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Abstract The cathodic reduction of 2-, 13- and 4-(phenylselenc)benzonitrile has been
carried out {n N,N-dimsethylformaaide and acetonitrile, at mercury, Pe, and glassy carbdon
electrodes. The first reduction step is accompanied by C-Se bond breaking. In the preseance
of an acid (fluorene, phenol, BuiNSO4H), cyanobenzeneselenolate anions are thus generated
in high yields, together with & sasll amount of benzeneselenolste anions (about 85 % and
15 % yields, respectively). The former anions can be oxidised either snodically or chemi-
cally by air in alkaline aqueous solutions, and so 2,2'-, 3,3'- and 4,4'-dicysnodiphenyl
diselenide are fsolated in 59 %, 70 % and 75 % ytelds, respectively.

Aryl selenolate anions ArSe” which are important precursors of aromatic seleno
derivatives are usually prepared by reaction of elements]l selentum with Grignard reagents

or aryl lithium (eq 1).1

H20,HO"
AtM + S@ ——p ArSeM — o ArSe” 1)

(M = Mgx, L1)
AtNJYX" + KSeCN or Se?”, ——e ——>» ArSe” (2)

When these methode fail, ArSe” anions can be synthesized frow sromatic diszonium
salts (eq 2). A fev examples are given in refs 1-3. An alternative clean route to the
synthesis of ArSe” {s the electrochemical strategy proposed below (eq 3-5). These anions
can be stored in their oxidised form ArSeSeAr (eq 6). The overall process (eq 7) corres-
ponds to a reductive tranefer of Se units from a readily availsble aliphatic or aromatic
diselenide RSeSeR to ArSeSeAr which cannot be prepared from magnes{um or lithium deriva-

tives.

1/2 RSeSeR + ¢ ———4 RSe~ (3)

SnAr or Syyl (cathode)

ArX + RSe" » ArSeR + X~ (4)
ArSeR + 2¢ —s ArSe” + R” (s)
- e
ArSe” = 1/2 ArSeSeAr (6)
+ e
1/2 RSeSeR + ArX + 2¢ ——— o 1/2 ArSeSeAr + R~ + X~ (@]
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To {llustrate the feasibility of the electrochemical method, we have carried out

the syntheeis of the diselenides la-c sccording to the overall reaction 8.

1/2 PhSeSePh + NCCyHLCl + 2¢ + MY —® 1/2 NCCgH,BeSeCgH,CN + CgHg + CL” (8)
la-c

Although a "one-pot" electrocheaical synthesis of la-c can be envisaged, we have
performed two successive electrolyses. First the selenides 2a-c have been prepared in MeCN
by Spyl substitution, wusing & redox mediator, and isolated in 61 X, 68 % and 70 % yields,
respectively. This part of the work {s described in ref. 4. The results presented below
are concerned with the cathodic behavior of 2a-c and their large-scale electrolyses. We
have found thet, under appropriste conditions, the diselenides ls-c could be tsolated {n
59 %, 70 T and 75 % yields, respectively. Prior to our vork, this compound vas claimed to
be {solated tn 15 % yield by cathodic polarisation of a Se electrode, in DMP, in the
presence of p-chlorobenzooitrile.5 However, the melting point was surprisingly low (85°C

{nstead of 158°C), aud so the nature of the isolated compound seems dubious.

