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Abstmc-A computer method to simulate the observed Lanthanide Induced Shifts (LB) is described 
and its applications to the study of the conformational equilibria in solution for simple systems are 
reported. Starting from structuraIly rigid systems, it is shown that the LIS simulation process allows 
mistaken assignment to be corrected by systematic permutation of signals with uncertain assignments. 

Some examples of structurally flexible systems with an internal rotation angle are studied (2- 
carbonyl derivatives of furan and thiophene, N-vinylpyrrolidone. cyclopropanecarboxyamides), and 
the results allow the structures actually present in the conformational equilibrium to be determined. 

It has been also found that it is possible to estimate the population ratio between s-cis and s-tram 
conformers in a number of a&unsaturated systems. 

Lanthanide shift reagents (LSR) have received 
widespread attention since their discovery in 1%9’ 
and, as a result of the intensive efforts of number- 
ous workers,2 the phenomenon of LIS appears now 
reasonably understood.” 

The theoretical background necessary to account 
for the pseudocontact shifts was developed in 
1958: so that is is possible to investigate the 
molecular geometry of the lanthanide complexes 
with several ligands by matching the observed 
shifts and those calculated according to the 
McConnell and Robertson equation.9 The latter 
strictly holds only for metal complexes with axially 
symmetrical ligand fields,‘” but it has been assumed 
to be generally valid. 

Computer simulation of the LIS of structurally 
rigid systems has been reported.‘.“. ‘&” We have 
now developed computing techniques suitable to 
study flexible systems and describe the application 
of the LIS technique to the study of the conforma- 
tional equilibria of simple systems. 

LZS simulation process 
The LIS simulation process is best described 

when applied to a structurally rigid molecule 
(atomic coordinates are fixed and can be deduced 
from pertinent solid-state data or measured on 
Dreiding models). 

The interaction lanthanide-substrate is thought’ 
to be entirely or predominantly of a pseudocontact 
nature, usually expressed by the McConnell and 
Robertson equation:9 

Av=K(3cos*x-I)r.’ (I) 

where x is the O-M-H internuclear angIe and r is 
the corresponding M-H distance. It has been com- 
mon practice among workers in the field to assume 
the observed LIS proportional to the intrinsic LIS 
(Av in Eq 1). The validity of this assumption has 
received full support in a recent’ exacting study of 
the equilibria taking place between the lanthanide 
shift reagent and the substrate. 

For structurally rigid molecules with a single 
coordination site (i.e. oxygen) the molecular 
geometries of the lanthanide complexes can be ob- 
tained determining the optimal location of the 
lanthanide ion in the space around the coordination 
site.” A computer program is most useful to exp 
lore all the possible lanthanide spatial locations, de- 
fined in Fig 1 by polar coordinates R, cp, w where R 
is the Ld-0 distance, cp is the Ld-O-C angle, and w 
is the Ld-O-C-C dihedral angle. 

Input data are the atomic coordinates and the 
observed LIS for each proton in the molecule. In 
step 1 the geometrical factor (3 cos* x - I)r-’ cor- 
responding to each proton’m the molecule is analyt- 
ically calculated for a given set of R, cp, o values. 

Step 2 performs a least squares minimization of 
the observed LIS us the geometrical factors corres- 
ponding to each proton. In this way the pseudocon- 
tact constant (K, Eq 1) is obtained, and the theoreti- 
cal LIS can be calculated according to Eq 1 (Step 
3). In Step 4, the difference between observed and 
calculated LIS for a given set of R, cp, w values (i.e. 
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Fig I. Possible locations of the Lanthanide (Ld) ion in 
the space around the oxygen atom. F represents the Ld-0 
distance; cp is the Ld-O-C internuclear angle; the dihedral 
angle Ld-O-C-C, o, is zero for the configuration indi- 
cated in Figure. Varying R, cp. o all the Ld possible spatial 
locations can be explored. The internal coordinate system 

is also shown. 

for each lanthanide spatial location) is expressed* 
in terms of error by means of Hamilton agreement 
factor (A.F.): 

A-F. = fr_ (2) 

Steps 1-4 are repeated for all the possible sets of 
R, cp, o values. The agreement factors (A.F.) cor- 
responding to each molecular geometry of the 
lanthanide-substrate complex are obtained as out- 
put in a square matrix format (cp us 0, at constant 
R). The minimum value of A.F. is assumed to deter- 
mine the most likely molecular geometry of the 
complex. 

