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studies of this phenomenon in the most varied branches of
chemistry, particularly in the chemistry of chelatet com-
pounds. It is known, for example, that many complex pro-
cesses which take place in living organisms with the parti-
cipation of metals include the formation of optically active
compounds.

Optically active chelate compounds, which can be studied
by spectropolarimetry, have in recent years been the object
of a large number of studies. For a long time the spectro-
polarimetric method did not find extensive application be-
cause of the lack of available reliable instruments. About
1955 this difficulty was overcome by the production of the
Rudolph spectropolarimeter2  Analogous instruments have
been produced comparatively recently in the USSR. 3¢

The foundations of the spectropolarimetric method in
Russia were laid by Chugaev in the early nineteen-hundreds,
in the period of the completion of the theory of the structure
of organic compounds. Chugaev set himself the task of
establishing the relationship between the optical activity of
a substance and its chemical structure® At that time it
was customary to relate optical activity to an asymmetric
carbon atom.

Optical activity is not a property of an individual atom,
but is a property of the asymmetric molecule as a whole.
As a result of the unsymmetric arrangement of the ligands
around the central metal atom, it was possible to separate
optical isomers of chelate compounds of nickel [Ni(bipy)s JX,.
.yH,O, where bipy represents bipyridyl®, cobalt(III) with
Schiff bases, 1,8-diamino-~3,6-dithiaoctane, etc,”’~!!; ruthen-
ium, [Ru(bipy),]Cl,.6H,0;%? osmium, [OsCl,(bipy),]|CL.
.3H,0; * jron(III) with 8-(2-pyridylmethyleneamino)quino-
line %; zinc with 8-quinoline-5-sulphonic acid!5; chrom-
ium¢; platinum?'?,'®; and many others.

A large number of optically active chelate compounds,
exhibiting rotatory power due to an optically active ligand,
the asymmetry of the molecule as a whole, or the combined
influence of both these factors, have now been prepared and
studied. Since review papers on optically active chelate
compounds cover chiefly material up to 1958, =22 our aim
was to systematise the literature on the chemistry of opti-
cally active chelate compounds chiefly for the period 1959~
1964 and also to outline the main tasks and problems which
are being solved by the spectropolarimetric method.

II. PREPARATION OF CHELATE COMPOUNDS IN OPTI-
CALLY ACTIVE FORMS

The preparation of chelates in optically active forms is
the primary problem in the chemistry of chelate compounds.
As noted above, chelate compounds may exhibit optical acti-
vity as a result of the presence in the molecule of a ligand
which has been prepared beforehand in optically active form.
In a number of instances, however, the ligand may not con-
tain an asymmetric centre, and the molecule as a whole
becomes asymmetric after the formation of the chelate. It
thus becomes necessary to separate the optical isomers of
the previously-prepared chelate compound. This problem
is extremely complex and its solution is directly related to
the specific nature and properties of the chelate compounds.

1 We use the term “chelate” to describe metallocyclic com-
pounds, inwhichthe metal-ligand bonds may be different in character.
A more detailed discussion of nomenclature has been published !,
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Two main methods are used for the resolution of chelate
compounds. The first method is based on the chemical
reaction of optically-resolving agents with the chelate
molecules, which should either be ionic or contain some
functional group. In this the resolution involves the for-
mation of diastereoisomers, which are then separated by
fractional crystallisation, extraction, or chromatography.
The most widely used optically active resolving agents are
tartaric acid ®,%, (+)-nitrocamphor ¢, antimony oxide
(+)-tartrate 3142 arsenic oxide (+)-tartrate %, etc.

The resolution of some ionic chelate compounds — for
example, tris-1,10-phenanthrolineruthenium(Il) perchlor-
ate — was achieved owing to the difference in the solubility
of their antipodes in the presence of optically active addi-
tions (d-bromocamphorsulphonate)?”>2, Recently optically
active chelate compounds have been successfully used for
resolving ionic chelates 2-32,

The second method of resolution, applied chiefly to
“neutral” compounds, that is, compounds which are not
ionic and contain no functional groups, is based on the
selective adsorption of the chelates on quartz, starch, lac-
tose, andother adsorbents. The resolutionof (+)-Cr(HFA),
where HFA is the fluoro-derivative of acetylacetone, has
been carried out successfully by gas chromatography on
quartz 33,

Chelate compounds of copper and nickel with g-keto-
-imines have been resolved by chromatography on D-lac-
tose®%, The same adsorbent gave satisfactory results in
the resolution of oxobis-[4,4’-(propylenedi-imino)di-(2-
-pentanone)vanadium(IV).3% Alumina treated with (+)-tar-
taric acid can be used as well as quartz for the resolution
of Cr* and Co®" acetylacetonates . An interesting paper
by Ferroni and Cini®’ describes the use of crystals of
sodium d- and l-chlorate for the resolution of bis(benzoyl-
acetonato)beryllium(II).

