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FLUORIDE ION CATALYZED ISOMERIZATION OF 2-ARYL-F-BUTENES [1]
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SUMMARY

A kinetic study of the fluoride ion catalyzed isomeriza-
tion of a series of 2-aryl-F-l-butenes shows the reactions to
be pseudo first order in olefin at constant fluoride ion con-
centration. The resultant Hammett plot is non-linear with a
concave downward break near g=0. A two step mechanism involv-
ing formation of a carbanionic intermediate is proposed. A
change in the rate limiting step causes the break in the Ham-
mett plot. Carbanion trapping experiments are also reported.

INTRODUCTION

The initial investigation of the reaction of fluoride ion
with 3,3-dichloro-F-propene demonstrated that the reaction
proceeded via attack of fluoride on the difluoromethylene ole-
finic carbon with an allylic shift of the double bond and

elimination of chloride ion [2].

CF2=CFCFC12 + KF —— CF‘C1=CFCF3

The report of the incorporation of 18F into F-propene that had
been passed over alkali metal fluorides containing 1 F, also
suggested possible displacement of fluoride in an isomer-
ization reaction [3].

Several fluoride ion catalyzed isomerizations have now
been observed [4]. Tetraethylammonium fluoride in chloroform
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isomerized F-l-heptene to its internal isomers [5]. F-l-Hep-
tene has also been isomerized in the gas phase over alkali or
alkaline earth metal fluorides [6]. F-2-Pentyne was isolated
in 95% yield from the cesium fluoride catalyzed isomerization
of F-1,4-pentadiene [7,8]. The reaction was shown to proceed
via F-1,3-pentadiene and F-2,3-pentadiene. Isomerization of
2-phenyl-F-l-butene with fluoride ion yielded gig-'and trans-
2-phenyl-F-2-butene [9].

The initial proposed mechanism was an SN2' process, im-
plying a concerted attack of fluoride and elimination of

halide ([2,5], giving transitory existence to a species with

F™ + CF,=CFCF,X —— [F--cpz'_:cp'_'cpz--x]’

I

CF3CF=CF2 + X

the charge distributed over five atoms.

To date the isomerizations have generally been referred
to as proceeding via an SN2' mechanism, although it has not
been demonstrated that this type of transition state is in-
volved. 1Indeed, certain reactions of this type have been
shown to involve second order kinetics [2,10]. However, the
meager kinetic evidence only indicates that both reacting
species are present in the transition state. This does not
constitute evidence for a concerted reaction. Slow or revers-
ible formations of an intermediate are equally plausible ex-
planations for the second order kinetics.

The very existence of any SN2' mechanism has been serious
ly questioned [11]; the major objection is the requirement of
nucleophilic attack on an unactivated carbon-carbon double
bond. This objection should not be a factor in the fluoro-
olefin systems, however, due to their known reactivity with a
large variety of nucleophiles.

Since the formation of a carbanion from fluoroolefin and
fiuoride ion is a vital force in synthetic fluoro-organic
chemistry, a viable alternative mechanism would be formation

of a carbanionic intermediate with subsequent elimination of
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CF,=CFCF,Rp + F° —= CF,CFCF,R,
CF,CFCF.,R,. > CF.CF=CFR. + F
9 & I > r

halide. Slow or reversible formation of the carbanion would
satisfy a second order rate law. The formation of a discrete
carbanion in the isomerization has probably received little

attention du

to the very limited success in

ions from isomerizable olefins [12,13]. If B-elimination of
fluoride from the carbanion occurs at a greater rate than re-
action of carbanion with electrophilic substrate, the less re-
active internal olefin will be produced.
A th i
sition state has also been suggested for reaction with metal
fluorides {9]. This mechanism would display second order ki-
netics and a high negative entropy of activation.
This study was undertaken in an attempt to determine the
type of transition state or intermediate that is involved in
this type‘of isomerization. The system chosen for study was

the iscomerization of 2-aryl-F-l-butene to the corresponding

CFZ=CCF2CF3 + MF > CFSC-CFCF + MF

A\ T
Q. Q.
R R

2-aryl-F-2-butene. Thus, a kinetic study of the reaction of
several substituted olefins with different R ‘substituents
would allow construction of a Hammett plot. The direction and
magnitude of the slope of the Hammett plot would indicate the
susceptibility of the reaction to substituent effects [14].

In addition, several carbanion trapping experiments were

carried out.
RESULTS AND DISCUSSION

The

of the
o tThe

-aryl-F-l-propanones (1), needed for the synthesis

[on

1 nainag

1 (
utenes, were prepared from the corresponding aryl

Grignard reagent by the literature method [15,16]. The
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MgBr 0

#
ether
* CRCR 00 SR CF3CFZC~<:;>\R
3

R 1

l-aryl-F-l-butenes(2) were then prepared by the method of Naae

0

1 .
CCF,CF; + PhgP + CF,Br, triglyme, CF,=CCF

3 CF

273

1 2
R R

and Burton [17]. The ketones(l)and clefins(2) prepared were
those with the following sustituents: (a) H; (b) 4—CH3; (<)
3-CH3: (d) 4-F; (e) 4-Cl; (f) 3-CF3; (g9) 4-CF3. The compounds
were characterized by their spectral properties given in Tables
I and II.