In practice only cp and o were allowed to vary 
and the Ld-0 distance (R, Fig 1) was kept constant 
at 3.0A. We have verified, in fact, that the 
minimum A.F. value is not displaced by varying R 
in the 2.5-3.5 A range, and that is a very flat func- 
tion of R in that range. 

As an example, in Table I are reported the results 
of a LIS simulation performed on the 

*Computer simulation of the LIS proton spectra has 
been reoorted several times,“6. ‘u’ but relatively little 
computing details have been given. A notable exception is 
that of Willcott et al.’ who have described their method in 
some detail, and have proposed to adopt the Hamilton” 
agreement factor (A.F.) as a measure of the error in the 
LIS simulation and as a significant testing criterion. Ac- 
cordingly, we have tested the use of Hamilton”” A.F. and 
have adopted it. 

Table I. Effect of the Eu-0 dis- 
tance (R) on the LIS simulation 
results for the DMA-Eu(fod), 

complex 

2.2 110”’ loo” 0.037 
2.4 110” 100” 0.030 
2.6 110” 100” 0.023 
2.8 110” 100” 0.016 
3.0 110” 100” 0~010 
3.2 110” 100” 0038 
3.4 110” 110” 0.005 

dimethylacetamide-Eu(fod)p complex b varying 
the Eu-0 distance in the range 2.0-3.4 3i . 

It can be seen that the Eu position in the complex 
appears unaffected by the variation of R and that 
the corresponding A.F. values denote an excellent 
degree of LIS simulation over the range of R 
explored. 

The accuracy of the (time-averaged) molecular 
geometry of the lanthanide-substrate complex de- 
termined by LIS simulation depends on the accu- 
racy of atomic coordinates and observed LIS for 
each proton in the molecule. Uncertainties in signal 
assignments may result in serious errors in the final 
optimal geometry of the complex. We have found it 
useful to exchange signals with uncertain assign- 
ment and to compare the A.F. corresponding to the 
optimal geometries thus obtained. Higher A.F. are 
invariably obtained in cases of mistaken assign- 
ments. Signal permutation is automatically per- 
formed in our program through the activation of a 
subroutine. Several stereochemical problems can 
be handled in this way. For instance, the chemical 
shifts assignments of protons 3 and 5 in 2-acetyl- 
thiophene (known” to exist preponderantly in the 
s-trans form 1) until recently have been somewhat 
controversial.” 

CHI 

1 

In Table 2 are reported the results of two LIS 
simulations performed by permuting the signals 
corresponding to protons 3 and 5 in form 1. 

Clearly, the results in Table 2 are in favor of 
assignment A, which is believed” to be the correct 
one. 

Simulation of LIS in jZexible molecules 
So far we h&e described the LIS simulation pro- 

cess as applied to structurally rigid molecules. In 
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Table 2. Effect of the signals permutation in the LIS 
simulation process for the 2-acetyl-thiophene-Eu(fod), 

complex 

3 4 5 CH, A.F. cp o 

A’ 2.79 1.83 544 9.66 
2.84 1.76 546 9.65 o+w7 90” 120” 

B” 544 1.83 2,79 9.66 
I.56 0.45 2.59 IO.36 0.361 90 110” 

“Numbers on the first row are the observed LIS, in the 
second row are the calculated LIS. 

general, however, flexible molecules need to be 
considered. 

In order to explore a given range of molecular 
geometries for molecules with one internal rotation 
angle, we activated in our program a subroutine 
operating through a standard rotation matrix. For 
each torsional angle selected, a new set of molecu- 
lar coordinates would thus replace the initial input 
coordinates. Plots of the minimum A.F. values cor- 
responding to each torsional angle explored, could 
be obtained in this way. 

These plots are very informative since from them 
it can be inferred how well a single structure does 
simulate the conformational equilibrium, therefore 
allowing the structures actually present in the 
equilibrium to be determined. The case of the N- 
vinyl pyrrolidone illustrates how the method is ap- 
plied. 

The energy barrier to internal rotation about the 
C-N amide bond has been found considerably 
lowered by N-vinyl substitution.” This suggests 
that overlapping of the nitrogen lone pair and of the 
vinyl a-electrons takes place, so that the vinyl 
group successfully competes with the electronega- 
tive oxygen for the unshared nitrogen electrons and 
the double bond character of the C-N bond is 
reduced.” Accordingly, it would be expected that 
the vinyl group is not free-rotating in N-vinyl 
amides, but rather tends to adopt a preferred con- 
formation, lying coplanar with the amide linkage. 
Two planar forms (2 and 3) can be written in the 
case of N-vinyl pymolidone, so that one is faced 
with the problem of finding out if a planar form is 
actually preferred over other non-planar and, if this 
is the case, to establish whether the conformational 
equilibrium is best represented by only one form or 
by a mixture of forms 2 and 3. 

