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AbsrnrctlnM~,thc~ormcdiatedcathodicnxluctionof~~AtBr(Ar-~b~~~, 
%fluoren~, I)-antbryl) in the presence of an eguivalent of PhE- (E = SC, Tc) leads to ArEPh in 
interesting isolated yields (53-74 %) by Sml substitution. The electrochemical synthesis of 9- 
phcaylchalcogenoanthmcene proceeds in better yields in MeCN than in DMSO. The 4,4’- 
disuhatituted biphenyl PhSeQH.&H&ePh was prepared in 46 % yield in MeGN whereas its 
synthesis by cocoon in liquid ammonia failed. 

In a recent series of publications l-3 our group has shown that the synthesis of 

phenyfchalcogenoderivativea of type J (E = Se, Te) by electrochemicahy induced SW I substitution 

(eqs ( 1)-(4))4*5 can be carried out in interesting yields in acetonitrile when the aromatic ring Ar is 

substituted by electron attmeting groups. Hence substituted benzophenone 22 and henxonitrile 21 (E = 

Se, Te) were Wated in yietds tanging from 39 to 86 96 from commercially available PhEEPh and 

ArX, in one-pot preparative electrolyses. Although MeCN is known to be a good H-atom donoP-6, 

the side reaction (5) did not compete with the key-step (3). due to the high electrophilicity of the 

intermediate radicals Phw and NCW’. Furthermore, the side cathodic teaction (6) was 

prevented by the use of a redox-mediator.*J-to 

ArX+e _- [ArX]*- 

kt 
[ArXl.- - Ar+X- 

k2 
Ar+PhF- - (ArEPh)- 

(1) 

(2) 

(3) 

(ArEPh).- + ArX - ArEPh + [ArX].- 
1 

(4) 

*Present address, Laboratohe d’Electrochimie Organique (URA 434). 24 aveuue des 7,anQis 

63 177 AUBIJZRE Cdex, France. 
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44 +e 
Are + CHjCN -ArI-I+CEI~N - CIIKN (5) 

+CH$N 

Ar*+e -Ar- -ArH+-CIQCN (6) 

It is shown below that even when ArX is not activated by electron withdmwing groups, 

the electrochemical technique ln MeCN allows the synthesis of various aromatic seleno and telhuo 

derivatives such as 4 and the new compounds &,&, 6 and &&, in interesting yields (46-74 %), 

except in the case of & (16 %). Furthermore, it is shown that the electmchemiarl synthesis of && 

proceeds better ln MeCN thsn in M&IO. Fhmlly, the cathodic behaviout ofti is d& 

ArBr 

g:E=Se a: Ar - 4-biphenyl 

2 I & 

I 

h : Ax - 4,4’-bromobiphenyl 

h:E=Te E : Ar - 2-nuoreny1 

d:Ar-9-anthryl 

RESULTS AND DISCUSSION 

The electrochemical synthesis of the scleno and tellutu derivatives 4_7 were carried out 

from the aryl bromides && and PhEEPh. A redox mediator (mcd) was present in most of the 

electrolysea. Under such conditions, the aryl radicals Ar were generated in the bulk of the cathcdic 

solution according to reactions (7) and (8) and thus the further cathodic reduction of Ar. to Ar - (6) 

was avoided. In the absence of mediator, thii side-reaction is competing with the key-step (3) when 

Ar is generated close to the electrode, that is to say when the cleavage mte kl is high. 

+e 
med e med.- (7) 

me& + ArX = med + [ArXl*- (8) 
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Tk choice of the rcdox mediator8 which were used, resulted from a preliminary 

vol~~rtudyata~carbonIQtiomrarydiscel~(sDE).AnegmpleLrhownin~. 

1.TllCilldhCZrU&Cth of 2-bromofhm= UIE) by ~thracau, the Em valuea of which dieter by 

0.30V(TableI),Isobervedinthisfieuresinccthecathodicpealraurrntofanthraceneincrurses 

upon addition of 8E, wbczeaa its anodic peak current dccrcasaL In the case ofband& 2,3- 

dimethylquinoxaB.nc wan chosar as redox mediator. For 9-bromcanthmcene (Bd), kinetic data 

published by SAVEANT et al.6 indicate that the decomposition rate of the &&- radical anion is 

moderate in M&N (kt - 1.5 x 105 s-t) and therefore that the side-reaction (6) is negligible in the 

absenre of mediator. 

