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A second geometrical isomer, iiai2s(0506)..Co(EUDl[aB)-, of the Co(B1I) comp1:x of ethylenediamine-N,N'-diacetic- 
NNt-di,,~3=propioiiic acid has been prepared and iesolved. More complete resolution of tlie prcviously reported trans(&) 
isomer has been achievecl. Electronic absorption, circular dichroism (CUI,. and nnir spectra were used to characterize the 
new isomer and confirm the identity of the one previously reported, Both isomers with lowest energy (a) CD peaks are 
tentai iveip assigned the .1. configumtion. 

~~~~~~~~~~~~ 

Complexes structurally related lo Co(EDTA)- (EDTA := 
etraacetaie) are of interest in the study of 
ng to their optical activity. X..Way studies2 

of the Co(EDTA)- complex have shown that the two giycinate 
rings which lie in the plane of the  two coordinated nitrogens 
(the so-called $P rin,gs) arc more strained than the two giycinate 
rings iyiiig outside this plarie (R rings). The CD spectra.3 differ 
fQr Co(EDTA-, Co(l,3-PDTA) - (1,J"PDTA 
propanediaminetetraacetale), and Go(EI9TP)-- (E 
etiiy1en~iaI:ijnetctrapropiona~e~ because of changes i;r the size 
and arrangements of the chelate rings. Because of the interest 
in the opi.ka1 activity of the Go(EF2TA)- typa complexesy three 
structurally similar ligands, EDUDA.'? (EDDDA = 
eehylenedlamine-Pbr,~~t-diaselate-W7,i~'-di-3-propioIiate), EDDS5 
(EDDS = ( , k , S ~ - e i h y l e n e d i a ~ . i ~ ~ e ~ ~ ~ ~ ~ ~ ~ i s ~ c c i n a t e ~ ~  arid 
EDDAMS6 (EDDAMS = (S)-eehylenediamine-N,N-di- 
acetalc-N'-naonosuccinate), have been prepared and the GD 
spectra crf the corresponding cobalt(Il1) c:ornplexes have been 
reported. It was found that, assuming there is morc strain in 
the G plane for five-mernbercd rings than for six-membered 
rings, the EDDDA and EDDS ligands preferentially form 
isomers having two six-membered rings in the G piane. Their 
circular dichroism ctirvm are very sirnilas in shape. On the 
basis of thik similarity and by rmans of correlation with the 
spectrum of the Co(BDT'A)-, whish is of known absolute 
ccanfiguratien,7--9 the configuration of the 1ransj05) geometrical 
isomer of Co(EPDDA)- was assigned.4 

In the case of the EDDDA,4 EDDS,5 and EDDAMS6 
complexes, besides the contrilsution to optical activity due to 
the relative size arid distribution of tine chelate rings, con- 
sidera tion of t k  contributions dae to the asymmetric nitrogen 
or carbon atoms and ring conforma al cffe4r:s are important 

s of the cm bands. In 
order to euiahiaiz !be conirilrution due to the. asymmekric 

prepared N-mcthyi and il,',lv'-dimetliyl derivatives of EDDS 
(MEDDS and DMEDairX). Ecczuse of only slight changes 
in the CD spectra among the Co(1BBj coniple- 
cludd that there ;s only :J, verji small cor1trilsutio 
strength due to the asymmetric nitrogen atoms in tire EDDS 
system. The cantribution of the che1at.c rings to optical activity 

exes, then, strongly depends on both their 
postirlatcd by Legg and Weal,G and chcir 
an octahedron. We ca~inot yet say just how 
coiitributions are. This question could be 
if ' he  CD spectra c f  the optical isomers of 

a11 three pssikie geometrical isomers of Co(EDDDA)- (Figure 
1) ~ o u l d  be measured. It was for this reason that we have 

work with the EDDDA ligand, in the 'nope that 
are a.nd resolve the t ransjOs0s)  and trans(f.36) 

geometrical isonrcrs (not preriEousXy prepared) which irave 

in ihe study of the ro1,a.tional s t r m  

nitrogens in the 6:oQEDDs)- co!T1plex, .lordan and Legg10 

different dispositions of five-membered (glycina te) and 
six-member& (0-alaninate) rings about an octahedron. Earlier 
work led to thc isolation of only one isomer of Co(EK)DDA)-. 

H4EDBDA4 and Na3[Co(NOz)6] I 1  were prepared using previously 
described procedures. All other reagents and solvents were obtained 
commercially and used without further purifikation. 

