Chapter-I

Introduction




Aims and objectives of the work :

" Main theme of the research work embodied in this treatise

2+
2

ions using chiroptical methods with a view to establish

is the study of new chiral coordination compounds of UO] entity

and Ln3+
their absolute configurations/conformations. Such studies for
determining absolute configurations/conformations of metal com-
plexes in solution are quite important because of their bio-inor-
ganic relevance, e.g., in understanding mechanisms of reactions

of amino acids like tranéaminatiOn, racemization, decarboxylation,
etc. Metabolic reactions of amino acids i.e., non-oxidative
enzymatic transformation of amino acids like transamination,
decarboxylation, racemization, X, /3 -elimination, etc. are
catalyzed by various enzyﬁes in which pyridoxal acts as the
coenzyme; all these reactions proceed through the Schiff base of
pyridoxal 5’-ph05phate (PLP) and amino acid. Pyridoxal
5’—ph05phate (vitamin 86) catalyzed reactions of amino acids can
be duplicated in part in model systems mosﬁly with the aid of
certain metal ions. Practically all the amino acids perticipate
in transamination reactions. After feeding rats with le-labelled
amino acids, almost all the amino acids (except lysine and
threonine) contained the N1 isotope but glutamic and aspartic
acid and also glutamine had the highest contain.suggesting a key

. . . . ' 1-4
role for these amino acids in amino-group transfer.

Transamination is an important reaction which provides a

link between the carbohydrate and protein metabolism through the



transference of amino groups from amino acids to keto-acids.
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These reactions are catalyzed by transaminase enzymes
and the most abundant of these are the glutamate-oxaloacetate

and glutamate-pyruvate transaminase ;-
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The first indication that metal ions might be involved
in enzymatic and non-enzymatic pyridoxal catalyzed reactions-

)5,6

was found by Metzler and Snell (1952 who succeeded in

reproducing some of these reactions by incubating pyridoxal and

2+ + . . .
o° ", Fe? ) with the amino acid, and have

a metal salt (cu’t, c
suggested a general mechanism for non-enzymatic transamination
between an amino acid and a keto-acid by metal-activated
pyridoxal and other related reactions. This remarkable work of
Snell and his group (1952 onwards)>*® must be considered as one
of the principal starting point in the development of "inorganic
biochemistry". Work on such model s&stems is significant for
several reasons. There is no other group of metal complexes
which manifest as great a diversity of reactions of coordinated
ligands, whether of biological significancé or not, as do
pyridoxylidene and pyridoxylimino chelates. Studies of reactioné
of coordinated ligands ié an important area of research in

15-17 In order to have a

coordination chemistry and catalysis.
clear understanding of such reactivities, it is essential to

know the absolute configurations/conformations of such complexes
“in solution., Actually there remains much to be understood about

this aspect using chiroptical methods like CD spectra supported

by other evidences especially 1H NMR spectra.
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Despite the lack of proof that these enzymes function as metallo-
enzymes, the metal complex (A) may simulate certain of the
features of enzymatic active sites in the sense of facilitating
Schiff base formation and of labilizing bonds formed by the

o -carbon in the condensed amino acid portion in such a complex.
The formation of aldimine or ketimine Schiff base is an essential
feature of all currently accepted mechanisms of vitamin B,
catalysis, many of which also require lability of the o -hydrogen
in those reactions proceeding to products through an intermediate

ald‘imine.s-14

Hydrolysis K of intermediate (Q) at (D) gives pyridoxamine
and a keto-acid, that is, interchange of amino group between
molecules of two amino acids, leads to a process called trans-
amination. The overall transamination reaction (3) results from

the coupling of the sequential reactions (1) and (2) :-

RCH(NH, )COOH + Pyridoxal &= RCOCOOH + Pyridoxamine ()
Pyridoxamine + R COCOH == R CH(NHZ)CO(}I + Pyridoxal oo (2)
RCH(NHZ)COOH + R COCQOOH — R CH(NHZ)COOH + RCOCOOH ees(3)

Ionization of a hydrogen atom by the breaking of bond (a)
to give (C) followed by recombination to (A) and hydrolysis gives

the original amino acid racemized.,

A decomposition, leading to pyridoxal, C02 and the émine

corresponding to the amino acid could occur by scission of bond

(b) of (A) : enzymic decarboxylations of -amino acids



usually require pyridoxal.

