
extract was dried over magnesium sulfate and the 
solvent was removed on the rotary evaporator. The 
residue was twice dissolved in 10 ml. of petroleum 
ether (b.p. 30-40°) and the petroleum ether removed on 
the rotary evaporator. Attempts to distill a portion of 
the residue at reduced pressure led to decomposition. 
The remainder of the residue was heated at ~ 5 0 ° 
under reduced pressure for 5 min. and gave 1.5 g. of 
4-methyl-3-penten-l-yl tosylate. 

This compound could not be obtained in crystalline 
form. The purity was established by examination of 
the nuclear magnetic resonance spectroscopy. The 
n.m.r. spectrum (Figure 1) shows only one minor 
absorption due to an impurity at 0.9 p.p.m. The 
absence of other absorptions which could be ascribed 

1,1,4,4-Tetrafluoro-l,3-butadiene is indicated by dipole 
moment studies to exist in the s-trans conformation. 
The 19F-19F spin-spin coupling constants for this com­
pound are surprisingly similar to those of bis-4,5-
(difluoromethylene)cyclohexene andperfluoro-1,2-dimeth-
ylenecyclobutane, both of which substances have their 
double bonds held in s-cis configurations. The results 
are related to the mechanism of transmission of fluorine-
fluorine spin-spin interactions and are inconsistent with 
a predominance of a '"through-space" mechanism of 
coupling. 

Introduction 

The conformational s-cis-s-trans equilibria of 1,3-
butadienes have been investigated by a number of 
techniques. Detailed studies of the infrared and 
Raman spectra and extensive calorimetric measure­
ments have indicated that 1,3-butadiene exists predom­
inantly (at least 96%) in the s-trans form at room 
temperature.2-6 Substituted butadienes have received 
less attention. Microwave studies of 2,3-dimethyl-
1,3-butadiene, isoprene, and fiuoroprene provide no 
evidence for the presence of more than a few per 
cent of the s-cis form.6'7 2,3-Di-r-butyl-l,3-butadiene 
has been reported to exist in a non-/ra«soWconformation 

(1) Supported in part by the Office of Naval Research and the National 
Science Foundation. 

(2) J. G. Aston, G. Szasz, H. W. Woolley, and F. G. Brickwedde, J. 
Chem.Phys., 14, 67(1946). 

(3) D. J. Marais, N. Sheppard, and B. P. Stoicheff, Tetrahedron, 17, 
163(1962). 

(4) M. Batuev, A. Onishchenko, A. Matveeva, and N. I. Aronova, 
Proc. Acad. Sci. USSR, 135, 543 (1960). 

(5) A. Almenningen, O, Bastiansen, and M. Traetteberg, Acta. Chem. 
Scand., 12, 1221 (1958). 

(6) D. R. Lide, Jr., and M. Jen,/. Chem. Phys., 40, 252(1964). 
(7) D. R. Lide, Jr., ibid., 37, 2074 (1962). 

to impurities and the location of the resonance suggests 
that it may be due to a high-boiling hydrocarbon. An 
equivalent quantity of petroleum ether was evaporated 
to dryness (1 hr. at ^-50° and 20 mm.) on the rotary 
evaporator and the flask rinsed with 1 ml. of ethanol-
free chloroform. The n.m.r. spectrum of the chloro­
form solution showed an absorption at 0.9 p.p.m. 
(The same absorption was detected in the n.m.r. 
spectrum of m-3-penten-l-yl tosylate.) 

The high reactivity of 4-methyl-3-penten-l-yl tosylate 
made the measurement of the rate of solvolysis some­
what difficult. (The half-life is less than 1 min. at 50° 
in 98% formic acid.) However, the absence of any 
detectable deviation from linearity in the rate of 
solvolysis further substantiates its purity. 

