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Abat ract The cathodic raductlon of 2-, 3- and C-(phanyl~~lrno)bcnxo1trlle haa been 

carried out 1” N.N-d1mathylformamlde and l cetonltrlle, at mercury, Pt. and Klaray carbon 

electrodea. The flrac reduction .tcp l# l ccapaolad by C-Se bond brcahlng. In the prereoce 

of .n acid (fluorene. phenol, Bu6NSO@), cyanobtnrenerelenolate anlow are thur generated 

1” hlKh yieldr, together vlth . #mall amount of bentene~ele”ol~ta l n1o”a (about 85 X and 

15 t yield*. reapectlvcly). The former anlow can be oxldlaed elchrr l nodlc~lly or chal- 

tally by air In l lk.al1ne agueour rolutlone, and .o 2,2’-, 3.3’- and C.&‘-dlcyuwdlphenyl 

dl~alenlda are lrolated ln 59 2. 70 2 and 75 2 ylelda. rarpectlvcly. 

Aryl relr”olace aniona ArSe- vhlch are loportant prccurrorr of l rautlc l e l*no 

derIvativea are urually prepared by reaction of l lemntal l elenlum with Crlgnard rcaScnre 

or l ryl llthlum (eq 11.1 

N2O,HO- 

ArN 4 Se __c ArScN _ ArSc- (1) 

tn - n&f, L1) 

ArNI+X- 4 KScCN or Sczmx - __+ ArSe- (2) 

Nhen theoa wthoda fall, ArSa’ anlonr can be rynrhcelted frw l routlc dlatonlum 

l lCl (aq 2). A feu rruoplce are Klven 1n rcfa 1-3. An l ltarn~clve clean route to the 

l yntharlm of ArSe- la the electrocheolcal l rrateKy proporcd below (cq 3-S). There l nlona 

ca” be acored 1” thalr oxldloed form ArSeSeAr (cq 6). The overall pr0ce.a (eq 7) corrce- 

ponda to l reductive cranofer of Se unlta from l readily wallable l llphatic or l romat lc 

dlreltnldc B5cSaR to ArSeSaAr vhlch cannot be prepared from ugnerlum or llthlua derlva- 

t1v.r. 

112 RSeScR 4 c _ Rse- (3) 

SNAr or Smyrl (cathode) 

ArX 4 RBc- tArbelt + X- (4) 

ArScR 4 2~ -ArSs- 4 I’ 0) 

- c 

ArSc- - l/2 ArSeSeAr (6) 

4c 

l/2 IBaSal 4 ArX 4 2e . l/2 ArScSoAr + It- 4 X- (7) 
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To 111u.cr.r. the fc..lblllry of the l l.ccrochulc.1 oathod, WC h*v* c.rr1.d out 

th. l ynth“l* of ch. dl..l.old.* 1*-c .CCordln8 to the ov.r.11 r.*ctlon 8. 

112 PhScScPh + NCC6il,,Cl + 2‘ + If++ 1/2 NCC6&,8.s.C6L(LCN + C6,,6 t Cl- (8) 

1*-c 

AlChouSh . “one-pot” .l*ccroch.mlcal l ynche*l* of 1.-c c.n be .nvlm*8sd, Y‘ h*v. 

pcrforwd two .ucc.**lv. .l.ccrolyr.~. Plrrt the l .l.nld.. 2*-c have been pr.p.red In M.CN 

by SW1 l ubrclcuclar, “.1n8 . rcdox =edl.cor, .od 1.olac.d lo 61 I. 68 t .nd 70 t yield., 

r*.p.cclv‘ly. Thl. p.rc of the work 1. de.cr1b.d in ref. 4. The r.*“lc* pr.*.nc.d belcu 

.r* conc.m.d vltb ch. cachodlc b.h.rior of 2.-c .nd Cb.lr l.rS‘-W.1‘ l leccroly***. Us 

h*v. found th.t, under l pproprl*t. coodlclon., th. dlo.l.nld** 1.-c could be 1.ol.c.d lo 

59 2, 70 2 .nd 75 2 yield., r.rp+cclvely. Prior co our work. thl. capouod Y.. cl.1m.d CO 

be 1.ol.t.d la 1S 2 ylsld by c.chodlc pol.rlr.clon of . S. clcccroda. In DW, In th. 

pr...nc. of p-chlorob.ntoolcrll*.5 Mow.v.r, the ..1t1n8 point Y‘. .“rpr1.1n81y IOU (85’C 

lnrc8.d of 158%). .od .o th. n*Cur. of the 1.ol.c.d c-pound ..a. dublou.. 

