ir-

reversible Cu(II)/Cu(i) reduction process for the complex 16,

which has been attributed to rigidity of the pentamethylenediaza-

bridged ligand system.

4.2 Introduction

Synthesis of optically inactive, racemic mixture of threonine

by the metal assisted reaction of glycine with acetaldehyde was

first reported by Akabori.1 Shortly afterwards, the condensation

of optically active- [Co(en)2(gly)]
2 + with acetaldehyde was shown,

to form optically active threonine strecselectively with low

overall yield. It was also shown that the optical yield can be

improved by careful control of the reaction condition. Using A-

(+)-[Co(en)2(gly)]
2+ it has been shown that the preferred

isomeric product had the 2S configuration both for threonine

(2S.3R) and allothreonine (2S.3S) while use of A-(-)-[Co(en)2-

(gly)]2+ w a s found to yield 2R-threonine preferentially. The

mechanism of the reaction is generally accepted to involve a

carbanion intermediate, formed by the base catalyzed removal of

the methylene proton. This has been directly supported by proton

NMR observations4 of H-D exchange of glycinate-methylene protons

in alkaline D20 and by comparison of the rate of exchange and

ligand racemization in complexes of L-alanine and L-valine. To

explain the stereoselectivity of the reactions of A-(+)-[Co(en)2W

(gly)]2+ and A-(-)-[Co(en)2(gly)]
2+ with acetaldehyde, intrinsic

difference in the reactivities of the two pro-chiral glycinate-

methylene hydrogens was suggested.6 In general such stereoselec-



tive reactions are less facile for the Cu(II) complexes due to

their labile nature.7 However the Cu(II) complexes of optically

inactive DL-alanine and optically active L-alanine undergo con-

densation reaction with formaldehyde and ammonia to yield diffe-

rent products.8'9 In order to Understand the mechanism of the

condensation reaction and to check if the Cu(II) complexes of

serine and tnrecnine show any such stereospecificity, their reac-

tions with formaldehyde and acetaldehyde have been investigated.

Condensation reaction of an oprically inactive complex, Cu(B-

ala)2, is also included in the investigation.

The products obtained have been characterized and their elec-

tronic spectral, ESR and redox properties investigated. The

results obtained are presented and discussed in the following

sections.

4.3 Experimental

Various reactions of Cu(L-ser)2 and Cu(L-thr)2 were carried

out as described in Section 2.2. General techniques employed to

characterize and study the products are presented in Section 2.3.

4.4 Results and discussion

4.4.1 Reactions

The reactions of Cu(L-ser)2 and Cu(L-thr)2 with formaldehyde

at pH 4.5 yield two new complexes 14 and 15 respectively. IR

spectra of these complexes exhibit a set of three closely spaced

bands in the 1200-1080 cm region characteristic of oxazolidine

rings. The complex 14 exhibits bands at 3500 and 3250 cm"1 indi-

cating the presence of -OH and ^NH groups; the complex 15 does



not exhibit the band at 3 250 cm x showing the absence of >NH

group. These complexes on decomposition in acid medium by treat-

ment of H2S yield the parent L-amino acids. These data together

with the analytical data (Table 2.2) support the following struc-

tures for the complexes:

15

Under the same experimental conditions Cu(D-ser)2 and Cu(D-thr)2

react with formaldehyde yielding products which show similar IR

spectra and analytical data as those of 14 and 15 respectively;

electronic and ESR spectral data and electrochemical properties

are also similar. The products exhibit difference only in their

optical activity as could be seen from their CD spectra, showing

that the products are optical isomers 14 and 15.

As it has been already described in Chapter III, Cu(DL-ser)2

and Cu(DL-thr?2 under similar experimental conditions yield the

products 7 and 8 respectively, which are different from the pro-

ducts obtained from Cu(L-ser)2 and Cu(L-thr)2 (14 and 15). The

complexes 7 and 8 have a dimethyleneether group bridging the two

amino acid ligand units. Hence, it becomes necessary to discuss

the probable mechanism involved in these reactions. Initial con-
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iensation in both cases seems to be formation of oxazolidine ring

containing intermediate, A or A', which depending on the stereo-

chemistry of the ligands forms different products on further

condensation. For the formation of bridged products, cis geometry

is essential. Mechanism for the reaction of Cu(DL-ser)2 and

Cu(DL-thr)2 with formaldehyde can be given as shown in Scheme

4.1.

0^/0

OH

R = H: Cu(DL-ser)2

R = Me'.Cu(DL-thr)2

R = H : 7

R = MeI 8

2HCH0

-2H20

-H20

2HCH0

Cu I

V vy,
HO 6H

B

Scheme 4.1



Similarly the reaction of Cu(L-ser) 2 and Cu(L-thr) 2 also can

be explained be the mechanism given in Scheme 4.2. The inter-

mediate B' (Scheme 4.2) has the two N-hydroxymethyl groups, dis-

posed above and below the CuN 2O 2 plane dissimilar to B dis-

allowing condensation of the two N-hydroxymethyl groups and hence

bridged products are not formed in the reactions of Cu(L-ser) 2

and Cu(L-thr) 2 with formaldehyde. Presence of N-hydroxymethyl

group in complex 14 supports this mechanism. However, in the

case of Cu(L-ser) 2 after the formation of product A' further

condensation does not take place.

OH

= H: Cu(L-ser)2

= Me:Cu(L-thr)2

Bridged product

2HCH0

-2H2O

•H20

v/r

2HCH0

S c h e m e 4 . 2



Cu(DL-ser) 2 and Cu(DL-thr) 2 readily undergo condensation

reaction with acetaldehyde at neutral pH forming products 10 and

1 respectively, while Cu(L-ser) 2 and Cu(L-thr) 2 do not react with

acetaldehyde under the same experimental conditions. The

difference in reactivity can be explained to arise from the

difference in acidity of amino protons. For example, it has been

shown that in chiral [Co(en)2(N-benzylgly)]
2+ the two methylene

hydrogens of N-benzylglycine occupy diastereoisomeric positions,

with one hydrogen undergoing H.-D exchange more readily than the

other. A similar selective labilization of the a m m o protons

favouring the condensation of acetaldehyde with bis(DL-amino

acidato)copper(II) complexes can be suggested to explain their

reactivity towards condensation with acetaldehyde as shown below:

H -OH

R = H : Cu(DL-ser)2
R = Me : Cu(DL-thr)2

The labilization can be due to weak H-bonding between the

hydroxy group of the a-CH2OH or a-CH(CH3)OH groups and one of the

amino protons, which seems to be unfavourable in the case of

Cu(L-ser) 2 and Cu(L-thr) 2. Irrespective of the absence of such

labilization of one of the amino protons formaldehyde reacts



with Cu(L-ser)2 and Cu(L-thr)2 yielding products 14 and 15, which

can be attributed to higher reactivity of formaldehyde in com-

parison to acetaldehyde. The higher reactivity of formaldehyde is

evident from the observation that at an acidic pH, 4.5, formal-

dehyde undergoes condensation with Cu(gly)2 while similar

reaction is not facile for acetaldehyde.

These reactions demonstrate that besides the labile nature

of Cu(II) complexes, coordination of Cu(II) to L and DL forms of

serine and threonine stereospecifically activates the amino

protons. Investigation on the reactions of Ni(II) and Zn(II)

complexes of these amino acids reveals that they also react

similar to the Cu(II) complexes yielding the corresponding Ni(II)

and Zn(II) complexes. .

It is known that Cu(gly)2 and Cu(L-ala)2 undergo condensa-

tion reaction with formaldehyde and ammonia yielding the pentame-

thylenediaza group containing products 4 and 5 respectively

(Chapter III). Similar reactions have been carried out with

Cu(II) complexes of L-serine, DL-serine, L-threonine and DL-

threonine under similar experimental conditions but none of the

reactions yields pentamethylenediaza-bridged products. These

reactions yield, oxazolidine containing products, namely, 2 from

the reactions of Cu(L-ser)2 and Cu(DL-ser)2 and 15 and 9 respec-

tively, from Cu(L-thr)2 and Cu(DL-thr)2 revealing involvement a-

CH2OH or a-CH(CH3)OH group which precludes the formation of

pentamethylenediaza-bridged products.

Condensation reaction of optically inactive Cu(3-ala)2 with



formaldehyde and ammonia at pH 8.5 has also been investigated.

The reaction yields blue crystalline product, which is identified

as the pentamethylenediaza-bridged complex, [3N,7N-(1,3,5,7-

tetra-aza-bicyclo[3.3.ljnonyl)di-3-propionato]copper(II) (16) .

'V
Cu

V
16

The structure has been deduced on the basis of the following

experimental data:

(i) the IR spectrum of the complex exhibits no characteristic

bands of -OH and >NH groups;

(ii) the d-d band of the complex does not shift to higher

wavelengths on lowering pH, indicating bridged structure for the

complex;

(iii) on decomplexation by treatment of H2S in acidic medium,

the parent amino acid, 6-alanine, is obtained showing the non-

involvement of the methylene groups in the condensation reaction;

(iv) in the presence of bases other than ammonia, such as

sodium bicarbonate, sodium hydroxide etc. the same product could

not be obtained.

The reaction is analogous to the reactions of Cu(gly)2 and

Cu(L-ala)2 with formaldehyde and ammonia yielding similar penta-

methylenediaza-bridged complexes, 4 and 5. Analytical data (Table

2.2) conclusively supports the proposed structure.
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4.4.2 CD spectral data

The complexes 14-16 are soluble in water; 15 is more soluble

in ethanol. The complexes 14 and 15 are optically active while

the complex 16 is optically inactive. CD spectra were recorded

for the products obtained from Cu(D-ser)2 and Cu(D-thr)2 also.

The CD spectra of 14 and 15 in aqueous media in the d-d tran-

sition region reveal positive Cotton effect, which is opposite to

that of their parent Cu(II) complexes, namely Cu(L-ser)2 and

Cu(L-thr)2- Inversion of the Cotton effect usually arises dlle to

change in absolute configuration of the products. However, the

observation that both 14 and 15 on decomplexation yield the

parent a-amino acids, rules out substitution at the a-carbon

atom, which may effect a change in the absolute configuration of

the amino acid unit of the products. The only other possibility

is creation of a new asymmetric centre during condensation. It

could be seen from the structures of the complexes that the new

asymmetric centre is the nitrogen atom. The CD spectral behaviour

of these new complexes is similar to that of Cu(L-pro)2, where on

complexation, creation of new asymmetric centre, nitrogen, has

been suggested, to explain the CD spectral behaviour- 4 Similar

explanation is relevant in the present case also. Therefore,

the CD spectra of the complexes 14 and 15 are supportive of the

structures proposed. In addition the complex, 14, has been pre-

viously suggested to be an intermediate in the basic condensation

reaction of Cu(L-ser)2 with formaldehyde, though more details are

not available. The CD spectra of Cu(L-thr)2 and the complex 15

are shown in Figure 4.1 and the data for both the complexes are
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Figure 4.1. CD spectra of Cu(L-thr)2 ( ) and the complex, 15

( ) in aqueous medium.



Table 4.1. Electronic, CD and ESR spectral data for the complexes 14-16 in

aqueous media.

Complex

14

15

16

Electronic spectra

*max<

nn (M

630

625

660

^max '

-1 -1 .
cm )

(55!

(67)

(116)

CD

Xmax

nm (

630

620

spectra

(AE)

M^orrT1)

(+0.097)

(+0.355)

•

9iso

2.127

2.127

2.125

ESR

"ISO

(G)

67

67

72

spectra

g

?.

2.

2.

a

1

274

273

262

A|

(G)

162

167

165

ESR parameters gi s o and Aj^so were obtained from the room temperature spectra

of the complexes in aqueous media and the g » and Ai from frozen glassy specLra

of the complexes in 95:5, water:methanol mixture at 120 K.

4.4.3 Electronic and ESR spectra

The d-d transition for the complexes 14 and 15 in water

occurs at ca. 620 and 630 nm respectively, while for the complex

16 the band is observed at a relatively higher wavelength-. 660

nm. The shift of the d-d band towards higher wavelength suggests

presence of more tetrahedrally distorted geometry for the complex

16. This is the direct result of increased chelate ring-size.

However, ESR data (Table 4.1) does not reveal considerable change

in the magnetic parameters for this complex. All the complexes in

aqueous media exhibit the normal four-line ESR profile, with <?iso

= 2.125 to 2.128 and Aiso = 67 to 72 G. Frozen glassy ESR spectra

obtained at 120 K are axial with q, > g± > 2.0, typical of

square-planar or tetragonal Cu(II) complexes having dx2_ 2 ground

state. Since the complexes possess the same CuN2O2 chromophore

and the ESR parameters g , A| , 9iso and A^so do not show



significant change for any of the complexes, the complexes are

suggested to possess similar geometry in aqueous solution.