There are other ways in which a complex of type (B)-(C)
can break up if the substituent (R) permits. One example is the
complex (E) derived from serine. The bond (C) can break giving
(B)-(C) (R=H), a proton and formaldehyde. Subsequently (B)-(C)

. (R=H) hydrolyses to glycine and pyridoxal.

(9)

HO HoC ——CH——CO

N
/\M/
[ CH0 + H'+ B (R=H)

0

(E)

The overall reaction is :-

I-IOCI-IZCH2 (NHZ) (COZH)—-—) CHZO + HZNCH2C02H

There are many pyridoxal dependent enzymes that catalyze

cx,/g-elimination of the following type.
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They include serine dehydratase, threonine dehydratase, homo-
cysteinine desulphhydratase, cystathionine A4 -lyase and cysta-
thionine <-lyase. Other examples include pheﬁylserine aldolase,

cysteine synthetase and tryptophan synthetase.

The above-mentioned reactions of Schiff bases involve a
number of electron and hydrogen shifts and presumably are.
conﬁrolled by subtle conformational effects. It has been sugges-
ted that the bond pe;pendicular to the 7 system of the Schiff
base is most easily broken, and that the enzymés gdvern reaction

specificity by controlling the conformation of the N-Cx bond.




Another important structural feature is the conformation of the

C4_C4’ bond, which is predominantly cis.

A general theory on the mechanism of these non-enzymatic

reactions involves four stages :

(1) Formation of a Schiff base with subsequent electron displace-
ment from the o(-carbon atom to the electronegative ring
nitEOgen through a conjugated system of double bonds.

Weakening of the bonds to the «-carbon atom thus results.

(2) Release of H+, coor’ or R* from the o« -carbon to produce a

transitionél Schiff base.

(3) Localization of the lone pair of electrons of the hetero-
cyclic nitrogen either'onto the -carbon for racimization
and decarboxylation or onto the formyl carbon for transémi;
nation. Protonation at the «-carbon then occurs for all
reactions except that involving initial labilization of a
oK -hydrogen. In this instance subsequent protonation can
occur either at the o -carbon or at the formyl carbon

(transamination).
(4) Hydrolysis.of the carbon-nitrogen bond to give tﬁe products.

The fundamental factors are variations in resonance

energy and electronic distribution among the possible states,

The modern picture of enzyme transamination is therefore

to a great extent based on the work with chemical model
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("biomimetic") reactions rather than an experiment with enzyme-
catalysed reaction. In such model studies the salicyladimine
complexes are also considered whose structural and electronic

properties are similar in several respects to those of the

pyridoxylidene (aldimine) and pyridoxylimino (ketimine) Schiff
base complexes postulated to have the basié structural features

shown below :

HO —*N/\O

Aldimine Ketimine
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However salicylaldehyde does not possess the catalytic properties
of pyridoxal or the simpler hydoxy pyridine aldehyde in amino -

acld transformation,

In such model studies several metal ions have been used

+ + + + L2+
extensively, e.g., Cu2 R Fe3 R Al3 R an R N12

’ C02+, ‘Zn2+,- in
case of Cu’? the M™" : aldehyde : amino acid is 1:1:1. But for
other metal ions it is usually 1:2:2; stoichiometries like

2:3:3 are seldom opserved in such systems. Apart from physico-
. chemical studies on such complexes,. several of them have been
isolated in the solid state and their structures determined
through X-ray crystallography. Although the existence of both
aldimine and ketimine complexes in solution is now well documen-

ted, there exist only several reports of presumed isolation of

ketimine species.

