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ABSTRACT

CIRCULAR  DICHROISM  STUDIES  OF  SOME  DISSYMMETRIC  COORDINATION
COMPOUNDS

The Pfeiffer effect is a change in optical rotation of a
chiral organic compound or complex ion (the environment subs-
tance) in solution upon the addition of certain racemic metal
complexes.The Pfeiffer effect was investigated in a series of
racemic complexes 1in presence of wvariocus chiral environment

substances. A number of mixed ligand complexes such as cis-

. + : + . +
{Lr(phen)EClzj g {Cr(phen)zox] , C1sm[Cr(bpy)2Clz} p
(Cr(boy),alyl®T  cis-[Cr(bpy),(H,0)1°F  and  (M(EDTR)]”,
eoeeay}T M o= oo, w3y, [CO(BPA)3}2+, {Cu(2~—ampy)2]2+ and

INA{EDTA) ] show the Pfeiffer effect in presence of (+)-
cinchonine HCL (-)-cinchonidine HCL, (+)-tartaric acid, (+)-
ascorbic acid, (+)-a-methylbenzylamine HCL, (-)-ephedrine HC1
and/or (-)-brucine HCl, Most of these complexes show a positive
Pileiffer effect in presence of various environment substances.
ﬂqwgvex (+)~-cinchonine Hcl'and (-)-cinchonidine HC! induced a

negative Pfeiffer effect in mixed ligand complexes of

chromiam(ITII}, Na[V(EDTA)] and Naz{V(DTPA)}. A few new environ-

.m@ﬁt.saystances like (+)-o-methylbenzylamine HCL, (-)-ephedrine

HCL, (-)-cinchonidine HCL and (+)-ascorbic acid have been found

to induce the Pfeiffer effect in some of these complexes.,




oD spectra of the Pfeiffer systems in agueous soclutlions
were measured. The mixed ligands chromium(III) complexes show

1-2 Cotton bands in wvisible region. The band I 1s observed

1

petween 16,666-16949 c¢m - and a higher energy band I1II between

19,607-20,000 cmml, These bands are assigned to electronic

transition to A, and B, upper states regpectively. The CD spec-

tra of [Cr(EDTAYH,0] ion in presence of (+)-tartaric acid and

2

(+)-ascorbic acis has a broad band at 17,857 en™! while that in
presence of (+)-cinchonine HCl and (-)-cinchonidine HC1 consist
of an additional weak Cotton band of -opposite sign at 20,408

et {Cr(DTPA)]2~ shows a stronger positive Cotton band at

19,230 cm_l and a weaker negative CD band at 23,809 cm_1 in

presence of (+)-tartaric acid and (+)-a-methylbenzylamine HCI.
In presence of (+)-ascorbic acid a nirror image spectrum is

obtained. These two Cotton bands are assigned to electronic

. 4 .
tz@nglt;ong A2 iy 4A1 and 4A2 e} 482 respectively.

Ch spectra of [V(EDTA)] in presence of (-)-cinchonidine
HCL, (+)-«-methylbenzylamine HCl, (-)-brucine HC1 and (+)~

tartaric acid has a positive Cotton band at 19,607 cmmz and a

sgﬁgaﬁive weaker band at 23,255 om™ 2 [V(DTPA)]2 shows Cotton
:%gads at 15,873 cm”! and at 21,276 em "L wﬁf%h_are assigned to
?%i ey 3A2 (BTlg(P) and 3A1 —— 381 (T31g(P)} transition
:iﬁagﬁeé&ively. CD spectra of {CO(BPA)3J2+ in  presence of

ammanium—(+)_a~bromocamphorsulpﬁbnaue and (-)-10-camphorsulph-

onic acid has a couplet of oppositely signed Cotton bands




H

nard

b

sk
i

cantered at 18,348 cm™ % and 21,508 en™t, These are assigned to

B e A, and A, —— "B transition respectively.

[NA(EDTA)] shows a negative (D band at 17,871 em™ in

presence of (+)-tartaric acid and (-)-cinchonidine HCL which 1s

due to f

> £ transition. The blnuclear complexes of Vanadium

(ITIy like [V (AR) (umOH)}+4 (AR = phen or Dbpy) exhibited
2 4 2%

strong charge transfer CD bands in presence of (+)-tartaric
acid. These two binuclear species were precipitated out as
perchlorate salts. The elemental analysis and IR spectra of the
solid perchlorate complexes indicated that tartarate ion has
been coordinated to Vanadium (IIT) replacing hydroxo bridges.

+4 and

The complex ions [Vz(phen)é(u—(+)~tart)]
[Vz(bpy)é(u—OH}(uu(+)mtart)]3+ slowly oxidized to a green mono-
nuclear species which could also be precipitated as perchleorate
salts. Elemental analysis of this green compound fits well in
ci5~[VO(bpy)2Cl](ClG4). It is indicated from these studies that
anasymmetric synthesis of (+)M[V0(bpy)ECl](ClO4) has been
achleved during oxidation of its binuclear analog.

The absolute configuration of ligands arocund the metal
ilons in these complexes have been assigned on the basis of the
sign of Pfeiffer effect 1in presence of wvarious environment
substances and Cb spectra of the Pfeiffer systems. The {feua
enanticers of the complexes ' cisn[Cr(phen)2C12]+,
cism[Cr(bpy)2C12]+, [Cr(bpy}zgly}’?+ CiS~[Cr(bpy)2(H20)2]3+ and

dexina enantlomer of [Cr(phen)2ox]+ are assigned "A®Y absolute




‘”"‘_5 *sg#,,,

ol
and (-)-Na[V(EDTA)], (-)Na,[V(DTPR)] and (+)-[Co(BPR),]

configuration. Similarly (-}—}—Na[Cr(EDTA}HzO]I {(+)-Na,[Cr(DTPA) ]

2+

have
also been assigned "A" absolute configuration. The binuclear
4}4 and {(+3~
[V?(bpy)égg—GH)(u~{+)—tart)](0104}3 are assigned "A" absolute

complexes (+)-[V,(phen), (u-(+)-tart)](C1l0O

configuration while the mononuclear (%)mcisﬂvo(bpy)ZCl]ClO% is

assigned "A" absclute configuration.
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CHAPTER ]

INTRODUCTION

The pfeiffer effect is a change in the optical rotation of
a chiral organic compound in presence of certain racemic metal

complexes. This effect was first noticed by P.Pfeiffer in

19311“? who reported a decrease in optical rotation of d-10-
camphorsulphonic acid in presence of [Zn(phen)3] It was also
observed that optical rotation of d- (+)~-bromocamphor-rn-

. . . . +.
sulphonate ion is increased 1n presence of[Zn(phen)3}2 ion.

Later this anomalous change in optical rotation was named after
its discoverer as the Pfeiffer effect. The shift in optical
rotation can go in either direction. If the optical activity of
the chiral compound (called the environment substance) 1is
increased in presence of the racemic complex, it is termed as a
positive Pfeiffer effect and if decreased then it is known as
negative Pfeiffer effect. Later studies showed that a number of

ZT Co2f Ni2+and

tris complexes of ‘3d’ metal icns such as Mn
CuZ+ with 1,10-phen and 2,2-bipy show this effect in presence
of chiral compounds 1like (-)-10-camphor sulphonic acid,
(+)-a-bromocamphor-n-sulphonate, (+) and (-)-tartaric acid, (+)
and (M)mmalic acid and and {+)~cinchonine HCL. It was also
Observed4 that the magnitude of this effect is dependent upon

the conecntration of the complex and environment substance

wavelength of light and temperature of the system. It is gene-




rally accepted that origin of the pPfeiffer effect lies in the
dissymmetric metal complex. At present there exist two ﬁheorieé
about the origin and mechanism of this effect.
1. Eguillibrium Displacement theory (also called as configu-
rational activity): Tﬁis theory is based upon the concept that
an asymmetric electric field caused by the stable optically
active specles, contributes to the activity coefficients of the
‘d’ and ‘1l'metal complex antipodes. This leads to a displace-
ment in the racemic equillibrium (i.e; 50:50), preducing a
change in the optical rotation of the system.
2. Hydrophobic bonding theory:
According te this theory when a specles stable with respect to
racemization (il.e; environment compound) is added to a solution
contalning an optically labiie species (i.e; racemic complex),
an association takes place between the two. This association
between the racemic complex and the environment 1is termed as
"hydrophoblic bonding. "This can be represented by an eguilli-
brium equation as
d,1 [Zn(phen),]> +d-a-BCS = d[an(phen) ] (d-a-BCS)”

{(1-X} (X)

+1[Zn{phen}3}(d-a~BCS)

Where ‘X is the fraction distribution. Whenever x lis greater
or less than 0.5, a change in rotation will be observed. Dwyer
and coworker85 have reported a number of experiments, strongly

supporting the concept of eguillibrium shift which results in




configurational activity. From these Investigations 1t was
found that environmental wvariables such as ligand, =actlive
species, solvent and oxldation state of the metal lon have a
profound effect upon the optical zrotation of the system. Later
studies by Kirschner et.a15 also supported the eguillibrium
displacement Ltheory.

The hydrophobic bonding theory was proposed and supportad
by a number of experimsnts by Brasted and coworkers7. These
workers plotted optical rotation («) or refractive index (n)
of a series of systems containing differen. t mole fractions of
[Zn(phen)3}2%' and ammonium-{+)~x~bromocamphorsulphonate or
{(-)-strychnine sulphate and concluded that some association
between the racemic complex and active environment existed. On
the basis of conductivity measursements of varying concentra-
tions of {Zn(phen)3](BCS)2and {Zn(en)3}(BCS}2,they termed these
complexes as weak electrolytes, suggesting a partial dissocia-
tion of the complex 1n aqueous sgolution. It was found by a
cryoscopic method that nearly 56 %  of the complex
[Zn(phen)3](BCS)2.H2O was dissociated Iin  agueous solutlion.

Both of these theories agree that the origin of Pfeiffer
effect lies in dissymetric complexes. The difference in these
theories 1sx-that equilibrivm displacement theory suggests a
slight shift in racemic d = 1 eqguillibrium towards left or

right under the influence of the environment substance, whereas

the second theory presumes an assoclation between the racemic




complex and the chiral envivonment substance. In Plfeiffer
systems one enantiomer of the complex favours the bond forma-
tion (assocociation) with chiral compound, which ultimately leads
to a shift in eguillibrium towards the favourable enantiomer of
the complex i.e. either 'd’ or "1 side.

It was observed by Kirschner et.al.’ that optical rotatory
disperslion and circuler dichroism spectra of the Pfeiffer
systems of K3£M§C204)3] where (M = Co{IlIl;,Cr{IIl)) were
similar to those of their resolved enantiomers. From the
optical rotatory dispersicon and circular dichroilsm spectral
studies these workers concluded that dissymmetric complexes
were responsible for the Pfeiffer effect. These workers® have

used the Pfeiffer effect for partial resolution of complex ion

2+ 2
1 ‘

such as [Ni(phen),] {Cr{ox)3]3mand [Co(ox)3]3*as

Ni(bipy) 4]
well. They allowed the Pfeiffer effect to develope in the ini-
tially racemic tris phenanthroline and 2,2-dipyridylznickel(II)
lons in presence of {(-)-malic acid and then succeeded in free-
zing out the non equimolar mixture of enantiomers £from the
system by precipitation of the enantlometers as inscluble per-
chlorate salts. These 1insoluble perchlorate salts were
redissolved as chloride by Amberlite-IRA-400 anion exchangs
resin, and optical rotation of the soluticons containing
partially resolved complexc. lion were measured. In addition

they also found that the rate of racemization of the complex

resclved by the Pfeiffer effect was similar to that resolved by




conventional resolution techbnigues. In addition to partial
reslioution, Pfelffer sffect studies are also helpful in deter-
mining the absoclute configuration of the wmetal complexes and/or
the chiral environment substances Kirschnsr et.al%o proposad a
good method for the predigtion of absolute configuration of
dissymetric metal complexes and dissymetric carboxylic acids
based upon their Pfeiffer activity. For this purpose several
carboxylic acids were utilized to digplace the equilibrium in
pfeiffer systems. It was noted that organic environment subs-
tances with "“S" absolute configuration gave negative effect,
while those with “R" absolute configuration gave a positive
effect in {Co(phen)3]2+and [Ni{phan)3]2+systems.

Most of the previous work has been done on racemic metal
complexes of 1,10-phen, 2,2-bipy, oxalate or Thexafloro
acetylacetone ligands. Although optical rotatory dispersion and
circular dichroism studies of the Pfeiffer active systems is a
useful technigue, it has not been thoroughly explored. In fact
the Pfeiffer effect is not adeguately explained by the concept
of an eguilibrium shift or configurational activity. There 1is
strong evidance 1in favour of +the interaction between the
racemic metal complex aiixthe chiral environment by a bornding
force i.e. hydrophobic b@ﬁding. There seems to be an appre-
ciable contribution from ilon pair formation and differential
association to the Pfeiffer activity.The relationship between

the metal ilon and the Pfeiffer effect is not very clear. It was




st
-

that magnitude of the Ffaiffer e

2+ . 2+, . .
de(phen)q] and [Hg(pnen)3j 1ons  Ancrease 1n

2 2 2+ T s R
che order Hg o »Cd” »Zn” which 1s reverse order of stability.

Further only a small group of structurally similar ligands
(i.2; 1,10-phen or 2,2~ bipy) show this effect. A number of
labile dissymmetric complexes of saturated polyamine ligands
(en, wn, dien, trien) do not show the Pfeiffer effect, while

. . - 3
inert complexes of oxalate ion like {Co(ox)3]3 and [Cr(ox),]

are Pleiffer active. The influence of structure Qf the ligand
on Pfeilffer effect is alsc not clearly understoocd. Complexes of
the same metal ilon with different ligands of similar structur

behave differently in Pfeiffer effect studies. For example

Zn(ii)iz complexes of 1,10-phen anc 2,2-bipy show strong

Pieiffer effect in presence of various chiral environment subs-

-
1

tances while zn~ complexes of 2,(2—pyridyl)—imidazoiine and
4, (2-pyridyl)-benzimidazoline show very weak Pfeiffer activity
and those of 2, 2-dipyridyl emine and 2,’2,"2-terpyridyl do not
show any Pfeirffer activity at all.

There 1s no uniform structural relationship bpetween the
envircnment compound aund the Pfeiffer activity. Certain chiral
enuironment compounds which are structurally very similar, have
very different behaviour towards DPfeiffer activity. For
instance (+)-cinchonine and (-)-guinine have §ery similar
molecular structures (guinine has an extra ﬁOCHB group attached

to a symmetrical part of cinchonine molecule) but only (+)-




gations into the Pleiffer eifect in vacenic metal complexes are
necessary. Hew Pi&;ﬁfar active svstems containing dissymetr.i®
complexes of new ligands in presence of new chiral environment
substances should be explored.

The present work was undertaken to study some new Plelffer
active systems, and to develope scome relationship betwesn
structure of the chiral environment, racemic metal complexes
and their Pfeiffer activity. In the present studies a number of
mixed ligand complexes of the type {Cr(AA)2X2}n+ where AR=
1,10-phenthroline, 2,2-bipyridine, X = (1, Hzo, sz glycinate
or oxalate ion were prepared and studied for the pfeiffer acti-
vity, in‘presence of optically active environment substances,
like (+)~o-methylbenzylamine hydrochloride (a-MBA.HCL), (+)-
cinchonine HC1, (-)-cinchonidine HC1, (-)-10-camphorsulphonic
aclid, ammbium(+)mbromocamphor~ﬁwoulphenate, (-)y-malic acid,
(+)~-tartaric acid, (+)-ascorbic acid, (-)-quinine HCL, (+)-
brucine HC1l, and (+)-arablnose etc. These conplexes exhlbited
Pfeiffer effect in presence of (-)-cinchonidine HCL, (+)-
cinchonine HCl and (+) tartaric acid only. CD spectra of these

Pfeiffer systems were recorded and the bands were assigned to

Liiciierny

various electronic transitions,

The rfeiffer effect in Cr(Iii) complexes like

{Cr(malon)3]3j {Cr(EDTA)Hzo}"and {CI-(DTPA)}E“in presence of all




0

the above mentioned environment compounds was studied. These
complexes exhibited Pifeiffer effect with varlocus chiral enviro-
ament substances, including the new environment compound
{(+)-x-MBA HC1l. (D spectra of these systems were recorded in the
visible regilon. The CD spectrum of tris{malonatc) chromate(IIIl)
ion was compared and found similar to that of the resolved levo
enantiomer.
& number of complexes of the type {M(BPA)B](CEO4)2(wheré
BPR = 2,2-bipyridylamine and M = Cozf' Nizf‘ CuZ%d were also
studled in presence of wvarious chiral environment substances.
Only [Co(BPA)3]2+showed Pfeiffer effect in presence of (-)-10-
camphorsulphonic acid and NH,-«~BCS5. The CD spectra of these
systems is also reported. The complexes {V(phen)ZClz}Cl and
{V(bipy)C%jSl in presence g¢f (+)-T.A showed well defined CD
bands in d-d transition region. In agueous solutions these
complexes exist as dimeric ions of the  formula
{{AA)2V(umOH)2V(AA)2]4+(where AR =2,2~bipy or 1,10-phen). These
dimeric complex ilons were partially resclved by precipitating
as insoluble perchlorate salts. ORD and CD spectra of these
partially resolved conplexes were recorded. The rates of réce-
mizaticn of these specles were also measured. In solution the
complex ions [VQ(AA)Q(u—OH)2]4+are rapidly oxidized to green
oxavanadium species which have strong CD bands in the visible
region. The rate of oxidation in’ these systems were also
- }2

measured. Two new complexes [V(EDTA)] and [V(DTPA)]° exhibited
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Pfelffer effect in presence of (+)-a-MBA.HCL,{(-)-cinchonidines
HCLl, {-j)-ephedrine HC!, (-)-brucine HC1 and (+),(-)-tartaric
acid. The Pfeiffer CD of these systems were recorded and band§
were assigned to various electronic transitions.

ch spectra of [Pr(EDTA)] and [Nd(EDTAL)] in presence of
(-)-cinchonidine HC1 and (+)-tartaric acid at various pH wvalues
were studied.Another complex [Cu(2-picolyamine),j{Cl0,), also
exhibited Pfeiffer gffect in presence of (-)-10-
Camphorsulphonic acid and (+)-«-BCS. CD spectra of these
systems are reported.