4.4.3 Electrochemical data

The complexes 14-16 were examined by CV and DPV techniques

in aqueous media. The complexes 14 and 15 exhibit similar CV

behaviour as that of the unbridged complexes, 1-3, 6, 9 and 10

(Chapter III) while 17 resembles the pentamethylenediaza-bridged

complexes, 4 and 5. The major observations can be outlined as

follows: (i) the complexes 14. and 15 exhibit a close to rever-

sible redox couple (C,D) at -0.17 V with peak separation values

( AE ) 60 mV from the first forward scan onwards; a new redox

couple (A,B) appears at ca. -0.01 V from the second scan onwards;

(ii) the complex 16 exhibits a reduction peak C at -0.42 V in the

first forward scan, the corresponding oxidation peak D is not

observed. However from the second scan onwards the A-B redox

coup'; appears at -0.01 V. CV profiles of the complexes 15 and 16

are shown in Figure 4.2 and the data collected in Table 4.2.

Since CV behaviour of these complexes is similar to that of the

complexes 1-13 (Chapter III), the same electrode-mechanism (equ-

ations 3.1-3.3) can explain the redox behaviour of present set of

complexes.

The complexes 14 and 15 exhibit reversible Cu(II)/Cu(I)

redox process and 16 exhibits irreversible Cu(II)/Cu(I) reduc-

tion. The irreversibility exhibited by 16 requires additional

explanation. Reversibility of the Cu(II)/Cu(I) process depends

on tne stability of the electrochemically generated Cu (I)

species. It is well known that Cu(I) species are more stable in
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z
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£T
(X.
o

0-1 0-0 -0-1 -0-2 -0-3

POTENTIAL(V)

-0-4 -0-5 -0-6

Figure 4.2. cv and DPV profiles of the complexes 15 (—) and 16

(...) in aqueous media at scan rates 0.050 V/s (CV)

__J r. m n v/s (DPV) . ,
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Table 4.2. CV data for the complexes 14-16 in aqueous media at

various scan rates at dissolution pH.

Complex

14

15

16

Scan

rate

0.
0.
0.
0.

0.
0.
0.
0.

0.
0.
0.
0.

01
02
05
10

01
02
05
10

01
02
05
10

Aa

-0.03
-0.02
-0.02
-0.02

-0.02
-0.02
-0.02
-0.02

0.00
0. 00
0.00
0.00

0
0
0
0

0
0
0
0

0
0
0
0

p
B

.02

.02

.02

.02

.02

.02

.02

.02

.03

.03

.03

.03

(V)

-0
-0
-0
-0

-0
-0
-0
-0

-0
-0
-0
-0

c

.19

.19

.19

.19

.21

.21

.21

.21

.43

.43

.42

.42

-0
-0
-0
-0

-0
-0
-0
-0

D

.13

.13

.12

.12

.15

.15

.14

.14

b
b
b
b

Z\En(C,D)

0,
0.
0.
0.

0.
0.
0.
0.

(V)

.060

.060

.070

.070

,060
.060
,060
080

._
--
--

2

-0
-0
-0
-0

-0
-0
-0
-0

_.
-•
- •

(C,D)

(V)

. 160

. 160

.165

.165

.180

.180

.175

. 170

aPeak appeared from the second scan onwards; ̂ peak absent.

Table 4.3. DPV data of the complexes 14-16 in aqueous media at

0.010 V/S. ;

Ep (V) n
Complex

a

Ab B C D C D

14 -0.02 0.02 -0.19 -0.13 1.00 0.95

15 -0.02 0.02 -0.20 -0.14 0.95 0.90

16 -0.01 0.02 -0.43 c 1.13

an = 90.4/Wi.; bpeak appeared from the second scan onwards; cpeak

absent.
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tetrahedral or pseudotetrahedral geometries. / 1 6 The observation

of irreversible Cu(II)/Cu(I) reduction process for 16, which does

not have a more planar geometry (ESR data) than the complexes 14

and 15 if not more tetrahedrally distorted geometry as suggested

by the high ^max
 v a l u e/ reveals that another factor associated

with the complex 17 influencing its redox behaviour. The signifi-

cant difference in the structure is the rigid pentamethylene-

diaza bridging group present in this complex. This indicates that

flexibility of the ligand system to undergo geometrical distor-

tion towards the required tetrahedral geometry is another

requirement for reversibility of Cu(II)/Cu(I) redox process.

DPV profiles were also recorded for the complexes under the

same experimental conditions as those of CV experiments. Repre-

sentative profiles are shown in Figure 4.2 and the DPV data

collected in Table 4.3. The n value (number of electrons) calcu-

lated from the DPV profiles for the C,D peaks is ca. 1 supporting

the conclusions drawn from the CV data.

4.5 Conclusion

Products obtained from the reactions of Cu(II) complexes L-

serine, DL-serine, L-threonine and DL-threonine with formaldehyde

are illustrative of the difference in reactivity between the

Cu(II)-L-amino acidato complexes and Cu(II)-DL-amino acidato

complexes. Electrochemical irreversibility of Cu(II)/Cu(I) redox

process exhibited by the pentamethylenediaza-bridged product

obtained from the condensation of Cu(B-ala)2 with formaldehyde

and ammonia reveals the influence of ligand rigidity on the

reversibility of Cu(II)/Cu(I) redox process.
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CHAPTER V

COPPER (II )-ALICYCLIC- a-AMINO ACIDATO COMPLEXES AND

EFFECT OF ADDITION OF N-DONOR LIGANDS ON THE SPECTRAL

AND ELECTROCHEMICAL PROPERTIES OF COPPER(II) COMPLEXES

5.1 Abstract

Cu(II) complexes of a few alicyclic-ct -amino acids are

investigated by electronic spectral, ESR and electrochemical

methods. The complexes possess tetragonally distorted octahedral

geometry with two molecules of water occupying the axial coordi-

nation sites in aqueous media. A reversible Cu(II)/Cu(I) redox

couple at ca. -0.25 V has been observed and the overall redox

behaviour is similar to that of the Cu(II) complexes of simple a-

amino acids. The complexes form protonated species such as [CuL]+

at low pHs. Electrochemical data obtained at low pHs discussed in

terms of various protonated species present.
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Spectral and electrochemical properties of the bis(ali-

cyclic-a-amino acidato)copper(II) complexes and the condensation

products discussed in Chapter III in the presence of N-donor

ligands such as ammonia, imidazole etc. are examined. Frozen

glassy ESR spectra reveal replacement of the axial water mole-

cules by ammonia while no spectral changes could be observed for

the addition of imidazole, pyrazole and pyridine indicating

absence of replacement of the axial water molecules by these

ligands. Steric effect has been suggested to explain this obser-

vation. CV and DPV data show that the replacement of the axially

coordinating water molecules by ammonia effects shift of the

Cu(II)/Cu(I) redox couple towards less negative potentials. The

complexes, 4 and 5, having more planar geometry and rigid ligand

system do not exhibit any change in their redox behaviour in the

presence of ammonia.

5.2 Introduction

Alicyclic-ot-amino acids, such as 1-aminocyclopropane-l-car-

boxylic acid, 1-aminocyclopentane-l-carboxylic acid are naturally

occurring and are shown to be biologically active. For

example, biosynthesis of ethylene in apple tissues, from methio-

nine proceeds via 1-aminocyclopropane-1-carboxylic acid, where a

copper enzyme was found to play major role.2 This has generated

considerable interest in this field. To develop a model for the

biological process of conversion of 1-aminocyclopropane-l-car-

boxylic acid into ethylene, many investigations have been carried

4 — ft

out. ° These studies reveal the intermediacy of reduced copper

in the process. ' In this respect the redox properties of Cu(II)



complexes become important. While preparation and spectral be-

haviour of some of the bis (alicyclic-a-amino acidato) copper (II)

7 — 9complexes are reported, their redox characteristics are yet to

be investigated. In this chapter, results obtained on the redox

properties of a few bis(alicyclic-a-amino acidato)copper(II)

complexes are presented and discussed. Species formation at low

pHs, has been studied by electronic and ESR spectral techniques.

These Cu(II) complexes are known to exist as hexa coordi-

nated with two H20 molecules occupying the axial sites in aqueous

media. Some of the condensation products described in Chapter III

also exhibit similar behaviour. The axial coordination seems to

be weak since some of them crystallize as anhydrates. Therefore,

it may be possible to replace the weakly coordinating water mole-

cules by N-donor ligands such as, ammonia, imidazole, pyrazole

and pyridine which in turn might lead to considerable change in

spectral and redox properties.15"23 ESR spectral and the CV and

DPV electrochemical data were collected for the complexes in the

presence of various N-donor ligands and the results obtained are

discussed.

5.3 Experimental

5.3.1 Preparation of complexes

The complexes, bis (1-aminocyclopropane-l-carboxylato)copper(II)

monohydrate (17), bis (1-aminocyclobutane-l-carboxylato)copper(II)

(18), bis(1-aminocyclopentane-l-carboxylato)copper(II) (19),

bis(1-aminocyclohexane-l-carboxylato)copper(II) monohydrate (20),

and bis(1-aminocycloheptane-l-carboxylato)copper(II) (21) were

prepared as described in Section 2.2.
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The condensation products, 1-10 were also included in the

investigation and were prepared as described in Section 2.2.

5.3.2 Physical measurements

Electronic absorption and ESR spectra were recorded for the

complexes in aqueous media at room temperature as described in

Section 2.3. Frozen glassy ESR spectra were recorded for the

complexes in the absence and presence of ammonia on a JEOL FE-3X

ESR spectrometer using JEOL NM-7700 Temperature controller at 12 0

K. For obtaining good glass, 95:5, waterrmethanol solutions of

the complexes were used. The electrochemical experiments were

performed in the presence of various N-donor ligands at neutral

pH by the procedure described in Section 2.3.

Solutions of various complex to N-donor ligand ratio were

obtained by the fol.lowing method: For example, a 1:1 complex to

N-donor ligand solution was obtained by mixing equal volumes of 2

x 10 M solutions of the complex and the N-donor ligand. By

increasing the concentration of the N-donor ligand solution to 4

x 10 and 6 x 10~3 etc., the complex : N-donor ratio was varied.

The solutions were basic after the addition of the ligands and

were adjusted to neutral pH (7-7.5) by the addition of micro-

litres of HCIO4 or NaOH solutions for a meaningful comparison of

the data with the data obtained for the complexes at dissolution

pH (7-7.5) in the absence of these ligands.
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5.4 Bis(alicyclic-o-amino acidato)copper(II) complexes

Purity of the complexes was checked by elemental analyses and

IR spectra. The complexes were blue coloured and soluble in water

and methanol. The spectral and electrochemical data were collec-

ted in aqueous media.

5.4.1 Spectral data

The electronic spectra of the complexes, 17-21, recorded in

aqueous media at the dissolution pH (7-7.5) exhibit an absorption

band corresponding to the d-d transition in the wavelength region

620-605 nm. The X__v values are in the order 17 > 18 > 19, 20 >
Hid .X.

21. Although variation of the values (Table 5.1) from complex to

complex is very small it reflects the increasing tetragonal dis-

tortion due to increasing ring size. /8 At lower pHs the d-d band

shifts to higher wavelengths (red shift) as shown in Figure 5.1.

Similar shift in the d-d band position on lowering pH, exhibited

by simple Cu(II)-a-amino acidato complexes has been attributed to

formation of species such as [CuHL9]
+, [CuL]+, [CuHL] etc.

(where L = amino acidato anion).10 The stability constants of

these complexes and related species also support the formation of

various protonated species at lower pHs.ll Recently, it has been

shown by ESR studies that [CuL]+ is the most predominant species

in the pH range 5-4 for some Cu(II)-a-amino acidato complexes.12

The present set of complexes also exhibits pH dependent ESR spec-

tral behaviour. At neutral pH, the normal four-line pattern with

cjiso = 2.110 and A^so = 70 G is obtained indicating the presence

of CuL2 species. In the pH range 6-4.5 the spectra exhibit a

five-line pattern, arising from the presence of [CuL]+ species
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5.1. Electronic spectra of the complex 19 in aqueous media

at various pHs.
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= 2 - 1 U A = 5 6 - 7 G

pH 4-0

pH 5-6

pH 7-2

g = 2 - 1 U A = 70-3 G

Figure 5.2. ESR spectra of the complex 17 in aqueous media a t

various pHs.
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along with the CuL2 species. On further lowering of pH to 4, the

high-field peak of the five-line pattern disappears and a four-

line pattern with giso = 2.140 and A^SQ = 55 G, characteristic of

[CuL]+ species appears. The disappearance of the high-field com-

ponent of the five-line pattern at this pH indicates absence of

the CuL^ species. ESR profiles for a representative complex at

various pHs are shown in Figure 5.2 and the data presented in

Table 5.1. The spectral behaviour of the complexes at lower pHs

is similar to that of the unbridged condensation products des-

cribed in Chapter III, for which formation of [CuL]+ species at

low pHs has been found to occur.

