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Chimika Chronika, New Series, 14, 127-142 (198.5) 

(PAABONOEIAH KAI XYTTENEIX OMAAEZ (PYTIKQN XPQZTIKQN 

CTEAAA TZOYBAPA-KAPATIANNH 

EpyaarGpzo Xvp~iac Tpoq@wv, Xqpz~d Tp@a 17avmzar~piou Iwavvivwv 

(EhilcpOq 28 Iovviou 1984) 

Cro apopo auro 6ytvs pia avaowonqoq orqv nahat6rspq  at ozqv watvorjpta PtPhtoypa- 
via rov cphaPovost6hv, nou ~ivat  yta oya6a cpvrt~hv svhoswv rGlairspa G1aGsSoy6vq ora 
cpurh Kal q oqycroia sou<, yla Gtbcpopsq Ptoyqxavisq wat wupioq cpapya~ov wat rpocpiywv si- 
vat oq yavruwfi. 

T a  cphapovost6fl, pia an6 ztq nto nohucipt0y~q K ~ L  6ta6~60yBv~g o y a 6 ~ q  ~ o v  cpu- 
T ~ K ~ V  o u o z a ~ ~ w h v ,  6 x 0 ~ ~  oqyaoia yta TOV civ0pwxo 6x1 yovo ytazi ouypahhouv ozo 
xphya zov  cpuzQv, ahhci snst6fl nohhCl y6hq zouq ~ivau cpuotohoyw5 ~vspyiw. H KO- 

pt6zspq Gpaoq ~ o u ~  civm ~ v T ~ o ~ E L ~ ~ T L K ~ ~ , ' .  E V ~  pnop06v va ~ E X T O ~ W  ~ V T L O ~ E L ~ W Z L -  

KQ npoozaoia ant) ahhsq 0voi.s~ 7110 suaio0qt~q ozqv 0kEi60o~l.~ IIohha yBhq zouq 
i ~ o u v  C ~ V T L ~ L O T ~ K ~ ~ , ~ - ~  Ptraytvt~6q,'-~ f l  O L ~ T ~ O ~ O V E ~ ~ ~  l 2  L ~ L O T ~ T E S .  IT.X. q pouzivq, 
yvoozq oav Ptrayivq P ,  Kat ot cphapavovsq zov  hsyovthv ~ v t o ~ d o u v  ~q ptzaytvt~fi 
6 p h q  zou a o ~ o p p t ~ o 6  o@oq wat 6po6v oav avztatyoppayuca aut&vovTa~ q v  avzi- 
o ~ a o q  zwv atyocpopov ayysiov. .Ahha cphapovo~t6il B ~ o u v  ~ a p ~ t v o y o v a ' ~  KL' ahha 
avzucap~tvucfl 6p60q.14 

0 Kap~ivog zou otoocpiiyou n.x. ouv66~zat y& zqv U ~ E P P O ~ L K ~ ]  ~ a ~ a v a h o o q  ouy- 
nu~vwy6vwv zavvtvhv, ~ a p a ~ ~ q p t o z t ~ h v  ~ w v  o~ucphv nozhv,  onwq o wacp6q Kat T O  

roat, E V ~  khha cphapovost6j 6p0uv 0~pCtTtEu~tKCi 0' Bva KClp~ivoyCl Toll ptvocpa- 
puyya. nap' 610 nou sivat ~ E V L K ~  aphaP~iq E V ~ O E L ~  napazqpfl0q~av Kat nsptnzh- 
o s y  cphafiovost6hv ys roE,t~fl 6pkoq. Ikpinou 2.000 E V ~ ~ E L ~ ,  nou av ~ K O U V  oza 
cphaPovost6il, sivat y v w o r i ~  Kat Ppimovzat os  6ha za avhzspa cpu~a. CE ~ E L X ~ ~ V E ~  

wat (TZO < w k o  Paoihsto ~ E V  6 x 0 ~ ~  pp&e&i cphaPovo~t6~ y i ~ p t  zhpa, E K T ~ ~  an0 opt- 
( T ~ ~ V E S  cphapov&G oTa cprspa n~zaho66aq." 

0 opoq qda/3ovaszdy' ~ a h 6 n w t  yta ysykhq oy66a cpuzt~wv svhosov,  nou T O  yo- 
pto zouq ano~shsirat an6 660 P E V < O ~ L K O ~ ~  6a~zuhiouq A K ~ L  B E V W ~ ~ V O U ~  PE y1a 
nponavt~fl  yEcpupa (C,-C-C-C-C,). T a  ~ u p d c s p a  sivat napayoya zqq y-nupovqq, 
E V ~  za o n a v t o ~ ~ p a  npo~pxovzat an6 T O  kvotyya zou nupavtwo6 6a~zuh iou  q v  
avaywyQ zou. 

Czo o ~ f l y a  1 Givovmt ot Gtcicpopsq oya6sq zwv cphaPovost6wv, nou nspthaypa- 



v o w  z y  xah~ovsq I ,  nq 6tu6poxah~6vs~ 11, ztq I I O U ~ ~ V E S  111, rtq cphap6vsq IV, z y  
( ~ ~ C ~ P O V O ~ E ~  V ,  Ztq ~ E U K O ~ V ~ O K U ~ V ~ ~ ~ V E <  VI, TY C I V ~ O K U ~ V ~ & V E S  VII, 21s K ~ T E X ~ V E S  

VIII, ztq cphapavovsq IX Kat z y  cphapavov6hsq X .  

X a h ~ o v e ~  Aoupov~q, Am6po~ahuov~~  
An6 T ~ S  ~ p & t q  audq y t~piq  oyii6sq ~ ~ ~ ~ ~ O V O E L ~ W V  ot xahcdvs~ Kat 0 1  a o v p d v ~ ~  

0sopo6vzat oav Eva 6i6upo cpun~hv ~ p w o ~ t ~ h v  yvooz6 oav ctanthochlor)). ME TOV 

6po auzov avayvopi<s.tat yta oya6a Kizptvwv xpooz t~hv ,  nou yezazpEnovzat os 
K ~ K K Z V E ~  as a h ~ a h t ~ o  nsptpkhhov. H payGaia autavoysvq Ptphtoypacpia zov aoupo- 
vhv i ~ a v s  auzov6qzo zov 6taxwptoy6 z o u ~  an6 TO 6i6uyo ccanthochlorn Kat yta q v  
op66a auzqv npoza0q~s o opoq ccaurone)), nou avacpipszat ouyxp6voq~o~o xpuoo~i- 
zptvo xphya zouq  at ozqv ouyyivstb (taoyipsta) zouq fls ztq cphap6vsq.18 

Ot xah~bvsq, ppio~ovzat o.tq c p 6 ~ ,  &hKtt 0s ptKp6~~p0 f i  ~ E Y ~ ~ ~ T E P O  Paep6 
u6po<uhtopiva napfiywya zqq pqzpt~qq 6 v w q ~  x a L ~ d v ~ ,  nou ~ E V  sivat yvoazfi 
aav cpuot~6 npoyov. 0 t  xah~bvsq sivat 0 1  nphzot anoyovL;jatyot np66poyot mqv  
ptoo6v0soq zov cphapovo~t6hv'~ 21 Kat o o t~ohoyt~6q rouq pohoq 0zq cp6oq as 0x6- 
oq ys zo ~pGya  zov cpuzhv Icat ~ u p i o q  zov houhou6thv zouq sivat oqyavzt~oq. 
Yncip~ouv 58 yvooziq ~ a h ~ o v s q ,  nou anoyovh0q~av an6 6tacpopa.cpuza. E~z6q  an6 
hiysq s<atpiostq, ot x a h ~ o v s ~  Kat ot ~ O U ~ ~ V E S  ~armciooovzat avkhoya ys T O  npozu- 
no uno~azaozaoqq zoo B 6 a ~ z u h i o u . ~ ~  01 aoup6vsq qqyaz i<ow yhu~o<izsq ~ u p i o q  
ozqv 4- Kat 6- 0ioq.23-26 

01 6tu6po~ah~ovsq sivat u6poyovoyiva naphyoyd zov xah~ovhv  ozov a$- 
6tnh6 6soyo Kat ixouv dlysoq x q p t ~ q   at PtoxqptKfl oxEoq PE ztq ~ a h ~ o v s q  Kat ztq 
aoup6vsq, 6tacpEpouv oyoq an6 auciq ozo 6zr 6&v sivat Eyxpoysq, ysyovoq nou 6u- 
O K O ~ E ~ E ~  Kat q v  av i~v~uoi ) -  TOUS.  H 6tsuKpivtcnj z q ~  oi)vzatqq ZOV zpthv oydl6ov 
yivszat, 6noq  at yta 6ha za cphaPovost6q ys Cth~ahtKfl ~azspyaaia, 0716~s q 6tiiana- 
oq zou A #at B 6aKzuhiou os cpatvoht~ci Kat napkyoya zou ~ E Y ~ O ~ K O ~ )  o&oq avzi- 
o z o t p  Fivst nhqpocpopisq yta zov Pa0y6 u6potuhiwqq Kat ysvtr6zspa yta zq 60yq 
zouq. H 6tsuKpivqoq m o6vtatqq yivszat ~ a t ' y s  cpaoyazoo~ont~iq ys066ouq (U.V., 
NMR ~.h.n.). 

Qhapovq Kat @hapovoh~~ 

0 6poq ccflavone)) npoipxszat an6 TO haztvt~o flavus (=~izptvo). H nphzq cpha- 
P6vq, nou a n o y o v h 8 ~ ~ s  os ~aeapq  ~azaozaoq TO 1864 an6 zov Piccard, sivat q 
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sntpspath0q~s KQL nstpayaztlcci ys q v  nCtpCi~ohoi%qo?l Cl4 os ~vhostq, xou qzav 
~v6taysoa npoi5vza ozqv nopsia zqq avz i6paoq~ .~~  

Ot cpuot~Eq cphap6vsq sivat ouvfi0oq ohtyolj6po@htoyEva napayoya zqq yqzpt- 
~ f l ~  Bvwoqq ys Gtacpopou~ uno~azaazazsq. 0 paey6q u6pocuhiooqq ~uyaivszat an6 
0 y6xpt 7. 'Eva ysyovoq nou ynopsi va 6xst Ptoysvsn~Tj oqyaoia sivat, 6zt &E xayq- 
h6 pa0y6 u6potphiooqq snt~pazo6v ot cphap6vsq (3-86oq &h&i)0&pq), E V ~  0 1  nohuu- 
6po5uhtoy6vsq E V O ~ E ~ S  sivat ouv~j0wq cphapovohq (OH ozqv 3-0Eoq). An6 nq cpha- 
Povsq ys toonpsvt~odq uno~azaoz6zsq (Cx. 2) q apzo~apnivq I yshEzfi0q~s nspto~o- 
zspo, snst6jl yotdl~st noh6 ozqv o6vzacq Kat o zy  t6t6zqzsq p& zqv ~ u ~ h o a p r o ~ a p n i -  
vq 11, nou sivat q nphzq cphapovq p& 6va npoo0~zo nupavt~6 6a~z6hto D, yova6t~o 
ozqv odvzatq zwv cphapo~ost6Qv.~~ 

Ot 660 auz& svhostq sivat npo6poyot ozq ptoo6vesoq zwv xpwozt~hv zou 
cphoto6 zou Morus alba. H cpuoivq I11 Kat q toocpuoivq IV (Q. 2) sivat za npwza 
cphapovost6t~a ah~ahost64 nou ppE8q~av ozq (p60q.~O '05tva 0si i~a dlhaza TOV 

cphapovhv sivat yia via zacq xpwozt~hv. 
Ot cphapovohsq sivat cphap6vsq, nou q 3-0Eoq zouq &EL uno~azaoza0~i F E  OH. 

H shttxtozq auzQ Gtacpopa o q  06vzatq Exst oqpavzt~q ptoouv0szt~Tj~ cpuotohoyt- 
cpuhoy~v~zt~jl,  ~qytoouosqyazt~fl,  cpapya~ohoyt~fi Kat ~ ~ a h u ~ t ~ f i  oqyaoia. H 

yqzpt~q 6vwoq cphapovohq  at povoij6po<ucphapov~ ~ E V  ppio~ovzat ozq cpdoq. 
01 cphapov6hsq Givouv yta ostpa an6 ~izptvsq ~ u p i o q  a n o ~ p h o s ~  0s xapzi xpoya- 
zoypacpia~ ozo unsp tQ6~~ .  Qhapov6hs~ ys uno~azsozqyEvq zqv 3-0Eo11 ~ycpavi&ovzat 
oav o ~ o z ~ t v i q  ~ q h i 6 & ~ , ~ '  &OUV Eva ~ K O ~ E L V O  ~ a q 6  (p00ptoyo napoyoto p& auzov zwv 
qhap0vhv,3~ E V ~ I  napdiy~ya nou ~ E V  Exovv shs60spo OH ozqv 5-0Eoq Y E V L K ~  Xapa- 
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~zqpi(ovza~ an6 ivrova cpeopi(ovza ~phpaza.  Auzoq o cpeoptopoq nohhiq cpopiq 
0 ~ o p i l 0 q ~ ~  hav0aoyiva ~ a p a ~ z q p t o ~ ~ ~ 6 5  rov 5-6~o~ucpha~ovohhv .~~ 

Ot cphapov6h~q 6ivouv 660 p i y m i q  ~opu(pEq anoppocpqoqq, 6nwq cpaivovzat ozo 
o~ f lpa  3, rqv ~opucpq I ozqv n~ptoXjl 328-385 nm Kat zqv I1 ozqv nspto~fi 240-280 

Cx. 4 M ~ K O C  ~f iuaro~ (nm) 
To pil~oq ~6pazoq sqq ~opucpilq I ozo cpaopa zwv q3capovohhv ~€,apzazal ~upiwq 
an6 zo @a010 u6po~uhiooq~ ISTO 6aKzvhlo B Kat K ~ T U  G E ~ T E P O  h6yo an6 T O  6ai 
~z6l.10 A,  svh ro yq~oq  ~6yazoq rq5 ~opucpqq I1 ~ c a p ~ k a ~  an6 ro Pa0yo u6potu- 
hiooqq sou 6aK~uhiou B. 0 PaBy6q uGpoE,uhiwq~ rou A rou B 6a~zuhiou snq- 
p&a<&t T O  cpaopa swv (phapovohhv ahM(ovzaq zrp yopqj TOU Kal npo~ahsi paeu- 
~ p o p t ~ i g  Kat u y o ~ p o p ~ ~ i q  pmazoxiosy, xou Givouv ssh-rlpocpopi~q yta zq o6vza€,q 
zov cphapovohhv. Avahoysq nhqpocpopisq Givst Kal q -srri6paq Gtacp6pwv avzt6pa- 
ozqpiov p& s t ~  pszazoniostq zou cp6oyazoq nou npo~a?& Czo q q p a  4 n . ~ .  6 ~ i -  
Xvovzat ot yssapohi~ nou npo~aho6v ozo cphopa rqq K E P K E T ~ ~ ~  (a) za avrt6paozil- 
pta AICl,/HCl ( P ) ,  CH,COONa (y)  Kat CH,COONa/H,BO, (6). 
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IIap6yota cpaoyaza Givouv  at ot avziozotpc, cphap6v&c, Kat izot 6sv ynopsi va yivst 
6tdl~pt(~7] p ~ ~ a c i )  ( ~ ~ C @ O V , ~ V  Kat ~ - O - U ~ O K ~ Z E ~ T ~ / . & @ ~ V  cphapovohhv, acpo6 q K O P U ( P ~ ~  

I  at zov 660 zac~ov  unsp~ah6nzszat ozqv nsptopj 328-357 nm. Qaoyazootcont~a 
hotn6v ynop06v va avayvopto~06~ anoz~h~oyamxi  p6v0 cphapovohsc, p& E ~ E ~ ~ E P O  

TO u6poerjhto zqc, 3-060qc,.~~, 35 

0 nooozt~bc, np006toptoyo~ TOV cphapovo?&v yivszat ouv~j0oc, PE cpaoyaro- 
c p ~ ~ o p s o p t ~ i c , ~ ~  4 ( P ~ O P ~ O ~ O ~ E T P ~ K ~ ~ ,  p s 0 0 6 0 ~ 5 . ~ ~ ~  38 H E cpap~o~fl W5  @ o p W o ~ & -  
~piac, ozov nooozt~6 npoo6toptoy6 zov cphapovok5v oqpicszat ozqv t6t6cqz15 ~ouc, 
va cp0opicouv  at sivat n0h6 a~p~pflc ,  Kat s u a i d q q  yi806oc,. Atybz~po ~pqotyo- 
noto6vzat yL006ot, nou ozqpicovzat os o u p c h o ~ o p & ~ p t ~ . k ~ ~ ~  p t~po~ouhoyszp t~Ec ,~~  
nohapoypacpt~ic,~'~ 42 Kat ~ O ' T E V ( S ~ O ~ E O ~ ~ K ~ ~ ~ ~ '  44 T W K ~ ~ , .  

