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Charged cyclophanes with extended conjugation: the effect of the 
cyclophane hub on the charge distribution 
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Compounds 1,2 and 3 were chemically reduced with lithium, sodium and potassium metals in [2H8]THF 
at 220 K. In each case the reversibility of the process was tested by quenching with molecular oxygen. The 
reduction of 1 with all three metals yields the corresponding tetraanion salt 14-/4M+. Compound 2 was 
reduced reversibly with potassium and sodium only, while compound 3 underwent decomposition. 
According to the UV-VIS spectra and the electrochemical results, the tetraanion species is formed via a 
stepwise four-electron transfer process. A strong effect of the cyclophane hub on the charge distribution 
vis h vis a relevant model system is demonstrated. 

Introduction 
One of the most intriguing questions related to cyclophanes is 
how the forced proximity of the two IT systems influences their 
chemical and physical properties. In cyclophanes like [2.2]para- 
cyclophane, the two benzene rings are held rigidly, face to face, 
at a short distance of ccz. 3 A.’ This interdeck distance which is 
much smaller than the usual van der Waals interaction distance, 
between parallel aromatic hydrocarbons in the crystaL2 is 
responsible for the unique behaviour of these systems. 

Compound 1, 4,7,12,15-tetrastyryl[2.2]paracyclophane, was 
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of the intermolecular order in the crystal. The styryl substituted 
groups which are arranged in a ‘crossed’ manner are tilted out 
of the phanearene plane, as a way of balancing steric hindrance 
and conjugation, within each deck. 

According to NMR spectroscopy, it seems that the NMR 
parameters in 1 do not differ significantly from those of a 
‘normal’ stilbene. There is free rotation of the terminal phenyl 
rings about the C-2’-C-3’ bond, even at 160 K. The coupling 
constant, 3JHH 16.3 Hz of the ethylene group protons is a 
typical value for a trans double bond, and the chemical shifts of 
the ethylene bridge and the phenyl rings are also typical. 

The UV-VIS and fluorescence spectra of compound 1 reveal 
a red shift of the absorption and emission bands as compared 
with a reference system, i. e. 2S-dimethyl- 1,4-distyrylbenzene 
(4). This phenomenon, i.e. the fluorescence of ex~imers,~ is 

4 

caused by strong electronic interactions between the two 1,4- 
distyryl chromophores across the central [2.2]paracyclophane. 
Transannular interactions between the benzene rings are par- 
ticularly pronounced when the molecular bridges are short. 
Therefore, upon reduction, such a system is not expected to 
behave as being composed of two separate parts but rather as 
an integrated unit. 

The degree of charging and the charge distribution pattern of 
charged systems can be studies by NMR. The relationship 
between I3C chemical shifts and charge densities on the corres- 
ponding carbon atoms is expressed by eqn. (I) , ’  where A&, is 

3 

first synthesized and characterized by de Meijere et al.3 As 
established by X-ray structure analysis, the molecular structure 
of 1 in the crystal exhibits a typical [2.2]paracyclophane centre. 
The interplanar angles between the phanearene and phenyl 
moieties in 1 vary from 42.3” to 55.8”, presumably as a result 

the difference between the chemical shifts of a carbon atom ci 
of the charged species and its neutral precursor, Aqi is the 
charge on the carbon atom ci in the charged species and K,  is a 
proportionality constant. Other effects, such as shielding and 
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Table 1 Displacement of carbon and proton chemical shifts (ppm) upon charging of 1 (top) and 2 (bottom) 

Proton NMR bands displacement of 1 

M 6' 5' 7' 4' 8' 3' 2' 1 '  417 518 316 219 219 U A  
Li 2.20 1.15 1.35 1.41 1.73 - 2.81 1.64 - 1.73 - 1.04 0.45 62.3 
Na 1.96 1.05 1.22 1.28 1.53 - 2.65 1.54 - 1.83 - 0.95 0.42 58.2 
K 1.97 1.03 1.20 1.27 1.68 - 2.85 1.52 - 1.85 - 0.97 0.47 59.6 

