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The Structural Dependence of the Inductive Effect. Part VII.l Effects 
of 1 -Substituents upon Geminal Proton-Fluorine Spin-Spin Coupling 
Co nst a n t s ( 2JpH) 
By Martyn H. Pendlebury, Lawrence Phillips,* and Victor Wray, Organic Chemistry Department, Imperial 

A detailed empirical analysis has been made of the nature of 1 -substituent effects upon 2JpB in situations where the 
nuclei are bonded to carbon and to silicon. The non-additivity of such effects is  explained in terms utilised 
previously by us in connection with nuctear shielding and a useful, simple, expression is given which enables 2J,, 
to be calculated in terms of the Huggins electronegativities of the substituents. 
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CONSIDERABLE attention has been given recently to 
theoretical and empirical descriptions of 2JRH in a 
variety of systems. Sternhell has reviewed the subject 
comprehensively,2 and a successful theoretical rationalis- 
ation has been given by Pople and B~thner -By.~  More 
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recently, Maciel and his co-workers have made use of 
Finite Perturbation Theory* to  calculate 2JgH in a 
wide variety of and several empirical analyses 
have also a p ~ e a r e d . ~ - l ~  
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to 2JFa although there have been several attempts l o 7 l 4 - l 6  

to calculate this parameter for simple situations using 
both Finite Perturbation Theory4 and the ' Sum Over 
States ' methd.17 The various methods give widely 
varying results for even the simplest of molecules, 
CH,F, depending upon the form of the wavefunctions 
utilised, and only the results of Ditchfield and Snyder l4 
are in reasonable agreement with experimental data. 
All calculations are in accord with the earlier suggestion 
by Pople l8 that the Fermi-contact mechanism dominates 
the coupling, and the calculated contribution of 17% 
of the observed total arising from the spin-orbital mech- 
anism has been verified by later work.l4 There has as 
yet been no theoretical study of the influence of sub- 
stituents upon 2 J a p ,  and the empirical descriptions of 
the observed trends are rather imprecise. 

Arison et aZ.19 have studied the effect upon 2 J ~ F  of 
varying the substituent X in compounds of the type 
CHF,X, and have shown that the magnitude of this 
parameter increases markedly with increase in electro- 
negativity of X. Substituent effects are non-additive 
however, as may be seen from the fact that successive 
replacement of hydrogen in CFH, by fluorine causes a 
non-linear increase in 2JHp : 

CH,F 2o CH,F, 21 CHF, 22 

2J€IP 46.3 50.4 79.7 

Frankiss23 observed that in compounds of the type 
SiHFXY, 2JgF also increases with increase in the 
electronegativity of the substituents X and Y and 
thereby deduced that the sign of the coupling must be 
the same as in the analogous carbon compounds. He 
commented, however, that the situation is by no means 
simple since substituent effects are not additive. 

We have observed interesting variations in 2Jm as a 
result of substituent changes in several related series of 
molecules (see later), and decided to examine the possi- 
bility of obtaining a generally applicable qualitative 
picture of substituent effects upon this parameter. 

EXPERIMENTAL AND RESULTS 

Monofluoro-, difluoro-, bromofluoro-, chlorofluoro-, and 
l-fluoro-l-methyl-acetamides, -N-methylacetamides, and 
-NN-dimethylacetamides were prepared by the standard 
procedure from the appropriate methyl or ethyl ester and 
amine. Many of the compounds are new, and the details 
of synthesis will be described elsewhere. I9F and IH 
N.m.r. spectra were recorded with a Varian HA-100 
spectrometer operating in field-frequency locked mode. 
Dilute solutions (ca. 5% w/v) of each compound in deuterio- 
chloroform were studied at normal probe temperature 
(3 1 "C) and line positions were measured, in spectra recorded 
using 100 Hz sweep width, with a frequency counter. The 
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values of 2 J ~ p  were taken directly from the spectra, which 
are first-order in nature, and are reported in Table 1. 

TABLE 1 
Values of 2 J ~ p  for the substituted acetamides, N-methyl- 

acetamides, and NN-dimethylacetamides 
XCHF. XCHF. XCHF. 