0
a 0,0 a9 a0

L b om 2 ] bew 3
<+ p,p' < L

Results and Discuseion

Cathodic behavior of 2a-c. Compounde 2a-c wvere first examined in N, N-dimethylfor-
samide (DMP) at Hg electrode, because polarographic vaves vith half-wave potentiale Ey/2
ae negative aso - 2.7 V va s saturated calomel electrode (SCE) were still well defioed
under such conditions. Three vaves A, B and C were observed. The diffusion current of wave
B was small compsred to wave A vhereas the most negative vave C wvas well-defined only 1in
the case of 2b (Fig. 1). In acetonitrile, this wvave wvas hidden by the electrolyte
discharge. Waves B and C corresponded to reversible redox systems, as shown by cyclic
voltammetry at 8 hanging wmercury drop electrode (HMDE) (Fig. 2). Due to the small ampli-
tude of wave B, the corresponding reversible peak system B/B' appeared as shoulders. When
phenol was sdded in excess, & twofold increase of the diffuston current of waves B and C
vas observed (Fig. 1) together with a lose of reversibility. Purtherwore, the characterie-
tice of wave B were identical to those of the single wave of benzonitrile. Polarograme of
diphenyl selenide were also recorded and used as references to determine the apparent
number of electrons n,, op and nc inovolved in each reduction step, assuming that the
diffusion coefficient of diphenyl selenide and 2a-c vere identical. The reduction of
PhSePh has been ahown to consume tvo electrons.® The polarographic data which sre summa-
rized 1in Table I, ohow that less than two electrons were involved in the first reduction
step (vave A). In the case of 2b, they indicate that the values of ng + n¢ were 1 and the
absence of phenol and 2 in {ts presence (Fig. 1). Similar results were observed at a
glassy carbon electrode by voltammetry at a rotating disc electrode (RDE) or cyclic
voltammetry at a stationary disc electrode (SDE), except for wave C which wvas asgain hicden

by the discharge of the supporting electrolyte. Scheme I can account for the above resulte.
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Table 1. Polarographic data of PhSePh (2 mM) and 2a-c (2 =M) in DMF

vave A vave B vave C
Coapound - Bys2(v) ny _E172(V) np - B1s2(V) n¢
PhSePh 2.55 2.0
2a 1.99 1.70 2.30 0.15 2.82 111 defined
2b 2.04 1.61 2.32 0.12 2.72 0.88
208 2.03 1.61 2.30 0.27 2.67 1.77
2c 1.93 1.60 2.32 0.17 2.77 111 defined

4Phenol (10 ™M) wae added.

i"l T

10 4
Fig. 1 Polarograms of 2b (2 wM) 1o DMF, in

the absence (--) and presence (full line) of
phenol (10 mM). The dotted curve correspouds

to the background current.

Scheme 1
Wave A
———————— NCCgH,Se” + Ph-
+e path 1 +e vave C +estt
NCCgH SePh —=(NCCoH SePh) | l I l (or ¥-)
28-c  vave A decomp. (NCCoH Se™) -~ CoMe
L . PhSe” + NCCgi,-

path 2 +etitt
(or H-)
PhCNM
+e l vave B
(PhCN) -~
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The one-electron reduction of 2a-c gave unstable radical anioos which diffused
partially tovard the solution where they cleaved coapetitively according to pathways 1
(main route) and 2. As shown by ross17 competition between bond breaking indicated that
antibonding o0 wmolecular ordbitals (0*MO) of the C-Se bonde and **-MO had similar energy.
A emall amount of bentonitrile wae generated through pathway 2, which was reversibly
reduced at the potentisls of wvave B. Whereas the radicals Ph- and NCCgH, - generated close
to the electrode were further reduced, those liberated in the solution were hydrogenated
by solvent molecules.® Thus less than two electrons were involved in the first redultion
step, due to a competition between reduction and hydrogenation. Reduction of PhSePh which
wvas chosen as reference wvas a two-electron process because the reductive cleavage wvas
faster than fn the case of 2s8-c and 80 all the Ph- radicals were generated close to the
electrode and immediately reduced to Ph-~. If we consider again route 2, ({ts involvement
could be evaluated quantitatively from the ng values since vave B corresponded to the
reduction of benzonitrile (1 electron in the absence and 2 in the presence of phenol).
Thus 1t was calculated that 15 : S % of PhSe” anions and consequently 85 : 5 % of

NCCgli,Se” anione were generated.