The internal olefin isomers were prepared by isomerization
of 2 with potassium fluoride in triglyme. This system allowed
a convenient rate of reaction that could be monitored by glpc.
As soon as the 2-aryl-F-l-butene(2) had been consumed, the re-
action was quenched by addition of hydrochloric acid. This
procedure gave the trans- and cis-isomers in an approximately
2:1 ratio. If the reaction was not gquenched at this time,

- triglyme -
CF,=CCF,CF; + KF > CF;C=CFCF4

HLS

3

equilibration of the isomers occurred to give higher trans/cis
ratios that were unsuitable for isolation of the cis-isomer([9].
The olefins were easily separated by glpc on a column of

15% 20M Carbowax on 80-100 mesh Chromasorb P {(acid washed) [18].
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They eluted in the order: 3(trans), 2, 3(cis). The internal
isomers prepared were then isolated by preparative glpc. The
trans-CF3C=CCF3 interaction (1.1-1.4 Hz) was always less than
the corresponding cis coupling (10.1-11.3 Hz). Similarly, the

trans-CF ., C=CF couplings (10.1-11.3 Hz) were smaller than the

coupling3for the cis arrangement (22.6-25.7 Hz). The magni-
tudes of these couplings are in agreement with literature
values for similar interactions [19]. The spectral properties
of the trans- and cis-2-aryl-F-2-butenes(3) are given in
Tables III and IV, respectively.

The isomerizations were performed in dimethylformamide
(DMF). Low temperatures were required to give a convenient
rate of reaction. The reactions were carried out as described
in the Experimental section and monitored by glpc. Consump-
tion of olefin(2), plotted as 1ln A vs t (A=area ratio of 2 to
internal standard, t in seconds), was found to be linear to
complete consumption of the terminal olefin. Since fluoride
ion is not consumed in the reaction, the slope of the plot
gives kex’ a pseudo first order rate constant.

Rate = k__[2]
ex =

Determination of kex was by a least squares determination of
the slope, performed by computer {20]. Estimates of errors
were obtained from the program as standard deviation of the
fit.

The initial kinetic data was collected using Method A.
Two solutions of Et4NF in DMF were used. The data, collected
at -35° is reported in Table V as kex' The second order rate
constants calculated from kex and the flucride concentration
are also shown. For the cases studied, kCalc was within ex-
perimental error when fluoride was varied by a factor of 2.
This data suggests a first order dependence on fluoride ion

and a second order rate law of

Rate = (2] (F ]

kcalc
Elemental analysis of the Et4NF used then indicated that it
was largely bifluoride, which is much less reactive than
fluoride [4]. The two solutions used to collect the data in
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Table V were prepared using the same batch of suspected Et4NF.
The ratio of fluoride between the sets remains the same
although the actual fluoride concentration is not known. The
difficulty in obtaining pure Et4NF and its highly hygroscopic
nature led to the use of cesium fluoride as a fluoride ion
source.

Since cesium fluoride is not greatly soluble in DMF, a
saturated solution of CsF/DMF was prepared. To avoid the pre-
sence of excess solid cesium fluoride, the supernatant liquid
was carefully withdrawn via syringe and stored separately un-
til used. By this Method B, a series of isomerizations were
carried out using an aliquot of the solution for each exper-
iment. Three sets of kex were obtained for several of the
olefins from three separate solutions. The kex s are reported
in Table VI. It was found that the agreement was good, in-
dicating that reproducible fluoride concentrations were
obtained in the solutions. However, the isomerizations of
olefins 2f and 2g were so rapid at -35° that monitoring of the
progress of the reaction became difficult.

Thus Method B was abandoned in favor of Method C. Two
sets of data from two separate CsF/DMF solutions were collected
by Method C. The temperatures for the two sets were slightly
different. The kex s obtained are presented in Table VII.
Each kex represents a plot with 4-5 separate kinetic runs. The
kex s for the two sets agree quite well considering the small
difference in temperature.

The kex s from the -33° data set are plotted in Figure 1
as log kex vs o. The Hammett plot is non-linear and appears to
consist of two separate lines. The line through the four
points of lowest ¢ has a slope (rho value) of 6.7+1.0. The
line through the points of higher g, exhibits a slope (rho
value) of 1.3+0.2.

