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®AABONOEIAH KAI LYITENEIX OMAAEX O®YTIKQN XPQXITIKON

YTEAAA TZOYBAPA-KAPATIANNH

Epyaatiipo Xnueiag Tpooinwy, Xnuiké Tunua IMavemortnuiov Iwavvivey
(EAfofn 28 Iovviov 1984)

Mepidnyn

T10 (pBpo avTd £yLve pio AVAGKOTNGN GTNV TRARIOTEPT KAL GTNV katvovpua Bifioypa-
ol Tov 9AaPovosddv, Tov eival o opdda PLTIKGV EVOCEmV iaitepa dradedopévn ota
QLTG KOL 1 GTMUAGIO TOVG, Yl JLAPopeg Prounyavies Kal KUPImG QapUGK@V KOt TPOPIU®Y El-
VO GTILOVTIKT.

Aé€aig-kherbua: Orafovoeldij-Dutikés YPOOTIKES.

Eicoyoyn

Ta @AaBovoetdn;, pio and Tig mo ToAvapducg koL S1adedouéves ouddeg TV QL-
TIKQV GLGTATIKAV, ELOLV oNUOsia Yo Tov GvBpwmo dxt pévo yati couBdAlovy oto
YPOUE TV PLTOV, 0AAG Eneldf TOAAG WEAN Tovg Eivan puololoykd evepyd. H kv-
p1otePN dpdon Tovg eivar avtiofeldmtikn," ? evd umopody va SexTovV avTofeldnt-
k| mpootooio and dAleg ovoieg mo gvaichnteg otnv o&eidwon.’ TToALd uéAn Tovg
éxouv avtiBlotikéc,*® Brrouivikéc,™ 1 olotpoyoves'®!? Bidtec. TLy. M povtivn,
yvoorf cav Brzapivn P, kor ot 9AaPovoveg Tov Aepovidv evicybovy N Brropviki
dpdomn tov ookopBikod 0&Eog kal SpoLY GOV AVTIIUOPPOYKE avEGvovTag TNV avTi-
oT00M TV AUoQOpmV ayyeiov. "AAAe proBovoeldn £xovv kapkivoyoval? KU GAAQ
avtikepkivikny dpdomn.t

O kapkivog Tov 0loo0PdyoL m.x. cLVIEETAL LE TNV LREPPOAIKT KOTOVAA®MON GLU-
TUKVOUEVOV TOVVIVOV, YOPOKINPLOTIKOV TOV GTUQPAOV TOTAV, OTKG O KAPES Kol TO
1001, eved GAla @AaPovoedny dpovv BepamevTikd o €vo KOPKiVOUL TOVL PLvoQd-
puyya. Ilap’ 6o mov eivar yevikd afAofeis evooeg mapatnpRbnkav Kot TEPLRTO-
oelg gAaPovoeldav ue to&ikn dpaon.'> 16 Iepinov 2.000 evioelg, mOL AViKOLY GTO
ohafovoedn, eivar yvwotés kot Bpickovial oe OAQ TA AVAOTEPC QUTE. e Aetynveg
kot 010 Lwikd Poociisio dev Exovv Ppebel pAofovoeldn uéxpt topa, eKT0G And opt-
ouéveg oloBoveg ota @tepd pwog metoAovdag.!?

O 6poc pAaflovoetdrf KOADTTEL WO LEYOAT] OUGSO QUTIKOV EVOOE®MV, TOL TO UO-
pto tovg arnoteleitar and dvo Beviohkovg dakTvAiovg A xar B evouévovg ue wa
npomavikh yépupa (Cy-C-C-C-Ci). Ta kvpiotepa eivar maphywya ng y-mupovng,
EVD TA CTOVIOTEPE TPOEPYOVIOL QO TO GVOLYUX TOL TLPOVIKOL SuKTLAiov 7 THV
avaymyn Tov.

Y10 oxnuo 1 divovtor ot didgopes ouddeg twv erafovoedov, mov mepthoufd-
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8
7
9
5
Zy. 1
vouv Tig xoixoveg I, tig dwdpoyorkoveg I, tig aovpoveg III, g phaBoves IV, 1ig

phapovorec V, tig AevkoavBoxvovidiveg VI, 1ig avBokvovidiveg VIL, Tig kateyives:
VIIIL, tg ohaPavoves IX xat tg orofavovores X

Xoahkoveg, Aovpoveg, Awdpoyarkoves

ATo Tig tpelg avtég pkpég ouades GAaBovoeld®v ol yadkoves KOl Ol aQoVPOVES
Gsmpouv-rou oav €vo JIdLUO PLTIKAOV XPOOTIKOV YV®oTO cav «anthochlor». Me tov
0po avTOV avoyvopiletal pie opdde KITPLVOV YPOOTIKMV, TOL WETATPETOVIAL OF
KoOKkxIveg o oAkalko mepiBdAlov. H paydaio avEavouevn Biiioypooio tov aovpo-
VOV €KAVE CVTOVONTO TOV Sl ®pPlopo Toug amd T0 didvpo «anthochlor» xou ywo tnv
opada oLTAY TPoTAdNKE 0 OPOC «AUroNe», TOL AVOQPEPETEL GUYYPOVAHG GTO XPLCOKI-
TPVO  APOUO. TOVG KoL GTNV oLYYéveld (loouépelr) tovg e tg eAdBovec.'®

Ot xoAkdVec, mov Ppickovial 6Tn @O, EiVOL GE HIKPOTEPO T LigyaAdTtepo Boduod
LEpOELALILpEVE. TAPAY@YL TNG UNTPIKNG EveoT yaixkovy, mov S&v éival YVeoTi
oav Quolkd mpoidv. Ot YeAKOVES Elvol Ol TPOTOL OTOMOVAGILOL podpopoL oTNY
Blocvvleon tmv (p?»(lBOVOSlS(DVlg 2l ka1 0 01KOAOYIKOG TOVC porog o ‘pOoT oE oyé-
O UE TO XPOUGE TOV QUTOV KOl KUPiE ToV.AoLAoLdLOV TOUE VoL GNUAVTIKOG.
Ynapyovv 58 YVOOTEG XUAKOVEC, TOL amouovOinkay and. ditieopa: eutd. Extog and
Aiyeg eEIPEGELC, Of YOAKOVES KOL -0l LOVPOVEG KOTOTAGGOVTUL AVAAOYA-LE TO TPOTY-
mO LROKOTACTAONS TOL B SoxtvhAiov. 22 O1 covpoOveEg oxnuatifovv yAvkoliteg kvping
oty 4~ xav 6- 0&om. 22

‘Ot B1wdpoxaAkOVeEG Eivdl LIPOYOVLHEVE TOPAYGYL TV xa?ucovu)v ctov a,B-
OO Beopo kat éxovv-dueon xnukn kar Proynuiky oxéon uE TIC xa?movag KO TG
OOLPOVEG, BLPEPOLY OHOG ATTO QVTES 070. 01108V £lval EYXPOUES, YEYOVHE TOL dv-
oKOAEVEL KaL TNV aviyvévot: tovg. H:Sievkpivior tng ovvtofng tov tpidv ouddov
yivetal; 6mog kot y10: OAo to. pAeOVOELST) Le aAkaAlkT Katepyasia, onOTE 1 SAGTO-
on tov A xat B Saxtvliov o€ gaivokikd kai mopdywyo To0 Bevioikod ofgog avri-
ototye divel mAnpogopieg yia Tov Pabitd vEPOELAIOCTE KAl YEVIKOTEPR Y1 TN douif]
toug. H digvkpiviion 11i¢ -oOviaEng yivetdl kol pe pdopatookonikés uebodovg (U.V.,
NMR x.A.7):.

Prapoveg ko GAuBovoreg

O 6poc «flavone» mpoépxeton ond 10 Aatvikd flavus (=kitpivo). H npdti oAa-
Bovn, mov amopovobnke oe kabopf katdotdon o 1864 and Tov Piccard, eivaw m
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ypvoivn. IfAuepa sivor yvootég 128 ¢haPfoveg, nmov anopovobnkav and @LOKE
TPOIOVTa, EKTOC 0mo T15 PAaBovodes kou Tovg yAvkoliteg toug. H amiyevivn kot i
Aovteodivn givar ov mo drodedouévec.

Mia vrdbeon vy v Proodvleon tov okeretod tav elofovadv?’ chpewve e
mv _dvxi&pacn:

0
Ho
OH
e 3CH;C00H+HOOC~CH=CH Q OH —r @‘
. TR

emPeforddnke ko1 mewpapotikd pe v mapaxoiovdnon C!* oe evoelg, mov fHrav
gvdldpueco mpoidvie otnv mopeio g avridpoonc.?®

O1 puoikég pAaBoOves eivar cuvhRbwe oAyobdpovAimuéva nopdywye The UNTPL-
Kfg Evaoong pe Siagopovg vrokatactdtes. O Pabuog vépoEvriimong kvpaiveratl and
0 puéypt 7. "Eva yeyovog mov pmopel vo. £xel Proyevetikn onpocio givol, 6Tt 68 aun-
A0 Babud vdpotuvhimong erkpatovv ot praBoves (3-0éom eAevbepn), evid o1 TOALL-
Spotvhimptéveg evaroelg elvar cvviiBwg prapovoreg (OH otnv 3-Béom). And 115 Aa-
Boveg ue wompevikog vrokataotdteg (Ty. 2) n aprokapnivn I peketnnke nepioco-
1€p0, ENEdN HodLel mOAD 6TV cOVTAEN Kat 6TIG WLOTNTES UE TNV KUKAOOPTOKOPT-
vn I, rov eivar 1 partn eAaPovn ue £va npocheto nupavikd doktoio D, povadikd
otV obvta€n tov @lopovoeldmv.?

Ty 2 Moy oH 0

O1 8vo avtéc evioeg eivor mpodpopor otn Prochvleon twV YPOOTIKOV TOVL
@hood tov Morus alba. H @uoivn Il ka1 oogusivn IV (Zy. 2) sivar ta nphta
ohoPovoetdixd odxadoedn mov Bpébnkav otn @von.® ‘O&wo Oeiikd dAata twv
ohofovov givar pio véa TGEMN XPpWCTIKOV.

Ot ghaPovoreg eivar ohaBoves, mov 1 3-8éom Toug Exer vmokatactabel pe OH.
H eldyom avth dweopt otn odvian éxel onuoviikn Bioovvletikn, guotoroyt-
K7, QUAOYEVETIKT], XNUIOCUGTNUATIKT, OUPUAKOAOYIKT Kol avoAvtik ohuecio. H
unTpikn Eveoon <pla[30izé7m Kot povotdpovprafovores dev PBpickoviar ot @don.
Ot pAaPovoreg divouv pia oepd amd kitpveg kKvpimg Amoxpdoelg o€ YopTL Xpwua-
T0ypogiag oto vrepiddeg. PAaBovodes e vrokatesTnuévy Vv 3-080m eppavitovia
oav oxoTeEVEG KknAidec,?! £xovv Eva okoTElVO KaOE POOPIGUG TAPOUOLO UE AVTOV TOV
oAaPoviv,’? evd mapdymyo mov dev Exovv eledBepo OH omv 5-0é0m yevikd xapo-
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ktnpiovior and &vtova @Bopifovia ypopote. Avtdg o @Bopiopds moAléc @opég
Ocwpfbnke AavBacuéva yapoktnpiotikog TV 5-6eofverofovolov.??

O pAoBovoleg divovv Vo ULEYIGTEG KOPLYES ONOPPOPNONG, OTOS POivovTal GTO
oyxnue 3, tnv kopvem I oty neproyf 328-385 nm kot tnv II otnv. nepoyn 240-280
nm, Tov GLVSEOVTEL OVTIGTOLYO ME TO KIVAUMUIKS chotnua tov B.ka 1o fevioixd

a

o0 A SaktvAiov.

—t s

200 300 400

MAiko¢ kOuatoc (nm)

Xy 3

"Artoppognon

i

‘ L 1 ,
200 300 400 500

4 Mikoc kOpatog (nm)

To phrog kduatog g kopveng I oto @doune tov erafovoldv eEoptdtol kvpimg
and 1o Pabud vdpofvlivong oto daxtdOAo B kot kazd dedrepo Adyo and 1o do
KTOAMO A, ev®d 10 Ufkog kdpatog g kopueng Il eEaptdrar and 1o Pabud vdpokv-
Awong tov daxturiov B. O Babuog vdpoEvAimong tov A 1 tov B doktvAiov enn-
pedlel 10 pdopa Tov profovordv aiAddlovtag tnv popet] Tov kol npokoAel Babo-
XPOUIKES KAl LWOXPOUIKES MeTaTOTIOES, oL divouv mANPOYopies Yo T cvvTaln
Tov prapovordv. Avaroysg mAnpogopieg divel kau T ERidpacn dopopwv avTidpo-
oTNPiOV UE TIG UETOTOTICELS TOL PACMOTOS TOL TPOKUAEL. X10 oyfuo 4 m.y. Oei-
yxvovral ot petaBoAég Tov TPoKoAoDV 610 QAcNa TN KEPKETIVNG (@) T0 avTidpuoTh-
pue AICL/HCI (B), CH,;COONa (y) xar CH;COONa/H,BO, (3).
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TTapopoia pacpata divovv kot o avtiotolyes erafoveg kol £Tol Oev UTOPEL VoL yivel
Suakpion petald eAopovov katl 3-0-vnokatectnuéveov QANBOVOADY, AQOV 1 KOpLEN
I ko TV dvo tdEewv vrepkoddntetor oty neplogi 328-357 nm. Pacpatookonikd
AOUTOV UMOPODY. VO OVOLYVOPLOTODY aTOTEAECUOTIKE U6VO QARBOVOAES ue eAeldepo
10 vOpotdMo Tng 3-Ofomc.34 3

O T000TIKOG TPosdloplonos TV PAUPOVOR@V Yivetal cLVABWG UE QOCUOTO-
pwtopetpikéc® i @Bopiopopetpikés pedodovs.’™ 3 H epapuoyn g ¢Bopiopope-
1pig OTOV TOGOTIKO TPOodOPIGUO TV PAUBovor®dY otrpiletar otnv 181dTNTd TOvg
va @Bopilovv kar glvon moAd axpiffg kot gvaicbiytn pébodog. Awydtepo ypnotpo-
notobvtatr uébodot, mov otnpifovial e cvumAoxoustpicéc,®® pIKPOKOVAOWLETPIKEG,?
mohopoypagikés? 4 xar motevolopetpikég* # Teyvixéc. ,

H amopoveon tov pAafovorov kar yevikdtepa tmv GAaBOVOEdOV and To PLTA
yivetar pe ypovoPopeg dwdikaoies, mov otnpilovial KLpiwG O EKAEKTIKEG EKYVAIL-
oglg ue koTdAAnAiovg Sraldteg. To ekyvAiopate SUmE TV PLTOV givol piypato mo-
AmAnBdv kot cuvRbfwg OUOEIBGOY EVDGE®Y, TOL GNUITOVV ETIMOVOLS SLaxmPLoLOVS
kol koBopiopovs. KatdAAnAn emthoyf xpouUATOYpOOIKOV GTNAGV dlevkoAbVEL TOV
YXOVIPIKO Swrymplopd kou ypwpatoypagio xeptov kot Aentig otipadag tov kabopt-
old TOV EVOoE®V Tov onopovavovtal. Ta televraio ypovia n TeXVIKT TG LYPNG
XPOUATOYPOYING DYNANG TiEoTG EXEL CLVTOUEVGEL TOAD Tig dlodikacieg Sy wplopov
kot divel axpiféciepo anoteréopato.

Ot pLaBoVOAES, EVOAIKES LOPPES A-BIKETOVQY, EivaL T1O gvaichnteg oe okeidwon
an’ oAa o PANBOVOELST KAl AVTITPOCSHOTEGOLY TOV LYNAOTEPO Pabud ofeldwong tng
opadog. H avtokeidmot; Tovg mpobmobétel v mopovsio. TOAAGY LOPOELAIMY Kol
yivetal ‘wovo -og oAkorikd mepipdAiov,*> 46

Ot pAaBoveg xo1 o1 AaPovoreg oxnuatiCovv wa peydAn moikidia yAvkoGitdv,
omov yivetor vrokatdotacn ue ohkyape TV VdpofvAinv omolocdhmote BEong
ekTog ™G 6 xon 2. H ovyvotepn vrokatdotacn givar g 3- ko 7-86ong, mov eivor
ot mo 6&wvee. Tlepimov 400 glaPovikol kot prapovorikoi O-yAvkolites givorl yvo-
otol. C-yAvkolites tov 800 ouddwv eivar emiong Sadedouévor oy von. L’ av-
TOVG T} LTOKOTAOTACT, YiveTol uovo otov A SukTOA0 kou wdAicTe otnv 6- kol 8-
0éon.4 '

O 1ponog yAvkolitonoinong twv laBovav xat pAapfovorav oyetiletar ocvyva
ue twv dAlov eAofovoedikav taemv kol pdAioTe TV ovBokvaviSvhVv.

AgvkoavlBokvavidiveg, Avlokvavidiveg kot Koteyiveg

X perétn tov AevkoavBokvovidiveov (npoavBokvovidivev) odfynce to yeyo-
VoG, OTL 0 OAAL KoL AvBn TOAAGOV ovetépwv ELTOV euEAVILoY o OPIOCUEVEG GLV-
Onkeg kOKKIVEG amoypdoELS.*® TTn cuvéyelo Bpébnke, 611 Ta OALL mepiéxovy og ion
TOCOTNTA HE TNV KOKKLVI] XPOOTIKY 7oL dnuovpyeitol, wae Gypoun mopailoyn e,
Y1 TNV omoia npotddnke o dpog «hevkoavBokvavivy. Ot AevkoavBoxvavidiveg eivor
oAl Jodedopéves oty OO ko oL nEPLoCOTEPEG UE oEEn Sivovv kvavidivn 1 kot
dehovidivn 114 (Zyx. 5). R ‘

HO
(1, R=H)
NI1, R=0H)

Zy S oH
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H ovykévtpmon tov avBokvavidivdv ota gutd ernpetletat and o owg’®>? mv

Bepuokpacio®™ 34 kar v neplekTIKdTNTA TOL ELTOV o pétarha’™ 36, TLy. yauniég
Bepuokpacie eDVOODY TO GYMUATIGUO TOVG, EVGO TOV EMTAYXDVEL AYDTEPO T MEPLO-
coTEPO T EAAELYT OPIoUEVEDVY neTGAAmV. Zxetikd e v nlavh BrocvvBetikn oxéon
Tov avlokvavivav kot AELKoovBoKLAVIVOV aVo@EPETUL, OTL 1| UETATPOTT TOV OYP®-
uov Aevkoavlokvaviviv oe Eyypoues avBokvaviveg dev anotehel 10 MOVOSIKO un-
yovioud otn @oon, oAld avtimpocmmredel pio. Ponfntikn dwdikacic oynuATICUOD
xpooTikdVv.’” ¥ O ;kevkoovBoxvovidiveg Bpickoviar kvping ce vt pe EvAddn
1076% K0t éyovV GTEVT OoXEoT ME TIG Tavvives, poivetal pdhota va eivar vredBuveg
ylo. pio. oelpd avtidpdoewv, onwg 1 kabilnon Lelativng xor aAkakoeddv, 1 oTLET
yedon, o oxnuancuog apopewv no?muapmv Kol GAA®V @avouévev, mov anodidov-
01 oTg tavvivec.®

I i AgvkooavBoxvavidiveg éxel npotabel 1 oOvtaén g teTpaidpotveiafav-
3,4-310AnG. o1 xapokTnpioTikéG TOLg OVTOPAsE; OUmG O TOAAOVG QLTIKOVG
16T00G anodidovial oty nopovsic YAoPav-3-oMKdV duephv, ‘I:pl].lSp(DV KOl vynho-
Tépwv oMyouepmv.5% 6

"Oleg oL Gypwueg EVAOCES OV .anopovadlinkav and @utd kor ue Béppovon ue
okga divovv avBoxvavidives, NTov yvwotés cav mpoavforvanidives.5 O 6pog avtodg
dev eivar Broyxnuikdg, cAAG xMuikdg Kot dev cuverdyetar kamow Bloyevetikt oyéom.
Tehkd emkpdtnooy ol 6pot Agvkoavforkvavidivee yio Tig povouepeic mpoavBoxvovi-
diveg, dnwg ot pAaBav-3,4-010\eg KOl GuuRVKVWUEVES TTpoavorvavidives yuL To. dud-
popa pAaPav-3-ohka Siuepf kot vyMAGTEPR OAtyouepm.s

O1 avBokvaviveg (YAvkoliteg twv avBokvavidivdv) mipav To 6voud Tovg and 1o
eAMNVIKG dvfoc kou kpavd, amd TO XpMOUe OPoUEVOV HEAGV Tovg. O Kkatexiveg
(proBav-3-ohké povopept) avikovy KU’ avtéc oTig Gxpwues Tpoovlokvavidives, o)~
Ad avagépoviav uovo cov diuepn, donov aropovalnkov-2 puékn tevs (n xateyivn
KOl 1 emkatEXivn) mOAD diadedouévo otn @Hom.56

Yrapyst iowg petaporikn onuacic oto 61t ot kateyives Ppiokovran ccmvf]emg .
oT0. QLT OF alauespn Hopon, evid ot aAleg ouddeg YAaPovoeldmv o poppn yAvko-
Qtdv.

H mio xopaktnpoTikn ynuikf avtidpoon tov Mmcoaveoxuawéwmv KQL KATEY-
wav givor n petatponh tovg pe Oepud ofd otic aviictoysg avBoxvavidivect %

&

Meyaing onuaciag sivar xat i 1819t TOLG Vo oynuatifovv Tolvuept (cvuTLKVE-
uévec mpoovBokvavidiveg) ue v kotoAvtikn enidpacn ofwv i eviduwv. H tdon
QUTH Y0 GLUTVKV®OT Eivol cLVBEdeuévn pe TNV mapovsia VOPoELAinv otnv 4- Kot
T-0éom. Ta molvuepn avtd Exovv dewikes 10tNTES (TAVVIVES), TIg OTOlEG GTEPOLVTOL
ot kateyiveg kot ot AevkoavBokvovidives. ITpotindbecn Yy to deyikd yopaktipa
peg Evaong eival 1-oLOGHPELGT PUIVOALKDY LEPOoELAIeV Kt 11 Tdomn NG Vo oxNn-
potiCer veépxopa dtadvpora. O deyikog yapaktipag avéaver pe v avénon tov po-

Zyx. 6
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plakol Bdapovg twv molvuepmv, (or ToAveaivores ue M.B. 500-3000 €xouvv kavo-
nowntikég dewikée 1510tnTeg). H avtidpaon g cvundkvmong Tov npoovlokvavidi-
vov gival apeidpoun k' £tol and Tavviveg pe oEwvn katdAven mapdyoviat avBokva-
wvidiveg. H amodoon tng aviidpoong mpog tnv kotedboveorn avth avEdver pe to fod-
1o moAvpepiopod twv mpoavBokxvovidivoy.’® 7!

Iavtog to npoidvio tng kaTaALTIKTG VTG avTidpaons dev eivar ndvToTe povo
avBoxvavidiveg, aAAd kol GAAEG YpOOTIKEG Ue okeEAETO popiov SOPOPETIKS and TV
oraBovoelddv (GAata EavBvriov).”™ 7

ITAovow. wNy7 OAlyOuEpGV TPOKLOVISIVEOV &ival Ol KEPTol TOV ON®POPOpmV
QLTOV™ Ko KUpimg T oTaELA. 8 H ouYKEVIPOOT TV SWEPOV TPOKLOVISIVOV
OTOVG KOPTOUG EANTTOVETAL PE TNV WPILAVOT], UE OTOTEAECUO VO XAVETOL 1| GTLON
ToLvg YeVon. AvTo ogeidetar oTtnv avénon tov Babuod moAvuepiopod pe v wpi-
pavon.”

H &ievkpivnon g odviokng tov avBokvavidivadv yivetar covibmg pe covdva-
oud YNMUIKOV Kol QUOIKOV UeBOdmv.

‘Otav M £veoon Tov amopovevetal dev eivat katvodpio, 1 TavTdTTd T1g UTOpPE
va anodeiybel TAPOS XPOUOTOYPOPUE amd TIC TWES Tov R g og Sidpopovg dio-
AbTEC Ko amd To QAcun, mov Sivel éva Siaivud g 0,01% ot ofwviocuévn pe HCI
uebavorn, oto vrepLOdeG-0pato ows. H yopaktnpiotikf avtidpaon ue AICL, ce av-
Boxvavidiveg, mov £xovv dvo dadoyikd OH otov B daxtvAio, divel eniong wo ypn-
own -rAnpogopia yww ™ ovvtafn TG évaone. T tnv aAfpn dievkpivion g
oOVTOENG UG EVOGTIC, TOV GTOUOVAOVETAL Y10, TPOTN POPQ, Elval amapaitnTtn KoL M
ik didonach tng (0mokodounon), ektoc twv nebodov nov avoeépbnkav. ‘Al
Aec Quoikeg pébodot, OnwG AEPLA-LYPT XPOUOTOYPAiD KOl acuatoypooic ualacd?
N 'H NMR®!, ypnoonolodvtor ornavidtepo yo tn devkpivion g cvvtogng av-
BokLOVIBLVOV KOl GYETIKOV EVHOGEMV.

Tnv épevva tov pAaPovoeldmv tdiaitepn mpocoyn diverol onv ynueia kot Pro-
ynueie tov avlokvavidikdv xpoctik®@v,?® oL oroieg 6o ka1 mEpLocOTEPO YPNOL-
pomolobvTol TEAELTOIO 6T0 TPOPLUE OVTIKOBIGTOVTAG TIG TEXVNTEG X POOTIKES, ELELON
eivar ofrofeic ywo v vyeia, £xoov Aaunpd kot TOKIAAL xpdUATO. KoL Eivar vdaTo-
SoAvtéc.® O BroovvleTikog unyovicuds twv avloxkvavidivov eivol 000G pe TV
dArov eraBovoeddvd kat moArd évivpa maipvovv pépog o’ avtov.?’

Dropavoveg ko Drapavovores (Awdpooropovores)

Ot oAoBavoveg eivor avnyuéves popoés tov Aofovov kol ot gAafavovolreg
TV gAaBovordv (Srudpoerafovores). H untpikn orofovovn dev anavidel otn Qv-
o1, eV 1M anAovotepn Quolkn eAaBavovn Exet éva OH oty 7-8éom. Ot pAafavo-
veg eival 1oopepeic we Tig xoAkOves, and Tig onoieg mpoépyovior Brocuvletikd. ‘E-
youv éva kévipo oovupeTpiag otov C-2 kot moAAL Quolkd. péAN Tovg eival ontikd
evepyd. O @loPavovoreg €xovv 2 acVuuetpa dtopa avBpoka C-2, C-3 ko o
amAoVOTEPOS PLOIKOG TOVG avTinpdcmnog £xel éva OH otnv 7-8éom. MéAn tov §vo
ouadwv moipvouv pépog cav evdduesa otadia ot Procvvleon tov dAlov @Ao-
Bavoedmv pe oEedatikobs kol avaymylkohg unyavicpovg.®®
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Kepxetivn (praPovodn) = Ta&ipohrivy (prePavovorn) — AevkoavBoxvavidivn

l < J
l} — Kvawidivny

> Koteyivn €

H eunopixn onuecio tov dvo onddev ompiletar & opiopéveg 1816t TéG TOBG,
Onwg eivor Ty M 1KAVOTNTO oplopéveov Swdpoerafovorav va -ovaxortifovv tnv
dwdikacic g moitomoinong otn Prounxavie xaptov.¥ Opiopéves erofoavoveg
tov Citrus propovv vo: ypnoiponomfodv ot @opuoxevtikh- frounyavio nopd v
mKpH Tovg Yevon®® we v afonoinon g oxEcNG, TOL LIEPYEL HETAED TNG CVVTO-
Eng xar tng yebong tovg.’ *2 H voptyyivn m.x. 1 mikpf @Aofavovn TovV mopToko-
AV, pe dvorype tov doktoAlov g Kol aveywyfi tov dithod Geopov peTATPENETOL
otV ovtictolyn dwdpoyoikdvn, mord YAvkS mPoiov.