These studies indicate that equillibrium displacement
mechanism 1s operative in most of the Pfeiffer systems.
Presence of pi(w) bonding character in the ligand of metal
chelates is ﬁecessary for Pfeiffer activity. The Circular
Dichrolsm spectra of Pfeiffer systems may he used for assigning

absolute configuration and electronic transitions.

Lenid oy




NOMENCLATURE AND SYMBOLS

The following abbreviations will be used to simplify the
formulas of the coordination compounds and environment substances.
The observed Pfelffer rotation is represented by P?t where ‘A’

represent the wavelength st which the effect is measured. The

following eguation is used for the calculatlon of the Pfeiffer

effect.
= * - 3

A ey e e’

where Upr ™ Observed rotation of the environment plus the complex
o, = Observed rotation of the environment only

Molar Pfeiffer rotation [Pyly is calculated using the relaltion

T PA

[Pyl =
[Cclx{e]xd

‘o
1

Molar concentration of the complex ion,

Molar concentration of the environment substance,

o
It

d = Length of the sample cell in meters.

The ligands, solvents and environment substances are abbreviated

ag follows:

It

acac acetylacetonate lon

it

ampy 2-aminomethyl pyridine

{+}-c~BCS ammonium-g-bromocamphor-nm-sulphonate




BEMI = biscetyl- -bBis-méthylimine

oy = 2, Z2-bipyvridyl

BPA = 2, 2-bipyridylamine

(-)-C8 = (~)y~1l0~camphorsulphonic acid

Cin.HCL = cinchonine hydrochloride

Cinchd.HCl = cinchonidine hydrochloride

DMF = MN,N’-dimethylformamide

I¥IPA = diethylenetriaminepentaacetate anion

EDTA = ethylenediaminetetraacetate anion %

en = ethylenediamine

Ephed.HCl = ephedrine hydrochloride

hfa = hexafluorcacetyl acetonate anion

malion = malonate anion

a-MBA = (+)wammethylbenzylamine

0X = oxalate anion

rhen = 1,10-phenanthroline

pyim = 2-(2-pyridyl)-amidazoline

tart = (+)-tartrate anion

Ae =g~ e = difference in molar extinction coeffi-
ﬁ cilients of the left and right-handed circulariy

polarized light, respectively ‘
{BH}E = molar ellipticity in deg.l.molwi,cmml o
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HISTORICAL

In 1931 Ppfeiffer and Quehllﬁ3 discovered the Pfeiffer
effect when they were trying to resolve dissymmetlrc complexes
of =zinc(ll) ion with bidentate llgands, using d-10-Campphor
sulphonic aclid. These workers cobserved that rotation of a solu-

tion of zinc camphorsulphonate Zn(CS)2.6H 0 was decreased upon

2
the additlion of three moles of 1,10-phenanthroline. ¥#hen
ammonium-g-bromecamphor- m-sulphonate(BCS) was used instead of
camphorsulphonate in this system, an appreciable increase in
optical rotation was observed. It had long been recognized that
these two resolving agents glve cpposite enantiomers when used
in the resolution of complexes. When the complex was precipi-
tated as bromide salt from & system contalning
[Zn(phen)3}(CS)2,it was found optically inactive, showing that
resolution of the complex did not take place. These authors
reported that a solution of =zine sulphate, NH4BCS and 1,10-
pnenanthroline in molar ratio 1:2:3 gave the same optical rota-
tion as a solution contailning the same concentration of the
complex %éﬁ(phen)3](BCS)2. Pfeiffer and cowworkers2’3 extended
their work to other chiral species (malnly resolving agents).
These workers found that optical rotations of {+4)-cinchonine-
hydrochloride, {~y~-strychninesulphate, (+)-1-guinicacid, (+) -

cinchoninemonochlorobromomethylate and (-~)-nicotine were marke-




dly altersed in presence of certain racemlc complexes. Thesse

)

workers observed this effect only in metal complexes of
bidentate ligands, 1,10-phenantroline and 2,2 bipyridine. On

. 2+ L2 L2
the other hand a number of metal lons such as Zn”, Cd7, Ni7,

co?t and wn?t displayed this effect when complexed with these
ligands.

Davies and Dwyerl3 obhserved this effect in {Cu(phen)3}2+
and [Cu(bipy}332+ ions in presence of ammonium-d-g-bromo-
camphorsulphonate. These workers observed that the rotation was
increased with an increase in the concentration of the ligand
to a limit of 1:3 metal to ligand ratio. These workers also
found that optical rotation of d-tris(ethylenediamine) Co(l111l)
ilon is effected in the presence of racenic {Zn(phen)B]zf This
is the first recorded report of optically stable metal complex
used to induce the Pfeiffer effect in raceﬁic complexes. Later
studles revealved that tris bidentate complexes of Co{(III) and
Fe(III) with 2,2-bipyridine and 1,10-phenanthroline also showed

this effect d/12

whereas 8maminoquinoline15and ethylenediamine-
tetraaceticacid24 were found to be effective ligands for this
purpose. The observed change in ryotation with 2,2-dipyridyl
complex was Very small as compared to that of 1,10~
phenanthroline. Pfeiffer postulated that rotational changes of
The stable optical species in presence of metal complexes were
due to a displacement of equillibrium of a racemic complex.

This was later confirmed by Kirschner et,a1%7




in 1942, ﬁ:ast@dl‘ studied this effect and argued that
agymmetirc induction could be explained in terms of some sort
of bonding between the metal complex and the active environment
substance. His work proved that there is some association bet-
ween the racemic complex and chiral environment compound.
Brasted also found that tris 1,l0-phenanthroline Co(IlT) lon 1is
capable of exhibiting this effect. Brasted on the basis of his
observation proved that distortion of asymmetric centre due to
association was the principal cause of this amomalous effect.
The term * Pfeiffer effect® was used for this anomalous change
in optical rotation by Dwyer and Brasted in their discussion
during a symposlium in 1954.

18,19 dtudied this effect and explained

Bwyer and coworkers
it on the basis of an asymmetric electric fileld Iirom the stable
optically active antipode, exerted on the labile metal complex,
thereby contributing differentially to the actlivities of the
dectro and leso metal complex lons. According teo this theory an
equillibrium shift is subsequently required for the inltlally
racemic complex ion incrder Lo restore the balanced chemical
potential. This is termed as "Configurational activity". A
number of observations such as differential increase in solubli-

[

lity of dextrwo and {eva [Ru(phen)

}(C104)3 in presence of

(+)-a-BCS or (+)-tartrate lon supported this theory. It was

3

observed that («)—[Ru(phen}B](ClO in presence of (+)~a~-BCS

273

wasg slightl} more soluble in water than its dextro enantionmer.
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and Gvarfas were able to isolate a partially resolved sample of
[Co(acac)3} which was allowed to stand in c¢ontact with (+)-
[Co(en)3}13 in an agqueous alcoholic solution. The rates of
racemization of dextre and fese enantioners of {Ni(bpy)3]6l2
and [Ni{phen)B]Iz in presence of chiral environment substance
were found to be different in agueous solution, while no such

differences  were observed in the presence of

18,19
[Co(en)B}Cl3 .

These studies were later guestioned Dy
Harziszl who polinted out that the reactions studied terminate
in an eguillibrium which did, not have the composition of
racemic mixture so that the measured velocity coefficient would
bhe expected to be eqgual if the equillibrium rotation were taken
as the end point. |

Graddock and Jon6522 studied the hydrolysis of optically
active arsenic(v)-catechol complex, H{AS(CGHQO)Z]HEO in pre-
sence of added asymmetric species. Thelr results indicated that
within the limits of experimental error, added agymmetric
species showed no differential effect on the rates of hydro-
iysis of two enantiomers. These workers repeated the earlier
work of Dwyer and coworkers on the rates of racemization of
dextro and levo {Ni(phen}3]2+ ilons in presence of

ammonium-d-g-bromocamphor-n-sulphonate and their results cont-

radicted the previous work.
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ay and Dutt reported a slight difference in rate of

i

racemization of tris-bilguanidine Cobalt(IIl) Chlicride -
tartrate and the 7resolved complex, but later this work was
guestioned Dbecausse of changes in the rate caused by
temperature.

Kirschner24 reported the observation of a weak Pfelffer
effect in {Cu(EDTA}]Ewcomplex with L-guinine hydrobromide. On
the basis of rotatory dispersion measurements he proved that
the Coper(II) ion was six coodinated in this complex.

Landislé WaS unable é% ocbgerve this effect with
[Zn(EDTA)}zmin presence of NH4~awBCS. However he observed that
zinc complex of 8-aminoguinocline exbibited this effect in pre-
sence of the NHéwawBCS as environment substance. In this case
the active species was not an octahedral tris complex, but a
bis(8-aminoquinoline) zinc(II} ion which was optically active
due to its tetrahedral configuration. He studied a number of
other metal complexes of Zn(Il) with the ligands Q-
phenylenediamine, 1,3-diaminopropanol, dimethylglyoxime, hydro-
¥yguinoline, thioglycolic acid, o-aminobenzoic acid Z-hydroxy
pyridine, g-napthoguinoline, ac"etylacetonate etc, and found
that they were unable to induce this effect. Landisl6also found
that Ag(II) and Al(III) when pr:;ént in solution with both
1,10~-phenanthroline and chiral environment substance did not

show any change in rotation. In addition the 2,2-bipyridyl and

8-aminoquinoline complexes of AL(ITI) were also found to be
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contalning methanol in various molar ratios and found that the
effect was guenched with increasing propoticns of methanol.
This was in accordance with the earller results reported by’

-

Dwyerz? Landis alsco feound that addition of ammonia to some

Pfeiffer active systems caused a rapid decrease in the effect
during the initial addition of ammonla, a graduel decrease in
effect thereafter as the concentration of ammonia was
increagedl§

Kuhajek4 in 1962 extensively studied the 2Zn(II) 1,10-
phenanthroline system in presence of a number of chiral enviro-
nment compounds. He found that temperature concentration of all
constituents of the solution and the presence of added salts

markedly effect the magnitude of the Pfeiffer effect, He tried

to develope optlcal rotatory dispersion plots for this system

using Drude eqguation, and considering the metal complex as a&

source of the Pfeiffer effect. He was unable to observe the
effect in a solution containing pyridine-Z-aldoxime, =zinc sul-
phate and ammonium- d-a-bromo-camphor-n-sulphonate(in 4:1:2
molar ratios).

. .26 . ' . L2+

Nordguist studied the Pifeiffer effect in [Zn(phen)a]

with d-a~BCS and d-cinchonine HCl and found that it was appre-
clably decreased with lowering pH, regardless of the chiral

environment compound. The Pfeiffer rotation was alsco decreased

with increasing the temperature of these systems. He attributed




3

the decreased effect dus Lo "Hydrophobic boading”. He furthex
noticed that Pfelffer effect was appreciably decreased in pre-
sence of large amounts of urea. He also studied the effect of
isopreopanol in these systems, and verified the earlier reports
that presence of alcohols quenched the effect.

ez i1 ; . .

Kirschner et.al studied the effect on a more guantita-
tive basls and established some numerical expressions to define
the the effect. They coined the terms "Pfeiffer rotation” and

"Melar Pfeiffer rotation", and reported that these expressions

were valid over a wide range of concentratlions of environment

substance and metal complexes. These expressions are

Fa T (Bepem %) ¢
P
[Pyl = "“ﬁ:%TEW (1)
where
PA = observed Pfeiffer rotation
“etc = observed rotation of the environment plus the complex
Wy = observed rotation of the environment only
[PM]E = Molar Pfeiffer rotation ‘
[c] = Molar concentration of the complex e
[e] = Molar concentration of the environment
d = Length of the polarimeter cell in meters

These workers for the first time studied the Pfeiffer effect in

non aqueous solvents like DMF and glacial acetic acid.
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med complexes of the ty@@{ﬁ(&caﬁ)2C7 TogM= Sn,TL) using {(+)-

cartaric acid as environment substance. They proposed that the
Pfeiffer effect was the result of hydrogen bonding of the OH
group of tartrate to the halide attached to metal. These
workers studiedzg the Pfeiffer effect in gome symmebtric
group(IVy metal halide of the type {MX43 (where M= Sn, Ti, Zr)
in presence of d-malic acid and d-tartaric acid in DMF
solution. On the basis of CD spectra they concluded that inner-
gphere coordination of the envirvonmant was not responsible for
the induced optical activity in these systems.

Kan and Brewerzg studied the Plfeiffer effect in tris
oxalato complexes of Al, Fe,Cr,Co and Ir. These workers conc-
luded that source of the Pfeiffer effect in all these systems
may be attributed either to an association between complex ion
and optically active environment alone( as in case of Ir
complex) or to a combination of the assoclation and an eguilli-
brium shift between the two enantiomers in solution.

In 1974 Kirschner et.alBOstudied the Pfeiffer effect 1in
racemic conplex [Co(phen)3}3+ using d-mallic acid and d-tartaric
acid as environment substances. They proposed the enrichment of
one enantiomer of the racemic complex due to hydrogen bonding
between the environment compound and wn-electrons of the
aromatic ring system of the ligand. These workers also proposed

that hydrogen bonding in optically stable dissymmmetric comp-




lexes oceured through ‘07 abtom of the environpment compound and
proton attached to nitrogen in amine ligand.

Ogino and KumagaiSl studied the Pfeiffer effect in agueous

: 2+ 2 L 2L
solution of [M(phen)Bj where (M = an, Hi® 3y in presence of
various alkaloids. They interpreted their results from the

viewpolnt of stereoselectlive association and resulting eguilli-
brium shift and also suggested that the w-nw interaction between
| the complex and the alkaloid conjugate systems contributed to

the sterecselective assocliation and hence the Pfeiffer effect.

These workers also studied the effect of added electrolyte on

Pfeiffer rotation and observed that both sodium chloride and

calcium chloride have considerable enhancing effect on Pfeiffer
rotation. They assigned A absolute configuration to these comp-

lexes on the basis of thelr Pfeiffer rotation.

Kane-Macguire et.al;32 used the Pfeiffer effect to
determine the absocolute configuration of Dﬁ(+)—{Co(phen)3}3% The
results obtained strongly supported the original ‘A’ assignment
to (+)»[Co(phen)3]3+by Ma son et.al,

Miyoshi and coworker333studied the influence of added
salts and lower alcohals on the Pfeiffer effect. Most of the
systems showed a linear change in the effect by the added..,
inorganic salts and alcohols 1like methanol, ethanol and'
propancl. The added anion rveduced the electrostatic repulsion
between the complex and the chiral environment compound thereby

enhancing the Pfeiffer effect. The added alcchol molecules
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penetrated into the aggregates composed of complex and chiral
cation thereby diminishing the Pfelffer effect. It was proposed
that the complex must come into direct contact with the enviro-
nment compound inorder to exhibit the PFfeiffer effect. In
another study34 these workers observed that the Pfeiffer effect
linearly decreased with the wolar concentratlion of the added
alcchol and the logarithm of rate of the decrease in the
Pfeiffer rotation is a linear fuction of the CHz—groups in the
added alcohol. This is due to the fact that the added alcohol
adheres to the metal complex lon, thereby preventing the chiral
acid from coming in direct contact with it.

35,36

Miyoshi and coworkers also observed that Pfeiffer

effect in {Zn(phen}3}2+k5trychnine system in water was

increased by addition of NH,Br or Me4N+Brm, Addition of RQN“BrM

{R= Bthyl, propyl or butvl) did not increase the Pfieffer rota-
tion. These workers also studled inversion in the direction of
a chiral equillibrium shift in the Pfeiffer effect of sone
mixed ligand Cr(III) complexes at the Jligand £ield exclted
}+

state. Racemic complexes of {Cr(ox))phen)2 and

{Crkex)z{phen)]" were laser irridiated at the ligand field
transition region in presence of (+)cinchonine or (-) cinchoni-
dine@§§drochloride. These workers observed that a relatively
rapid shift in chiral egquilibrium in opposite direction occured
between these enantiomers and that induced by the usual

Pfeiffer effect of the corresponding system in dark. This was



in contrast to the observation, that dirvection of eguillibriun
e . , ) . .3~ o 34
shift induced for homochelates [Cr(ox;Bg and {Cr(phen)B} was
unaltered whether they were photo irridiated or not. This was
interpreted in terms of anisotroplic expansion of these mixed
ligands Cr(IIIl} complexes at the ligand field excited state and
the accompanying perturbation in their stereoselective interac-
tion with optically active cinchonine or cinchonidine.
. CL 37 . . .
Miyoshi and coworkers™ found a linear relationship between
Pfeiffer rotation and concentration of the complex both in Hzo

and D.G and showed that the magnitude of the Pfeiffer rotation

2

was silghtly greater in D20 than in HEO This was considered as

an evidence for hydrophobic bonding.
Hemes38 studied the mechanism of the Pfeiffer effect in

{Zn{phen)nl(CS)2 system Dby ultrasonic absorption and indicated

that there were quick processes in [Zn(phen)n}(CS)2 systems
which did noct occur for the aguoc ion.

Halliday-“studied the Pfeiffer effect in heterochelates

like [Cr(ox),L} or [Cr(ox)Lz]F where L= 1,10-phen or 2,2-bpy.

2
They observed that rate of appearance of Pfeiffer activity
closely paralleled the rate of racemization. The absolute con-
figuration of the complexes were determined from the relation-
ship between absolute configuration and Pfeiffer effect.
Kirschner et.al40 studied thils effect in tetrahedral comp-
lexes with negatively charged complex ions. These workers used

-

racemic mixtures of [Ni(acac)z} and {ZnL2] (L = 8~
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hydroxyguinoline-5-sulphate) in presence of (+)—[Co{en)3}J as
an environment substance.