ilp‘\-

-2 -3 0 -9
Elv Elv

Fig. 2 Cyclic voltammogram of 2b (2.5 mM) Fig. 3 Voltammograms of lc (1 mM) in DMF at a
in DMP at HMDE. The scan rate is 1 v ¢°l. glaesy carbon RDE (full line) and SDE (dotted

curve). The scan rate is 0.1 v o1,

large-scate electrolysis of 2a-c. The cathodic reduction of 2a-c was carried out
{n DMF and MeCN, at Hg, glassy carbon and Pt electrodes, at potentiale corresponding to
wave A (Table I1). Selenolate anions were thue generated, requiring n] electrone molecule”
l, then oxidised either anodically, in a n; electron process (electrolyses no 1, 2 and &)

or chemically by air (electrolyses no 3, 5 and 6). In the anodic process, the formation of

PhSeSePh preceded that of la-c (see the experimental section) and so no mixed diselenide



6075

Cathodic synthesss of dicyanodipheny! diseienide

*(Y 9Z) 33?1 ¥Z amos Junoddw oauy Buyxel, "uoyIedtuogy Bujiais >yasudey,

09 4] - %o LI (7)ROYd ¥ 03d 9

St L - 4¢3 %9°1  (Z)3udaonyy D 90 EN3 <

ot I3 897 posr  90°¢ (%)ROUd NOWW Q2 v

€T S'18 4 - %o 80°1 - a4a oK (13 €

26$ 3% (3881 Pou¥  500°¢C  (O1)R7OSN70E LRl ] q? z

91 z9 6 0" 1 pouw 1571 - ma vid 7 1
Qe d-¥1 uygegesud Zu apyxo {u (towm)pyovY JuaAjos IpoIIdI(P punodmo)

pIpPY ou sis
spunodmo> NSTIELIF]

p23v108} jO (1) eP1334

(41® 10 2pOUW) UOTIPPIXO Aq PBAO(]0}

(ToWm Z) D-€7 3O UOTIONPII [¥ITOAYS011D3]d I¥de-aBaeT 1| QL



6076

C. DBORAND et al.

NCCgHySeSePh was tsolated. Similarly, wheo air wvas introduced in the cathodic solution, a
rapid oxidation of PhSe” to PhSeSePh took place whereas very slov howmogeneous electron
exchanges occurred between the MCCyH,Se” anions and dioxygen because the oxidation poten-
tials of these anions are positive to the reduction of Oz (vide infra). Thus, these anions
remained partislly in the aqueous phase during treatment of the cathodic solution. They
could be slovly oxidised later to the expected diselentde la-c {n alkaline mwedia (pH 12)
(see the Experimental Section). In a previous publlcutlon.9 lc wae feolated in low yield
(27 %) by cathodic reduction of 2¢ becsuse the squeous phase was neglected. The results of
Table II are constistent with scheme 1. Indeed, the concomitant formation of the expected
diselenide la-c and PhSeSePh in low yleld was compatible with a competition betwveen
pathways 1 and 2. In the absence of added acid, esome amide ) was genersted (electrolyses
no 1 snd 3), showing that sowe adventitious water was present during electrolysis and that
HO™ anione were liberated, which reacted with the starting material to give electrocheai-

cally {nactive anfons and finslly amides after treatment of the cathodic solution (eq 9).

+ HO" H*30
PhSeCEHLCH —— PhBeCqHC=N" — PRSSCOHLGNH™ ———> Ph3eCqH,CNHy (9)
ol o
2a,b 3a,b

