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Coordination compounds of general formula 
[Zn(apHh]Xz with X = I, NOS, %S04 and apH = 
R,S-1-amino-2-propanol, S(+)-1-amino-2-propanol, 
R(-)-1-amino-2-propanol have been studied with the 
aid of proton NMR in CO,OD. The effect of the 
counter ion upon the conformational parameter, neg. 
has been determined and is discussed in relation with 
the distance between the Lewis base sites of the 
counter ion and the tendency for ion-pair formation. 
A temperature-dependent study of the conformation 
of [Zn(RS-apH)J12 indicates an increase of the tor- 
sion angle, w, with decreasing temperatures (+58 to 
-63 “C). In addition, the detailed analysis of the pro- 
ton NMR spectrum of S(+)-I-amino-2-propanol in 
various solvents is discussed. During this work an 
improved synthesis for the resolution of R,S-I- 
amino-2-propanol has been developed. 

pounds with S-apH [4b] shows the occurrence of a 
6-X equilibrium in solution of [Cu(S-apH)3](N0a)2, 
in which the CHa group alternately is in an equatorial 
or axial substituent position. 

To obtain more knowledge about the equilibrium, 
a study of the proton NMR spectra was thought 
useful. 

Introduction 

Differences in the coordination chemistry of 
racemic and optically-active ligands have been report- 
ed in the literature, although satisfactory explanations 
are not always available. As an example the 
differences in stoichiometry between compounds 
with racemic and optically active 1,2-propanediol 
can be mentioned [l] , Another example is the forma- 
tion of crystals with ethylenediamine, in which the 
conformation of the two ligands is 6h rather than 
66 (or hh)), which is calculated to be more favourable 
in energy [2]. For a basic understanding it is interest- 
ing to compare the coordination properties of 
optically-active and racemic ligands. The alcohol 
amines were selected as an extension of earlier studies 
involving ethylenediamine and 1,2_propanediamine 
[2]. Moreover, the alcohol amines play important 
roles in nature, e.g. in the hormones adrenaline and 
noradrenaline and in the amino polysaccharides [3]. 
Differences in coordination chemistry between com- 
pounds with R,S-1 -amino-2-propanol (RS-apH) and 
S(+)-1-amino-2-propanol (S-apH) have been dis- 
cussed [4]. The circular dichroism study of com- 

The proton NMR spectra of amino-alcohol coordi- 
nation compounds have not been extensively studied. 
Evilia and Reilley [5] studied nickel(H) compounds 
and Hawkins and Palmer [3] used proton NMR to 
investigate Co(III) compounds. In the latter study 
proton coupling constants were used to determine 
quantitatively the conformational preference of dia- 
magnetic five-membered Co(II1) amino-alcohol com- 
pounds. In the present study the proton NMR of 
S-apH and the proton NMR of some Zn(I1) com- 
pounds with 1-amino-2-propanol isomers will be 
discussed. Proton coupling constants are used to 
investigate the conformational preference of the free 
ligand and the Zn(II) compounds, as well as the 
influence of temperature on the conformational 
preference of one of the Zn(I1) isomers. 

Experimental 

Starting Materials 
The anhydrous metal salts and racemic 1-amino-2- 

propanol were used as commercially available. The 
preparation of the optically-active 1 -amino-2- 
propanol isomers is given below. 

The Resolution of R,S-I-amino-2-propanol 
The first report about the resolution of R,S-l- 

amino-2-propanol (RS-apH) was described by 
Clark et al. [6]. Later, the resolution as described in 
detail by Sullivan and Woodbary [7], appeared to 
be much simpler. We describe here that this last 
method can be significantly improved. In 80 g water, 
3 g of RS-apH and 60 g of R(t)-tartaric acid were 
dissolved. The solution was concentrated and S(+)- 
1-amino-2-propanol hydrogen R(t)-tartrate dihydrate 

0020-1693/83/0000-0000/$03.00 0 Elsevier Sequoia/Printed in Switzerland 



132 G. Nieuwpoort, J. Brussee and J. Reedijk 

Fig. 1. The three possible rotamers of S(+)-l-amino-2- 
propanol and the used proton labeling. 

