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Abstract 

The coordinating properties of open-chain ligands 
containing alcoholic or ethereal oxygen donors are 
examined. Addition of oxygen donors usually leads 
to complex stabilisation for large metal ions (Pb’+, 
Cd**) and to less favourable effects on complex 
stability for small metal ions (Cu’+, Ni’+). The 
formation constants of these metal ions with the set 
of ligands RN(CH2CHOH*CH,), where R is -H, 
-CH2CHOH*CHs, -CH2CH20CHs, -CH2CH20CH2- 
CH20H, and -CH2-CHOCH2CH2CH2 are reported. 
The largest stabilisation for each case where R is an 
O-donor group relative to R = H occurs for Pb2+, 
the largest metal ion, while Cu2+, the smallest metal 
ion, shows the smallest stabilisation. The crystal 
structure of [Ni(HOCH2CH~NHCHzCH2NH2)J- 
(NO,), is reported. The space group is Pi, with cell 
constants a = 13.098(3), b = 8.737(4), and c = 
7.746(3) A, cx = 112.66(3), /3 = 90.65(3), and y = 
85.03(2), and Z = 2. Disorder of the nitrate anions 
hindered refinement, with the result that a final 
conventional R factor of 0.0903 was achieved. The 
Ni-N bond lengths average 2.06(l) (secondary 
nitrogen) and 2.10(2) (primary nitrogen). The Ni-0 
bond lengths are rather long, averaging 2.15( 1) A, 
which is used to support the idea that steric effects 
are responsible for destabilising the complexes of 
small metal ions such as Ni(l1) when neutral oxygen 
donors are present. 
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Introduction 
Fig. 1. Ligands discussed in this paper. 

The crown ethers, and their ability to complex 
large metal ions, appeared quite unprecedented when 
first discovered by Pedersen [ 11. Prior to this, ligands 
bearing the neutral oxygen donor in the form of 
alcoholic or ethereal groups had been investigated, 
and had not appeared to show any interesting com- 
plexing properties. Thus, for example, metal ions 
such as Cu”, Ni”, or Zn” show a decrease, or little 
change, in complex stability [2] when hydroxyethyl 
groups are added to L1 to give L2 (Fig. 1). The 

moderately large metal ion Cd2+ shows a strong 
increase in complex stability in making the same 
change in ligand [2]. Had this result been followed 
up with studies on metal ions outside the above set, 
which is the set of metal ions usually studied with 
amine ligands, the complexing properties of the 
crown ethers may have been predicted rather than 
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discovered by accident. Thus it was found [3] that 
there was an even larger increase in complex stability 
for Pb’+ in passing from L, to Ls, and that La com- 
plexes Ca’+ and La3+, whereas Li does not complex 
the latter ions in aqueous solution. From a compar- 
ison of L, and L3 complex stabilities, as well as other 
ligands with neutral oxygen donors, including macro- 
cycles, it was concluded [4] that metal ion size de- 
termined the response to the neutral oxygen donor. 
Thus unlike small metal ions, large metal ions respond 
to added neutral oxygen donor groups with increased 
complex stability, and also complex well with ligands 
containing only oxygen donors, such as the crown 
ethers. A large family of ligands exist which contain 
only neutral oxygen donor atoms, namely the monen- 
sin family of antibiotics, which successfully complex 
large metal ions without having a cyclic structure. 
These ligands, such as monensin, Lq, have predom- 
inantly tetrahydrofuran (THF) donor groups. 

In this paper we attempt to address two problems 
relating to the neutral oxygen donor atom. Firstly, 
why should small metal ions show a decrease in com- 
plex stability on addition of groups bearing neutral 
oxygen donors? We previously suggested [3,4] that 
there is a balance between the favourable inductive 
effects of the alkyl bridging group, and the steric 
strain produced, on adding a hydroxyalkyl group 
to an existing ligand. In the case of small metal ions, 
the more sterically crowded coordination sphere 
leads to the steric destabilisation effects dominating, 
so that a nett decrease in complex stability occurs. 
Crystal structures such as those of [Cu(LS),](ClO,), 
[5] and [Cu(TRISH,)(TRIS)]&Lz [6] (TRIS = 
Z-amino-2-(hydroxymethyl)1,3_propanediol) have 
been reported, but Jahn-Teller distortion of the 
copper ion makes the Cu-N and Cu-0 bond length 
deformations difficult to interpret in terms of this 
idea. We thus report in this paper the crystal structure 