Starting from the planar form 2, all the non- 
planar forms necessary may be generated by vary- 
ing the torsion angle 8. 

&o ho 

2 3 

Fig 2. Plot of the minimum agreement factor values 
(A.F.) corresponding to each torsional angle (6) explored. 
The starting conformation for the N-vinyl pyrrolidone is 

shown and 9 is measured counterclockwise. 

In Fig 2 is reported the curve obtained plotting 
the minimum A.F. values us i?. 

The curve is symmetrical with a single minimum 
centered at 180’. indicating that the planar confor- 
mation 3 is the one preferred (the Eu ion location 
corresponds to R = 3.0 A; cp = 125”; w = 70”). The 
high A.F. ratio between the values corresponding to 
forms 2 and 3 also indicates that the conformational 
equilibrium is completely shifted towards form 3 in 
the N-vinyl pyrrolidone. 

However, in other cases where the A.F. ratio be- 
tween conformers participating in the equilibrium is 
relatively low, other methods (see below) are re- 
quired in order to obtain quantitative population es- 
timates. 

An example which illustrates this situation and 
also shows an important limitation of the method, is 
given by 2-formyl-thiophene (4) and 2-formyl-furan 
(5). 

Recent studies from various techniques”. 16. ‘W 
indicate that 4 exists largely in the s-trans form, 
while mixtures of s-cis and s-truns forms are re- 
ported”. 22-26 in the case of 5. Deviations from pla- 
narity may be considered a minor problem here, so 
that the formyl group and the heterocyclic ring can 
be regarded as always coplanar in 4 and 5. In the 
case of the thiophene derivative 4, the curve in Fig 
3 shows a single broad minimum centered on the 
(planar) s-trans form. 

Instead, in the case of the furan derivative 5, the 
curve in Fig 3 shows two symmetrical minima 
shifted by f 120” from the planar s-trans form. 
Since this minimum cannot be interpreted as cor- 
responding to a non-planar s-tram (or s-cis) form, 
it has to be concluded that this minimum is an 
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Fig 3. Plot of the minimum agreement factor values 
(A.F.) corresponding to each torsional angle (6) explored. 
The starting conformations for thiophene-2 and furan-2- 
carboxyaldehydes are shown and $9 is measured coun- 

terclockwise. 

artefact due to low A.F. ratio between the values 
corresponding to the s-cis and s-trans forms in 
compound 5. More specifically, the low A.F. ratio 
indicates that the two forms are both populated at 
the equilibrium, although not allowing a quantita- 
tive estimate. The minimum A.F. value for a non- 
planar form merely indicates that this form simu- 
lates the conformational equilibrium better than 
any other single structure. 

Sometimes, however, the A.F. minima for non- 
planar forms can be interpreted as corresponding to 
physical identity. 

Curves in Fig 4 show Iwo non-planar s-cis and 
s-tram forms in furan-2- (6) and thiophene-2-N, 
N-dimethylcarboxyamide (7). The planar states 
corresponding to these forms appear to have con- 
siderably higher A.F. values, suggesting that steric 
hindrance might cause deviations from planarity in 
these molecules and the inspection of molecular 
models confirms this interpretation. 

Population estimates at the equilibrium 
In the foregoing section we have seen that it 

would be desirable to have a method allowing quan- 
titative population estimates in the case of 
molecules which exist as mixtures of several con- 
formations. 

In order to apply the LIS simulation process to 
such molecules, the McConnell and Robertson 
equation9 (1) can be rewritten in the general form: 

Av, = K(F w,G,,) (2) 

*Complete expression for cwfficients K and WI in Eq 
(3) will appear separately. 

1 
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Fig 4. Plot of the minimum agreement factor values 
(A.F.) corresponding to each torsional angle (6) explored. 
The starting conformations for the thiophene-2 and 
furan-2carboxyamides are shown and 9 is measured 

counterclockwise. 

where Av, are the LIS corresponding to the ith 
spectral signal, w, are the molar fractions of the j 
conformations eventually present, and G,, the 
geometrical factors corresponding to the ith spec- 
tral signal for all the j forms. 