H anoy6vooq zov cphapovohhv Kat y~vt~6zspa TWV (~hapovo~t6hv an6 za cpuza 
yivszat ys ~povop6pq 6ta6t~aoisc,, nou ozqpicovzat ~upioc,  os E K ~ E K T ~ K ~ ~ ,  s~xuhi-  
osy  F E  ~azahhqhouc, Gtah6z&c,. Ta s~~uh ioyaza  6yoc, zwv cpurwv &hat yiyyaza no- 
hunhq6hv Kat ouvfl0oc, opo~t6hv E V ~ ~ E O V ,  nou anatz06v sninovouc, 6ta~optoy06c, 
Kat ~aeaptoyodc,. Kazkhhqhq snthoyfl ~poyazoypacpt~hv ozqhwv 6tsu~oh6vst rov 
~ o v z p t ~ o  6tu~wptoy6  at ~poyazoypacpia xkprou Kat hsnzilc, oztpdl6ac, TOV ~a0apt- 
oyo zov svhosov nou anoyovhvovzat. Ta whsuzaia ~povta q zsxvt~fi zqc, uypflc, 
~poyazoypacpiac, uyqhilc, nisoqc, B X E I  ouvzoy~6ost noh6 z y  6ta6tKaoi&c, 6ta~optoyo6 
Kat 8ivst a ~ p ~ ~ E c n & p a  anozshioyaza. 

Ot cphapovohsq, svoht~kc, yopcpkc, a-G~KETOV~V,  sivat m0 suaio%qac, OE ocsi60oq 
an' oha za cphapovost6fl Kat avztnpooons6ouv zov uyqhozspo pa6yo oesi6ooqc, zqc, 
oycibac,. H awot~i6oofl zouc, npoBno6iz~t zqv napouoia xohhhv &ipocuhiov  at 

yiv&zut p6v0 OE a h ~ a h t ~ 6  n~ptpahhov.~~.  46 

Ot (p&ap6v&c, ~ $ 1  ot cphapovohsc, oxqyadcouv yta yeyahq not~thia yhu~octzhv, 
onou yivszat uno~atdlozaoq PE oaqapa TWV u6potuhiov onotao6i]noz~ 6ioq5 
E K T O ~  zqc, 6 ~ c t t  2. H o u ~ v o z ~ p q  uno~azirozaq sivat zqc, 3-  at 7-Oioqc,, nou sivat 
ot 7110 ottvsq. IIspinou 400 cphaPovt~oi Kat (phapovoht~oi O-yhu~of;iz&c, sivat yvo- 
crzoi. C - y h u K o c i ~ ~ ~  zwv 660 oya6ov sivat snioqc, 6taGs60yivot ozqv cp6oq. C' au- 
zo6q q uno~azao~aoq yivszat yovo ooov A 6a~z6hto Kat yahtoza orqv 6- Kat 8- 
860q.~' 

0 zponoq yhu~octzonoiqoqc, zov cphapovhv Kat cphapovohhv qszicszat o u ~ v a  
F E  TOV ahhov ( P ~ ~ ~ O V O E ~ ~ L K ~ V  z a ~ s o v   at yahtoza TWV av00~uavt6tvhv. 
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H ~IYyKivTpooIl TwV av0o~uavdrvhv CXa cpmk E ~ C ~ P E ~ ~ ~ E T C ~ ~  Cti'C0 TO ( p ~ q ~ ~ - ~ ~  TqV 
8 ~ ~ y o ~ p a o i a ~ ~  54 Kat rqv ~ E P ~ E K T ~ K ~ T ~ T U  TOU ( P U T O ~  (3s p i ~ a h h a ~ ~ '  56. n .~ .  ~ayqh i5  
~ ~ p y o ~ p a o i ~ ~  E U V O O ~ V  TO o ~ q y a ~ t o y 6  TOUS, E V ~  T0.V E ~ C ~ T C ~ X ~ V E L  ~ I ~ W T E P O  f l  TCEplO- 

o6~spo q ihhstyq optoyivov yszkhhwv. C X E ~ K ~  ,PE T ~ V  nt0avfi proouv0s~t~fl o ~ i o q  
TwV C ~ V ~ O K ~ ~ V ~ V ~ V  Kat ~ E ~ K O ~ V ~ O K U ~ V L V ~ V  CLVacpip~~at, 621 '?l y~TaTp07Cfl T o V  a ~ p h -  

~ E ~ K O C Y V ~ O K W V ~ V ~ V  o& G y ~ p w y s ~  U V ~ O K ~ ~ V ~ V E ~  ~ E V  ~ ~ L o T E ~ E ~  TO  yova61~6 yq- 
~avtoy6  o ~ q  cp6oq, ahhk av~tnpoowsrs6a p a  poqeq~t~fl  6ta6t~aoia o~qyaztoyo6 
~ p o o r t ~ h v . ~ ~ .  58  Or ~ E U K O ~ V ~ O K ~ ~ V L ~ ~ V ~  ppio~ovrat ~upicoq CE q u ~ a  PE 5uhh6q 
t o ~ 6 ' ~  Car EXOUV O Z E V ~  o ~ i o q  PE T ~ S  ' t a w i v ~ ~ ,  cpaivs~at pcihtora va sivat U ~ C E ~ ~ U V E S  

yta yta ostpa avzt6paosov,  ono^ q ~ a o i c q q  (shazivq~ Kat ah~ahost6hv, q o'rucpfl 
ysljoq, o ( s ~ q y a ~ t o y 6 ~  ap6pcpov nohup~phv KUI khhwv cpatvoyivwv, nou ano6i6ov- 
zat O T ~  ~avvivss.~O 

rta T L ~  h su~oav~o~uav t6 i v~q  i ~ s t  n p o ~ a 0 ~ i  q o6vzatq T ~ S  ~szpaBGpo5ucphapav- 
3,4-6t0hq5,6' Ot  ~apClKTIlpto~tK& TOuS avn6paosy 6pwq G& 7L0hh06~ ~ ~ U T L K O ~ ~  

10~065 ano6i6ov~at orqv napouoia cphapav-3-ohr~hv 6tp&phv, rpty~phv Kat uyqho- 
Tipov o h t y o y & p ~ v . ~ ~ ~  63 

'Ohs5 ot a ~ p w y s ~  E V O O E ~ ~  nou anopovhfhl~av an6 cpurci  at ys Bipyavoq ys 
o&a Givouv uv0o~uavt6iv&q, 4sav yvworiq oav npoav6o~oavr6ivcg.~~ 0 6pos au265 
~ E V  sival Pto~qyt~oq,  ahha X ~ ~ L K ~ S  KClL &&V ~uv&srciy&ra~ ~ 6 7 ~ 0 t a  ~ ~ O Y E V E Z ~ K ~ ~  O X ~ O ~ .  

T E ~ I K L %  &n~~pdL~qoav 0 1  6pot ~ ~ o ~ o a v 6 o ~ u a v r ~ i v e ~  pa  T ~ S  yovoy~psiq apoaw8o~uavt- 
Givsq, 6no5 ot cphapav-3,4-6t6hs~ ~ a r  oupnumwpEirc~ npoav6orcoav~~ivsg wa act 6ta- 
cpopa cphapav-3-oht~6 6ty~pfl Kar uyqh6~spa oh lyoy~p f l .~~  

01 av8o~uavivs~ ( yhu~oc i z s~  sov aveo~uavt6rvhv) nflpav TO 6voyk %o@q an6 TU 

shhqvt~a civ60c Kat ~uavd,  an6 T O  ~ p h p a  o p ~ q ~ i v o v  yshhv TO 

(cphapav-3-oht~6 yovoyspil) avfl~ouv ~ t '  au.ri5 on5 a~poys5  npoav 
hdr, avacp6povrav y6vo oav Gtyspil, honou aiioyovhf3q~av 2 yihq wwq (q illars~ivq 
Kat Tl E ~ ' ~ ~ K c ~ T E x ~ v ~ )  ~ 0 h 6  6 ta6~60pi~a 96q.66 

Y n a p ~ s t  lows ps~apoht~fl oqyaoia o ~ o  6 n  or K ~ T E X ~ V E ~  Ppio~owi i  mvfl0oq 
o'Ki c p ~ ~ k  o& &h&i)e&pq p ~ p ( ~ f l ,  &VC;) 0 2  ahk5  oyh6~5 yhapovost6hv ~ ~ l m  ~AUKO-  
( t ~ h v .  

H X 1 0  ~~lp~1KTqptt~'tlKfl ~q/ltKfl C ~ V T ~ ~ P C ~ O ~  TWV ~ U K O ~ V ~ O K U ~ V ~ ~ ~ V ~ V  ELXI KaTEX- 
tvwv sivat q yszazponfi ~ o u q  PE 0spy6 056 on5 a v d o z o r ~ ~ ~  av0o~uawi i5 i v~~~~  69 

(EX 6). 

Msyahqq oqyaoiaq sivat  at q t 6 d s q ~ a  TOUS va o~qyad50uv xohuyspfl (ouynu~vw- 
&vs< npoav0o~uavt6ivsq) ys rqv KcITCthu~tKfl sni6paq 0 5 6 0 ~  f i  ~ v @ y o v .  H ~ a o q  
au~fl  yta ouyn6~vooq sivat ouv6~6~y ivq  p& q v  napouoia u6po~uhiwv o ~ q v  4- Kat 
7-0ioq. Ta nohuy~p~j  a u ~ a  ~ X O U V  6 s y t ~ i ~  t6 to~q~sq (~avviv~q) ,  nq onoisq o~~p06vra t  
ot ~ a z s ~ i v s 5   at ot ~ E ~ K O ~ V ~ O K ~ ~ V ~ ~ ~ V E ~ .  IIpoijn60~cq -pa TO 6 ~ ~ 1 ~ 6  ~ a p a ~ z f l p a  
ytaq i v o o q ~  sivar q ouoohpsuoq cpatvoht~hv u6poCuhiwv Kal q ~ 6 o q  rqq va o ~ q -  
yaricst unip~opa 6tah6ya~a. 0 6sy t~65 ~apa~zf lpaq au@vn PE T ~ V  a6kqoq ~ o u  yo- 
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pta~o6 phpouq rov nohuy~phv (01 nohucpatvoh~q p& M.B. 500-3000 Exouv ucavo- 
notqzt~iq 6syt~Bq t6tozq~sq). H avzi6paoq zqq oupmkvwoqq zov npoavOo~uam6r- 
vhv sivat aycpi6poyq ~ t '  Bzot an6 zavvivsq p& 6 t t q  ~uzahuoq napayovzal avgo~ua- 
vt6ivsq. H an66ooq rqq avzi6paoqq npoq zqv ~a ' i s60uvq auzq crutavsvn ye TO pa0- 
pb nohup~pt0~06 T o V  ~ ' C ~ O ~ V ~ O K W V ~ ~ ~ V ~ V . ~ ~ '  7 1  

IIavzwq za npol6vza zq5 ~ a z a h w t ~ i l q  auzfiq avdbpaoqq 6sv sivat ncivzozs y6vo 
av0o~uavt6ivsq, ahha Kat khhsg ~pooz t~Bq PE o~&hsz6 yopiou 6tacpopszt~o an6 zov 
cphapovost6hv (ahaoa tav9uhiou). 723 73 

IIho6o~a nqyq ohtyoysphv npo~uavt6tvhv &at ot ~ a p x o i  zwv onopocpopwv 
( p r n h ~ ~ ~  lcat ~upiwq za o~a(p6hta.~' 78 H C T U ~ K B V ~ P W C T ~  TOV Gty~pWv npo~uavt6tvhv 
ozouq ~apnorjq ~harzhvszat PE zqv opiyavoq, ys anozlhsoya va x6vszat q ozucpfi 
zouq ys6oq. Auzo ocpsihszat ozqv a6eqoq ~ o u  Pa0yo6 nohupsptoyo6 p& zqv opi- 
yavoq .79 

H 6t&~lCpi~q(3?l 'CqS O ~ V T C ~ C ~ ~  ZWV C ~ V ~ O K U O ~ V ~ ~ ~ V W V  Y ~ V E Z C ~ ~  O U V ~ ~ ~ C O ~  F E  ouv6ua- 
0p6 ~ q y t ~ h v  Kat cpuot~hv p ~ 6 6 6 0 ~ .  

'Ozav q Bvooq nou anoyovhvszat ~ E V  sivat ~atvoljpta, q zauzozqz~ zqq pnopsi 
va ano6a~OsC xhilpoq xpoyazoypacpt~a an6 z y  nyBq zou Rf zqq os Gtacpopouq 6ta- 
h6zsq Kat an6 TO cpbpa, nou Givst Bva 6t6huyci zqq 0,01% os ottvtopivq ys HCI 
ys0av6hq, ozo v ~ ~ p t ~ 6 ~ q - 0 p a z o  cpoq. H xapa~zqptozt~?j avzi6paoq F E  A1Cl3 o& av- 
60~uavt6ivsq, nou &ouv 660 6ta60xt~a OH ozov B 6a~z6ht0, 6ivst snioqq y1a ~ p 4 -  
otyq -nhqpocpopia yta zq o6vzaCq zyq Bvwoqq. Tta zqv nhfipq 6tsu~pivqoq zqq 
o6vzacqq ytaq Evooqc,, nou anoyovhvs~at yta nphzq cpopa, sivat anapaizqcq  at q 
X ~ P K ~  Gtaonaoil TqS ( ~ ~ 0 2 ~ 0 6 0 ~ ~ ~ ~ )  ~ ~ 7 6 s  TWV F E ~ ~ ~ C O V  i't0l.l ~ 1 ~ ~ l ( p i p e q ~ a ~ .  'AA- 
Ass cpuot~iq yi00601, onoq aBpta-uypq xpoyazoypacpia Kat cpaoyazoypacpia ya(aqsO 
il ' H  NMRS1, ~pqotponoto6vzat onavtoz~pa yta zq Gtsu~pivqoq zqq o6voaCqq av- 
60~~Ctvt6tvhv Kat O X E T L K ~ V  E V ~ C T E O V .  

Czqv Bpsuva zov cphapovost6hv t6taizspq npooo~q 6ivszat orqv xqysia Kat Pto- 
xqysia zov a v 0 o ~ w v t 6 t ~ h v  ~ p o o z t ~ h v , ~ * - ~ ~  01 onoisq oho Kat nsptoaozspo xpqot- 
yonoto6v~at z~h~uza ia  oza zpocptyct avzt~a6to~Wvzaq zt5 zs~vqziq xpoozt~Bq, E X E I ~ T ~  

sivat aPhaPsiq yta q v  uysia, BXOUV haynpci  at not~ihha xphpaza  at sivat ~613~0- 
61ahuzBq.~' 0 ptoouv6szt~oq yqxavtoy6q zwv avOo~uavt6tvhv sivat oyotoq ps zwv 
hhhov cphapovost6hvs6 #at nohhci Bv(upa naipvouv yipog o' ~ U T O V . ~ '  

Ot cphapavovsq sivat avqyytvsq yopcpiq zov cphapovhv Kat ot cphapavovohsq 
zwv cphapovohhv (6tu6pocphapovohsq). H yqzptcfi cphapavbvq 6sv anavzcia ozr( q6- 
oq, EVW q a7'~hoi)oz~pq cpuot~4 cphapav6vq B X E L  h a  OH ozqv 7-6Boq. 0 1  cphapavo- 
vsq sivat tooyspsiq ys z y  X ~ ~ K O V E S ,  an6 ztq onoisq npoipxovzat ~ t o o u v 6 ~ z t ~ a .  'E- 
~ o u v  Bva ~Bvzpo aoupyszpiaq ozov C-2 Kat nohM cpuot~a yihq zouq siva~ o n z t ~ k  
svspya. 0 1  cphapavov6hsq Bxouv 2 ao6yysrpa kzopa kvepa~a C-2, C-3 Kat o 
anho6ozspoq cpuot~oq zouq avrtnpdownoq Bxst Bva OH ozqv 7-9Boq. MBhq zov 660 
01.1660~ xaipvouv yBpoq oav sv6taysoa oz66ta ozq ptoo6vOsoq zov ahhwv cpha- 
~ ~ V O E L ~ ~ V  ys 0 k ~ t 6 0 n ~ 0 6 q  Kat avayoyt~obq yq~av toyo6q .~~  



134 Z. TZOYBAPA-KAPATIANNH 

01 svhostq zqq o y a 6 a ~  a u z f l ~  6tacplpouv ax6 T a  ~ a v o v t ~ a  cphapovo~16fl ozo Pa- 
o t ~ 6  O U V T ~ K T ~ K O  zouq ~ K E ~ E T O .  Evh ozo y6p10 TWV ( P ? L C I ~ O V O E ~ ~ ~ V  660 P E V ( O ~ ~ K O ~  
6a~r6htot  ~vwvovzat ye yta nponavt~fl ylcpupa (C,-C-C-C-C,), q ylcpupa auzq oza 
1oocphapovost6~j ~ i v a t  tooxponavt~q (C,-C-C-C&. C q v  oya6a auzq nepthaypkvov- 

I 
C 

zat nohhkq z a t s t ~  cpuot~hv npo'il)vz~v. M E ~ ~ K &  am5 .nq r a t sy  auzlq ~ i v a t  ot too- 
cphapbvs~ I ,  ot toocphapavdvsq 11, za toocphapciv~a m, za pozsvost6il IV, za nrspo- 

H not~thia  zov o u v z a ~ z t ~ a  tooysphv svhosov, nou a w j ~ o u v  o q v  oya6a rov 
~oocphapovost6hv sivat npayyazt~a zohd ysyah6rspq ass' au+v ~ a v o v t ~ i l q  cpha- 
P O V O E ~ ~ I K ~ ] ~  crstpdlq. Ano o u v z a ~ z t ~ f i  anoyq EXOUV GTE* $ t o y w ~ n a  o ~ i o q  PE ra  
(phapovo~t6fl,9~ 6noq Gsi~vsr o y q ~ a v t o y o ~  ozo o ~ f i y a  8. 
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Avoi0~za oyoq an' aura, nou anavzo6v o~s66v  o' 6ha m avhzspa cpuza, za toocpha- 
povost6il sivat ~upiwq 6ta6~60piva ( S E  pta 0yci6a cpurhv, Ta y ~ u ~ a v e f i . ~ ~  0 ouvoht- 
~ 6 5  apteyoq zov yvoorhv svho~wv nou anoj~ovh8q~av sivat nspinou 180. 