Recently, selective adsorptionhas also beenused for the
resolution of ionic chelates. Thus Dwyer and coworkers 38,39
in a study of compounds of the type [Co(+)pn,en]Cl,,
[Co(x)pnen,|CL;, [Co(+)pn]Cly, etc., where en represents
ethylenediamine and pn propylenediamine, resolved the
products on a cellulose column.

Other methods and reagents which are proving effective
for the resolution of chelates are equally interesting.
Harada and Fox % resolved the copper complex of aspartic
acid by the introduction of a seed crystal of the optically
active chelate. Interesting data have also been published**
on the resolution of chelates by diffusion in liguids with
asymmetric molecules.

Attempts to find new reagents and methods for the reso-
lution of chelate compounds, particularly the search for
new adsorbents, naturally deserve constant attention,

IIL THE USE OF SPECTROPOLARIMETRY AND POLARI-
METRY FOR THE STUDY OF CHELATE COMPOUNDS

1. Study of Redox Reactions, Racemisation, and Substitu-
tion in Chelates

Measurements of the rate of change of the optical rota-
tion were used by Dwyer and Gyarfas*? in a study of the
dynamic equilibrium between the oxidised and reduced
forms of the ions Os(bipy)Z" and Os(bipy)}’. This work was
continued and refined by Eichler and Wahl*®, who studied
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the rate of electron exchange in Fe(phen)? —Fe(phen)¥,
where phen = phenanthroline, and Os(bipy)? -Os(bipy)3"
systems from the change in optical rotation and by using
isotopic tracers.

Dwyer and Sargeson® described the measurement of the
rate of electron transfer from the change in the dispersion
of the rotation of the Coen? -Coend* system. A detailed
study of rates of electron transfer was made by Im and
Busch*,% who divided the systems studied into two cate-
gories. The first consists of systems in which the abso-
lute configuration is not preserved on electron transfer.
As an example, the dependence of the racemisation of
ethylenediaminetetra-acetatocobaltate(II) on temperature,
pH, and concentration was studied. The hexadentate complex
d—[ComEDTA]', where EDTA represents ethylenediamine-
tetra-acetate, undergoes racemisation at 100°, 90°, 85°,
and 74° and the racemisation is catalysed by [Co"EDTA)?-
ions. We thus have two processes

d-[CollEDTAl = r[ColEDTAL,

d-{CoMEDTAL" + [CollEDTAI" = [CollEDTAI™ + t[CoMEDTAT.

The second category consists of systems in which the
absolute configuration is preserved on racemisation, for
example, 1,2-propylenediaminetetra-acetatocobaltate(III).

Racemisation of the ionic complex [CoenyP* in the pre-
sence of active carbon takes place as a result of a redox
reaction?’. By making use of electron exchange and the
difference in the solubilities of the diastereoisomers of the
tris(ethylenediamine)cobalt(III) ion, Busch*® increased con-
siderably the yield in the resolution of this ion.

The spectropolarimetric method has also been used suc-
cessfully to measure the rate of exchange of the free ligand
1,2-propylenediaminetetra-acetic acid (PDTA) with its
complex #;

[M(+)PDTA4- + [-PDTA <= [M [-PDTA} + d-PDTA,

where M = Cu, Ni, Co, etc. It is obvious that the rotation
falls to zero when half of the ligand has reacted.

The problem of racemisation is related to the problem
of electron exchange and ligand exchange in chelate com-
pounds. Redox reactions are one factor responsible for
the racemisation of chelate compounds. This phenomenon
has been examined in detail by Lewis and Wilkins 2 and in
a number of recent papers. It has been established that
the racemisation of certain compounds, for example, cis-
-chloroaquobis (ethylenediamine)cobalt(IIT) 595! and cis -
-bis(oxalato)diaquochromate(IIl), 52 takes place as a result
of the isomerisation of the optically active cis-compound
into the symmetrical {rans -compound. In other examples
the racemisation is brought about by dissociation of the
chelate. For example, the tris(acetylacetonato)silicon
cation undergoes racemisation as a result of degradation
by hydrolysis3%. Dissociation is responsible for the race-
misation of a large number of nickel chelates with phenan-
throline and bipyridyl #,4¢-%6,  Brown and Ingold®>” used
polarimetry to study the kinetics of the replacement of chlor -
ide ions in the cis -dichlorobis(ethylenediamine)cobalt(III)
ion.

