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The ESR spectra of  the electrochemically gener- 
ated J radical cations, biradicals of  systems 1 and 2, and 
the neut ra l  radical  o f  N - m e t h y l - 2 , 4 , 6 - t r i p h e n y l -  
pyridinium ( 3 ' )  are characterized by equal g factors of  
2.0026 but different linewidths. For molecule I,  the 
potentials  of  formation of  the radical cation ( -0 .82  V) 
and biradical ( - 0 .95  V) differ, l The reduction of  mol-  
ecule 2 occurs via one two-electron stage ( - 1 . 0  V)I; 
therefore, the radical cations were obtained at -0 .85  V 
(in the  region o f  the  p redominan t  genera t ion  o f  
monoradicals) .  

The shape of  the ESR line of 3" is due to the 
unresolved HFS  from one N nucleus and protons. The 
main contribution to the linewidth is made by the 
splitting from the N nuclei with spin I = 1, and the ESR 
line is well simulated by three GatLssian lines with the 
width D = 0.45 mT with the splitting a N = 0.5 mT. The 
Gaussian shape of the line indicates the unresolved HFS 
from protons, and low HFS constants indicate that the 
unpaired electron is mainly located on the N atom, For  
radical cation 1 "+ and biradical 1 " ,  the ESR spectra 
are narrowed as compared to that of  radical 3". In- 
t ramolecular  collisions of the triphenylpyridinium rings 
result in narrowing, and the narrowing mechanisms for 
1 "+ and 1"" are different. In the case of  1"+, the 
narrowing is due to hole/electron hopping. If  the time 
between the hops is sufficiently short, so that the condi- 
tion is fulfilled: 

r2aN2~ 2 << 1, (I) 

where ~, is the electron gyromagnetic ratio (1o77-108 
s - I  roT-t ) ,  the HFS from two equivalent protons with 
the constant a N" = aN~2 should be observed. In fact, the 
spectrum for 1" + is well simulated by' the HFS from two 
equivalent protons with a N'  = 0.2 mT and D = 
0.44 roT. Condit ion ( I )  is fulfilled at z < 10 - s  s. 

In the case of biradical I " ,  the narrowing is due to 
the spin exchange between the tr iphenylpyridinium radi-  
cals at the moment of  their intramolecular  collisions. 
This mechanism is characterized by several parameters,  
such as the value of  exchange interaction J and the 
contact time ~e of the radicals; therefore, the efficiency of  
the spin exchange in the narrowing of  the ESR line can 
differ from that of  the electron transfer. In fact, the ESR 
spectrum of biradical 1 " ,  unlike that o f  radical cation 
1" +, is sufficiently close to the spectrum of  radical 3". 

When the temperature decreases  from room to 
- 4 0  ~ the splitting of  the a s lines o f  both radical cation 
1" + and biradical 1"" increases to the a N value character-  
istic of radical 3", which agrees with a decrease in the 
frequency of collisions of the tr iphenylpyridinium rings. 

The temperature changes in t h e  ESR finewidths of  
system 2 are similar to those of system 1. It is o f  interest 
that, as compared to system I, intramolecular electron 
transfer in radical cation 2 "+ occurs more slowly because 
of a longer bridge, while the spin exchange in biradical 2" " 
results in the same efficient narrowing of  the ESR lines. 

Analysis of the ESR spectra of  the biradicals in 
frozen solutions makes it possible to determine the 
exchange interaction value and the distance between 
spins; therefore, we are planning further experiments  in 
glassy solvents (for example, in ethanol) .  
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Previously, I we have studied the hydroforrnylation of  
olefins in the presence of  a catalytic system based on 

RhCI 3 and the pyrrolidinopyridine polymer  (1). 
This system exhibits high activity in hydroformylation 
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of isobutylene under reaction conditions where com- 
monly used catalysts are not very active. ~ Because poly- 
mer 1 is highly resistant to corrosive media  and in- 
creased temperature,  it was interesting to study rhodium 
complexes  he te rogen ized  on this po lymer  in the 
carbonylation of  methyl acetate. 

- - ( C H 2 - - C H ) T - ( C H - - C H }  ~ 
I I I 
Ph H2C \ /OH 2 

N 

n = / ' D  

RhC:I~, Mel 
MeOAc + CO ,. Ac20 

It can be seen from Fig. 1 that the carbonylation of  
methyl acetate in the presence of the polymer- immobi-  
lized catalyst proceeds much more rapidly than that 
ca ta lyzed  by a homogeneous  sys tem based on 
RhCI3"4H20.  The higher activity of  the polymeric 
rhodium catalyst compared to that of  the  homogeneous 
catalytic system is an uncommon fact, which can be 
explained by the ability of  the polymer to accelerate the 
rate-l imiting stage of  carbonylation. It is known that 
compound 1 has a high basicity z and tends to form 
alkylated or acylated derivatives. Now, it is generally 
accepted that the rate-limiting stage of  carbonylation is 
the  oxida t ive  add i t ion  of  methyl  iod ide  to a 
carbonylrhodium complex. Apparently, the polymer ac- 
celerates this process because of  its capabili ty of  being 
alkylated at the nitrogen atom. Coordinat ion of  the 
alkylated macrol igand with the ca ta ly t ica l ly  active 
[Rh(CO)212]- complex 3 favors oxidative addit ion of  
methyl iodide to the Rh atom. The rates of  caxbonylation 
also increase in the presence of PPh3 (see Fig. 1, curve 
2), which can form a quaternary salt under  the reaction 
conditions,  coordinate with [Rh(CO)zI2]-, and acceler- 
ate addit ion of  the methyl group. ~ 

The role of  the acylated form of I in the catalysis 
seems to be in binding acetyl iodide accumulated in the 
system. This binding prevents the latter from thermal 
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Fig. 1. Carbonylation of methyl acetate in the presence of 
various catalytic systems: (/) RhCI3--1; (2) RhCI3--PPh3; 
(3) RhCI3-4H20 (T = 190 *C, Pco = 5 MPa). 

decomposition with the release of iodine, which re- 
moves a portion of the rhodium from the catalytic cycle 
to form inactive Rh m complexes. 
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