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F and 'HNMR spectra of the products of nucleophilic attack on octafluoroindene are analysed and 
structures assigned. The major product in the reaction of butyllithium with octafluoroindene is 
3-methylheptafluoroindene, with sodium borohydride it is 2-hydroheptafluoroindene and with sodium 
methoxide it is 3-methoxybeptafluoroindene. Vacuum pyrolysis of undecafluorotri~yclo[5.2.2.0~~~]undeca- 
2,5,8-triene, with elimination of C2F,, gives 6-hydroheptafluoroindene as the major product. The NMR 
assignments are based on the unambiguous synthesis via vacuum pyrolysis of 5,6-dihydrohexafluoroindene, 
3-hydro- and 3-methyl-heptafluoroindene and the large long-range coupling of 15 Hz assigned to the 
F-2, F-6 interaction. 
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INTRODUCTION 

The syntheses of octafluoroindene (1) and several 
substituted polyfluoroindenes have been 
Octafluoroindene can be obtained quantitatively by 
the pyrolysis in uucuo of polycyclic precursors. Substi- 
tuted polyfluoroindenes can be prepared by an analog- 
ous route or by nucleophilic substitution in octa- 
f l uo r~ indene .~ ,~  

This paper reports the analysis of the "F and 
'H NMR spectra of some polyfluoroindenes, prepared 
by nucleophilic substitution in octafluoroindene, and 
outlines their structural assignments by NMR spec- 
troscopy. 

I9F NMR studies of tetrafl~orobenzo[b]furans~-~ 
and tetrafluorobenzo[ b l t h i o p h e n ~ ~ , ~  have been re- 
ported. In these systems and in perfluoro-1,2- 
dihydronaphthalene"' substitution of fluorine by nuc- 
leophiles occurs in the aromatic ring, unlike oc- 
tafluoroindene where substitution takes place in the 
5-membered ring, or octafluorostyrene" where sub- 
stitution occurs in both the ring and sidechain. Russian 
workers12 have reported the chemical shifts of some 
substituted fluorinated indenes but have not carried 
out complete 19F NMR analysis. There are also reports 
on partially or completely fluorinated molecules con- 
taining condensed 5- and 6-membered rings which 
provide some analogous 19F shift information. 

The diagnostic importance of through-space peri F,F 
coupling constants (30-82 Hz) has been indicated in 
19F NMR studies of polyfluoronaphthalenes'" and 
perfluoroazanaphthalenes,16 and it is also well known 
that ortho and para F,F coupling constants are useful 
in structural elucidation, although the ranges of 
J(FF)ortho (1 9-2 1 Hz) and J(FF)para (10-20 Hz) 
overlap; the values of J(FF)mera are much smaller. 
There is, however, no information o n  long-range in- 
terring F,F coupling constants in indene systems. 

* Author to whom correspondence should be addressed. 

In the case of octafluoroindene (1) the peri internuc- 
lear distances F-1, F-7 and F-3, F-4 are much larger 
than in polyfluoronaphthalenes. The peri F,F coupling 
constants are thus expected to be quite small and may 
be in the para- 01 even the meta-F,F coupling con- 
stant range. This was one of the main problems en- 
countered in making unambiguous assignments in the 
indene system. The other complication was the ap- 
pearance of surprisingly large inter-ring F,F coupling 
constants. 

EXPERIMENTAL 

19F and 'HNMR spectra were measured on a Briiker 
HX90E at 84.670 MHz and 90.000 MHz at 22 "C with 
internal deuterium lock at 13,810 MHz; d-chloroform 
was the standard solvent and CFCl, and TMS, respec- 
tively, were the internal references. Measurements 
were made on calibrated paper at expansions up to 
1 Hz/cm and sweep rates down to 0.1 Hz/s. Sweeps 
were linear within the accuracy of the frequency 
counter (*0.1 Hz) and, consequently, the accuracy of 
the measurements was estimated as *0.2 Hz providing 
high resolution was available, e.g. 1. One typical limi- 
tation was the broadening of multiplets by a number 
of unresolvable small couplings. 

During the preparative work measurements were 
carried out under varying conditions, depending 
mainly on the stability and the quantity of the sample 
(see Table 2). 