Carbon NMR bands displacement of 1 

M 6' 5' 7' 4' 8' 3' 2' I '  417 518 316 219 TiiA 
Li 24.6 0.4 1.8 15.5 7.3 -5.8 47.9 13.4 20.5 5.1 8.3 -0.6 - 553 
Na 21.9 0.4 1.6 14.9 6.7 -6.1 49.4 14.3 23.8 8.1 7.0 -0.3 - 567 
K 22.1 0.0 0.7 15.1 9.0 -4.8 47.4 13.6 22.5 6.0 7.5 -0.1 - 557 

Proton NMR bands displacement of 2 

M ~ ' c H ,  8' 7' 6' 5' 4' 3' 2' I '  417 518 316 219 219 U A  
Na 0.38 - 0.82 1.63 0.79 1.16 - 3.02 1.09 - 1.68 - 0.78 0.3 49.6 
K 0.32 - 0.78 1.60 0.76 1.18 - 3.16 1.11  - 1.75 - 0.74 0.33 49.5 

Carbon NMR bands displacement of 2 

M ~ ' c H ,  8' 7' 6' 5' 4' 3' 2' 1 '  417 518 316 219 E5A 
Na -1.6 13.2 2.3 22.1 0.7 13.4 -5.1 49.6 15.0 23.6 8.6 6.8 -0.2 - 593 
K -1.4 14.4 1.7 21.3 0.4 13.6 -4.2 49.4 15.2 21.2 7.2 6.6 0.3 - 582 

conformational changes, may be neglected because of the 
special crossed arrangement of the zc systems and the typical 
rigid skeleton of such compounds. 

Results and discussion 
In order to study the influence of the cyclophane's hub on the 
properties of the charged species, we reduced compounds 1, 2 
and 3 with different metals and compared the change in their 
NMR chemical shifts with a suitably charged model. All three 
compounds were reduced viu an electron transfer process with 
lithium, sodium and potassium metals in [ 'H,]THF at 220 K. 
In each case the validity of the charging process was tested by 
quenching with oxygen, to ensure that no skeletal changes had 
occurred. The reduction of 1 with all three metals yields the 
tetraanion salt 14-/4M+. Compound 2 was reduced with potas- 
sium and sodium only, while compound 3 underwent decom- 
position. We assume that the methoxy groups are cleaved upon 
charging.6 The carbon and hydrogen atoms were assigned by 
correlation spectroscopies, e.g DQF-COSY, NOESY, CH- 
correlation, and long range CH-correlation. The changes in 
carbon and proton chemical shifts upon charging of 1 and 2 
with all three metals are shown in Table 1. 

In spite of careful monitoring of the reduction process, both 
compounds 1 and 2, show only one species which gives rise to 
highly resolved NMR spectra. The total change in chemical 
shift of the diamagnetic species of 1, cu. 560 ppm (553,567 and 
557 ppm for lithium, sodium and potassium, respectively), 
points to the formation of a tetraanionic species with a typical 
K, value of c'u. 140. The protons in the ortho and inetn position 
on the phenyl moieties show four different chemical shifts. It is 
clear from the number of signals that in the tetraanion the 
rotation of the phenyls about the C-3'-C-2' bond is slow (in 
the NMR timescale). The coupling constant of the ethylene 
protons, 3&H 12.3 Hz, is intermediary between typical cis and 
t r i m  values. There is a change in bond order due to delocaliz- 
ation of charge. It can be deduced from the correlation of I3C 
NMR chemical shifts and local charge densities that the excess 
charge is delocalized over the entire molecule with the highest 
charge densities on carbon C-2' and at the pum and ortho posi- 
tions of the phenyl moieties (Fig. 1). Charge densities in these 
positions, i.c. on the former double bond and ortho and puru 

Cyclophane Model 
deck 

Fig. 1 Charge distribution according to NMR chemical shifts 

positions, in analogous systems are common.' The exception in 
this case is the relatively low charge density on the central ring. 
Such a behaviour may result from the strong interaction inside 
the cyclophane hub. 

