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CARBON-FLUORINE COUPLING CONSTANTS AS PROBES FOR 
INTRAMOLECULAR SUBSTITUENT INTERACTIONS' 
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Ruhr-Universitit Bochum, Fachbereich fir Chemie. Postfach 102148, D-4630 Bochum 1, West Germany 

(Receiued in Germany 18 August 1980) 

Abstrad-11 is shown that one-bond carbon-fluorine coupling constants sensitively reflect intramolecular n, [I* 
interactions of substituents separated by four bond and being in W-arrangement (Fig.1). 

In a series of publications”’ we rationalized observed y-anti effects of the singly bonded substituents as well so 
non-additivities of substituent effects on chemical shifts that non-additivities are observed not only at the sub 
of some C atoms of 2’, 4’disubstituted adamantanes4 stituted C-2 and CA atoms but also at C-9. 
(Fig. la and lb), &-substituted adamantanonesz~3~5 and The interaction is relatively weak so that other spec- 
corresponding thiones’, methoximes5 and olefins5 (Fig. troscopic parameters as ‘H chemical shifts, IR wave 
lc) by assuming an intramolecular interaction between numbers, UV wave lengths and others do not reflect it.’ 
the substituents’ lone pairs and the unoccupied u* orbi- Thus, we synthesized a series of fluorinated adaman- 
tals of the C-X and C=X bonds, respectively, via an tane derivatives (l-4) and 8 (Scheme 1) in order to 
intervening C-C bond orbital. This interaction affects the investigate the dependence of C-F coupling constants 
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Scheme I. 

tFor convenience reason the C atom bearing fiuorine was 
given number 4 in all adamantanes lblf, 2b24 3&d and 4a-4d. 
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Fig. 1. n, O* orbital interactions in T, C-disubstituted adaman- 
tanes (a and b) and C-substituted adamantanones and related 

thiones and olefins (c). 

RESULTS AND DISCUSSION 

In Tables 1 and 2 we present the “C chemical shifts 
and “C-“F coupling constants of compounds 14. The 
signal assignments are based on ‘H off-resonance 
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decoupling experiments and on the evaluation of the “JCF 
values which depend on the number n of intervening 
bonds in a characteristic way? n = 1: 178-191 Hz; n = 
2: 17-25 Hz; n = 3: 7-13 Hz, if the observed nucleus is in 
antiperiplanar position to fluorine (C-2 and C-9 for 1, 2 
and 3; C-6 and C-10 for 4; C-3, C-5 and C-7 for 8) and 
0 - 2 Hz, if it is in gauche position (C-6 and C-10 for 1,2 
and 3; C-2 and C-9 for 4). Thus, we obtained unam- 
biguous assignments for all signals except for C-9 of Id; 
this signals could not be identified safely due to signal 
overlap. 

All non-additivity effects fit the trends observed for 
other compounds of these types2-’ and were also helpful 
in identifying the configurations at the substituted C-2 
and CA atoms in the cases where epimeric mixtures 
were produced in the syntheses. 

The intramolecular interaction of the substituents in 
molecules as depicted in Fig. 1 is of hyperconjugative 
nature and is reflected in non-additivities of the in- 
dividual substituent effects (A6) on the chemical shifts of 

Table I. ')C Chemical shifts of 2Aluoroadamantane (la) and 2-substituted Cfluoroadamantane derivatives lb-lf, 
2b-21,3a-3d and 4a-4d; is ppm relative to internal tetramethylsilane 

