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The effect of diamine ligands on the $9Co NMR. chemical shift in 33 cobalt(IIT)
complexes has been followed in a series of complexes containing 1,2-diaminoethane,
},2diaminopropane, 1,3-diaminopropane and 1 4-diaminobutane, respectively,
It was estabhished that ring enlargement and the introduction of a ring side CHs-group
causes, in all cases, a downfield shifi due to weakening of the ligand field.

NMR spectroscopy of the central metal-ion in transition metal complexes
has became a valuable analytical tool. General trends of the effects of complex
compound composition and structure on the metal ion NMR chemical shift are
now known, and to a considerable degree understood.l2 However, most of the data
on, the effect of minor changes of ligand composition and structure on the
metal ion chemical shift is yet to be collected. Such data are of particular interest
or determining imetal coordination sites in biomacromolecules.

Cobalt(I11I} complexes are among the complexes most studied by metal-
NMR spectroscopy. However, even for them only a few studies of the effect of
the aforementioned changes on the metal chemical shift have appeared.2-5 The
only detailed study concerning chelate ligands is that on the effect of aminocarboxy-
lato chelate ligand composition and structure on the 59Co NMR chemical shift
reported by us.4 In that paper we established that increase of the chelate ring size
from a five to a six-membered one is accompanied by a considerable increase in the
39Co chemical shift (200—300 ppm) irrespective of the complex composition and
geometrical configuration. Besides, in the all studied cases introduction of a
chelate ring side CHj-group caused a decrease of the 59Co chemical shifts (by
40—90 ppm). Some data reported for 59Co chemical shifts in cobalt(Ill) com-
plexes containing diamine chelate ligands4¢ suggested that the corresponding
regularities may hold for these complexes as well. Therefore, in the present
work we undertook the investigation of the effect of a diamine chelate ring enlar-
gement and of the introduction of a side CHi-group on ¥2Co chemical shifts in a
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number of cobalt(llf} complexes. Since cobalt(IIl) complexes containing seven-
-membered diamine chelate rings are available, the investigation of the effect of
ring enlargement was extended to include enlargement to seven-membered Tings.

EXPERIMENTAL

The following complexes were prepared according 10 methods from the literature: cis- and
trans-bis(l,2-diaminopropane)dinitrocobalt(I11) nitrate?, cis- and trans-bis(1,4-diaminobutane)-di-
nitrocobalt{II) chloride®, bis(1,3-diaminopropane)glycinatocobalt(1IT) chlorides, cis{NO;)-2rans-
(NH)-(1,2-diaminopropane)diglycinatodinitrocobalt(ITI}®* and eis(NO,)-rrans(NH:)-(1,4-diamino
butanejglycinatodinitrocobalt(111}.%

Their 5%Co spectra were recorded by a Bruker Pulse SXP-100 FFT spectrometer operating
at 21.5 MHz at room temperature, The chemical shifts of complexes dissolved in water were de-
termined relative to the aqueous solution of hexaamminecobalt(I11) chloride, used as the external
standard {(capillary), and reported relative to the agueous solution of sodium hexacyanocobaltate(111)
the conversion factor being +8170 ppm.

RESULTS AND DISCUSSION

The 59Co chemical shifts of the investigated complexes are collected in Table I*
For 9 complexes 39Co chemical shifts are reported for the first time. For others,
the literature values are used. For cis- and trans-bis(1,2-diaminoethane)dinitroco-
balt(IIT) chloride we have previously reported erroneous valuesi0; the correct value
for the trans-isomer has been reported recently!), and now we give the correct
value for the cis-isomer. In complexes containing 1,2-diaminopropane there is a
possibility of the existence of a number of geometrical and optical isomers, de-
pending on the position and orientation of the CHi-group. Usually in the synthesis
a mixture of isomers is obtained and more than one 5%Co resonance is observed
for the product. In these cases all the observed resonances are given in Table I,
since all of them coluld be considered to represent the effect of introducing a side
CHjs-group in the 1,2-diaminoethane chelate ring.

As seen from Table T, the effect of substitution of one diamine chelate by
another was followed in #ris-, bis- and mono(diamine)cobalt(ITI) complexes. In
the eleven examples ring enlargement from a five to a six-membered ring was fol-
lowed. In them, diamines were placed under the influence of various ligands, i.e.,
COz:~, NO,~,CN-, gly-, f-ala— and diamines, respectively, and in a number of
geometrical arrangements. Ring enlargement to the seven-membered ring or the
introduction of a side CHj-group was followed in four examples, again under the
influence of various ligands and geometrical arrangements. In all cases a regularity
in 3¥Co chemical shifts was observed upon diamine chelate substitution. Enlarge-
ment of the five-membered 1,2-diaminoethane ring to a six-membered 1,3-diamino-
propane ring has the most pronounced effect (160—400 ppm downfield). Intro-
duction of a second CHa,-group, i.e., enlargement to a seven-memebered 1,4-dia-
minobutane ring has a smaller impact (110—160 ppm downfield). The least pro-
nounced effect was observed upon the introduction of a side CHj-group into a
five-membered 1,2-diaminoethane ring (20—100 ppm downfield). Hence, accor-
ding to the increase of the 39Co chemical shift the investigated diamines are ordered
as follows: tmd>tn>pn>en.
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TABLE 1. -%Co NMR chemical shifts of the investigated cobalt(ill) complexes containing
diamine ligands

Complex types dm

en pit tn tmd
[Cof{dm);]3+ 71300 7200 —7300)c-4 83500 8670P
£i5= [CO(NG;);([]H‘I}:] i 6530 6580 7180# 7410