Although there are slight differences in the chemical shifts, 
the charge distribution with all three alkali metals is practically 
similar (Table 1). The total chemical shift order in I3C NMR, 
i.e. Na > K > Li, points to a different behaviour of the system 
when reduced with lithium. It might be due to the differences in 
ion-pairing equilibria of 1, which forms contact ion pairs (cip) 
with sodium and potassium, and solvent separated ion pair 
(ssip) with lithium. These results were supported by the UV-VIS 
studies (vide infiu). 

The changes in the chemical shifts of 1 were compared with a 
charged model compound, i.e. 4. Such a model compound is 
composed of the components of a single modified deck of the 
cyclophane. In view of the close structural relationship, the 
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Table 2 Displacement of carbon and proton chemical shifts (ppm) upon reduction of 4 with lithium 

4 3 5 2 6  1 7 8 9/12 10/13 11/14 CH, LSA 

Proton 1.93 0.98 1.16 1.39 1.59 - 2.53 1.90 - 1.72 - 0.70 30.6 
Carbon 22.3 0.3 1.6 14.8 6.4 -5.0 45.6 17.6 21.7 11.6 7.3 -2.0 284.5 
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Fig. 2 
1 Vs-' (bl), 2 Vs-' (b2), and 5 Vs-' (b3). at t = - 15 "C] 

Cyclic voltammogram for the reduction of 1 [ v  = 0.1 Vs-' (a),  

NMR chemical shifts of most protons of the model are rather 
similar to those of 1. As expected from the shielding effects 
generally observed for [2.2]paracyclophanes,* the protons H-518 
in 1 resonate at a relatively higher field than the respective 
nuclei in the model compound. The signals of the protons of 
the terminal phenyl rings in 1 do not experience anisotropic 
shielding effects and therefore closely represent those in the 
model. It follows that the expected charge distribution should 
be the same, provided that the through space interaction of the 
cyclophane hub is excluded. The changes in chemical shifts of 
the model system upon charging with lithium are shown in 
Table 2. As has been shown previously, thisstilbenoid system 
can be reduced to a stable dianion.' We encounter in 4 a total 
change in the carbon chemical shift of 284 ppm, half the value 
observed in compound 1 and 2, which confirms that the cyclo- 
phanes are quadruply charged. Similar to compounds 1 and 2, 
the coupling constant of the 'former' ethylene protons of 4 
changes from 3 J ~ ~  16.2 Hz in the neutral system to 3JHH 12.4 Hz 
in the dianion salt. Different chemical shifts for the two ortho 
and two metu protons on the phenyl ring point to an increase in 
the barrier for the rotation of the phenyls about the C-2'-C-3' 
bond, as a result of delocalization of charge which changes the 
bond order. Unlike the cyclophane, the charge densities on the 
central ring of 4 are slightly higher on the one hand, and are 
relatively lower on the double bond and the phenyl substituents 
on the other hand. Assuming an unperturbed behaviour for the 
charged model, the observed difference in the charge distribu- 
tion can be ascribed to the through space effect of the cyclo- 
phane hub. 

Electrochemical studies 
The reactivity of the anionic species derived from 1 can also be 
demonstrated by cyclic voltammetry. However, a direct com- 
parison with the chemical reduction is impossible in view of 
the lack of a counter cation in cyclic voltammetry. The cyclic 

voltammogram of 1 (Fig. 2) in tetrahydrofuran (THF) with 
Bu,NPF, as supporting electrolyte shows four redox steps 