5.4.2 Electrochemical data

The CV and DPV data were collected for all the complexes in

aqueous media. Representative CV and DPV profiles are shown in

Figure 5.3. The major experimental observations can be summarized

as follows: (i) only one ca+"hcdic peak (C) is- observed in the

first forward scan (ii) during the reverse scan an anodic peak

(D) in the potential range -0.19 to -0.22 V and another anodic

peak (B) at -0.01 V are observed (iii) a new cathodic peak (A) at

-0.03 V appears from the second scan onwards (iv) a substantial

decrease in the current function value of A and B is observed

with increasing scan rates (v) peaks A and B do not appear if the

scan is reversed at ca. -0.15 V i.e. before the appearance of

peak C (vi) holding the potential well past peak C for a few min

and scanning back, peak heights of A and B increase considerably,

while the effect on the C-D peaks is only marginal (vii) the

peak separation value for the C,D peaks (AE C,D) is about 60 mV
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Table 5.1. Electronic and ESR spectral data for the complexes,

17-21 in aqueous media.

Complex PH max^ emax'

nm (M cm"1)

'ISO ISO

(G)

17

18

19

2 0

2 1

7.
6.
5.

(j
i

4.

7.
6.
6.

(j
i

4.

7.
6.

(j
i

4.
4.

7.
6.
5.
4.
3.

7.
6.
5.

(j
i

3.

2
6
6
0
0

2
5
0
1
5

2
2
4
7
0

2
5
6
7
8

2
5
7
0
,9

620
620
630
650
680

615
630
680
720
a

610
625
670
710
a

610
615
640
690
a

605
630
670
690
a

(50)

(70)

(65)

(75)

(80)

2.114
2.116
2.144
2.144
2.144

2.115
2.115
2.144
2. 143
2.144

2.112
2.139
2.137
2.139

b

2.110
2.141
2.138
2.139

b

2.110
2.142
2.135
2.135

b

70.3
71.0
56.7
56.7
56.7

66.7
66.0
55.0
58.0
58.0

70.0
55.3
56.7
56.7
b

70.0
56.7
58.3
60.0
b

71.0
53.0
57.0
56.7
b

aBroad peak, could not be measured precisely; ESR lines absent
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and the ratio of peak currents (-ic/ia C,D) about 1. The CV data

for the complexes at various scan rates are given in Table 5.2.

Careful consideration of the above observations and a

comparison with the data obtained for the unbridged complexes,

discussed in Chapter III reveal that the same electrode mechanism

(equations 3.1 to 3.3) can explain the redox behaviour of the

present set of complexes also.

Cu(II) le » Cu(I)

2Cu(I) Chemical reaction ^ Cu(II)(aq) + Cu(O)(Hg)

Cu(O)(rig) r-^-* Cu(II)(aq)

The CV behaviour of the present set of complexes resembles that

of Cu(II)-a-amino acidato complexes. Both the systems exhibit

considerable stability for the electrochemically generated Cu(I)

species and the consequent electrochemical reversibility of the

Cu(II)/Cu(I) redox process. The potential range at which the

process occurs does not differ much confirming similarity in

electrode mechanism.

CV profiles of the complexes also have been recorded for the

complexes at lower pHs and the following changes observed: (i)

heights of the peaks C and D gradually decrease and the peaks

disappear at pH ca. 4 (ii) peak A begins to appear in the first

scan itself at pHs < 6 (iii) peaks A and B increase in height as

the heights of C and D decrease on further lowering of pH. These

changes are reversible when the pH is adjusted back to 7.0, the

initial pH. These changes are shown for a representative complex

in Figure 5.4 and the data are collected in Table 5.3.
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Figure 5.3. CV and DPV profiles of the complex 18 in aqueous

media at various scan rates: 0.010 V/s ( ), 0.020

V/s ( ), 0.050 V/s ( ) and 0.100 V/s ( ).
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Table 5.2. CV data for the complexes, 17-21 in aqueous media at disso-

lution pH at different scan rates.

Complex

17

18

19

20

21

Scan
rate
(V/s)

0.01
0.02
0.05
0.08
0.10

0.01
0.02
0.05
0.08
0.10

0.01
0.02
0.05
0.08
0.10

0.01
0.02
0.05
0.08
0.10

0.01
0.02
0.05
0.08
0.10

A

-0.08
-0.08
b
b
b

-0.05
-0.05
-0.05
-0.05
-0.05

-0.03
-0.05
-0.06
-0.06
-0.06

-0.03
-0.02
-0.03
-0.03
-0.03

-0.03
-0.03
-0.03
-0.03
-0.03

Ep
tr

B

-0.03
-0.03
b
b
b

0.01
0.01
0.01
0.01
0.01

0.02
0.02
0.02
0.03
0.0 3

0.03
0.03
0.03
0.03
0.03

0.03
0.03
0.01
0.01
0.01

(V)

c

-0.27
-0.27
-0.27
-0.27
-0.27

' -0.28
-0.28
-0.28
-0.28
-0.28

-0.28
-0.28
-0.28
-0.29
-0.29

-0.28
-0.28
-0.28
-0.29
-0.29

-0.25
-0.26
-0.27
-0.27
-0.27

D

-0.21
-0.21
-0.20
-0.20
-0.20

-0.22
-0.22
-0.22
-0.22
-0.21

-0.22
-0.22
-0.21
-0.21
-0.21

-0.22
-0.22
-0.22
-0.22
-0.22

-0.19
-0.20
-0.20
-0.20
-0.20

AEp(C,D)
(V)

0.06
0.06
0.07
0.07
0.07

0.06
0.06
0.06
0.06
0.07

0.06
0.06
0.07
0.08
0.08

0.06
0.06
0.06
0.07
0.07

0.06
0.06
0.07
0.07
0.07

— i / i
c a

0.87
0.78
0.91
0.95
0.94

1.00
1.00
1.00
1.06
1.12

1.00
1.00
0.96
0.93
1 .03

1.00
1.00
1 .05
1.05
1.05

1.00
1.00
1.00
1.05
1.05

Peak observed from the second scan onwards. Peak absent.
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Table 5.3. CV data of the complexes 17-21 in aqueous media at different

pHs at scan rate 0.020 V/s.

Complex

17

18

19

20

21

pH

7.2
6.6
5.6
5.0
4.0

7.2
6.5
6.0
5.1
4.5

7.2
6.5
5.4
4.7
4.0

7.2
6.5
5.6
4.7
3.7

7.2
6.5
5.7
5.0
3.9

A

-0.08
-0.08
-0.08
-0.07
-0.06

-0.05
-0.05
-0.03
-0.02
-0.02

-0.03
-0.04
-0.04
-0.03
-0.01

-0.03
-0.03
-0.03
-0.04
-0.01

-0.03
-0.03
-0.02
-0.01
-0.01

B

-0.03
-0.02
-0.02
-0.01
-0.00

0.01
0.03
0.03
0.03
0.04

0.02
0.03
0.03
0.03
0.04

0.03
0.03
0.04
0.04
0.04

0.03
0.03
0.03
0.04
0.04

E (V)
tr

c

-0.27
-0.27
-0.27
-0.27
-0.26

-0.28
-0.27
-0.27
-0.27
b

-0.28
-0.28
-0.27
-0.27
b

-O.?8
-0.28
-0.28
-0.27
b

-0.25
-0.25
-0.25
-0.25
b

D

-0.21
-0.21
-0.21
-0.21
-0.20

-0.22
-0.21
-0.21
-0.21

b

-0.22
-0.22
-0.21
-0.21
b

-0.22
-0.22
-0.22
-0.21
b

-0.19
-0.19
-0.19
-0.19
b

AEp

(CD)
(V)

0.06
0.06
0.06
0.06
0.06

0.06
0.06
0.06
0.06
--

0.06
0.06
0.06
0.06
—

0.06
0.06
0.06
0.06
—

0.06
0.06
0.06
0.06

Ei

(CD)
(V)

-0.24
-0.24
-0.24
-0.24
-0.23

-0.25
-0.24
-0.24
-0.24

—

-0.25
-0.25
-0.24
-0.24

—

-0.2S
-0.25
-0.25
-0.24

— —

-0.22
-0.22
-0.22
-0.22

-ic/ia

(CD)

0.87
0.93
0.92
0.92
0.83

1.00
1.00
1.00
0.86
—

1.00
1.00
0.93
0.86
——

1 .00
1.09
1.09
0.83

~ —

1.00
1.00
1.00
1.00

Peak observed from the second scan. Peak absent.
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These observations together with the spectral data show that

at the dissolution pH, CuL2 is the major species. The CuL2

species undergo reversible one-electron redox process as

described above. At pH 4, CuL^ species does not exist and the

protonated species, [CuL]+ being the dominant species undergoes

redox process similar to simple Cu(II)(a3) ions. The redox

process of the [CuL]+ does not involve the Cu(I) intermediate

species.

DPV profiles were recorded for all the complexes at various

pHs. Representative DPV profiles are shown in Figure 5.3. The DPV

profiles at the dissolution pH exhibit the two redox couples, C,D

and A,B and the change .in the DPV profiles at low pHs as could be

seen from Figure 5.4 are similar to that observed in the CV pro-

files. The DPV data obtained for the complexes at various pH

conditions are collected in Table 5.4. The n value (number of

electrons) calculated from the W^ values for the C,D peaks

approximate to one indicating one-electron redox process, which

further supports the electrode mechanism suggested.

5.5 Effect of N-donor ligands

The Cu(II) complexes described in this Chapter (17-21) and

the complexes described in Chapter III (1-10) were investigated

in the presence of various N-donor ligands, namely, ammonia,

imidazole, pyrazole and pyridine. In the presence of the ligands

other than ammonia no change in the spectral and electrochemical

properties of the complexes could be noticed. Results obtained in

the presence of ammonia are presented and discussed in the subse-

quent sections.
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Table 5.4. DPV data of the complexes 17-20 in aqueous media at various

pHs at scan rate 0.010 V/s.

Complex

17

18

19

20

21

7
6
5
5
4

7
6
6
5
4

7
6
5
4
4

7
6
5
4
3

7,
6.
5.
5.
3.

pH

.2

.6

.6

.0

.0

.2

.5

.0

.1

.5

.2

.2

.4

.7

.0

m 2
.5
.6
.7
.8

.2

.5

.7

.0
,9

-0
-0
-0
-0
-0

-0
-0
-0
-0
-0

-0
-0
-0
-0
-0

-0
-0
-0
-0
-0

-0
-0
-0
0
0

Aa

.06

.07

.07

.06

.05

.02

.02

.01

.01

.01

.02

.02

.02

.01

.01

.02
,01
.02
.02
.01

.01

.01

.01

.00

.00

Er
c

B

-0.01
-0.01
0.01
0.00
0.00

0.02
0.04
0.04
0.04
0.05

0.02
0.05
0.06
0.04
0.05

0.03
0.03
0.04
0.04
0.04

0.05
0.04
0.04
0.05
0.05

, (v;i

c

-0.
-0.
-0.
-0.
-0.

-0.
-0.
-0.
-0.
b

-0.
-0.
-0.
-0.
b

-0.
-0.
-0.
-0.
b

-0.
-0.
-0.
-0.
b

,26
.26
26
26
25

27'
27
27
27

27
27
27
27

28
28
28
28

25
25
25
24

I

-0,
-0.
-0.
-0.
-0.