A point on each portion of the line (2b and 2e) was then
chosen for a temperature study to determine the activation
parameters of the isomerizations. Using Method C, triplicate
determinations of kex were made at =-23° and -13°, using three
separate solutions. The kex s obtained are presented in Table
VIII. The kex s needed for the study were calculated from the
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TABLE V
Method A: Et4NF/DMF
R [Et4NF] kex(stfli dev.) Keate
M sec lit/mole/sec
4-CHg(2b) 0.009 1.74 x 1076(0.08) 1.93 x 1074
0.020 3.04 x 1075¢0.11) 1.52 x 1074
4-CF4(2g) 0.009 5.93 x 10°4(0.94) 6.59 x 1072
0.020 3.87 x 10°3(0.46) 1.93 x 1071
TABLE VI
Method B: CsF/DMF
Smp- Koy X 104 (std. dev.) sec’!
R T35° -35° -33°
4-CHsy 1.95(0.25) 0.93(0.07 3.27(0.32)
3.98(0.26)
3-CHy 15.0(3.3) 9.45(0.30) 33.7(4.5)
31.3(2.7)
-H 15.2(1.5) 9.67(0.74)
4-F 16.2(1.0)  164(7.0)
4-C1 128(7.0) 132(31)
93.0(21)
TABLE VII
Method C: CsF/DMF
’ Tfmp. Kex X 104(std. dev.) sec1
R -35° -33° -33°
4-CH,q 1.79(0.03) 2.97(0.39) 4,33
3-CHyq 12.6(2.0) 27.0(3.0)
-H 19.2(2.4) 40.0(2.3)
4-F 62.1(9.9) 124(3.0)
4-C1 106(7.0) 167(12) 270(28)
3-CF,4 163(5.1) 317(20)
4-CF 526 (48)
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-.2 -.1 0 .1 .2 .3 .4 .5 .6

L]

Fig.l Hammett Plot: Log koy vs ¥

TABLE VIII
Method C: CsF/DMF Temperature Study

Temp.
kex X 103(std. dev.) kex x 102(std. dev.)
-1

sec sec™l
R \ -23° -13°

4-CHx 0.93(0.11) 0.30(0.03)
0.92(0.11) 0.33(0.02)
2.18(0.43) 0.49(0.05)
4-Cl1 44.4(4.1) 11.3(2.0)
41.5(1.9) 9.2(0.9)

55.1(4.6) 14.3(2.2)




second order rate law. The fluoride ion concentration in each
solution was determined spectrophotometrically (21]. It was
found to be identical for all the solutions, being 7.9x10-4M.
Rate = kcalc[g][F ]
= ey 2]
k., =k /I[F]
cdlC ex

Thus

W
o)

et
e}

1 . 1us, 2/121/
will yield a line of slope = -AH+/R and intercept = ASt/R + 1n
k/h.

T T
_ kT AH AS
kz . exp 7T SXP =
k t t
2 _ =M1 AsS k
IngF= —x 7§ * | * Inyg

The data was least squares fit by computer [23] and gave the
following results with computer estimates of the standard
viat £ the fit: 2b, AH' = 14.0(1.9) kcal/mole, As' =
3.9) eu; 2e, AHt = 10.0(1.2) kcal/mole, AST = -9.9(2.4)eu.

During the isomerizations the trans/cis ratios were also

v ion o

evi
-1.3

[oh

a
(

monitored. The ratio was observed to increase slowly through-
out the isomerization of 2. Plots of the trans/cis ratio vs
time (as half lives of the isomerization) were found to be
linear through 10-12 half lives. The ratio then leveled off
to an equilibrium value. Equilibrium was reached over a
period of time corresponding to 15-17 half lives of the isomer-
ization. The values of the trans/cis ratios at equilibrium
and extrapolated to time zero are presented in Table IX.
Several experiments were carried out in an attempt to
chemically trap a carbanion intermediate. 2-[3~(F-Methyl-
phenyl) ]1-F-1-butene(2f) was used in most of these reactions,
due to its greater reactivity with fluoride ion. When the
isomerization was carried out with cesium fluoride in triglyme
or DMF in the presence of excess iodine, nearly quantitative

vields of the carbanion trappin

————— of the 1 g product were formed. However,

it was found that the trapping product was formed equally
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TABLE IX
trans/cis Ratios of 2-Aryl-F-2-butenes
R to Equilibrium
4-CH3 3.1 9.9
3-CH3 2.7 8.1
-H 2.8 9.3
4-F 3.7 9.8
4-C1 3.7 9.6
3-CF3 4.6 8.4
4-CF3 3.8 7.6

CF2=CCFZCF3 + CsF + Iz — CF3CICF2CF3

O Q,,,

CF4
2f 4

as well by the addition of iodine to the mixture after isomer-

ization was complete. These reactions took place readily at

CF3C-CFCF3 + CsF + Iz ——> CFSCICFZCF3
@CF:; @CF::,
3f 4
room temperature.

The 2-iodo-2-[3-(F-methyl)phenyl}-F-butane(4) that was
formed was not thermally stable. Attempted distillation or
analysis by glpc gave only evidence of the trans-and cis-2-
aryl-F-2-butenes(3f). The iodide was extracted into ether, and
the excess iodine was destroyed with sodium bisulfite. It was
best to use cold aqueous bisulfite, since the heat
generated led to some decomposition of the aryl iodide. The
individual fluorines of the CF2 group in 2-iodo-2-[3-(F-methyl-
phenyl]-F-2-butane(4) were nonequivalent. The two fluorines
absorbed at 98.4 ppm and 103.7 ppm; a geminal fluorine-fluorine
coupling constant of 282 Hz was observed.



341

The iodide was further characterized by its reaction with
lithium aluminum hydride (LiAlH4). Reaction of an ether
solution of the iodide with LiAlH4 led to 5 in 66% yield. The
2-aryl-F-2-butenes(3f) were also observed (33%) by 19F NMR.
2-Hydryl-2-[3-(F-methyl)phenyl]-F-butane(5) was isolated by
preparative glpc and identified by its IR, lH and 197 NMR and

mass spectral data.