JH,(calc.)/ CONH, CONHMe CONMe, 
X HZ J I H z  J I H z  JlHz 
H 46.6 46-5 47.0 47-0 
Me 48-4 49.6 50.6 49.6 
Br 49.9 51.0 51.3 
c1 50-8 51.6 51.8 51.4 
F 54-1 55.2 53.4 54.6 

DISCUSSION 
We have made a compilation of coupling constants 

involving fluorine which will be published elsewhere,% 
and in order that our data may be discussed in context 
we list in Table 2 values taken from this work for typical 

TABLE 2 
Typical values of 2 J ~ F  in molecules XYCHF 
X Y 'JHFIHz Ref. 
F F 79.5 22 
F OR 69-75 24 
F c1 63 U 
F SO,CF, 69.5 b 
F P (OMe) CF, 50-4 c 
F R 52-62 24 
c1 c1 53.5 a 
R OR 50-57 24 
R NR2, NO, 42-54 24 
R c1 47-53 24 
R SR, S V I  43-49 24 
R Br 48-52 24 
F H 50.4 21 
R I 47-48 24 

46 d 
46-48 24 c1 SiIV 

R R 43-55 24 
R PCI * 46.7 e 
R H 45-50 24 
R SiIV 43-46 24 
R GerP 45-46 24 
H H 46.3 20 

H SF5 

H SiMe, 46.8 f 
R = alkyl or substituted alkyl. 
a G. Levi and M. Chalaya, Compt. rend., 1967, 264(B), 867. 

6 R. A. Mitsch and J. E. Robertson, J .  HeterocycZic Chem., 1965, 
2, 152. H. Goldwhite, R. N. Haszeldine, and D. G. Rowsell, 
Chem. Comm., 1965, 83. H. J. Emeleus and B. W. Tatters- 
hall, J .  Inorg. Nuclear Chem., 1966, 28, 1823. * J. Dyer and 
J. Lee, J .  Chem. Soc. (B),  1970, 409. f G. A. Olah and G. D. 
Mateescu, J. Amer. Chem. SOL, 1971, 98, 781. 

ranges of 2JEF observed in a wide variety of molecules 
of the type XYCHF. It is apparent that, qualitatively 
at least, 2 J ~ F  does increase with increase in the electro- 
negativity of the groups X and Y;  the Figure illustrates 
this in a plot of the data of Table 2 against the sum of the 
Huggins electronegativities of the groups X and Y (for 
composite groups, the electronegativity of the atom 
bonded to the coupling fragment is used). The data 

2o T. R. Krugh and R. A. Bernheim, J .  Chem. Phys., 1970, 52, 
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suggest that P-substituent effects ( i .e .  from groups 
vicinal to the coupling H and F nuclei) must be sig- 
nificant for if one of the substituents is an alkyl group 
(and the other remains constant) the observed value of 
2 J a ~  may vary considerably as a result of structural 
variation within that group. 

1 

1 70 0 I 
0 

0 

I 1 1 I 
5.0 6.0 7.0 

I X '  I; 

If a range of compounds is chosen with the object of 
minimising such p-effects (i.e. the substituents are single 
atoms or simple groups such as CH, or OCH,), the 
correlation is still non-linear and curves markedly with 
apparent discontinuities. Table 3 lists data for such a 
series of molecules. 

TABLE 3 
Values of 2 J ~ p  (Hz) in specific molecules; experimental 

results and values calculated by using equation (3) 
Ref. Structure Ex + EY * ,JHF obs. 2 J ~ ~  calc. 

22 CHF, 7.8 79.5 76.8 
a CHF,OMe 7.4 74.4 68.7 
b CHF,Cl 7-05 63.0 64.6 

b CHFCl, 6-3 53-6 6 7.2 
21 CH2F2 6.1 50.4 49.2 
d CHFClCHCl, 5.75 49.0 51.8 
e CHFBrMe 6-55 50.5 60.7 
f MeCHF.CH,I 5.2 48-0 48.9 
c MeCH,F 4.8 47.5 46.8 

20 CFH, 4.4 46-3 46.1 

c CHF,Me 6.5 57.2 55.7 

CHzOAc 

61-4 53.1 

F 
*The values for the electronegativities were taken as 

follows: F 3.90, OR 3.40, C1 3-15, Br 2.95, C 2-60, H 2-20 
(M. L. Huggins, J. Amsr. Chem. SOC., 1953, 75, 4123). 