"AMAEC OUGOEC QUTIKMOV YPOCTIKAOV

"AMLeg TaEEIC EviboemV Tov éxovy otevil oxéon e o pAofovoedh givar o 1oo-
pAaPovoedn,. o SipAaPovoeldn ke’ e veopAaBovoeldn.

a) Ioopiafovoeidr

O1 gvidoelg TN opadag authg Stopépovv ard o kavovikd gAaPovoedn 1o Po-
OlKG GLVTOKTIKO Tovug okeAetd. Evd oto poplo tov erofovoeddv dbo Peviorikoi
dakTOAOL evdvovtol pe e mponovikf yépupe (Ce-C-C-C-Cy), n yéoupae avtf] ot
1oo@AaPovoeldn eivar LGOTPOTAVIKT (C6—C-(_IZ-C6). v opddo avth mepthoppavov-

C ,
Tl moAAEG TAEElG Puolk®V Tpoidvimv. Mepikég and TG TaEelg avtég sival ot 160-
@raPoveg I, ot wopraPfavoveg 11, 1a opraPavia IH, ta potevoeidn 1V, ta ntepo-
kaprnavie V kot 1 xovpsotdvie VI®? (Zy. 7).

111

vi

Zy. 7

H nowiAie 1oV ovvtaxTiké 100UEPOY EVHOEMV, TOV UVIKOLYV GTNV opdda Tmv
100pLaPoVoESOV lval mpoyuaTiKd ToAd ueyaddTepn o’ CVTHV TNG KAVOVIKNG OAa-
Bovoedikng oeipds. Amd cuvtakTikfy Groyn éxovv otevi] Bloyevetikhi oyfon ue 1a
PraBovoeldn,® onwg Beixvel o unyaviouodg oto oxfua S.
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O
OOy Q0 —C0)
— .

1] LOH» . 0 . 0
Avtifeta dpwg an’ avTd, TOL ATAVTOVY GYXEdOV 67 OAX TO AVAOTEPE PUTH, TO. IGOPAN-
Bovoedn eivar kvping Sadedopéva oe e opdde @@V, T Yoxavén.® O cvvol-

k6¢ aplBude Twv YVOoThV Evdcemv Tov anopovobnkav givar mepinov 180.

Ot wooplafovec glvor 1 o cvvnbouévn ta€n Tev wooprofovoedmv. To peyadrd-
1epo uépog Tovg sivar amAég wwopraBoves, Tov omoiov N cOvialn axolovBel o
npotuno ofeidwong tng mpovvetivng (Xyx. 9).

Zy. 8

OH
Zx. 9

O xatdtepog Babudg vOpofvAiinong tovg eivar 2 kot o avdtepog 6. Or voloineg
1w0opraBoveg covnbileTar va ovopdloviar ovunlokes, agov kabe évoon nepthaufa-
vel kol GAAovg daktvdiovg. O meplocoTepes ONAEG 100QAAPOVES EXOVV TOPACKELA-
ofel ko ocvvBeTikd ko oymuatiCovv mowkidia yAvkolitdv. Xe moAAEG MEPITTMOGCELG
pdAiota ov yAvkoliteg tov 1 dplafovdv TpolmEp oLV OTN PLOT TOV AVIICTOLYMV
ayAvkwv.% Toyvotepotr givor ot 7-yAvkoliteg kou omavidtepeg ot gvoeg He 4'-
yAvkolitikd deoud.

O1 10oprafaviveg avtifeta pe 11 wopAaPoveg dev eivar moAléc. H mavrtupaka-
o18lvn sival M TP@OTN OLGIKT W6oPAaPavoVN.ST Apvdpoyovwon Twv woprafavovoy
divel Tic avriotolyeg woprapoves. Eivar afoonueinto, 611 éva onuaviikd mococtod
woophafavovov £xel otnv 2 -8éon vdpofdio. M mbovh eERynon Y’ avtd eivar n
Bloyevetikn TpoELeLST TOLG Ad TA TTEPOKAPTAVID, HE TO. omoia cvVIiBwg cLVVTEP-
XOLV.

Ta potevoerdyi unopovv va Bewpnbolbv cav coprafavoves, mov Exovv tporno-
non0el kotd éva eni nAfov dtopo avBpoka. To TpdTO HEAOG, 1} POTEVOVT, QATO TNV
omoia mNpe kKOl T0 Ovoud tne M opdda, anopovabnke cLYYXPOVLG LE TNV TPOTN LOO-
orapovn.®® I'vootd eivon péxpt todpo 15 potevoewdn. Adyw g mapovsiag Tov eni
nhéov daxTuAiov B, ou ynuikéc kar oTEPEOYNUIKEG TOLG avVTIOpAoEl; eivar apketd
noAOnAokeg.> .

Ta woplafdvia ovTmpocwmnedovy TV o oAydplBun 1a€n tov woerofovost-
dov. H mapovsio-tov wcoplofaviov oe @utd £xel mictoromdei ta televtaio povo
XPOVIO. KO yia TOAD Katpd 0 povadikog aviimpoosnnoc e TaEng otn ¢von fTav o
Cwikog petaforitng exkovdhn. Yrndpyovv anodeifelg, 0Tt o cophafavia £xovv ote-
vi| Bloyevetikny oxéon pe 10 mreEpokapmdvia.l®

H 16&n tov ntteporapravioy eliye yioo moAd kopd udévo 800 aVTITPOSHTOLS, TNV
TTEPOKOPTIVY Ko TNV opontepokapmivn.l%! TIoAléc mpocbikes vimv pehmv Eyvav
v teAevtaia Sexanevtoertia. To mTepokapndvid amaviobV oTn QLON KoL 0TS OV0
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UOPOEG AVTITOd®V, TA TEPLGGOTEPE OUL®EG QLOLKA LEAT] TOVG EXOLV OPYNTIKT CTPOPL-
K7 kovotnTO. :

Ta xovueordvia avTITPOSORELOLY TOV LYNAOTEPO duvato Bobud ofeldwong yio
Tov 6opAoBovoedikd okereto. To npdTO PLGLKO kovuesTdvio elvar N BedeAoAokTo-
.12 "Exouv armopovwBel mepirov 20 evdoeg ue 1o idlo ovetnue daktvriov.

Ta @éopota TV KOLUESTAVIOV GTO DTEPLODES EIVOL TOPOUOLL UE VLT TOV QAO-
Bovdv kot praBovor®mv.!®”® Avaueifolo or Sidpopeg TREEC TV 160QPARABOVOEISHDY
oL LTApYOoLV o1 PVoN elvar Ployevetikd 6TeVE GLVOEDEUEVES KOl TAPAyOVTAL UE
evdiapeco otidue and oelpég prapovoedov.'o

Mia yapaxtnptotikn WiotnTe TV 1sogAaBovoeddv gival n Bodoyki tovg dpd-
on. Avtifeta e aAlla gAaovoedn, Tov 610 cVBVOAS toug eivor afrafei evooerg,!%
0. 160PAaPOVOELST EXOLY OLGTPOYOVEG, EVTOULOKTOVEG, 1XBLOKTOVEG Kot OvTIBaKT-
PLOKES, 1OLOTNTEC.

B) AipraBovoerdi

O gvioeig g 16EN¢ avtng opilovtar cav duieph proPovayv (0nwg TG antyevi-
vne) ka étol Swkpivoviar and GAko duepn prafovoeldn, énwg ot mpoaviokvavidi-
veg, OsioproBiveg kAm.

O1 «khaooikég dupAaPovesy aviikovv TumKG o€ 4 OlKOYEVELES: TNG AuEVToQAaBo-
vng I, g xwokipraBovng I, tng kovnpescopraBovng III ko tng aykobicerofo-
vng IV, 10 omoiov o1 cuvtakTikol THTOL divoviar 6To oynua 10.

Tavtwg moAAd Swplafovoedn, mov anopovadnkav wpdceatd, dagépovy amd
116 KAUGGLKES SieAafdveg, 0L ndvo Gtov Tpdno vOPOELAINGNG TV UPOULTIKGY Sa-
KtOAiOV, 0AAG kot otov Babuo oEeidwmong Tov KEVIPIKOD E1EpPOKLKALKOD SaKTL-
Alov.106 :

Ta dwproBovoedn anaviodv kupiwg 6T0. YOUVOSTEPUD, PPédnkay Opme kol G
uepicd  ayyeldonepual’’ kot 6g oplouive EVIEAMC GTOLYELO0N ayyelddn ov1d.!®® To
uovo SwproPovoeldég, mov armopovabnke oe pn ayyeiddeg eutd sivon 1 SrthovteoAi-
.1 Ta mo ankd SipAaBovoeldn paiveral vo gival Tov TOT®OV NG GUEVTOPAXBO-
‘vmg kot g XvokipAafovng. Ot yAvkoliteg TV EVOGEDV QLTOV sivar oAd ordviol
KOl T TOPOLCIA TOLG OTN QUOT TPENEL va £XEL MOAD &8k yapakthpa.
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O unyaviopdc tov GYNUATICNOL TOV JSPAXPoVoEddY oTn QVoN MGTEDETAL, OTL
givar wo ofedatikh: Sidvponoinon g anvyevivie. To npdto pélog g té€ng, n
KWkpeTivy, anopovalnke 1o 1929 and tov Furukawa.

) Neogplafovoeior

O 6pog gpmotponofifnke yo mpdtn Qopd axd tov Ollis,''0 yia vo neprypapel

p opdda puoikd@v mpoidvimv Tov Tomov I (Zy. 11). Ot evacelg avtég EYOvV oTEVN
oxéon pe e PAaPovoeldn kot 1o 1oo@AaBovoetdi. Tty opdda cvunepeAnednkay
ot daABepyroveg I kor ta 3,3-8wwpvronponivia III, evdoelc. ue avoryth aAvcida
Zx. 1D).

Zy. 11

To mpdto MELOC TV VEOPAUBOVOEWSOV ToL amopovodinke,''? 1 kaAoPtAloAidn,
‘éxer T oOvtaEn mog 4-earvorokovpapive IV.113115 Ta @ooikd veoprofovoedn
xopicbnkav edxoda (ov kot avBaipeta) 68 OUAdEG COUPWVA UE TO GLVTAKTIKO TOLG
THmo ko1 TNV TNYRH TpoéAevan tovg. Ot ouddeg avtég eivor: ot 4-apvAokovpuapives,
ot SaAPepyioves, o veopAaPévia, ot daAPepyikivores, to 4- apo?»oxpmuavta Kot T
KOULMOPIVIKG OEEa.

Adym g opoldtnTag otov Tpomo ofeidmong otig daABepyidves, daAPepyikivo-
Agc ko 4-apvrokovpopiveg anodidetor 6° avtég T TaEEIC EVOTEDV BLOYEVETIKT) O)E-
ont'¢  Ymapxoov Shpopeg Bewpieg yw 1o pnxaviopd Procvvbesng  tov
vaocp?»aBovomva

Mo an’ avtég vrootpilel Evov napdAAnio dpduo ue ™ Btocuveacn TOV QAO-
Bovoedav kar icopraPovoeidov,!!’ eve cbppova pe dAieg fempieg axorovbeitor é-
vag PlofeldmTikdc UNYOVIGNOG UE oxnuatioud g 4-opviokovpapivnc!® f wa
Broavaywywkn avtidpoon, mov apyilel pe 4-apviokovuapivn.!’® Bioroyikod TtHmOL
HETOTPOTEG VEOPAAPBOVOEWS®Y &yvay e PEYGAT amoOd0oT OTO EPYOGTApLO. 20

IMpocoatn Epsvva oroPovosiddv oe OGpopa QLOIKG TPOTOVTR

Ta televtoio xpovid aoyolobviar 7oAlol epevvntég ue mpoPAnuata, mov Om-
MOLPYEL 1 TO.povsia OpIoUEVOV PAABOVOEDDY G TPOPLUQ, PApUAKE KOl YEVIKOTEPQ
o€ QLOKEG TPMTEG VAEC.

draBovorikd yAvkepidia dnuovpyodv noAléc popég avemBounta Bodduate Kot
yeboeig otny undpo. [a v anoudkpovern tav EALBOVOAIKOV aLTOV TOpPLYDYOV
avortOyxOnke uébodog kAXGUATIKAG EKAOVLOTG UE TNV TEYVIKN TNG LYPNG YPWULTO-
ypaopiog vynAng misong (HPLC).!2!

Zoyva oIV ETLPAVELL KOVeEPPapiouivay kpeppuvdiov rtapovoidfovia peTd and
napopovn kitpveg kniideg. Ot arlowdoeig avtég eivar BEPora avembounteg, aArd
givar afroBeic, apod opsilovtol o8 EVOTOPECELG KEPKETIVIG, TOL EIVAL QPLGIKT XPw®-
OTIKT| TOV Kpsupvdiov.i??



138 I. TZOYBAPA-KAPATTANNH

H anopdvoon kot  Tavtonoinon Tov eAafovoelddov, Tov VAP ovV O OpLouE-
Vo QUTA, YIVETOL cLYVE UE OKOTO Vo eENYNGEL TIC QUPUOKEVTIKEG IOIOTNTEG TOV QU-
1OV avtev. 21 _

I'o ™ ovvtipnon moAAdV tpoginwv yivetar yxpficn twoprafovav AdYo TV
AVTIOEEIBWTIKAOY KAl UOKTToKTOVEV 1810tHtev Tovc.!?® H avuioteildotiky ikavotnta
oplsuévev QLOTIKIOV anodidetal otnv mapovsia g Swdpokepketivng.'?’

Mo v anoudvaoon eviduav (transferases) and paivtavo (Petroselinum horten-
se) ypnowonombnke vrocTpmuo Prapovoeldikdy yAvkofirdov.!2 129

Amnbé ™ oo6y10 €xovv anopovebel moAld oraPovoedn kvpinwg ue HPLC130-132
Kol €xgl yiveL moooTikdg mpocdiopiouds Tovg o€ GoyudAsvpo.'d’

T1a xOkKve OAAL Tov @uTov Perilla frutences, mov xpnoiuonoiEiToL Gav TPOPT
KOL oAV YPWOTIKN Tpopinwmy, avayvepicOnkav 16 &idn ¢lopovoeddv.®* Ta v
TPOGTAGI TOL PMTOEVLAiIcANTOL YPOUETOG TV avlokvavivdv'3s kol GAhev ypo-
oTlk®V,!3¢ Tov ypnoiponolovvial covilng ota TPOPLUa, YiveTal xpnon aAdTeV To-
Aovdpovhmpévov elafoviv, gAaBovordv kot sogrofovav.

To yxpodno opwouévev edodv fayaponiactikng (UmiokdT®V, KOLAOLPIOY KAT.)
TOLKIAAEL 06 GKOVPO KAGTAVO PEYPL OVOLXTO KiTPvo, AVAAOYX pE TNV MEPIEKTIKG-
™M1 tovg ot PouPokdievpo.?’ Ou BauPakosnopotl nepiéxovy pAaBovoetdn, nov &i-
var dproto oviiogedotikd Atmdiov.! 8

Extetapévn épgvva Exel yiver yuo TNV 0nopdvemon KoL ToV Tpocdlopiond dagd-
pov pAaBovoedmv ot epovte (Onmg oTaELAL,® Toprokdha,*® epanec,'#! Soud-
oknvi; 42 epdoviec'®), o Aayovikd'** ' kot pmoyopikd,'*® oe Sidpopa &idy
Bapvaov,'47 148 5e xpaoid,'*® oe yopn AovAovdidvii® T g,

Melethfnkav pe oyolactikdtnto ot cuvlnkes Tov neptBdAloviog, Tov ennped-
Couv v Proyéveon ¢ouivodav kot gAaBovoimv oto kpiBdpt kotd TV avanTuEn
100,152

Télog anopovambnkav koi tavtonomdnkav cuviaktikd vée eAopovoeldn, OTmg 1
melitin ka1 1 clovin ané to TtP1evOAAL'*? 1 phyllospadine ané 10 Holacoivo yopto
phyllospadix iwatensis'* ka1 §0o véeg peboEvoraPovoveg and knpdhpeg peAicobv.!
DraPoveg ko1 eotépeg TovG TOpackevdsnkay cuvleTikd Yo aviiofeldwTikf xpriom
otd TpoQrua. 3

Summary

Flavonoids and related compounds of plant pigments

This review article covers both the older and recent literature on Flavonoids, whi-
ch are a group of natural compounds universally distributed among the plants. The-
se compounds are of significance to many industries, especially among the food and
drug sectors.
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Summary

The “unified theory”! ‘and the way of thinking it introduces have been applied to the
question of the structure of the intermediates referred to as non-classical ions.

Predictions have been reached about a reasonable structure and number of intermediates
involved in such systems. The proposed intermediate system differs from those of either the
classical or the non-classical schools of thought which are argued to be both partly right and
partly wrong.

The suggested system allows the existence of a spectrum of possible structures’ and
behavior governed by a number of factors and by their variation; it may also be-used to ex-
plain the available experimental data.

Some representative types of systems (three general types are recognized depending. on
the nature of the participating group) and systems within them -are discussed in the light of
this theory.

An analysis suggesting some of the causes which have led to the accepted picture of non-
classwal carbonium ions and to the controversy on the subject is presented. It is argued that
the main cause for the creation of part of the problem is found in some basic features of the

“usual approach” to reaction mechamsms: they are not present in the “unified approach” —
such as the very concept of carbonium-ions in solution as redction intermediates. The same
causes are believed to have been partly réspornsible for thé creation (in addition to the
solution) of a number of problems:in the field of reaction mechanisms in general.

It is suggested that the polemic between the two schools of thought (which schools could
be reconciled by way of the proposed intermediate system) be turned instead against the
usual approach. .or some features of it, and that this approach be substituted by the “unified
approach™ as required by thfj1 “unified theory™.

Key wordé: Solvolysis, non-classical carbonium ions, unified theory..

-* This paper is a reprinting of DEMO 68/4 (July 1964, reprinted Jurie 1968) Atomindex 11, No. 5,

1488 (1969); For papers I, II, and IIT of this series see refs. 4-6 respectively; See also the introduction
to the reprinting of the series DEMO.68/1 - 68/4 in this Journal as papers LIV respectively: G.A.
Gregoriou, Chimika Chronika, New Series, 8, 215 (1979).
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Introduction™*

The concept of non-classical carbonium ions as reaction intermediates has found
wide use in the field of reaction mechanisms.” These intermediates have generally
been represented by a single mesomeric’ “bridged” structure correspondmg to an

energy minimum along the reaction coordinate representing rearrangement of ‘II to
III.

Z
/A\
R2 Ak AN R4 >_§—_—<
; : R
Ry R / R
1
2z R4 R2 z
R
R3 1
RZ Ry,
Ry X X Ry

It was suggested in 1958! that reaction intermediates, in particular the first for-
med intermediate, are not to be treated as carbonium ions, or as other ions, but that
reactions proceed instead by way of an intermediate complex.** The representation
of this intermediate in addition to differing from. that of a carbonium ion differed
also, in its general form, from that of either a classical (IV) or a non-classical (I)
structure. It was allowed in principle to involve some bridging but this, when present,
was only fractional, as a rule, giving rise to an “unsymmetrical” extent of bondmg of
Z (a neighboring group) to Cg and Cg.

- The above suggestions were part of a unified mechanism ‘introduced at the time!
‘which has been discussed again and developed further?® as a unifed approach and
theory governing the mechanism of organic reactions in solution and making use of

~ a unified model* (V and VI of Fig. 1) and of a unified intermediate complex (a reac-
tion intermediate described by the unified model) instead of the various classical
mechanistic models and the various ionic species (carbonium ions, carbanions, ion-
pairs etc.) and radicals used as intermediates by the usual approach to reaction
mechanisms.

The conclusions derived from the application of the theory to the question of
non-classical carbonium ions appeared in these discussions'> also. According to
them, the intermediate (the term will refer to the first formed intermediate) formed in

* This,* and the preceding papers 5 of this series were written from 1962 to 1964, at the Demokritos
Nucleal Ikesearch Center and the Brookhaven National Laboratory where the atthor held a 1962-63
pomtment and parts of them were presented in seminars.? Their starting point has been a
techanism introduced in 1958.!

** The m et employed (unified model) and the interactions involved, thus, the “thinking” associated
with this,.model, were the important feature and not the reference to it as an intermediate.
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the solvolysis of II has to be in principle “unsymmetrical”* and to involve a number
of partial bonds as symbolized by the unified model VI.
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Fig. 1: (V) A symbolic rqpresentation'of the “unified model” for organic reactions; (VI) A more detailed
but still symbolic representation of the unified model, particularly as it applies to reactions at a
saturated carbon (illustrated best for nucleophilic reactions).

This intermediate is not to be the same but to differ from another “unsym-
metrical” intermediate formed in the solvolysis of III. Consequently, the reaction in-
termediates behaving as non-classical carbonium ions cannot necessarily be assigned
a single mesomeric structure (“symmetrical”). Thus, if the experimental data suggest
the intervention of an apparently symmetrical precursor to the formation of products,
their reconciliation with the suggested “unsymmetrical” nature of the intermediates
necessitates the assumption that these must be involved in an interconversion more
rapid than that of product formation and/or that a symmetrical intermediate is for-
med subsequently to the formation of the “unsymmetrical” one and again faster than
product formation. That the formation and interconversion of two “unsymmetrical”
intermediate complexes in which the roles of Cg and C, are reversed should be
possible, had been pointed out! as being one of the capabilities of the intermediate
complex of the unified mechanism.

Data available in the literature,>'® ' support the predictions of the unitied theory,
whereas they cannot be interpreted well with the established concept of non classical
carbonium ions. The strong objections to the extensive use of the concept of non-

* The term “symmetrical” intermediate will be used to denote an intermediate I in which the Z group is
bound to Cp and C, to such a relative extent as to render optimum the contribution of the forms VII-
X as governed by the R groups. Thus, for a compound for which R, R, = Ry, R,, the term “sym-
metrical” intermediate refers to a structure in which the Z group is equidistant from Cp and C, and
thus in this case it also denotes geometrical summetry. This is not so, however, when the R groups are

+ +
z z Z z

Rz: / +:R‘ R2:+ N\ :R‘ Rz: / N\ :R, R2>
Ry vn Ry Ry vy Rz Ry 1x Ry R X

different. In this latter case, the “symmetrical” structure will not be geometrically sysmmetrical, the Z
group being closer and more extensively bound to the carbon atom bearing the poorer electron donor
groups. The term “unsymmetrical” will refer to a structure in which the Z group is bound to Cy and C,
to any relative extent different from that in the “symmetrical” structure and of course to structures also
in which the group is bound to one only of the two carbon atoms.
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classical carbonium ions recently brought up by H.C. Brown® add further support to
these predictions. Since the concept of the symmetrical non-classical carbonium ions
is a generally accepted one, the consequence of these objections was to render the
subject into one.of today’s very spectacular controversies in the field of reaction
mechanisms, with chief opponents H.C. Brown {(against the concept) and S.
Winstein!! (for th> concept). The unified mechanism, however, had provided -the
basis for an answer even before the subject became controversial, as has been
already strongly argued.?*

The non-classical carbonium ion school represents the actual intermediate by a
single mesomeric bridged structure I corresponding to an energy minimum (an inter-
mediate). According to the opposite school, the actual intermediate is described by
two rapidly equilibrating classical carbonium ions (IV and XI). According to the lat-
ter school, the bridged structure assigned to non-classical carbonium ions by the for-
mer school corresponds not to an energy minimum but to an energy maximum (a
transition state).

The above spectacular problem and controversy as well as most problems and
controversies in the field of reaction mechanisms have been claimed!® not to be real
but to have been created partly by the established approach to reaction mechanisms.
This established approach will be referred to as the “classical approach” or “usual
approach” as differentiated from the “unified approach” or “unified theory”.

The purpose of this paper is to illustrate this point in the case of the non-classical
carbonium ion problem and to discuss in general terms some among the predictions
of the theory concerning questions pertinent to the non-classical carbonium ion con-
cept and problem.

Discussion

Let. us consider the solvolysis of a substrate II, in which X is the leaving group,
R,, R,, R,, and R, are hydrocarbon residues, and Z is a group the participation of
which to form a non-classical intermediate is examined.

According to the unified theory, the solvolysis of II must proceed and obey the
following rules.?> The system must greatly resist the development of any substantial
charge (a charge larger than a small fraction of unity) on carbon and hydrogen, and
in general must resist the development of any substantial charge (namely of elec-
trophilic potential, according to the terminology of this approach) on atomic
residues. The system must react by way of the operation of “paths” (paths of
transmission of nucleophilic forces) involving in each one of them not one or two but
a great number of atomic residues. The charge on each atomic residue involved in
these paths must be governed by the concept of the “gradient”.?> The relative con-
tribution of these paths must be governed by their relative ease of operation. These
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and other principles®® deriving from the theory lead to further requirements which
are features of the approach. _

Thus the process of rupture of the C,—X bond in the solvolysis of II is a process
which is studied as being the result of fractional nucleophilic displacements occurring
in the substrate and the medium, viewed as one large compound consisting of frac-
tional bonds. The state of the reacting substrate during its transformations is nof
allowed to be distinguished (e.g. ionic vs. non-ionic) from that of the medium. Thus
the -substrate looses its entity, and characterization of the substrate as an entity and
of the features of such an entity (e.g. of its charge) become meaningless. The focus is
instead on paths of transmission of nucleophilic forces (direct, indirect, and side
paths)?? along a series of atomic residues which may belong at the same time to dif-
ferent molecules. This focus abolishes automatically the thinking in terms of entities
or ions (carbonium or other).

The concept of ionization, as the formation of ionic entities surrounded by sol-
vent dipoles and/or by a dielectric medium (ion-dipole picture or ion-dielectric
medium picture), is abandoned even if mathematical treatments in terms of such pic-
tures give reasonable answers. The process is instead viewed as one involving a num-
ber of partial bond formations (partially covalent and partially ionic) and ruptures,
and of partial displacements, just as is done for any phenomenon in solution ac-
cording to this theory.

To simplify the presentation of the arguments concerning the question of a non-
classical intermediate in the solvolysis of II, compound II will be assumed to be a

“symmetrical” substrate (R;, R, = R;, R,). This does not affect the generality of the

valldlty of the conclusions that will be reached. These conclusions are to apply to
“unsymmetrical” substrates as well, provided of course that the definition of the
terms “symmetrical” and “unsymmetrical” intermediates given in this paper is kept
in mind.

Several “series” of compounds II can be considered, varying in the R groups and
structure in general, varying in the Z group, varying in the leaving group, and
reacting in various media. '

Some essential arguments and “thinking”, on the.basis of which the non-classical
carbonium ion question can be studied and predictions of the effect of a change in
the above variables can be made, are given below.

