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The addition of bromine to (E)- and (Z)-p-HO,CCgH,CF=CFX (X = Cl, CF3) in solution and in the solid has
been studied under ionic and radical conditions. For X = Cl, ionic addition leads to the trans-dibromo adduct in
solution and in the solid-gas reaction. The radical solution reactions show stereoselective formation of the erythro
isomer, while the radical solid-gas reactions may indicate a slight preference for cis addition. For X = CFjg, the Z
isomer preferentially adds bromine cis in the solid state under either ionic or radical conditions. The E isomer also
shows a preference for cis addition, but the solid-state reaction is complicated by competing mechanisms. The solu-

tion reactions for X = CF3 are mainly nonstereoselective.

The addition of molecular bromine to a polyfluorinated
olefin in solution is usually performed under radical conditions
which quite often exhibit little stereochemical control over
the products.2 We were interested in the stereospecificity of
the solid-gas reaction between a solid fluorinated olefin and
bromine vapor to determine the change in stereochemistry
due to reaction occurring in the solid state. We now report that
the radical reaction between solid fluorinated olefins and
bromine vapor shows a preference for cis addition of bromine.
In addition, two paths have been observed for the ionic ad-
dition, an open cation and a bridged bromonium ion, with each
leading to different reaction stereospecificity.

Hadjoudis and Schmidt have reported the ionic addition
of bromine vapor to solid a,8-unsaturated acids, amides, and
ketones to give the trans adducts.? However, this could be

0022-3263/79/1944-0336%01.00/0

expected because of the intermediacy of a bromonium ion in
the reaction. Previously it had shown that 2-substituted-F-
propene derivatives add bromine only under radical condi-
tions and that a carboxy group is necessary to prevent ex-

Br,
RCF=CFX —> RCFBrCFBrX

1,X=Cl; R = 4-HO,CC,H,-

2, X = CF,; R = 4-HO,CC,H, -

Br Br
R F F R
F X F X
Br Br
erythro threo
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Table I. Bromination Reactions: Solution and Solid-Gas

reaction conditions;? erythro/threo ratio®

HOAc¢ CF3CICFECly¢ solid-gas?
compd no. X dark hy dark hy dark hv hv (highint.)e hy (5°C)
(Z)-1 Cl 90:10 76:247 77:23 80:20 78:22 70:30 83:17
(E)-1 Cl 28:72 74:26 f 74:26 28:72 38:62 56:44 21:79
(E)-2 CFy 59:41# 53:47* f 51:49 46:54 38:62 50:50 50:50h
(Z)-2 CF, 55:451 51:49 f 48:52 75:25 - 74:26 71:29 76:24

@ Reactions were performed at room temperature except for the last column (the incandescent lamp used in the photolytic reactions
did not raise the temperature). Reaction times for dark reactions were ~80 h, solution photolytic reactions were ~12 h, and solid-gas
photolytic reactions for 1 were 12 h and 2 24 h; yields were = 65% unless noted. ¢ £3%, determined by 1°F NMR, isomerization of the
starting olefin was not observed under the reaction conditions. ¢ Solvent for the reaction. ¢ Reactions were performed twice, the average
is given; the reactions of (E)-2 were performed three times; the diastereomer ratios were found to be independent of the age or batch
of the olefin. ¢ ~10-12-fold increase in photon flux.. / <5% yield. & 46% yield. # 28% yield. | 27% yield. / Registry no. 68423-95-0/

68423-96-1. * Registry no. 68423-97-2/68423-98-3.

tensive solution formation with liquid bromine.!® Thus, (E)-
and (Z)-1-(4'-carboxyphenyl)-2-chloro-F-ethene (1) and (E)-
and (Z)-1-(4’-carboxyphenyl)-F-propene (2) were selected
for examination of the stereospecificity of the addition reac-
tion with bromine.

Results and Discussion

The results of the solution and solid-gas reactions are given
in Table I. The solution reactions were performed in polar
(acetic acid) and nonpolar solvents (CF;CICFCly).

The stereochemistry of the solution reactions of the chloro
olefins, (Z)-1 and (E)-1, reveals a marked dependence upon
the reaction conditions. Radical conditions (kv in either sol-
vent) led to the preferential formation of the erythro diaste-
reomer from either isomer. Ionic conditions (acetic acid in the
dark) resulted in the trans addition of bromine being the
major route. This is consistent with a bromonium ion being
an intermediate in the reaction.