= -2.99 V). 
The first reduction step, which is clearly reversible, occurs at a 
potential which is substantially less negative than that of the 
[2.2]paracyclophane = -3.00 V vs. standard calomel elec- 
trode, SCE).1° It seems that the uptake of an electron becomes 
easier upon the extension of the K system. The reduction of 
compound 1 occurs more readily than the reduction of the 
model system (E11,2 = -2.25, E2,,2 = -2.54 V). Due to the stabil- 
izing influence of the two benzene rings, the lowest antibonding 
orbital which takes up the extra electron on passing from the 
neutral compound to its radical anion is more stable in com- 
pound 1 than in the model compound. The third and the fourth 
redox steps, which are not reversible under these conditions 
[Fig. 2(a)], point to an increase of the cathodic peak and a slight 
decrease of the anodic peak. This effect, which is pronounced in 
the third reduction step, is familiar in multi-step reduction pro- 
cesses." A trace of water in the electrochemical cell may cause 
protonation of the redox product 13- ,  which can be further 
reduced immediately at almost the same potential. The stability 
of these protonated products is responsible for the decrease in 
the anodic peak upon oxidation. Protonations do not occur in 
the first two reduction steps, because of the low nucleophilicity 
of the species as a result of the low reduction potential of the 
redox products. As can be expected from such a redox mechan- 
ism, when the scanning becomes fast relative to the rate of the 
protonation process, the effect of a pronounced cathodic peak 
will decrease, as can be seen in Fig. 2(h). Although the cyclic 
voltammogram indicates four redox steps which lead to the 
tetraanion, it is still not clear why the intermediate dianion could 
not be detected by NMR spectroscopy, while the tetraanion 
gives rise to highly resolved NMR spectra. It should be noted 
that cyclophanes with less than three bridging carbon atoms 
allow the unpaired electron to undergo an exchange between 
the two decks.12 In view of these observations a through space 
exchange of electrons should be taken into account. 

= -2.05, Ez,,z = -2.27, E3,,, = -2.52, 

uv-VIS spectroscopy 
As can be expected from the molecular orbital analysis of the 
parent molecule [2.2lparacy~lophane,'~ the electronic spectra of 
charged 1 in THF are basically different from those of charged 
4 (our model compound). The spectra of 1 indicate only two 
different species upon charging (Fig. 3). The first stage is the 
formation of a radical anion, i.e. 1- [Fig. 3(b)], which is para- 
magnetic and cannot be observed by NMR. The UV-VIS spec- 
trum of this radical anion is quite similar to the spectrum of the 
radical of the model system, 4.'' Contrary to 4, we could not 
get a highly resolved EPR spectrum of this radical stage in 1. 
The last reduction stage appears simultaneously with the 
appearance of the NMR spectrum and does not change after 
prolonged contact with the alkali metals [Fig. 3(d)]. In analogy 
to the dianionic state of the model, this diamagnetic species 
is ascribed to the tetraanion. In all other stages of reduction 
after the appearance of the radical species, both spectra of 
the radical ion and the tetraanion can be seen together. As the 
reduction progresses, there is an increase of the long-wave 
absorption, without any change in the absorption of the radical 
[Fig. 3(c)]. Continuation of the reduction after this stage 
showed a decrease of the signal of the radical species, and 
finally only the tetraanion is observed. By assuming that in the 
tetraanion salt, each deck is doubly charged, one should con- 
sider in all other stages a situation of fast electron exchange 
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Fig. 3 The UV-VIS spectra of the reduction stages of cyclophane 1 

between two states, radical and dianion decks. Such an ex- 
change can explain why it is not possible to see the signals of the 
dianion in the NMR spectrum, and why it is possible to see both 
the radical and the dianion species in the UV-VIS spectrum. In 
view of the above and the electrochemistry of the reduction of 
1, we suggest a stepwise process as shown in Scheme 1. 

Ion solvation equilibria 
The concept of an equilibrium between contact ion-pairs (cip), 
and solvent Separated ion-pairs (ssip) is well estab1i~hed.I~ Usu- 
ally, an increased size of the counterion in contact ion-pairs 
leads to a red shift of the UV-VIS bands. In the case of 1, a blue 
shift l9 was found when Li' was replaced by K'. This observ- 
ation, although seemingly inconsistent with general theory, is 
not unusual. This is normally the case when ion-solvation equi- 
librium is shifted from cip in the potassium salt, to ssip in the 
lithium ~a1 t . I~  The red shift associated with the conversion of a 
contact ion-pair into a solvent separated ion-pair is analogous 
to that arising from increasing the size of a cation in a contact 
ion-pair. 