An important problem concerns the behaviour of chelate
compounds in various chemical reactions, particularly
substitution. In a number of instances spectropolarimetry
makes it possible to establish whether the reaction involves

the chelates themselves or free ligands liberated as a re-
sult of dissociation of the chelate. Study of the bromina-
tion and diazo-coupling of optically active catechol-
arsenic(IV) chelates %8 showed no significant change in opti-
cal activity and configuration, from which it was concluded
that the reaction involves the chelates themselves.

Preservation of the optical activity is also observed in
electrophilic substitution (chlorination, bromination, nitra-
tion, etc.) in optically active tris(acetylacetonato)-com-
pounds of Cr™, Co™, and Rh™.%  Thus the chelate com-
pound reacts as a single aromatic system, since otherwise,
racemic products would have been obtained after the reac-
tions.

2. Quantitative Polarimetric Determination of Metals and
Ligands in Chelates

The use of polarimetry for the quantitative determina-
tion of optically active natural products is well known.
This method can also be used, however, for the quantita-
tive determination of optically inactive compounds. In
1957, Freegarde®® determined the metal ions Ag’ and Fe®*
by means of the optically active reagent (+)-tartaric acid.
Freegarde measured the rotation of a (+)-tartaric acid
solution before and after the addition of a weighed speci-
men of the substance, which formed a precipitate with the
optically active reagent.

Complex formation by molybdic acid with maleic and
tartaric acids, mannitol, sorbitol, and other compounds
has been used for the polarimetric determination of the
latter in the presence of various other optically active
compounds !,

Haas and Faber ¢2 used (+)-tartaric acid for the quanti-
tative determination of molybdenum by a polarimetric
method. The ability of the Cu? ion to form a complex
with L-(+)-histidine has been used for the spectropolari-
metric determination of the metal ion and the optically
active ligand %,

3. Study of Chelate Formation and the Nature of the Bond-
ing in Chelates

The study of optical activity assists in the deeper pene-
tration into the essential features of the processes taking
place on chelate formation and in the investigation of very
slight molecular changes which cannot be observed by
other methods.

By studying the optical rotatory power of L-propylene-
diamine in the presence of different quantities of metal
ions (Zn®, Cd*, Hg®, or Ag') it is possible to gain infor-
mation on chelate formation from the change in rotation.
The optical activity of L-propylenediamine remains un-
changed in the presence of Ba? and Mg? ions, apparently
due to the absence of chelate formation .

Larsson® used polarimetry to study various outer-
-sphere complexes of (+)-tris(ethylenediamine)cobalt(III).
It is a familiar fact that change in the composition of the
second coordination sphere of complexes of transition
metals (sulphate, chloride, etc. ions) does not produce
marked changes in the absorption spectra, whereas the
optical rotation of the ionic complexes depends to a marked
extent on the nature of the counter-ion. Larsson mea-
sured the optical rotation of (+)-[Coen, P in aqueous solu-
tions with gradual increase in the concentration of sulphate,
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thiosulphate, fluoride, chloride, and perchlorate ions, and
observed a rotation minimum in the first two instances,
indicating the formation of outer-sphere complexes.

A change in the dispersion of the rotation was also ob-
served when optically inactive ions were added to (-)-cis-
-oxalatobis(ethylenediamine)cobalt(IIl) and (-)-tris(ethylene-
diamine)chromium(III) ions®. A polarimetric study of the
conditions of the reaction of orthotellurate with (+)-tartrate
established that a compound with 1:1 composition is ob-
tained®”. Polarimetric study of the Th* —tartaric acid
system led to the conclusion that a stable chelate compound
with the 1:1 composition is formed®. In analogous
fashion, Chinese authors®® established the existence of a
cobalt tartrate with 1:1 composition by observing the
change in the rotatory power, absorption coefficient, and
refraction of the system.

The study of optical activity helps to solve the problem
of the nature of the bonding in chelate compounds™. For
example, the lack of success in attempts to resolve tris-
(oxalato)manganates and tris(oxalato)ferrates’* may be
attributed to ionic bonding between the metal and the co-
ordinated groups in these chelate compounds. In com-
pounds which can be obtained in optically active form,
these bonds are covalent.

