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a, B and Y deuterium isotope effects have been used extensively to probe the nature

(a)-3(1)
3(c)

of the norbornyl <:at.i<m3 generated solvolytically. Of special interest has

3(d)

been the work of Murr et al. and Boric et al.

which showed that the isotope

effects for the exo-norbornyl-6-d- and endo-norbornyl-6-d-brosylates are 1.10 and 1.00,

respectively. We have prepared and solvolyzed the exo-norbornyl-5-d- and exo-norbornyl-
5,5-d2 brosylates (la and 1b) to check for (a) non-bonded effectsu due to deuterium

and (b) stabilization of the norbornonium ion via hyperconjugation to the C-5 hydrogens.
To calibrate the results exo-norbornyl-6-endo-d-brosylate was also prepared and

solvolyzed. We report the results of the study in this communication (Table 1).
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Table 1, Data for Acetolyses of Norbornyl Brosylates at 24.90 + 0.02o

Compound kH/kDa (HOAc-KOAc)
endo-5-d- 1.01 + 0.01°
endo-5-exo-5-d, 0.99 + 0.01°
endo-6-d- 1.11 » 0.01°

8petermined by monitoring the protium and deuterium compounds simultaneously
in the same thermostatted spectrophotometric compartment (C. G. Swain and
C. R. Morgan, J. Ore. Chem., 29, 2097 (1964)) and corrected for incomplete
deuteration. ~ T T

bAn average of four runs; 95.1% d., 4.9% d_ species as determined mass
spectrometrically at 10 eV on the norcamphor.

€an average of four rumns; 91.6% d_, 6,4% d1 and 2.0% do species.

2

din average of tws runs; 81.2% d, and 18.8% do species.

The syntheses of the la and 1b began with the reduction of 22 with NaBDu in EtCH to
a 85:15 mixture of the gzgfnorbornyl-5-gﬂgg-hydrcxy—5-glg-d— and 5-endo-d-5-exo-hydroxy
ac€'tates, The hydroxyacetate mixture was converted to the mixture of the brosylates
(m.p. 70-81%) witn brosyl chloride in pyridine. lc was obtained in one step from the
brosylate acetate mixture by using LiAHu.in refluxing ether to accomplish the displacement
of the hrosyiate6 and the reduction of the acetate, “hen LiAlDA was used 1d was obtained.
To prepare le reductions with NaBHh and LiAlD“ would be required. 1lc and 1d, isolated
by preparative gas chromatography, weres99% pure and > 99% stereochemical pure exo.

3(c)

A new and novel route to gzg—norborneol-6—gggg-d was used. We found that the
addition of DOAc to 3-bromo- and 3-chlero-nortricyclene yields deuteriobromoacetates and
chloroacetates, respectively.7 Reduction of the deuteriobromoacetates with LiAHh in
ether and the deuteriochloroacetates with sodium in isopropanol gave, in each case, exo-

norborneol-6-endo~-d 85-90% stereochemically pure endo at C-6 as estimated by a comparison

of the fingerprint region in the infrared spectrum to that of an authentic sample.8
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Since the change in the non-bonded interactionsu'9 (contributing to the ground
state energy) should essentially be identical when a deuteron replaces a C-5-exo-H or a
C-6-exo-H (likewise the endo-Hs) within the eclipsed butand® structure as viewed along the
Cc-5, C-6 bond, the results in Table 1 show that (a) the non-bonded interactions of deuterium
at C~5 and C-614 and (b) hyperconjugation to the C-5 protons are not important in the
solvolyses of 2-X-norbornyl systers, The latter removes the possibility that loss of
hyperconjugative stabilization via the C-5 hydrogens contributes significantly to the rate

13

retardation observed by Greever et al. in the solvolyses of norbornyl-5-keto - brosylates.
The results also provide the first experimental evidence that hydrogen (deuteron) shifts
followed by internal return to brosylate contribute negligibly to the isotope effects as

predicted by Nurr et a1, (3¢)

This work has also provided a general route to previously
unknown norbornyl-5-d systems and an alternative more direct route to exo-norborneol-6-

endo=d.
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