as a result of steric interactions of the bulky r-butyl 
groups.8 

From the intensities of ultraviolet absorptions, it 
has been concluded that the double bonds in 2,4-
dimethyl-l,3-pentadiene and 2-chloro-4-methyl-l,3-pen-
tadiene deviate some 50° from planar, while with 1,1,-
4,4-tetrachloro-l,3-butadiene the favored conforma­
tion is >70° from planar.9 Infrared and Raman studies 
indicate that chloroprene, 2,3-dichloro-l,3-butadiene, 
and isoprene exist predominantly in the s-trans 
form while hexachloro-1,3-butadiene has a preferred 
nonplanar conformation.10 From analysis of the in­
frared and Raman spectra and the polarization ratios 
of the stronger Raman lines of hexafluoro-1,3-buta­
diene, Nielsen and Albright concluded that "the spec­
tral data are inconsistent with the assumption of molec­
ular symmetry C2h (trans form) but can be interpreted 
satisfactorily on the basis of symmetry C2v (cis form)."11 

The report by Anderson, Putnam, and Sharkey12 that 
the 40-Mc.p.s. fluorine nuclear magnetic resonance of 
1,1,4,4-tetrafluoro-l,3-butadiene (I) exhibits a broad 
(~160 c.p.s.) but unresolvable band which at tem­
peratures of —80 to —120° sharpens somewhat 
suggests the possibility that conformational equilibrium 
between the s-trans form (Ia) and s-cis form (Ib) 
might be only slowly established, the broad band being 
the result of slow exchange of the fluorine nuclei be­
tween magnetically nonequivalent environments in Ia 

(8) H. Wynberg, A. DeGroot, and D. W. Davies, Tetrahedron Letters, 
1083 (1963). 

(9) E. A. Braude, Experientia, 11, 457 (1955). 
(10) G. J. Szasz and H. Sheppard, Trans. Faraday Soc, 49, 358 

(1953). 
(11) J. C. Albright and J. R. Nielsen, / . Chem. Phys., 26, 370 (1957). 
(12) J. L, Anderson, R. E. Putnam, and W. H. Sharkey, J. Am: 

Chem. Soc, 83, 382(1961). 
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Table I. N.m.r. Parameters for l,l,4,4-Tetrafluoro-l,3-butadiene Derivatives0 

1,1,4,4-Tetrafiuoro-
1,3-butadiene 

Bis-4,5-(difluoro-
methylene) cyclohexene 

Perfluoro-1,2-
dimethylenecyclobutene 

A^AB 
A A 

A B 
JAB' 

JBB' 

Jua 

= 1.461 
= +35 .7 ± 0.2 
= + 3 6 . 6 ± 0.2 
= + 8 . 0 ± 0.2 
= + 4 . 8 ± 0.2 
= 10.8 ± 0.2 

A^AB = 
A A = 
/A B = 
JAB' = 
JBB' = 
AvlF„ 
J HvlFb 
^limat'b 
^HmIF1 

1.756 
+ 31.4 ± 0.2 
+ 39.0 ± 0.2 
+ 4 . 8 ± 0 
+ 3.3 ± 0 

+ Av2Fa = 
+ Av2Fb — 
+ ArmFb = 
+ Am(Fa = 

2 
2 
2.0 
0.2 
3.2 
1.3 

- W B 
A A 
A B 
JAB' 

JBB' 

= 1.391 
= +23 .2 ± 0.2 
= +14 .7 ± 0.2 
= + 6 . 7 ± 0.2 
= + 7 . 6 ± 0.2 

" A^AB values in p.p.m.; /values inc.p.s. 

and Ib, and the sharpening at low temperature being 
the result of "freezing" the molecule into the s-
trans and/or the s-cis form. 

Figure 1. Fluorine nuclear magnetic resonance spectrum at 56.4 
Mc.p.s. of (a) l,l,4,4-tetrafluoro-l,3-butadiene, (b) 1 9F-(1H) spec­
trum, and (c) calculated 19F-{ 1H) spectrum. 