Optical isomers are identified by (i-) or (-), corresponding to the 
sign of the lowest energy CD band or by the sign of the optical rotation 
at a wavelength X [ (+ )A  or ( ~ ) x ] .  The chirality is designated as 3 
or S according to KJPAC raies.!2 

'of ~~~~~~~~~ EBhyle~ediarnnine-N,IV'-diaceaato-N,N'-~~-~- 
propioasaS6sce3"nss&48ego, ~ [ ~ ~ ~ E ~ ~ ~ ~ ~ ] .  M4EDWDA, 4.8 g (0.01 S 
mol), was dissolved at 55' in 300 ml of water. To this solution, freshly 
prepared Na3[Go(N02)6j3*l 6.06 g (0.015 mol). in 10 ml of water 
was then added, and heating and stirring at the same 'temperature 
were continued for 3 hr. After that, the temperature was increased 
to 85" for 5 hr more. The rcsulting blue-violet soluticn (CCI. 100 ml) 
was then introdirced into a 5 cm )e 60 cm column containing Dowex 
1-X4 (200-400 mesh) anion-exchange resin in the N03- form. Thc 
column was then washed with H20 and eluted with 0.1 M KNQ3 
solution (ca. 0.5 id/tnin). Two similarly colored bands, the first of 
which was blire-violet and the second violet, were obtained (cu. 3:1), 
in addition to a third, brown-violet, band which was more strongly 
bound to the column. After the elution of the first two bands was 
completed, tbe browii-violet band was separated into two bands13 by 
elution with 0.2 M KNO3. 

'The first eluate (blue-violet) was evaporated under vacuum at 50' 
to 30 rnl and then cooled in a refrigerator for 2 hr, The deposited 
KNO; was removed by filtration. To the filtrate was added 30 ml 
of ethanol, precipitating the complex. The complex was filtered off, 
washed with ethanol and then acetone, and air-dried; yield 4.5 g. This 
complex was recrystallized from a 1: 1 water-ethanol mixture and 
identified by nieans of its electronic absorption spectrum as the earlier 
characterized? trans(Os) geomekrical isomer of K[Co(EDDDA)]. 

The second eluate (violet) was evaporated undcr vacuum at 30' 
tc  a isluxuc ni' 15 nil a d  1-hen cooled. KN03 was removed and 20 
in1 of ethanol was added to tlie filtrate. h precipitate formed which 
K I S  filtered offf, and the solution was cooled again for 3 hr. After 
removing some solid. K N 0 3 ,  15 ml more of ethanol was added to the 
filtrate and the soluf.ioii was left in the refrigerator to stand for 6 hr 

d geometrical isomer of K.[Co(EDDDA)]. This 
washed with acetone, and air-dried; yield 0.7 

g. The isomer was rccrysiallized by dissolving it in a small amount 
or wafer at room temperature, adding ethanol, and cooling. And.  

section 

~ ~ e ~ ~ ~ ~ ~ o ~ ~  of the TRI~%(OS) and ~ ~ ~ ~ ~ ~ ~ 5 ~ 6 )  G ~ r n e t & ~ l  YSOMWS 

CRICd for ~~~Ico(~,!DDA)1*3FaZs: c. 30.77; H, 4.73; w, 5.98; HZO, 

diacetBBo-la!iv1-di-3-proipiomaroeobaltiate(1PI) 
Trihydrate, ~ ~ ~ ~ ~ ~ ~ , ~ ~ ~ ~ ~ ~ ~ % ~ z ~ .  Silver acetate, 0.80 g (0.0048 
mol), and (---!o-[Co(tn;20x]Dr.WzO, 1.60 g (0.0044 mol), were stirred 
together at 60' for 10 min in 20 ml of water. AgRr was removed 
by filtration and washed with 10 ml of water. The wash was added 
l,o the filtrate, to which solid frans(050hj-i<[Co(EDDDA)1.3Faz0 
( I  .88 g, 0.004 rr:ol) was then added at room tcmperatwe with stirring. 
To the resulting solutior~, 50 in1 of ethanol was added and the solution 

99; 1-9, 4.73; IV, 6.10; H20, 11.30. 
i U l S ( 0 S 0 6 )  GleQmeh-iCd I§OmW O f  POtE4SiAtlpa 
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Figure 1. Three possible geometrical isomers of A- [Co(EDDDA)]-. 