In order to answer the question of the classical ys non-clasical nature of the inter-
mediate in the solvolysis of these compounds, the-contribution of the paths to bridg-
ing must be compared with that of the other paths. According to the theory, these
contributions must be related to the ease of operation of the respective paths.

Thus, in order for the first formed intermediate to be the symmetrically bridged
species, the parths leading to bridging should substantially overshadow the others in
ease of operation. This requirement is imposed by the postulate of the etiology of the
formation of intermediates* > !* derived from the unified theory.

One more requirement for the formation of a “symmetrical” intermediate can be
recognized: the leaving group X, in addition to the Z group, must be “symmetrical-
ly” situated with respect to C, and Cg This requirement follows from the principles
of the theory and the deriving requirement that intermediates be not carbonium ions,
nor entities, nor be studied as such. In contrast, the usual approach would allow the
formation of a symmetrical non-classical carbonium ion intermediate, even if the
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leaving anion group were asymmetrically arranged in the intermediate pair.

Let us now look at the possible paths. They are the direct path, the indirect ones,
and the side paths. The side paths are defined, as seen in the unified model VI, by
the action of Y (and of the leaving group X) on the rest of the molecule directly, or
indirectly through solvent molecules (depending on the distance and conditions), and
on to the medium. Since these attacks are partial displacements, the distance and the .
number of residues between the nucleophiles (Y and X) and the centers of the com-
pound involved, as well as the ease of rupture and formation (both partial) of bonds
between the residues involved along the paths, are factors controlling the ease of
operation of the paths. In solvolyses reactions, the distance between Y and the com-
pound is usually too large (for reasons understood in terms of the discussion given in
ref. 5) for side paths involving Y to count. Furthermore, for the usual compounds
and in particular for saturated hydrocarbons, the operation of such paths, even those
paths involving X, should not be easy (if electron attracting groups are involved in
side paths, their ease of operation should increase). Thus, their operation can be
neglected, at least in the solvolysis of substrates having a saturated hydrocarbon
structure. The burden for the reaction is thus placed on the direct and the indirect
paths.

The main indirect paths are: the'paths utilizing R, and R, in a hyperconjugative,
inductive, and other sense; the paths utilizing R, and R, in a hyperconjugative sense
(and inductive through the entire Cg residue) diminished however because R, and
R, are out of the plane defined by Cp, C, and X; the paths utilizing Z in a
bridging-hyperconjugative sense, although one of them, -EN-Z-C,-X-EN-, which
corresponds to what is described by the resonance form IX, may be called a direct
path.

The direct path itself is the one involving nucleophilic attack by the solvent on
Cq.

The paths leading to bridging are: EN-R;-C3-Z-C4-X-EN- (and that using R,
instead of R,), -EN-Cp-Z-Co-X-EN-, -X-Cg-Z-Cg4-, which correspond to what
is described by the resonance form VIII; EN-Z- (C4-Cg) -X-EN which corresponds
to what is described by the form X; and the path EN-Z-C,X-EN- which corres-
ponds to what is described by the form IX.

Let us now compare the ease of operatlon of the paths leading to bridging with
that of the paths not leading to bridging.

The first two of the above paths 1nvolvmg bridging, which should not be easy in
view of the non- allowance, accorcmg to the theory, for carbon and hydrogen to bear

" any substantial charge, “have their respective counterparts in paths not involving
bridgmg, that is, the indirect paths using R, and R,, as, e.g., path -EN-R;-C;-X-EN-.
The latter paths ‘'should be favored* over those employing bridging, on the basis of
the fact that the former ones utilize the same sources (of nucleophilic contribution)
and residues as the latter ones but with two additional residues (C g and Z) interven-
ing in the path. Thus, the paths involving bridging have the added energetic disad-
vantage of requiring also the partial rupture of the Cg-Z bond, which cannot be

* A molecular orbital treatment could be:used to examine the argument.
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made up but to a fractional extent by the formation of the Z-C, bond.

The third bridging path, -X-Cg-Z-C,-, will be discussed later.

The contribution of the bridging path -EN-Z- (Cg -C,) -X-EN- (form X) can be
limited to a small only percent of the extent required for symmetry to be reached, in
view of the difficulty in rupturing the Z-Cg bond.

Whereas the contribution of the above discussed paths can only be small, that of
the fifth path, -EN-Z-C ,-X-EN- (corresponding to form IX), is allowed to become
even large depending on the nature of Z, other factors remaining constant.

This leads to a discussion of the role of the type of the bridging group Z in the
question of non-classical carbonium ions, which should be large as.suggested.

For Z = hydrogen or a saturated hydrocarbon residue, contribution by way of
the path -EN-Z-C,-X-EN- is expected to be poor.

For Z = unsaturated residue,* e.g., with 7-electrons such as aryl groups, a much
easier contribution by the above path can be expected which should be larger or
smaller depending on the group and substituents on it.

Analogous considerations apply to groups bearing unshared electron pairs (e.g.,
Br). Again contribution by the above path should be variable, and large contributions
may be reached for this type of group.

However, even in the above cases, and in spite of the ease of contribution by this
path, the first formed intermediate may be expected to be, at least as a rule, “unsym-
metrical”. Exceptions can be envisaged for extreme and special systems and condi-
tions. ( : '
The inability of the system to reach symmetry is argued on the basis of the
reasons being discussed, namely because of the inability of the bridging paths to be
overwhelmingly easier than those not Ieadfng to bridging and because of the role of
the leaving group. That the bridging paths cannot be overwhelmingly easier than the
others in the case, e.g., of Z = aryl, is discussed later in this paper.

Attention can now be focused on the role of the leaving group.

The ability of the leaving group to acquire a symmetrical arrangement, as re-
quired by this approach if a symmetrical intermediate were to be formed, should be
influenced by two factors: the ability of the leaving group to bond to Cg while still
bound to C,, and the extent of rupture of the C,-X bond in the intermediate. This is
so because to the extent to which the C,-X bond is not ruptured in the intermediate,
the latter should be expected to prefer to be “unsymmetrical”. Although this point
should be examined theoretically, an intuitive argument is based on a comparison
between suitable structures, in, e.g., the ground state, and specifically of the structure
IT with that represented by XII. The former structure should be the more stable one
(compound II exists as II and not as XII). That is, a system involving a certain ex-
tent of covalency between a group X and a carbon residue is of lower energy than .
one involving the same total extent of covalent bonding between X and carbon but
split equally into two such bonds. Although the case of an intermediate is not quite

* An important difference between this type of Z group and the case of Z being a hydrogen or a
saturated -hydrocarbon residue is that.the former Z group can get bound to C, without a.serious rup:.
ture of its bond to Cp. This feature may affect considerably the difference in the behavior, in the non-
classical sense, between the two types.
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the same, since it involves only fractional covalency, the same argument can be ap-
plied for whatever extent the bond is covalent, by making the reasonable assumption
that the above comparison of relative energies can be extended to structures (inter-
mediates) where the covalency (C-X) is fractional.

The emphasis placed on covalency and on its effect in rendering the “sym-
metrical” structure less stable than “unsymmetrical” ones, is not meant to imply that
the ionic nature of the interaction has necessarily an opposite effect. Furthermore, it
should be kept in mind that the extent of rupture of .the C,-X bond should not all
lead, according to this theory, to an equivalent (to this rupture) build-up of ionic
character on X and on the organic residue, because part of it should be consumed in
covalent bonding between X and the medium and between the organic residue and
the medium.

Since, according to the present approach, covalency of the C,-X bond in the in-
termediate is expected to play an important role with respect to the question of sym-
metry in the intermediate, knowledge of the extent of this covalency is important.
This extent can be assessed qualitatively by means of the postulate of the etiology of
the formation of intermediates.'? The postulate leads to the conclusion'? that for the
same type of incoming EN the greater the contribution of the direct path as com-
paréd to that of indirect paths the more extensive the expected bonding between C,
and the leaving group in the intermediate. The fact that such bonding in the first for-
med intermediate is anticipated and that it is expected to be larger than the usual ap-
proach would expect, if and when it does, adds importance to the facte: of covalen-
¢y in influencing several arguments in reaction mechanisms, including those on the
structure of non-classical intermediates.

There still remains to be examined the second factor mentioned earlier about the
leaving group, i.e., its ability to bond to Cg(while also bound to C,). This corres-
ponds to the path X-Cpg-Z-C,-X mentioned earlier as one of the paths leading to
bridging the role of which was to be examined later. In discussing this factor, the
following should be kept in mind further to what has already been said.

The concept of the gradient imposes restrictions on the fate of the charge that
would develop on X as a result of the rupture (partial) of the C,-X bond and thus
on the extent of it that remains on X. The concept requires that only a fraction of
this “would be” charge on X remains on it (actually or potentially), the rest being
consumed in bonding with the medium* and with its environment in general (this in-
cludes also the Cg carbon), to such an extent as to render optimum (for the residues
involved) the gradient along the various directions considered.

* According to the unified theory, the rupture of the C,-X bond and “ionization” in general, are the
result of extensive bonding (referring to covalent bonding) with the medium.
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Applying also the postulate of the etiology of the formation of intermediates!?
one can see that for the above and other reasons, especially because of the fact that
other paths in addition to X-Cg-Z-C, should operate, the conclusion should be
reached that to whathever extent X becomes bound to C p» this extent does not have
to have progressed in the formation of the first intermediate to a degree equal to the
extent of the bonding of X to C,. Thus, lack of symmetry in the bonding of X to
Cq and Cp should be the rule.

It is thus concluded that the leaving group also along with the other factors,
works against symmetry in the first formed intermediate. However, it can also be
seen that the bonding of the leaving group to Cg is allowed and allowed to be
variable of course and that the path X-Cy-Z-C, may be an important one in con-
tributing to bridging. ‘

One can thus recognize a small paradox: the leaving group may work against
bridging (by Z) in the intermediate (e.g., by way of its covalent bonding to C,) but
may also work for this bridging (e.g., by bonding itself to Cp). Various factors, such
as the nature of the leaving group, the medium, the structure of the compound,
should influence the above opposing effects and certain trends can be predicted.

The above allow one to anticipate differences between various leaving groups
which could reach pronounced extents such as for example between a tosylate group
(solvolysis of a tosylate) and a nitrogen leaving group (deaminations). For nitrogen
‘as a leaving group, both factors should work against bridging, namely the factor of
bonding to both C4 and Cp, which should not be as easy (if we are still referring to
intermediates with nitrogen as the leaving group), as well as the factor of the extent
of covalency to C, (bonding of C, to the leaving group and to the incoming
solvent). The latter is expected! to be more pronounced in deaminations than in
solvolyses, as argued previously,’ in terms of the unified theory. We have argued!**
that deaminations are less so carbonium jon* reactions (e.g., increased covalency) than
solvolyses, a fact which is in sharp contrast to what is accepted!® by the usual ap-
proach. Thus, non-classical behavior can be anticipated to be less pronounced in
deamination reactions than in solvolyses. However, other factors must be considered
also. Finally, variation in the solvent plays its role by way of its effect on the ease of
operation of the paths discussed.

The preceding discussion has presented the paths and the factors influencing their
ease of operation which favor bridging and those working against it. It has been
argued (discussed also later in this paper) that the former cannot, as a rule, be
overwhelmingly easier than the latter ones. Since chemical transformations follow,
according to this approach, a road corresponding to the sum of the contributions of

* This expression is a term borrowed from the usual approach and it is inaccurate according to the
theory, because the various features (e.g. lack of covalency, need for nucleophilic contribution, planarity
etc.) of carbonium ions and of their reactions considered equivalent by the usual approach turn.out not
to be so according to the theory. Thus, in going from one reaction to another, one of these features may
become more pronounced while another one may diminish according to the theory. )
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all operating paths,* and these in turn confribute according to their ease of opera-
tion, the paths working against bridging should operate, thus contributing toward an
“unsymmetrical”? intermediate.*

Having discussed the paths involved, one can argue about the effect various
variables (e.g.,, R-groups and structure, Z groups, leaving groups, medium etc.)
should exert upon the ease of operation of the paths. Thus, one can finally predict
trends in the extent of bridging in the intermediate (or in the probability that bridging
may occur).

' One can mention as a simple example the effect of changing R groups. As their
number and ability for nucleophilic contribution increase (e.g. R = H, CHj;, C,Hj,
etc.), the contribution of indirect paths should increase, thus working against bridg-
ing. As they decrease, the contribution of the direct path and the extent of bonding
of the leavmg group in the intermediate should increase (as mentioned already) thus
again working against bridging. It may be repeated that bonding to the leaving group
and to an ‘incoming molecule of the solvent has to be involved, according to the
theory, in essentially all the usual mgdia and usual solvolyzing compounds, whether
characterized by a primary, a secondary, or even a tertiary carbon as a reacting cen-
ter. = : ~

The conclusion that the first formed intermediate may be “unsymmetrical” ren-
ders necessary the existence of another intermediate in which-the roles of C, and C

are reversed. This would be the intermediate predicted to be formed in the solvolysis
of compound III. Whether these two “unsymmetrical” intermediates can be conver-
ted to each other, as well as the relative rates of this interconversion are expected to
be a function of the relative ease of operation of the various paths, including of cour-
se those leading to product formation, and of their relative contribution in the inter-
mediate which is a consequence of their relative ease of operation. Thus, on the basis
of the analysis presented, one could make predictions about trends which would
favor rapid or slow interconversion as such, as well as with respect to the rate of for-
mation of products or starting material. A rapid, with respect to product formation,
interconversion of two such intermediates has to be involved when the system

* It should be pointed out that the fact that a path- may be more difficult than others does not
necessarily mean that this path will not contribute to the reaction process. It only means that its con-
tribution will be smaller. Furthermore, the ease of operation of paths should be a function of the extent
of contribution with which they are burdened. Thus, even though a path may be easier than another
one, as the contribution by way of this easier path increases along the reaction coordinate, further incre-
ments by way of the easier path may be expected to become energetically ever more difficult until the e-
quivalent transmission of nucleophilic forces through the more difficult path, which however is. not
loaded with the burden of nucleophilic contribution to which the easy path is, may even be favored.
This follows also from the argument that the resistance of a system to the development of a sharp
gradient should rise sharply with the gradient (or the resistance to the development of charge should rise
sharply with the increase in the charge).

** This should be so provided that paths can operate. If in some cases geometric or steric conditions in-
hibit their operation, the possibility of deviations may have to be considered and among them the
possibility of .a not quite smooth transition from the picture of non-bridged to that of symmetrically
bridged intermediates. One such problem could perhaps be introduced by steric interference in the
simultaneous operation of bridging, e.g., for extensive bridging and special systems, and solvent attack
on C,.
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behaves as if a symmetrical intermediate system were involved, as was pointed out
earlier. )

The interconversion between the two intermediates, just as any other change in a
liquid system, is to be studied as a reaction obeying the .principles of this approach.
One can focus his attention on the process of the rupture of the Cg-Z bond and of
the formation of the Z-C, one, which is a section of the entire- process of the
rearrangement. This latter process, just as any other reaction process, is to be viewed
as a cyclic one, one of the cycles being in this system the cycle Z-C,-X-Cg-Z. By
focusing attention on the Cg-Z-C, part of the cycle, e.g., electrophilic attack of C,
on Z-Cg, one can think of it as a displacement reaction. This displacement reaction
in addition to employing a direct path (C aZ-Cp) must employ additional paths, in-
direct ones, which decrease the energy requirementis of the direct path. To avoid go-
ing into a detailed description of these paths, one may refer to them as being those
the sum of the contribution of which corresponds to what in usual terms would be
referred to as the contribution of the structure X and IX (in those systems in which
the latter type of contribution is possible) to a resonance hybrid. According to the
postulate of the “etiology of the formation of intermediates”,!? the operation of paths
other than the main one is expected to give an energy profile which can be viewed as
being the sum of i) a convex curve representing the operation of the main path (the
direct path in the process considered), as if it were the only one operating and ii) a
concave one (with a negative sign) represénting the operation of the other paths. The
superposition (actually subtraction) of the concave curve on the convex one, which
can be considered according to the postulate to give the overall energy curve, may
result in the formation of a ‘minimum in the latter curve.*

Somewhat analogous, at least qualitatively, considerations, apply to the other sec-
tion of the cycle, namely the section C,-X-Cp — migration of Z from Cg to C, to
give the other intermediate is expected {on the basis of the non-ionic concept®) to be
accompanied by a concerted migration of X from C, to Cg. For similar reasons, the
energetics of this path are expected to be characterized by a minimum in this curve,
and again at about the halfway point. There are some very important reasons
regarding why this migration of X from C, to Cy may go through a minimum bui
this will not be discussed. It may be pointed out, however, that they are related to
the fact that this migration is part of other paths as well which have as a net result

* The position of this minimum should be determined by the position of the maximum and the
minimum of the contributing curves and by their shapes, e.g., the deeper and sharper the dip in the con-
cave curve, the larger the probability that the superposition of the concave on the convex one couid
result in a minimum. The maximum of the convex curve (this maximum corresponds to the transition
state of the hypothetical process making use of a direct path only) is expected to appear at about the
haif-way point (we are still referring to a symmetrical substrate). The minimum of the congave curve
could most reasonably be expected to appear at the same point, since the operation of paths other than
the main one should be enhanced as the energy requirements of the mairr path are enhanced (e.g., at the-
transition state). Consequently, these other paths should tend to reach their nraximum centribution: att
around the point of maximum energy requirements for the maim path; unless inhibiting and other fac-
tors, e.g., geometric factors, favor appearance of the minimum at another point, in which case some
shift of this minimum may occur. In the present system one cannot easily recognize such: a factor.
Thus, the minimum for the overall curve can be expected to appear most likely for a “symmetrical”
structure.
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the develo'pment, during the rearrangement, of a nucleophilic potential, say charge,

-on X, different from what it has in the first intermediate. One such path is the direct
one, the contribution of which can change during the process. Competition between
this path and the bridging ones is another important factor.* The fact that more than
one paths .are involved contributes to the formation of an intermediate as deduced
from the postulate.™ 2

The overall curve representing the rearrangement of the first “unsymmetrical” in-
termediate to the other one is thus allowed to include a minimum.**

_ Concerning the probability of formation and the depth of the minimum, the
previous discussion and other considerations based on the postulate™ !> and the
theory suggest that the larger the ease of operation, during the rearrangement, of
paths other than the direct one (certain other factors must also be considered) the
more likely the formation of an energy minimum and the larger the energy dip. One
can thus devise systems where this will be enhanced. Whether the contribution*** of
these paths other than the direct one, is sufficient in all systems to form a dip big
enough to cause the formation of a third intermediate, the “symmetrical” one, cannot
be predicted on the basis of this approach. However, a dip in the free energy curve is
expected in principle and, thus, the system is to be treated as involving in principle
the formation of an intermediate with the allowance that under given conditions the
dip could also be small enough to render it indistinguishable from a transition state,
for practical purposes. Thus, the question of formation and significance of the third

" intermediate, just as other aspects of reaction mechanisms, becomes under this ap-
proach a matter of “trends™ to be observed as factors are varied, and also a matter
of probability (in this case the probability that an intermediate is formed) rather than
a subject of the study of specific and distinct mechanisms or the rigid adoption or
exclusion of certain fixed structures.

The conclusion reachéd so far is that the formation of two “unsymmetrical” in-
termediates — varying in structure from a classical one to a partially bridged one,
with the extent of bridging varying between extremes although not necessarily in a
smooth way — and of a symmetrical one intervening (in principle but not necessarily)
in importance) in the isomerization between these two,. can be expected in the
solvolysis of systems behaving as proceeding through non-classical carbonium ions.
This conclusion and the application of this approach and of its-derived postulate of
the etiology of the formation of intermediates to solvolysis reactions in general, from

* Geometric and other considerations may introduce difficulties under some conditions. ‘
** Other ways of looking at the rearrangement between the two intermediates give a similar answer.

*** Tt should be kept.in mind that the postulate of intermediates™? is being applied in the above discus-

sion to the conversion of one “unsymmetrical” intermediate to the other one, and thus the contributions
and changes referred to are those along the reaction coordinate from one to the other intermediate,

“ although the overall process enters into the picture also; namely they refer to “increments™ of contribu-
tions from and beyond those already operating in the first intermediate (although other paths are enter-
ing also as mentioned). This has an important bearing because the extent of contribution (referring-ac-
tually to the paths leading to bridging, i.e., to the extent of bridging) already present in the first inter-
mediate becomes a factor playing an important role concerning the question of formation or importance
of the symmetrical intermediate (this subject requires special discussion).
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the point of view of the formation of non-classical intermediates, are described
graphically and in general terms by the curves of Figures 2, 3 and 4, which represent
isomerization between compounds II and III during solvolysis. Transition between
the three types of curves can be expected. Differences and trends in the distance BB’
can also be expected. The trend between these curves could be extended further. One
form of extention is one whereby the dip CDC’ would not form. In the other direc-
tion, the dip CDC’ could increase to the point where the dip ABC corresponding to
the first formed intermediate may become insignificant and for practical purposes not
even an intermediate (e.g., point of inflection or not even just that).

11 111

11 111

Fig. &

Fig. 2, 3, 4: Energy-Reaction Coordinate diagrams for the isomerization between Il and III during
solvolysis.

‘The intermediates appearing in these curves are expected to be common to this
isomerization and to formation of solvolysis products (a greater ease for one among
these intermediates to give products can be expected). In the formation of products
from the above intermediate system, additional intermediates® can be expected to be
formed along the process of further rupture of the C,-X bond. Furthermore, the ac-
tual behavior of the system is expected to be also governed by the relative height of
the peaks in these curves as compared between them and with the height of the
peaks of the curves leading to product formation. Thus, in addition to the types
represented by the three curves, the types of actual behavior of a system are expec-
ted to, be increased further by a variation in the activation energy leading to product
formation. (and by- the intervention of additional intermediates).

‘One can predict from the analysis of the problem trends in the behavior of
chemical system with respect to non-classical behavior. One can recognize trends in
‘the variation of factors which would or would not enhance the probability of: ex-
pecting bridging and the extent of it; observing internal return-and product formation

* Somewhat arialogous considerations to those discussed in this paper could apply to the fate of such
intermediates but there should be differénces also. Because some factors are unknown and because un-
certainties are involved, the subject of the detailed structure and fate (with respect to bridging etc.) of
these intermediates cannot be discussed now usefhlly.
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with or without loss of optical acrtivity (or generally with observations suggesting

“symmetry” or lack of it in the intermediate system); observing anchimeric assistan-

ce and the extent of it; affecting the rate and extent of it; rendering the formation of

the first and “unsymmetrical” intermediate (whether classical or partially bridged) or
the second and “symmetrical” one rate determining; enhancing the dip and probabili-
ty of formation of the “symmetrical” intermediate; observing product formation in-
volving frontside attack only or backside attack also and the relative extent of the

two; intervention (or not) of rotation around the C;-Cg bond and extent of it; etc. A

detailed discussion of such predictions will be deferred for another paper, although

much can be deduced by direct application of what has been discussed.

The conclusions reached on the subject of non-classical carbonium ions can be
symmarized as follows:

In the solvolysis of the usual systems supposed to give cationic intermediates for

- which the formation of a single or symmetrical non-classical ionic mtermedﬁate has

been postulated, this discussion suggests the following:

a. The first formed intermediate is not a carbonium ion (or other cation) and not a
pair of ions, but a “unified intermediate complex”, governed by the principles of
the theory and thus, among other features, involving extensive covalencies and:
obeying the “non-ionic concept”. Extreme systems are required before this conclu-
sion could be modified as a Hmit.

b. The first formed intermediate is expected in pringiple to be “unsymmetrical”, ex-
ceptions being allowed for special systems and conditions. This is the main con-
clusion. Depending on the system and ou various factors, fractienal bridging by Z.
may be involved, the extent of which is expected te be variable,® but not
necessarily smoothly, for a number of reasons such as, e.g., o compesition Betweer
the bridging group and the incoming solvent which was mientioned earlier. E-
quilibration, between this first intermediate and the other * uusymmetrical” inter-
mediate, more rapid than product formation is invoived when the system behaves
as proceeding through a *“symmetrical” intermediate. The rearrangement between
the two “unsymmnietrical” intermediates is to proceed through a symmetrical struc-

* The unified intermediate complex suggested in 1958 was such a structure capable of nvolving
variable extent of bonding between Z and C,, The terms “fractionally non-classical” or “partially non-
classical” could be used to describe such “unsymmetrically™ or partiaily bridged structures. This sugges-
tion follows from the fact that the concept of non-classical intermediates is strongly associated with that
of a single symmetrically bridged species, and from the fact that the thinking and the conclusions are so
strictly interrelated with the symmetrical intermediate that another term should be used for the
suggested fractionally bridged species. This also follows from the argument that the properties of an in-
termediate should deviate from those associated with non-classical behavior to a variable extent, this
deviation increasing along with a decrease in the extent of bridging in the intermediate. One could not
very well term each one of two species non-classical if one of them behaved only to a small extent,
compared to the other one, as non-classical. Another reason for this suggestion is that since variable
degrees of bridging are suggested (and since bridging and hyperconjugation - which by the way is to be
a variable reaching high values also - are to be interrelated and not really separable) the question could
arise as to where one would draw the line between the term classical and non-classical, a problem
bypassed by the use of the term “partially non-classical”, or “fractionally” bridged intermediate complex
as compared to “symmetrically” bridged intermediate compiex.
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ture which can be expected to be an intermediate, in principle, but not necessarily
-always in importance. This should depend strongly on various factors.

In all this behavior, trends can be anticipated as various factors (structural, the
bridging and the leaving group, the medium, etc.) are varied along a given sequence.
These trends can be predicted by application of this approach and of the unified
model.

The discussion” has dealt so far with the problem of non-classical intermediates
using as a working model a symmetrical compound, as was pointed out earlier in
this paper. The discussion is meant to apply qualitatively (in extreme cases even
qualitative differences are possible) to “unsymmetrical” substrates as well, as was
also pointed out earlier, provided the definition of the term “symmetrical” inter-
mediate, as given earlier in this paper, is kept in mind. A feature that should be poin-
ted out in the case of “unsynimetrical” substrates is that the curves of Figures 2, 3
and 4 will no longer be expected to be symmetrical. Thus, shifting of the transition
states and intermediates and their accumulation toward one or the other end (starting
material or rearranged product) as well as a decrease in the horizontal distance
(along the isomerization reaction coordinate) between the various transition states
and intermediates is anticipated. The larger the deviation from symmetry the larger
the expected shift. This fedture plus that of an expected change in the relative heights
of the transition states and intermediates are anticipated to lead to a number of
possible features. One of them is, of course, that the relative rates of conversion of
each one of the two “unsymmetrical” intermediates to each other, to starting and
rearranged materials respectively, and to products will not be the same, whereas, this
was the case with symmetrical substrates. Another one is that it may become possi-
ble for some of those intermediates to become of no practical significance (their con-
version to the next one being much more rapid than the rate of any other change
they may undergo) or to become single inflection points. Thus, their number may
decrease below three, either actually or for all practical purposes.

It may be instructive at this point to illustrate briefly the application of the
preceding discussion to some among the representative systems for which the forma-
tion of-nen-classical carbonium ion intermediates has been claimed. Systems for
which non-classical carbonium ion (or cationic) intermediates have been postulated
belong to three possible general types, in the acyclic or cyclic series; namely, to
those for which (a) Z is hydrogen or alkyl, (b) Z is an aromatic of olefinic residue
(m-systems), and (c) Z is a residue having unshared electrons (e.g., halogens). Systems
belonging to the second type will be examined first.