We report here a determination of the favored con­
formation of l,l,4,4-tetrafluoro-l,3-butadiene and 

H C - F H H 

C-C 
/ \ 

F - C H 
\ 

F 
Ia 

C-C 
/ \ 

F - C C - F 
\ / 

F F 
Ib 

Results 
The 19F nuclear magnetic resonance spectrum of 

l,l,4,4-tetrafluoro-l,3-butadiene, I (Figure la), at 
room temperature under conditions of good resolution, 
is very complex and a complete analysis was only 
made of the AA'BB'-type spectrum obtained by de­
coupling the protons by double resonance.13 The 
decoupled spectrum (designated as 19F-J1Hj14) is 
shown in Figure lb. Average line positions determined 
from ten independent spectra were used in the analysis 
which involved the iterative technique of Swalen and 
Reilly.15 The n.m.r. parameters are summarized in 
Table I. The H-H coupling constant for I was ob­
tained from the 13C satellites of the 1H-J 19F) spectrum. 

The 19F n.m.r. spectrum of bis-4,5-(difluoromethyl-
ene)cyclohexene (II), prepared by the addition of 
tetrafluoro-l,2,3-butatriene16 to 1,3-butadiene, is shown 
in Figure 2. Both the methylene (Hm) and vinyl (Hv) 

studies of 19F nuclear magnetic resonance spectra of 
some 1,1,4,4-tetrafluoroalkadienes. 

Figure 2. Fluorine nuclear magnetic resonance spectrum at 
56.4 Mc.p.s. of bis-4,5-(dif]uoromethylene)cyclohexene. 

hydrogens were coupled to the fluorine; consequently, 
a completely decoupled fluorine spectrum could not 
easily be obtained. However, only the low-field 
fluorines were coupled to the vinyl hydrogens. The 
high-field half of the 19F n.m.r. spectrum with the 

(13) Cf. J. A. Pople, W. G. Schneider, and H. J. Bernstein, "High-
Resolution Nuclear Magnetic Resonance," McGraw-Hill Book Co., 
Inc., 1959, pp. 160, 161,229, 230. 

(14) J. D. Baldeschwieler and E. W. Randall, Chem. Rev., 63, 81 
(1963). 

(15) J. D. Swalen and C. A. Reilly, J. Chem. Phys., 37, 21 (1962). 
(16) E. L. Martin and W. H. Sharkey, / . Am. Chem. Soc, 81, 5256 

(1959). 
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A^J 
12,11 10,9 8 '? fe,5 4,3 2 1 

Figure 3. High-field half of the 56.4-Mc.p.s. 19F-(1Hj nuclear 
magnetic resonance spectrum of bis-4,5-(difiuoromethylene)cyclo-
hexene: (a) observed, (b) calculated. 

methylene hydrogens decoupled (Figure 3) was used 
for analysis of the 19F chemical shifts and coupling 
constants. This double-irradiation spectrum was ob­
tained by sweeping the frequency at constant field 
using the audio side-band phase detection field-lock 
method.17 The experimental energy levels and the 
n.m.r. parameters were determined by the iterative 
technique. The results are summarized in Table I; 
the observed and calculated spectra are compared in 
Figure 3. Fluorine double-irradiation "tickling" ex­
periments were used to confirm the transition assign­
ments. Irradiation of line 6 with a weak radiofre-
quency field causes line 12 to decrease in intensity and 
split while line 7 is slightly enhanced but still broadened 
(Figure 4a). The small intensity changes are due to 
the nuclear Overhauser effect which results when the 
population of one state is decreased and another in­
creased upon double irradiation.18 

Freeman and Anderson have described the expected 
effects of weakly irradiating one transition in a multiplet 
and give the following rules. (1) Any transition with 
an energy level in common with the transition irradiated 
will split into a doublet. (2) If the other two energy 
levels which are not common for the irradiated and 
perturbed transitions have the same F1 value then the 
doublet will be well resolved; if the F1 values differ 
by 2 then the doublet will be poorly resolved.19 

Using the Freeman-Anderson tickling rules, the 
location of transitions 12 and 7 in the energy level 
diagram is easily assigned. The spectra obtained 
on weak irradiation of lines 7 and 8 (Figure 4b and 4c) 
were interpreted similarly. These experiments permit 
a unique set of transition assignments. 

The 1H and 19F coupling constants of II were de­
termined from the 19F n.m.r. spectra. The methinyl 
proton-fluorine coupling constants (7H VF) were de-

(17) D. D. Elleman and S, L. Manatt, J. Chem. Phys., 36, 2349 
(1962). 

