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ABSTRACT
OPTICALLY ACTIVE COMPLEXES OF CORALT (III) WITH
BRAKCHED CHAIN TETRADENTATEZ LIGAKDS
by
Marilyn Vel -Shi Chen Chu |

Co-chairman: Julien Gendell
Co-chairman: Chul Fan Liu

Two specially designed branched tetradentate ligands with
nonidenticel arms, bis-B-aminosthyliminoacetic acid (bis-ﬁ-AEIA) and
ﬁ -aminoethyliminodiacetic acid gB-AE‘:'ID), vere prepared and reacted with
qarbonatotetraamminecobalt(III) jon and two other monodentate ligands
or one other bidéntate-ligand to form octahedral complexes.

Only one isomer of [Co(en)(bisﬂ@QAEIA)]+2 was obtained whiéh
proved to be cis in conflguration by its nmr spectrum. Hers the cis
- refer to the complex in which the two primary amine nitrog°ns of the
tetradentatelare gdjacent to each other.

Complexes with the genéfal formula [Co(diaminé)QBzAEID)]+, where
the diamine 1$ ethylenediamine (en), l-cyclohexanediamine (lfchxn) or

l-propylenediamine (;-pn), exist as both trans and cis isomers in which

fhe tvo acetate oxygens of the tetradentate are opposite or'adjaceﬁt to

each other. These isomers were separated by cetion exchange,colgmns.

The trans and‘cis isomers of [Co(en)(ﬁ%AEID)]+ are identified*by‘visiblé

and .nmr spectra of these compounds. The ttans and cis isomnrs of

[Co(l-chxn)(ﬁ-AL‘ID)]"' and [Co(l-pn)(ﬁ-nmID)]+ are menuﬁed 'by their

visible Spectra.' The c1s~[Co(l-pn)q3- EID)]+ is 1esolvnd 1nto optically j ’

-’active isomers during: the column separation of geometrical isomers.‘

-



The optical rotétory dispersion and thz2 circular dichroism
spectra of the trans- and cis-[Co(l-pn) (ﬁ-AEID ) ]+' and [Co(l-clxn) (ﬂ-AEID) ]+
ions are explained. The Cotlon effects in trans complexes may be explained
on the basis of vincinal effect alone whereas in the resolved cis com-

- . plexes the optical activity is due to configurational es well as vincinal

effect.
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I. INTRODUCTION

Stereoisomerigm arises in chemical systems because molecules of the
same composition may differ in arrangements of their.axoms in space. For
coordination compounds, the most common stereoisomers are the geométrical ..
and optical‘isomers. There are meny others such as positional isomers, link- |
age isonmers e@q., but they do npt occur as often.
The geometricalvisomers usually can be distinguished by using the
terms cis and trans as in [Co(MH3),Cly)Y fon, the trans and cis isomers of
_ this complex are shown in Figure I. Here the trans and cis refer to the
relationships between the two chloride ions. The two chloride lons are oppo-

site each other in trans and adjacent to each other in'g;g isémér.

Cl . . NH3
NHB NHS . Nﬂ3 Cl
Co ‘ Co

trans - . cis




Optical isémerism exists in any molecules which do not have an

1mproper axis Sn, where n > 1. Optical isomers can be devided into two
types, namely enantiomers and diastereoisoﬁers. The enantiomers éfe opticai
bisomerg which are non-superimposable mirror images of each other. The dies--
terecoisomers are opticgl isonmers which are neither mirror images of each othé?
nor superimposable upon each other. They arise in coordination chemistry

because the metal ion, which can be situafed at a dissyﬁmetric center, wheh
" surrounded by the various donor atoms and hence exist in two énantiomeric
forms, can form a complex with one or more of the ligands which can also
exist in two enantiomeric forms. Foi' example in the complex ﬁ-trigth'ylene-
tetramine: (g}-propylenediamine)-coba.lt.(III) ion, ﬁ-[c:;(._cﬂ.--pn)(t'.r:ie'n)]'l'3
two configurational isomers D and L can exist for the complex, these, when
. combined with d and %.propylenediamine, will form four poseible diastereo-
‘180mers; DQ} Dl, Ld, L1. Here D and L are used to indicate the configurations
of the octahedral bomplex; ﬁnd a aﬁd 1 are used to indicate the configurﬁtions'
of the ligand propylenediamine. ' |

‘ Positional isomers arises due to the ways of orientation of an
unsymmetrical ligand (usually a bidentate) when coordiuated. For the
ﬁ [Co(dl.—pn)(trien)]'ﬁ ion, the d- or 1- pn in each of the diastereo-

isomers can orient in two ways as shown in Figure II.

. Pigure II. Positiona.l {somers. of B-triethylenetetramine» :
“. - . (propylenediamine) cobalt (III). ions
Lines replace bridging.atoms 5



Linkage isomers differ in the actual atonm of the donor molecule thet
is coordinatéd’to the central atom. For example the N02 groép in a complex
with formula [Co(NH3)5E02Tf2 may be coordinated through oxygen or through
nitrogen to form either a nitrito or & nitro isomer respectivély.

The configuration refers to the actual positioning of all the atous
in a molecule relative to each other. TFor geometrical, positional, linkage
and other isomers, configurations can often be determined without wuch dif=-
ficulty,'because difference iﬁ their physical properties or chemical reac-
tivities. The determination of absolute configuration of optical isomers is
particularly difficult bscause regular chemical or physical method as well
as nrormel x-ray diffraction methods can not distinguish enantiomars froﬁ -
each other. (The diastereoisomers mentioned ébove in a sense are also
enantiomers, if the configuration of the complex ion alone is consideged,)

A speéiél x-ray techniquc; anorslous }x~ray dispersion mey be used £o dater-
 mine absolute configurations of enantiomers, but the measwrement is slow and

i
ey

experimental conditions are fairly critical, only crystalline compounds in

which a heavy atom is present as the anomalous scattering center can be
measured. So far the absolute coﬁfigurations of only a few complex ions
have Dbeen determined bj this methqd.

“Chemical correlations which have been successfully used in correlating
configurations for organic compounds by transforming one compound 1nt6 another
have not been too succeéssful in complex compound because the complicated
mechaﬁisms involved. 1In genergl reactions of optically aétive complexes
have not been well studied.

The wost common methods which haye been applied in_felatiﬁg config-. . .
urations of égtically active‘complexeé #re tﬁe less soluble diagﬁeréoisomers

: method,‘paftial;racemate.methad, stereosgeéific ~inductjj.opf-nethod»and optical'

,of‘spgctroscopic method.
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The less soluble diastereoigggg} method has been used since the
time of Wérnér (1). He proposed that complex ions have the same absolute
configuratidn if they form the less soluble diastereoisomer with a given
resolving agent. This was criticized later.B& Jaeger (2). He suggested that
only isbmorphous diastersolsomers should be used to compare configurations.
Howaver, sometimes it is difficult to define isomorphism. There are cases
where both diastereoissmers are insoluble in certain solvents (3). Hever-
fheless for complexes which are isomorphous and the diastersolisomers are
identical, this method can be used as a.cor}oborative evidence in relatirg
configurations.

Delépine; (%) found that mixed one to one crysiéls of the potassiunm
salts of 6+05n6.1"l3h(020u)3]"3_and (')’iIr(CEOh)3]-3 were of the same
‘type.as crystals of the racemate of either pure coﬁplex salt. He deScribed
this'és “active racemate" formation, and attribﬁted it to the opposite con-
‘figurations of these iwo crystals. This hﬁs epplied to-other systems in
determining opticai.configurations; Here again it is sometimes hard to. say
whether or not the crystals of the active racemate and the pure complex salt
are of the same type.

_"The stereospecific induction méthod is based on ; knowledge of the _—— .
orientations of various groups iﬁ'complex’gnd the absolute configuration

of the optically active ligand. As shown by Corey‘and Bailar (5) a coor-

dinated ethylenediémihe ring is puékeréd. Thus each ring can-take one of
two enantiomeric conformations»in forming a complex. So in a complex like 4
_ICo(en)3]+ﬁ, besides the two configurational isbmeré it is posgible ﬁo have
four conformers for each configuration. For D-{Co(en)B]'H complex in which

the three ethylenediamine rings form.a left handed spiral around the 03'axis

of this complex, the éonformaﬁion of ethylenediamine ring which has its C-C




bond parallel to this C3 exis of symuebry was defiﬁed as o k-ring where#s
its enantiomer was defined as & k'—ring (5). For this complex the four
possible eran5cnuhts of atbylunaaiamine rings are therefore kkk, kkk',
Kk'k' and k'k'k'. It wes calculeted that for D- [Co(en) ] 3, the kkk form is
favored over the k'k'k' by an energy difference of 1.8 kcgl/mole or 0.6 kcal/
ring. S0 tha kkk form»exigt predominantly in the equilibrium mixture. The
most stable (D-(kkk)) wes called lel.while the least stable (D-(k‘k'k')) was
'némed ob. These results have been used by Corey and Bailar (5) to predict
the éonfiguration owa-ICo(g;pn)3]+3. When propylenediamine is coordinated
to cobalt, the methyl group is in either an axial or equitorizl position
depending on the ccnformation of the ring. Celculations indicate that en
equitoria] CH3 is favored over an axial CF3 by approxxu&;ely 2 hcal/mol
Thus in forming D T~[Ca(g-pu) ¥V 3, the thth groups will a‘] occupy the ﬁqui-
torial position. From the known ebsolute configuration of.gfpropylenediamine
(6;7,8), it was found that to place CHé in equitorial position the d-propylenc-
diaminé rust have k conforration. So tpe,induced configuration was predictéd
to correspond to the configuration of D-[Co(en)3]+3. This wvas confirmed
- later by x-ray studies (9). This methbd of correlating configurationq has
_been applied to predict the configurations'of complexes of this type with
optiéa}ly active diamines other than g-pn“éndeith central metal ions other
than.cobalt (10). It alsb predicted éhe right éonfiguration for (+)-¥-tris
(L-alaninato)-cobglt (I11) ion (11). However,-the.usefulnéss of this method
is limited to systéms wﬁere the enzrgy differehéé between the different orien-
tations of groups are known and féirly large.

The optiéal or séectroscopic method involves the measurement of~opt1ca1
‘ rotatory dispersion (ORD) and circular dichroism (CD) specira of optlcal iso-

mers and relating tneue to the conflguration. SlnCe the mnasuremnnt of ORD




and CD can be fairly easily dove this metnod has. ettracted much attention
lately. The successful use oaPihlu method provideo a convenient uweans of
correlating configurations of cationic, anionic as well as neutral species.
It is a well known fact that just as a pair of enantiomers are mirror

images of each other so are their ORD and CD curves. The assignment of
absolute coofigt'ation would be trivial if for = particﬁlar enantiomer, the
sign of tho Cotton offect associated 3 1thu.partich1ar transition could be
calculoted and hence its coufiguration determined. Although several models
have been proposed as discussed by Woldbye (12), the theoretioians 80 far:
have not solved this pfoblem for even the simplest opticelly active complex
ion. At the present time the. conflguraxlon of a d;ssywnetri" complex ion

is sti1l determined by comparing the sign of the Cotton elxect of certain
trapsition with a related standard.

