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Hyperhne spin coupling constants (hfsc) of the bridge- 
head protons in bicyclol2l.l]hex-l-y1 (2) and bicy- 
cb[22.ljbept-l-yl (3) mdicah (Fii 1) have been esti- 
mated.‘~ However, the observed hfsc of bicy- 
cb[l.l.llpent-l-y1 radical (1) (Pii 1) has not been pub 
Med. The experimental and the theoretical aspects of 
the long-range coupling constants are also proposed on 
the other bridpehead alkyl,’ axaalkyl’ and habalkyl 
radicals~ Ring has reviewed some of these radicals 
adequate4y~RusseUctaf.haveobservedthebqpange 
couphng in RSR spectra of semidiones?~ with reference 
to these observations, the l-range hype&e inter- 
actions have been explakd by many at~thors.~*‘~ The 
mechanism of the long-range spin coupling and the 
related work3 have been carried out theoretically and 
experimentally.‘1-‘6 Recently a model to explain the 
hyperconjugation and kough-space and through-bond 
interaction in the radicals now of interest has been 
proposed.” On the other hand ab initio study of the 
short-range and long-range interactions in alkyl radicals 
have been reporkd.‘* 

The long-range interaction between remote orbitals 
wasfhstreportedbyHoffnmnndoLwiththe~ 
t@ ‘Pspace” and ‘throueb-bond” inter- 

To date, the explicit calcuhubns of the 
~ndinteractbnshavenotbeencankdout.In 
ordertoexplainthespincouplingmechanisminthe 
tadkalsstudi4anattempthasbeenmadetoeval~ 
quantitatively the tbroueaboaaaadlor~thrauehspece 
hrtera&nsbyusingthebcahxedmolecular&tals 
CtMO). 

The occupied a-spin orbitals were locahed by the 
method of Bdmi&m-Ruedenberg.” The virtual orbitals 
for the a-spin and all of the @-Spin orbitals were not 
transformed into the LMO. The original canonical mole- 
cular orbitals (CMO) were obtained from the INBO 
calculation.~ The local&d a-spin arbitals were used in 
actual &ulations both for a- and ~-spins. Geometries 
used for the radkds in the cakuhuions were assumed 
identical with those of the parent alkane?= except the 
~ofthetavalentCatoms.lheseCatoms 
were shifted 0.1 A inward the rxticals. 

Ihe detded analysis procedure to estimate the effect 
ofaparticular&n&bond or a through-space inter- 
f&ionhasbeendescriiinapreviouspaper.~The 
essential features of the method are reviewed brietly as 
follows. 

We can represent a core resonance integral between 
atomicorbitals,~,and~.,asthesummatkmofthecore 
resonance integrals between the LMO, 6 and +r, 

WhCEZ:and1tJtUCthCCO~tX%OtUUtCCiDtCgralhCtWCCtl 
thcatmixorGtals.x,andx.,atKltha!betwecnthe 
LMO, ch and 41, respectively. By modifying eqn (1). we 
can obtain the value of the core resonance integral 
behveentheatomicorbitaBwhichgivesxeroforthecore. 
resonance in@rals between the specified LMO, and 
gives the core resonance integrals between the other 
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LMO correctly. Tbat is, 10 v 9 
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Fig. 2 Diagmo of long-lallgc protoo hfac (0) in bicy- 7.72 
clo(l.l.llpnt-1.yl f&dical (1). Broad lioc part ahow8 tbc ia?- 
XIiOOdlOWCdpt.GHbdSiDOlCthYblE~UeilIChdd 
ooth8lioc.Inuleuwwiul-sipbe4weeabd#c~~ i 

mtbedirectthrooohspace intaactiopbctweeatbeprdon 4 

-11 

adtbcoddelcctmil&shufyiaforbiddm,aadiIlthe#Ise 
withouttllcdgIlitiSaaowal.Inallcues,aaoftheviftual 
cditaisillrektiontothcin~arccutcutfnmlfromhinta- 

actims. 

donlimntfactortoaccountforthehfscinthisradicalis 

j 

17.28 

1 

ahseenitlthethroughbondinteractionasinthecase 
of1.Tocom~etheroleoftheshortandthel~path, 
tbeshortonehasamuchlarlFer~ectontbehfscofthe 
proton HI, than the IooJj one. 

z?icyc/o[221]hept+y mdicul (3). l%e observed hfsc 
on H,r is 245G: while the calculated vahte in full 
interaction case (CMO) is cstiamtcd to be 4.19G. ‘Ihe 
present cakuuon rqnaduct3 the ObmvaI one fairly 
well. lllerc are four illtmaion courses in this radical 
except via the virtual orbitals; one dircfzt through-space 
andthrcethm&bondpatha.Ihedircctthrough-space 
interaction in this radical is extremely small. Two long 
paths of this radical are equivalent. The short path has 
the~cstelktofallonthehfsc,whikthelongpath 
has little effect. 