laa 

-;-6” - 
IC - 
Id - 
'Ie - 
If 

Zd - 
ZC - 

24 

2e - 
2f 

Zf 

3b4 

3ch - 
3d 

zi 

4Sk 

2 

4d - 

C-l c-2 c-3 c-4 C-5 C-6 C-7 C-8 c-9 c-10 

32.9 95.6 32.9 31.5 27.7 37.3 27.3 35.8 

32.9 36.8 38.3 96.4 32.7 32.3 27.3 31.0 

33.3 71.9 39.7 93.6 31.7 30.7 26.6 31.4 

31.3 92.2 37.7 92.2 31.3 31.0 26.2 31.0 

34.4 62.8 40.4 93.4 31.5 31.6 26.5 30.6 

35.5 56.6 40.5 93.2 31.6 32.0 26.5 31.4 

33.6 40.5 38.4 92.3 32.6 32.3 27.0 38.8 

33.6 76.0 39.5 92.2 32.6 31.3 26.1 35.9 

32.0 96.5 37.7 91.4 31.8 31.0 25.8 35.0 

34.9 67.2 40.? 9:.1 32.9 3:.4 25.0 37.7 

35.4 60.9 40.4 91.6 32.4 31.5 25.8 30.4 

37.5 :53.-l 43.9 94.9 32.5 31.1 27.2 38.9 

37.7 187.1 43.6 92.2 31.5 30.0 26.3 39.5 

45.2 212.7 52.6 92.2 31.8 30.1 26.6 38.9 

56.0 262.0 62.2 93.2 31.8 30.6 26.7 40.8 

38.2 152.8 43.0 96.0 32.8 35.4 26.9 39.0 

38.2 188.5 43.7 96.4 32.9 34.1 25.8 39.1 

46.4 214.0 52.2 95.7 32.4 35.7 26.1 38.8 

56.8 263.9 61.4 98.0 32.0 34.9 26.4 40.9 

31.5 

36.6 

31.8 
C 

33.5 

34.1 

30.5 

29.7 

29.6e 

29.9 

30.7 

35.5 

33.7 

30.9 

33.5 

33.4 

33.7 

32.4 

34.4 

35.8 

25.4 

25.3 

25.7 

25.3 

26.1 

32.1 

30.5 

29.ae 

32.5 

33.3 

33.3 

34.5 

33.9 

35.9 

37.7 

38.0 

38.8 

40.0 

a 
See also refs. 5, 7 and 8. 

b CY3: 17.6 

C Could not be identified safely due to signal overlap. 

d 
CH3: 18.5 

e 
May be interchanged. 

f CH2: 104.7 

g =c: 80.6; CN: 111.1/111.2 

h 
See also ref. 5. 

i 
CH2: 104.9 

k rc: 81.1; CN: 111.3 
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Table 2. ‘3C-‘9F Coupling constants of compounds la-lf, 2b2f, 3&M, Udd and 8; in Ht 

kY 2JcF 3 J&a” ti 1 

178.8 17.8 8.9 

C-4' __..Z 

179.0 

180.3 

182.0 

184.1 

184.6 

175.3 

175.5 

176.9 

176.8 

176.9 

183.4 

190.4 

187.4 

189-i 

c-3: c-5: c-2: a___ W--q __I 

17= 17-lBC 8.3 

17.8 28.2 11.4 

17 -19= 17-lgc 12.5 

19.5 18.1 11.2 

19*5 18 -19' 10.7 

19.8 17- lac 9.5 

18.0 la- 19= 9.8 

16.5 17.7 9.9 

20.5 18.1 9.8 

21.0 18.0 9.6 

19.8 17.9 9.4 

24.4 18.5 9.2 

19.2 18.4 9.9 

20.6 18.5 8.5 

c-9: -_-- 

9.5 

IO.5 
d 

10.3 

9.8 

9.3 

9.2 

9.6 

9.3 

9.2 

8.0 

8.3 

9,8 

8,s 

c-4: c-3: _-_.._ -m-d 

im.7 18.9 

185 ro 18.7 

181.2 21.0 

183.4 19.6 

c-5: ____ 
17.7 

20.0 

17.6 

17.4 

c-9: ____ 

17.4 

C-6' --,A 

8.9 

8.1 

8.3 

8.4 

c-10: __m-- 
8.2 

7-aC 

8.8 

7.6 

C-l: _-m_- 

181.5 

C-2: ____ 

21.2 

C-8: c-3. ---- -__A C-5. ,,-A c-7: --_ 

20.9 13.7 10.5 11.1 
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Absolute values: accuracy + 0.2 -0.3 Hz. 

See also refs. 7 and 8, 

Exact value unknown due to signal overlap. 

Owing to signal overlap of the C-9 signal of x could 

not be identified safely. 

Couplings to the fluorine atom at C-2: 'JCF - 

*JClF 
179.4 Hz; 

- 18.4 Hz; . 16.5 Hz; 3 JC+ = 8.8 Hz; 3.JC~oF = 8 -10 Hz=. 

the substituted C-2 and C-4 atoms as well as of the 
unsubstituted C-9 atoms2-’ (Table 3). In Fig. 2 the one- 
bond coupling constants ‘JcF are correlated with the 
A&values of the signals of the C-4 atoms involved in the 
coupling: 

As can be seen from the good correlation the direct 
coupling is a parameter which reacts sensitively upon the 
hy~rconjugatjve interaction; there is a rather larger 
range of about 12 Hz. Slight changes in the molecular 
geometries cannot be held responsible. In the compounds 
2 and 4 with one axial substjtuent, effects of this kind are 
supposed to be even more likely, but the changes of the 
one-bond coupling constants are definitely smaller in 
these compounds than in those where the hypercon- 
jugative interaction is operative, e.g. there is an increase 
of 5.8 Hz comparing If and la, but a decrease of 1.9 Hz 
for 2f. 

