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Abstract-This report describes the application of a computer-aided Lanthanide Induced Shift (LIS)-analysis to 
discriminate between the four isomeric a&unsaturated sulfones la-d. The effect of rotation around the MeSO& and 
Me!j-C bonds upon the agreement between experimental and calculated Eu(fod), induced shifts has been investigated. 

k A PREVIOUS paper the formation of the isomeric 
&ones (Z)-’ - methylsulfonyl - 2 - methylthio - 2 - (4 - 
tolyl)ethene, la, and (E) - 1 - methylsulfonyl - 1 - 
methylthio - 2 - (4 - tolyl)ethene, lb, from base-catalysed 
methanethiol addition to 1 - methylsulfonyl - 2 - (4 - 
tolyl)ethyne and subsequent photoisomerization to their 
E- and Z-isomers lc and Id respectively has been 
described.’ 

Me 

la lb 

Me xx Me 

,S02Me 

F=c\ xx ,SOIMe 

Me!3 H H 
,c=c, 

SMe 

IC Id 

The present report involves a study to the feasibility of 
discriminating between these isomers with the aid of 
Lanthanide Induced Shifts (LB), in order to achieve a 
rapid structure assignment. 

‘Ihe LIS-technique has not been reported for sulfones 
so far, but its proven applicability to sulfoxides” left little 
doubt as to its utility. 

For pseudo-contact interactions and magnetically axi- 
ally symmetric complexes the relationship between LIS 
and molecular geometry of the substrate ligand is 
represented by the well-known McConnell-Robertson 
equation:’ 

A~,=K.(3cos~0~-1).r, -3 
(1) 

As a working hypothesis the above conditions are 
assumed to be satisfied.“*‘2*‘* 

For structurally rigid systems the experimental LIS and 
those calculated by the McConnell-Robertson equation 
have successfully been matched by computer simula- 
tion.” Recently a few reports on the application of LIS to 
the study of conformational equilibria in more flexible 
systems have appeared.“.” 
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Theory 
The determination of the molecular geometry of the 

Lanthanide-substrate complex is best described by the 
model given in Fig. 1, applied on isomer la, using Eu(fod), 
as the LSR. 

The origin of the coordinate system is defined by either 
of the sulfonyl oxygens which, in analogy with sulfoxides, 
U is assumed to act as donor atom. The choice of the 
other 0 atom as the point of attachment to the lanthanide 
ion results in an equivalent model which is a mirror image 
of the former. The positive y-axis is defined by the 
direction of the S-C bond. 

The position of the Europium ion is determined by the 
three polar coordinates R, w and cp, where R represents the 
Et4 internuclear distance, w the angle between Eu-0 
bond and positive y-axis and cp the dihedral angle between 
the plane defined by Eu-O-y-axis and the x,y-plane, 
measured counter-clockwise. 

A computer program evaluates for each spatial location 
of Eu, defined by R, w and cp, the geometrical factor 
(3 cos2 Bi - 1). r,-’ of the McConnell-Robertson equation, 
for all i protons. Subsequently the constant K in eqn (1) is 
calculated according to the least squares procedure 
described by Lawton and Sylvestre,” and the agreement 
between experimental and calculated LIS is expressed in 
terms of the normalized variance.’ This procedure is 
repeated for different sets of R, w and (o using the direct 
search minimization method of Hooke and Jeeves.” That 

x 

Fig. 1. Coordinate system for Eu(fod),-substrate complex, 
exemphtkd for la. R represents the Eu-0 interatomic distance, o 
the an@e formed by Eudonor atom bond and positive y-axis, (p 
the azimuthal angle. The S-C bond is abgted paralfel to the 
positive y-axis. One C + O-atom of the sulfonyl group is placed in 

the origin, the other one is located on the positive z-axis. 
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Fig. 2. Possible conformations around the !GO bond. R: CH=C(SMe&H,Me or C(SMe)=CHC&hfe. 

set of polar coordinates that corresponds to the lowest 
agreement factor is considered as the optimum Eu- 
location. 

In analogy with Montaudo et cl.” the Eu-0 distance 
was kept constant at 3-OA because of the reported low 
sensitivity of the agreement factor for variation of R in 
the 2.5-3.5 A range:“’ and only o and cp were allowed to 
vary. The following further assumptions have been made: 

(1) Free rotation occurs around the Eu-0 interconnect- 
ing bond, thus canceling out deviations from axial 
symmetry of the magnetic susceptibility tensor.12 

(2) Free rotation is also postulated for Me groups and 
for the Ph group, because of identical chemical shifts of 
the protons at opposite sites of the rotation axis. For these 
groups averaged proton coordinates have been utilized as 
input in the program. 

(3) On the contrary free rotation is not very likely to 
occur around the O-S bond, but rather preferred 
conformations will be taken in. Three possible conforma- 
tions are depicted in Fig. 2, as has been suggested for 
sulfoxides.’ Conformation (b) can directly be ruled out 
due to steric hindrance of the R and Me groups. The 
populations of the two remaining conformations will for 
the same reason (R more bulky than Me) be strongly bi- 
ased towards rotamer (a). Evidence for this statement is 
obtained by a calculated rotamer population of only 10% 
for the rotamer which is syn to the bridge-head methyl 
group of bomeol.’ Since the steric effect in our case is 
expected to be still more pronounced, it is assumed as an 
approximation that the complex exists only in one 
conformation around the S-O bond. 

(4) The conformations around the MeSO& bond are 
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Fig. 3. Selected conformation about SO& axis. la and lc: R=H: 
lband Id: R=SMe. 

also assumed to be restricted to only one, as shown in Fig. 
3. This conformation has been chosen for all four isomers 
as a first approximation since from Dreiding models it is 
apparent that at least for la and lc any other conforma- 
tion experiences more steric hindrance. 