Brittain and cowcrkersél investigated the Pfelffer effect
in tris{pyridineZ,é6-dicarboxylato)terbate(III) lon using Gpti-
cally active phenylalkylamine, phénylalkylaminoalcohols and
phenylaikylamincacids as environments and concluded tThat Tota-
tional changes were due to outersphere complexetion. They
further studied this efiect in complexes of Ta(Il), Bu(lIl) and
Hof{ITl} with the same ligand in presence of L-(+)~tartaric acid
as environment substance and attributed the rotatlonal changes
to outersphere Complexati0n42,

Kirschner et.al{%3 determined. the effect of isctopes in
optically labile coordination compounds. Thelir study provides
an evidence in support of eguillibrium displacement mechanism
for the Pfeiffer effect, and hydrogen bonding mechanism to
explain the'proposed equillibrium displacement. In particular
the effect of replacement of ‘H’ of the actlve snvironment by
deuterium lostope. On the Pfeiffer effect is in a manner con-
sistant with the proposed hydrogen bonding between the labile
proton of the environment substance ard the m-electron cloud of
optically labile racemic complexes. These workers also proposed
& method for the déﬁ%&mination of the absolute configuration of

chiral organic acids.

o

4 .
Nomiya and coworkers “observed the Pieiffer effect in a

non resolvable enneamnoclybdomagnate (IV) hetercpolyanion
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[MEMo L0, ] in presence of l-brucine sulphate in organic sol
vents like acetonitrile and DMF. They studlisd 0D spectra of
these systems apd assigned Cotton effect bands to various
electronic transitions.

Brittain studied the Pfeiffer effect in tris(pyridine,
2,6-dicarboxylato)terbate(III) ion in presence of monosaccha-
ride aldose sugars. He also measured circularly polarized
luminescence spectra of these systems and assigned absclute

configuration to the complex. He further studied46

this complex
in presence of L-histidine and concluded that hydrogen bonding,
hydrophobic and electrostatic effects all contribute to a
stronger Pfeiffer effect.

Miyoshi and coworkers47 studied the Pfeiffer effect in
[Cr(ox)zphen}“ and [Cr(ox}gbpy]m complex ions in presence of
optically active alkaloids such as (-)-cinchonidine, {~)-guinine
and (-)-guinidine. They found that the Pfeiffer effect in these
systems was primarily dependent on the configuration around the
C-8 and /or C-9 atom of the chiral alkaloid, and their N-1, Me
and 9-acetoxy derivatives. They observed that introduction of
MeO group at C-6 position on the guinoline ring of each
alkalcoid lead to a substantial increase in the Pifeiffer effect.
While methylation at N-1 diminished the effect. It was further
noticed that acetylation of OH group at the €-9 atom shifted

the equillibrium greatly 1in the opposite direction. They

ocbtained the (D and DCD spectra of these systems. Cortes and




48 i : . C : . o : i
oworkers =~ studied the discriminaeting interaction in  the

- - . 24+ . .
Pfeiffer effect in {%Zn(phen).] using l-cystine monohvdrochlo-

3
ride as chiral environment substance in agueous solution.
. 4G . . . : . E

Hilmes and coworkers “studied the gquantitative aspects of
Pfeiffer effect in dvsporium(IiT} complexes with 2,6-
pyridinedicarboxylic acid in agueous solution, They measured
the CD spectra corresponding Tto certaln £-f transitions 1in

: C o 3- g o .
soluticons containing {Dy(DPA)Bj and IL-histidine as chiral
environment compound. These workers also compared the circu-
larly polarized luminescence spectra before and after the addi-
tion of chiral environment compound. Thelr results supported
the eguillibrium displacement theory. Similar studies were made

50 - 3 s Ly
by these workers™ for [Bu(DPA) 4] using  (+)-dimethyl-L-
tartrate as chiral environment substance.
51 . . ‘ £

Recently Ahmad and coworkers™ “studied the CD spectra of &

numper of Pfeiffer effect systems. These workers measured CD

ot

spectra of agueous solutions containing {M(AA)2BC (where AZ

is 1,10-phen or bpy and BC is glycinate or pyridine 2-

carboxylate lon and M is C02+

.2+ . . .
or le y and various chiral envi-
ronments substances and assigned CD bands to different elec-

tronlc transitions,
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CHAPTER 1Y

EXPERIMENTAL

Materials:

211 reagents and solvents were analytlical reagent grade

and were used without further purification. (+)-a-methylbenzyl-

amine {-)-cinchenidine, NdCiS.ﬁH

20, ?I(NOB)3°5H20, (+)y-tartaric

acid, disodiumethylenediaminetetraacetate and diethylenetri-

amlinepentaacetic acid were purchased from Fluka Chemica

Switzerland. (+)Y-cinchonine and 1, 10-phenanthroline were

optained  from  BDH Chemicals, England, while Ammonium

{(+)-u-Bromocamphorsulphonate and(-)-10-camphorsulphonic acid

were purchased from Aldrich Chemical Company Germany. 2,2-

bipyridine was obtained from E. Merk Germany.

2.

a)

Preparation of Complexes:

{Cr(phen)zclz}Cl and [Cr(phen),oxjCl were prepared by

2
literature methods5% Similarly reported methods were used
A n 55 54
fer the preparation of K3{C1{maion)3} P NaZ[Cr(DTPA)] ;

. 56 s 57
[Co(BPA),](CLO,),~ "and [Ni(BPA);1(Cl0,),""
[Cr(bipy)z(gly)](,‘l2 was  prepared by the method of
BroomheadSzwith slight mediflcation as given below.

In a round bottom flask 0.01 mole of CrCl,.6H,0 was

3

dissolved in 50 ml of methancl with stirring. A single




¢)

plece of mossy zinc was pleced in the flask. Then two
solutions one containing 0.02 mole of 2,2-bipy in methonal
and the other containing 0.01 mole of sodium glycinate in
water were added to the reaction solution. The reaction
mixture was slowly brought to refiux and kept as such for
one hour. During refluxing colour of the reaction mixture
was changed to red brown. The reaction mixture was then
concentrated on a water bath and kept over night at room
remperature. The crystals were Lf£iltered through a glass
frit of medium porosity, washed with methanel and alr
dried. The crystalline product was analyzed

Analytical: For [Cr(C20H12N502)}Ci2.

Calculated: C 51.87 H 3.93 Mo13.17 Cr 10G.21%

Found: C 52.13 H 3.82 N 12.83 Cr 9.88%

Preparation of [Cr(bipy)z(HEO)z}Cl3
Sysﬁthesis of {Cr(bipy}z(pyca}}C1? was attempted Dby

mixing appropriate amounts of CrCl3.6H 0, 2,2-bipyridine

2
and pyridine 2-carboxylic acid in methanol and refluxing
as given above. However analysis of the crystallzed comp-

lex indicated it as [Cr(bipy)E(HZO)Z]ClB.
T,
Analysis: For [Cr{ClOHBNz}z(HzO)E}Cl3.
Calculated: C 456.57 H 4.07 N 20.62 Cr 10.08%

Found: C 45.46 H 3:.59 N 20.10 Cr 16.20%
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Preparation of Hal[Cr (EDTAIH,O]

R . \ S 53 .,
This complex was prepared by literature method™? The
product obtained was in the form of wviscous Lliguid.
However the complex was crystallized out from the viscous
liquid by slowly adding excess of absolute ethanol with
vigorous stirring. The complex is hygroscoplc and must be

stored in a wvacuum dessicator.

Preparation of {Cu(ZMpicolylamine)z](ClO4)2

It was prepared by mixing hot methanol sclutions of appro-
priate amounts of Copper(II) perchlorate hexahydrate (0.0l
mole)y and Z-plcelylamine (6.03 mole) in a round bottom
flask. The complex crystallized out as violet needles upon
cecoling the reaction mixture. The complex was filtered
through a glass frit and washed with methancl inorder to

remove the excess ligand.

Analytical: For {Cu(C12H16N4)}(ClO4)2,
‘Caloulated: C 30.10 H 3.37 N 11.70 Cu 13.27%
Found: C 30.29 H 3.30 N 11.74 Cu 13.15%

Preparation of {V(phen)2Cl2]Cl and [V(bipy)QClz]Cl

These were prepared in methanol under inert atmosphere as
follow:

In a two neck round bottom flask ©.01 mole of VCl3 was
dissolved in 50 ml of methanol. The flask was flushed with

dry nitrogen gas to remove air. Then methanol solution of



B a1

0.03 mole of 2,2-bipy / 1,10-phen were added to the metal
ion soclution. The reaction mixture was brought to rellux
and stirred under a continuous flow of Mo, The colour of
the reaction mixture immediately turned to dark purple.
After about 15 minutes the reaction mixture was cooled in
ice, when dark purple crystalline complexes sepérated out.
The complexes were filtered and washed with methanol. It
has been reported that these complexes formed dimeric

4+(where

59

hydroxo bridged species like [ (BA) V{p~0OH) ,V(AA), ]
Ah= 2,2-bipy or 1,10-phen) upon dissolution in water
The absorption spectra cf agueous solution of these comp-

C - . 59
lexes are similar to those reported in the literature™ .

Preparation of Nﬁé[Nd(EDTA)] and NH, [Pr(EDTA)]

4l
These complexes were prepared by a reported method60with
slight modification as given below. |

0.2 moles of neodymium chloride hexahydrate were dissolved
in 50 ml of water. RAnother solution containing the same
molar guantity of (NH4)2H280TA was prepared by titrating
the free acid with NH,OH until pH of the soclution reached
to 8. The two solutions were mixed and stirred for 10-18%
minutes. The reaction mixture was concentrated on «mater
bath and then cooled. The cooled reaction znixture- was
added drop by drop to an excess of ethanel with vigorous
stirring. The solid complexes were sepsrated out. These
complexes were filltered on a glass frit, washed with water

and then dried in oven at 11006.



3. ¥Preparvation of solutions for CD studiss:
) Stock solutions of optically active envivonment substances

like (-)-malic acid (+)-tartaric acild, (+)-ascorbic acid
were prepared by dissolving appropriate amounts (0.04
mole) in small wvolumes of doubly distilled water and

diluting te 100 ml in wvolumetric flasks. The solutions

were thoroughly mixed and kept in dari,

b) The optically actlve environment compounds (+)-cinchonine,
(-)-cinchonidine, (+)-g-methylbenzylamine, (-)-guinine and
(-)~-brucine are insoluble in water. Therefore these com-
pounds were converted into their hydrochlorides as given
below.

Accurately welghed guantities of the environment compound
were dissolved in minimum amount of dil HCLl. The soclutions
were concentrated on a water bath. The solutions were
cooled in an ice bath when hydrochloride salts of the
environment compounds were sepdarated as fine crystalline
material. The crystals were filtered, washed with water
and then dried. Calculated amounts of crystalline hydro-
chloride salts of these chiral environment substances were
“ﬁwudissolved in water and diluted +to mark in volumetric
flasks. These solutions were thoroughly mixed and kept in

dark.
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In certain cases stock sclutlons of the insoluble snviron-
ment compounds were prepared by dissolving c¢elculated
amounts of the solid subtances in minimum volume of dil
HC1l and diluting with distilled water to 100 ml in volume-
tric flasks. The solutions were thoroughly mixed and kept

in dark.

Preparation of solutions for the Pfeiffer effect studies:
Calculated amounts of the metal complexes were dissolved
in a small volume of the stock solution of the environnent
substance and then transfered to a 25 ml volumetric flask.
These were diluted to the mark with the stock solution of
the environment substances. The contents were thoroughly
mixed and kept in dark for 1-2 hours before measuring

their CD spectra.

Preparation of sclutions of complexes in perchlorate forﬁ:
The water insoluble complexes like (Co(BPR);]1{CL0,),,
[Cu{ampy}g}(cloé)z, {(phen)2V(u—OH)2V(phen}2](C104)4 were
converted to soluble chloride form before their use in the
Pfeiffer effect studles. Aqueous solutions of these comp-
lexes were obtalned as given below.

0.001 mole of each complex was moistened with water and
brought in contact with 5-10 grams of strongly aclidic
anion exchange resin (Amberlite IRA-400) in chloride form.
The mixture was stirred for a few minutes untill a ‘clear

solution of the complex was obtained. The resin was then
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filltersd off. To the filterats calculated amounits OF
solid environment substances were added and diluted to the
mark in volumetric flasks. These solutions were thorougly

mixed and kept in dark for 1-2 hours before recording

their CD spectira.

2

Preparation of [V(EDTA)} and [V(DTPA)]" for Pfeiffer CD

studies.

Ageous solutions (0.1M) of these complexes were prepared
by dissclving calculated amount of VCla(Q.Ol moles) in
about 50 ml ¢f water and adding 0.01 mole of EDTA or DTPA
disodium salt with stirring. The resulting brown solutions
were diluted ta 100 ml in volumetric flasks and thoeroughly
mixed, Then calculated amcount of the solid environment
substances were disgolved in about 20 ml of the complex
iﬁn solution and transferred to 25 ml volumetric flasks.
The solutions were diluted to the mark with complex ion
sclution and thoroughly hixed. The final concentrations of
the complex and environment substances were malntained at

0.1M and 0.34 respectively.

Preparation of solutions of [Nd(EDTA)] for CD studies,

T

0.2M solution of NH, [NA(EDTA)} was prepared in a 25 ml
volumetric flask. To each of five volumetric flasks of 10
ml capacity were added 5 ml of the metal complex 1on

solutlion. Calculated amount of (+)-T.A was added to each
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flask and determined itz pH which was found as 2.The pH of

G

o
g

these solutions were adjusted at 2, 4 &, 8, 10 wi
dilute solution of NaOH. The volume of each flask was then

adjusted to the mark with distilled water,

4, Instrumentaltion:

Elemental analysis were obtained from Midwest Microlab,
Indianapolis, U.S.R. Melting points were determined on Thomas
Hoover unimelt apparatus obtained from Arther Thomas Company
Philadelphia, P.A, U.S.A. Metal contents of <these complexes
were determined on Shimadzo Model 670BA, atomic absorption
spectrophotometer. The I.R spectra of the solid complexes in
KBr disc were recorded on Hitachl Model 250-70 spectrophoto-
meter.

The absorption spectra of solutions of these complexes in
400-700 nm range were recorded on Hitachi Model 2205
recording spectrophotometer. A matched pair of guartz cells of
10 mm  thickness were used for these measurements and
1x167°-107°M concentations of complexes were used. pH measure-
ments of these solutions were carried cut on a digital pH meter
Horiba model F-8 eguipped with a glass and calomel reference
electrode.

The CD spectra of agquecous solutions of these Pfeiffer
systems 1in the wavelength range 400-700nm were recorded on

JASCO-20A spectropolarimeter. This instrument uses Xenon Arc



as a light a recorcer. Special

strain free guartsz Ware

20l Agueous

the c¢hiral environment copmounds were used to

oy

olutiong of
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s

‘ecord base line of these spectra as the environment compounds

are colourless and have no CD bands in wvisible region of the

S

spec!

ra.




(&) IHVESTIGATION OF HEW PFEIFFER ACTIVE SYSTEMS:

Pfeiffer effect was studied in a number of racemlc comp-
lexes 1in presence of some new environment compounds. Examlina-
vion of previous studies on the Pfeiffer effect indicate that
only octahedral complexes of 1,10-phenanthroline, 2,2Z2-bipyridyl
and oxalate ion are capable of showing this effect. To date
there has Dbeen only one tetrahedral complex i1.e. bis(8-
aminoquincline) %n(IT) ion which shows this effect. Further a
limited number of c¢hiral environment substances such as
NH,-«-BCS, d-10-camphorsulphonic acid, d and 1 enantiomers of
tartaric acid and malic acid may be used for inducing this
effect. However a few complexes of other ligands such as-

zﬁ,[Zn(Bwamqﬁjz+ [Zn(pyim)3],{Al(hfa)3] and’

[Ni(BBM1)3}2+ in presence of certain common chiral environment

[Cu(EDTA) ]

substances also show Lhis effect.

There are two features common in most of the Pfeiffer
active systems, i.e. the metal lons belong to the labile group
of metals and the ligands in these complexes have appreciable
pi bonding. There have been reports that metal complexes of
saturated ligands such as [Zn(en)3]2+, Ni(en)3]2+ and
[Co(en)3jz+don0t show the Pfeiffer effect in presence of any
chiral environment compound. In order to substantiate this

observation a large number of complexes of other ligands with




appreciable pl bonding have basn synthesized for the Pfeiffer
effect studles. In particular complexes of ligends such as
picolinic acid (pyca), bipyridyiamine {BPA) and Z-
aminomethylpyridine which have nitrogen donor atoms in pyridine
‘rings abt appropriate positions for bidentate chelation were
studied for the Pfeiffer effect in presence of various chiral
environment substances. A nuaber of complexes like {Cr(pyca)gj,
[Co{BPR)41(CL1O,),, [NI(BPR),]1(CLO,), and [Cu(BPA),](ClO,), were
prepared by literature methods . ttempts were made to synthe-

2 L2 2+ .
", Wit Cu with 2~

sise tris complexes of C
{(aminomethyi)pyridine (another bidentate ligand of pyridine
origin) for the Pfeliffer effect studies. However only bis comp-

lexes of 2-(aminomethyl) pyridine with these metal ions were

the only products isolated from the reaction mnixture. The

. . . w s
Pfeiffer effect was not induced in sclutions of [Co(ampy), ]
. 2+ . . . \

and {Nl(ampy}z} in presence of wvarious environment subs-

tances. However [Cm(aur.tpy)z]2“}r showed small changes in optical
rotation in presence of NH, - (+)-a-BCS and NH, {(~)~-10-CSA. Since
this type of bis complexes in sqguare planar environment should
pe symmetrical, they are not expected to show the Pefiffer
effect. It may be assumed that the complex [Cu(2—ampy)2}2+ ion
has elther a distorted tetrahedral environﬁiﬁ%harcund the metal
ion or two solvent molcules have occupled cis position in the
coordination sphere of the metal lon, forming dissymmetric cis-

[Cu(ampy)2{H20)2}2+, The laterupossibility seems more probable




due to appearance of <0 bands in visible reglon of the
spactoum.

