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The electrochemical oxidation of symmetrical 4,4'-disubstituted diaryl selenides and tellurides and 4- 
substituted aryl methyl sulfides, selenides and tellurides has been studied. Peak oxidation potentials 
show good correlation with Hammett cr,+-values for all series of compounds (diaryl selenides, R = 
0.98, n = 10; diaryl tellurides, R = 0.98, n = 14; aryl methyl sulfides, R = 0.97, n = 5; aryl methyl 
selenides, R = 0.98, n = 5; aryl methyl tellurides, R = 0.98, n = 5). From the slope of the Hammett 
plots (methyl aryl chalcogenides) it was concluded that the degree of conjugation of a heteroatom 
with a para-substituent through an aromatic ring decreases in the following order: S > Se > Te. 
Results from the electrochemical oxidation of unsymmetrical diaryl selenides and tellurides indicate 
that the heteroatom is interacting with only one of the aromatic rings in diaryl chalcogenides. 

125Te chemical shifts of symmetrical 4,4'-disubstituted diaryl tellurides correlate well with Hammett 
0,-values (R = 0.98, n = 13). 

Owing to their many interesting effects in biological systems, 
organoselenium compounds have recently attracted consider- 
able attention in the pharmaceutical industry.' This interest 
stems from the early finding by Foltz and Schwarz that selenium 
is an essential microelement to man, present in the enzyme 
glutathione peroxidase. The most studied synthetic organo- 
selenium compound to date, 2-phenyl- 1,2-benzisoselenazol- 
3(2H)-one (Ebselen), is known to mimic the properties of 
glutathione peroxidase2 and to act as an an t i~x idan t .~  In 
addition, it shows antiinflammatory activity and interferes 
with the formation of biologically active arachidonate metabo- 
lites. 

We have recently reported the in vitro antioxidant effects of 
diaryl chalcogenides containing selenium and tellurium (ADP- 
Fe2 + -ascorbate-induced peroxidation of lipids in liver micro- 
somes and tert-butylhydroperoxide-induced lipid peroxidation 
in suspensions of rat hepa to~ytes) .~*~ The antioxidant capacity 
of these compounds is conceivably related to the ability of the 
electron-rich heteroatoms to donate an electron to a reactive 
hydroxyl or peroxyl radical, eqn. (1). The chalcogenides are 
thus acting as chain-breaking agents. 

*+ 9 [Ar-E-Ar] +HO- 
Ar-E-Ar (1) > [A~-E-A;]++ ROO- 

These interesting biological results prompted us to study 
the oxidation of diaryl chalcogenides and related compounds 
under well-defined conditions. Reported below are the results 
of a cyclovoltammetric study of the electrochemical oxidation 
of diaryl chalcogenides 1-24 and aryl methyl chalcogenides 
2539. 

Results 
Electrochemical Oxidation Reactions.-The electrochemical 

oxidation of diaryl chalcogenides Ar2E (E = 0,' S,9-13 Se,I4 
and TeI5) has been studied under various conditions. These 
investigations showed that the chalcogen atom (E = S, Se, Te) 
is oxidized from the divalent to the tetravalent state in the 

reaction, via transfer of two electrons. The oxidation reaction 
is usually irreversible and accompanied by attack of any 
nucleophile present in the system. The overall process has been 
suggested to involve either nucleophilic attack on the radical 
cation or dication (formed via oxidation or disproportion- 
ation l 5  of the radical cation) as shown in eqn. (2). In the case 
of diaryl sulfides and selenides, products were also isolated 
which result from secondary reactions of the radical cation. 