Several claims have been made!* for the direct. formation of the symmetrical
bridged intermediate for Z = aryl or olefinic group. In fact, studies on the acetolysis
of the 3-phenyl-2-butyl system gave rise to the concept of the phenonium ion.!”® Fif-
teen years have elapsed since then, and a large volume of work has been carried out
on phenonium ions. This system and several others are always believed™ * to
solvolyze by direct ionization to the single symmetrical phenonium ion intermediate.
This belief should be questioned. The first formed intermediate may be an unsym-
metrical species, as deduced by simple application to this system of the arguments
already presented. As argued, if in the intermediate (a) the CH; group on the a-
carbon contributes nucleophilically to C,, (b) an incoming solvent molecule con-
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tributes similarly, (c) the leaving group remains covalently bound to C, to a certain
extent, and (d) the ability of the phenyl group for nucleophilic contribution to a C,
(through its 7-clectron system) is not overwhelmingly favored over all other forms of
contribution, then the intermediate may be “unsymmetrical” for every one of thescA
reasons and even more so for all of them together. As for the contribution to C,
from the aryl-C g o-bond, this, as argued already, cannot compete favorably with the
ones through the direct path and the indirect paths (through the CH, group on C,),
and, thus, can hardly contribute overwhelmingly more than the latter ones. This fac-
tor also should contribute to lack of symmetry.

All above factors contributing against symmetry are expected to operate in this
system. That this must be so for factors (a) and (d) is deduced from simple chemical
experience. Thus, e.g., solvolysis of a-(p-tolyl) ethyl chloride in acetic acid exhibits a
B-secondary deuterium isotope effect (for a CD, group) of a magnitude of the order
of ky/kp = 1.35.16 Since B-secondary hydrogen isotope effects are to be interpreted*
as being mainly the result of the operation of “indirect paths” (and “side paths”,
when these operate) which include what is referred to as hyperconjugation, the exhibi-
tion of such a definite isotope effect proves two points: One is that even though the
aryl group is attached directly to the reaction center, the CH, group on the a-carbon
still contributes nucleophilically to C, in the transition state and thus must do so in
the intermediate as well (Hammond’s postulate). The other point is that the contribu-
tion of the p-tolyl group is anything but overwhelmingly larger than that of the
methyl group, because if this were so, such an isotope effect would not be observed.
By the term overwhelmingly larger is meant a contribution to the point where it in-
hibits or masks the contribution with which it is compared.

Since these two points apply to the a-(p-tolyl)ethyl system where the aryl group
is attached directly to C,, one can reasonably expect that they should apply even
more so in the 3-phenyl-2-butyl system where the contribution to C, through space
from the 7-system of the aryl group cannot be as easy as the one from the 7-system
when directly attached to C,, as in a-(p-tolyl)ethyl chloride. If examples for this lat-
ter argument are needed, one may say that it is common knowledge (it is also in-
tuitively reasonable) that an aryl group directly attached to the rection center in a
solvolysis reaction has a much larger accelerating effect, that is a larger contribution,
(provided all other features of the reaction are the same) than the same group at-
tached on a f-carbon atom and supposed to contribute by way of formation of a
non-classical intermediate.

The remaining two factors — contribution by incoming solvent {factor b), and
partial covalency between the leaving group and C, in the intermediate (factor c) —
have been argued® to operate, on the basis of the “non-carbonium ion” concept® ¢
and the postulate of the etiology of formation of intermediates.” ' As a result of
these, the usual systems (except extremes) solvolysing in the usual media have fo
make use of covalent bonding of C, with the medium in giving the first formed inter-
mediate. They also have to have the leaving group still bound covalently to C,, and
this to an appreciable extent. Since these factors operate, they should contribute
against symmetry in the intermediate for the reasons already discussed. Someé
problems, however, resulting from the competition between bridging and the incom-
ing solvent., factor b, have been discussed already.
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For all above four factors, the first formed intermediate in the solvolysis of

the type of system under + examination is reasonably expected to “be
“un§ymmetrical”.> ' * Needless -of: course to repeat that fractional brldgmg is
“allowed ‘and expected and that its ‘magnitude has to be a variable. ‘Thg
nucleophilic character of the aryl group; and the poorer the ability
groups attached to C, and of the medium to contribute to Ca, the larger he
extent of bridging by the f-aryl group. St
There is a number of systems for Z = aryl or olefinic group-
formation of a “symmetrical” non-classical intermediate has lon;

cholesteryl and 3,5-cyclocholestan-6-yl system,' and of course the symmetncal
allylic- system'® as well as a number of others. Such systems we have predicted® * 3
should give in-principle as a first intermediate an “unsymmetrical” intefnediate com-
plex. When-bridging is.involved, it must be fractional. However, steric did-other in-
teractions between the bridging group and the incoming solvent may introduce
problems, especially for large extents of bridging. Under such circumstances, and for
some systems the direct path could suffer (vide supra), thus conceivably introducing
some discontinuous transitions toward the “symmetrical” intermediate.

The difference between the intermediate system (XIII) suggested by the non-
classical carbonium ion school and the one suggested by the classical carbonium ion
school (XIV-XV) as well as that (XVI-XVIII) suggested (as a model and in prin-
ciple) on the basis of this discussion which actually includes the structures suggested
by the former two schools but as extreme cases, is illustrated bélow for the case of
the 3-phenyl-2-butyl system (the forms XVI-XVIII are simplified, e.g., the action of
the solvent is mostly omitted, in order to avoid getting into a detailed discussion of
other factors as well). '
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The unfinished dotted line in the aryl-C, general direction in XVI stands for an
interaction between the aryl group and C, (or aryl and the inconting solvent in ex-

* The term “unsymmetrical”, as defined in this paper, covers both partially bridged and classical struc-
tures.
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treme cases) which is to vary in extent and type* — so should also the distance bet-
ween them — along with a change in the variables discussed, including the nature of
the Y group. The Cg-aryl bond in XVI, even though allowed in principle to be partly
ruptured;, is nevertheless expected to be mostly intact in such systems, in viewof the
expected much greater ease of operation of the path -Z-C,-X- over -Cp-Z-Cy-X-
(the- z-electron system of the phenyl group can contribute much easier than the Cp-
aryl bond g-electrons). The extent of the total carbon-X bonding. (the total bonding
of both: € and, € p to X) can be expected to be different in XVII than in XVI, in
which case: equilibration between XVI nd XVIII would go through a change in the
elongation- gf“the C-X bond (a change in the nucleophilic potential on X).
Analogous considerations apply to the intermediates predicted to.be formed in
the case of the other systems mentioned above, including even the symmetrical allylic
system.. Here too, in fact even more so than in many other systems, even though the
obstagles to bridging present in other systems (e.g. steric, bonding of the Cl;-Z bond,

\C"---c/:c\
AN Ny
~ 14
So 7
\\ i
X
XX

partial g-bond rupture, e.t.c.) should hardly be present, it is again expected that the
first intermediate (XIX) will have to be “unsymmetrical”. Thisis concluded on the
basis of the same general arguments discussed already, in particular, e.g., of an an-
ticipated strong contribution by the direct path (because of diminished steric
obstacles** to the approach of the incoming solvent molecule, the non-ionic concept
requires that the first formed intermediate deviates® substantially from a carbonium
ion and so should also the covalency of the C,-X bond for analogous reasons, etc.).

Analogous considerations should apply to the cholesteryl — i-cholesteryl system.
On this basis, the first formed intermediate from a cholesteryl derivative should differ
from that formed from an i-cholesteryl one.

In going to the type of compound II where Z = hydrogen or alkyl, similar argu-
ments lead one to expect that again the first formed intermediate would be “unsym-
metrical”. The difference from the type just discussed is that here the path -EN-Z-
CqX-, which corresponds to contribution. by the Z group itself without severance of
the Z-Cg bond, is hardly as easy as in the case Z = unsaturated group. Thus, bridg-
ing, to whatever extent involved, could be more difficult, since it would have to rely
more heavily on the indirect paths involving partial rupture of the Cy-Z bond which,
as mentioned - earlier, cannot complete well with the corresponding paths not involving

* The nature of electrophilic interactions with aromatic rings is to be examined in a discussion of
“aromatic substitution in the light of the unified theory”. The type of such interactions is to vary con-
tinually between the two types referred to as #n- and o-. : .

** Lack of such obstacles may be a major factor contributing toward.lack of symmetry, by allowing

easily the simultaneous operation of both bridging and the direct path (vide supra).
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bridging. The cyclic path Z-C ,-X-Cg-Z should be, as suggested already, a good con-
tributor to bridging, possibly more here than in the previous type. .

A great many systems giving symmetrical non-classical intermediates for Z =
hydrogen or alkyl in particular have been proposed. A few among them are ethylene
protonium ions,?” 2! the norbornyl?* and similar bicyclic non classical ions,* the
/tricyclobutonium ion,2®* the  bicyclobutonium ion>2* the tris-homocyclopropenyl
cation,? and other systems. The same general conclusions discussed in this paper are

" to apply to-all these systems, Differences, however, due to predictable trends in the
ability of bridging vs non-bridging paths to operate, can be expected, resulting in dif-
ferences in the. extent of bridging «and in the probability for it to. occur.

By way of an illustration, one can mention, e.g., that whereas for Z = H the con-
tribution by the. direct. path should be easy, thus working against bridging or exten-
sive bridging, in the exo-norbonyl system the operation of the direct path should be
much more difficult. Differences exist also in the ease of operation of other paths as
well, most of them in the.same direction. One can thus expect, for analogous struc-
ture and conditions, a higher probability for bridging to occur and greater extent of
it, if it occurs, in the latter system.

It can be seen that the exo-norbonyl system should be a very good system
among those for Z = saturated alkyl (and hydrogen) residue for bridging to occur, if
it can occur in these systems. This should be so both because of the difficulties in the
operation of the direct path and the indirect ones through R;, R, and because of
proper geometry, a rigid structure etc.

It may also be pointed out that bridging and hyperconjugation are expected to be
interrelated (the relation being governed by the concept of the gradient?) and thus not
really separable for small extent of bridging. High values for the contribution by Z,
such as high isotope effects for Z = deuterium, higher than usually ascribed to
hyperconjugation, can be interpreted not only in terms of the formation of a sym-
metrically bridged non-classical intermediate, e.g., ethylenoprotonium ions, but also
in terms of weak bridging-strong hyperconjugation. There is no need to expect a fix-
ed value for hyperconjugation and assign everything higher to the formation of the
symmetrical intermediate. The case of the norbornyl system could perhaps also be
thought along these lines (partial bridging-hyperconjugation) as part of the interpreta-
tion of its behavior. Such cases can also be understood if the system belongs to the
type of Fig. 2 (or Fig. 2 - Fig. 3) where the rate determining step is the second one.
Several literature data on non-classical carbonium ions may have to be studied in
this light. This point will be examined in future papers. :

The case of the cyclopropylcarbinyl-cyclobutyl system is also of interest. It was
supposed originally to give rise to the tricyclobutonium ion intermediate.”* While
collecting literature experimental data to use them in order to argue* against the for-
mation (at least direct) of this intermediate, it was found that this proposed structure
had already been changed to the bicyclobutonium ion picture.* This was a change in

* Even though the fact that similar proportions of the same products were formed from the two types
of starting materials was used as evidence for a symmetrical system, small differences between them
rather than being overlooked could be used to question the conclusion of symmetry.
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the direction predicted in terms of the present discussion but it did not proceed far
enough. Thus, whereas the bicyclobutonium ion is a “symmetrical” species, being the
same whether formed from a cyclopylcarbinyl or a cyclobutyl derivative starting
material, this discussion suggests the formation of two different “unsymmetrical”
species formed from the two different starting materials. The rapid.interconversion of
these intermediate complexes, which could also proceed through a “symmetrical”
one, could -substitute each bicyclobutonium ion.

Similar conclusions should apply to the fris-homocyclopropenyl cation?? in par-
ticular (because of the lack of the steric factor, vide supra). According to the present
discussion, this symmetrical species can not be the intermediate. The solvolysis of the
parent compound must form an “unsymmetrical” intermediate, one in which C-1 is
not equivlent to C-3 and C-5, in addition to having the leaving group still bound to
C-1 (and an incoming solvent on C-1). Contribution by the C,;-C; bond (the type is
another subject for discussion) is allowed but it can only be fractional. Instead, rapid
equilibration of such “unsymmetrical” intermediates is to account for the apparent
symmetry of the intetmediate system.

The evidence against a tris- homocyclopropenyl ‘cation in deammatlons26 is in
agreement with the above predlctlons. Furthermore:« the. fact that-the deamination
reaction does not prdceed through even just a symmetrical system whereas the
solvolysis reaction does®™ supports both the prediction (discussed earlier in this
paper) that deaminations should involve even less bridging or probability for it than
solvolysis reactions (for the reasons discussed), and- the prediction'® that both
deaminations and solvolyses should net proceed through carbonium ions {there
should be covalent bonding with the leaving group, etc)

Coming now to the third type of system for which Z is a group with unshared elec-
tron pairs (e.g: halogens, etc.), considerations similar to those for the two other types
are to apply. However, here again and possibly even more so than in the case Z =
aryl or alkéne residue (provided proper groups and conditions are involved), the im-
portant bridging path -EN-Z-C;-X should be much easier than for Z = alkyl, and
this should reflect in its extent (other factors must also be considered) as well as in
the probability of formation and stability of the “symmetrical” intermediate and the
probability that the “symmetrical” one may be formed directly in proper systems.
On this basis, the direct formation of symmetrical bromonium and other similar
ions!* is to be questioned, “unsymmetrical” intermediates being generally expected
(exceptions being allowed) to be the first formed ones.

The conclusions reached so far concerning the classical vs non-classical nature of
intermediates are to apply to free radical type of reaction as well, which too are to
be treated® in terms of the unified approach (the first formed intermediate in free
radical reactions is also expected in terms of this approach not to be a free radical).
Thus, here too, the first formed mtermed1ate is expected (in general) to be “unsym-
metrical”.

The conclusions reached on the non-classical carbonium ion question allow the
following discussion on the controversy about this subject.

The controversy has centered on the question whether the intermediate system is
to be described by a single symmetrical mesomeric intermediate or by two rapidly e
quilibrating classical structures. Furthermore, either school of thought treats these in-
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termediates as carbonium ions or as ion-pairs. Even in the latter case however,
although some covalency between the pair is allowed by some authors in some cases,
the “thinking” associated with a carbonium ion picture persists throughout the argu-
ments on the classical vs non-classical nature of intermediates, as_it does in treating
most other aspects of reaction mechanisms. This very “thinking” may be claimed to
be the major cause for part of the problem, at least in the form in which it stands. It
is concluded instead that neither one of the two schools of thought describes fully the
intermediate system. Both schools may be only partly correct. Both schools may be
partly wrong.

Thus, the non- class1ca1 school is thought to be right in suggesting the concept of
bridging in principle. It is also thought to be right, in principle at least, in suggesting
that the symmetrical structure (should actually be refered to as “symmetrical™
corresponds to some intermediate. It may be wrong however, (a) in suggesting that-a
single (symmetrical) structure represents the intermediate system, and (b)
suggesting that the symmetrical structure is an intermediate formed directly from
starting. materials and that it does so in all such systems.

On the other hand, the classical carbonjium ion school is thought to be right in
suggesting that rapidly equilibrating species are involved (at least in several systems),
instead of - a single symmetrical intermediate. 1t may be wrong, however, in
eliminating the contribution of bridging in these equilibrating species and in con-
sidering them necessarily classical. It also may be wrong, at least in principle, in
suggesting that the symmetrical structure corresponds necessarily to a transition
state and not to an intermediate.

Finally, the present approach does not agree with the treatment of the classical vs
non-classical carbonium ion question in terms of ions or pairs of ions,'® or even of
the ion-pairs as thought of even today by some authors.

A consequence of the usual approach and of the adoption by the two schools of
thought of two extreme positions is the fact that all criteria suggesting non-classical’
behavior, e.g., rate acceleration, racemization of the product resulting from C,, Cpe-
quivalence, retention of configuration at the carbon atom where substitution occurs,
have been “forced” to become synonymous with, and interpretable in all cases in
terms of a fixed single symmetrical non-classical structure (or in terms of a classical
structure by the other school). Thus, e.g., even weakly anchimerically assisted ioniza-
tions are interpreted!* as giving necessarily rise directly to a symmetrical intermediate
(or to a classical ion by the opposite school) provided of course that the
stereochemical criteria are also positive. Furthermore, even when the stereochemical
criteria suggest only partial equivalence between C, and C p» it is still believed'* that
ionization gives directly the symmetrical ion, the partial only equivalence being inter-
preted as being the result of a competmg SN2 reaction or of an ionization to a
classical ion. It can be seen that even if the data do not necessarily suggest that the
structure of the transition state resembles a symmetrical one, still the thought persists
that the intermediate which follows is the symmetrical one.

All these observations can be interpreted in other ways as well. Thus, e.g.,
racemization of the product resulting from C,, Cp equivalence does not necessarily
have to result from a single symmetrical intermediate (or from rapidly equilibrating
.. classical species) but can do so from rapidly equilibrating “unsymmetrical” species
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as well (whether partly bridged or classical). On the other hand, lack of complete
racemization does not necessarily have to be interpreted as resulting from the
simultaneous operation of two mechanisms, one proceeding through the single sym-
metrical intermediate and the other through a classical intermediate or an Sy2 reac-
tion. Such results can also be understood in terms of only partial equilibration of the
two uhsymmetrical intermediates in addition to being understandable in terms of a
competmg formation of a partly bridged and of a non-bridged intermediate.
However, this latter competition can be understood as a probable one, at least as a
rule (exceptions are allowed), when the extent of bridging in the intermediate is small.
The smaller the extent of bridging (the greater its resemblance to a classical struc-
ture) the more likely the occurence of such a competition.* ‘

In the same way, retention of configuration at the seat of substitution, and lack
of rotation around the C,-Cp bond can be understood in terms of partial bridging,
not necessitating the formatlon of a fully bridged intermediate. Similarly, partial
retention and partial lack of rotation can still be understood in terms of such an in-
termediate. The smaller the extent of bridging (involving in extreme cases simple in-
teraction of Z with the incoming solvent) the greater the possibility for allowance of
inversion of configuration and even rotation around the C,Cg bond (at weak
bridging). Such results can of course be also understood in terms of the competmg
formation of a non-bridged intermediate.

Finally, and most important, this duscussion suggests that rate acceleration, when
due to bridging, does not necessarily mean that symmetry is reached in the inter-
mediate. The idea of symmetry reflects a feature of the usual approach, according to
which if the first transition state involves some bonding (bridging) between Z and
Cg, the intermediate following this transition state is thought to be necessarily a sym-
metrically bridged species; i.e., once the bond between Z and C, has started forming,
its formation does not stop (by giving an intermediate) before it has proceeded to
such an extent as to be equal to the Z-Cg bond. This explains the belief that the in-

termediate formed is either classical or a single symmetrical non-classical species.

The above attitude of the “usual approach” to reaction mechanisms reflects one
of its most general and essential features, the thinking of the formation of all inter-
mediates by full bond formations and/or full bond ruptures, or of their formation or
rupture to extents fixed by some preconceived geometrical picture. This thinking has
dominated the field of reaction mechanisms and can be traced to other features of
the usual approach, such as, e.g., the concept of carbonium ions and carbanions in
solution; namely the concept of ionic entities and the association of intermediates
with this picture. It is only through extensive work for almost two decades, that this
view has been modified, but only partly and in a limited number of cases.

* This claim is analogous to the one made on the basis of this approach (ref. 5, p. 249) about the ques-
tion of duality of mechanisms in the Sy1-Sy2 sense in borderline solvolyses. There too, duality is niot
the explanation ‘accepted by the theory. Duality is allowed as a rule when the two intermediates (of the
dual mechanism) resemble closely each other structurally, but then one can think of them as a statistical
deviation from one mechanism. However, this claim about the question of duality cannot be supported
equaly well in the non-classical intermediate case, because here the competition between bridging and
the direct path (solvent attack) could even introduce some problem on steric grounds (vide supra),
which was not easily the case in the case of the Sy1-Sy2 question. If this could occur in some cases,
the possibility of duality could become real.
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Opposition to the above feature of the classical approach and emphasis on a con-
cept of variable and fractional as well as non-fixed extent of bond formations and
ruptures in the formation of intermediates* in general, and in particular of the first
formed intermediate, whether from starting materials or from other intermediates, is
a basic consequence of the unified theory and had been pointed out in 1958! in addi-
tion to having been emphasized in more ways since.>® This consequence is best il-
lustrated in terms of the “postulate of the etiology of the formation of inter-
mediates”.'?

The formation of an “unsymmetrical” bridged intermediate (equilibrating with a
second one), although recognized at times in the past as a possible alternative inter-
pretation instead of that of the symmetrical intermediate, has nevertheless not been
given any serious consideration by the usual approach. Furthermore, the very fact
that the usual approach, even though it recognized this as a possibility, has
nevertheless discarded it completely in favor of the single symmetrical intermediate,
instead of considering it at least along with the symmetrical picture, reflects an in-
herent disadvantage of the usual approach to reaction mechanisms evident
throughout the field. This point will be brought up later in this paper.

As seen from the previous discussion, the two schools of thought on the subject
of non-classical carbonium ions support views which lie on either side of what has
been suggested long ago in terms of the unified theory. The two schools could thus
be reconciled by mutual modification, or actually expansion of their views toward
these suggestions. Furthermore, their polemic against each other is suggested to be
turned instead against the concept of carbonium ions and the usual approach to
reaction mechanisms which, as claimed, may be partly responsible for this problem.

On the basis of the preceding and earlier!® discussions, one can see some of the
causes responsible for the non classical carbonium ion controversy. Analysis with the
object to find out the “cause behind the cause, etc.” leads one to conclude that the
basic cause is the established approach to reaction mechanisms, particularly its con-
cept of carbonium ions (and other ions or radicals) and the approach in terms of it.
To justify the above statement in the case of the non-classical ion problem requires
repeating much of what has been discussed already,'® which cannot be done here. A
short analysis however is given below.

1. One of the direct results of the concept and original picture of carbonium ions
in solution, which in turn stems from the original picture of inorganic ions in solu-
tion, has been the approach to reaction mechanisms in terms of ful/ bond (or to a
fixed preconceived extent) formations or ruptures in the formation or transformation
of an intermediate (originally the carbonium ion intermediates, extended later to all
organic cations, anions, and radicals) or in any step in a chemical transformation in
general.

* The difference between the unified and the classical approach on this subject can be put as. follows:
As derived from the unified theory, intermediates do not differ gualitatively from transition states with
respect to the extent of bond formations and bond ruptures. Thus, just as transition states are con-
sidered to be formed by partial bond formations and bond ruptures, so are intermediates considered to
be formed, and are treated as being formed from their preceding starting materials or intermediates by
partial bond formations and-bond ruptures. This contrasts with what has generally been the picture in
the usual approach.
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This is apparently a direct result of the concept of carbonium ions, because in
the usual approach an intermediate is formed because an ion is formed, or to put it
in other terms. “the etiology of the formation of intermediates” is assumed to be the
formation of ions. Since the picture of carbonium ion formation involved a full rup-
ture of the bond to the leaving group, the picture of full bond ruptures and forma-
tions has spread and dominated the field; regardless of the fate of .the original picture
of a carbonium ion. ‘ L .

Thus, once a bond starts forming or breaking in almost any reaction type con-
sidered, it is generally or as a rule believed not to stop forming or breaking by giving
an intermediate until the full bond has formed, or broken, or done so to a fixed and
standard preconceived extent. This latter “thinking” is apparently applied to the case
of non-classical intermediates, and it is believed that once a bond of a neighboring
group with C, starts forming, its formation in all cases (not in some only) does not
stop until a symmetrical species is reached. According to the present discussion,
however, such a happening, being considered as something abnormal, should be
treated as an exception rather than as a rule and substantial justification would have
to accompany it. If the steric factor ‘mentioned earlier could operate in some systems,
it could provide some such justification.

The unified theory leads to a different “etiology” of the formation of
intermediates,> !> which predicts fractional as well as non fixed bond formations and
ruptures. This constitutes a substantially different way of “thinking”, with several
consequences in mechanistic arguments and predictions.

2. Again because of the carbonium ion concept and the usual approach and its
rationalization of the formation of intermediates, a non-classical intermediate is con-
sidered to be a carbonium ion or an ion-pair, but even in the latter case the picture
of ions persists (even though some people believe there is some covalency to the leav-
ing group). What is also serious, is the fact that even in the cases where some
covalency is anticipated (this is generally too little as compared to what this theory
suggests), there still persists at least the “thinking” in terms of the picture of ions and
its effect on all types of mechanistic arguments.

As a result of the above features of the usual approach, the role which the leav-
ing group, and especially the extent of its covalent bonding should play in causing
“unsymmetrical” or “symmetrical” bridging is, of course, not considered.

3. Again as a result of the concept of carbonium ions and the usual approach,
bonding of the solvent directly to the reaction center in the formation of this inter-
mediate is either believed not to be involved in some systems, or by some workers,
or at some stages of the development of the field, or is believed to be involved by
way of the solvent’s dielectric properties, or finally is believed all right in some cases
to include covalency, but even in this case the picture of an ion, and especially the'
“thinking” in terms of an jon persists, and thus the role of such a bond in causing
“unsymmetrical” or “symmetrical” bridging is, of course, overlooked.

4. Even the arguments on why the symmetrically bridged structure should be
more stable than the classical one rest on the concept of carbonium ions and the
usual approach. Thus the argument, whether intuitive or actually expressed
qualitatively or quantum mechanically, is based on a comparison of the energy of
formation of a bridged carbonium ion as compared to a classical one. Since ac-
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cumulation of charge on one carbon .atom leads to an unstable structure, the “sym-
metrically” bridged one is considered to be more stable, because it provides a menas
for distribution of the charge.

This argument could be correct, but in any case comparison is made with the
wrong structure, that is, a carbonium ion (classical). Supposing, instead, that in the
formation of the first intermediate, some percentage, say e.g. 60%, of the would be
charge on the a-carbon atom were dissipated by way of covalent bonding to the
leaving group, to an incoming solvent molecule, by hyperconjugation, etc. In this
case, only part of the remaining charge, say e.g. 40%, could be distributed through,
say, bridging. This situation as such could not result in a symmetrically bridged
species but only in an “unsymmetrically” bridged one. So, comparison of stabilities is
made with an unreal structure, and this happens because the organic residue of the
intermediate is treated .as an “entity” and specifically a carbonium ion. The idea of
“entities” is a major feature of the usual approach and misleading as argued.** The
.idea of entities stems, as pointed out, from the concept of ions in solution.

5. The misleading influence of the concept of carbonium ions can be recognized
also in the extension —intuitive or other— of information about the bridged or not so
structure of intermediates formed in very strong acid media, as compared to the
structure of the corresponding intermediates formed in the usual solvolytic media, or
in the extension from one:starting material to another differing only in the leaving
group. V

This attitude is exactly analogous to an argument of the usual approach used as
one of the basic sources of evidence which have established the concept of car-
bonium ion intermedites in the usual media. This is the inference of the'formation of
unstable carbonium ion intermediates from evidence for the formation of stable car-
bonium ions. This inference rests on the assumption (more or less evident even
today) that the two types of species differ only more or less in the degree of stability
and not in their intrinsic nature.?”>? According to the unified theory, however, there
has to be a large difference between the structure of the first formed intermediate in
the usual media and its structure in the very strong acid media (and even-between
various media any way). Thus, extension of information — be that about the-classical
or non-classical nature or about the question of formation of a carbonium ion inter-
mediate or not — from the latter media to the former ones (and in ' a way from one
medium to another) is not justified.’