The UV-VIS spectra of the alkali metal salts in THF, in each 
stage of charging, show two absorption peaks." As the tem- 
perature was decreased, the spectrum drastically changed as 
shown in Fig. 4. These reversible changes of the absorption 
spectrum prove that the two species (cip and ssip) coexist in 
equilibrium. The absorption spectrum of an ionic species as 
contact ion pairs (cip) differs from that of the respective solvent 
separated ion pairs (ssip). Therefore, the change in the absorp- 
tion spectrum is related to the modification of the relative 
concentration of cip and ssip. The same effect, although weak- 
er, was observed while changing the cation from potassium 
(high tendency to form cip), to lithium (high tendency to form 
ssip), and by changing the solvent from diethyl ether to DME. 
An increase of the polarity of the solvent leads to better 
solvation of the cation and hence to greater dispersion of the 
cation charge and shifts the equilibrium to ssip. The observed 
solvent effect is significant when the cation is potassium. 

7Li NMR spectroscopy 
The chemical shifts of the lithium cation are directly related to 
the ion solvation equilibria and to the nature of the charged 
species.I6 While the sensitivity of the 7Li chemical shifts to the 
anion depends on the proximity of the anion and the cation in 
solution, the direction of the chemical shift is mainly influenced 
by shielding effects. Therefore, the lithium cation chemical shift 
affords information on ion-pairing equilibria and the magnetic 
properties of the anionic system. The lithium spectra were 
measured using an external standard of 0.1 M LiBr/THF. The 
7Li NMR spectrum of the tetraanion salt at different temper- 
atures consists of only one broad line at - 1.2 ppm (Fig. 5). One 
signal does not necessarily point to a full symmetry between the 
lithium cations; it can be due to a fast exchange in the NMR 
timescale, which is the usual case. Chemical shifts of - 1.2 ppm 
originate from a solvent separated lithium cation, and only a 
weak contribution of the induced magnetic field is observed. 
In view of the above, it seems that the lithium cations do not 
dwell close to the cyclophane hub. Location of the lithium cat- 
ions inside or above the cyclophane centre would cause a high- 
field shift of the 'Li absorption line as a result of the strong 
shielding of the lithium by the ring current within the cyclo- 
phane hub. 

Semiempirical MNDO molecular orbital calculations includ- 
ing the lithium atoms have been carried out for the tetraanion 
of l.17 Although the calculations do not take solvation into 
account, they can provide further support for the approximate 
location of the lithium cations. Searching for the minimum 
energy for different positions of the lithium cation around the 
anion system, we found a few structures with almost the same 
energy. In all these structures, the lithium cations dwell near the 
external carbon-carbon bonds (Fig. 6). The structures in which 
the lithium cations were close to the cyclophane centre, were of 
higher energy. 

Conclusions 
The reduction of 1 and 2 yielded tetraanions-two electrons on 
each 'deck'. The systems, being crossed layered hydrocarbons, 
show interesting charge delocalization properties. The through- 
space effect operating between the layers shifts the charge to 
the molecular periphery. It seems that the structure of the 
crossed cyclophane facilitates the charge delocalization towards 
the periphery. 

Experimental 
Ail NMR analyses were performed on a Bruker AMX-400 
pulsed FT spectrometer, operating at 400.13 and 100.62 MHz 
for 'H and I3C NMR, respectively. J values are given in Hz. 
UV-VIS spectra were recorded on a UVIKON 860 KON- 
TRON spectrometer. 
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Electrochemical studies 
All electrochemical measurements were carried out at ca. 
- 15 "C, in a three compartment electrode cell with a gold wire 
( d =  1 mm, sealed in glass) as a working electrode, and a plat- 
inum wire concentrically wound around the working electrode 
as a counter electrode. A silver wire was used as a quasi- 
reference electrode calibrated with Fc/Fc+ to be 0.310 V vs. 
SCE or Co(C,H, )+PF6 to be 1.040 V V.Y. SCE. The background 
solution (0.1 M Bu,NPF, in THF) was used for the measure- 
ment of 10-5-10-4 M substrate. The oxygen was removed by 
bubbling argon. All potentials were reported with respect to 
standard calomel electrode (SCE). 