-0.
-0.
-0.
-0.

b

-0.
-0.
-0.
-0.

b

-0.
-0.
-0.
-0.

b

-0.
-0.
-0.
-0.

b

D

.20

.21

.21
,20
,20

.23
23
23
23
>

22
21
21
21
I

23
23
22
22

20
20
20
19

Wi
2

c

100
100
90
90
90

90
90
90
90

100
90
90
90

100
100
110
100

100
90
90
90

(roV)

D

100
100
100
90
90

100
90
90
90

100
90
90
90

100
100
110
100

100
100
100
90

0
0
1
1
1

1
1

1
1

0
1
1
1

0
0
0
0

0
1
1
1

cn

C

.904

.904

.004

.004

.004

.004

.004

.004

.004

.904

.004

.004

.004

.904

. 904

.820

.904

.904

.004

.004

.004

0
0
0
1
1

0
1
1
1

0
1
1
1

0
0
0
0

0
0
1
1

D

.904

.904

.904

.004

.004

.904

.004

.004

.004

.904

.004

.004

.004

.904

.904

.820

.904

.904

.904

.004

.004

lPeak observed from the second scan.
b c
Peak absent. n

= 9 0.4/Wj. .
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5.5.1 Spectral data

Electronic spectra were recorded for all the complexes, 1-10

and 17-21 in aqueous media in the presence of various N-donor

ligands, ammonia, imidazole, pyrazole and pyridine at 1:2,

complex to ligand ratio at pH ca. 7. The spectra do not exhibit

any change in the d-d band position due to the presence of the N-

donor ligands. However, frozen glassy ESR spectra of of the comp-

lexes in the presence of ammonia exhibit decrease in <?u and AJJ

values. Figure 5.5 (A) shows the frozen glassy ESR profile of the

complex 21 taken at 120 K in the absence of ammonia. All the

complexes exhibit similar spectra and are typical of Cu(II) ion

in axial environments. The spectra showed a. > g, > 2.0, charac-

teristic of tetragonally distorted octahedral, square-base pyra-

midal or square planar stereochemistries all Cu(II) geometries

associated with a dx2_ 2 ground state.<
4 The ESR data for all the

complexes are collected in Table 5.5. As it can be observed from

the data, except for the complexes, 4 and 5, all the complexes

have the a. values in the range 2.250-2.269 and the Ay values in

the range 169-177 G. These values are comparable to the known

values of Cu(II) complexes of simple a-amino acids. ' Hence,

the ESR data suggests tetragonally distorted octahedral geometry

for the complexes, with two apical water molecules for the

present set of complexes. ESR parameters are also known to ref-

lect the extent of interaction between the central Cu(II) ion and

the apical water molecules; more the interaction higher is the g..

value and lower is the A| value.9'15"19 Low g., and high AJJ values

(Table 5.5) observed for complexes 4 and 5 reveal that
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g=2-2<9

3200 G

s 5 Frozen glassy ESR spectra (at 120 K, of the co.plex
Figure 5.5. Frozen y->-

2 1 i n the absence (A) and in the presence of a^onia

at pH 7.2.
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Table 5.5. ESR data for the complexes 1-10 and 17-21 in the

absence and presence of ammonia (1 : 2, complex to

ammonia ratio, pH ca. 7.0)

Complex

1

2

3

4

5

6;

7

8

9

10

17

18

19

20

21

in absence of

2.264

2.259

2.269

2.244

2.229

2.258

2.260

2.258

2.259

2.254

2.252

2.254

2.256

2.259

2.249

2.060

2.062

2.067

2.060

2.059

2 . 061

2 . 062

2.059

2.057

2.060

2. 057

2.057

2.056

2.057

2.055

ammonia

A|| (G)

" 169

175

165

177

181

169

172

170

170

172

174

173

173

177

168

c

2.

2.

2.

2.

2.

2.

2.

2.

2.

2.

2.

2.

2.

2.

2.

in

245

251

262

247

224

242

251

244

246

245

251

248

244

244

242

presence of

2 . 057

2.055

2.061

2.061

2.052

2 . 051

2 .059

2 . 055

2.059

2 .057

2.056

2.061

2.057

2.061

2.056

ammoni

A n (G)

175

176

173

176

180

177

173

175

180

178

177

175

179

183

176

= (39iso
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the interaction of their central Cu(II) ions with the solvent H2O

molecules is very weak, i.e., these complexes are more

tetragonally distorted and more planar is the CuN2O2 chromophore.

On addition of ammonia (1:2, complex to ammonia ratio, pH 7-7.5)

all the complexes exhibit the same four-line ESR profiles as

shown in Figure 5.5 (B) . However, the spectra reveal measurable

changes in the ESR parameters. Consistently, except for the

complexes, 4 and 5, decrease of g.. and increase of A|| values have

been observed for all the complexes. The ESR data in the absence

and presence of ammonia are presented in Table 5.5. It is known

that the replacement of oxygen donors by nitrogen donors affect

oppositely the ESR parameters. For example, in the case of Cu(II)

complexes of tridentate ligands with an equatorial water mole-

cule, the g values increase and A|j decreases when the axial bonds

become more covalent-'-5-l9 and g., values decrease and A|| increases

on planar coordination of the donor base.21"23 The change in

ESR parameters is due to the change in geometry as a result of

axial or planar coordination of the strong N-donor ligands. For

the present set of complexes, only axial coordination will be

possible due to the reason that the axial water molecules are

weakly bound as already mentioned. Nevertheless, the decrease in

g.. and increase in A|| values observed in the presence of ammonia

can be viewed as replacement of xhard' or class (a) donor atoms

by xsoft' or class (b) donor atoms, which tends to decrease g

and increase A|j values.26 Therefore, the experimental

observation of lower g. and higher AJJ values indicate that the

softer ammonia ligand replaces the apical water molecules without

effecting considerable change in the geometry of the complexes.
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Absence of considerable change in g.. and AM values for the

complexes, 4 and 5, further supports the conclusion that these

complexes are more tetragonally distorted and the interaction of

their central Cu(II) ion with the solvent water molecules or

ammonia is very weak. The ESR parameters for the complexes,

except for 4 and 5, are g.. in the range 2.242-2.251 and Aj| in the

range 173-183 G and the values are reasonable for tetragonal six

coordinated Cu(II) complexes.27

5.5.2 Electrochemical data

For all the complexes CV and DPV data were collected in

aqueous media in the presence of various proportions of ammonia

at neutral pH. The complexes 4 and 5 did not exhibit any change

in their CV and DPV profiles on addition of ammonia. All other

complexes, namely, 1-3, 6-10 and 17-21 exhibit the following

changes after the addition of ammonia at pH 7-7.5: (i) the

general pattern of two redox couples, namely, C-D (Cu(II)/Cu(I))

and A-B (Cu (0) (Hg)/Cu (II) (aq) ) is observed (ii) the potential of

the C-D couple shifts to less negative values on addition of

ammonia (iii) for 1:1, complex to ammonia ratio the shift is

about 30 mV and for 1:2 ratio, about 60 mV (vi) on further addi-

tion of ammonia no pronounced shift of the C,D redox couple is

observed, however, for 1:6 ratio a shift of ca. 10-20 mV is

observed (v) when ammonia is added in excess (> 10 times) the CV

profiles change and resemble that of free Cu(II) ion in the pre-

sence of ammonia (vi) the peaks A and B do not shift on addition

of ammonia. These changes for a representative complex are shown

in Figure 5.6 and the CV data collected in Table 5.6.



112

hi
a:
EC
ID

0-1 0-0 -0.1 -0-2

P O T E N T I A L ( V )

Figure 5.6. CV and DPV profiles of the complex 10 in aqueous

media in presence of various proportions of ammonia:

1:0, complex to ammonia ratio ( ), 1:1 ( ), 1:2

( ) and 1:6 ( ) at PH 7.0.
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Table 5.6. CV data for the complexes 1-10 and 17-21 in aqueous media in the

presence of ammonia at various proportions at scan rate 0.050 V/s.

Complex

1

2

3

4

5

6

7

8

Q

complex :

ammonia

1:0
1: 1
1 :2
1 :6
1:10

1:0
1:1
1:2
1:6
1:10

1 :0
1:1
1:2
1:6
1:10

1:0
1 : 1
1:2
1:6
1:10

i ' C
1 :1
1:2
1:6
1:10

1:0
1:1
1 :2
1:6
1 : 1 0

1:0
1 : 1
1:2
1 :6
1:10

1 : 0
1 : 1
1 : 2
1 : 6
1:10

1 • 0
1 • 1
i . 2
1 • *-

1 ' f\I . v.'

1:10

-0
-0
-0
-0
-0

-0
-0
-0
-0
-0

-0
-0
-0
-0
-0

-0
-0
-0
-0
-0

-0
-0
-0
-0
-0

-0
-0
-0
-0
-0

-0
-0
-0
-0
-0

-0
-0
-0
-0
-0,

-0,
-0.
-0.
-0.
-0.

Aa

.01

.01

.01

.01

.01

.03

.03

.03

.03

.03

.03

.04

.03

.03

.03

.01

.01

.01

.01

.01

.;;i

.01

.01

.01

.01

.02

.03

.03

.03

.03

.02

.02

.02

.02

.02

.03

.04

.04

.03

.04

.03

.04

.04
,04
,04

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0,
0
0

0,
0,
0
0,
0,

0.
0.
0.
0.
0.

0.
0.
0.
0.
0.

0.
0.
0.
0.
0.

B

.03

.03

.03

.03

.03

.01

.01

.01

.00

.00

.03

.01

.01

.01

.01

.03

.03

.03

.03

.03

.03

.03

.03

.03

.03

.02

.02

.02

.02

.02

.03
,02
,02
,02
,02

03
00
00
01
00

01
01
01
01
00

fcp

c

-0
-0
-0
-0
-0

-0
-0
-0,
-0,
-0

-0.
-0.
-0.
-0.
-0.

-0.
-0.
-0.
-0.
-0.

-0 .
-0.
-0.
-0.
-0.

-0.
-0.
-0.
-0.
-0.

-0.
-0.
-0.
-0.
-0.

-0.
-0.
-0.
-0.
-0.

-0.
-0.
-0.
-0.
-0.

.27

.23

. 20

.20

.18

.26

.24

.21

.20
18

.28
,25
.21
.19
,19

51
51
51
51
51

53
53
53
53
53

27
23
22
21
20

29
26
23
22
20

26
23
22
21
19

28
25
23
22
21

D

-0.20
-0.16
-0.12
-0.12
-0.10

-0.18
-0.15
-0.14
-0.12
-0.11

-0.20
-0.15
-0.14
-0.12
-0.12

b
b
b
b
b

b
b
b
b
b

-0.20
-0.15
-0.14
-0.13
-0.12

-0.21
-0.18
-0.16
-0.15
-0.14

-0.17
-0.15
-0.15
-0.14
-0.12

-0.20
-0.18
-0.16
-0.15
-0.13

AEr,(V)

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0.
0.
0.
0.
0.

0.
0.
0,
0.
0.

0.
0.
0.
0.
0.

0.
0.
0.
0.
0.

.07

.07

.08

.08

.08

.08
,09
.07
.08
.07

.08

.10

.07

.07

.07

--
--
--
--

-_
--
--
--
--

.07
,08
,08
,08
,08

08
08
07
07
06

09
08
07
07
07

08
07
07
01
08

E

-0
-0
-0
-0
-0

-0
-0
-0
-0
-0

-0
-0
-0
-0
-0

-0.
-0.
-0 .
-0.
-0.

-0.
-0.
-0.
-0.
-0.

-0.
-0.
-0.
-0.
-0.

-0.
-0.
-0.
-0.
-0.

4 (V)
2

.235

.195

.160

.160

.140

.220

.195

.175

.160

.145

.240

. 200

.175

.155

.155

--
--
--
--

._
--
--
--
--

,235
190
,180
,170
,160

250
220
195
185
170

235
190
185
175
155

240
215
195
185
170

-i

1
1
1
1
1

1
1
1
1
1

1
1
1
1
1

1.
1.
1.
1.
1.

1.
1.
1.
1.
1.

1.
1.
1.
1.
1 .

1.
1.
1 .
1 .
1.

.04

.00

.04

.04

.00

.06

.00

.04

.00

.02

.00

.00

.06

.06

.00

--
--
--
--

-_
--
--

--

.03
,00
,00
.00
.00

,04
00
04
04
00

00
00
00
00
00

00
00
04
00
00
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Table 5.6 (Contd.)

10

17

ie

19

20

21

Peak aoc

1:0
1 :1
1:2
1:6
1:10

1:0
1:1
1:2
1:6
1:10

1:0
1:1
1:2
1:6
1:10

1:0
1:1
1:2
1:6
1:10

1:0
1:1
1:2
1:6
1:10

1:0
1:1
1 :2
1 : 6
1:10

>eared from

-0.03
-0.03
-0.03
-0.03
-0.02

b
b
b
b
b

-0.05
-0.03
-0.03
-0.03
-0.03

-0.04
-0.03
-0.02
-0.02
-0.02

-0.03
-0.03
-0.03
-0.03
-0.03

-0.03
-0.03
-0.03
-0.03
-0.03

second

0.03
0.03
0.03
0.01
0.01

b
b
b
b
b

0.01
0.02
0.02
0.02
0.03

0.G2
0.02
0.02
0. 02
0.02

0.03
0.02
0.01
0. 02
0.0]

0.01
0.01
0.01
0.01
U. 01

scan onwards;

-0.28
-0.22
-0.18
-0.17
-0.16

-0.27
-0.26
-0.25
-0.25
-0.25

-0.28
-0.25
-0,23
-0.20
-0.19

-0.28
-0.23
-0.21
-0. 20
-0. 18

-0.28
-0.25
-0.22
-0.20
-0.20

-0.27
-0.24
-0.21
-0.20
-0.20

b .peak

-0.19
-0.13
-0.11
-0.11
-0.10

-0.20
-0.20
-0.19
-0.19
-0.18

-0.22
-0.19
-0.15
-0.13
-0.1?

-0.21
-0.17
-0.15
-0.13
-0.11

-0.22
-0.19
-0.15
-0.13
-0.12

-0.20
-0.18
-0.14
-0.13
-0.12

absent.