(5) The conformation of the MeS-C group remains as 
yet unpredictable, and was therefore approximated by 
choosing it coplanar with the double bond. 

RESULTS 

The starting positions of the four isomers la-d for the 
quantitative LIS-analysis are schematically drawn in 
Fig. 4. 

Calculations were performed by evaluating the agree- 
ment factor between experimental and with the 
McConnell-Robertson equation calculated LIS, for ah 
combinations of experimental LIS and atomic coordinates 
of the isomers. This atfords 16 agreement factors, of 
which those resulting from correct combinations should 
show the lowest values. The results are given in Table 1. 

From Table I it can be deduced that each set of 
experimental LIS of the four isomers atfords the lowest 
agreement factors with their corresponding set of atomic 
coordinates (bold figures on the diagonal), as compared 
with the non-fitting combinations. 

The values of the agreement factors for the correct 
combinations all occur in the range 0~03-OG which 
suggests that they can largely be explained by random 
experimental errors. 

Only the agreement factors in the first and third row do 
not permit a discrimination between la, lb and lc and 

Table I. Agreement factors for all 
combinations of experimental LIS and 

atomic coordinates of isomers lad 

Atomic coordinates 

la lb lc Id 

$ la 0.073 0.093 0.078 0.478 

O” lb 0.200 0.068 0.170 0448 
; lc omt? 0.050 0*0?5 0.428 
3 Id 0.352 0.341 0.271 O-of8 
.e 

Y Id 

Fig. 4. Starting positions for LIS-analysis for the isomers la-d. 
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between la and lc respectively, on statistical grounds at intervals of 30”. The dependency of the agreement factors 
the 5% level.‘s.‘6 on the rotation angles is shown in Fig. 5. 

Although the above results seem to indicate that the 
LIS of the isomers can directly be correlated with their 
structural features, the choice of the conformation around 
the MeSO& bond is still an uncertain factor, which 
needs further investigation. Therefore, in order to check 
whether this conformation has any physical meaning, the 
agreement factors for the isomers were calculated at 
different rotational positions of the molecule around this 
bond. 

From the graphs in Fig. 5 it can be deduced that our 
prior assumption on the conformations of the isomers 
seems to be correct, since the minimum values for the 
A.F. are reached in the 6&90” range. Moreover, the 
conformity of the minima in the graphs of Fig. 5 adds 
further evidence to the correctness of the structures of 
the isomers. 

The starting positions were chosen essentially as 
depicted in Fig. 4, with the only difference that the double 
bond with substituents was coplanar with the methyl 
group attached to -SOT. The molecule was then rotated 
counter-clockwise around the MeSO& bond with 

Dreiding models of the isomers indicate that the 
maxima of the graphs in Fig. 5 represent conformations 
which are unlikely or sterically even impossible. Also the 
effect of rotation around the -SMe bond upon the 
agreement factor was investigated. The results are shown 
in Fig. 6. 
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Fig. 5. Dependency of agreement factor on rotation angle x 

around MeSO& bond for isomers la-d. 
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Fig. 6. Dependency of agreement factor on rotation angle 9 
around MeS-C bond for isomers lad. 

Table 2. LIS data for isomers la-d” 

1 2 3 4 5 6 A.F. o cp xb 7’ 

lb &e 

5 4 Ste 

lc he 
-43 

I 
c\ 

k-8 
5 4 I 

SChMe 

3.09 2.45 0.19 I.18 0.49 
(3.08) (2.47) (0.20) (1.16) (0.52) 

1 

5 4 

Id he 0 I.24 I.54 0.95 I.03 0.26 

% 1 
(1.11) (1.55) (0.95) (1.13) (0.29) 

-0.02 OGIO 241 -38 60 120 
(0.06) 

(-Z, 
oII41 250 112 90 30 

0.24 0.007 268 116 60 180 
(0.25) 

(E, 
0.074 152 -46 90 270 

‘Figures in columns 1-6 indicate experimental induced chemical shifts for I_anhaoide/substrate ratio amounting to 0.5. Values in 
parentheses are calculated LIS. 
‘Rotation angle around MeSO& bond. 
‘Rotation angle around MeS-C bond. 
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Although the effects are less dramatic than those Acknowledgement-1 wish to thank Mr. A. B. Venveij and Miss T. 
caused by rotation around the MeSOrC bond, it is easily Volp for valuable technical assistance. 
seen that the maxima in the graphs occur again at 
sterically unfavourable conformations. 

The final results of the agreement between experimen- 
tal and calculated induced chemical shifts are given in 
Table 2. 

CONCLUslONS 

The foregoing results show that a LIS analysis is a 
valuable tool for discriminating between structurally 
closely related compounds. Although this had already 
been established for rigid compounds, this paper fur- 
nishes evidence for an extension to flexible systems, 
provided the proper assumptions with respect to the 
conformation of the flexible groups are chosen. 

If on the other hand the molecular geometry of the 
compounds is known, a LIS may give useful information 
about the conformation of the molecules in solution, as 
was already pointed out in earlier reports.“‘*“. 

The compounds used in this study were prepared as described 
before. LIS measurements were performed at ambient tempera- 
ture in CDCI, using a Varian HA-100 NMR spectrometer. Spectra 
were recorded at Lanthanidelsubstrate molecular ratios in the 
range O-1*00, increasing stepwise with 0,125. Aliquots of 
Lanthanide Shift Reagent were added from a stock soln in CDCI, 
containing 0.83 M of Eu(fod),, using a SO 4 syringe. 
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