Et,0-THF
CF4CICF,CF; + LiAlH, _ 2",  CF3CHCF,CF3

5 (66%)

CF3 CF3

4

CF3C=CFCF3
3£ (33%)

F3

The 19F NMR spectrum also showed the non-equivalency of the

CF2 fluorines. The geminal fluorine-fluorine coupling was 256
Hz. The lH NMR exhibited a doublet-doublet-quartet signal at
§ 4.12 ppm consistent with the assigned structure. A molecular
ion (m/e 346, 41% of base) was observed in the mass spectrum.
The IR showed no olefinic unsaturation.

The iodide was rapidly dehalogenated by triphenylphos-
phine to yield the 2-aryl-F-2-butenes. 1In the presence of

water, the reaction again yielded the olefins.

EtZO-HZO
CF3CICF2CF3 + PhSP —_—> CF3C=CFCF3 + PhSPFI

K::Etps 4 [:tjtss 3f

Attempts to prepare a similar iodide by reaction of cesium
fluoride and iodine with 3a and 3e were unsuccessful. Only the

internal olefin isomers were observed.
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CF3C=CFCF3 + CsF + Iz —_—> CF3C'CFCF

3

R 3 R=H,LCl1 R

Only isomerization to 3f was observed from reactions of
2f with fluoride ion and methyl iodide, dimethylcarbonate or
carbonyl fluoride. Although some consumption of olefin was
observed, no volatile products were formed. Extended reaction
of 3f also failed to give carbanion trapping products.

The kinetic data is consistent with a two step mechanism
which involves formation of a reaction intermediate.. A carban-
ionic intermediate is proposed. A slow or reversible formation
of the intermediate is consistent with the overall second order
kinetics of the reaction. The non-linear Hammett plot also
indicates formation of an intermediate, with a change in the

rate limiting step across the series 2a-2g [24].

k

- 1
CF,=CCF,CF, + F -—— (CF,CCF,CF
2 2773 vFTI— 3 273
R
- k2 _
CFSCCFZCF3 > CF3C=CFCF3 + F
R R

Two possibilities need to be considered. If the format-
ion of the intermediate is rate determing (k2>k1), then k=kl.
If the second step of the mechanism (g-elimination of fluoride)
is rate limiting, then k=klk2/(k_l+k2).

The following interpretation of the Hammett plot is pro-
posed. When the R substituent is hydrogen or electron do-
nating (050), the formation of the intermediate is rate limit-

ing. Thus kex=kl [E-] and the Hammett rho value in this region
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should indicate the degree of bond formation and bond breaking
that has occurred in the intermediate. The very high positive
value of rho (+6.7) indicates that bond formation far exceeds
bond breaking in the intermediate. The fact that rho is posi-
tive shows that the formation of the intermediate is favored
by electron withdrawal. Thus the rho value favors formation
of a high degree of negative charge on the benzylic carbon atom
in the intermediate. The rho value can be compared with those
obtained from studies of other benzylic carbanions; that is a
+4.0 rho value in the deuterium-hydrogen exchange of 2-hydryl-
2-aryl-F-propanes [25] and the detritration of o-tritiotolu-
enes [26].

When R is electron withdrawing (o>0), k2 becomes rate
limiting. Since k is now a composite of several rate constants
(k=k1k2/(k_l+k2), the significance of the rho value is much
less obvious. The effect of o on k will be determined by its

relative effects on k k—l' and k,. The rho value of +1.3

’
simply implies that tie isomerization is accelerated by elec-
tron withdrawal, although the effect is greatly subdued com-
pared to the ggO cases.

A non-linear Hammett plot with a concave downward break
has been interpretated as a change in the rate-determining step
[24,27,28,29,30,31]. 1In the formation of semicarbazones from
benzaldehydes, the proposed mechanism involves reversible for-

mation of an adduct followed by acid catalyzed dehydfation. The

H+
k k
NG SN _ 2,
ArCHO + NHZR — ArCHNHR ArCH=NR + HZO
ky k_2

equilibrium constant (K=kl/k_l) and k, was determined at
neutral pH. The rho value for K was +1.81 and for k2, -1.74.
The overall rate constant was a composite given by k=k2K and a
rho value of +0.07 was observed, indicating virtual cancella-
tion of the substituent effects. When the pH was lowered to
1.75, k1 became rate limiting and a rho of +0.91 was obtained.
At the intermediate pH of 3.9, a break in the Hammett plot
ogccurred near g=0. A shift in the rate determining step was
proposed [30].
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Other examples include reaction of aromatic aldehydes
with n-butylamine to form Schiff bases [28] and the cyclodehyd-
ration of 2-phenyltriarylcarbinols [31]. These cases give
Hammett plots in which rho changes from positive to negative as
0 increases. They are interpreted as an indication of two step
mechanism with a shift in the rate limiting step.