208 K il------ 
232 K 

Fig. 5 The influence of the temperature on the 'Li N M R  spectrum of 
the cyclophane tetraanion 

Materials 
Potassium, sodium and lithium (Aldrich) were kept in paraffin 
oil and were rinsed shortly before using with light petroleum 
(bp 40-60 "C). ['H8]THF (Aldrich) was dried over potassium- 
sodium alloy under vacuum. All cyclophane compounds (1, 2, 
3) as well as the model system 4 were prepared according to 
published procedures. '*I8 

into contact with the metal solution by turning the tube upside 
down. 

Quenching of the anions 
All anions were quenched with oxygen. The quenching experi- 
ments were carried out by bubbling oxygen gas into the NMR 
sample tube under anhydrous conditions. Oxygen gas was slowly 
bubbled via a syringe into the cold anion solution, the deep 
colour disappeared and the 'H NMR spectrum was recorded. 

General procedure for the reduction process 
Lithium wire, sodium or potassium mirror were introduced to 
the upper part of an extended NMR tube containing the cyclo- 
phane M )  dissolved in ['H,]THE The sample was 
degassed and sealed under vacuum. The solution was brought 

NMR Spectra 
4,7,12,15-Tetrastyry1[2.2]paracyclophane (1). 6,(400 MHz, 
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Fig. 6 Location of the lithium cations as obtained from MNDO 
calculations 

12H,]THF, 295 K) 7.34 (4 H, t, J H H  7.3, 6’-H), 7.45 [8 H, dd, 
J H H  7.3, 5‘(7‘)-H], 7.61 [8 H, d, J H H  7.3, 4’(8’)-HI, 7.05 (4 H, 
d, J H H  16.3, 2’-H), 7.43 (4 H, d, J H H  16.3, l’-H), 7.13 [4 H, S, 
5(8)-H], 3.74 3.01 (8 H, m, CH,), 6, 127.96 (C-6‘), 129.17 
[C-5‘(7‘)], 127.27 [C-4’(8‘)], 138.64 (C-3’), 129.20 (C-2’), 
126.13 (C-1‘). 137.53 [C-4(7)], 128.74 [C-5(8)], 138.64 [C-3(6)], 
33.42 [C-2(9)]. 

Lithium salt (l4-/4Li+). SH(400 MHz, [’H,]THF, 220 K) 5.14 
(4 H, dd, J H H  7.0, 7.6, 6’-H), 6.30 (4 H, dd, J H H  7.6, 8.3, 5’-H), 
6.10 (4 H, dd, J H H  7.0, 8.2, 7’-H), 6.20 (4 H, d, J H H  8.3, 4’-H), 
5.88 (4 H, d, J H H  8.2, 8‘-H), 4.24 (4 H, d, J H H  12.3, 2’-H), 5.79 
(4 H, d, J H H  12.3, 1’-H), 5.40 [4 H, s, 5(8)-HI, 2.70 2.56 [8 H, m, 
2(9)-H]. 6, 103.39 (C-6‘), 128.77 (C-5’), 127.37 (C-7‘), 11 1.83 
(C-4‘), 119.93 (C-8’), 144.49 (C-3’), 81.30 (C-2’), 112.68 
(C-1’), 117.02 [C-4(7)], 123.65 [C-5(8)], 130.39 [C-3(6)], 34.04 
[C-2(9)]. ’Li NMR (1 70 K) SLi - 1.1 ppm. 