Since the amides la and 3b were tsolated {n 16 and 25 % yields fo electrolyses no
1 and 3, only 84 and 75 % of 2a and 2b wvere available for reduction and so the nuabers of
electrons consumed per mole of 2a and 2b were 1.87 and 1.44, that {s to say less than 2,
{n agreement with a competition between reduction and hydrogenation (cf scheme I1). Add:i-
tion of an acid such as phenol, fluorene or BusNSOL,H which vas used as supporting electro-
lyte, suppressed the formation of amides and so 2a, 2b and 2c could be feolated in 59 %,
70 % and 75 % yields, respectively. Addition of phenol or BusNSO,H surprisingly incressed
the values of 0] and n; for reasons vhich have not yet been clearly established. A bielec-
tronic reduction of benzonitrile might take place. In the case of phenol in DMF, & contri-

bution from the dimer (PhOH); as proton donor could not be excluded. 10

Cathodic reduction of la-c to NCCoH,Se™ occurred readily as shown by voltammetry
(Pig. 3) (Byy2 = - 0.48 v (la) ; - 0.58 v (1b) ; - 0.52 Vv (lc). In cyclic voltammetry, the
anodic oxidation of the NCCgH,Se” anions took place at peak potential values (!p e -0.28
V, - 0.38 V and - 0.42 V for the o-, m- and p- isomers, respectively) definitely more
positive than the reduction potential of dioxygen (about - 1 V). Ase already mencioned,
this indicates that in eitu oxidation by air of NCCgH,Se” anions to diselenide proceeded

very slowly.
Conclusion

The results of ref. & concerning the electrochemical synthesis of 2a-c, combined
with the above results, show that the new diselenides la-c vhich are not available by the
Grignard method can be generated electrochemically in interesting global yields (36 2,48 %

and 52.5 %, respectively) from commercially available PhSeSePh and chlorobenzonitrile.
The electrochemical synthesis of la-c¢ from diselenides which are cheaper than PhSeSePh s
currently under way. These precursors are prepared by electrochemical reduction with
sonication, of non-expensive Se powder followed by addition of alkyl hslides.ll A stmtlar

study is concomitantly performed for the Te homologues.
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Exparimental
The electrochemical syunthesis of 2a-c is described in ref. 4.

Elemental ascalyses were performed dy Service Central d'Anslyse, CWRS, Lyon.
Spectra wers recorded by means of the following instramente : infrared, Perkin-Elmer 5803,
ly mg, JEOL PX100.

Polarograme were obtained with a Tacussel Tipol inetrument. The characteristics
of the capillary vere : m = 2.6 mg ool £t =1, Cyclic voltemmograms at a HEMDE or glassy
carbon SDE (V 25 Carbone Lorraine ; diameter = ) mm) were obtained with s Tacussel UAP &
unit and a GSTP function generator, and were recorded on an Ifelec 2025 Cy., recorder. An
Amel 552 potentiostat (output voltage ¢ 200 V at full load) and a Tacussel IGS-N
integrator were used {n coulometry and preparstive electrolysis. All the potentials of the
experiments and figures referred to the squeous saturated calomel electrode (SCE). Unless
otherwise stated Bu,RPPg (0.1 M) was used as supporting electrolyte.

Large-scale electrolyses at 18°C with sonication (vat Brapeonic B 32) or wmagnetic
stirring were performed in a H-type cell, the three cowpartmants of which were separated
by {on-exchange aembranes Ionac MA 3475 (anodic side) and MC 3470 (cathodic side) and
filled with DMP or acetomitrile. The working electrode was & cylindrical Pt grid,
graphite cloth or s mercury pool (surface = 9 ca‘) and the counter electrode was a Pt
grid. The cathodic solution (100 ml) was desersted with argon before and during
electrolyetis. Lf not othervise specified 2 mmol were reduced. Specific details of the
electrolyses of Table Il are given below.