Fig. 1 Cyclic voltammograms in M&N of anthraccne (1 mM) in the absence (curve 2) 

and presence (curve 3) of 2-bromofluorene (5 mM). Curve 1 corresponds to 2- 

bromofluorene (5 mM) alone. The scan rate is 0.1 V s-t. 

A series of large-scale elcctrolyscs was carried out at a graphite tiasuc cathode, in M&N 

containing 0.1 M Bu.$IPl$j, according to the technique prcviausly dcscnil~. Fht PhEEF% was 

introduced in the cathodic compartment of an H-type cell cquippcd with ionic membranes, and 

reduced to the corresponding PhE-anions. Then an equivalent of u was added and reduced 

indirectly by a rcdox mediator (0.1 cquiv., case of && or dhectly (case of Hd). The potentials which 

were applied during electrolysis arc indicated in Table I. The development of the elcctrolyscs was 
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followed by thin layer chromatography and so, most of the elcctr~ly~~ were interrupted after . 

consumption of &,& After treatment of the cathodic solution, the crude product was purified by 

column duomatogmphy. The isolated yields of the suhstitutcd derivatives am given in Table IL 

Table I. Working potential values (I&) applied during large-scale electrolysis of 8aa. and 

Em values cormsponding to the furst reductionstep of &I and med eventually added 

The synthesis of the monoscleno derivative &by S~pl substitution proceeds better by 

&cmchaGad stimulation in M&N (entry 1 of Table II, yield = 65 %) than by photostimulation in 

liquid ammonia (yield - 35 %)11. Furthermore, the ekarochemical method competes wy 

with the char&al synthesis of 4 (yield - 60 %) which ia a multiple-step process since it involves the 

syntkis of a lithio derivative and PhScCN 12. The ekctrolysca kading to the dichalcogcnobiihalyl 

jg and 2 involve a double S~pl substitutionl3 (entries 2 and 3). The formation of the s&no 

derivative & in 46 % yield (entry 2) is accompagnicd by the formation of & resulting from the side 

reaction (5) (Ar = 4-BrQH4C6H4.), and of the monosclcnobiphenyl 4 in low yield. As thii 

clcctrolysis was interrupted as soon as & was consumed, & was not lkrther reduced or only partially 

reduced. The formation of 4 in low yield could occur according to (9) (Biph = 4,4’-biphenyl) a&or 

by partial reduction of &. However, if this latter assumption was valid, some biphcnyl should have 

been isolated (cf. entry 1). Since thii compound was not found, we may reasonably conclude that 

reaction (9) was prevailing. It is worth noting that an attempt to the syntbesi ofJar by photostimulated 

S~pl substitution in liquid ammonia tailed, due to the insolubility of & in this solvent13. 

-Br +McCN 

[PhScBiphBr].- - PhSeBiph- - PhScBiphH + CH$N (9) 
4 

Unidentified polymeric materials were isolated in small amounts in electrolysis no 2 of 

Table II and in larger amount in electrolysis no3 where PhTc is the nuclcophilc. It indicates that the 

intermediate telluro radical anion $&- was very unstable, and so new nucleophiles were generated, 

which interfered in the SNp 1 substitution process and led to polymeric materials such as 9. 

+8h 
(PhEBiphEPh) ----+ PhEBiphE- - (PhE(BiphEhPh).-* -L + PhE(BiphE)& (10) 

&L!?- SNRl 2 
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In electrolysis no 3 of Table II, the high yields of polymeric species and side-product &J 

explain the low yield of the expected ditellumderivative &. The dichalcogenoderivativ~ Jg and & 

an interesting molecules because their cathodic rsductiou gives the dichalcog~e species JQ& (vide 

i&a) which are potential preauscl Is of new polymedc materials. 

