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“N chemical shifts of cobaltfIll) amino acid 
complexes of the type X-cis(N02 )-trans(NH2 )- 
WNW#m)J (+I-’ AmH = amino acid) have been 
determined at the natural-abundance level. Coordina- 
tion with cobalt induces displacements of the amino 
acid “N resonance positions by 24-42 ppm to higher 
shielding compared to those of the corresponding 
protonated @amino acids. The chemical shifts of P_ 
amino acids are affected less markedly, while those 
of uncoordinated nitrogens remain practically 
unchanged. These changes allow monitoring of 
coordination sites by cobalt(III). 

Introduction 

Biological interest in metal complexes of amino 
acids is based on the awareness that metal-ligand 
interactions in such complexes exhibit some proper- 
ties common to more complex biological systems. 
Therefore, “N nuclear magnetic resonance (NMR) 
spectroscopy of coordinated amino acids, where 
nitrogen is directly bonded to metal ions, is an area 
that attracts attention. The underlying biological 
importance of “N spectroscopy of diamagnetic 
coordination compounds already has been stressed 
and substantiated in the study of Zn(II) binding to 
the adenine ring of adenine triphosphate [l] , and 
in the study of Zn(I1) and Cd(I1) bonding to 
imidazole complexes [2]. Only a few rsN NMR 
studies of amino nitrogen directly bonded to transi- 
tion metal ions exists [l , 3, 41. Of special interest 
is the study of metal complexes in the low-spin d6 
electronic configuration, where large changes in rsN 
chemical shifts of the amino nitrogen occur upon bond- 
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ing to the ions [4]. Among those ions which readily 
form low-spin db complexes with amino acids, only 
cobalt(II1) is essential for living organisms. Thus exa- 
mination of these complexes by 15N NMR may be 
particularly informative. Previous “N studies of 
nitrogen directly bonded to cobalt(II1) have used 
only “N-enriched samples [5, 61, so that the range 
of available compounds has been limited. The 
ability to observe resonances at the natural-abund- 
ance level of “N (0.4%) affords access to larger 
ranges of compounds. We report here the results of 
such a study on complexes of the type A-cis(NOz), 
trans(NHz)-[Co(NOz)z(Am)2](-r), (AmH = amino 
acid, see Table I). 

Experimental 

Preparation of the cTrn?lexes, X-cis(NO&truns- 
(NH2)-[Co(NO&(Am)z] - , has been reported 
previously [7] (see also Table I), except for com- 
plexes with S-lysine. This complex was prepared 
by the reaction of tram-N& [Co(NO,)d(NHsh] 
(0.02 mol in 100 cm3 of water) and S-lysine (0.04 
mol of S-lysine hydrochloride in 40 cm3 of 1 M 
sodium hydroxide) at 50 “C for three hours. The 
filtrate obtained from the cooled reaction mixture 
was eluted through a column of cationic resin 
(Dowex SOW-X8, 200-400 mesh), first by water, 
then by 0.1 M aqueous sodium perchlorate. The 
second band eluted with sodium perchlorate was 
found to contain the cis(NO*)- trans(NH&[Co- 
(NOz)z(S-Lys),] C104. Subsequent fractional crystal- 
lization afforded 0.5 g of the pure X-diastereoisomer 

([al go = t232’). Its absolute configuration was 
assumed by comparing the sign of optical rotation 
with the signs of other members of the homolog- 
ous series [7b]. 

For NMR measurements we were able to prepare 
about 1 M aqueous solutions of the very soluble 
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TABLE I. “N Chemical Shifts of Aminocarboxylato Ligands Coordinated in h-cis(NOz)- rrans(NHs)-[Co(N02)a(Am)2](-“) 
Complexes and Corresponding Protonated Amino Acids.a 

--____ 

Ammo Acid Coordinated Protonated AC Ref.c 
--___-- 

Glycined -10.8 30.ge -41.7 7a, lb 

S-Aminobutyric acid -4.0 30.0 -34.0 7c, 7d 

S-Valine -1.5 37.3e -38.8 7c, 7d 

S-Leucine 1.8 42.9e -41.1 7d 

S-Isoleucine 0.0 38.9’ -38.9 7c, Id 

S-Phenylalanine 3.6 40.8 -31.2 7e 

S-Proline 18.6 54.6e 36.0 7e 

S-Methionine 4.7 39.1 -34.4 le 

S-Lysine 5.0 42.6e (or-NH;) -37.6 

33.4 35.6e (e-NH;) -2.2 

S-Arginine 8.2 42.8e (c&H;) -34.6 7e 

15.9 74.1 e (NH2 F+ NH;) 1.8 

89.2 86.6 e (-NH-) 2.6 

@-Alanine 9.8 34.2f -24.4 7f, 7b 

aIn ppm from anhydrous liquid ammonia [8]. Positive sign indicates a shift to lower shielding. bDefined as the difference in 
15N chemical shifts between coordinated aminocarboxylato ligand and protonated ammo acid. 
and/or deteimination of 

$ 
bsolute configuration of the complexes. dRacemic mixture. 

‘References for the preparation 
eAccording to reference 8 and refer- 

ences given therein. Reference 12 (calculated by means of conversion constant = 378 ppm, obtained from the value for 
glycine). 

sodium salts of the anionic complexes. The cationic 
complex with lysine was readily soluble, while the 
same concentration for the argininato complex was 
achieved only by dissolving it in a concentrated 
aqueous solution of LiBr. All solutions contained 
5% DzO for NMR field locking. Proton- noise-decoupl- 
ed Fourier transform “N spectra were recorded in 
a IO-mm tube at 10.09 MHz on a JEOL PS/PFT- 
100 NMR spectrometer. With a pulse angle of about 
60” and a repetition time of 3 s, IO-l.5 hours were 
required to achieve a 3 : 1 signal-to-noise ratio. Chem- 
ical shifts are reported relative to anhydrous liquid 
ammonia at 25 “C using nitromethane as the external 
standard (capillary) and a conversion constant of 
380.2 ppm [8]. 