6. In addition to the above features, a major factor which is argued to have con-
tributed to the problem is the “non-continuity” of the usual approach in both the
micro and the macro level, as well as the use by this approach of artificial basic
models and of a resulting artificial way of arguing from the models to reach conclu-
sions (see, e.g., ref 5). This contrasts with the continuity of the unified approach
regarding both the micro level (use of the concept of the gradient, of the non forma-
tion of entities, of the operation of paths, etc.) and, consequently, at the macro level
as well. Thus, reaction mechanisms (e.g. E1-E2, Elcb, Sy1-Sy2, cis vs trans elimina-
tions, etc.) and their features (e.g., bond ruptures, extent of bridging, etc.) become a
matter of, and subject to trends rather than belonging to fixed preconceived types.

" In concluding the analysis of the “cause behind the cause” which has contributed
to the non-classical carbonium ion problem, two comments should be made. Oné is



168 G. A. GREGORIOU

that the claim that the usual approach has created part of the non-classical car-
bonium ion problem is not implying that there are not real questions about the
problem. The latter questions, however, differ from the problem as treated by the
usual approach which employs one or another extreme solution excluding trends.
The questions are said instead to be questions of “degree” and of “trends”, and re-
quire appropriate study in terms of gradual modification of various factors to es-
tablish points of transition, whether from one to the other extreme (e.g., equilibrating
classical vs symmetrical non-classical) or between them, (e.g., various degrees in the
extent of bridging or contribution by Z in general). In other words, the problem
becomes mostly quantitative rather than qualitative.

The second comment is that even though the unified theory provides certain prin-
ciples, model, and approach (type of “thinking™), the conclusions and predictions are
reached from them by way of a sequence of arguments. This latter fact allows for
errors to be made also. If wrong predictions are sometimes reached, it is the argu-
ments which may be wrong, and they should be checked first before questioning the
theory. It is hoped that such errors have not been committed in reaching the predic-
tions discussed in this paper.

In concluding the present discussion of the subject of non-classical intermediates
— detailed discussion* of individual systems will appear elsewhere — the following
comments should be emphasized or repeated:

The subject of non-classical carbonium ions has used up considerable amount of
effort in the field of reaction mechanisms during the last fifteen years and this effort
seems to be increasing. Still, and in spite of this, the field is divided into two groups
and a spectacular controversy has been created. Even though this problem has
become such a spectacular one it is not the only one; a great number of other
problems concerning many aspects of the field have had a qualitatively similar fate
during the last fifteen years.

Analysis by way of the “cause behind the cause” in terms of this approach has
led! the author to the conclusion, emphasized and presented better in 19622 *Sthat
several of the problems and questions of the field had not been exactly real but had
been partly created by the very approach on which the study of organic reaction
mechanisms has been built. This was argued to have been the result of the use of ar-
tificial and misleading basic models — e.g., the concept of carbonium ions. This has

* As part of this effort, an experimetal program on this subject, and in particular on the phenonium

(aronium actually) and the norbornyl carbonium ion intermediates will soon get under way in this

laboratory, in an effort to test the present predictions. NOTE ADDED IN THIS REPRINTING: The

program referred to above has since materialized in part, and some of its results have been published [S.

Loukas, M. Velkou, and G. Gregoriou, Chem. Commun., 1199 (1969); ibid., 251 (1970); S. Loukas, F..
Varveri, M. Velkou and G. Gregoriou, Tetrahedron Letters, 1803 (1971)] or have been reported [G.

Gregoriou, S. Loukas, and M. Velkou, paper presented at the Conference on Carbonium lons,

Cleveland, Ohio U.S.A., October 1968; G. Greogoriou, S. loukas, and M. Velkou, paper presented at

The International Symposium on Isotope Effects, York, England, July, 1969; G. Gregoriou, Ph.

Avouris, S. Loukas, A. Mavridis, F. Varveri, and M. Velkou, paper presented at the International Con-'
ference of the Mechanism of Reactions in Solution, Kent, England, July 1970; G. Gregoriou, F. Var-

veri, and M. Velkou, paper presented at the 160th Meeting of the American Chemical Society, Chicago, -
Séptember. 1970; G. Gregoriou and F. Varveri, Bull. Chem. Soc. Belges, 91, 424 (1982), 6th IUPAC

Conference on Physical Organic Chemistry, Louvain-la-Neuve, Belgium, July, 1982].
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necessarily resulted in a somewhat artificial way of “arguing back” from these
models: E.g., “because the intermediate is a carbonium ion and has a large charge, it
is unstable and it quickly reacts further” (see ref. 5).*

One of the consequences has been the lack of a broad basis for predictions. Thus
the approach has often devised individual interpretations to fit the experimental data,
rather than really predict them qualitatively. These interpretations have often been
the result of the ingenuity of individual researchers rather than devised by the princi-
ples of the approach, and in many cases in.fact have been reached in spite of these
principles. Thus the field has constantly been surprised with “new” (not quite so to
this theory) findings. These interpretations, furthermore, kept being modified, as new
experimental evidence came to light, often along with strong controversies as a result.

All this state of affairs has often perhaps left many chemists in a state of confu-
sion or behind the development of the field, not to mention what it has done to the
students of chemistry.

There is finally the question whether the field could have devised a shortcut to
the qualitative side of today’s picture. It has been argued?® that it could have done
so, if it were to have used a more realistic approach (e.g., the unified approach), in-
stead of that used and instead of the concept of carbonium and other ions as such.

To understand and be convinced of the above claims one could do two things:
The first one is to think in terms of the unified theory — after having depolarized his
thinking from the concept of carbonium ions and from some other features of the
usual approach — about many aspects of reaction mechanisms, be they the
mechanism of Sy1-Sy2 reactions, the question of duality in the Sy1-Sy2 sense, the
structure of intermediates in solution, whether the so called carbonium ions (cations
in general) or carbanions (anions in general) or radicals, the question of carbonium
ions vs ion-pairs, carbonium mechanisms, the mechanism of eletrophilic reactions in
saturated or unsaturated systems including aromatic substitution, the mechanism of
additions to double bonds, the mechanism of elimination reactions, the mechanism of
hydrolysis of esters, solvolysis reactions in general, the role of the medium, relative
nucleophilicities, or other aspects of reaction mechanisms. In so doing, one will come
up with a number of predictions (qualitative and relative trends, not absolute). One
can then compare the predictions on each subject with the development of the views
on this subject in the field. He will find that these predictions differ from what was
accepted about these subjects in the past, that the latest views about them are
already covered by the predictions, and that the latter may in several cases disagree
with the latest views also, or be predictions beyond what is accepted. The second

* According to the picture provided by this unified approach, the proper argument would be the op-
posite one, namely: “because the intermediate is a species which has already progressed far toward
product formation, or because it exhibits much covalent bonding to its envirronment (mainly incoming
and leaving group), in other terms, because it is not a carbonium ion and because it does not carry a
large charge, it is unstable and it quickly reacts further”. As seen, the difference is not only one of the
argument used but of the essence also. Thus the less an intermediate formed by the usual chemical
means resembles the picture of a carbonium ion, the more reactive it should be, and not when it resem-
bles it more. In fact the more it resembles a carbonium jon (that is the less its covalent bonding to the
environment) the less reactive it should be.
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thing’ to do is to wait to compare these latter predictions with further deveélopments
in the field on these subjécts as they come; he will find that when there is a correc-
tion of pastvviews,hthese new developments agree with, or are closer to the predic-
' tlons ‘

Developments in the field since 1958' keep verifying these claims, and steadily
change the general “thinking” in the direction of what is proposed by this theory —
they do so,”however, at a high cost: they start from the periphery, that is from the
many individual problems, and are forced to slowly move toward the central picture,
rather than starting from the one central picture itself as approached and answered
with a single effort by this theory. On the other hand, these verifications of its
predictions render at the same time even more difficult, demanding, and frustrating
the work of reinterpreting the field in terms of this theory and putting it in writing on
time.*

Tepidnym

~

H éwoia twv un-klacoikdv kapfovidviwy vré to wipiopa the eviaiog Bewpiog

H «eviaia Bewpior ' kot o tpoémog tov okéntecal mov elodyel gpapuostnikay
ot0 Béua tng ynukng Soung tov ev&auecmv CLOTNUATOV TTOL EIVOL YVWOTA 6AV U
kAOooIKO 1OVTO.

Awrtondvovial tpoPAfweg yio pio hoywf doun kot aplbud evdapiéowv evog
TETOOV  eVOLAUESOL GLGTARATOC. TO TPOTEIVOUEVO EVOLGUESO GOOTNHO Sla@épel
1060 QMO OVTO -TNG «KAUOOIKNG OYOANG» 0G0 Kal AmO OVTO TNG «UN-KAUCOIKNG
OYOoMigr. LOVAYETOL TO GUUREPACUO, Ot kat ot 800 TapamGve oYoAE ElVOL EV MEPEL
OWOTEG KOL €V UEPEL GOAAOLV. '

To mpotelvouevo ocdotUa ETITPENEL TNV OTapén o?»onc?mpng doPaduong otn
doufl ka1 TN ocvumeplEopd TV EVOOUEc®Y M omoia Ka60p1CBta1 ano _Srdpopovg
TOPAYOVIEC kat and Tig NETaBorég Tove. Emtpénel eniong 10 odotnua my spunvela
OV TEPAoTIKGOY dedopévav g PBipiioypapios.

" E&etalovtar mpiopévor avnnpocwnso‘m&oi TOTOL SLOTNUATOV LTO 1O Tpicua
TOL GLOTMUATOG TOL npoteivetar - and v sviaia Bempia.

Avalvon tov mpoBAnuatog pe tﬁ Bondewr tng Bewpiag odnyel otn danictwon
6Tt VTApYoLV wplouéve aitia oL odNYoay oTn MAPUSEDEYUEV EIKOVE T@V pfi-
KAOGGIK®OV KOPPOVIOVIOV Kol OTM usya?m Swnaym mov Efomace mave oto Oipa
avtd. IIpofarietal o 1oyxvplopdc 611 N KOP outic Tov dNUIOBPYNOE PEPOG TOL
npofAnuatog mpémet va avelntnlel ota Pacikd xopektnpioTikd g «cvviifoug
uebodouvr PEAETNG TMV UNYAVICU®V, On®G T.X. aLTH 1 B N Evvolwr TV Kop-
Boviovtov cav evdlopécmv oe ynuukég avtidpdoelg oe daddpoata. O idieg ortieg
vrootnpiletar 6Tt eivar gv pépet vredbuveg Yot dnuovpyia (tépa and ™ Avon)
TOAADY TPOPANUATOY OTO TEdI0 TOV UNYOVIGU®OV. )

* Several efforts between 1958 and 1963 to make this work!™® public (conferences or publications) have
not been very successful. As a result the author has written this work in the form of reports, and has
concentrated instead his effort an the experimental aspects of the subject — an extremely siow process
as compared to the number of subjects and the need for speed on this matter. The result may be that
several of the not yet verified predictions may also be verified before this work even gets off the ground.
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H nolepkn petagd twv dvo oyxordv (o1 onoisg o propovoav va ouufipactovy

HEG® TOL EVOIGUESOL OCULGTRUATOG TOL TPOTEIVETOL Omd TNV evicio Oswpio)
npoteivetal vo otpagel, avtifeta, xatd g «cvviifoug ueBodov» perétng TV uny-
avicudv ko1 vo oaviikatootoBel n tekevteic and v «evieio péBodo» mov
mpoteiveton ue Paon v evieio OBewpio.
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ENQXEIYX MIKTOY APIOMOY OZEIAQXEQY KAI H XPHXIMOTHTA
- TOYEX XTH MEAETH TQN ANTIAPAXEQN META®OPAL HAEK-
TPONIQN

M. KAMAPIQTAKH,- A. KAPAAIQTA, A. XATZHITANATIOQTH kot A. KA-
TAKHZX

Epyaatiipio Avdpyavng Xnuerag
Tougag Avopydvov Xnueiag Hav/uiov AOnvdy

(EAMgln 2 Nosufpiov, 1983)

Mepidnyn
H gpyacia avtn anotelei wa pekétn g Xnueiog tov evdoenv uktoL apiBrod ofeido-
cewg aclevoig arliniemidpioewe. Heprypdoerar dnAadn n ynueio evidceny ong onoieg d0o
ueTaAAIKG: 10vTa Slagopetikoy 6Bévoug umopovv v’ aviaAAAcovY NAEKTPOVIO HE UKPT] CYETL-
xa dundvn evépysag. EmumAéov, oto ueyekdtepo uépog, efetdletat n xpNoHOTHTL TOV EVED-
eV piktov obévoug otr UEAETT YEVIKG T®V QVIIBPACE®V HETOPOPAG TAEKTPOVIMV.
H epyooio neptlapfdver 1o &g kepdlota:
1. Ewoaywy — Optouol.
2. Katdta&n tov evoceov piktod ofévovg.
3. Zxéon @uOHETOCKOTIKMV O0TATOV Kol AAANALTdPACE®Y OE EVDOOELG PkTod GOEVOLG NG
@ (ID).
4. Gewpia yo v Oepuikt] Ko OTTKT pETa@Opd MAEKTPOVIOD.
5. Texvikéc ka1 mo.paSelyRoTe: THE SPEPLOYTC TOV EVOOEMY UIKTOD oBEVOvg oTn HeAétn Tng
HETAPOPEG MAEKTPOVIOD:
6. Mehhovukég mpoonTikéc.

Ewayoyn

Opiopoi: <Mixto6 obéyogy elvar pio amd 11 ovopasieg mov ypnowwocnombnav
YW VO TEPLYPAWOULV QVOPYOVEG 1) OPYOVOUETOAAIKEG EVCELS OTIG OTOIES Evel GTOL-
xeio Bpicketan oe nepiocoTEpPEg and Ui okedmTikég kaTtaoTaoels. "AAdeg ovolaaieg
7oL YpMoLuonotRdnkav givol «uikTn ofedwtikf KOTAGTOOT» «un oxepaic ofedwTin
KQATAOTACT® KOl «u1 0KEPALO GHEVOCH.

Opuktd 6mwe o Biotiwng, Bifwavitng eivar gvaoeig piktod obivoue.

Evaoeig uiktod obévovg avevpickovial enicne avapese oTig «ugToAAIKEG TAELG-
dec» N oxdUa ko1 ot EVEDUO TOL KOTOADOLV TNV UETAPOPE MAEKTpOvViov N TN O&-
opgvon afdtov kot 0ELYOVOL otovg aviicTolyovg BloAoykovg kOkAovg.

To npdto ovundoko piktod cbivoug mov mapockevdotnke oand Tov avbpomo M-
tav 1o Ilpwooiko unie!), Metd and avto, and tov 19ov aidva uéypt onuepa mopa-
OKEVAGTNKOV TOAAEC AVAAOYEG evidoelg &vrovo ypopoticuéves. o va e&nynbn to



A. XATZHIIANATTIQTH, A. KATAKH

174 M. KAMAPIQTAKH, A. KAPAAIQTA,

EVTOVO YPOUA TOV EVOCEOV QLTOV avamtdyxdnkav kotd xkupovs didpopeg Bewpieg,
and vopic TAvieng avayvepiotnke 6Tt Exet oxecm uE T ueTOpopd MAekTpoviov and
gvo petodhkd kévrpo oe 6Arho. 2D

Zug evaoelg uktob ofévovg vrayovion KoL TIOYOYOL TOL AmOTELOLYTOL ONo
OLEIdI0. LETOAA®V LETANTOCENG, 0TO KPLOTaAAKS TAEYUO TV OToi®Y npoouﬂsv-:m
peToAKé 16vta Srogopetikod_apBuod ofelddoemg™.

"Eva véo 7edio otn ynueia tov svdceny wiktod oBévov apyiler v’ avantdosetar
uetd v dekastion Tov 1960 kot PETA TNV mapatipnon OTL uropodoav va Angebobv
GuEcec TANPOQOpPiES Yy thv BepLodLVOKT TNG METAQOPAG TMAEKTPOVIDV YEVIKG,
ond v ekétaon g OepuicAG KoL OTTIKAG METAPOPAS OF MKTOD GBEVoLg oliyoue-
p11®). To 1967 dnuoociebovral §vo onuavtikd apdpa avockonHcewg Yo TNV OAn x—:&e—
MEN g Xnueiog wiktod obévovg.

10 npdTto® KoToTdooovVTaL oL EVOOELS LiKToD obévoug Pdoel e1dikod xapaktn-
pIGTIKOD, ToL PBaBuov avevtomiopuol Tov GBEvoug, Tov eEupTataL ANd TNV EVEPYELL-

k1l SEopd TwV Svo UEPOV TOL ATOTEAOLV TNV EveoT

ININAKAZX 1

Kotateén tov evooewv pktod obévoug katd Day®.

).

a/a Téen I Tagn 1T T&Zn III-A TdZn I11-B
MeTaAALKG LOVTIQ | MeTaAALKG LOvTa | MeTaAALkd vOvta | MetaAALkd Lévta un
1 | og oAl SLagope | g€ (BLa oxedov un drakploLpa dLakplgLua
TLKA ouupetpla. | oupueTpla. GAAG OUGOWUATW- i
uéva o€ TMOAUTIN-
pLVLKA guoThua-
ta (Clusters).
a=0 30évn teAel | a>0 oBévn _BLa- |[MéyLotoc amoev- | TéAeLoC amoEvTomL-
2§ wg gvtomiouéva. | kplotua uAAG €- | tomuopdc. ouog.
AQQpiC amoevIo-
TMLOpEVE.
Anouola xapa -| Mla i mepLoodte | Mla n mepLoodte | MeTAAALKA + avakAa-
KTNPLOTLKNG UE~|{ PEC UETOMTWOELC | PEC MeTANTWOELC | oTiLkdTtng otnv o=
3 | tantwoewg Wi~ | uiktold oBfvoug | uLkTol oBévoug | path mepLoxfi.
KTal .08évauc oTnv 0path mepL | OTNV opath mneE-
0to 6patd. oxfi Tou @doua - | pLoxh.
TOG.
Movwthg. Avti-| HyLaywyog,avtl Oc enl to mAeL | MeTaAALKA aywyLud-
4 | gvaon 10'° Ohm. | otaon tng Td&ng | otov LBLOTNTEC tnta. Avtiotaon -
cm i yeyaAltepn| 10-107 ohm-cm. LOVWTOU. ™Tg téewg 1072 -
) 10-6 Ohm-cm.
KLaTNposv to 94| QOAoUG wOpOTAN - | Oaodd OLa@opeTL | Pdoua JLAYOPETLKO
ouata T@vV ouvi-| gLOo ekELVO Twv | KO Oomd Twyv* ye-'| and ta ouviotdvta
5 | otvtev LOviwv | ouviot@vTwv L- | HOveHéEVwY LOv -.| LovTa.
(I.R.Raman-uu). | 6vtwv (I.R. Ra- | twv.
man. W U).
Mayvntikd apard | Mayvntikd apatd | MayvntikG apaird | Avapayvntikd f- oL-
6 TApaUAYVNTLKA . dnpouayvntLlkd - ue
o€ MOAU Xaunhéc uevahn Bepuokpacia
' BepUOKPAOLEC. Curie.
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Oeopodue og mapaderypa kpvotarlikt Evoon wiktod ofivoug A(IIT) B(IV). Edv
oL dvo mAgvpés A xar B eivar 1060 Swepopetikés peTa€D Tovg, MHOTE N SpdOpPmo”
A(IV) B(ID) vo sivar moAd peyolvtepng evépysiag and tnv Swapopomon A(IID)
B(IV), t0te N &voon &xeL 1dotnteg povarth. Edv ol Svo mhevpég A, B sivar 160d0va-
HEG T WETEQOPE TOL MAEKTpOViov YiveTal ywpic Samivn evEpyswig ondTE N Evawon é-
XL HeTaAAKES 110TNTEG. XTNV REPINTOOT TEAOG TOVL Ot VO TAEVPES Elval KPLOTUA-
Aoypagukd dwkpioiueg 0AAL TOPOUOLEG EVEPYELRKD, 1| UETOPOPE MAEKTPOVIOY YivETAL
pe pkpm domdvn a\eépyala'g\ KoL 1 évoon &ivol nuoyoyos.

Xrov mivako I divovtor 100 OPOKTINPLGTIKA TV TPLOV TAEEMV EVOOEMV UIKTOD
obévoug* katd Day®,

Y10 Sevtepo dpBpo avaokonfcewc” eketdletar Bempntikd 1 X0POKTNPISTIKA
TaWVio TOL OQEIAETOL GTNV ONTIKT) UETOQOPE TAEKTPOVIOL ATO TN MO TAELPA NG &-
voong otv GAAY (and A ot B), yia evioeig kpig dlogopdc evepyeiag, dnhadn kv-
plwg YU avtég nmov koratdoosoviar otnv tafn II (BA. mw. I) ko pehetdrar n oxéon
™G OMTIKNG ueTantdoemg pe tnv Bepuikf petopopd MAektpoviov.

MINAKAX It
©a._Xnueta
OEeLBoavaywyh ((NH3)sRu(pz)Ru(NH3)s)°*
HAektoxnuela Ag0
Aeoubég peTdhdou-petTdiiou NbsChg;
dwtoxnuela PUyp O
Xnuela XpwudTwy-Bagav Ru, Red
AvaluTLkh Xnuela MnAé TAc NMewaolag
MovoSiaotdteg evioeLg Epubpd tol BoAgpaulou

- OpvavoueTaAALKEC EVIOELC

B. QuoLkn

MetantwoeLg peTAGAAOU~HOVWTOU Vn02n_l

Yrepaywy LuéTng LiTi,0,4 BaB1bu;;§g§

ZLonpouayvnTLopog Lé;Srl_an03

MopLakd HETOAAG | KePt(Cn)uBr, 30“3H2_0

V. Metahdoupyia | BrotlTnc—KpokiBoAltng
. BLBravitng

8. Biodovia

‘EvZuua petagopdc nhektpoviou Fe,Sy

‘Evqupa Beopedoeng SEuydvou Cu, Atpokuav{veg

€. XnlieLoBepaneta kapklvou sOlmhoka Pt.

* Tuvtetpnuéva m.v (mixed valence).
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Trov mivoka II cvvoyilovtol ta didgopo nedia pe ta omoio oxetiletor n e&étaon
TOV EVOCEMY MIKTOD oBévougty,

Eueic 8 aoyoAnfobue kvpimg pe tnv spappoyn g ynueiog piktod cdévoug otn
uegAétn  tov ofedoovaywyikmv avidpdoemy.

Z1m ovvéxew:

1) Heprypdoetar n ynueio twv eVOCEDY MKTOV cBévoug mov yprotpuonolodvral
otnVv MEAETN TNG onTikfG kKot Bepprikng uetagopdc niektpoviov. Ot evooels avtég ei-
vau Stuepeig, oAtyouepeic kot moAvugpeis ue acbeviy dpdon UETaED TOV HETOAAKOV
kévipov (Tagn (II) kotd Day).

2) Aivovtat ot Booikég Bewpiec yio TV BepuikT KOL OMTIKT METAQOPC NAEKTPO-
viov.

3) Avoogépovtar mapadelypata TNG EMNLTLYOVE EPUPUOYNG TOV EVAOCEMV MKTOD
c0évoug ot ueAétn avtidpdoemv UETAQOPAS TAEKTPOVIOV.

1. Ixfon QEOMCTOOKOMK®OY WOTNTOV KoL CAANASMGPUCEQY OE EVAOES WHIKTOL
olévoug tng talewg Il kara Day.

Ta va peherficovps 115 WiotnTeg wog vmong uiktod opBuov ofeidwong g
t6€ewg II punopovue va eferdoove 10 mopokdto CVOTNUN.

Lme—LB—M”Ly' m=#n (1)

H Swepfic avth opdda uropsi vo vrdpyel og Eva otadepd dwuepéc odumhoko -
oG m.x. 010 10V tov Greutz kou Taube.

/~\ .
[(NHa)s Ru™X () N RE(NH;)s)°

1 umopel vo mapiotdvel TV yapoktnpiotikl dopikn ouddo o’ éva kpOotairo m.y.
mv opada (Fel™ — NC — Fel) oto npwooikd umie.

Kat 1o 800 avtd cvothuata yopaktnpiloviol and ueptkd egviomiopd tov cbé-
Vouc. ‘

Ot ekféteg m kou n copforilovy tovg dvo drapopetikovg aptBuodsg oEedmhoens.
O dvo cvvdedeuéveg onddeg umopei va givar idieg N dopopetikég, Ovailoya HE 1
@VUoM TOL vrokataotaTn — Yépupa (L), ™ @bon ko tn yeopstpikn Sigvbétnon
TOV TAELPIKGOV VIOKOTACTATOV L kot L', Zuven®g ot Sl0T1TeG TOV GVOTHUATOG Ut~
k100 o@évovg ovoyetilovial ko ggaptdvial and Tig WidtnEg TV §Yo povorvpnvL-
KOV opadmv and 1o &va Hépog, kal amd 10 GALO, OO TNV MAEKTPOVIKT] «EMIKOLV®-
viow péca amod T YEQLPOA.

O cvvdvacpdg tev Tepandve tapaydviev tpocdiopifel v nisktpovikn doun
™m¢ évwong kol 6° avtd akplag Basiletar M katdtagn twv Robin-Day® ?. To mio
Qavepd amotéAesua g aAAnAoenidpoong 1oV 800 UETOAMKOV KEVTIPOV ElvaL To £v-
TOVO YXPOUC TTOV EUPAVILOLY Ol TEPLETOTEPEG EVOIOELS MIKTOD oBévoug, Eva palvoue-
vo mov dgv umopei v’ anodobel oe anAd cLVOLAGUO TV MAEKTPOVIKDOV QUCUATOV
TOV LOVOTLPNVIK®OV cLoTatik®V. To éviovo autd ypoua ogeiletar cuvibmg oe e
TOLVIO ATOPPOPNONG GTNV TEPLOYN LUIKPDV EVEPYEIDV TOV OTTIKOV @acuatoc. ‘Ot o
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TOAAEG OmO TIC TPAOTEG EPEVVEC TAV® oTov TOMEN NG Xmuelog m.v. dpyioov and
mv «oebaiuopavi» avth wotnTe. H tawvio avth nov Adyetar Sxobevikn (interva-
lence) 7 tawvia pixtod oBsvovg ko cvuPolriletat mg LV. f| L.T., dev mapatnpeitat oto
PACUA TOV OVTMV oL OTOTEAODY TNV EVeoT Kal omodiSETol OF Ml MAEKTPOVIKT
uetaopd ond 1o Eva WeTaAiixd xévipo oto GAro.

hv
|Mm’ Mn, -5 ,Mm+l, Mn—l, (2)
VIT
Twég v to mopatnpovueva muedpn (Aobs.) kot Yo TIG GLYVOTNTEG TOV TOL-
VIOV anoppogncemv uiktod cBévovg (I.V) mov ogeilovior otnv petagopd @optiov
and pétairo oe uétarro (MM.C.T) divovton otov mivaxe IIL

IMINAKAYX III

Méyiota amoppogpficens Viy ko nuedpn A mg dweobevikiic Tawviag oe Sumvpwiké odpmroke (cm ).