01 zooqAapdvec sivat q n10 o~vq0mpivq xi& TOV t o o ~ h a ~ o v 0 ~ ~ 8 h v .  TO psyah6- 
%PO pipoq zouq sivat anhiq toocphap6vsq, zwv onoiwv q o6v~a tq  a~ohouesi TO 

np6zuno o~si6woqq zqq npouvszivqq (EX. 9). 

0 ~arwrspoq @a0yoq u6potuhioofiq zouq sivat 2  at o avhzspoq 6. 0 t  unohotnsq 
toocphapovsq ouvq0icsrat va ovoya~ovrat alipnAorcsg, aqo6 ~ a 0 s  ivwoq nspthappa- 
vst Kat ahhouq 6a~zuhiouq. 01 nsptoo6zspsq anhiq toocphapovs~ t ~ o u v  napaomua- 
o0si Kat ouv0srt~a  at o~qpazit;ouv noulthia yhu~okrhv.  CE nohhiq nsptnzhostq 
yahtora ot yhu~ociz~q TOV I 3cphapovhv npoijndlp~ouv ozq q6oq rov~avr iorot~ov  
a y h u ~ o v . ~ ~  C U X V ~ T E P O ~  sivat ot 7-yhu~ocirsq Kat onavtozsp~q 01 svhostq ps 4'- 
yhu~o<trt~6 6~0116. 
01 zaoqAaPavdvec avzi0sra ys z y  toocphapovsq 6sv sivat nohhiq. H navzyaKa- 

orsTvq sivat q nphrq cpuot~il toocphapa~6vq.~~ AcpuGpoyovooq rwv toocphapavovhv 
6 iv~t  z15 avr iorot~~q toocphapovsq. Eivat a~tooqysiwro, 601 iva oqyavzt~o nooooro 
toocphapavovhv &EL orqv 2'-0ioq u6po56hto. Mta nt0avTj stfiyqoq yt' auz6 sivat q 
Ptoysvsrt~Tj npoihsuofl zouq an6 ra nzspo~apn6vta, ps ra onoia ouvTj0oq ouvun6p- 
xouv. 

Ta ~ O Z E V O E Z & ~  ynop06v va 0~wpq006v oav toocphafkwovsq, nou i ~ o u v  zpono- 
notq0ei ~azci iva sni nhiov azoyo avepa~a. TO npwro pihoq, q porsvovq, an6  qv 
onoia nqps Kat ro ovoya zqq q oya6a, a n o y o v h 0 q ~ ~  ouy~povoq ys q v  nphzq too- 
( p h a p ~ v q . ~ ~  Fvoorb sivat y i ~ p t  zhpa 15 porsvos16~j. A6yo zqq napouoiaq rou sni 
nhiov 6a~zuhiou B ,  0 1  ~ q y t ~ i ~  Kat o r ~ p s o ~ q p t ~ i q  zouq avzt6paostq sivat ap~srb  
n 0 ~ 6 n h o ~ s q . ~ ~  

Ta zooqAaPdvza avrtnpoooxs6ouv q v  nto ohtyapt0pq z&q zov toocphapovost- 
6hv. H napouoia rov toocphapaviwv os cpuza i ~ s t  ntoronotqesi za rshswaia y6vo 
~povta Kat yta no16 ~ a t p 6  o yova6t~6q avrtnpooonoq zqq racqq ozq cp6oq Tjrav o 
<oikoq y~rapohizqq ~ ~ 0 u 6 h q .  Ynapxouv ano6sigstq, 6ct za toocphapkvta &ouv ozs- 
vq Ptoysvsrt~fi oxioq ys ra nr spo~apnav ta .~~~  

H rkkq zwv nzeporcapnaviov six& yta noh6 ~ a t p o  p6v0 660 avrtnpoohnouq, rqv 
nrspo~apnivq  at rqv oyonwpo~apnivq.'~' llohhiq npooeil~sq viwv yshhv iytvav 
rqv zshsuraia 6 ~ ~ C t l r ~ v ~ a ~ d a .  Ta nrspo~apnavta anavzo6v ozq cp6oq   at 07% 660 
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lTkvzoq nohhu 6tcphapovoEt6fi, nou anoyovheq~av npoocpaza, 6tacpipovv an6 
2% KhCtoot~i~ Gtcphapovsq, 6x1 ~ O V O  OTOV T P ~ T C O  u6potuhiwoqs TOV C ~ P O P C ~ T ~ K ~ V  6a- 
Kzuhiov, ahhk Kat ozov pa0p6 otsi6ooqq zou K E V T P ~ K O ~ )  E T E P O K U K ~ ~ K O ~  6 a ~ z u -  
kiou.'06 

Ta 6tcphapovo~t6fi anavzo6v ~ u p i o ~  oza yuyvooxspya, ppieqlcav o y w ~   at us 
y ~ p 1 ~ k  a y y ~ 1 6 o n ~ p y a ' ~ ~  Kat 0s optoyiva E V Z E ~ ~ <  ozot~sth6q ayystw6q (pu~a.~O~ TO 
yovo Gtcphapovost6iq, xou anopovh8q~s o~ yq a y y ~ ~ h 6 ~ q  cpuzo sivat q Gthouzeohi- 
vq.Io9 Ta xto axhk GtcphapovoEt6fi cpaivszat va sivat zov frjnwv zqq apEv~ocphap6- 
VTJG Kal Tqq ~tvo~tcphapbvq~. 0 1  y h u ~ o ~ i z ~ q  TwV E V ~ ~ E W V  U U T ~ V  E ~ V ~ L  noh6 U ~ ' & V ~ O L  
  at q napouoia zouq ozq q6oq npinst va E X E ~  n0h6 ~161~6 ~ a p a ~ z q p a .  
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0 o p o ~  ~pqotyonotfleq~s yta xphzq cpopci am5 zov Oll i~,"~ yta va nsptypacpsi 
yta oy66a cpuotwwv npoYovzov zou z6xou I (ZX. 11). Ot EVOOELS auzic, &OUV OZEV~)  
oxioq PE za cphapovost6fi Kat za toocphapovon6fi. C q v  0pa6a oupx~pt~hf icp0q~w 
ot Gahp&pyt6vsc, 11"' Kat za 3,3-6tapohonpoxiwa 111, svhosy. ys avot~zfi  ahuoi6a 
(Ex. 1 1 ) .  

I 11 I i l  

T o  npwzo yihoc, zov v~ocphapovost6Qv nou axoyovh0q~s,"~ q ~aAocpthhohiGq, 
i ~ ~ t  zq o6vzatq ytac, 4-cpatvuho~ouyapivw IV. 113-1 15 Ta (puot~k v~o(Pha~ovo~t6f i  
xopio0q~av ~ 6 ~ o h a  (av Kat au0aipsza) OE oyh6sc, o6ycpova PE TO o u v z a ~ z t ~ o  TOUS 

z67co  at zqv xqyq npoihsuoil zouc,. 01 oya6~5 auz& sivat: 0 1  4-apuho~0uyapi~&c,, 
ot 6ahp&pytov~g, za vsocphapivta, ot 6ahp&pyt~t~oh&c,, za 4-apuho~popavta Kat za 
~ o u y a p t v t ~ a  oeia. 

Aoyo zqc, oyot6zqza~ ozov zp6no 0&i6woq~ oztc, 6ahP&pyt6~&~, 6ahp~pyt~tvo-  
hsc, Kat 4-apuho~ouyapivs~ ano6i6szat o' amic, z t ~  zacstc, svhosov ~ ~ O ~ E V E T I K ~ ~  0x6- 
oq.l16 Yncip~ouv 6tacpop&c, Oswpisc, yta TO yqxavtoyo ptoo6~0~oqc, TWV 

V E O ~ ~ ~ ~ ~ O V O E L ~ ~ V .  

Mta an' auzE~ unoozqpi<~t 8vav napkhhqho 6poko PE zq ptoofiv0soq rov  cpha- 
povo~t6hv  at toocphapovo~t6hv,~~~ EVQ o6yqova F E  ahhsc, 0&opi&c, a~ohou~s iza t  8- 
vag P t o ~ ~ t 6 w z t ~ o ~  p q ~ a v ~ o p 6 ~  F E  o~qyaztoyo z q ~  4 - a p u h o ~ o u p a p i v q ~ ~ ~ ~  f i  yta 
Ptoavayoyt~fi avziiipaoq, nou apxics~ PE 4 -apuho~oupapivq .~~~ Btohoyt~06 ~ 6 x 0 ~  
p~zazpon i~  vsocphapovo~t6hv Bytvav p& y~ycihq axo6ooq oro ~pyaozfipto. '~~ 

Ta  zshsuzaia ~povta a o ~ o h o l j v ~ a ~  nohhoi E P E U V ~ Z ~ S  W E  xpophfiyaza, nou 6q- 
ytoupysi q xapouoia optoyivwv cphapovost6hv os ~pocptya, cpcippa~a Kat ysvt~ozspa 
OE ~ ~ V O L K ~ S  i T p h T & ~  6hE~. 

cPhapovoht~a yhu~~p i6 ta  6qytoupyo6v xohh8~ cpopic, avsxt06yqza 0ohhyaza Kat 
ys6ost~ ozqv yn6pa. Tta q v  anopCi~puvoq TOV cphapovoht~0v auzhv xapayhyov 
I X V C ~ ~ T ~ X ~ T ~ K E  y80060~ K ~ ~ D ! . ~ ~ T L K ~ s  ~ K ~ O U O ? ~ S  F& TqV T E X V ~ K ~ ~  ~ y p f i ~  Xpoyazo- 
ypacpia~ u y q h ~ i ~  n i soq~  (HPLC).121 

C u p a  ozqv ~ntcpkv~ta ~ o v o ~ p ~ a p t o y i v w v  ~p~ypu6 tOv  xapouota<ovza ysza axo 
napayovfi ~ i ~ p t v s ~  ~ q h i 6 ~ ~ .  01 ~ h h o t O o ~ t ~  auzic, sivat PBPata av&xt86yqz&~, ahha 
~ i va t  aphapsi~, acpo6 ocpsihovzat os ~va~co0 ios t~  ~sp~ezivqc, ,  xou sivat cpuot~fi ~ p o -  
o z t~ f i  zov ~psypu6 thv . ' ~~  



H anoyovooq K a t  q muzonoiqoq zwv cphapovo~t6hv, nou ux6p~ouv 0s optoyi- 
va cpuza, yivsrat o u p a  ys o ~ o n o  va s@ppjost z1q c p a p y a ~ ~ u z t ~ i ~  t6tozqzsq zwv cpu- 
zhv amhv.  123-'25 

Tta zq ouvzflpqoq nohhhv zpocpiyov yivszat ~p i l oq  toocphapovwv hoyw zov 
avztoE,~t6wztlchv Kat yu~qzo~zovwv t6torflzwv ~ 0 u q . I ~ ~  H avz to~~t6wzt~f l  t ~ a v 6 z q ~ a  
optoyivov cpuozt~thv ano6i6s~at ozqv napouoia zqq 61u6po~sp~szivqq.'~' 

rta zqv anoyovooq sv(6yiuv (transferases) an6 yaYvzavo (Petroselinum horten- 
se) ~ p q o t y o x o t ~ O q ~ ~  un6o~popa  c p h a p 0 ~ 0 ~ t 6 1 ~ h ~  yhu~o&tzhv . '~~ ,  12' 

An6 rq ooyta i ~ o u v  anoyovoOsi xohha cphapovost6fl ~ u p i o q  FE HPLC130132 
Kat yivst nooozt~6q npoo6toptop6~ zouq os ooy~ahsupo . '~~  

Cza K ~ K K ~ V ~  cpbhha zou cpuzo6 Perilla frutences, nou ~pqotyonotsizat oav ~pocpil 
Kat oav ~poozt lc~j  zpocpiyov, avayvopio0q~av 16 si6q cphapovo~t6hv.l~~ Tta  qv 
npoozaoia zou cpozoswio0qzou xphya~oq zov avOo~uavtvhv '~~  Kat cihhov ~ p w -  
o r t ~ h v , ' ~ ~  nou ~pqotyonoto6vrat ouvfl0wq oza rpbcptya, yivszat ~ p f p q  ahazov no- 
huu6po{uhtoyivwv cphapovhv, cphapovohhv ~ c u l  toocphapovhv. 

To ~ p h y a  optoyivov st6hv ( a ~ a p o n h a o z t ~ k  (pn to~o~wv ,  ~ouhoupthv ~ h n . )  
nollcihh~t ano o ~ 0 6 p 0  lcaoravo y i ~ p t  avo t~zo  lcizptvo, avahoya y~ zqv ~EP~EKTLICO-  
zqza zouq OE ~ a y P a ~ a h & u p o . ' ~ ~  Ot pappa~6onopot nspt i~ouv cphapovostGil, nou si- 
vat ciptoza avttoE,~t60tt~dl h t n t 6 i ~ v . ' ~ ~  

E~zszayivq i p ~ u v a  ~ X E L  yivst yta zqv anoyovooq Kat zov npoo6toptoyo 6tacpo- 
pwv cphapovost6hv 0s cppo6za (onw~  o~acp6hta , '~~ nopzo~i ih ta , '~~  ( p p a n ~ q , ' ~ ~  Gay&- 

( p p d l ~ ~ h ~ ~ ' ~ ~ ) ,  (TE ~ C ~ ~ C L V L K ~ ~ ' ~ ~ '  145 K a t  pTtCtppt~k, '~~ OE 6~icp0p~t si6q 
0apvo~ , ' ~ ' *  148 0s ~ p a o t i i , ' ~ ~  os y6pq houhou61hv'~~~ ''l ~ . a .  

MEh~rfl6qlcav PE o ~ o h a o ~ t ~ o z q z a  01 ~ U V O I ~ K E S  TOU n~ptpahhovzoq, n0U E ~ c ' ? ~ P E ~ -  

(ouv zqv Ptoyivsoq cpatvohhv Kat cphapovohhv ozo lcpt0cipt ~ a z a  zqv avd/nzuE,q 
7 0 u . I ~ ~  

Tihoq axoyovh0qlcav K ~ L  zautonot$q~av ouvralcrwa via cphapovostGq, 6noq q 
melitin  at q clovin an6 TO ~pt(p6hht , '~~ q phyllospadine an6 TO 0ahaootv6 ~ o p z o  
phyllospadix i ~ a t e n s i s ' ~ ~  lcat 660 VEES y~00E,u(phapav6vs~ an6 lcqp68p~~ p ~ h t u o h v . ' ~ ~  
@hapov~q Kat ~ o z i p s ~  r o u ~  n a p a u ~ ~ u a o O q ~ a v  ouv0szt~a yta avztoE,~t6ozt~~j ~ p q o q  
ora  zpocp~ya. '~~ 

- - 

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"'-6 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 structurest 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- 
classical carbonium ions and to the controversy on the subject is pl;esented. 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 mechani'sms - they are not present in the "unified approach" - 
such as the very concept of carbonium ions in solution as reaction intermediates. The same 
causes are believed to have been partly responsible for the creation (in addition to the 
solution) of a number of prbblems 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 the, "unified theory". 

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

* This paper is a reprinting of DEMO 6814 (July 1964, reprinted June 1968); Atomindex 11, No. 5 ,  
1488 (1969); For papers I, 11, and 111 of this series see refs. 4-6 respectively; See also the introduction 
to the reprinting of the series DEMO 6811 - 6814 in this Journal as papers I-IV 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  mechanism^.^ These intermediates have generally 
been represented by a single mesomeric "bridged" structure corresponding to an 
energy minimum along the reaction coordinate representing rearrangement of I1 to 
111. 

It was suggested in 1958l 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 bonding of 
Z (a neighboring group) to Cp and C,. 