The effects of the substituents on the k's are easily
rationalized. An increase in ¢ (greater electron withdrawal
from the system) will increase the susceptibility of the olefin

to nucleophilic attack and serve to increase k By the same

token, k_1 and k2 will be decreased since the inionic inter-
mediate will be stabilized relative to a substituent of less
positive g. Thus in the cases of g<0 (e.g. 4—CH3), rate limit-
ing attack occurs at the terminal carbon to form a carbanion.
The presence of an electron donating substituent on the ring
causes a relative destabilization of the anion which rapidly
B-eliminates fluoride ion, with formation of the more stable
internal isomers. When 0>0 (e.g. 4—CF3), the already activated
double bond is made even more electrophilic by the presence of
an electron withdrawing substituent on the phenyl ring. This
not only increases the rate of fluoride attack, but produces a
carbanion that is stabilized by the same electron withdrawal.
This stabilization reduces the driving force for B-elimination,
with a subsequent reduction of its rate. The break in the
Hammett plot then occurs at the point where kl is no longer
rate limiting.

The alternative explanation for a non-linear Hammett plot
is a change in mechanism. However a shift in mechanism, as
opposed to a shift in the rate limiting step, introduces a new
reaction path and results in a rate minimum (i.e. Hammett plot
concave upward) {24,27].

The high positive rho value at ¢g<O and the much lower rho
value for ¢>0 might suggest a change in mechanism from anion
formation to an SN2' process. The rho values might be expected
to be consistent with the amounts of bond making and bond
breaking that has taken place in the intermediate and transit-
ion state involved. This possibility is discarded since it is
totally inconsistent with the Hammett plot required for a

change in mechanism. If such a system was involved, it is ex-
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pected that the roles would be reversed. That is, anion
formation at high o and the SN2' process at low g. Indeed,
this would then yield a concave upward Hammett plot.

The nearly zero entropy of activation for the isomerizat-
ion of 2b argues against formation of a highly ordered SN2' or
cyclic transition state. Reactions that have been classified
as SN2' substitutions generally exhibit AS+ in the range of
=20 to -43 &u [32]. A more highly negative AS+ would also be
expected for a cyclic transition state [33]. What ASJr might
indicate is that cesium fluoride is still appreciably assoc-
iated in DMF. Freedom created by breakage of the double bond
of the olefin may be compensated by increased solvent ordering
around the now free cesium ion. The activation entropy for 2e

was determined from k , which is a composite of several rate

constants. It does ng:lgndicate entropy changes in the form-
ation of a transition state leading to the intermediate.

The initial trans/cis ratios are kinetic ratios of pro-
ducts. They show that B-elimination of fluoride to form the
trans olefin is 2.7-4.6 times faster than elimination to form
the cis olefin. Assuming the energetically more favorable
trans elimination [9], it is easily seen from the Newman pro-
jections why the kinetic ratio favors formation of the trans
olefin. Elimination to the cis isomer requires the bulky
F-methyl groups in a gauche arrangement. Rotation moves the
F-methyls into a lower energy anti arrangement. The observat-
ion that the kinetic ratio for phenyl substituents of g<0
are generally lower than for ¢g>0 probably indicates decreased

selectivity. due to decreased stability of the anion.
F F
A F
Ar. Fg 3

(9]
7]
e 2]

n
(%]
m
w
(2]
-
(7]
m
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The trans/cis ratios increased steadily throughout the
isomerization. Apparently the internal isomers can compete
effectively for the fluoride ion present. At seven half-lives
of the isomerization (99% reaction), the ratios were 55-75% of
the equilibrium values, increasing with increasing o. This
shows that increasing ¢ apparently has a greater effect on
equilibration than it has on the isomerization. This would
indicate a shift back to rate controlling fluoride attack in
the equilibration reaction. The steadily increasing ratio was
not observed when the isomerization was carried out with pot-
assium fluoride in diglyme [9]. In that system the initial
ratio did not increase appreciably during the isomerization.
Prolonged reaction times were required to effect equilibrium,
This is probably a manifestation of the marked decrease in re-
activity of this system. The greatly decreased reactivity is
shown by the isomerization requiring 4 hours at 100°([9}].

The equilibrium trans/cis ratios simply reflect the re-
lative thermodynamic stabilities of the two isomers. These
stabilities are best explained by electrostatics repulsion of
the large F-methyl groups.

The successful reaction of 3f with fluoride and iodine
shows that an anion is generated of sufficient lifetime to
allow its reaction with substrate. The fact that the anions
could not be trapped from 3a or 3e most likely indicates that
B-elimination from the anion is more-rapid than reaction of

and k., would

the anion. This supports the position that k_1 5

be decreased by an increase in g.

The reactions of phosphines with highly activated halogen
compounds have been shown to proceed via abstraction of posi-
tive halogen and formation of a carbanion [34,35]. The dehalo
genation of 4 by triphenylphosphine in the presence of water

(MezN)3P + CCl4 + ROH —— CHCl, + RC1 + (MezN)3PO

3
would be expected to proceed similarly. The failure of the
anion generated to be protonated by water indicates a very
facile f-elimination. However, in this system, the B-elimin-
ation of fluoride may be greatly aided by formation of the
phosphorus-fluorine bond.
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CF3CICF,CF3 CF3CCF2CF3
+ Ph3P >
CFy CF3
4
l H,0
CF3¢=CFCFy
3f
Fg

The corresponding anion from F-2-butene has been success-
fully reacted with carbonyl fluoride [36] and with the nitro-
gen containing F-aromatics [37]. The markedly decreased re-
activity of the anions from 3 apparently reflects the de-
creased nucleophilicity of the anion by withdrawal of electron
density into the ring. The anions from 3 that would be ex-
pected to be most nucleophilic (those of low g), exhibit too
short a lifetime to react with an electrophile.