(18) R. Kaiser, ibid., 39, 2435 (1963). 
(19) R. Freeman and W. A. Anderson, ibid., 37, 2053 (1962). 

V\J^ 

W yJw ^ w L 

WUY* 

Figure 4. High-field portion of the 56.4-Mc.p.s. 19F-{ 1Hn,) nuclear 
magnetic resonance spectrum of bis-4,5-(difluoromethylene)cyclo-
hexene with fluorine-fluorine decoupling: (a) line 6 irradiated, 
(b) line 7 irradiated, (c) line 8 irradiated. 

termined from the 19F spectrum observed upon de­
coupling the methylene protons. The methylene pro­
ton-fluorine coupling constants (/HmF) were determined 
from the 19F spectrum with the methinyl protons de­
coupled. The fine-structure pattern for spectra such 
as these has been shown20 to be indistinguishable with 
either equal and unequal H-F coupling constants 
when the line width of a component of the observed 
pattern, Si/,, is greater than 

(Jv. /HFO 2 

2(7 F F — / H H ) 

For these spectra, 5Vl « 0.5 c.p.s., JFF = 35 or 4 
c.p.s., a n d / H H ~ 10 c.p.s. (for methinyl proton) or 15 
c.p.s. (for methylene protons). Both 7 F F values are 
consistent with any sum of / H F and / H F ' equal to the 
observed line separations. 

The ring fluorines and the vinylic fluorines in per-
fluoro-l,2-dimethylenecyclobutane (III)21 were strongly 
coupled (~8 c.p.s.), and fluorine-fluorine decoupling 
was accomplished by a previously unreported tech­
nique, devised and kindly carried out for us by Drs. 
S. L. Manatt and' D. D. Elleman. The center-band 
frequency was first adjusted to precisely the ring-
fluorine resonance frequency; the field was then locked 
on the hexafluorobenzene resonance (internal) using 
the audio side-band phase-detection, field-lock sys­
tem; the vinylic-fluorine resonances were observed 
by frequency sweep using audio side-band detection 
(Figure 5). In field-sweep spectra, it is currently im-

(20) R. J. Abraham and H. J. Bernstein, Can. J. Chem., 39, 216 
(1961). 

(21) T. L. Jacobs and R. S. Bauer, /. Am. Chem. Soc, 81, 606 (1959). 
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Table II. Dipole Moment of l,l,4,4-Tetrailuoro-l,3-butadiene<' 

Concn., 
mole fraction 

in CCl4 

0.0232 
0.0345 
0.0685 
0.1072 

P2 

25.69 
25.68 
26.10 
26.24 

Ri 

27.70 
20.62 
20.58 
20.63 

/J4D 

1.4683 
1.4637 
1.4581 
1.4519 

d4 

1.6113 
1.6080 
1.5945 
1.5180 

^ s o l n 

2.267 
2.265 
2.257 
2.247 

Concn., 
moles/ml. 

X 10* 

2.44 
3.62. 
7.19 

11.21 

A, 
X 103 

2.29 
13.2 
21.4 
28.4 

25.06 ml., />== = 25.47 ml., M = 0.4 D. 

possible to obtain homonuclear decoupling over such 
a large frequency range since both resonances are 
swept simultaneously. The line positions were de­
termined by measuring the frequency of the audio side 
band used for observation. 

JO1 UL 
»;uuu 

17 16 13 12 

JjJL 
4 A ^ A 1 

ml./mole) agrees reasonably well with the value cal­
culated by summing the bond refractions (R2 = 19.8 
ml./mole).24 Since a small difference between two 
large numbers is used as a multiplicative factor in cal­
culating the dipole moment, the uncertainty in the 
dipole moment is on the order of ± 0.4 D. 

Discussion 

The 19F n.m.r. spectrum of I at 56.4 Mc.p.s. consists 
of a dense pattern of sharp lines which upon proton 
decoupling simplifies to that of a very tightly coupled 
AA'BB' system. No significant change was observed 
in the decoupled fluorine spectrum down to —80°. 
In Figure 6 the 19F-19F coupling constants are plotted 
as a function of temperature. Similar variations of 

JUI 
Figure 5. Fluorine, 19Fv-{19F r), nuclear magnetic resonance 
spectrum at 56.4 Mc.p.s. of perfluoro-l,2-dimethylenecyclobutane: 
(a) observed, (b) calculated. 

