Tetrahedron Letters No. 13, pp 1207 - 1208, 1977. Pergamon Press. Printed in Great Britain.

-
i
]
=
=y
<
S
(& ]
-
2
(=)
]
e
"3
E
5}
-y
(-n
in
£}
-1
ol
hd
o
2
&)
4
-3
-3
[~
-3
=
I~
&
!ﬁ
<
>
(v}
=
=3
o=
|'i

M SHIF ) JETATE BSTERS. D.E_'I‘_F!B_MI-.ATION OF
DEUTERIUM DISTRIBUTIONS IN EXO-NORBORNYL-D TRIFLUOROACETATE!

Kwang-Ting Liu

Department of Chemietry, National Taiwan University
Taipei, Republic of China

(Received in Japan 15 February 1977; received in UK for publication 21 February 1977)

Electrophilic addition of trifluoroacetic acid to norbornene and related olefins
has been found to exhibit all of the characteristics of a carbonium ion procoll.2
The intermediate is most likely to be a classical 2-norbornyl cation, since deuterio-
triflaoroacetoxylation of norbornene was found to give 99.98% of exo-noerbornyl-d
trifluoroacetate consisted of 37% of exo-3-d, 26% of syn-7-d, and 37% of the hydride-
shifted products on the basis of the 1H-NHR analysis of the corresponding exo-nmorbornan-
ol~-d and the E2 elimination product of the tolylate.2 To confirm that no rearrangement
of the label was involved during these transformations, direct examination of the labeled
trifluoroaceiate by using the widely employed ianihanide-induced shiit technique wouid be
the most unambiguous approach. However, trifluoroacetates showed negligible signal
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protons in exo-norbornyl trifluoroacetate, whereas Eu(fod)3 and Eu(tfn)
only a small signal shift for the endo-2 proton.

The shift reagent was added to a carbon tetrachloride solution of exo-norbornyl or
exo-norbornyl~-d trifluoroacetate as usual. Separation of signals was realized had the
molar ratio of Yb(fod)j to substrate was greater than 0.3. Although the overlap of
signals with residual peaks of Yb(fod), is inevitable, individual signals or a group of
signals could be intagrnted6 by approp;iate choice of the concentration of Yb(fod)3 added,
The exo-norbornyl-d trifluoroancetate (I) obtained from the reaction of norbornene with
deuteriotrifluorcacetic acid vas analyzed accordingly. The results are shown in Table I.

The distribution of deuterium is essentially the same as has been observed (vide
supra). 1In addition, the amount of deuterium at the anti-7 position can also be
determined. The trifluoroacetate I was reduced to the corresponding alcohol II, and
the Eu(dpnjj—shifted spectrum of the latter was then measured. At the Bu(dpl)3 t
substrate ratio of 0.7 the deuterium distribution was found to be 35% at exo-3, 2§ at
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Table I Deuterium Distribution in Bxo-norbormyl-d Trifluoroacetate (I)

n Chemical shift, § (% D)
Molar ratio™

endo-2 1 ex0~-3 endo-3 syn-7 & anti-7 5,6

0.38 7.14  3.52 2.07-2.87 )®  ( 0.87-1.98 )°
(o) (0) ( 64g ) (35%)

0.42 8.19 4.0  3.37 ( 2.50-3.00 )® ( 0.90-2.00 )®
(o) (35%) (28%) (35%)

0.61 12.92  6.10 %.27 3.28 2.37 (0.97-2.10)"
(o) (0) (12%) {24%)

e Yb(fod)}/cubltrate. b Overlapped signals.

endo-3, 26§ at syn-7, 15% at anti-7, and 22§ at exo-6, and exo- and endo--5.6 The
analyses for I and II are consistent with each other, and are in excellent agreement
with that has been established.’

In conclusion, the present study based on the analysis of Yb(fod)s-nhifted spectra
of trifluoroacetate I confirms the results previously obtained from the analyses of the
alcoholic and olefinic derivatives, and the formation of a classical 2-norbornyl cation
as an intermediate in the addition of trifluoroacetic acid to norbornene seems to be
out of question.
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