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TtENMkItUd8 

Fnm this oxidation paenthl. md the mduchon poteatinl~ of l aumber of submates repad to be r&cd by 
BNAH. the ruts of tbmul onezkctroa tmnsfer from BNAH IO tbm r&tram were ettimued vb tk 
Mm-Wetkr fehth for aumpke oa*kctmn mfsfet T&de akuhlcd rua UC mny ardcrs of m&m& 
bwcf lhul cxpcfimcnw fates npoflai for tbc oventl r&ctbn procems. nil weins to caclu& owrspbwc 
olledwolltnnrlammiaamsdhwrrrpiawch~. 

Go the basis oi isotopic labclliq’4 aed ESR experi- 
moot? one&ctroo trxmfer hss been dvoate& * es 
the primuy step of the overxll hydride trxosfer from 
I,4dihy&opyridines to m8ny substr8tes. FuuErmon 
wvenl phot&nduced hydride trxosfet rcsc&ms of 1.4. 
dihydrowridintr hve been reporu&““J witJmut 8 
&sikdcon&kratioooftheprinmrypbococbemicrl 
process involved. A closer cx&natioo of the ekctroo 
&nor proper& of I,4dihy4fropyridiocs both in their 
mod 8od ekctroaicdly excited stxte is thuefore 
required to check the “one+kctron au&r” hypothesis 
in the lii of current the&es”“’ of ekctron tnnsfer 
~s;v~s.~t p8per des&es wlme result!? of 

. 

&enchhg of dih@upytfdine fluonrcmee by drrrnm 
accepfors. Ftim I system& study on the fluorescence 
of l&Jihydropyridiae derivatives in the presence of 
n&cuks of rektively low Edution potentisl we heve 
fottodthatthislhwmrcmcc ise&kntlyqueochcdbyr 
oumberofekctronauXptormokcuksitlrvuktyof 
solvents. lIlis pknomcnoa wu qusJltit8tively in- 
vestiptad for l-bcnzyl-l&dihydrooicotin&i (BNAH) 
in am&rik solution, for which some rekvxot specuxl 
purmclarurcolkctedioT&k I. 

B of BNAH Ilmraccace (excited in 8 
uwele& region kyood the qumcbu rbrorprion) by 
the ekctroo w I-11 (see T&k 2) obeys the 
Stu+Volmer nktioo (I): 

IaIl - I + kgIA1. (1) 

In (I) IJl represents the ratio of the lhmrescence io- 
tensitks meuurcd in the rbscnce ([A] = 0) Igd in the 
presence of the qumchcr A; 7 the duoferccnce liietimc 
for(Aj-OudL,~ntecomuntoftbcqucnchhtl 
ptOtXSS. 

IoTebk2theL,vduuohuincdforthcqutDcben 
l-11 8re preseoted @gether with hhemii drtr on 
the r&u&n potentials @(A-/A)) of these quenchers. 

The free entftalpy cbrnlc upon onc-ekctron transfer 
fromx&ktexcit&dooormokcuk(D9tomekctron 
xcceptor mokcuk (A) in a polar solvent un he ul- 
cokt&.lS from eqution (2): 

AU WA = &D/D*) - E(A-/A) - 'AbdD.1 - C. (2) 

In (2) ‘AI&@? Indieucr the O,t%excitxtion eocrgy of D 
which xmounts to 7l.SiO..5U.mol-’ for BNAH 
(mirror point of ahofphn and emissioo), whik C in- 
dicates the samll dditiooal coulotabic subilitrtion of 

which mount3 to &out 0.06 elP*” in 

Ilw okkctm oxidation potential ~E@/D*)) of 
BNAH cennot be meuural precisely’*’ by ew 
chemical methods, bec8use of the irrevefsibk osture” of 
this oat+kctroo olidrtion oo the time sak of eke- 
tmched -us From fut-sweep (up to 
200 v . I-‘) vdtrmmctric mcuufc~tt“ in 8cetlmiti 
Ibcoxid8~potctidtbtdib~syr- 
tunmsyhoweverbeutimucdtolkinthcngcof 
0.64 V rektive to the utumted alomel ekctrode. 

It is paerxlly ucepted” that the free eotbdpy of 
wthtion for elcctmo transfer (AO’) can be cakdatd 

TabhI.spmnl . . . 
pmmctm(cketmichwplioomdc&4ioa)fat-beazyt-Iv (BNAJf) ia 

acadikfotatim8t1Q 

A ,,(nm) ';,,,(Cm-'X103) c(l.mol-'.om-') r(mec) 