(Z) crystallized on standing. After recrystallisation 
of (I) from ethanol (96%), 25 g NaOH in 400 ml 
ethanol (96%) was added in portions to a solution 
of 80 g (I) in 100 ml ethanol (96%), which was stir- 
red at 60-70 “C. After cooling to room temperature 
the resulting sodium tartrate was removed by filtra- 
tion and washed with absolute ethanol (3 X 100 ml) 
and sodium-dried diethyl ether (1 X 100 ml). The 
excess of water was removed by distillation of 
ethanol under normal pressure. S-apH was then distil- 
led under nitrogen and at low pressure (b.p. 65-70 “C 
at 2.6 kPa). After the distillation S-apH crystallizes 
at room temperature ([a]:: = +18.1 “C (c = 0.1 M; 
H,O)). The melting point is 30 “C. The filtrate 
obtained after the crystallisation of (Z) was used to 
prepare I?(-)-1 -amino-2-propanol (R-apH). This fil- 
trate was concentrated and treated in the above way 
to give a product with [a]2 = -8 (C = 0.1 M; HZO). 
This product is used for a completely new cycle 
(with S(-)-tartaric acid) and yielded R-apH with 
[(Y]E = -18.0 (C = 0.1 M; H20). The melting point 
is 30 “C. The optical purity of S-apH was determined 
by means of gas chromatography with a SE-30, l%, 
25 m capillary column. 

According to the literature [S] , S-apH was treated 
with N-trifluoroacetyl(trifluoroacetamide)-L-alanine, 
which acts as a chiral reagent for optically-active com- 
pounds with hydroxy and amino functions. For the 
necessary silylation N-methyl-bis(trimethylsilyl)- 
trifluoroacetamide was used. This resulted in, at 
most, 3% impurity of the optical antipode in S-apH. 
The two peaks in the gas chromatogram were, under 
the present conditions (not exactly the same as in the 
literature [8]), not completely base-separated. It is 
possible that the 3% impurity partly originates from 
the tail of the most abundant enantiomer. Based on 
a maximum impurity of 3% we now propose [cY]g = 
t19.2’ for S-apH. The great discrepancy between 
this value and values reported earlier [7, 91 can pro- 
bably be explained by the hygroscopic properties 
and the concentration dependence of S-apH. 

Synthesis of the Coordination Compounds 
The anhydrous metal salts and the ligands are dis- 

solved in methanol in the molar ratio 1:3. After 
concentrating the solutions and the addition of 

Fig. 2. ‘H NMR spectrum of [Zn(R-apH)s] 12 in CD30D. 

Fig. 3. Indication of JAB, PAX and ~BX as determined by 
first-order methods. 

sodium-dried diethyl ether a viscous phase separated, 
which solidified after stirring with sodium-dried 
diethyl ether. All metal salts yielded tris-chelate com- 
pounds, in agreement with the zinc, carbon, hydro- 
gen and nitrogen analyses. 

Analyses and Physical Measurements 
Metal analyses were carried out complexometri- 

tally [IO]. Carbon, hydrogen and nitrogen analyses 
were performed by Dr. F. Pascher (Mikroanalytisches 
Laboratorium, Buschstrasse 54, D-5500 Bonn 1, 
BRD). The ‘H NMR spectra were recorded with a 
JEOL PS-100 spectrometer in the Fourier trans- 
form mode with 100 MHz (120-160 scans), using 
CD30D as a solvent. The concentrations of the solu- 
tions of the Zn(II) compounds were about 0.015 M. 
The spectra of S(t)-apH and its Zn(II) compounds are 
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TABLE I. Chemical Shifts (ppm relative to TMS), Proton Coupling Constants (Hz) and Rotamer Population of S(+)-l-amino-2- 
propanol (0.08 M). 