Fw 3. Diagmm of long-w protoa hf~c (G) in bicy- 
clo[2l.I]bex-l-yi radicd (2). IWatkms: = &. 2. 

Zle thmuglt-spuce interacZfon_ The distance between 
bridgehead C atoms, and behvetn the bridgehead carbon 
andthcproton concerned are shown as follows together 
withtllcdircct thm&spa hfsc of bridgehead protons. 

Distance between bridgehead *.:4 2i7 2.323 
carboniltOUlS,A 

Distancebctwcenb~@&ead 284 3.18 3.26 
CUbOlllUldH,A 

Thrwsb-space hfsc @I 4.66 2n 0.59 

Table 1. Analysis of lung-nngc proton hfsc (0) in bkyclo(l.l.llpent-l-y1 rutid (1) 

HfSC Descriptionea 

Through-space (A) 4.66 b-a 

Through-bond by a short path (e) 22.16 c-a 

Through-bond by two ehort paths 42.15 e-a 

Two ehort paths coupling (c) -2.17 (0 - a) - 2(c - a) 

Through-bond by three ehort paths 59.00 9-a 

Three short paths coupling (D) -0.97 (g - a) - (38 + 3C) 

Throughapace and through bond coupling (E) 2.45 (h - a) - [(g - a) + (b - a)] 

Through-virtual8 (P) 17.82 CM0 - (h - a) 

m-1 K!Ho)b 83.93 A+3B+3C+D+E+P 

a See aleo Pig. 2. b pull interaction caee. 
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Fig. 4. Disgm of loa&mge pratao hf8c (G) ill bky- 

cloWllbcpt-l-y1 did (3). Notatiom ace I@. 2. 

llledirectthrougbspacehfsc-withincrease 
in distance. Illerefore the throuebgpace hfsc intimately 
relatestothedktanccbetweenthebri&eh&carhonor 
between the bridgehead carbon and the proton. 
However, the e&t of the direct through space inter- 
actimlonhfscissmalkrthantheothertemMiathese 
radicals. 

Ilu thmgh-bond intemcdon. ‘Ike are two kinds of 
Uwu&bondpathsa.statedintheprec&ng~; 
the short path and the long path. Vi the short path, the 
hfscisgn?atlydecrea&from1to2andremaiusahno!3t 
constantfrom2to3.lIereisanempiricalconcept 
so-caned “W-plan amlngemeIlt” to acunlnt for the 
stereo!xkctivity of the loog-range coupling constants.‘~ 
For example, a large 7 wupling constant observed in 
bicyck$222loct-l-y1 radical may also be mostly 
expkined by the “short path” in&action? ‘Ihis huge 
inter&iouviatheshortpathisattriiktotbeW- 
plan wncept. With regards to the w-plan amulgemen~ 
EJlingx d al. have explained the strong long-faDge ill- 
terwtkninthe7positionbyacomulativeefFectof 
spin &lo&i&on and spin pohuiAo~~‘O ‘Ihe effect of 
this phenomena is partly explained by the present 
analysis. 

Thereasonwhythehfscofthecasescissoditferent 
betweenfotwrampk,laadLinspiteofthe~~~s 
short paths is not understood. We now discuss b&fly by 
takh1gupthecasescofF~.2and3. 

Fmt, aboot 6096 of odd electron (a-spin) still remains 
onthec,carbonafterin~inthecase2asis 
swnanzdinTabk4.Inthecaseoflonlyabout4696 
of it (a-spin) remains on c,. 

Secoad,asfortheHatoms,theoddekctronfromC, 
almosthxaEzeson&illcase1.Intheca!Je2,however, 
for exampIe on Hn2 and Ho a part of the odd electron 
fromC,appeand.Forthesenasoas,asaresultthehfsc 
is~~tintheshortpathsin1andt.Asforthelong 
path,thereseemstobenolargeditTerencebetween2and 
3. 

Yfhc ruie of co@ng tams. For example the spin 
density oo the bridgehead proton which appears via the 
twoshoftpathsdoesnotbec4nnetwi6xthevaloeviathe 
sin&shortpath.Inthecaseofthelongandthe.short 
paths,thecaku&dhfsccannotbeexpressedbythe 
sumofeachthatofthesingkpath.llwsameistrueiu 
thecaseofthreepaths.Wedefineherethedi&ence 
Mweenthecalc&edhfscandthesumofthevahics 
for each path as the “cxwpling terms”. The coupliq 
thereforecanaisobedeflnedbetweenthethrough-bond’ 
andu#wou&qwe- 

Wenowumsiderthelargeco&ngof”ashortanda 

Table 2. Analysis of loq-range protoo hfsc (G) iu bicydo@.l.lJbex-1-g radical (2) 

