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SUBSTITUENTEFBIXTSONFLUOPINE- 19 CHEMICAL SHIFTS IN BENZOBIcYCL0(2.2.2)KTEN-l-YL FLUORIDES 
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Inverse Sunrnary: 19F substituent chemical shifts (SCS) of m and psubstituted benzylfluorides 

are shown to have their origin in hyperconjugation involving the CF IS - bond. 

Although the perturbation of 19F chemical shifts of arylfluorides by the electronic effects 

of rate substituents is now reasonably well understood in terms of the local n-electron dis- 
. 

tribution round the fluorine nucleus', the corresponding situation for stereochemically well- 

defined alkylfluoride systems2 poses a conundrum within the framework of current chemical shift 

theory. Thus, for most of these latter systems, tit not all 2d, the 19F suhstituent chemical 

shifts (SCS) are in the opposite direction (inverse subst-ituent dependence) to expectations 

hased on the electron density parameter dcnninating the decisive paramagnetic contrtition 'cc 

19F chemical shifts. 

Perhaps the roost dramatic exemplification of this phenomenon of inverse 19F SCS are the 

results for substituted banzylfluorides 
2c,2i 

and fluorcxnethylnaphthalenes 
2f-g . Here the effect 

is of such a large magnitude as to encourage an investigation of its origin in the hope that 

this will shed scme light on the dichotomous response of 19F chemical shifts tc substituent 

electronic effects in general. Thus, we present herein preliminary 19F nmr data for two new 

sterecchemically well-defined rrodel systems (6- and 7- substituted I-fluoro-4-methyl-1,4-ethanc- 

1,2,3,4-tetrahydronaphthalenes, 1 and 2 respectively) which contribute significantly in this 
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regard. The most important feature of these new lTode1 systems is that the CF bnd is constrained 

to the nodal plane of the adjacent arormatic 71 system, thus, the effect of substituent electronic 

perturbations on the 19F chemical shifts of henzylfluorides can be assessed in the ccxrplete 

absence of hyperconjugative interactions involving the CF a-lxx-d. The 19F SCS for 1 and 2 are 

shown in Table 1 together with the correspxxding values for the previously reported neta-and e- 

substituted benzylfluorides in order tc facilitate comparisons. 

Acursory examination of the data listed in Table 1 clearly indicates that for a series of 

substituents covering a wide range of electronic effects the 19F SC.5 for 1 and 2 (formally para 

and n-eta orientations respectively) are confined to a very narrow range (< 1 p). Note that 

this stands in striking contrast to the large effects obarved in the corresponding banzylfluoride: 
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Substituent (X) 

No2 
CN 

-3 
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TABLE 1. 19F SUBSTITUENT =CAL SHIFTS (SCS)a'b 

Benzobicyclo[2.2.2lccten-l-y1 Fluorides c,d Benzylfluoridese 

1 2 para neta 

+ 0.69 + 0.31 - 8.10(-8.86)f - 5.10(-4.68)g 

+ 0.09 - 0.20 - 7.68(-8.41) - 5.03 

+ 0.59 0.00 

+ 0.52 + 0.07 

- 0.04 + 0.79 + 2.82(+2.74)f - 2.82 

- o.49(-o.74)f - 2.99 

- 0.18 + 0.46 - 0.98 

- 0.07 + 0.11 + 2.95(+3.03)f + 0.44 

+ 0.04 - 0.15 

- 0.29 + 0.73 

+ 7.79(+7.46) 
f - 0.94 

F 

CR 

Br 

CH3 
NH.CCC!H3 

NH2 

m3 
a. In ppn. b. A positive sign implies deshielding. c. Solvent, cyclohexane. d. Accurate 

to + 0.01 ppn. e. Taken from ref. 2c. Solvent, ccR4. f. Taken from ref. 2i. Solvent, 

tCCk3. g. This study. Solvent, cyclohexane. 

Moreover, the signs of the shifts for 1 and 2 do not indicate a general pattern consistent 

with inverse subetituent behaviour. Thus, we believe the results for 1 and 2 offer ccmpelling 

support for the idea 2c,3 that hyperconjugation involving the CF bond is indeed largely responsible 

for the large inverse 19F SCS of benzylfluorides 2c,2i 
and fluorcntethylnaphthalenes 

2f-g . Now since 

this electronic interaction provides a mxhanism by which substituents in the aryl ring of 

fluorcmethylaromatics can strongly polarize the u electrons in the 2py orbital of fluorine, ht 

not the 7~ electrons in the 2pz and 2px orbitals which are responsible for aryl 19F SCS', it is 

tempting to speculate that inverse substituent behaviour is a manifestation of their dominant 

redistribution. In other words, substituent-induced l9 F chemical shifts depend not only on the 

total charge density on fluorine but also on the symmetry of its distribution. Thus, the 

direction of 19F SCS in alkylfluorides may, in scae instances, be finely balanced since the 

relative extent of polarization of the u(2py) and 1~(2p~ and 2~s) electrons will depend signif- 

icantly on the electronic structure of the bonds in the local vicinity of the fluorine atcan. 

The full data for 1 and 2, including their syntheses and a 13C nmr study, will be presented 

in amainpaper. 
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