of [W&lWU which should give us an indica- 
tion of the amount of steric strain in terms of Ni-0 
and Ni-N bond length deformation, and distortion 
of the bond angles around the metal ion. The second 
point we wish to address here is what effect the 
nature of the group bearing the oxygen donor atom 
has on complex stability, and ability to discriminate 
between metal ions on the basis of their size. For 
example, does the presence of the THF group in the 
monensin family of antibiotics confer any greater 
selectivity than would be found for similar ligands 
having simple ethereal groups in place of the bulky 
THF groups? In an attempt to answer this question 
we have synthesized a set of ligands all based on the 
di-isopropanolamine group, which are L, to Lie, 
with neutral oxygens held in a simple hydroxyalkyl 
group (L,), a methoxy group (La), a THF group 
(Ls), and a more extended hydroxyalkyl-oxyalkyl 
group (Lie) to see how these affect complex stability 
and selectivity for metal ions. We report here the 
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formation constants of this set of ligands complexed 
to Cu*+, Ni*+, Cd*+, and Pb*+. 

Experimental 

Materials 
All the ligands were prepared by the procedure 

outlined in the reaction scheme (Scheme 1). The 
amine (100 mmol) was dissolved in ethanol (30 ml) 
in a round-bottomed flask. An excess of propylene 
oxide was added and the contents of the flask stirred 
for four days. The solvent was removed under 
vacuum to yield the product in greater than 98% 
yield. The products were purified by distillation 
under reduced pressure to yield clear oils. Anal. LT. 
Found: C, 56.31; H, 11.00; N, 7.31. Calc. for Cg- 
H,,NO,: C, 56.50; H, 10.99; N, 7.32%. Ls, Found: 
C, 56.67; H, 10.90; N, 7.13. Calc. for C9H27N03: 
C, 56.50; H, 10.99; N, 7.32%. Ls, Found: C, 61.10; 
H, 10.76; N, 6.39. Calc. for CllH23N03: C, 60.80; 
H, 10.67; N, 6.45%. Lr,,, Found: C, 54.39;H, 10.27; 
N, 6.34. Calc. for C10H23N04: C, 54.27; H, 10.48; 
N, 6.33%. Stock solutions of the ligands were made 
up in 0.1 M NaN03 and standardised by titration 
with acid. The ligand L6 was obtained from Aldrich, 
and found to be better than 99% pure on titration 
with acid. Stock solutions of the metal ions as their 
nitrate salts were made up and standardised by 
routine procedures. 

& r( OH 
R-NH, I R-N 

\ 

k OH 

Scheme 1. 

Potentiometric Studies 
These were carried out using a pHM84 radiometer 

pH meter in a cell thermostatted at 25 “C. Three 
titrations were performed at 0.1 M dilution, each 
with excess ligand, excess metal and with equimolar 
ligand to metal ratios. Electrodes were calibrated 
by titrating neutral solutions with 0.05 M HN03 
in the pH range: 3.3 to 2.3, and by calculating the 
Nernstian intercept, fixing the Nernstian slope at 
95.16 mV. Analysis of the titration data to yield the 
equilibrium constant values shown in Table I was 
carried out using the computer program MINIQUAD 
[7], as well as the program EQUILIBRIA [8]. 

X-ray Crystallography 
Crystals of [Ni(L,),](N03)2 were kindly donated 

to us by B. Martincigh of the University of Natal. 
A blue crystal of dimensions 0.2 X 0.5 X 0.5 mm was 
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TABLE I. Formation and Protonation Constants for Ligands Derived from Di-2-hydroxypropylamine at 25 ‘C in 0. 1 mol dmm3 

NaN03 

Liganda Lewis acid Equilibriumb log KC 

$=H) ;;*+ 

Ni*+ 

Cd* 
Pb*+ 

L+H+=+LH+ 8.862(l) 

M+L+ML 4.58(2) 

ML + OH =z= MLOH 7.18(6) 

M+L+ML 2.86(l) 

ML + OH- + MLOH- 4.89(S) 

M+L+ML 2.31(2) 

M+L+ML 2.70(5) 

2 = CH2CHOH*CH3) 

(“R” = CH2CH20CH3) 

tk’ = CH2dHOCH2CH2eH2) 

H+ 

cu*+ 

Ni*+ 

Cd*+ 

Pb’+ 

L+H+==LH+ 7.905(2) 

M+L+ML 4.97(l) 

ML + OH- =+ MLOH- 7.53(l) 

M+L+ML 3.46( 1) 

M+L+ML 2.31(2) 

M+L-ML 3.62(l) 

ML + OH S= MLOH- 6.76( 1) 

;;2+ 
H++L=HL+ 7.813(l) 

M+L+ML 4.57(l) 

ML + OH- + MLOH 7.40(2) 

