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Abstract: The synthesis of the 2-substituted (1,2-difluorovinyi)trimethyisiianes 3 (R = F, Ci and
CF3) has been investigated by the electrochemical reduction of an appropriate fluoroalkene in the

presence of chlorotrimethylsilane (TmsCl) in an undivided cell using a sacrificial anode. While the
vinylsilanes 3 (R = F and CI) were produced in good yield from trifluorobromoethene and 1,2-difluoro-
I,2-dichloroethene, respectively, the production of 3 (R = CF3) from hexafluoropropene was only
achieved in low yield. Voltammetry data are presented.

© 1997 Elsevier Science Ltd. All rights reserved.

The value of organosilicon compounds as useful synthetic intermediates is well established.!

Fluorinated vinylsilanes, like the analogous fluoroalkylsilanes, are of interest because of their potential for
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a route which initially involves the irradiation of a mixture of the perfluoroaikene and
bis(trimethylsilyl)mercury.6 In this latter method, the mercury compound is first added across the carbon-
carbon double bond of the fluoroalkene to give an saturated system which then eliminates mercury and
fluorotrimethylsilane to give the required (fluorovinyl)silane. A route involving the use of hexaethyl
phosphorous triamide to couple chlorotrimethylsilane to bromotrifluoroethene has also been reported’
although chlorotrifluoroethene proved unreactive under these conditions.
i of fluorohalocarbons has proved to be a convenient method for the

synthesis of certain (fluoroalkyl)trimethylsilanes,3 it was of interest to investigate whether a similar approach

The electrochemical reduction of several fluoroalkenes 1, exhibiting reduction potentials less neg:
than —2.7 V.9 has been investigated in the presence of excess chlorotrimethyisilane (TmsCl) in an
appropriate organic solvent and shown to lead to the formation of the corresponding

(fluorovinyl)trimethylsilanes 3 (see Table 1).
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Table 1. Electrochemical Silylation of Fluoroalkenes.?

Fluoroalkene E, V Product Ct}nent
efficiency,%
CFCI=CFCl -2.63 CFCI=CFTms 20 —40
CF,=CFBr -1.90 CF,=CFTms 28ab
CF;CF=CF, -2.14 CF;CF=CFTms <10a¢
2 Using a stainless steel cathode and a sacrificial zinc anode; ® Solvent DMF; € Solvent MeCN

Observed 1n the nresence nf hath tha Arnallranag 1 and Ahlaratrimatholailana invraliae tha initin] sanaratian
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Scheme 1

The preparative scale electrochemical reduction of 1,2-difluoro-1,2-dichloroethene 1 (R = X = CI) in the
presence of a two- to three-fold molar excess of chlorotrimethylsilane was investigated in a variety of aprotic
solvents, including acetonitrile, dimethylformamide, and hexamethyl phosphoric triamide (HMPT). The

reductions were carried out at constant current in an undivided cell using either a stainless steel (SS) or nickel
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Table 2. Electrochemical Silylation of 1 (R = X = Cl) to give 3 (R =Cl).

o o L Ac:fim Current E:Z isomer
Solvent Cathode Anode o r; S efficiency, % ratiot
DMF SS Zn 20 19 3:1
DMF SS Zn 15 19 s
DMF + TMEDA SS Zn 20 36 3:1
DMF + bipy-Ni SS Zn 12 25 1.6:1
TmsCL:HMPT SS Al 7.5 42 6:1
4:1
MeCN SS Al 15 40 2.8:1
MeCN SS Al 7.5 41 3.1:1
MeCN Ni Al 15 40 31
DMF SS Al 10 - -
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The use of a zinc anode for the silylation of 1 (R = X = Cl) resulted in a low yield of the silane 3 (R =
v .

vas also observed. However, when tetramet
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(TMEDA)Y wae added to the reaction mivture tn nrevent zine denncition the current efficiency for the
L2 4VALA ) VTGS Guluvs WU Wi IVEaVMULL MLAAMAY, WO PRIV Y VAL Ldav UL PUSILVILL, WV Vi wal Vidavaviahy sV s
mrndiiatiom ALY (D — M 3rna tnneanaa At~ L0/ Thao addieino ~Fsuio/llioe. '.-I.'I nnnnn 1 4ntunflisnvalinanta Flalmes
PIOGUCLIVII UL O (™ 1) wdd lllblcabcu W 20U 70, 1HC aUUlivIl UL UINDIPYI Uyl)lll\rlﬁcl eiranuoroooraie \ulpy-