When two conformations in equilibrium, e.g. to 
determine the population ratio between s-cis and 
s-trans forms in the systems seen above, Eq (2) 
becomes: 

Avi = K[w,Gi, + (I- w,)GJ (3) 

Since G,, and G,2 can be calculated for each lanth- 
anide spatial location in the complex, w, is the only 
unknown quantity and Eq (3) can be analytically 
solved by least squares minimization. In fact, 
coefficients K and w, can be obtained by partial de- 
rivation with respect to K and w,, and then resolv- 
ing the systems of the two equations obtained.* 

When G, and G2 corresponding to all the protons 
in a molecule have been calculated for a given 
lanthanide spatial location in the complex, Eq (3) 
yields the values of K and w,, thus allowing the 
theoretical AV for each proton to be evaluated. 

This procedure is extended to all the possible 
lanthanide locations, and the location correspond- 
ing to the best LIS simulation identifies the most 
likely molar fraction w,. 

With this method we have investigated a number 
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Table 3. Population ratio data for cr.&unsaturated derivatives and some related compounds 

Compound % s-cis Compound % s-cis 

CHz=C(CH,l-CHO 0 
C(CH&=CH-CHO 1 
CH(CH,),=C(CH,l-CHO 10 
CH(CH,),=CH-CHO 9 
CHz=CH-COCH, 27 
CHz=C(CH+COCH, 12 
CH(CH,),=C(CH+COCH, 18 
C(CH,+CHXOCH, 72 
CH(Ph),=CH-COCH, 63 
CH,=CH-CONHz 64 
CH2=CH-CWN(CH,h 82 

CH(Ph),=CHXO-N(CH,h 
CHdH-CO-NC,H,o 
CH(Ph),=CH-CO-NGH,, 
2-formyl-thiophene 
2-formyl-furan 
2-acetyl-thiophene 
2-acetyl-furan 
thiophene-2-N,N dimethyl- 

carboxyamide 
furan-2-N,N dimethyl- 

carboxyamide 

E 
91 
89 

I 
56 
18 
33 

99 

91 

of a&unsaturated aldehydes, ketones, and 
amides, determining the population ratio between 
s-cis and s-trans conformers in these compounds. 
In Table 3 the figures obtained are summarized. 

As the literature on the subject is extensive it is 
not easy to discuss each case in detail, but should 
be stressed that the population data in Table 3 are in 
general agreement with those available in the litera- 
ture.*’ 

We have chosen to illustrate here only a few 
cases concerning the @-unsaturated amides. 

In the case of acrylamide the experimental LIS 
of the three vinyl signals are available.” 

Data in Table 4 show the results of the LIS simu- 
lation performed by systematic signal permutation 
for each of the twelve combinations which arise as- 
suming the acrylamide as a rigid molecule existing 
completely in the s-cis or in the s-tram form. 

The minimum A. F. value (0.166) is obtained for a 
s-cis conformation in which the assignments are 

identical with those originally reported& but this 
value is rather high, and furthermore it is close to 
A.F. values of other combinations in Table 4. 

In order to ascertain if the conformational 
equilibrium is better represented by a mixture of 
s-cis and s-tram forms, calculations according to 
Eq (3) were performed. The results in Table 5 show 
that at the equilibrium 64% of the acrylamide is in 
the s-cis form. The A.F. value is now very low 
(O-00006), so that the LIS calculated are coincident 
with the experimental ones. 

Deviations from planarity may be considered 
minor in a, B-unsaturated aldehydes but the inspec- 
tion of molecular models shows that this might not 
be the case with the corresponding amides. Recent” 
crystal data on p-bromcinnamamide show that the 
amide group is rotated IS” out of the s-cis confor- 
mation with respect to the rest of the conjugated 
system. 

Remarkably, the four amides in Fig 5 follow a 

Table 4. Effect of signals permutation in the LIS simulation pro- 
cess for the acrylamide-Eu(fod), complex 

2 
H ,CONH, 

‘;1 

;c=c\ 

Y 1 2 3 A.F. cp o 

s-truns 
s-trans 
s-tram 

S-trllIlS 

s-mans 

s-trans 

s-cis 

s-cis 

s-cis 
s-cis 
s-cis 

s-cis 

C B A 0.585 
C A B o-294 
B A C 0.417 
A C B 0.204 
B C A 0.5% 
A B C 0.338 

C B A 0.25 I 
A B C 0.166 
A C B 0.297 
B C A 0.375 
C A B 0.534 
B A C 0.546 

155” 
135” 
140” 
160” 
150” 
160” 

90” 
130” 
125” 
95” 

120” 
120° 

180” 
180” 
180” 
180” 
18w 
180” 

180” 
180” 
1800 
180” 
180” 
180” 

AK,,.: A = 31.6; B = 66.4; C = 57.4. 
Original literature assignment* A = 1; B = 2; C = 3. 
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Table 5. LIS simulation results for the consequence of the exchange between the two 
A&amide-Eu(fod), complex enantiomeric forms. 

