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Abetract: wehemn?portmmoandAMlcahllationsfor~~~ 
GIiEFIindicate thatanhcrease inthSirangularStraiIliS acmrpanieaby~J= 
negative reducticn potentials as masured tlUuuc@ their ILM) energies. Ths 
theoretically predicted reactivity agrees with that detem&& experhmtally. 

The dissociativeornak-dhsochtivenatureof theelectrcmcapture reaction 
forthecmpamdsi5estimatedthroughthelocalizatialofthecarresponding 
radicalanim i&em&i&es asminiram ofthepotentialsWfaces. mrca1culatiaIs 
indicate that forbridghadchlorides, whichleadtopyrmHal radicals,ths 
electrcn transfer isanm-dhsociativestep, whilefor t-kutyl chlorih, the 
process is dissochtiveleadingtoaplanart-htylradical. Thepmsence of a 
suhtituent thatlt3mzsti~oftlx3halobr~cmpamJs increases their 
reactivity in ET reactims. Thiseffectisexplainedthra@anoxbitalmixingof 
themleallarorbitalsinvolvedintheJ3rprc#3s. 

Strain energy isan hportantmncqtbywhichnotmlytheprcperties ht also the 
chmical reactivity of bridgehad cmpoumk can be e.xplai.ned.l 

Fbr instance, the reactivity of bridge&ad halides in nuclecphilic stitituticn 
reactions that take place~aclassicalpolar~isn(~l)canbe explained cm 
thesebases.ThesestudiesindicatethatanincreaseinthestrainenergydifferencebetkJeen 
RliandW prcduces adecrease inthe rate amstantof the solvolytic reactim.2 

Ch theotlnxhatxl, an~2process ispxecludedforthistypeofsuk&ratesdueto the 
steric hhkanoe to backside attack of the nucleqhile. ~Rxentlyithasbeenprcposed that 
the gZprocesscanbe~ideredtotakeplacethroughanelectrmshiftor, inothr 

words, anelectmntransfer (ET) a campaniedbybondreorganizatim, thatis, breakingof 
the R... Xbom3andfoImationoftheNu . ..R kxxd4 When the polar mchamisms are not favored 

by steric, electronic or strain factors, the ET. takes place without bond reorganization.4 
mismcanoccurspal~ ly orthrmgh lightstimlaticn.Oneof themchanims thro@~ 
which this typeofxeactimcantakeplaceistkradical nucleophilic substitution, or 
~~l,whichhasprwedtobeanexcellent~yof generatin~Ladicals.5 

The &,,l m&an&n hasaninitiationstep~~correspadstothefo~ticn of the 
radical anicm of the substrate, usuallybyaqmntaneous (them3l)orphotoisth~latedET 
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frm ths nucleophile (eg. 1). ThemdicalanionofRXthusgenerated fragnents into a 
radical and the anicm of theleavinggrmp(eq. 2). Theradical can react with the 
nuclecphile to give a new radical anion (RNu)~ (eg. 3)thattrausfers its extraelectrcnto 
the acceptor RX which untinuestbpr0pagationcycle(eg. 4) (scheme I).5 For mst 
haloalkanes the EC step hasbeenamsideredt0bedisscciativeandeg. 1 ark5 2 occur 
sinnlltaneously.~ 

SCHEME1 

For 
of 

InitiationStep RX + Ru- -------> (RX)7 + Rll. 1 
Propagation Steps (RX)- -------> R. + X- 2 

R. + Ru- -------> mu)7 3 
(RN+ + RX -------> FtNU + (Fac)i- 4 

It has been sbm that severalhalobridgekad halides react by the S,,lmechanian.~c~7-9 
all the Substrates sttiedandwhenk-amoriodowsre thaleavinggrmps, good yields 
sukstitutim pmducts ware &k&led, while for 1-chlof0 derivatives only a low 

percentage of reacticnwas okeervedwithl-chlomadamm tane (40 % of halide ic0 liberation 
in thepbtostinnAatedreacticnwithPh,P icn inliguidammmia, lOOmin). 7 This lack of 
reactivity was ascribed to a slow initiation step.5= 

Cmtheotherhand, intheelectrochemicalstudyof 1-iodo- bridgeheadcmpumds it has 

been found that the reductimp&entialofthe substrates becums mrenegative as their 
strain increases; hmever, this trend reverts bey0nd 1-iodobicyclo [2.2.l]kptane.l0 

In order togainnewinsightsintotksubject, ueperfonredatkoretical study to 
detemine thestabilityof halobridgekadradicalanionsaswAlas thedepemknceof the 
reductiou potentialofthe mrrespmding neutral -with the angular strain energy 
oftheparenthydrocarbons. Also, w studied theoretically the l-chlombicyclo[2.2.2]octan- 
2-me due to its remarkable high reactivity in &,,l reactions in canpariscm with other 
chloro derivatives.11 

All the calabtions were carried out with MRDCVZ or AMI '~asin@mentedinthe AMPACX 

package14 witbut any assunpticns in geumatric parameters. The restricted or unrestricted 
versim of theseprocedureswereuseddependingontheeledronicnatureof the structure 
under study. The stati~rypointsdetelminedwerepraredtobe so through the calculation 
of the comespmxbgHessiannbatrix. 

