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We have been interested in the reactivity patterns 
of certain manganese complexes toward dioxygen 
and nitric oxide [l-6] and have observed dramatic 
effects on the reactivity patterns as a function of 
substitution (Z) on the complexing ligand (Structure 

I). Studies employing cyclic voltammetry have been 
undertaken to determine if these reactivity patterns 
could be related to the electrochemical properties of 
the complexes [7, 81. It was found that those com- 
plexes with electron withdrawing substituents (-NO*, 
-Br, -Cl) had reduction potentials (Ep) much more 
positive than those with electron donating groups 
(-OCHa, -H, -CH3). It was easier to reduce Mn(III) 
to Mn(I1) in those complexes with electron with- 
drawing groups. 

In those papers we postulated that substituent 
effects were transmitted through the A electron 
system of the ligand to the metal ion itself. We wish 
to present our results obtained by means of 13C 
NMR in an effort to support this contention. 

Experimental 

The 3- and 5nitrosalicylaldehyde were obtained 
from Eastman Chemical Company. The following 
chemicals were obtained from Aldrich, 2-hydroxy-l- 
naphthaldehyde, 5-methyl-2-hydroxyacetophenone 
and 5-methyl-2-hydroxybenzophenone and were used 
as received. Salicylaldehyde, 3-methoxysalicyl- 
aldehyde , S-methoxysalicylaldehyde, 2-hydroxy- 
acetophenone and 2-hydroxybenzophenone were 
distilled in IJUCUCJ prior to use. 5-Bromosalicyl- 
aldehyde and 5-methylsalicylaldehyde were synthe- 
sized by a method described previously [9]. 5-Nitro- 
2-hydroxybenzophenone was synthesized by reducing 
the corresponding acid chloride [lo]. 5-Bromo-2- 
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Fig. 1, Plot of up values for substituents versus the reduction 
potential for the corresponding Mn(lII) complex. The line is 
drawn from a linear regression analysis. 

hydroxyacetophenone was synthesized by the 
method of Lavit [ 1 l] . 

Carbon-13 NMR spectra were obtained on a 
Varian Model FT80A Spectrometer employing 
10 mm sample tubes and CDC13 as solvent. All chem- 
ical shifts are cited from internal TMS. No significant 
chemical shifts were noted as a function of concentra- 
tion. Approximately 500 scans were obtained on each 
sample. 

Results and Discussion 

The set of numerical values derived from the 
Hammett equation serve as a basic source for quanti- 
tative treatments of the effect of structure on reacti- 
vity [ 121. The u factor or values from the Hammett 
equation are numbers which sum up the total elec- 
trical effects (resonance and inductive) of a group X 
when attached to a benzene ring in the paru and 
mera positions relative to group Y. The electrochem- 
ical reduction potentials (Ep) for a set of Mn(II1) 
complexes were found to be related to Hammett u 
vaues graphically displayed in Fig. 1. Linear regres- 
sion analysis yielded a correlation coefficient of 
0.9931 between the reduction potentials (Ep) and 
the Hammett values. Consequently it was concluded 
that these substituents are indeed exerting electrical 
effects on the Mn(II1) ion. If these effects are trans- 
mitted through the aromatic n electron network, 
the chemical shift of the aromatic carbons must be 
affected. Indeed, such a relationship between 
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TABLE I. Pertinent Data on 13C Chemical Shifts, Hammett 
e values, and MnIII Reduction Potentials. 

Compound 
UP 6 c-o MnIII E, 

H-SALa 0 161.57 (161.40)e 

5CH3SAL -0.13 159.59 

3-CH30SAL 151.53 

5-CH30SAL -0.11 155.92 

NAPb 164.78 

5-BrSAL 0.27 160.57 

S-ClSAL 160.50 

3-N03SAL 156.60 

5-NOaSAL 0.78 166.19 

H-HAPC 162.42 (162.30)e 

5-Br-HAP 161.14 

5CH3HAP 160.37 

H-HBPd 163.31 

5-NO*HBP 168.03 

5CH3HBP 161.27 
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Fig. 2. Plot of phenoxy carbon chemical shift versus the 
corresponding up value (A). Plot of phenoxy carbon chemical 
shifts versus the corresponding Mn(II1) reduction potential 
(B). 