4, Study of the Phenomenon of Stereospecificity in the
Chemistry of Chelates

The phenomenon of stereospecificity has been observed
in the study of optically active chelate compounds. This
problemhas been examined in a number of monographs 20~22
and reviews 72-76,

The problem of stereospecificity is related to the
chemistry of mixed chelate compounds, in which different
ligands are coordinated around the central metal atom.
Mixed chelate formation is fairly common among ionic
chelates and there is no need to deal specially with this
question”778°, Tt may be noted that mixed tris-bidentate
chelate compounds can be prepared by three methods: by
adding ligands to the bis- or mono-~chelate, by replacing
ligands in tris-chelates, or by direct preparation. These
compounds have been the subject of many studies %81,

The preparation of mixed chelates presents no obstacles
so long as optically inactive ligands are dealt with. = The
preparation of chelates containing optically active ligands
introduces the effect of stereospecificity, as a result of
which some possible isomers (DIld, Ldll, etc.) of these
compounds are obtained in very small yield or not at all.
Thus in the reaction of racemic propylenediamine (pn) with
platinum(IV) chloride, Smirnoff®? was able to obtain only
two compounds D-[Pt(L-pn);[* and L -[Pt(D-pn),]*.

Bailar and his coworkers® found that mixed isomers
are probably formed, but undergo disproportionation with
the formation of the products which were isolated by Smir-
noff. The similar formation of a limited number of iso-
mers of tris-(trans-1,2-diaminocyclopentane)cobalt(III) by
Jaeger and Blumendal®, who consider that two or more of
the ligands in the chelate compound usually have the same
configuration, that the chelate exists in a single configura-
tion, and its sign of rotation may be the same as or oppo-
site to that of the ligand.

Subsequent studies refuted this opinion to some extent.
Lifschitz 5, for example, prepared tris-(D-alanine)-
cobalt(Ill), from which two a-forms Dddd and Lddd and one
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p-form were isolated. The fact that the two a-forms have
equal stabilities suggests that the stereospecific effect is
not very strong in amino-acid chelates. Bailar and co-
workers 887 found that the carbonatobis-(L-propylenedi-
amine)cobalt(III) ion exists in both D- and L-forms, and
that the configuration of its salt depends on the method of
crystallisation. Another paper®® reports the existence of
both the (+)-tartratobis-(L-propylenediamine)cobalt(III) and
(-)-tartratobis-(L-propylenediamine)cobalt(ITl) ions, but
the stabilities of these isomers are different.

Extensive studies of the phenomenon of stereospecifi-
city have been made by Dwyer and coworkers. Ionic chel-
ates of Co™ with D- and L-propylenediamine (D1l and Lddd)
have been prepared and the equilibria between the isomers
Dddd = Lddd and Dill = LlIl have been studied®. Ana-
logous isomers of PtV were prepared®. An attempt to
prepare chelates with mixed ligands by the reactionof di-
chlorobis(ethylenediamine)cobalt(III) chloride with L-pro-
pylenediamine was unsuccessful and gave a mixture of the
chlorides [Coeny]Cl, and [Co(L-pn),]JCl,. **  The reaction
of tetrachloro(L-propylenediamine)platinum(IV) and tetra-
chloro(ethylenediamine)platinum(IV) with ethylenediamine
and D-propylenediamine, however, led to the preparation
and resolution of the mixed chelates [Pten,(L-pn)]|CL,
[Pt(L-pn),en]Cl,, and [Pt(D-pn),(L-pn)]Cl,. It was pointed
out that unsuccessful attempts to isolate mixed chelates
are apparently due not to differences in the stabilities of
the chelates but to the establishment of an equilibrium be~
tween all possible isomers in the course of the reaction.
This led to the isolation of the thermodynamically more
stable isomers [Pt(L-pn),]Cl, and [Pt(D-pn)y]Cl,, which
predominate in the mixture, whereas the small quantities
of the mixed isomers could not be detected. It was sug-
gested that the equilibrium is established either as a result
of the formation of intermediate 7~ or 8-covalent chelates,
or as a result of the catalytic influence of small quantities
of Co® and Pt? chelates. Recently, Dwyer and coworkers %
described the preparation of a mixture of isomers, from
which the following were separated by chromatography on a
cellulose column: L-[Co(~)pn,]Cl;, L~[Co(-)pn,en]Cl,,
L-[Co(-)pnen,]Cl;, D-[Co(-)pns]CL;, D-[Co(-)pn.en][ClO,)s,
and D-[Co(-)pnen,)(C10,);. It is considered that the degree
of stereospecificity of the chelates is a property chiefly of
the ligands and may vary from almost zero, for sodium
bis(oxalato)-L-propylenediaminecobaltate(III) * to the
almost complete stereospecificity of the chelates with
propylenediaminetetra-acetic acid®.