The above suggestions were part of a unified mechanism introduced at the time1 
which has been discussed again and developed as a unifed approach and 
theo~y  governing the mechanism of organic reactions in solution and making use of 
a unified model4 (V and V1 of Fig. 1) and of a unified intermediate cornplex (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 discussions1 also. According to 
them, the intermediate (the term will refer to the first formed intermediate) formed in 

* Th~s.' and the precedmg papers4 of  this series were wntten from 1962 to 1964, at the Dernokrltos 
Nuclear, %search Center and the Brookhaven Nat~onal Laboratory where the author held a 1962-63 
researeh.~f&pintment. and parts of them were presented In  seminar^.^ Their startlng pomt has been a 
unified ';iS'&dsrn introduced in 1958.' 
** The &&&'employed (unified model) and the interactions involved, thus, the "th~nking" assoc~ated 
w ~ t h  t h ~ a  dodel. were the important feature and not the reference to ~t as an intermediate. 
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the solvolysis of I1 has to be in principle "unsymmetrical"* and to involve a number 
of partial bonds as symbolized by the unified model VI. 

E E 

SUBSTRAT E 

Fig. 1: (V) A symbolic representation 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 111. 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 andlor 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 Cp 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 literat~re,"'~, l4 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 "symmetricai" 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, = R,, 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 

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 Cp 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. BrownQdd 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. 2-5 

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'-6 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 11, 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 I1 must proceed and obey the 
following r ~ l e s . ~ - ~  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".2-5 The relative con- 
tribution of these paths must be governed by their relative ease of operation. These 
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and other 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 I1 is a process 
which is studied as being the result of fractional nucleophilic displacemerzts 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 not 
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 

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 ionlc entities surrounded by sol- 
vent dipoles andlor 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 11, compound I1 will be assumed to be a 
"symmetrical" substrate (R,, R, = R,, R,). This does not affect the generality of the 
validity of the conclusions that will be reached. These conclusions are to apply to 
'L~n~ymmetr i~a l"  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 I1 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 vs 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 intermediates4. ': l* 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 Cp 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 



148 G. A. GREGORIOU 

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 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 Cp residue) diminished however because R, and 
R, are out of the plane defined by CB, 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 
ca. 

The paths leading to bridging are: EN-R,-CB-Z-C,-X-EN- (and that using R, 
instead of R,), -EN-CB-2-C,-X-EN-, -X-Cp-Z-C,-, which correspond to what 
is described by the resonance form VIII; EN-Z- (Cp-CJ -X-EN which corresponds 
to what is describid 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 operation of the paths leading to bridging with 
that of the paths not leading to bridging. 

The first two of the above paths involving bridging, which should not be easy in 
view of the non-allowance, accorcing to the theory, for carbon and hydrogen to bear 
any substantial charge, have their respective counterparts in paths not involving 
bridging, 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 (Cp 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 CB-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-Ca-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-Cp 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 n-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 lead& 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 CP 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 
I1 with that represented by XII. The former structure should be the more stable one 
(compound I1 exists as I1 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 CR. 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- 
pared 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 factc. of covalen- 
cy 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 CB (while also bound to C,). This corres- 
ponds to the path X-CB-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 CB 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 intermediates12 
one can see that for the above and other reasons, especially because of the fact that 
other paths in addition to X-CpZ-C, should operate, the conclusion should 'Je 
reached that to whathever extent X becomes bound to CD, 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 
C, 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 CB is allowed and allowed to be 
variable of course and that the path X-CB-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 CB). 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 C, and CD, 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 expected1 to be more pronounced in deaminations than in 
solvolyses, as argued previ~usly,~ in terms of the unified theory. We have a rgued '~~ .~  
that deaminations are less so carbonium ion* reactions (e.g., increased covalency) than 
solvolyses, a fact which is in sharp contrast to what is accepted13 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 contribute 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, CH,, C,H,, 
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 leaving 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 mydia 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 Cp 
are reversed. This would be the intermediate predicted to be formed in the solvolysis 
of compound 111. 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 6e 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 CB-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-CB-Z. By 
focusing attention on the CB-Z-C, part of the cycle, e.g., electrophilic attack of C, 
on Z-CB, one can think of it as a displacement reaction. This displacement reaction 
in addition to employing a direct path (C,Z-CB) must employ additional paths, in- 
direct ones, which decrease the energy requirements 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",12 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) representing 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 orher sec- 
tion of the cycle, namely the section C,-X-CB - migration of Z from ep to @, to 
giw the other intermediate is expected (on the basis of the non-ionic concept5) to be 
accompanied by a concerted migration of X from C, to CP. For similar reasons, the 
energekics of this path are expected to be characterized by a minimum in this curvrs, 
and again at about the halfway point. There are some very imp~rtaat reasons 
regarding why this migration of X from C, to Cp may go through a minIm:m Sur 
this will not be discussed. It may be pointed out. however, that they are relzted to 
the fact that this migration IS part of other paths as well which have ms a net resuit 

* The position of this minimum should be determined by the position of ihe maximwn dild the 
mn~imum of the contributing curves and by their shapes, e.g., the deeper a d  sharper the d i p  m the cau- 
cave curve, the larger the probability that the superpositiorr.of the concave on :he 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 
half way pan2 (we are stdl referring to a symmetrical substrate). The mimmum of the concave curve 
could most reasonably expected to appear at  the same point, s inm the operation of paths other than 
the main one should be  enhanced as the energy requirements of the maim path are enhanced (e.g., at the 
transition state). Consequently, these other paths should tend to reach, their maximum conttibution at. 
around the point of  maximum energy requirements for the main path, unless inhibiting and other fac- 
tors. e.g., geometric factors, favor appearance of the minimum at ano2h~r point, in which case some 
shift OF thls minimum may occut. 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 development, 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 post~late.~? l2 

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 postulate5, l 2  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 reached 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. 

*** It should be kept in mind that the postulate of  intermediate^^^'^ 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 11 and I11 during solvolysis. Transition between 
the ihree 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). 

Fig.2  Fig.  3 

f i g  L 

Fig. 2, 3, 4: Energy-Reaction Coordinate diagrams for the isomerization between 11 and I11 during 
solvolysis. 

The intermediates appearing in these curves are expected tc 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 analogous considerations to those discussed in this paper could apply to the fate of such 
intermediates but there should be differences 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 usefully. 
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with or  without loss of optical acrtivity (or generally with observations suggesting 
"symmetry" or lack sf 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- 
t y  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,-GB 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 intermediate has 
been postulated, this discussion suggests the following: 
a. The fkst 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, SYIHOR~ other features, involving extensive covalencies and 
obeying the "'non-ianic concept". Extreme systems are required before this conclu- 
sicm cmEd be modified as a airnit. 

b, The first formed intermediate is expected in grindpl'e $0 he %unsymrnetrical", es- 
ceptions being allowed for special systems and conditions; This is the main con- 
clusion. Depending on the system and on various factors, k a c t i ~ ~ a l :  Mdging by 2 
may be involved, the extent of which is expected1 tto, be variable," but no? 
necessarily smoothly, for a number of reasons such as. ea., sa cow~~ef i t io~~i  betweer 
the bridging group nzd the e'rrmmiizg solvezt which tvas ~ c n t i o n e d  eariicr. E- 
quilibration, between this first Intermediate and the other '6uu~ymnetrica139 inter 
rnediatc, more rapid than psod:xt f~rrnarian is invoived when the system behaves 
as proceeding through a "symmetrical" intermediate. The searraagernenr bereeen 
the two 66unsyrnnietrical" intermediates is to proceed rhrorzgh s sjrmrneiricai rtruc- 

* The unified intermediate complex suggested in i95S1 was such a siructrrrr: capshie of involving 
variable extent of bonding between Z and C,. The terms "fractionally non-classics!" or "partiuily 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 jnterrnediates is strongly associated with that 
of a single syinrnetrically bridged species, and from the facr that the thinking and rhe conclusions are so 
strictly interrelated with the symmetrical intermediate that another term should be used for the 
suggested fractionally bridged species. This also foliows 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 i i ~  the extent of bridging in  he intermediate. One could not 
very well term each one of two species non-class~cal 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 brldging 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 p~oblem 
bypassed by the use of thc term "partially non-classical", or "fractionally" bridged intermediate complex 
as compared to "symmetr~cally" bridged intrrmediate complex. 
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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 "unsymmetrical" 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 distancr 
(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 feature 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 non-classical eaiibonium 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 
(n-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 made14 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.I5 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 believed7% l4  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 7c-clectron system) is not overwhelmingly favored over all other forms of 
contribution, then the intermediate may be "unsymmetrical" for every one of these 
reasons and even more so for all of them together. As for the contribution to C, 
from the aryl-CD 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 
P-secondary deuterium isotope effect (for a CD, group) of a magnitude of the order 
of k,/k, = 1.35.16 Since P=secondary hydrogen isotope effects are to be interpreted4 
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-toly1)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 mystem of the aryl group cannot be as easy as the one from the n-system 
when directly attached to C,, as in a-(p-toly1)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 P-carbon atom and supposed to contribute by way of formation of a 
non-classical intermediate. 

The remaining two factors - contribution by incoming solvent {Xactor b), and 
partial covalency between the leaving group and C, in the intermediate (factor c) - 
have been argued5 to operate, on the basis of the "non-carbonium ion" concept5. 
and the postulate of the etiology of formation of  intermediate^.^. l 2  As a result of 
these, the usual systems (except extremes) solvolysing in the usual media have to 
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. Some 
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".~ " 7  * Needless of course to repeat that fractional bridging is 
allowed and expected and that its magnitude has to be a variable. Theai3rger the 
nucleophilic character of the aryl group, and the poorer the ability':iCP't@er~~;, R, 
groups attached to C, and of the medium to contribute to C ,  the Iarg'<i%he2illowed 
extent of bridging by the P-aryl group. 

There is a number of systems for Z = aryl or olefinic group forwhichthe direct 
formation of a "symmetrical" non-classical intermediate has lonkbeen, the8.accepted 
interpretation.'. 14, I s ,  l 6  Some of these systems are the 3-phenj4:2:b~t$1,'5 the 
cholesteryl and 3,5-cyclocholestan-6-yl system,16 and of course the symmetrical 
allylic s y ~ t e m ' ~  as well as a number of others. Such systems we have predicted2$ 4. 

should give in principle as a first intermediate an ccunsyrnmetrical" inte&ediate com- 
plex. When bridging is involved, it must be fractional. However, steric and 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 below 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). 

X I 1 1  X I V  xv  

X V I  X V l l  X V l l l  

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 incoming 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 Cp-aryl bond in XVI, even though allowed in principle to be partly 
rupturqk,, is nevertheless expected to be mostly intact in such systems, in view of the 
expected much greater ease of operation of the path -Z-C,-X- over -CB-Z-C,-X- 
(the R-electron system of the phenyl group can contribute much easier than the CD- 
ary-l b ~ n d  a-electrons). The extent of the total carbon-X bonding (the total bonding 
of €m&: G& an,&Cp to X) can be expected to be different in XVII than in XVI, in 
which c.=ec&jbration between XVI nd XVIII would go through a change in the 
elongation 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 
obstacles to bridging present in other systems (e.g. steric, bonding of the CD-Z bond, 

X I X  

partial a-bond rupture, e.t.c.) should hardly be present, it is again expected that the 
first intermediate (XIX) will have to be "unsymmetrical". This is 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 deviates5 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 I1 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- 
C,-X-, which corresponds to contribution by the Z group itself without severance of 
the Z-Cp 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 CD-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 R- and a-. 
** 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-CB-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,20, *' the n ~ r b o r n y l ~ ~  and similar bicyclic non classical ions,14 the 

,tricyclobutonium ion,23 the bicyclobutonium the tris-homocyclopropenyl 
cation,25 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 gradient4) 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.23 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 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. 



162 G. A. GREGORIOU 

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 romplexes, which could also proceed through a "symmetrical" 
one, could substitute each bicyclobutonium ion. 

Similar conclusions should apply to the tris-homocyclopropenyl cation25 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-l is 
not equivlent to C-3 and C-5, in addition to having the leaving group still bound to 
C-l (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 intermediate system. 

The evidence against a tris-homocyclopropenyl ,cation in dearninat i~ns~~ is in 
agreement with the above predictiohs. Furthermore; the fact that the deamination 
reaction does not proceed through even just a symmetrical system whereas the 
solvolysis reaction does25 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 prediction1-6 that both 
deaminations and solvolyses should not 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 alkene 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 probdbility 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 
ions14 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 treated4 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 intermediate 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 folly the 
intermediate system. Both schools may be only partly correct. Both schools may be 
partly wrong. 

Thus, the<non-classical school is thought to be right in suggesting the concept of 
bridging in principle. It is also thought tp 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) in 
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 carbonium 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. I t  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,I6 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,, Cp e- 
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 interpretedi4 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 Cp, it is still believedi4 that 
ionization gives directly the symmetrical ion, the partial only equivalence being inter- 
preted as being the result of a competing 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,, CD 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 SN2 reac- 
tion. Such results can also be understood in terms of only partial equilibration of the 
two unsymmetrical intermediates in addition to being understandable in terms of a 
competing 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,-CB bond can be understood in terms of partial bridging, 
not necessitating the formation 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,-Cp bond (at weak 
bridging). Such results can of course be also understood in terms of the competing 
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 
C,, the interme!iate 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-Cp 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 andlor 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 SN 1-SN2 sense in borderline solvolyses. There too, duality is not 
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 supm), 
which was not easily the case in the case of the SN1-SN2 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-fuced 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 1958l in addi- 
tion to having been emphasized in more ways since.'--6 This consequence is best il- 
lustrated in terms of the "postulate of the etiology of the formation of inter- 
mediates". l*  

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'-6 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,'-6 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 full 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 qualitatively 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 
he 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 p ic tu~e 
of a carbonium ion. 

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,', l 2  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 ion persists, and thus the role of such a bond in causing 
"~nsymmetrical~' 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. 

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 ju~t i f ied .~  

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. El-E2, Elcb,  S,1-%2, cis vs t r am elimina- 
t i on~ ,  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. One is 
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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 sym'metrical 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 1962;. 3-Gthat 
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); ibia., 251 (1970); S. Loukas, F.. 
Varveri, M. Velkou and G. Gregoriou, Tetrahedron Letters, 1803 (1971)l or have been reported [G. 
Gregoriou. S. Loukas, and M. Velkou, paper presented at the Conference on Carbonium Ions, 
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, 
September. 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, 19821. 
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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 c~ntroversies 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 a r g ~ e d ~ ' ~  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 S,1-S,2 reactions, the question of duality in the S,1-S,2 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 ion (that is the less its covalent bonding to the 
environment) the less reactive it should be. 



thing to do is to wait to compare these latter predictions with further developments 
in the field on these subjects as they come; he will find that when there is a correc- 
tion of past views, these new developments agree with, or are closer to the predic- 
tions. 

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 t i m g v e n  more difficult, demanding, and frustrating 
the work of reinterpreting the field in terms of this theory and putting it in writing on 
time.* 

* Several efforts between 1958 and 1963 to make this 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 slow 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 n o h ~ p ~ f l  psza56 rov 660 qohcbv (ot onoiq 0a pnopohav va oq~ptpaato6v 
pEoo TOV ~v6tciy~oov ovorflyaroq nov npors i v~m~ an6  qv ~ v ~ a i a  O~wpia) 
npowivmat va orpacp~i, avd0&ra, T ~ S  ccovvi$ous p0060u)) p ~ h i ~ q ~  TOV yqx- 
avtaycbv  at va avzu~azao~aOsi q rshsuraia uz6 q v  cc~vtaia pB0060)) nov 
npo~sivsra~ F E  paaq T ~ V  ~vtaia O~opia. 
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oewq uoe~vorjq ahhqhExt6p&o&wq. IIsp~yp~icp~ra~ 6qha6fi q xqp~ia  ~v&oswv orq  oxoiaq 660 
ysrahht~b tovra 8tacpop~r~ov o 8 . 6 ~ 0 ~ ~  ynopovv v' avrahhaaouv qha~rpovta ps y t~p f i  o~Er1- 
~a Guxavq ~ v i p y ~ t a s .  Entlthiov, or0 y~yahvrapo pipo5, E ~ E Z ~ ~ E T U I  xpqotp6rqra T O V  EVQ- 
o ~ w v  ptcro6 oeivou< orq pshirq ysv t~a rwv avzt6pao~wv yeracpopa< qhs~rpoviwv. 

H Epyaoia rrspthuppavst TCt ~ % f i <  ~~cpahata: 
l .  E~oayoyfl - Opro~oi. 
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Kararatq rov EV&I(JEWV p ~ ~ o i )  O & V O U ~  ~ a ~ a  Day(@. 

Movwrfic,. Avri- 
omoq Id0 Ohm. 
Cm 4 PE~ahfi 'E~q 

3~arqpouv r a  ph 
ovara r6v O W L -  
ot6vrwv i6vrwv 
(1.R.Raman-uu). 