Since the discovery of Cotton effact (13 14), which is associatcd

with certain transitions in optically active complexes, it has baen applied
to correlate configurations of cyclic organic carbonyl compounds. For a
di%symmetric cyclic corbonyl comoound, the enantiomeric stereochemical
environments around the carvonyl chromophore will induce & Cotton effect of
opposite signs to the magnetic dipole allowed carbonyl n—m7* transition at
afound 300.9u (15). Since abso‘u.tn configuxat*ona of a large nurber of
. dissymmetric cyclic carbony? comoounes are kvown, an octant rule (16) VhiCh
defines the chirality or stereochamical environment around the carbonyl group
haé heen-proposed to correlate the absolute configurations of cyclic carbonyl
compounds and the signs of Cotton effects at carbon*l n-»»n* transitions.
'Knowing the sign of Cotton effect at n—+ % traus1tion for a given cyc]ic
carbonyl compound, 1t is possible to Specify its conflguratlon by this octant

rule. So far for inorbanic complex ions there eletS yet no such neraralized
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octant rule. This is because of several difficulties which exis£ for
optically active complex ions but dg not exist in organic Cy;lic carbonyl
compounds. Before describing what has besen dong and the oroblems involved
in applying this Spectroscop;c nethod to dissymmetric complex ion, it is
desirable to briefly review the nature of interaction of poiarized light
with optically active media.

, The electric vector of plane polarized iiéht can be thought of as
composed of two circulariy polarized co&ponents of equal amplitude which
are rotating in the oppositeldirectioné at equal rates; Each corponent
in its propagation direction is thus generut*ng ., helix of opposite handed-
ness. Wheﬁ plane polarized light is passed through a medium containinghdis-
sympetric molecules vith.a SQecial-chiral structure, dmdiastereoisomeric
kind of interaction will exist for the ﬁwo components of the plane polapQ
ized‘light. It is then ndt hard to imagine that.the properties of the two
components of a plane polarized light are affected to & dlsxerent extent
after passing through such a medium. As a matter of fact, the velocity or
the refraciive index for a left and a right handed circularly polariied
light differs after passing through such a medium. This is called éircular
birefringencé. Furthermore when the medium has an optically active abéorp-
tion band, the molar extinction coefficients for the left and the right
circul&rl& polérized light are different when measured at the wave}ength
of that absorption band. ‘This is called circular dichroism. These two
phenonmena coubined tégether consfitute.the Cotton effect. The difference
in velocity of the two components of the plane polarized'light results in
chpnge of plane of oolarizatlon or rotation of th= light. The cha*xgn of
velocity and molar ext*nctlon coefficient simultuneously result in e’lip-

tically polarized.light. Both‘rOLatiops and the differeunce betwecn molar-




extinction coefficients for right, € . and left, Gi circularly polarized
light are wavelength dependent. A curve of rotation versus wavelength is
'called an optical rotatory dispersion (ORD) curve vhersas a curve of €q1- €
versus wavelength is balled_a circular dichroism (CD) curvag. If“in the region
of opticaliy active abs sorption band the ORD cha n5es rapldly from & positive
peak to a.negative trough on changing from longer to shorter wavelength,

the compound ‘is said to have a positive Cotton effect at that transition

and the CD curve will exhibit a positive peak at that absorption band. The
nirroxr image'effects are called negative Cotton effectis. The CD curve which
is either positive or negative and has a guussian shape is much wore easily
" yesolved than an ORD curve which has both a peak and a trough as well as a
non-zZero &aguitude even far awey from an optically aétive transition. The
mirror image relatjonship betwsen ORD and CD curves of & pair of enantio-
mers are especially noticéable near an optlcally active transition.

There are three reasons that the traﬁsition metal ions such es
Co(111), Cr(II1), Rn(IIi), Ir(IV) and Pt(IV) are-chosan‘for optical activity
studies. First of all theée metal ions form kinetically inert complexes.
Hence the resolutions of céticgl isomers are possible and thé rates of
racemizatioh are slow. 6f all the'reéolVed complexes, those of octahedral
cobalt (III) are the most numerous. BSecondly, the electronic transitions
of thnse comploxee which are essenuial for the study of optical activity

are f§asonably well understood. Thirdly, the optically active transitions
| of dissymmetric complexes forméd by these metal ions occur in the spectral
region whlch is at the present time experimentally accessible. B

In relating the Cotton effect to optical conflgurations of complex

ions, the difftcultles are unlihe those for optica1ly active cyclic carbonyl

- compounds . Thorn are not ae many different tynes of dlssymmatric metal
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complex ions available and even fewer of them whoée absolute configurations
have been determined by x-ray methods. So far the most thoroughly studied
dissymmetric‘coﬁblexes ere either the tris-bidentate type or theicis;bis-
bidentate type.. Too, the d;d‘transitions of transition metal iogs are much
more complicated than carbonyl n—~ ¥ transition. Since the symmetry of this
type of compleges is always lower than cubic, the excited states of optically
active transition in dissymmetric comglex ions split inﬁo at least tﬁo '
lévels ghd hence the Cottorn effect associated witn the transition is split
into at least two components. It is necessary, therefore, to identify‘;t
least one of the compohnents in order to relate absolute configuratious of
two complexzg on the basis of Cotton effect. At present few of these optii-
cally active transitions of dissymmetric complexes have been aésigncd with
certainty. Again, there is somebines ﬁ vincinal effect to be considared.
(Vincinal effect refers to the optical activity induced by coordinated
optically active ligand.)

In relating absolube configurations, (+)-tris(ethylenediamine)cobalt
(1IT) ion will be used &s &an exaﬁple to illustrate the method, since this
is the most thoroughly studied complex in this respect. | .

The configuration of G+)-{Co(en)3]*§ as determined by x-ray (17,18,19)

is shown in two different proJjections in Figure III;' In this complex an

/7N\ )

. X N

${ _
N

a
4

{a) - | (b).

Figure III. Configuration of (+J-ttis(éthylenediamine)-cobalt,(IIi)
o ' " ion. Lines replace the bridging atoms. - '

N
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obvious helix is formed by the three bidentate rings as.shown in the
figure. The symbols D and L have been used by early workers, and Au(C3)
and A(C3) have been pi‘opose’d by Piper (20) and also A ((:2)_ and A(Cy) have

been used by Legg and Douglas (21) to define the different chiralities or

configurations. The complex shown in Figure III is D, I\(C3) or A(Cg) in

conf;guration according to the above'terminology and its epantiomer is L,
A(C3) or ﬁ\(Cg) in conFiguration. If vieved along its Cg axis (sece
Figure III-(a)) this complex jon is o left handed propeller and if vieved
along:any of *is 02 axis as shown in Figure JII (b), it is a right handed
propeller. Hence in another paper by MéCaffcry et al, (22) this complex
ion was denoted as M(C~)P(Ce) where M means minﬁs and P means plus. Bis-
bidentate cowplcv“s and ceriuin multidentate cowmplexes that also have Co
axes can ove related in configurations via (p axis cnirality. .

" For octahedral (On) cobalt (III) complexes in a strong ligand field
therc are two absorption bands in the visible and near UV reglon, the longer

wavelgngth band, corresponding to the lAlg——? ]

— -

'Tlgtransition, is magnetic
dipole allowed and hence opticaully active. The shorter wavelength band is
magnetlic dipole forbidden and hence optically inactive. However because of
symmet“y efxocts this band will mix v1th the longer wavelcnﬂuh absorptlon
band end acquire a small amount of optical activity. The .Alg——) Tlg
transition has been chosen for relating the absolute configuratlon to the

sign of Cotton effect in Cobalt (III) complexes (23). In optically active

cobalt (III) complexes this band will split into two or three components

‘debendind on the symmetry of the comp’exes. The symmetry of {Co(en)3}+3

is lo¢°r=d fron 05, to D3 and the first aosorpulon band is split into two

bands cox raspondmg to 1—\1 —_ l‘u" and 1 Ay —> lﬁ transitions. The split ing

does not show in tha elebtronic absorptloﬂ Spacbrum but is obssrved in its




~11-

CD spectrum. In the CD Spectgum of ‘LCo(en)Sl+3 the two.ﬁands corresponding
to thes§ transitions afe of the opposite sign suggestinglthat the absorptions
that are involved ave of the opposite chirality (22). Therefore, in.using
Cotton effects to cqmpare'the absslute configurations ip this type of com-

plexes, it is nacessary to identify at least one of these'two energy levels
and relate it to a particular chirality. In this complex ion it is the 'B
transition which must be assigned (2h)

In assigning the transition associated with configuration, the pre-

diction made by Piper (25) oﬁ the relative positions and signs of Cotton

lga and 1Al were proved later to be wrong (26). McCaifery

effects for
et al. (26) used polarized light propagated along C3 axis of D--(-'l-}-[Cc»(en):_}]""3
on in crystalline 2¢H-[Co(en)3]C13 HaCl *@p0 to assign the 'E, transition.
Only the trunuitzon with F symmetry is allowed for light polarized in this
fashion. The results show that 1.:11 —n ]'Eé lie at lower energy than 1}\1 —;->l§\2
and the forumer pransition»givcs a positive Cotton effect. This band is also |
the major CD band in solution. It was postulated that for dihedral a8 con-
plexes if lEa transition shows a positive Cotton effect the complexés have
the D absolute configuration. ' . — -
The Cotton effect induced by.a coordinated optically active ligand
was discovered by Plfeiffer (27). This effect was subsequently found by
others in various metal complexes with various Opﬁically active ligands.
The effscts are generaily very small in.magnitude in comparison with the
configurationai ffect and are es pecia‘ly small when the optlcally active
Iigand is monodentate (28). In the stud} of. comglex&s of LCo(LnQ)hAal
type ﬁhere AA is an optically active‘amino ecid, 1t was found by Dunlop

et al. (29) that the amino acids of the same configuration induced Cotton

effect of the same sign in a corresponding d-d transition. In’the‘studyk
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of («)-trans-[Co(-hA)2012]+'énd LCu(eﬁh)QTFQ where Ah 1§_an'optically
active diamine by Gillard (30), the rationale that opticalldiamine of the
same absolute configuratioﬁ will induce Cotton effect of the samz sign at
corresponding d-d transit{oﬁ has beenr used and ths configurations of many
optically acti§e diamines have been related. In this study for exaumple
.(;)-pn has bezn shown to have the same configuration as (-)-chin. In a
study of {Co(en)eaallz, where sa is an optically active amino acid, and
tris(alaninato)cobalt (II1), it was found by Liu‘et al. (31) and by Douglas
et al. (32) that the configurationél and vincinal effects are additive. .
Further, in the study of tris(aleninato)cobalt (ITI) (32) and tris(l-pro-
pylenediannine) cobalt (111) by Douglas (33), the configurational and vin=-
cinal effects have been separated. It was found that the cosfigurational
effect contributed mostly.to the lﬁa transition and vincinal effect con-
tributed mostly to the 1A2 transition. és pointed by Legg et al. (3%),
"The vincinal effect includes any contribution from the asymmelric centers,
ths relafive ring couformations and difference inlinterligan& inferactions.
Tﬁelre]ative impoftance of these céntributions is expectéd‘to vary, although
hthe chelate ring conformation is expected to be of greatest importence in
most instances". .

fhe origin gf optical activity is not well undersiovod. Although it
is very likely that ﬁhere are other facﬁors which goverué the optical activity
of complexes, up to the.present time the Cotton effect of a dissymwetric Eom-
plex is invariably associéted with the chiral arréugément of rings around
the metal ion or the conforrmation of-individua; rings. o

As mentioned.before thefe is no éeneralized actaht rule yet for
inorganic.complexes; An empirical "tedtativé octant rule" has been proposed

by Herkins (35). He based his rule on a limited number of dissymmetric.




‘ complexeé whoss absolute coafigurations have Been determined by x-ray
analysis, siereQSpecificity, machanism‘of reaction or diastereoisomsr
interrelationship. 'According‘to this rule, the absolute configurations'
of D- and L- tris(ethylensdiamine) cobalt (III) and other complexes, whose
optical activity is due either to the chiral arrangement.;f rings around
metal ion, or to the conformation of individual rings, cén be related in
configuration by an octant sign (36). The octant sign‘is then correslated
fo the sign of Cotton effect of a particular d-d trensition for a given com-
plex, depends on the symmetry of the complex. The success of this kind bf
ruie will make it posSible to compare the sigh of the Cotton effect in cer--

tain transition and determine the absolute conliguration of the complex.