- Electrolysis n’ ! - Compound 2a vas reduced st controlled poteantials corresponding to
veve A of Fig. 1, at 2.1 ¢ 0.2 V. The faradeic current dropped from 100 mA (initial value)
to a negligible value and 303 Cb (3.14 mmol of electrons) were coneumed. The potential was
shifted anodically (up to + 0.2 V) and anodic oxidation started at - 1 V (ipnitis] current
= 80 mA). At this potentisl oxidation of PhBe” to PhSeSePh took place whereas the oxida-
tion of NCCgH,Se” occurred later at less negative values. The electrolysis was stopped
after corsumption of 201 cb (2.08 mmol of electrons) vhen the anodic current became
negligible. The solution wae diluted with water and the electrolysis products were extrac-
ted with diethyl ether. The ethereal eolution vas dried, ether vas removed and the crude
product (311 mg) was sudbjected to column chromatography with acetone/hexsne as eluent. The
compounds were isolated in the order : PhSeSePh (0.09 wmol), la (0.42 mmol) and }_g‘ (0.32
mmol).

2,2'-Dicyanodiphenyl dieelenide (la) : yellow powder, mp 119°C (CHsClp-hexane) ;
IR (KRBr) 2226 (C=N stretching), 767 (ortho substitution band) ol g o (cbcly) 7.25-
7.69 (m, 6H) ;C7.84 (dd, Joreno = 9z, Jgere * 2Hz, 2H)]. Anal. Calcd. for Cy HgN;Se; : C,
46.43 ; H, 2,23 ; N, 7.73 ; Se, 43).61. Pound 1+ C, 46.37 ; H, 2.27 ; N, 7.59 ; Se, 43.52.

- Electrolysis n* 2 - Compound 2a (1 mmol) was reduced in the presence of BuiNSOLH (0.1 M)
as supporting electrolyte, at - 1.60 0.05 V. After consumption of 218 cb (2.26 mmol of
electrons), the anodic oxidation was carried out as previously. After treatment of the
solution and column chromstography of the crude product (219 mg), the compounds wers
teolated in the order : PhSeSePh (0.09 mmol), 2a (0.26 mmol) and la (0.22 wmol).

- Electrolysws n® 3 - Compound 2b vas reduced at - 2.1 V. When the electrolysis wvas
stopped, air was bubbling for 10 min before the cathodi{c solution vas diluted with water
containing HNaOH 10°2M (pH 12). The electrolysis products were partislly extracted with
diethyl ether. The crude product (265 mg) was subjected to column chromatography and the
compounds were isolated in the order : PhSeSePh (0.05 mmol), 1b (0.09 mmol), _3_!_" (0.50
mmol). Prom the aqueous phase which was sllowed to stand overnight, pure 1b (0.42 wmmol)
vas extracted by diethyl ether.

3,3'-Dicyanodiphenyl diselenide (1b) : yellov powder ; mp 111°C (ether-hexane) ;
IR (KBr) 2238 (CaN stretching), 792 (mets substitution band) cm™ ; I1H NMR (CDC1y) 7.25-
7.75 (m, 6H), 7.85 (s, 2H). Anal. Calcd. for Cy4ligN;8e; + C, 46.43 ; H, 2.23 ; N, 7.73 ;
Se, 43.61. Pound : C, 46.60 ; H, 2.21 ; N, 7.75 ; Se, 43.88.

- Electrolysis n® 4 - Compound 2b was reduced st 2.0 0.2 V in the presence of phenol,
then the anodic oxidation proceeded as previocusly (see electrolyses n° 1 and 2). The
solution was diluted with wvater coutaining NaOH 10°2 M (pH 12) and treatment wvas carried
out under the conditions of electrolyses n° 1 aud 2.
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- Electrolyses n® 5 and 6 - Compound 2c was reduced in the presence of fluorene or phenol.
After electrolysis, air vas introduced and the cathodic solution was treated under the
conditions of electrolyeis n° 3.

4,4'-Dicyanodiphenyl diselenide?® (1c) + yellow powder, mp 158°C (diethyl ether-
hexane) ; IR (KBr) 2240 (CaN stretching) 830, 822 (two para substitution bande) ; lM W®
(CDC1y) 7.48-7.73 (pseudo q, 8 H).

Acknoviedgement - We are grateful to Mrs Raveau for technical sesistance.
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