: . . + . 2
A series of complex ions like {CO{BPA)3]2 o [Ni(BPA}.] N

N W2t . . L. . ‘
and Luu(BPA)sz were investigated for the Pfeiffer effect in
presence of various environment substaences. The Pfeiffer efifect

. . . \ 2+ .
was 1nduced only  in {CO(BPA)3} in presence of (-)-10-
camphorsulphonic acid and AMMoN 1 Um {(+)~o~bromocanphor-m—
suiphonate. The optical rotation changes were very small in
these systems(Table I). It is commonly observed that specific
rotations of tris type complexes of different metal lons with

bipyridyl 1ligands are relatively smaller as compared to those

2+ 2+

0

of 1,10-phenanthroline ligands e.qg; {Fe(phen)3}

and [Ni(phen)3]2+

: {Fe(bpy)3]
, [Ni(bpy)3]2+. Similarly wvalues of Pfeiffer
rotations in [Ni(phen)3]2+ in presence of
{+)-ammonium-aq~-promocamphorsulphonate and other environments

24 .
lon. The

are very large as compared to those 1in {Ni(bpy)3]
magnitude of molar Pfeliffer rotation seems to depend upon the
structure of the ligand 1l.e; 1,10-phenanthroline being a three
six membered fused ring system induce larger rotations as
compared to Dbipridyl consisting of only two relatively free
rotating pyridine rings. If this argument 1s acceptable then
bipyridylamine is rather more flexible molecule, and its comp-
lexes shold have lower specific and molar Pfeiffer rotations.

. , - + -
g is demonstrated by analogous complexes of Mn,z P Co2T

i
Ni2+f and Cu2+°

r

Tt is also evident from +the fact that



Tabie-1 The

Conplex

ment

Pfeiffer

]

Effect in Cobalt(Il)
of

Substances in Rgueous Solution.

Various

Compliex Ion Environment Coppound Pobs [ n}$9
(0.03M) (0.12M)

{CO(BPA)3}2+ (*}W1Q~Cﬁmphgrsulph0nic Acid 0.006 166.6

{CO(BPA)3}2+ NH4wé—aromocamphorﬁulphonate 0.02 555.5

[Cu(ampy)2]2+ (-)~10-Camphorsulphonic Acid 6.02 555.5

(Cu(anpy),]°T 0.02 555.5

NH, ~ax-Bromocamphorsulphonate

D,




] 100 An presence of (-3y-mpalic acid has  mo

3 () molar
Pf( H :E': . ot . e [ W . ~ 2‘5‘ .
-elizer rotation of 2575 degreess while FCD(BPR)31 L pre-
sence of this environment substance has only 167 degrees.
e 128G Ofn 167 deagree
Cu(EDTAS 127 i N ) ) . P
[Cu(EDTA) ] is the only example of sexadentate EDTAE

ligand showing thls effect in presence of l-guinine hydrobro-
de. In this complex pi bonding in acetate group which is a

part of the chelate, may be responsible for inducing the

- s
A number of complezes of EDTA anc another

. ) . e B ‘ . . .
polycarboxylate lon DTPAT were synthesized for exploring thelr

By

Pfeiffer activity. The Pfelffer effect was studied in complexes
3

e
- i . + . 2 2
of the metal lons ¥Fe” , NLi™ , Cu

(SN
+

T 5 - .
, Lr and V in presence of

reported and new c<hiral envivonment substances. It isg apparant

from Table I1 that very little or no changes in rotation were

observed in most of thess systems. However a few complexes like
2.

[Co(EDTA)H,0]7, [Cr(DIPR)ITT, [V(EDTA)] , [V(DTPA)I showed

small rotational c¢hanges Iin presence of various environment

v

i
T

ot

!

compounds. The molar Pfeiffer ion for these sysbtens are

fasid
Fh

given in Table I1T. icive Pie er effect was observed in

Py
Q
0
;g
[

)

complexes [Cr(EDTA)H, 0] and [Cr (DTPA)}z_ in presence of all

the enviorament compounds while {V{EDTA)] showed a negative

Pfeiffer effect in presence of (+)-cinchonine HCL, {(-)~

-cinchonidine HCI1, (-)-brucine HCL (+) tartaric acid and (-)-
tartaric acid. This complex exhiblited a positive Pfeiffer
effect in presence of (+)-g-methylbenzylamine HCL and (-)-

ephedrine HCIL. {V(DTPA)]QM showed positive Pfeiffer effect 1in
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Table-I1I Complex Ions and Environment Substances Which do notb

Show the Pfeiffer Effect.

Complex Envirconment Compound
{Cr(EDTA)HZO}“ - {-) - Brucine.HC1
[Cr(EDTA)E, O] (-3 - Quinine.HC1
{Cr(EDTA)HQO]* {(+) - Arabincse
[Cr(EDTA)HZO]_ (+) - «-Methylbenzylamine.HCL
5Cr(DTPA>}2“ (+) - Cinchonine.HC1
[Cr(DTPA)}z“ (-) ~ Cinchonidine.HC1
[Cr(DTPA)]2” (=) - Quinine.HCL
{Cr(DT?A}}E" (-} - Brucine.HCl
[Cr(DTPR) %" ' (+) - Arabinose

Cr(DTPA)}z_ (+) - w-Methylbenzylamine,HCl
[Cr(phen)2C12]+ {-} - Quinine.HCl
{Cr(phen)2Clz}+ (-) =~ Brucine.HC1
[Cr(phen)2C12]+ | (1) -~ Arabincse
{Cr(phen)2C12]+ (+) - Rscorbic Acid
{Cr(phen)2C},2}+ (+) -~ a-Methylbenzylamine.HCL
{Cr(phen)zc:lzj+ NHE, - (+) - a-BCS
[Cr(bpy),gly]®" NH, - (+) - «-BCS
{Cr(bpy)zgly]2+ (-) - 10-Camphorsulphonic Acid
{Cr{bpy}zgly]2+ (-) - Brucine.HC1
[Cr(bpy)zgly]2" (=) - Quinine.HCl
[Cr(bpy)zgly}2+ (+) - o-Methylbenzylamine.HCl -

Contd.




Complex Bnvironment Compound

) 2+ .
iCr(bpy)zgly] (+3 - arabinose
Cis~{Cr(bpy)2(H20}2}3+ NH, - (+) - «-BCS
Cism[Cz(bpy}z(H2©)2]3+ {-3) - 1l0-Camphorsulphonic Acid
Cis~{Cr(bpy)2(H20)2]3+ (-} - Brucine.HC)
Cis—[Cr(bpy)z(H2G}2}3+ (=) - Quinine.HCl
Cis»{Cr(bpy)z(H20)233+ {+y ~ zx-Methylbenzylamine.HCl
Cism[Cr{bpy)Z(H2O)2}3+ (+) - Arablnose

. [Co(EDTA}] (+) - Cinchonine.HCl

£ [Co(EDTA)] (-} - Quinine.HC1

: [Co(EDTA) ]~ (+) - Tertaric Acid

: (Co(EDTR) ]~ (+) - a-Methylbenzylamine.HC1

g {CG(BPA)3}2+ (+3 ~ Cinchonine,HC]

1

: [Co(Bpa) )" (~) - Cinchonidine.HCl

g

% [Co(BPA)3j2+ {(+) -~ Tartaric Acid

§ [CO(BPA)3}2+ (+) ~ Pantothenlec Acld

% [Co(BPA)3}2+ (+) - Ascorbic Acid

'; [Ni(EDTA)]2w (+) - Cinchonine.HCIL
gNi(EDTA)}z“ {~) - Cinchonidine.HCl
{Ni(EDTA)}Em i {(+) - Tartaric Acid
{xi(ED“A)}E— A ' (+) - Pantothenic Acid
[Ni(EDTA)]z_ {+) - Ascorbic Acid

; 2+ : .

{NL(BPA)3]” (+) - Cinchonine.HC1
(i (Bpa) 4177 (-) - Cinchonidine.HCl

Contd.




Complex

Environment Compound

2%
3

2+
3]

[Wi(BPA), ]

[Ni(BPA)

[Ni(BPA)
2+

{Cu(BPA)3}2+

{Cu(BPA)3}2+

[Cu(BPA)3}2+

[Cu(BPA)3§2*

rcu(ser) 417"

[Cu(BPA) 1"

2+
3

[Cu(phen)3]2
]2+

[Cu(phen}

+

[Cu(phen)B

2+
3]

2+
5]
]2+

[Cu(phen)
[Cu{phen)
[Cu(phen),
[Cu(bpy);1°"
[Cu(bpy)4]°"
[Cu(bpy), ]

[Cu(bpy), ]

2+

2+
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[Cu(bpy) 4

[Cu(bpy) 5177

[Cu(anpy),)°"

{Cu(ampy)232+

Tartaric Acid

Pantothenic Acid

- Bscorbic Acid

Tartaric Acid
Cinchonine.HCl
Cinchonidine.HC1
Quinine.HCl
Brucine.HBC1
Arabinose
Tartaric Acld
Cinchonine.HCl
Cinchonidine.HC1
Quinine.HCl
Brucine.HCl
Arabinose
Tartaric Acid
Cinchonine.HdCl
Cinchonidine.HCL
Quinine.HC1l
Brucine.HC1
Arabinose
Cinchonine.HCl

Cinchonidine.HCl

Contd.




w3

Complex Envirvonment Compound
{Cn(&mpy)2]2+ {-} - Quinine,HC1
{Cu(am@y)2}2+ {+) - Tartaric Acid
ECu{ampy)2j2+ {+} - Ascorbic Acid
[Pr(EDTAY] (+) - Tartaric Acid
[Pr(EDTA)} (~) - Cinchonidine.HCL
[Pr(EDTA) ] (+) - Cinchonine.HCl
[Pr(EDTAY 1™ (-) - Histidine
[Nd(EDTA) ] (=) - Histidine

pEGRe N

f P




presence of (+)-o-methylbenzylamine HCl and negative Pfelffer
effect in presence of (-)-cinchonidine HCL1 and (+)-clnchonine
HC1. The results are given in Table IV,

As stated earlier, most of the Pfeiffer effect studies
have been carried out on complexes of labile metal lons.

However tris oxalato complexes of two inert metal ions like

e T
whe

03T and Cr~  also show this effect in presence of (+)-

C

cinchonine HCl. The resolved complex Ko[Cr{ox},] rapidly race-

mizes in solution. A number of mixed ligand complexes of et
with 2,2-bipy and 1,10-phen have been reported in the past. The
amixidentate, anion or water in complexes like [Cr(AA)2X2]n+
(When AB=2,2-bipy or 1,10-phen and ¥ = Cl , Br , H,0) commonly
assume a c¢is position and exist as ‘d’ and "1’ enantiomers. The
enantiomeric forms of these complexes are expected to racemize
at a faster vrate. Therefore a series ol mixed‘ ligand
chromium(IIi) complexes like [Cr(AA)zxz]Cl alongwith
KB{Cr(malon)B} were prepared and investigated for the Pfeiffer
effect in presence of wvarious environment compounds. The
results are reported in Table V. It is apparant from the table
that all these complexes show & negative Pfeiffer effect in
presence of (+)-cinchonine HCl1 and (-)-cinchonidine HC1. Two
other complexes [Cr(bpy)2 Clz]Cl and {Cr(bpy)zgly}Cl2 show a
positive Pfeiffer effect in presence of (+)-tartaric acid,

indicating that dextro enantiomers of these complexes are

enriched. {Cr(bpy)2ox]cl shows a negative Pfeliffer effect in




Table~-III Molar pPfeiffer Rotations of the pPfeiffer Systems

Containing the Chromium(III) Complexes of Polyamine

6

Carboxylic Acids and Varicus Envirconment Substances

in Agueous Solution.

Complex(0.025M) Eavironment Compound(0.1M) Pobr [Pﬁ}ig
Na[Cr (EDTA)H, 0] {+} - Cinchonine.HCl 0.04 1600
Na[Cr(EDTA)HaO] (-} - Cinchonidine.HCl 0.04 1600
Na{Cr.(EDTA)HzO} (+) - Ascorbic Acid 0.001 40
Na{Cr(EDTA)HEO} {(+) - Tartaric Acid 0.001 40
Na{Cr(EDTA)H2O} (-) - Tartaric Acid | 0.00z2 40
Na,[Cr(DTPA) ) {+) - @-MBA.HC1 0.0071 40
Naz[Cr(DTPA)} {(+) - Tartaric Acid 0.006 240
Na2[Cr{DTPA)] (+) - Ascorbic Acid 0.002 80
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Taple-IV Pfelffer Eiffect in [V(EDTA}] and [V{DTPA) ] Ll
Presence of Varlcous Chiral

Agueous Solution.

Complex [Conc. ] Environment [Coneg. ] Pobs {Pﬁyig
[V{(EDTAY] 0.1 (-)~Cinchonidine.HC1 0.3 -0.4 ~1333
[V(EDTR) ] 0.1 {+}~~MBA.HC1 0.3 0.05 166.6
[V(EDTA) ] 0.1 (+y~Tartaric Acid 0.3 0.06 200
[V(EDTA) ]~ 0.1 (~)~Tartaric Acid 0.3 0.06 200
[V{EDTA) ] 0.05 {(-)-Brucine.HCl 0.075 -0.2 -5333
[V{EDTA) ] 0.04 {~)~Ephedrine.HCl 0.12 0.01 208.3
{V{DTPA)}Z“ 0.1 (~y~Cinchonidine.HC1 0.3 ~0.06 -200
{V(DTPA)32‘ 0.1 (+)-a~MBA.HC1 0.3 0.54 180.6




Table-V Pfeiffer Effect in Mixed Complexes of Cr{IiI} in
Pressnce Various Chirval Enviroament Substances in
Water Solutions.
Complex Environment is {§5£§
Substance
{Cr(phen)zclzjcl (+3-Cinch.HC1 ~-G.015 -4G0
(0.025M) (0.15M)
{-y-Cinchd.HCL -G.015 ~ 4G
(0.15M)
{Cr{bpy)2C12]Cl (+)-Cinch.HCY -0.015 -800
(6.025M) (0.75M)
{-)y-Cinchd.HCI -0.015 -800
(0.75M)
(+)y~-T.A. +0.006 +240
(CG.1M)
{Cr(bpy)z(HZO}z}Cl3 (+)-Cinch.HC1 -0.019 -400
(0.04M) {0.12M)
{-y-Cinchd.HC1 -0.019 ~400
(0.12M)
[Cr(bpy)zgly}clz {+)y-Cinch.HCL -0.06 -1200
(G.025M) (0.20M)
{-}-Cinchd.HCI -0.0¢6 -1200
(0.20M)
{+}-T.A. +0.,093 +1875
(0.20M) ’
{Cr(phen)zox}Cl (+)~Cinch.HC1 ~3.004 -240
(0.025M) {(0.08M) .
(~)-Cinchd.HC1 -0.004 ~ =240

(0.08M)
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presence of (+)-cinchonine HLL nd  {-)-oinchonidine HEL  In

e

acgueous solution.

In agueous solutions K3{Cr(malon)3} whows a positive
Pfeiffer effect in presence of (-)-cinchonidine HCl, (+)-c~
methylbenzylamine HC1l and (-)-ephedrine HCLl, while a negative
Pfeiffer effect is observed in presence of (-)}-guinine ECL. It
is revealed that fewoe enantiomer of {Cr(malon)3j3— is enriched
in presence of (-)-cinchonidine HCl, (-)-ephedrine HCl and
(-)y-brucine HCl while dewxtnc enantiomer is enriched in presence
of (+)-x-methylbenzylamine HCl and (-}-guinine HCl. The induced
Pfeiffer effect decrease in the order (-)-brucine HC1 > {-)-~
cinchonidine HCL > (~)-ephedrinein HCY > (+)-a-methylbenzyl-
amine HCl » {-)-guinine HCL in these systems (Table VI).

The Pfeiffer effect in complexes of lanthanide metal lons
such as {Dy(DPA}3]3_ and [Eu(DPA)3]3_ have been reported
recently%g’so However further studles on complexes of f-block
elements are needed. Therefore complexes of metal ions like
Nd3+ and Pr3+ with polycarboxylate anions such as EDTA4_ and
DTPA”™ were prepared in solution as well as in solid form by
literature methods. These complexes were investigated for their
Pfelffer effect in presence of wvarious environment compounds.
Only (Nd(EDTA)}] ion showed a small increase 1in rotation of
(-)-cinchonldine HCl and a small decrease in rotation of (+)-

tartaric acid. The change in rotation is dependent upon concen-

tration of the components and also depends upon pH of the




Table-VI The Pfeiffer Effect in XB[Cr(maimﬁ) (0.03M) 1in

3]
Presence of Various Snvironment Substances 1in

Agueous Solution.

Environment Compound [Conc. ] P E?n§§9
(+)-o-MBA.HCL 0.24 0.008 111.1
(-y-Cinchonidine.HCL 6.12 0.085 1388
{-)-Brucine.HC1 0,12 0.75 2083
{-) - Quinine.HC1 0.10 -0.01 ~333.3

{~)y-Ephedrine.HCl g.12 0.005 138.8




syatem. At lower pH wvalues, the Pfelffer sffect is guenched.