Brief menti»n may be made here about the highlights of
different earlier studies of various workers. X-ray crystallo-
graphic studies on such modei systems involving mainly Cu2+
complexes indicate that the N-(salicylaldimine) residues are
coordinated to the metal atoms using the phenolic oxygen atom,
azomethine nitrogen atom and one of the oxygen atom of the carbo-
Xylate group i.e., tridentate ligand coordination. Most of these
complexes are of mononuclear type. However in a number of cases
like L-tyrosine, L-valine defivatiyes, the oxygen atom of the
carboxylate group can act as a bridging atom between two copper

atoms.ls'25 These conclusions are based on X-ray crystallographic
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studies on the following systems —N-(salicylidene)-glycinato-
aquocopper (IL) tetrahydrate; N-{(salicylidene) o(-aminoisobuty-
ratoaquo copper (I[l); diaquo (N-salicylidene-L-threoninato)
copper (I[)} acetato (N-methyl—N'-salicylidene—l,3—propanedi—
aminato) copper (I[) dimer; N-(salicylidene)-glycinatoagquo
copper (IL) hemihydrate;.bis—N-phenylethyl—salicylaldiminato
copper (IL); M-(N-salicylidene-L-valinato-90)-N-(salicylidene)
—L-valinatoaiaquodicopper (I0); catenatetraqua-di- /Ha—(N-
salicylidene~-DL-glutamato)-tri copper (IL) heptahydrate; N
(pyridoxylidene)-DL-valinato copper (I0):; N_(sélicylidene)_b_
phenylalaninatoaqua copper (I[) dimer and catena- /M—(N-salicy-
lidene -L-tyrosinato-0, O’) copper (ILI). Valuable data like
X-ray crystallographic studies, magnetic properties etc. have
been gathered on transition metal dimers with different types
of Schiff bases including those derived from alanine, valine,
leucine, methionine etc. Considerable works have been done on
the NMR studies of éonformations in solution of pyridoxal Schiff
base derivatives of amino acids by Gansow, Holm, Chang and
ot:hers.ll—13 Preparative aspects of Schiff base derivatives of
pyridoxal, salicylaldehyde, related aldehydes, their metal chelates
have been studied in great details; .their IR and other spectro-

1,7-9 .
’ In some cases mechanisms

scopic data have been published.
of unusual reactions of some amino acids have been studied which
have no enzymatic counterpart:; for example the cyclization of

histidine Schiff base.l4 Measurement of

temperature dependence of magnetic susceptibility of several
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Schiff base complexes of first transition metals have also been

reported.lo’zs'zs

Optical rotatory dispersion (ORD) and circular dichroism

+
(CD) spectra of a considerable number of cu? complexes of Schiff

base derivatives of L-amino acids have been reported,>s22-31

However, no detailed interpretation of CD spectral curves of such

complexes have yet been undertaken. CD spectra of some Mn(III),

2+ 32-34
2

From 1962 onwards a brilliant series of works have been published

Eu(III) and UO; Schiff base complexes have also been reported.
by H.E.Smith and his group on the interpretation of CD spectra of
chiral Schiff bases ‘derived from different types of chiral amines,
amino acids and related derivatives. A salicylideneimino chira-
lity rule has beeh develqped (using'the coupled oscillator model
for the generation of Cotton effects) which correlates unambi-
guously the sign of the relevant CD bands with the absolute
conficurations/conformations of the chiral Schiff base derivatives.
Actually in recent years chiroptical methods have been developed
considerably for determining absolute configurationé of in situ
transition metal complexes of Ligating natural products from
circular dichroism Spectra.as"46 Natural products whose sfereo
chemistry can be investigated in this way are e.g., acids glycols,
amines, aminoalcohols, diamines;.peptides and nucleoside deriva-
tives.47 Reports on ORD curves of some N-salicylidene amino-

; 4
sugars are also exist. 8

It is evident that comprehensive studies
on metal complexes of imine acids, involving detailed interpreta-

tion of CD spectra supported by NMR evidence are yet to be placed
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on a firm basis.

The present work is an attempt in that direction involv-
ing mainly oxometal ions and trivalent lanthanides as eveﬂ
preparative works are scarce in this field. Here a large number
of new optically active metal complexes of imine acids (i.e.,
Schiff bases derived from amino acids) have been isolated in the
solid state and the recently developed salicylideneimino
chirality rule46 Ahas been used extensively to determine their
absolute configurations/conformations from their CD spectra;
these studies have been substantiated by their NMR spectral data.
In such studies it has been possible to carry out stereospecific

reactions even in alkaline medium.