Nc@s‘s‘@cN Nc@s‘ph*W ,@FPh 
2 

I 

0 
c I o*ol 

-I 

*lo 

r b I m.m’ 2 b I 0 1 

5 ’ P-P’ c * P 

Ra~ulto .nd Di.cu*rlcm 

Ctihodic behovioa 04 Pa-c. C&pound* 2*-c Y.T. flrrt cxnlncd in N.N-dlwthylfor- 

puld. (DW) l C tl8 *l*cCrode, b.c*u*. pol.ro8r.phlc Y.v.. vlth h*lf-v*v. poC‘n~1.1‘ El/2 

.‘ n‘8.C1V‘ .‘ - 2.7 V VI . r*cur*c.d c.lom.1 al*ccrod* (SCSI w.re *cl11 well defined 

under .uch condltlooa. Thrs. WV.. A, S .nd C v.r. obr‘rvcd. The dlffu.lon CUrr‘nC of Y.V. 

B Y.. l ull coppared CO Y.V. A uh.r..r the moat n*8*~lv* VW. C Y.. well-d*fln*d only In 

ch. C..C Of z tF1S. 1). In l c*c0n1tr11*, chlr Y.V. Y.. hlddcn by the al*ccrolyc* 

dlrchar8.. Y.V.. Pi l nd C corrcrpondcd co r.ver*lbl. rcdox ry.c*.r. . . rhovn by cyclic 

volt-try .I l h.n8lng wrcury drop cloccrodc (WC) (?18. 2). Due Co the *mall ~pll- 

cud. of Y.V. B, Ch. corr.rpondln8 r*v*rrlblc pc.k l yrC*o B/B’ l pp..r*d l * l hould.r*. Uhen 

ph*nol Y.. .dd.d In ‘XC..., . twofold lncr.... of ch. dlffurlon currcoc of Y.v.. B l nd C 

Y.. ob.crv.d (FlS. 1) tog.ther with . 10.. of r*ver.lblllcy. Furcha~r.. the ch*r.ccerl*- 

Clc. of Y.Y. B WCC. ldentlc.1 CO chow of the l 1n81‘ Y.V. of bcnconlcrll.. Pol.ro8ru. of 

dlphcoyl l *l*nld. “cr. l l.o r.cord*d .nd u..d . . refcreocam CO dctcroln. the .pp*r*nt 

number of .1*crron. nA, OS l nd nc lavolvcd la each rcducrlon l c*p, l **=1n8 th.f th. 

dlffurlon co.fflcl‘nc of dlphaayl l .l.nld. l nd 2*-c wer. ld.aclc.1. m. rcductlon of 

PhS.Ph ha. b..a l hovn Co co”.um. two ‘lcc~ronr.~ Ih. pol.ro8r.phlc d.c* which .r. O-- 

rlrsd In Table I. l hou ch*c lcrm ch*n two .leccron* w*r* lnvolvcd In the f1r.C rcductlon 

l cep (WV‘ A). In the c... of 2&. th‘y 1ndlc.t. that the v.1”“ of “I + “C w‘r‘ 1 l nd ch. 

.b..nc. of ph*nol .nd 2 In lc. pr...nc. (Fig. 1). slmllar rcrulcr “cr. ob*.rv*d l c . 

81***y c*rbon l l*ccrod* by volc*~try .C l rot.tln8 d1.c l 1*ccrod* (FZDL) or cyclic 

volt-cry l c l l c*clon*ry d1.c clcctrod. (SDS). .rc.pc for V.V. C vhlch v.. l 8.1n hlddcn 

by the dl.ch.rS. of the .upporClnS t1cctro1yCe. Scheme I c.n .cco”nt for the l bov* r*.ulC*. 



