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The p.m.r. spectra of the methyl derivatives of 2-fluoropyridine are analyzed. The signs and magnitudes 
of the long-range spin-spin coupling constants between the methyl protons and the ring protons and 
between the methyl protons and fluorine are consistent with a model in which the nitrogen atom polarizes 
the sigma electron system but leaves the pi electron contribution to the coupling constants relatively 
unchanged. There are dramatic changes in the ring proton - fluorine couplings while the couplings 
involving the methyl protons vary little from those in the corresponding toluene derivatives. Thus the 
coupling over six bonds between fluorine and methyl protons is 1.25 + 0.03 Hz in 2-fluoro-5-methyl 
pyridine compared to 1 .I 5 + 0.02 Hz in p-fluorotoluene. 

On a analyse les spectres r.m.n. des fluoro-2 pyridines mCthyltes. Les signes et les valeurs des con- 
stantes de couplage a longue distance entre les protons des groupes methyles et d'une part ceux du 
noyau et d'autre part les atomes de fluor sont en accord avec un modele dans lequel on fait I'hypothese 
que l'azote polarise le systeme Clectronique sigma tout en laissant la contribution des electrons pi aux 
constantes de couplage relativement intacte. On note des changements dramatiques dans les couplages 
entre les protons du cycle et le fluor; toutefois les couplages impliquant les protons des groupes methyles 
ne varient pratiquement pas par rapport a ce qui est observe dans les toluenes correspondants. Par 
exemple le couplage reparti sur six liaisons entre le fluor et les protons du grolipe methyle est de 1.25 + 
0.03 Hz dans la fluoro-2 methyl-5 pyridine alors qu'une valeur de 1.15 + 0.02 Hz est observee dans le 
p-fluorotolu2ne. 
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Introduction 
The full analysis of the p.m.r. spectrum of 

2-fluoro-3-methylpyridine (1) has been described 
(1). The signs and magnitudes of the long-range 
spin-spin coupling constants, J:;:,: and J T , ~ ~ ~ ,  
between methyl protons and the ring protons or 
fluorine in 1 are consistent with the assumption 
(2, 3) that the nitrogen atom primarily polarizes 
the nearby o bonds in the molecule, leaving the n: 
electron contribution to the coupling constants 
relatively unaffected. Because it is a coupling over 
four bonds only, JoF,CH%ay contain a sizeable o 
electron contribution (4), i.e., J T ~ ~ ~ ~  = 1.45 HZ 
in 1 but is nearer 2 Hz in o-fluorotoluene (5) and 
its derivatives (6). In this paper the spectral 
parameters of the isomers of I, viz., 2, 3, and 4, 
are reported and discussed in spirit of the o-7c 
model. A knowledge of the contents of ref. 1 is 

vacuum between 30-32 "C. Compound 3, 22.6 g, was 
collected as a pale yellow liquid, b.p. 153 "C; lit. 155- 
156 "C at 752 mm (7). Compound 4, 0.6 g, was obtained 
on distillation from the CCI, extract and probably con- 
tained some CCI,. All compounds gave p.m.r. spectra 
consistent with their structure and with no detectable 
proton-containing impurities in the spectral region of 
interest. 

assumed throughout. ( 2 )  Proton Resonance Measurements 
Solutions of 2, 3, and 4 (20 mol %) in CS2 containing 

Experimental trace amounts of trifluoroacetic acid (TFA) and internal 
tetramethylsilane (TMS) as locking material, were de- 

(1 )  Preparation of 2, 3, and 4 gassed. As described for 1 (1) the amount of TFA was 
These compounds were prepared from the amines sufficient to cause rapid relaxation of 14N, leading to 

by the Schiemam reaction (7, 8) via the diazonium sharp peaks for proton 6, but insufficient to cause changes 
fluoroborates. Colorless 2, 2.6 g, was collected under in the spectral parameters. However, addition of even 
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very small amounts of TFA to the solution of 2 in CS2 
caused a separation into two layers. The final spectra of 
2 were, therefore, taken on solutions containing no TFA, 
leading to relative large uncertainties in the peak positions 
of H-6. Addition of as much as 8 mol % of TFA to a more 
dilute solution of 3 caused significant changes in JOHnF 
and JmHsF. An 18 mol % solution of 3 in benzene-d6 yielded 
coupling parameters insignificantly different from those 
in CS2 solution. In particular, the long-range coupling 
constants all lay within 0.02 Hz of their values in CS2 
solution. 

