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cis-1H,1H,4H-TRIFLUOROBUTA-1,3-DIENE

THE CHARACTERISATION OF A NEW CONJUGATED
DIENE BY NMR SPECTROSCOPIC ANALYSIS

T. N. Huckery, E. F. MOONEY and R. STEPHENS
Department of Chemistry, The University of Birmingham, Edgbaston,
Birmingham, 15

(Received 22 June 1966)

Abstract—A new isolated diene has been shown by analysis of the 'H and !*F resonance spectra to
be the named compound. The chemical shifts and coupling constants have been evaluated and
confirmed by comparison of observed and theoretical spectra.

INTRODUCTION

RECENT publications dealing with fluorinated dienes'~® prompt us to publish our
results of an NMR investigation of a ncw diene.* Analysis showed that the diene
was a trifluorobutadiene and mol. wt. 108 (mass spectroscopy) concurred with this
conclusion.

EXPERIMENTAL

The *H and '*F spectra: at 60 and 56-4 Mc/s. respectively using a Perkin-Elmer R.10.NMR
spectrometer. A 407 soln. of the dicne in trichlorofluoromethane (standard for !*F shifts) with TMS
added as an internal standard was used. The '*F chemical shifts were determined with precision by
using the calibrated decade-ficld shift facility of the R.10.

Preliminary analysis of the complex multiplets was facilitated by the use of a 1st order NMR
program devcloped by one of us (T.N.H.) and the final assignment of lines was made by compilation
of the complete spectrum using a 6-spin version of Freqint 1V* adapted for use on the Birmingham
University English-Electric KDF-9 computer by the authors.

RESULTS

The *H 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,® arises from the vinylic proton of a HFC= group.
The '®F spectrum consisted of three equally intense signals.

The numbering of atoms is shown in I, and the signals from H,, H;, and F,
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cis-1H,1H,4H-trifluorobuta-1,3-diene m

TaBLE 1. OBSERVED AND CALCULATED FREQUENCIES OF THE PROTON
SIGNALS (IN ¢f/s FROM TMS)

Calculated Observed Calculated Observed
4530 —453:1 --320-8 - 3209
--4497 - 4497 3169 -3170
4370 —437-0 3130 3130
H --433-7 4337 3035 - 303-5
') —381S 3813 Hy | --299-6 -299-5
- 3782 -3781 and j - 2957 - 2956
365-5 —365-4 H, ) - 2859 - 2858
362-2 -362:2 - 2820 - 2820
2781 - 2780
-2719 - 2719
- 2680 2680
-264-1 - 264:]

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
Freqint IV program. The calculated and experimental line frequencies 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. 1-3. The NMR
paramcters 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 transoid conformation
the corresponding cisoid conformation cannot be ignored in substituted butadienes.?®
Consequently in addition to structure I, which is of the transoid conformation with
cis FgF;, we must also consider 11, transoid but with trans F;F;, and 111 and 1V, both
cisoid with F,F; cis and trans respectively.
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Fia. 2. F Signal of F,

Fi1G. 3. '*F Signal of F,

TABLE 2. CHEMICAL SHIFT VALUES OF cis-1H,1H,4H-
TRIFL.UOROBUTA-1,3-DIENE

Nucleus Shift Notes
H, 321+
H, 5106 Constitute the AB part
H, 5134 1 of an ABX system
F, 412607 ¢ X part of ABX spectrum
F, +154-82 ¢
F, $162:21 ¢

« 0, - dg found to be 1-7 ¢/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,F,)
of 48-4 ¢/s is typical of the trans HF coupling of a H,C= CF— group, and the value
of J(H,F,) of 16:0 c/s is typical of the rrans HF coupling of a HFC—=CF— group;?
further the value for J(F,F3) of 10-9 ¢/s is typical of cis FF coupling. It is thus evident

* L. M. Jackman, Applications of Nuclear Magnetic Resonance Spectroscopy in Organic Chemistr
PP ag pe (24 g Y
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TaBLE 3. COUPLING CONSTANTS (IN cfs) OF cis-1H,1H,4H-
TRIFLUOROBUTA-1,3-DIENE

JHFY) = 33 J(H,F,) = 484 J(F,Fy) = 359
JH,F,) = 160 JH,FY) = 39 J(F\Fy) = 109
JH,Fy) =715 J(H,F,) — 181 J(F,F,) = 109
J(HH,) = 39 J(H,Fy) = 39

that structures I and IV may be excluded, and the structure I chosen in favour of 111
on the basis of the magnitude of the coupling between F, and F,. This assignment is
supported by recent work® in which the isomeric 1,4-dichlorotetrafluorobuta-1,3-
dienes were studied, and the corresponding FF coupling (i.e. between F,F,) in the
cis-trans isomer (V) and trans—trans isomer (VI) found to be 34-1 and 34-4¢/s
respectively.

K : a k
\_/ ¥ s
Cl /— \ K / \
E Cl K Cl
v VI
The chemical shifts of the olefinic fluorine atoms of I warrants some discussion.
In F resonance the anisotropic effects of double bonds must be of less importance
than in 'H resonances as, ¢.g. CFy groups are to lower field than those of olefinic
fluorine atoms. On the basis of 7-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 ¢ values of F,
and F, are very different (288 ppm). We would suggest that there is extensive
delocalization of the m-electrons, and C,—C, has considerable double bond character,

as indeed is reflected in the value of J(F,F,) 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 Fy 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 °F chemical shifts in two
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similar conjugated molecules is dependent upon both the fluorine electron charge
densities and the carbon-fluorine m-electron bond orders.!?
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