+4c 
PhEBiphEPh - -EBiphE- + 2C&, + XH$ZN (11) 

&I#!,2 +2MeCN &jg& 

The electrochemical synthesis of 2-phcnylselenofluorene c6) (entry 4 of Table II) w-as 

carried out in the pnsenct of a weak acid (dicthyl malonate) to avoid a deprotonation of the fluonnyl 

unit of&by the CI&CN anions generated through the side-reaction (5). In water, the PKA dues of 

MeCN, 2-bromofluorax (8E) and diethylmalonate are 2514.20.615 and 1314, nqnxtively. 

Table II. Elcctrolyses of&J in the presence of PhE- in M&N and DMSO. Electrolysis 

products and isoh&d yields 

1 z&4) MeCN 

2 sh(3) 

3 W3) 

4 8E(4) 

I &d(4) 

6 &!(4) 

1 U(4) DMSO 

s &J(Z) 

PhE-(equiv) ArH (yield %) substituted 

&liViltiVts 

(yield 96) 

PhWl) Biphenyl( 18) 4(65) 

P-2) ti36) ti46) + g(9) 

PhTe<Z) W2) S(l6) 

PhWl) Fluorene(23) 6(53) 

PhSe-(l) -18) U74) 

PhTe_(l) Anthracaro(ll) U68) + ll(9) 

Phwl-0 h-36) M43) 

PhTe-( 1) b-42) Ih(49) + ~(6) 

In MeCN, the cathodic reduction of 9-bmmoanthmcene &lj in the presence of PhSc- and 

PhTa led to good isolated yields of sulxtitution pmducts hand Ib (entries 5 and 6 of Table II). The 

synthesis of the symmetrical telluride u (Aatr - 9-anthryl) as minor compound in electrolysis no 6 

cannot be correlated to a cleavage of the intermediate &- n&al anion accordiug to (12) because the 
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reductive cleavage of &leads exclusively to anthmcene according to (13) (vi& infra). The or&in of 

11 is not yet ehtclded. 

+&i 
[AntrTePh]-- + e - I%. + AntrTe- - AntrTeAntr (12) 

l!&- %4Ri fi 

CH3CN 
AntrTePh+e * PhTe-+Antr. _ AntrH + CH2CN (13) 

zh 

The electmcltemieal synthesis ofh and B was also carried out in a mixture Me$WIQO 

(9/l) comaining 0.1 M LiCl0.t. Sutprinsingly, lower yields of substituted compounds were obtained 

under these conditions, although it is known that the hydrogenation reactlott (5) occurs more readily 

in MeCN than in Me$O (k#a = 2.3 k#p)b. S ~~~e~eldRof~~~~on~e 

ratio k&k2 and is given by (14) when the nucieophilc is in excessl~, it can be concluded that the k2 

values corresponding to the attack of PhE- upon 9-anthryl radicals, are definitely higher in MeCN 

than in DMSO. A quantitative determination of this cfftct has been performed by cyclic voltammetty 

and is described elsewherel’. 

(14) 

The cathodic properties of uwere exarnlned in N,N-~me~ylfo~ide (DMF) by 

voltammetty at SDE and rotating disc electrode (RDE). The salient results of this study arc that the 

first reduction step of a corresponds to a reductive cleavage, with formation of PhE- (path a of 

scheme I) or ArE- (path 0). As detailed below, path a is exclusive for I. whereas path B is major or 

exclusive in the other cases. 

SCHEME I 

+e 
ArEPh - [ArEPhI.- 

4=6 
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In the case of the substituted biphenyl &,& and &, the reductive cleavage is rapid since 

the first step is totally irreversible (Fig. 2). For & paths a and 8 of scheme I compete because the 

firsl reduction wave A (Fig. 2a) is followed by a wave B of small amplitude, conespo&ng to the 

reversible reduction of biphenyl, and by a wave C at very negative potentials. The percentages of 

paths a (12 46) and fl(88 %) were evaluated fIom the limiting currents of waves B and C, assuming 

that one electron was involved for the corresponding reduction steps. Scheme II summa&es the 

results of Fig. 2a. 

SCHEMEII 

patha 

. 

BiphI-I + PhSe 

12 % 
1 

DMF 

biphH2 

+= It wave B (Em - -2.63V) 

(BiphH&- 

+e fast 

BiphHSePh z [BiphHSePhl*- 

4 wave A &- 

(Eyz = -2.3OV) 

BiphHSe- + Ph. 