At this stage it may be convenient to have a brief

overview of the pertinent aspects of the chemistries of UOS+

: +
entity and Ln3 ions.

Of the more than fifty mononuclear oxoions known (general
formula MOZ+, where x = 1,2,3 and n ='1,2,3,4 and 5), the uranyl

+ X
ion, UO; is remarkably stable with respect to the strength of
the U-0 bond.llg—51 It can persist through a variety of chemical
changes, and it behaves like other cations whose properties are

+ .
2 ions and those of ions .of

2+
2

agqueous solution is shown by 'the very long half life for exchange
4

Ll . +
intermediate between those of M or M
similar size but creater change., The stability of UO ions in

with H2018:> 10® hours. Here the metal atom is in its highest
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2+
2

-The Molecular Orbital picture

oxidation states and the two metal-oxygen bonds in UO, are

definitely covalent in nature.s8
of the UO§+ entity indicates that the metal-oxygen axial bond

is a triple bond consisting of one & - and two 7t - linkages.sz_57
This triple bond picture is essential to spectroscopic interpre-

tation and it explains very naturally the special stability which

2+

5 entity.

seems associated with the UO

Crystallographic data show that four, five or six ligand
atoms can iie in the equatorial plane of the axial 0-U~O group:
the ligand atoms may or may not be entirely coplanar depending
on circumstances. Planar five and six coordination in the equa-
torial plane-is commonest and appears to give éeometry more stable
than the puckered hexagonal configuration. An example is the
structurelof the anion in the complex salt sodium uranyl acetate
whére the 0-U-0 axis’is perpéndicular to the equatorial plane;
the carboxylate groups are 5identate and equivalent so that the
equatorial coordination number of uranyl entity is six. Similar
structures have been found in other species such as /7UO,(NO,),
(HQ), 7, UO,(NO,), /7OP(0Et,)_7, and Ro /7UO,(NO))  7.>700
The type of coordination polyhedron obtainable is influenced by
the nature of the ligands:; for bi- or polydentate ligands with
O or N donor atoms, the type of polyhedron generated depends 6n
rigidity, coplanarity and distance of the donor atoms (bité) of
the ligand. The more compact the ligand and the smaller the

bite, the more effective is the ligand in generating high coor-

dination structures.62'63 Very compact ligands are the peroxo
INoanN9 . " mouTR BERNGSL
? @ [ t../ ;} O @EE?‘;”&‘;E&"TT LWﬁ%n‘i

g DEC1989 oy AN MORTHPUB
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group (bite 1.5 A) and nitrato group(z 1 A). In the 8-quinoli-'
nolato (bite 2.6 A) and tropolonato (bite 2.6 A) ligands the more
compact planar conformation and the minor intraligand repulsion
factor allow a.high coordination number (hexacoordination in the
equatorial plane). With 23 -diketonato-(bite 2.7 Z) and salicylal
diminato-(bite 2.9 2) adducts, the uranyl ion reaches the maximum
values of 7 (including the axial oxygens) coordination. Two
common ceometries for uo?* complexes involved seven and eight

2
coordination.61

Seven coordination

2+
2

account and it is given by the pentagonal bipyramid which only

"For the UOQO ion one polyhedron must be taken into

allows the trans 0-U-O group to be linear.

Most complexes exhibit a mononuclear pentagonal bipyramidal

geometry but polynuclear configurations have also been found; in
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this case the ligand oxygens bridge two metals. Typical examples
i 65 .

. 63
are given by U02(acac)2, UOZ(trop)2

2 ,
o (acacy, : Q/Uoz\o\

Two forms of UOZ(trOD)2

Eight coordination :

The hexagonal bipyramid is charactéristic of uranyl
complexes where the apical positions are occupied by oxygen atoms.

- The hexagonal bipyramid has two sets of nonequivalent ligand sites
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A and B and its shape is specified by the ratio of bond lengths
' rp/rg. This polyhedron is not energetically favoured and has
been found only when @ linear O-U-O group is present; X-ray

crystallographic data 'has proved this idea.

