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Abstract 

A 19F NMR data set for fluoroarenetricarbonylchromium complexes has been used to compute statistical SCS 
values for a number of groups. When these values are used to predict the 19F NMR signal positions of these 
compounds they give a correlation coefficient of predicted versus observed values of 0.992 with a standard 
deviation of 1.89. 

Introduction 

In Part II [l] of this series we used mathematical 
modeling techniques to predict the 19F NMR spectra 
of arenetricarbonylchromium complexes. The most pre- 
cise model used the field, 3, resonance, L%? and the 
Charton steric parameters together with molar refrac- 
tivity to predict the signals from 42 mono- and di- 
substituted fluoroarene complexes with a correlation 
coefficient for the observed versus predicted signal 
positions of 0.99. This model is considerably less so- 
phisticated than the one recently described for the free 
arenes themselves 123. We have also recently reported 
a new method for the statistical determination of sub- 
stituent chemical shift values (statistical SCS or SSCS 
values) which we have successfully used in the study 
of derivatives of fluorobenzene [3] and of fluoropyridine 
together with 1,2-, 1,3- and 1,4-diazines, and 1,3,5- 
diazines [4]. 

We now report the SSCS values for fluoro-substituted 
arenetricarbonylchromium complexes using the data 
base from ref. 1. Although this data base lists nearly 
all available 19F NMR spectra for these complexes, it 
is small in comparison with the amount of data available 
for the free arenes. This is mainly due to the synthetic 
difficulties in preparing these complexes with a large 
variety of different substituents [5]. We feel, however, 
that the limited number of SSCS values presented here 
is a useful addition to the literature. To our knowledge 
there is no report of the conventional SCS values having 
been computed for the 19F NMR spectra of arenetri- 
carbonylchromium complexes. 

*Author to whom correspondence should be addressed. 

The ‘statistical’ SCS method 

The method for the determination of SSCS values 
was described in detail in a previous publication [3]. 

Results and discussion 

Table 1 gives the data base used for the computations 
together with the predicted values and residuals. It 
should be noted that entries No. l-35 are monofluoro 
derivatives whereas entries No. 36-46 represent the 
seven difluoro complexes studied. The symmetrical com- 
plexes have one signal while the unsymmetrical ones 
have two signals. These two signals were treated in- 
dependently in the computations. 

Table 2 lists the SSCS values which can be generated 
from the above data base. The values for electron- 
donating groups in both the ortho and para positions 
are negative while electron-withdrawing groups gen- 
erally have positive values. Table 2 also compares the 
SSCS values for the complexes and the SSCS values 
for the same groups in the free arene [3]. The SSCS 
values in the ortho position in both the free arenes 
and the complexes are virtually identical (r=0.999), 
the values in the meta position are difficult to compare 
as they are all fairly close to zero (r= -0.71), but in 
the values for the para position several distinct trends 
can be discerned (r = 0.88). For most electron-donating 
groups and fluorine the values become more positive 
(less negative) as we go from the free arene to the 
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TABLE 1. Observed and SSCS predicted 19F NMR signals together with residuals for 46 signals from 42 fluoroarenetricarbonylchromium 
complexes 

No Substituents and positions on the aromatic ring 

1 2 3 4 5 6 

19F NMR signal position 

Obs. Pred. 

Residual 

1 F H H H H H - 135.9 - 135.3 0.6 
2 F H Cl H H H - 136.6 - 136.6 0.0 
3 F H H Cl H H - 137.2 - 137.2 0.0 
4 F CHj H H H H - 138.6 - 139.6 -1.0 
5 F H CH, H H H - 135.3 - 135.1 0.2 
6 F H H CH3 H H - 137.8 - 138.0 -0.2 
7 F CHX CH3 H H H - 137.3 - 139.4 -2.1 
8 F CH3 H CJ53 H H - 142.9 - 142.3 0.6 
9 F CH, H H H CH, - 143.8 - 143.9 -0.1 