The size of the mleculesof interestaswell asthepresenceof halogen in their 
structures madethe use of ab initiomtlmds, includingp0larizaticn functions and heavy 
halcgenataneffecttobe out of ourre~ources.1~ C~-I theotherhand, it has bempr0vedthe 
goodness of MNEU and MfI for predicting the right order of mlecular orbitals eigenvalues as 
well as for studying the minimm energypotentialsurfaces of different types Of reactions. 
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InTableIwepresentthe~andAMzILM)~i~energiesfor~ l-7. Ths rLM3 
ei+nvalues calculated by AMldifferfrantl~X4DOamsbyafactorthat&pemds on ths 
halogen invo1vedintheca1culatials. Thesedifferencescanbeascribsdtodifferences in 
halogen aton pamnstrizatim witbin both procedures,16 althaighwithbothm&hcdsths sam 
tremdisolxerved. 

For all the mrpollnds umder study (l-7)ths calculated Lum's correqxmd to an 
antibmdingcPc-xbclmd. 

_Hx j&J /J /pJ 
X X 

1 2 3 4 

5 6 7 8 

Ths hybridizatim n&e1 predicts that the smaller bond angles foumd in a system with 
angularstrainshouldresultinanincreaseintheecharaderofthestrainedC_Cbondsand 
hance in an increase in the s character of the associated C-H bxmds.17S1B An empirical - 
expression has been proposed to relate the C-H coupling constant lJ(13C-H) to the percent 2 
character Of the bond.19 It has also been reported that a carton beamss nmre 
electrmegative as it is subjected to mre angular strain.20 

InTable Ithestrainenergy, the 1J (IT-H) bend ccupling an&ants of the bridgehead 
carbm aswellas its psrceut~characterarepresented fortheparenthydrocarbons of the 
bicyclic caqmumk under studyaswellasthemain results of our calculaticms. 

It can be seen that the MNW and AM1 w eigenvalues for the halobridgehead aqounds 
correlate perfectly MA1 with the exqfximntally determined one-M cwplins 
constants J(13C-H) of the bridgehead C-H bond (average r = 0.97) (Fig. I). Ths best 
correlations were obtained with the WLX~ method. The calculations thus indicate that an 
increase in the angularstrain,masuredthroughthe s characterofthe bmd, is accanpanied 
by an increase in the LLM3energyofthe strained canpcxmds. Cmsidering the Ll_MI eigen- 
values as a mamreofthe rcducticmpotentialof theEu(mnpwnds, tkseJx?sultsleadusto 
prcpose that an increase in strain atthebridgekadcarbon is accuqzaniedbyadecrease in 
the photcetimulated outer sphere electron transfer rate for the parent RX ampamds. 

1-Chlomadamantane, which has ,bsen shawn experimkally to have a low reactivity,7 is 
calculated by MNDC to have a LIM) eigenvalue of 0.809 ev. We can thus expsct that l-chloro- 
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2.0 