Cath& synthmr of dicyannodipbroyl dm&mide 6073 

fable 1. Polarographlc data of PhSePh (2 &I) aad 2@-c (2 tin) in DW 

Capound 

waw A 

- Bl/2(V) nA 

“.w B Y.“* c 

_ cl/2(v) “1 - B1/2(“) “c 

PhSaPh 

2r 

L!! 

ga 

2c 

2.55 2.0 

1.99 1.70 2.30 0.15 2.82 111 defined 

2.06 l.bl 2.32 0.12 2.12 0.88 

2.03 1.61 2.30 0.21 2.67 1.77 

1.93 1.60 2.32 0.17 2.77 tll defined 

.Phaool (IO ml4n) Y.. added. 

P1g. l Polarogrw of 2 (2 3() to DW, ln 

the l bscncc (-* 1 l d prcr.nc. (full liae) of 

phmol (10 31). The dotted cur*. correrpondr 

to ch* beckground current. 

Scheme I -- 

Yaw A -- 

NCC6H*SS’ + Ph. 

+C path 1 h “‘“a? c +a+H+ 
NCC6&,SaPh -[kcc6H&Ph]’ - 

17 

IT 1 (or I-) 

2a-c Y.“C A dwap. 
(NCC6&@‘).- %“6 

Ph.%- + NCC6&,* 

path 2 

I 

+e+n+ 

(or He) 

PhCN 

h 
4 

“a”. B 

(PhCN).- 
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me ~n~-~ia~rr~n reducrlon of Za-c ‘we unrtablc radical l loar vhlch dlffumcd 

parclally cward the l olutlon where they cleaved coapctlclvcly according to pathway. 1 

(main route) and 2. AB ahown by ROSSI’ capcrlclon batuaen bond breaking lndlcarsd that 

l ntlbondlna o molecular orblcalr (uWOK)) of the C-Se bonda and *+-WJ had l lmllar ancr‘y. 

A r-11 amount of b~nronltrllc Y.. generated through pathway 2, vhlch Y.. rcvcrrlbly 

reduced at the potcnrlalr of w.ve B. Uhcrca. the radlcala Ph. and NCC&* generated clorc 

co the electrode vcrc further reduced. chore llbaratcd ln the solution were hydrogenated 

by rolvtnr moltcul~.~ Thus lcra than CYO electrona were lnvolvrd In the firat rcduCc ion 

l tcp, due to l coap~tltlon between rcductlon and hydrogcnatlon. Rcductlon of PhScPh vhlch 

Y.. choren l m reference YU a two-electron procera became the rcduct lvc ClMV*ae Y.. 

farrer than ln the cam of 2a-c and l o all the Ph. radlcalr ware generated clora CO the 

electrode and lwdlarcly reduced co Ph.-. If YC conrldcr l saln route 2, 1ta lnvolvawnt 

could ba evaluated quantltarlvcly from the ng valuer l lncc wave B corrcrpondcd to the 

raduc t ion of b~nronltrllc (I electron ln the absence and 2 ln the presence of phenol). 

mum 1L Y.. calculated char I5 : 5 2 of Ph.%- anlonr and conaequcntly 85 r 5 t of 

NCC&,Sc- anlonr were generated. 

I ic 

. V 
C' 

I i8 
-2D -34 

4V 

0 -11) 

E/V 

Pig. 2 Cyclic volraEagram of 2 (2.5 mlin) Fig. 3 Volt-gram* of _& (1 mtl) In DW at l 

in DW at WE. The rcan rate la 1 V l -l. glaray carbon BDK (full line) and SDL (dotted 

curve). me rcan rate la 0.1 V l -l. 

La.age-r&e e(ecDloty4cb 06 Za-c. The cathodic rcductlon of 2a-c was carrlcd out 

In DPD’ and kCN. l t N.5, glamay carbon and PC electrodea. at pot8nclalr corrcapondln8 to 

wave A (Table II). Scl~nolatc anlow were thus generated. requlrlng n1 electrona mol*cul*- 

1 , then oxldlrcd clthcr l nodlcally, In a n2 clccrron proccaa (elcctrolyacr no 1, 2 and 4) 

or chcmlcally by air (clcccrolyscr no 3. 5 and 6). In the l nodlc proccra, the forutlon of 

PhSsSePh preceded that of la-c (*CC the l xpcrlmsntal l cctlon) and #O no mlxad dlaelenldc 
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6076 c. DmKAND Cl oi. 