S0OuUTAOKO Ref. VIT Aﬂe\,p. ABEmp.
(NHs ) s Ru-pyz-Ru(NHs )3* 24-52 6370 1500 3840
(NHs ) sRu-4,8" ~bipy-Ru(NH;)3* | 45-50 9700 5200 4730
(NHs )s Ru-pyz-RuC1(bipy)s* 49 10400 5800 4900
(bipy)s C1Ru-pyz-RuCi(bipy)3* | 37 7700 4900 4220
(NH;3 ) sRu-NC-CN-Ru(NH3 )3+ 53 7000 1610 4020.
0
(bipy):Mn 7 Mn(bipy)3Yt 17 12000 4600 5260
: \ 0 /
(CN)sFe-pyz-Fe(CN)3™ 16 8300 4800 4400
(CN)sFe-CN-Fe(CN)E 51 7700 5100 4220
| (NH3) sRu-NC~Fe(CN)5 5t 10400 4600 4900
(NH3)sRu-NC-0s(CN)5 51 12600 6500 5400

Inu. Ta Anep. ket Afewp. maplotodv aviictowxe Tig netpauatikés Kat Bewpnrikég vroloyiouéveg Tiuég
yw to npevpog tev LV. anoppogiicenv.

H dacbevikn towvia Exer pehetndn ue Paon éva noloTikd npoTLNO TTOL EXEL TTPO-
teivet o Hush®™.

To oyfine 1 Seiyxver to evepyeakd Sidypauue cto onoio Baciletar o mpoTLNTO
avtd, Y Eve copuetpkd ovotnual” pe acbev oAAnAenidpacn @V pETAAMKOV
kévipov (taEn II kotd Day).
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E
f [M%H’] | > [H’.Hz_]

Eof ZEin

8
e
Y 7 —* Q

IX. 1. didypauua dvvauxiic evépyeias yia ty diacBeviky anoppognon. Q" kar Q7 elvar aviioToixws o1
féoeic 1opporiac (eddyiora Svvauikhic evepyeiac).

Ot dvo koumOAEG anekovifovv tnv petaforn tng dvvalkng evépyelag Tov cu-
othuetog. Eop eivor m evépyewr ywr tnv ontikf Metdntwon. Bdoer g oapxhg
Franck-Condon 1 evépyewo. avti mepthauPiver kot dovntikh Si€yepon mov METOTPE-
neton TeAkd o Oepuukn evépyewa. To cvotnue dniadn petd tnv anoppdenon @wTto-
viov mov avtiotoyel otnv evipyewe Eop emavépyetar tehikd otn Oepelddn (Sovnti-
KG) xatdotaon.

H evépysia gvepyomouioews v Tn Oeppiki HETAPOPE MAEKTPOVIOL KOL TN HETO-
tponfi tov M2, M?] og [M?, M?| eivar n Eth.

Y10 oxfue 1 1 ONTIKN HETONTMOTN TOPLOTAVETOL OG KOTAKOPLOT.

To @payna evépyewg yw v mepintoon Oepuikfic evepyomoinong eivar 161e

Eth = —}1— Eop 3)

Emonuaivetar ndviog 6t 610 oxfpe 1 nopiotdverar povo n dovntikt avaodlop-
yavoon tng evaceng uiktod oBévovg. ivetor dnhadfi n npooéyyion OTL N evépyel
avTi 0vedlopyovacens, Tov uropodue vo ovufolricovue pe Ein, 1codton nepinov pe
v Eop.

Ein ~ Eop )

H Ein xaAsitor xou @pdypa Franck-Condon. TIoAAd 6pwg cvotiuate piktod
obivoug pehetdviar oe StdAvpo. I’ avTéc TIC MEPINTOOCELS TPENEL va Anedn vroyn
kot n evépyswe Eout, avodiopyavooewg tov SiaAvtn, omoTe EXovue

Eop = Ein + Eout (5)

(H Ein propel va vroloyicbei).
INo tov evepyeiokd 6po mov efoptdtar and tov daddtn £xovue

1 1 1 1 1
«Eoutzez( 7y +—~2—E—l;—— —d—) (—nz—e —5) (6)
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Zv ekicwon 6 a, xo a, eivol oL 0kTiveg TV cpopLY cuviiEeme Tov dDo 10v-
TV, d givol n andctacn peta€d tov uetadlikodv kévipov kot D kot n givar 1 din-
Aextpicl] otafepd kau o Seiktng SHAGcERS avticTolya TOL SWADTY.

H enipocn Tov &idovg Tov SAVTN Kol TN ARTOCTAGEMS TV UETUAMKOV KEV-
Tpov £xel ueketndn and tovg Taube, Meyer, Creutz xar GAlovc®. Ta mepopotikd
anoTEAESUATO Y10, 10 0:08EVODG AAANAOEMSPAsENC SHOTAUATH GTNPIloLY. IKAvVOROLN-
Tikd TIg TPOMYoLpEVES Tapadoxss (avaAvTikdTepa GTotygln Kat napaﬁgi{(haw §ii\'0v1
TOL TOPOKAT®).

Muw xowf 1816t 1wV mo noAldv tauvidv LV. sivar oneg eidtpe, 1o ueydio
eopog toug® ™ (nivaxag III). A

To muievpog A 1ng touviag covdéetonr ue tnv evépyele hv 1oL QavOuévoL
Franck-Condon pe tn oyéon

hvy 112

KT @

A(T) = A(O) lCOth

Ta A(T) xox A(O) maploTdvouy T0 MUEVPT TNE TOVING OTOpPOPNGENS cTovg T°
Kkt otovg 0° Babuovg Kelvin. H televtaia tipf mpokvntel ne npoekPoAf KaunLvAdY
petpficev ot xaunAn Oeppokpacio. Ltnv mepoyfi vynAov depuokpuciodv éxovpe
mv anAn oyxéon:

AZ

Vir= 3310 pe |hV < KTI (8)

Ao TV oyEoN VTR TPOKVMTEL OTL Y10 TNV MEPIMTOON GUMUETPIKTG METOPOPEC
NAekTpoviov, givor duvatov and 1o Muevpog (A) vo vodoylebn N cuyvoTTe ANop-
popficewg kKat to ovrifeto.

Hewpapatikd anotedéopatd yio 8eppoxpasio T = 300° K Seixvouv 61 10 npoTL-
no Hush nepiypdoer pe enttoyia o cvotiuota piktov cbévove. To oxnua (2) Sei-
xver Ta Sedopéva yia TV tawvie petagopdg goptiov oto cvpmioko [(CN)s - Fe -
Pyr - Fe (CN),|> 0D,

L)

2

11

~ -~ - v -8

oo 200 T[&]

ZX. 2. E&dptnon ané v Oepuoxpacio tov nuieipovs tng didobevikric tawiag tov [(CN);Fe-Pyz-
Fe(CN) J°. H ypauun eivar n Gewpnuixy] kaumvdn yia hv=490 eni’l. Ta onueia sivar ta nepaparicd Se-
Jousva. )
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H texvikn tov @acudtov Raman cvviovicuod (R.R)!'? mpocoeépetal yia tov
npocdloploud g dovicewg mplopévoy decuod mov cvuvdéetor ue tnv tawvio LV.

H Oepuikn gvépyeia evepyomooemg, LIOAOYIoUEVT antd TNV oxéon 3 ypnoluo-
nomfnke yw@ tnv  pétpnon NG  TOYVTNTOG OTS OVTIOPAGEIS UETAPOPAS
nAektpovion!s: 19, '

To ohokAfpoua tne évraong e LV. taviag propei vo xpnowonondn yio &va
KOG TPOGEYYIGT VIOAOYIONO TG EVTOTIONG Tov 6Bévoug. Métpo autng tng eviont-
ong &ivol 1 napdueTpog ¢ mov doBnke a@’ evog omd tov Day® kol ap’ etépov and
tov Hush™,

4.24 X 107 Eppax - A

2 —_—
¢ Viad?

®

0mov Epax 0 GUVIEAESTAG LOPLAKTG ATOPPOPTcEDS, A 7O MUIEBPOC TNG TOLVIAG KoL
d M andotacn tov petoAiikov-kévipov. H géicoon npovnobéter xaunvin Gauss
ya v tovio aroppopficews. e Ta oOumAoKo Tov mivoka 3 1 mapdueTpog Exel Tt-
uég uera&y 0,01 ko 0,1, ’

To andoé ddypaupo tov Hush (oxfua 1) petorpdnnke yio vo epapupochn kot oe
ovothuate pe evdidueon B oyvpn aAinienikéloyn®. H xotdtaén plag éveong
otnv 16€n (ID) | otnv 16EN (III) Tpocdiopiletar and To uéyedog tov Ea oe oyxfon pe

o kT/hv. ET

509

Ea

t’a

EX. 3. Evepyelakd ‘Sidypappa mov 1oxver yia achevy alAniemxdiown (vdén II).

=4

Ea
<3 —* o

EX. 4. Evepyeraxo didypappa mov ioxveEr yia ioxvpt aAindemrxdivyn (zdén IID).
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‘Ol 6oa avapépbnkav mpLv, apopodV OTmG eiraue KUPIwG TO CLOTNUATA TNG
16Eng (II) xatd Day. Ot kuptoTepol OvTImpOc®TOL TG TEENG avTNG gival:

1. Awepn odunhoke O6mwg 1o WOV Tov Greutz-Taube.

2. Evooeg molvpepeic 6nog 10 IHpwooikd umhe.

3. OMlyopepn o0nwg 1o [Ruy O, (en), (NH,),0l Cl;, moAAG and 1o olryouept £-
youv peketndn meptocotepo ot Srdhvpald).

4. Toumhoko Tov ROV SbX!~ SHX?~ mov éxovv pehendn o€ oteped katdota-
on kol o€ didAvpa kou

5. Ot povodiictoteg gvmoelg tov Pt kor tov Au®.

Sy pedétn tov aviidpdcenv petoeopic MmAsktpoviov yxpnotuernotifnkev g
TOPe KLPIOG Ol TPELG KOTNYOPIEC.

To 16v Creudz-Taube [(H,N), Ru- N O N-Ru (NH,);’* anoterel v age-
pic yia g oAdkAnpn oelpd TOPOUOLWDV ouunkom)v nov &yovv mapackevachn kot
nepLypopei?).

2100¢ LTOKATACTATES 7oL Exovv ypnoilpomondel wg yépvpeg mepltAauPdvovia

: }!‘ ‘
¢1-, o, my, o, RO¥, @‘2‘;‘,’ O} (era)
NC-CN, NC-Cc-CN~ : \

c-a”, Nc—@—cn, O , N6=\—<O>N

R
THapadeiypota povougpd®v opddwv:

(NH,),Ru(II, II)!%, (NH,),04I, T, (CN),Fe(II, D)6
(bipy),Mn(II1, TV)'7, (bipy),CIRu(II, IIT)®.

Ot ouddeg avtéc ovvdidloviar pe moAlolg and TOLG VTOKATAGTATEG YEPVPES
OV OVOQEPAUE.

Mo, yevikf) péfodog mapockeviic counAidkmv piktov ofévoug eivor n anevbeiag
avTidpaocn TOV aVIISTOiY®V UICE®V» LOVOUEPDV, UE TNV npovndleon 611 10 Eva
ané OVTA EXEL KOL LTOKOTAGTOTN EVKIVITO.

Mo 6AAn yevikf pébodog mapockevfic eivor M pepikn avoyoyn () ofeidwoon)
evog nAnfpwc ofedmpévod (N avnyuévov) diyuepodg cvbumiokov.

Tevikd o1 evacelg uiktod obévovg oynuotiloviol katd tnv aviidpacn 1coppo-
miog

M —Lg—Mam + My —Lp— My 5 2Mgy — Lg — May (10)

7oL cOVTOUQ UTOPEL va YPOQEL:

ke
13,3 + 12,2 = 2J2,3 (11)
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O otabepég 1ooppomiag ke opilovy v o1abepdtnTo TOL GLUGTAUOTOG HIKTOV
obévovg. Ot tpéc Ke umopotv vo Aneboidv anod petpioelc tov §0o duvoukdy ava-
yoync:

13,3| + e~ — [2,3] E,
12,3] + e~ — |2,2] E,

ue kvkiikn PoArauerpio.

TNa v nopackevactikn Xnueio n iy Ke eivar o kpiowog napdymv mov ko-
Bopilet v gvkorio anopovoceng and 1o StdAvpa, NG Kaeapng oTEPENC EVMOTG
(m.v.) uktov cBivouc.

AvTnpoomnevtikny moAvuepng kpvotaAiikn éveon m.v. €ivol To «Tpwooiko
umhe» Fe, [Fe(CN)|; XH,0. Xapaktnpiotikd Aéyetor, otL dev vmipyer oOUTAOKO
7ov va €xgl peyadvtepn totopia and to purie g Ipwoociog. H npotn gpyosio y’
avTod SMUOGIEVTNKE OTIC 0pYES Tov 1800 ardva'?. Avagépbnke emiong wg to mpoTL-
70 TV evocemv m.v® kot &xel uehetndf oe ueyaAn éxtacn. Ta kvplo xapakTnpL-
STIKG TNG douNG £ywvov yveotd and petphoelg mepibldcemg aktivmv X og okovT,
nov éywav mpwv 40 xpovia?D. T’ éva kuBikd evdokevipouévo mAEyua ot BEcelg eivan
evoALGE katelnupéveg and Fel! kauw Ee', H Baoikf doun opadae givor Fe™ — NC —

- Fe (Zyfua 5).

i

N
(

4
] cu" ,‘\ &.07

£X. 5. H otoyerdddns xowedida tov unie g npwooiag, OFe(l), «C-ontpp — @ Fe(IIl), «(N, 0)-omtj».

O kpvotorrog nepiéxer Fe!! yauniov spin mov neptfaiietar amd 6 avfpokec oe
oxtaedpikf cvppetpio Cq kar Fe' vynlod spin mov nepifdAietor and ouades xvo-
viov (evopéves and to almTo) koL popilo vepod £T6L @GTE N PEST) 6OGTacH va eival
Fe(ll) N,5; — 0,9,

Amo6 toug F. Herren, P. Fischer xouw A. Ludi €yl ua?\,e'men 0 doutkog poAOg TOV
VEPOD KOl TOL VOPOYOVIKOD decuon??),

To umke g IMpwooiag amd ™V Groyn TOL KTOEVTOMIGMOD TOL NAEKTPOVIOL &i-
var tomiko péAog g taEng 1. H ovurepipopd piktod obivoug meprypdpeton koAdi-
tepo. ov Beopricovue v wepovopévn thedde: Fe(Il) (CN); Fe(lD),. H eushiddng
katdotaon divetor amd TV cuvdptnon:

Yo=(1—-a)"?¥,+0a¥, éoto ¥,=|C% N*¥| (12)

omov Cl, Ni o apBnog d niektpoviov otovg C ka1 otig ouédeg (N—O) avtictorya
(oxna 5).

Metagopd evog nhektpoviov and tov Fel! o Fell

TOPAYEL NAEKTPOVIKT] DLOUOp-
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goon |C%, N*'| nov avtiotouyel oe katdotaon ¥, pe cvppetpie Ag. H Beuchiddng
kotdotoon P = (1 — a?)V2 ¥y + a¥, npokvntet and pikn tov ¥, ko ¥;. H tawia
OQEiAETOL OTNV EMLTPENTN UETATTOON

lI"G(Alg) - lI"i(Tiu) (13)

onov n ¥; mpoxvntel ond pin mg ¥, ue kordotoon ¥ ovppetpiog Ty

TTapopoteg ToLvieg OPEIAOUEVEG GE UETOPOPA MAEKTPOViRV NeTald TV Oponvpn-
VIKOV OAAG KOL ETEPOTLPMVIKAY METOAAKQV 10VIwY, TopoTnpibnkav kol o dAla
TOADUEPT, OVUTAOKO OTOLXEI®V WETANTAOOCELG UE KLAVIOVTALZ®),

Tmv acBeviy aAAnieniSpaon peta&d twv ueToAAMKOV kévipov ogeileTal kot 1
NUWAYOYIUOTNG TOL TPOOGIKOD UTAE KOl TV OVOAOY®V GLGTNUATOV.

IMa 1o mpwocikd unAe oyvel to ddypappo Hush (Zyfpe 60), v Tig acvupe-
Tpeg evhoelg piktod obévovg. (H Eth anotelel pétpo yia tnv evépyela evepyono-
GEmG NG oywylnotntog). H oxéon mov cvvdéer tnv Eth pe v Eop (evépyea onti-
K¢ METGmTmONG) divetar yia mepoxés vwnA®v Beppokpacidv and v ekicwon:
Eop?

Eth= ——-———
4(Eop —Eo)

(14)

omov Eo 1 Swgopd tov elayicTov ToV kopmvAdv Svvauikfg evepyeiog.

H eayoyn g oxéoewg divetar mopoxato.

H oyéon ovth éxel enaAnBevBei povo mootkd®). O mocotikég petphicelg oné-
XOLV Y10Ti DIEIGEPYOVIOL GOAANATO A0 KOTAGTPOYEG TOV TAEYLOTOG, T.X. ATO AQV-
SGtwon. Avto coufoivel kar otn HEAETN TG CY®YOTNTOG TOV CTEPEDY YAWPOEV®-
cewv HiKToL cBévouc®.

H ekicwon (7) y10. v enidpoon ¢ Beppokpaciog otnv tiuf tov A (nuedpog),
spappoetar ki’ £do, divel 8e Yo Tnv ddvnon mov cvvdéetar ue v LV. towvio v
wuf 430 cm ™! mov GUUPMVEL ue TNV TR Y10 T SOVNon Tdcews PHETEAAOL VTOKOTO-
O0TATIN TOV QVIICTOIY®V UOVOTLPNVIKOV Ouddwv.

(a) (&)

ZX. 6. daypdupara evépyeiag a) orav 1oxvgr Eo>0 un ovpuetpikt] uetagopd xar ff) 6ray wyver Eo=0,
OVUUETPIKY] UETAPOPd nAEKTpoviov (ovvaptiaer Q).
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2. Ocwpies yia ™ Oeppukn ko ontikf petapopd nAextpoviovd 10

H Oeppuikn xar ontikf petoeopd nhextpoviov aviipetonilovia og eviaia fewpn-
Tikn Bdon wg &&ng:

Kot apyfv n ontikf petegopd miektpoviov eixe opiobi®® wg «n avioAiayq
niektpoviov cBévovg HETAED 8¥0 1OVIWV VIO TNV EMIBPUCT TV UTOPPOPOVUEVHOV
potoviovws. Akopa ot Gray kot Davidson vmootipiEov 0Tt 1| Eviovn amoppoenomn
TOV QOTOG OnNO €ve GVOTNUA TOL TEPLEYEL 600 OEEBMTIKES KOTUGTACELS OPEIAETAL
«GTNV TOALVIOOTN TV NAEKTPOVIOV HETOED TOV ATOUW®V TOV VO JLPOPETIKAV OEEL-
dwTIK®OV KOTOCTACE®V LTLO TNV ENIBPACT] TOL NAEKTPIKOV OVOCUOTOC TOV PMOTELVOL
KOpatog» @,

Mo Bewpio mov mepthapBaver ™y Bepuikn koL v onTikT pETAPOpP €568 and
tov Hush”,

Me kotaAAnies napadoxts kar anhomoroeg Bdoer tng Bewpiog tov Hush kato-
Afyovue oTIC GYECELS

E'n=[E+—4 o (Al + AD I 1202 (A] + A (15)

Eop=hvmar=Ey + = 02 (A + A)) (16)
omov Eqp m evépyewa mov avricTolxel 610 usytoto Mg anoppognoens, Ey n dwgpopd
TV EVEPYEUDV APYIKTG Kol TEAKNG KATOOTACENS OTO oNuEio woppomiag, A, Kay A,
de oL dwwpopég Q,” — Q" ko Q,” — Q, avrictoxo (oyfuatoe 1 xar 6). Kou E" th N
evépyelo evepyonoinong yio Bepuikn uetdntoon étav k1> >ho. "‘Etol telkd cuvdye-
T Ot

2

Ein= {2/ oo~ Ep)] (17)

H xatdaotaon nov anekovileral oto oxfua 1 avTicTolxel 6T TEPINTOST TOL N Op-
XIKT Ko M TEAMKT KaTAoTOOT Eival I01EC T.}. G WL0. GUMUETPLKT) OUOTLPNVIKT] UETO-
@opd. evdg MAEKTpOviov OnWG T.X. 610 GVOTNUC

Fe?* + Fe’* — Fe’* + Fe?* (18)

T qutf] tn mepintwon, Eo sivar undév, A, = A, = A ko1 étot 1ehiké ot eElok-
oewg 16 xau 17 amlomoovvial o1ig

Eop = w? A? (19)
Eth=— o? A2 (20)

and TG Omoieg TPOKVUTTEL ATL
Eop = 4E th 1)

INo ta ovotiuato avtd dniadn, to péyisto Franck-Condon twv ontikdv ueto-
MTOCEMV EYEL TETPUTAGOL. TIUT ONTO TNV EVEPYELR EVEpYOTOiINoNg NG Bepuikng nie-
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KTPOVIKTG UETOPOPAS. ETIG TEPINTTACELS LETAPOPAS TIAEKTPOVIOL katd Tig onoieg Eo
# 0 kotoAfnyovue o1 oxECEC

E'th= % w? A? + % Eo 22
Kol x
Eop =4Eth — Eo (23)

0TOV GLYXPOVOG toydel N napadoxf 61t Eo < w? AZ

H ekicwon (23) Seiyver ™ ypouukn oxéon Tng EvEPYEING EVEPYONMOIAGEMG Y10
Bepuixn petogopd pe v Eo yw pikpéc tiwée Eo. Avtd 1 g€dptnon mov mpoPAis-
otre exet emaindevlel mewponotikd oe Suipopovg THTOVG AVIIBPACEMY HETOPOPES
niektpoviov. Edv mpdkeltor vo xpNoLUOTOIcHUE TTELPAUATIKEG EVEPYELIES EVEPYO-
noinong yo Oepuikt petagopd o SAvuo mpénel va yivoov pikpég TPOTOTOLTGELS.
H mopeio g avtidpaone Bewpeiton 0TL anotedeitar and 10 KOTOTEP® GTAdIO.

i p t q f
initial —  precurson — transfer — successor ~ final (24)
apyikd npddpouo UETOPOPAG S1660yx0 TeEMKO

H oandotoon tov petadlikov 16viov vrotibeton otabepn kotd T Sidpkeie Tng
aAlayng p — q. H melpapotikn evépyswr gvepyomoineng yio v avtidpoon sivai:

Etp=E!—E/=PA'E +APE (25)

H nocotng Eth* otig mponyodueveg eEicdoeis apops tnv peta@opd uetatd 1ov-
TV T0 onoia Bpickovtal 6NV Kotdotoon p {mpodpouo oBumAoko), &xovv dnAwdn
éADeL to OvTa kovid OAAG okoupo Sev €xerl yivel 1 peta@opt mAektpoviov. "Etou

E'th=E%,,— ‘A PE (26)

Zto oxnpe 6 To Sdypauua (b) aQopd cLUUETPIKT HETEPOPE NAEKTPOVIOW eVéd TO
Stdypoupe (o) un cvuperpikf| (Eo # 0) INo vo éxope gloplopé otee sUCTALATE TOV:
peketépee Tpénel v woyel To Ndypauua dvvepkng evépysias (o), 6to onoio To Kot-
vo onueio toufic B keitar nmpog tnv e mAsvpé apiotepd N deEd tov &bo glayi-
OTOV TOV KepmoAdv dovopukng evépyaog: Q° ka1 Q7 (oxhue 6). "Aldo mpdtvno 1o
omoio tehikd divel idieg efiohoelg Y10 v oxfon tov S evepyeidv Eop xen EXy i
voi gkelvo 610 onoio 1a mePPBaAiov ueteEH tov §00 1OVIOV, ROV YIVETOL 1) RETOPO-
p& Tov Miektpoviov, AeuBdvetor wg cvvexic dimiekTpkd péco.

Amnodekvigrol 0Tt toybLEL:

I 1 Iy
E — ___..._)fE_EZ ‘;L‘ 'O 2
op=—— (2~ ) | B —Ex)dr+ Eo 27)
omov Ey~Ey eivor 1o nhekrpikd nedia mov ogeikovton ote goprio epf- ko epf Ko
ker K eivar avtiotoyge i omukd ket ototionk’ SinAektpn, cradepd.

Ko v v Ospuaxt uetapopd 1oydeal”
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oL () [ - surel

(=) [ Eomre

crer onoia PAEmovue Ot Yoo coppetpikt] peraBoin (Eo = 0) wybel ki edd Eop =
4E th-

Télog oe youniéc Beppokpooieg npénel va Anedn v’ oyn kot to kBoviounyevi-
®0 @oivouevo g delsdboews Tov MAgkTpoviov did uécov Tov PPAYUOTOC duvaul-
k00 (powvouevo ofpoyyog).

Eidoue Lowmov 6Tt ot avTidpaoels HETAPOPAS NAEKTPOVI®OV KOL Ol QUCUATOGKOTL
KEG UETOMTMOELS GOPTIOL UTOPOVV VO TEPLYPOPOVVY e 10, id1o BewpnTikd mpodTLTA.
Exeivo mov mpogavag €xel eniong onuocio eivor ol melpopotikéc enodeifelg avtav
Tov Bewpiov.

E¥= (28)

3. Teyvikés ko mapoudeiypoto g £QUPROYG TV EVOGEMY MKTOD ofévoug oty
UEAETN TG METAOOPAS NAEKTpOVIOL.

Ot xivnticég pehétes oTic avTIOPASELS HETOPOPAS NAEKTPOVIOV EYOVV MEPLOPIoUE-
veg SuvartdTnTeEC. "

2T0Vg UNYOVICHOVG UETOQOPAG NAEKTPOVIOV ECOTEPIKNC coaipag oyxnuatifovtal
oournioka Omwg? ¥

[(NH,); Co™ — N:O> @N — Rult (NH,),]*

kol ot eEwTEPIKAC oQaipac (evyn Toviev onwg
[Co™ (NH,),, Fe'(CN),]

OKOU® OMOG KOL Y OAEG TMEPIITMOOEG AVTIOPACE®V WE UNYXAVIOUO EEMTEPIKTG
ocgaipag N mopatnpoduevn otobepd taxdTnTag Elvor ywouevo eni uépovg otabepdv
TOXOTNTOG KOl 1G0PPOTiNG, ONMG QUIVETOL GTO EMOUEVO ’nap@&éwua,

[Ru" (NH, ), Py]>* + [Ru"™ (NH,), Pyl** £ [Ru" (NH,), Py, Ru" (NH,), Py]**
ypfiyopn -« (29)
[Ru" (NH,), Py, Ru™ (NH,), Py]>* K€L, [Ru™ (NH,), Py, Ru" (NH,), Py|**
oapyn  (30)
[Ru™ (NH,); Py, Ru" (NH,); Pyl** —  [Ru™ (NH,), Py]* + [Ru" (NH,), Py]**:
ypiyopn  (31)

onov M napampoduevn ctobepd taxdmtog Ky = Ket.K, Ket 1 otabepd toxdn-
TOG Y TN WETEQOPE TOL MAEKTpoviov. .