Tacq I1 Tdciq 111-A 
M E X ~ A A L K ~  ~ 6 v r a  M E T ~ A A L K ~  ~ 6 v r a  
oe i 6 ~ a  axe66v u t ~  B ~ a ~ p i o ~ v a  
ouypsrpia. aAAh ouoowparw- 

piva UE nohunq- 
P L V L K ~  ouorfiva- 
r a  ( C l  us t e r s  ) . 

a>O oeivq 6 ~ a -  Mty~oroc arroev- 
K P ~ U L P ~  rrAAh B- T O ~ L U ~ , ~ ~ .  
happk anowro - 
niouiva. 

t tu~ayov6havri  QC ~ n i  m nhel 
otaoq rqc, r&c, orov L ~ L ~ T ~ S E C  
10-10' ohm-cm. uovwtou. 

MEraAht~fi aywy ~ p 6 -  
rnra. Avr ioraon 

B ~ a p a ~ v q r ~ ~ 6  q- DL-  
~ ~ ~ P O U U V V ~ T L K ~  v €  
vwhha B ~ p ~ o ~ p a o i a  
Curie. 
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@ E W ~ O ~ ~ E  oq nap66~typa ~ p u ~ ~ a h h t ~ f i  ~ V W O ~  pwzolj O ~ ~ V O U G  A(II1) B(IV). Eav 
ot 6uo nhsupiq A Kat B ~ivat  zoo0 Gtacpopszt~iq p~zaE6 zouq, h o z ~  11 6tapopcpwoq 
A(1V) B(II1) va ~ i v a ~  nohlj p~yahfiz~pqq ~v ipy~ taq  ano zqv 6tayopcpooq A(II1) 
B(IV), zow q ivooq B X F ~  t6tozqzsq povozfl. Eav ot 6110 nh~upiq A,  B ~ivat  too66va- 

q pszacpopa zou qh~~zpoviou yivszat ~ o p i q  6anaq ~v ipy~ taq  onoz~  q i v ~ o q  i -  
XEL pE~ahhtKi< 16tozqz~q. C O ~ V  ~ E E P ~ ~ ' C T ~ G ~  T ~ L O ~  nou O t  6u0 ~ h ~ u p j  EiWt ~puozah- 
hoypacpt~k 6ICtKpiotpE~ ahha 7cap0potEq E V E ~ ~ E L ~ K ~ ,  ?l pE'Cacp0pb ~ ~ E K T ~ O V ~ O U  yivEmt 
p& pt~pfi 8anavq ~ v i p y ~ t a ~  Kat q ivooq ~ivat  qptay~yoq. 

Czov n iva~a I Givovzat za xapa~zqptozt~a zov zptQv zac~ov ~vhosov  pt~zo6 
oeivouq* ~ a z a  Day(@, 

CTO S E ~ Z E P O  6 ~ 8 ~ 0  ~ ~ v ~ ~ C ~ K O T C ~ ~ O E W S ~ "  E C E T ~ ~ C E T ~ ~  8EWpq~tKa Tl  X C ~ P C L K Z ~ P ~ C T T I K ~ ~  

zatvia nou ocpsihszat ozqv onzt~fi pszacpopa qhs~rpoviou an6 zq yta nhsupa zqq S- 
vooqq ozqv cihhq (an6 A o~ B) ,  yta ~ v w o ~ t q  yt~pfiq Gtacpopa~ ~ v ~ p y ~ i a ~ ,  6qha6fi KU- 
pioq yt' auriq nou ~azazaooovrat o q v  zaeq I1 @h. ntv. I )  Kat psh~z&cat q qSoq  

Fe2Sk 

CU, AL~oKUUV ~ V E C  

2 6 p n h o ~ a  P t .  

* Zuvr~rpq1.kva m.v (mixed valence). 
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Crov nivara I1 ouvoyi<ov.tat ra Gtbqopa ns6ia ps ra onoia o~sri<srat q s&raq 
rwv ~ v h o s o v  ptrr06 ( ~ 0 i v o u q ( ~ ~ ) .  

Epsiq 0' ao~ohq0orips rvpiwq ya q v  scpappoyj) rqq ~qysiaq ptrrori o0ivouq orq 
yshiq  rwv o@t6oavaywyt~hv avrt6p~oswv. 

Crq ouvixsta: 
1) IIsp~ypaqsra~ q ~ q y s i a  rov svhosov ptrroi) o0ivouq nou ~pqotyonot01jvrat 

o ~ q v  pshirq rqq 0nrt~j)q Kat 0spptrj)~ psra(~opdlq qhsrrpoviov. 0 t  svhostq awiq si- 
vat Gtyspsiq, ohtyoyspeiq rat nohupspsiq ps ao0svj) 6paoq p&ra& rov ps rahk~hv  
r iv~pwv (Tatq (11) ~ a r a  Day). 

2)  Aivovrat ot Paotriq 0sopisq yta rqv 0spptrq rat o n ~ t ~ ~ j  ps~aqopb qhs~rpo- 
viou. 

3) Avacpipovrat napa6siypara s x t ~ u ~ o 6 ~  squppoyq< rwv cvhoswv p~rroi) 
o0ivouq orq pshirq av~t6paosov ps~aqopaq qh~rrpoviov. 

H 6tpspqq aurq oy66a pnopsi va unapxst wq ivu ora0spo Gtpspiq oi)pnhoro o- 
nos n . ~ .  oro tov rwv Greutz rat Taube. 

-rj ynopsi va naptoravst T ~ V  ~ a p a r r q p t o ~ t r ~  6optrq opa6a o' 6va rp6orahho n . ~ .  
rqv opci6a (Ferr' - NC - Fe") ozo npwoot~o ynhs. 

Kat Ta 660 a u ~ a  ouor-rjpara pparrqpi<ov~a~ an6 psptr6 E V T O T C ~ ~ O  rou o0i- 
vous. 

Ot E K ~ ~ Z E ~  m Kat n ouypohit;ouv rouq 6uo 6lacpopertro6q apt0yo6q o~s t6ho~oq .  
0 1  6uo ~ U V ~ E ~ E ~ ~ V E S  0ydl6~q pnopsi va sivat i61q j) 6taqop~rtriq, avahoya F E  ~q 
cprioq rou uno~araor~rq  - yicpupa (L,), rq p6oq Kat rq y s ~ p s r p t r ~  Gtsu0irqoq 
rwv nhsupt~hv unora~aorarhv L  at L'. Cuvsnhq 01 t6t6rqrsq ZOU ovorjyaroq pt- 
~ r 0 6  o0ivous ouo~sri<ov~at   at ~ t a p r h v ~ a t  an6 ~ t q  t616rqrsq rwv 660 povonupqvt- 
~ h v  oyci6ov an6 ro iva yipoq, rat an6 T O  6hh0, an6 rqv qhsrrpovtrq ccsntrotvw- 
vias yioa an6 rq yicpupa. 

0 ouv6uaoyoq T ~ V  xapankvo napayovrwv npoo6topi<st rqv qhs~rpovtrj) 6oyj) 
r11~ Gvoaqs  at 0' a u ~ 6  arptphq Paoit;srat q rarazaE,q TWV R ~ b i n - D a ~ ( ~ .  7). To n10 
cpavspo anorihsoya zqq ahhqhosni6paoqq rov 660 psrahhtrhv r~vrpwv sivat TO &v- 
rovo ~ p h p a  nou ~ycpavi(ouv ot nspmoo~spsq svhosy ytrro6 o0ivou~,  iva cpatvoys- 
vo nou ~ E V  ynopsi V' ano6o%~i G& anho ouv6uaoyo rwv qhs~rpovtrhv qaopdlrwv 
rov yovonupqvtrhv ouorart~hv. T o  ivrovo a u ~ o  xpbya ocpsihsrat ouv~j0oq as yta 
mwia anoppocpqoqs o ~ q v  nsptoxq p t~phv  E V E P ~ E ~ ~ V  TOU onrtr06 cpaoparoq. Ot nto 
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nohh8~ an6 r y  nphrq Bpsuvs~ ncivw orov royEa - q ~  Xqysia~ m.v. ap~toav an6 
q v  ccocp0ahyocpavfp aurq t6torqra. H ratvia aurfi nou W s r a t  GraaOsv~~~ (interva- 
lence) il ratvia y ~ ~ r o i  o 0 k v 0 ~ ~  Kat o~yPohi<~rat ws I.V. f i  I.T., ~ E V  naparqp~irat or0 
cpaoya rov t6vrov nou anor~ho6v q v  Evooq Km a~o6i6~rat  os yta q h ~ ~ r p o v t ~ f i  
y~racpopa an6 ro Bva ysrahht~o ~Bvrpo oro ahho. 

Tty.6~ yta ra naparqpoiy~va qyt~i)pq (Aobs.) Kal pa r y  ou~v6zqrq  rov rat- 
vthv anoppocpfiosov y t ~ r o i  o0Bvou~ (1.V) nou ocp~i3Lov~at orqv y~racpopa cpopriou 
an6 yBrahho o& yirahho (M.M.C.T) 6ivovrm orov r~ivma 111. 

H 6tao0&vtKfi ratvia 8 ~ & t  p&h&~$fi P E  pdlbq 6 ~ ~ 1  7~010~1~6 TCPO'CU~EO nOU E X E ~  XPO- 
rsiva o Hush('). 

To opjya 1 6&i~v&t TO E V E ~ ~ E I ~ K ~  6taypayya oro onoio Paoi<~mt ro nporuno 
auro, yta Bva o u y y ~ r p t ~ o  oimqya(') PE aoe~vfi c~hhqh~ni6paoq rmv p~rahh t~hv  
~Bvrpov (racq I1 ~ a r k  Day). 
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EX. 1 .  Ardypappa 8~~apZK?jc &vipy&zaq yta q v  8zauB~vz~tj anoppd9rpq. Q ' rcar Q " &ivaz avzrcrroIj(wq or 
B i c r a ~  zuopponiaq (~dcixrcrra Gvva,Lt~?jq Ev&py&iad. 

Ot 6vo ~ a p n r j h s ~  anst~ovit;ovv rqv ysrapohil r q ~  Gvvapt~ilq sv ipyaa~ rov ov- 
orfiparoq. Eop ~ iva t  q svipyqa yta rqv O ~ T ~ K T ~  psranrooq. B a m  rqq ap& 
Franck-Condon q svipysta avrq nspthappavn Icat 60vqrtcil Gtiyspoq nov pszarpi- 
nsrat xsht~dl os 0sppt~fi svipysta. TO oimrqpa Gqha6il psra rqv anoppocpqoq cporo- 
viou nov avrtorotpzi orqv svipys~a Eop snavip~srat T E ~ I K U  o ~ q  0spshth6q (60vqrt- 
K&) ~araoraoq. 

H svipysta svspyoxotilosoq yta rq 0sppt~fi psracpopa q h ~ ~ ~ p o v i o v  Kat t q  psra- 
rpoxfl rou [M2, M31 0s (M3, M21 &hat q Eth. 

Cro oxfiya 1 q onrtcfi psrcinrwoq naptorbvsrat wq ~ara~opucpq. 
T o  cppCryya svipystaq pa rqv n ~ p i n ~ o o q  0sppt~i]q sv~pyonoiqqq sivat r6zs 

1 Eth = - Eop 
4 (3) 

Extoqpaivsrat xdvroq 0x1 oro o ~ f i p a  1 xaptoravsmt yovo q Govqa~fi ava6top- 
ydvooq rqq svhosw~ pt~rorj o06vov~. rivsrat 6qhaGfi q npooiyytq 6rr q svipy~ta 
aurfl avaGtopyavhosoq, xou pxopo6ps va ouppohioovpa ps Ein, tooina~ nspinou ps 
rqv Eop. 

Ein E Eop (4) 

M Ein Kahsiral Kat cppbypa Franck-Condon. IIohha opwq ovor?jpara ptcrorj 
o0Svovg pshsrhvrat os 6t6hvya. C' avriq rtq naptnrhostq npixst va hqcpefi u x o ~ q  
Kat q svipyna Eout, avabtopyavhosog rou 6tahrjrq, onom i ~ o u p s  

Eop = Ein -t Eout ( 5 )  

(H Ein ynopsi va vnohoyto0si). 
Tta rov sv spys~ t~6  6po xov sE,aprcirat an6 rov Gtahurq t ~ o v p s  
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Czqv sciowoq 6 al  at a2 E ~ V M  01 a~oivsq TWV oya~phv  o u v z a ~ ~ w q  TWV 660 tbv- 
rwv, d eivat q ax6ozaoq y&ra@ zwv y ~ z a h h t ~ h v  K . ~ P W V  Kat D Kat n sivat q 61q- 
hsKzptKil ozaospa Kat o 6si~oqq 6ta~hdlo~wq av&ro~xa zou 61ah6.t~. 

H sni6paoq zou si6ouq oou 6taWzq  at rqq aiiotr.cirosoq rwv yszaAht~0v K& 

zpov 6 ~ ~ 1  y~h~zqOjl an6 zouq Taube, Meyer, Creutz  at ahhouq@). Ta nstpayazt~a 
anozsh6oyara yta za aoOwo65 ahhqhosnt6paoso~ oua-ctiyaza orqpicouv wavoTotq- 
z t ~ k  r y  npoqyo6y~vsq napa6o~Bq (avahurt~6zspa ororx~ia  at napa&-iharg Givov- 
Tat napa~kno). 

Mta ~otvj l  t6tozqza zwv m0 nohhhv zaivthv I.V. sivat 6nwq ~ i 6 a y ~ ~ ~ r u  ,pqaho 
~ 6 ~ 0 5  r o u ~ ( ~ - ' - ~ )  ( n i v a m ~  111). 

To  qyts6poq A rqq zatviaq ouv6E~rat ys q v  svipysta hv zou cpatvoyivou 
Franck-Condon PE zq qEoq 

Ta A(T)  at A(O) naptozavouv ra qyts6pq q q  zatviaq anoppocpiloswq orouq To 
Kat orouq O0 Pa0yo6q Kelvin. H zehsuzaia n p 0 ~ 6 m e ~  PE npoe~Pohi] ~aynuhhv  
K E T P T ~ ~ E O V  GE ~ a y q h q  e~pyolcpaoia. Czqv nsp~oxfi uyrqhhv B~pyo~paothv f ~ o u y e  
rqv unhfi o ~ k o q :  

Ax6 rqv o ~ i o q  auvj ~ T P O K ~ ~ Z E L  6zr yta rqv nepinzwoq o u y p s z p t ~ ~ q  p~zacpopaq 
qhe~rpoviou, eivat 6uvaz6v an6 ro qy1~6poq (A) va unohoytoOil q ou~vozqza anop- 
pocpfioeoq  at T O  avri8~zo. 

ITetpayarwi anowh6oyaza ym Ospyo~paoia T = 300' K i?i&ixvouv 6zt zo np6zu- 
no Hush neptypkcpa ye sntmxia ra ouorjlyaza yt~zo6 oOivouq. To oxqya (2)  6si- 
 vet za 6e6oy6va yta zqv  atv via peracpopciq cpopriou ozo o6ynho~0 ~ ( C N ) ~  - Fe - 
Pyr - Fe ( cN) ,~~- ( " ) .  

CX. 2. E@prquq an6 rqv b'sppo~paoia sou qptstipouq rqq dtaob'svt~y'q ratviaq sou [(CN),Fe-Pyz- 
Fe(CN),15. H ypappij siva~ r] Bswpqrt~ij ~apn!iIr] yta hv=490 cm-'. Ta ur]psia ~ i v a ~  ra ne~papaatcci 6s- 
8opzfva. 
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H T E X V L K ~  rav  cpaoydl~av Raman ouvrovtoyo6 (R.R)(12) npoocphpsrat yta rov 
npooGtoptoy6 rqq 60vTjo~aq aptopBvou 8sop06 nou ~ U V G B E Z ~ L  FE zqv ratvia I.V. 

H 0spyt~Tj ~ ~ B p y ~ t a  ~v~pyono tT jo~~q ,  unohoytoyBvq an6 rqv o~Boq 3 ~pqotyo- 
notTj8q~s yta v yirpqoq rqq rax6rqraq ortq avn6pao&t~ psracpopaq 
qhs~rpoviou( '~  14). 

To O ~ O K ~ ~ P O ~ C I  rqq ivraoqq rqq 1.V. ra~viaq ynopsi va ~pqotyonouq&j yta Bva 
~ a r a  npoaiyytoq unohoytoyo zqq svr6ntoqq rou 00Bvouq. MBrpo aurqq rqq svront- 
aqq sivat q xapay~rpoq a nou 660q~s  acp' &v65 an6 rov Dayc6) Kat acp' ~rBpou an6 
rov Hush"). 

a2 = 
4.24 X 10-4 E,,, . A 

VI.T dZ 

6nou E,,, o ouvrshsorfiq yopta~ilq anoppocpiloswg, A TO qyts6poq rqq mtviag  at 
d q anootaoq rov ys~aclhht~hv-~Bvrpav. H &@moq n p o v n o ~ ~ r ~ 1  ~ayndhq  Gauss 
yta q v  ratvia anoppocpilosoq. rl;ol ra  o6ynhoaa rou n i v a ~ a  3 q napkyerpoq B X E ~  rt- 
pBq y~ra56 0,01 Kat 0'1. 