EXPERIMENTAL

The melting points were obtained in capillary tubes and
are corrected. The boiling points are uncorrected. They were
determined during fractional distillation by means of a part-
ial immersion thermometer. Boiling points of known compounds
were in good agreement with reported values. The infrared
spectra were recorded on either a Perkin-Elmer Model 21 or a
Beckman IR 20-A spectrophbtometer using a neat film between
sodium chloride plates. lH NMR spectra were recorded on a
Varian A-60 NMR spectrometer. Tetramethylsilane (TMS) was
employed as an internal reference. Chemical shifts are re-
ported in § values downfield from TMS. 19F NMR spectra were
obtained with a Varian HA-100 NMR spectrometer operated at
94.075 MHz. Chemical shifts are reported in ¢* values upfield
from the fluorotrichloromethane standard. Area ratios were
determined by cutting out and weighing the peaks from a photo-
copy of the spectrum. Mass spectra were obtained with a
Hitachi-Perkin-Elmer RMU-6E mass spectrometer. Analysis by



348

glpc was performed on a Hewlett-Packard 5750 dual column chrom-
atograph equipped with thermal conductivity detectors. Helium
was used as the carrier gas. Column A was a 10 ft x 0.25 in
copper column packed with 15% w/w 20M Carbowax on 80-100 mesh
Chromasorb P. Column B was a 10 ft x 0.5 in stainless steel
column of 30% w/w 20M Carbowax on 100-200 mesh Chromasorb P.
Fluoride analysis was carried out with a Cary Model 11 Record-
ing Spectrophotometer by preparing a standard curve, measuring
the absorbance of solutions of known fluoride concentration
containing Amadac-F concentrate (Burdick and Jackson). The
unknown fluoride solution (2.0 ml) was diluted to 50.0 ml with
5.0 ml of Amadac~F concentrate and water and the absorbance
compared to the standard curve [21]

Materials

Triglyme (Ansul Ether 161) was dried by distillation at
reduced pressure from a sodium-benzophene ketyl. Dimethyl-
formamide was stirred for several days over barium oxide,
decanted from the excess oxide under a nitrogen atmosphere and
fractionally distilled. The DMF was then stored over Type 42
molecular sieve under nitrogen. Potassium fluoride (Baker
Anhydrous) was used as purchased. Cesium fluoride (Ozark
Mahoning) was vacuum dried at room temperature and stored over
phosphorus pentoxide in a desiccator.

Tetraethylammonium Fluoride

Et4N+0H— (25% in water) was neutralized and made acidic
(pH 2) with 48% HF. Most of the water was removed on a rotary
evaporator and the syrup dissolved in methylene chloride.
Excess lithium hydride was added and the mixture filtered via
a nitrogen pressure apparatus. Evaporation of the methylene
chloride from the filtrate provided the hygroscopic Et
110-112° (reported for Et4NF,115—116°) [51.

Anal. Calcd for Cgli,gNF:  C, 64.37; H, 13.39; N, 9.39.
Found: C, 56.32; H, 13.18; N, 8.25. Calcd for C,H,,NF.,: C,

8721772
56.75; H, 12.53; N, 8.27.

4NF, mp



349

Preparation of F-Alkylketones(l)

The ketones were prepared from the Grignard reagent and
the corresponding acid by the method of Dishart and Levine [15],
modified by Herkes and Burton [16]. 1-Phenyl-F-l-propanone,
44% yield; bp 49-50° (5 mm) was previously reported (literature
62-63° (22 mm)) [16]. Properties of the l-aryl-F-l-propanones
are summarized in Table I.

Preparation of 2-Aryl-F-l-butenes(2)

The 2-aryl-F-l-butenes were prepared by the method of Naae
and Burton [17}. 2-Phenyl-F-l-butene was isolated in 47% yield,
bp 49-50° (15 mm) (literature bp 138-139(737)) [16]. Propert-

ies of the butenes are reported in Table II.

Preparation and Isolation of cis- and trans-2-Aryl-F-2-bu

tenes (3)

To potassium fluoride slurried in 5 ml of triglyme was
added one ml of the corresponding 2-aryl-F-l-butene. The iso-
merization was monitored by glpc (Column A), observing the
loss of terminal olefin and the consequent appearance of the
internal isomers. When the isomerization was complete, the
reaction was quenched with 5 ml 3N HCl. Quenching at this
time gave trans/cis ratios of 1.5-2 [9]. Longer reaction
times gave higher trans/cis ratios. The products were ex-
tracted info 10 ml of diethyl ether and the ether extract
washed with two equi-volume portions of water. The ether
solution was dried over Type 42 molecular sieve, most of the
ether removed by distillation and the isomeric olefins iso-
lated by preparative glpc (Column A). The isomers were
identified by IR, lH and lgF NMR and mass spectral analysis.
The spectral properties of the trans-and cis-2-aryl-F-2-buternes
are reported in Tables III and IV, respectively. Trans-and
cis-2~phenyl-F-2-butenes have been previously reported [9] and
were identified in this study by comparison of the IR, 1H and