The solid-gas reactions of (Z)-1 and (E)-1 each showed high
reactivity with bromine, even in the dark. This dark reactivity
is in sharp contrast with 2-(3’- or 4’-carboxyphenyl)-F-pro-
pene (HO,CCgH4C(CF3)=CF,), which was completely un-
reactive in the dark.1? In the dark, each isomer readily added
bromine and preferentially formed the trans adduct. In room
light, the erythro/threo ratios were only slightly changed from
the values for the dark reactions; evidently, the ionic mecha-
nism was competing effectively with the radical pathway for
addition to the double bond. Increasing the intensity of the
light caused the radical reaction to predominate. For (E)-1
the erythro/threo ratio approached the solution value, while
for (Z)-1 the erythro/threo ratio became slightly less than the
solution value. This may be due to cis addition of bromine
starting to become important (vide infra). In these reactions,
in addition to the reactions of 2, microscopic examination did
not reveal any melt formation between liquid bromine and the
solid olefin.

The trifluoromethyl olefins, (E)-2 and (Z)-2, were less re-
active than 1 toward ionic bromination in acetic acid. With
reaction times comparable to 1 (which gave 75% yields), only
yields of 46 and 27% were realized from (E)-2 and (Z)-2, re-
spectively. In these dark reactions, (E)-2 showed a slight
preference for the erythro diastereomer, trans addition of
bromine, while (Z)-2 was essentially nonselective. As with
(E)-1, low reactivity was found for the dark reactions in
CF5CICFCly, a nonpolar, nonionizing solvent. The photolytic
solution reactions in either solvent for (E)-2 and (Z)-2 were
nonstereoselective. This would be expected for a radical ad-
dition reaction.

The solid—gas reactions of (Z)-2 demonstrated a preference
for cis addition of bromine. Both the ionic {(dark) and the
free-radical (hv) reactions favored the erythro isomer, ca. 3:1.
The ionic reaction cannot involve a bromonium ion, otherwise

trans addition would have been expected to predominate. An
increase in the intensity of the light did not drastically affect
the erythro/threo ratio, as was the case for 1. (A reported ex-
ample of cis addition of bromine in solution is the radical,
stereospecific bromination of fluorinated norbornenes to yield
the exo-cis-dibromides.?) Curtin and Paul have noted that
trans-stilbene undergoes a solid—gas reaction with chlorine
to give only the dl-stilbene dichloride (cis addition of chlo-
rine); in solution a 2:1 mixture of di/meso is formed.5 The cis
addition of bromine to (Z)-2 can be attributed to the de-
creased molecular freedom in the solid state.

Cis addition was also favored for (E)-2, but to a lesser de-
gree. The solid—gas reaction, however, is complicated by what
appears to be competing processes. The reaction of (E)-2 in
the solid state with exposure to more intense light causes a loss
of stereospecificity. A possible explanation for this result is
two pathways for the bromination of (E)-2.

Ne—c” Ba o B L { 4p,
/ AN
(E)-2 Br Br Br
lBr' threo (cis addition)
—C—C—Br
Br

50:50 (erythro/threo)

The chain propagation step, reaction with Bro, gives a slight
preference to the cis adduct. This is seen in the 38:62 dia-
stereomer ratio for the solid—gas reaction under “normal” il-
lumination. The competing path is a chain termination step
where Br- reacts with the radical to give equal amounts of the
diastereomers. This path is favored by more intense light as
this increases the bromine atom concentration.

This mechanism was supported by additional experiments
with (E)-2. First, the solid-gas reaction at 5 °C gave a 50:50
diastereomer ratio. This loss of stereospecificity is caused by
a decrease in the rate of the chain propagation step. This
would be expected as the reaction of the intermediate radical
with Br; would have a higher activation energy than the re-
action with Br-. For comparison, the solid-gas reactions at 5
°C for (E)-1, (Z)-1, and (Z)-2 resulted in an increase in ste-
reospecificity of the reaction. Second, a decrease of the bro-
mine concentration in the reaction chamber yielded a 47:53
diastereomer ratio. The lower bromine concentration forces
the chain termination step to become dominant.

The dibromo adducts from (E)-1, (Z)-1, and (Z)-2 were
formed as polycrystalline phases during the solid—gas reaction.
The X-ray powder pattern of the product formed in the
solid-gas reaction was identical with the powder pattern of
the product after it had been recrystallized from ether.
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Table II. Debromination Studies
p-RCgH,CFBrCFBrX — p-RCsH,CF=CFX

R X erythro/threo® reagents E/zb
H Cl 78:22¢ Mg/ether 19:81¢
78:22 Zn/dioxane 20:80
71:29 Nal/acetone 28:72
H CF3 48:524 Zn/dioxane 84:16/
48:52 Nal/acetone 48:52
HO,C CF3 74:26 Nal/acetone 71:29

@ 3% by 19F NMR analysis. & £3% for R = H by GLC analysis and for R = COH by 1F NMR. ¢ Registry no. 68423-99-4/68424-00-0.
d Registry no. 68424-01-1/68424-02-2. ¢ Registry no. 7422-19-7/10575-55-0. / Registry no. 4683-67-4/19140-58-0.