The experimental energy levels and n.m.r. parameters 
were determined by the iterative technique. The cal­
culated chemical shifts and coupling constants are given 
in Table I; the calculated spectrum is shown in Figure 
5. Another audio side band was used to perform the 
double-irradiation tickling experiments. Irradiation 
of line 2 perturbs line 10, 13, and 15; line 10 (and 
15?) appears as broad doublet while line 13 is a sharp 
doublet. Irradiation of line 14 perturbs lines 1, 8, 
and 18; line 1 nearly disappears, line 18 becomes a 
low-intensity, inverted doublet, and line 8 is very 
broadened. Using the Freeman-Anderson rules, these 
observations are as expected for the given assignments. 

Attempts to decouple the perfluoromethyl fluorines 
from the vinylic fluorines to permit analysis of the spec­
trum of perfiuoro-2,3-dimethyl-l,3-butadiene22 were 
unsuccessful. The fluorine resonances are separated 
by only ~400 c.p.s. (at 56.4 Mc.) and are very strongly 
coupled (the half-width of the CF3 resonance is ~ 4 0 
c.p.s.). 

The dipole moment of I has been measured in carbon 
tetrachloride solution at 4°. The data are summarized 
in Table II. Both the density and dielectric constant 
of the solution were nonlinear in concentration. Cal­
culation of the dipole moment by the Guggenheim 
method or by extrapolation of the solute polarization to 
zero concentration yielded a dipole moment of 0.4 
D.23 The molar refraction of II obtained (R2 = 20.6 

(22) W. Mahler, / . Am. Chem. Soc, 84, 4600 (1962). 

J, cps 

36.0 

35.0 
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Figure 6. Temperature dependence of F-F coupling constants in 
l,l,4,4-tetrafluoro-l,3-butadiene, JAA and JAB left scale, JAB' and 
/ B B right scale. 

F-F coupling constants of fluoroalkenes with tempera­
ture have been reported.25 The broadness in the 
previously reported spectra may be partially due to 
the greater complexity at 40 Mc.p.s. but must also be 
due to poorer resolution. No evidence for a slowly 
established cis-trans equilibrium was obtained. Fur­
thermore, the lack of any very appreciable temperature 

(23) See J. W. Smith, "Electric Dipole Moments," Butterworth and 
Co. (Publishers) Ltd., London, 1955. 

(24) E. L. Warrick,/. Am. Chem. Soc.,68, 2455(1946). 
(25) W. S. Brey, Jr., and K. C. Ramey, J. Chem. Phys., 39, 844 

(1963). 

1342 Journal of the American Chemical Society / 87:6 / March 20, 1965 



dependence of the coupling constants suggests that the 
equilibrium constant, Ki, is very large or very small. 

The measured small dipole moment of I is not con­
sistent with the cisoid conformation. The expected 
dipole moment for the cisoid conformation in which 
the angle between the axes of the C = C double bonds 
is 120° {trans = 0°) is 2.3 D. (based on the dipole 
moment of CH2=CF2

26). If we assume /x = 0 D. 
for Ia and /J, = 2.3 D. for Ib, the equilibrium mixture 
which corresponds to n = 0.4 D. contains 17% Ib. 
However, because of the inaccuracy of the dipole de­
termination this value probably represents an upper 
limit. 

A microwave study of I by Beaudet27 supports 
this conclusion. The intensities of pure rotational 
transitions are proportional to the square of the di­
pole moment and because the dipole moment of Ia 
is zero by symmetry, an observable microwave spec­
trum is expected only for Ib. Hence a qualitative 
examination of I for a pure rotational absorption should 
in itself confirm the presence or absence of appreciable 
concentrations of Ib. No pure rotational absorption 
was found under conditions where 3% of Ib should 
have easily been detected. 