Over these years a number of good reviews on various

aspects of the coordination chnemistry of the actinides and of
61,68-76,81

2+ , . o
UOé entity in particular have been published. S ome

interesting results on the X-ray crystallographic studies on
+

entity as well as some bridged

69,70, 74,77=-79

Schiff base derivatives of UO?

uranyl complexes may be mentioned here. In case of
bié (N-ethylenedimethylaminesalicylaldiminato) dioxouranium (VI)
each uranium atom is in a pentagonal -bipyramidal environment.

Two oxygen and three nitrogen atoms form the base of the pyramid
and the uranyl oxygens occupy the apical positions; the structure
provides a clear illustration of the two different modes of ligand
coordination within the same molecule. A projection of the

molecule down a direction perpendicular to the uranyl group is

shown in the following figure and it may be seen that the complex
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exhibits on overall 'stepped' geometry with the -CHZ_CHZ_ carbon
o
atoms out from the equatorial plane by 0.24 and -0.53 A,

In UOZ(salen) MeOH /" where H, salen = N,N -ethylenebis

2
(salicylaldimine)_/ the chelating ligands aré bent away in
opposite direction with respect to the equatorial plane. The
N-C-C-N group is in a near gauche conformation and its torsion
angle is 51.8°, This conformation and the maintanance of the

trigonal nature of the nitrogen cause the salicylaldehyde group

to adopt a 'stepped' geometry. Most likely the larger ligand

AY

~
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bite (2.9 X) of salicylaldiminato derivatives 1is responsible

for the fact tﬁat in the corresponding uranyl complexes an
equatorial coordination number not exceeding 5 1s attained and
this coupled with flexibility of the ligand skeleton allows dis-

tortion of the chelated ligands from the equatorial plane.

2+
2

ligand displacement series has been obtained through studies on

The UO. entity being a typical hard acid, the following

its complex forming properties :-

3 0> AP D on00036,0, > S02>E" 30, antres

Br-> I~.

Most of these ligands can act as bridges between two

2+
0
2

the following compounds :-

U entities as indicated by X-ray crystallographic studies on

~U0_ (CH_,COO PO ‘ co
VA 2( 5 )Z(PhB )_é, anhydrous UO2 »
- C_0 .
(NH4)2 Z (002)2( ) 4)3_7 etc -
- C » .
%n case of / (UOZ)Z(OH)Z 12(1-120)4_7 the U0, /Uo2 bridge
is not symmetric. OH

Various spectroscopic studies have been done on uranyl

1

compounds e.g., electronic, IR, Raman, "H NMR, circular dichroism

and photoelectron spectra as well as other properties of the
52-57,61,80-92

uranyl entity like polarisability and magnetic susceptibility.
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’ For the UO§+ entity the U-O distance is not constant
: o
in different compounds, the range appears to be from ~1.6 A to
o

~2.,0 A, Accordingly there has been extensive use of infrared
o
data for correlating bond lengths, RﬂO(A) and force constants,

o
Fuo (millidynes/A), using the Jone's equation

1
= ' 3 -
RUO = 1.08 FUO + 1.17.

Where comparison is possible, the rule generally agrees with

X~-ray data.so.

1y NMR studies on uranyl complexes indicate that deshield-

ing of ligand protons on coordination to UO%+ entity is a com-
bined effect of several factors, e.g., drainage of electron

2+
2

entity and several other factors related to the overall'geOmetry

density towards the UOJ  entity, magnetic anisotropy of the uranyl

"of the complex molecuie:;somet;mes intraligand effects may cause

shielding or deshielding of some of the ligand protOns.Sz-86

Although extensive theoretical works backejip by experi-

mental studies have been published to interpret the electronic

2t 52-57 2+
2 2

organic ligands, it has been observed that charge transfer tran-.

spectrum of the UO; entity, in actual U0, complexes with

sitions from equatorial ligand pn orbital to the 5f and/or 6d

orbital of the uranium atom usually completely cover the apical

oxygen —>5f transition within the vo?”® 61,82

b entity.
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Some results have been published on other properties of