To anhb Gtaypayya rou Hush (a~Tjya 1) y ~ m r p h q ~ ~  yta va scpapyoo0Ij Kat os 
ouorTjyara PE svGtaysoq Tj toXup( ahhqhsnt~ahuyrq('). H ~ a r a r a c q  ytaq Bvaoqq 
orqv racq (11) Tj orqv rCncq (111) npoo6topi@~at an6 TO yBys00q zou Ea os oxBoq PE 
TO kT/hv. 
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'Oha ooa ava(P6p0qKav xptv, acpopo6v 6x05 &hay& ~ v p i c o ~  Ta o u m f i y a ~ a  T ~ S  

z&E,q~ (11) ~ a z a  Day. Ot K U ~ L O T E ~ O L  a v ~ ~ x p o o m o ~  q~ racqg au~flq eival: 
1. A1yepfl (31jynho~a 6x05 TO t6v zov Greutz-Taube. 
2. Evhoaq nohvyspsi~ ono5 TO I I p ~ o o t ~ o  p x k .  
3. Ohtyoyep~i oxoq TO [Ru, 0, (en), (NH,),,] Cl,, xohha an6 za ohtyoyepi 6- 

~ o v v  pehezq€l~j xepto06~~po GE B t a h ~ y a ( ~ ~ ) .  
4. C6yxho~a ToV ~ 6 x 0 ~  SbXl- SbXi- EOu 6 x 0 ~ ~  p&h&~qeiJ G& O Z E P E ~ !  ~ a T k J t a -  

oq Kat G& 6tkhvya Kat 
5.  01 y o v o 6 t a o ~ a ~ ~ ~  svhostq zov Pi Kat ~ o v  Ad6). 
Czqv ychizq ~ o v  avzt6paosov ys~acpopa5 q k ~ ~ p o v i o v  ~pqo tyoxo t~€ lq~av  oq 

zhpa ~ u p i o q  ot zpstq ~azqyop ie~ .  n 
T o  tov Creudz-Taube [(H,N), Ru - N p N  - Ru (NH,)5]5+ axoT&h&i T ~ V  ~ ( P E -  

rqpia yta yta o M ~ h q p q  oerpa xapciyotov ovpnh6~wv xou 6 ~ o u v  napao~~uao0fi Kal 
m p ~ y  p a ( ~ e i ( ~ ~ ) .  

Czovq v x o ~ a z a o ~ a z ~ ~  nou i ~ o v v  ~pqotyonotq8si 05 yicpvps~ rc~p~happcivovtal 
01:  

0 1  oy66~5 auz& ovv6la<ovzat PE xohho65 axo zovq v x o ~ a ~ a o ~ a z & <  yi(~upsq 
xou avacpipays. 

Mta y e v t ~ i  y60060~ x a p a o ~ ~ v ~ ~  oupxho~ov  y t~z06  o0ivouq sivat q axev0eia~ 
avzi6paoq zov avmszoixov ctqyioeov~ yovoysphv, ye q v  xpoiho0soq o n  T O  6va 
an6 auT6 ~ X E L  Kar uno~a~aorcirq ev~ivqso. 

Mta khhq ~ E V ~ K I ~  p600605 x a p a o ~ ~ v i ~  eivat q y e p t ~ ~ j  avaymyfi (4 0k~i60oq) 
EVOS xllfip05 O ~ E ~ ~ O ~ ~ V O V  (4 avqyyivov) 61yep065 ovynho~ov .  

r s v t ~ b  01 ~ v h o s t ~  y t~zo6  o06vou~ o~qyazi<ovzat ~ a ~ a  q v  avzidpaoq tooppo- 
xia5 

xov oljvzoya yxopei va ypacpei: 
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0 t  orzaesplq mopponiaq kc opicouv zqv oza0spoqra rou ouorflyaroq pt~zorj 
oelvouq. 0 t  rtylq KC ynoporjv va hq(p006v an6 psrpflosy rwv 660 Guvayt~hv ava- 
~W' f l s :  

ys K U K ~ ~ K T ~  Pohray~rpia. 
Tta q v  napao~suaon~il  Xqysia rtyfl KC sivat o ~ p i o t y o ~  napkywv nou ~ a -  

00pi<st zqv su~ohia anoyovho~wq an6 TO 6tdlhuya, rqq ~aeapflq ozspsaq Cvooqq 
(m.v.) pt~zo6 oelvouq. 

Avztnpoownsurt~fl nohuyspflq ~puorahht~il lvwoq m.v. sivat ro ((npooot~o 
ynhs~  Fe, I F ~ ( C N ) , ~ ,  XH20.  Xapa~zqptort~a hlysrat, 6zt 6sv unapxst oljynho~o 
nou va C X E ~  ysyah6rspq tozopia an6 TO ynhs zqq ITpwooiaq. H nphrq spyaoia yt' 
awo  6qyoots6rq~s ortq apxlq TOY 1800 athva(Ig). Avacplpeq~s sxioqq o~ zo nporu- 
no rwv svhoswv m.d6) Kal &I. yshsrqOfl 0s psyahq k~raoq.  Ta  ~rjpta Xapamqpt- 
ozt~dl zqq 6opflq Cytvav yvwoza an6 psrpflostq n~ptehdlo~oq a~rivwv X CTE o ~ o v q ,  
nou lytvav nptv 40 ~povta(~ ' ) .  C' Cva ~uf3t~dl E V ~ O K E V ~ ~ ~ ~ ~ V O  nhkyya ot f3Eoa~ sivat 
svahhat ~azathqyplvs~  an6 Fe"  at Ee"'. H Paot~fl Goyfl oya6a sivat FellT - NC - 
FeT' ( C ~ f l y a  5). 

0 ~p6ozahhoq nspti~st Fe1' ~ayqho6 spin nou nsptPahhszat an6 6 aiAIpa~sq (3s 
o~zas6pt~fl  oupy~zpia C6 iCat Fe1" uyqho6 spin nou nsptphhhsrat an6 oya6sq Kua- 
viou (svoyivsq an6 TO ci<wro)  at yopta vspoij lrot hors q ploq o6oraoq va sivat 
Fe(II1) N,, - o,,:~~). 

An6 zouq F .  Herren, P. Fischer Kat A. kudi p~h~rq0fl o 60y1~6q p6hoq zou 
vspo6  at rou u6poyovt~o6 6soy06(~~) .  

To  ynhs zqq ITpoooiaq an6 zqv cinoyq rou anosvzontoyo6 rou qAs~rpoviou si- 
vul zunK6 ykhoq rqq zttkqq 11. H ouynsptcpop6 y ~ r o 6  oekvouq n&prypci(p&zat Kahhi- 
zspa av Oswpfloouys q v  ysyovoylvq nhsta6a: Fe(II) (CN), Fe(III),. H 0&pshth6q\ 
~azaoraoq 6ivszat an6 zqv ouv6pzqoq: 

onou ci, NJ o aptBp6q d qha~zpoviov ozouq C  at o r y  o p a 6 ~ ~  (N-0) avriorot~a 
(oxilw 5 ) .  

sracpopri svoq ~ ~ & K T ~ O V ~ O U  an6 zov Fe" os Fe'" napaya q h s ~ ~ p o v t ~ f l  61ayop- 
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cpooq /c5, N3'I nou avz tozot~~i  os ~azdlozaoq y1 PE ouppszpia ~ 1 ~ .  H 0spshth~qq 
~azkoraoq Y G  = ( 1  - a2)lI2 YO + aYl  n p 0 ~ 6 n z ~ t  aii6 picq zov Y,, Kat Y 1 .  H zatvia 
ocpsihszat ozqv sntzpsnzfi yszanzwoq 

onou q Y i  npo~6xzst an6 yicq zqq Y o  PE ~ a z b o ~ a q  Y i  ouyyszpiaq TI,. 
IIapoyotsq zatvisq ocpah6y~vsq os yszacpopa qkmpoviwv psza56 zwv oyonupq- 

V I K ~ V  ahlLdC  at ~z~ponupqv t~wv  ps zahk~hv  ~ ~ V T G V ,  napazqpfieq~av Kat (3s ahha 
nohupspil oljpnho~a o z o t ~ ~ i o v  y~zanzho~tq p& K D ~ v I ~ v ~ ~ ~ ) .  

Czqv aotkvfl ahhqhsni6paoq pszac6 qpv p ~ z a h h t ~ h v  ~ E v ~ p o v  ocpeihszat Kat q 
qptayoytyozqq ~ o u  xpoootco6 ynhs lcat zov avah6ywv ouozqyarwv. 

rza To npwoot~o pnhs to~6s t  zo Gtaypapya Hush (C~fipa 6a), yta zy ao6pps- 
zpsq svhost~ yt~zo6 oeivouq. (H Eth anozshsi ykpo yta zqv svipysta sv~pyon01q- 
osoq rqq aywytpozq~oq). H o ~ i o q  nou ouvGEst q v  Eth ps q v  Eop (svipysta onzt- 
K% psz6nzwoqq) Givmat yta nspto~iq uyqhhv esppo~paothv an6 zqv stioooq: 

Eop2 
Eth = 

4(Eop -,Eo) 

onou Eo q Gtacpopk zwv sha~iozwv zwv ~aynuhhv  6uvayt~qq svspysiaq. 
H scayoyq zqq o ~ i o s o q  G ~ v E T ~ ~  napa~bzw. 
H o ~ i o q  auzq i ~ s t  snahq0suesi p6vo no ton~a(*~) .  Ot nooozt~iq pszpfiostq ani- 

~ o u v  ytazi unstokpxovza~ ocpahyaza an6 ~azaozpocpiq rou nhiyyazoq, n . ~ .  an6 acpu- 
6azooq. Auz6 ouppaivst  at ozq pshizq q q  aywyty6zqzaq rwv O~EPEOV ~AwposvO- 
GEoV ~ 1 ~ ~ 0 6  ( T ~ ~ v o u ~ ' ~ ) .  

H ~ t i o o o q  (7)  yta q v  sni6paq rqG 0spyo~paoia~ ozqv ztyq zou A (qptc6poq), 
&cpapp6<szat ~ t '  &6h, Givst 6s yta zqv 6 6 v q q  nou ouv6iszat PE zqv I.V. zatvia rqv 
ztyq 430 cm-' nou ouycpwvsi PE zqv ztyq yta zq 66vqoq ~uosoq  y~zahhou UnoKaza- 
ozazq zov avztozoi~wv yovonupqvt~hv oyaGov. 

C X .  6, Azaypcippara w6pysza~ a) drav zuxfigl Eo>O p? uopperpz~rj peraqopci Kaz ,R) drav zuxfia Eo=O, 
uupperpzwj p~raqopci ~ ~ & K ~ ~ o v ~ o u  (oovaprrjum a). 



184 M. KAMAPIRTAKH. A. KAPAAIRTA, A. XATZHIIANATIRTH, A. KATAKH 

H O~py t~ f i  Kat o n z ~ f i  y~zacpopa qh~~opoviou avzty~zoni~ovzat GE ~vtaia O~opq- 
o t ~ f i  paoq OS ~ t f i ~ :  

Kaz' apxfiv q onzt~fl yeoacpoph qhs~rpoviou E ~ X E  0pto6f+~~) (tq avzahhayfi 
qhs~zpoviov o8ivou~ ysza@ 660 tovzov uno zqv ~ni6paoq zov anoppocpouyivwv 
cpozoviov)). A ~ o p a  ot Gray  at Davidson unoozfipttav o n  q i v ~ o v q  anoppocpqoq 
TOu c p ~ ~ 6 ~  an6 iva oljozqya nou n ~ p t i ~ s t  660 O ~ E ~ ~ W T ~ K &  ~ C i ~ a ~ ~ d l ~ ~ t ~  ocp&ihEzat 
(cooqv oahavzooq zov q h ~ ~ z p o v i o v  yszatlj zov ar6yov zov 660 6tacpopEztKhv oc~ t -  
Gwzt~hv ~araooaoswv uno q v  ~ n i 6 p a q  rou q h s ~ r p t ~ o 6  avljoyazo~ zou cpoz~tvo6 
~ 6 p a o o p ( ~ ~ ) .  

Mta 6~wpia nou n ~ p t h a p ~ d l ~ ~ t  zqv O ~ p p t K i ]   at zqv onzt~il p~oacpopa ~66Oq an6 
zov Hush(7). 

ME ~azahhqh~q  n a p a 6 o ~ i ~  Kat anhonotfioa~ Paost oqq O~wpiag .sou Hush Kaza- 
hflyouys o z t ~  o ~ k o ~ t ~  

1 Eop = hv,,;= E, + - 02 (A: + A:) 
2 (16) 

onou Eop q cvipysta nou avotooot~~i oro yiytozo oqS anoppocpflo~o~, E, q 6tacpopa 
owv ~ v s p y ~ t h v  a p p &  lcat z s h t ~ f l ~  ~azaozaosw~  ozo oqp~io  toopponia~, A, Ka; A2 
6~ ot 6tacpopiq Qlr' - Q1'   at Q2" - Q2' avziozot~a (oxfiyaza 1  at 6). Kat E t,, q 
~ v i p y ~ t a  ~v~pyonoiqoqq yta O ~ p p t ~ f i  p~zanzooq ozav KT> >ho. .Eoot. zEhtKa ouvay~- 
oat 6ot: 

H ~azaozaoq nou anst~ovi(szat ozo o ~ f l y a  1 avzto~otxsi ozq nspinoooq nou q ap- 
~ucfi  at q wh t~ f l  ~aoaozaoq ~ivat  n.X os pta ouyyszpt~fi oyonupqvt~fi p~za- 
cpopa &v65 qhs~zpoviou  ono^ n . ~ .  ozo o6ozqya 

Eop = 02 A2 (19) 

rta za ouoofiyaza auzci 6qha6fi, zo yiytooo Franck-Condon zov o n z t ~ h v  yeoa- 
nrhosov i ~ ~ t  z~opa~hd?ota otpfi an6 zqv ~vipysta svspyonoiqoqq z q ~  O ~ p y t ~ f i ~  qhe- 
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* 1 1 Eth =-02A2 +-E0 
4 2 

Eop = 4 ~ ? h  - Eo 

1 P t 9 f 
initial --+ precurson -+ transfer -+ successor ' final (24) 

a p ~ t ~ 6  np66poyo psracpopaq 6tk6o~o TE?LLK~ 

H anoozaoq zov ysrahht~Qv tovrov unori8srat ozaespfl ~azc i  rq Stcip~sta r q ~  
ahhayfiq p - q. H nstpayazt~fl svipysrcr ~vspyonoiqoq~ yta zqv avoi6paoq sivat: 

H nooozqq Eth* ooq ~~poqyoitysv~q &Etohos~& acpopa zqv ysracpopk ysra66 tov- 
rov oa onoia ppk~ovoat  orqv ~ a r a o r a q  p (npo6poyo o6ynho~o), B~ouv 6qita6fi 
ih0st za dvza ~ o v r a  ahha a ~ o y a  6sv SXE~ yivst q y~tucpop6 qhs~zpoviou. 'Ezot 
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T i h o ~  os ~ayq7Liq Bspyo~paois~  n p 8 . n ~ ~  va hqcp0il un' 6 y q  Kat TO ~ p a v r o y q ~ a v t -  
KO cpatv~ysvo r q ~  btsto66oso~ zou ~ ~ E K T ~ O V ~ O ~  6ta ~ E o o u  zou cppayyazo~ buvayt- 
~ o r j  ( ( P ~ E V O ~ E V O  ofipayyo~). 

Eibays hotnov 6rt ot avrdp6osy ysracpopci~ qLs~zpoviov Kat ot cpaoyaroo~ont- 
K ~ S  ysranrhost~ cpopriou ynoporjv va nsptypacpo6v y~ ra ibta Bsopqrt~a nporuna. 
EKE~VO nou npocpavcb~ i ~ s t  s n i o q ~  oqyaoia sivat ot n s ~ p a y a r t ~ i ~  anobsic~tq aurhv 
T o V  ~ E W P ~ ~ V .  

[CO"' (NH,),, Fen(CN),1 

a ~ 6 y a  6yoq KaL yra anhi5 nsptnzwost~ avrtbpaoswv ys y q ~ a v t o y b  scwrspt~fiq 
ocpaipa~ q naparqpodysvq ora0spa ~ a ~ r j ~ q r a q  siva: ytvoysvo sni y i p o u ~  ora0spOv 
r a ~ 6 r q r a ~  Kat toopponia~, 6no5 cpaivszat oro snoysvo napiibstypa, 

M [RU"(NH,) ,  pyI2+ + [RU" ' (NH~) ,  Py13+ c, [.Rul' (NH,), Py, Ru"' (NH,), PyI5+ 

Y P ~ Y O P ~ ~  (29) 

IRun'NH3), Py. RuU'(NH3), Py15+ -!% [Run' (NH,), Py, Ruu (NH,), PyI5+ 

apyfi (30) 

6nou q naparqporjysvq oraeepa r a ~ r j r q r o ~  KnUP. = Ket.K, Ket q ora0spa r a ~ d n -  
r o ~  yta rq ysracpopdl TOU q L s ~ r p o v i o ~ .  

