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Ahbact-A new isolated dicnc has been shown by analysis of the ‘H and “F resonance spectra to 
be the named compound. The chemical shifts and coupling constants have b&n evaluated and 
confirmed by comparison of observed and theoretical spectra. 

INTRODUCTION 

RECENT publications dealing with fluorinated dienes14 prompt us to publish our 

results of an NMR investigation of a new diene. ’ Analysis showed that the diene 
was a trifluorobutadiene and mol. wt. 108 (mass spectroscopy) concurred with this 
conclusion. 

EXPERIMENTAL 

The ‘H and l@F spaztra: at 60 and 56.4 MC/S. rapectively using a Perkin-Elmer R.lO.NMR 
spectrometer. A 40% soln. of the dkne in trichlorofluoromcthane (standard for i’F shifts) with TMS 
added as an internal standard was used. The I’): chemical shifts were determined with pnxision by 
using the calibrated daxk-field shift facility of the R.lO. 

Preliminary analysis of the complex multipkts was facilitated by tbc use of a 1st order NMR 
program developed by one of us (T.N.H.) and the final assignment of lines was made by compilation 
of the compkte spaxrum using a &spin version of Frcqint IV’ adapted for use on the Birmingham 
University English-Ekctric KDF-9 computer by the authors. 

RESULTS 

The tH spectrum showed two distinct absorptions with integrated intensities of 2: 1, 
the more intense signal being the AB part of an ABX system, while the weaker signal, 
from its position and structure,o arises from the vinylic proton of a HFC= group. 
The leF spectrum consisted of three equally intense signals. 

The numbering of atoms is shown in 1, and the signals from H,, Ha, and F, 

i K. L. Scrvisand J. D. Roberta, J. Amrr. C-hem. Sot. 87, 1339(1%5). 
1 A. A. Bothner-By and R. K. Harris, J. Amer. Own. Sot. 87, 344s (1965). 
* P. L. Bladon, D. W. A. Sharp and J. M. Winficld. Sjucrrochim. Acra 22,343 (1966). 
4 T. N. Huokaby and R. Stephens. Unpublished work. 
) A. A. Bothna-By. Mellon Institute. 
* N. Bowden. J. W. F_nuky. J. Feeney and L. H. Sutchffe. Proc. Roy. Sot. 282A. 559 (1964). 
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TABLE 1. @SSERVED APiD CALCUIATFD HtEQUENClE.3 OF THE PROTON 

SIGNALS (IN C/S FROM TMS) 

Calculated ObSWVCd Calculated ObSCtVd 
- -. --- .-- 

H, 

453.0 -453.1 
-449.7 449.7 

437.0 -437.0 
-433.7 -.433.7 
-381.5 381.3 

378.2 -37a.1 
365.5 - 365.4 
362.2 - 362.2 

HI 
and 

H, 

- 320.8 
316.9 
313.0 
303.5 

.- 299.6 
- 295.7 
- 285.9 
- 282.0 

278.1 
-271.9 

268.0 
- 264.1 

- 320.9 
-317.0 

313.0 
- 303.5 
-. 299.5 
- 295.6 
- 285.8 

282.0 
- 278a 
- 271.9 

268.0 
264.1 

constituted the ABX part of the spectrum which was initially analysed’ to permit a 

number of reliable parameters to be used in the final calculations using the modified 
Frqint IV program. The calculated and experimental line frquencies of the protons 
are shown in Table 1 and, because of the complexity of the fluorine spectrum the 
actual experimental and theoretical spectra are reproduced in Figs. l-3. The NMR 
parameters thus derived are shown in Tables 2 and 3. The sign of coupling of H, 
and H, is unknown, since there was no change in the calculated spectrum on changing 
the sign, and our “tickling” experiments were inconclusive. This coupling has been 
found to be negative? 

DISCUSSION 

While it is generally assumed that butadienes exist in the trunsoid conformation 
the corresponding cisoid conformation cannot be ignored in substituted butadienes.8 
Consequently in addition to structure I, which is of the frunsoid conformation with 
cis F,F,, we must also consider II, mmsoid but with mm F,F,, and III and IV, both 
chid with F,F, cis and fruns respectively. 