"the Uo§+ entity like refraction, RD cm3 and magnetic susceptibi-

82,88-92 The UO%+ entity has a small intrinsic temperature

independent paramagnetism, the molar susceptibility being

57 X'1o'6. This paramagnetism can be ascribed to what Van Vieck

lity.

calls "high frequency terms", e.g., to the matrix element of the
magnetic moment operator A&/ L + 2S_J between the ground state
and higher state. Since all spins are paired off in a ground.
state, S = O and there is no contribution from the spin magnetic
moment. - The fact that the susceptibility of the uranyl ion is
paramagnetic, is a strong support for the occurrence of 5f |
electrons in the bond. This paramagnetic susceptibility is .
expected to be markedly anisotropic being zero parallel to the
0-U-0 axis and maximum perpendicular to this axis. In actual
practice in coordination compounds with large or medium organic
ligands the diémagnetic contribution of the ligand atoms becomes
considerable and calculation of a value of ~60 x 10° C.g.S.
unit for the 'X' value of the UO%+ entity in a diamagnetic

compound, poses some problems and interpretations based .on such

X' values are subject to ambiguity.

The coordination chemistry of the trivalent lanthanide
ions has expanded rapidly -over the last three and a half deca-
des.103'105 A majority of the complexes have been derived from

strongly chelating anionic ligands with oxygen donor sites. Some

neutral nitrogen donors have also been used for this purpose like

14



23

1,10-phenanthroline, 2,2 -bipyridyl, triazine derivatives,

terpyridyl derivatives, various diamine derivatives, etc.

A significant difference in coordinating tendency of
lanthanide ions and d-type transition metal ions result from

effective shielding of the lanthanide 4f orbitals by the 532

5p6 ocﬁet, precluding the existence of strongly covalent metal-
ligand interaction. So metal-ligand bonding in lanthanide com-
plexes is substantially electrostatic as corroborated by magnetic
spectral and kinetic data.105 Thus it is not surprising that the
species isolable from aqueous media are derived from anionic
donors 1in which strong electrostatic bonding with the metal ion
is possible. The fact that complexes derived from neutrai nitro-
gen donors could not be isolated, prompted the assumption that
these species were thermodynamically unstable in aqueous solu-
tion. The ability of lanthapiie ions to coordinate with neutral
nitrogen donors could be best evaluated in non agueous media of

moderate polarity.95

It is now well established that coordination numbers
'greater than six are favoured in lanthanide systems. The varia-
tion in éoordination number (six to twelve) observed in lanthanide
complexes may be attributed to steric factors and electrostatic
forces of attraction and repulsion, rather than bond orientation
by the well shielded 4f orbitals of the metal ion. Thus the

.o
relatively large size of the lanthanide ions (La3+ = 1.061 A,

o}
Lu3+ = 0.348 A) generally allow accommodation of more than six
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donor atoms in the coordination sphere. One important review95

on lanthanide complexes with neutral nitrogen donors is concerned
on different aspects ranging from coordination number, bonding,
molecular geometry, thermodynamic and kinetic stability, fluore-
scence, NMR, IR and other Spectrosc0pic data as well as X-ray
crystal structure determinations of compounds like La(bipy)2
(NO3)$, Eu(terpy)3(C104)3 etc. Another interesting review’?

has been published on lanthanide complexes with neutral macro-
cyclic ligands, e.g., crown ethers and cryptands. This is a
logical extension of the work on alkali and alkaline earth metals
with macrocyclic ligand systems.96 For trivalent lanthanides

such a study has additional specific motivations which include
among others (1) the use of lanthanide ions as Spectroscopic probes,
(2) the stabilization of uncommon oxidation states and (3) the
systematic study of lanthanide ion coordination ﬁroberties. In

this case as well a vast amodnt of physicochemical studies have
been mentioned. Chiral lanthanide compounds as well as NMR studies

of metal complexes using lanthanide shift reagents, have been the

97,98 While intense efforts

subject of important review articles.
have been made to detail the nature of d-d optical activity much
less interest has been focused on analogous studies of the f-f
optical activity associated with chiral lanthanide complexes.
This situation has arisen partly from the difficulty of resolving