NCCg&SeSePh Y.. leoleted. Slmllerly, when l lr Y.. Introduced in the cethodlc l oluclon, 4 

rapid oxldec ion of PhSe- to PhScScPh took piece ubereee very rlow hao8eoeo”e electron 

4xcheo844 occurred between the k+CCbfl&- l aloos end dloxy8en beceuee the oxldecloo poten- 

tie14 of thee8 enlone l re po4lrlve to the reduction of 02 (vldc lnfre). Thue, the44 enlone 

reulaed pertlelly ln the agueoua pharc durlnS CreatYnt of the cethodlc 4ol”rlon. m=y 

could be l lwly oxldleed leter to the expected dlwlenida 14-c lo l lkellne wdle (pif 12) 

(444 the 8xperlmeo~el Secrlon). In 4 prevloue publlcetlon.9 lc ~44 leoleted in low yield - 

(27 2) by cethodlc reduction of & bscaum the queoum pheee ~44 ne8lectcd. The re4”lt4 of 

Teble II l re conrletcnt ulth where I. Indeed, the coocalteot formetloo of the expected 

dl44l4olde 14-c and PhScSe?h ln lw ylcld wee capetlble wlch 4 cap4tlClon bacucm 

petbreye 1 end 2. Ia the l bmnce of added l cld, .oc ulde 2 Y.. tenereted (electrolyeee 

no 1 and 3), l houlo8 L~L l ae l dveotltloue weter ~44 preeear durln8 4lecrroly4l4 end thet 

IIO- enlone were llbereted, which reacted vlth the l cerClo8 meter141 LO 81~4 clectrocheml- 

celly loectlve enlone end flnelly old44 after treetment of the cethodlc l olutloo (eq 9). 

(9) 

Since the uldce & end 2 were 14o14t4d ln 16 end 25 2 ylelde lo 4l4ctroly4er no 

1 end 3, only Bc end 75 t of & end z were l velleble for reductloo end 40 the number4 of 

electron4 coneuud per role of & end 2 were 1.87 end l.U, thet 14 CO r.y 144. then 2. 

ln qremmc vlth 4 capecltlon betveeo rrductlon end hydro8enetlon (cf ache- I). Add:- 

tlon of l n l cld much aa phenol, fluorane or Bu~NSO~Y which wee uecd 44 l upporCln8 electro- 

lyte, l uppreeeed the forseclon of emlder end 40 2, g and & could be leoleted ln 59 %, 

70 ‘L end 75 2 ylcldr, r*rpccrlvcly. Addlrlon of phenol or 8u~NSO6H l urprlelo8ly lncreeecd 

the v41u44 of nl l rad n2 for raaaona which have not yet been cleerly l etebllehed. A bltltc- 

rroalc reduction of benxonltrlle ml8ht tekc piece. In the ~444 of phenol ln DW, 4 contrl- 

butlon fra the dlaer (PhOH)2 44 proton donor could not be 4xcl”d4d.10 

Cetbodlc reduction of le-c CO WCC&Se- occurred reedlly l e l hovn by voltuctry 

(Pig. 3) (Cl/2 - - O.&I V (14) ; - 0.513 V (lb) ; - - - 0.52 V t&j. Ia cyclic volt-try, the 

l oodlc oxldetlon of the NCC6H4Sc- enlooe toot piece et peak porcntlel ~41~44 (Ep _ - 0.28 

V, -0.38 Vend - 0.62 V for the o-. m- and p- leomere. reepectlvely) deflnltcly more 

poelrlve then the reduction potent141 of dloxy84n (ebout - 1 V). A4 l lreedy mentioned, 

rhle lndlcerce thee In l ltu oxlderloa by l lr of NCC6~Sc- enlone to dl44lcnld4 proceeded -- 

very l lwly. 

Conclurlon 

m4 rceulre of ref. G concernln8 the elecrrochemlcel l yntherlr of w, cabined 

with the l bove reeulte. l hou chet the new dl44l4nld44 14-c uhlch l re oat l velleble by the 

Crlgoerd method ceo be 84nereted l lectrochnlcelly ln lnrcrceCln8 8lobel ylelde (36 %A8 2 

end 52.5 1, r44p4ctlvely) fra c-rclelly l velleble PhSoSePh and chlorobenrooltrllc. 