The Pfelffer effect in Kg[V(C in presence of (+)-

29403

cinchonine HCl was reported in 196962. Although a number of

octahederal wvanadium (IIIy complexes such as [V(AR) X, ]X
(BA=2,2-bipy or 1,10-phen X=Br {1 ) have been reported in the
literature, Pfeiffer effect studies on such complexes have
never been carried out. When agueous solutions of V(III) and
the ligands (bipy or phen) in 1:3 molar ratios were mixed under
NZ atmosphere, deep purple complex ions were Iformed. These
complexes have been assigned a dimeric

7

4+ ; .
structure by earller workers? The sulphate

[V, (OH), (Phen) , ]
and perchlerate salts of thls deep purple complex are sparingly
soluble in water and guite stable in alr. However agueous solu-
tions of these complexes are slowly oxidized to tetravalent
vanadyl complexes. A purple crystalline product {V(phen)2Cl2]Cl
may be obtained by reacting appropriate amounts of metal
chlorid and ligands from non agueous solvents such as methanol
or by fusion of VCl3 with solid 1,10-phenanthroline, which 1is
easily hydrolyzed to hydroxo complex in agueous solution. Later

worker confirmed binuclear structure with hydroxobridges for

these complex3859’6l, The two complex ions
[z ra -
{V?{phen)q{umOH)Z}‘+and {\Iz(bipy)&(M—OH)Z}LH were prepared and

studied for their Pfeiffer activity in presence of a number of
environment substances like (-)-malic acid, ({(+)-tartaric acid,

(+)-ascorbic acid, (-)-cinchonidine HCl and (+)-a-methylbenzvyl-
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amine HCl. fThese complexes show small optical rotational
changes 1n presence of (+)-ascorbic acid. However large rota-
tional changes were observed in presence of (~y-malic acid, (+)
and (~-}-tartaric acid, indicating that some interaction between
the complex and environment sﬁbstance had occured. Examination
of Circular Dichroism spectra of these complexes in presence of
various environment compounds indicated an asymmentric synthe-

sis of binuclear species in solution.

{b) INVESTIGATION OF NEW ENVIRONMENT SUBSTANCES:

Todate only & limited number of chiral environment
compounds have been effectively used for inducing the Pfeiffer
effect in racemic Cemplekes. In the present work efforts were
made to explore new chiral environment substances which may
induce the Pfeiffer effect. For this purpose a number of new
optically active organic compounds like (+)-ox-methylbenzyl-
amine HC1, (m)—quininé HC1, (-)-brucine HCl, (+)-ascorbic acid,
(+)~arabinose, (+)-usnic acid, {-)-thiazolidine <carboxylic
acid, (+)-sodiumpantothenate and (-)-cinchonidine HCL were
studied in presence of a number of dissymmetric complexes 1nc-
luding the above mentioned Pfeiffer active complexes. It was
found that only (+)-w-methylbenzylamine HC1l, and {-)-cincho-
nidine HCl induced Pfeiffer activity in complexes [Cr(DTPA)}zwf
[c;(malon)BJB”,[V(EDTA)]“ and [V(DTPA)]Z“ in aqueous solutlens.
{-)-Ephedrine HCl and (-)-brucine HCl were found as effectifé

environment substances for {Cr(malon}3]3“,{V(EDTA)}— complex

g e S i T




ions while (-)-quinine HCLl showed Pifelffer effect only with
{Cr{malon)B]am.

It 1s interesting to polintout that two alkaloid bases like
{=)~cinchonine and (-)-guinine have very similar molecular
structure, accept that guinine has a methoxy substituent at 777
position in guinoline ring. However ({-}-cinchonidine and
(+)-cinchonine are wvery effective environment sgubstances for
inducing the Pfeiffer effect in a number of racemic complexes,
while (-)-quinine and its enantiomer (+)-guinidine does not
induce this effect in most of the complexes studied. This
difference in activity of these two environment substances
seems to arise from effective shielding of propellor of
asymmetric carpon atom in these chiral environments,
restricting an effective and preferred interaction with the

dissymmetric complexes.




CHAPTER VI

CIRCULAR DICHROISM STUDIES OF PFEIFFER EFFECT SYSTEMS

The racemic metal complexes and chiral environment subs-
tances in the Pfeiffer systems normally absorb in different
spaectral reglons., The environment substances and the ligands
involved in these c¢helates commonly absorb in ultraviolet
region, while metal complexes have absorption bands in visible
as well as in ultravioclet region of the spectrum. The absorp-
tion bands in UV reglon are due to allowed electronic transi-
tions and therefore are wvery intense (i.e extinction coeffi-
cients of such bands are very high). Absorption bands dge To
d-d transitions are observed in visible region of the spectrum
and are assocliated with lower values of extinctioﬁ_coefficient.
It has been demonstrated by earlier workers that‘the Pfeiffer
effect systems show CD bands in visible region where neither
ligands nor chiral environment compounds have any absorption.
This was presented as an evidence in favour of "displacement in
equillibrium® concept of the Pfeiffer effect. Therefore D
spectra of all those complexes showing the Pfeiffer effect were
studied.

This technigue has certain limitations that CD bands due
to charge transfer transitions of conplexes cannot be observed
because of very strong bands of the environment substances

present in high concentrations in these systems. However CD
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bands o these syvstems in visible vegion may bes interpreted in
terms of electronic transitions within 4 orbitals, and absolute
configuration of the ligands around the metal ion may be deter

mined

a) Study of Mixed Ligand Complexes of Chromium {IIX}:

The absorption spectra of these complexes in presence of
various environment substances were indentical to those taken
~for the agueouvs solutions of these complexes. This indicated
that no appreciable interaction between the complexes and the
environment substances occured. The band positicns and molar
extinction c¢oefficients of these conplexes are reported in

table Yil The absorption spectra of these complexes invariably

consist of a single band between 18,867 em” ! to 20,202 em™ !

o o}
with extinction coefficienﬁ values between 42-112 M lcm -

CD sepctra of cis—[Cr(phen)2C12]+ ]+,
. 3+ 2+
Cis-(Cr(bpy),(H,0),17 ,  [Cr{bpy),gly]

P Cis~[Cr(bpy)2812
and V{Cr(phen)zox]+in
presence of (+)-cinchonine HCl, (~)-cinchonidine HCL and (+)-
trataric acid were measured between 700-400 nm. The band posi-
tions aleongwith their molar ellipticity values are reported in

Table Viil,and (D spectra of these systems are reproduced in

figures 1-4. =

CD spectra of these systems consist of two Cotton effect

bands of opposite sign. The CD spectra of cis—{Cr(phen}2C12]$,
. + . 3o 24 .
cis-[Cr(bpy),Cl,1 , cis-[Cr(bpy),(H,0),]1" , [Cr(bpy),gly]l  in

presence of (+)-cinchonine HCl have a negative band (band-I)




Table~-VII Physlcal Data, Metal Analysis and Absorption Spectyra of Mixed

Ligant Complexes of Chromium(IIIl).

Complex Colour Decomp. Percentage Absorptioh
o - =1

Temp., “C of Cr Sgecgfgggﬁﬁ

Caled. Found {£ M ‘cm )

{Cr(phen)EClz]Cl.Sﬁzo Orange Red 145 9.08 8.8 19,029(773
[Cr(bpy)EClz]Cl.EHzO Bright Red 200 10.25 10.01 19,146(42)
{Cr(bpy}2(H20)2]C13 Grevish Red 170 10.08 10.2 18,867(64)
[Cr(bpy),gly]Cl, Bright Red 180 | 10.21 9.8 19,230(11’2’5
[Cr(phen)zox}Cl.4H20 Orange Red 230 8.55 8.1 20,202(62)'




Table-VIII CD Band Posiitlons and Melar Elliptiecity vValuves of Mixed
Ligand Complexes of Cr(IXI) in Presence of Chiral Enviro-

nment Substances in Water Scolutions.

Complex Environment CD Bands
Substances Ea§§wz Bang?II
viem T)  [8] viem ©) {67
[Cr(phen),Cl,jCl (+y-Cinch.HC1 16,806 ~8.0 15,607 +6.0
(0.025M) (0.15M)
(-)y-Cinchd.HCL 16,806  +11.9 19,607 5.0
(0.15M)
[Cr(bpy),Cl,1Cl (+}-Cinch.HCL 16,667 -2.50 19,230 +10.0
{0.025M) (0.75M) _ _
(-)~Cinchd.HCl 16,667 +2.50 19,230 ~10.0
(0.75M)
(+)-T.A. 16,667 ~0.50 19,230 +7.0
(0.1M)
[Cr(bpy),(H,0),]Cl, (+)-Cinch.HCl 16,949 -6.25 19,607 +8.2
(0.041) (0.12M)
(-)-Cinchd.HC} 16,949 +6,25 19,607 ~7.0
(0.12M)
{Cr(bpy)2g1y1c12 (+)-Cinch.HCl 16,667 -2.00 19,230  +5.0
(0.025M) {0.20M)
(-)-Cinchd.HBCl 16,667 +2.00 19,230 ~5.0
(0.20M)
(+)-T.A, 16,667 -D.50 20,000 +5.0
(0.20M)
(Cr(phen),ox]Cl (+}~Cinch.BCl  ——ceen - - 20,000 -1.2
(0.025M) (0.08M) T
(-)-Cinchd . HCl  ———eem e 20,000  +1.6

(0.08M)
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4 Wavenumbear (’553?&%3
25.0 22.22 20.0 18.18 16.67 1471

4

e Wavelength (nm)

Fig. 1.p5CD Spectra of [Cr(phen)2C12}+ and {Cr(bpy)z(HQO)z}Bt@)%
in presence o©of Chiral Environment Substances in

Agueous Solution,
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in presence of Chival
Environment Substances in Agueous Solution.
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| ; ~1 = i e A
between 16,5666 om T -15,24% om with wmelar elllipticity DH.50-

11.9 deg 1 ﬁwlehlcm =nd & higher energy positive band (band

|

IT) between 19,607-20,000 cm ' with molar elipticity 1.25-10
deg 1 molemlcmhl. The CD of these complexes in presence of
(-)~cinchonidine HCl has a mirror image relationship with those
obtained in presence of (+)-~cinchonine HCl. All these complexes
show a negative Pfeiffer effect in presence of both (+)-
cinchonine HC1 and (-)-cinchonidine HCl. Therefore it may be
assumed that CD spectra of these complexes in presence of (4}~
cinchnine HC1 are due to fewoe enantiomer, whi;e those obtained
in presence of (-)-cinchonidine HC]l arise from the dextro
rotatery  enantiomer two  complexes {Cr(bipy}26l2]+ and
[Cr(bipy)zglyjz+ also showed CD bands 1in presence of (+})-
tartaric acid. The CD spectra of these complexes in presence of
(+)-tartaric acid is similar to those obtained in presence of
(-)-chinchonidine HCl. The CD spectrum of [Cr(phen)zox]+ion in
presence of (+)-cinchonine HCl consists of a single negative
hand centred at 20,000 cmml while that obtained in presence of
{-)y-cinchonidine HCl and (+)-tartaric acid consist of a posi-

tive band at the same position. The two spectra are mirror

image of each other.

Chromium (Ilf) is a d3 system and has a nondegenerate
gquartet Azgas ground state in a perfectly octahedral environ-
4 4 4

ng, Tlg(F) and Tlg(P) of

the same spin multiplicity to which electronic excitations may

ment. There are three other states

ot



accur. The absorption spectra of a number of complexes of

Cr{IIil) have Dbeen reported, and bands between v,15770-17700

1
-1 4 & -1
om { A2g_“—~a ng), between Y, 20840-25000 cm
4 4 =1
{ Azg—————a Tlg) and Vg between 32,400-377046 o
(4A2gmm_~aqug{?}] have Dbeen assigned.‘ If symmetry of the-

comlex is reduced, these degenerate excited states will further
split and larger number of bands are expected in the absorption
spectra. However instead of split bands, considerable broade-
ning of bands is observed in lower symmetry complexes.

All of the above mentioned complexes are dissymmetric and
belong to C2 or €, symmetry. The triply degenerate excited
states in these complexes should further split to give A,, &,
and B, states. Excitation of electrons to these non-degenarate
levels give rise to larger number of bands. The absorption
spectra of these complexes consist of only bne broad band
between 18,867-20,202 e which seems to arise from excitation
of electrons to ng upper level (vyg) in octahedral symmetry.
Obvicusly excitation of electrons to non-degenarate upper

states has not resulted in seperate bands but only broadening

has cccured.

2 AT s B?
Tlg “iz:::_‘-—-——mmm: 22

’ 1
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CO being wvery sensstive technigue should give ssperate bands

due to excitation of electrons Lo non-degenrate levels, Since

A, is the ground state 1in these systems, excitation of
electrons to Al and B, non-degenerate levels are dichroic while
transition to Azwill be forbidden and should not be observed,

The couplet of CD bhands observed inthese systems are very
cilose and cannot be assigned to either of the two spin allowed

transitionsi.e; v of octahedral field. It seems that

1 or U2

these two Cotton bands belong to the same electronic transition

i.e; U1(4A2g—~mw% 4ng)of an octahedral system, arising from

excitation of electrons to split levels of state of

izg
octahedral symmetry. Therefore band I may arise from excitation
of electrons to A, upper state while band II may be assigned to

transition to B, wupper state. The only CD band observed for

{Cr(phen)zox]+ may be assigned to A s> B, transition, while

2 2
weaker band (band I) observed in other complexes of this series

is not observed in this complex.

Absolute Configuration:

The absolute configufation of ligands around the metal
ion in these complexes may be correlated with standard comp-
lexes on the basis of their ﬁﬁ%iffer rotation and CD spectra.
The complexes (w}—cis—[Cr(phen)2Cl2]Cl, (—)mcis~{(Cr(bpy)2-
Clz}Cl, (w)mcis—ﬁCr(bpy)z(Hzo)z}Cl3 and (m}-{Cr(bpy)zgly]Cl2

should have the same absolute configuration around the metal
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ion as that of (+)-K

Lad

these enantiomers are enviched in presence of (+)-cinchonine
HC1l. The complexes (+)K3{Cr(0x)3}, (~)~K3£C0(ox)3} and (+)~
{Co(en)B]ClB have Dbeen assigned A configuration around the
metal ion therefore fewe enantiomers of cisw{Cr(phen}zclz]Cl,
cis%{Cr(bpy)2012}C1, cism[Cr(bpy}2{H20)2]Cl3 and {Cr(bpy)zm
gly]Cl2 may be assigned A& absolute configuration around the
metal lon. "Fhe lewa rotarory enantiomer of [Cr(phen)zox}+ion
was enriched in presence of (+)-cinchonine HC! and shows a
negative CD band at 20,000 com-1 which is opposite in sign to
those in other complexes of the series. Therefore (-}~
[Cr(phen}zox]+ must have an opposite absolute configuration
l.e. A of ligands around the metal ion. |

313"

Pfeiffer <CD of {Cr(malon)3]3m in presence of (-)-

{b}) Pfeiffer CD of [Cr{malon)

cinchonidineHCl, (+)-«-methylbenzyvlamine Hcl; (-)-guinine HC],
{~-)-brucine HCl and (~)-ephedrine HCl were measured in agueous
solution. The €D band position alongwith their molar ellipti-
city values of this complex ion are given in Table-[X The CD
spectra in presence of various environment substances are
reproduced in figure 5. The Pfeiffer CD of the complex ion in
presence of (+)-o-methylbenzylamine HCl and (-)-guinine HC1l are
representative o©f dexthe enantiomers, while those in presence

of (-)-cinchonidine HC1, (-)-brucine HCl and (-)-ephedrine HCIL
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£ Bpsobtial Data of Kg{ﬂﬁ{maiﬁﬁ}ﬂ}-iﬂ'?ﬁﬁﬁﬁﬁ@@ of Various
. : - pEEEE

Environment Substances in Aguesus Solution.

Complex Environment £ Bands.

Substances Baggwl ) _;3QH§TII

vicm Ty (8] viom ) [9]
Ky[Crimalon),] (+)~c~MBA,HCL 17,543  +19.8 23,255  -3.3
(0.03M) (0.12M)

(—)~-Cinchd.HCL 17,543 ~19.8 23,255 +3.3

(0.12M)

(-)1-Quinine.HCl 18,181 +13.2 24,390 ~10.0

(0.12M) |

{-)~Ephed.HC1 17,543 -19.8 23,255 +3.3

(0.12M)

{-)-Bruc.HCl 17,543 ~7.5 23,255 +5.0




| (A) L-methyl benzy{amine HC! (0.12M)
{B){-)-Cinchonidine HCl {(0.12M)
(C) {-)-Ephedrine HCL (0.2 M)
(D) {-)-Quinine HCI {0.1M)
(B) (~)-Brucine HCt {0-12M)

L b 1 4

i
420 450 500 550 600 650 700

WAVELENGTH {MILLIMICRONS )

Fig. s, CD Spectra of {Cr(malon)3]3_in presence of Chiral

Environment Substances in Agueous Solution.
S



are vepregentstive of fese enantliomers. The U0 spectra of this

complex ion consist of itwo bands, band I, centred at 17,543~

| . : R - —
18,181 cm 7 with molar ellipticity 13.2-18.8 deg 1 mole ! CIm .

and band II btween 23,255-24,390 cn” ' with molar ellipticity

3.3-10 deg 1 mole ’ cm ', The CD spectra of the dextan and feua

enantiomer are mirror image of each other.

The CD spectrum of {—)M{Cr(malon)B}Bm

53

has already Dbeen

reported It consists of two bands of oposite sign centred at

18,018 cm © and 23,094 cm ©. The position of the observed bands

in the Pfeiffer effect gystem containing racemic [Cr(malon)3]3_
and the environment substances are very close to those already
reported. These CD bands have been assigned to various transi-
ticns. The band at 18,018 cmml is assigned to the transition to
A2 state and that observed at 23,094 cmgl is assigned to exci-
tation of electrons to E,, upper level ., Therefore band 1
observed at 17,543 et may be assigned to transition to A,
level and band IT &t 23,255 cm"l may be due to transation to By
level. The small variation in band position of the Pfeiffer
systems are mainly due to the instrument. The Iinstrument can
only record ellipticity Valués upto a certain lower limit. The
displacement in dl equillibriummin these gystems 1s only 1-2 %
resulting in a very small enridhﬁént of one epnantiomer. The CD
bands are shifted in very dilute soclutions, which is observed

in these systems. Some sort of association between the chiral

environment substance and racemic complexes may also be respon-
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sibble for slight sghifting in Cotton band positions of these

complexes.

{c) Pfeiffer CD Specira of Polyamine Carboxyvlic Acid Comploxes:
The Pfeiffer effect in metal complsxes of sexadentate

4- and DTPAﬁm have Dbeen

polyvamine carboxylate ions like EDTA
investigated to a lesser extent. In fact this effect was
reported only in [Cu{EDTA}]2m in pressgence of (~)-guinine HBr in
195624 Complexes of this type i.e; [M(EDTA)]"  are dissymme-
tric and exist as enantiomeric pailr. Only K{Co(EDTA)] has been

rescolved and its CD spectrum reported by Dwyer et.al.64.