was allowed to stand in the refrigerator for 6 hr. The less soluble 
diastereoisomer, (-)D-[CO(en)2OX]-(-)D- [Co(EDDDA)].xH20, was 
removed by filtration, washed with a small amount of ethanol and 
then acetone, and air-dried; yield 1.6 g. To the remaining filtrate 
about 60 ml of acetone was added slowly and the solution was left 
in the refrigerator overnight. The more soluble diastereoisomer, 
(-)D- [ Co(en)zox] -( +)D- [Co( EDDDA)].xHzO, was filtered off and 
treated in the same way as above; yield 1.2 g. Both diastereoisomers 
were fractionally recrystallized to constant Ae values (assuming 
anhydrous 1:l diastereoisomers, FW 642) by dissolving each in 15 
ml of water a t  room temperature and by adding 20 ml of ethanol to 
each solution followed by cooling (however, in the case of the more 
soluble diastereoisomer, both ethanol and acetone were required for 
crystallization). i l e m  -5.10 and Ae604 -2.15 values were obtained 
for the less soluble and more soluble diastereoisomers, respectively. 

The corresponding enantiomers in the form of silver salts were 
obtained by passing aqueous solutions of the diastereoisomers through 
a column in the Ag+ form. The eluates were evaporated over sulfuric 
acid in a light-shielded vacuum desiccator to a volume of 3 ml. About 
4 volumes of absolute ethanol was added to each solution, and the 
solutions were left in the refrigerator for the enantiomers to crystallize 
as the silver salts. The enantiomers were removed from the solutions 
by filtration, washed with absolute ethanol and then acetone, and 
air-dried. The pure enantiomers were also obtained in other ex- 
periments by evaporating the eluates to dryness: Ae606 f2.25, Ae543 
73.12; [Q]D T194Oo in 0.02% aqueous solution. Anal. Calcd for 

Hz0, 3.59. Found: C, 28.81; H, 3.65; N, 5.63; HzO, 3.80. 
Resolution of the Trans(0s) Geometrical Isomer of Potassium 

Ethyienediamine-N,N’-diacetato-N,”-di-3-propionatocobalt(III) 
Dihydrate, K[Co( EDDDA)]*ZH20. The resolved trans(OsO6) isomer 
was isolated as the silver salt because the potassium salt is difficult 
to purify. It is more soluble than K[trans(Os)-Co(EDDDA)]. The 
resolution of the trans(0s) isomer was repeated using the procedure 
given above and more complete resolution was achieved than previously 
reported.4 Both diastereoisomers were fractionally recrystallized from 
a mixture of water and ethanol ( I : ] )  to constant values of At (for 
FW 642). Values of A€ of -4.66 (at 536 nm) and $1.10 (at 563 nm) 
were obtained for the less soluble and more soluble diastereoisomers, 
respectively. Optical purity of the enantiomers was achieved more 
easily as the silver salt: Ae618 4~0.40, At547 T2.78; [ a ] ~  T120Oo in 
0.02% aqueous solution. Anal. Calcd for trans(os)-(-)o-Ag[co- 
(EDDDA)].2H20: C, 27.76; W, 3.88; N, 5.39; Hz0, 6.94. Found: 
C, 27.65; H, 3.66; N,  5.39; HzO, 7.20. 

Physical Measurements. [a]D values were measured in a 1-dm tube 
a t  20’ on an 0. C. Rudolph and Sons polarimeter. 

Proton magnetic resonance spectra were obtained on a Varian A-60 
spectrometer (60 MHz). D2O containing 1% of sodium 2,2- 
dimethyl-2-silapentane-5-sulfonate (DSS) (internal standard) was 
used as a solvent, and lO?? D20 solutions of the substances were used. 

Electronic absorption spectra were recorded on a Cary Model 14 
recording spectrophotometer using a tungsten lamp. For these 
measurements, 2.00 X 10-3 M aqueous solutions of the substances 
were used. 

The circular dichroism curves were recorded at  room temperature 
with a Roussel-Jouan Dichrograph using a Sylvania Sun Gun light 
source. 

Analyses. Analyses were performed by Chemalytics Inc., Tempe, 
Ariz. The number of waters of crystallization was determined both 
from elemental analyses and by weight loss on drying at SOo under 
vacuum. 