0.09
0.09
0.07
0.06
0.06

0.07
0.06
0.06
0.06
0.06

0.06
0.06
0.08
0.07
0.07

0.07
0.06
0.06
0.07
0.07

0.06
0.06
0.07
0.07
0.08

0.07
0.06
0.07
0.07
0.08

-0.235
-0.175
-0.145
-0.140
-0.130

-0.235
-0.230
-0.220
-0.220
-0.220

-0.250
-0.220
-0.190
-0.165
-0.155

-0.245
-0.200
-0.180
-0.165
-0.145

-0.250
-0.220
-0.185
-0.165
-0.160

-0.235
-0.210
-0.175
-0.165
-0.160

1 .03
] .00
1.04
1.00
1.04

0.91
1.00
1.00
1.00
0.96

1.00
1.00
1.05
1.00
0.96

0.96
1 .00
1 .00
0. 96
1.06

1.05
1.00
1.06
0.96
1 . 00

1.00
1.00
0.96
1 .04
i .10

Since the pattern of the CV profi les does not show any

change, the same mechanism (equations 3.1 to 3.3) can explain the

redox process; C-D peaks correspond to Cu(II)/Cu(I) couple and A-

B peaks correspond to Cu(0) (Hg)/Cu(II) (aq) couple. Absence of any

change in the CV profiles of the complexes 4 and 5 reveals that

the interaction between the central Cu(II) ions and water or

ammonia is too weak to effect any change in the redox behaviour

of the complexes. For the rest of the complexes the interaction



is considerable as the ESR data suggests and hence the change in

their electrochemical behaviour- The observations (iii) and (iv)

shows that two NH3 molecules are involved in the replacement of

the apical H20 molecules. The shift of Cu(II)/Cu(I) couple to

less negative values is in agreement with the general trend of

increase in Cu(II)/Cu(I) reduction potential upon replacing

oxygen donor ligands by nitrogen donor ligands.4 A comparison of

changes observed in spectral and redox behaviour of the complexes

upon replacement of apical H2O molecules by NH2, reveals that the

redox behaviour is more sensitive. Addition of other N-donor

bases does not effect any shift of Cu(II)/Cu(I) redox potential

values indicating the inability of these ligands to interact with

the central Cu(II) ions of the complexes replacing the apical

water molecules. This may be due to the larger size of the N-

donor ligands, making them sterically unsuited for apical coordi-

nation. DPV data were also collected for the complexes. Represen-

tative DPV profiles are shown in Figure 5.6. The DPV data are in

agreement with the CV data.

5.6 Conclusions

Copper(II) complexes of the alicyclic- -amino acids investi-

gated form protonated species, [CuL] + , at pH < 4.5. Only the bis

complex species, CuL2, exhibit reversible one-electron redox

process. In general, Cu(II) complexes which exist as hexa coordi-

nated in aqueous media with two solvent H20 molecules at the

apical sites, on addition of ammonia exhibit change in ESR para-

meters and shift of Cu(II)/Cu(I) redox potential towards less

negative potentials commensurate with the replacement of apical

H20 by ammonia.
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CHAPTER VI

COPPER(II)-N-SALICYLIDENE-AMINO ACIDATO COMPLEXES AND

THEIR IMIDAZOLE, PYRAZOLE AND PYRIDINE ADDUCTS

6.1 Abstract

Copper(II) Schiff base complexes derived from salicylaldehyde

and amino acids, namely, glycine, L-alanine, L-serine, L-threo-

nine, and B-alanine, Cu (sal-aa)(H2O), and their imidazole, pyra-

zole and pyridine adducts, Cu(sal-aa)L, have been prepared. Their

electronic spectral and ESR data in water concur with data

obtained in dioxane-H20 mixture; cyclic voltammetric and diffe-

rential pulse voltammetric data collected in aqueous media

suggest involvement of Cu(I) intermediate species in their redox

process; a three-step electrode mechanism has been proposed. In

the 5-3.5 pH range, presence of protonated species, [Cu(sal-aaH)-

(H20)]
+, is evident from CV profiles. The electronic spectra of

Cu (sal-aa) L adducts show a shift of ca. 10-20 nm in the d-d band
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position to lower wavelengths. ESR parameters g-[SO/ g.. and A||

are lower and A^so higher for the adducts compared to the parent

complexes. These changes are commensurate with increased planar

covalency resulting from the replacement of H2O molecule by N-

donor ligands. The electrochemical behaviour of pyridine adducts

is similar to that of Cu(sal-aa)(H^O) complexes. Imidazole and

pyrazole adducts show irreversible one-electron reduction, this

difference in electrochemical behaviour being related to the

difference in electron acceptor ability of the N-donor ligands.

At low pHs, the electrochemical behaviour of the adducts is

similar to that of the parent complexes.

6.2 Introduction

Most of the transformations that amino acids undergo during

metabolism are catalyzed by enzymes requiring pyridoxal phosphate

as cofactors.1 These reactions also proceed in non-enzymatic

pyridoxal-amino acid systems and in many cases addition of metal

ions such as copper(II) and zinc(II) to these binary systems has

been found to enhance the reaction rates. The role of metal ions

m these reactions has been extensively reviewed. The mechanisms

proposed for the pyridoxal catalysis however have been derived

from studies on model systems such as N-salicyiidene-a-amino

acidato Schiff bases and their metal complexes. Metal ions may

simulate some of the features of enzymic activities by acting as

a trap for the Schiff base formed between pyridoxal and the amino

acid and more importantly by labilizing the bonds adjacent to the

coordinating groups of the amino acid residue. Due to the large

interest, many metal ion containing model systems have been
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studied. These include 1:1, Cu(II) complexes of N-salicylidene-a-

amino acids. ' The chelate ring structure of these complexes

has been established by X-ray structural studies.10"14 The

structure involves coordination of the tridentate Schiff base

ligand through phenolic oxygen, the imino nitrogen and carboxy-

lato oxygen donors. Although structural data on the metal comp-

lexes of salicylaldehyde-amino acid Schiff bases are available,

there is very little information available on their redox proper-

ties, particularly on the Cu(II) complexes. Therefore, we have

investigated the redox properties of selected Cu(II) salicyli-

dene-amino acidato complexes, the amino acid moieties therein

being glycine, L-alanine, L-serine, L-threonine and 6-alanine.

These Cu(II) complexes are abbreviated as Cu(sal-aa)(H2O), where

aa = amino acid residue.

The Cu(II) complexes with nearly planar geometry are able to

form adducts with various N-donor ligands such as imidazole,

pyrazole and pyridine etc., which is likely to influence redox

properties. This has been examined by electrochemical methods.

Adduct formation and geometry have been studied by UV-Vis and ESR

spectral methods and the results obtained are discussed in the

subsequent sections. The adducts are of the general formula,

Cu(sal-aa)L, (aa = amino acid; L = N-donor ligand). The elec-

trochemical results are compared with those obtained for Cu(II)

complexes of a-amino acids, peptides and related ligands.15~17

6.3 Experimental

6.3.1 Preparation of complexes

The complexes, Cu(sal-aa)(H2O), were prepared from Schiff
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base ligands derived from salicylaldehyde and the amino acids,

glycine, L-alanine, L-serine, L-threbnine and ft-alanine and their

imidazole, pyrazole and pyridine adducts, Cu(sal-aa)(H20) were

prepared as described in Section 2.2

6.3.2 Physical measurements

The general techniques employed are discussed in Section 2.3.

6.4 Results and discussion

The Cu(sal-aa)(H20) complexes and the adducts are dark green

in colour and are soluble in water and methanol except for

Cu(sal-gly)(H20) which is insoluble in methanol. In general the

adducts were more soluble in methanol. The purity of the comp-

lexes was checked by analytical data and IR spectra. The analyti-

cal data for all the complexes are given in Table 2.2.

6.4.1 Electronic and ESR spectra

Cu(sal-aa)(H20) complexes

Electronic spectra in aqueous media exhibit a band at 660 nm

and three UV bands at ca. 360, 270 and 240 nm, in agreement with

the previous reports. ' Relevant data are given in Table 6.1.

The complexes possess near planar geometry with one H2O molecule

completing the coordination sphere. The electronic spectra

were studied at low pHs in order to check for any spectral

changes, since electrochemical experiments show the presence of

protonated species at low pHs as will be discussed later. At low

pH, the d-d band decreases and finally disappears at the decompo-

sition pH, 2.5 and no additional bands were observed in the wave-

length range 800-400 nm. ESR data have been reported previously
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-1 O

in 3:2 dioxane:H20 mixture. Since our electrochemical measure-

ments were carried out in aqueous media, ESR data were collected

in this medium and the important parameters are: gi s o - 2.129-

2.135, A i s Q = 66-72 G, g.. = 2.258-2.279 and A| = 168-180 G (Table

6.1). The data are close to the values reported in dioxane:H20
i ftmixture and are compatible with square planar geometry.

Cu(sal-aa)L complexes

Analytical, electronic and ESR spectral data are known19 only

for the Cu (sal-aa) (H20) adducts, and ESR data in pyridine

solvent are known for a few Cu(sal-aa)(H20) complexes. For a

systematic investigation the imidazole, pyrazole and pyridine

adducts of Cu(sal-gly)(H20), Cu(sal-ala)(H20), Cu(sal-ser)(H20),

Cu(sal-thr)(H20) and Cu(sal-3-ala)(H20) are prepared. Analytical

and IR data on these adducts suggest the replacement of H20 by

the N-donor ligands. The electronic spectra of the adducts

exhibit the d-d band at ca. 640 nm, ca. 20 nm lower than the

parent complexes. The shift in the d-d band position indicates

that the adducts are more planar than their parent complexes. The

electronic spectral behaviour at lower pHs differs from that of

the parent complexes. In the pH range 6-5 the d-d band of the

imidazole adducts gradually shifts from 640 nm to higher

wavelengths. At pH 4, the band is at 660 nm and on further

lowering of pH, only absorbance decreases. The pyrazole and pyri-

dine adducts do not show such a shift of d-d band on lowering pH

up to 5 but at pH 4 the band shifts to 660 nm and on further

lowering of pH absorbance decreases. The general ESR pattern is

similar to that of the parent complexes. However there is a
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A||=17 5

A,,= 1 67 G g,,= 2.245

3200 G

Figure 6.1. Frozen glassy ESR spectra of Cu(sal-ser)(H2O) (A)

and Cu(sal-ser)im (B) in 95:5, water:methanol mixture

at 120 K.
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Table 6.1. Electronic and ESR spectral data of Cu(sal-aa) (H20)

complexes and their (im), (py) and (py) adducts in

aqueous media.

Complex
Xmax

nm(M"

ISO

(G) (G)

Cu(sal-gly)H2O 660 (73)

Cu(sal-gly)im 640 (95)

Cu(sal-gly)pz H2O 655 (92)

Cu(sal-gly)py 650 (98)

Cu(sal-ala)H2O

Cu(sal-ala)im

Cu(sal-ala)pz

Cu(sal-ala)py

Cu (sal-ser) H-,0

Cu(sal-ser)im

Cu(sal-ser)pz

Cu(sal-ser)py

Cu(sal-thr)H2O

Cu(sal-thr)im

Cu(sal-thr)pz

Cu(sal-thr)py

660 (82)

645 (89)

650 (84)

650 (88)

660 (92)

640 (86)

650 (82)

650 (81)

660 (91)

640(103)

655(101)

655(108)

Cu(sal-3-ala)H20 660 (59)

Cu(sal-B-ala)im 650 (54)

Cu(sal-6-ala)pz 660 (75)

Cu(sal-6-ala)py 660 (72)

2 . 1 3 0

2 . 1 2 8

2 . 1 2 2

2 . 1 2 8

2. 132

2. 126

2. 132

2.135

2.129

2.131

71

72

75

75

2.129 71

2.126 73

2.125 74

2.126 73

72

73

72

2.130 71

66

69

73

2.260 2.065 180

2.246 2.069 164

2.238 2.064 179

2.249 2.067 177

2.263 2.044 177

2.247 2.065 165

2.249 2.063 177

2.247 2.065 173

2.132 72 2.267 2.045 175

2.121 73 2.245 2.059 167

2.121 76 2.242 2.060 175

2.125 73 2.245 2.065 173

2.128 66

2.269 2.058 174

2.251 2.063 167

2.248 2.077 175

2.247 2.071 172

2.279 2.063 168

2.258 2.065 163

2.255 2.069 172

2.268 2.058 168
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slight decrease of g-[so and increase of A^so values by ca. 2-4 G.

