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,?%mnary: Model calculations (1) show that both coordination models for 
ketones (one site and two site model, resp.) are equally well suited 
for simulation of experimental LIS data. 

Currently two alternative coordination models are used for the computa- 

tional simulation of the lanthanide induced shifts (LIS) of ketone complexes 

with shift reagents: the simpler (one site) model (OSM) employed exclusively 

up to 1976, and the two site model (TSM) which takes account of the two lone 

pairs i.nvolved in the complexation of the substrate molecule (2-4). 

It should be kept in mind that both models present a rather crude picture 
of what happens in solution. The obvious axial symmetry of Ln(II1) reagent - 
substrate complexes is explained reasonably by assuming many rapidly inter- 
converting complex species of varying geometry resulting in an averaged complex 
geometry with an "effective" principal magnetic axis aligned along the Ln - 
coordination site bond (5). The OSM assumes one averaged Ln position, the TSM 
postulates two distinct centers for two averaged Ln positions. An important 
question arises: Is the OSM or the TSM the "correct" model to simulate experi- 
mental LIS data? If the TSM is the only correct one (2,3) all previous results 
using the OS?! may be suspect. In order to investigate this matter systemati- 
cally we have fitted the LIS of a series of compounds with increasingly bulky 
substituents in the u-position to the carbonyl (Indanones: a-H, Me, Et, Isopr, 
tert-Bu, Benzyl) to both models (6). It turns out that the systematic changes 
in the LIS are simulated very well by both models and neither one could be re- 
jected or favored. In Refs. (2,3) the TSM is the preferred one but nevertheless 
both models were able to simulate the data. No striking evidence is yet known 
to reject either one model or the other safely (6). 

In order to clarify matters we decided to compare the structure of the 

magnetic fields for both models. 

Our computer program involves the following steps: 

(i) The space which will be checked by means of both models has to be de- 

fined. In real substrate molecules the space covered by the single probes (H-l, 

C-13 nuclei) is a limited one depending on the size of the molecule and its 

orientation vis-8-vis the reagent. The standard space checked in our model cal- 

culations was: x and y between -2,5 1 and +2.5 1, z between -5 1 and -1 31 (Figzl). 



Table 1. Fits no.l-8 between the TSM (X and y = -2.5/+2.5, Z= -5/-l x; 
population ratio 0.5:0.5; r= 2.8 and 3.1 A, resp. ; B= 15”, 30”, Q-5*, and 
60°, req.; so Fig.1) and the OSM (r', 9’ 

r'& ani 
and 9') characterized by the 

agreement factor R(min); only 2.5 B 4 3.1 41 were considered in 
the fitting procedure. p andy in o ; R(min) in %: O-3 % excellent, 3- 6 % 
good, 6-l 0 "/o reasonable agreement between both models. 

P 

‘15” 
30” 

45O 

60’ 

r= 2.8 li r= 3.1 51 

no. R(min) r' $' .i.j no. R(min) r' p' y' 

I 0.9 2.7 0 0 5 0.9 3.0 0 0 

2 4.4 2.5 0 0 6 3.5 2.8 0 0 

3 16.1 2.5 20 0 7 10.3 2.5 0 0 

4 36.1 2.5 40 0 8 27.4 2.5 30 0 

Steps of 1 %_ give the coordinates for a three-dimensional network of 

180 "atoms". Modifications of this standard space covered by the artificial 

substrate molecule were tested as well. 

(ii) The relative LIS (= geometrical factors of the McConnell-Robertson 

equation) according to the !l?SM are computed for all points of the artificial 

test molecule; these values correspond to the experimental LIS in the subse- 

quent fitting procedure. Ln' and Ln 2 (Fig.1) for the TSM are kept in the x-z 

plane (azimuthal angle y= O" and 180°, resp.) the distance WLn was taken 2.8 

or 3.1 1, the angle p (supplement to the Ln-O-C bond angle) was varied between 

0' and 60' (Table I). 

(iii) These TSM LIS data are simulated by means of a usual LIS calculation 

based on the OSM [using again the coordinates described in (i)]. In other words, 

the TSN is simulated by means of the O,SPI. The agreement factor R(min) (7) is 

taken as a measure how well both models can simulate each other; it should be 

noted that the R factor is the same if either the OSM is fitted to the TSM or 

vice versa. 

The resulting R factor will depend on the para??oters chosen for the TSM 

and the space covered by the test coordinates. Results are summarized in 

Tables 1 and 2. 