Ef8C Dwcriptioma 

Through-apace (A) 2.27 b-a 

Through-bond by a mbort path (B) 0.94 c-a 

Through-bond by a long path (c) 1.80 e-a 

Through-bond by a short and a long paths 6.79 g-a 

A short and a long paths coupling (D) -3.95 (g - a) - [(c - a) + (0 - a) I 

Through-bond by two mhort paths 17.30 i-a 

Tlm short paths coupling (E) -0.58 (i - a) - 2(c - a) 

Through-bond by two abort and a long patha 12.31 k-a 

Three paths coupling (F) 1.11 (k - a) - (2B + C + 2D + E) 

Through-apace and through bond coupling (G) 2.28 (1 - a) - [(k - a) + (b - a) 1 

Through-virtuala (Ii) 7.28 CnD - (1 - a) 

b 
Total (Cm) 24.14 A+2B+C+ZD+B+P+G+E 

a See ala0 Pig. 3. b Full interaction cam. 
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Tabk 3. Analysis af bapnnle prataa hfsc (G) in bkyck(22ljbqGyi rdcd (3) 

EfSC Descriptionsa 

Through-space (A) 0.59 b-a 

Through-bond by a short path (e) a.21 c-a 

Through-bond by a long path (c) 0.00 4-4 

Through-band by a short and a long paths 4.23 g-a 

A short and a long paths CoUpling (D) -4.04 (g - a) - ((c - 4) + (4 - a) 1 

Through-bond by two long paths -0.22 i-a 

Two long paths coupling (E) -0.22 (i - a) - 2(e - a) 

Through-bond by two long and a short paths 2.01 k-a 

Three paths coupling (P) 2.04 (k - a) - (B + 2C + 2D + E) 

Through-space and through-bond coupling (G) 0.49 (1 - a) - [(k - a) + (b - a) 1 

Through-virtual8 (Ii) 1.10 CPI) - (1 - a) 

Tot41 m4D)b 4.19 A+B+X+ZD+E+P+G+H 

4 See also pig. 4. b Full interaction case. 

T&k 4. Fmntim ckchm ddtks in HOMO (n-spin) ad iu LUMO (B-spiu) in tbc casea. c of biiyck(l.l.llpcat- 
I-yl (1) ad bkyck@l.l@x-l-y](2) radicals* 

1 2 

a-spin S-spin a-spin S-spin 

Spin density on Cl 0.4623 0.7318 0.5984 0.8075 

Spin density on 86 (1) 0.0891 0.0451 0.0425 0.0225 
or Bll (2) 

Spin density on 811 (1) 0.0002 0.0000 0.0096 0.0052 
or El2 (2) 

Spin density on El2 (1) 0.0002 0.0000 0.0068 0.0063 
or B13 (2) 

a See also Figs. 2 and 3. b See also Fig. 1. 

longpeW’.Thistcrmhasafairlykrgcmhusv&c,tand 
thcsc~coq&@rmsin2rmd3arcnearlycq1al.’zhis 
El@ w”fc”“,M&@ twospaths -ww ill 1. 

lmlwuelytblltthehfncof 
theprotonlmderstudyinradicakwllichllavethelong 
pathisexpcctcdalwaystobeamalkrinvahEthiu 
&hlSCXhthgoalyoftllC&tipoth. 

ZlGrdcOf0&tlUdOddt&.lllCOdd-~the 

bridgeheadproton*appearsViattleVirtualorbicals 

giVes 17AQ7.28 8Dd 1.10 0 of hfsc in 1, 2 3 lwpccevely. 
Thcscvahlcsarcqwlto21%,3O%aad26%ofthe 
vahlcs with full illteraction cane, lwpcctively. From 
tlle#wecaneasilyl-cc@zetllatthespindensitywllkll 
appeara on Ii cuncuwdvktbevirtlmlorbitalsarckaa 
dominnot than that via the occupkd orbitala. However, 
therokoftbevhalohitalsisindiqwabkinthe 
analysisofthclong-rallgccouphgiIlthc8crfslkak. 
CdpIlctd.tE4VC-tlUlttbCanti_boadineorbitcll 

canllotbc~tocstimatethcspindensitiesoilthc 

awl&tic=& ~~_*~~& 

thcmha980me-. 

Intheprcaultpapa,boweva,wccannotobtaiua 

dcdaitc image of the “wupliaga”. For this reason, 
E do of_& throueqspace and &+z throueb- 

mtuwMm8 m thcsc ruhcak and in the other 
rxikalsarcneukd.Suchanattcmptwilllxpublishcdin 
the near future. 

-- 
Ihe mecbaaism of the long-range intcractiun between 

theoddekctnmandthebridgcheadprotoohasbeen 
analysed quantitatively. nle hlg-nqc illtctactioa was 
divided into aevcral terms, which were IusigMd to 

thl of the tilrou&Virhlal tcm is also one of the 
domiaaottcmu. 
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