1 Ar -E-Ar Yu 1' 
Nu 
I 

[Ar2EI2' Ar-F-Ar 
Nu- - -- [Ar&{ -'- = - C Ar2E 

-V2Ar2E \ NU 2Y 
The electrochemical oxidation of compounds 1-39 was 

carried out in acetonitrile containing tetraethylammonium 
perchlorate as the electrolyte using a scan rate of 100 mV s-'. 
With some exceptions, only one, irreversible oxidation peak was 
observed in the cyclic voltammogram. The peak potentials us. 
Ag/AgCl are reported in Table 1. Considering the differences in 
solvents and electrolytes used, the values are in good agreement 
with the few oxidation potentials reported in the l i t e r a t~ re . ' ~ . ' ~  
However, a considerably lower oxidation potential has been 
reported for compound 11.y 

Correlation Analysis.-Substituted aromatic compounds X- 
Ar-Z, containing a substituent X and a redox centre Z ,  have 
been frequently studied by electrochemical methods. The half- 
wave oxidation/reduction potential shifts, AEl ,2, are often 
well correlated with the Hammett (3 constants according to 
eqn. (3).16 

To the best of our knowledge, in the series of diaryl 

t Liftman and Albeck l 5  reported a lower oxidation potential (0.80 V) 
for compound 11 than for compounds 16 (1.06 V) and 20 (0.86 V). 



1310 J. CHEM. SOC. PERKIN TRANS. 2 1992 

1 E=Se;X=NOp 
2 E=Se;X=COpH 
3 E=Se;X=CI 
4 E=Se;X=H 
5 E=Se;X=F 
6 E=Se;X=Me 

8 E=Se;X=OMe 
9 E=Se;X=NH2 

10 E=Se;X=NMe2 
11 E=Te;X=N02 
12 E=Te;X=CFa 
13 E = Te; X = C02Me 
14 E=Te;X=Br 
15 E=Te;X=CI 
16 E=Te;X=H 
17 E=Te;X=F 
18 E=Te;X=Ph 
19 E=Te;X=Me 
20 E = Te; X = OMe 
21 E=Te;X=OH 
22 E = Te; X = NHPh 
23 E=Te;X=NH2 
24 E = Te; X = NMe2 

7 E=Se;X=NHAc 

25 E = S  ; X =  
26 E = S  ; X =  
27 E = S  ; X =  
28 E = S ; X =  
29 E = S ; X =  
30 E=Se;X= 
31 E=Se;X= 
32 E=Se;X= 

35 E=Te;X= 
36 E=Te;X= 
37 E=Te;X= 
38 E=Te;X= 
39 E=Te;X= 

33 E=Se;X= 
34 E=Se;X= 

-X 

CF3 
H 
Me 
OMe 
NMe2 
CF3 
H 
Me 
OMe 
NMe2 
cF"3 
H 
Me 
OMe 
NMe2 

Table 1 Peak oxidation potentials for compounds 1-39,43-48 

Compound E,"/V Compound E,,"/V 
~- 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

~~ 

1.76 23 
1.54 24 
1.44 25 
1.38 26 
1.38 27 
1.32 28 
1.25 29 
1.22 30 
0.80' 31 
0.68' 32 
1.14 33 
1.12 34 
1.02 35 
0.96 36 
0.98 37 
0.95 38 
0.98 39 
0.89 43 
0.89 44 
0.80 45 
0.80' 46 
0.66' 47 

48 

0.56 ' 
0.50 * 
1.80b 
1.56' 
1.48 
1.43 ' 
0.88 ' 
1.34 
1.22 
1.20 
1.12 
0.80 ' 
0.78 
0.77 
0.71 
0.66 
0.52 ' 
1.44 
0.98 ' 
0.84 
0.88' 
0.65 ' 
0.93 ' 

a Values given are peak potentials of the first oxidation peak in V us. 
AgfAgCI. * More than one oxidation peak was observed in the cyclic 
voI tammogram. 