The
analogous chromium(III) complex formulated as
[Cr(EDTA)HZO}—have never been resolved, which is surprising_
since chromium (III} complexes have comparable inertness and ;
stability to those of Cobalt(III). Similarly {Cr(DTPA)]Z—is a
stable six coordinated complex and should be dissymmetric.

The complexes Na{Cr(EDTA)Hzo} and Naz[Cr(DTPA)] are dark
purple crystalline compounds which dissolve in water to gilve
dark purple solution. The absorption spectra of agueocus solu-
tions of these two complexes consist of bands between 17,699~
18,181 em”*and 21975-25,000 cm™ ' with extinction coefficients
between 200-225 ML mel. These two bands may be assigned to Uq
and U, spin allowed transitions to triply degenerate upper
states in actahedral field. A number of workers have studied

absorption spectra of Chromium (III) complexes and assigned




ands  between 17,400 —— 21,850 om “to v, and 24,600 - 28,450

-

-1 s 65
«rm U2 transitions.

These two complexes show positive Pleiffer effect in
presence of (-)-cinchonidine HC1, {(+)-g-methylbenzyliamine HCI
{+) and (~)-tartaric acids while a negative Pieiffer effect was
observed 1n presence of (+)-ascorbic acid. The rotational
changes are very small mainly due to low concentration of the

. complexes used. The CD spectrum of (Cr(EDTA)H,O] was recorded
in presence of (+)-cinchonine HCL, {m}mciﬁchsnidine HCLl, (+)-
ascorbic acid, (+)-tartaric acid and (~)-tartaric acid. Due to
high colour intensity of the complexes concentrations of the
complexes and environment substances were maintained at ¢.025M
and 0.1M respectively. The dexine enantiomers of [Cr(EDTA)HQO]~
ion is enriched in presence of (+)-cinchonine HCI and (+)-
tartaric acid while (-)-cinchonidine HCl, (-)-tartaric acid and
{+)~ascorbic acid enriched the fewe enantiomers. CD spectra of
this complex is represented in Figure 6 and CD data is given in
table -%. The CD spectrum of {Cr(EDTA)HZO}“ in presence of (+)-
cinchonine HCl consists of two bands of opposite sign a
positive band (band I) at 17,857 cmnlaﬂd a relatively weaker
negative band {band II) at 20,408 cm-1. In presence of (-)-
cinchonidine HC1 a mirror image spectrum‘ﬁggnpbtained. The CD
spectrum of this ilon in presence of (+) and (-)-tartaric acid
and (+) ascorbic acid consists of a broader CD band centered at

1

17857 cm ©, while the weaker CD band was lost in the noise of
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Table- X CD Spectral Data of ELTR’ and ﬂT?AE Complexes of
Cr(lIil) in Presence of Chiral Environment Substances in

Agueous Solution.

Complex . Environment CD Bands
Substances Bg?dml Bg?dwlz
viem ) [8)] vicem ) {8]
Na{Cr(EDTA)H2G} {+)~Cinch.,HCL 17,857 +14,0 20,408 -4 .0
(0.025M) ° (0.1M)
(-)-Cinchd.HCL 17,857 ~14.0 20,408  +4.0
(0. 1M)
(+)-T.A. 17,857 +12.0 e — o
{0.1M)
(-)-T.A. 17,857 -12.0 - o e
(0. 1M)
(+)-A.A. 17,857  -20.0  ——--—e ———
(C.1M}
Na, {Cr(DTPA)] (+)-T.A. 19,230  +16.0 23,809 -1.65
(0.03M) (0.12M)
(+)-a~MBA.HCL 19,230 +9.9 23,809 -1.65
(0.12M)

(+)-RA.A, 19,230 -11.5 23,809  +3.3




the instrument.

The CD spectrum of {Cr(DTPA)]2“ in presence of L{+)~
taétaric acid and (+)-a-methylbenzylamine HCL is representative
of dextre enantiomer, while that obtained in presence of (+)-
asgorbic acid 1ls due teo fewe enanticomer. CD spectra are
reproduced in Figure 7 and CD spectral data is given in table
X, A stronger positive band centerd at 19,230 cmwl and a weaker
negative band centred at 23,809 cmwlwere obssrved 1in presence
of (+)-tartaric acid and (+)-a-methylbenzylamine HCl while a
mirror image spectrum was obtained in presence of (+)-ascorbic
acid. A comparison of absorption and CD spectra of these two
complex ions revealed that couplet of bands in CD are closer to
the lower energy absorption band assigned to Uy in these
systems while the second spin allowed treansition v, is
observed at a much higher energy. The couplet of CD bands seem
to arise from excitation of electrans to undimensional compo-
nents of 4T2g upper state. Therefore pband I may be assigned to

4 4 4 4

4 . ! ,
transition QAZ———~+ Ay and A2 — B2 while AZ —_— A2 is

not observed because it is forbidden by selection rules.

Abgsol "~ U afiguration:

==~ The absolute configuration of complex ions

[Cr(malon)3]3‘, {Cr(EDTA)HZO]“ and [Cr(DTPA)]E_ may be assigned

by comparing their signs of Pfeiffer effect and CD bands to

those of the standard complexes., Since (+)-[Cr{malon) and

3]

H
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{w%)—-{{jr(%i@‘?}&}ﬁzﬁgm“ are enriched in presence of {(+)-cinchonine
HCL and have similar CD spectra, therefore they should have the
same absolute configuration. These two complex ilons may be
assigned a A absolute configuration. Further (+}M{Cr(EDTA)HBO]“

and (+)—{Cr(DTPA)}2“

ions are enriched in presence of (+)-
tartaric acid. They have also similar CD spectral bands in
presence of this environment compound. Therefore these comp-
lexes may be assigned A absolute configuration around the metal
ion.

It may  be concluded that  dextro enantiomers of

2= all have the

[Cr(malon)3}3”; {Cr(EDTA)H203“ and [Cr(DTPA)]
same A absolute configuration, while thelr feso enantiomers may

be assigned a A absolute configuration arround the metal iomn.

(d) Pfeiffer CD of [V(EDTA)]  and [V(DTPA)]1% :

The CD spectrum of [V(EDTAY] ion in presence of (-)-
cinchonidine HCl, (+)-a-methylbenzylamine HCl, (-)-brucine HCL
and (-)~tartaric acid are similar and arise from the dexcira
enantiomer, while that obtained in presence of (+)-tartaric
acid and (-)-ephedrine HCl are similar and representative of
teva enantiomer. The CD spectrum of this ion in presence of
former grougﬁ%%f‘ environment substances 18 a mirror image of
that obtained inrpresence of the later two environments. At low

concentration of the complex ion (0.035M) and environment subs-

tances (0.1M) a broad, weak CD band was observed. However two
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well defiined CD bands appeared in presence of 3-4 fold higher
concentraetions of both  the complex and the environment
compounds. The band positions and molar elliptleity wvalues are
given in table-¥l . CD spectra of these Pfeiffer systems are
reproduced in Fig 8.

The CD spectrum of (V(EDTA)] complex ion in presence of
(~)-cinchonidine HCl, (+)-g-methylbenzylamine HC1l, (-)- brucine
HCL and'{+)mtartaric acid consists of a positive Cotton band I
at 19,607 em™?  with molar ellipticity values 2-8 deg 1

mole tem™t and a negative weaker band II at 23,251—">c:m"":L

1

with
molar ellipticity values between 1-2 deg 1 mole temTt In order
te explore any interaction between V3+ ion and the chiral
environment compounds, CD spectra of agueous solutions contai-
ning Vanadium(III) chloride and chiral environents (1:3 mole
ratio) were studied. These spectra had no bands in the visible
region (400-650nm) where crystal fieid bands are commonly
expected, thus ruling out any interaction between the chiral
environment substances and the metal ion. However CD spectrum
of aqueous VC13 in presence of (+)~tartaric acid has two bands
at lB,BSGcmml and 29,411cm~1, which are similar to those

already reported for VO-(+)-tartrate systeis. It seems that

V3+ ion is instantaneously oxidized to oxovanadium (IV) lon in
presence of (+)-tartaric acid.

It was observed during this study that colour of the

solution containing [V(EDTA)]  and (-)-cinchonidine HCI
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D Spectral Data of NalV(EDTA) ] and Ha, [V(DTP&) ] in

.

Presence of Yarious Environment Substances in Agueous

Solution.

éomplex Environment CD Bands
Substances 8a§?wl Bag?~11
_ vicm 3y (8] vicm Yy [8]
Na[V(EDTA) ] (+)~x~MBA.HCL 19,607  +6.4 23,255  -2.0
(G.1M) (0.34)
(-)-Cinchd.HC1I 19,607  +8.4 23,255  -1.0
(0.3M)
(—)-Ephed.HC1 19,607 ~-4.8 23,255 +1.2
(0.12M)
(+y-T.A, 19,607 +2.4 23,255 -1.0
(0.3M)
(~)-Brucn.HCl 19,607  +4.4 23,255  -1.5
(0.12M)
Na, [ V(DTPA) ] {-)-Cinchd.HCl 16,229  -2.2 21,276  +9.0
{0.1M) (0.3M)
(+)~o~-MBALHCL 16,229 -1.2 21,276 +5.0
(G.3M)

ooz T
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CD Spectra of [V(EDTA)] in presence of Chiral Enviro

nment Substances in Aqueous Solution.




e

gradually changsd. After aboul two weaks itime, the dark brown
colour of [V(EDTA)1 lon was completely changed t£o blue. The CD
spectrum of this blue solution (as reported in Fig 9), conslists

of a negative band at 17857 cmml and there is indication of a

positive band in lower frequency region.
2- _ . N
The complex [VO(EDTA)] was prepared by mixing equimclar

EDTA in agueous solution. The
3.
]

quantities of VO(CH3COO)2 and Na2

CD spectrum of a solution containing [VO{EDTA) and {-)~-

cinchonidine HCl (0.1M and 0.3M respectively) was recorded and

compared with +that obtained for a two weeks old solution

containing [V(EDTR)] and {-)-cinchonidine HCL (0.1M 0.3K}.

These two CD sepectra match in all details, thus confirming

that oxidation of V3+ ion into V02+ in preﬁgence of (-)-

cinchonidine HCl had occurd. The CD spectrum of [V(EDTA)] in
presence of (+)-tartaric acid was essentlally similar to that
obtained in presence of (-}-cinchonidine HCl. However CD
spectrum of this system rapidly changed to that of‘VOmtartrate

2+

: S e . 3+ Y : s
ion, indicating that V ion was oxidized to VO 100 1n pre-

sence of tartrate ion and at the same time (+)-tartrate ion
-y L - 4- .
replaced EDTA4 ligand. This is surprising because EDTA is a

much stronger ligand as compared to (+)-tartrate ion. It seens

that the equillibrium,

2

[VO(EDTR) ] “+{+)—tart2—.m_m_m~ 4-

(VO ((h)-tart)] + EDTA

was shifted towards right hand side, due to higher concen
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tration of (+)-tartrate ion in the svstem.

The CD spectrum of [V{DTPA)}EM ion in presence of (-)-
cinchonidine HCLl and (+)ma~ﬁethylbenzylamine HCY1 also consists
of a couplet of bands, & positive band (band I1) at 20,408 om™ >
and a weaker negative (band I) at. 15,873 em™ Y. The CD spectral
data is given in table 10 and the CD spectra are reproduced in
Fig 1¢6. The CD of [V(QTPA)]ZW ion in presence of (+)y-tartaric
acid was similar to that of VO-(+3)tartrate system 1ndicating
oxidation of V3+ion and replacement of DTPAS— by tartrate ion
in the coordination sphere of the complex lon.

The V3+ion being d2 system has 3T as ground state and

lg
3T2g’ 3A2gand 3T1Q(P) as.excited states 1in a perfectly ccta-
hedral environment. The crystal field spectra of V(III} comp-
lexes is expected to show three bands due to spin allowed tran-
sitions to these:excited states. The absorption spectra of a
number of six coordinated complexes of this ion have been
reported which usually consist of two main absorption bands

between 12,200-18,640 cm * and 22,100-28,600 cm. > ©°:67,68

. 3 3
These pands have besen assigned to Tﬁg —1 ng(ul) and
Bng—mmwe BTlg(P) (Vyg) respectively. The excitation of
electrons to 3A2g upper level is commonly not observed in octa-
3+, B

hedral complexes of V™ ion.

The absorption spectrum of {[V(EDTA)] consists of two

1 -1

bands centred at 12,500 cm -~ and 22,600 cnm which may be

assiagned to v and v, respectively. However a shoulder pand at
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19,400 cm nes alsoe been reported for this complex, which

triply degenerate 3’.[‘19(P }

upper level duoe to lower symmetry of the complex or due to a

may be arising from splitting of

spin forbidden transition.

The two Cotton bands in €D spectrum of [V(EDTA)] 1in

presence of chiral environment substances are relatively closer

and cannot be assigned to v, and v, transitions of octahedral

3

arise from excitation of

electrons to nondegenerate components of 3Tlg(P) state of octa-

species. Thege Lwo bands seem to

hedral symmetry. In this low symmetry complex ion (O the

2)

ground state as well as excited states are nondegenerate and so

a larger number of bands are expected. However the major spin

allowed bands seem to arise from Alm 3 A2(3Tlg(P)) and
3 c s
Alwﬁ—u%a Bl( T1g<p)) translitions.
3
T [ —
3P L lg i{:\_“ A;
- — A
3A2g
g N A,
If 3
3 /f TZ S I B R Bl
F e m g S A
\ . I
\\ A1
\\
\‘ 3T1 ; -8,
: g ’“:: V—AE

— A
i




The lower energy band I at l?,éG?cmﬁ'may pe assigned transition
Aigwmea AB (jTlg(Pj) witlle higher epergy band II may be

assigned to AleWWa B1 (3T (P)) transition. A number of other

lg
possible electronic transitions such as Al - Al (3T2g)r
3 3
Ay A, Tlg(P)) and B Al ( Azg} may not bhe ohserved

as they are not dichreic. The band II in €D spectrum of
{V(DTPA)}ZM ion is similar in sign and intensity to band I of
[V(ERTAY] ion and may be assigned to A, —— A, (3Tlg(P)}
transition. The lower enerqgy band I of this complex ion may be

1 1
The absorption spectrum of [VO{EDTA)

assigned to A,——— B (3T2g} transition.

]2_ ion consits of

only two bands at 12,808cm"1 and 17,200 cmml. These two bands

arise from excitation of electrons to split levels of
4+ . .

degenerate states. The V~  being a d1 system 1s expected to

- show only one absorption band in an octahedral field. However
due to lower symmetry of the complexes like [VO(EDTA)}zw ion,
splitting of higher energy degenerate states occur and two
absorption bands are commonly observed. The absorption spectra

of six coordinated vanadyl complexes usually consist of three

bands as I 1G,225—14,400cmm1, II 11,600-18,345 cn~ ! and 1II

-1 70

15,500-21,383 cn These bands have Dbeen assigned to exci-

e,

tation of electrons to E, B, and A, upper states respectively.

i 1
The CD spectrum of [VO(EDTA)}zM in presence of (-)~
cinchonidine HC! consists of a broad band at 17,857 cm—l, and

presence of second positive Cotton band is indicated in lower




freguency region. The negative band is comparable to the absor

ption band at 17,2090 em”™ ' and may be assigned to B - — B

A . 1 .
transition in a lower symmetry d7 systen.

Absolute Configuration of [V(EDTA)] ™ AND [V(DTPA)]1%
The absclute configuration of these complex ions may be
assigned by comparing their Pfeiffer effect and CD spectra with

those of standard compounds like ﬂw[CG(phen)3]Ci2. The D

spectrum of the Pfeiffer system (+)-[V(EDTA)] in presence of
(~)~cinchonidine HCl , (+)-w-methylbenzylamine HCLI and (-)-
brucine HC! is similar and has positive Cotton bands at lower

frequency, which may be compared with positive Cotton bands of

2+
3]

{(+)y-{Co(phen) in presence of (+)-tartaric acid and (+)-

malic acid. The CD bands of (+)~[V(EDTA)]” have the same sign

as those of (+)——gCo(phen}3]2+ ion, so (+)-{V(EDTA)] should

have the same absolute configuration as that  of

3]2+ion. The absolute configuration of (+)-

+ . . . .
ion has already been assigned A by comparing its

3]
. . 62
CDh spectrum with A- {Co(en)B]C}2.

{+)~-[Co(phen)

{Co(phen)

It is, therefore, proposed that A-[V(EDTA)] is enriched
in presence of (—)~cincﬁonidine HCl, (+)-oa-methylbenzylamine
HCL  and {-y-brucins HCI or (+)~tartaric acid whereas
A-[V{EDTA)] is enriched by (-)-ephedrine HCl and (-)-tartaric
acid as environment substances. Similarly positive Cotton band

1

at 20,408cm ~ in [V(BTPA}EM} in presence of (-)-cinchomidine
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HCL and {+)-w-methylibenzyiamine HCL is comparable with that of
A*[Co(phﬁﬂ)3}2$ iton and so (+)- [V(DTPA)]ZQ should have A abso-
lute configuration. Therefore it may be assumed that
14

A-[V({DTPA) ion is enriched in presence of (-)}-cinchonidine

HCl and {+)-a-methvlbenzylamine HCIL.

{e} CD Studies in Complexes [NA(EDTA)] and [Pr{EDTA)] :

The CD spectra of [NA(EDTARY] [Nd(DTPA}}Z“,
[Pr(EDTA)] and {Pr(DTPA)}EM ions were studied in presence of
{-)-cinchonidine HCl, (+)-tartaric acid, (+)-g-methylbenzyl-
amine HCl and (+)-histidine as chiral environment compounds.