19F NMR spectra with those of the authentic materials.
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Isomerization of 2-Aryl-F-l-butenes(2) with Tetraethylammonium

Fluoride in Dimethylformamide(DMF): Method A

A solution of Et4NF/DMF was prepared by transferring
Et4NF to a preweighed 100 ml volumetric flask in a dry nitrogen
atmosphere. Determination of the gross weight was followed
by addition of 1.0 ml of chlorobenzene internal standard and
dilution to the mark with DMF while at the required reaction
temperature. The stock solution was stored at the reaction
temperature.

The apparatus used involved a 125 ml two neck glass re-
action vessel with septum port, a mechanical stirrer and a
nitrogen inlet. The apparatus was thoroughly cleaned, oven
dried, assembled while hot and flushed with dry nitrogen.
Then, 10 ml of the Et4NF/DMF solution was syringed into the
vessel. The vessel was then submerged in a Wilkins-Anderson
Co. Lo-Temp Bath at the desired temperature. After allowing
20 minutes for temperature equilibration, 0.10 ml of the olefin
was syringed into the vigorously stirred mixture.

The reaction was monitored by withdrawal of 0.25 ml of the
mixture into a syringe which contained 0.25 ml of 3N HC1,
thereby quenching the aliquot. This aliquot was stored in a
capped vial until 0.25 ml of hexane was added and the mixture
vigorously shaken. After separation into two phases, the hex~
ane layer was analyzed by glpc (Column A) vs the chlorobenzene
internal standard.

Isomerization of 2~Aryl-F-l-butenes with Cesium Fluoride in

Dimethylformamide (DMF): Method B

Cesium fluoride was stirred with 100 ml of DMF at room
temperature for 24 hours. After standing for one hour, 80 ml
of supernatant liquid was withdrawn via syringe and stored
under nitrogen. 1In a kinetic experiment, 5.0 ml of this
solution was combined with 0.05 ml of chlorobenzene in the
apparatus described for Method A. Addition of 0.05 ml of
olefin initiated the reaction, which was monitored and analyzed

as previously described.
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on of 2-Ar
J.DU].II.CL.LLGL Il VL 4=AL

Dimethylformamide (DMF) : Method C

Cesium fluoride was stirred with DMF at room temperature
for 24 hours. The solution was allowed to stand for one hour,
the excess cesium fluoride settling to the bottom. The super-

natant liquid was then withdrawn via syringe and stored under

For a kinetic run, 2.0 ml of the solution was placed in
the apparatus used in Method A. After allowing at least 20
minutes for temperature equilibration, 0.05 ml of an equi-
volume mixture of the olefin and chlorobenzene was injected
into the reaction solution. At the appropriate time, (.3 ml
of 3N HCl was injected to quench the isomerization. A 0.5 ml
aliquot of the quenched mixture was then placed in a vial with
0.5 ml of water. Addition of 0.5 ml of hexane was followed by
glpc analysis (Column B) of the hexane layer. The procedure

was then repeated using the same olefin-chlorobenzene mixture.

Reaction of

(V]
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|
=2
(1]
Tl
=3
<
=

Fluoride and Iodine

To a stirred solution of 6.3 g (41 mmole) of cesium
fluoride and 15.1 g (59 mmole) of iodine in 15 ml of triglyme
was added 7.6 g (23 mmoles) of 2f. After 24 hours at room
temperature, 19F NMR analysis of the reaction mixture indicated

consumed. and the observed

signals were assigned to 2-iodo-2-{3-(F-methylphenyl]-F- butane
*

(4) as follows: (1) ¢ 59. 2 (3F, CF3CI complex m), (2) ¢

98.4 (1F, CFF, d 282 Hz to F°, g 6.3 Hz to F), (3) ¢ 103.7
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distillation of 4 from the reaction mixture (0.5 mm) yielded a
~ 50:50 mixture of 4 and cis- and trans-3f. The reaction mix-
ture from a similar reaction was poured into cold sodium bisul-
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extract washed with two equal volume portions of water and
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dried over Type 43 molecular sieve. After removal of the ether
by distillation, attempted distillation of the product at re-
duced pressure (1 mm) led only to recovery of the internal
olefins.