Compound Solvent HA HB JAB ‘AX ‘BX CH, ‘CH,X . PI PI1 PI11 

S-apH CD& 2.50 2.18 -12.6 8.1 3.5 1.15 6.2 8 61 25 
S-apH CD30D 2.50 2.59 -13.0 6.9 4.6 1.13 6.4 20 50 30 
S-apH DzO/NaOD 2.56 2.61 -13.6 6.5 5.0 1.15 6.3 25 44 31 

pH = 12 

S-apH D,O/DCl 2.90 3.12 -13.1 8.8 3.5 1.25 6.6 9 14 11 

pH = 1 
(S-apH)(HCl) CD30D 2.73 2.98 -12.7 8.9 3.4 1.22 6.4 9 75 17 

TABLE Il. Chemical Shifts (ppm relative to TMS) and Proton Coupling Constants (Hz) of the Zn(I1) Compounds in CD30D; 
(about 0.015 M). 

Compound HA HB JAB ‘AX ‘BX CH3 ‘CH,X 
-a 
% 

ZnSOd(S-apH)3 2.59 2.82 -12.7 8.8 3.7 1.18 6.2 77 
ZnSOa(R-apH)3 2.61 2.84 -12.7 8.7 3.7 1.18 6.4 76 

ZnS04(RS-apH)3 2.63 2.84 -12.8 8.6 3.8 1.18 6.4 75 

ZnIz (S-apH) 3 2.57 2.87 -12.6 8.8 3.6 1.20 6.1 77 

ZnIz(R-apH)3 2.57 2.87 -12.6 8.8 3.5 1.20 6.2 77 
ZnIz(RS-apH)3 2.58 2.88 -12.6 8.9 3.6 1.20 6.1 78 

Zn(IW)z(S-apH)3 2.52 2.91 -12.5 9.4 3.3 1.20 6.2 83 

Zn(NO&(R-apH)3 2.52 2.88 -12.5 9.2 3.5 1.20 6.2 81 

Zn(NO&(RS-apH)3 2.52 2.91 -12.5 9.3 3.4 1.20 6.2 82 

&The conformational parameter neq (eq = equatorial) is expressed in % (neq + naX = 100%); estimatd deviation about 3%. 

very similar and show a doublet at about 1.2 ppm 
(assigned to the methyl group), an octet at 2.7 ppm 
(assigned to HA and HB (see Fig. 1)) and a multiplet 
at about 3.9 ppm (assigned to Hx). The spectrum of 
[Zn(RS-apH)3 ]I2 is shown in Fig.2 and_ the results 
of the first order measurement of TAB, JAx and &x 
from the spectra is shown in Fig. 3. 

Results and Discussion 

The ‘H NMR of S(+)-I-amino-2-propanopanol 
The observed chemical shifts and proton coupling 

constants of S(t)-1 -amino-2-propanol (S-apH) are 
listed in Table I. The three possible rotamers are 
drawn in Fig. 1, together with the pr_oton labeling 
system. Expressions for the average JAx and JBX 
values may be written in terms of the JAX and JBX 
values for the three rotamers and the population 
weighting factors (P) by reference to Fig. 1; thus 
yielding : 

$X = PI’JAX(I) + Prr*J&II) + Prrr*JAx(III) and 

JBX = @JBx(~) + Prr*JBx(II) + PIrr*J&III), in 
which Pr + Prr + P rII = 1. According to Haasnoot et 
al. [lli, the JAX and JBX values for the three 
rotamers are: J&I) = 4.5; J&I) = 11 .O; J&II) = 
11 .O; J&II) = 2.6; JAx(II1) = 1.6 and J&III) = 
3.5 Hz. The population distributions calculated with 
these values for S-apH in various solvents are listed 
in Table I. 