(3) 

chalcogenides and aryl alkyl chalcogenides, only one such 
correration has been attempted. It was found that the oxidation 
potential of five unsymmetrical diaryl sulfides 40 correlated 
well with Hammett o,-values.l2 

40 X = 4-H, 3-Me, +Me, 3-OH, 4-OH 

Our attempts to correlate oxidation peak potentials of sym- 
metrical diaryl selenides and tellurides 1-24 with Hammett 
a-values are shown in Fig. 1. A slightly better correlation with 
upf (selenides 1-10, R = 0.98; tellurides 11-24, R = 0.98) 

2.07 

I .5 

$1.0 

0.5 

0.0 ! I I i 
-2 -1 0 1 

4 
Fig. 1 Correlation of peak oxidation potentials of diaryl selenides 
1-10 and diaryl tellurides 11-24 with Hammett o,+-values: 0, 
Ep =1.417 + 0.411 crp+ (ArSeAr); +, E, = 0.955 + 0.244 up+ 
(ArTe Ar) 
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Fig. 2 Correlation of peak oxidation potentials of aryl methyl sulfides 
25-29, aryl methyl selenides 30-34 and aryl methyl tellurides 35-39 with 
Hammett crp+-values: 0, Ep = 1.607 + 0.391 0,' (ArSMe); +, 
Ep = 1.242 + 0.236 o,+(ArSeMe); H, Ep = 0.743 + 0.122 opf 
(ArTeMe) 

than with up (selenide series, R = 0.95; telluride series, R = 
0.95) was observed. The p-values for the two series were 0.41 
and 0.24, respectively. 

Equally good correlations of peak oxidation potentials with 
op+ were obtained for the three series of aryl methyl chalco- 
genides (sulfides 25-29, R = 0.98; selenides 30-34, R = 0.98; 
tellurides 35-39, R = 0.98). The graphical representations are 
shown in Fig. 2. The p-values were 0.39, 0.24 and 0.12, 
respectively. 

5Te NMR Studie~.-~~Se NMR spectra of symmetrical 
4,4'-disubstituted diaryl selenides have been previously re- 
corded.17 In that report it was also shown that the 77Se 
chemical shift correlated very well with Hammett oP (R = 
0.97) or a,+-values (R = 0.98). We were curious to see if 
similar correlations could be obtained in the series of diaryl 
tellurides. I2'Te data for compounds 11-12 and 14-24 are 
reported in Table 2. In contrast to the selenium series, it was 
found that the chemical shift of the heteroatom correlated 
slightly better with Hammett op (R = 0.98; Fig. 3) than with 
upf-values (R = 0.95; not shown). 

Discussion 
It is reasonable to assume that the oxidation of diaryl 
chalcogenides and aryl methyl chalcogenides occurs by removal 
of electrons from the electron-rich chalcogen atom." Therefore, 
we have assigned the first (and often only) irreversible oxidation 
peak in the cyclic voltammograms of compounds 1-39 t o  
heteroatom oxidation. Some compounds containing strongly 
donating substituents (e.g. amines), which could be easily 
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Table 2 125Te-chemical shifts of compounds 11-12,1624 in CDCl, at 
126.242 MHz relative to Me,Te 

Compound 6 125Te 

11 
12 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

753 
727 
699 
697 
689 
687 
670 
66 1 
649 
657 
649 
637 
612 

800 1 
750 1 6 = 677.1 + 93.1 Up 

6 7001 

550 I I I 1 1 1 1 1 1 1  

-1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0 
OP 

Fig. 3 Correlation of 125Te-chemical shifts of diaryl tellurides 11-12 
and 14-24 with Hammett o,-values 

oxidized themselves, showed quite complex cyclic voltam- 
mograms with several oxidation peaks. However, the fit in the 
Hammett plots of these compounds seems to indicate that our 
assumption concerning the site of first oxidation is valid. 

The oxidation potential of diorganyl chalcogenides can 
thus be considered a localized physical p r~pe r ty , ' ~  which is 
determined primarily by the electron density of the heteroatom. 
This, in turn, is related to the ability of the chalcogen atom to 
interact electronically with organic groups bonded to it, and 
reflected by its NMR chemical shift ('"Te in this work, 77Se 
in others l'). 