F and 'H spectra were also measured on a Varian 
A56/60D at 56.46 MHz and 60.00 MHz at 40 "C. The 
sweepwidths were calibrated by audio modulation of 
the magnetic field. Chemical shifts (downfield positive) 
are reported in ppm from the reference. 
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RESULTS AND ANALYSIS 

Assignment of the 19F spectrum of 1 was supported by 
a partial analysis13 of the I9F spectrum (Fig. 1) of the 
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In the hexafluoroindenes (6 and 9) and the tet- 
rafluoroindene (10) replacement of F-2 or F-6 resulted 

F H 

10 9 6 

Figure 1. The 19F NMR spectrum of perfluoro-1,2- 
dihydronapthalene (12) at  84.670 MHz. 

related compound perfluoro-1,2-dihydronaphthalene 
(12) (Table 1). Two large through-space 4J(FF)peri 
couplings identified the F-1, F-8 and F-4/F-5 reso- 
nances, the shift of the F-2 absorptions being ascer- 
tained by elimination. A high-field resonance at 
-158 ppm, distinct from the rest of the spectrum, was 
assigned to a vinylic fluorine by analogy with F-3 in 1. 
J(45)peri was characteristic of the naphthalenic peri- 
coupling whilst J( 18)peri was consistent with the equi- 
valent couplings in the related compounds 13.17,18 An 
alternative assignment of 12 with the 32Hz coupling 
reassigned to J(23) was discounted as the equivalent 
coupling in perfluorocyclopentene is 15 Hz, and in 
perfluorocyclohexadiene is 13 Hz.19 

F X  

X =  Br, C1 or 
-CH,CH = CH, 

5 4  

in the absence of the long-range J(26) coupling, as 
expected. The structure of 6,  obtained by nucleophilic 
substitution of 1 with borohydride, was coniirmed by 
other spectroscopic and analytical data whilst 9 and 10 
have been unambiguously synthesized and fully 
c h a r a c t e r i ~ e d . ~ , ~ ~  

1,1,4,5,6,7-HexaAuoroindene(6) exhibited four "F 
triplets and an AB type proton spectrum. The strong 
CF=CF stretching vibration at 1754cm-' in the IR 
spectrum of 1 corresponded only to a weak absorption 
at 1592cm-l for 6, as anticipated for a vinylic 
CH=CH stretching vibration. 

Pyrolysis of undecafluorotricyclo[5.2.2.0z~6]undeca- 
2,5,8-triene (14), in uucuo, yields an unequal mixture 
of the two heptafluoroindenes 7 and 8. The 19FNMR 
spectrum can be used to identify the major and minor 
isomers from the data in this paper, and it seems 
unlikely that any other technique could offer a solu- 
tion to this analytical problem which is of great 
mechanistic interest. 

F 

12 13 (33- 38 Hz) 

The most novel feature in the analysis of 1 is the 
magnitude of the inter-ring coupling constants, which 
are much larger than analogous F,F coupling constants 
in fluorinated The validity of these large 
inter-ring couplings and the remainder of this assign- 
ment of 1 is evident after examining the 19FNMR 
spectra of a number of specifically substituted 
polyfluoroindenes (2-11). The coupling constants and 
chemical shifts are presented in Tables 2 and 3. 

Table 1. 19F Chemical shifts and coupling con- 
stants of 12" 

Chemical shift (ppm) 

-117.12 [2] 
-125.49 [2] 
-135.71 [ I ]  
-138.53 [ I ]  
-140.56 [ I ]  
-146.20 [ I ]  
-148.33 [ I ]  
-158.58 [I] 

J(45)- 62*2Hz 

Assignment (F) 

Methylene-F (1) 
Methylene-F (2) 
Aromatic-F (8) 
Vinylic/aromatic-F (415) 
Vinylic/aromatic-F (4/5) 
Aromatic-F (617) 
Aromatic-F (617) 
Vinylic-F (3) 

J(18) = 32.2*0.2 Hz 

a Brackets include relative integrations. Measured in 
CDCI,, internal CFCI,. 

