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Radical-anion Intermediates. Part 8.' The Influence of a Crown Ether 
on the Fluorene and 9-Methylfluorene Radical-anions 

By Brian J. Tabner * and Timothy Walker, Chemistry Department, University of Lancaster, Lancaster LA1 4YA 

The addition of dibenzo-18-crown-6 has been found to influence the rate of decay of the fluorene and 9-methyl- 
fluorene radical anions. The influence is most significant when Li+ is  the counterion and the second-order kinetics 
observed with this counterion in the absence of the crown ether have been found to be prevented by its addition. 

THE cation-complexing properties of crown ethers have 
recently attracted considerable attent: Tn particuiar 
it has been shown that the addition of a crown ether can 
profoundly influence the position of anion-cation 
equilibria. Detailed investigations ha\-e been made of 
this phenomenon in the fluorenyl anion 2-4 and 4'5- 
methylenephenanthrenyl anion ~ y s t e n i s . ~  In general i t  
appears that  the cation-complexing properties of the 
crown ether depend not only upon the size of the cation 
but also upon the size of the ' cavity ' in the crown ether. 
I t  appears that  more than one type of ' crown separated ' 
ion pair may also be One of the most widely 
studied crown ethers is dibenzo-18-crown-6 for which i t  
appears that the degree of interaction between the crown 
ether and the alkali metal cations varies in the sequence 

In pre\?ious publications we have reported a study of 
the decay of the radical anions of fluorene and of a 
variety of related molecules to the corresponding 
a n i o n ~ . ~ - l ~  This rate is markedly influenced by the 
nature of the cation and consequently the addition of a 
crown ether to these systems can be expected to produce 
some interesting results. In this paper we report tlie 
influencc of dibenzo-18-crown-6 on the rate of decay of 
the fluorene and 9-methylfluoreiie radical anions arid 
also nialte the first report of an unexpected but dramatic 
effect upon the e.s.r. spectrum of the fluorene radical 
anion. 

Na+ > KT > I_i+,2,7,8 

EXPERIMENTAL 

All operations were performed using standard higli- 
vacuum techniques. 

il.lateriuls.--Tetral~?.drofuran, fluorene, and 9-methyl- 
fluorene were purified as Dibenzo- 18-crown-6, 
prepared as described by Pederson, l3 was recrystallised from 
toluene, m.p. I66 "C (lit. ,14 164 "C), and its purity checked 
by n.1ii.r. and t.1.c. Lithium, sodium, and potassium were 
washed in light petroleum before use. 

Procedure .-Tetrahydrofuran solutions of fluorene and 
9-methylfluorene with clibenzo- 18-crown-6 were prepared as 
described .9 For experiments involving fluorene and di- 
benzo-18-crown-6 and 9-methylfluorene and dibenzo-18- 
crown-6 the molar ratios were 1 : 1. Concentrations of 
reagents in all experiments were in the range 1-3 x 
mol 1-l. The radical anions were prepared from these 
solutions as described.9 

Spectroscopic n/Ieasure?Mel.its.-U.v.-visible absorption 
spectra were recorded on a Unicam SP 800 spectrophoto- 
meter over the required temperature range using the 

constant-temperature cell housing described.13 E.s.r. 
spectra were recorded on a Varian E3 spectrometer and the 
temperature of these samples was controlled by means of a 
Varian E4667 variable temperature unit. 

CaZculatio~zs.--Values of velocity constants, AGI, AH$,  
and AS: were obtained with the aid of an ICL 1909 com- 
puter. 

RESULTS 

U.v.- Trzsz'bk A bsorption Spectra.-When 3 tetrahydro- 
furan solution of fluorene and dibenzo-18-crown-6 (mole 
ratio 1 : 1) was brought into contact with a lithium film a t  
- 7 0  "C an intense blue colour quickly developed. The 
resulting solution, which was relatively stable a t  - 70 "C, 
gave an absorption spectruni characteristic of the fluorene 
radical anion previously studied in the absence of the crown 
ether.# Elevation of the temperature resulted in the decay 
of the blue radical anion solution to give a ycllow solution of 
the fluorcnyl anion with an absorption spectrum similar to 
those of the fluorenyl anion-crown ether-Li + systems pre- 
viously reported.4 Similar observations were made when 
the solution was brought into contact with either a sodium 
or a potassium film. However, in the case of the latter 
alkali metal the decay of tlie radical anion to the anion was 
too rapid, even at - 7 0  'C, to record a reliable absorption 
spectrum of the radical anion. 