There has been considerable interest in the relative abilities 
of heteroatoms to transmit electronic effects. Thus, changes in 
I9F and 13C NMR shifts were used to monitor the degree of 
conjugation, through the heteroatom, between aryl groups 
(compounds 41 ' O )  and an aryl and a vinyl group (compounds 
42 21). The following order of transmittance was found: 

41 42 

0 > S > Se. In the tellurium series the dipole moments, 
basicity constants and 'H NMR data of 4-substituted phenyl(4- 
dimethylaminophenyl) tellurides were determined to study the 
transmission of electronic effects through a bridging tellurium 
atom.22 

The slope of the lines correlating peak oxidation potentials 
with a,+-values for the three series of aryl methyl chalco- 
genides would reflect the degree of conjugation, through an 
aromatic nucleus, between a heteroatom and apara-substituent. 
As seen from Fig. 2 the order S > Se > Te indicates decreasing 
conjugation with increasing chalcogen substitution. For sub- 

stances in which two aryl groups are attached to an electro- 
active group, the change in half-wave potential due to 
substituents in the 4,4'-positions has been expressed by eqn. 
(4).'3 For symmetrically substituted compounds (al = az) 

this equation is reduced to eqn. (3) (p  = p1 + p2). The 
good correlations observed between peak oxidation potentials 
and a,+values for 4,4'-disubstituted diaryl selenides 1-10 and 
tellurides 11-24 are therefore not surprising (Fig. 1). A similarly 
good correlation was recently found between I3C chemical 
shifts and o,/a,"-values for a series of symmetrical 4,4'- 
disubstituted diaryl However, the good correlation 
results can also be explained assuming interaction between the 
heteroatom and only one of the aryl groups, the other one 
serving, owing to lack of conjugation, as a 'dummy'.24 To 
discriminate between the two explanations, the peak oxidation 
potentials for four unsymmetrical diarylselenides 43-46 and 

43 X = NO,; Y = NHAc 
44 X = NO2; Y = NH2 
45 X = NH2; Y = NHAc 

46 X = NH2; Y = N 9 0 

47 X = NMe2; Y = OMe 
48 X = OH ; Y = H 

two unsymmetrical diaryltellurides 47-48 were determined 
(Table 1). It was not possible to fit these values into eqn. (4). 
However, the peak oxidation potentials of compounds 43-46 
were found to fit reasonably well into the Hammett plot of Fig. 
1 (selenide series) if only the more negative a-value of the two 
was used (the deviations from the straight line for compounds 
43-46 were 0.27, 0.09, -0.05 and -0.01 V, respectively). 
Similarly, compounds 47-48 were fitted into the Hammett plot 
of Fig. 1, telluride series (the deviations from the straight line 
were 0.11 and 0.20 V, respectively, for compounds 47 and 48). 
These results seem to support the idea that the heteroatom is 
interacting with only one of the aryl groups. 

Experimental 
MeIting points (uncorrected) were determined by using a Buchi 
510 melting point apparatus. 'H NMR spectra were obtained 
with Bruker AC-F250 and Varian VXR-300 instruments 
operating at 250 and 300 MHz, respectively, and recorded for 
solutions containing tetramethylsilane as the internal standard. 
'25Te spectra were recorded using a Bruker AM 400 
spectrometer operating at 126.242 MHz with a spectral window 
of 50 O00 Hz. The solutions were 0.05 mol dm-3 or saturated. 
CDCI, was used as solvent and the temperature was maintained 
at 25°C. Chemical shifts are reported in ppm relative to an 
external reference of dimethyl telluride containing ca. 3% 
CDCl, for locking purposes. Elemental analyses were per- 
formed by Analytical Laboratories, Engelskirchen, Germany 
and Mikrokemi, Uppsala, Sweden. 

9,,' lo,,' 
11,33 14,34 15,34 16,3' 17,'5 1$,36 i9,34 20,3i 28,37 29,37 33,37 
34,37 37,38 38,37 39,37 44,,' and 4740 were prepared according 
to literature methods. Compound 12, m.p. 52-53 "C (Found: C, 
40.1; H, 1.8. C&&,Te requires C, 40.25; H, 1.93%), was 
prepared from the corresponding ditelluride 4 1  by using a 
known procedure.34 6,(250 MHz; CDCl,) 7.47 (d, 4 H) and 
7.79 (d, 4 H). Compounds 25, m.p. 34-36 "C (lit.,42 37 "C) and 
30, m.p. 39-40 "C (lit.,43 32-33 "C) were prepared in analogy 