The oétant sign of a complex ion is derived by positioning the complex
in a right handed coordinate system so that the central atom is at the origin.
The first chelate ring is placed so that the donor atoms lie in Xy plane and
‘have'ﬁhebcoordinates (2x,4y) énﬁ (=%, +y). The octant sign of the ring atoms

_ and any oéher rirgs is then determined. The signvof each octant is given
b& the sign of the ring atoms. The sign of the ring atoms is determined
by products of its coordinates. fhe substituents on the chelate rings as
well as any wmonodentate ligaﬁds are not considered, only positions of the
ring atowms afe thought to be important. For complex containing more than

_ __one set 6fArings or for wultidentate complexes, all rings are individualli
80 pléced and the éigné obtuined for eaéﬁ position are added.

Recently Legg and Douglas prqused (21) a "ring pairing method" to
define zbsolute configurations of complexes oflvarious_symmetry types: In  ~
thié methoa ail poééiﬁie bidentate rings relative to a Cé or péeudo 02 axis

~ere written dowﬁ'gnd designated as ¢,or N in cdmpariéon Qith cﬁnfiguration

of cis-ico enéK2]+n. Here the A(Ca) cohfiguration'is equivalent to the -
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I\(C3)‘or D configuration of [Co(an)3T*3 ion. Sets of adjacent ringe and
trans.rings in the same planz are not countsd because sucﬁ pairs do not
define a gpiral patiern. The ret chirality or the chirality which occurs
the greatest pumber of times is said to determine the chirélity of the con~
plex and the o?tical activity of the complex.

In short, the octunt rule considers only the position of ring atoms

and thes ring pairing wethod nsglects ithe vincinal effect and counts only

[t

the net chiral sel in defining the absolute configurations for conplexes.
The fact that they can bhe used currently in-correlating the absolute con-

figurations of a numoer of optically sctive complexes indicates that for
v \ p

“these classes of compounds, the Cotton effect probubly is prirarily governed

by the chiral arrancement of bidentate rings around metal ion or position
t (< (=1 P

of the ring atoms. However %the limitation of these two rules are apparent,
[¥) : g 4 b

For exawple they do not define the ‘chirality of an optically active octa-

hedral corplex containing six different monodentates. These rules will be

undoubtedly tested further and revised as various types of new optical com-

plexes are synthesized and &s the factors govern the optical activity in

complex ions are better understood.

-—




II. OSTATEMENT OF PROBLEM

The origin of optical rotalory power in complexes is far fr&m well
understood. At the pressat time optical activity in comblexes has be=en
mainly assoclutzd with the spiral arrangement of bidentate rings around
the metal ion or conformations of-coordinated'optically active ligand.
| The purpose of the present work is to syathesize couplexes of a
specinl symmetry type in which the rings cancel onevanother so that
essentially it is non-helical in natwe. The optical rotatory bshuvior
of these couplexes are to be distinguished from that of the helical

structure conplexes.




ITXI. EXPERIMEKTAL

A. Preparstion of Bis-(8- awinoethyl)iminoacetic Acid Trihvdrsbromide
‘ .

1. Preparation of Bis~(Baphthaloylaminoethyl) imide
|

This compound was prepared by the method of Liu (37). ~Potassium
phthalimide (21 g, 0.113 mole) prepared according to Salzberg and Sup-
niewski (38) was placed in ébsut 15C uwl of dimethylformamide. The bis-
q3-chloroetﬁyl)amine hydrochloridc (5 & 0.028 mole) was added in small
portions at room temperature. After completing the addition, the mix-
ture was bheated under gentle reflux for over three hours. Upon cooling
~about 300 ml-of chloroform and 400 ml of waler were added. The agueous
layer which separated was extracted three times with portibns of chlqro-
form. The combined chloroform layers were washed twice with 0.2 H potas-
siun hydroxide sdlution and then with waté;. The organic layer was
dried with sodium sulfate, filtered and evaporated to dryness on the
steam bath. The s0lid residue was recrystallized from 95% ethanol. The
melting point of the product was 183-185°C. The yield wes 5.1.g, i.e.
50%. It was found that attempts to make larger batches of the compound

by lncreasing the quantities of the reagents and varying the reaction

time one ovtained only products of poor quality and low yields.

‘2. Preparation of Bis-(B-phthaloylaminosthyl)iminoecetic
; o bl 02T ‘

" Acid Ethyl Bster

To 3.63 g (1C™2 mole) of bis-(g-phthaloylaminoethyl)inide in
35 ml of dimethylformamide #asvslovly added 1.85 g (L.l x lOfe_mole) of

6- L -
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b;omoethylaéetate in 15 nl of dimethylformzmide. The solution was £hen
refluxed gently for eighteen hours, after whiéh 30 ml of water and 30 ml
of chloroform were added. The mixture was separated in a sepafatory
funnel. The aqueous layer ﬁas extracted with chloroform twice, the com-
bined chloroform layers were washed with water twice and reduced on &
steam bath to a small volume. After cooling to roow temperature and
addition of a1few drops of water, a sticky residue formed. This vas
waéhed with ether twice znd recrystallized from hot ethanol-water. The
solid obtained had m.p. 93~103°C. The $0lid was recrystallized from hot
ethanol~water containing Norit. The fine needle-like crystals formed on
cooling Were_filtered and washed with cold zbsolute eth@nol, air dried,
(m.p. 104-105.5°C). The product was recrystallized égain from hot ethanol-
water Tiltersd and air dried, (m.p. 10%.5-106.5°C). Anal. Caled. for
CaplipstisOg: 64.13; H, 5.16; N, 9.35. Fownd: C, €h.12; K, 5.14;

N, 9.29. '

3. .Preparation of Bis-gg-aminoethyl)iminoacetic—Aéid

Trihydrobromnide

To 4.49 g (1072 mole) of the above ester was added 75:m1 of

HCl-HEO (1:1 by volume) solution. The mixture was réfluxed gently in

& round bottoﬁ flaskvfor four hours. The phthalic acid formed after

cooling was removed. The solution was further concentrated to a swall
volumes whereupon more phthalic acid formed which was filtered and washed
with cold water. The filtrate was evaporated until an oily residue rorﬁed.
Attempts to isolate.thié_compound in Ehloride form faileq.‘ A crystalline

compound wes cbtained by slowly recrystallizing the residue from hydro-"

bromic acid and ethanol*water mixture. For analysis the above solid was
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recrystallized again from a hot ethanol~water solution containing hydro--
bromic acid, the solidiseparated was filtered and air dried. Anal.
Calcd. for CgllygN30yBrg: €, 17.84; H, 4.49; N, 10.50; Br, 59.34.

Found: C, 1l7.64%; H, k.59; N, 10.21; Br, 59.36.

B. Preparation of Bis-R-awincethyliminoacetato (chloroacuo)or (diaguo)

‘cobalt {IIL) Chloride

To a mixture of bis-(ﬁ-aminoethyl)iminoacetic acid trihydro-
bromide, bis- -ABIA* 3HBr (0.8080 g, 2 x 1073 nole) and lithium hydroxide
monohydrate (0.3360 g, 6 x 1073 mole) in 10 ml of water was added cér-
bonatotetrezmainecobalt (III) nitrates 1/2 H,0 (0.5152 g, 2 x 10”3 mole)
in 10 ml of water. The mixture was diluted to 30 ml and heaﬁed on a
_stgam bath for five houré or until =11 the awmonia had bean driven off.
The solution waslfiltered through Celite and evaporated under woving
air to 5-10 ml, and several drops of conc. hydrochloric-acid was added
to it. The solution was cohcent:ated further and ethanol‘was edded to
precipitate a lavender solid of lCo(HEO);ZbiS18~AEIA)}Clé. Théﬁsolid
was filtered and washed thoroughly with ethanol and air.dried;f _
.gggé. Calcd. for CoC6H18N3Oh012’ - C, 22.10; H; 5.56; N, 12.89; C1,
21.75. Found: C, 22.33; H, 5.62; N, 12.86; Cl, 21.59. %hen this solid
was dissolved in watar, the color of the solution changed Trom viélet

to red due to ejuation.

C. Preparation.of Oxalato (bis-8-sminosthyliminoacetato)-cobalt (III)
: y ; : : :

A solution of carbonato (bisjﬁwaminoathyliminoacetatp) cobalt’

(1II) (2 x 10-3 role) prepered as in B was filtered through Celite and
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evaporated under moving air until a syrup formed. To the syrup was

T added b m) of weter and the mixbture was filtered to remove trace amounts

6f s0lid impurities. To thz filtrzte was added oxalic acid until the

'PH of the solution was sbout one. During this reaction bubbling of car-

pon dioxide was observed. The solution was evaporated on & steam bath
fo a few millilitérs. ATteor addition of ethanol to the hot agueous
solution to the oil point a red precipitatg sépafated out on stﬁnding.
Several fractlons were obtained by repsating the above process. The
m@in fraction was recrystallized from Lot water. The dark red crystals
of [Co(biéqg-AEIA)CQOA] were Filtored and washad with cold water énd air
dried. Anal, Calcd. for [Co cgﬂlhmsoél: Co, 19.19; C, 31.28; H, 4.59;

N, 13.68. Found: Co, 18.76; C, 31.10; H, %.69; H, 13.55

D. Preparation of CiSu(bis-B-aminoethyliminoacetato)f(ethylenediamine
- - 1 . i ‘

T %obalt (III) Chloride

4 solution of carbonato(bis-;}aminoethyliminoacetafa)-ccbalt'
(1II) (4 x 10"3 wole) prepared &s in B was filtefed through Celite. To
the filtrate wasAadded ethylenediamine dihydrochloride (0.5321 g,
4 x 1073 mole) and the mixture was heatééfon”a steam bath fof five hours.

To™ the resulting solution was added sodium perchlorate (1.95 g, 16 x 103

‘mole) and the solution filtered. The colorless coupound which sepafa*ed

upon sﬁanding wves removed. Then an orange preciplitate sep%rated on fur-
ther sﬁanaing. This was filtered and washed with water and ethanol.
Several fractions were qbtﬁined from the filtrate in this fashion. The
fractioné were combined ahd recrysiallizad from water tviée. ‘fhe oraﬁse;

red crystalline coupound so obtained was filtered and washed with water
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and ethenol. For purification, this compound was dissolved in water

" and passed through a buret conteining Dovex 50 W-x8 in chloride form

at a rate of 6.5 ml/min. The chloride collectéd was evaporated to dry;
ness, dissolved in miniwmun amoﬁnt of water and precipitated fr;m ethanol.
The orange precipitate was filtered and washed with absolute alcohol,
and air dried. Anal. Calcd. for [Co08n22N5021012: c, 27.k4; H, 6.33;

N, 20.00; Cl, 20.25. Found: C, 27.55; H, 6.38; ¥, 19.90, C1, 20.Lk0.

B, Attempts to Separate and Resolve the Cis-(bis~-B-anincethylimino-
3 > 1

acetato)(ethylenediamina) cobalt (IIT) Ton

1., Separation by Peper Chromatography

A concentrated solution of the cowplex ion was spread on a
étrip of Whatman chromatography paper and eluted overnight with
l-butanolfH2O-H01 (60:30:10) mixture in a glass tank saturated with

the vepor of the solvent mixture. Only one diffuse band was observed.

2, Separation on &z Cation Bychangs Cellulose Colurn

A concentrated solution of the complex ion was added to a bureb
~ packed with cetion exchange cellulose, Cellex-Ci (which has carboxymethyl
- exchange groups in Ka form) in water. When the band was eluted with water

and then with 0.01 N Nabl'solution, only one broad band was observed.