Results and Discussion 
EDDDA, as an EDTA type sexadentate diaminepoly- 

carboxylic ligand, forms by coordination to a metal three 

~ ~ u ~ ~ ( O ~ O ~ ) - ( - ) D A ~ [ C O ( E D D A ) I . H ~ O :  C, 28.76; H, 3.62; N, 5.59; 

I I I I -1 
4.0 3 0 2.0 4 0 3.0 2 0 

6 ( p p m )  6 ( p p m )  

Pipre 2. N m  spectra of the trans(0,) and trans(O,O,) geometri- 
cal isomers of K[Co(EDDDA)] in D,O at 60 MHz vs. DSS as internal 
standard. 

five-membered and two six-membered chelate rings. Con- 
sidering the different orientations of the two glycinate and two 
0-alaninate rings about an octahedron, three cis(W) geometrical 
isomers are possible: trans(Os), trans(Os06), and trans(06) 
(Figure 1). The trans(0s) and trans(06) isomers have a 
tetragonal ligand field and C2 molecular symmetry (neglecting 
any conformational differences) while the trans(OsO6) isomer 
possesses a rhombic field and has Ci molecular symmetry. All 
isomers have pseudo-D4h (holohedrized) symmetry with the 
q u a s i 4  axes being perpendicular to the planes containing the 
diamine. Because of the strain of the glycinate rings lying in 
the same octahedral plane,2 it is reasonable to expect that the 
trans(O5) geometrical isomer of Co(EDDDA)- should form 
preferentially relative to the other two isomers, as has been 
found.4 Similar conclusions were reported for EDDSs and 
EDDAMS6 Co(II1) complexes. 

In an effort to isolate the remaining, trans(OsO6) and 
trans(06), geometrical isomers, many different reactions were 
carried out. In reactions occurring between freshly prepared 
Co(OH)3 and H4EDDDA or during oxidation of Co(1I) to 
Co(II1) in the presence of partially neutralized ligand (pH 
-9), the trans(O5) isomer is formed preferentially, along with 
a very small amount of the trans(OsO6) isomer. The best ratio 
(about 3:l) of these two geometrical isomers is obtained in 
the reaction between freshly prepared Na3[Co(NOz)6]11 and 
H4EDDDA. Once formed the trans(OsO6) isomer of the 
Co(EDDDA)- complex is quite stable. No isomerization 
occurs after 3 hr a t  80’ in aqueous solution. 

Nmr Spectra. Distinguishing between the Two Geometrical 
Isomers of K[Co(EDDDA)]. Nmr results were used in the 
identification of the tram(O5)-Co(EDDDA)- isomer reported 
earlier.4 Nmr spectra were obtained for both isomers isolated 
here for direct comparison. The spectra were interpreted in 
light of the report14 that the magnitudes of geminal proton 
coupling constants ( J )  for aminocarboxylate-cobalt(II1) 
complexes fall into two categories, those in the vicinity of 16 
Hz for in-plane (G) glycinate rings and those in the vicinity 
of 18 Hz for out-of-plane (R) glycinate rings. A relationship 
between the chemical shift difference for A and B protons and 
the orientation of coordinated glycinate groups for amino- 
carboxylatocobalt(II1) complexes was first indicated by Legg 
and coworkers.15 Similar arguments were applied recently by 
Koine, et a1.,16 for distinguishing between geometrical isomers 
of a series of (N,N-P-alaninatodiacetato)(a-amino- 
carboxylato)cobaltate(III) complexes. 

The trans(O5) isomer shows a well-resolved AB pattern 
centered at  3.88 ppm with 8~ 4.25 ppm, 8~ 3.52 ppm, and JAB 
= 18.4 Hz (Table I, Figure 2 ) .  These results are in good 
agreement with the C2 symmetry of the trans(0s) isomer which 
has two equivalent glycinate R rings. In the same region, the 
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Table 1. Coupling Constants and Chemical Shifts" for Methylene 
Protons of R and G Glycinate Rings of Co(EDDDA)' - 

Geometrical isomeis 

Dusan J. Wadanovic and Bodie E. Douglas 

?'rans(O,O,) Trans( 0 ) _-- 
R rings R rings G rings 

6 '4, ppn1 4.25 4.15 4.03 

JAB, Hz 18.4 18.4 16.4 
SA - bg, ppm 0.73 0.75 0.61 

633, ppm 3.52 3.40 3.43 

a Values are in ppm downfield from DSS as internal standard. 