'Footnote b, Table 2. bFootnote a, Table 2. OD. D. 
Elleman, L. C. Brown, and D. Williams, J .  MaZ. Spectroscopy, 
1961, 7,  303. d R. R. Dean and J.  Lee, Trans. Faraday SOC., 
1968, 64, 1409. 6 J. W. Coomber and E. Whittle, J .  Chem. 
SOC., 1965, 6661. f G .  Olah, J. M. Bollinger, and J. Brinich. 
J .  Amer. Chem. Soc., 1968, 90, 2587. 0 L. D. Hall and J.  F. 
Manville, Chem. and Ind., 1967, 468. 

If our data on fluorinated arnides XCHFC(O)NR, are 
examined in a similar way by plotting 2 J ~ p  (listed in 
Table 1) vs. Ex, a linear graph results. In this situation, 
one group has been held constant [X = CHFY, Y = 
C(O)NR,] while the other is varied and we shall show 
later that this is a general observation for analogous 
situations. 

It is interesting to note the effect of making the same 
substituent change in different molecules; in Table 4 
the change in the value of 2 J ~ p ( A 2 J ~ p )  which occurs 
when an alkyl group is replaced by fluorine, is shown for 
four pairs of molecules. It is apparent that the mag- 
nitude of the change in 2 J ~ F  on going from XYCHF to  
ZYCHF depends not only upon the electronegativity 
difference between X and 2 but also upon the nature of 
the group Y. 

TABLE 4 

Change in 2JHF(A2JHF) on replacing an alkyl group by 
fluorine 

(1) ,JEFIHz (2) 'JHFIHz HZ 
Structure Structure A2JHF[(I) -(2)11 

R*CF,H 57-2 CF,H 79.5 22.3 
RtCClFH 49.0 CF,ClH 63.0 14.0 
R:CMeFH 48.0 MeCF2H 67-2 9.2 
R*CH,F 47.5 CH,F, 60.4 2.9 

R* = Me; Rt = CHCI,; R #  = CH,I. 

These observations are reminiscent of those made 
previously concerning substituent effects upon nuclear 
shielding,25 and the approach used in our analysis of 
shielding data may easily be applied to the present 
problem even though the number of analysable data is 
relatively small. 

It is unnecessary to give the method of analysis in 
detail, since its basis is fully documented elsewhere.2*26 
Four different series of molecules of the type XYCHF 
were chosen, with X = F, Cl, CH,, or H, respectively, 
while the group Y is variable; for each series 2JHF was 
plotted against the Huggins electronegativity of Y (EY) 
to give satisfactorily linear graphs. Each graph has its 
own characteristic slope which depends on the group X, 
and may be defined by equation (1). 

, J H ~  = 45.63 + Sx(Ey - 1-98) (1) 
In turn, a plot of SX vs. Ex  is linear, and may be 

expressed by equation (2). 

S, = 8.45(Ex - 1.98) (2) 
Substitution of (2) into (1) gives a useful expression 

(3) for 2JHp in terms of Ex  and Ep. This expression 
, J H ~  = 78.76 + 8*45(ExEp) - 16*73(Ex + E y )  (3) 

enables 2JHF for the molecules listed in Table 3 to be 
calculated to a satisfactory degree of precision ( h 2 . 1  Hz 
r.m.s.) ; the calculated values are compared with 
experimental data in Table 3. 

We may now examine the relevance of this treatment 
to our data on fluorinated amides listed in Table 1, by 
using it to estimate a group electronegativity for 

25 L. Phillips and V. Wray, J .  Chem. Soc. (B) ,  1971, 2068. 
26 L. Phillips and V. Wray, J . C . S .  Perkin 11, 1972, 214. 
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C(0)NRR’; a value of 2-5 on the Huggins scale enables 
the coupling constants, 2 J ~ p ,  in Table 1 to be calculated 
to a satisfactory degree of precision, as shown in the 
relevant column of this Table. This is a reasonable 
figure, since Wells 27 gives values of 2-6 for CH, and 
2.8 for C0,H. 