3. Attempted Rasolution with Qptically Active'Resolving Agents

a. Rgsolﬁtion with Aﬁmonium-d—&&bromocamphorwﬂ}sulfonate

. .The coumplex chloride (0.0875 g, 0.238' x 10-3 molz) and armonium-
a-0¢brovocamphor-J-sulforate (0.1560 g, 0.476 x 103 mdle)'were dissolved
in 4% ml of hot water and allowed to cool to rodm_tehperature.' The

vl




diastereoisomers of the coumplex d-OGbromocEﬁphbr-n}suifonate that
crystallized out were filtered and washed with ethanol. From the fil-

. trate, three wore fractions were obtalned this way.A;The ethanol washings
‘were combined and evaporated to dryness. Compounds from &ll fractions
had ORD curves similaf to that of ammonium-d-0-bromocamphor-J-sulfonate.
The recovered complex perchlordte obtained by adaigg sodium pefchldrate

to a concentrzted solution of the dlastersoisomer was optically inactive.

b. Attempted Resolution with Silver-d-ff-bromocamphor-fl-sulfonate

To a solution of silver nitrate (6.7956 g, L x 1072 mole) in
: iO ml of hot waﬁer was added ammoniué-&%k:bromacamphor{ﬂ?sulfonate
(13.12¢2¢g, b x'lO"2 wole) in 50 ml of water. The white needla=~like
crystzls form=d were filtered and washea with ethanol. More of the com-
pound Separated by concentrating the solution to a smeller volume. A

. total of 15-16 g was obtained. This was recrystallized from hot water
and air dried. The yield was 11.5 g. To the complex chloride (3.5017 g,
1072 mole) iﬁ 30 ml of water was added a suspension of silver-d4ﬂ}bromo-l
camphor-J{-sulfonate monohydrate (8.7221 g, 2 x 10'2 mole) in 30 ml of
hof water. The solution was dllutcd to 250-300 ml and stirred for 15
wlnutes, then fllterbd irom the silver chlor:de. The filtrate was. ==
evaporated until crys»als started to separate. The crystals w;;é fedis-'
solved completely by h=a*ing thn mixture on a stezn bath. -Upon standiﬁg
at. room tempcrature, the diastereoisavnr separated. Several fractions
were obtained. All fractions hed similar ORD curvas to that of the |
fesolving agent. The recovered complex‘perchlorate obtaihed by adding'
sodium perchlorate to & conc. solution of éhe diastereoismeg vas opti-v»:v

caliy inactive.
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L. Aittempied Resolution of the Coumplex Ion by Stirring with

d-quortz

Two grems of d;qﬁértz powder was washed with dilute hydrochloxic
scid several times and then with water. To the complex ion (0.1530 g)
in 1% ml of water was add=d 1 g of the above d-quartz and the solution
stirred for 20 minutes. The solubion was filtered and to the filﬁrate
" was added the repaining d-quartz and stirred for anofher 25 minutes. The
guartz was removed by filtration and the filtrate was transferred to the
cell. The CRD curve'ﬁﬁé taken detween 600-350 W The'compiex was opli-

cally inactive within experimental error.

-

5. Attenpted Resolution of the Complex Jon with an Optically

Active Complex Anion

o the complex chloride -(0.240 é) in water was‘added.HK{CoEDTA}
.(0.503 g). The purple solution was filtered and the filtrate eﬁaporated
‘to dryness wnder moving air. The residue was recrystalliéed frbm ethanol-
%watér. The purple crystals formed were filtered and washed with ethanol.
| They wéighed 0.2810 g. From the red filtrate more purple needles cry-
stallized out vhich were also filtersd and washed with ethanol. The
ORD and IR of the purple crystais inéﬁcate that the resolving agent was
recovered.

F. Preparation of.N-(B—phthaloylethyl)iminodiacetic Acid Diethylester

]

To dimethyliminodiacetate (9.%5 g, 0.05 mole) in 450. ml 'of

dimethylforpamide was addedwﬁ-bromoethylphtha1imide (12.7 g, ©.05 mole).

The mixture was then refluxed for nineteen hours. To the resulting .




solution was addad 300 ml 5f chloroform and 300 ml of water. The
agueous layer was extracted twice with chloroforw. The combined
chlorofori layers were washed twice with water and evaporated on 5
Bteam bath until a syruvp formed. -To the syrup was added hot ethaznal
and water. After cooling to room temperature, the white precipitate
vhich formed was filtexed and washed with water.. %ﬁé.ygeld was 5.5 g.
This crude product was recrystallized {row hot ethanol. The colorless
crystals were filtered and washed with cold ethanol and air dried. The
product weighed 1.2 g,-a 23% yield. The melting point was'92-97°C.
Anal. Calcd., for 018H22H2063 C, 59.63; H, 6.12; &, 7.75. Ffound: C,
59.89; H, 6.16; N, 7.50. All attempts to hydrolize this compound with
hydrochloric acid to get ths desired F}aminoathyliminodiacetic acid

feiled.

G. Prepvaration of 8;iminoethyliminodiacetic Acid Hydrosulfate

With slight modification, the procedure described ﬁy Schwarzenbach
(39) was employed in preparing this ligand. Brom5aceti; acid methylester
(7.7 &, 0.116 role) was added in portions to e mixture of H-carbeth-
oxyethylenediznine (7.??_5, 0;058 méle)(prepared according to Rosenmund's
method (ko))énd of potaszium carbonate (8 g, 0.058 mole). Aféer_the
initial heat evolution éeased, thé slufry was heated on a stean bath Tor
four hours. ihe paste formedmgas eﬁtracteq wiﬁh ether. The éther was
later reﬁaved bf evaporation on a sieam bath. The oily residue was fil-
tered from a tface amount of solid. The viscous yellovish N—carbéthoxy-
"ﬁ—aﬁinoéthyliminodiacetic acid dimesthyl ester thus obtéined weighed'13.8‘g.
To 3 g bf the ﬁbové érude oii barium hydroxide octahydraﬁe.(9.h7 g) in

200 ml of water was added. The mixture was heated on a_steam bath for




two hours. Aftef cooling 30 ml of 2N sulfuric acid was added and the
barium sulfate precipitlated ﬁas filtered through Celite. The filtrate
was evaoorateﬁ-to dryness and recrystallized a few times f'rom agueous
ethanol. The 80lid obtained was used in the following synthe;es.
Anal. Calcd. for Cgiljplp0)y *HpS0y: C, 26.27; H, 5.14; N, 10.22.

Found: C, 25.h9; H, L.66; I, 9.92.

H. . Pressration of fB-amingethylinminodiacetato (diaquo) cobalt (III)
¥ -

Iitrate

. Tg gz wmixture of ﬁ%aminoefhyliminodiacetic.aéid hydrosulfate ...
(0.5485 g, 2 x 1073 wole) in § ml of water and barium hydrozide octa-
hydrate (1.2620 g, & x }9'3 mole) in 5 ml of water vas added carbonato-

tetraamsinecobalt (III) ﬁitraﬂe‘l/e H,0 (0.5158 g, 2 x 10‘3:mole) in
10 wl of water. The soluﬁion was heated on é stzawm bath for foﬁr and
one half hours. The resulting solubtion wos filtered to remove barium
sulfate anﬁ other impurities. The filtfate,was evaporated to dryness
©and diééolved in a small amount of water and a few drops of conc. per-
chlbric acid vas add=d in an attempt'to wake perchlorate of tha complex.
A violet red precipit#te was obtained by adding ethanol to the above
solution. The precipitate waé filtéred and washed with ethanol and
redissolved in water. To this was added a”few drops of conc. ?erchloric
acid again and precipitated ffog ethanoi. The precipitate o obtained
was filtered and washed with ethanol and air dried. It was found by
;eiemental analysis that the nitrate of the complex was obtained.

Anal. Celed. for [CoCgHyNp0g) NO5-1/2 HyO: €, 21.18; H, k.lM; X, 12.35,

Cl, 0.00. Found: C, 21.5h; H, 4.35; N, 11.99; €1, 2.08, 2.12.
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I. Prepuration and Separation of ths Isoners of BQAminoethylimino-
L

diacetato (ethylenediamine) cobalt (ITL) Ions

B-Aminoethyliminodiacetic acid hydrosulfate (2.1944 g, 8 x 10-3
mole) in 20 ml of wabter was mixed with barium hydroxide octahydrate
(5.0480 g, 16 x 10’3 mole) in 20 ml of water. To the mixture was added
carbonatotetreamminecobalt (ILI) silfate trihydrate (2.0958 g, L x 10-3
mole) plapﬂvﬂd according to Suhl¢$singer (%1) in 40 m) of water. The
above mixture was a:‘ut 26l V'uh 3C ml of water and heated on a stéam bath
for -twenty three hours. Thﬂ resulting mixtuvre was. aﬂsumnd to uantAin
8 x 10~3 mole of casrbonato (F}aminoethyliminodiacetato) cobalt (IILI)
jon. Tne mixtuvre was filiered from_barium sulfate precipitate. To the
filtrate wvas added ethylenediamine dihydrocﬁlorida. (1.06h2'g, 8 x 1073

mole) and heseted on & steam bath for ten hours. The resulting dark red

""O
PN

éoiution‘(QS ml) wvas addsd at a rate of 1 ml/min to a column (diameter
5 cmylength 60 cm) containing about 400 wl of Dowex 50 W-X8 cation exchange
resin (56-100 mesh) in the sodium form. The Eomplex formed an uneven red
band at the top of the column. Water was then passed through the colunn
at a rate of 2-3 ml/min until the nlu&nt was colorless. Then the co“umn
was eluted with 0.5 N sodlum perchlorate aolution at 1.8 nl/min. Tvo

red bands and one brown band Separated on elution. The large flrst red
band and the small second red bend were collected in fractions while tbe
top brown band moved-very little. The fractions of the first red bandv
identified by nmr to b= the trans isomer were coubined and evaporated to
‘a small_yalume. The red precipitate which'sepqraved during the evapora-
tiug process was filtered and washed with—ethahoil Tha product weighed

0.4860 g. Anal. Calcd. for trans- [Cocaq18u4o\1010h C, 2&'&7; H, 4,62;

N, 14.26; €1, 9.03. Found: C, 2k, h(., H, 4.65; W, 1h. 13 c1, _8 97




. ' 26~

The avove itrans perchloratz (0.300 g) was dissolved in water and
addezd to a Dowex 2-X8 anion exchange columu'in chloride‘foim at 1.5 ml/
mir. The eluent was evaporated almost to dryness and precipitated frow
ethanol, air dried. Yigld: 0.2750 3.. Anal. Cealcd. fgr'ggggg-[CoCBHlBNhOh]
Cl:3H,0: C, 25;11; H, 6.32; N, 1h.6:. Fouud: C, 25.06; H, 6.23; N. 14,76,
The fractions of the second band were combined and evaporated under
moving air to a suall voluwme. lLarge amounts of sodium perchloraté separ-
ated out. The sodium percﬁlorate was filtered and washed with ethanol.

‘This process was repeated severa

}—l

times and finally the filtrate was
evaporated to dryﬁaés. Bthenol was addad to extract the sodium perchlor-
ate and the ethanol insoluble complex was collected. The complex obtained
was yeérystallized from water and washed with ethanol. The red nesdles

of the complex pevchlorate weighed 0.1090 g. This.isomer was dissolved

in water and passed thfough a Dowex 2-¥8 anion exchange column ig Cl'.form,
and the solution evaporated to dryness. The residue was dissolved in
minirum amount of water and precipitated from ethanél, filtered and washed
with ethanol, and air dried. The nur spectrwn indicated that it was the
cis complex. Anal. Calca. for gig-[CoCéHlaNhOh]-Cl-2H20: c, 26.35;

H, 6.08; i, 15.35. TFound: C, 26.46; H, 6.09; N, 15.k9.