Ni) to the reaction mixture was also investigated. However, while the combination of a sacrificial zinc anode,
together with a catalytic quantitty of tris(bipyridyl)nickel tetrafluoroborate, has been shown to facilitate the
electroreductive coupling of organic halides to some electrophiles!!-12 vig the in situ formation of Ni(0), this
combination produced little improvement in the electroreductive coupling of 1 (R = X = Cl) to
chlorotrimethylsilane. In contrast, the use of a sacrificial aluminium anode allowed the electrolysis of 1,2-
difluoro-1,2-dichloroethene 1 (R = X = Cl) to proceed at higher cathodic potentials, except when the
silylation was attempted in dimethylformamide (DMF) when only tar was obtained. Interestingly, the

combination of DMF as solvent and a sacrificial aluminium electrode was not selected for the electrochemical
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in a solvent mixture of chiorotrimethyisilane (80%) and HMPT (20%) usmg stainiess steel and aiuminium
clectrodes. However, the low conductivity of this solution and the precipitation of an aluminium chloride—
HMPT complex hindered product formation and separation. The most convenient system for the preparation
of 3 (R = Cl), from the point of view of product isolation, was found to be that with acetonitrile as the
solvent and aluminium as the sacrificial anode. Under these conditions the current efficiency was about 40%
regardless of whether a stainless steel or nickel cathode was used.

The yield of the (fluorovinylsilane 3 (R = Cl) vig the electroreductive coupling approach is
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significantly higher than that produced via the bis(trimethylsilyl)mercury route,® althou lower than that

‘Li‘imcm'y'}(t ifluoromethyl)silane by the electrochemi i
bromotrifiuoromethane.8 The lower yield of the (fluorovinyi)silane is probably due to two factors; firstly, the
high reduction potential of 1 (R = X = Cl) which means that side reactions involving the supporting
electrolyte tend to take place and, secondly, the high reactivity of the intermediate vinylic carbanion 2 (R =
Cl) which is initially formed. Thus, for example, trimethylsilylacetonitrile 5 was observed amongst the
products of the electrolysis of 1 (R = X = Cl) in acetonitrile. This suggests the involvement of the
cyanomethyl carbanion 4 which would be formed by hydrogen abstraction from the acetonitrile by the vinylic

carbanion2 (R = CI) (see Scheme 2).
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It is also interesting to note that, while the E to Z isomer ratio in the starting alkene 1 (R = X = Cl) was

1:1, the proportion of the E isomer present in the product 3 (R = Cl) was higher (see Table 2). This may be
caused either by isomerisation of an intermediate such as the radical precursor of the carbanionic intermediate
2 (R = Cl),14 or by small differences in the reduction potentials of the E and Z isomers of the alkene 1 (R =X
= Cl). The observation that the isomer ratio in the product 3 (R = Cl) is dependent on the current density
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used during the electrochemical reduction, with selectivity increasing as the current density is reduced (see
Table 2), points to the latter explanation being the more likely.

The electrochemical silylation of trifluorobromoethene 1 (R =F, X = Br) was also investigated and here
the reaction was successfully carried out in DMF with a stainless steel cathode and a sacrificial zinc anode to
facilitate the isolation of the vinylsilane 3 (R = F). Although these conditions resulted in some zinc
deposition, the yield of the vinylsilane 3 (R = F) was still about 60%, based on the quantity of starting
material consumed, comparable to the yield obtained when the anion 2 (R = F) was generated by the action of
methyl lithium on the bromoalkene 1 (R =F, X = Br).3

CE,Cl=CFCl, Scheme3
+2e | —2C1
Y
S +2e T TmsCl . P
CF,=CFCi ——  CF,=CF e ¥,=CFTms
1R=Fx=cy —¢ rr=F Y 3(R=F)