4bsorDtion 348~0.3 28.7 -%30 

Eaianion - 322 22.6 0.76=0.03 



Accovtor -E( A-/r)?! k a kt&o-9 
(Volte) LL-‘) (Lmoi-‘.e-‘) 

a,a,e-trifluoroaaetopbenone 

dietwlfumazate 

dfmethylterephtbalate 

beorophenone 

l-c~anonaphthalme 

l cetophenone 

S-etilbew 

cyanobenreno 

methjlbensoate 

e-no 

+methylnaphthelene 

1.46 

I.50 

I.78 

1 .SC 

I.96 

2.10 

a.204 

2.35f4 

2.37 

2.49 

2.54 

13.0+_0.7 

11.&_0.6 

13.1++7 

12.v.7 

11.9~0.6 

7.1&Q.a 

5.8*0.3 

3.79.3 

2.330.2 

0.@.05 

a.02 

17.&_1.7 

15.F_l*5 

17.2~1.7 

16.~_l.7 

15.6*_1.5 

9.0*_:.- 

7.e1.0 

4.%_0.9 

3.0$.7 

0.13+0.06 

x0.03 

5 In acetonitrile relative to tkm saturated calomel electrode. 

9 Slope of the Stem-Volmer plot (cf. text). 

E Calculated for T l 0.76 + 0.03 rmec. 

~lkomlwf. 31. 

2 Value meuured in dimetbjl?ormenide cf. rrf. 9. 

ftotDtbet8teofe~ttM8fet(kSvieqn(3). 

I/r, - I&m + lo-” exp (AG’/RTl. (31 

proau.In8rigwlutreumcot~*, 

ffomeqn(2)_udAG’&$bcensbolvlPtokv8Iidfor 
8wi6cruyrofpotitive8lMloeg8tiveAGv8lucsfor 
outuapbete ekctron tr8mfu. 

In (4) AG*(o) repmenu tbc ha cttthdpy of 8caivhon 
foroaaspbmekctmtndcrwbceAC3=0(e~for 
ekUOltCxcbrrPp).l%iS*bhWlPt0dcpeodonly 
s&My on the x$vent and the ‘ype!f atolmk invdved; 
A valw ?f AGl~~l(ohc8&lol has bee0 ubpu!d 
inwetolde 

laFilthefel8tjDn&L,dAGu~ 
bycqn0)xad(4)issbounu4aiauy.pwbawsrrtbc 
exporimmtrldUafarquench&ofBNAHihmmmce 
bycmpoundrl-11bBvebeco~withAGvxhlex 
cakuhcdfrom(2)farmBNAHoxiduioapomtialut 
8t E(Dm~)=0.76*0.02v. -tbc &vi&m of tbe 
mwured~v~fromthetbl!ofcticrlcurveirintbe 

umcozderofmg4titdeutheirexpuimeatdun- 
cednty(s#Fr.landT~2). 

ItbthnconchMtlmtq~ofBNAHOwnt- 
ana by l-11 involves outefspbere ekctroa tnnrfer in 
wbicbBNAH8ctsu~ekctrondooorwithraoxid8tioa 
potehl of 0.16~0.02V. 

h@k&MuforlkmcchanIsmof rtdvctbntm~t$ 
by 1,4&ydrq~yAdi~~. Pboh&wl reduction of 2 by 
BNAH bu beeo reported” to occw with low qwntum 
yidd. From tbc prrrnt dur 8 phowii one&c- 
tK’tltt8=fCfM!CllUVaylihlYUtbCprimuy~Sh 
wcbpbohhkdtthoa8. 

Dfmoreh!restboweverwetbetbemMlly8chted 
ralucth medhtcd by IAdibydropyridim like BNAH, 
w&b 8rc coalawely dtnote@ 88 mollcl rystemr for tbe 
NADHcmxyme.TEefrceeatldpychtgefortbcmd 
ekctrontmaferfromDtoAin8pdusolvcotcurk 
ev8lu8t8d in uulory with (2) from qn (5): 

ffiDn= qDw)- EJA-Ml-C. (5) 

Siwe we brve Aown tht 8 vrlut E@/D+)-O.76V. 
rppli#toBNAH,&,,~mwkakuhtedfor8ay 
combimtioe of BNAH with 8 compomd (ulbrmte) of 
kDoun feddon potentiml @(A-/A)). IlLen the me of 
oute@ueowektrootna&r(L3fromBNAHto 
tlliss?Mr8tec8nbccdcuwdvin(3)8od(4). 

If outwpbw ekctroa arasfcr is iavdval in the 
auc&nimof~nofrsub6trqtcbyBNAHtbc~ 
v8lwtlmsc8k&ud8hoddequ8lorexceedtbeovenll 
ntec.ow8nt~oftllenductionproceu.It8teco* 
shntr (k&j for l.+dihyhopyridine medhtai fcductions 
Uerarcdy8hhbkiatbt&U8tUlkT8bk3SUOl- 
muizer8l?UllbUaitbWtkktiC&trtO@bUWitb 
decaoebemrrld8t8onth8subsu8~8a6ther8tccon- 



ontkquestioodooeekamo uoder in lbe mecbmism d rcdocth by NADH-models us 
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F~I.Rchtronktwscot,lad60~1oRcf.I4(dnwo 
curve) end capkmml dmh for quee d BNAH here+ 
ctl~c by l-11 whh eo oxidhoe poteotiel of 0.76r0.02V 

mumed for BNAH. 