Sodium salt (14-/4Na+). SH(4O0 MHz, [,H,]THF, 220 K) 
5.38 (4 H, dd, J H H  7.0, 7.3, 6’-H), 6.40 (4 H, dd, J H H  7.3, 8.2, 
5’-H), 6.23 (4 H, dd, J H H  7.0, 7.8, 7’-H), 6.33 (4 H, d, J H H  8.2, 
4‘-H), 6.08 (4 H, d, J H H  7.8,8’-H), 4.40 (4 H, d, J H H  12.6,2’-H), 
5.89 (4 H, d, J H H  12.6, l’-H), 5.30 [4 H, S, 5(8)-H], 2.79 2.59 [8 
H, m, 2(9)-HI. 6, 106.10 (C-6’), 128.78 (C-5’), 127.53 (C-7‘), 
112.35 (C-4’), 120.60 (C-8’), 144.72 (C-3’), 79.81 (C-2‘), 
111.85 (C-1’), 113.76 [C-4(7)], 120.60 [C-5(8)], 131.66 [C-3(6)], 
33.71 [C-2(9)]. 

Potassium salt (14-/4K+). dH(400 MHz, [’Hs]THF, 220 K) 
5.37 (4 H, dd, J H H  7.3, 7.8, 6‘-H), 6.42 (4 H, dd, J H H  7.3, 8.3, 
5’-H), 6.42 (4 H, dd, J H H  7.3, 8.3, 5’-H), 6.25 (4 H, dd, J H H  7.2, 
8.2, 7’-H), 6.34 (4 H, d, J H H  8.3, 4’-H), 5.95 (4 H, d, J H H  8.2, 
8‘-H), 4.20 (4 H, d, J H H  12.2, 2’-H), 5.91 (4 H, d, J H H  12.2, 
1’-H), 5.28 [4 H, s, 5(8)-H], 2.77 2.54 [8 H, m, 2(9)-HI. 8, 105.89 
(C-6‘), 129.19 (C-5’), 128.52 (C-7’), 112.15 (C-4’), 118.28 
(C-8‘), 143.47 (C-3’), 81.77 (C-2’), 112.50 (C-1’), 115.01 
[C-4(7)], 122.69 [C-5(8)], 131.15 [C-3(6)], 33.29 [C-2(9)]. 

Tetramethyl derivative (2). SH(400 MHz, [ ,H,]THF, 295 K) 
2.09[12H,s,(8’)Me],7.09(4H,d,J,,7.6,7’-H),7.12(4H,dd, 
J H H  7.3-7.6 Hz, 6‘-H), 7.21 (4 H, dd, J H H  7.3,7.6, 5’-H), 7.77 (4 
H, d, J H H  7.6,4’-H), 7.14 (4 H, d, J H H  16.0, 2‘-H), 7.23 (4 H, d, 
J H H  16.0, 1‘-H), 7.05 [4 H, s, 5(8)-HI, 3.67 2.99 [8 H, m, 2(9)-HI. 

S, 19.65 [C-(8‘)Me], 136.50(C-8’), 130.82 (C-7’), 127.84 (C-6’), 
126.66 (C-5’), 125.83 (C-4’), 137.49 (C-3’), 126.86 (C-2’), 
127.59 (C-1’ ), 137.97 [C-4(7)], 129.32 [C-5(8)], 138.59 [C-3(6)], 
33.45 [C-2(9)]. 

Sodium salt (24-/4Na+). dH(400 MHz, [’H,]THF. 295 K) 
1.71 [12 H, s, @’)Me], 6.27 (4 H, d, J H H  6.3,7‘-H), 5.49 (4 H, dd, 
J H H  6.3, 7.6, 6’-H), 6.42 (4 H, dd, J H H  7.6, 8.2, 5’-H), 6.61 (4 H, 
d, J H H  8.2,4’-H), 4.12 (4 H, d, J H H  12.2,2’-H), 6.14 (4 H, d, J H H  

12.2, 1‘-H), 5.37 [4 H, s, 5(8)-H], 2.89 2.69 [8 H, m, 2(9)-HI. S, 
21.30 [C-(8’)Me], 123.26 (C-8’), 128.56 (C-7‘), 105.74 (C-6‘), 
125.94(C-5’), 112.48 (C-4’), 142,56(C-3’), 77.28 (C-2’), 112.61 
(C-1’), 114.39 [C-4(7)], 120.72 [C-5(8)], 131.80 [C-3(6)], 33.73 
~-2(9)1 .  