It is clear that in an aprotic solvent (such as 
CDC13) rotamer II is preferred, because of the rela- 
tively strong intramolecular hydrogen bonding and 
the smaller steric repulsion between the methyl and 
the amine group, rotamer III is preferred to rotamer 
I because of the strong intramolecular hydrogen 
bond. In a protic solvent, such as CD30D, the prefer- 
ence of rotamer II decreases and that of rotamer I 
increases, because of the intermolecular hydrogen 
bonding with the solvent, which is not possible in 
CD&. Also the preference of rotamer III shows a 
small increase in CD&. These effects are even more 
prominent in D20/NaOD and the population ratios 
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approach a random distribution. In D,O/DCl and the 
HCl salt of S-apH in CDaOD, when the amine group 
is protonated, rotamer II is again the most stable 
rotamer, because of the smaller steric repulsion 
between the methyl and the protonated amine group 
and the charge-charge interaction between the posi- 
tive amine group and the negative hydroxy group. 
A comparison of the population distributions of 
S-apH in CDCla and D*O/DCl shows that the steric 
effect is more dominant in D20/DCI compared to 
CDCls, as can be expected from the protonation of 
the amine group. 

The ‘H NMR Spectra of the Zn(II) Compounds 
The chemical shift and proton coupling constants 

of the Zn(II) compounds with RS-apH, S-apH and 
R-apH are listed in Table II. As has been shown for 
aminopropanol compounds both RS-apH and S-apH 
coordinate bidentately in methanolic solutions [4]. 
The bidentate coordination in solution is favoured 
because of the chelate effect [ 121. Based on this 
observation, the effects of dissociation of the chelates 
can be ignored. 

For a distribution of chelate rings, e.g. A or A, 
the 6 and h conformations are not equally populated. 
The observed proton coupling constants are averaged 
with respect to the abundance of the 6 and the h 
conformations. Possible A-A inversions as a result 
of metal-ligand dissociation/association can be 
neglected, because this is known to be slow on the 
NMR time scale [ 131. As expected, the spectra of the 
Zn(I1) compounds are very similar to the spectrum 
of S-apH in CDsOD. The larger splitting between 
b and Hn in the Zn(I1) compounds compared to 
S-apH can be explained by the fact that HA will be 
axial in the most abundant conformation, having 
the methyl group equatorial. Hn on the other hand, 
is equatorial in the most abundant conformation. 

In agreement with the observed torsion angles 
in free and coordinated aminopropanol [4c, 14, 15, 
161, coordinated 1,2_propanediol [17] and 1,2- 
propanediamine [2, 181, the most stable conforma- 
tion of these ligands will have a torsion angle of 
about 55”. Therefore it is assumed that oeq = 55”. 
For chiral ligands o, does not necessarily have to 
be equal to w_. The unfavourable interactions are 
minimized by the ring, which flattens to minimize 
the non-bonded interactions [ 13, 181. In agreement 
with propanediamine compounds [18], it is assum- 
ed that w,, = 49”. A deviation from this angle, up to 
55”, does not significantly influence the calcula- 
tions. 

According to Haasnoot et al. [ 1 l] , the following 
parameters for the equatorial conformation are 
predicted: JAx = 11.2 and J,, = 3.2; for the axial 
conformation the values are JAx = 1.0 and Jnx = 
5.0 Hz. The conformational equilibrium is moni- 
tored well by the values of JAx and the conforma- 

Fig. 4. The conformational equilibrium of the Zn(I1) com- 
pounds. 