Compounds 1,25 2 l 7  3 26 4 2 7  5 28  6 29 7 30 
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with a published procedure37 as well as compounds 26,27,31, 
32 and 36. The NMR spectra of these materials were in good 
agreement with literature data.44 Compound 35 was obtained 
in analogy with a published m.p. 32-33 "C; 
6,(250 MHz; CDCl,) 2.25 (s, 3 H), 7.42 (d, 2 H) and 7.70 (d, 
2 €3). The material was analysed as a Te,Te-dichloride, m.p. 
115-116 "C (Found: C, 26.9; H, 2.0. C8H,C12F3Te requires C, 
26.79; H, 1.97%); 6,(250 MHz; CDCl,), 3.35 (d, 2 H), 7.82 (d, 
2 H) and 8.33 (d, 2 H), obtained in 66% isolated yield as a 
precipitate by addition of sulfuryl chloride (0.029 g, 0.22 mmol) 
in hexanes (2 cm3) to a solution of the telluride (0.062 g, 0.22 
mmol) in hexanes (6 cm3). 

Bis(4-methoxycarbonylphenyl) Telluride (13).-To a suspen- 
sion of finely crushed elemental tellurium (1.0 g, 7.84 mmol) in 
water (12 cm3) was added NaBH, (0.82 g, 21.7 mmol) and the 
mixture heated under nitrogen until an exothermic reaction 
started. To the cooled, stirred reaction mixture was added 4- 
methoxycarbonylbenzenediazonium tetrafluoroborate (5.0 g, 
20.0 mmol). After 2 h, methanol (10 cm3) was added and stir- 
ring continued overnight. Work-up included filtration from 
precipitated elemental tellurium, extraction with CH,C12 and 
drying, Flash chromatography (Si02/CH2C1,) afforded com- 
pound 13, contaminated by the corresponding ditelluride. After 
treatment of the mixture in refluxing dioxane (15 cm3) with 
freshly prepared copper powder4' (0.8 g) for 1.5 h, 0.615 g (20%) 
of pure compound 13, m.p. 93 "C (Found: C, 48.2; H, 3.4. 
C,,O,Te requires C, 48.30; H, 3.55%); 6,(250 MHz, CDC1,): 
3.91 (s, 6 H), 7.70 (d, 4 H) and 7.90 (d, 4 H), was isolated. 

Bis(4-hydroxyphenyl Telluride (21).-4-Hydroxyphenyltel- 
lurium(rr1) chloride4, (5.0 g, 15.3 mmol) was added to a 
separating funnel containing Na2S205 (6.0 g, 31.6 mmol) in 
water (100 cm3) and CH,Cl, (100 cm3). Vigorous shaking 
produced a reddish-black heterogeneous mixture which was 
filtered to remove insoluble material. This was extracted with 
boiling CH,Cl, (100 cm3) and combined with the organic phase 
from the separating funnel. Following drying and evaporation 
the residue was dissolved in dioxane (30 cm3) and heated at 
reflux with activated copper powder45 for 1 h. This treatment 
caused a decoloration of the solution. Filtration from copper 
residues, evaporation under reduced pressure and recrystalliz- 
ation from CH,Cl,/hexanes afforded 0.55 g (23%) of compound 
21,m.p. 102-103 "C(Found: C,45.7; H, 3.2. C1,Hlo02Terequires 
C, 45.93; H, 3.21%); SH(250 MHz; CDCI,) 4.68 (s, 2 H), 6.69 (d, 
4 H) and 7.58 (d, 4 H). 