Frozen glass ESR spectra were also recorded for the Cu(sal-

aa)(H20) complexes and the adducts. The spectra could be fitted

for g > g± > 2.0, showing the pattern typical for tetragonal

symmetry. Though both the Cu(sal-aa)(H20) complexes and the

adducts exhibit similar ESR profiles (Figure 6.1), measurable

decrease in g.. and Ay values is observed for the adducts. The ESR

data are presented in Table 6.1. Such changes indicate stronger

planar covalent bonds resulting from the replacement of H20 mole-

cule by the N-donor ligand.6'8'20~26

6.4.2 Electrochemical data

Cyclic voltammetric data were collected for the complexes in

aqueous media. The Schiff bases and the N-donor ligands did not

exhibit any redox peaks in the potential range investigated,

+ 0.01 to -1.00 V. The complexes and the adducts did not exhibit

any redox peaks in the high negative region(-1.00 to -1.80 V).

Cu(sal-aa) (P^O)

These complexes exhibited two sets of redox peaks C,D at ca.

-0.33 V and A,B at ca. +0.03 V. The electrochemical behaviour can

be summarized as follows: (i) a reduction peak (C) at -0.36 V is

observed during the first cathodic scan (ii) an oxidation peak

(D) appears at -0.30 V on reverse scan along with another

oxidation peak (B) at ca. +0.04 V (iii) a new reduction peak (A)

is observed from the second scan onv/ards (iv) when the scan is

reversed at -0.30 V (before the appearance of peak C) A,B peaks

do not appear (v) if the potential is held at -0.50 V ( after the

appearance of peak C) , the peak heights of A,B peaks increase
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UJ

a

o

0-1 -0-1 -0-2

POTENT i AL (V )

-0-3 -C, -0-5

fure 6.2. CV and DPV profiles of Cu (sal-ala) (H2O) in aqueous

media at neutral pH at various scan rates: 0.010 V/s

( ), 0.020 V/s ( ), 0.050 V/s ( ) and 0.100

V/s ( ) •
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Table 6.2. CV data of Cu(sal-aa)(H20) complexes in aqueous media at dissolu-

tion pH at different scan rates.

Complex

Cu(sal-gly H^O

Cu(sal-ala)H20

Cu(sal-ser)H2O

Cu(sal-thr)H2O

Cu(sal-Pala)H2O

Scan
rate
(V/s)

0

0

0

0

0

0

0

0

0

0

0

0

0.

0.

0.

0.

0.

0.

0.

0.

.01

.02

.05

.10

.01

.02

.05

.10

.01

.02

.10

.01

,02

,05

,10

01

02

05

10

0

0

0

-0

0

0

0

0

0

0

o

0

0

0

0

0

0

0

Aa

.00

.00

.00

.02

.01

.00

.00

• 00

.00

.00

00

.00

.00

.00

.00

.00

.00

.00

b

b

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

E p

B

.04

.04

.04

.06

.05

.05

.06

.06

.05

.05

.05

.05

.05

.05

.05

.00

.04

.04

b

b

(V)

-0

-0

-0

-0

-0

-0

-0

-0

-0

-0

-0

-0

-0

-0

-0

-0

-0

-0

-0

-0

c

.36

.36

.36

.36

.37

.37

.38

.39

.37

.37

.38

.39

.38

.38

.41

.43

.30

.30

.31

.32

-0

-0

-0

-0

-0

-0

-0

-0

-0

-0

-0

-0

-0

-0

-0

-0

-0

-0

-0,

-0

D

.29

.29

.27

.27

.30

.30

.28

.25

.30

.30

.26

.25

.25

.28

.19

.15

.24

.24

.23

.22

A E p

C,D
(V)

0

0

0

0

0,

0,

0.

0,

0,

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

.07

.07

.09

.09

.07

.07

.10

.16

.07

.07

,12

,14

13

15

22

28

06

06

08

10

C'D
(V)

-0

-0

-0

-0

-0

-0

-0

-0

-0

-0

-0

-0

-0

-0

-0

-0

-0

-0

-0

-0

.325

.325

.315

.315

.335

.335

.330

.330

.335

.335

.320

.320

.315

.305

.300

.290

.270

.270

.280

.270

-ic/ia

C,D

1.07

1.00

1.03

0.94

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.30

1.36

1.32

1.20

1.00

1.00

1.00

1.00

aPeak appeared after the second scan; peak absent.



considerably while there is no change in the heights of C,D peaks

(vi) peak separation value for the C,D peaks, AE (C,D), is about

60-80 mV and the current ratio -ic/ia (C,D) is ca. 1 (vii) at

fast scans the heights of C,D peaks increase while that of A,B

peaks decrease (viii) repeated scans do not have much influence

on the profiles. CV profiles of a representative complex are

shown in Figure 6.2 and the data are given in Table 6.2. Peak C

can be due to a one-electron process, Cu(II) ^e»» Cu(I) or a

two-electron Cu(II) =̂==£ Cu(0) process. If it is due to the

one-electron process, on reversing the scan the electrochemically

generated Cu(I) species may be reoxidised to Cu(II) species

resulting a peak (D) . The electrochemically generated Cu(I)

intermediate species can undergo the chemical decomposition/dis-

proportionation to Cu(0). The two-electron oxidation of Cu(0) to

Cu(II) species results peak B and the subsequent reduction of

Cu(II) accounts for the peak A. The A,B peaks are shown to result

from Cu(II) ^ Cu(0) process by an independent experiment on

pure Cu(II) salts. The AED values are about 60 mV and -ic/ia

values about 1 for the C,D peaks suggesting reversible one-elec-

tron redox process. The absence of peak A in the first scan and

its appearance after second scan show that Cu(II) has to be elec-

trochemically generated for the appearance of this peak. The

electrode sequence explains this. The second alternative of two-

electron reduction for the appearance of peak C cannot explain

the experimental observations and therefore is not considered in

detail. Electrochemical behaviour of these complexes is very

similar to that of Cu(II)-amino acid complexes and some of

their condensation products described in Chapter III, for which a
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similar mechanism (equations 3.1 to 3.3, ligands are omitted in

the equations) has been established.

Cu(II) l e * Cu(I)

2Cu(I) Chemical reaction> cu(o)(Hg) +cu(II)(H2O)

Cu(O)(Hg) 2 e » cu(H)(aq)

Inspection of Table 6.2 reveals a shift of C,D peaks to less

negative values by 60 mV for Cu (sal-Sala) (P^O) compared to other

complexes. This trend is compatible with an increased degree of

tetrahedral distortion27 as evidenced by the ESR data (decrease

of A^so and AJJ and increase of g.. values) . More tetrahedral

distortion is expected for this complex due to increase in chel-

ate ring size.

To study the effect of pH, CV data were collected at low pHs.

The major changes observed are: (i) C,D peaks decrease in height

gradually and at pH ca. 4 cl is appear completely (ii) at pH ca. 4,

a new reduction peak (C) at ca. -0.18 V and an oxidation peak

(D') at ca. -0.12 V appear, and shift to less negative values on

further decrease of pH (iii) at pH < 2.5, only A,B peaks are

observed (iv) the process is reproducible on increasing pH but

heights of C,D peaks are decreased. These changes are shown for a

representative complex in Figure 6.3 and the data are presented

in Table 6.3. The observation of peaks C',D' at pH ca. 4 indi-

cates the formation of a new species which is capable of under-

going one-electron redox process. The new species appears to be,

[Cu(sal-aaH)(H20)]
+ since Cu(II) salicylaldehyde or amino acid

complexes, which can be other possible products, have completely
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LU

a: "•. B

0- 0-0 -0-1 -0-2

POTENTIAL (V )

-0-3 -0-4

Figure
c v a n d DPV profiles of cu(sal-ser,(H2O, .na.ueous

media at var.ous PHs: 7.2 ( — ) , - 5 ( ), 3-0

( , and 2.1 ( ) at scan rates 0.050 and 0.010

V/s respectively.
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Table 6.3. CV data of the Cu(sa 1-aa)(H2O) complexes in aqueous media at

different pHs at scan rate 0.02 V/s.

Complex

Cu(s«1-g]y)H2O

C u ( s a 1 - a l a ' ^ 2 °

C u ( s a l - s e r ) H 2 0

C u ( s a l - t h r )H20

C u ( s a l - P a l a ) H 2 0

PH

7 .0
6 . 2
4 . 4

3 . 9
3 . 1

7 . 2
4 . 9
4 .2

3 . 4
3 . 1

7 . 2
5 . 9
4 . 5

3 . 0
2 . 1

7 . 2
5 . 0
3 . 8

3 . 0
2 . 4

7 . 2
5 . 9
4 . 6

4 . 1
3 . 1

0
- 0
- 0

-0
-0

0
0
0

0
0

0
-0
- 0

0

-0

0
0
0

0
- 0

0
0
0

0
- 0

A 3

. 0 0

. 0 4

. 0 6

.06

.08

.00

. 0 0

. 0 0

. 0 0

. 0 0

. 0 0

.05

.05

. 0 0

. 0 1

. 0 0

. 0 0

. 0 0

. 0 0

. 0 4

. 0 0

. 0 0

.00

. 0 0

. 0 1

0
0
0

- 0
- 0

0
0
0

0
0

0
0
0

0
0

0
0
0

0
0

0
0
0

0
0

Ep

B

. 0 4

. 0 0

. 0 0
(

.02 !

. 0 2

. 0 5

. 0 5

. 0 5

. 0 5

. 0 5

. 0 5

. 0 0

. 0 0

. 0 5

. 0 4

. 0 5

. 0 4

. 0"-

. 0 5

. 0 6

. 0 4

. 0 4

.04

. 0 4

. 0 4

( V )

c
( C

- 0 .
- 0 .
- 0 .
- 0 .
- 0 .

- 0
- 0
- 0

( - 0
( - 0

- 0
- 0
- 0

( - 0
( - 0

b

- 0
- 0

-
( - 0
( - 0

- 0
- 0
- 0

( - 0
( - 0

)

36
35
34
1 8 )
16)
b

. 3 7

. 3 7

. 3 6

.19)

.14)
b

. 3 7

.35

. 3 4

.18)

.16)

. 3 8

. 38
-

.18)

.14)
b

. 3 0

. 3 0

.28

.18)

.15)
b

D
< D " >

- 0 . 2 9
-0.27
-0.27

( - 0 . 1 2 )
( -0 .1C)

b

- 0 . 3 0
- 0 . 2 7
-0.29

( - 0 . 1 2 )
( - 0 . 0 7 )

b

- 0 . 3 0
- 0 . 2 7
- 0 . 2 8

( - 0 . 1 2 )
( - 0 . 1 0 )

b

- 0 . 2 3
- 0 . 2 5

0.26
( - 0 . 1 2 )
( - 0 . 0 8 )

b

- 0 . 2 4
- 0 . 2 4
-0.22

( - 0 . 1 2 )
( - 0 . 0 5 )

b

C,E
( C ,D*

( V )

0 . 0 7
0 . 0 8
0 . 0 7

( 0 . 0 6 )
( 0 . 0 6 )

0 . 0 7
0 . 1 0
0 . 0 7

( 0 . 0 7 )
( 0 . 0 7 )

0.07
0 .08
0 . 0 6

( 0 . 0 6 )
( 0 . 0 6 )

0 . 1 5
0 . 1 3
. . 0 6

( 0 . 0 6 )
( 0 . 0 6 )

0 . 0 6
0 . 0 6
0 . 0 6

( 0 . 0 6 )
( 0 . 1 0 )

C D
) ( C ,D* )

( V )

- 0 . 3 2 5
- 0 . 3 1 0
- 0 . 3 0 5

( - 0 . 1 5 0 )
( - 0 . 1 3 0 )

- 0 . 3 3 5
- 0 . 3 2 0
- 0 . 3 2 5

( - 0 . 1 5 5 )
( - 0 . 1 0 5 )

- 0 . 3 3 5
- 0 . 3 1 0
- 0 . 3 1 0

( - 0 . 1 5 0 )
( - 0 . 1 3 0 )

- 0 . 3 0 5
- 0 . 3 1 5
- 0 . 2 9 0

( - 0 . 1 5 0 )
( - 0 . 1 1 0 )

- 0 . 2 7 0
- 0 . 2 7 0
- 0 . 2 5 0

( - 0 . i 5 0 )
( - 0 . 1 0 0 )

- i c ' i a
C D

( C / D M

1.07
1 .00
1.07

( 1 . 0 0 )
( 1 . 1 7 )

1 .00
1.11
1.00

( 1 . 1 1 )
( 1 . 0 0 )

1.00
1 .00
1 .00

( 1 . 0 0 )
( 1 . 2 0 )

1 .36
1.20
1.33

( 1 . 1 0 )
( 1 . 0 0 )

1 .00
1.00
1.00

( 1 . 0 0 )
( 0 . 9 0 )

Values in parentheses correspond to C',D' peaks; Peak appeared

from the second scan onwatds; peak absent.
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different CV profiles at this pH. Though Cu(II)-a-amino acid

complexes and similar systems can be protonated the species

produced do not undergo one-electron redox process.1 The

[Cu(sal-aaH)(H20)]+ undergoes one-electron redox process, s tabi-

l i ty of the intermediate Cu(I) species arising from increased

chelation present in the Cu(sal-aa)(H20) complexes compared to

the Cu(II)-a-amino acidato complexes.

