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The carbon-13 chemical shifts of coordinated 
bidentate glycinato ligand were measured in a series 
of seventeen mixed Co(III) complexes. A characterist- 
ic effect of trans-ligand on the 13C chemical shifts of 
the methylene carbon of glycine was observed. The 
results obtained enable one to distinguish easily 
between the investigated geometric isomers by means 
of 13C spectra. On the basis of 13Cand “Co chemical 
shifts it was established that the chemical shifts of 
the Co(III) complexes are affected by both electric 
field and neighbouring anisotropy effect. 

Introduction 

Carbon-13 nuclear magnetic resonance spectros- 
copy has only recently started to be applied to the 
study of Co(ll1) complexes, hence a small number of 
paper dealing with this research area have been 
published so far. Complexes containing amino acids 
have been studied most fully [l-4] . The changes in 
13C chemical shifts in amino acids on their coordi- 
nation to Co(ll1) as unidentate and bidentate ligands 
have been investigated systematically [3]. The coor- 
dination to cobalt as unidentate ligand via the 
carboxyl group was found to affect the 13C chemical 
shifts of amino acid much less than does the 
coordination as bidcntate ligand. In both cases a 
downfield shift relative to NH;-R-COOH was found. 

To our knowledge, so far it has not been examined 
how various ligands affect the 13C chemical shifts of 
the amino acid coordinated as a bidentate ligand 
when they are contained in the same complex com- 
pound. However, PMR investigations of cy-amino- 
carboxylato Co(ll1) complexes, as well as PMR and 
“N NMR studies of corresponding ammine comple- 
xes [5, 61, have shown that a greater effect on the 
chemical shift of the nuclei under consideration 
occurs upon substitution of a ligand trans to the 
nucleus than upon substitution of a cis-ligand. There- 
fore it may be expected that similar effects will be 
observed also in 13C chemical shifts. In that case the 
different sensitivity of 13C in comparison with ‘H 
nuclei to the types of interaction inducing chemical 
shifts may be helpful in explaining the effects. 

For this purpose in the present work seventeen 
Co(Il1) complex compounds have been studied which 
contained, in addition to glycine, some of the follow- 
ing ligdnds: NH3, 1,3diaminopropane, NO;, CzOz- 
and Co;-. Beside an analysis of the effect of these li- 
gands on the 13C chemical shift of glycine in the com- 
plexes, the influence of their arrangement, i.e. of the 
geometric configuration of the complex, has been in- 
vestigated. Furthermore, the 59Co resonance frequen- 
cies of the complex compounds have been measured, 
which have not been determined up to now, because 
it has formerly been shown [5, 71 that the chemical 
shifts of protons in Co(ll1) complexes are related to 
that of the 59Co nucleus. 

Experimental 

The synthesis of the complexes under considera- 
tion is described elsewhere (see Table 1). 

Measurements were made on a Bruker SXP-100 
spectrometer in Fourier transform/proton noise de- 
coupled mode at a frequency of 22.63 MHz and at 
a temperature of 25 “C. The complexes were 
dissolved in DzO in concentrations of 5-20 mg per 
cm3, depending on the solubility and available quanti- 
ty of the complex compound. Chemical shifts are 
given relative to TMS using dioxane as internal stan- 
dard. 

59Co spectra 
The spectra were recorded on the same spectro- 

meter and with the same samples at 21.5 MHz and 
25 “C. Chemical shifts are given relative to Na3 [Co- 
(NO&] as external standard (the Na, [Co(NO&] 
compound in aqueous solution gives, in addition to 
an intense line, another line of an intensity lower by 
a factor of about 16). The position of the intense 
line, relative to which the chemical shifts are given, 
was determined through proton as external standard. 
In a field of 21.14 kG (proton resonance at 90.000 
MHz) its central resonant frequency is at 21.51 MHz. 
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TABLE I. The 13C chemical shifts of the methylene (C,) and cuboxyl (C,) carbons of glycinato ligand, and 59Co ChemicdI 

shifts in the mixed Co(II1) complexes investigated. 