Partial stereospecificity was observed in a study of
cobalt(III) chelates with 4-methyl-~1,8-bis(salicylidene-
amino)-3,6-dithiaoctane . It was established that the
dextrorotatory isomer of the ligand gives chiefly the laevo-
rotatory form of the chelate (85%), whereas the laevorota-
tory isomer gives the dextrorotatory form of the chelate.
In a continuation of their study of stereospecificity, Dwyer
and coworkers * recently described the isolation of various
mixed chelates of Co™ with propylenediamine and gave the
equilibrium constants for the systems

D-[Co (+) pns|** « L (Co (=) pns]**/D [Co (+) pria (—) pJ*+ X L{Co () po(+)pn]**+=1.0
D-[Co (++) pny (—) pn]**/L[Co (+)pny (—) pnjs+=2.4
D-[Co (+) pn {—) pa**- L=[Co (—) pn () py]**/D[Co (—) ps]**- L=[Co (+) pn]**==6.1,

The stability of the isomers and their relative concen-
tration in the mixture were explained on the basis of the
possible conformations of the propylenediamine ring.

As well as being of purely theoretical importance, the
phenomenon of stereospecificity has found practical appli-
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cation. Bailar and coworkers®® suggested that if the re-
action between an optically active chelate and an excess of
a racemic coordinating substance is selective, that is, if
the chelate can accept only one optically active isomer
from the racemate, resolution of the racemic ligand should
be observed. The first experiments did not give satisfac-
tory results, however. Later®, partial resolution of
racemic tartaric acid was achieved by heating the cobalt
chelate [Co(L-pn),(rac-tart)]Cl in aqueous solution with an
excess of L-propylenediamine. The latter replaces the
(-)-tartrate ion in the chelate, whereas the (+)-tartrate ion
is much more firmly held in the coordination sphere,
proving that the configurations of (+)-tartaric acid and
L-propylenediamine are identical. Partial resolution of
racemic mixtures of organic acids (tartaric, a-chloro-
propionic, and lactic) was achieved using the carbonato-
bis(L-propylenediamine)cobalt(IIl) ion®. In all instances
the dextrorotatory form of the acid enters the coordination
sphere more readily than the laevorotatory form, and this
leads to resolution. This reaction can also be used to
determine the configuration of optically active acids. An
attempt to resolve racemic tartaric acid by the reaction of
its silver salt with trans -dichlorobis[(-)-stilbenediamine]-
cobalt(IIl) nitrate was unsuccessful®’, however.

Sarma and Bailar % described the partial resolution of
diamines, amino-acids, and dibasic acids by coordination
with an optically active chelate. Stereospecificity has
also been used successfully to prepare optically active
chelate compounds #9910, For example, when (+)-
-[Co(EDTA)] is treated with L-propylenediamine, the
amine reacts with (-)-[Co(EDTA)]", leadingtopartial reso-
lution of the chelate. Stereospecific reactions were recently
used to prepare optically active forms of propylenediamine 1%
and propylenediaminetetra-acetic acid 12,

The phenomenon of stereospecificity in non-ionic opti-
cally active chelate compounds of the bis-[o-(a-phenyl-
ethyliminomethyl)phenolato]copper type was studied by
Terent'ev and coworkers %3, In a study of the possibility
of preparing chelates with irregularly paired ligands, in
which the metal atom would be combined with two different
molecules of a Schiff base ligand, it was established that
for the systems studied the compounds with regularly
paired ligands are favoured energetically.

A mixture of (-)-o-(a-phenylethyliminomethyl)phenol
and (+)-o-(a-phenylethyliminomethyl)phenol in the presence
of an excess of one of the forms was taken for the original
ligands, and the chelate formation was carried out with
copper and nickel; it was concluded that the products are
always the compounds in which the metal is coordinated
to ligands with one configuration, to give chelates with
regularly paired ligands (1l or dd). An interesting feature
is that these compounds can be formed by crystallisation of
the double crystal-racemates 1Ixdd. This intramolecu-
lar racemisation leads to separation of a racemic fraction
of the ligand in the form of the chelate, and the remaining
uncombined fraction of the ligand is enriched in one of the
optically active forms (I or d) taken in excess. This
makes it possible to carry out the further purification of
incompletely resolved amines and to obtain them in opti-
cally pure form.

3. The Configuration of Chelate Compounds

The study of optical rotatory power assists in the solu-
tion of the problem of the three-dimensional structure of a

number of chelate compounds. In some instances the pro-
duction of optical activity can be explained if it is assumed,
following Werner !, that the chelate compounds of ele-
ments with a coordination numper of 6 have an octahedral
structure whereas compounds with coordination number 4
have a tetrahedral or square-planar structure. Thus to
explain the optical activity of meso-stilbenediamineiso-
butylenediamineplatinum chloride, Mills and Quibell 1%
suggested that the bonds have a planar arrangement, since
only then is the molecule asymmetric. With tetrahedral
arrangement of the bonds, a plane of symmetry appears,
so that the optical activity disappears.