+e IT wave C (Em = -2.9SV) 

(BiphHSe-) 

(Biph = -@@- ) 

The cathodic behaviour of the diselenobiphenyl .& which is shown in Fig. 2b is 

summa&& by Scheme III. The reductive cleavage of the diselenobiphenyl &proceeds 

exclusively according to path j3 of Scheme I. Indeed path a would lead to 4, to which would be 

three waves A, B and C of Fig. 2a and scheme II. Scheme III accounts also for the Te homologue 3 

for which the reversible uptake of a third electron is observed at very negative potentials (wave C of 

Fig. 2b). For & this wave is beyond the discharge of the supporting electrolyte, in agreement with 

the electron donating properties of the Se- and Te- substituents, the Hanunett u constants beiig - 0.84 

and - 0.7218. As already stressed, the dianions J_Q& are potential precursors of polymers by 

oxidatiou or addition of dielectmphiles. 
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ScHEMEIn 

+e, -ph. +c, -Ph. 

pmr - -EBiphEpfi - 
wave A wave B -YE- _LIe C (-EBiphFI-).- 

BL: -2.15V &z -2.44v Em : h : -2&W 
Elf2 EIR 

h: -2.lOV h: -2.42v 

I/PA 

P 

-St 

- 150 

-250 

se---------- 4 0 

I 
/ 

: -lW 

: 
: -200 

,.--- 
,__--’ 

B 
A 

-300 

-400 

--SO0 

- 2700 -2100 -1500 
E/mV 

o- 

-w- 

loo- 

- -300 

-lsO- 

:’ -400 

,.a; 
I ! 

L. J 
-3000 -2AOO -1300 

ElmV 

Fig. 2 Voltammogmms of 4 (4.7 mM) (Fig. a) and & (4.0 mM) (Fig. b) at RDE (dotted 

curves) and SDE in DMF. The scan rate WBS 0.1 V s-t. 
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The catlmdic rcqx~nsc of the substituted fluoraae 6 is a one-step process {El/2 = - 

2.19V). Tbc reductive cleavage is rapid again since the singic wave is irreversible. Furthermore, it 

occurs exchtsively according to path p of s&me I since no wave corresponding to the reduction of 

fluorene is observed at - 2.7OV. 

The ~01~~~ of &at a BDE presents two waves (Fig. 3a). Wave A corresponds 

to the reversible uptake of an electron (Fig. 3b). However, a coulomctry carried out at potentials 

wrresponding to the plateau of this wave indicates a two-electron consumption and the formation of 

anthracene and PhSe-. It is shown in Fig. 4 which corresponds to tbe voltammogmm of the cathodic 

solution after coulometry. The reduction waves E and F at Em - - 1.9OV and - 2.48V depict the 

cathodic response of antbracene, and the oxidation wave G the anodic activity of PhSc-. Since we 

have observed elsewheret9 that the reduction of 9-~th~l~le~e anions (9-AntrSa) takes place at 

El/2” - 2.36V in DMF, the formation of these anions can be ruled out ftem the results of Fig. 4. 

Thus the slow reductive cleavage of b occurs in the bulk of the solution during electrolysis and gives 

exclusively antbracene. Scheme IV summa&es the results of Fii 3 and 4. Anthracene is generated at 

the potentials of wave A by hyd~e~~ of Antr by the &vent and, at the potentials of wave B, by 

p~toMtion of Antr -. At tbc potenthds of the fatter wave, anthmcene is further reduced to its radical 

anion and so wave B is biclectronic. 

Scheme IV 

+e +c 
PhseAntt d (PbEAntr)- _ - (PhEAnt+ 

z!L wave A 

I 

wave B 

Ey2 = -1.66 slow Em = -2.3’1 
I 

fast 

PbSe- + Antr Phse- + Antr - 

The telluro derivative &behaves similarly but the cleavage is more rapid and so the 

formation of anthmcenc can be observed by vohammetry at BDE (waves E and F of Fig. 5). Again, 

anthraccne is quantitatively generated when zh is cathodically reduced at - 1.7 f 0.05 V by 

coulometry. 
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Fii. 3 Voltammogmms of za(2.5 mM) at RDE (aarve a) and SDE in DMF. The wan mte 

waso.l vs-t. 