’ J. D. Roberts, An Inrroducrion to the Analysis of Spim-Spin SplirtirIp in Ifigh Resolution Nuclear 
Mqteric Resonance Spccrra p. 61. Benjamin, New York (1961). 

‘A. A. Borhner-By and R. K. Harris, J. Amer. Chem. Sac. 87.3451 (1965). 
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FIO. 2. l*F Signal of F, 
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FlG. 3. ‘*F Signal of F, 

TARLC. 2. CICEMCAL s~fwr VALUFS OF ci~-lH,lH,4H- 
TRIFWOROBUTA-l,3-DICNE 

Nucleus Shift NOW5 
_ - .- -. - .-.. - _ _ -..- -- 

kit 3.21 T 

H, 5.106 T Constitute the AB part 
H* 5.134 T I of an ABX sysrcm 
F, +. 126.07 + X part of ABX spccrrum 
F, -I- 154.82 4 
FI I 162.21 4 

.d* - 13, found to be I.7 c/s. ie. 0.028 ppm at 60 MC/S. 

The relative orientation of the hydrogen and fluorine atoms about the double 
bonds is readily determined from the coupling constants as the value of J(H,FL) 
of 48.4 c/s is typical of the PD~S HF coupling of a H,C= CF- group, and the value 
of J(H,F& of 16.0 c/s is typical of the rrlllts HF coupling of a HE=CF- group;e 
further the value for J(F,F,) of IO.9 c/s is typical of cis FF coupling. It is thus evident 

’ L. M. Jackman. Applications oJ Nuclear hfqqnetic Resonance +ctroscopy in Organic Chemisrry 
p. 86. Pcrgamon Press. London fl9S9). 
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TABLE 3. COUPLING OOXBT~ (IN c/s) OF cis-lH,lHPH- 
TmFLUoRoBmA-l.3-cm%=k! 

J(H,F,) = 3.3 J(H,F,) = 48.4 J(FIF,) = 35.9 

J@i,F,) : 16.0 J(H,F& = 3.9 J(F,F,) e 10-9 

J(H,F,) = 71.5 J(H,F,) - 18.1 J(F,F*) = 10.9 

J(H,H,) = 3.9 J(H,F,) = 3.9 

that structures II and IV may be excluded, and the structure I chosen in favour of III 
on the basis of the magnitude of the coupling between F, and F,. This assignment is 
supported by recent work3 in which the isomeric l,ddichlorotetrafluorobuta-1.3 
dienes were studied, and the corresponding FF coupling (i.e. between F,F$ in the 
cis-rruns isomer (V) and trum-mzns isomer (VI) found to be 34.1 and 34.4 c/s 
respectively. 

V VI 

The chemical shifts of the olefinic fluorine atoms of I warrants some discussion. 
In lsF resonance the anisotropic etfects of double bonds must be of less importance 
than in ‘H resonances as, e.g. CF, groups are to lower field than those of olefinic 
fluorine atoms. On the basis of n-orbital anisotropy both F, and F, would be expected 
to be at lower field than F,, but from Table 2 it is clearly seen that the 4 values of F, 
and F, are very different (28.8 ppm). We would suggest that there is extensive 
delocalir;ltion of the n-electrons, and G--C, has considerable double bond character, 
as indeed is reflected in the value of J(F,Fk) and thus the canonical form VII is of 
importance. There is thus a dipolar gradient from C, to C, and the chemical shifts 

VII 

arc in the order of this dipolar interaction i.e. F, at lower field being nearest +ve 
dipole and F, being to highest field being at -ve end of dipole. It must however 
be remembered that the chemical shift of the fluorine atoms is dependent upon the 
nature of the other substituent groups. 

We hope that further studies of olefinic fluorine resonances, and correlation with 
photo-ionization data and MO treatment will clarify these anomalous chemical 
shifts; it has already been suggested that the difference of igF chemical shifts in two 
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similar conjugated molecules is dependent upon both the fluorine electron charge 
densities and the carbon-fluorine n-electron bond orders.‘O 
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