J. Attempt to:Resolve Cis-B-aminoethyliminodincetato-(ethylenedianinz)

Covalt (III) Chloride

Two grams of d-quartz were prepared as in E.4, One grau of this
was stirred with C.050 g of’ﬁeaminoethyliminodiacetato (ethylenediamire)
cobilt (IIT) chloride iu 10 ml.of water for 15 minutes. The solution

-was filtered and to the filirata was added the rewaining d-quariz. end
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stirrsd for another 25 minubes. The solution was then filtered and
an ORD curve of the solution was laken It was optically inactive within

experimental error.

K. Preparation, Separation and Purnlnc"tiov of Isomers of P-%HlﬂO‘

ethyliminodincetato (1-cyclohexane-diamine) cobzlt (111) Tons

To carbonatz (ﬂ~aminoethyliminodiacetato) cobalt (III) ion
(1€ x 1073 molz) prepusved a&s in I. wes added l-cyclonexanediamine d1hya10u
chloride (2.98 g, 16 = 1073 mole). The mixtur: was heated on a steam

bath for twelve hours. Upon cooling the solid impurities were rewmovad

by filtration and washed with water. The conmbined filtrate wvas evapor-
ated to dryness. Crystals Tormed duving the evaporating process wers

" pedissolved in 20-30 ml 6f hot water. This soluiion Qas addad o a
cation ion exchangé colunn (5 cm in diameter and €0 cm in langth) con-
taining Dowex 50 W-%x8 (50-100 mesh) in the °odiuﬁ form. The column
wes was n=d with water until the eluent wug essentially colorleou.
Elution with C.2H, 0.51 sodiunm perch]oratn solution resulted in the
separation of two red bands. The first band wes collected in fractions
and the ORD curvsas oflall_the fractions were found to be ideﬁiical.
These {ractions were then cpmbined and isolated by repeated removel of
sodium peréhlorate and addition of ethan"l. Eventually, on addition
of efhanol, a red solid precipitated. The solid was dnssolved in water
and filtered. ‘The filtrate was evaporated'to dryness and'dissolved in
minimun of vatar again. ‘Upon addition of sthdnol to this solution a
precipitate seoarated. The precipitate was filtered and washed with
~ethanol, and air dried. anal. Calc. for trans-ICOUlEHehnhOh]ClO)-2H20'

C, 29.85; H, 5.85; N, 11.6L. Fo_und{ c, A30.09; H, 5.84; K, 11.72.

Y
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The second band was collected in fractions. The ORD curves
for ell fractions were tuken. The peaks and troughs of the ORD curves
Efor 2ll fractions occur at eésentially same wavelengths. However the
peak at SOO yu decreased in inteasity gradually from-ihe first to the
last fraction. Due to the extremely low concentration of compound in
all fractions, the fractions were combined, and‘isolated as for>the

. ¢is isower in I. The so0lid obtained weighed 0.035 g. Anal. Calcd. for
glgriCoclzﬁguNhOh]ClGA-NaCth'l/E HaO: €, 2h.93; H, h.36; N, 9.69; Cl,
12.26; ¥a, 3.98. Found: C, 22.1h; H, %.06; N, 9.73; Cl, 16.66; ka, 33.81.
“ ~ To purify the above cis compound a fresh iodidé coluun was pre-
| pared as follows. A buret wes packed with Dowex 2-X8 (50-100 mesh) in
- chloride form‘and 200-600 ml of 3 M sodium iodide solution was passed
through the columa. The.column vas then washed with 1-21 of water or
until thes test of iodide ion by silver nitrate solution was faint.

"The cis isomer was dissolved in a minipum amount of water and
passed through four of such freshly prepared iodide columns. BEach time
about 4O ml of eluent was collected. The eluent fron the lest column
was evaporated to dryness, dissolved in a minimum amount of water and
precipitated from efhanél. The precipitate was filtered and weshed with
ethanol, aad a2ir dried. It weighed 0.0069 g. éggi. Calcd. for cis-

[CoClEHQANhOh]I: I, 26.76. Found: I, 26.80.

L. Preparation, Separation and Purification of Isomers ofJB-Amino-
N i ’

ethyliminodiacetato (l-propylenediamine)-cobalt (III) Ions

A solution of carbonato (Fﬁaminoethyliminodiacetatd)-cobalt (111)
(8 x 1072 mole) was prepared as in I. It was centrifuged®and filtered |

‘through Celite. To the #iitrate was added ;—propylenediamine_dihydﬁoéhioride'.
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(11.7656 g, 8 x 10°2 pole). The mixture wes heated on a steam bath
for twenty-seven hours until the voiume of the solution wae reduced
to lQO'ml. This solution was filtered und the filtrate was added‘at a
rate of 3 ml/min to & column (5.9 cm in diamster and 100 cm in length)
packed with Dowex 50 W-X8 (100-200 mesh) cation exchange resin in the
sodium form. An uneven tand formad at the top of the column. The colunn
- was wvashed with wvater until the elvent wes colorless, then it wes eluted
‘with 0.1N sodiwm perchlorate solution slowly. Afte: the band had separ-
ated into two bands (trans and cis), the concentration of sodiuw per-
chlorate was increased to 0.2N. The irans band was collected in fractions.
The ORD curves were measured, the pesks and troughs of the ORD
curves for ell fractlons occur at same ﬁavelengths. The intensities of
the peaks were normslized by assuming that the specific rotations at
675'gm ere c0nstant for all fractions. The inteneity pf the peak at o
L7p i3] decreased slightly and gradually from the head to the tail fraction,
.while th: intonsity of the peak at 560 R remained essentiglly unchanged
?or all fractlons. The ‘head and tail fractions (Tl and Ta).wefe iéolated
separately 15 the same fashion as for the trans isome;s described in I
end K. For anslysis the solid isolated was dissolved in water, filtered.
The filtrate was evaporated to a small volume and pracipitated from
ethanol. The precipitate was filtered and washed with ethanol and air

dried. Anpal. Calcd. for trans—Tl-[CoC HaoNh0u1019h‘ C, 26.58; H, 4.96;

9
N, 13.77. Found: C, 26.42; H; 4.91; N, 13.73. Anal. Calcd. for
trans-‘l‘a-@ocgﬁgoﬂ){%]Cth'1/2 Hy0: C, 26.00; H, 5.09; N, 13.48.
Found: C, 26.28; 1, 5.08; I, 13.50,

The trans-Tl and traps-T2 perchlorate were passed separately

through two freshly sacked Dowex 2-X8 anion exchange column in c1” form.




The solution collected was evaporatad to dryness and‘washed with
ethanol. Anal. Calcd. for §£§g§~T1-{0009H20Nu0h]Cl' 1.5 ﬁ20:- o
29.2k; H, 6.27; Cl, 9.59. Found: C, 29.02; H, 6.19; C1, 9.82. Aml.
Calcd. for .i_;g_e:_r};g-Te—[CoCc)}{zoNhoh]Cl' 1.5 Hy0 C, 29.24; H, 6.27; Cl,
9;59. Found: C, 29,13; H, 6.19; C1, 9.80.
* Phe concentration of the sodium perchlorate was eventually
increased to 0.5H. The cis band eventually separated into two bands.
-The first cis band countsined much more compound than the second one.
The first cis band vas collected in fractions and the ORD curves for
all the fractions were measured. Tha fraction at very beginning of the
first cis band had a peak at LEC gu and & trough‘qﬁ}BéO M. Then a
" fraction which had peeks at both 460 and 500 mpn, and & trovgh at 580 wn
was collected., This fraction was called (f)gpp-cis-1. After this a
fraction with paak at 500 gp,and trough at 580 gu,was,collected. This
fraction, which appeared to have the Iargest waximum rotation was’nameé
(40500~gi§~2. A few other fractions with a peak at 500 mu and a trough
close to 600 mu were obtunined, their maximum rotations were considerably
spmaller. The concentration of these tested fractions were estimatéd by
matchinv the color of.the solution. The fractiéns-(+05oq-gi§*l apd
b+‘5oo-c1s-2 were isolated essenuzally in the same manner aé the cis
isomer.in I. Taa compound isolated from the (+))00'C¢S-‘ fractlon
‘weighed 0.1980 g. Anzl. Calcd. for (+)500-_g_i_§-l-[CocheoNuOh]Cloh-
1.58aC10; *1.5 H,0: C, 17.52; H, 3.76; H, 9.09. Found: G, 17.&9;
E, 3.88; N, 9.09. | After the isolation the ORD peak at 460 mu for this
fraction disappoared.‘ For purification, (+}500-cis~l parchlorate LLowas
dlqsolved in water and gdSoed through seven iodide _columns prcoared as in

'K, precipitated twice Irom ethano], filtered and washed withlethanol and




air dried. 'The compecund was slightly contaminated with scedium iodide.
Anal. Caled. for (+)5oo-cis—l-iCocgﬁeoﬂhoh]I-O.h2 KaI+1.8 H,0: C,QO.NQ;'H,
k.o 1, 34.03. Found: C, 20.khk; H, L.k9; I, 33.98.

Tre compound isolated from fraction'(+)5go-cis-2 waipghed 0.228'g.
Anal., Calcq. for (+)5oo-cis-2—[Cocgﬁeoﬁhoul'Cth'NaClOA'HQO: ¢, 19.76; H,
b.05; M, 10.25. Found: C, 19.80; H, 4.11; §, 10.34. For.further
purification the above C%)500~cis~2 perchlorate was dissolvad in water
and passzd tbrough three freshly prepared lodide columns. The eluent
ves precipitated from ethanol, filtered and washed with ethanol, ailr
dried. The yield was 0.095 g. Anal. Calcd. for c+)500»313—2-{0009320Nh0h]
I: C, 24.90; H, 4.64; I, 29.24. Found: ¢, 2k,71; H, 4.80; 1, 29.10,

Y

The '
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econd cis band was collected in fructions, since the ORD
curves for all the fractions were essenilally {dentical they ware cowm-
‘bined and called (-)gpgcis and isolated in the sewe manner as for cis
isomer in I. The compound isolated welghed 0.2690 g. Anzl. Celcd. for
(-)5OO-E;E-LCoc9H25mu0h101oh;mac1oh-ﬁeo;\ C, 19.76; H, b.06; W, 10.24;
Cl, 12.97; Ha, 4.2. Found: C, 19.82; H, 4.09; N, 9.60; C1, 12.27;

Na, 11.68. The above conmpound qas.dissolved in waler and éassed through
twovfreshly prepared iodide colurmns and precipitated tvice from ethdnol'.
filtered and washed with ethanol, and air dried. The yield of the puri-

fied product was 0.1220 g. Apal. Caled. for (-)ggp-cis-{CoCgHpoly0y]1:

\r

M. Visible Absorption Spectra

_Spectra'for optically inactive complexes were recorded at room
temperature with & Cary Model 11 spectrophotometer using 10-2 M solution

in 1 cm éells.’ Before‘obtaining the spectra, the instrument was adjusted




to give zero absovbance with water in the sample cell and with the
refersnce cell empty. Spectra for optically active complexes were

measured on a Jasco UV/ORD/CH-5 instrument.