Potassium salt (24-/4K+). 6,(400 MHz, [ ,H,]THF, 295 K) 1.77 
[12 H, S, (8’)Me], 6.31 (4 H, d, J H H  6.4,7’-H), 5.52 (4 H, dd, J H H  

6.4, 7.3, 6’-H), 6.45 (4 H, dd, J H H  7.3, 8.3 Hz. 5’-H), 6.59 (4 H, 
d, J H H  8.3,4’-H), 3.98 (4 H, d, J H H  12.0,2’-H), 6.12 (4 H, d, J H H  

12.0, 1’-H), 5.30 [4 H, s, 5(8)-H], 2.93 2.66 [8 H, m, 2(9)-HI. 
6,21.04[(C-( 8’ )Me], 122.24 (C-8’ ), 129.07 (C-7’ ), 106.49 (C-6’ ), 
126.30(C-5‘), 112.22 (C-4’), 141.71 (C-3’), 77.45 (C-2’), 112.40 
(C-1’), 116.17 [C-4(7)], 122.17 [C-5(8)], 132.02 [C-3(6)], 33.17 
1c-2(9)1. 

Tetramethoxy derivative (3). SH(400 MHz, [ ’H,]THF, 295 K) 
6.93, 7.46 [16 H, d, J H H  8.7, 5’(7’)-H, 4‘(8’)-H], 6.88 (4 H, d, 
J H H  16.3, 2‘-H), 7.16 (4 H, d, J H H  16.3, l’-H), 6.98 [4 H, S, 

5(8)-H], 3.82 (12 H, s, OMe), 3.58, 2.86 (8 H, m, CH,). 
2,5-Dimethyl-l,4distyrylbenzene (4). 6,(400 MHz, [ ,H,]- 

THF, 295 K) 7.55 [4 H, d, J H H  7.6, 2(6)-H], 7.32 [4 H, dd, J H H  

7.4,7.6 Hz, 3(5)-H], 7.21 (2 H, t, J H H  7.4,4-H), 7.09 (2 H, d, J H H  

16.2, 7-H), 7.39 (2 H, d, J H H  16.2, 8-H), 7.49 [2 H, S, 10(13)-H], 
2.43 [6 H, s, 1 l(14)Mel. S, 138.71 (C-1), 127.07 [C-2(6)], 129.12 
[C-3(5)], 127.93 (C-4), 129.95 (C-2), 126.49 (C-8), 136.18 
[C-9(12)], 127.60 [C-10(13)], 134.03 [C-l1(14)], 19.31 [C-11- 
(14)Mel. 

Lithium salt (4,-/2Li+). 6,(400 MHz, [ ,H,]THF, 220 K) 5.96 
(2 H, d, J H H  7.3, 2-H), 6.16 (2 H, dd, J H H  7.0, 7.3, 3-H), 5.28 (2 
H, dd, J H H  6.8, 7.0,4-H), 6.34 (2 H, dd, J H H  6.8, 7.0, 5-H), 6.16 
(2 H, d, J H H  7.0,6-H), 4.56 (2 H, d, J H H  12.4,7-H), 5.49 (2 H, d, 
J H H  12.4, 8-H), 5.77 [2 H, s, 10( 13)-HI, 1.73 [6 H, s, 11( 14)Mel. 
6, 143.8 (C-l), 120.66 (C-2). 127.49 (C-3), 105.25 (C-4), 128.81 
(C-5), 112.23 (C-6), 84.33 (C-7), 108.90 (C-8), 114.45 [C-9( 12)], 
116.02[C-10(13)], 126.75 [C-11(14)],21.28 [C-11(14)Me].SL, 1.2 
PPm. 
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