7.4 

14.4 

40.0 

68.0 

154.7 

LUKI Eigfmmhe~ 'J (IJC-H)a R. Baxl Angle 
m m % sd - Angle m AM5 

__----__-----~- -------_---- ____________________~~~ 

0.638 

0.317 

0.236 

1.375 

0.649 

0.339 

1 119.99 119.w 

0.809 1.443 

0.493 0.765 

0.380 0.444 

0.835 1.439 

0.513 0.752 

0.397 0.429 

0.995 1.589 

0.657 0.896 

0.538 0.528 

1.043 1.570 

0.702 0.885 
0.588 0.501 

1.269 1.718 

0.919 1.082 

0.820 0.662 

1.292 1.716 

0.936 1.073 

0.841 0.655 

0.450 0.723 

133.5 (26.7) 1 115.04 114.60 

2 109.29 109.20 

134.0 (26.9) 1 115.25 114.00 

2 109.17 109.80 

140.0 (28.0) 1 106.27 105.09 

2 101.14 101.22 

1 106.74 104.35 

2 106.89 106.63 

160.0f(32.0) 1 91.80 92.55 

164.@(33.0) 2 87.92 88.87 

154.0 (30.8) 1 93.45 88.59 

2 90.35 90.30 

___--_______-__--___----~~-----~-_____------~-----~_-----~~~~~~ ________-----__------~_---- 
a) E. W. Della, P. T. Hine, H. K. Patney, J. Org. Chem,s, 2940 (1977) and references cited 
therein: b) Franklin's group equivalents were employed in determining the energy of the 
strain free model: c) K. B. Wiberg, Angew. Chem. Intern. Ed. (Eng). 25. 312 (1986); d) %s 
character for the bridgehead C-H bond, %s = 0.2 J("C-II). e) t-Butyl radical is calculated 
to be planar while ab initio calculations indicated that it deviates from planarity by 22.1° 
see: M. Yoshimine, J. Pacansky, J. Chem. Phys., 3, 5168 (1981). f) G. G.Levy. R. L. Lichter. G. 
L. Nelson,Nuclear Magnetic Resonance Spectroscopy 2nd ed.; Wiley-Interscience: New York. 
1980. g) R. M. Jarret. L. Cusumano, Tet. Lett., 2, 17; (1990). 
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A x = Cl 

X X=Br 
ox=1 
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'J (13C-H) COUPLING CONSTANTS 
FIG. I : Plot of MtKD LWD eigenvalues (eV) of RX cmqxmds vs. 'J ('JC - H) coupling constants 

oftbeparentt@mmkL% 

bridgebead anpomds withbigberUM)'senergies (bigberangular strain) than l-chloro- 
adamantane will bs unreactive tmard plmtostinulated radical nuclecphilic substitution 
macticnsbyPl+P icnsinliquFdamnonia.Thisproved~rimentallytobethecase.~= 

All the brum and iodo derivatives experimentally studied (2,3,5) and calculated to have 
a 1-r Wtbanl-cblomadaman tane gave good yields of substitution react&m, with the 
exceptim oftert-txltylbalides. Eliminatimwas tbemain reactionwitb t-butyl bmnide, 
while an &,l mechanisn~ operated with t-kmtyl chloride.21 

Another point of interestistbenatureoftbeprocessofelectmcapture by alkyl 
halides, wbicbbas been proposed tobedisscciati~e.6 The electron cxpturewillocc~ in the 
at C-X orbital, provided there are no alternative low lying orbitals available in group R. 
This my leadtoapotentialminimmwiththethree-eledranbcnd intact. Alternatively, 
there IaaybenOsuchminimm, in such case the electrmtransferprocessis dissociative 
leading totbeno~l~lproductsR.ardX-ortoalooseccnplexbe~them. Tbelasttype 
of interaction has been detected by e.s.r. spsctrosq.z~ 

Itbasbsenproposedtbatti radicalanicnsarestablespecies wbenemrthe radicals R. 
fom frantbmarenatuzallybentorpyramidaland the rebybridizaticm energy release of 
R. isl~rthantbedissociationenergyof tbs radicalanicmwbareas ti radicalanicns do 
not exist as intemlsdiates wben tbe radicals formed fran themare naWrallyplatlar.~J.~4 

Bicyclobridgekadradicals have apyramidalstructureand~~ri~zaticnisprevented. 
For this typeofaqcnmds, tbs radical animswilltbenbe stable species. The radicals 
generatedfrmccqmnds l-6 have bsen calculated by AMl and IWB0 (Table I). The bad angle 

attbebridgekadcarbcn is taken as an indicaticnof tkde~iatim fmnplanarity. 
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Inordertodetemim thaexistenceoftkRXradicalauicnsasmininun ofthepotential 
surface, wepnxeededtocalculatethexadicalarlialsofmrpcxnds1, 4andsas 
representatives. The calculaticnswere carriedcutwith the restricted andunrestricted spin 
WxsialofAMl. 