p F F  

14 I 

+ 

F F  

8 

The 19F NMR spectrum of a mixture of 7 (20%) and 
8 (80"/0) was analysed using SCS (F -+ H) predictions 
from analogous fluorinated ben~othiophenes~ and 
benzofurans? i.e. SCS (F -+ H) ortho = +20 f 2 ppm 
and SCS (F -+ H) metu = -4* 1 ppm [SCS(F -+ H) is 
the substituent chemical shift induced in a fluorine 
resonance by the hypothetical replacement of a neigh- 
bouring fluorine atom by a hydrogen atom]. The fol- 
lowing scheme gives the experimental SCS and the 
predicted values are in parentheses. The sequence of 
the assignments of F-4 to F-7 was therefore unam- 
biguous and the coupling constants were consistent 
with those in 1, J(26) being present in 7 ,  but not in 8 
or 9. 

The 'H spectrum of 8 was a symmetrical multiplet 
(J= 5.5, 8.0, 9.8 Hz). Heteronuclear 'H decoupling 
confirmed the expected ortho and meta H,F relation- 
ships. 
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+ 22.39 
F 

+ 17.94(+ 18.21) 
F 

I 
F 

+ lh.7Y ( +  17.24) / 9 

-4.18 

\ 
(Reference) 

+ 22.87 F 

H \  * 
F 

+ z i m  
8 

The indene 10 was prepared independently" but its 
NMR spectrum is included for the sake of complete- 
ness. Both the "F and IH spectra are as expected. The 
'H NMR spectrum exhibits three multiplets (2 : 1 : 1) 
with J(AB) = 5.6 Hz. In the I9F NMR spectrum inter- 
ring SCS values are larger than expected, but this can 
be accounted for by changes in the measuring con- 
ditions. 

Another fluoroindene which provides invaluable 
confirmatory NMR data, and has been unambiguously 
synthesized and characterized2 is the heptafluoroin- 
dene 5, obtained by the routes outlined below. Prior 
to these syntheses a mixture of the heptafluoroindenes 
4 and 5 had been isolated as monosubstitution pro- 
ducts from the reaction of 1 with the nucleophile 
sodium borohydride, the disubstitution product being 
the indene 6, mentioned above. Substitution in the 
5-membered ring was evident from the vinylic double 
bond, the absorption in the IR spectrum due to a 
CH=CF being at 1670 cm-' for 4 and 1640 cm-I for 
5. 

F H  F Y  

The data obtained for compounds 4 and 5 are 
outlined in Tables 2 and 3. The important difference 
between their spectra is the presence of the large F-2/ 
F-6 coupling in 5 but not in the spectrum of 4. Peaks 
were assigned by assuming the inter-ring SCS to be 
small, and homonuclear decoupling confirmed the as- 
signment of the couplings. Substitution in the vinyl 
positions leads to SCS of +24 and +28ppm which is 
only slightly larger than similar ortho SCS (F 3 H) in 
aromatic systems. The mixture of heptafluoroindenes 
obtained by nucleophilic attack of borohydride on 1 
gave a predominance of one product. NMR allows us 
to assign structure 4 to this product since its spectrum 
does not possess the large F-2/F-6 coupling. The 
minor product is 5, in disagreement with earlier ESCA 

and recently conclusively confirmed with the 
unambiguous synthesis of pure 5 by the routes out- 
lined above. 

Nucleophiles initially attack octafluoroindene at a 
vinylic site in the 5-membered ring. Physical and 
spectroscopic data apart from NMR do not allow the 
differentiation of a 2- or a 3-substituted isomer; the 
large J(26), however, in the "F NMR spectrum of the 
3-substituted isomer is diagnostic. This coupling has 
enabled an assignment to be made for the product of 
the reaction of 1 with methyllithium, and for the 
product on its reaction with sodium methoxide.' 