The proton spectra were recorded at a sweep width of 
50 Hz at sweep speeds of 2500 or 5000 s on a DA60I 
spectrometer. Calibrations were done by reading sweep 
and manual oscillator frequencies at 5 Hz intervals or 
less. Double and triple resonance experiments were 
carried out to find the relative signs of the coupling 
constants, as described for 1 (1). 

Results and Discussion 
( I )  Spectral Analyses 

The analytical techniques followed those for 
1 (I), except that the computer program LAOCN 
3 (9) was used to optimize the parameters. There- 
fore, the spectra obtained in the single (ABCX,R) 
and in the multiple resonance experiments are not 
reproduced here. Their quality is not inferior to 
those displayed for 1 (1). Note, however, that the 
necessary absence of TFA in the sample of 2 led 
to broad peaks for H-6 resulting in larger errors 
in some of the parameters involving this proton. 

The final parameters in CS, solution are given 
in Table 1. As many as 177 peaks per compound 
were assigned in iterating to these numbers. The 
r.m.s. errors in the fits varied between 0.009 and 
0.033 (for 2). The probable errors in the param- 
eters ranged from 0.002 to 0.009 Hz and the worst 
assignment was 0.095 Hz (for some of the broad 
peais in 2). Calcomp plois of the spectra using 
the parameters in Table 1 agreed very well with 
the experimental spectra, in particular with the 
methyl proton resonances in a manner demon- 

tion between observed and calculated transitions 
was 0.033 Hz (normally below 0.02 Hz). 

(2) The Methyl Proton - Ring Proton Coupling 
Constants 

To within experimental error, JPHsCH3 in 1 
and 4 is the same as in toluene (1 1). By the methyl 
group replacement technique (12, 13), Macdonald 
and Reynolds (4) have shown that JPHsCH3 in 
toluene derivatives arises from a x electron 
mechanism. Consequently the nitrogen atom 
does not significantly alter the x electron con- 
tribution to this coupling constant or to JpHF in 
1 and 4. 

In ref. 1 evidence is adduced that the JOHsCH3 
value of -0.85 Hz in 1 is consistent with a con- 
tribution from the resonance structure 5. This 

structure increases the mobile bond order be- 
tween C-3 and -4 and between C-5 and -6 relative 
to that between C-4 and -5. Because the negative n 
electron contribution to JOHyCH3 is expected to 
increase as the bond order of the intervening 
C--C bond increases (14), structure 5 implies a 
larger magnitude of J0H37CH3 in 2 and of J0H5,CH3 
in 3 than of J0H5,CH3 in 2 and of JOH4sCH3 in 3. 
Indeed, the former are larger in magnitude than 
the latter by up to 0.2 Hz (see Table 1). 

However, J ~ ~ ~ * ~ ~ "  -0.58 Hz in 4, rather 
smaller than predicted by structure 5. There are 
two possible reasons. The first invokes structure 6, 

strated for p-fluorotoluene (1 Oa). 
In a separate experiment on 4, a recalibration supported by 14N quadrupole resonance studies 

of the spectrum at 0.01 Hz/s and its analysis using (15), which decreases the mobile bond order1 

the program LAME (10a) gave the results listed between C-5 and -6. The second possible reason 

in the last column of Table 1. In this analysis the lies in an indicated negative o electron contri- 

r.m.s. error was 0.0088, the maximum standard bution (4) to J ~ ~ . ~ ~ "  suggesting a decrease in the 

deviation in the parameters was 0.005 Hz (other- referee points out that the larger and unequal values 
wise between 0.001 and 0.003 Hz), and in the ofJ,H.CH3 in 2 can be taken as evidence against a resonance 
correlation matrix of dimension 14, there were form for 2 analogous to 6. He points out that in this 

connection the methyl derivatives of 3- and Cfluoro- two with a magnitude above 0'2 and pyridine should be examined. We have synthesized a 
none with a magnitude greater than 0.3- Over 250 number of these compounds and are studying their 
transitions were assigned and the biggest devia- proton resonance spectra. 
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magnitude of this contribution in 4 and caused by 
polarization of the o core by the nitrogen atom. 
Qualitatively, it is simply that the electronegative 
nitrogen atom reduces the o electron density near 
the bonded C-6 atom thereby reducing the o 
contribution to JOHpCH3 in 4. 

Because there is very likely a positive o con- 
tribution to JmHsCH3 (perhaps as large as 0.2 Hz 
(1,4)), the second reason above implies a decrease 
in this contribution to J ~ ~ , ~ ~ ~  in both 4 and 2 
because C-6 is involved in the coupling path. 
In fact, JmHpCH3 is 0.1 HZ smaller in 4 and 2 than in 
1 and 3. In the latter two compounds JmH7CH3 has 
the same magnitude as in toluene (11). Other 
workers (2) have noted that polarization of the o 
core in pyridine does not appreciably extend 
beyond the ortho carbon atoms. 