The preparation of bis[4-(phenylamino)phenyl] telluride 
(22), m.p. 91 "C (Found: C, 62.0; H, 4.3. C,4H,0N2Te requires 

4 H), 6.94 (m, 2 H), 7.05 (d, 4 H), 7.25 (my 4 H) and 7.58 (d, 4 H), 
bis(4-aminopheny1)telluride (23), m.p. 127-128 "C (Found: C, 
46.1; H, 3.8. CI2H,,N2Te requires C, 46.22; H, 3.88%); 6,(250 
MHz; CDCI,) 3.66 (s, 4 H), 6.52 (d, 4 H) and 7.49 (d, 4 H) and 
bis[4-(dimethylamino)phenyl] telluride (24), m.p. 130 "C (lit., 
128-130 0C);47 6,(250 MHz; CDCl,) 2.91 (s, 12 H), 6.56 (d, 
4 H) and 7.58 (d, 4 H) will be described elsewhere.48 

C, 62.12; H, 4.34%); 6,(250 MHz; CDCl,) 5.67 (s, 2 H), 6.88 (d, 

(4- A ce tamidop henyl) 4-Nitrop henyl Selen ide (43).-Ace tic 
anhydride (0.5 cm3) was added dropwise to a solution of 
compound 44 (0.50 g, 1.7 mmol) in THF (25 cm3). After being 
stirred at ambient temperature overnight, TLC (EtOAc) 
indicated complete acetylation of the starting material. 
Evaporation of the solvent afforded an orange, crystalline 
product which was washed with methanol and dried to give 
0.35 g (61%) of pure compound 43 (Found: C, 50.5; H, 3.4; N, 
7.9. CI4H1,N2O3Se requires C, 50.2; H, 3.6; N, 8.4%); 6,(300 

4 H) and 8.02 (d, 2 H). 
MHz; CDC13) 2.23 (s, 3 H), 7.31 (d, 2 H), 7.39 (s, 1 H), 7.59 (s, 

(4-Acetamidophenyl) 4-Aminophenyl Selenide (45).-A solu- 
tion of compound 9 (2.6 g, 10.0 mmol) in THF (50 cm3) 
containing triethylamine (3 cm3) and acetic anhydride (0.95 
cm3, 10.0 mmol) was left overnight at ambient temperature. 
Evaporation afforded an oil which was dissolved in CH,Cl, 
and washed with water. Following drying, evaporation and 
trituration with diethyl ether, 1.15 g of white crystals were 
obtained (mixture of mono- and di-acetylated compound). Flash 
chromatography (SiO,/EtOAc) afforded 0.60 g (20%) of com- 
pound 45, m.p. 108-109 "C (Found: C, 55.1; H, 4.6; N, 9.3. 
C14H14N20Se requires C, 55.1; H, 4.6; N, 9.2%); 6,(300 MHz; 
C2H6]DMSO), 2.02 (s, 3 H), 5.41 (s, 2 H), 6.56 (d, 2 H), 7.20 (d, 
2 H), 7.23 (d, 2 H), 7.47 (d, 2 H) and 9.95 (s, 1 H). 

(4- Am in ophen y 2) 4- Succ in im idop hen y 1 Selen ide (46) .--Com- 
pound 44 (1.17 g, 4.0 mmol) was acylated using the procedure 
described above for the preparation of compound 43, except 
that succinic anhydride (0.50 g, 5.0 mmol) replaced acetic 
anhydride. After evaporation of the solvent, 1.5 g (100%) of 
crude (4-nitrophenyl) 4-succinimidophenyl selenide was ob- 
tained. To a solution of this material (0.40 g, 1.07 mmol) in 
acetic acid (5 cm3), was added SnCl2.2 H 2 0  (0.72 g, 3.2 mmol) 
in conc. HCl(0.5 cm3). The reaction mixture was stirred for 6 h 
at ambient temperature when another portion of tin(rr) chloride 
(0.72 g in 0.5 cm3 HCl) was added. TLC (EtOAc) after another 
6 h indicated complete reduction of the starting material. After 
being made alkaline with NaOH, extraction into chloroform, 
drying and evaporation, 0.20 g (54%) of compound 46, m.p. 
210 "C (decomp.) was obtained after recrystallization from 
water (Found: C, 55.2; H, 4.1; N, 8.1. C16H14N,02Se requires 
C, 55.7; H, 4.2; N, 8.1%); 6,4300 MHz; C2H6]DMSO): 2.77 (s, 
4 H), 5.52 (s, 2 H), 6.61 (d, 2 H), 7.12 (d, 2 H), 7.27 (d, 2 H) and 
7.31 (d, 2 H). 

