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FLUORINE-19 RESONANCE IN MONOFLUORO AROMATIC COMPOUNDS1 
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SINCE nuclear screening in molecules Is determined by the elec- 

tron distribution In the vicinity of the nucleus, chemical 

shift measurements provide a basis for evaluating electronic 

theories of molecules. Proton and carbon-13 chemical shifts 

In aromatic hydrocarbons and Ions have been linearly corre- 

lated with charge densitles3, 
4 

proton and fluorine5 shifts 

In benzenoid compounds have been Interpreted using the Hammett 

sigma-rho equation. Fluorine shifts are potentially valuable 
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34 Fluorine-19 resonance No.6 

for probirg electron distribution in monofluoro aromatic COm- 

pounds. The only evidence available has been that of Ito, 

Inukai ant, Isobe6 on fluorobenzene, l- and 2-fluoronaphthalene, 

1-fluoroplrene and 2- and +fluoropyridlne. Accordingly, we 

have undertaken the measurement of fluorine shifts in a wide 

variety of systems and here report results for sixteen mono- 

fluoro aromatic hydrocarbons. 

Materials were purchased or prepared by the known proc- 

edures referenced in column three of Table 1. Sample8 were 

prepared 8.8 15% w/v SOlutiOnS in chloroform containing 1544 v/v 

a,a',a" -trlfluorotoluene as internal standard with the excep- 

tion of 6-fluorochrysene and the fluorotriphenylenes which 

were not eoluble to this extent and were measured a8 saturated 

solutions In chloroform at 25'C. Shifts were measured relative 

to the standard on a Varlan V-4300 spectrometer operating at 

40 MC by the sideband technique. Results were corrected by 

difference to give the shift, 6R, relative to fluorobenzene. 

Values of 6R are given in Table 1. Since ring current 

effects make negative contributions to the shifts, It is nec- 

essary to correct for this effect. A suitable method consists 

of adding the proton shift, 6R, relative to benzene observed 

for the corresponding position in the hydrocarbon, as these 

are determined primarily by the ring current effect. The 

corrected fluorine shift, 64, Is given by 

6 
K. Ito, K. Inukal and T. Isobe, Bull. Chem. Sot. Japan 2, 

315 (1960). 
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TABLE 1 

Fluorine Chemical Shifts in Monofluoro Aromatic Compounds 

Fluoro Shift (cps) 
Position Source 

Compound 6F % % 
1 rrr7 

Benzene a 0 0 0 0.398 

Naphthalene 1 b 413 22 2 435 0.443 

2 b 67 8 2 75 0.405 

Phenanthrene 1 ref. S 370 22 2 392 0.439 

2 ref. 8 33 sfi 91 0.403 

3 ref. 8 14 82 22 0.409 

4 ref. 8 -130 58 c -72 0.429 

9 ref. 8 436 13 c 504 0.443 

Blphenyl 2 ref. 9 195 0 fi 195 0.424 

3 ref. 9 -2 Od - -2 0.396 

4 ref. 9 107 0 d 107 0.411 

Trlphenylene 1 ref. 8 -190 52 C -133 0.427 

2 ref. 8 40 142 54 0.400 

Pyrene 1 e 406 32 2 433 0.466 

Chrysene 6 ref.10 407 ISI! 425 0.451 

Fluoranthene 3 2 387 22 d 409 0.462 

5 Eastman Organic Chemicals 

b Columbia Organic Chemical8 Co., Inc. 

2 Brperlmental values of reference 11. 

4 Experimental values not available. Value shown Is an estimate 

baaed on similar position In compound with one less ring. 

2 Sample kindly provided by Dr. J. Blackwell who prepared it by 

the method of reference 8. 

2 K and K Iaboratorlee, Inc. 
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% = clF + BH . 

Since the corrections are small compared 

No.6 
> 

(1) 

with the range of 6F 

observed, any errors In this procedure will be negligible. 

The theory of fluorine shielding In fluoroaromatlc mol- 

ecules has been considered by Karplus and Das 
12 

and by Prosrrer13. 

A detailed c.alculatlon of the chemical shift requires a know- 

ledge of the LCAO-MO wave function for the molecule concerned. 

