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Sunmary: Ab initio molecular crbital -- 
CRNH+md~NcpIcN',~~tethat 

substituents is significantly gmater 

the indid.chldl groups. 

The concept of %qto-dative* radical 

andacceptorsubstituentsonthesame 

calculations cnthamAelcapW-dativemdicals,EH2- 

simltanecusstabilisationbypidonarandpi-acceptor 

than the additive substitueti st&.lisation enqgies of' 

stabilisation, in which the synergetic effect uf donor 

radicalcenbx leadtoanenhancedstabilisationover 

that expected fmn the sum of the stabilisation energies of the individual substituents, has 

beendevelopedJnducperimerrtallyverifiedpcincipallybyVi~andhis cmmrkers,al-&houj$ 

othershavemadesi@ficantcxWributions.l This effect, alsc ham as ?mmstabilisation"2 

was anticipated by Dmm in 19523 in one of a series of papem cn mdical stabilisation. 

However, arecent gmeral,mtical sMy of radial substituenteffects failed tc reveal 

anyexhastabilisatianincapto-dativemdicals. 4 Uehavenowusedunresticted Hartrw+Fock 

ab initiomlecularorbitaltYecxy5 at the ful_lygemneWyoptimized split valence 4-31G6ba5is _- 
set level to investigate the intmactlmk of a pi-clonm and a pi-acceptfr hound to the same 

radicalcentm. As amdeLsy~~,the~~CHBH2MdiaalcanbeocsrrparedwithNH2CH2' and 

"aM2 

I 
. 7?Yl.eqand BE+mupshavetlleadvantage thztthen-effects canbe "-h.utiofr'by 

90 rotzdm. We~atsocansidc?lledtheMI*~Mdicdl,~~isclaselyrelakdtoF;pecies 

studied experimentally. "' The z%suLts at-e shcwn in the Schenxz and in the Table. 

The BH2m2 rxidicalismststable intheplamrC+ dmtion,I. Ecrththe H-$ atxINH2 

gmups in I showlarger mtationbamiersthanintEenmosuixtitutedradicals, Varxi VII. 

Iktation of the BI-$ gmup (I-III requires 25.0 kcal ml-', comgmed with 8.1 kc&L ml-' in 

Q%H2' tv* VI). Similarly 90° rctation of the amino grow (I + III) requires 19.5 kcal I&_-~ 

bmgared with 5.6 hEI1 iIx& for the mnusubstituted~dical <VII* VIII)). Simltaneous 

retatim of both subatituents (I+ Iv) reqk 23.6 kcal m01-~. 13lesemtaticnbamiers, 
which are roughly equivalent to pi stabilisa-ticxn energies, indioate that XE$CBBH2' has u-17 

kcah& extra stabilisaticn arising fmn the capto-dative intemction of the t+m substit- 

~~.Thest-3LbilisstionenergyrclativebocH~' forEH.$!HNH ’ (defjr&byEguat;ian118 is 

33.4 kcal ml-' , cuqr& with 10.2 and 10.9 kcal ml-' far &et NH CH 
respectively ~TalzleI. The extra (capto-dative) stabilisation in I Zs 

or 12.3 koal ml? This value fortuitcuslyis similar inmagnitude to themsananwm 
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scheme. sabstitited msthyl radicals. Rrtal energies bartrees) frcm W/4-31G//4-31G calcu- 

lations; relative enerf+es kcaMr~31-~ 1 of v.3rious confaticne are given in parentheses. 

Point groqs resulting frdn ccinplete geomeb-y optkization ax showr~; point grwps in paren- 

theses~icatethats~l~geometricalcons~~werei?lposed. 



of the ally1 radical,g which is isaeletic and isosB with I. Ek3ththeallylradical 

and I benefit from ndelocalisatirmof Ulre~! electruns over+&e centxes. 

NHp12BE12 + G-y rn2cHBH2' + cH4 (1) 

S~l~,theNH~~Mdioal,fX,shawsas~yhi~rotat~~~ (M-X,7.5 km1 

ml-'> than NH2CH2 (VII-VIII, 6.6 kc&l ml-'). lhetotalstabilisation ofIXrelativeto 

CH3' ITable) is 26.1 kcalml-2; this is 3.Y koal ml" mre than ttte sum of the stabilisaticns 

of NH&T-$ (10.21 and Nccq 112.5 kcallrOl-ll.lo T% captrrdative effectthemfcre oan iead 

to significant eW stabilisation of disubstituted radicals. (The earlierfailure 

to find W stabilisa%m 
4 
in IX was due to irmmplete geometry ~imizations.1 

lhe originofthise2&m stabilisatirmi.smnsteaailyseenusiTlgastepwise~~ti~ 

mm app?Oa&.ll Iligun2s l(a) and l(c) show the orbital in$xmotions mqmnsible for stabi- 

lisation ofaMdicalcentrebyapi-acceptcrrandapi~,l?es~~ly. Aoneeledzm 

interaction of the mperturbed mdical SW with an accxqtm mbital (A) results in stabili- 

sation Wig. l(a)), Ackmoqon theotherhand, stabilisesviaathme electmnintemction 

wig. 1w~;12 theresul~ si&yocoupiecl orbital Clabelledlc1, in Fig. 11 ishigherin 

eneqythanthe mperturbsdradioalSCWt. Ccmsequently,swha danarsubstitutedradicalis 

ameffectivecme-elmYmndonorthan its unsubstkrkd counterpart. FQms l(b) shows 

the interactionof~hedonor substikutedraciical.orb2tal~2with theacoeptororbiti,A. 

Sinoe the energy gap betwsenw* ardAin Fig. l(b) is smaller than that between SQMU and A 

in Fig. l(a), stabilisatim by the aooeptm in the capa>dative radical (Fig. l(b)) is mcrre 

effective than in the momm&%ituted radio&_ (Fig. l(a>). The pwturbation argmmtcanbe 

recast:the lower lying singlyoccup~edNoofanacceptor mbstitutedradicalinteract6 mre 

favomblywithadmmr substituent (~int~~arbitdl~lwelsareclosert~~ler).l' 

Cqto-dative stabilizatidnisof i+wtame, mtjustwithfreemdi~ls,Jxtinmanycrt~ 

contexts.1-3 

Table. Stabilisatim Emq.iesa of Radicals 

Stabilisation Cap&-Dative 

Radical Confmmticm =@mY,~la Stabi.lisationb 

H2C-BH2 V 10.9 

H2C-NH2 VII 10.2 

H2C-CN XI 12.? 

HP-2 
I 33.4 12.3 

H2NCWN IX 26.1' 3.rrc 

aEkw!donM3';seeEquation1. b Stabilisatim in excess of the sun of the stabiU.sations 

of the individual substitients. 'See footnote 10. 



..I.... . . . . .._ --.- . . . . . . . 
InteMcthafan~ Fiiwrel. radical orbital WMO) in (aI with avxantacceptor 

c&id., !~,ti in (c) with a filled donor o&it&L, D. Tklatterresultsinanewsingly 

occupied orbitdl,(v2. 

(b?. 
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