Stmts (113 alcubtai for outcrsphcrc electron tmnsfcr. 
It is found that the cxperioentd k v8lucs exc9aJ 

thctAcuhalk,v~bymyhof~ 
&.&I la’- IO” carrcspwdioB to AG’ diheocu 
bctwccn 5 sod 24kcd.lool-‘. It should be sIrcssal thu 
sinccrelxth0)kadstoAG=AG*forstroe&!ycn& 
thumic ekctroa transfer proceucr,tbc-t, 
vduesinTabk3fcpruentxnuppertbmreticdlimii 
Applicxtbn of mother commonly uacd rchtion between 
bGmdAG’rucbuthxtpmposcdbyMxrcus”kxdsto 
even luger dii. 

It is thus coaclutkd ttmt outerspbm ooc&ctrun 
tmoxfcr cannot be involved to my &ikat extent io 
tbC~U&Mc0&kdiOT&k3. 

It h kDown”p thmtiotmctioaofckctroarcccpton 
(most s-y of cuboayl compoueda) with Lewis 

ride may consihbly eohmce their electron xhity. 
The rtivation energy for ckctroa tnasfer can substxn- 
tidly k lowered by concertal hwis xcid cmplex- 
xtiDa= of the devdopil@ subxtntc mdiul xnion, a 
pxtbwry which rvoids the bigb energy in~i 
involved in either outmpha electron transfer to or 
Lewis xcid campkuoioll of the subsmte. mu OIY- 
dectroa uumfer llmy bamnc hporlant in l.kliby- 
dfopyridinc muii~tcd raluctions u&r the inlluence of 
ekctropbik atdystx. ma9 The pus&k occurrence of 
such a mccbanism will be the subject of furtber in- 
vestigation. 

-AL 
I-kaxyWdibydmhkkk (BNAH) wes prepued 
oaard& lo the litenmep l&p. Iam (llec.). coalpouodr 
I-11 (ICIC obhned comtoerciaUy md purifkd by steodud PO_ 
cedkuea wbeeever oecamty. kemhik d Merck (humaoce 
8pedmapyprdc)waslnedwithoutfwuJefpurihho.uv- 
ebmpbmp. were atamed O(I l Cuy 17-D recohg 

homeocesJlednwereleaNdedwilba 
moaed ail8 spemhhetef klcrii chewbwe.” 

letbeqomcb&eapuimemseoc~n~beymd 
keqwmcberr~(nofmelly#OomknaOnmiot&acc 
d 4.4 and 7’) YU sekcted. The Buomccnce imuity vu 
oKthredu66onm(~ominlhecueof4.6eod7).lbe 
BNAHcoacenmtionwuLptrrbou~IO-‘md.l’wbJrI& 
queocbercoluauuhwe8ke8sedioei&lslepauploebaul 
O.lmol.l-’ for tk mofe eaciml qumcbas sod up (0 
0.5mol.r for lbe kasl e8ciiI queocher (II). The dete were 
Ihe evelulled glpbiaHy vie Ibc common SIem-VoImer pbt- 
9 p!oceda The !aern-volmer pbls were iilleaf wilhoul 
&c8lmo8 for poufui-stele comp&xelioa even 8l lbc i@csl 
qumchu corKaeatiom. Dqa&l# of cbc lohkas vu found 
lo hwe no dclectabk idum~ on Ihe homcence iotemity. in 
roabaecwichtkrbocclif&~~fBN~HlIt~o~~c~~~. 

homceeu lifetime of BNAH wes masti by mothrig 
tbc~acrdrcry~140nmofrI.sxl0-~md.l-’dution 
in ecelonihk vie lk sill& p4otoa Coullti~ leclmique’ upon 
cxchtioo u mnm wilb piwsecood pulses nsultill# hal 
frequeocy m d Ibc pubes obhed by mode-locked 
synchrooouspumpisldrdyehser(Cr49Owithhduniee6G 
as Ibc laser dye) with eo argon-ion laser (CM es desuibed 
cluwbwe.” The Ouoresceoce Mowed a sin& exponential 
deaywiulr-O.76t0.O3mec. 

Kkaochiiulreductioopoleotiwere~el2lrCoo 
e Yelmh IS261 imrmmcOl by DC-pdurlnpby et Ik dropping 
mercury electi (Metrohm E-X4) relative to en WA&l. KCI 
hI$y t-O!2 V fe+e. lo fbc s8aueted cebmeJ ekc- 

rc(onmik corwlmrpl ccvwlhylunmoaium perch 
lore& (0.1 mol. I-‘) es l suppomnl ekctrolyte. 

Acho*lrlpllarl-We hak Mr. D. Bebehu from tk Pbysial 
camiroy hpaftment who curied out tbc lifetime masure- 
meals. 
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