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Abstract Stable triple ions were obtained m MTHF solution from the ion pairs of 1.2.4,5- 
tetramesitoylbenzene (TMB) radical anion and alkali metal cations by reaction with soluble alkah metal 
salts Their ESR spectra are highly resolved. MO calculations with parameters which lead to spin density 
values as nearly as possible equal to the experimental ones allow estimates of the oxygen-metal distances. The 
rctatively most stable triple ions are the ones with the smallest estimated oxygen metal distances. 

Triple ions arc of interest because they may occur as 
intermediates in intermolecular exchange reactions of 
Ion pairs and there have been several ESR- 
investigations of triplescomprising an orgamc radicaf- 
anion and two alkali metal cations. Systems studied 
include those where the radical-anion was derived 
from pyrazine’ ’ or from a quinone.‘- ” The ESR 
spectra of ion pairs involvmg the anions of these 
molecules show linewidth alternation under suitable 
conditions reflecting the occurrence of intramolecular 
cation exchange. The spectra of the triple ions also 
show linewidth effects, asymmetric broadening of the 
hyperfine components and the origin of these has been 
extensivety discussed.’ .’ Recently Chen and Wan” 
reported triple ions involving the radical-anions of 
furl1 and of di-t-butylazodicarboxylate m which well 
delincd chelation of the cations can be envisaged. The 
ESR-spectra of these systems arc strikingly well 
resolved and those of the tightly bound sodium 
complexes do not show dramatic lincwidth effects. We 
have for many years been interested’ ‘-I’ in thcchelatc 
ion-pairs formed by the radical-anions of O- 
diaroylben7cnes and report here on the formation of a 
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triple ion by such a molecule, 1.2,4,5-tetramesitoyi- 
benzene (I TMB). The ion pairs of the radical-ion of 
this molecule and alkali ions have already been 
described.lh 

WESlJI.TS Ak;D DISCI’SSION 

When an equivalent amount of sodium tetraphenyl- 
boranate is added to a solution of the sodium ion pair 2 
in 2-methyltetrahydrofuran (MTHF) the ESR- 
spectrum of the Ion pair disappears and a much more 
highly resolved spectrum (Fig. 1) is obtained, which is 
easily recognized as the spectrum of a triple ion 3 from 
the splitting pattern of the two z3Na (I = 3/2) nuclei 
consisting of 7 groups of lines with amplitudes 
proportional to 1:2:3:4:3:2:1. 

A similar effect is observed when lithium 
tetraphenylboranate is added to a solution of the 
lithium ion pair m MTHF (Fig. 2). In analogous 
experiments with potassium tetraphenylboranate and 
caesium cyanotriphenylboranate no change of the 
ESR-spectrum of the ion pairs was observed. 
Simulations of the spectra are included in Figs I and 2 
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and the coupling constants thus dcduccd are shown in 
Table 1. It is interesting to note that the small proton 
coupling constants of the twelve Me groups (36 
protons) appear in these spectra whereas in the 
corresponding ion pans the linewidth is much higher 
than these couplings. This presumably reflects the 
greater symmetry and rigidity of the triple ions 
compared to the ion pairs. The couplings in the ion 
pairs’ ’ are included in Table 1 forcomparison with the 
triple ions. The coupling constants of protons 3 and 6 
in the triple ions are approximately equal to the 
coupling constants in the ion pairs but the metal 
coupling constants are only 60”,,. 

The spin density at the alkali metal nuclei has been 
calcutated using the method ofGoldbcrgand Bolton’” 
which had been used by Corvaja or ~1.” for the ion 
pairs of metal cations with the o-dimesitoylbenzene 
radical-anion. All interactions between the ions except 
the direct overlap term (I&_ 1 Ins) were neglected. In 
Huckel MO calculations with the McClelland 
correction22 on the TMB’M ’ ion pairs. which were 
improved in relation to the already published ones’h, 
values of 3, + I.28 and rc + I.911 were used for the 
Coulomb integrals of the 0 atoms remote from and 
adjacent to the metal ion respectively. For the triple 
ions the latter value was used for all four 0 atoms. 

Figure 3 shows plots of the spin densities at the 
metal nuclei as a function of the metal oxygen distance 
rOM for both ion pairs and triple ions. The distances 
corresponding to the metal couplings observed at 
room temperature in MTHF are shown in Table 1. 
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The relative stabilities of the triple ions have been 
investigated by adding lithium tetraphenylboranate or 
sodium tetraphenylboranate to solutions of ion pairs 
ofTMB with Li. Na. K or Cs (Table 2). Li displaces K 
or Cs but not Na and Na displaces all the other 
metals. The establishment of the new equilibria was 
faster than could be followed by ESR except for the 
replacement of Na by Li: when lithium tetraphenylbo- 
ranate was added to solution of Na ion pairs the 
superposed spectra of the Li and Na triple ions were 
first obscrvcd and these changed to that ofjust the Na 
triple ion after about 30 min. No evidence for long hved 
mixed triple ions (Li’ TMB bia ’ ) was seen. The 
observation that the Na triple ion is the most stable is 
consistent with the results of the calculated oxygen 
metal distances (Table I ). It is also interesting to note 
that Chen and Wan” found that in the system they 
studied the Na complexes wcrc the most stable. 

EXPERIMEN I‘AL 

The samples of trlplc ions for ESR-measurements were 
prcparcd bp adding an equivalent amount of the 
tctraphenylboranate to the soln of the ion pairs through a 
break-seal in a thinbodicd all glass vacuum sealed apparatus. 

TMB was synthesised In our laboratory.‘” Lithrum. 
potassium and caesium tetraphenylboranates were prepared 
from the sodium salt by Bhattacharyya’s method.“’ Cacstum 
cyanotriphenylboranate was prcparcd from the sodium salt 
by reaction with caesium chlorrde in aqueous soln 

ESR-mcasurcmcnts wcrc made using Varian V-4502-04 
v+ith a I2 inch magnet and Rruker ER 200 tt spcctromcters. 

Spectra were simulated using a program. which assumes 
Lorentltan line shape. written for a ICL 4130computcr with 
an on line plotter. 

Table 1. Hypcrfine spltttingconstants in tiauss and oxygen- 
metal dtstances in A for ion patrs and trtple Ions of TMB 

1 a,(G) j a,,,p) ) aHrcG) 1 rodi) 

Lb*TMB- 2.26 1.36 - 2.86 

LI’TMEl-LI+ 1.247 1.247 0.12 2.76 

Table 2. TMB triple ions obtained from reactions of ion patrs 
with alkali metal tetraphcnylboranatcs 

Fig. 3. Plot ofcalculated spin density at the metal nucleus vs 
oxygen-metal distance In A for ion pairs and triple ions of 

TMB 
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