'Er01 ~ E V  sivat buvazov va ~ E ~ L P O U F E  ~ ~ E O E S  ~ ~ ~ ~ ] P O ( P O P ~ E S  nap& ~ O V O  o& &~atp&tt-  
K ~ S  xsptnrwosy  ono^ PE optoyiva o d y n h o ~ a  TOU CO'*' PE a y i v ~ ~ ( ~ ~ .  28). 
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IIINAKAZ IV 

E6p5Tho~a plrro6 oesvou~ rat q o u ~ v o r q ~  nou avnozotxsi mo piy~mo q~ rawia~  psracpopa~ cpopriou 

13.6 

14.9,20.1 

21.2 

17.0 
Ca.12.5-18 

Ca.17 

11.1 
Ca. 25-30 

Ca.20 

>24 
19.5 

u(v)-'J(vI) 
Ti(II1)-Ti(IV) 

Ti(II1)-Ti(IV) 

(NC),V(II)OHV(III)(CN)3- 
Fe(II)-Fe(III) 

Cu(I)-Cu(II) 

CU(I)-CU(II) 
Sn(I1)-Sn(1V) 

Sb(II1)-Sb(V) 

Sn(I1)-U(1V) 

C~,W(III)OW(V)C~~- 

CU(I)-CU(II) 
F~(CN),~--F~(CN)?- 

~ U V T ~ U E ~ U E L S :  hip-2:ZSbipyridyl; phen= : 10-phenanthroline; py=pyridine; 

py-py = 4: 4--bipyridyl;pyz = pyrazine. 

L ~ -  = s(cF~)c:c(cF~)s~- 
L~ = s(cH~)c:c(cH~)s~- 

L = N ~ O N I ! ~  

O.1MHClOs 

12 MHCl 

20%H2S04 

CN-(aq) 
12 MHCl 

10 MHCl 
CH30H,0Ac- 

12 MHCl 

HC1 

6MHC1 

lZMHCl 

NH3(aq) 

aq(?) 
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Ot &vho&y p t ~ ~ o 6  o0ivou~ &c cihhou i ~ o u v  iva p~yaho npooov, pnop&i va p&h&- 
T @ O ~ V  cpaCJpolT0CXK0~tKk Kat Va hqcp006~ p&Tpflo&& BE o ~ v u ~ E P ~ ~ o ' C ~  CTuoTflpa~a, Ka- 
~6 zq ~ p o v t ~ f l  onypfl a~ptfihq nou oupPaivw q qhs~rpovtcfl p~~acpopci, p p i ~  ahha 
~ q p t ~ k  cpatv6p~va va nsptnhi~ouv  qv ~ a ~ a o o a o q ' ~ ,  

Ot in0 oqpavn~iq  o ~ ~ z t ~ i q  napazqpfimq OS oflp~pa acpopo6v p ~ ~ p f i o ~ t q  anop- 
pocpfio~ov IT ~atv thv  o~ 6tahupa. 

C~ouq niva~&q (IV Kat 'V) 6ivov~at (paopa~oo~on t~& ozot~&ia c& 6ldlcpopa 81ahu- 
r t ~ a  pba,  yta 61ppfl Cat ohtyop~pfi o6pnho~a ~ I K T O ~  oOivous, za onoia ano~sho6v 
npo~una ~v6tapioov o ~ y  avzt6pkost~ p&~acpopr& 7lh&~~pOviov. 

E6h np in~ t  va napa~qpflooups 6 ~ 1  &v& yta Ta Gtyspfi Kat ohtyoy~pfl o6pnho~a 
hapPkvov~a~ nhqpocpopisq ylct Tq @&pptKfl KUL 07CTt~fl ~ & T Q ( ~ o P &  Q ~ E K T P O V ~ W V  a716 TT) 

p~h6.t.q sou onzt~o6 souq (pkopazo~$~~ 4 ' )  y a  m nohup~pfi oz&p&& happClvovzat avd- 
aTotX&q nhqpocpopisc; an6 p~hizsq p ~ ~ a p o h h v  ~ q q  q h ~ ~ z p t ~ f i q  TOUC, ayoyty6qza~.  

0 1  ~ v h o ~ t q  o~ouq n i v a ~ q  (IV KUL V) ~ivat  o6pnho~a p l ~ ~ 0 6  o0ivouq ~~(pupwpi -  
va p8ow &v62 anho6 u n o ~ a ~ a o ~ a ~ q  f i  m65 popiou. 

H P@ato.rqq ~ o v  nhqpocpopthv nou haypkvovzat 601 civat yta 6x01 i6ta ~m16fi  
~ E Q  &ivat 6ha Ta o6ynho~a oTOV i6to fkt0p6 ~ctpol~'Tqpt&pkvCX. ETIS ~ c & P ~ o ( s o ~ & ~ E ~  X&- 
ptn~hosy q avahoyia 111 avayoyt~o6 npoq oEp6o~t~r j  nra~onorq8fl p& p ~ ~ p f i -  
m t q  anoppocpno~wq OE 6tahupya onou cpuivemt q o ~ i o q  anoppacpfis~s~ #at ouy~ev- 
.rp&osoq ~ 6 0 ~  tovzoq. 01 rcAqpocpopi&q ndrht yta zo ~i6oq ~ q ( ;  y iqupq @v K ~ L  6 ~ v  ~ i -  
vat dly&~&< ~ E W P O ~ V T ~ L  ~ E V L K I ~  n&toTtK6~. 'Emt 6zav n . ~ .   TO u 6 a ~ t ~ 6  6~6hupa T O  

u6po~hop t~6  056 6 ~ ~ t  avzuca~aozae&i an6 iva h t y 6 ~ ~ p o  O U ~ X ~ E K T L K ~  056 K ~ T & G ' c ~ ~ -  
qmat o u p 6  T O  ~pcbpa KW npocpavhq q 6vwoq y t ~ ~ o 6  o0ivog. Enioq~ o ~ o  o6pnho- 
KO CuT Cur' tx Gtcihupa ys0avohq~ ~ivat  axapa i~qq  q napouoia o@coli 05ioq. CE 
kkhsq n&ht n&ptm&o~q &a ano6~t~Qf i  6zt npoo0fl~q nto to~upo6 o u p n h s ~ a ~ ~ o 6  
nap&y(zvm sn&t TO o6pxh10 QE pavo.n~pqvt~61 1 6 v ~ a ( ~ ,  30). 'Em1 TO T3'11 - TllV OE 

@stwr6 056 a n o ) ~ p o p ~ z i ~ ~ ~ a t  6 ~ a v  npua~EeP&i ms~p t rcb  ot6 KCU TO CuL Cu" 0 8  

p~8avohq ~~O)lpoyold<&Tal p& ~KETov~TP~?J.Q. 
O apt0poq ~ o v  n h ~ u p u ~ h v  u n o ~ a ~ a o ~ a z h v  Kar q 6tcu86~qo~ rouq ~ c t q  n~pmoo- 

-rspsi; ~vcboey zou nivalra IV paoi<~~at O T ~ V  60pj  COD T O  ~ 6 0 ~  IOV 5.2~~ 6mv ~ i u a ~ ~  
yeyovop8vo. r t  a u ~ 6  Kat ot 6opiq 6sv ~ ivat  aupflczpl~6~ ay06 &&$p.rhvrn~ KQI a ~ 0  
-iqV 0&16m~t~fl K ~ T ~ G T ~ O ~ .  

' O m q  ri6ayc: an6 q v  ivmeq,   qv ou~vcirq-ca  at so lgpr~6poq z q ~  6tao%svt~ijq 
.ranvia<, yaopo6p~ vrc. 6 ~ o p c  6va p6zpo ~ o u  @By06 ahhqhcnt6pao~wg Kat &S auzonj 
70 pa8p6 ~v~ontopo6 zou o&vouq. 

H Evipysta zqq mtviaq IT, 6xw5 &iGap, 6iva zqv Eop an6  qv onoia Pamt ~ q q  
O X ~ O E W ~  (20) unohoyi<s~at Tl ~ ~ 6 p y & t a  &v&pyonotfi~~w< yta Tq @&pplKi]  p & X i ( ~ ~ p &  
qhr~~pov iov .  An6 zqv &vipy&La hv hotn6v ~ q q  IV o'ta 06pnho~a(~"  32' 33)  

[(C, H,)Fe - (C, ]H4 - C, HJFe - (C, H,)] + 

(biferrocenium) 

I(NH,), Run Ru"' (NH,), Is+ 
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onov Fc q oyti6a zou @&po~&vuhiou (Ferrocenyl) K a t  

Ket. 
[(NHA Ru" bpyRul" (NH,),15+ E<. [(NH,), Rum bpyr(un (NH,), 15+ (3 3) 
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'0x011 Z,  at ZB sivat za cpopzia rov  avzdphvrwv t6vzwv Kar No o apt8yoq 
Avogardo. AV ot oxioerq (34) #at (35) ouv6taoro6v & @ ~ o h o u ~ & i  va 1 ~ x 6 ~ 1  6tt EVEP- 
YEUXK~, Tl KatdlCY~Ct~q ~azdl TqV o?To~(T. Ta 860 ~ o v ' C C ~  ~ ~ ~ O K O V T C I ~  G& ~nCl(~fi, ~ ~ ~ E O V E K Z E ~  

yra T ~ V  y~zacpopa zou qhe~zpov iou~~ .  
CE 6va o6ynho~o  onoq To 

11 -\ 

[(bpy), C I R u N / 0 7 - L  =c<O P(IRu"' (bpy),] '+ 
I_/ " LJ 

o uno~azwoshrqq-yicpvpa oacphq nail;Et oqyavzr~o p6ho ozov pq~avtoyo pstacpopCrq 
zou qhs~zpoviou. H avayetkq zou zpoxta~o6 dn zou 6to0evo6q pouflqviou PE n* yo- 
p ta~o ~ p o x t a ~ o  zqs yicpupaq ccyszacpipan rqv ~uyazoauvcipzqoq sou Run n p o ~  zqv 
n?b~updl TOU Ru'", U U ~ ~ V O V T ~ S  q v  ahhqhsnt~ahu~q.  O ~ W ~ ~ T ~ ~ O Z E ,  zatvisq IT napa- 
zqpo6vrm Kat os oljynho~a oza onoia q yicpupa 6ev oxqpad(a 6 ~ o y o  dn -n* ys 
T O  yizahho. Cra naparcam o v y c h o ~ a  o pohoq zqq yicpupaq ~ i v a t  anhhq va ~paz6  
7a 6uo tovra ozllv i 6 ~  0ioq  TO flopto. 

Mta sv6tacpipouoa enioqq naparflpqoq ~ i v a t  671 oe u6az t~o  6tahuya (edyq tov- 
zwv 6nwq zqq sktohoswq (36) napouotci(ouv ozo q h s ~ r p o v t ~ o  zouq cpaoya mrvisq 
ocp~thopev~q oe pxtcpopa cpopziou ant) pizahho oe yizahho (MMCT)(44). 

[ R U " ' ( N H , ) ~  Py. ~ e "  (cN),] hv [RU" (NH,), Py - Fe1'' (cN),] (36) 

H eycpavtoq aurhv zwv zatvthv sivat nohv q y a v z t ~ o  ysyovoq an6 660 u n o p y .  
1 )  Mnopei va uno06ost ~aveiq o n  unap~st  6uvazozqza va naparqpq006v oe b~ykhq  
n o t ~ ~ h i a  x ~ ~ L K C ; ) V  ouothv  at izot va haypavovta~ nhqpocpopisq yta t y  t6totqzsq 
ymacpopbq qhs~zpoviou K ~ L  2)  s n s ~ ~ ~ i v o v z a t  izot za ~ ~ E O V E K T ~ ~ ~ U T ~  twv evhcr~wv 
y t~zo6  o&vouq, ooov acpopci q v  pshitq tqq yszacpopciq qhs~zpoviou,  at oztq avzt- 
6pko~tq sE,wrspt~ilq ocpaipa~. 

Avahuoq TWV zatvthv MMCT yta za 5~6yq  rovrwv ~ E ~ X V E L  OTL TO ~ ~ Y E ~ O S  zqq 
ahhqhent6p6o~oq  at ~ n o y i v w q  TO nooocrzo anosvzontayo6 (delocalisa- 
tion) zou o&vouq &iva~ n~pinou 000 #at oza ( ~ 6 p n h o ~ a  ~ L K T O ~  o0ivouq avahoyou 
O U V ' ~ C @ X D ~ ' ~ ~ '  7C.X. TOU ' T ~ ~ O U :  

(bpy), CIRLI" (L)  RU"' C1 (~PY): '  

EiGaps npoqyouyivwq art q 0epyt~Tj svipyeta ~vepyoxo~Tjosoq Eth pnopei va 
unohoyto0~i @boa z q ~  evspyeiaq ym onzt~i l  yezacpopa Eop q oi-toia nkht Givszat an6 
 qv ouporqza anoppocpfpsoq zqs ratviaq LT. Ynohoy~oyoq oywq rqq Eth oqyaivsr 
 at u n o h o y q ~ o  zqq Ket, zqq ora6spaq 6qh. t a ~ u q z a ~  avrt6pao~oq yta zqv yszacpo- 
p& qhs~rpoviou. 0 niva~aq %I ~ ~ V E L  K ~ I  'ttq zryiq Ket yta o6pnho~a rou 
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H 
(bpy),Cl R u  I \ = ~ = C ~ N R U C ~  (bpy):' 1.34 -0.02 -8x107 

;I 
po~0qviou.(~~.") Ot Bpt0pqzt~iq np i s  zov Ket oupcpovo6v ps am65 nou 0a nspipevs 
~aveiq Paost TOV ~ t v q z t ~ h v  pszpfloeov ozqv avzi8paoq e ~ o z s p t ~ f l ~  ~ c p a i p a q ( ~ ~ . ~ ~ ) :  

H acia ~ w v  cpaopazoo~ont~wv 8~60yivov  TOV ~ X E T I K ~ V  pc T ~ S  zatvisq IT yta 
zqv ~azavoqoq zov avzt6pirosov pszacpopdrs qhs~rpoviwv sivat ysycihq. Auzk za 6s- 
6opiva Givouv nto nohh6~ nhqpocpopisq  at happuvovzat nto s6~oha an6 za 6~6oyi -  
va yta z y  oza0spiq m ~ 6 r q m s .  

Mta nt0avQ pshhovzt~Tj ~azs68uvoq o z y  o ~ s z t ~ i q  pshizss, sivat q sn6~zaoq os 
opyavopezahht~Sq svhonq Kaz khhq os svwosts, 6nos ot psrahhonopcpupivsq, nou 
anowho6v npomna yta z1s Ptohoyt~6q pszacpopis ~ A E K ~ ~ O V ~ O V .  Y n a p ~ s t  snioqq q 
ccnpoo60~ia)) ot o ~ i o s y  nou a v a n ~ 6 ~ 0 q ~ a v  s6w va ~pqotponotq006~ ye ysvt~ozspo 
zpono oz1q onz t~ iq  psza~zhostq. E t k a  napa6siypaza nsp thap~~vouv  ztq zatvisq 
anoppocpflosoq p t ~ p f l q  ev6pystaq (66cq-6kzq) nou cuvavzapa oza opyavt~cl 06p- 
n h o ~ a ,  1ca0hs Kat z y  ratvisq anoppocpfloso< nou ocpeihovmt oe yezacpopci cpopziou 
p&z6hhou-uno~azaoza~q, Kat uno~azaozir~q-pizahho. ctKhst6i)) yta va hq(p006v nhq- 
pocpopisq o ~ s e t ~ i q  pe rtq popta~iq FovTjostq nou ouv6iovzat ps q v  yezacpopci q h s ~ -  
zpoviou sivat q Z F X V I K Q  Raman ouvzovtopo6 stq zqv nspto~fl zqs zatviaq 

0 ouv6uaopoq zou npoo6toptopo6 zov ou~vozflzov 80vflo~oq p& zqv T E X V L K ~ ~  

Raman  at TOV pszp f l (~s~v  z q ~  snt8p~oeoq ozqv zatvia I.T. (IV) rou 6tahuzt~06 pi- 
oou, 0a 6hoa q v  6uvazozqza auozqpo6 nstpapazt~06 eh i y~ou  zov paot~wv napa- 
60x61~ zov 0eopthv nou a v a n ~ 6 ~ 8 q ~ a v  nto nirvo. 