NiZ+ M+L+ML 2.83(l) 

;;;: 
M+L-ML 2.57(l) 

M+L+ML 3.22(l) 

ML + OH + MLOH 6.66(2) 

g2+ 
H++L=HL+ 7.797(l) 

M+L+ML 4.66( 1) 

ML + OH + MLOH- 7.52(l) 

NiZ M+L=ML 3.06(4) 

M+L+ML 2.81(l) 

M+L=+ML 3.65(l) 

ML + OH G= MLOH- 6.68(l) 

LlO 
(R = CH$H,OCH$H,OH) 

Ni*+ 

Cd*+ 

Pb*+ 

H++L==HL+ 7.862(l) 

M+L+ML 4.35( 1) 

ML + OH + MLOH 7.57(l) 

M+L=+ML 2.64( 1) 

M+L==ML 3.12(l) 

M+L+ML 3.65(l) 

ML + OH == MLOH 6.57(2) 

*For structure of ligands, see Fig. 1. bFor simplicity, charges on metal ions have been omitted. CFigures in parentheses are 

standard deviations indicated by the program MINIQUAD [ 71. 

used for preliminary investigations using the Weis- 
senberg technique, and for data collection. The 
density, D,, was determined by suspension in di- 
chloroethane/dibromoethane mixtures. Diffraction 
data was collected on a Phillips PW 1100 four circle 
diffractometer equipped with an incident beam 
monochromator. The structure was solved and re- 
fined using the program SHELX [9]. No corrections 
over and above those for background and Lorentz 
polarisation were made. Equivalent reflections were 
merged, and a 3a(fl cutoff was effected. Unit 
weights were used in the least squares refinement. 
Most hydrogen atoms were located on a Fourier 

difference map, but some attached to oxygen and 
nitrogen were placed in geometrically calculated 
positions. The thermal parameters of all non- 
hydrogen atoms were refined anisotropically, while 
the hydrogen atoms were refined with common 
thermal parameters. The residual electron density 
nowhere exceeded 0.5 e Ae3, except for a single 
peak of 1.33 e Ae3 near the metal ions. The nitrate 
ions were disordered, which hindered refinement, 
and contributed to the rather high final conventional 
R factor. Attempts were made to resolve the dis- 
ordered nitrates, without success. The disorder is 
thus masked by the rather large thermal parameters 









Neutral Oxygen Donor Atoms 

oxygen in water or alcoholic groups, i.e. both types 
of oxygen are modelled with the same force constants 
and strain-free bond lengths and angles. It is able to 
reproduce the above set of Ni-0 bond lengths very 
satisfactorily, predicting, for example, Ni-0 bond 
leeg;?];! 2.06 A in [Ni(H,0),12+, $09 in [NiLI- 

2 4 3 and 2.17 A in [Ni(L5)2] . The origin 
of the Ni-0 bond stretching in the latter complex 
is Van de Waals repulsive interactions between the 
hydrogens on the ethylene bridges of the ligand. 
Similar steric interactions are present [18] in the 
analogous complex with L1,. Here, however, the 
nitrogen donor is with most metal ions (Cu2+ or 
Zn2+, for example, but not Ca2+) a stronger donor 
than oxygen. There is thus little chance that the 
steric strain induced on adding an aminoethyl group 
to L, to give L5 will lead to an overall decrease in 
stability, since the added amine group binds much 
more strongly than does the displaced water. The 
effect of the greater strain in the DIEN ring (L,,) 
than of the EN (L,) ring is seen [19] in that, for 
example, AH of complex formation is - 105.9 kJ 
mol-’ for [Ni(L,,)2]2+, whereas it is -117.2 kJ 
mol-’ for [Ni(L&] ‘+. To sum up these observations, 
the strain energy in complexes of L5 is probably 
quite similar to that in complexes of L,,. However, 
the base strength of the alcoholic oxygen in L5 
is for most metal ions much less than the amine 
group in its place in Lll. In the balance between 
induced steric strain and extra base strength in adding 
an extra chelate ring to L1, the balance with small 
metal ions tips in favour of steric strain when we add 
an alcoholic group to give Ls, and so a nett drop 
in stability results. This steric strain is manifest in 
the long Ni-0 bond of 2.15 A in [Ni(L5)2] 2+ as 
compared with 2.10 a in [Ni(L1)2(H20)2]2+. In 
large metal ions such as Ca2+ or Pb2+, this steric 
strain will be less, and the greater basicity of the 
alcoholic oxygen relative to water should predom- 
inate. 

Supplementary Material 

Thermal parameters are observed and calculated 
structure factors are available as supplementary 
material. 
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