) )4

{Pr(EDTAY] and [Pr(DTPA) did not show CD bands 1in presence

of any of these envircnment compounds while the anionic
[Pr(EDTA] in presence of (+)-tartaric acld exhibited a number
of Cotton bands which were representative of already reported
CD spectrum of [Pr(+ ~tart)3]3‘ complexes,71indicating that
EDTAQM was replaced by ({+)-tartrate ion. The anionic complex
[NJd(EDTA}] ion in presence of (+)-tartaric acid and (-)-
cinchonidine HCl exhibited the Pfeiffer effect. At lower con-

centration of the complex and (+)-tartaric acid (0.05-0.2M). CD

bands were not observed in this system however, at higher con-

centration of the compléx and/or environment substance (0.6-2.0
M)} a negative sharp Cotton band at 17,182 en”t was developed.
The soluticn absorption spectrum of this complex ion also

cosists of & strong sharp band at this wavelength (Fig.11l). The
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intensity of the CD band was increased by increasing concentr
tions of both the components in the system. When pH of +=he
system was gradually increased, the Pfeiffer (D pand positions
remained unaffected up to pH 10. The intensity of CD band was
slightly increased with increasing pH (Fig 12). Above pH 10, CD
spectrum of this syastem was essentlally that of Nd-(+)-tartrate
complex Flg.13.

CD of this complex ion [Nd(EDTA)] in presence of (-)-
cinchonidine HCl also consists of a sharp weak negative band at
17,391 cmal, which is comprable to that obtained in presence of

(+)y-tartaric acid (Fig 11} The chiral environment substance

{+)-w-methylbenzylamine HCl and (+)-histidine failled to induce

Pfeiffer CD in {Nd(EDTA)] , [Pr(EDTA)] or [Pr(DTPA)}ZM ions.,
The observed Cotton band at 17,39%1 cmﬁl in this system may Dbe

assigned to excitation of electron from a lower energy fyyz

orbital to a higher energy fXBOrbital.

(f) CD Studies on [Co(BPA),1°":

In agqueous solution {Co(BpA)3]2+

ion in presence of ammo-
nium~(+)-a-bromocamphorsulphonate and ammonium-(-)-10-camphor
sulphonate showed small changes in rotation and so a weak
Pfeiffer effect. The (D spectrumﬁﬁ?"this ion in presence of
Nﬁém(+)—a—808 consists of a weak positive Cotton band at 18,348
en™! and a relatively stronger negative band at 21,505 et A

mirror image spectrum for this complex ion was obtained in
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presence of ﬁﬁéw{w§m1$~mamphar$rlyﬁ@ﬂ&ﬁé {Fig 145, indicating

that lewa enantiomer of the complex was enriched in presence of
this environment. The (D spectrum of .this complex ion 1is

typical of dissymmetric octahedral C®2+ complexes . The reported

72

Ch spectrum of (+)_[Ca(phen)3}2+ ion in presence of various

environment compounds consists of two weak positive Cotton

bands at Uy 18,609 em™ U, 20,200 em™t and a third stronger
negative band at v, 22,320 em™!. The couplet of bands in CD

spectrum of {CO(BPA)3]2+ are comparable in sign and magnitude

to v, and v, of (+)W[Co(phen)3}2+.

2 3

This complex ion has Dy symmetry and triply degenerate
levels of octahedral symmetry will split to give 4A2 and ‘g

states to which electronic excitations may occur. A number of

73,74

workers have studied single crystal absorpticn spectra of

complexes of this symmetry and assigned 4A24 1g

state. These worker have detected considerable trigonal spli-

(T, Yy as the ground

tting in absorption bands due to low symmetry and assigned

bands at 18,380 cm 1 toéAzmwm—e %% transition and 19,000 ot
4 ' .

to ‘A > Ry transition. The couplet of bands in

2

{CO(BPA)3]2+may arise from excitation of electrons to 4E and

4A1 upper state of 4Tlg(P) level in octahedral symmetry. The

lower energy Cotton band 1 may be assigned to 4A2mw%*9 4A1
4

transition, while higher energy band II may be due to A
—wmm%4E transition. PFurther the (+)M{Co(BPA}é]2+ ion enriched

in presence of NH4W(+)wamBCS should have A absolute confi-
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guration since A-fCofphan) ] Tig enriched is presence of ths
same envirgnment. It is observed that CD bands in [Co{PBa)
may be induced 1n presence of other chiral environment sub-
stances such as (+) tartaric acid, (-)-malic acid and (+)-
ascorblc acid. These bands are slightly shifted towards lowsr
freguency. The Pfeiffer effect was not induced in this complex
ion in presence of (+)mtartaric'acid when the two components
were present in 1:4 molar ratio. However gradually increasing
the concentration of (+)-tartaric acid in the system induced

two Cotton bands, a negative band at 18,691 c:m“1

band at 21,978 cmml. These bands may be due to outer sphere

and a positive

complexation of the environment substance ag observed Iin

3+ 72 34

[Co(NH -(+)YT.A Tor [Co(en)3} -(+)}T.A systems%c In this

3)6]
case outer sphere complexation seems unlikely because nitrogen
atoms coeordinated to metal ion are part of pyrdine ring and
cannot participate in hydrogen bending with (+)-tartrate ion,
commonly accepted as the mechanism of outer sphere conplexa-
tion. The Pfeiffer effect studies in [Co(BPAB)]2+ ion in pre-
sence of lithium -(+)~tartrate revealed that increased concen-

tratiion of the environment in the system decreased the molar

ellipticity of the CD bands. The CD spectrum of a system con-
2+

tainiggm*LCo{BPA)3] and excess of 1@2(<+>wtart) consists of
several Cotton bands similar to that of {Co((+}tart)3}3' ion.

2+
3

system, no Cotton bands were observed immediately after mixing

When (-)-malic acid was used as an environment in [Co(BPA)




the componeants. However very strong well defipsd couplet of

bands were developed after 24 Thours. The (D spectrun of

2+ . . . .
ion in presence of (-)-malic acid consists of a

1

[Co(BPR),]

negative Cotton band at 17,636 cm
1

and a positive band at

20,000 cm The magnitude of molar ellipticity and band posi-

tions are markedly affected upoen increasing concentration of
{-=)y-malic acid in the system. The (D spectrum of this iocn in

presence oI (+)-ascorblc acid also consists of & strong

positive Cotton band at 18,018 cm—l and a second negative

Cotton band at 21,978 en™l. The magnitude of ellipticity in

this system suqggests that (+)-ascorbic acid has partially
displaced the BPA ligand in the complex.

It is apparant from the preceding discussion that

[CO(BPA)3]2+ ion is kinetically very labile and bipyridylamine

is rapidly displaced by relatively weaker ligands such as (+)-

tartrate, (-)-malate and (+)-ascorbate lons, forming complexes

of wvariable compositions such as {Co(BPA)B_n(L)}n+(n21~3) in

these solution systems. The interaction of chiral environment

2+

substances with the [Co(BPA)3} ion is indicated by appearance

of strong CD bands.
: 2
{g)} CD Studies on [Cu(ampy}z} :
The CD spectrum of agueous solution of {Cu(ampy)2}2+ in
presence of NH4-(+)-au-BCS consists of a weak broad positive

Cotton band at 17,857 cmwi, while that in presence of




Nﬁ%m(m}«£$ has a mirror image spectrum. (Fig 153. The compl
s a low symmetry {CE) distorted specles, which has unidimen-
sional energy states. The extreme distortion of octahedron
leads to square planar, four ccordinated complexes. The broad
positive Cotton band observed in presence of NH4M(+)~QMBCS may
be assigned to excitation of electrons to B upper state (dXZ or
dyz——-wﬁ dZZ).

A number of workers have reported absorption spectra of
low symmetry copper (II) complexes and assigaed a band 17,100-
17,800 em to a similar transition?5’76 It may be assumed that
(+)~cis[€u(ampy}2(}{20)2]2+ enriched in presence of
NH4W(+)mamBCS has 4 absolute configuration, while levo
enantiomer of this ion enriched in presence of NHQW(~)mCS has A
absolute configuration around the metal ion.

These studies reveal that CD spectra of Pfeiffer systems
containing racemic metal complexes and chiral environment com-

pounds may be utilized for assigning electronic transitions and

absolute configurations of ligands around metal ions.

ST,

[
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CHAPTER Y

CD STUDIES OF VANADIUM (i) COMPLEAES

The Pfeiffer effect studies in {V(AA)3}3+ (BE=phen or

bpy) have never been reported. Therefore attempts were made to
synthesise tris complexes of vanadium(IIl) with 1,10~
phenanthroline and 2,2-bipyridyl. When solld ligands were mixed
with agusous solutions of vanadium{III) chloride and stirred, a
deep purple coloured complex was formed in solution. Dwyer and

coworkers77 suggested the empirical formela as

[V(OH) (phen),)1”"

to the purple complex and proposed a dimerlc
structure. The sulphate and perchlorate salts of this complex
are sparingly soluble in water and stable in air. However in
agqueous solutions they are slowly oxidized to a tetravalent
oxovanadium complex cation. The same purple complex may be
obtained in crystalline form by reacting the components in non
aqueous solvents such as methanol or DMF, or by fusion of the
solid metal salt with the ligand in appropriate proportions.
However these complexes are easily hydrolyzed in water.
Recently Shah et al.sg reported that the purple complex

is dimeric as [(phen)ZV(MWQQQEV(phen)Z]4+ with absorption

maxima at 15,625 cmml and 19,647‘cm_1. Similar dimeric comp-

lexes of vanadium (III) with 2,2-bipridyl have also been repor-

ted by these workers. Stephen et al.61 obtalned the bipyridyl

complexes of V(III) in crystalline form and suggested a binuc-
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lear structure tfo this complex in solid state. It was revealed
from X-ray diffraction method that the two octahedra are joined
throuwgh oxygen bridges and crystals of this complex has a 62
axis passing through the bridging oxygen. The éolution of this
complex ion consist of very intense chargs transfer ébsorption
bands at 16,025 en”t and 18,939 em L.

The binuclear vanadium(III} complexes with phen and bipy
ligands were synthesised by mixing methanol solutions of wvana-
dium(III) chloride and the llgand under nitrogen atmosphere, or
by mixing aqueous solution of wanadium(III) choloride and the
ligands, and by Stephen’s method. The complexes prepared by
all of these methods showed same absorption spectra in aqueous
solutlon. The CD spectra of these complex ilons in presence of
variocus c¢hilral environment substances were also similér‘
Therefore it was assumed that the game dimeric complex ion i.e.
[(AA)ZV(H—GH)ZV{AA)Z}“ (where AA=1,10-phenanthroline or 2,2-
bipyridyl) was present, when complexes prepared by any of these
methods were dissolved in ageous solution. When these complexes
were dissolved in solutions of wvarlous environment substances
large changes in optical rotation of the environment substances
were observed in certaln cases. The Chiral environment subs-
tances like NHém(+)wawbromocamphorsulphonate and {-)-cincho-
nidine.HCl did not induce the Pfelffer effect in these camp-

lexes. However a small change 1in optical rotation of (+)-

ascorbic acid was observed in presence of either of the two




complexes. As concentration of (+)-ascerblic aclid was indreassd
in  these systems, appreciable chapges 1n  rotations were
obsorved.

The CD spectra of these two complex ions in presence of
(+)-ascorbic acid (as shown in Fig. 16) vevealed a broad posi-

tive Cotton band at 18,868 cm™ very clese to the second absor-

ption band of these complexes.Since these complexes have dark

colours due to charge transfer bands in wisible region, concen-

tration of these complexes could not be increased above certaln
limits and small changes in molar ellipticity wvalues wers
ohtained.

The CD spectra of both of these complex ions in presence
of (+)-tartaric acid consist of a couplet of oppositely signed
Cotton bands. The first positive Cotton band is present in the
regioh 16,949-17,544 cmml, whereas the second negative band is
observed between 20,408-21,052 cmwl. The CD spectra of both the
complex ions are similar to each other in every detall. with a
slight difference in the wavelength of maxium absorption (Fig.

17,18y, The CD spectrum of [Vz(bpy)é(umOHbj4+

ion in presence
of (-)-malic acid also consist of coupfet of bands, a negative

band at 20,618 cn”! and second possitive band at 17,391 emt

L g

The ellipticity of these Cotton bands is relatively smaller

than that observed in presence of (+)-tartaric acid.
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{a) Effect of cCharnge of Concentration of Chiral Environment:
When concentration of (+)-tartaric acid was gradually
increased in the system keeping that of complexes constant, the
Cotton band intensity was gradually decreased. This is contrary
to the expected increase in band intensity. When excess of
{+)-tartaric acid was present in the system the colour changed
to light brown indicating the replacement of phen or bpy
ligands by (+)-tartaric acid. Thls solution was changed to dark
green upon keeping it for several days, perhaps due to oxida-

tion of V(III) to V02+ jon. CD of this oxidized solution was

similar to that of a solution containing V02+, phen and (+)~T.A
in 1:3:2 molar ratio respectively. The effect of increasing
concentration of (+)-~T.A is shown in Fig 19 and data is glven
in Table Xit,

It is revealed from these studies that (+)-tartrate ion
has gradually replaced the stronger phen or bpy ligands. This
metal ion is labile and its complexes in solution exist in
equillibrium as

4

{VE(AA)4(OH)2]4+ e (V,(AA),_ (OH),] "4naA (AR=1,10-phen or

2,2-bpy) (1)

[Vz(AA)é_n(OH)z]4++n(+)—tartrate;i[v2(AA)q_n(tart)n{OH)z}n+(II)

The second equillibrium may be shifted towards right side by

increasing concentration of (+)-tartrate lon, ultimately giving




Table-%Il{a) Effect of Tnoreasing Concentration of {(+3-T.2. on the
Molar Ellipticity of [V, (bpy),{u-OH}(u-(+)-tart)]”
[Complex] [(+)~T.5. gﬁ]ﬁ;d@gq;,mgl,emﬁi
EE 0.02 0.02 1700
. 0.02 0.04 1150
S 0.02 0.06 1000
..j._.jf 0.02 ‘0,08 850
= 0.02 0.10 750

Table XII{b) Effect of Increasing Concentration of (+)-T.A. on
the Molar Ellipticity of [Vz(phen)é(u~(+)~tart)}4+,

[Complex] [(+)~T.A.] [8}§;deg.l.mol.cmml

0.02 0.02 1225
G.02 0.04 1000
.Oé G.06 825
0.02 0.08 725

0.02 0.10 675

w Low P P
o]

e,
T
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braown solution due to & mixed Ligand complex

-k , . s . ,
which 1is slowly oxidized to that of

[Vz(phen)émn(tart)n}

tetravalent VOB+ ion.

(b} Effect of Increasing Concentration of the Ligand:

Since purple solution of the complex lon is formed upon
mixing the metal ion with the ligand, which gives a distinct CD
spectra in presence of (+)-tartaric acid, it was considered
appropriate to investigate the effect of increasing concentra-
tion of the ligand in these systems. A series of golutions of
varying concentrations of 1,10-phenanthroline and constant
concentration of V(III) ion and (+)-tartaric acid were prepared
and thelr CD spectra were recorded. The data is given 1in Table
X1}. The intensity of both Cotton band gradually increases with
increasing conentration of the ligands. The Cotton band inten-
sity 1s maximum at 1:9 metal to ligand ratic. Further increase
in concentration of the ligand caused slight decrease in the
band intensity. A linear plot was obtained when the ligand
ratio was plotted against ellipticity at the band maxima (Fig.
203 .

It may be inferred from these studies that the complex
{VZ'(I'AA)Q(M-"OH}E]‘Q—F fon in solution is in equillibrium with its
components as given earlier (I}. When ratic of the ligand is

increased in the system, the eqguillibrium is shifted towards

left and the concentration of the undissoclated dissymmetric
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Tabple X111 Bffect of Concentration of 1,%10-Phenanthroline on the

Molar Ellipticity of {Vz(phen}a(um(+)—tart)j4+(8,025M).

1

No. Concentration of 1, 10-phen [o1deg.l.mol.cm

1 0.025M 406

2 0.05M 933

3 0.075M 2029

4 0.10M 3653
iy 5 0.125M 4465
| 6 0.150M . 6088

7 0.175M 7712

8 0.20M 8929

9 0.225M | 10147

10 0.250M 9984
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complex R is incréased, thus increasing the ellipticity
band maxima. In presence of excess of the ligand (1:9), concen-
tration of undisscciatead binvelear species is maximum {(99.5 %).
Further increase in concentration of the ligands in the system

has no profound effect upon Cotton band ellipticity.

{c) Isolation of the Solid Perchlorate Complexes:

It was pessible to isolate saiid eptically active purple
species from the system containing [VE(AA}Q(uMGH)2}4+ and (+)—
tartaric acid, by adding sodium perchlorate solution. A purple
complex was precipitated out in each case in presence of excess
of perchlorate ion and separated. Elemental analyses of these
complexes as perchlorate salts were obtained and prébable stol-
chiometry was determined. The elemental analysis fits well in

binuclear formula as [ (phen), V{u-(+)-tart)V{phen)](ClO,), and

[ (bPY),V{u~-OH) (u-(+)-tart)V(bpy),1(Cl0,)

1 1 . T
Analytical: Fo {V2(C48H32N8) (C4H406)}(C104)4

Calculated: C= 45.62 H = 2.63 N = 8.19 Cl = 10.37 %
Found: C= 485,47 H= 3.06 N = B.18 ClL = 9.17 %
FOr {V,(C, Hq,Ng) (OH)(C,H,0.1(C104)3

Calculated: C = 44.4 H = 3.13 N = 9.41 Cl = 8.94 %
Found: C=43.85 H = 2,86 N = 9.59 Cl = 10.44 %

These elemental analysis of precipitated perchlorate complexes

indicate that (+)-tartrate ilon has entered the coordination
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} lon replacing the bridging hydroxide.

i

sphere of V{11 in
{Vz(phen)4(ngH)2]4+ both hydroxide ions have Desn replaced by
one (+)-tartrate ligand, while in {'\2’2(bipy)i}(,umOH)Z34‘+ only omne
OH has been replaced by (+)-tartrate ilon. The presence of Tar-

trate'ian in these complexes is also indicated, by appearance
of a reasonably strong band at 1734-1740 em™’ due to uncoordi-
nated carbonyl stretching wvibration in their infrared spectra.
The precipitated perchlorate salts of these complexes
were converted into water soluble chloride through anion ex-
change resin (Amberlite-IRA-400). The CD spectra of these solu-
tions wereﬂéimilar in every detail to those obtalned in pre-
sence of (+)-tartaric acid for these complex lons. The Cotton
band ellipticity of these systems.decreased with time and ulti-
mately the pﬁrpie solutions were changed to dark green, indica-

ting oxidation of V3+ ion to V02+ ion. The CD spectra of these

oxidized complexes are different from that of {VO(mutart)zj2w
system as reproduced in Fig. 21,

The loss of optical activity in these purple complexes
was taken from the rate of decrease in ellipticity of Cotton
band with time. Therefore CD spectra of thése system were
measured after regular intervals of time (Fig. EE). A plot of
molar ellipticity at band maxima as & function éf time was
prepared as shown in Fig. 23. This plot is a stright line and

is quite different from the regular racemization plots of Ist

order kinetics. The loss of optical activity in these systems
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cannot bhe sclely from racemlzation., It seems that oxidatlon of

y3t complex into that of vo?"  followed by conversion into

+

monomeric <is-[VO(phen),Cl may be responsible for these Cir-
[VO(phen), P

cular Dichroism changes. Formation of {VO{phen)20H2]2+ is indi-

cated with graduél appearance of & negative Cotton band at

16,393 cmml in the system. The half life of this process in

case of [Vé(phen)é(u—GH)2}4+ is 3.5 hours, while for

[Vz(bpy)é(uw(}ﬂ)zj4+ i1t is 1.5 hours.