N. HNuclear Masnetic Resonance Spaclra

Spectra wera recorded on a Varian =60

v

sectromsbar (60 He'sec)
at about 33°. The spectrum of clg ﬁ—q ninoathylininodiscetato{sthylere-
diamine) chlowrids was rerun on a Varian Hi<100 (100 Mc/sec) to pget better
resolution. A reference standard of sodinm -2, 2-dimethyl-2-silapentane-
5-suifonate (NaTis) was used. All spectra were run 1n da uterium oxide
with or without adding one drop of deutezso%n11ur15 scid to shift the

HDO peak to lower field pé facilitate the Integration of the adjacent

peaks. All resonances occurred to the low field side of HaTMS and were

arbitrarily made poéitive.

0. Optical Rntaoory Disversion and Circular Dichroism 3Specira

'All the ORD curves of the tested fractions were mpeasured over
tbe range 6750 to 3500 R on a Keston Model D Polarimeter attachment for
& Beckman D.U. Spectrooho»onnter The attachwent was calibrated over
the working range using freshly prepareé’sucrose solutions. The final

spcetra were obtained on a Jasco UV/ORD/CD-5 instrument at room

temperature.




P. Infrared Spectra

Infrared spectra were obtained on a Perkin-Elmer Model 337

grating instrument using Nujol mulla.

G. fR ﬂlY§QS
All waslyses werce done by Spang Microanalytical Laboratory,

Ann Arbor, Michigan. ‘

R. Reagents

Bis-(ﬁ%chloroethyl)amine hydrochlorids wvas purchased from Hi
Laboratories, Whitmore Lake, Michigan. Carbonatotetraammirecobalt(ITI) nitrate
l/? HQO, a-quartz and l-k(CoEDTA] ware obtainzd from Dr. D. ¥W. Coske.
Cation Exchange Cellulose Cellex~Ci was purchased from Calbiochem
Lavoratories, los Angeles, California. Ammonium-d~ﬂ$bromocamphor-71-'
sﬁlfonate was purchased {ron the A;drich Chemical Corporation.
Potassium d-antimonyltartrate was>purchased from General Chemical Co.,
New York. Diethyliminddiacetate was purchasad fron Bastwmen Organic
Chemicals., JY-Cyclohexanediaumine dihydrochloride.w&s obtainéd from
Dr. Wade A. Freeman and l-propylzsnsdiamine dihydrochloride was obtained

from Dr. Judith L. Doyle.




iV. RESULTS AKD DISCUSSION

A. Genzral

Complexcs of various bra nchcd chaln tetradentate liéands in
which the chain is bifurcated at a donor etom such as 5»9 ‘B"-triamino-
triethylemine (42,43,44) ard nitrilo triacetic acid (45,46) have been
rade end their stereochemietry, studled. However chelates of this type
with nonidentical arms. have not been synthesized before.

Tetradentatn ligands svch as bis= (ﬁ‘&WlﬂOCthYl)'lMlﬁOuCthC ac1d
(bis ﬂ-h..Lq.) end ﬁ-dminoethylim.modiacetic acid ( ﬁ-cﬂ:‘ID) are examples
oi 1ig“rds with noniden tic“l arus. When attached to a metal ion in an

SV

octahedral complex these ligands can form trans and cis geometrical

isomers dus to the stereochemical requirements of these ligands. For
the'bis-ﬁ-aminoethyliminoacetato (ethyleredianine)cobalt (III) ion, the
isomer in which the two nitrogens of the fétradentate are opposite each

other is denoted as the irans isomer (Figure IV (a)) whereas the isomer

in #hich,the tivo g;ffogens of the tetradentate are adjacent to each other

is deroted as"tho cis is;mer (Figure IV (b)); For the'ﬁﬁaéinoethylimino-
-diacetato(ethglenedlamine)cobalt (II1) ion, the isomer in which oxygens .
are opposite7each other is denoted as E;ggg_(FigprggIV (c)), wﬂila the
_150@35 in wﬁich-the two oxygens afe adjaoentrto each gthe; is denoﬁed.

. as cis (Figure IV (d)).

The 5th aqd 6th coordination sites which in the figure are occupied

by ethylenediamine groups can be reg_aced by anothsr bidsn ate or by tJO

monodentates.

| .‘3n? N




Figure IV. Geometrical isomers of bis1B-aminoethyliminoacetato
(ethylenediamine)cobalt (III) iomns (a), (b), and
ﬁ-a.minoethyliminodiaceta.to (ethylenediamine)cobalt

(111) ions(c), (d) Lines replace the bridging
atoms. .

The cis isomersvshownlabove will have optical isomers because of
lack of an improper axis of rotation Sn. Yet according to the'téntative
octant'rnle (35),‘the resolved cis complekes shown in Figure Iv (b) and

1v (d) will have no octant sign (36) hence have zero optical activity;

| again, according to the ring pairing method (21) these cis complexes will

"have net zero chirality, hence no optical activity.

Stereochemical implications of the resolution of a cis complex

. with 5th and 6th positions occupied by two removable monodentates, are
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evident. Because the possiﬁility of a disg£oportioqatian reactioﬁ
is minimized for cowol utilizing polydentate ligands, substitution
reactious occuring at these 5th and 6th sites probably will ﬁot charge. -
the configurati&n 6f the complex.

in tﬁe present work, several octahedral cob2lt (III), c0mplexe;
of the tetradentinte wvith one acetate group were mada. They were the
bis- faminoethyliminoacetato(chloro aquo) or.(diaquo)cpbalt (II1) ion,
the';oxalato(bisvg-aminaathyliminoacetata)cobalt;(Iil) and the Biénﬁ;‘
aminoethyliminoaceta&o(ethylenediamine)cobait (III),‘ion. The config-
uration of the {Co(en)(Bis—ﬁvABIA)]+2 ion was found to be c¢is by its
nmr spectrum. Several octahadral cobalt (II11) complexss of the ﬁetra-
dentate with two acetate groups wera also made. They were the ﬁ-amino-
ethyliminediécatato(diaquo)cabalt (I11). ion, the ﬁ}aminoethylimino-
diécetato(ethylenediamino)cobalt (III)_ion, the f}ﬁmﬁnoéth&limino~
diacetato(_-cvcloh diamine)ccbaiﬁm(III) ion and the ﬁ@amihoethglﬁ
iminodiacetato(l-propylinediamine)cobalt (III) ion. These cowpounds
existed in both the trans and cis configuration. The geometrical isomers
of the complexaé of & diamine and the tetradentate were sepafated on

cation ion exchange column. The configuration of trans- and cis-

' [Co(en)([g'é‘xEID)]'!' vere assigned by thelr visible and nur spectra. The

configuration of the trans and cis isomers of [Co(l~chxn)(ﬁ}AEID)T+
-and - [Co(l-pﬁ)(ﬁ ID)} were as31rved based on their visible Sp’Curao
The two cis isomers of [\,o(l-pn)('e .—gID)]+ which separated during the

column elution were characterized by their ORD and CD spectra.
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B. Prenaration and L-uolntion of Isomars

In making ?hese complexes it was found that.the conventional
method of oxidation of a cobaltous salt does not yield tﬁe desireé
products. The carbonatotetréamminecobalt (111) ioh serves as a good
.starting waterial. lany unrelﬁtéd coyplexes vere made at the beginning

Jjust to test the feasibility of this method of preparation.

Attempteﬁ saperation of geowetrical isomers of [Co(en)(bis—ﬁ}
AEIA)T+2 ion by paper-chﬁomatography or on catiqn exchange eellulosé
column gave only one broad vand uhich we.s ;deutifiedvas the cis isomer..
Various methods were used to resolve this complex'ion without success.
Geometrical isomers of [Co(diamine)(éFAEID)]Ftype complexes were
separated'by cation ioﬁ exchange chromatography. The two bands vhich

camé off the column have been assigned in order of their elution the

trans and cis configurations for [Co(un)(ﬁ;AEID)]+'ion on the besis of

~ their visible absorption spectra and proton magretic resonance spectra.
All other conplexes of this type were assignad Lonfigurations by comparlng
their visible spectra with that of the {Co(en)(f}AEID)Tf ijon. The order
of elution for all other complexes of these series 1s also Egggg first
followed by cis. This order of c§lumn elﬁ%ioﬁQEgree with the qbservations

of other investigators on trans and cis isomers conteining monodentate

ligands (L7,48) and those containing multidentate 1igands (h9,50) ‘of “the
[CoNhOal typ The trans and ci° isomers have the same formal charge

but the cis isomer has a greater effective dipole moment and hance is

adsorbed more firmly on the. column.

Because of the small amount of cis- LCo(eﬂ)QB-A"ID)]+ obtained

from colunn separation in comparison wzth the corresponding‘trgns, it wag
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difficult to carry out a resolution. Adsorption on d-guartz failed
to.resolve this cis - complex ion. |

Two diastereoicomers can exist for the cis- [Co(l-pn)(ﬁ-ﬂ“ID)]‘+
since.cobait (III) jon lies in the asymmetric center of this complex
end is making use of an optically ective ligand. Furthermore for each
of the two diastercoisomere it is possible to have two pOSitiona;‘;gomers
due to the two ways of orientation for the l-propylenediamine. For
frans;[Co(ifpn)(ﬁ~AEID)]+ ion only the.formétion of positional isomers
are possible. The mechanism'of separation of these optically active
diastereoisomers on cation ion exchange column is not undsrstood. But
.the fact that only glg-[Co(;-pn)(ﬁ}AElD)] ion and not gig—[Co(l—chxn);
(ﬁ-AEID)]+ ion is resolved on the column can be rationalized as follows:
. the different positioning oi substituent CH i3 on the ring of coordinated
lfpﬂ has s8lightly changed the affinity of the diastereoisomers toward

the resins.

C. Visible Absorntion Spectra

1. Visible Spectrum of [Co(en)(bis-B-AEI4)IF2 Ion
. 3 B

The visible spectrum of [Co(en)(bis-ﬁ%AEIA)]+2 jon is shown in

Figure V. The trans and cis forms of this complex both have effective

[CoNso]'i'i2 or pseudo Duh’symmetry as can be seen from Figure'IV (a) and
IV (b). For this reason, the visible spectrum of this'complex ion does

" not tell whether it is cis or tranms in con’iguration. The crystal field

theory will predlct (51, 52,53 54} for this complex ion a broadnnjng of the
tand at the higher enargy side oi‘l'A1g Lr trdnsition because in this

ion the dipole mouent in xy plane is greater than that. along the Z direction ;




since nitrogen is higher in the spectrochemiczl series than oxygen.

The absorption spectrum as shown in Figure V agree with-fhis prediction,
& slight broadening of ths first bend ab higher energy side can be seen.
The sbsorption peaks wnd moler extinction coefficients of this complex

are sumizrized in Table f.

2. Visible Spectra of trans and cis—{Co(diamins)(E;AEID)i?Ions
1

The visible spe»tra of truns and cis-isomers of [Co(en)(ﬁ%AEID)it
{Co(l—pn)(d—ﬁ ID)T* and [Co(l-ch?n)(ﬁ~nulh)] 2re shown in Figure V, VI,

. and VII respectively. Both trans and cis conpleyes of this series have
[CoNhO T* or pseudo Dy;, syumetry. Since N is higher in the spectro— ,
chemical series, according to crystal field theory (51, 52 53,5#) the
gpans isomar'(Figure v (cD in which the dipole moment in xy plene is
greater than that along the Z direction will sylxt at the higher enargy

N side of the first bund, vhereas the cis isomer in which the dipole monent
in xy plane is smallgr thin that'along the Z direction wmll have only a
broadening of the first band at the lower energy side. This wes observed
for all the couplexes in the B—AEID series., A Bﬁmmary of the absorption
peaks is shown in Table‘I. |

The absorption mexima for all of these complexes falls essentially
at same energies, For the trans isower the major first band occur at -
1.9 x 10% cn™t and a shoulder at 2.2-2.3 x 10%cu~L. For the cis isower

the major peak occurs at 2.0 x 10%cm ™t and & broadening at 1.8 x 10%en-1,

All the mexima for the high energy absorption bands occur at 2.8 x 10% ewl,
For the optically active {Co(l—pn)qg-AEID)] 1ons where more than one cis

and trans forms were 1solated, only representetive curves for one trans
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i

and one cis isomer are p;esanted, (see Figure VI), although the maxi-
mum quelength and molar extinction coeflicients for all isbm;rs isolated
were shown in Table_l.