the very labile lanthanide complexes, partly from a general lack

of interest in lanthanide solution chemistry and partly from an
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ill-conceiveﬁaconcept of rarity of the members of the series.
The information available from chiroptical methods has began to
receive systematic attention from several groups, in-spite of
the fact that éhiral lanthanide compounds have been prepared in
great numbers but rarely studied from that particular point of
Yiew. While early studies involving f-f optical activity
attempted to use CD as a chiroptical probe, more recently it has
been established that circularly éolarised luminescence (CPL)
studies of emissive compounds is a much more suitable tool for

106,107

these studies. Richardson and co-workers have developed

a general theory of f-f optical Qctivity of lanthanide ions in

108

complexes having trigonal dihedral symmetry. Brittain and

his co-workers are working on CPL studies of chiral Schiff base

complexes of lanthanides.lo9

The correspoﬁding Eu(IIE))deriva-
tives are often highly luminescent and.diSplay very strong
optical activity characteristic of a marged sum of vicinal, con-
formational and configuratioaal_effectsf Chiral lanthanide

compounds have been studied by NMR methods.llo

Direct determina-
tions of enantiomeric purity via the NMR technique have been made
by taking advantage’bf the fact that the spectra of enan&iomers
are nonequivalent in a dissymmetric environment. A general review
of £he bio-inorganic chemistry of lanthanide ions has been written

by Reuben111 and the use of lanthanide ions-as NMR chemical

shift probes in biologlical systems has been detailed by Glase]..112
Lanthanide shift reagents (LSRs) /"like various A -diketone

derivatives/ have been used to simplify the NMR spectra of organic
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97,113,114 The

compounds containing suitable heteroatoms.
lanthanide ions in these reagents can readily expand their
coordination number to seven, eight or nine by binding to the
heteroatoms of one or more molecules of the substrate under
study. The interaction between the paramagnetic lanthanide ion
and the nuclei of the substrate causes alteration of the magnetic

environment of each nucleus and changes in the corresponding NMR

chemical shift result.

‘One small but informative review on acyclic and macro-
cyclic Schiff base complexes of lanthanides and actinides has been

published.73 Schiff base derivatives of lanthanides have been the

subject of different types of studies including x-ray crystal

99-102

structure determination, Finally the review published by

Sinha on the structure and bonding in hiéhly coordinated lantha-

nide complexes may be mentioned here, >

Available X-ray crystal
structural data on different trivalent lanthanide camplexes
indicate octahedral or slightly distorted octahedral geometry for

coordination number six and for coordination number seven it is

usually either capped octahedron or capped trigonal prism.

It may now be mentioned here fhat in-spite of all these
studies systematic data on trivalent lanthanide camplexes of
chiral imine acids are still rare; use -of chiroptical methods to
establish absolute configurations/conformations in such cases is
highly desirable. The bresent work 1s an attempt in this direc-

tion.



27

The present st&dy : -

Here coordination compounds of Uo§+ entity and trivalent
lanthanides have been studied using l1igands derived mostly from
naﬁurally occurring oK-amino acids (classified below according to

the nature of the R groups) as well as another amino acid (anthra-

nilic acid).

Amino Acid. _ - Formula Number of liga-
: : : nds derived from
the amino acid

Hydrophobic R

NH
2
Alanine CH,-CH-COH 2
Valine & (CH. ) .CH-CH~COOH 2
: 372
‘
Hydroxylic R
NH

4 | 2 ) :
Tyrosine HOCHZ_CH..COCH 2

’

Carboxylic R

. NH,
Glutamic acid H-Om_Cl—lz —CH2 ~CH-COOH 1
Sulphydryl and Thioether
NH,,
Methionine CH3S-CH2-CH2-CH7COGi . -1
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NHZ )
Cysteine HS_CH2-CH_COOH 1
Other amino acids