-2800 -2100 -1400 -700 0 
E/mV 

Fig. 4 Voltammogram txwdtd after reduction at - 1.7 V of the soluth correqxxtding to 

Fig. 3. Two elcctrox~ cqubalcnts were consumed, The scan rate was 0.1 V s-1. 
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-lOO- 

-2OO- 

ElmV 

Fig. 5 Voltammogmm at RDE ofa (3.4 mM) in DMF 

CONCLUSION 

The one-pot electrochemical synthesis of arenes substituted by phenylseleno and 

phenyltelluro groups am be achieved in interesting yields in M&N by electrochemically induced 

Sml substitution. MeCN is a versatile solvent in which solubility problems are usually avoided. 

Since very few chemical methods allow the synthesis of activated and unactivated telluro derivatives 

of type 120, the electrochemical technique competes advantageously with them. Finally, we have 

shown that aryl anions ArE- (Ar - 4-biphenyl, 2-fluorenyl) and dianions -EArE- (Ar - 4,4’-biphenyl) 

are available by cathodic reduction of the corresponding ArEPh and PhEArEPh molecules. 
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EXPERIMENTAL 

The aolvults, suppordag elcctlulytc and coaqou& wwerc froal coIaalcrdal origin. 

AnalyticalgtadeMtCN(spectrosolSDS)wascarc~yMedonncutralalumina. 

Elemental analyses were pcrfotrncd by Service Ceatral bAnalyscs, CNRS, Lyon. 

Voltammograma at a glassy carbon, stationary or rotating disc elects& (V25 Carbone 

Lorraine ; diameter - 3 mm) were obtained by usiag aa IR-Compcnsakd potcatiostat driven by a 

Daclhmov 05 programmer and an Apple IIC computer. An Amel potcatiostat (autput voltage 200 

V at full load) and a Tacusscl IGS-N iaegmtor were used in coulomctry and prqamtive elcctmlysis. 

All the potentUs referled to the aqucou!i satumkd caloalel elcctrodc (SCE). 

The elcctmchemical synthesis of&Z was carried out in an H-type cell, the three compart- 

ments of which were separated by ion-exchange mcmbrancs Ionax MA 3475 (anudic side) aad MC 

3470 (cathodic side). The cathode was a graphite cloth of cylindric shape and the anode a Pt grid. The 

cathodic solution (100 ml) was stirred mcchaaically and dcaetated with atgoa prior aad during 

elcctmlysi& 

In a typical experiaxat (Entry 1 of table II), PhSc!Ub (2 mmol) was ireodu& aad 

rrducedto~inMeCNcontainiagBu4NPFaO.lM.TheporcntIalhadtobc~~from-O.8V 

to-2.1Vwhereasthefaradalcaurrntdropptdfnnn120mA(inltialvalut)toaneglieiblevalue,aRci 

consumption of 386C (4 mmol of ekctroas). The electrolysis was interrupted and 89 (4 mmol) 

together with 2,3-dimcthylquiaoxaliae (0.4 mmol) we= added and reduced at - 1.8 V. The farad& 

current dropped from 20 mA (initial value) to 4 VIA akr consumption of 16OC (1.65 mm01 of 

tlcctmas). The cathodic solution was diluted with water aad the clcctrolysis products were cxtmckd 

with dicthyl ether. After the solution was dried, the ether was removed. The ctudc product (1.20 g) 

was squated by column chromatography (Kieselgel) with 5&S CI@Jlficxa~~, aad the compounds 

were isolated in the order : & (238 mg, 1.01 mmol, 25 %), biphcayl (84 mg, 0.55 mmol), 

PhSeSePh (48 mg, 0.15 aunol), 4 (600 a~, 1.94 aunol), mp 67” (litt. 21 : 66-7”), a aUute (48 mg) 

of two minor uaidcatificd compounds. Taking Into accouat some & leR, the isolated yields of 

biphcnyl, PhS&Ph and 4 are 18 %, 10 % and 65 %, rcspetively. 