The 414ctrochcl1c41 l yncheele of 14-c fra dl4elenld44 which are cheaper then PhSeSePh 14 

currently under MY. The44 precureore l re prepered by l lcctrocharlcel reduction with 

l oolcecloo, of non-•xpenelve St povder followed by l ddltlon of l lkyl h4lld44.11 A l lrller 

l tudy 14 coocaltencly Performed for the fe haologuer. 



Gthohc sy~thair of dkyrnodipbcnyl dmzkmk 

Kxp.rlnot.1 

The l lectrochnlcel .ynth.ol. of Ze-c le d.rcr1b.d in ref. 4. 

Ila.ot.1 l .1y.e. mr. p.rf0rm.d by Service Central d’Atuly.8, CWXS, Lyon. 
Spectra ware recorded by me.n. of the followlog ln.trmento t infrared, ?.rkLo-Blur MOB. 
II4 NHR. JCOL PXlOO. 

Pal.ro~rr. w.re obt.iood vitb . T.cu...l fipol lnrtrmot. Th. char.ct.ri.tlc. 
of the ceplll.ry were t m - 2.6 mu . -1 ) t - 1 . . Cyclic volt_Srau et . HlQS or g1.r.y 
cerboo SDC (V 2S C.rboo. Lorr.ine ; diameter - 3 I) were obt.loed vlth . Tecu.eel UAP G 
unit end . CSTP function generecor. .nd vere recorded oo .o Ifclec 2025 IZ,_~ recorder. An 
Amel 152 potentiorlet (output VOlta60 ! 200 V et full loed) end . Tecu..el IGS-N 
lncear.tor vere u.ed ln coulomrry .od prep.r.tlve electro1y.i.. All ch. poteorlel. of the 
experiment. .nd figure. referred CO the .gueou. .etur.tcd celmel electrode (SCC). Unlor. 
oth.rw1.e l t.ted Bu4Npt6 (0.1 N) w.. u.ed . . rupportlog l lectrolyce. 

&rg.-.c.le l l.cCrolyoeo .C 1S’C with l ooic~tioo (ret Br.o.oaic II 32) or ugoetlc 
.tirrloB were performed to l H-type cell, the thr.. capertuacr of uhlch uw. 8.p.r.c.d 

by lOa-eXChaaBe resbrmc. 1on.c )(A 3475 (.aodlc .lde) end Iy: 3670 (cethodic .lde) .od 
fill.6 vlth DNP or .cccooitrila. The workloX .l.ccrod. Y.. l cyllndric.1 Pt Srtd, 
&r.phlte cloth or . mrcury pool (.urf.c. - 9 ~2) .nd the couotor .loctrod. “.. . PC 
grid. The c.thodiC .OiuCioo (100 ml) v.. de..r.t.d vltb .rgon before .od duriq 
eleccroly.1.. If not otherul.. .psclfied 2 rol u.r. reduced. Speclflc det.il. of the 
electro1y.e. of T.bl. 11 l re 8lven below. 

- E&eG%o4hi.d 8%' I - Gapound 2 w.. reduced at controlled poteoti.1. corr..poodlog to 
veve A of PI&. 1, et 2.1 ! 0.2 V. I?w f.red.lc current dropped frca 100 mA (ioltl.1 v.1u.j 
to . oeSliSlble velue end 303 Cb (3.16 ~1 of l 1.ctroo.j were con.rPad. Ihe pocentl.1 we. 
l hlfted .aodlcelly (up to + 0.2 V) and amdie oxid.cloo l certed at - 1 V (iolci.1 curr.ot 
- 80 mA). AC thle pot.ocl.1 oxld.tlon of PhSe- CO PhSeSePh took piece where.. the orid.- 
clan of NCC6&Se- occurred l.Cer .C le.. n.8.tlv. v.1u.r. The electro1y.i. Y.. rtopped 
l fter cor..mprion of 201 cb (2.08 -01 of electron.) when the .oodic current becuc 
negligible. The rolution Y.. diluted vlch uecer .nd the l leccroly.1. productr were excrec- 
ted vlth dlcthyl ether. me ethera. .olution Y.. dried. .Chsr vee removed end the crude 
product (311 q) Y.. rubjecced co column chroutogrephy vlth .cetone/hex.ne . . .luenc. m. 
cappound. vere I.ol.ted la the order : PhSeS.Ph (0.09 ~11, h (O.C2 -1) end &* (0.32 
001). 