*SAL = salicylaldehyde. bNAP = 2-hydroxyl-l-naphth- 
aldehyde. ‘HAP = 2-hydroxyacetophenone. dHBP = 
2llydroxybenzophenone. ‘See (14). 

Hammett up values and 13C chemical shifts has been 
shown to exist in monosubstituted benzenes [13]. 
In summary, those groups with high up values 
(-NO,) produced the most deshielded para carbons. 
Thus, the 13C chemical shift of the carbon with the 
phenolic oxygen attached should be a function of the 
para substituent (position 5). Table I shows the 
results obtained from the r3C NMR experiments. 
In Fig. 2A these observed chemical shifts are plotted 
versus the corresponding o values according to 
Stothers [ 131. 

We attempted to compare the phenoxy carbon 
chemical shifts with the comparable Mn(II1) 
complex’s reduction potential (Ep). The results 
of such a comparison are shown in Fig. 2B. For those 
groups bound to position 5, one can see a sequence 
traversing from the most deshielded 5-NO2 case to 
the least deshielded 5-CH30 case accompanied by 
a comparable shift to more negative reduction poten- 
tials. In addition to the para substituted compounds 
(position 5) shown on the graph, the 3- or ortho 
substituted positions are cited. Both the 3-NO2 
and 3-CH30 groups at least follow the same general 
trend even though steric effects are known to be 
present in the ortho cases. 

In an attempt to mathematically describe the 
Mn(II1) reduction potential (Ep) chemical shift 
relationship depicted in Fig. 2B a linear regression 
analysis was performed on the data points for the 
para substituted cases (position 5). The equation that 
subsequently evolved is shown below: 

SC-O = 19.726 (Ep) + 164.096 

The line drawn in Fig. 2B is derived from the equa- 
tion. The correlation coefficient for the five points 
was found to be 0.879. For 5% confidence level the 
required value for a correlation coefficient is 0.878 

1151. 
In summary, ligand r3C NMR data (SC) have been 

shown to correlate with the reduction potential of 
the comparable Mn(II1) complex (Ep). The data is 
significant in that it clearly supports the postulates 
advanced in preceding papers concerning the trans- 
mission of electronic effects through the aromatic 
II electron network to a Mn(II1) ion. 

Acknowledgement 

This work was supported by the Office of Naval 
Research. 

References 

W. M. Coleman and L. T. Taylor, Inorg. Chem., 16, 1114 
(1977). 
W. M. Coleman, R. R. Goehring and L. T. Taylor, Syn. 
React. Inorg. Metal-Org. Chem., 7, 333 (1977). 
W. M. Coleman and L. T. Taylor, J. Am. Chem. Sot., 
ZOO, 1705 (1978). 
W. M. Coleman and L. T. Taylor, Inorg. Chim. Acta, 30, 
1291 (1978). 
W. M. Coleman and L. T. Taylor, Inorg. Nucl. Chem., 41, 
95 (1979). 
W. M. Coleman and L. T. Taylor, Inorg. Nucl. Chem., 41. 
0000 (1980). 



Inorganica Chimica Acta Letters L193 

7 W. M. Coleman, R. R. Goehring, L. T. Taylor, R. K. 
Boggess and J. G. Mason, J. Am. Chem. Sot., 101. 2311 
(1979). 

8 R. K. Boggess, J. W. Hughes, W. M. Coleman and L. T. 
Taylor, Inorg. Chim. Acta, 38, 183 (1980). 

9 W. M. Coleman and L. T. Taylor, Inorg. Chem., IO, 2195 
(1971). 

10 F. Ullman and E. Mallet, Ser., 31, 1696 
(1898). 

11 D. Lavit,J. Chem. Sot., 18, (1955). 

12 Jerry March ‘Advanced Organic Chemistry: Reactions, 
Mechanisms and Structure’, McGraw Hill Book Company, 
New York, p. 238 (1968). 

13 J. B. Stothers, ‘ Carbon-13 NMR Spectroscopy’, 
Academic Press, New York, p. 198 (1972). 

14 E. Breitmaier, G. Haas and W. Voelter, ‘Atlas of Carbon- 
13 NMR Data, Volume 2’, Heydon, London (1979). 

15 Equation was derived from a manual for Texas Instru- 
ment Calculators 58/59 entitled Applied Statistics, pp 5 - 
6, Published by Texas Instruments, 1977, Dallas, Tex. 