Similar observations were made when a tetrahydrofuran 
solution of 9-inethylfluorene and dibenzo-18-crown-6 (mole 
ratio 1 : 1) was brought into contact with a sodium film a t  
-70  "C. Again elevation of the temperature resulted in a 
yellow solution of the anion with a characteristic absorption 
spectrum.ll Unfortunately when the experiment was 
repeated with either a potassium or a sodium film the radical 
anion-crown ether coniplex was found to be insoluble and i t  
was not possible, therefore, to obtain any data for this radical 
anion with these alkali metal counterions in the presence of 
tlie crown ether. 

The kinetics of 
the radical anion decay were studied by recording either the 
decrease in the intensity of the absorption in the region 
680-695 nm or the decrease in the intensity of the e.s.r. 
absorption. Measurements using these two different 
techniques on the same system a t  the same temperature 
gave values for the velocity constant which agreed within 
experimental error. The reaction curves were analysed by 
plotting the functions log (a - x) and l / ( u  - x) uersus time 
and were found to be first order with respect to the radical 
anion concentration for both counterions. The temperature 
dependence of the velocity constant for both of these 
systems is summarised in Table 1 arid the values of AGI, 
AH:,  and AS: in Table 3. 

The decay of the 

Kiiaetics.-Fluorene radical anion decay. 

9-1Lfethylfluorene radical anion decay. 
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TABLE 1 

Temperature dependence of the velocity constant for the 
decay of the fluorene radical anion in the presence of 
dibenzo-18-crown-6 (mole ratio 1 : 1) in tetrahydrofuran 
solution 
Counterion 103k/s-l T / K  E/kJ  mol-l 

9.99 239.5 
6.08 234 
2.22 228.5 
1.02 223 
0.32 217.5 

14.20 267.5 
4.89 262 
3.40 259 
2.07 256 
0.91 251 
0.40 245 

Lithium 24.70 245 68.5 

Sodium 28.70 272.5 87.8 

Velocity constants are to within f lo?/,. 

9-methylfluorene radical anion in the presence of dibenzo- 
18-crown-6 with sodium as the counterion was followed, as 
before, by recording the decrease in the intensity of the 
absorption in the region 670-690 nm or the decrease in the 
intensity of the e.s.r. absorption. Analysis of these reaction 
curves (as above) showed tha t  the decay was first order with 
respect to the radical anion. The temperature dependence 
of the velocity constant is summarised in Table 2 and the 
values of AGI, AH$,  and AS$ in Table 3. 

TABLE 2 
Temperature dependence of the velocity constant for the 

decay of the 9-methylfluorene radical anion in the 
presence of dibenzo-18-crown-6 (mole ratio 1 : 1) in 
tetrahydrofuran solution 

Counterion 103k/s-' T/K E/kJ mol-1 
Sodium 17.30 267.5 66.0 

8.10 262 
6.77 259.5 
5.06 256.5 
3.95 253 
2.85 251 
1.86 247.5 
0.33 245 

Velocity constants are to within & loo/,. 

TABLE 3 
Summary of the values of AGT, AH:,  and AS: at 298 K 

(determined by computer extrapolation if necessary) 
for each of the systems studied 

AG:/ AH$/ A S  
kJ mol-l kJ mol-l J mol-l K-l 

Li+-fluorene a 86.9 45.1 f 4.6 -140.4 
Li+-fluorene + crown 67.3 66.5 4. 2.5 - 2.5 

Na+-fluorene a 75.7 54.6 6.3 -69.8 
ether 

Naf-fluorene + crown 74.0 85.7 f 3.3 39.3 
ether 

Na+-9-methylfluorene 83.2 37.2 f 3.3 - 154.2 
Naf-9-methylfluorene + 75.5 64.0 & 5.0 -39.3 

crown ether 
a Taken from ref. 9. b Taken from ref. 11. 