tional parameter neq can now be calculated with the 
formula: J,,(obs) - 1.0/l 1.2 - 1 .O = neq. The 
results of the calculation of neq are listed in Table II. 
The averaged values of the conformational para- 
meter neq for [Zn(apH)s] S04, [Zn(apH)j] Iz and 
[Zn(apH)s](NOs)s turn out to 0.76, 0.77 and 0.82 
respectively (see Table II). The anion dependence 
of neq can be explained as follows. Chemical shift 
changes of hydrogen can be brought about by ion- 
associations with anions via hydrogen bonding 
[19]. As shown by Cramer and Huneke [20], small 
anions like NO, SOi- and I- have a preference 
for association with the A&U) (or A(SSS)] confor- 
mation, which are the most stable conformations, as 
they have all equatorial methyl groups. This is so, 
because maximum hydrogen bonding to all of the 
available anion sites is achieved only when the amine 
and hydroxy protons are close together and point in 
a common direction. In the NOT ion the separation 
between the Lewis base sites is 2.20 A compared to 
2.49 A in SOf [20]. Thus the preference for A(XXA) 
[or A(SSS)] is_ stronger for NOT compared with 
SO:-. Another argument is the tendency for ion- 
pair formation [21] in protic solvents, such as CD3- 
OD, which is r > NO: > SO:-, and the hydrogen- 
bonding ability which has a reverse order. The 
similar neq values found for the I- and SOi- com- 
pounds can be explained by the much stronger ten- 
dency for ion-pair formation in protic solvents for I- 
compared with SO:-together with the much stronger 
hydrogen bonding ability for SO,‘- compared with 
I-, which apparently results in nearly equal nW 
values. 

The Temperature Dependence of the Conformations 
of IZnW-apHjlIz 

The chemical shift and proton coupling constants 
of [Zn(RS-apH)] Iz at varying temperatures are listed 
in Table III, together with the results of the calcula- 
tion of the conformational parameter neq. 

As can be seen from the change in nW, the 
equilibrium shifts into the direction of the most 
stable conformation with decreasing tempera- 
tures. At -63 “C the equilibrium is almost com- 
pletely at the side of the equatorial conformation. 

The experimental Jnx value measured at low 
temperatures is about 1 Hz smaller than the value of 
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TABLE III. Chemical Shifts (ppm relative to TMS), Proton Coupling Constants (Hz), and the ConformationalParameter neq of 
ZnIz(RS-apH)3 in CD30D (0.008 M) at Varying Temperatures. 

Temp. CC> HA HB JAB JAX JBX CH3 kH,X “w 
a 

+58 2.58 2.86 -12.7 8.4 3.6 1.20 6.2 73 
+28 2.57 2.87 -12.6 8.8 3.5 1.20 6.2 76 

+1 2.55 2.87 -12.6 9.0 3.4 1.20 6.1 78 
-10 2.55 2.88 -12.5 9.3 3.3 1.21 6.1 81 
-21 2.53 2.88 -12.5 9.6 3.2 1.20 6.1 84 
-28 2.53 2.88 -12.5 9.8 3.1 1.20 6.1 86 
-37 2.52 2.89 -12.5 10.0 2.9 1.20 6.0 88 
-52 2.50 2.89 -12.5 10.4 2.3 1.20 6.1 92 
-63 2.50 2.89 -12.2 10.9 2.2 1.20 6.0 97 

aThe conformational parameter neq (eq = equatorial) is expressed in % (nes + nax = 100%); estimated deviation about 3%. 

3.2 Hz, as calculated by the Karplus equations from 

Hasnoot et ~2. [l l] . This together with the fact that 
there is no linear relation between JAX and JB,, 
most likely indicates an increase in torsion angles 
with decreasing temperatures. Because JAx is hardly 
affected by changes of o, this will not significantly 
influence the calculated conformational parameter. 
Table III shows that the largest change in JBx value 
(i.e. in torsion angle) appears between -37 and 
-52 “c. 

The increase in torsion angle causes the axial 
protons to be more susceptible to the diamagnetic 
shielding arising from the metal ion and as a result 
the chemical shift difference between HA and Hn 
increases (see Table III) with decreasing tempera- 
tures 1221. 

Concluding Remarks 

The conformation equilibrium in I-amino-2- 
propanol is influenced by the effect of the solvent 
upon the intramolecular hydrogen bond. Especially 
in protic solvents, intermolecular hydrogen bonding 
appears to be important. In Zn(I1) coordination 
compounds with I -amino-2-propanol, dissolved in 
CDSOD, the size of the anion and the tendency 
for ion-pair formation determine the conformation 
equilibrium. A temperature dependence study shows 
an increase in the torsion angle of the ligand with 
decreasing temperatures. 
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