The tetrahedral configuration of some beryllium chel-
ates was confirmed by the successful resolution of their
optically active isomers. Burgess and Lowry % observed
the existence of optical isomers for benzoylcamphor com-
plexes of beryllium, whose solutions exhibit mutarotation.
This phenomenon was attributed to the gradual disappear -
ance of the optical activity associated with the beryllium
atom, which is the centre of the asymmetry.

Mills and Cotts 17 studied chelate compounds of beryl-
lium, copper, and zinc with benzoylpyruvic acid; the opti-
cal isomers were separated using strychnine and brucine.
They obtained an optically active solution almost free from
alkaloid, but this rapidly underwent racemisation. Bis-
(benzoylacetonato)beryllium, resolved by Busch and
Bailar % by shaking a benzene solution of the chelate with
optically active quartz powder, was found to be more stable.

The partial resolution of the tris(oxalato)germanate(IV)
ion ! proves the octahedral arrangement of the bonds in
this ion and their covalent character. The successful
resolution of bis(o -diethylphosphinophenyldiethylarsine)-
copper(l) indicates that this compound has tetrahedral con-
figuration !*%, The tris(biguanidine)-chelates of Cco™ and
Crm, like the tris{ethylenediamine)-chelates, have an
octahedral configuration in which there are no elements of
symmetry, and this was confirmed by separation of their
optical isomers . Ramaiah and coworkers3® suggested
that the five-coordinate chelate oxobis-[4,4'-(propylene-
di-imino)di-(2-pentanone) lvanadium(IV) has a plane-pyra-
midal structure. In this instance the compound should
exist in the form of optical isomers, and this was in fact
proved. The partial resolution of the optical isomers of
the g-keto-imine chelates of copper and nickel by a chro-
matographic method confirms that these compounds have
tetrahedral configuration3. Theseandother examples 11,112
confirm that the existence of optical isomers provides a
means of investigating the configuration of chelate com-
pounds.

An important problem which has recently attracted the
attention of research workers 113 is the determination of the
absolute configuration of optically active chelates. A very
important step in this direction was taken by Japanese
scientists %, who used X-ray diffraction methods to deter-
mine the absolute configuration of the D-(+)-Coend" ion.

Later, Ballard and coworkers % proposed a new criter-
ion for establishing absolute configuration, based on the
sign of the optical rotatory power of the chelate in the long-
-wave range of the spectrum and on the sign of the rotatory
power of the ligand !¢, Saito and coworkers gave data on
the determination of the absolute configuration of the
[CoCl,(L~pn),]" 7 and L-[Co(L-pn),B* 8 ions. The
determination of the absolute configuration of some chel-
ates is important since it makes possible the rapid deter-
mination of the configuration of many other analogous
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compounds by comparison of their absorption spectra and
rotatory dispersion curves. Japanese authors !19-122 have
pointed out that if two optically active chelate compounds
have similar bond character and hence similar stabilities,
the sign of the Cotton effect should depend only on the abso-
lute configuration. Compounds with the same absolute
configuration should give Cotton effects with the same
sign. This comparison of the rotatory dispersion curves
of chelate compounds with known and unknown configura-
tions has been used #,%6,7,123,12¢ to determine the configura-
tion of chelates.

Optically active quartz and various other solids are
being used successfully for the resolution of chelate com-
pounds 7,  Bailar 1?5 has pointed out that if it were possible
to show that a relationship exists between the configuration
of quartz and the configuration of the isomer which is
adsorbed by it, this would provide a simple method for
determining the configuration of optically active substances.

The configuration of non-ionic optically active chelate
compounds was discussed by Pfeiffer 26, In a study of the
rotatory dispersion curves for a number of chelates based
on salicylaldehyde and various optically active amines and
diamines and containing optically active formylcamphor,
Pfeiffer reached the following conclusions.

1. The Cotton effect is shown by optically active chelate
compounds of this type in the visible range of the spectrum
only when a chromophoric metal atom is present.

2. As far as the manifestation of the Cotton effect is
concerned, dicyclic and tricyclic compounds are in princi-
ple equivalent.

3. The position of the asymmetric carbon atom relative
to the metal atom in the compounds studied plays no signi-
ficant part in the manifestation of the Cotton effect.