TABLE 5 

Observed and calculated values [equation (4)] of ~ J E F  
in compounds of the type XYSiHF 

Compound * 2 J ~ p B 1  obs./Hz Ref. ‘J~ps’ calc./Hz 
SiF,H 96.2 a 98.1. 
SiF,HSH 75-2 b 70.0 
SiF,HMe 67.5 23 70.0 
(MeSiFH) ,O 68.2 23 65.4 
GeH,*SiF,H 54.5 G 57-0 
SiH,*SiF,H 53.0 d 54.9 

SiF2H.SiF,H 52.0 d 54.9 
SiH,.SiH ,.SiF,H 5 3.2 e 54.9 

SiF,SH-SiF2H 54.9 b 64.9 
Me,SiFH 52.1 23 55.2 
SiH,-SiFHCl 51.5 d 50.6 

44.9 SiH,*SiFH, 43-2 2 44.9 SiFH,*SiFH, 45.0 
* The values for the electronegativities of Si, S, and Ge were 

taken as 1-90, 2-60, and 2-00, respectively (F. A. Cotton and G. 
Wilkinson, Advanced Inorganic Chemistry,’ 2nd edn., Inter- 
science, New York, 1966, p. 103). 

0 R. B. Johanneson, J .  Chewz. Phys., 1967, 47, 3088. 6 K. G. 
Sharp and J. L. Margrave, Inorg. Chem., 1969, 8, 26€Gd = D .  
Solan and P. L. Timms, Inorg. Chem., 1968, 7 ,  2157. J. E. 
Drake and N. P. C .  Westwood, J .  Chem. SOC. ( A ) ,  1971, 3300. 

J .  E. Drake, N. Goddard, and N. P. C. Westwood, J .  Chem. 
SOG. ( A ) ,  1971, 3305. f J. E. Drake and N. Goddard, J .  Chem. 
SOC. ( A ) ,  1970, 2587. 

The form of equation (3) leads to some interesting 
conclusions; for a series of compounds XYCHF in 
which the group X is held constant and has an electro- 

27 P. R. Wells, Progr. Phys. Org. Chem., 1968, 111. 
28 D. Seyferth and K. V. Darragh, J .  Org. Chem., 1970, 85. 

1297. 

negativity of 1.98, changing the nature of group Y 
should have no observable effect upon 2JHF, which 
should stay constant at ca. 45.6 Hz. Moreover, if 
Ex < 1.98 then 2JTIF should iizcrease with a decrease in 
the electronegativity of Y. There is, in fact, some 
evidence to support this suggestion for when the group 
X is SiIV (Ex = 1-90> the value of 2 J H ~  for molecules in 
which Y = C1, CH,, or H actually does increase slightly 
in this order rather than decrease. (For Et,SiCHFCl, 
,Jap = 45.5; 28 for Cl,SiCFHMe, ,Jap = 46.0; 29 and 
for Me,SiCH,F, 2 J ~ ~  = 46.8 H z . ~ ~ )  

It was mentioned earlier that Frankiss 23 has observed 
a similarity in the effects of substituents upon 2JHs when 
both nuclei are bonded to carbon or silicon. Table 5 
lists values of 2JHp in compounds of the type XYSiHF, 
and by using the same procedure as outlined above for 
XYCHF it is possible to derive equation (4), which may 
be used to calculate 2 J ~ p  for the compounds in Table 5 
t o  a satisfactory degree of precision (r.rn.s. h2.4 Hz), 

2Japsi = 49.08 + 7*85(ExEy) - 9.03(Es + E y )  (4) 
In summary, we now understand (qualitatively at  

least) the effects upon 2 J H p  of substituents directly 
bonded to the same atom as the H and F nuclei. It is 
inevitable however that there are anomalies and these 
probably arise from the influence of substituents which 
are upon adjacent atoms in the molecule, i.e. 13 or y 
effects; this question will be examined elsewhere. 
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