E.S.R. S$ectra.-The e.s.r. spectrum of the fluorene radical 
anion in the presence of dibenzo- 18-crown-6 is dramatically 
different t o  the spectrum in the absence of the crown ether 
(see Figure). In  particular i t  is noticeable that the central 
line in the spectrum has a much reduced intensity in the 

presence of the crown ether. This effect is present when 
either Naf or Lif is the counterion but is more noticeable 
when Lif is the counterion. In  addition this feature is 
temperature dependent, being less evident at higher tem- 
peratures. At sufficiently low temperatures the splitting 
constant with a(2H) 380 pT appears almost as a 1 : 1 
doublet with a 740 pT. However the other triplets in the 

The e.s.r. spectrum of the fluorene radical anion a t  203 K with 
(a) Na+ as the counterion and (b) with Na+ as the counterion 
in the presence of dibenzo-18-crown-6. Both spectra recorded 
in tetrahydrofuran solution 

spectrum appear to retain their true 1 : 2 : 1 relative intensi- 
ties with splitting constants differing only slightly in the 
presence of the crown ether. The splitting constants ob- 
tained from these spectra are summarised in Table 4. 

T A B L E  4 

Hyperfine splitting constants (in pT) obtained for the 
fluorene radical anion in the presence and absence of 
dibenzo-l8-crown-6 in tetrahydrofuran 

Fluorene-Na+- 
Position Fluorene-Nai- crown ether 

1 119 121 
2 500 497 
3 88 92 
4 410 412 
9 380 370 

a Spectrum recorded a t  203 K (taken from ref. 9). 

Hyperfine splitting constants arc &2 pT. 

Spec- 

The g values of 
trum recorded a t  203 I<. 

the two spectra are the same to &0.0005. 

See text. 

I n  contrast t o  the e.s.r. spectrum of the fluorene radical 
anion the e.s.r. spectrum of the 9-methylfluorene radical 
anion appears to be unaffected by the presence of the crown 
ether. This spectrum has a greater linewidth both in the 
presence and absence of the crown ether than that of the 
ffuorene radical anion and within the linewidth of the 
spectrum the individual splitting constants appear to be 
little influenced by the crown ether. 
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DISCUSSION 

Kinetics.-There are two interesting features of the 
observed kinetics. First, the crown ether influences the 
rate of the radical anion decay. Secondly, second-order 
kinetics are not observed in the Li+-fluorene radical 
anion system at  low temperatures when the crown ether 
is present. 

When sodium is the counterion the influence of the 
crown ether on the rate of the radical anion decay for 
both the fluorene radical anion and the 9-methylfluorene 
radical anion is significant but not pronounced. How- 
ever, over the accessible temperature range, the dif- 
ference in the velocity constants in the presence and 
absence of the crown ether (at the same temperature) 
does riot exceed a factor of 10. In contrast the dif- 
ference in the velocity constants is more pronounced in 
the Lis-fluorene radical anion system. At the same 
temperature the velocity constant is always larger in the 
presence of the crown ether (by a factor of ca. 300 at  
higher temperatures). 

In the absence of the crown ether the greatest propor- 
tion of solvent separated ion pairs would be expected 
when Li+ is the counterion. The addition of the crown 
ether might therefore be expected to have a dramatic 
influence on the ion-pairing properties of the Na+- 
fluorene radical anion system where a change from con- 
tact to crown-separated ion pairs would be anticipated. 
However since this crown ether has reduced complexing 
properties towards the Li' ion its influence on the Li+- 
fluorene radical anion system would be expected to be 
fairly marginal, The significant influence of the crown 
ether in this latter system is therefore surprising. 