To check the possibility that a change in preferred 
conformation may occur between the condensed phase 
(on which the n.m.r. studies were done) and the gas 
phase (on which the microwave studies were done) the 
infrared spectrum of I in the gas and condensed phase 
was determined. No significant difference was de­
tected between the gas at 2 mm., pure liquid, or carbon 
disulfide solutions. If a change in preferred conforma­
tion had occurred, a marked change in the infrared 
spectra would have been expected because of the dif­
ference in symmetries of the s-cis and s-trans forms. 

Preliminary results from infrared and Raman studies 
of I provide additional evidence for the s-trans 
conformation.28 The infrared spectrum of I shows a 
doublet in the C-H stretch region and a doublet in 
the C = C stretch region. However, the Raman spec­
trum of I shows only a single C-H stretch and a single 
C = C stretch; the Raman frequencies are different from 
the infrared frequencies. The absence of correspond­
ence in the infrared and Raman frequencies favors the 
C2h symmetry of the s-trans form (Ia). 

Before completion of the dipole moment, microwave, 
and infrared studies, the very large magnitude (36 
c.p.s.) of one of the five-bond fluorine-fluorine coupling 
constants led us to believe that I exists predominantly 
in the cisoid form, Ib. This suggestion rested upon the 
supposition that long-range F-F coupling occurs mainly 
via through-space interactions which are thought to 
be negligible at F-F distances of greater than 2.7 A.29 

Since the mechanisms of F-F coupling are not on a 
sufficiently firm basis to permit a definite conclusion, 
we decided to use what appeared to be a much firmer 
empirical observation, the sensitivity of long-range 
coupling constants to the spatial relationship of the 
two spin-coupled nuclei. Long-range H-H,30 H-F,3 1 

(26) A. Roberts and W. F. Edgell, J. Chem. Phys., 17, 742 (1949). 
(27) R. A. Beaudet, / . Am. Chem. Soc, 87, 1390 (1965). We are 

greatly indebted to Dr. Beaudet for providing us with this information 
in advance of publication. 

(28) D. A. Dows and R. Conrad, private communication. 
(29) L. Petrakis and C. H. Sederholm, J. Chem. Phys., 35, 1243 

(1961); S. Ng, and C. H. Sederholm ibid., 40, 2090(1964). 
(30) Cf. S. Sternhell, Rev. Pure Appl. Chem., 14, 15 (1964); K. 

and F-F 3 2 coupling constants have all been shown to 
be sensitive to the geometrical relationship of the two 
spin-coupled nuclei in a variety of compounds. 

Evidence based on the spatial sensitivity of long-
range F-F coupling constants was sought from model 
compounds with similar geometrical relationship be­
tween the fluorines to those of Ia and Ib. Structurally 
rigid molecules containing a transoid 1,1,4,4-tetra-
fluoro-l,3-butadiene fragment are difficult to devise 
because only the 2,3-positions are available for substi­
tution which would lock the molecule into the desired 
shape. Structures locked in the cisoid relationship 
are much more easily obtained, and we have examined 
two such molecules containing cis-1,1,4,4-tetra-
fluoro-l,3-butadiene systems: bis-4,5-(difluoromethyl-
ene)cyclohexene (II) and perfluoro-l,2-dimethylene-
cyclobutane (III).21 The similarity of the long-range, 

F F 
I ! 

CH2 C C 
/ \ / \ / \ 

HC C F F 2 C - C F 
Il I I l 

HC C F F 2 C - C F 
\ / \ / \ / 

CH2 C C 
I I 

F F 
II III 

five-bond coupling constants for I, II, and III was 
originally thought to be very strong evidence in favor 
of the cisoid conformation (Ib) of 1,1,4,4-tetrafluoro-
1,3-butadiene. This has now been shown to be in­
correct by the dipole and spectral data.27'28 As a 
result, the assumption of a spatial dependence of the 
long-range F-F coupling constants in these fluoro-
alkadienes is apparently not justified, and quite ob­
viously the notion that the large five-bond F-F coupling 
occurs via a through-space interaction is also incor­
rect. 