6620

trans-JCo{NO;):(dm); ]+ 6320f 6420 7040 7140
cis-]Co{CN)2{dm);]* 4380 5130
trans-[ColCN(dim): ]+ 4740f 5500
[Colgly)(dm)]2+ 78708 8550
[Co(CO3)(dm),)* 8900h 9400
cis(NO,)-frans{(NH: )} ‘
~{Co(NO3)a(gly){dm)) T2 7650 7800
cis (NOs)-trans(NH>)- _
=[Co{NO;){f-ala){dm)] 74800 77901
cis(ON=-Cy-[Co(gly)(dm)]* 8720= 8990e
trans(O)-[Colgly){dm)]+ 89708 9130

sAbreviations: en - : 1,2-diaminoethane, pn = 1,2-diaminopropane, tn = 1,3-diaminopropane
tmd = 1,3-diaminobutane, glyH = glycine, B-alaH = B-alanine, sRef.6, 8Ref, 3, conversion factor
+7140 ppm. 4Ref. 9. °Ref. 10, conversion factor +8170. fRef. 11. 8Ref. 12, conversion factor
+ 8170 ppm. hRef, 13, conversion factor +8170 ppm. iRef. 4, conversion factor + 8170 ppm,

When these results are compared with those obtained for aminocarbexylato
chelates,4 it may be concluded that ring enlargement from a five to a six-mmembered
one has a very similar influence in both kinds of chelates. Contrary to this, the
mtroduction of a side CHj-group into an aminocarboxylato ring causes an upfield
shift, while in diamine chelates there is a downfield shift. In a rigid, almost planar
aminocarboxylato ring, the effect of CHi-group introduction was explained as
an inductive effect.4 In a diamine chelate, with a puckered, more flexible confor-
mation, the introduction of a CH;-group affects the ring conformation, and this
seems to be of greafer importance than the inductive effect. The presented comparison
of the effect of the aminocarboxylato and diamine chelate composition and structure
on S?Co chemical shifts suggests that the regularity in the effect of ring enlargement
1s of wider importance, while the effect of the introduction of a ringside group
critically depends on the kind of chelate considered.

The theory of 39Co NMR chemical shifts in cobalt(III}) complexes is well
advanced!'? and chemical shift variations are properly ascribed to changes in the
cobalt nucleus paramagnetic shielding term. This term is found to be proportional
to the first d-d electronic transition wavelength and the nephelauxetic ratio.® In
accordance with theory, the established deshiclding of the cobalt nucleus upon
ring enlargement from a five to a six-membered one follows the earlier established
requiarity that the first d-d electronic transition is shifted toward longer wavelengths
by 3 to 12 nm.14 The same could be said for the enlargement of a six to a seven
membered ring, where the less pronounceed deshielding of the cobalt nucleus parallels
the smaller shift of the first d-d band toward longer wavelengths, The effect of the
introduction of a ring side CHj-group is hardly noticeable in the electronic
absorption spectrum, but seems to be in acocrdance with changes in the
S9Co chemical shift. The nephelauxetic ratio, which could be determined only
in rris(diamine)-cobalt(IIl) complexes, is almost the same for the studied diamines.
Hence, it may be concluded that the observed changes in the 59Co NMR chemical
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shift for different diamine chelates are mainly due to a change in the ligand field
splitting magnitude.

There is no obvious reason why diamine chelates forming larger chelate rings
produce smaller ligand field splitting. One may ¢ven expect the opposite behaviour.
Namely, diamines with a larger aliphatic chain are stronger bases and thus more
able to supply electrons to the metal-ligand bond. Besides, they are more flexible
which may allow coordinated nitrogens to take the best position for coordination.
However, conformational analyses of diamine chelate rings have shown that in
a larger diamine chelate an additional strain is put on the metal-ligand bond,1>
which finally places the coordinated nitrogens in a position less suitable for bond
formation. As a demonstration of this, we calculated the group overlap integral
for s-bonding (Ge) in tris{(diamine)cobalt(III}) complexes of 1,2-diaminoethane,
1,3-diaminopropane and 14-diaminobutane, relying on X-ray analysis data16-15
and obtained the following results:

(Go),,: (GO),,: (GO),y=1:0.968:0.910, ie., in larger chelate rings metal-
licand e-bond overlap 13 smaller.

H3iBO N

YTHUIIA] JMAMHHCKUX JTUTAHATJA HA 5Co NMR XEMHWICKE ITOMAKE
- ¥ KOBAJITIIN-KOMITNEKCHMA

HEHAZ J¥YPAHHUER, MHJAT J. MAJTHHAPF, INTETAP H. PATHBOJIIA,
HEAH J¥PAHHHR » MHIIEHKCO B. REJTATIL

Xewujoru nnciiiniivin JIpupogro-Maliemaiiwixol garyaiieilla Yalgepauiieiia v beoipagy,
h. &p. 550, 11001 becipag

VrHma] auaMyHekuX nHragaga qHa °Co NMR xemujcre momaxe 33 kebant(ill)-kommnexca
Npoy4eH je Ko/l cepHje KOMIUTeKca KOjd cy caIpRapanH 1,2-1MaMHHOETEH, 1,2-AMaMAAONPONAN,
1,3-oraMuHouponal WiIE 1.4-auamexobyTad. YTBplicHo je na mpOIIAPEHe XETATHOY NPCTeHA,
kao H ysobewse Soune CH,-rpyne y mera, yIpoxyje y CBEM CyuyajeBHMa NOPACT XEMM)CKOT MO-
Maga, yeneld cnab/belba NHraHaAHor NoJeQ.

{Mpusbeno 13, maja 1986
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