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Electrophilic addition of trifluoroncetic acid to norbornene and related olefins 

has been found to exhibit 811 of the characteristics of 8 corbonfum iOn process. 
2 

The intermediate in most likely to be 8 Classic81 2-norbornyl cation, since deuterio- 

trifluoroacetoxylntion of norbornene Was found to give 99.98$ of exe-norbomyl-tJ - 

trifluoroacetate consisted of 37s of exo-34, 26s of l yn-7-2, and 379 of the bydride- 

shifted products on the baais of the lD-lDIIt analysis of the corresponding ero-norbornen- - 

01-i and the E2 elimination product of the tosylate. 
2 

To confirm that no rearrangement 

of the label was involved during these transformations , direct examination of the labeled 

trifluoroocetote by using the widely employed lanthanide-induced shift technique would be 

the moat unambiguous 8pprO8Ch. Bowever, trifluoroaeetates ahowed negligible eignal 

shifts with Eu(dpm)3. 3.4 A number of more powerful shift reagents here been studied. 

Tria(1,1,1,2,2,J,~-heptafluoro-7,7-dimethyl-4,6-octanedionafo)ytterbium(III), Yb(fod)3, 

woe found to give the first example that induced downfield signal shifts for nearly all 

protons in exo-norbornyl trifluoroacetote, whereas Eu(fod)3 and Eu(tfn)35 - brought about 

only U small signal shift for the endo- proton. 

The ehift reagent ~86 added to a carbon tetrachloride solution of exo-norbornyl or 

exo-norbornyl-2 triflUOrO8Cet8te 8s usual. - gep8r8tiOn Of signals was reelired had the 

molar ratio of Yb(fod)3 to substrate was greater than 0.3. Although the overlap of 

signals with residual peak8 of Yb(fod) i6 inevitable, 

signals could be integrated6 
3 

individual oignola or a group of 

by appropriate choice of the concentration of Yb(fod)3 added. 

The E-norbornyl-tJ trifluoroacetate (I) obtained from the reaction of norbornene with 

deuteriotrifluoro8cetic acid W8s 8n8ly%ed accordingly. The result8 are ahown in Table I. 

The distribution of deuterium is eeoentially the s8me 8s has been observed (vide 

eupro) . In addition, the Mount of deuterium 8t the anti-f position can also be 

determined. The trifluoro8cet8te I W8e reduced to the corresponding alcohol II, and 

the Eu( dpm) 3 -shifted spectrum of the latter ~8s then neanured. At the Eu(dpm) 3 to 

substrate r8tiO Of 0.7 the deuteriuP distribution vas found to be 35s at exe-J, 2s at 
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Table 1 Deuterium Dirtribution in E-norbornyl-4 Trifluoroacetote (I) 

Molar ratio8 
Chemical rhift,$ ($ D) 

endo- 1 exe-3 endo- eyn-7 4 anti-7 5.6 

0.38 7.14 3.52 ( 2.07-2.87 )b ( 0.87-1.98 )b 

(0) (0) ( 64% ) (35s) 

0.42 8.19 4.04 3.37 ( 2.5O-3.00 )b ( o.gu-2.00 )b 

(0) (358) (2az) (35s) 

0.61 12.92 6.10 4.27 3.28 2.37 (0.97-2.10)b 

(0) ( O ) (12s) (24s) 

8 Yb(fod)f/aubetrate. b Overlapped eignale. 

endo-3, 26s at eyn-7, 155 at anti-7, and 22s at exe-6, and exe- and endo-5.6 The 

analyeee for I and II are coneietent with each other , and are in excellent agreement 

with that hae been eetabliebed. 
2 

In conclueion, the preeent etudy bared on the analyaia of Yb(fod)3-rhifted rpectra 

of trifluoroacetate I confirme the reenlte previouely obtained from the analyeeo of the 

alcoholic and olefinic derivativee, and the formation of a claeeical 2-norbornyl cation 

a8 an intermediate in the addition of trifluoroacetic acid to norbornene l eeme to be 

08t of question. 
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