The positions of the shoulders were obtained by sdbtracting a
symmezrlca] trace of the first band from thez originel first bdnd The
separations belween the main peek of the first band aﬁd that of the :

parent compound (using the data for [Co(en)3 3 ion (19)) were calculated.

The ratio of separation between trens and cis for Co(d1am1ne)(£}A“ID)}+
where dionine is ethylenedianing, l—propylnnediamlne and l-cyclohexane-
diam*ne respectively are 1.6, 1.9 and 2.0. These valuss agrae quité well
with the simple crystsl field predlction for pure ionic wonodentate com-
plexes oflthis type (51). The only deviation from the theory is the inten-
sity prediction. The prediction suggests thot the Eii isouwer which does
not posseas a center of syrmetry should bave a more intense spectrum than
.the trans isomer which has this center of symmetr&. The absorpiion spectrs
of ell the trans isomers in this series ﬁave greater intensities than the
‘corresponding ¢is isomwers. This result however agrees with the spectra of
a series of cobalt (III) complexes of IDA and MIDA vade with dien by Legg
and Cooke (50). As explained in their paper and by Ballhausen (SS),'in
these d-d transitiong_the complexes gain intensity through the.dissymmetry
introduced by asymmetrical ligand vibrations. The vibrational mbtion in |

thhse chelate systems should be more complex than those of the monodentate

complexes upon which the 1ntensity predictions are based.
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TABLE I

Absorption and Circular Dichroism of Complexes in lﬂlgf“élTln
and lq¢g"'11°5 Spectral Reglon 2

Absorptﬁon
Complex (max. v x L0™%cm” )

T o L, @ I €

cis- [Co(en)(01“~3~ABIQ)‘}2
cig- [Co(cn)(ﬁuuMIu)1

2. (126.8) - (sn)  2.89  (13h.
i
frans- [ro(m)(g-mm)ﬁ 1.
l.
1

& 0)
g (sh) 2.01.  (107.0) 2.80 (117.0)
g0 (Wh.0)  2.24 (sh) ..2.80 (175.0)
31 (5h) .02 (13%.0) 2.8 (179.8%
81 p

0
1

(=)500-{Co (L 9")(5— 2In)] '
(+)§oo—"l -2-{ ﬁ(*-ox (ﬁ'ﬂuln)]
V&

—v

2.02
(sh) 2.02  (139.9) 2.83 (172.5

(- )roo-¢3~~nv0('~yU)(ﬁ-r*ID)] ;“ - -

(+J co-Eis=2-! c;(1-qn)(3-adin)‘—v:'- . : - - -
@+) 00-c1s-1-LFo(1 cn)(ﬁ-AJID)) 1,80 (8h) 2,00 (118.0) 2.84 (181.6)
txanq-mJ ~[Co(2-pr)(B-2rin) 1T 1.91  (147.6) 2.27  (sh) 2.82  (202.5)
| Trans-T5-{ Co(I-pn ) (B~ A“I))1+ 1.61  (17h.h)  2.2h 0 (sn) 2.8 (221.2)
. cig-[Co{l-chxn)(B-£E1n) 1T 1.79 (sh) 2.02 (152.7) 2.81  (177.0)
trans-{ Co(1- ch\n)qs -AnTD) 3T 1.90 (159.8) 2.2k (sh)  2.82  (201.2)

. Circular Dichroisnm
Complex (extrema, v x 10~%en~1)

~Ip le) Iy (e) II (e)

ci5-[Co(en) (bta-fri2 ;z\)ﬁ? - - - - - -

cis-[Co(en)(p-4%1D)] - - - - - -

trdna-[Co(en)(ﬁ-AEID)] - - - - - -
(=Y500-cis- [c°(1-pn)({s -av1D) It 1.85 (1.A5) 2.k (-0.37) 2.88  (0.18)
(+):Oo-cis-2 [ho(l-pn)(ﬁ-AEJD)]* 1.86 (-1.21) 2.16 (+0.74%) 2.84 (-0.40)
1.8% (0.12) 2,17 (+0.20) 2.8h4 (~0.11)
' ( )5oo-cis -[Co(1- pn)(B AzID)IY-ve' 1.85 (+1.30) 2.1% (-0.68) 2.8% (+0.25)
(+)550-cis-2- [Co(l-pn)(ﬁ-nnln)]—v 1.85° (-1.37) 2.16 (+0.43) 2.82  (-0.30)

(10 O-ca.s-l--kCo(l-'m)((S-A.,Iu)]+ - - - .- - -
tranu-T —lCo(l-pﬂ)(ﬁ-nhID)T* 1.83 (-0.02) 2.23 (+0.13) 2.86  (-0.10)
trans—rn {Co(l-pn)( ~4E1D) IF 1.83 (40.01) 2.22 (+0.13) 2.86 (-0.16)
cis~ [Co%l-carr)( AEID)]+ 1.26 (0.15) 2.15 (#0.31) 2.74 g-g.OQ)

"1.85

trans-’Co(l-chxn)(ﬁ-z-..ID)]'I' #+0.09) 2.21 (#0.18) 2.92

VE 18 used to rapre°ent the calculated vincinal effects in cis-[Co(l—pn)(ﬁ-AnID)T+
. ion.

VE! is used to reprecent the estimated vincinal effects in cis-[Co(l-chrn)(ﬁ Ax"'*‘ID)]"~
ion. _ A
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D. NIuclear Mzgnetic Resonance Speclrsa

' The proton muaneulc resonance specira were measured for.
[co(en)(ms~lg-ma>]+‘-, and treng- and cis-[Co(en) (B-2EmD) It as shown
in Figwe VIII, IX, X end XI and summarized in Table II. Although there
are three kinds of protons in these complexes, only the acetate end
. ethylens ring protons appeared in the proton wagnetic resonance spectra
of these couplex ions. The amine probons apparently exchanged very

repldly with deuterium as these proton peuks were not observed.

1, NMR Spectrum for [Co(en)(bisﬁg-AEIA)T+2 Ion

For complex with formuls {Co(en)(bis»ﬁ%#EIA)I*a, cis and trans
isomers are possible (Figure IV (&) and (b)). In the cis isowmer
(Figure IV (b)) the ovientation of the aqeta@é ring places the two
protons in different environment and an AD quartet s expected in the
' acetaté ring protons region. For the trans isomer (Figure IV (é)) a
singlet in the acetate ring érotons region is predicted due to the
equivalence of the two acetabe protons. As shown in Figure VIII, in'
the acetate ring protons region, three‘peaks of the quartet appeared.
The one ab lowef field is covered by HDO peak. The two peaks at higher
field correspond to one of the two acetate ring protons integrated to
1.03 protons. The ethylene protons which appeared between 3.5rﬁ>2a5 PeDeMe

integrated to twelve protons. Hence this 1somer wes as signed the cis

configuration.

2. BB Svectra fo'r [Co(_en)(B-AEID)]+ Tons

The complex with formula [Co(en)qg %uID)]+ identifxed by its

visible spectrum as trans-[Co(en)(FFAEID)]+1on exhibits the nmr spectrum o
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in D,0 and D50, shown in Figure IX. As expected 5ne quaftét inte-
grated to h,35 protons is found in the acelate ring protons region
between h.6-—>3.8 ppm due to the equivalence of the two aceiate rings
and the slightly different chemical environment for the two protous on
each acetate ring in trans isomer (Figure IV (c)). The ethyléne ring
proton peaks sppeared between 3.6 and 2.5 5 ppm integrated to 8.0 protons
for this irans isomer, (Table IL).

For the cig {Co(et)(ﬁ ID)]P jisomer, the nmr spe ctrum as shown
in Pigure ¥ integrated to k.36 protons in the acetate rlng-protons region
fetween L.k and 3.7 ppu (Table II). As shown in Figure XI, & better
resolved spectrum obtained on a Varian 100 Mc nur spectiroucter clearl&

© wm
reveals two sets of quartets in this region as expected due to the slightly
different chemicel environment of the o acetatg_rings in the cis isomer.
The .en ring proton peasks appsar between 3.7 and 2.3 épm and give an
integration of T.9.
The chemiéa)l shifts calculated’accoiding to Jackuan (56) for

the acetate ring protons of the complexes are shown in Table III.

TABLE Il

Chanlcal Shifts of Acetate Ring Protons of
, the Tetradentate Chelates

..__Ba £o Be.-Eb Jaubméb
cis-{Co(en)(bis- -Aaxﬂl 57 T 3.85  C.iL 0.69
trang-[Co(av)( -ART l] L.h3 - 4,06 0.37 , 0.76
cis-{To(en) (8- ndID)} gal £bl g2l-gbl | Jab/s¥Eb
.05 k.21 0.16 1,09
£a? 6b2 . §22-gb% Jab /s
¥.02 k.18 0.6 1.21

These. values are consistent with the values obtained for [Co(dien)(MIDA)]+

by Legg and Cooke (50) end [Colen) (¥TA)) by Cooke (5T).
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o Nm; spectrum or.t'rans-[Co(e'n) (ﬁ-AEID)]+.
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. _ ' ' ' _FigureXI

Nar spectrua of cis-[Co(en)(ﬁ-A..ID)]* in the
acetate r:l.ng protons region at 100 Mc/sec.




-52-

L. .Optical Rotatory Dispersion and Circulasr Dichroism Spectra

Fof the c*s-[Co(l-pn)QQ l'"‘ID)] ion, because of the fact that
the Co +3 is at the center of dlosymmetry and is making use of an opti-
célly active ligand }:;q, two diastercoisoners are possible. Because
X-pn is as symmatric two positional isowers are also possible. So = tofal
of four isomers D;i,lhlé, 1;1 ard L1, are possible for this cis isomer,
.where D and L ave used to represent the two optical corfigurations of
the cis isomer and 1; end 1 used to repreéent the two ways~of orien~
tation ‘of the l-pn. TFor cms-[Co(l-oth)QB—;.ID)]+ because of the senme
reasons two diastereolsomers are possible. EKowever there will be no
positional isomefs'bécause the l~chxn is symmetrically coordinated.

For trons-[Co(L-pn)(8-A%ID )1, the tetradeutate exhibits a plane

of symmetry snd no configurational isomers exist, only positionsl isomers

due to the two orientations of l-pn exist. For trans--[Co(_J_._-chxn)(ﬁ»AEID)]+

because of the plane of symmetry of the telradentste and the fact that
1~-chxn will bz symmetriéally coordinated, only one isomer.should form.

| Al) the ORD and CD curves for trans- and cis- [Co(l-pn)(ﬂ—AuID)]+ ‘
and [Co(L-chin)(B-AEID)I* are shown from Figure XII to Figure XIX. The
CD extrema‘associaxed with the first and the second ebsorption bands are

tabulated in Table 1.