Theoretical calculation of F-F coupling constants33 

is much more complicated than calculation of H-H 
coupling constants34 because the additional electrons in 
p-type orbitals must be included and both one-electron 
orbital and two-electron spin and orbital interactions 
may make significant and sometimes comparable con­
tributions to nuclear spin coupling.33 None of the 
attempts at theoretical calculations of F-F coupling 
constants have achieved any substantial degree of 
success.35 

Empirical rationalizations of F -F coupling constant 
data have been offered. Consideration of the avail­
able data led Petrakis and Sederholm29 to propose that 
F-F couplings do not occur through the bonding elec­
trons but by a through-space mechanism involving 
L. Williamson and W. S. Johnson, J. Am. Chem. Soc, 83, 4623 (1961); 
F. J. Schmitz and W. S. Johnson, Tetrahedron Letters, 647 (1962); 
H. J. Ringold, M. Sut, M. Hayano, and A. Turner, ibid., 835 (1962). 

(31) Cf. D. R. Davis, R. P. Lutz, and J. D. Roberts, J. Am. Chem. 
Soc, 83, 246 (1961); T. A. Wittstruck, S. K. Malhotra, H. J. Ringold, 
and A, D. Cross, ibid., 85, 3038 (1963); M. Takahashi, D. R. Davis, 
and J. D. Roberts, ibid., 84, 2935 (1962). 

(32) Cf. ref. 29; ref. 25; G. V. D. Tiers, / . Chem. Phys., 35, 2263 
(1961); H. M. Beisner, L. C. Brown, and D. Williams, J. Mol.Spectry.,1, 
385(1961). 

(33) H. M. McConnell, J. Chem. Phys., 24, 460 (1956). 
(34) N. F. Ramsey and E. M. Purcell, Phys. Rev., 85, 143 (1952); 

N. F. Ramsey, ibid., 91, 303 (1953). 
(35) M. Karplus, J. Chem. Phys., 30, 11 (1959); J. A. Pople, MoI. 

Phys., 1, 216 (1958); G. A. Williams and H. S. Gutowsky, / . Chem. 
Phys., 30, 717(1959). 
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nonbonded F-F interactions. In support of this idea 
it was shown (with the aid of a number of somewhat 
ad hoc assumptions) that a reasonably smooth cor­
relation between magnitudes of F-F coupling constants 
and F-F distances could be obtained. No justifica­
tion for this correlation is apparent from the present 
work. 

For the three fluoroalkadienes, the five-bond coupling 
constants, /AA , JAB>, and J B B in I, and yAB' and / B B 
in II and III, are all between fluorines at distances much 
longer than the supposed minimums necessary to pro­
duce a through-space interaction and must therefore 
arise from through-bond interactions. To be sure, the 
interactions occur through an unsaturated system and 
are expected to be larger than those for the corre­
sponding saturated -system; nonetheless, through-
bond interactions of fluorines are clearly not negligible. 

Since II and III exist in cisoid conformations, the 
resultant cis-cis F-F distance is expected to be nearly 
as small as will be ever observed for nongeminal 
fluorines in a stable molecule since models show that 
the "inside" fluorines must be tightly held against one 
another. The coupling between these fluorines should 
therefore approach the maximum observable from a 
through-space interaction. If this F-F distance (~1.5 
A. using standard bond lengths and bond angles) is 
less than or equal to that of geminal fluorines, one would 
predict on the basis of Sederholm's correlation that JFF 

> 200 c.p.s. The observed values are an order of 
magnitude smaller. 

For Ia, no contributions to the coupling constants 
from through-space interactions would be expected 
since all of the F-F distances are greater than ~4 .0 A. 
The similarity of the coupling constants in Ia and II 
suggests that no significant through-space interaction 
contributes to the coupling in II. Since II should be 
a nearly ideal situation for the occurrence of such inter­
actions, serious doubt is cast onto the necessity of 
invoking through-space coupling in other systems. 
The mechanism of long-range spin-spin coupling 
appears to be much more complicated than a simple 
distance vs. 7F F correlation would suggest. Further 
studies, both theoretical and experimental, are clearly 
necessary. 