The sole volatile product (2) from the reaction of 
methyllithium with 1 possessed an absorption in the 
IR spectrum at - 1700 cm-' (CF=CCH,), confirming 
vinylic substitution. In the "F NMR spectrum the 
intensity distortion in peaks attributed to F-4 and F-5 
confirmed their ortho relationship, the meta related 
peaks being identified by 4J(FF)rneta-an assignment 
confirmed by homonuclear decoupling. The band at- 
tributable to F-6 approximates to a pair of triplets 
(Fig. 2) and includes, in addition to the expected COU- 
plings, a 15 Hz splitting assigned to J(26) by analogy 
with 1. The 'HNMR spectrum is a multiplet with 

Figure 2. The 19FNMR spectrum of a mixture of 3-methyl- 
heptafluoroindene (2) and I-methylenehexafluoroindene (3) 
at 84.670 MHz. 

splittings of 2.7, 2.7, 2.3 and 1.5Hz and confirms the 
position of substitution in 2. Chemical evidence con- 
clusively proved the structure of 2 since it was the sole 
product of the pyrolysis of methylundecafluorotricyclo- 
[5.2.2.02~6]undeca-2,5,8-triene (15) and dehydrofluori- 
nated on pyrolysis to an asymmetric compound (3). 
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Table 2. Chemical shifts @pm upfield of CFQ) of 1-11" 

Structure 

1 

2 
2 

3 

5 
5 

4 

6 

7 

8 

9 

10 

11 

F-1 

- 124.62 
- 124.31 

-127.20 
- 125.47 

(6.23) 

- 126.56 
-128.11 

-118.56 

- 121.08 

- 125.30 

- 125.30 

- 126.22 

(3.41) 

-121.73 
- 124.4 

F-2 

-158.05 
-160.32 

- 147.71 
- 145.49 

-158.52 

-133.09 
-130.23 

(5.28) 

(6.03 
or 

6.67) 
- 161.04 

- 158.17 

-161.56 

(6.55 
or 

6.88) 

-173.64 
-174.1 

F-3 

-144.34 
- 144.32 
- 

(2.06) 

-150.55 

(5.53) 

- 120.22 

(6.03 
or 

6.67) 

-144.23 

-145.02 

-144.71 

(6.55 
or 

6.88) 

(4.1) 

- 

F-4 

- 145.23 
- 145.70 

- 150.33 
-148.60 

- 1 49.97 

-145.32 
~.-147.89 

-146.49 

-145.39 

-122.84 

- 149.41 

- 127.29 

-148.1 5 

- 146.14 
- 148.7 

F-5 

-147.04 
-148.25 

-151.68 
-149.34 

- 154.73 

- 148.54 
~.-147.89 

-151.42 

- 150.80 

(6.87) 

-124.17 

(7.04) 

-161.67 

-148.66 
- 152.6 

F-6 

-151.74 
- 153.00 

-158.30 
-155.91 

- 157.83 

- 155.31 
- 158.13 

- 153.93 

- 155.38 

- 128.65 

(6.87) 

(7.04) 

-159.23 

- 153.97 
- 157.8 

F-7 

- 138.1 0 
-139.30 

-143.49 
-141.24 

- 143.48 

-1 39.97 
-135.83 

-141.89 

-141.62 

-142.68 

-1 16.28 

-121.31 

-144.36 

-140.93 
-144.3 

Measuring 
conditions 

c.5% W/Vb 

c.50% w/vc 

Major (75%Ib 
component 

Minor (25%)b 
component 

Minor (30%)d 
component 

Major (70%Id 
component 

d 

b 

e 

Minor (20%)b 
component 

Major (80%Ib 
component 

b 

f 

b 

g 

a Proton chemical shifts in parentheses and referenced to Neat, external CFCI, reference, 56.46 MHz, 40 "C. 
internal TMS. Undiluted sample, internal CFCI, reference, 

22 "C. 

22°C. 

CDCI, solvent, internal CFCI, reference, 84.67 MHz, 56.46 MHz, 40°C. 

CD,COCD,solvent, internal CFCI, reference, 84.67 MHz, 
CFCI, reference and solvent, 56.46 MHz, 40 "C. 
Ref. 12: pure compound, internal C,F,, 56.46 MHz. 