In each of the three systems studied (see Table 3) AH: 
is greater in the presence of the crown ether and AS: 
more positive. The increase in AH: could be a conse- 
quence of the strong interaction between the cation and 
the crown ether. The rate of decay in the absence of the 
crown ether is very much dependent upon the nature of 
the cation. The environment of the cation with respect 
to the radical anion is therefore of fundamental import- 
ance in determining the rate of reaction. It follows 
therefore that the addition of the crown ether, with its 
strong interaction with the cation, will reduce the 
coulombic interaction particularly in the transition 
state, thus leading to an increase in A H $ .  The reduced 
coulombic interaction in the transition state in the pre- 
sence of the crown ether could also explain the more 
positive AS:, as the crown ether-cation complex would 
be unable to approach the radical anion as closely as the 
uncomplexed cation. 

It is also interesting to note that in the presence of the 
crown ether no second-order kinetics are observed in the 

13-fluorene radical anion system. The addition of the 
same crown ether to the alkali metal cation4,5-methyl- 
enephenanthrene radical anion system also resulted in 
the elimination of second-order kinetics.12 If the second- 
order kinetics observed in the absence of the crown ether 
are a consequence of a bimolecular reaction between two 
radical anions this change of order might be anticipated. 
Presumably, in the presence of the bulky crown ether, a 
bimolecular collision is sterically hindered. A further 
example of a crown ether influencing a radical anion in 
this way can be found in the K+-tetracyanoethylene 
radical anion system where the dimerisation of this 
radical anion is prevented by the addition of a crown 
ether .15 

E.S.R. ,Cpectra.-The addition of dibenzo-18-crown-6 
has a dramatic effect upon the e.s.r. spectrum of the 
fluorene radical anion when either Li+ or Na+ is the 
counterion. The effect exhibits itself as a decrease in the 
intensity of the central line of the 1 : 2 : 1 triplet with aH 
380 pT which appears, a t  low temperatures, almost as a 
1 : 1 doublet with aH ca. 740 pT. The relative intensities 
of the remaining 1 : 2 : 1 triplets appear to be un- 
affected. The marked temperature dependence of this 
effect, which is associated with the pair of methylene 
protons at the 9-position1 is typical of an alternating 
linewidth effect. A detailed investigation of this effect 
is in progress and will be the snbject of a subsequent 
publication. 

W e  thank  t h e  S.R.C. for t h e  award of a Kesearch Studeiit-  
ship (to T. W.). 

[1/247 Received, 16th Febvuavy, 19811 

REFERENCES 

Trans.  2, 1975, 1304. 

1970, 92, 666. 

1972, 76, 2152. 

Szwarc, Wiley-Interscience, New York, 1972, p. 85. 

1973, 1201. 

Lett., 1980, 71, 164. 

Part 7, B. J. Tabner aiid T. Walker, J .  Chem. Soc., Perkin 

K. H. Wong, G. Iionizer, and J .  Smid, J .  Ant.  Chem. Soc., 

U. Takaki, T. E. Hogen Esch, and J .  Smid, J .  Phys .  Chem., 

* J. Smid, ' Ions and Ion Pairs in Organic Reactions,' ed. M. 

B. J. Tabner and T. Walker, J .  Chew.  Soc., Pcrkin T v a m .  2,  

S .  Konishi, §. Niizuma, arid H. Kokubun, Chem. Phys.  

C .  J. Pederson, J .  Am. Chem. SOC.. 1970, 92, 386. 
J. Smid, Angew. Chem. Int. E d .  Eizgl., 1972, 11, 112. 
D. Cassoii aiid B. J .  Tabner, J .  Chem. SOC. B ,  1969, 887. 

lo (a)  D. Casson and B. J .  Tabner, J .  Chem. Soc. B,  1970, 1560; 

l1 B. J.  Tabner and T. Walker, J .  Chem. Soc., Perkit.8 I'vans. 2,  

l2 D. Casson and B. J .  Tabner, J .  Chern. Soc. B ,  1969, 672. 
l3 C. J. Pederson, .J. Am.  Chenz. Soc., 1967, 89, 7017. 
l4 C. J. Pederson and 13. I<. Frensdorff, Awgew. Chem. lwt. E d .  

l6 M. T. Watts, M. L. Lu, R. C. Cheu, and M. P. Eastman, J .  

(6) zbid., p. 1565. 

1972, 445. 

E~tgl . ,  1972, 11, 16. 

Phys .  Chem., 1973, 77, 2969. 