The stereochemical structural assignments of the diaste-
reomeric dibromoadducts were accomplished by the E2 de-
bromination reactions listed in Table II. The diastereomers
of C¢H;CFBrCFBrCl were debrominated stereospecifically
back to CgH;CF=CFCl by either Mg, Zn,? or Nal.” Control
experiments showed that neither isomer of the olefin was
isomerized by the reaction mixture. The erythro and threo
assignments were supported by the observed predominance
of the trans addition of bromine to (Z)-1 and (£)-1 in acetic
acid in the dark (Table I).

The diastereomers of CeHsCFBrCFBrCF; could only be
debrominated stereospecifically by Nal. Debromination with
Zn led to stereoselective formation of (E)-CgHsCF=CFCFs3.
A control reaction showed that neither (E)- nor (Z)-
Ce¢HsCF=CFCF4 was isomerized by the Nal/acetone reaction
mixture.

In conclusion, there is a preference for the cis addition of
bromine to (E)-2 and (Z)-2. The reactions of (Z)-1 and (E)-1
demonstrate the change in stereospecificity with a change
from an ionic to a radical reaction mechanism. Finally, a
comparison of the ionic brominations of 1 with 2 demonstrates
a difference in mechanism. A bromonium ion is involved with
1, while a nonbridged, open cation is the major intermediate
for 2. Evidently, the highly electronegative trifluoromethyl
group decreases the ionic reactivity and also destabilizes the
bromonium ion. Steric interactions may also be important as
the trifluoromethyl group is larger than the chlorine atom and
also about the same as a phenyl group.

Experimental Section

Melting points were determined on a hot stage and are uncorrected.
19F NMR spectra were chtained on a Varian T-60 spectrometer op-
erated at 56.4 MHz. Mass spectral analysis was performed on a Per-
kin-Elmer Hitachi RMU-7 double-focusing mass spectrometer. X-ray
powder photographs were recorded on conventional cameras with
nickel-filtered Cu radiation.

F-Propene and chloro-F-ethene were obtained from PCR Research
Chemicals. n-Butyllithium was obtained from Alfa, Ventron.

Preparation of 1-(4'-Bromophenyl)-2-chlorodifluoroethylene.
A procedure similar to that described for the preparation of
C¢H;CF=CFCI and CcH;CF=CFCF;® was followed. Thus, n-bu-
tyllithium (50 mmol, 20.8 mL of a 2.4 M solution in hexane) was added
to 50 mmol (11.8 g) of p-dibromobenzene in 50 mL of anhydrous ether
at 0 °C. The resultant solution was then slowly added to a solution
of 0.100 mol (11.65 g) of chloro-F-ethene in 50 mL of anhydrous ether
at —30 °C. After addition of the organolithium, the solution was al-
lowed to warm to room temperature. The reaction mixture was hy-
drolyzed with aqueous acid, the ether layer was washed and dried
(molecular sieves), and the ether was removed.

The E and Z isomers of BrC¢gH CF==CFCl (and also of
BrC¢H,CF=CFCF}3) were separated by preparative GLC on an 8-ft
20% Apeizon-L column at 195 °C.? )

Preparation of the Carboxy-Substituted Olefins (E)-1, (Z)-1,
(E)-2, and (Z)-2. The procedure described previously was followed.'?
The physical properties of the olefins are given in Table IIL.

General Procedure for the Gas-Solid Reactions. A 50-mg
amount of the olefin was powdered and placed in one side of a heavily
creased 20-mL flask. The flask was flushed with nitrogen, and ca. 0.5
mL of liguid bromine was placed in the other side of the flask. The
sample was dissolved in acetone, and the 1°F NMR spectrum was
recorded.

E2 Debromination with Zine. An E/Z mixture of CeHsCF=CFCl
(1.18 mmol, 207 mg) was mixed with 3 mL of CF;CICFCl,. Several
drops of bromine were added, and the solution was irradiated. After
GLC analysis showed complete consumption of the olefin, trimeth-
ylethylene was added to scavenge excess bromine. Volatiles were re-
moved, and the residue was dissolved in dioxane. 1°F NMR indicated
a 78:22 erythro/threo product distribution.

Additional dioxane was added to bring the volume to 3 mL, and ca.
0.6 g of Zn dust was added. The solution was gently heated and stirred
overnight under nitrogen. GLC analysis using naphthalene as an in-
ternal standard revealed 0.79 mmol of (Z)-C¢HsCF=CFCl and 0.20
mmol of (E)-C¢gHsCH=CFCI (80:20 Z/E).