TheIzKli.calanials derivedfranonpamds 4 and 5 (X = Cl) were detemimd to bs stable 
species thmughthecalculaticnsofthemrrespadingI;brceccnstants~trixles. InTable 
same relevant properties for the species arepresented. In the radicalanim of ccnpounds 4 
and 5 thereisonlyasmallelaqatia~of theC-Clbmd(ca. 0.3R)fmn the equilibriun 
distance in the neutralmlecule. E&the radical animof unpamdl the calculatiam 
indicate that the potential energy Irblimm co- toaloose 
Cl-In the rxl.i_=l-anicn cmplex the t-kxrtyl vp has a planar 
distance of 3.98 z( (Table 2). In the table is presented an analysis 
spin di&.ributial.~~ 

!rAELEi 2. AMlIJRFSpinlQxrlationandC-C1RardDistanceinChloro 
Radical Anicm C-XDmd Distance (fi) AtanicCrbital 

( )a C 

an@exbetx?en R. and 
gea&xy with a C-Cl 
oftheunpairedelectrcn 

Drid@xzadRadi~lAnicns 
spin popllaticn 

X 
-------------- -_----_________________ ___________---------_--____~~~~ 

A0 
Cl 

2.08 (1.74) 0.65 0.36 

2.04 (1.72) 0.60 0.38 

5 Cl 3.98 (1.78) 0.01 

a) ()C-Cl bend distance for the equilibrium geanatries of the neutral molecule state. 

When theUE13ofthemoleculedoesnotbelcngtotheantibondingdMDof~C-Xbond, 
the situation nbay be different. Ithasbeenskwnthatthepresenceofaoxbcnyl~ in 
carbcn2increases drarmtically the rate of S&l reactions in 1-chloro bridgehead mnpaunds. 
For instance, l-chloro-3,3-dinethylbicyclo[2.2.2.]octan-2-cne (8) reacts t 700 faster than 
l-chlo~tane,while it is cnlyhalf as reactive asl-braux&m~tane. 

The LUKI eigenvalue determined by m for this caqoundz6 is 0.45 eV, CorEspcmding 
this orbital to the n* antikcndingM3ofthe C=~group, while the follcwingorbital in 
increasing energy (0.59 eV) co- tothedantibmdingM3oftheC-C1bond. 

The eigenvalues of ths cP C-Cl bond of onpour& 2 and 3 are guite similar (0.8 eV). The 
cP C-Cl bond of aspa.md 8 is 0.59 eVwith a LU%l value of 0.45 eV. Experimentally it has 
beendetenninedthatcanpamd8is onlyhalf as reactive asl- Wtanewhichhasao* 
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C-l3.r LUO 0.49 eV. 
The bigb reactivityofanpaml8canbeexplainedamsi&ringtbat it receives tbe 

eledmninthefC=OMDtofonnradicalanicm9, wbichtbenbyatlintKz5nolecularmto 
tbec? c-C1baldfomBm3icalanim10 (eq. 5),wbicbfragnsnts togivetberaai~ lland 
tbecblorideicns (eq. 6).Theradical11antinuesthechainprcpagaticnstepsofschene I. 

-% 
------> 

J3 
5 

Cl CT 
9 10 

rr* radicalanion a* radicalanion 

10 

0 

------> 25 + Cl- 
. 

6 

11 
Another possibility is that tbe rt* radical anion 9does not actually exist. The ET 

reaction takes place tbraqbanorbitalcrossingoftbeat C-XM3wbicblclkRrs its energy 
andtbelPC=omwbicbincreases its energy leading directly to the a* mdical anion 10. 

Tbe calculatim of 8witbanextraelectrm initsequilibriungeanetryin fact shows 
tbat tbeelectmislocated inawave function inwbicbtbereexists an in-phase orbital 
mixing of the atanic orbitalsof tbeC=O;OC-Clbonds. Theo* radical anion 10 is 
caltxlated to be theorbitalisaneroflawer~rgybyeitherUHFor RHF AMl. We thus 
conclude that the elects transfer step in 2-oxo-substituted anpcmds is accelerated 

tbraqborbitalmixingleading to the@ C-Xradicalanions. 

aPKLUsI(3N: Fnmalltheresultsherepresentedwecanconcludethatanincreaseinangular 
strain energies correlates with an inc mmritinLWDeigenvaluesofbridgelm3dbalides and 
with a decrease inreactivityinreacticns inwbicbET.process esareinvolved. wtmltbem 
is a sutstitumt, suchas2-oxoinl-cblorobridgebeadaqmnds, tbatbas alawLLM3 IT* M3, 
it can receive tbeelectrcnasan internal recbxcatalyst, increasing tbe reactivity of tbe 
substrates in spite of tbe strain energy. 

The reaction istheoreticallypredictedtoforma radicalanion intenn3diat.e whenever 
the radicals formed arehentanddonothavet~possibilityto~~r~zeto a planar 
amfomtimwbilethe reaction is adissociativeprccess forplanaralkylradicals, as in 
tbecaseoft-Mzylcbloride,where a loose radical-anion onplexis created. 

m: ANS gratefully ackncwlmlges receipt of a fellmship fmn C0NICEETbis work 
basbeensqpo~bytbeamIcm,AntorchasFollndationsarla(IMm. 
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