"Eto1 dev elvan duvatov ve mapovpe duessg tAnpogopies napd puovo ot eEoipett-
KEG MEPINTOCES OTMMS WE oplouéva ovumioke tov Co™ e apivec?’ 29,
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IINAKAZX IV
ZQpnkoxu pikTod ofivoug Kat 1) GLYVOTNG TOL AVTIGTOLXEL 6TO HEYIGTO TNG TALVING PETAQOPAS POPTIOL
avye.

SliumAcka AvtaAitng VCT/logm—l

U(V)-u(vI) 0.1MHC10, 13.6

Ti(III)-Ti(IV) 12 MHCY 14.9,20.1

Ti(III)-Ti(IV) 20%H, 504 21.2

(NC)sV(II)OHV(III)(CN)Z- | CN™(aq) 17.0

Fe(II)—Fe(III) 12 MHC Ca.12.5-18

Cu(I)—Cu(1I) 10 MHC1 - Ca.17

Cu( 1)—Cu(11) 1 cH;0H,0Ac” 1.1

Sn(II)-Sn(IV), 12 MHC Ca.25-30

Sb(I11)-Sb(V) HC1 Ca.20

Sn(11)-U(1V) 6MHCT >28

C1W(ITI)OW(V)C1E™ 12MHC 19.5

Cu(T)—Cu(11) NH;(aq)

Fe(CN).—,L‘_—Fe(CN)g_ aq({?) 3&v aAAnAsnLSpouv

MINAKAX V
Aivovtol ot Tuég eEAevBEpaC EVEpYEiNG VIO TNV METAQOPA TOL TAEKTPOVioL ot Siueph cdumAoka piKToH
oBévoug.
Sdunioka Avaaltng AGCT
Kcal moled

(phen)2V(II).0H.V(III)(phen)Z "5027(aq) -
(phen)zMn(I11)(0)2Mh(IV)(phen}t CHaCN -
(NC)wFe(IT) §N Fe(111)(CN)S™ aq 22.2
(CsHs)Fe(II)\CsHk—CsHu)FE(III)(CsHs) CH3CN 15.0
Fe(I1)(CsHuCsHu)2Fe(I1T)¥ CH3CN 18.5, 25.1
(CsHs)Fe(II1)CsHuCZCCsHuFe(III)(CsHs)* CHsC1 18.3
Fe(II)(CsHw—CHz—CsHu)2Fe(II11)T CHsCN 38.0
(NC) sFe(1I)(pyz)Fe(ITI)(CN)3" CoNsNO2 20.3, 24,3
L2Co(1)(Ph2PCH: CHPPh2)Co(II)L2 CH2C12 19.6
L2Co(I)(PhzPCHEHPPh2)Co(TI)L 2~ CH2Cl2 21.0
(HsN) sRu( TT)NC.CNRu(III) (NHs)3* LA 20.0
(HsNYsRu(11) (pyz)Ru(III}(NHa)3T D20 19.5
py(HsN) Ru(IT)(pyz)Ru(IIT)(NHs)upy®™ W 0,0 17.3
L(HsN)«Ru(II) (pyz)Ru(III)(NHa)4L* D20 17.3
{bip)(HaN) sRu(IT)(pyz)Ru(IIT)(NHs){bip)>¥ D0 16.6
(bip)2C1Ru IT)(pyz)Ru(III)C1(bip)3* - 22.6
(HsN)sRu(I1)(py-py)Ru({I1I)(NH3)s>F D20 27.5

ZuvtopeUoels: bip=2:2 bipyridyl; phen= :10-phenanthroline; py=pyridine;
PY-DPYy = 4:4 -bipyridyl;pyz = pyrazine.

1,7 = S(CFs)Cic(Crs)s?”
Ly = S(CHs)C:C(CHa)S”

L = NZ_ Sconi,
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Ot eviboelg uktod obévoug ef aAdov €xovv éva peydAo mpocdv, Umopei vo. uele-
mBovv paopatockonikd K01 Vo ANEBOVY UETPTGELS OE AVOTEPENCTO. CLCTAUATA, Ka-
0 ™ XPOVIKT oTiyun akplfdg mov cvpfaivel N NAextpovikn uetapopd, xopig Al
MUK Qawvopeva va mepimAékovy tnv kotdotaon® .

Ol Tl0 SNUOVTIKEG GYETIKES TAPATNPTOELS ©OG CNMEPO APOPOLY UETPHCELS ATOP-
pogficewv IT towvidv ce didAvpa.

Stovg mivakeg (IV ka1 V) divovial pacpotockoniké ototxeia oe Sidpopa Sadiv-
TIKG péoa, yio Stuepf kat oAryouept odunioka piktoH cBévoug, To onoia amoteAodv
npOTLTE EVAICUECHY OTLG AVTIOPACELS UETAPOPAS MAEXKTPOVIMV.

ES® mpémel vo mOpATNPTHCOVLE OTL EVD Y10 Ta diuepn kat odlyouept cdumioka
Aappavovtar nAnpogopieg yio T BepiK Kdl ONTIKN HeTAPOPE MAEKTPOVIDY Ao N
UEAET Tov onTikoD Tovg @douatoct 4D yia e molouepn oteped AapPdvovial avri-
OTOLXEG TANPOQOpiec amd peAEteg PETAPOADV TNG MAEKTPIKNG TOVG AYOYLUOTNTAG.

O1 gvioeig otovug mivakeg IV kat V) givar odurhoko piktod cBévovg yepupoué-
vo péce evog amiold vrokotaoTdTn M EvOg uLopiov. :

H BePfardotng tov nAnpopopidv mov AapPavovror dev eivar v oha S emerdn
Sev eivar 6A0 ta cvunloko otov o fabud yopokTnpiopéva. TG REPICCOTEPES ME-
pTOGELS M avaroyia 1/1 avayeyikod npog okeidwtikd Exer motoromndn pe petpn-
GEIG ATOPPOPNCENG G€ Bralvppa 6nov Qaivetdl 11 oxEON ATOPPOPNCEWS KUL CUYKEV-
Tphoeng kGe 1Ovtog. Ou TAnpogopitg ndAL Yo To €idog TG YEQupeg v Kol dev &i-
var Gpeceg Bewpovviol yevikd meloTikéc. Etol dtav m.y. 610 vdatkd SidAvua 10
v3poyAwpikd okD Exel avtikotaotadel and va Aydtepo cvundektikd oD kataoTpé-
PETAL GLYVE TO YPDOUL KOL TPOPAVDS M EVedoTt) HikTov cBévovs. Eniong oto cdunho-
o Cu' Cu” e Sdhvua uebovorng eivor anapaitnn N mapovsia ofikov offog. Xe
GAkec mokt mepimtdoci &xst omodelyfn 6Tl mpocbikn T GYVPOL CLUTAEKTIKOV
rapéyovte ondet 1o odunhoxo ot povomvpnvikd 16via® Y. ‘Etor to T, — TV oe
Genxd ofD amoypoportilerar otav npoctefsl gasgopikd oLd xal to Cu' — Cu'! o€
uebavorn anoyxpwuartifetor ue aketovitpilio.

O oplbudc TOV TAEVPIKOV LTOKATAGTUTOV Kol 1 SELPETNOT TOVG OTIg TEPITTO-
1epe; evcelg tov mivaka IV Basiletar otnv doun mov 1o kGBe 10V Exer Sy eivon
iepovepévo. T avtd kot ol Souéc dev sivar obuueTpikEs 0Eov eEapTdvTul Ko and
my ofedatik] katdoTacn.

"Onwg &idape and Ty £viaomn, TNV CbxvoTita KoL T0 MUELpog TG daobevixig
Tawviag, umopodue va gxoue éva uétpo tov Babpod adlAniemdpdoeng kol €5 avTOL
0 Baduod evromiouod Tov cbévoug.

H evépyeio g towviag IT, onwg eidaue, divel tnv Eop and tnv onoia Paael g
oxtoewc (20) vrmoloyiletar m evépyeln gvepyomolfcews y TN Oepuikmn petagopd
nAexTpovimv. Amd v evépyee hv Aowndv g IV ota ovpriokall 3233

[(C; H,)Fe — (C4 H, — C, H )Fe — (C, Hy)l*
(biferrocenium)

KoL
[(NH,); Ru" {O D NRu'" (NH3)5]5+

vrohoyiomkav®2333439 o1 Bepuikég evepyeleg EVEPYOTONGE®G NG EVOOUOPLEKTG
uetapopdc mAextpoviov otig, avTdpdoELg
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k
Fe—C=C — Fc¢* Ee't Fe*—C=C — F¢ (32)

a

omov Fc n opada tov ®epokevuriov (Ferrocenyl) kot

[(NH,); Ru” bpyRu™ (NH,);]°* Ié—;’:' [(NH,); Ru™ bpyRu (NH,) > 33)
O Taube xor GAAOL® ypnoponoidviog oepd dwAvtdv anédeiéav v 1oxd g
oyxéoemg mov divel v e€aptnon g Eop and tov dwwAddtn ekiocwon (34). H ypoppi-
kN petaforn g Eop ne 1o (1/Dop — 1/Ds), napatpidnke y1a S1Gpopec eVHGELC
pktov obévovg pe moAD koAt mpocéyyionGs: 37 39. 40,
H eniSpoon mg & (andoraon tov 500 neToAMKkdY KEVIP®OV) GTNV OTTIKT MAEK-
tpovikT petagopd peletifnke oe e oelpd cLUTAGK®V TOL YEVIKOD TOmoL (bpy),
CIRu (L) Ru (CI) (bpy),** 6mov

QO OO @ O

KOTG mpegkTecn T, MEAETN aeopd TNV &midpacn tng d otnv PETAEOPE MAEKTpOViY
HE pTXOVIoNO eEwTEpURTS, opuipag. P

H npoPienduevn; arnd v Beampie e¥dprmon tng Eop ano v d Sivetar amd v
ekicwon

1 1 1 1 e? 1 I
Eop = | x;+ €2 - ] - == 34
°p [x,+e ( 2a, N 2a, Dop Ds ) d (Dop Ds ) (34)

1 onoio arnoteAel tpomononuévy popet NG oxéong mov cuvvdéel v Eop pe T
1Bt0tNTEC TOL JLAADTN. '

And v tehevtdwa ekicwon g@aiverol 61l 6co M andotaon petafd TV 10VIeV
av€dvetar toco avEdvetat kot 1 Eop ko enopéves xat  Eg. "Otav dnAadn ta 16v-
10 Bpioxovior oe ema@h, d=0, vrdpyel éva evepyelakd OQEAOG yia TNV avtidpaom
uetapopdc niektpoviov, T0 onoio cvVdEETAL pE TNV EAXYICTOTOINGT] TTG GLVEIGPO-
pag TtV doviice®V 1oL JOADTN 61O «KpdTmue» TOL MAeKTpoOviov.

H e&aptmon g Eop and 1o (— 1/d) éxel emaAnbevbel neipapaticd ya ta Sipe-
pfi Tov Ru® %0 xo1 ya 11¢ svdoeg pixtod obévoug tov dipepokevoriov.

T avtidpaon petagopds mAektpoviov mov yivetor pe unyavioud ewtepirig
c@aipag VIapysl po. npdchern eEdptnon and Tov SlAVTH 1| ONOoiN VIELCEPYETAL ME-
ow NG oT1abepdc 1GoPPOTING TOL GYNUATICUOL TOL cLUTAOKOL eEwTepikTic opaipag
TPV ONO TNV UETAQOPE TOL TAEKTpoviov.¥®

H oyxéon g véag ekaptioemg €xel Vv popen

4nNod? _ [ Z,Zge? ] (35)

3000 dDsRT
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‘Onov Z, xou Zy givar 1o optio. tov avidpovtev woviov kot No o apibudg
Avogardo. Av ot oyéoeg (34) xat (35) cuvdiactovy gEakolovbel va toydet OTL gvep-
yetakd, 1 kaTdotacT Kath TNy omoin Ta 6vo dvta Bpickovrol ot emaen), nAeovektel
Yo TV UeTapopd Tov nAekTpoviovl.

Xe éva oOuUmAOKO OTMG 1O

!,Y
—
[(bpy), ClRu@, é=?-{ \P"Ru"‘ (bpy), |**

0 LIOKQTAGTATNG-YEPUPE GaP®OE TOILEL CTUOVTIKO POAO GTOV PMYAVIGUO PETOHOPAEG
tov MAgktpoviov. H avipetn tov tpoyloxod dn tov Stobevodg povbnviov ue n* po-
PLOKO TPOYLAKO TG YEQPLPOG «ULETAPEPEL TNV Kvuatoovvaptnon tov Ru mpog v
nievpa tov Ru'™, avEdavovrag v oAAnAemikdAvyn. Onwodnnote, towvieg IT napa-
MPOLVIAL KAt GE GVUUTAOKE GTO. onoid 1 yépupe dev oynuatifel deouod dn —m* pe
10 uétailo. It nmapoxdteo cOUmAoka o porog Tng YEQLPOG ElvaL amAMS va KpaTd
ta dvo 16via oty idic Béon oto uoplo.

[(NH3)5 Ru’é O ,ﬂ--_-CH2 - CH2—< O};‘Rum (NH3)5]5* (42)

[(bpy), CIRu" (Ph,PCH,CH,PPh,) Ru" Cl (bpy),]** ¢

N\

Mia evBla@épovoa enicng mopatipnot eivar 0Tt o€ LOOTIKO JdAvUE Cebyn ov-
Tov oMo ¢ eElohotng (36) mapovotdlovy 6To MAEKTPOVIKO TOLG QPACUO TOtViES
0QEINOLEVEG o€ PETOQOPE QopTiov ‘and uétadro oe pETaAdo (MMCT)UH,

[Ru' (NH,); Py, Fel (CN);] ™ [Ru' (NH,); Py —Fell (CN);]  (36)

H guedvion aut@v TmV TaVIOV EIVOL TOAD GTIHAVTIKO YEYOVOG amd JV0 OMOYELS.
1) Mropel va vroféoel kaveig o1t vrdpysr dvvatotnta va napatnpnobv oe peyAn
TotKIAle ¥MUK@V ovotmdv kal étol v AauBdvovior mAnpogopieg yua Tig 110TNTES
UETAQOPGE MAEKTPOVIOL Kat 2) ENEKTEIVOVTOL £TCL TO. TAEOVEKTAUATE TOV EVOOEMV
uiktov obévoug, 660V apopd TNV MEAET TG usra(popag TNAEKTPOVIOL, KOl GTIC AVTL-
dpdoelg e€wtepikng opaipog.

Avaivon tov tauviovy MMCT yw o Cevyn 10vImv Beiyvel 01t t0 péyebog tng
aAAnAenidpdoews kot Emouévewg 10 70c00tTO amoeviomicuol (delocalisa-
tion) tov cBévovg sivar mepinov dco kot ote oOuTAOKE WkTod GBEvoug avaddyou
ovvtdEenc™ m.y. tov tONOUL:

(bpy), CIRu™ (L) Ru™ CI (bpy)y*

Ynohoyiouog Ket and tnv ovyvotijra anoppogficeng g LV. rewvieg

Eidapue mponyovuéveg ot M Bepuikn -evépyelo evepyomoificewg Eth unopel vo
vnoAoylobel Baogt g evepyeiag yio ontikn petagopd Eop n onoia mai divetar ond
MV ouyxvotnTa anoppoencems g toviag IL.T. YroAoyiouds duwg tng Ey, onuoaivet
kat vnoroytoud e K, tng otafepdg OnA. TaydtnTog GVTLOPACEMS Y& TNV UETRPO-
pe miektpoviov. O mivakag VI diver xor 1i¢ mipég Ket yw odupmdoko tov
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TINAKATL V1

P, ke Ket (oToREPHS TUYDTHTAC Y TV PETHQOPL THEKTPOVIRV) OB UKETOVIPIAG 610G
23° C Y,

R G

{bpy) 20 RN O SNRUCT (bpy) 3 0.953 0.089  2.4X10°7
(bpy)2C1RNT O >~ O NRuCT (bpy) 3+ 1.26 -0.02  -2X10°
f
. _ 3+ 7
(bpy)2ClRu N@c-g@wRum(bpy)z 1.34 -0.02  -8X10
H

povBnviov.@3) O apiBuntikés Tiuéc Tov Ket ovppwvodv ue avtéc mov Ba nepiueve
Kovelg Pacel TV KIVNTIKGV peTpricemy otnv aviidpaon eEmtepikis coaipac?®3:

[Ru (bpy), (Py) C1]?* + le — [Ru (bpy), (Py) CI]'+ 37
Merhovtikég npoom;tlcég

H o&io tov @acpotookomik®v dedouévmv tmv oxetik®v e Tig towvieg IT yio
TNV KATaVOToT TOV AVIIOPAcE®V LETAPOPAs NAekTpovieoy elvar peydAn. Avtd to de-
Souéva divouv mio moAAég mANpoPOpies KAt kauﬁavovwl O EVKOAQ OO Ta dedous-
vo. Yoo TG otafepés toyxvTnTaAC.

Mo mbavn perloviikn katedbBuven oTig oxetikés Heléteg, eival 1 exékTaoT o€
0pYavoueTarAcéC EVOGELS Katl GAAT GE EVOOELS, OTOS Ol UETUAAOTOPPUPIVES, TOL
OTOTEAOVV TPOTLTO. Y10 TG Bloloyikég peta@opég miektpovimv. Yrdpyel emiong m
«pocdokion o1 oxéoelg mov avantdydnkav edd vo ypnoonombodv e yevikdtepo
TPONO OTIG ONTIKEG WeTAntdoEg. Ewwd mapadeiypata mepihappdvovv tig touvieg
AmOPPOPNOEDS WIKPNG EVEPYELNC (80TN-8EKTT) TOL GLVOVIAUE GTA OPYAVIKG GOU-
mAoka, kKoBdg KoL TIC Tavieg anoppoPNcEMS TOL 0PEIAOVTAL 68 UETAPOPE POPTion
UETAAAOV-VTOKATAGTATT, KOL VTOKATAGTATN-UETaAAO. «KAEWdir Yo va AneBodv TAn-
poQOPIleg OYETIKEG HE TIG LOPLOKES BOVAGELG TOV GLVIEOVTOL UE TNV UETOPOPE TAEK-
Tpoviov givor M texvikf Raman cvviovicuod &g v meployf g tawiag IT.14®

O ovvdvaoudsg ToL TPOGIOPICUOY TV GUXVOTHTOV JOVIGEWG UE TNV TEXVIKT
Raman kot tov petpfoenv g endpdcoeng otnv towvia LT. (IV) tov dwedvtikod ué-
cov, Ba ddacel TNV JuvaTdTNTA CVLOTNPOY TEPAUUTIKOD EAEYYOL TOV BaCIKOV TTapa-
doxdv tov Bewpidv nmov avantdydnkav mo mave.

Mo éva aoOupetpo duepés cOUNMAOKO UikTOL GBEVOLG, POTOALGT 6TNV TEPLOYT
e tawviog IV 1 pwtorvon pe gog ueyaldtepng evépyelag mov akoAovbsitar and
Oepuikn anodiEyepon, eival 60ya1:6y va ddoet Eva Beppoduvoutkd aotadég 1couepég
ofedoavaywyns. Amoteréouato TETolmv melpoudtev Exovv obel and tovg Greutz
kat Sutin®?. Tuvdvacuog uetpiicemv tav ctafepdv ToxdTNTog avIdpaceny OTog N
(37) kol T®V QUOUATOCKOTIK®OY TATPOQOPLOV Y10 TO LGOMEPES, UTOPEL Vo ddoovv
uee kaAn ewkovo y 1o ‘ti cvuPaiver mcplBobg 070 GLOTNUO:

(bpv) (lﬂ%@-@q}zn(h%)s — (bpy), ClRILIHO@\}JH(NH )

>(38)
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Mo GAAN xatevBuvon yw peAdovrikn] £pevva eival 1 ueAgétn tng Aeyouevng
aoOUUETPNG HETAPOPAc MAekTpoviov, otV omoia 1M dopopd apBuod oEelddoEng
1oV 800 aviidpOviov uepdv eivar Sidpopog tov 1, DZ#IGD,

MY + MI— MY 4 MY (39)

Xe avaAoyo oLOTNUATO TOV UEAETMVTOL 0nO UGG, T EVOOUOPWIKT) LETOQOPE TOV
NAEKTPOVIOL GLVOSEVETAL OO PMTOYNUIKT didonacn koL ypnolponombnke N Texve-
¥N Raman cvvioviopod oe cLvdLOCUO UE MAEKTPOVIKT) PUCUATOOKOTIR, Y10 VUL EV-
TomoBovv oL JoVIioElg TOV GLVBEOVTAL [E TNV ENAVOQPOPE TV TPOIoVIeY oty Oe-
ueM®dn Toug kothotacn,*® aAld 1o oxsTikd dedouéva Ba avakowwbolv ywpLod.

Summary

Mixed-valence complexes and their successful use in the study of electron transfer
reactions

This article is a study of the chemistry of mixed-valence complexes with weak in-
teraction between the ionic centres. We describe the chemistry of complexes in which
two metal jons can exchange electrons with little loss of energy and examples are
glven for the successful use of them in the study of electron transfer reactions. Theo-
ries of electron transfer have been concerned with pred1ctmg the magmtude of the
Franck-Condon barrier, but direct comparisons between theory and experlmcntal da-
ta have been possible only to a limited extent. Mixed valence’ compounds where there
is weak electronic coupling between sites, provide perhaps the clearest experimental
insight into electron transfer in solution. Also they may provide a nearly complete
“microscopic description of electron transfer in most chemical systems.

Key words: Mixed-valence complexes, Intervalence band, electronic delocalization, electronic coupling,
intramolecular electron transfer, optical electron transfer, thermal electron transfer.
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Summary

A new series of four-coordinate square-planar dithiocarbamato complexes of nickel triad
elements has been synthesised and studied. A possible mechanism for the formation of the
unsymmetrical |[NiX(RHdtc)(PPh,)| complexes (X=Cl, Br) has also been proposed. The struc-
tures of the new compounds are discussed in relation to their spectroscopic and magnetic
data. Some structural conclusions are also drawn for the |M(RHdtc),(AsPh;)| complexes
(M=Pd, Pt) on the basis of spectral studies. Furthermore, it was confirmed that the chemical
behaviour of these complexes towards iodine is similar to that of the corresponding phosphine
adducts.

Keywords: Sulphur chelates. Dithiocarbamates. Adducts.

Abbreviations

RHdtc™ = N-alkyldithiocarbamate anion DMSO = dimethylsulfoxide THF = tetra-
hydrofuran .

Introduction

In previous papers the results of the reactions of various tertiary phosphines and
aromatic nitrogenous bases (L) with the squareplanar |[M(RHdtc),| complexes
(M=Pd, Pt; R=Bu', Bz) have been reported.'? The salient feature of these reactions
was the formation of unsymmetrical four-coordinate square-planar [M(RHdtc),L|
complexes which exhibit unidentate/bidentate mode of bonding of the dithiocar-
bamate groups and- are converted into the novel N-alkyliminodithiocarbonato com-
plexes (dithiocarbimato complexes) when treated with excess tertiary phospine3. It -
has also been demonstrated that the reactions with. iodine of bis. (N-alkyl-
dithiocarbamato) phosphineplatinum (II) and palladium (II) complexes afford in high
yields the corresponding [MI(RHdtc)L| complexes. The mechanism of these reactions
has been fully investigated by CNDQO/2 quantum chemical calculations based on the
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Jocation of the LUMOs of unidentate and bidentate N-alkyldithiocarbamato ligands,
which are the main factor controlling the nucleophilic substitution reactions under
consideration.’

Continuing our interest on the chemistry of planar d® complexes with sulphur-
containing ligands in the presence of Lewis bases, we report in this paper the results
concerning the synthesis and study of a new series of [MX(RHdtc)L| comple:
(M=Ni, Pd, Pt; X=CI, Br, I, L=PPh,, AsPh,). These compounds are thought to be
good candidates for the study of deprotonation reactions of N-alkyldithiocarbamato
complexes in an attempt to expand further the pure chemistry- of ..N-
alkyliminodithiocarbonato ligands.**

Results and Discussion

Reaction of the [M(BzHdtc),| complexes (M = Pt or Pd) with AsPh, (1:1 molar
ratio) in toluene gave immediate yellow solutions from which compounds of
stoicheiometry |M(BzHdtc),(AsPh,)| were readily isolated by concentration and
precipitation with light petroleum. These complexes are diamagnetic (sharp 'H NMR
signals) and non-conducting in dichloromethane.

Like the analogous [M(RHdtc),(PR ;)| complexes,'? these 1:1 adducts apparently
undergo nucleophilic substitution reactions leading- to the formation of the
corresponding iodo-complexes by replacement of the unidentate N-benzyldithio-
carbamato ligand by I™. Possibly, in this reaction dithiocarbamate radicals are
formed through an homolytic rupture of M-S bonds which, in succesion, are
dimerized into alkylthiuramdisulfides.® This seems likely, because it is well known
that the alkylthiuramdisulfides and the corresponding free dithiocarbamate radicals
are in equilibrium in solution’. '

Unfortunately, this method cannot be used to prepare - the analogous
|NiX(RHdtc)(PR",)| because of the inability to isolate the corresponding |Ni(RH-
dtc),(PR’)| complexes. Presumably, this is a reflection of the high lability of Ni-S
compared to Pt-S bonds and the fact that dithiocarbamates form stronger bonds to
platinum than to nickel®. Furthermore, the reactions of halide-bridged dimers |[MX,-
(PR’,)],| with various alkali-metals dithioacid salts in 1:2 molar ratio in acetone were
very inefficient and produced only low yields of the required products even on
prolonged refluxing®-12. However, an excellent method of synthesising a wide range of
these complexes may be represented by the following ligand-exchange reaction:

|NiX,(PPh,),| + [Ni(RHdtc),| — 2|NiX(RHdtc)(PPh,)|

where R =Me, Et, Pri, Bu!, Ph, p-CIPh, p-MePh and p-MeOPh.

It can be suggested that this reaction is as given by the Scheme 1 below, namely
dissociation of tetrahedral |NiX,(PPh,),| to give compounds of type (I) with local
symmetry belonging to Cj, point group,'>* followed by the nucleophilic attack of
planar |Ni(RHdtc),| complexes by free tertiary phosphine to generate four-coordinate.
adducts [Ni(RHdtc),(PPh,)] with unidentate/bidentate- dithio-ligand coordination.
"Analogous Pt(II) and Pd(II) -adducts were-isolated and their structures were es-
tablished on the basis of spectroscopic and X-ray crystal structure determination
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methods %, Furthermore, the instability of Ni(II) adducts accounts for the dithiolate
dissociation, since the nucleophilic reactivity of phosphine toward M(II) is greater
than that of the dithiocarbamate anion'é. The RHdtc™ nucleophile reacts further with
the intermediate reactive species (I) affording the desired complex (III) and X~
which, in succesion, is cuptured by the electrophile species (II) to give also the un-
symmetrical |[NiX(RHdtc)(PPh,)| complexes.

Ph3P\/X { /Xi
I A — Ph,P—Ni |+ pph (y
Ph3P/ \X ! \Xi‘ ’
(1)
(S S S\ /PPh3 {
Ni +  PPh, == Ni -
) (
S/ S s \S\_)S§
¢ |
I( N1-——PPh3¥ s _s (2)
s o
(11)
php—ni?” i Swl )
[Fhaf LS — AN "X )
| x| 5/\/\5
(1) (r11)
5 ‘ Ph,P X
N - 3
;( /Ni-—PPh3§ £ X — \Ni< ()
I's | 5<..../5
(11) (111)
SCHEME |

These new Ni (II) complexes were remarkably stable in air either in solution or in
solid state. They were soluble in most of the common organic solvents, such as ben-
zene, chloroform, methylene chloride and THF, but were insoluble in diethyl ether,
carbon tetrachloride and water. .