I 2 3 

Avot.. 31.6 66.4 57.2 
A vc.,s,, 31.6 66.4 57.2 

Simulation results: R = 3.0 A; cp = 120”; w = 
160”; A.F. = O.OOM6; % cis 64. 

0 

H NM% .“- “- 
Ph NMe,- 

Ii PIP --- 

Ph Pip ----- 

\’ l>;: 
\\‘, 

: 

‘\\\ 
,..\I 
\.j\ 
ii :\ 1 

\ ‘1 
‘: \ 

1; ’ 

Fig 5 Plot of the minimum agreement factor values 
(A.F.) corresponding to each torsional angle (8) explored. 
The starting conformations for a, fi-unsaturated. amides 

are shown and 8 is measured counterclockwise. 

common pattern, and the minimum A.F. values are 
20-50” displaced from the planar s-cis conforma- 
tion. 

Although this result might be regarded as valid 
evidence that non-planar s-cis forms are actually 
preponderant at equilibrium, the possibility of an 
artefact cannot be absolutely ruled out on this 
point. 

Averaging effects in symmetrical mofecdes 
The conformational systems examined possess a 

symmetry such that averaging of the protons chem- 
ical shifts cannot possibly occur. In fact, in a$- 
unsaturated compounds any value of the torsion 
angle (19) different from zero or 7r generates two 
enantiomeric molecular conformations, but no 
averaging of the protons chemical shifts occurs as a 

This is not the general case, however, since av- 
eraging of the protons chemical shifts (and there- 
fore of MS) is quite common in symmetrical 
molecules. 

In order to illustrate this point, we have studied 
the conformational equilibria of some cyclopro- 
panecarboxyamides (CPCA). The problem of the 
conformational preference of CPCA is in fact very 
similar to that of a$-unsaturated amides. It is gen- 
erally agreed”” that cyclopropanecarboxyal- 
dehyde exists preferentially in a conformation 
where the endo orbitals of the cyclopropane ring 
overlap with the adjacent n orbital of the carbonyl 
group, so that the latter exactly bisects the cyclop- 
ropane ring. 

In the case of CPCA, however, if it is still true 
that the geometrical arrangement with the amide 
unit bisecting the cyclopropane ring meets the 
Walsh” requirements for maximum overlap of cyc- 
lopropyl and carbonyl orbitals, the nonbonded 
atoms interactions are unfavorable.“’ There are two 
geometrical arrangements (forms 8 and 9) in which 
the amide unit bisects the cyclopropane ring. Since 
the nonbonded interactions are unfavorable for 
both conformers, it is conceivable that gauche 
forms (with torsional angles different from the 
bisecting one) may become populated.‘” 

v 
s-cis-8 

s-tram-9 

For the unsubstituted CPCA (compound 10, 
Table 6), any gauche form exists in two enantio- 
mers, and their exchange causes the averaging of 
the protons chemical shifts and LIS. This implies 
that ring protons lying in symmetric positions must 
show identical LIS independently from the confor- 
mational preference of the molecule (Table 6). In 
this situation the best LIS simulation will always be 
obtained for a bisecting conformation, and there is 
no obvious way to avoid this artefact. 

Three minima are found for compound 10 in the 
curve reported in Fig 6. The deepest minimum cor- 
responds to form 8, largely favored with respect to 
form 9. The remaining two minima may identify 
two enantiomeric gauche rotamers whose averag- 
ing generates, totally or in part, the minimum cor- 
responding to form 8. 