Recently, Pincock et al. reported among other data 
carbon-fluorine coupling constants of l-fluoroadaman- 
tane 5 and 3-substituted ~-~uoroadaman~nes $a-$e.’ In 

the latter compounds the relative position and the 
configuration of the substituents is very similar to those 
in I&11; the substituents being in a coplanar W- 
arrangement in both cases. Pincock’s derivatives, 
however, are bridgehead substituted. They also find an 
increase in ‘JCF from 5 (184Hz) to 6a (MLOHz), 6b 
(188.5 Hz) and 6e (I$%7 Hz)’ which can be explained in 
analogous terms as has been done in Fig. la and lb by an 
intramolecular interaction. This is also shown by the 
non-additivity effects for C-1, C-3 and C-5 signals of 
6a4c which are very similar in their trend compared 
with those of Id-lf though not identical.’ 

The increase of ‘Jcp by the presence of a CO in the 
suitable ~o~~~tion is not restricted to adaman~ne 
derivatives. We can also observe it in the l-thtorobicyclo- 
[3.3.f]nonan-3-one (8) (Ml.5 Hz) compared with l- 
fluorobicyclo[3.3. llnonane (7) (175.0 Hz?. The non- 
additivity effects of 8 have been discussed in a previous 
publication.5 

The two-bond coupling constants (‘Jcp) of lb-11 and 
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Table 3. Non-additivities of substitucnt effects (AW of lb-If and 
&3d; in ppm 

c-2 c-4 c-9 

a.4 -1.0 -1.0 

-0.8 -0.9 -2.9 
-2.1 -2.1 _b 

-3.3 -2.7 -2.8 
-5.1 -3.4 -2.7 

-2.5 -2.8 -2.4 
-3.5 -5.3 -4 .o 

-1.9 -4.8 -6.3 

-2.4 -5.3 -5.2 

A& - 6 (cxperlmcntal) - 6 (calculated)5; 

the calculated values are obtained assuming 

addi tlvi ty of the individual subs ti tucn t 

l ffects2’3. 

Owing to signal overlap the C-9 signal of Id - 
could not be identified safely. 

.2 -3 .; - I 0 
Ab(C-4) 

Fig. 2. Non-additivity effects at C-4 signals vs. direct C4F 
coupling constants for la-If and 3&d. 

3&d can be partitioned into two groups: If C-5 is 
involved, they are essentially unchanged compared to 
‘JCF in 2-fluoroadamantane (la). For the signals of C-3, 
however, which is lying between the two substituted 
carbon atoms the values of ‘Jcp can be enhanced sub- 
stantially up to 24.4 Hz (3b). 
There are two different antiperiplanar y-C atoms with 

respect to the fluorine atom at C4 (C-2 and C-9), both 
signals of which reveal non-additivities of the substituent 
effects. There is no correlation between the three-bond 
couplings and the non-additivity effects for the sub 
stituted C-2 (Fii. 3), whereas rough correlations of the 
3Jcp and the AS-values for C-9 do exist (Fig. 4). In this 
case, however, there are two plots: one for the com- 
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Fig. 3. Non-additivity effects at C-2 signals vs three-bond C-2-F 
coupling constants for Ia-lf and 3a-3d. 
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Fig. 4. Non-additivity effects at C-9 signals vs three-bond C-9-F 
coupling constants for lp_lf and 3a-36. 

pounds of type 1 and another for those of type 3. 
Analogously, the 3JcF at C-5 of 8 is nearly 2 Hz larger 
than the corresponding value of 7.” The 3J,-F values of 
C-5 of Pincock’s compounds, however, do not show a 
significant alteration. Thus, in contrast to the ‘JcFvalues 
the three-bond coupling constants cannot be regarded as 
safe probes for the detection of substituent interactions, 
since their substituent dependence is small in magnitude 
and may vary from one molecular system to another. 
More experimental evidence is desirable. 

ExFmLmNTAL 

Mcosuremmfs. The “C NMR spectra were recorded in the 
Pm mode (16 K data points for the RD) at ambient temp with 
internal D lock using a Bruker WI-I-90 spectrometer (22.64 MHz). 
The samples were recorded in CDCll soln with concentrations of 
0.05 - 0.2 M. The chemical shifts were determined on the d-scale 
relative to internal TMS. The coupling constants are accurate to 
0.2-0.3 Hz in all cases. 