Table 3. Moduli of the coupling constants (Hz) 

J 

12 
13 
14 
15 
16 
17 
23 
24 
25 
26 
27 
34 
35 
36 
37 
45 
46 
47 
56 
57 
67 

1 

10.8 
7.4 
2.9 
0.9 
0.7 
4.3 
9.8 
7.0 
1.8 

15.0 
3.0 
8.5 
0.7 
4.9 

11.7 
18.1 
3.4 

14.4 
15.3 
7.7 

19.0 

2 

12.9 
(2.7)" 

2.6 
c.0.5 
c.0.5 

4 
(2.3)' 

6 

15.0 

17 
1.3 

17 
15.0 
6.8 

19.3 

3 5 4 

12.2 
10.8 

1.5 3.5 
0.4 
0.8 
4.4 

5.0 
5.5 6.5 
2 

2 
6.0 11.9 

0.4 
4.4 

11.7 
20.0 20 18.3 
c.0.5 1.6 3.8 
14.0 15.0 16.5 
17.0 14.6 14.8 
5.0 6.5 6.8 

19.5 18.9 19.0 

14.5 15 

6 

2.4 

(6.2)" 

19.0 
2.4 

16.5 
15.8 
5.8 

19.7 

8 9 13A 

11.5 10.8 
7.4 7.5 
3.1 3 0.6 
0.8 2.3 

1.1 
4.2 4 25 
8.8 8.9 9.4 
6.2 5.9 7.4 
2.5 1.5 

8.3 
2.7 2.7 
8.8 9.3 7.57 
0.4 0.8 

3.9 
12.0 12.0 8.0 
20.0 

(5.5)" 
14.5 19 

(9.8)" 
8 

(8.0)" 

a Parentheses include H,F and H,H coupling constants. 

@Heyden & Son Ltd, 1980 ORGANIC MAGNETIC RESONANCE, VOL. 14, NO. 4, 1980 261 



R. S .  MATTHEWS AND W. E. PRESTON 

The 19FNMR spectrum of a mixture of 2 and 3 is 
presented in Fig. 2. Six peaks of equal intensity were 
obtained for 3. The penultimate upfield resonance 
(F-6) was a quartet coupled to the adjacent F-2 reso- 
nance. This, in conjunction with a low-field ‘H doublet 
[J(17) = 9.2 Hz], identified 3 as the only possibility. 
The dissimilar meta couplings, following the trend in 1 
and 2, supported this assignment and the lack of 
intensity distortion in the adjacent F-3 and F-4 peaks 
implied a small J(34), in agreement with the analysis 
of 1. 

( 

F - l  

15 2 

Vinylic substitution in the methoxyheptafluoroin- 
dene obtained from the reaction of 1 with sodium 
methoxide was evident from an IR absorption at 
- 1700 cm-’ (CF=COCH,). In the 19F NMR spec- 
trum the penultimate upfield peak determined the 
position of substitution, the F-6 quartet indicating a 
finite J(26) and showing the structure of 11 to be 
3-methoxyheptafluoroindene. It was anticipated that 
the SCS for substitution of a fluorine atom by a 
methoxyl group would be small and negative, as found 
in trifluoroethenes,22 and the present data bear out 
this prediction. The shift data are compatible with the 
unassigned values published by Karpov et al.” for 11 
(Table 2); they also found J(12) to be 12.2 Hz and 
J(HF) to be 4.2 Hz, in accord with our measurements. 

Second-order effects in the 19F spectrum of 1 were 

Figure3. The ’’F NMR rnultiplets of octafluoroindene (upper spectra) and a first-order reconstruction of the rnultiplets (lower spectra) at 
84.670 MHz. 
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minimized in d,-acetone and linewidths of 0.35 Hz 
were obtained. The spectrum was analysed by first- 
order methods and an unequivocal assignment of the 
splittings was made. This was confirmed by calculating 
the multiplet envelopes and their reconstruction 
(Fig. 3) illustrates the accuracy attained (better than 
kO.1 Hz). Each carbocyclic resonance was disting- 
uished by two splittings of between 15 and 20 Hz, i.e. 
the typical range of 3J(FF)ortho and 'J(FF)para in 
monocyclic and bicyclic systems. 

Coupling constants in the 5-membered ring were 
not helpful in establishing an assignment, although the 
following values were found in perfluorocyclo- 
pentene. l9 

35(12) = 3 HZ. 
35(23) = 15 Hz. 

2 @ 
45(13) = 12 Hz. 

3 

However, for comparison we have recently analysed in 
detail the 19FNMR spectrum of the following com- 
pound, 

F 

and the coupling constants are noted in the last col- 
umn of Table 3 using the same numbering scheme as 
in 1. These couplings are in general accord, except for 
the peri F,F and J(26)couplings, and provide some 
further support for our assignments. 
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