Only two minima are seen in Fig 6 for the curve 
corresponding to the cis-2-phenyl CPCA deriva- 
tive (compound 11, Table 6). Both are removed 
from the bisecting position (now sterically hindered 
by the interaction between amide and phenyl 
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Table 6. Chemical shifts and LIS data for CPCA” 

3921 

I 2 3 4 5 6 7 8 

11 

13 

3.02 3.02 1.74 0.95 0.75 0.95 0.75 
15.49 8.86 946 1540 6.91 1540 6.91 

348 348 2.28 I.75 I.24 7.18b 2.28 7.18’ 
IO.50 3.54 6.23 IO.94 3.47 4.29b 6.23 2.10 

3.10 3.10 2.08 I .63 I ,07 2.65 7.20h 
IO.93 5.06 5.31 IO.54 3.96 8.95 I .22b 

3.57 3.57 2.07 I.75 I.27 2.32 7.21b 
9.26 4.24 5.09 8.79 3.47 8.06 OW 

“Figures in the first row indicated chemical shifts (6) of undoped spectra; figures in the second row 
indicate observed molar induced shifts. 

bOrtho protons of the phenyl. 
‘Meta and para protons of the phenyl. 

groups) and correspond approximately to the 
gauche rotamers present in the curve correspond- 
ing to the unsubstituted CPCA (Fig 6). No averag- 
ing effects are expected in the cis-t-phenyl deriva- 
tive, so that the two minima should be regarded as 
corresponding to conformers actually populated. 
One of these conformers is largely preferred over 
the other (Fig 6). and the inspection of molecular 
models shows that this preference is due to a less 
hindered molecular conformationn. 

Averaging may again take place between the ring 
protons in cis position with respect to the amide 
group in the trans-2-phenyl CPCA derivative 

If one reflects that in the stabilized gauche form 
the amide group lies quasi coplanar with the 
phenyl ring,* it is conceivable to attribute this 
stabilization to the transmission of electronic 
effects from the phenyl ring to the amide group 
through the cyclopropane ring.J3 

*It is known” that the preferred conformation of the In summary the analysis of the two substituted 
phenyl group in phenylcyclopropane is that in which the CPCA derivatives (compounds 11, 13) seems to 
phenyl bisects the cyclopropane ring. support the hypothesis” that gauche conformers 

(compound 13, Table 6). Three minima are seen in 
Fig 6 for the curve corresponding to compound 13, 
and it is not easy to discern if the minimum corres- 
ponding to the bisecting conformation 8 is due to an 
artefact or not. However, one of the two gauche 
forms is stabilized by the presence of the tram 
phenyl ring, while the other is destabilized, with re- 
spect to the unsubstituted CPCA (Fig 6). 
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Fig 6. Plot of the minimum agreement factor values 
(A.F.) corresponding to each torsional angle (6) explored. 
The starting conformations for cyclopropanecarboxyam- 

ides are shown and 9 is measured counterclockwise. 

are populated in CPCA, but the question of their re- 
lative stability with respect to the bisecting s-cis 
form 8 remains unsettled. 

CONCLUSIONS 

The results reported here should illustrate the 
power of the LIS simulation technique in confor- 
mational analysis. 

The LIS analysis is meaningful and its results are 
reliable only if the conformational equilibria in the 
substrate molecule are not perturbed by the lanth- 
anide addition.‘.‘” At least for the important classes 
of compounds considered here, no sensible pertur- 
bation of the conformational equilibria occur, as 
shown by the genera1 agreement of our results with 
the data from other techniques. In this respect it 
should be noted that, in spite of the considerable 
amount of data existing on the systems studied, our 
results have often provided additional information, 
which is not in conflict with the salient facts previ- 
ously ascertained. 

However, the LIS simulation method presented 
here, in spite of its obvious utility, is far from being 
definitive, and in some instances does not lead to 
univocal conclusions. It is likely that further work 
in this field may overcome these drawbacks, and it 
is therefore worthwhile to continue the investiga- 
tion of simple systems with the long-range goal to 
proceed from small to large molecules. 

EXPERIMJ%‘TAL 

Compounds used in this study were synthesised and 
characterised according to the literature. Lanthanide in- 
duced shifts measurements were performed with 
Eu(fodl.. Swctra of about 5% CDCI, solns lTMS stan- 
dark), &&ning O-0.15 mole of ligand (L) &r mole of 
substrate (S), were obtained at 60 MHz (Varian A 60-D 
analytical spectrometer). The lanthanide shift reagent was 
added stepwise from a stock soln (0.32 M), with the help 
of a 50 ~1 microsyringe. Each signal was followed in the 
spectra and the LIS were found directly proportional to 
the [L]/[S] ratio present. A least squares fit of the experi- 
mental points was used to obtain the observed LIS. Calcu- 
lations relative to the simulation of the experimental LIS 
data were performed on an CDC-6600 digital computer. 

We will be glad to provide our program listings (Fortran 
IV) to anybody who may desire them. 
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