I3a iva ao6ppszpo 6zpspiq oljpnho~o pt~z06 oOivouq, cpo~ohuoq ozqv nepto~fl 
tqq ratvia< IV f l  cpozohuoq p& cpw~ psyah6zspq~ svipyetaq nou a~ohou6~izat  an6 
0eppz~fl an0616y&poq, sivat 6uvazov va Ghost 6va 0spyo6uvayt~a ao~a86q jooyspiq 
o<&t60avayoyflq. ~ n o z s h ~ o y a z ~  z6zotwv nstpap6rwv i ~ o u v  600si an6 zouq Greutz 
Kat S ~ t i n ( ~ ' ) .  Cuv6uaop6q ~ E T P Q O E O V  TOV oza0sphv za~6zqzas avzt6pdIo~ov onwq q 
(37) Kat zov cpaopazoo~ont~cbv nhqpocpopthv yta T O  toopspiq, ynopei va Gcboouv 
pza ~ a h f l  m 6 v a  yta To zt ouppaivst a~p tphq  ozo o6ozqpa: 
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Mta ahhq ~aTE6~uvoq yta p ~ h h o v n ~ f l  kpsuva &hat  q p~hizq  zqq h~y6p~vqq  
a ( ~ 6 p p ~ ~ p q q  p~~aqopciq ~ ~ E K T P O V ~ O U ,  o q v  onoia q 6taqop6 aptepo6 o ~ E ~ ~ O ~ E W ~  
zov 660 avzt6phvzov p ~ p h v  ~ iva t  6zdqopoq zou 1, DZ#1(6.7). 

CE avahoya ouozilpaza nou ~EAETOVT~L an6 E&, q ~v60popta~q  p~zaqopdl TOU 

q h ~ ~ ~ p o v i o u  o u v o 6 ~ 6 ~ ~ a t  an6 cpozoxqpt+cfl 6tbonaoq Kat ~pqotyoxotf$q~& 11 zsxvt- 
~ i l  Raman cruvzovtopo6 OE ouv6uaop6 PE ~ ~ E K T P O V ~ K ~ ~  qaopazoo~onia, yta va EV- 
rontotlo6v ot iiovflosy xou ouvbkov~a~ PE q v  ~navacpopa zov npoYovrwv ozqv QE- 

p~hth6q touq ~ a z d l o ~ a o q , ( ~ ~ )  ahhb za G X E T I K ~ ~  6~6opiva Qa ~ V ~ K O ~ V ~ Q O ~ V  xopto~a .  

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- 
kxitction between the ionic centres. We describe the chemistry of complexes in which 
two"ineta1 ions can exchange electrons with little loss of energy and examples are 
giG& for the successful use of them in the study of electron transfer reactions. Theo- 
ries of electron transfer have been concerned with predicting the magnitude of the 
Franck-Condon barrier, but direct comparisons between theory and experimental 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 I N ~ x ( R H ~ ~ c ) ( P P ~ , ) ~  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(RNdtc),(AsPh,)( complexes 
(M=Pd, Pt) on the basis of spectral studies. Furthermore, it was confirmed that the chemical 
behavibur 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 T H F  = tetra- 
hydro furan 

Introduction 

In previous papers the results of the reactions of various tertiary phosphines and 
aromatic nitrogenous bases (L) with the squarelplanar IM(R~dtc),l 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 IM(RH~~C),L~ 
complexes which exhibit unidentatelbidentate 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 (11) and palladium (11) complexes afford in high 
yields the corresponding / M I ( R H ~ ~ C ) L ~  complexes. The mechanism of these reactions 
has been fully investigated by CND012 quantum chemical calculations based on the 
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location of the LUMOs of unidentate and bidentate N-alkyldithiocarbamato ligands, 
which are the main factor controlling the nucleophilic substitution reactions under 
con~ideration.~ 

Continuing our interest on the chemistry of planar d8 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 IMX(RH~~C)LI complet 
(M=Ni, Pd, Pt; X=CI, Br, I; L=PPh,, AsPh,). These compouflds 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 ligand~.~" 

Results and Discussion 

Reaction of the J M ( B Z H ~ ~ C ) , ~  complexes (M = Pt or Pd) with AsPh, (1:l molar 
ratio) in toluene gave immediate yellow solutions from which compounds of 
stoicheiometry ~M(BZH~~C),(ASP~,)J  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 IM(RH~~c),(PR',)I complexe~,'.~ 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 alkylthi~ramdisulfides.~ This seems likely, because it is well known 
that the alkylthiuramdisulfides and the corresponding free dithiocarbamate radicals 
are in equilibrium in solution7. 

Unfortunately, this method cannot be used to prepare the analogous 
IN~x(RH~~c)(PR',)I because of the inability to isolate the corresponding INi(RH- 
dtc),(PR',)I compl~xes. 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 nickel8. Furthermore, the reactions of halide-bridged dimers I[MX,- 
(PR',)I,I 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 refluxings-12. However, an excellent method of synthesising a wide range of 
these complexes may be represented by the following ligand-exchange reaction: 

where R =Me, Et, Pr', But, Ph, p-ClPh, p-MePh and p-MeOPh. 
It can be suggested that this reaction is as given by the Scheme I below, namely 

dissociation of tetrahedral INiX,(PPh,),l to give compounds of type (I) with local 
symmetry belonging to C2, point g r o ~ p , ' ~ , ' ~  followed by the nucleophilic attack of 
planar ~Ni(RHdtc),~ complexes by free tertiary phosphine to generate four-coordinate 
adducts [Ni(RHdtc),(PPh,)] with unidentatelbidentate dithio-ligand coordination. 
Analogous Pt(I1) and Pd(I1) adducts were isolated and their structures were es- 
tablished on the basis of spectroscopic and X-ray crystal structure determination 
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Furthermore, the instability of Ni(I1) adducts accounts for the dithiolate 
dissociation, since the nucleophiiic reactivity of phosphine toward M(II) is greater 
than that of the dithiocarbamate anion16. The RHdtc- nucleophile reacts further with 
the intermediate reactive species (I) affording the desired complex (111) and X- 
which, in succesion, is cuptured by the electrophile species (11) to give also the un- 
symmetrical [ ~ i X ( ~ ~ d t c ) ( ~ ~ h , ) l  complexes. 

( 1 1 )  

SCHEME 1 

It- 

These new Ni (11) 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 diethyf ether, 
carbon tetrachloride and water. 

All the compounds were characterised by elemental analyses (Table I), spec- 
troscopic.methods (IR, 'H NMR, UV-Vis), magnetic measurements, and in seQeral 
instances the monomeric nature of the products was established by mass spec- 
troscopy andlor osmometric molecular-weight measurements in chloroform. 
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TABLE I. Analytical D a t a  for  S o m e  Ni( 

Compound m.p.("C) 

), Pd(I1) a n d  Pt(I1) Dithio-compounds. 

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

The IR spectra (Table 11) of the I M X ( R H ~ ~ C ) 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 dithio-ligand is established by the position of the band in the 
1400-1550 cm-' region. This region is associated primarily with the ccthioureides 
vibration and is attributed to the vibration of the SzC--NHR bond. An increase in 
the double-bond character of the C-N bond results in higher frequencies for this 
vibrationls. 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(I1) to Ni(I1) 
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;lg 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 alzo. This is, however, contrary to the 
suggestions of Coucouvanis and Selbin et a12'.22 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 
complexes22. 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 IM(BZH~~C),(ASP~,)I 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) 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 11. Relevant IR Frequencies (cm-') for some Ni(II), Pd(I1) and Pt(I1) Dithio- 

*vs = very strong. S = strong. m = medium. W = weak. br = broad. 

compounds with their Assignments (KBr discs). 

960s , 

972s 
980s 
968s 
982s 

l OOOm 
1005s 
990m 

1008m 
978w 
995m 

1003m 
982w 
998m 

Compound 

The IR data, the diamagnetic nature of the complexes under investigation and 
their stoicheiometry allowed us to suggest a ~ ~ u a r e - ~ l a n a r  configuration. This struc- 
ture was further supported by the 'H NMR data (Table 111) of the new compounds. 
Thus, although the 'H NMR spectra of the bis(N-benzyldithiocarbamato) complexes 
show one sharp peak for the N-CH, protons2, 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 : l  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 s p e c t r o ~ c o p y ~ ~ .  

v(N-H) 
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TABLE 111. 'H NMR Data for Various Ni(II), Pd(I1) and Pt(I1) Dithio-compounds in 

9.01(t. 3H. CH,, 3 J ~ ~  =7.0 H d * :  6.5-7.02(m, 2H, CH,); 2.69(m, 15H, C6H, 
7.21(d. 3H, CH,, JHH =5 .0  Hz): 2.65(m, 15H, C6HJ 
8.75(d3 6H, CH,, VJHH = 5 . 0  Hz); 4.87 (m, lH, CH); 2.64 (m, 15H, C6HJ 
8.53(s, 9H, C-CH,); 2.42(m, 15H, C6H,) 
6.256, 3H, CH,); 2.60(mu, 19H, C,&) 
5.416. 2H, N-CH2);2.51(m, 25H, C,H,) 
5.26(s, 2H, N-CH3 
5.266, 2H, N-CH,); 2.58(m, 20H, C6HJ 
5.32(s, 2H, N-CHJ; 2.44(m, 25H, C6Hs) 
5.25(s, 2H, N-CH,) 
5.24(s, 2H, N-CHJ; 2.54(m, 20H, C6HJ 

*S = singlet. d = doubjet. t = triplet, m = multiplet, mu = multipiet 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, I1 and 111) which are attributed to the chromophore group NCS,.26 
The assignments of these bands as intraligand transitions are in accordance with the 
results of CND012 quantum chemica  calculation^^^. The most intense band I is due 
to an intraligand x*-IT transition of the N-C=S g r o ~ ~ ~ ~ . ~ ~ .  The position of this 
band is slightly affected by the nature of the central atom. Usually, the frequencies 
follow the order Ni<PdzPt 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: 

B U ' H ~ ~ C  2 EtHdtc L p r i ~ d t c  2 MeHdtc > p-MeOPhHdtc > 

p-MePhHdtc > PhHdtc > p-CIPhHdtc 

A similar order was suggested by Eley et a130 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 11, which appears as a 
shoulder, is also due to a x* - x transition of the S=C--S group and is associated 
with the inequivalence of the C=S bonds of the ligands31. In the spectra of the ar- 
sine adducts, however, band I1 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 I11 was 
assigned by several authors to an x*  - n electronic transition located on the sulphur 

while others assigned it to a charge transfer from the ligand to the 
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 x* - n transition, because it is known that an increase in the 
electron density of a chromophore group results in a blue shift of the x* - n band35. 
Finally. bands IV, V and V1 are due to charge transfer (CT) transitions. These bands 
are analogous to the C T  bands observed in square-planar complexes of D4h sym- 
metry and are assigned to 'A lg., 'BlgC- lAlg and 'Eg +- lAlg transitions, 
respectively 36.37. 

TABLE IV. Electronic Spectra of some Ni(II), Pd(I1) and Pt(I1) Dithio-compounds in THF. 

I Compound 1 Band l I Band ll  I Band;, 1 Band IV 1 Band V I B a n d  V1 1 

*v/KK **logemol ***~h = 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 

SCHEME 2 
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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 I M I ( R H ~ ~ C )  (AsPh,)] complexes is represented by scheme 2. 

Experimental 

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 (60MIc) 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 CH2C12 and T H F  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 HglCo(SCN),I 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. ThT 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 methods38. 

Preparation of the Complexes 

Bromo (N-alkyldithiocarbamato) triphenylphosphinenickel (11) - A solution of 1 
mm01 of the appropriate I ~ i ( R ~ d t c ) , l  complex in 50 ml of diethyl ether was treated 
with 0.74 g (lmmol) of I N ~ B ~ ,  (PP~,) ,(  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 (11) - A suspension of 
the complex I P ~ ( B Z H ~ ~ C ) , J  in a small amount of toluene was treated with triphenylar- 
sine (1:l 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) triphenylarsineplatiMum (11) (70- 
80% yield). 

Iodo (N-benzyldithiocarbamato) triphenylarsinepalladium (11) - The complex 
I ~ d ( ~ z ~ d t c ) , ( ~ s P h , ) l  (1 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 o f  iodo (N-benzyldithiocarbamato) triphenylarsineplatinum (11) (60-70% 
yield). 

nspihtlvrl 

Czqv spyaoia a u ~ q  napao~&uai&zat Kat yshsza~at yta ostpa vBwv ao6pysrpov 
610sto~apPayt6t~hv o u y n h o ~ w v  zou Ni(II), Pd(I1) Kat Pt(I1). lTpos&ivsrat a ~ o y q  
Cvaq ntBavo< y q ~ a v t o y o ~  yta TO o~qya.r toyo zwv o u y n h o ~ w v  zou ysv t~o6  r6rcou 
I N ~ x ( R H ~ ~ c ) ( P P ~ , ) ~ .  0 1  s v h o s t ~  a u ~ i <  61antozh0q~&, p& Paoq (paoyazoo~orct~a Kat 
yayvqz t~a  6~6opCva, 0.t.l ~ X O U V  &Tiil't&67] TET?C~YOVLK~] 60pjl. E n i o q ~ ,  6ta7Tt(3~~6qK& 
o n  o ~ y  E V W ~ E L S  TOU z6rcou I ~ ( R ~ d t c ) , ( A s ~ h , ) l ,  o Bva~  6t0sto~appayt61~6< 
urco~azaorurq~ 6pa oav y o v o 6 p a o z t ~ o ~  6ozq<, ys ouvircsta 01 E V ~ ~ E I S  a u r b ~  va &p- 
cpavi(ouv aptOpo ouvapyoyfl~ ~ i o o s p a .  M E  Paoq TOV apt6po ouvapyoyil~  at zq 
6tayayvqztcil z o u ~  q6oq, ouynspaivstat ozt q 0 < & ~ 2 0 ~ q y t ~ i l  TOUS 60yq sivat q 
snircs6q z s z p a y ~ v t ~ i l .  T i h o ~ ,  T O  y s y o v o ~  o n  o h a s  6 t 0 s t o ~ a p P a y t 6 t ~ o ~  
ono~azaozCtzq~ ouv6kzat ao0svBozspa ys TO K E V Z ~ K O  yhahho, sntzp6rcst zqv 
~ 6 ~ 0 h q  a v z ~ ~ a z c i o ~ a o f l  TOU arc6 dlzoyo tw6iou Kat TO oxqyaztoyo zwv av~iozotxwv 
tw6orcapayhywv, I M I ( R H ~ ~ c ) ( A S P ~ , ) ~ .  
N. 
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Introduction 

Aagiotensin 11, a linear octapeptide hormone with amino acid sequence Asp-Arg- 
Tyr-Ile (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 potencyl-3. In this paper I report the syn- 
thesis and biological activities of two new angiotensin derivatives with adipic acid 
(Scheme). 

S C H E M E .  Structures of adipoyl arzgiotensirl arzd dimer with amino terminal groups of the two 
angiotemitf inolecules coupled to the carboxyl groups. 

Methods 

/ASP', va151 angiotensin I1 was synthesized by the solid phase method as 
previously reported4. 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 O•‹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 O•‹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) Rf 
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 50% ammonium hydroxide to 
visualize the diester. 

Di-(p-nitrophenyl) adipate was further used for coupling with [Asp1, va151 
angiotensin I1 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 I1 with di-(p-nitrophenyl) adipate, 3 mg (0.003 
mMole) of IAspi, Va151 angiotensin in 20 p1 water, 200 yl dirnethylformamide and 
100 p1 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 (1.21153 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 
polyacrylamide5 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 dose-responce cur- 
ves in rabbit aortic strip for the dimer, monomer and free angiotensin respectively. 
The ED,,, values (ED,,, effective dose, which produces 50% of maximum responce) 
are 1 . 8 ~ 1 0 - ~  M for the dimer, 5 ~ 1 0 - ~  for free angiotensin and 2 ~ 1 0 ~ '  for the 
monomer. 

Discussion 

Two kinds of monomers were formed during the coupling reaction. Both are 
adipoyl 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. I t  shouid be noted that SDS 
electrophoresis was mainly used to verify the dimer from either free tor adipoyl 
angiotensin, whereas paper electrophoresis at pH's reported above was used to 
characterize adipoyl angiotensin fraction eluted from the second Biogel P 4  colum. 

Since the coupling amount of di (p-nitrophenyl) adipate is 100% excess, 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 (.--m), free angiotensin (0-0) and 
adipoyl angiotensin (P-P). The vah,es are the average of three experiments. 

The dimer and monomer were assayed for their contracting activity as described 
previously4. 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 enkephalins3. 
It was found that dimeric enkephalins show increased affinity and selectivity for the 
6 receptor. 

Derivatization of angiotensin I1 at the N-terminal aminogroup with low molecular 
weight residues such as acetyl, propionyl e.t.c. has been reported6. Other high 
molecular weight derivatives such as poly-D, L-alanine-angiotensin have also been 
reported7 and their biological activity was found to be 50% of the action of pure 
angiotensin. 

Summary 

Two biological active derivatives of angiotensin 11, the dimer with amino terminal groups 
of two angiotensin molecules coupled to the carboxyl groups of adipic acid and the monomer 
adipoyl-angiotensin I1 have been synthesized. 

Key words: angiotensin 11, di-(p-nitrophenyl) adipate, biological acivity. structure-activity 
relationship. 
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