Since the rotatory dispersion curve shows an anomalous
shape when a metal is added to a Schiff base, it was con-
cluded that in addition to the asymmetric carbon atom there
should be another centre of asymmetry — the metal atom —
and that it is the latter which produces the Cotton effect.
From this Pfeiffer concluded that the chelates considered
have tetrahedral configuration. Chelate compounds of the
same type but containing no asymmetric carbon atom have
planar configuration. Pfeiffer considered that the vicinal
effect cannot be responsible for the Cotton effect. In an
analysis of this work by Pfeiffer, Martell and Calvin?® con-
sider the rejection of the vicinal effect to be premature.
The vicinal effect is apparently responsible for the anoma-
lous shape of the rotatory dispersion curves. Evidence
against tetrahedral configuration for these compounds is
also provided by the fact that they could not be separated
into optical isomers with respect to the central metal atom.

Thus Pfeiffer, on the basis of the normal rotatory dis-
persion curve for the nickel-formylcamphor complex, con-
cluded that this chelate has square-planar configuration 26,
Later, however, French and Corbett!*” recorded the ultra-
violet spectrum and rotatory dispersion curve and found
that the rotatory dispersion curve shows a maximum at
X = 3162 A, due to the absorption band of the nickel centre
in the molecule., Measurement of the magnetic suscepti-
bility of this compound in the solid state and in methanol
solution shows that it is paramagnetic. On the basis of the
data obtained, it was concluded that the nickel~-formylcam-
phor complex has tetrahedral configuration. Subsequent
study 1% of the absorption spectra, rotatory dispersion, and
magnetic susceptibility of bis(formylcamphor)ethylenedi-
aminenickel led to the conclusion that this compound has
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planar configuration in the solid state, but that in methanol
solution, under the influence of the asymmetric centre pre-
sent, equilibrium is established between the two configura-
tions: planar and tetrahedral.

From these data it can be seen that the mere presence
or absence of the Cotton effect does not provide proof for
tetrahedral or planar configurations respectively in chelate
compounds. In these compounds the central metal atom is
a chromophore which reacts with the asymmetric centre in
the molecule. The absorption band corresponding to the
metal atom is optically active and a Cotton effect appears
in this range of the spectrum.

Lifschitz #?° in a study of the rotatory dispersion of chel-
ate compounds, examined the question of the relationships
which should exist between the chromophore and an opti-
cally active centre for production of the Cotton effect. He
considers that in compounds containing optically active co-
ordinated groups, a Cotton effect in the range of the absorp-
tion band of the central metal atom is observed only when
the asymmetric atom is a member of a ring formed through
the central atom by means of “ inner-complex bonding (that
is, where the metal atom is attached to the organic mole-
cule by means of a principal valency and a subsidiary
valency)’. Lifschitz emphasises the difference in the be-
haviour of the copper and nickel chelates. Thus the com-
pounds of [Cu(L-pn),}** give an anomalous rotatory disper-
sion curve, whereas the compounds of [Ni(L-pn),}* give a
normal curve. Lifschitz considers that for the nickel
chelate it is necessary to assume a symmetrical structure
in which the rotation is due entirely to the optically active
propylenediamine molecules present. The unique be-
haviour of copper is attributed to the possibility of partial
asymmetric synthesis.

A review by Mat'&€ 130 gijves several examples from the
literature which have been attributed to partial asymmetric
synthesis, and points out that in every instance where a
complex capable of existing in two enantiomorphic forms is
obtained, it is necessary to investigate carefully whether
the Cotton effect arises from a bond between an active
molecule and the central atom or is due to partial asym-
metric synthesis.

Recent papers by Terent'ev and coworkers 317133 giye the
results of spectropolarimetric studies of chelates with
structures A, B, C, D, and E, with optically active o~
-hydroxyaldimines and o -hydroxyketimines.,

Y Y
CH-—LH,
N==CH X
x oo’
M\ M\
CH—-N C_N Ne==C,

| |
H,c—cu CH—CH, N
CsH CH;
(A) X=H,Cl,Br,NOy; (B) X = H,Cl,Br,NOg;
Y = OCH,,H; M=Cu,Ni,Co y:ocH, H; Z=CHg,H;
= Cu,Ni, Co
o
ST B X
O
HC==N N»—(,H O
| °\M/
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On the basis of a comparison of the rotatory dispersion
curves for these compounds, it was concluded that non-
~vicinal (distant) substituents (X, Y) in the chelates have
little influence on the rotatory dispersion. The introduc-
tion of a vicinal substituent (Z = CHy) in the metal-contain-
ing ring on going from the hydroxyaldimine derivatives to
the hydroxyketimine derivatives, however, leads to a sharp
increase in the absolute values of the molecular rotation
without altering significantly the nature of the rotation, due
to the difference in the degree of coplanarity of the chelate
compounds.