Reaction of 2-Iodo-2-[3-(F-methyl)phenyl]-F-butane(4) with

Lithium Aluminum Hydride

An ether solution of 4 was prepared as described in the
preceding section. To 6 ml of ether solution of 4 at 0° was
slowly added one ml of 1.8M lithium aluminum hydride in tetra-
hydrofuran. When addition was complete, the mixture was
19F NMR analysis after 4

hours revealed a 33% yield of cis-and trans-3f and a 66% yield

allowed to warm to room temperature.

of 2-hydryl-2-[3-(F-methyl)phenyl]-F-butane(5). 5 was isolated
by preparative glpc on Column B: mass spectrum, m/e (relative
intensity), P 346(41); 327(21), 307(14), 277(9), 257(12), 227
(100), 208(13), 177(64), 69(8); IR (neat) 1455(w), 1325(s),
1250-1130(s), 1097(m), 1087 (m), 1022(m), 927(w), 846{(w), 798
(m), 742(w), 707(s), 670(w); 'H NMR (CDCl;) & 4.12 (1 H, CH,

g 8 Hz to Fl, d 9 Hz to F2, d 18 Hz to F3), § 7.5-7.8 (4 H, Ar,
m; 19F NMR (cociy) (1) o" 63.4 (3 F, CF,CH, Complex m), (2)
¢" 115.0 (1 F, CFF, d 256 Hz to F°, q 12.6 Hz to F*, d to H),
(3) ¢ 119.9 (1 F, CFF, q 7.5 Hz to F, & to F2, d to H), (4)
4" 82.7 (3 F, CF,CF,, q 1.3 Hz to F), (5) ¢” 63.5 (3 F, ArcF
s).

3 3

Reaction of 2-Iodo-2-[3-(F-methyl)phenyl]-F-butane(4) with

Triphenylphosphine

An ether solution of 4 was prepared as previously de-
scribed. The ether solution was added to triphenylphosphine
in an NMR tube. Rapid formation of a precipitate was observed.
19F NMR analysis showed a 70% yield of 3f (cis and trans) vs
an internal standard (C6F6). Addition of 3 ml of an ether
solution of 4 to 5 ml of triglyme containing 2.0 g (7.5 mmoles)
triphenylphosphine and 0.3 g (17 mmoles) of water resulted in

formation of 3f (cis and trans). No 5 was formed.
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Reaction of 2-[3-(F-Methyl)phenyl]-F-2-butene with Cesium

Fluoride and Iodine

To 0.7 g (4.5 mmoles) of cesium fluoride slurried in one
ml of triglyme was added 0.3 g (one mmole) of 2f. After allow-
ing sufficient time for isomerization to be complete, 1.0 g
(4.0 mmoles) of iodine was added. After 4 hours, 19F NMR
analysis showed a small amount of 3f (trans) remaining with
nearly quantitative formation of 4.

1.6 g (4.8 mmoles) of 2f was added to a slurry of cesium
fluoride in 5 ml of dimethylformamide. When isomerization was
complete, 2.7 g (10 mmoles) of iodine was added. Subsequent
19F NMR analysis showed no 3f present and a 98% yield of 4 vs
an internal standard (CGFG)'

Reaction of 2-(4-Chlorophenyl)-F-2-butene(3e) with Cesium

Fluoride and Iodine

Isomerization of 0.33 g (1.1 mmole) of 2e in cesium
fluoride-triglyme followed by addition of iodine did not pro-
duce the corresponding iodide. Only 3e (cis and trans) were

observed by 19F NMR. Heating had no effect on the reaction.

Reaction of 2-~Phenyl-F-2-butene (2a) with Cesium Fluoride and

Iodine

Reaction of 0.17 g (0.66 mmole) of 2a with 0.15 g (1.0
mmole) of cesium fluoride in one ml of triglyme followed by
addition of 0.3 g (1.2 mmoles) of iodine led only to the form-
ation of 32 (cis and trans). Extended heating at 60° had no
effect.

Reaction of 2~[3-(F-Methyl)phenyl]-F-l-butene(2f) with Tetra-

ethylammonium Fluoride and Dimethylcarbonate

In 20 ml of DMF were combined 2.2 g (15 mmoles) of tetra-
ethylammonium fluoride, 1.4 g (15 mmoles) of dimethylcarbonate
and 3.3 g (10 mmoles) of the olefin. After heating at 50° for
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34 hours, glpc analysis (Column A) showed no consumption of
dimethylcarbonate. Isomerization of 3f was observed with a
30% loss of olefin. ©No other volatile products were observed.

Reaction of 2-[3-(F-Methyl)phenyl]-F-l-butene(2f) with Tetra-

ethylammonium Fluoride and Methyl Iodide

Combined in 15 ml of DMF were 2.1 g (10 mmoles) of tetra-
ethylammonium fluoride, 1.4 g (10 mmoles) of methyl iodide and
1.6 g (5.0 mmoles) of the olefin. Heating the mixture to
50-60° for 48 hours led to isomerization to 3f with a 30% loss
of the olefins. No other volatile products were observed by
glpc (Column A).

Reaction of 2-[3-(F-Methyl)phenyl]-F-2-butene(3f) with Cesium

Fluoride and Carbonyl Fluoride

Into a 500 ml stainless steel pressure vessel was charged
1.9 g (12 mmoles) of cesium fluoride, 7.6 g (23 mmoies) of the
olefins and 5 ml of acetonitrile. The vessel was sealed,
cooled in liquid nitrogen and 14 g (212 mmoles) of carbonyl
fluoride condensed into the vessel. After warming to room
temperature, the vessel was heated to 50° for 10 hours and at
100° for 40 hours. The pressure vessel was then cooled to 0°
and vented. 19F NMR analysis of the vessel contents showed

only the presence of the original olefins.
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