Ekctnxhcmicai reduction of& in the pnsencc of BSc (Entry 2 of table 0). PhSc- (6 

-01) ~8s generated as above then a(3 aunol) was added as well as 2,3-methylquiaoxaliae (0.3 

mmol) which was reduced at - 1.75 f 0.05 V. The current dropped from 40 mA (initial value) to 5 

mA after consumption of 135C (1.40 mmol of electrons) aad disappcarcaace of &. The ctudc 

product (1.33 g) was separated as above and the compounds were isolated in the order : &L( 149 mg, 

1.07 mmpl, 36 %), PhSeScPh (73 mg, 0.24 mmol, 8 %), &(84 mg, 0.27 mmol, 9 %), k(643 mg, 
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1.39 mmol, 46 %). Then the column was &ted with acetone and thus a mixture (82 mg) of 2,3-di- 

methyiquiuoralinearxlpdymerknMerlabwasisolated. 

4,4’-bis(+nyfsc~cno)-b~yl~ Nacreous powder mp - 119’C (Cl&Cl2 + hexane). 

Anal. Calcd for C2&&2 : C, 62.08 ; H, 3.91 ; Se, 34.01. Found : C, 61.92 ; H, 3.76 ; Se, 

33.78. 

Electmchemical nxiuction of& in the presence of PbTc (Entry 3 of table LtJ PhTe- (6 

mmol) was generated from PhTeTePh (3 mmol) by shifting the applied potential from - 0.8 V to - 

2.2V, then & (3 mmol) and 2,3-dimethylquinoxali.ne (0.3 mmol) were added, and the electrolysis 

was carried cut at 1.8 f 0.10 V and stopped after consumption of 125C (1.30 mm01 of electrons). 

The crude product (1.58 g) was separated as above and the compounds were Isolated in the order : a 

mixture (408 mg) of Ml.42 mmol) and & (0.25 mmol), a mixture (259 mg) of PhTeTePh (0.40 

mmol) and PhTePh (0.34 mmol), a minor unidentified compound (24 mg), Jb (239 mg, 0.43 mmol), 

a minor unidentitkd compound (28 mg). Theo the column was eluted with acetone and thus a mixture 

(197 mg) of 2,3-dimcthylquinoxahne and polymeric species was isolated. Taking into account some 

&left, the isolated yields of &, PhTeTePh, PhTePh and &are 52 %, 15 %, 12 46 and 16 %, res- 

pectively. 

4,4’-bi~phenyItelluro)bipneny! &.I Yellow powder, mp = 140°C (CH$l2 + hexane). 

Anal. Calc. for C&ItsTe2 : C, 51.32 ; H, 3.21 ; Te, 45.47. Found : C, 51.36 ; H, 3.15 ; Te, 45.42. 

Electrochemical reduction of& in the presence ofPh5k (Ei1t1y4 of table 0). PbSe- (4 

mmol) was generated electrochemically, then &(4 mmol), anthtacene (0.4 mmol) and diethyl 

malonate (4 mmol) were added, and the electrolysis was carried out at - 1.95 f 0.05 V. The current 

dropped from 30 mA (initial v&e) to 2 mA alter consumption of 290C (3 mm01 of electrons). The 

etude product (1.62 g) was sepamkd by column chromatography with 3~97 aceton&exane, and the 

compounds were isolated in the order : a mixture (270 mg) of fluorene (0.85 mmol), &g (0.24 mmol), 

PhSeSePh (0.08 mmol), anthracene (ttaces) and 9,10-diiydrconthmcene (0.3 mmol), 4 (640 mg, 2.0 

mmol), at least six unidentified minor compounds and dicthyl malonate (213 mg, 1.33 mmol). 

Taking into account some & let?, the yield of fluorene and 6 were 23 % and 53 %. 

Z-pbenyklenofluorene &A White powder mp = 82°C (diethyl ether-hexane). Anal. 

C&d. for Ct9H1& : C, 71.03 ; H, 4.39 ; Se, 24.57. Fouod : C, 71.29 ; H, 4.33 ; Se, 24.23. 