Table 11. Absorption and CD Data for  Cobalt(I1I) Sexadentate 
EDTA Tvae of Comulexes 

Absorption- Circular dichroism 
Peak Peak 

position, position, 

__ l_ll_ll _- 

Complex iona kK E kK A€ 

Co(EDTA)- 18.60 347 17.10 +1.50 
19.80 -0.69 

26.65 246 23.80 i-0.28 
25.60 -0.09 
27.60 +0.29 

trunr(B,O,)-Co(EDUDA) 18.60 253 16.50 +2.2§ 

25.80 142 24.40 1-0.31 
26.60 to.56 

18.40 --3.12 

RUKV(O,)-CO(EDDDA)- 18.50 342 16.20 +0.40 
18.30 -2.78 

25.70 186 24.20 +0.29 
26.30 1-0.36 

Co(l,3PDTA) 18.20 131 17.00 +1.91 
19.00 -2.41 

26.40 115 24.60 +0.69 
Co(EDTP) 18.00 253 15.80 +0.88 

24.80 110 23.30 +0.09 
26.30 +0.18 

17.60 -3.28 

a Data for all complexes except Co(EDDDA)- arc taken from ref 
3. All data are given for isomers having a positive rotatory strength 
associated with the lowest energy CD bands. 

trans(8506) isomer, with lower (Ci) molecular symmetry, as 
expected, shows signals of two well-resolved AB patterns 
belonging to two nonequivalent (R and G) glycinate rings. The 
AB pattern of the R ring (centered at 3.77 ppm) has 6~ 4.15 
ppm, 8~ 3.40 ppm, and JAB = 18.4 H L .  The other AB pattern, 
belonging to the G ring (centercd at 3.73 ppm) has 6~ 4.03 
ppm, 6~ 3.43 ppm, and JAB = 16.4 Hz (Table I, Figure 2). 
The 6~ - 6~ values obtained for the K rings [0.73 ppm for the 
trans(0j) and 0.75 ppm for the trans(0506) isomer] are larger 
than for the G ring (0.61 ppm) of the trans(OsQ6) isomer. 
These values are consistent with the smaller 6~ - 6~ values 
obtained for the R and G rings of EDTA15 and 1,3-PDTA17 
complexes of Co(IH1) which have more strain in plane and 
probably out of plane. The trans(%) isomer, which has not 
been isolated, has C2 symmetry and highly strained G rings. 

Electronic Abssaptiora and Circular ~ i c ~ ~ Q ~ ~ ~ .  Electronic 
absorption and CD spectra of the trans(%) and the trans- 
(QsQ6) geometrical isomers of Co(EDD1)A)- are shown in 
Figure 3 and Table 11. The absorption spectra of these isomers 
are very similar in shape, with two bands corresponding to 
transitions to the Tig and T2g(Oh) states. The bands show no 
obvious splitting, as would be expected for cis- [ C O N ~ Q ~ ]  type 
complexes. The absorption energies, in general, lie between 
those of Co(EDTh)- and Co(EDTP)- complexes (see Table 
XI). The lowest energy, Tig(Oh), maxima (18.60 kK for the 
trans(OjO6) isomer and i8.50 kK for the trans(O5) isomer) 
have approximately the same position as that of the Co- 
(EDTA)- complex (18.60 kK), which indicates that the Dq 
values of these complexes are nearly identical. However, their 
second absorption bands (25.80 kK for the trans(0506) and 
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Pigwe 3. Electronic absorption and CD spectra of the trans(0,) 
and trans(O,O,) geometrical isomers of Co(EDDD.4)-. 

25.70 kK for the trans(0s) isomer) are slightly shifted to lower 
energy with respect to the corresponding band of the Co- 
(EDTA)- complex. The values for 6 of the trans(OsO6) isomer 
are significantly lower than those of the trans(0s) isomer. 

The absence of apparent splitting of the Tig and T2g ab- 
sorption bands suggests pseudooctahedral symmetry. But 
according to the results of Neal and Roses for the Co(EDDS)- 
complex3 the interpretation of the electronic absorption spectra 
of these isomers based on a tetragonal field probably would 
be better. Using gseudo-D4h symmetry and Wentworth and 
Piper's18 treatment, they concluded that the EDDS ligand, 
which contains two in-plane six-membered carboxylate rings 
and secondary nitrogen atoms, is a stronger donor toward 
@o(III) than is EDTA. They also analyzed the Co(EDTA)- 
absorption spectrum assuming D4h symmetry. The actual 
symmetry of Co(1EDTPa)- is C2. Its CD spectrum has been 
treated using e2 symmetry3$7?9 in relating it to model com- 
plexes, such as Co(en)(mal>z-, which share this symmetry. The 
lowest energy (positive) CD band for (-)s46-Co(EDTA)- has 
been assigned as the A(C2) component. This enantiomer has 
the A absolute mnfiguration,7-9J2 corresponding to the chirality 
of the isomers shown in Figure 1. This assignment is consistent 
with the empirical observation19 that the sign of the A -+ 

A(C2) component can be correlated with the absolute con- 
figuration. 