Cu(sal-aa)L complexes

The CV behaviour of pyridine adducts at neutral pH is very

similar to the parent Cu(sal-aa)(H20) complexes implying that

replacement of H20 by pyridine does not substantially affect the

electrochemical behaviour. However, the imidazole and pyrazole

adducts exhibit the following changes: (i) peak C appears at more

negative potentials (ca._ -0.40 V) (ii) peak D is absent even at

high scan rates but A, B peaks appear at the same potentials.

Representative CV profiles are shown in Figure 6.4 and the data

collected in Table 6.4. Absence of peak D implies that the

Cu(II)/Cu(I) redox process is not reversible i.e., the Cu(I)

intermediate species generated is unstable for these adducts and

undergoes immediate chemical disproportionation/decomposition

excluding its reoxidation. The pyridine adducts show reversible

one-electron redox behaviour (presence of peak D) indicating

higher stability of their Cu(I) intermediate species. It is well

known that Cu(I) complexes are stabilized by xsofter' ligands.

The greater TT -acceptor ability (softness) of pyridine compared to

imidazole and pyrazole can be inferred from the CV behaviour.

Origin of the peaks B and A relates to two-electron oxidation-

reduction of Cu(0) as in the case of parent complexes. C.̂  A.-, •
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rr

0.05 mA

v r&
0- -0-1 - 0 - 2

P O T E N T I A L ( V

Figure 6.4. CV and DPV profiles of Cu(sal-ala)im ( ), Cu(sal-

a l a ) p z ( ) and Cu (sal-ala) py ( ) at scan rates

0.050 and 0.010 V/s respectively.
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P O T E N T I A L ( V )
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Figure 6.5. CV and DPV profiles of Cu(sal-gly)im in aqueous media

at various pHs: 7.5 ( ), 5.6 ( ), 4.6 ( )

a n d 3 i 3 ( ) at the scan rates 0.050 and 0.010 V/s

respectively. !
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Table 6.4. CV data of the adducts in aqueous media at various pHs at scan rate

0.020 V/s.

Complex
E p (V)

C
(C)

D
(D1

AEp
C,D

( C ,D
( V )

Ei
C,D

( C ,D
(V)

C,D

Cu(sal-gly)in, 7.5
5.6
4.6
3.3

C i i ( s a l - g l y ) p Z H2O 7 . 3
5 . 0
3 . 6
2 . 5

Cu(sal-gly)py

Cu(sal-a la)im

Cu(sal-ala)pz

Cu(sal-ala)py

Cu(sal-ser)im

Cu(sal-ser)pz

Cu(sal-ser)py

Cu(sal-thr)im

7.6
5.1
4.2
3.1

7.6
6.1
4.9
3.6

7.2
6.0
4.2
2.8

7.6
6.0

5.2
4 .0

7 . 4
5 . 0
3 . 5
2 . 1

7.4
5.2

4.4
2.5

7 . 5
6 . 2

4 . 6
3 .6

7 . 5
5 . 0
4 .1
2 . 9

0 .00
- 0 . 0 1
- 0 . 0 1
- 0 . 0 1

0 .01
0 .00
0 .00
0 .00

0 .00
0 .00
0 .00
0 .01

- 0 . 0 1
- 0 . 1 0
- 0 . 1 0
- 0 . 1 6

- 0 . 0 1
0 .00
0 .00
0 .00

0.00
0.00

0.00
0.00

- 0 . 0 1
0 .00
0 .00
0 .00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00
0.00
0.00

0 . 0 4 - 0 . 3 6 b
0 . 0 4 - 0 . 2 7 - 0 . 1 7 0 . 1 0 - 0 . 2 2 1 . 1 3
0 . 0 4 ( - 0 . 2 0 ) ( - 0 . 1 4 ) ( 0 . 0 6 > ( - 0 . 1 7 ) ( 1 . 3 6 )
0 . 0 4 ( - 0 . 0 8 ) b

0 . 0 4 - 0 . 4 0 b
0 . 0 4 - 0 . 3 9 b
0 . 0 4 ( - 0 . 1 2 ) ( - 0 . 0 9 ) ( 0 . 0 3 ) ( - 0 . 1 0 5 ) ( 1 . 0 0 )
0 . 0 4 b b

0 . 0 4 - 0 . 3 6 - 0 . 2 7 0 . 0 9 - 0 . 3 1 5 1 . 0 7
0 . 0 4 ( - 0 . 2 2 ) ( - 0 . 1 7 ) ( 0 . 0 5 ) ( - 0 . 1 9 5 ) ( 1 . 3 3 )
0 . 0 4 ( - 0 . 1 5 ) ( - 0 . 1 0 ) ( 0 . 0 5 ) ( - 0 . 1 2 5 ) ( 1 . 3 0 )
0 . 0 4 b b

0 . 0 5 - 0 . 4 2
- 0 . 0 2 - 0 . 3 4
- 0 . 0 6 - 0 . 3 0
- 0 . 0 7 b

0 . 0 4 - 0 . 4 0
0 . 0 4 - 0 . 4 1
0 . 0 4 ( - 0 . 1 5 )
0 . 0 4 b

0.04
0.04

- 0 . 3 7
- 0 . 3 7

( - 0 . 2 3 )
0 .04 ( - 0 . 2 3 )
0.04 ( - 0 . 1 7 )

0 .05 - 0 . 3 9
0.04 - 0 . 2 9
0.04 ( - 0 . 1 5 )
0 .04 b

0.04
0.04

0.04
0.04

- 0 . 4 3
- 0 . 3 8

( - 0 . 2 2 )
( - 0 . 1 7 )

b

0 . 0 4 - 0 . 3 7
0 . 0 4 - 0 . 3 6

( - 0 . 2 1 )
0 . 0 3 ( - 0 . 2 1 )
0 . 0 3 ( - 0 . 1 1 )

0 . 0 4 - 0 . 3 7
0 . 0 4 - 0 . 2 8
0 . 0 4 ( - 0 . 1 8 )
0 . 0 4 b

b
- 0 . 2 0 0 . 1 4 - 0 . 2 7 0 . 8 3
- 0 . 2 0 0 . 1 0 - 0 . 2 5 0 . 9 3

b

b . . . .
b

( - 0 . 0 9 ) ( 0 . 0 6 ) ( - 0 . 1 2 ) ( 1 . 5 8 )
b

( - 0 . 2 0 0 ) ( 1 . 0 0 )
( - 0 . 2 0 0 ) ( 1 . 2 0 )
( - 0 . 1 4 5 ) ( 1 . 2 4 )

- 0 . 2 9 0 . 0 8 - 0 . 3 3 1 . 0 6
- 0 . 3 0 0 . 0 7 - 0 . 2 2 5 1 . 0 0

( - 0 . 1 7 ) ( 0 . 0 6 )
( - 0 . 1 7 ) ( 0 . 0 6 )
( - 0 . 1 2 ) ( 0 . 0 5 )

b
- 0 . 1 6

( - 0 . 1 0 )
b

b
b

( - 0 . 1 6 ) ( 0 . 0 6 ) ( - 0 . 1 9 0 ) ( 1 . 3 5 )
( - 0 . 1 3 ) ( 0 . 0 4 ) ( - 0 . 1 5 0 ) ( 2 . 3 7 )

b

0 . 1 3 - 0 . 2 2 5
( 0 . 0 5 ) ( - 0 . 1 2 5 )

1 . 2 1
( 1 . 2 9 )

- 0 . 2 8
- 0 . 2 8

( - 0 . 1 7 )
( - 0 . 1 5 )
( - 0 . 0 8 )

0.09
0.08

( 0 . 0 4 )
( 0 . 0 6 )
( 0 . 0 3 )

- 0 . 3 2 5
- 0 . 3 2 0

( - 0 . 1 9 0 )
( - 0 . 1 8 0 )
( - 0 . 0 9 5 )

1 . 0 6
0 . 9 2

( 1 . 2 6 )
( 1 . 1 3 )
( 2 . 5 0 )

b
- 0 . 1 7 0 . 1 1 - 0 . 2 2 5 0 . 8 7

( - 0 . 1 2 ) ( 0 . 0 6 ) ( - 0 . 1 5 0 ) ( 1 . 1 1 '
b
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Table 6.4 (contd.

Cu(sa1-thr)pz

Cu(sal-thr)py

Cu< sal-Pala)im

Cu(sal-Paia!pz

Cufsal-flala)py

1

7.3
5.3

3.5
3.0

7.2
6.0

5.0
3.5

7.6
6.0
4.2
3.6

7.2
5.5
4.6
3.7

7.3
5.5
3.9
2.5

0.
0.

0.
0.

0.
0.

0.
0.

0.
0.
0.

0.
0.
0.
0.

0.
0.
0.
0.

00
01

Cl
00

.01
01

01
01

b
00
00
01

0 .
0
0
0

01
01
01
01

0.
0.

0.
0.

0.
0.

0.
0.

0.
0.
0.
0.

0.
0.
0.
0.

0.
0 .
0.
0.

05
05

05
04

04
05

05
05

04
04
04
04

04
04
04
04

04
04
04
04

-0.
-0.
(-0.
(-0.

h

-0.
- 0 .
(-0.
(-0.
(-0.

-0.
-0.
(-0.

b

-0.
-0.
(-0.

b

-0.
-0.
(-0.

b

41
39
15)
11)
>

37
35
22)
20)
11)

31
22
14)

37 •
36
15)

31
30
11)

b
b

(-0.11)
(-0.07)

b

-0.22
-0.29
(-0.16)
(-0.14)
(-0.06)

b
-0.16
(-0.07)

b

b
b

(-C.09)
b

-0.25
-0.24
(-0.06)

b

(0
(0
•

0
0
(0
(0
(0

0
(0
•

m

(0
•

0
0
(0

•

.04)

.04)
•

.15

.06

.06)

.06)

.05)

.06

.07)

• _ _?_

.06!

•

060
.060
.050)

•

, .
(-0.
(-0.
• •

-0.
- 0 .
(-0.
(-0.
(-0.

..
-0.
(-0.

.*;..

# #

(-0.
• •

-0.
-0.
(-0.

.130)
090)

295
320
190)
170)
065)

190
105)

120)

280
270
085)

(1
(1
•

1
1
(1
(1
(1

.
1
(1
, •

(1
•

1
1
(1
•

.32)

.43)
•

.50

.00

. 44)

.10)

.10)

.07

.09)

,00)
•

.00

.00

.43)
•

Values in parentheses correspond to C*,D' peaks; peak appeared from the second

scan onwards; peak absent. ...- . .- •-, , • -, .̂ ,u

Major changes in the CV behaviour of the adducts at lower

pHs can be summarized as follows: (i) at pH ca. 6 peak C shifts

to less negative potentials by ca. 60-80 mV along with the appe-

arance of peak D for the imidazole adducts (ii) peak D does not

appear even at pH 5 for the pyrazole adducts (iii) at pH 6, the

pyridine adducts exhibit C',D' peaks along with the C,D peaks and

at pH 5 only the C',D' peaks are observed (iv) for the imidazole

and pyrazole adducts only at pH ca. 4, the C',D' peaks appear (v)

for all the adducts, C',D' peaks shift to less negative values on

further decrease of pH and finally disappear at pH ca. 2.5 (vi)
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these electrochemical changes are reproducible on increasing pH

from 2.5 to 7 but there is a decrease in their peak heights. The

CV profiles of a representative adduct are shown in Figure 6.5

and the data collected in Table 6.4. Similarity with the parent

Cu(sal-aa)(H20) complexes at or below pH 4 indicates that the

coordinated N-donor ligands are displaced as the pH is lowered

generating the parent complex. This may be due to the protona-

tion of the donor ligands thereby weakening the ligand-metal

bonds. Presence of C ,D' peaks for the adducts at pH ca. 4

therefore will have the same origin as C',D' peaks of the parent

complexes.

Differential pulse voltammograms were recorded for all the

Cu(sal-aa)(J^O) complexes in aqueous media at the same experi-

mental conditions as those of CV experiments. DPV data have been

compared with the CV data. DPV profiles of a representative

complex are given in Figure 6.2. They show the four peaks C,D

and A,B. The n value calculated from Wi. values^ for C,D peaks is

ca. 1, indicating one-electron transfer process, a conclusion

drawn from the CV data, relevant DPV data are given in Table 6.5.