NHZ
Anthranilic acid : 2

COZH

Most of the new complexes (UO§+_ more than sixty; Ln3+-

twenty) isolated here from imine acids involving naturally
occurring K -amino acids. (absolute configuration (L-/S-), are

optically active. Although pKa values (alanine : pK,-2.34,

1

pK2—9.87; valine : pK1-2.32, pK2-10.41; tyrosine : pK,-2.18,

1
pKé-9.21, pK3-10.47) of some of the amino acids used here are not
much more different from each other, the behaviours of the corres-

ponding imine acids with respect to alkali during complex forma-

2+

tion with UOQ

are different, e.g., for these reaction mixtures

pH was 9 in case of tyrosine, buffer solution of pH 5.5 was used

in case of N-(salicylidene)-L-valine and no alkali was needed for
N-(orthovanillidene)-L-valine. However, for the preparation of

the Ln3+— imine acid complexes one.general method could be followed
for all tﬁe imine acids. All these new compounds have been thorou-
ghly characterized through physicochemicai methods (TLC, elemental

analyses, molar conductance in nonaqueous solvents, titration of

complexes containing unneutralized ligand protons and calculations
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of the corresponding pKa values, TGA, /Meff for Ln3* complexes,

UvV-vIiS, IR, low frequency IR, 1n MR and CD spectral studies).

The following ligand systems have been used in this

N/
HO-»C
OH 2 N-( salicylidene)
anthranilic acid
(SAA—HZ)

study.

C——— O..,
HC////% \*H COxH N—(acetylacetone)
\\\\e\——~——1«/// anthranilic acid
_*_——— ' ( AAA-H>7)
H3C///, ,

It has been observed that most of the ligands form

complexes of different compositions (e.g., 1:1, 2:3, 1:2, etc.)

2+t

with the UO2

entity. In case of mixed ligand complexes with
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2,2 -bilpyridyl and 1, 10-phenanthroline the U_O%+ : imine acid
ratio is usually 1:1; in such cases with SAA_HZ,' N-(salicylidene)

and N-(orthovanillidene) o{-amino acids, the imine acid unit uses
the azomethine group (-CH=N-), the pheholic -H group and the
carboxylic acid group -C02H for coordination to the Uo§+ e?tity.
AAA-H2 also exhibits comparable behaviour. For the bridged
uranyl complexes (UO§+:L-2:3) of these imine acids IR and 'H NMR
spectral data help considerably to distinguish between different
modes of ligand coordination, i.e., normal tridentate and
bridging ligands; the normal ligands as usual use the three above
mentioned functional groups for the purpose of coordination in
such cases but for thé bridging ligands the azomethine group
usually remains free, the other two functional groups being
invol?ed in coordination. Two types of -CH=N- stretching vibra-
tions appear in the IR spectra for uncoordinated and coordinated

azomethine -CH=N- groups} 1H NMR spectra also show two types of

signals (in the range 10.1-8.8 6, ppm) for these different types

2t
2

been possible to block dimerization (i.e., formation of UO

of azomethine protons. For these UO, - imine acid systems it has

2+

2 Ll

imine acid - 2:3 complexes) reaction through base adduct (1:1){ormatan
this is very much vital for the interpretation of spectroscopic

data of all these systems and to draw reasonable conclusions

regarding their structures without recourse to X-ray structural

studies,



3

For the Ln3+

complexes the metal-ligand ratio is almost
exclusively 1:2, leading to an overall coordination number of

six taking into account the tridentate nature of the imine acid.

Application of salicylideneimino chirality rule46 to the

CD spectra of optically active uranyl and trivalent lanthanide
complexes of imine acids defived from o«-amino acids helps to
" ascertain not only the absolute configurations/bonformations of
the assymmetric carbon atom of such chelated ligands but also

the conformations of thé complex molecule as a whole,

The thesis comprises of six chapters. In chapter I a
brief review of different aspects of coordination chemistry of

§+ entity and trivalent lanthanides alohg with the objectives

uo
of the. present work has been presented. Chapters II-V deal with
coordination chemistry of UO§+- imine acid systems derived from
different L-(S-) amino acids and anthranilic acid. Chapter VI

is concerned with the trivalent lanthanide complexes of chiral

imine acids.
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