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FluorinatianofnorborneneIwithxenandifl~rideusingarecentlyreported~~~prcr 

cedure1selecti~yproduced2-exo-5-exo-difl~~~~eIIandthe~~2-endo-5~ -- - -- 
difluxonor~rnane III -* This selective,direot synthesis of the tmimmaric 2,5-difluomnor- 

bornanfz as major products is without precedmx inpreviouslyrepartedstudiesofhalogenand 

interhalogen additions lmnorbornene. 
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Past mrbornene fluorinations 2-3 and one interhalogen 'bromine fluoride" addition to nor- 

lxnnene4 resulted inthreemajorproducts ammnto eachreactionsystem. Fluorinationwith 

lead tel~aace&&e&dmgen fluoride in a Freon 112/methylene chloride solvent produced 2-exrr - 

7-anti-difl mromrbornane~, 2-exo-7-~+ifluoromrbmnaneVa, anda mrtricycylfluorideVIa - - 

as tbamajorreactionpmdu~ts.~ Areportedreactionbetweensubstituted difluoroicdobenzenes 

amdrrorbornene inamethylenechloride/hydrogenfluoride solvent yielded the same threepmducts3; 

arXl inbothcases cited, the2-exo-7-syn-difluoromrbornaueVawas thepredanirm tspecies. Re- -- - 
actionbeQneennorbornene,~~~~de,and~~~fluorideinethergenerated"hmnine 

fluoride" and resulted in the sam @XI analogous 2,7-disubstituted products lT&, Vb plus a dif- - 
ferentisic nortricycylderivativeVIIb.4 Very recently a hydmgm fluoride catalyzed reac- 

tionbetweenmrborneneamdxemndifluoride inmethylenechloride solve&was reported.' Seven 

products me isolated with the major product being a nortricycl fluoride VI> (37-44%). Can- 

~CWKIS 11 (6-12%), III (13-23%), E (16-20%), E (S-6%), 2-=3-~ifluoromrbormne (l-6%), 

and 2-errdo-3-exo-difluoronorbornane -- (1-11%) were present in low to mderate distribution. Co- 

incidently, this laboratory conducted similar mrlxzmene/xemndifluorideadditions usingboron 

trifluoride etherate as theLewis Acid initiating species. 

F&ported in this paper is the first selective, high yield synthesis of the exo-exo- and -- 
emdo-exo-2,5-difluoromrbmnaneisanersby thisboron trifluorideethsate initiatedmrbornem/ -- 
xemn difluoride reaction. Additionalcharacterizationof these novelccpnpounds is also provided. 

Interestingly, the 2-em-7-~luoromrbomane~, ~cduced as thepredminan tderivative in - 
allbutoneprevims norbornene fluorination, 2-5 

was mtdetectedevenas a traceproductfrun 

thisborontrifluoride initia~reaction. 

Fluorinationof norbornema withxenondifluoride ina stirredmethylene chloride suspension 

was initiated with boron trifluoride etherate in a standard pyrex round b&tan flask. At -78°C 

reaction was extremely slm during the first 5-6 hours. !Ihecoolingbathwastheninsul.atedti 

allowed towanngradually Mvard anbienttenperature duringthenextlS-16 hours. Thereaction 

was worked-up as previously outlinmL1 Iscmeric prcduct analysis, separation, and isolation by 

glpc was generally amlished prior to final solvent rmoval using a 10 ft. by & in. 10% 

Cmbmax 2OM colum packed with 80/100 mesh Chrmasorb W. Despitethehighlyvolatilenatureof 

thediflwromN iscmers, in vacua solvent removal did provide a Sl-76% crude yield of 

bmmnish waxy solid comprised of the three isaneric difluoronor!mmanes (Equation 1J.l' 

Spactralcharacterizationof z, III, and the analogous 2,3-isaners only recentlywas re 

parted.5 I-kmever, duetoanexpect& spectralsimilaritybe~ 2,5- and 2,3-difluoronorbornane 

i-s,~deuteriumlabelirqonoIlevi@positionof tbemrbomene reactant12 was employed to 

establishunambiguously II and IIIas being 2-exo-5-exo-difluorormbornane and 2-e&o-5-exe- -- -- -- 
difluoromrbornane respectively. The 2-em-S-exo-difluoromrbornaue II is a volatile white solid 

(rtp 106.0-107.2°C, sealed capillary)13 andgivesthe $ 
- 

m spectmm illustrated in Figure 1. 

Figure 2pmvides the 1H nmr spectrumdisplayedby 2-endo-S-exe-difluoromrbornane -- III,which 

also is a volatile white solid (zp 105.0-107.0°C, sealed capillazy).14 Mass spectral data which 

shaws the 2,5-di.fluoronorbor~r?e isanerswithabasepeakm/e= 86 andthe 2,7-difluoromrbornane -- 
~idingan81basepeakis identical to that rep~rted.~ 
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Figure1 Figure2 

Equationloutlines the highly selective nature of this reactionwhenrunover the entire 

20-22 hour duration at -78% to near rocan temperature. When the same reaction is conducted at 

-46T to -39T for l-1/4 hours and guenched, glpc analysis reveals II, III, and IVa are initially - 
present; however IVa constitutes the predcminant iscaner &uation 2). Studies conducted with - 
mxxodeuterovinylnorbom~ indicate II and111 are directly fomedfluorinationproducts. Selec- -- 
tiveisaneriz.ationofIVanostlytoII and to III inminoranrnmtsoccurredduringtheextexkd - - - 
20-22 hour reaction conditions to provide thenmxz selective distribution displayedby Eguation 1. 

The iwization of no-mane fluorides in the presence of hydrogen fluoride has been reported.5 

It is reasonable to suspectthatboron trifluoride etheratecatalyzes a similar LewisAcid 

iscmerizationduring the reactiondescribed. Themechanisnofourboron trifluoride etherate 

initiated reactionappears toproceed throughamonofluoronorbomylcationr~anganentandis 

supportedbyoursonodeuterovinylnorbomene fluorination results. Recent fluorination of 

norbomene with xenon difluoride using hydrogen fluoride catalysis produced two difluomnorbornane 

isomers proposed to resultfruna radical cation or pure radicalpawy. 5Theanal.ogouSboron 

trifluoride etherate initiated reactiongave Iso products corresponding to those fonuad franthe 

proposed radical cation or pure radicalnechanism. 

The striking preference of boron trifluoride etherate initiated norbomene/xenon difluoride 

fluorination to provide mjor isaneric difluorides not encountered in other fluorination, 

halogenation, or interhalcgenation addition reactions is quite unique. The substantially sore 

selective product fom-etion canpamdto theanalqous hydrogen fluoride initiatedreactiondefines 

a direct fluorination pmcedure that provides a high yield synthesis of the exo-exo- anden&- -- 
exe-2,5-difluoronorbomane isaners. - The unigue selectivitydemonstratedby theboron trifluoride 

etherate catalystwith the convenientlyhandledxenondifluoride reagentisa significantcontri- 

bution to the direct synthesis of novel or irrportant organic fluoride products. 
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