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Abstract 

The radical anions of RC,H,COC,H,NCH, (R = H, o-CH, and p-CH,) and of 
their Cr(CO), complexes were prepared by potassium reduction in 1,2-di- 
methoxyethane and their ESR spectra were measured. The widths of the spectra of 
the Cr(CO), complexes are about half that of the corresponding ligands, consistent 
with the withdrawal of unpaired electron (upe) density by the Cr(CO), groups. The 
parent complex and l&and give sufficiently well resolved spectra to enable analysis 
and show splittings from the para and ortho protons on the benzene ring. SCCC-MO 
calculations on the ligand show that the upe is primarily on the benzene ring, a little 
is on the CO group and very little is on the pyrrole ring. Calculations on the 
complex also result in almost no upe density on the pyrrole ring and the benzene 
ring has about half the upe density that it has in the ligand. The remainder of the 
upe density is mostly on the CO groups attached to the Cr atom. 

introduction 

Over the past several years, studies have been carried out in this laboratory on 
complexes with extended ligand systems, usually consisting of two or more possible 
r-donor sites joined by a simple group. Radical anion formation and consequently 
ESR studies are facilitated when a CO group joins the two sites. For example, ESR 
studies of the anions of tricarbonylchromium benzoylcyclopentadienylmanganese 
tricarbonyl and benzophenonechromium tricarbonyl and various substitued deriva- 
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tives have given useful insights into electron distribution in thehe complexes [1.2]. In 
addition, Ceccon et al. 13.41 have also studied some henzc7phrl7orlrchrc,miuin tri- 

carhonyl complexes. 

Experimental 

The preparation and characterization of the liganda [7] and the complexes 161 
have already been described. Kadical anions were prepared bq the method described 
previously [8] using p otassium reduction in l.~.“dinlethos~etl~~lK~~ (DhIF3). FSR 
spectra were recorded at room ?emperaturc: on a .IFOI.C’C:, ME’%k; sp"c~lirimc?ler. 

Computational details 

The general method, htandard geometries and other parameters uxcd for the 
self-consistent charge and configuration n70lecular-.~,rbital (WCC-MO) ~~alculation~ 
are the same as those reported for the neutral complexes 161. In thaw <alculation< 
the MO. $!. is expres\ed a‘\ :I linear combination of atomic orbitals. 2 

where h is the normalization constant and C,, is the coefficient (if IhC atomic 

orbital +, in the molecular orbital 4,. 

Results 
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N-Methyl-3-benzoylpyrrole 
The radical anion gives an ESR spectrum consisting of a doublet (A = 8.05 G) of 

triplets (A = 3.15 G). In keeping with the interpretation for the benzoylcyclopenta- 
dienylmanganese tricarbonyl anion [lo] the doublet is assigned to the para proton 
and the triplet to two equivalent ortho protons. The spectrum of the anion produced 
from the compound with all five benzene protons replaced by deuteriums consists of 
a single line supporting the conclusion that all the hyperfine splitting (hfs‘) comes 
from the benzene ring protons. 

The theoretically calculated upe densities are given in Table 1. The major portion 
of the density is on the benzene ring with substantial amounts at the para and ortho 

positions. There is very little (- 1%) on the pyrrole ring. Table 2 shows a compari- 
son between these theoretically calculated densities and those calculated from the 
experimentally observed hfs using the McConnell relationship [ll]. A value of 26.7 
G gives the best agreement. This value is in the usual range for aromatic compounds 

Table 1 

Unpaired electron densities calculated by SCCC-MO 

Phenyl ring Pyrrole ring Carbonyl group 

Ligand Complex Ligand Complex Ligand Complex 

1 0.208 0.077 9 0.004 0.002 7 0.062 0.031 

2 0.127 0.033 10 0.003 0.002 8 0.066 0.032 
3 0.047 0.008 11 0.001 0.000 

4 0.298 0.135 12 0.002 O.OQl 

5 0.055 0.021 13 0.001 0.000 

6 0.119 0.099 14 0.000 0.000 
-- ~ __ __ -_ 

Total 0.854 0.373 0.011 0.005 0.128 0.063 

3c 0.290 Cr 0.059 

30 0.201 

Total 0.491 

Table 2 

Experimental and calculated upe densities (p) for C,H,COC,H,NCH, and its Cr(CO), complex 

Ring position p (calcd.) p (found) LI 

Ligand 2 

4 

6 

Complex 2 

4 
6 

o p (found) = A/Q (Q = 26.7 G). 