2,2’-Dicy.mi~pb.oy1 dle.l.old. (1.1 t yellow powder, l p 119’C (Cll2Cl2-hexan.) ; 
II (KBr) 2226 (C%N rtretchlng), 767 (ortho rubrtltutloo b.od) cm-1 ; 1~ MCt tcD~l3) 7.25- 
7.69 (P, 6H) ;C7.86 (dd. Jortho - 9iix, Jmc, = ZHx, 2Ii)3. &ml. C.lcd. for Cl&N2Se2 I C, 
66.43 ; H. 2.23 ; N, 7.73 ; Se, 63.61. Pound I C. 46.37 I P, 2.27 ; N, 7.59 1 Se, 63.52. 

- E&ZdAo.fijbti n’ 2 - Cmpound & (1 rol) Y.. reduced in the prerence of Bu~NSO~H (0.1 H) 
. . rupporclng electrolyte, .t - 1.60 0.05 v. After con.uapC~on of 218 cb (2.26 ml of 
l lectroo.), the l odlc oxld.tion we. c.rrled out l e pr.viouoly. After treetmeoc of the 
.OlUC loo .nd colum chrouCo(tr.phy of the crude product (219 rg), th. capound. ver. 
lroleted In the order I PhSeSoPh (0.09 -11, h (0.26 rol) .nd 1. (0.22 ml). 

- EtectAo4hti n' 3 - Colpouad fi Y.. reduced at - 2.1 V. Uheo the el.ctro1y.i. Y.. 

.topped, .lr ve. bubbllq for 10 rln before the c.chodlc .olutloo Y.. diluted vlth w.t.r 
cont.iolnS N.011 10-2M (pil 12). Th. l lectro1y.i. product. w.re p.rti.lly l xtr.ct.d with 
dlethyl ether. The crud. product (265 y) Y.. l ubjecr.d co colon chroutogr.phy end rho 
compound. were l.ol.ted lo the ord.r I PhS.S.Ph (0.05 ml), 2 (0.09 ~11, ‘bb (0.50 
sol). Prom the .gueou. pheee vhlch ve. .llwed CO .rend ov.rniXht. pure 2 (O.G2 -1) 
Y.. extr.cted by diechyl ether. 

3,3’-Dicy.nodlph.oyl direloaide (fi) I yellow powder I mp 1ll’C (ether-hexene) i 
II (KBr) 2238 (C&l .cr.cchin6), 792 (met. .ub.tltutloa b.nd) cm- ; 1~ )(w tcD~l3) 7.25- 
7.75 (m, 6U). 7.85 (1. 2li). An.1. Celcd. for Cl4i@N2Se2 I C. 66.43 ) tl, 2.23 ; N. 7.73 ; 
Se, 63.61. Pound I C, 46.60 ; H, 2.21 j N. 7.75 ; Se, C3.88. 

- ELeWwLyais II* 4 - Coopound g Y.. reduced .C 2.0 0.2 V lo the pre.encc of phenol. 
then th. .nodlc oxid.tlon proceeded l . previourly (.ee eleccroly... no 1 .ad 2). The 
.olut ion Y.. dllutcd vlth wter coot.lninS N.01 1O-2 M (pll 12) .nd cre.crnt Y.. c.rrled 
out under the condltlon. of electrolyr.. no 1 .od 2. 



C. -ND cl d. 

- Eh~&w4uh n’ 5 and 6 - Capound s VU reduced in the prerm~cc of fluorcne or phenol. 
After l lecrroly*l~, air Y.. latroduced and tha cathodic rolutloa Y., treated under the 
condltloam of l lactroLyrlr o” 3. 

O,6’-Dicymodlphmyl dl..lcnld.‘) (1~) t yallw powder, w lS8’C (dietby ether- 
harma) i I1 (Ur)-224b (W rtr~tchlo‘)~JO, 622 (C&J par. 
tCDCl3) 7.68-7.73 (pamdo q. 8 iI). 

rubitltutloo b.nd.j i IP m 
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