.XI. ORD and CD Curves for Trans~[Co(l-diamihe)~(8-AEID)I+ Ions

The Cotton effects as shown in their ORD and CD curves in
Figure XII1 and XIV are due to the vincinal effect élone es there is no

o

configurationaliéontribution in these complexes. '

The ordexr of magnitude of OFD and CD curves are reasonable for '

vincinal effect. The maximum molar rotations is ebout 800—1000°
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occﬁrring at about 2.1 x lohcm'l (see Figure XII) and maxixam CD is
about 0.13—>0,18 occurring at 2.2 x thcm‘l (éee Table I and Figure XIV).
As dlscussed in the introduction, in various kmnﬁs of .complexes
which contzin optically cctive dlemines of seme configuration, it has
been found that the irnduced Cotton effects by thsse amines are of the
same sign in corresponcéing eiectron@c transitions for a given complex (30).
~ Since the diaminesllfpn and l-chxn have the same absolute coniiguratl
j.ons (30;}8,),) it is expected that the ORD and CD curves of the trans-
complexes will have similar shapes. As shown in Figwe XII, thGYORD
curves of these trens isouwers have similer shapes and the CD curves
shown ih Figure ZIV again reveal general simiiarities. There sxre two
CD bends in 1Ay,—311y, transition. The major CD for s)l the trans-
compounds occur at 2.2 % 20.0!L cn, corresponding to the shoulder on the
hiéher energy sidé of the first dbsorptiop band (Teble I), end are
positive in sign. The CD spectra in the region from 1.5 x 10h et to
2.0 x 10h el appeaf to bte a composite of two peaks; a positive peak
at 1.85 x 10% e~ and & ne gative peak at 2.0 x 104 cm1, The relative
inténéity of these two peaks affect the overall appearance of the CD
speétra in this region. In the gggggf[Co(gfchxn)QB-AEiD)]+the relative
intensity'of the positive peak is grester and the.CD spectrum is gener-
ally positive with a negetive portion et 1.6 x lo“ el due to.thé broad
negative peazk. In the spectia of the l-pn complexes the intensity of
the‘negafive pesk is somevhat greater than tﬁe positive giving the resul-
ting peak and node seen in the CD spectra.‘ It would be expected that
1-pn and chxn would have slightly different influences on the environment

of tbe C'+3. Thls could result in the differenu rela ive intepsities of

these two CD pesks.
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2, ORD and CD Curves for the Cis—[Co(l—-diamine)(B-.'-‘JBID)]"' Ions
(2) CisCo(i-cnxn)(B-rmm) )t son

For the unresolved cis-fCo(1- chun)qg-ALID)]+, the ORD curve
Figure XI1I and CD cuxve Figwe XV have essentially the saue charzcter
as that of the trans serles. There afe two positive CD bands in the
lAl."”>l*lb transition. The mejor (D bend occurring st 2.2 x 10+h e~
_ has en intensity of +0.31 ard the minor CD band occurring at 1.9 x 10% em~l
bas en ipbtensity of +0.15. %The wolar rotation has e maﬁimum.of about
-1000° at 2.0k x 10% el (see Figure XIII1). The slight increase in
. . intensity in the CD curves of c¢cis in comperison to the correspanding
trens coumpound could bz due either to a greater than 50:50 retio of
C+)5oo-gig to (-)5oo—gg§_formatiog or to & change in interligand inter-

actions from trans to cis.

(b) Cis-[Co(l-pn)(3 -exr) 1t Tons
ot

As mentioned before for this cis complex ion, it is possible
to have two configurational and two positional 1soﬁérs. The combination
make° it pOCbID]c to have four diasts raoiqona“s.

From the ORD curves Figure YVI and CD curves Figure XVII of
(+)5oo”£i§f*‘{bo(1‘9n)(ﬁ" ID)} , it is observed that the meximum rolar
rotation as well as CD extrems cre aboﬁt five times greater in this
isomer then in the unresolved gggf[Co(;?chxn)gB-AEID)]+ or the trans-
[co(1-pn or l—chxn)qg-AEID)]+ complexes. Although the CD extrema
occur in Table I at 2.2 x 10“ end 1.8 x . 10% cw L es in the unresoivedf.

’ciq-{Co(l-chxn)qgwAEID)T+or fco(L-pn or l-chxn)(ﬁ-AEID)]+(see Table I),
the mzjor band has reverqed, being at lawer energy side at 1.9 x J.OlL cm

and having an intensity of -1,21. The maximum mola: ro@ation.which occurS'
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at 2.0-x 10!L hos & valuz of»5500° which is 1grge for vincinal effect
alone. Yurthermwmore the essentizlly mirror imzge relationship between
the ORD and Cb curves of (~)500-gi§~[00(l-pn)(ﬁ;AEID)]+and (+)500-cis-

-rcb(g;pu)(ﬁ-AEID)]+ suzgeets that there ere configuraﬁionalAeffects
a8 well as vincinal effects in these two complexes. 1n othér wofds,
the (-)Soo—ggg end (+)500-gg§72—[00(;f§n)qg-AEID)]+are essentially |
diasterveoisomers in which the tetradentate ligands have enantiomeric
relationships. Although it is possible th;ﬁ in thése isomers the
orientation of l-pn may be different, the Co»ton effects generated by
different orientation of l-pn should be very similar as seen in the
case of the Egggg isomers with l-pn. The vincinal effect denoted as
VE (see Figures XIIX, XV and Tablé I) in the C+)500-g;§72- and (-)500-
gjﬁ~[00(.];~pn)(18-AEID)]+, 18 obbained by adding the OXD ard CD cwrves .
of ‘(+)500-cis-2 and (=)50peia-(Co(d-pn) (B-azmp) 1t and aivided vy two,
wnder the assumption that the configuratibnal and vincinsl effect are
additive in these complexes. As shown in Figure XIII and Figure XV,
the ORD and CD curves of the vincinal effect so obtained have similer
character as that for the unresolvéd gié-[Co(lrchxn)QS-AEIb)]+'where the
Cotton effects are thought to bé contributed meinly by vincinal effect.
The intensity of this calculated vincinel effect is agein of the right
order. The’méjor peak occur at the higher erergy slde of the first
absorption band at 2.2 x th cu™l as for all the Irans series compounds
of ‘this type and the unresolved'cis-[Co(l-chxn)qe-ﬂEID)]+ where vincinal
effect alonz or mainly contribute to the optical actlvity.

" 'Since during the column separetion of (- )5oo-c1s~[Co(l pn)(/g-zAFID)]+

only one component wea observed in all the fractions in the sacop@ cis

band and the rotations was essentially cpnstant‘fbr al; the fractions,‘
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this isomer is probably optically pure. The (+)500-g;gfz—[00(;-pn)
(ﬁ-AEID)}+ wag isolated from the first gig band that had several cou-

- ponents end various meximum rotations, so this fraction probably con-
taine several possible isomers. This fraction hence may not be
oétically pure., But if we suppose the vincinal'éffect in this gig-
[Lﬁ(l»pn)qs ARIDY ) + is approximately eqﬁai to that in trans-[Co(;-pn)
(B~A ID)J or the unresolved cis- [Co(]-ch\n)(ﬁ-A ID)]+ , the fact that

. the ca’culﬂtva vincinal eflcct is guite closz to th~ observed vincinal
effect indicatas that (-{-)500-5._;_8»2 fCo(l-pn){ﬁ AE ID)}" is essentially
pure. If wve accept this we then way proceed to get two ORD and CD
curves by subtrocting the vincinal effect in gig-{Co(l—chxn)qg-AEID)]+
(denoted as VE') from the complexes b+)5od-gi§~2~ and (-)Soo—éigr
[Co(;-pn)(gmnnlj)]+ to get pure configurational effect due to asymmebtric
distribution of the tetradentate ligend. These curves are shown in
Figure XVIIJ and XIX. These curves can not be teken as quantitailve
since éhe optical purity of one of the diasteréoisomer is not known.
However, if we accept the assuvmption just made, thess curves will
qualitatively rgpresent the configurational effect in 0+)500-31§-2 and
(- )500-r1= complexes. Here the major band occurs at lower energy side
of the first band at 1.9 x ].()br cm™! and the minor band occurs at 2.2 xlohcm'1
reversiﬁe the order for the calculated VE in this system or the vincinal
effect VE! in [Co(L-chxn)qg-A Ix))]'+ If the configu;ational'effect
contribute most to lEa and vincinal effact contriﬁute most to 1A2v ag

for the compounds studied by_Douglas et al. (32,33), we would assume thai

l?a lies at the lower energy slde OI the first band; 3owever ifvwe take
cF thnory pre4iction (52,53, SL), the lover energy side'Cﬁ band will be

the 1A2 transition.
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The mere presence of obtical activity dge to vonfigurational
.effect in gig-[Co(g-pn)q9~A51ﬁ1]+ complex shows that there zre factors
other than cénforﬁation of rihv or helical arrangement of bidentate
rinns around metal ion which contribute to optical activity. The msjor
factor which determines the cpnfigprational efiect in these cis com-
plexes is the difierence between an coordinated oxygen and nitrogen. —
Since according to the definition of octent sign (36) which neglects
the cpntributions of coordinated atoms to optical activity and includes
'only the position of ring atoms, the configurational effect of cis con-
pounds will have no oct nt sign and hence no abtical activity., Again
a;cording to ring pairing methsd (21) which corsider a H-N.ring as the
same &s o N-0 ring, thé present complex will have no configurational
effect.and be optically irnactive.
| Becaﬁse of the fact that the cﬁrrent rules have becen dasigned
to. correlate configurations of complexes whose optical activity is due
to the spiral afrangement of bidentate rings around metal ion or due to
conformation of optically active ligand without considering the difference
between the coordinated atoms, the coanfiguration of (+)500-g§§:2- ori
A(-)5oo-gig-{Co(;—pn)QB“AEID)}+"can not be assigned by compering Cotion
| effect in-a reléted %ransition with then.
| In order to relate configuraticn of these cis complexes, the con-
figuration have éb be redefined-by including a sigd-for each cobrdiuated
atonm sucﬁ as‘niﬁrogen end §xygen in terms of octant rule (35). In térms
of ring paiping method (21), it is important to decide vhich of the two
‘sets of helical ring systems (N-N, §-0) or (N-N, N-X) determineé the net
;chirality. Also the transition tnat is related to configurhtlon in the

'v‘resolved cis complex should be 1dent*fied.




V. SUbuARY

Two tetradentate ligands biSrgg-aminoethyl)iminoacetic: scid
trihydrobromide end ﬁ-aminoethyliminodiacetic acid hydrosulfate wers
- prepared. Their various cobalt (III) complexes were made by reacting
with cerbonatotetrazmminecobalt (IIT) ion fol]ored by escidification and
: addition of a bidentate or two monodantate ligands.

' Ths [Co(en)(Bis-ﬁLAEIﬁ)]+2 jon was ‘identified as being cis in
configuration by its nme spectrum. The geouctrical isomers of zll the
[Co(diamine.) (ﬁ n“ID)]"' type of complexes where the diamine is en, l-chxn
or l-pn vere Separatad on cation exchange column. The trans and cis

isomers of [Co(en)QS-AElD)]+ wera idsntified by visible and nmr spectra.

The trans and cis isomers of [Co(l—chxn)(ﬁ-&EID)I* and [Co(l-pn)(ﬁLAEiD)}+
were identified by thelr visible spactra.

-;Thé ORD and CD cﬁrves of the Egggg-{Ca(l-dhxg)QB-AEID)]+Vand
[Co(lpn)(ﬁ n_,ID)]+ were the result of vincine 1 effects alone. The ORD
and CD curves of cis- [Co(l-chxn)(ﬁ.nuln)]* mny or may not have some
configurational effect depending on thg ratio of diastereoisomers formsd
in this isomer. The ORD and CD curves of the cis-fCo(l~pn)(ﬁ-AEID)]fcan
be attlibutbd to both con;xgu:ati0911 and vincinal =ffects.’

The resolution of c1°-[Co(l-sn)(ﬁ-A:ID)]+ indicates that there
are factors other than the splral arrangerent of chelate rin&s around
metal ion or conxormauion of rxnvs whlch contribute ta optical activity

and in deafine chirallty the coordinated atoms” should be taken into

consideration.
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