0.127 0.118 

0.298 0.302 

0.119 0.118 

0.033 0.064 

0.135 0.135 
0.099 0.064 



and gives further support to the interpretation that the splittings comt from the o- 
and p-protons. It also indicater the self-consistency of the MO ~~~lcul;~lion’r. 
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Substituted N-methyl-3-benzoylpyrroles and their Cr(CO), complexes 

Computer simulation of the ESR spectrum of the N-methyl-3-(2-methylbenzoyl) 
pyrrole anion reveals two doublet splittings (7.30 and 3.30 G) and a quartet splitting 
(2.65 G). These are assigned respectively to the p and o ring protons and the 
o-methyl protons. Similarly the corresponding complex gives A,, = 3.8 G, A, = 1.60 
G and A(o-CH,) = 1.50 G. 

In the p-CH, case both the ligand and complex radical anion spectra are too 
line-broadened to analyse. However their total spectral widths could be measured. 
The p-OCH, anions and the p-Cl ligand anion decomposed during the running of 
the spectra. As noted above, the p-Cl complex gave no ESR spectrum. 

Discussion 

Initial attempts at preparing radical anions of benzoylpyrroles and their Cr(CO), 
complexes were unsuccessful. The characteristic colours (usually blue or purple) 
were not observed when solutions of the compounds in DME or THF were treated 
under vacuum with potassium nor were any ESR signals obtained. It was thought 
that the problem was with the lability of the hydrogen atom on the nitrogen and so 
the N-CH, compounds were prepared. These gave radical anions and ESR spectra 
under the usual conditions [8]. 

The ESR spectra of all the complexes show a substantial reduction in hfs from 
the corresponding ligand spectra. This is reflected in the total spectrum width and is 
a factor of approximately two (Table 3). The o-CH, complex shows the greatest 
reduction (2.73) and the unsubstituted compound the least (2.05) which is the same 
trend as in the benzophenone series [2]. The magnitude of the reduction is similar to 
that reported for other arene Cr(CO), complexes [l-4]. 

We have already shown [l] that this reduction can be best explained if there is 
substantial conjugation through the system. This means that there is substantial 
r-overlap between the benzene ring and the Cr(CO), group on the one hand and 
between the benzene ring and the CO group on the other. However, the lack of upe 
density on the pyrrole ring indicates that there is little or no a-overlap between the 

CO group and the pyrrole ring. 
Because of the above results we assume in our calculations that the CO group is 

in the plane of the benzene ring. As discussed previously [6], for steric reasons this 
necessitates the pyrrole ring to be substantially out of the plane of the benzene ring. 

We have assumed that it is at a 90” angle. 
Rieger and Fraenkel [12] have shown for aldehydes and ketones that when the 

CO group is in the plane of the benzene ring there is a large hfs from the p- and 
o-protons. A relatively small splitting is observed where the CO is substantially out 

Table 3 

ESR half spectrum width (G) of the radical anions of RC,H,COC,H,NCH, 

R Ligand 

H 1.4 

P-CH, 13.0 
o-CH, 10.4 

Cr(C0) 3 complex Ligand/complex 

3.6 2.05 

4.8 2.70 
3.8 2.13 



141 

of the plane. We observe large hfs for the p- and o-protons. Indeed the magnitude is 
very similar to that observed by Rieger and Fraenkel. This further supports ~wr 
conclusion that the CO groups is in the same plane as the benzene ring. 

The reduction in upe density on the benroylpyrrole moiety tin ~cmplexaticw 
parallels the change in overall charge observed for the neutral comp~~tmds [h]. The 
shift in upe density primaril! to the COY attached to the Cy: IS ,~lso timil;tr to thr- 
shift in charge on complexation. 
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