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LONG-RANGE DEUTERIUM ISOTOPE EFFECTS ON FLUORINE-19 CHEMICAL SHIFTS OF 4-SUBSTITUTED
BICYCLO[2.2.2]0CTYL- AND BICYCLO[2.2.1]HEPTYL-1-FLUORIDES : DEUTERIUM AS A SUBSTITUENT
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Summary : ’H/'H isotope effects on the '°F chemical shifts of 4-substituted bicyclo[2.2.2]oct-
1-y1 and bicyclo[2.2.1]hept-1-yl fluoride are significantly shielding and deshield-
ing, respectively. This result is consistent with deuterium being viewed as an
electronegative substituent relative to hydrogen when attached to an sp3 hybridised
carbon.

In recent papersl’2 we have shown that the !°F substituent chemical shifts (SCS; o-elec-
tron density monitors) of 4-substituted bicyclo[2.2.2]oct-1-yl fluorides (1) and the corres-
ponding bicyclo[2.2.1]hept-1-yl fluorides (2) are strongly regulated by the electronegativity
influence of the substituent. The origin of this unusual long-range substituent factor, which
effects opposing contributions to the '°F SCS of 1 and 2, has been ascribed to "through-bond"
and "through-space'" g-electron delocalization phenomena. More recentlys, our investigations
have revealed that the '"through-three-bond" or c-resonance effects of MMe, substituents (M=C,
Si, Ge, Sn, and Pb) in 1 parallel the order of hyperconjugative electron release of CH,MMe,
groups attached to aromatic systems. Thus, in view of several recent studies4 which have
established that long-range deuterium isotope effects in benzylic systems (neutral and charged)
arise from isotopic perturbation of hyperconjugation (o-m) and are transmitted via the T-system,
we decided to examine the effect of deuterium as a substituent in 1 and 2 for two main reasons.
Firstly, the propagation of intrinsic secondary isotope effects through more than three bonds
in aliphatic systems are, in general, essentially zero.5 Thus, the observation of significant
isotope effects in 1 and 2 would be strong corroborative evidence for the transmission of
substituent electronegativity effects by o-electron delocalization mechanisms in these saturat-
ed systems. Secondly, model systems 1 and 2, being rigid substrates which provide '°F SCS
unencumbered by steric and conformational effects, offer a unique opportunity to unequivocally
ascertain the electronegativity of deuterium attached to a sp® hybridised carbon in the neutral
ground state. This is important in connection with the rationalization of long-range intrin-
sic isotope effects within the framework of the organic chemists' conventional substituent
effect model (Halevi approach)G. On the basis of their vibrational origins, the complexities
of predicting these effects presents a daunting problem7.

The deuterium derivatives (X=D) of 1, 2, and 1-substituted (X)-4- (p-fluorophenyl)bicyclo
[2.2.2]octane (3) were prepared by a standard procedure (RSSnD/AIBN)S’9 from the corresponding

bromo compoundsl’z’lo.

The latter compound (3,X=D) was required in order to define precisely
the electrostatic field influence of the deuterium substituent (GF effect). It is known that
the '°F SCS of 3 provide an excellent measure of o parameters (pp(c-CeHiz) = 2.70)1’10. The

19F scs (ppm)11 of 1, 2, and 3 (X=D) in c-Cg¢H;, are -0.060, 0.055, and -0.003, respectively.
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The latter SCS leads to a Op value for deuterium of -0.001, a result which is in remarkably
good agreement with a value (-0.0011)12 previously determined by Tafts' fluorophenyl tag
methodology. Thus, within experimental error (* 0.002 ppm), the polar field due to C-D
relative to C-H is effectively zero. Clearly, the large upfield (or shielding) and downfield
(or deshielding) 2H/’H isotope shifts observed for 1 and 2 (vide supra), respectively, which
are the largest isotope shifts over five and four bonds ever observed in neutral systems and
which are invariant to solvent (c-CgHi», CDCl;, or DMF), can be ascribed exclusively to
o-electron delocalization phenomena (vide supra).

Most importantly, the pattern of the 2H/'H isotope shifts in 1 and 2 (negative and posi-
tive , respectively) is identical to that induced in these systems by electronegative substit-
uents. Hence, deuterium is behaving inductively as an electron withdrawing substituent
relative to hydrogen. Although this conclusion is not in accord with several other observa-

, it parallels the decreased hyperconjugative electron donation of the benzylic C-D
bond relative to the C-H bond4. Furthermore, it is in accord with a previous conclusion14
based on the observation that inductively induced vicinal !°F SCS of deuterium and electro-
negative groups in saturated fluorides have the same sign (negative) and angular dependence
(maximized in the antiperiplanar arrangement). We believe that the observed upfield 2H/'H

isotope shifts on *°F shielding in 1 and vicinal systems (H(D)-C-C-F) suggests a common origin
for both perturbations, namely, charge transfer out of OCF* by o-electron delocalizationl’2 on

and o, *-

*~0ccOCH CF

replacing H with the more electronegative D atom i.e. perturbation of Ock

Oen hyperconjugation in the former and latter systems, respectively.
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