The same absolute configuration (A) was assigned to the 
enantiomers with similar @D spectra for several model 
complexes3 related to Co(1EDTA)-. This assignment has been 
confirmed crystallographically for K[(-)546-C0( 1,3- 

The CD spectra3 of Co(EDTA)-, Co( 1,3-PDTA)- (Table 
TI), and Co(IDA)2- (IDA = iminodiacetate) show two 
low-energy peaks of opposite sign, one on either side of the 
first absorption band, The D4h model is consistent with this 

PDTA)]-2H20.20 
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CD pattern, the lower energy peak being Eg(D4h) and the 
higher energy peak being A2g(D4h). The sign of the Eg(D4h) 
CD peak correlates with the absolute configuration. This sign 
is retained by the A(C2) component of Eg parentage. The 
spectra for Co(EDTP)- (Table 11) and the two isomers of 
Co(EDDDA)- (Figure 3 and Table 11) differ in that both CD 
peaks in the low-energy region occur at lower energy than the 
absorption maximum, strongly suggesting that they are 
components split from the Eg(D4h) state because of the lower 
symmetry. On this basis, a third transition is expected on the 
higher energy side of the absorption maximum, but presumably 
it is obscured by the dominant neighboring peak. In the case 
of Co(en)(ma1)2- 7 and Co(EDDS)- 5 three peaks of alter- 
nating sign appear, corresponding to the number of transitions 
expected for C2 symmetry. The appearance of these spectra 
and the sharpness of the peaks argue strongly against this 
pattern resulting from the overlap of two peaks of opposite 
sign, one very broad (giving the flanking peaks of the same 
sign) and onevery narrow (giving the center peak). The ab- 
solute configurations of Co(en)(mal)z 21 and Co(EDDS)- 22 
are known. The Co(EDTA)- type complexes with C2 
symmetry can be related to Co(en)(mal)2-, which can be 
correlated with the cis- [Co(en)zX2]n+ complexes (C2 sym- 
metry).l9 The A(C2) component for the cis-[Co(en)2X2]n+ 
complexes was considered19 to retain the sign of the Ea(D3) 
component for Co(en)$+. This empirical correlation has 
weaknesses in that Co(en)(mal)2- is of the cis-[CoN204] type 
rather than cis-[CoN4X2], but Mason, et al.,19 considered cases 
where the field strength of X is greater than that of N, as well 
as the converse. Also the effects of six-membered chelate rings 
on the order of splitting of the transitions and their signs is 
inconclusive.23 The correct absolute configuration was pre- 
dicted, however, from CD spectra’ for Co(en)(mal)z-. 

The Co(EDDS)- complex (known absolute configuration) 
and Co(EDDDA)- complexes contain two six-membered 
chelate rings. Their CD spectra are very similar and correlate 
well with the spectrum for Co(en)(mal)r. It could be for- 
tuitous, but the empirical correlations are consistent with the 
results using D4h symmetry when there are two CD peaks, one 
on each side of the absorption maximum, or using C2 symmetry 
when there are three peaks or only two peaks, both on the 
low-energy side of the absorption maximum. Intensity criteria 
are not applicable. The absolute configuration of Co(ED- 
DAMS)- (EDDAMS is a sexadentate ligand derived from 
iminodiacetic and (S)-aspartic acids joined by an ethylene 
linkage) has been assigned with a high degree of confidences 
from the overall similarity of the CD spectrum to that of 
Co(EDDS)-. The empirical rules do not apply here unless one 
assumes that the single CD peak which appears in the first 
absorption band region for Co(EDDAMS)- completely cancels 
a lower energy peak of opposite sign [and presumably a higher 
energy peak of opposite sign which appears for Co(EDDS)-1. 