No Complexa Ref. Cm Cc s9co 

(ppm TMS) (ppm TM% (ppm Na3 [WNOZM 

[CotnMNOh 1 
1 cis N02-trans NH2 12 45,7 185,7 -9,3 

2 I% [CogIy(NOz )4 1 13 46,7 ? 130 

[Co(NH~)&(NWzl 
3 cis N02-trans(NH2, NH3) 14 45,8 ? 223 

K2 ICodY WO2h 1 
4 cis NOz-tram N 15 46,2 186,8 455 

5 cis-cis-cis 15 46,3;47,7 185,9; 184,2 781 
6 tram NO+s N 15 48,4 ? 872 

7 trans-trans-trans 15 46,0 1 967 

[Cotnglyz] Cl 
8 cis OX2 19 46,2 185,4 1060 
9 cis OCI , 19 46,6; 46,9 184,9; 186,l 1525 

10 trans 0 19 45,5 186,l 1664 

K 1CeslvzC’W 
11 cis N-C1 16 47,l; 47.9 186,3; 187,0 3472 

12 cis N<2 17 47,2 187,6 3495 

K [ Cooxgb2 1 
13 cis N-Cl 18 46,8; 48,2 185,9; 186,2 3128 

14 cis N-C2 18 47,6 ? 3181 

15 trans N-C2 18 46,9 187,3 3600 

[C%lY 3 1 
16 mer 20 46,4; 47,7 185,6; 186,9 2450 

17 jtifac 20 48,4 186,7 2157 

‘tn = 1,3diaminopropane. glyH = glycine. Hzox = oxalic acid. 

Results 

The observed 13C and 59Co chemical shifts of the 
complexes under study are given in Table I. The 13C 
resonance line of the carboxyl carbon (CJ is in many 
cases of a considerable lower intensity, so that in 
some complexes we have not managed to detect it. 

Considering the chemical shifts of the methylene 
carbon (C,), which are given in Table I, we arrive at 
the conclusion that they are primarily affected by the 
ligand in the trans-NH2 position. For example, in 
bisglycinato complexes with the trans-NH2 arrange- 
ment of glycine ligands the chemical shifts of the 
methylene carbons remain within the limits of 46.0- 
46.9 ppm irrespective of the nature of other ligands 
in the complex (complexes 4, 8, 15 and 16) or the 
geometric isomerism of the complex compound 
(complexes 4 and 7). On the contrary, if the ligand in 
trans-NH2 position is varied, e.g. in the bisglycinato 
&-NH, complexes of C2 symmetry, or in mer-tris- 
glycinato complex*, considerably greater changes in 

*We did not observe three lines as has been reported in ref. 
5 for spectra obtained from very acidic solutions (complex 
dissolved in 1 :l D2SO4 -DzO). 
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Figure 1. Classification of the 13C chemical shifts of methy- 

lene (C,) in a C-N-Co-X fragment according to the ligand 

in the position of X in the Co(III) complexes investigated. 

chemical shifts (from 45.5 to 47.7) occur, depending 
on the ligand (complexes 10,12,13 and 16). 

On the basis of this it is most convenient to classify 
C, chemical shifts according to the ligand in frans- 

N-H2 position. Such a classification is presented by a 
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Figure 2. Geometry of a HC-N-Co-X fragment in mixed 
Co(II1) complexes containing glycinato ligand. 

diagram (Fig. l)* where the chemical shifts of C, 
carbons from a C,-N-CoX fragment are plotted. 
It is evident that the observed C, shifts may be divid- 
ed, according to the ligator in trans-NH? position, 
into two large groups, which do not overlap: if in 
truns-position the ligator is oxygen, the C, chemical 
shifts are displaced to lower fields than when in truns- 
position the ligator is nitrogen. According to the 
magnitude of the downfield shift of C, chemical 
shifts in the cases studied, the trans-ligands might be 
arranged in the following order: 

tn < NH3 < NH*(gly)- < NO; < 0X2- - 

co;- < O(gly)_ 

Owing to the observed effect of replacement of the 
ligand in Puns-NH2 position on the chemical shift of 
the methylene carbon (C,), one may easily distin- 
guish between the geometric isomers being investigat- 
ed, as is seen in Table I on the example of four geom- 
etric isomers of K[Co gly2(N02)2] as well as on the 
example of the fat- and mer-[Co glys] . For the same 
reason all bisglycinato complexes of Cr symmetry 
exhibit two different lines for C, carbons. 

The chemical shifts of the carboxyl carbon are less 
instructive, since they are almost equaly influenced 
through both ends of glycinato ligand. This is in 
accordance with the observed changes in 13C chem- 
ical shift on glycine coordination as unidentate and 
bidentate ligand [3]. 