Differential pulse voltammograms have been recorded for all the

complexes at lower pHs also. DPV profiles of a representative

complex are given in Figure 6.3. Appearance of C',D' peaks and

other changes observed with the CV profiles could be seen with

the DPV profiles also. DPV data have been collected for the

adducts in aqueous media at neutral and low pHs. The imidazole

and pyrazole adducts exhibit the presence of peak C at more

negative values but the oxidation peak D is absent at neutral pH.
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Table 6.5. Differential pulse voltanwnetric data of the Cu(sal-aa ) (H2O )

complexes at different pHs at scan rate 0.010 V/s.

E p (V) n a

Complex pH
A b B C D CD

( C ) (D 1 ) ( C ) (D f )

C u ( s a l - g l y ) H 2 O 7 . 0 0 . 0 0 0 . 0 5 - 0 . 3 5 - 0 . 2 9 0 . 8 2 0 . 8 2
6 . 2 0 . 0 0 0 . 0 5 - 0 . 3 4 - 0 . 2 9 0 . 9 0 0 . 9 0
4 . 4 - 0 . 0 5 0 . 0 0 - 0 . 3 3 - 0 . 2 7 0 . 9 0 0 . 8 2

( - 0 . 1 8 ) ( - 0 . 1 1 ) ( 0 . 9 0 ) ( 0 . 8 2 )
3 . 9 - 0 . 0 6 - 0 . 0 1 ( - 0 . 1 3 ) ( - 0 . 0 7 ) ( 0 . 8 2 ) ( 0 . 8 2 )
3 . 1 - 0 . 0 0 - 0 . 0 1 c c

C u ( s a l - a l a ) H 2 O 7 . 2 0 . 0 2 0 . 0 6 - 0 . 3 7 - 0 . 3 0 1 . 0 0 0 . 9 0
4 . 9 0 . 0 2 0 . 0 6 - 0 . 3 7 - 0 . 3 0 0 . 9 0 0 . 8 2
4 . 2 0 . 0 1 0 . 0 5 - 0 . 3 6 - 0 . 3 0 0 . 9 0 0 . 9 0

( - 0 . 1 9 ) ( - 0 . 1 2 ) ( 0 . 9 0 ) ( 1 . 0 0 )
3 . 4 0 . 0 0 0 . 0 5 ( - 0 . 1 3 ) ( - 0 . 0 8 ) ( 1 . 0 0 ) ( 1 . 0 0 )
3 . 1 0 . 0 0 0 . 0 5 c c

C u ( s a l - s e r ) H 2 O 7 . 2 0 . 0 0 0 . 0 4 - 0 . 3 5 - 0 . 2 9 0 . 9 0 0 . 9 0
5 . 9 0 . 0 0 0 . 0 5 - 0 . 3 4 - 0 . 2 9 0 . 9 0 0 . 9 0
4 . 5 - 0 . 0 5 0 . 0 0 - 0 . 3 3 - 0 . 2 8 0 . 9 0 0 . 9 0

( - 0 . 1 7 ) ( - 0 . 1 1 ) ( 1 . 0 0 ) ( 0 . 9 0 )
3 . 0 0 . 0 0 0 . 0 4 ( - 0 . 1 5 ) ( - 0 . 1 0 ) ( 1 . 0 0 ) ( 1 . 0 0 )
2 . 1 0 . 0 0 0 . 0 4 c c

C u ( s a l - t h r ) H 2 O 7 . 2 0 . 0 1 0 . 0 5 - 0 . 3 7 - 0 . 2 8 1 . 0 0 0 . 8 2
5 . 0 0 . 0 1 0 . 0 5 - 0 . 3 7 - 0 . 2 8 0 . 9 0 0 . 8 2
3 . 8 0 . 0 1 0 . 0 5 - 0 . 3 1 - 0 . 2 5 0 . 8 2 0 . 8 2

( - 0 . 1 8 ) ( - 0 . 1 2 ) ( 0 . 9 0 ) ( 1 . 0 0 )
3 . 0 - 0 . 0 1 0 . 0 5 ( - 0 . 1 4 ) ( - 0 . 0 8 ) ( 1 . 0 0 ) ( 0 . 9 0 )
2 . 4 - 0 . 0 1 0 . 0 5 c c

C u ( s a l - p a l a ) H o O 7 . 2 0 . 0 0 0 . 0 5 - 0 . 3 0 - 0 . 2 4 0 . 9 0 0 . 9 0
5 . 9 0 . 0 0 0 . 0 5 - 0 . 3 0 - 0 . 2 4 0 . 9 0 0 . 9 0
4 . 6 0 . 0 0 0 . 0 5 - 0 . 2 8 - 0 . 2 2 0 . 9 0 0 . 9 0

( - 0 . 1 8 ) ( - 0 . 1 2 ) ( 0 . 9 0 ) ( 1 . 0 0 )
4 . 1 0 . 0 0 0 . 0 5 ( - 0 . 1 5 ) ( - 0 . 0 9 ) ( 0 . 9 0 ) ( 1 . 0 0 )
3 . 1 - 0 . 0 1 0 . 0 5 c c . . . .

V a l u e s i n p a r e n t h e s e s c o r r e s p o n d t o C ' , D ' p e a k s ; n = 9 0 . 4 / W i ;

b c
p e a k a p p e a r e d f r o m t h e s e c o n d s c a n o n w a r d s ; p e a k a b s e n t .
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Table 6.6. DPV data of the Cu(sal-aa)L adducts in aqueous media at

various pHs at scan rate 0.010 V's.

Complex
PH

E p (V

B C
(C )

D
' )

C
(C )

D
(D1 )

Cu(sal-gly)im 7.5
5.6
4.6
3.3

Cu(sal-gly)pz H2O 7.3
5.0
3.6
2.5

Cu(sal-gly)py

Cu(sal-ala)im

Cu(sal-ala)pz

Cu(sal-ala)py

Cufsal-ser)im

Cu(sal-ser)pz

7.6
5.1
4.2
3.1

7.6
6.1
4.9
3.6

7.2
6.0
4.2
2.8

7.6
6.0
5.2
4.0

7.4
5.0
3.5
2.1

7.4
5.2

4.4
2.5

0.00
0.00
0.00
0.00

0.01
0.00
0.00
0.00

0.00
0.00
0.00
0.01

0.00
-0.06
-0.10
-0.16

0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00

o.on
0.00
0.01
0.01

0.0
0.00

0.00
0.00

0.05 -0.36
0.05 -0.28
0.04 (-0.20)
0.04 c

0.04 -0.41
0.04 -0.40
0.04 (-0.13)
0.04 c

0.05 -0.36
0.04 (-0.22)
0.04 (-0.14)
0.05 c

0.04 -0.44
-0.02 -0.34
-0.06 -0.32
-0.08 c

0.04 -0.41
0.04 -0.32
0.05 (-0.15)
0.05 c

0.05 -0.44
0.04 -0.40

(-0.22)
0.04 (-0.17)
0.04 c

c
-0.22
(-0.14)

c

c
c

(-0.08)
c

-0.30
(-0.17)
(-0.10)

c

c
-0.25
-0.25

0.04 -0.44 c
0.04 -0.43 c
0.04 (-0.15) (-0.09)
0.04 c c

0.04 -0.38 -0.32
0.04 -0.37 -0.31
0.04 (-0.23) (-0.17)
0.04 (-0.17) (-0.12)

c
-0.27
(-0.10)

c

c
c

(-0.15)
(-0.11)

c

0.82
0.82
(0.82)

1.00
1.13
(1.29)

1.00
(1.00)
(1.29)

1.00
0.82
0.90

1.00
1.00
(1.13)

1.00
1.00
(1.00)
(1.29)

1 .00
1 .00
(1.13)

1.13
1.13
(1.00)
(1.00)

0.82
(1.00)

(1.29)

1.00
(1.13)
(1.13)

0.90
1.00

(1.13)

1.00
1.00
(0.90)
(1.29)

1.00
(1.29)

(1.00)
(1.00)
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Table 6.6 (Contd. )

Cu(sal-ser)py

Cu(sal-thr)im

Cu(sal-thr)pz

Cu(sal-thr)py

Cu(sal-3ala)im

Cu(sal-3ala)pz

Cu(sal-3ala)py

7 . 5
6 . 2

4 . 6
2 . 5

7 . 5
5 . 0
4 . 1
2 . 9

7 . 3
5 . 3
3 . 5
3 . 0

7 . 2
6 . 0

5 . 0
3 . 5

7 . 6
6 . 0
4 . 2
3 . 6

7 . 2
5 . 5
4 . 6
3 . 7

7 . 3
5 . 5
3 . 9
2 . 5

0 .0 0
0 . 0 0

0 . 0 0
0 . 0 0

0 . 0 0
0 . 0 0
0 . 0 0
0 .00

0 . 0 1
0 . 0 1
0 . 0 1
0 . 0 1

0 . 0 1
0 . 0 1

0 . 0 1
0 . 0 1

0 .00
0 .00
0 . 0 0
0 . 0 1

0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0

0 . 0 1
0 . 0 1
0 . 0 1
0 . 0 1

0 .04
0 . 0

0 . 0 4
0 .04

0 .04
0 . 0 5
0 . 0 5
0 . 0 5

0 .04
0 . 0 5
0 . 0 5
0 . 0 5

0 . 0 5
0 . 0 5

0 . 0 5
0 . 0 5

0 . 0 5
0 . 0 5
0 . 0 5
0 . 0 5

0 .04
0 .04
0 .04
0 .04

0 .04
0 .04
0 .04
0 .04

- 0 . 3 8
- 0 . 3 7

( - 0 . 2 2 )
( - 0 . 2 1 )

c

- 0 . 3 9
- 0 . 2 9

( - 0 . 1 9 )
c

- 0 . 4 2
- 0 . 4 1

( - 0 . 1 1 )
c

- 0 . 3 7
- 0 . 3 5

( - 0 . 2 2 )
( - 0 . 2 0 )
( - 0 . 1 1 )

- 0 . 3 1
- 0 . 2 3
- 0 . 1 4

c

- 0 . 3 8
- 0 . 3 7

( - 0 . 1 5 )
c

- 0 . 3 1
- 0 . 3 0

( - 0 . 1 0 )
c

- 0 .
- 0 .

( - 0 .
( - 0 .

c

c
- 0 .

( - 0 .
c

c
c

( - 0 .
c

- 0 .
- 0 .

( - 0 .
( - 0 .
( - 0 .

c
- 0 .

( - 0 .
c

c
c

( - 0 .
c

- 0 .
- 0 .

( - 0 .
c

,30
,31
,18)
1 6 )

*

«

20
14 )

<

i

i

07)

30
29
1 6 )
14 )
06 )

18
07 )

09)

25
25
05)

0 .90
1.00

( 1 . 2 9 )
( 1 . 0 0 )

0 .90
0 .90

( 0 . 8 2 )

0 . 9 0
1 .13

( 1 . 2 9 )

1.00
1.00

( 1 . 0 0 )
( 1 . 0 0 )
( 1 . 2 9 )

1 .00
( 1 . 0 0 )

1.00
1.00

( 1 . 0 0 )
• *

1.00
1.00

( 1 . 2 9 )
# #

0
1

(1
( 1

•

0
(0

•

( 1
•

1,
1,

( 1 ,
( 1 .
( 1 .

• 4

1 .
( 1 .

. 9 0

. 0 0

. 2 9 )

. 0 0 )
•

. 8 2

. 9 0 )
•

. 2 9 )

. 0 0

. 0 0

. 0 0 )

. 1 3 )
, 2 9 )

,00
, 1 3 )

( 1 . 2 9 )

• •

1 .
1 .

( 1 .

00
00
29)

Values in parentheses correspond to the C',D' peaks; n - 90.4'W.i.;

3peak appeared from the second scan onwards; peak absent.



The pyridine addtacts exhibit similar DPV behaviour as that of the

parent complexes at neutral and low pHs. Imidazole and pyrazole

adducts show presence of C',D' peaks at pH ca. 4 as the parent

complexes. DPV data of the adducts are presented in Table 6.6 and

profiles of a representative adduct are shown in Figure 6.5.

These data are supportive of the conclusions drawn from the CV

data.

6.5 Conclusions

The Cu(sal-aa)(H20) complexes are of planar geometry as

evidenced by the ESR data. Their CV behaviour is similar to that

of Cu (II) - a-amino acid complexes at neutral pH but at low pHs

there are observable differences. An electrode mechanism invol-

ving Cu(I) intermediate is suggested and discussed. At lower pHs,

protonated species such as [Cu(sal-aaH)(H20)]
+ are formed, which

undergo one-electron redox process at a less negative potential.

Electronic and ESR spectral data show that the N-donor ligands

replace the equatorial H20 molecule of the parent complexes

during adduct formation enhancing the planar covalency of the

copper-N-donor ligand bond. This is reflected in their redox

behaviour. The imidazole and pyrazole adducts undergo irrever-

sible Cu(II)/Cu(I) redox process in contrast to the pyridine

adducts. The greater ^softness' (TT-acceptor ability) of pyridine

has been attributed to the reversibility shown by the pyridine

adducts.
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