All the compounds were characterised by elemental analyses (Table I), spec-
troscopig. methods (IR, 'H NMR, UV-Vis), magnetic measurements, and in several
instances the monomeric nature of the products was established by mass spec-
troscopy and/or osmometric molecular-weight measurements in chloroform.
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TABLE 1. Analytical Data for Some Ni(II), Pd(II) and Pt(II) Dithio-compounds.

Compound m.p.(°C) %C %N %H %M* M.W.

[NiCI(EtHdtc) (PPh,)| 160-1624"" | 52.68 2.89 | 4.43 12.15 450
’ (52.91)**¥(2.93) | (441) | (12.32) | (476.3)

[NiBr(MeHdtc) (PPh,)] 121-1234 4741 |2.70 | 3.68 11,17 489
A ) @1.36) |76 | 374 | (11.58) | (506.7)

INiBr(PriHdtc) (PPh,)| 107-1094 48.57 259 | 438 11.20 501
49.37) |61 | 430) | (1097) | (534.7)

[NiBr(Bu'Hdtc) (PPh,)| 132-1344 5020 | 2.61 [ 4.53 10.15 512
(50.29) |(2.55) | (4.58) | (10.69) | (548.7)

[NiBr(PhHdtc) (PPh,)| 113-115¢ 5261 .|238 | 3.67 10.40 550
(5274)  |(2.46) | (3.69)| (10.32) | (568.7)

[NiBr(p-CIPhHdtc) (PPh,)| 165-167 49.68 | 227 | 3.36 9.81 580
, (49.72)  |(232) | 331 | (9.73) | (603.3}
|NiBr(p-MePhHdtc) (PPh,)| 171-173¢ 53.60° | 238 | 3.91 10.17 | 565
~ (53.54)  [(240) | 394 | (1007 | (582.7)

|NiBr(p-MeOPhHdtc) (PPh,)|. | 148-150¢ 52.01 241 | 3.83 9.63 573
: N (52.11)  [(2.33) | (3.84) | (9.80) | (598.7)

|Pd(BzHdtc),(AsPh,)| 171-173¢ 5247 | 3.63 | 4.03 13.72 750
258 |6 | (402) | (13.60) | (776.5)

[PdI(BzHdtc) (AsPh,)| 156-1584 43.27 193 | 3.15 14.12 695
(43300 |(1.99) | 3.21) | (14.66) | (721.1)

[Pt(BzHdtc), (AsPh,)| 193-195¢ 47.05 |38 | 3.52 | 2285 859
(@7.16) |(3.23) | (3.61) | (22.53) | (865.9)

|PtI(BzHdtc) (AsPh,)| 126-128¢ 38.49 175 | 290 | 2391 792
(38.53)  |(1.73) | (2.86) | (24.07) | (810.5)

*M=Ni.Pd.Pt. **d=decomposition. ***Values in parentheses are the calculated values.

The IR spectra (Table II) of the [MX(RHdtc)L| complexes show one broad band
in the 3100-3300 cm™! region due to the N-H stretching frequency!’. The bidentate
bonding mode of the dithip-ligand is established by the position of the band in the
1400-1550 cm™! region. This region is associated primarily with the «thioureide»
vibration and is attributed to the vibration of the S,C=*NHR bond. An increase in
the double-bond character of the C==:N bond results in higher frequencies for this
vibration'®. The position of this band is affected by the nature of the metal atom. As
a rule, a slight shifting is observed toward lower frequencies from Pt(II) to Ni(Il)
complexes. This is justified by the fact that the charge transfer from the ligand to the
metal atom (RHdtc—M) decreases from platinum to nickel according to their elec-
tron accepting ability. The stretching frequency of the C=:N bond is also affected by
the electron releasing ability of the amine group. The basicity of the amines is partly
a measure of the inductive effect of their alkyl groups;'® thus it follows that the effect
of alkyl groups on the electronic structure of the dithiocarbamate complexes is induc-
tive in accordance with the views of Cotton et al?®. This is, however, contrary to the
suggestions of Coucouvanis and Selbin et al??? who support the idea that the effect
of alkyl groups on the electronic structure of dithiocarbamate complexes is mainly a
resonance effect. The band in the region between 950 and 1050 cm™! is attributed to
the stretching vibration of the C==S bonds. Though it should be expected, a direct
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relationship between the v(C==N) and v(C==:S) frequencies is not observed for these
complexes??. This is because the bands which are attributed to the stretching vibra-
tion of C==:S bonds are due only partly to the vibration of these bonds. However, in
the case of |[M(BzHdtc),(AsPh,)| complexes, the Ugo-Bonati criterion that dis-
tinguishes unidentate from bidentate binding by the number of bands in the 950-1050
cm’' region was shown to be valid and is further supported from the observed
splittings of the v(N-H) and v(C==N) bands'®??%, Hence, it can be deduced for these
complexes that one of the dithio-ligands acts as a bidentate ligand and the other one
as a unidentate. Finally, the M-S stretching frequencies were observed in.the 300-400
cm! region indicating the coordination of the gem-disulfide ligands.

TABLE II. Relevant IR Frequencies (cm™') for some Ni(II), Pd(II) and Pt(II) Dithio-
compounds with their Assignments (KBr discs).

Compound v(N-H) v(C==N) v(C=8)
[NiCI(EtHdtc) (PPh,)| 3290m,br* 1520vs,br 960s
[NiBr(MeHdtc) (PPh,)| 3280m,br | 1510vs,br 972s
INiBr(PriHdtc) (PPh,)| . 3200m,br 1515vs,br 980s
[NiBr(Bu'Hdtc) (PPh,)| 3230m,br 1518vs,br 968s
]NiBr(Pthtc) (PPh3)| 3195m,br 1390vs,br 982s
[Nibr(p-CIPhHdtc) (PPh,)| 3185m,br 1388vs,br 1000m
|NiBr(p-MePhHdtc) (PPh;)| 3180m,br 1400vs,br 1005s
|NiBr(p-MeOPhHdtc) (PPhs,) 3185m,br 1415vs,br 990m
|Pd(BzHdtc), (AsPh,) 3265m 1520vs,br | 1008m
3145m,br 1480s 978w
[PdI(BzHdtc) (AsPh,)| 3180m.br 1515vs,br 995m
|Pt(BzHdtc), (AsPh,)| 3260m 1528vs.br | 1003m
3140m,br 1485s 982w
|PtI(BzHdtc) (AsPh,)] 3160m,br 1525vs,br 998m

*vs = very, strong. s = strong. m = medium. w = weak, br = broad.

The IR data, the diamagnetic nature of the complexes under investigation and
their stoicheiometry allowed us to suggest a square-planar configuration. This struc-
ture was further supported by the 'H NMR data (Table III) of the new compounds.
Thus, although the 'H NMR spectra of the bis(N-benzyldithiocarbamato) complexes
show one sharp peak for the N-CH, protons?, their corresponding arsine adducts ex-
hibit two broad signals. at the N-CH, proton region, a fact which is consistent with
the coexistence of one unidentate and one bidentate dithio-ligand. The line broaden-
ing of the N-CH, proton signals of the 1:1 adducts could be explained on the basis
of their fluxional behaviour!. Such dynamic processes for analogous compounds
which interconvert the two kinds of the dithio-ligands have already been observed
and studied by low temperature 'H NMR spectroscopy?.
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TABLE III. H NMR Data for Various NiII), Pd(II) and Pt(II) Dithio-compounds in
DMSO-d,. : ’

[NiC(EtHdtc) (PPh,)] 9.01(t, 3H, CH,, *Jyg =7.0 H2)*; 6.5-7.02(m, 2H, CH,); 2.69(m. 15H, C(H,)
[NiBr(MeHdtc) (PPh,)| 7.21(d, 3H; CH,, Jgy =5.0 Hz); 2.65(m, 15H, C,H,) )
[NiBr(PriHdtc) (PPh,)| 8.75(d, 6H, CH,, g =5.0 Hz); 4.87 (m, 1H, CH); 2.64 (m, 15H, C.H,)
[NiBr(Bu'Hdtc) (PPh,)| 8.53(s. 9H; C-CH,); 2.42(m, 15H, C¢H,)
[NiBr(p-MeOPhHdtc) (PPh,)| 6.25(s, 3H, CH,); 2.60(mu, 19H, C.H,)
|Pd(BzHdtc), (AsPh,)| 5.41(s, 2H, N-CH,);2.51(m, 25H, C;H,)
. 5.26(s, 2H, N-CH,)
|Pd1(BzHdtc)(AsPh,)] 5.26(s, 2H, N-CH,); 2.58(m, 20H, C.H,)
|Pt(BzHdtc), (AsPh,)] 5.32(s, 2H, N-CH,); 2.44(m, 25H, C,Hy)
5.25(s, 2H, N-CH,)
|PtI(BzHdtc) (AsPh,)| 5.24(s, 2H, N-CH,); 2.54(m, 20H, C¢H,)

*s = singlet, d = doubyet, t= triplet, m = multiplet, mu = multiblet unresolved.

"The electronic spectra (Table~IV) of the complexes are also consistent with the
proposed square-planar configuration. All the complexes show three absorption
bands (band I, IT and III) which are attributed to the chromophore group NCS,.%¢
The assignments of these bands as intraligand transitions are in accordance with the
results of CNDO/2 quantum chemical calculations?”. The most intense band I is due
to an intraligand n*—n transition of the N=:C:==:§ group?%. The position of this
band is slightly affected by the nature of the central atom. Usually, the frequencies
follow the order Ni<Pd<Pt according to the electronegativities of the elements. The
position of band I is also affected by the electron releasing ability of the amine
group, and as this ability increases a shift toward higher frequencies is observed.
Consequently, the following is the spectrochemical series of the dithiocarbamato
ligands used:

Bu'Hdtc > EtHdtc > PriHdtc > MeHdtc > p-MeOPhHdtc >

p-MePhHdtc > PhHdtc > p-CIPhHdtc

A similar order was suggested by Eley et al*® for the dithiocarbamato ligands. This is
also the sequence of the increasing ligand field strength of the ligands used. The
molecular extinction coefficient of band I is slightly affected by the nature of the
dithiocarbamato ligand and the nature of the metal atom. As a rule, it is observed
that the molecular extinction coefficient of this band decreases as the charge transfer
from the ligand to metal atom increases. This is possibly due to the decrease in the
difference of polarity between ground and excited states. Band II, which appears as a
shoulder, is also due to a n* «— & transition of the S=+C=--S group and is associated
with the inequivalence of the C=:S bonds of the ligands®!. In the spectra of the ar-
sine adducts, however, band II shows a characteristic maximum. This may be at-
tributed to the fact that in these cases the bonding mode of the dithiocarbamato
ligands is different, in agreement with their IR and 'H NMR spectra. Band III was
assigned by several authors to an n* «— n electronic transition located on the sulphur
atom,’>¥" while others assigned it to a charge transfer from the ligand to the
metal**. However, the frequency of this band is slightly increased as the electron
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releasing ability of amine group increases. This observation can be justified if we
ascribe the band to an n* «— n transition, because it is known that an increase in the
electron density of a chromophore group results in a blue shift of the t* — n band*®.
Finally, bands IV, V and VI are due to charge transfer (CT) transitions. These bands
are analogous to the CT bands observed in square-planar complexes of Dy sym-
metry and are assigned to 'Aj,— Ay, 'Byg— 'Ajg and 'Eg — 'Ajy transitions,
respectively 3637,

TABLE IV. Electronic Spectra of some Ni(II), PA(II) and Pt(II) Dithio-compounds in THF.

Compound ) _ Band 1 Band 11 Band 1I1 Band IV - Band V Band VI
_INICIEtHdt) (PPhy| | - . 36.9%(4.06)** | 31.1sh***(3.88)] 26.2(3.38) 23.7 230 21.2sh (1.83) | 200 (1.52)
|NiBr(MeHdtc) (PPh,)| 36.5 (@.11), 31.0sh (3.56) | 26.1 (3.15) 23.5 (2.15) 20.5sh (2.02) | 19.2 (1.45)
INiBr(Pr'Hdtc) (PPh,)| 36.8 (4.08)° 312sh’ (3.6 1 26.1 (3.22) 23.3sh (2.17) | 21.6 (1.98) 19.2 (1.58)
[NiBr(Bu'Hdic) PPh)| -1 369 (404 3LIsh (3.43) | 263 (3.09) 23.4sh (2.05) | 211sh (1.75) | 192 (1.38)
|NiBr(PhHdtc) (PPh,)] 36.1 (4.23) 30.6sh (3.75) .| 255 (3.27M) 23.9 (2.30) 21.8 (1.81) 19.2 (1.46)
{NiBr(p-CIPhHdtc) (PPR)| |  35.8(4.30) 30.3sh (3.30) | 25.2 (3.01) 234 222) 211 (L1 19.2 (1.50)
|NiBr(p-MePhHdtc) (PPh,)| 36.2 (4.17) 30.4sh (3.41) 25.6 (3.30) 23.3 (2.14) 20.8sh (1.33) 19.0°(1.37)
|NiBr{p-MeOPhHdtc) (PPh;)]| 36.4 (4.15) 30.3sh (3.58) 25.9 (3.46) "t 23.8 (1.98) 21.3sh (1.56) 19.1 (1.35)
|Pd(BzHdtc), (AsPh,)| 37.1 (443) 33.3 (3.96) 28.8 (3.98) 23.5 (1.23)

[Pdi(BzHdtc) (AsPh,)| 37.0 (4.36) 7 30.5sh (3.89) 28.4 (3.24) 23.2sh (1.95)

[PY(BzHdc), (AsPh,)| 38.8 (4.63) 33.6 (4.55) 28.6 (3.82) 23.9 (2.20)

[Pti(BzHdtc) (AsPh,)| 379 (4.50) “ 3l4sh (3.88) | 27.1 (3.60) 234 (2.12)

—

*v/xK **logeme] ***sh = shoulder

- The molecular ions of the studied compounds were not detected in the mass
spectra. The absence of molecular ions can be attributed either to pyrolytic decom-
position, in the direct inlet, under the high temperature which was used (200-280°C),
or to electron impact. The fragments corresponding to higher m/e values can be
regarded as direct fragments of the molecular ions while those at lower m/e values
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may be regarded as daughter fragments of the phosphine and N-alkyl-
.dithiocarbamato ligands. In most cases the base peak of the spectra corresponds to
the PPh,™ or AsPh,* ions. A possible fragmentation mechanism of the molecular
ions of |[MI(RHdtc) (AsPh,)| complexes is represented by Scheme 2.

Ekperimental

Physical Measurements

IR spectra were recorded in the 4000-250 cm™! region on a Perkin-Elmer 467
spectrophotometer using KBr pellets or Nujol mulls. 'H NMR spectra were recorded
on a Varian A 60A (60M/c) instrument in DMSO or CS, solutions using TMS as an
internal standard. Electronic spectra were obtained on a Cary 17DX spec-
trophotometer using freshly prepared CH,Cl, and THF solutions. Mass spectra were
measured on a RMU-6L, Hitachi Perkin-Elmer mass spectrometer with ionisation
source of T-2p type operating-at 70 eV. Magnetic susceptibility measurements in
solid state were done by the Faraday technique using Hg|Co(SCN),| as the calibrant.
Molecular weights were determined using a Perkin-Elmer molecular weight apparatus
Model 115 in CHCI, solutions. Melting points were determined with a Biichi ap-
paratus and are uncorrected. The elemental analysis of carbon, nitrogen and
hydrogen was performed on a Perkin-Elmer 240B Elemental Analyser. Nickel,
palladium and platinum were determined according to published methods?.

Preparation of the Complexes

Bromo (N-alkyldithiocarbamato) triphenylphosphinenickel (II) — A solution of 1
mmol of the appropriate [Ni(RHdtc),| complex in 50 ml of diethyl ether was treated
with 0.74 g (Immol) of |NiBr, (PPh,),| under nitrogen atmosphere. The reaction mix-
ture was left for 2 hrs at room temperature under continuous magnetic stirring and
then the resulted red-violet solid was filtered off, washed with diethyl ether and dried
under vacuum. Recrystallisation was carried out by dissolving the solid in benzene
and reprecipitating with n-hexane (80-90% yield). In a similar manner chloro (N-
ethyldithiocarbamato) triphenylphosphinenickel (II) was prepared (70-80% yield).

Bis(N-benzyldithiocarbamato) triphenylarsinepalladium (II) — A suspension of
the complex [Pd(BzHdtc),| in a small amount of toluene was treated with triphenylar-
sine (1:1 mole ratio). A clear solution was obtained which, on addition of light
petroleum (b. p. 50-60°C), precipitated the pale yellow product which was filtered
off. washed with diethyl ether and dried under vacuum. The complex was
recrystallised from chloroform (60-70% yield). A similar method was also employed
for the preparation of bis(N-benzyldithiocarbamato) triphenylarsineplatinum (II) (70-
80% yield).

"~ Iodo (N-benzyldithiocarbamato) triphenylarsinepalladium (II) — The complex
|Pd(BzHdtc),(AsPh,)| (I mmol) was suspended in toluene and treated with iodine
(0.5 mmol) dissolved in the same solvent. In the resulting clear solution light
petroleum was added and an orange solid was precipitated which was filtered off,
washed with diethyl ether and dried under vacuum. The complex was recrystallised
from acetone (50-60% yield). The same synthetic route was also followed for the
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preparation of iodo (N-benzyldithiocarbamato) triphenylarsineplatinum (I1) (60-70%
yield).

IepiAnyn

Xuvleon kal uehétn opioUEVWY ACUUUETPWY ETIMEOwWY aloyovo (N-aikvAodifeioxap-
Bauidiko)pwopvo- 1 apovoovunAdkwy twy OTOLXEIWY THC OUAOag Tov VIKEAIOL

v epyacia avTh TOPUCKELAJETOL KOl UEAETATOL MO CEPG VEMV ACOUUETPOV
di0etokapPoudicdv copnidkwv tov Ni(Il), PAII) kot Pt(II). Ilpoteivetar axoun
gvog mlavog unyavicpog Yo To CYMUOTICUO TMV COUUTAOK®V TOL YEVIKOD TLTOL
[NiX(RHdtc)(PPh,)|. Ot evioelg avtég Siemotdbnke, pe PAOT QAOHOTOCKOTIKG Kat
payvnTikd dedopévo, 4t Exovv eninedn teTpaywvikn doun. Eniong, dwmiotmbnke
ot omg evaoeg tov tnov |M(RHdtc),(AsPh,)|, o évag SibeokapBouidikdg
VTOKATAGTATNG Ope OV POVODPACTIKOG dOTNG, UE CLVETELL Ol EVHOCELS CVLTEG VO ELL-
paviovv aplbud cvvappoyng téccepa. Me Bdon tov apifud cvvapupoyfg kot
SlUayVINTIKT TOUC QVOT, CLUMEPGIVETAL OTL T GTEPEOYMUIKT TOLG doum &ivar M
eninedn tetpoyovikn. Télog, 1o yeEyovog 0Tt o £vag OifetokapPauidikog
DROKATACTATNG oLVOEETOL OoDEVESTEPR WHE TO KEVIPIKO UETOAAO, EMLTPEMEL TNV
TOKOAN OVTIKOTAGTACT TOL OO GToUo 1wdiov Kol To. CYNUATIOUO TV aviicTolymV
1wdonapoydywy, MI(RHdtc)(AsPh,)

-
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Introduction

Angiotensin II, a linear octapeptide hormone with amino acid sequence Asp-Arg-
Tyr-Tle (or Val)-His-Pro-Phe, is a peptide of much-current interest in particular to its
hypertensive action. Furthermore dimers and cyclic. analogues of peptides appear to
have in many cases increased or selective potencyi-3. In this paper I report the syn-
thesis and biological activities of two new angiotensin derivatives with adipic acid
(Scheme).

HOOC-(CH,),CO-Asp-Arg-Val-Tyr-lle-His-Pro-Phe-COOH
CO-Asp-Arg-Val-Tyr-lle-His-Pro-Phé-COOH
(CH,),

|

CO-Asp-Arg-Val-Tyr-lle-His-Pro-Phe-COOH

SCHEME. Structures of adipoyl angiotensin and dimer with amino terminal groups of the two
. angioftensin molecules coupled to the carboxy! groups.

Methods

|Asp'. Val®| angiotensin II was synthesized by the solid phase method as
previously reported®. Adipic acid was purchased from Aldrich Chemical Co. Di-(p-
nitrophenyl) adipate was synthesized as follows, 0.73 g (0.05 mole) of adipic acid
and 1.39 g (0.1 mole) of p-nitrophenole were dissolved in the minimum volume of
dimethylformamide. at 0°C. To that solution 2.06 g of dicyclohexylcarbodiimide
(50% solution in dichloromethane) were added in portions. The reaction mixture was
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stirred for 18 hrs at 0°C, filtered and washed with acetone thoroughly. The solution
was evaporated to dryness and the product, di-(p-nitrophenyl) adipate was
precipitated from ethanol with a yield of 60%. The ester was over 90 pure as judged
by thin layer chromatography in the systems: n-butanol, acetic acid, water (4:1:5) Ry -
0.1, chlorofrom: methanol: acetic acid (85:10:5) Rf 0.45 and by proton nuclear
magnetic resonanse spectrum on a T60 MHz varian spectrometer.Bromocresol blue
reagent was used to visualize free adipic acid and 509% ammonilim” hydroxide to
visualize the diester.

Di-(p-nitrophenyl) adipate was further used for coupling with |Asp!, Val’
angiotensin II to form the dimer and the monomer adipoyl-angiotensin. The products
were assayed for their contracting activity on rabbit aortic strips ‘with a Grass Model
70 polygraph.

Results

For the coupling of angiotensin II with di-(p-nitrophenyl) adipate, 3 mg (0.003
mMole) of |Asp!, Val®| angiotensin in 20 ul water, 200 ul dimethylformamide and
100 ul pyridine were stirred overnight at 37°C and then 2 mg (100% excess) di-(p.-
nitrophenyl) adipate were added in portions. The reaction mixture after being stirred
at room temperature for 48 hrs was evaporated to dryness, redissolved in 80% acetic
acid and chromatographed on a Biogel P4 column (1.2x53 cm). The fractions
corresponding to the dimer and monomer respectively were collected, evaporated to
dryness and rechromatographed separately on the same Biogel P4 colum. The dimer
and monomer were further characterized by SDS gel electrophoresis 13% in
polyacrylamide® and by paper electrophoresis at pH 3.5 (pyridine acetate buffer) and
9.4 (sodium borate buffer). Amino acid analysis of the products on a Durum 500
Analyzer proved the integrity of the amino acids. Fig. 1 gives the dosé-responce cur-
ves in rabbit aortic strip for the dimer, monomer and free angiotensin respectively.
The EDy,. values (EDs,, effective dose, which produces 50% of maximum responce)
are 1.8x10~% M for the dimer, 5%10~% for free angiotensin and 2x10~7 for the
monomer.

Discussion

Two kinds of monomers were formed during the coupiing reaction. Both are
adipoy! angiotensins with the second carboxyl group of the adipic either free or as p-
nitrophenylester. The mixture of the two monomers which was eluted -at the same
fractions at the first Biogel P4 column was treated with dilute sodium hydroxide, so
that only one kind of monomer had to be characterized. It should be noted that SDS
electrophoresis was mainly used to verify the dimer from either free or adipoyl
angiotensin, whereas paper electrophoresis at pH’s reported above was wused to
characterize adipoyl angiotensin’fraction eluted from the second Biogel P4 colum.

Since the coupling amount of di (p nitrophenyl) adipate is 100% excéss, no free
angiotensin was detected even in trace amounts’as it was proven by paper elec-’
trophoresis of adipoyl angiotensin sample.
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FIG: Dose responce curves in rabbit aortic strip for the dimer (@—®), free angiotensin (0—O) and
adipoyl angiotensin (A—A). The values are the average of three experiments.

The dimer and monomer were assayed for their contracting activity as described
previously*. The data of Fig. 1 show that elongation of the peptide chain of angioten-
sin (formation of head to head dimer) does not alter significantly the biological ac-
tivity. Dimeric forms of peptides have also been reported for different enkephalins’.
It was found that dimeric enkephalins show increased affinity and selectivity for the
d receptor.

Derivatization of angiotensin II at the N-terminal aminogroup with low molecular
weight residues such as acetyl, propionyl e.t.c. has been reported®. Other high
molecular weight derivatives such as- poly-D, L-alanine-angiotensin have also been
reported’ and their biological activity was found to be 50% of the action of pure

angiotensin.

Summary

Two biological active derivatives of angiotensin II, the dimer with amino terminal groups
~of two angiotensin molecules coupled to the carboxyl groups of adipic acid and the monomer
adipoyl-angiotensin II have been synthesized.

Key words: angiotensin II, di{p-nitrophenyl) adipate, biological acivity, structure-activity
relationship.
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MepiAnyn

ZovBeon kai fiodoyikti dpacTiKOTHTA OUO TAPAYWYWY THE OPUOVHS QYYEIOTEVGIVHG UE
10 adImiKo o&v.

v epyacic avth avagépetor 1 ovvleon 800 mOpAydYOV NG OpPUOVNG
ayyewoteveivng II. To duepég dmov VO UOPLY AYYELOTEVGIVIG EVOVOVTOL LECH TOV
apvouddov toug ue Tic kapPoEvlopnddec tov adimikod 0EE0C, KOL TO MUOVOUEPEG
adimovro-ayyeloteveivn. O éleyyog g Ploloyikng dpactikotntog £deike OTL ko To
80 mapdymyo givor floloyikd dpucTikd TOLAGXIGTOV OGOV 0QOPE TN GLGTAGTIKT
dpaomn, N onoix doxdchnke. Zuykekpéva n EDy, yia to Sipepés Bpénke ot sivon
1.8x107%M ko1 yia 10 povouepég 2x107"M. To amoteAéouato givor gvdiapépovia
€01kd amd TN OKOME TOL JUEPODS OMOL PUIVETAL TWE VO UOPLL CYYELOTEVOIVNG
uUmopel va evobodv uécm TOV CUIVOUAS®V TOVG WE EVOOES XOUTMAOL UOPLIKOL

Bapovg, xwpic peiwon-tng PBroroyikng SpucTikdTNTOC.

References

. Delean A., Munson P.J., and Rodbard D.: (1979), Mol. Pharm. 15, 60.

i

2. Di Maio J.. Nguyen, T.M.B., Lemieux"C., and Schiller P.W.: (1982). J. Med. Chem., 25, 1432.

3. Shimologashi Y., Costa T., Matsuura S., Cheu H.C., and Rodbard D.: (1982) Mol. Pharm. 21, 558.

4. Galardy R.E.. Stafford S.S.. Schaffer M.L., Ho H., Larorgna K.A. and Jamieson J.D.: (1978). J.
Med. Chem. 21 (12) 1279-1283.

5. Neville D.M.: (1971). Biol. Chem. 246, 6328. )

6. Nouailhetas V.L.. Wakaie C.R., Juliano L., Paiva A.C.M.: (1977). Biochem. J. 165 (3) 547-551.

7. Regoli D., Rioux F., Park W.K., and Guor C., (1974) Can. J. Phys. Pharm. 52, (1974) 39.