{d) Effect of time on Band Ellipticity:

The ellipticity of Cotton bands in solution containing

4+
o]

[VE(AA}Q(M—OH) and (+)-tartaric acid was gradually dec-

reased with time. The purple colour of the complex was slowly

. . . . +
changed to brown and then green, indicating oxidation of V3

complex to that of V02+ ion. The purple colour of agueous solu-

tions contalning [Vz(bpy)4(u—OH)2}4+ and (+)-tartaric acid was
oxidized to green vanadyl conplex ion at a faster rate while
oxidation of {Vz(phen)4(umOH)2]4+ occured at relatively slower
rate under similar conditions. CD spectrum of the green solu-
tion (as shown in Fig.21) consist of a strong negative Cotton
band at 16393 cn ' with molar ellipticity of 84.56 deg cm -1

mole™ !,

V02+wtartrate and V02+mphenmtartrate systems. The green complex

This €D spectrum is different from that of simpTe

ion formed in [Vz(bpy)4(quH)214+

and (+)-tartaric acid solu-
tion was separated as perchlorate and analyzed. The elemental

analysis of this green complex fits well in a monomeric complex




s

8.5 QVQ{%@y}EQx?{ﬁlﬁ 3.

apalytical: For [VO(L, HoWN,),C1l} (C10,)

Calculated C = 46,71 H = 3.14 = 10.89 ClL = 13,79 %

N
Found: o= 47.11 H = 3.61 N = 10.76 Cl = 14.02 %
Brand etual§l- have already synthesized this emarald green
vanadyl complex of composition [VO(bpy)ECl}(ClGQ) and deter-
mined its structure by X-ray diffraction meithod. These workers
have , assigned a c¢is arrangement of oxo and Chloro ligands
around the metal lon which 1ls dissymmetric and should exist as
dextno and flewa eantiomers.

The emerald green perchlorate complex was again converted
intoe a water soluble chloride form. CD spectrum of the green
solution consists of a broad negative band at 16,393 cm . The
Cotton band ellipticity of this solution increased with time
and became constant after 5-6 hours. After this time the green
solution 1s stable for indefinite period and no further changes
either in CD or colour were observed over several weeks. These
changes in ellipticity of Cotton band may be attributed to a
hydrolysis of coordinated chleride ion to form an aguo complex
which is completed in 5-6 hours. After this time no further
change in composition of the complex or oxidation of the nmetal
ion was possible.

it was also observed that the solid
[V2(Mﬁs)4(;k(»{«)wte-i;tf"t:)](_(;‘104)4L changed to a green molety 1in

sample bottles after 1-2 months. These green perchlorate salts
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when converted Lo water soluble c¢hloride have (D spectra simi
lar to those of oxidized V02+ complexes as shown in Fig. 21.

It may be inferred from the preceding observations that
the optically active binuclear complex 1is slowly oxidized in
solution as well as in solid state into a mononuclear species.
In this process (+)-tartrate ion 1s released and an optically

. . . + . .
active menonuclear specias such as C;S—[VO(AA}QCl} ion 1is

formed. The chiral {m)mcis~[VO(AA)2Cl]+A is completely hydro-

lyzed to form (m)w[VO(AA)20H2]2+

hours. The mechanism of formation of the mononuclear complex 1is

in agueous solution in 5-6

given in Fig. 2¢.

It is clearly demonstrated from this seguence of reac-
tions that in solutions (+)-tartrate ion 1is coordinated as &
bridge in these binuclear wvanadium (III) complexes, which. may
be gseparated as [Vz(phen)q(u—tart)]{C104)4 and
{Vz(bpy)é(uwsﬁ)(u—tart)}(C104)3. In solution these complexes
oxidize to a green mononuclear form of wvanadyl species which
may be seperated as (+)mcisﬁ[VO(bpy)2Cl}(ClO4} and (+)-cis-
{VO(phen)2C1]C}OQ. In agueous solutions these complex lons are
hydrolyzed to form (+)_cis—§v0(m}2(OH2)}2+ ions.

]4+ and

The CD spectra of [Vz(phen)é(uﬁ(+)~tart)

[V, (bpy) , (1-OH) (1 (+)-tart) )"

consist of a positive band I at
17,391-17,543 et with nolar ellipticity 8301100
deg.l.moi%cﬁl and negative band II at 20,408-20,833 et with

molar ellipticity 500-600 dag.i.moi?cﬁl, The absorption spectra
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0f these two complex lons alsc comsist of two very intense
bands between 16,000-16,129 cm” ' and 19047-19230 cm Y. These
two bands are associated with wvery high wvalues of extinction
coefficient and melar ellipticity, indicating that they arise
from charge transfer transitions. The molecular orbiﬁél energy
level diagram of these system consist of low lying empty anti-
ponding pl erbitals from unsaturated phen or bipy ligands apart
from other sigma and pi bonding orbitals. Since these Camplexea
have low symmetry (C2), all energy levels are unidimensional.
The higher energy negative Cotton band II in these system may
be assigned to 4d(a) — (H?,MLCT transitioﬁ, while the lower
energy positive Cotton band I may be assigned to I -—-= d(A)
LMCT transition. A number of workers have studied absorption
spectra o¢f bipyridyl complexes of bivalent Fe, Ru, Os and

— *
assigned bands between 18,052-22,300 cm * to d — 1, and

14,790-19,570 et to T > t,g LMCT transition. The two
Cotton bands in these complexes are in agreement with the
reported absorption band assignments.

The CD of green mononuclear complex ilon 1.e. (+)-cls
[VO(bpy)2Cl}+ consists of a negative Cotton band at 16,393 em™t
with molar ellipticity of 250 deg.l,mole.cmﬁ%WWThe band posi-
tion and its molar ellipticity wvalues suggest that 1t arises
from excitation of electrons within d orbitals and not from

charge transfer transitions as for the Dbinuclear V(III)

complexes.
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Complex Ions.

Taoble-4IV CD Spectral Data of Binuclear and

Mononuclear Vanadlium

Complex Ton

5 Bands

Eg?dmi Bag?mll
vicm ) [ 8] vicm ) (8]
[ (phen),V{u-(+)-tart)v(phen) " 16,949 +1100 20,408 600

[ (bpY),V(u-OH) (i~ (+)-tart)V(bpy),]° ' 17,544 +830 21,052 -500
(+)-[VO(phen),C1}" 16,393 ~250  ——eo—n .
(+)~[V0(bpy)2Cl}+ 16,393 =250 @ —em——n S

i,




Absorption spectra of a number of vanadyl complexes have
been reported and assigned to wvarious electronic transitions

within d orbitals. Ballhausen et.al?8 studied and interpreted

. 2+ .
absorption spectrum of {VO(HZO)S} (Cév) suggesting the dxy<

d__. d__< dxgyz ¢ d2 (b, < e < by < a as energy order of

KZ vz 1 1>

d-orbitals in this system. These workers assigned three

observed bands to electronic transitions as

1 b, - — &' (*B, ——7E) 10,300-14,820 cm ©
® 00 ’) -1
11 b, ——— b, ("B, ———°B,) 11,909-17,360 cm
. 2 2 -1
Iry b2 m——y 8 ( 82 e Al) 15,500-25%,000 cm

Later workers used this electronlc excitation pattern for
assigning absorption bands in wvariocus low symmetry wvanadyl
complexes. Presently three absorption bands (observed 1in &
variety of vanadyl complexes) have been assigned to these tran-
sition as indicated above?gThe negative Cotton band at 16,393
cn™ ! in (+)~~cis-~[VO(bpy}2C31]+ and its hydrolyzed product is in
the freguency region of aborption band II of other wvanadyl
complexes. This transition in low symmetry complexes should be
dichroic as it 1s allowed by magnetlic dipole selection rules.
Therefore this Cotton band may be easily assigned to excitation
2 2

of electrons from d__to d_2 2 obritals (i.e "B, —— "B,).
Xy =Y 2 1




It is possible to correlate the absolute configuration of

. 31
80,81 has

ligands around metal ion from these studlies. Mason
studied CD spectra of a number of metal complexes with 1,10-
phenanthroline and 2,2-bipyridyl ligands usiag symmetry and

exciton theory. He has correlated sign of Cotton band with

absolute configuration, particularly in complexes of iron group

82+ u2+

(i.e. F ; R and 052+) elements. These complexes are asso-
ciated with deep red colour due to charge transfer absorption
bands in visible region of the spectrum.

The present series of binuclear complexes of wvanadium
(III)y have also <charge transfer DPbands in visible reglon.
Therefore CD spectra of these complexes may be compared with CD
of dissymmetric complexes of Fe(Il), Ru(Iil) and Os(II) with
phen or bpy ligands. Further A absolute configuration of (-)-
[Fe(phen)3]2+ has already been determined by X-ray diffraction

methodsgf2

BosnichB3

has investigated absorption and CD spectra of
(m}—cis—[Ru(phen)z(py)zj(C104)2 and correlated 1its absolute
configuration as ‘A’ on the basis of sign of Cotton bands
arising from tong axis polarized transitions of ol
phenanthroline. The CD spectra of these binuclear complexes may

be compared with that of (m)m[?e(bpy)3]2+

and (-)-cis
. . _
{Ru(phen)z(py)z}z ions. The later two complexes have a mirror

image CD spectra in the wisible region of the spectrum to that

of present series of complexes. Therefore both (+)W[V2(phen)4~




p

{Mwhdwﬁ@rt)}(ﬁlﬁé)é and {+)m{V2{bpy)4(g—OH)(ﬁmtumtart)jm
{6104)3 should have A’ absolute configuration of ligands
around vanadium (III) ions.

The CD gpectra of oxidized mononuclear species (+)-
{VO{bpy}2Cl}C104 and its hydrolyzed product (%)~cis
[VC)(‘}:)};:@;)20}{2}Zﬁjr ion has a broad negative D band and may be
assigned & ‘A’ absolute configuration. It is likely that an
inversion has taken place during oxidation of V(III) into'V(IV}
and subseguently its conversion into & cis mononuclear species.
It is a unique example of stable dissymmetric vanadyl complex
which has been achleved through coordinated (+)-tartrate icn in

a binuclear speciles.
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CONCLUSIONS

These studies were undertaken to investligate the Pleiffer

effect in new complexes of ligands closely related with 1,10-

2+ 2t

phenanthroline and 2,2-bipyridyl. A number of Co™ , Ni and

o

Cuz+ complexes of ligands like Z-aminomethylpyridine, pyridine-
2-carboxylic acid and 2,2-bipyridylamine were synthesized and
thelr Pfeiffer effect studies were carried out in presence of
chiral envivoument substances like (+)-o-methylbenzylamine.HCl,
(-)ycinchonidine.HCl, NH4—a—BCS, NH4—10~CS and (+)ascorbic acid.
Unfortunately these complexes are very labile and environment
substances readily displace these ligands in agueous systems.
Only two complexes [Co(BPA)3]2+ and {Cu(2~ampy)2]2+ were stable

enough to show this effect in presence of NH {+)-x-BCS and

4
Nﬁ4~(m)—10~cs.
The Pfeiffer effect studies in a series of mixed ligand
Chromium (IIIy complexes such as {Cr(AA)2X2]n+‘ {where AR =
1,10-phenanthroline or 2,2-bipyridyl and X, = anions like Cl ,

2
oxalate, glycinate or water) were carried out in presence of
(+)-cinchonine.HC1, (m)cinchonidiné HCl or ({+)-tartaric acid.
Commonly Chromium (III1) is an inert ipn and substitution reac-
tions in chromium (III) complexes nggf room temperature are
extremely slow. Optically active complexes like
(+)—[Cr{en)31C13 and (+)T{Cr(phen)3]613 do not racemize under

room temperature conditions. Further a number of such mixed

ligands complexes have already been resolved. These complexes
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i3

of (+y-clinchonine

iy
i

also show the Peififfer effect in presenc
HC1, (-)-cinchonidine HCl and (+)-tartaric acid.
The Pfeiffer effect was studied in a series of complexes

of poly amine carboxylic acids (e.g. H,EDTA and H_DIPA). A

4 5
number of compliexes like[Cr(EDTA)H2O}_, {Cr(DTPA)}zM,
[V(DTPA)?E“,‘ [Fe(EDTAY] , [Fe(DTPA)}z“,{Ni(EDTA);”,
[Ni(DTPA)]E- [NG(EDTA)] ,[Pr(EDTR)] , were investigated. Only
Cr3+and V3+ complexes of these two ligands show the Pfeiffer

effect in presence of (+}-cinchonine HCl, {-}-cinchonidine HCI,
(+)y~tartaric acid, (+)-a-methylbenzylamine HCL, (+) ascorbic
acid and (-)-brucine HCLl. [Nd(EDTA)] shows the Pfeiffer effect
in presence of (+)-tartaric acid and (-)-cinchonidine HCl which
is dependent upon pH of the system. In basic medium EDTAéW ion
is partially replaced by the environment substance. The
Pfeiffer effect is induced in a number of complexes in presence
of new chiral $#nvironment substances such as (+)-cinchonidine
HC1 (+)-e-methylbenzylamine HCl, (-)-ephedrine HC1l, (-)-brucine
HC1l and (+)-ascorbic acid. It is concluded from these studies
that (-)-cinchonidine HC1 and (+)-ascorbic acld induced the
Pfeiffer effect in wmany complexes while (-)-ephedrine HCIL,
(-}-brucine HC1l and (-)-guinine HC1l induced this effect in only
one or two complexes.

CD spectra of these Pfeiffer active systems were measured
and Cotton bands were assignéd to various electronic transi-

tions after comparing them with their obsorption spectra. In




many cases larger number of Cotton band were observed due to
splitting of degenerate energy levels in lower symmetry mole-
cules. This is & unigue application of CD spectra of the
Pfeiffer active complexes. Of course the (D spectra of the
Pfeiffer systems may be measured only in visible regilon {(i.e.
450-700 nm) where chiral environment substances have no bands.
Ch studies in high freguency UV reglon 450-200 nm cannot be
carried out because very strong Cotton bpands of the chiral
environment substances are commonly present in this region. (D
studeles and sign of Pfeiffer effect in these systems have been
utilized in ascertalning the absolute configuration of ligands
around metal ions. The mixed ligands Cr{III) complexes like

cisf[cqmazxz]“+

generally show a negative Pfeilffer effect in
presence of (+)-cinchonine HCl indicating the enrichment of
their feva rToOtatory enantiomefs. The <€D spectra of these
systems when compared with that of K

[Cr(ox) in presence of

3 31
{+) cinchonine HCI1 were found to have Cotton bands of same
sign. Therefore [fewa enantiomers of complexes like cis-
{Cr(phen)2C12]C1, CiS—{Cr(bpy}zclz}Ci, cism[Cr(bpy)z(HzO)zjw
C13, {Cr(bpy)zgly]Clz and (+)~[Cr(phen)2(ox)]cl have Dbeen
assigned the same A absolute conffﬁhration as that of
(+)~K3[Cr(ox)3]. Furhter dextha enantiomers of K{Cr(EDTA)HzO],
is assigned A absolute configuration.

It is concluded from CD studies of binuclear complexes of

V(III) like [VZ(AA}4(quH}2}4+ (AR = phen or bpy) in presence




i
o
A
£31

§

cf (+y-tartaric acid that in solution {+)-tartrate lon is coor-
dinated with the metal ion displacing hydroxy bridge, thereby
exhibiting strong Cotton bands. The inscluble perchlorate salts
of these complexes were readily separated. Redissolution of
these complexes as chlorides indicated that Cotton bands inten-
sity was decreased with time and purple V(III) complex was
oxidized into a green coloured moiety which could be isolated
as {VO(bipy)ZCl](ClO4).

The effect of ligand concentration on the CD spectra of
agqueous solutions containing binuclear complex and (+)-T.A was
studied. Cotton band intensity is linearly increased with inc-
reasing %ﬁ concentration of the ligand indicating that amount
of undissoclated dissymmetric binuclear complex increases with
increasing concentration of the ligand. The solution CD spectra
of binuclear complexes [Vz(AA)4(umOH)2]4+ in presence of (+)-
tartaric acld was thoroughly investigated and seqﬁence of reac-
tions explained. In these systems synﬁhesis of and asymmetric

vanadyl complex i.e. (+)mcis~[VO(AA)2Cl](CEO was achleved.

2)

CD studies of these systems have been utilized to assign
A abscolute configuration around the hinuclear species,
(+)-[V,(phen), (u-tart)](Cl0,), and (+)-[V,(bpy) 4 (u-OH) -
(gwtart](clo4}3 and AT configuration around

(+)—cis[VO(AA)2Cl}{ClO4) complex.
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