Test calculations no. I,2 and 5,6 show that up to n ~of 30" (for the TSM) 

both models give a very closely related structure of the dipolar magnetic field 

within the standard space (indicated by small R factors of 0.9 - 4.4 %),s= 30“ 

(or the angle C-0-Ln = 150”) corresponds to a 25' distortion of the C-0-Ln bond 

angle compared to the C-O-lone nair angle in formaldehyde (8), The most severe 

deviations between the models occur for points (or "atoms") close to the C=O 

moiety and the Ln(III) positions (compare Fig.2). *tension of tbc snace tested 

(z between -5 1 and f0 8_) increases R from 4.4% (~30.2) to 7.5 % (no. 10). 
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Table 2. A selection of some characteristic agreement factors R(min) [$) 
between the TSM and the OSM. 

no. space checkeda Tsfl R(min> OSM 

X Y 2 

[A; from/to] 

9 st.a st. -5/-2 

lOb st. st. -5/zo 

Ilb st. st. -s/to 

12 -0.5/2.5 st. st. 

'13 st. st. -5/-2 

14 st. s-b. st. 

15 st. st. St. 

16 -0.5/2.5 st. st. 

2.8 30 0.5:0.5 3.5 2.5 0 0 

2.8 30 0.5:0.5 7.5b 2.6 0 0 

2.8 30 0.9:O.l 3.7b 2.8 30 180 

2.8 30 0.7:0.3 2.7 2.5 10 80 

3.1 45 0.5~0.5 a.9 2.5 0 0 

3.1 45 0.7~0.3 a.3 2.8 30 180 

3.1 45 o.9:O.l 3.2 3.0 40 180 

3.7 45 0.7:0.3 5.6 2.6 0 0 

a 

b 
St.= standard space, s. Fig. 1 

the most unrealistic points are neglected (for instance x=y=z=O, which is 
the comnlexation site itself); for the full space R= Il%(no.lO) and 4.8 % 
(no. 11) 

Fig. 1 
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The TSM (T,nl I,n2) with characteristic narameters r and B ( '9 is 0' and 
1800, req.): The idealized substrate molecule is represented by a cube 
with standard dimensions 
2 (-5 to -1 II), 

x (-2.5 to +2.5), y (-2.5 to +2.5), and 

Cross section through the magnetic fields based on the TSM (- ) and 
the OSM (----) showing lines of identical induced shifts for an optimal 
fit: (_a) corresponds to run 130.6; (b) to no.15 (Tab. 1 and 2); the 
marked area indicates the standard space checked (s.Fig.1). 
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On the other hand a limitation of z (-5/-Z 1) decreases R from 4.4 % (no.2) to 

3.5 % (no.9); Tab.2. So far only idealized symmetrical substrates with a popu- 

lation ratio 0.5:0.5 were considered. A population ratio of 0.9~0.1 (other par- 

ameters the same as in no.10) results in a drop of R from 7.5 (no.10) to 3.7 % 

(no.11). No.12 shows the result for an unsymmetrical substrate with R= 2.7 9'0. 

For a TSM withF= 45O (corresponding to IO" distortion of the C-O-In bond 

angle) and r= 3.'l i R(min) is 10.3 % ( no. 7 ) . Limitation of the space 

(no.13) lowers R to 8.9 %; change in the populations from 0.5:0.5 to 0.7~0.3 

and 0.9:O.l gives a decrease of R to 8.3 % and 3.2 % (no. 14, 15). Finally run 

no.16 represents a comparatively realistic unsymmetrical ketone griving R=!5.6%. 

A discrimination of OSM and TSM based on LIS calculations should be thus 

rather difficult (9). Only for atoms very close to the carbonyl function (or 

close to the Ln(III) position in the complex) do substantial deviations occur 

(Fig.2). This means that large substituents are needed for potential discrimi- 

nation. However, a substituent of this type will shift the population ratio 

toward I:0 and two bulky substituents (close to both Ln(IPI) positions in. the 

TSM) will increase the distortion of the C-0-U bond angle (change to smallp ). 

In both cases the chances for discrimination are impaired. 

It is not the aim of this work to decide whether the OSM or the TSM is the 

physically more meaningful - or the 'fcorrect'V - model. However, a safe conclu- 

sion to be drawn from these model calculations is that over a wide range of 

possible test molecules the OSM and TSM must necessarily give an identical 

answer to stereochemical problems, simply because the structures of the cvr- 

responding magnetic fields do not differ essentially in the region of interest. 

(1) 
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