This assumption is implied in the comparison of the overall 
curves.6 

The structure and absolute configuration of trans(O5)- 
Co(EDDDA)- were assigned4 based on the nmr spectrum 
which indicated two equivalent out-of-plane glycinate rings 
and the close similarity of the CD spectrum to that of Co- 
(EDDS)-. The later work6 on Co(EDDAMS)- adds support 
to these assignments. The second isomer reported here, 
trans( 0506)-Co(EDDDA)-, has nonequivalent glycinate rings 
(nmr), one in plane and one out of plane. The CD spectrum 
(Figure 3, Table 11) differs from that of the trans(O5) isomer 
primarily in peak intensities. On the basis of overall com- 
parisons with Co(EDDS)- and Co(EDDAMS)-, these (-)589 
isomers of Co(EDDDA)- also have the A configuration and 
they have positive lowest energy CD peaks, A(C2). Both of 
these isomers give the less soluble diastereoisomer with 
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(--)D- [Co(en)zox]+ which, using Werner’s rule,24 would in- 
dicate the same absolute configuration. However, it should 
be noted that (+) isomers of Co(EDTA)- and other model 
complexes listed in Table 11 were obtained from the less soluble 
diastereoisomers with (+)D-[Co(en)zox]+. Werner’s rule is 
not expected to apply except to an isomorphous series. 

In the case of the Co(EDDDA)- complexes there are 
possible contributions to the CD intensities from the two 
coordinated asymmetric nitrogen atoms, as well as from the 
configurational effect about the metal ion. However, as 
previously mentioned, the latter effect is thought to dominate. 
The configurations of the two asymmetric nitrogens of the A 
isomers of the Co(EDDDA)- complex (Figure 1) are RR for 
the trans(O5) and SR for the trans(OsO6) isomers. In the 
latter case, the contributions of the SR nitrogens should 
practically cancel. The similarity in shapes of CD curves of 
the Co(EDTP)- complex3 (in which case there is no con- 
tribution due to asymmetric nitrogens) and those of the 
trans(0s) isomer of the Co(EDDDA)- complex and the relative 
intensities of their lowest energy CD components (see Table 
11) support the idea that the contribution due to the asymmetric 
nitrogens is not very great in this system. Recent studies of 
the contribution of asymmetric nitrogens in the very similar 
EDDS10 system suggest that this effect is not very large. In 
view of these facts, it seems that the difference in CD spectra 
of the trans(O5) and trans(OsO6) isomers is mostly due to 
different configurational effects associated with the distribution 
of five- and six-membered chelate rings. 

In appears that there are some trends in intensities associated 
with particular transitions which are beginning to become 
apparent for Co(EDTA)- type compounds differing in the 
number and arrangement of five- and six-membered chelate 
rings (Table 11). More examples and more structures es- 
tablished by X-ray methods are needed. 
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The title reaction has been studied in the temperature range S O - 8 O 0 ,  with the acidity range from pH 7.5 up to 1.0 M ,  and 
with oxalate concentrations between 0.04 and 0.45 M .  It goes essentially to compktion even at the highest acidities in 
the presence of excess oxalate. Ion pairing is not significant between the complex ion and H2C2O4 but is kinetically identifiable 
with HC204- and C2042-, such that the rate expression becomes as shown in eq if. The essentially temperature-independent 
ion-pair formatiori constants for bioxalate and oxalate ions are QI = 1.8 M-1 and Q2 = 9.2 k - 1 ,  respectively. The rate 
constants at 70" for anation by H2C204, T-IC~OK, and C 2 0 4 2 -  are k o  = 1.5 X 10-4 IW-1 ~ e c - 1 ~  ki = 4.9 X 10-4 sec-1, and 
kz --- 4.0 )< 10-4 sec-1~ The corresponding temperature parameters are AH* = 14.3 & 1.7, 22.4 i 2.1. and 24.8 f 1.8 kcal/mol, 
respectively, and AS* z= -35.0 & 4.8, -8.6 f 6.3, and -2.1 k 5.4 cal/(deg mol), respectively. On the basis of the contrast 
in temperature parameters and a study of the solvent D2O effect, it is concluded that the mechanism for HzCzO4 addition 
may not be of the conventional water-ligand dissociative type which appears to be the mechanism for the two ionic oxalate 
species. 