El~cmicil mhtbn Of&din theprrsmcx ofPi&inMcc!N(Ently5oftable~ 

PhSe- (4 mmol) was genetated eleUrochemically, then M (4 mmol) was added and reduced at 1.40 f 

0.05 V. The farad& curtent dropped from 20 mA (initial value) to 4 mA, after coosumptionofl16C 
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(1.2 mm01 of electrons) and di sappearrance of sd as observed by thin layer chromatography. The 

crude product (1.23 g) was separated by column chromatography with l/9 CH$lfiexane, and the 

compounds were isolated in the order : a mixture (216 me) ofanthmcene (0.72 mmol, 18 %) and 

PhSeSePh (0.28 mmol, 14 %), then b(987 mg, 2.96 mmol, 74 %). 

9-Phenylse~enosnthmceoe Qgj Yellow powder, mp - 117°C (C&Q,-hexane). Anal. 

Calcd. for Cat&e : C, 72.07 ; H, 4.23 ; Se, 23.69. Found : C, 72.01 ; H, 4.21 ; Se, 24.05. 

EJcctnxhemicaJ reductJon of&i Jn the pnzcnce of PJtTc Jn MeCN (Earn 6 of table II__ 

PhTe (4 mmol) was genemted clectrochemically, then &j (4 mmol) was added and reduced at - 1.40 

f 0.05 V. The f&c current dropped from 20 mA (initial value) to 1 mA, after consumption of 

81C (0.84 mm01 of electron). The crude product (1.30 g) was separated by column chromamgmphy 

with Yg CH2Cl~exane, and the compounds were isolated in the order : 86 (16 mg, 0.06 mmol, 1 

%), anthtacene (79 mg, 0.44 mmol), 2h (1029 mg, 2.69 mmol), & (85 mg, 0.177 mmol). Taking 

into account some 88 left, the isolated yields of anthracenc, B and & are 11 %, 68 46 and 9 %, 

mspectively. 

9-PhenyJteJJuroantJtrcene Q@. Yellow powder, mp 127°C (CHzCl2 + hexane). Anal. 

Calcd. for C2oHt4Te : C, 62.90 ; H, 3.69 ; Te, 33.41. Found : C, 62.70 ; H, 3.58 ; Te, 33.44. 

Bis(9-an&yJ)teJJuride &.l Yellow powder, mp 264-266°C (CH2Cl2 + hexane). Anal. 

Calcd. for CstsTe : C, 69.76 : H, 3.76 ; Te, 26.47. Found : C, 69.73 ; H, 3.63 ; Te, 26.62. 

EJectm&micaJ &uction of&j in tJte presence of Pfi in a miaun Me~WHfl9/J 

wntai&g fiC104,O. J M (Entry 7 of table ZI... PhSe- (4 mmol) was generated electrochemically, then 

84 (4 mmol) was added and reduced at - 1.40 f 0.05 V. The famdaic current dropped from 22 mA 

(initial value) to 8 mA after consumption of 316C (3.3 mmol of electrons). The crude product (1.00 

g) was separated as above and the compounds were isolated in the order : M (162 mg, 0.63 mmol, 

16 %), a mixture (334 mg) of anthracene (215 mg, 1.20 mmol) and PhSeSePh (116 mg, 0.38 

mmol), then & (486 mg, 1.46 mmol). Taking into account some a left, the isolated yields of 

anthmcene, Ph!&SePh and &are 36 %, 22 % and 43 %, respectively. 

EJectm&cmicaJ reduction of&j in tJ~e pnsence of PhTc in a mixtum M@Wfl9/J 

wntaining LiCJO4 , 0. J M (Entry 8 of table HI PhTe- (2 mmol) was generated electmchemically, 

then u(2 mmol) was added and reduced at - 1.40 f 0.1 V. The faradaic current dropped from 20 

mA (initial value) to 8 mA after consumption of 94.X (0.98 mm01 of electrons). The crude product 

(684 mg) was sepamted as above and the compounds were isolated in the order : u (118 mg, 0.46 

mmol, 23 %), a mixture (170 mg) of PhTeTePh (53 mg, 0.13 mmol) and anthmcene (117 mg, 0.65 
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mmol), then a (286 mg, 0.75 mmol) and 8 (21 mg). Taking into account some &l lefi, the yields of 

anthmccne, 2 andA are 42.5 %, 49 % and 6 %, rqcctively. 
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