As these are not now available for the compounds studied, we 

consider the approximate equation derived by Karplus and Daz 
12 

6; = 0.765AI - 0.7770~ , (2) 

which relates the shift, 68, to the change in ionic character, 

AI, of the (C-F sigma bond and the change In double bond char- 

acter, d p, for the bbnd, all relative to fluorobenzene. 

The lonlc character, I, may be related to zrr, the atom 

polarlzablli.;y calculated by MO theory for the appropriate pos- 

ition in the parent hydrocarbon. It can be seen that I Increases 

a9 xrr Increases by considering the definition of zrr, 

7 A.J. Streltwleser, Jr., Molecular Orbital Theory for Organic 

Chemlets 'pp. 330, 347. John Wiley and Sons, Inc., New York 

(1961). 

s 
P.M.G. Ragin and M.J.S. Dewar, J. Chem. Sot. 44% (1955). 

9 G. Schiemsnn and W. Rosellus, Ber. f&, 1305 (1929). 

10 
G.M. Bad@;-r and J.F. Stephens, J. Chem. Sot. 3638 (1956). 

11 
N. Jonathan, S. Gordon and B.P. Dailey, J. Chem. Phys. &, 

3443 (1962). 

l2 M. Karpluls and T.P. Das, J. Chem. Phys. 2, 1683 (1961). 

13 F.P. Presser, Diss. Abs. g 3873 (1962). 
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(3) 

where 4, is the charge at atom r and ar Is the coulomb integral 

for atom r and varies with the electronegatlvlty of that atom. 

IS fluorine is substituted at carbon atom r, electrons will be 

withdrawn from carbon toward fluorine in the C-F sigma bond 

causing ar to increase. This increase In ar -ts offset by pol- 

arization of the pi electrons giving an Increased q, on atom r. 

The greater the increase In qr for a unit change in ar, that is, 

the greatei is IT 
rr' 

the more effective fluorine will be in pol- 

arizing the C-F sigma bond and the greater will be the ionic 

character of the bond. 

The double bond character is determined by the bond order 

of the C-F bond. Coulson and Longuet-Higgins 14 have shown that 

the bond order, p,,, between atom r in R and atom 6 in S of the 

system R-S la related to the atom polarlzabillty by 

P re=K+K’qs (4) 

where n 
rr 

and nss are the atO6t polarleabilltles In the Isolated 

system6 R and S. If the C-F bond may be treated In this fashion, 

then p,6 , and hence p, should Increase with increasing xrr. 

The 6ame would hold for differences In this quantities with 

ben6ene taken a6 standard and equation (2) could be written 

in the Porm 

While the grove approximations Involved uay cast doubt 

validity of this expression, It cannot be doubted that 

(5) 

on the 

both 

14 
C.A. Coulson and J.C. I,onguet-Higgins, RFOC. ROY. SOc. 

ILondon) m, 199 (1949). 
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I and p, and hence a1 and 6p, increase with nrr. Since n1 

and ap appear in equation (2) with opposite signs, the relative 

importance of the two terms will determine the sign of the cor- 

relation with nrr. 
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From the plot of 6; versus rfrr in Figure 1 it is seen that 

the points -?or the 4-position in phenanthrene and the l-position 

in triphenylene deviate badly. In the case of phenanthrene, the 

fluorine in the 4-position interacts strongly with the proton in 

the 5-position. This interaction is expected to disturb the 

axial symmetry of the C-F bond, reducing diamagnetic currents 
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in the bond, and causing a paramagnetic shift to lower field 

as is observed. The l-position in triyhenylene is an analogous 

case. 

Neglecting the points for &fluorophenanthrene and l-fluoro- 

triphenylene a fair linear relationship between 6,.$ and ?rrr Is 

observed. A positive slope is evident indicating that the ionic 

term dominates and that changes in double bond character are of 

less Importance. This implies that the degree of resonance 

Interaction between fluorine and the aromatic system to which 

it is attached is not very sensitive to the nature of the arom- 

atic system involved. 

The observed qualitative correlation between 6$ and rrrr is 

another example of the usefulness of the simple Huckel MO method. 

Detailed calculations taking fluorine explicitly into account are 

in progress in order to determine whether application of the more 

rigorous equations for chemical shifts will give an improved 

correlation. We have also measured fluorine shifts in a number 

of monofluoro heteroaromatic compounds and these will be pub- 

lished at a later date. 