(3) The Methyl Proton - Fluorine Coupling 
In 3, J ~ ~ , ~ ~ ~  = 1.25 Hz, only 0.10 Hz larger 

than in p-fluorotoluene (10a). Since it is unlikely 
that other than a n mechanism is important for 
this coupling in the latter, the present result 
strongly suggests that the heteroatom does not 
appreciably affect the n contribution to J ~ ~ * ~ ~ ~  
in 3. A similar, less strong, conclusion was 
reached for JOFsCH3 in 1 (1). 

In 4-amino-5-bromo-3-fluorotoluene JmFsCH3 = 
-0.4, Hz (6), little different in magnitude from 
the value originally estimated for this coupling in 
m-fluorotoluene (5). The values of J~~~~~~ in 2 
and 4 suggest that, again, the presence of the 
heteroatom has little effect on the n contribution 
to this coupling. By the methyl group replacement - -  - - 
criterion, the-effect of the nitrogen atom on 
jmF.Hs occurs predominantly through the o 

electron system. For, JmHSF = 5.6 Hz in fluoro- 
benzene (16) but is - 1 Hz in 1; yet J~~~~~~ 
remains constant to within 0.2 or 0.3 Hz even 
when a nitrogen atom replaces the carbon atom 
in the "coupling path". 

(4) The Ring Proton and Ring Proton - Fluorine 
Couplings 

The magnitudes of all these couplings are con- 
sistent with an alternating electronegativity effect 
of the substituents (2, 17) as discussed for 1 (1) 
and for p-fluorotoluene (10a); an effect acting 
primarily through the o electron system, as 
suggested originally by Castellano and Kostelnik 
(2), and now also supported by the couplings 
with methyl protons reported here. 

The additivity of substituent effects on coupling 
constants between protons in benzene derivatives 
(1, 18, 19) can be extended to the present pyridine 
derivatives. Using the coupling constants re- 
ported for pyridine dissolved in CCl, (20), for 
benzene (1 8,21), fluorobenzene (16), and toluene 
( l l ) ,  the predicted and observed values for 1, 
2, and 3 agree to at least 0.2 Hz for J,,H,H and 
JmHYH and to better than 0.1 Hz for JPHpH. In other 
words, the substituent effects of CH, and F on 
benzene are substantially the same as in pyridine 
in this regard. The deviations of the predicted 
from the calculated values are generally in the 
direction expected if the substituent effects of F 
(22) and CH, are somewhat less than in the 
monosubstituted benzenes themselves, i.e., as if 
a saturation effect were occurring; as already 
noted for trisubstituted benzene; (23). ~ h e s k  
deviations become as large as 0.4 Hz for JOHlH 
in 4 where both substituents are attempting to  
polarize the o core at C-2 and -6 when it is already 
markedly polarized by the heteroatom, in agree- 
ment with the idea of a saturation effect. 

In 3, partial protonation of the nitrogen atom 
by addition of TFA (see Experimental) causes an 
algebraic increase of 1 Hz in JoH,F, an increase 
of 0.2 Hz in J ~ ~ ~ * ~ ,  and a decrease of 0.2 Hz 
in J ~ ~ ~ , ~  of the values in Table 1. These changes 
are in order if the proton acts as an electronega- 
tive substituent polarizing the o system (2). On 
this basis the long-range couplings involving 
methyl protons, particularly JpF*CH3, should re- 
main unchanged, as observed experimentally. 

Conclusions 

A model in which oand n electroncontributions 
to ring proton and ring proton - fluorine spin- 
spin coupling constants are distinguished can be 
extended to pyridine derivatives. In this model 
the nitrogen atom polarizes the o electron system 
but does not strongly alter the n electron con- 
tribution to  the coupling constants. The most 
dramatic effects are observed for J,";,",,. Thus in 
fluorobenzene JOHyF = 8.9, JmH9F = 5.6, J~~~~ = 
0.2 Hz (16). In 2-fluoropyridine JoH,F = -2.8, 
JmH6sF = - 1.0, and JPHsF = 2 Hz (24). Yet 
J,"',","," in 1,2,3,  and 4 are almost the same as in 
the fluorotoluenes and are a measure of the n 
electron contributions to the corresponding ring 
proton and ring proton - fluorine couplings. 
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