~~~~~~~~~~~~Q 

Previous papers in this series have reported studies of the  
anat ion by oxalate  of the  diaquobis(ethy1enediamine)co- 
balt(I1I) ion in acidic3 and neutral  or basic4 solution. These 
reactions take  place by means  of a two-step mechanism in 
which there is first replacement of one aquo ligand by oxalate, 
followed by release of the  second aquo ligand as chelation of 
the  metal  ion by oxalate occurs. Similar results have recently 
been reported for oxalate  anat ion of t h e  diaquoethylenedi- 
amine$iacetalocobalt(IIB) analog.5 In order  to throw more  
light on t h e  na ture  of the  int imate  mechanism of the  first 
water-replacement step, we have in the present study examined 
the kinetics o f  t h e  reaction with oxalate  of aquopenta-  
amminecobalt(II1) ion, in which system chelation of the  metal  
ion by the entering ligand does not occur. This contrasts with 
t h e  behavior of the  as luopentaaYi iminechro~~um~~~~)  analog, 
where the final product  is the tet raammineoxalato species, 
made  possible by the elimination of an ammonia ligand in the 
ring-closure step.6 A further  significant fea ture  of our work 
is t h a t  it adds a new dinlension to the  study o f  Co- 
("3)gM2o3+ anat ion in tha t  the  reaction has  been studied 
over a wide enough pI-1 range 1-0 encompass all possible acidic 
and  basic forms of each reac tan t  species a n d  involves a bi- 
functional anion. While there has been a long-standing interest 
in the mechanism of Co(NH3)5H2O3+ anation,'7,8 nearly all 
previous studies have involved rnonodentate entering ligands 
over a limited range of acidity. Another  interest we have in 
this s tudy is to determine whether conditions exist such that 
anation of aquopentaamminecobalt(~~~) by oxalate can p r m d  
by direct  addition o f  the  entering ligand to the oxygen atom 
of t h e  aquo ligand such as is now known to  occur in !he 
fo rma t ion  reaction of carbonatoperitaammiilecobal6(1II) 
complex.9 Finally, it has proved to be instructive to relate OUT 
findimzgs to earlier studies'OS11 of the aquation equilibration in 
acidic aqueolas solutions of t h e  species Co(NH3)5C20L"+. 

Table I. Spectral Data for Aquopentaammine- and 
Oxa la louen taamminecoba l~~~~~~  Coinulexes 

Xrnax, 
Complex ion nni Emax Ref 

Co(Nli,),H,03' 487 41.7 a 
491 48.6 b 
491 49.0 c 
491 49.0 This workd 

C O ( N H , ) ~ C ~ O ~ H ~ +  507 74.0 e 
507 74.1 a 
505 73.0 (pH < 2 . 5 )  Thisworkf 
505 74.5 (pH 5.0) This workf 
505 76.0 (pH 7.5) This workf 

a R. Tsuchiya, Bull. Chem. Soc. Jap., 35, 666 (1962). Reference 
7. e T.  P. Dasgupta and 6. M. Harris, J. Amer. Chem. Soc., 90, 6360 
(1968). 
6.6 at 25".' At higher pH's a shift in the peak and an increase in ab- 
sorbance take placc as deprotonation to form the Co(NH,),0H2' ion 
occurs, such that A,,, and cmaX have the values 497 and 57.6 at 
pH 7.7: S. Ficner, unpublished work in the laboratory. e Reference 
10. The variaiion of cmaX between 73.0 and 76.0 presumably re- 
suits from the deprotonation of Co(NH,),C20,HZ'. The pK of this 
cation at 25" is close to 2 . ' O > I 3  

'The figure quoted is for the aquo ion, the pK of which is 

~~~~~~~~~~~~~ section 
The complexes [@o(NIl3)sH20] ( c l O 4 ) ~  and [CO(r\lH3)5- 

(HC204)] (C104)2 were prepa.red by standard procedures,l2,13 and 
purified by recrystallization. Chemical analysisl4 confirmed the purity, 
as did a comparison with published visible absorption spectral data, 
as shown in Table I. The amtion reaction was followed at 497 nm 
where the decrease in absorbance on aquation of the oxalato complex 
is nearly 35% up to pH 4.5, though reduced to about 25% at pH 7.5. 
(see footnote d to Table I). The ionic strength was mainrained a t  
1 .O iM with KNO3, since a perchlorate medium limits the solubility 
of oxzlate salt. Blank experiments indicated that nitrate ion did not 
in any identifiable way compete with oxalate anation.lS The rate 
studies were made by batch-sampling techniques in a thermostat 
controlled to 1 0 . 1 O .  The aquo complex ion concentration was 0.010 