The 59Co chemical shifts given in Table I are, as 
was to be expected [8], mainly proportional to the 
wavelength of the absorption maximum which corres- 
ponds to the lowestenergy electron transition (lAr, + 
‘Tr.& of the complex compound. From the results 
obtained it may be noticed that the rule of additivity 
of effects of different ligands on s9Co chemical shifts 
[7] can hardly be applied to the complexes under 
consideration, because different geometric isomers 

*In the case of bisglycinato complexes of Ci symmetry, 
where two lines appear due to two different trans-ligands, the 
assignment of 13C shifts was made on the basis of a compari- 
son of their values with those obtained for corresponding 
complexes of Ca symmetry. 

I 
/ P 

6: 
/’ 

. // I? 

/ 

k / 

/ 
45 

/ /I 
II txa 2col m 

6 -c,,PPm Na3[CdN02)61 

Figure 3. Correlation of the 13C chemical shifts of methylene 
carbon with “Co chemical shifts in a series of mixed com- 
plex compounds with one (open circles) and two (solid 
circles) glycinato ligands, where the ligands in tram-NH2 
position are varied. 

of the same complex compound, e.g. K[Co gly2- 
(NO,),], which contain the same ligands, have very 
different values of chemical shifts. 

Discussion 

The results obtained are of double interest. First, 
13C chemical shifts make it possible to distinguish 
easily between geometric isomers on the basis of the 
observed “truns” effect; second, they may contribute 
to a better understanding of the effect of cobalt(II1) 
on the NMR chemical shifts of nuclei contained in 
ligands . 

We have found that in a HC-N-Co-X fragment 
(Fig. 2) the 13C nucleus resonates at a higher reso- 
nance field if X is nitrogen, whereas Watabe [S] has 
established just the opposite for methylene protons, 
ie. he has observed that the proton resonates at a 
higher field if X is oxygen. This may be compared 
with the results obtained by Lehman and Fung [6], 
who have found for pentaammine Co(III) complexes 
that the replacement of nitrogen by oxygen induces a 
downfield shift of the resonance of nitrogen in truns- 
position, while the proton resonance is shifted 
upfield. Whence it follows that the carbon and nitro- 
gen nuclei behave similarly to each other and 
oppositely to proton. 

The chemical shifts of the protons contained in 
ligands of Co(II1) complexes have been explained, 
first of all, by the effect of Co(II1) paramagnetism 
[7, 9, lo]. Changes in paramagnetic susceptibility of 
Co(II1) may influence adjacent nuclei by neighbour- 
ing anisotropy effect. It has been shown [5, 71 that 
on the basis of this effect the shielding of ligand 
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nucleus (crN) may be related to that of the cobalt-59 
nucleus (CJ& by the expression: 

-(l -3cos8) 
UN = 2R-a( r-3) “‘ti (1) 

where (rm3) is the mean value of r-’ for 3d-orbitals, 
R is the cobalt-to-nucleus distance, and 0 is the angle 
between the vector R and the principal axis of the 
Co(II1) magnetic susceptibility tensor. 

On inspecting the correlation between the 
chemical shifts of the 13C nucleus and those of the 
5gCo nucleus which is presented in Fig. 3 for a series 
of mixed complexes with one or two glycinato 
ligands where ligands in trans-NHa position are varied, 
we may conclude that, in spite of the wide spread of 
points, there is a distinct direct proportionality bet- 
ween the r3C and “Co chemical shifts. Substituting 
into equation (1) the following numerical values 
of parameters: r-’ = 5.77 a.u. [lo] and R = 5.0 a.u. 
(Fig. 2), we find the ratio of chemical shifts of the 
two nuclei to be: 

Coordination of amino acids to cobalt, which is 
formally a triply positive ion, certainly brings about 
the same effect. The polarity of the Cc+N bond 
produces a primary induced field. The replacement of 
ligand in tram-N position may effect the polarity of 
the bond and thereby a through-bond and through- 
space inductive effect is exerted on the 13C and ‘H 
chemical shifts. 

It is most likely that both effects, i.e. neighbouring 
anisotropy effect (correlation between the 13C and 
5gCo chemical shifts) and electric field effects (oppo- 
site displacement of the 13C and ‘H chemical shifts) 
determine the observed chemical shifts. However, 
additional experimental data are needed to define 
their individual contributions. 
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