10 F H CH, CH3 H H - 137.1 - 137.8 -0.7 
11 F H CH3 H CH, H - 136.1 - 134.8 1.3 
12 F CH, H CH3 H CH3 - 148.2 - 146.6 1.6 
13 F H H CHMe, H H - 136.4 - 136.4 0.0 
14 F H CF, H H H - 135.8 - 135.8 0.0 
15 F H H CF3 H H - 133.5 - 133.5 0.0 
16 F H H CH=CH, H H - 136.0 - 136.0 0.0 
17 F OCH, H H H H - 154.8 - 153.5 1.3 
18 F H OCH, H H H - 136.7 - 136.5 0.2 
19 F H H OCH, H H - 142.4 - 141.6 0.8 
20 F H OCH, OCH, H H - 140.2 - 142.8 - 2.6 
21 F H OCH, H OCH, H - 138.9 - 137.7 1.2 
22 F CH, H 0CH3 H H - 147.7 - 145.9 1.8 
23 F NH, H H H H - 156.3 - 156.8 - 0.5 
24 F H NH, H H H - 136.3 - 135.3 1.0 
25 F H H NH, H H - 146.2 - 144.9 1.3 
26 F H H NHCH3 H H - 146.1 - 146.1 0.0 
27 F H H NMe, H H - 146.8 - 146.8 0.0 
28 F NH* H CH3 H H - 160.1 - 159.5 0.6 
29 F CH, NH, H H H - 138.0 - 139.6 - 1.6 
30 F H NH, H H CH, - 138.9 - 139.6 - 0.7 
31 F H NH2 CHL, H H - 136.2 - 138.0 - 1.8 
32 F OCH, NH, H H H - 152.3 - 153.6 - 1.3 
33 F H CH, COCH3 H H - 134.1 - 134.1 0.0 
34 F COOEt H H H H - 133.4 - 133.4 0.0 
35 F H H COOEt H H - 133.7 - 133.7 0.0 
36 F H F H H H - 136.4 - 136.0 0.4 
37 F H H F H H - 134.0 - 137.3 - 3.3 
38 F F H H H NH2 - 178.8 - 179.9 - 1.1 
39 F F NH, H H H - 158.7 - 158.4 0.3 
40 F H F H H NH, - 155.8 - 157.5 - 1.7 
41 F H F NH2 H H - 143.4 - 145.6 - 2.2 
42 F NH, H F H H - 161.7 - 158.9 2.8 
43 F H NH2 F H H - 137.8 - 137.3 0.5 
44 F H NH2 H H F - 158.3 - 158.4 -0.1 
45 F F H NHz H H - 169.0 - 168.0 1.0 
46 F H F H NH2 H - 139.6 - 136.0 3.6 

complex, and for electron-withdrawing groups they be- Figure 1 gives a plot of observed versus predicted 
come less positive as we go from the free arene to the values for the complexes. 
complex. These data presumably mean that the 19F 
NMR signal position is influenced most by ring steric 
effects in the ortho position, is not influenced greatly Experimental 

by steric or electronic effects in the meta position, and 
is influenced more by electronic rather than steric effects The preparation of the complexes and the deter- 
in par-u position as we add the Cr(CO), group to the mination of the 19F NMR spectra has been described 
aromatic ring. previously [l, 61. 
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TABLE 2. '"F NMR SSCS values for arenes and arenetricar- 

bonylchromium complexes 

Group SSCS value 

Arenetricarbonyl- 

chromium 

Arene” 

Ortho Meta Para Ortho Meta Para 

H 0.0 

CH3 -4.3 

OCH, - 18.3 

COCH, 

CHMe, 
F -23.1 

Cl 

CF3 

NJ-% -21.5 

NHMe 

NMe, 

CH=CH, 
COOEt 1.9 

0.0 0.0 
0.2 -2.7 

-1.2 -6.3 

1.0 

- 1.1 

-0.7 -2.1 

-1.3 - 1.9 

-0.5 1.8 

0.0 -9.6 

- 10.8 

- 11.5 

-0.7 

1.6 

0.0 0.0 
-3.9 - 0.4 

- 18.9 0.8 

-23.2 2.0 

3.4 

3.1 

- 22.9 - 1.3 

1.2 

0.0 
-3.6 

-9.0 

7.6 

-4.1 

-6.5 

-0.7 

5.8 

- 17.4 

- 17.9 

-7.5 

-0.5 

6.4 

‘Data from ref. 3. 

Statistical computations were undertaken using pro- 
gramswritten in FORTRAN and SAS (StatiStiCal hdySiS 

System) running on a Digital Equipment Corporation 
Microvax model 3800. 
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Fig. 1. Observed versus SSCS predicted “F NMR signal posi- 

tions. 
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