Phenyl (4-Hydroxyphenyl) Telluride (48).-A solution of 
phenyltellurenyl bromide was prepared under nitrogen at 
-78 "C by addition of bromine (63 mm3, 1.23 mmol) to a solu- 
tion of diphenyl ditelluride (0.50 g, 1.22 mmol) in dry THF 
(15 an3). To this solution was added by syringe a solution 
of l-lithio-4-(tert-butyldimethylsilyloxy)benzene, prepared 
from the reaction of tert-butyllithium (2.9 cm3; 1.7 mol dm-,, 
4.9 mmol) and 1-bromo-4(tert-butyldimethylsilyloxy)benzene 
(0.70 g, 2.4 mrnol) in dry THF (10 cm3) at -78 "C. After 1 h 
at -78 "C the cooling-bath was removed and stirring 
continued for 2 h. The work-up included evaporation of the 
solvent, extraction of the product into CH2C12, washing with 
water and drying of the organic phase. After evaporation the 
residue was dissolved in dry THF (10 cm3) and treated with 
tetrabutylammonium fluoride (2 cm3; 1.0 mol dm-,, 2.0 mmol) 
in an ice-bath for 30 min to remove the silyl protecting group. 
Work-up as described above and chromatography (SO,/ 
CH,Cl,) afforded a crude product. To remove some remain- 
ing phenol the product was dissolved in CH,Cl,-hexane, 1:l 
and S02C1, was added until no more phenyl(4-hydroxy- 
pheny1)tellurium dichloride was precipitated. The dichloride 
was then reduced with Na2S205 in water-ether in a separating 
funnel and the product passed through a short silica column 
(CH,Cl,). The yield of compound 48, m.p. 65°C (Found: 
C, 48.6; H, 3.3. C12HloOTe requires C, 48.40; H, 3.38%); 

(several peaks, 3 H), 7.57 (my 2 H) and 7.68 (d, 2 H), was 0.10 g 
(1 4%). 
l-Bromo-4-(tert-butyldimethylsilyloxy)benzene was pre- 

pared in 89% yield by stirring 4-bromophenol(l.70 g, 9.8 mmol) 
and tert-butyldimethylsilyl chloride (1.50 g, 10.0 mmol) in 
triethylamine (4 cm3) for 24 h, followed by chromatography 
(SiO,/CH,CI,) of a diethyl ether extract (50 cm3) of the reaction 
mixture. 

6,(250 MHz; CDCl,) 4.81 (s, 1 H), 6.73 (d, 2 H), 7.14-7.26 
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Electrochemistry.-The oxidation potentials, given as the 
peak potentials (EJ ,  were determined from cyclic voltammo- 
grams using a BAS voltammograph, CV-27, and an Ag/AgCl 
electrode as reference. A glassy carbon electrode was used as 
working electrode and a platinum electrode as auxiliary for IR 
compensation. 

The working electrode was polished between every sample to 
avoid deactivation of the surface. The voltammogram was 
scanned positively with a linear scan-rate of 100 mV s-' in 
CH,CN, containing ~0 .02% water, and using 35 mmol dm-, 
NEt,CIO, (Kodak, recrystallized from ethanol before use), 
as the electrolyte. Sample concentration was 1-3 mmol drn-,. 

The reference electrode was compared with a new saturated 
calomel electrode (SCE) before every analysis. The potential us. 
the SCE was -40 mV measured in 50 mmol dm-3 phosphate 
buffer, pH = 3. The oxidation potentials for 2,3,7,8-tetrameth- 
oxythianthrene were determined as a reference (0.92; 1.38 V) 
giving less than 1% difference in oxidation potentials from 
time to time. 

Hammett U-values were from reference 19 (except for N- 
phenylamino 49 and succinimido substituents). 
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