Experimental 

Proton nuclear magnetic resonance spectra were ob­
tained at 60 Mc.p.s., using a Varian Associates Model 
A-60 for the room temperature spectra and a Varian 
Associates V-4300 B spectrometer with 12-in. magnet, 
superstabilizer, field homogeneity control coils, and 
Model V-3421 integrator and base-line stabilizer for 
variable temperature work. 

Fluorine nuclear magnetic resonance spectra were 
obtained at 56.4 Mc.p.s. using the same Varian As­
sociates V-4300 B spectrometer. Proton decoupling 
was achieved using a Nuclear Magnetic Resonance 
Specialties Model SD-60 spin decoupler. Frequency 
sweep spectra were obtained using the Varian Asso­
ciates V-4300 B spectrometer at the Jet Propulsion 

Laboratory which was equipped with a phase-sensitive 
lock-in detector for field stabilization.17 A variable-
frequency, audio side band provided the exciting radio-
frequency signal for observation. Drs. S. L. Manatt 
and D. D. Elleman kindly assisted with these measure­
ments. 

Measurements of line positions in the field-sweep 
spectra were accomplished by the usual audio side 
band method using a Hewlett-Packard Model 200 AB 
audio-oscillator and Model 521-C frequency counter. 
In the frequency-sweep spectra, the line positions were 
measured by determining the frequency of the radio-
frequency field using a Hewlett-Packard Model 524-C 
frequency counter. 

l,l,4,4-Tetrafluoro-l,3-butadiene (I) was provided 
by H. N. Jacobson of du Pont. Vapor phase chroma­
tography using columns packed with diisobutyl maleate, 
diisodecyl phthalate, silver nitrate, silver nitrate-
ethylene glycol, Fluorolube, and KeI-F No. 3 indicated 
the material was more than 99 % pure. 

Bis-4,5-(difluoromethylene)cyclohexene (II). 
l,l,4,4-Tetrafluoro-l,2,3-butatriene, prepared by the 
procedure of Martin and Sharkey,16 was swept with a 
stream of deoxygenated nitrogen as it was generated 
through a series of two Dry Ice-acetone cooled traps 
each of which contained approximately 10 g. of 1,3-
butadiene. After 1 day at —70°, the traps were warmed 
to - 1 0 to - 2 0 ° for 2 days, then to - 5 ° for 2 days, and 
then to 25° for 1 day. The product was purified by 
preparative v.p.c. on the Megachrom using 12-ft. 
Carbowax columns at 85°. The infrared spectrum of 
II was consistent with the assigned structure. The ab­
sorptions were assigned as follows: C=CF 2 (stretch) 
1740, C ~ F (stretch) 1260 and 1268, C = C (stretch) 
1657, = C — H (stretch) 3030, and -CH2- (stretch) 
2970 and 2875 cm. -1. The ultraviolet spectrum of II 
in cyclohexane showed a single absorption maximum 
at 216 m,u. The 1H n.m.r. spectrum had resonances 
at 5.56 and 2.68 p.p.m. in the ratio of 1:2. 

Because the compound is unstable, good combustion 
analyses could not be obtained. Quantitative hy­
drogen analysis36 by n.m.r. of a freshly purified sample 
gave better agreement with the value calculated for 
this compound. 

Anal. Calcd. for C8H6F4: C, 53.9; H, 3.37. Found: 
C, 52.9; H, 7.62 (combustion), 3.5 (n.m.r.). 

Tetrqfluoroallene. A generous sample of 1,3-di-
bromo-l,l,3,3-tetrafluoropropane was kindly provided 
by Dr. L. Morantz and was dehydrobrominated to 
tetrafluoroallene.21 

Perfluoro-l,2-dimethylenecyclobutane. Approxi­
mately 5 g. of tetrafluoroallene and 0.05 g. of hydro-
quinone were sealed in a heavy-wall glass tube and heated 
at 40° for 20 hr. The tube was cooled and opened; 
the contents were distilled to give 1.0 g. of perfluoro-
1,2-dimethylenecyclobutane, b.p. 57-63° (lit.21 63°). 
The infrared spectrum was identical with that reported. 

(36) R. B. Williams, "Conference on Molecular Spectroscopy, 
London," Pergamon Press Inc., New York, N. Y., 1959. 
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