E2 Debromination with Nal.” Approximately 50 mg of (Z)-
HO,CCgH5CF=CFCF; was allowed to react with bromine vapor in
a gas—solid reaction as described above. °F NMR analysis in acetone
showed a 74:26 erythro/threo ratio and no unreacted olefin.

The solution was diluted to 15 mL in acetone, ca. 1 g of Nal was
added, and the solution was refluxed overnight. The reaction mixture
was cooled, extracted into ether, washed with Na2S303 solution, and
dried (molecular sieves), and the ether removed. 1°F NMR analysis

Table I11. Physical Constants of Fluorinated Olefins #

Hogc@—cﬁcﬁx

FA
19F NMR?
compd X mp, °C b pa ¢*pB b*cr, JFA B Jracr, JFBCF;
(E)-1 Cle 165-167¢ 134.1 101.2 13.9
(Z)-1 Cle 215-218 148.6 114.6 127.4
(E)-2 CF3e 206-210 145.0 167.0 66.1 132.8 22.6 10.7
(Z)-2 CFje 125-127 108.5 154.1 65.0 8.1 84 12.4

@ Satisfactory carbon-hydrogen analysis was obtained for each compound; each compound gave a mass spectrum consistent with
its structure. ® Chemical shifts are in parts per million upfield from internal CFCls, £0.1 ppm; coupling constants are in hertz, £0.5
Hz. ¢ Consistent with the 19F NMR values reported for (E)- and (Z)-C¢H;CF=CFCL.91° d Lit.!! mp 165-166 °C for HO,C-
CgH4CF=CFCl (stereochemistry not specified). ¢ Consistent with the !F NMR values reported for (E)- and (Z)-

C6H5CF=CFCF3.12
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Table IV. 19F NMR Data of Dibromo Diastereomers &

RCH,CBrCBrX
FA pB
compd R X ¢*Fa $*FB d*CF, Jrays JFa CF, JPBCF,
erythro?® H Cl 113.6 66.8 25.3
threo? H Cl 112.1 65.5 25.2
erythro 4-CO.H Cl 109.8 59.2 25.3
threo 4-COH Cl 106.7 57.1 25.2
erythro H CF4 125.0¢.4 115.0¢ 69.1 229 9.0 14.3
threo H CF; 125.0 111.4 69.7 27.5 10.7 10.7
erythro 4-COgH CF3 122.6 116.7 69.9 23.7 9.2 14.7
threo 4-COsH CF3 122.6 112.8 70.5 26.4 10.8 10.8

a See footnote b of Table III; recorded as erythro/threo mixtures; all spectra were first order in appearance. ® Chemical shifts and
coupling constants are in agreement with those reported for erythro- and threo-CICFBrCFBrCF=CFCL.13 ¢ Chemical shift assignments

for FA and FB are based on Jpa cr, < Jre R, 14 ¢ Overlap of the FA peaks for erythro and threo occurred.

showed a 71:29 mixture of (E/Z)-HO;CC¢HCF=CFCF3. No other
resonances were observed in the spectrum. The experiment was re-
peated with the same results.

Reaction of (Z)-C¢H;CF=CFCF; with Nal and Br; in Ace-
tone. In a 50-mL flask were ‘placed 0.148 mmol of (Z)-
CeH;CF=CFCFj; (30.8 mg), 20 mL of acetone, and 6.7 mmol (1 g) of
Nal. The solution was stirred, and 0.50 mmol (80 mg, 26 uL.) of bro-
mine was introduced. The mixture was refluxed under nitrogen. After
30 h 0.180 mmol (28.9 mg, 25 uL) of mesitylene was added as an in-
ternal standard. GLC analysis then showed a 96% recovery of (Z)-
C6H5CF=CFCF3 and no (E)-C6H5CF=CFCF3

Similar experiments with (E)-CgHsCF=CFCF3; and
CeH5sCF=CFCI demonstrated that isomerization did not occur in the
reaction solution.

Characterization of Dibromo Adducts. The adducts were pre-
pared in CFoCICFCl: from samples of 1, 2, CéHsCF=CFC]l, and
CsHsCF=CFCFj. After removal of the solvent, the adducts were
purified by fractional sublimation or flash distillation. Mass spectral
analysis of CeHsCFBrCFBrCl and CgHs;CFBrCFBrCF3; had M+
peaks of 3 and 1%, respectively, at 15 eV. However, the adducts from
1 and 2 had the (p-Bry)*- ion as the highest m/e peak. In each of these
adducts the 100% peak was (p-Brg)*-.1> The 1F NMR spectrum of
each adduct is listed in Table I'V.
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