Although spectrophotometry has been unable to record
these fine changes in molecular structure, the conclusions
reached on the basis of spectropolarimetric studies have
been confirmed by data from the EPR spectra 34,

---000---

It can be seen from the foregoing that the use of polari-
metry and spectropolarimetry in the study of optically
active chelate compounds opens up promising possibilities.
The high sensitivity of these methods makes it possible in
a number of instances to record fine changes in a molecule,
difficult to detect by other methods.

The possibilities of the spectropolarimetric method in
the chemistry of optically active chelate compounds are far
from being exhausted, however. The increase observed
every year in the number of studies in this field and the
isolation of new chelates in optically active form enable us
to hope that new properties and phenomena making it pos-
sible to reach a deeper understanding of the chemistry of
optically active chelate compounds will be discovered and
studied.
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I. INTRODUCTION

Modern ideas on the molecular structure of organic com-
pounds are to a large extent linked with the study of physi-
cal properties, such as absorption spectra in all regions
from the ultraviolet to the microwave, dipole moments,
atomic and electronic polarisation, etc. In the last two
decades a new method for investigating organic com-
pounds — molecular mass spectrometry — has been
developed; this deals with the interaction of molecules
and electrons. The overall relative probability of the
formation of various ions that arise when a molecule is
bombarded with slow (20-70 eV) electrons is characteristic
of the stability of the molecule, and, what is very important
for the organic chemist, of its structure, since the possible
rupture of a given bond depends mainly on the distribution
of electron density.

The formation of mass spectra is generally considered
from the point of view of the Franck—Condon principle?,
according to which the first act in any inelastic collision
between an electron and a molecule is electronic excitation
of the latter, which occurs as an electronic transition while
the distance between nuclei remains unchanged. In the
inelastic collision of an ionising electron with a molecule,
one of the valence electrons is removed and a molecular ion
corresponding to the molecular weight and empirical for-
mula of the compound is formed. Electrons acting on the
molecule in the ion source of the mass spectrometer usually
possess energy of several tens of electron volts; there-
fore, in the bombardment of polyatomic molecules, in addi-
tion to ionisation, decomposition of molecular ions occurs
with rupture of C~C and C~H bonds and the formation of
ionic fragments, which may also decompose in turn. This
multiplicity of processes is responsible for the complexity
of the mass spectra of polyatomic molecules with their
multiplicity of lines.

The stability of organic molecules to electron impact is
characterised by the probability of decomposition of mole-
cular ions?, Wz, and is determined by the ratio of the num-
ber of molecular ions (Ima) to the number of fragmentation
ions (Zlirag): Wz = Zlfrag/(Imot + Zlfrag). The value of
Wu= (1 - W) determines the stability of the molecule to
electron impact.

This ratio, in turn, reflects the rate of decomposition
of the molecular ion; since the time betweenthe formation of
ions and their detection is usually 10-% s, the absence of
particular molecular-ion peaks in the mass spectrum indi-
cates that these ions have a short life., The rate of de-
composition of the molecular ion is a function of the energy
acquired by the ion during its formation; when the energy
of the ionising electrons falls to a value close to the ionisa-
tion potential of the molecule, the proportion of molecular
ions is increased in relation to that of fragmentation ions.

The ionisability of molecules and radicals formed in the
rupture of chemical bonds is characterised by what is
termed complete ionisation, which represents the quantity
of ions formed by unit quantity of the compound?, It is
determined by the sum of the intensities of all the peaks in
the spectrum multiplied by the coefficient of sensitivity of
the strongest peak; the latter is expressed in units of ion
current referred to unit pressure.

In addition to the ions formed by simple rupture of bonds,
the mass spectra of nearly all molecules containing more
than two carbon atoms show the presence of ions that are
produced as a result of rearrangement of atoms at the
moment of dissociation. Rearrangements with migration
of a hydrogen atom are observed very frequentlyt. The
activation energy of rearrangements in ions is low and
commensurable with the activation energy of rearrange-
ments in neutral molecules; accordingly, rearrangements
in the molecular ion proceed comparatively easily®. With
hydrocarbons the difference in activation energies of
various rearrangements is very small, and therefore com-
peting reactions lead to the formation of diverse fragments.

Although the number of carbon and hydrogen atoms in
the ion can be readily established, the question as to which
of the hydrogen atoms has separated with a given fragment
can only be decided by a study of the mass spectra of iso-
topically “labelled” compounds®”’. Information on the
structure of ionised fragments can also be obtained by mea-
suring the energy changes in the reactions that occur and
by studying metastable transitions.
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