Results and Discussion 

A “N NMR signal of nitrogen bonded to 5gCo 
(I = 7/2) may be expected to be split into an octet 
because of spin-spin coupling. Although the octet 
structure has been observed for a very symmetrical 
[Co(NHa),(“NHs)] Cl3 complex [6], fast quadru- 
polar relaxation of 59Co in less symmetrical 
complexes effectively decouples cobalt from nitrogen 
and a single resonance line is observed [5]. How- 
ever, the line generally is broadened by relaxation 
through modulation of the scalar spin-spin coupl- 

ing. Under these conditions the “N resonance line- 
width at half-height, +a (r5N), is given by : 

~r,~(r’N) = 21Jz/~,,(59Co) (1) 

where J is the 15N -59Co coupling constant and +- 
(59Co) the linewidth at half-height of the corres- 
ponding 59Co resonance. Low signal-to-noise ratios 
have prevented determination of precise line- 
widths in the “N spectra of the complexes. Never- 
theless, observed linewidths of the amino nitrogen 
directly bonded to cobalt(II1) vary over the range 
5-10 Hz, and there is a distinct inverse proportion- 
ality with linewidths in the 59Co NMR spectrum 
of the same complexes [9], as required by eqn. (1). 
We have estimated the coupling constant thus to be 
J(‘5N-59Co) = 60 f 10 Hz. This value is comparable 
to the amino nitrogen coupling constant J(15N- 
59Co) = 62.5 Hz in [Co(NHa),(“NHs)] Cla [6]. 

“N NMR chemical shifts of amino acids coordi- 
nated as the aminocarboxylato chelate ligands to 
cobalt(IIIj in A-cis(NO,)- tr~ns(NH,)-[Co(N0~)~- 
(Am)2](-‘) complexes are given in Table I. Since 
all complexes studied have Ca symmetry, two amino- 
carboxylato ligands exhibit the same 15N chemical 
shifts. The chemical shift of the amino nitrogen 
directly bonded to cobalt(III) lies considerably to 
higher shielding compared with those of the free 
aminocarboxylato ligand [8], the zwitterion [8], 
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or the protonated amino acid. In order to eliminate 
amino group lone pair effects, we have compared 
in Table I the chemical shifts of coordinated and 
doubly protonated aminocarboxylato ligands. With 
the exception of (Qphenylalanine, (S)-methionine, 
and (S)-aminobutyric acid, whose chemical shifts 
were determined in this work, values for proton- 
ated amino acids have been taken from the litera- 
ture [8, 121. The comparison shows that an addi- 
tional shielding, A,, of 24-42 ppm arises when a 
proton is replaced by cobalt(II1). Very similar shifts 
to higher shielding have been observed for proto- 
nated diamine ligands when protons are replaced by 
rhodium(II1) [4]. Table I also shows substantial differ- 
ences in 4 among amino acids. In particular, an espe- 
cially low value of AC is observed for P-amino acids. It is 
well established that a-amino acids, which form five- 
membered aminocarboxylato chelate rings with 
cobalt(III), exhibit a stronger metal-ligand bond 
than P-amino acids, which, form six-membered ones 
[9]. Therefore, the low 4 value observed for /I- 
alanine may indicate a weaker nitrogen-cobalt bond. 
If such a relationship is assumed, it is difficult to 
explain the observed variations in AC among the 
o-amino acids, because there is no clear correlation 
between their composition and the coordination 
shifts. However, a correlation may be obscured by 
other factors, e.g., formation of second-sphere com- 
plexes, none of which is dominant enough to display 
clearly systematic trends. In any case, sensitivity of 
the coordination shift to the nature of amino acid 
is likely to be useful in further study of their bond- 
ing to the metal ions. 

When more than one nitrogen of an amino acid 
may be involved in bonding to cobalt(III), the large 
change in the 15N resonance position of the nitrogen 
bonded to cobalt(II1) gives direct insight into the 
type of bonding that has taken place. This is well 
illustrated by the chemical shifts of complexes with 
lysine and arginine (Table I), where only the a- 
amino group nitrogen is shielded, while chemical 
shifts of other potentially coordinating nitrogens 
remain practically unaffected. This feature of the 
d6 metal-ion influence on nitrogen chemical shifts 
is likely to make cobalt(II1) very useful for deter- 
mining bonding sites in more complicated ligands 
by i5N NMR spectroscopy. 

The large shielding of the 15N nucleus of the 
Co(III)-bound amino nitrogen seems to arise from 
the spin-paired d6 electronic configuration of the 
metal ion. In this configuration, readily excitable 
d-electrons give rise to the second-order para- 
magnetism of the cobalt(II1). In a molecular orbital 
description, the corresponding d-d electronic transi- 
tion occurs between antibonding molecular (metal- 
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ligand) orbitals, the consequence of which may be 
described in terms of the Cornwell-Santry effect 
[ 10, 111. Essentially, this means that a large para- 
magnetic circulation on the metal ion is accom- 
panied by a diamagnetic circulation on the directly 
bonded nucleus. Calculations [l l] show that this 
mechanism may induce an additional nitrogen shield- 
ing of up to a few hundred ppm, the extent of which 
is sensitive to metal-ligand bond strength. A more 
detailed study of the influence of composition of 
complexes and of ligand field symmetry and strength 
of 15N chemical shifts is in progress. 
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