It is interesting to note that traces of the vinylsilane 3 (R = F) were also observed following the
electrochemical reduction of 1,1,2-trichloro-1,2,2-trifluoroethane in the presence of chlorotrimethylsilane. It
seems probably that under these conditions some chlorotrifluoroethene 1 (R = F, X = Cl) is initially produced
which is then able to undergo reduction to vinylic carbanion 2 (R = F) before being silylated (see Scheme 3).
However, it should be noted, that reduction of chlorotrifluoroethene 1 (R = F, X = Cl) is not observed by

voltammetry under these same conditions. This suggests that if chlorotrifluoroethene is produced from the
1,1,2-trichlore-1,2,2-triflucroethane it probably remains associated with the electrode in some way prior to
4o mmdii b e
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+Br2
CFR=CFTms =——2  CFRBr—CFBrTms
2 Zn / MeCN ‘
J w
—Br,

Scheme4

i PR

Although it has been shown previously that the trifluoromethylation of dialkyl fluorophosphonates can
be carried out in essentially quantitative yield with trimethyl(trifluoromethyl)silane in the presence of a
catalytic quantity of fluoride ion,!5 the analogous reaction did not occur when attempts were made to react
the silane 3 (R = F) with diisopropy] fluorophosphonate and diethyl chlorophosphonate in the presence of
caesium fluoride. Both the vinylsilanes 3 (R = Cl) and 3 (R = F) could, however, be quantitatively brominated
by the addition of bromine. The erythro- and threo- isomer ratio in the dibromo compound 6 (R = Cl) was
found to be the same as in the starting silane 3 (R = Cl), and both silanes 6 (R = Cl) and 6 (R = F) were

' e b <4

itrile. This bromination/debromination procedure

Although the electrosilylation of hexafluoropropene 1 (R = CF3, X = F) in acetonitrile resulted in the
formation of some 1,2,3,3,3-pentafluoro-1-(trimethylsilyl)propene,®16 yields were low (see Table 1) and the
product isolated was found to have exclusively the E-configuration. While this may be due to the preferential

:ET

destruction of the Z isomer under the reaction conditions, it is interesting to note that earlier workers!6 also
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reported the formation of only one isomer from the reactions of the anion 2 (R = CF3), which they attributed

to isomerisation of this anigonic intermediate. Later workers 4 hawevsr ahearvad thae farmation of hath
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external standard. GC-mass spectra were obtained on a VGMS 70-70E instrument. DMF was purified by

St nhnen nentavide a reduced nreceaure  Chlaratrimethvlcilane wae nurified by
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pentoxide and then from calcium hydride. Voltammetry measurements were made using a polarographic
analyzer PA-2 (Praha). Preparative electrolyses were achieved with a P-5827M potentiostat in an
atmosphere of dry argon.

General procedure for electrolysis.

The electrochemical cell used was equipped with a stainless steel or nickel grid cathode (20 cmz), a zinc
or aluminium rod anode (@ 6 mm), a water-cooling jacket, magnetic stirrer and inert gas inlet. The solvent (30
cm3) (see Tables 1 and 2), tetraethylammonium fluoroborate (0.1 g) and chlorotrimethylsilane (6 cm3) were
added and pre-electrolysis was carried out at constant current (50 mA) for 30 min. The fluoroalkene (20
mmol) was added and electrolysis continued at a current density of 7.5 — 20 mA/cm” until 2 F had been

consumed. For the cases 3 (R = Cl) and 3 (R = CF3), the resulting electrolyte was poured onto ice and then
evtracted with diethvl athar (2 ¥ 20 cm3) The eviracte were washed with water dried over anhvdrous
MALEUW WAL VY LWL \le\yll‘y 1 Wuivil \‘ N LV NI }- LW WAMLAWLY  VYwilw YYUOLIVG ¥vYius YYaivi, MliIvu UYLl Qi Nivuwo

MgS0, and then distilled to obtain the pure product. In the case of 3 (R = F), the product was distilled from
the electrolyte to a cold trap under reduced pressure and then dissolved in octane. The resulting octane

solution was then washed with water, dried, and finally distilled to obtain the pure product.

(2-Chloro-1,2-difluorovinyl)trimethylsilane, 3 (R = Cl). This material was isolated as a colourless liquid
as a mixture of two isomers (see Table 2 for isomer ratios), bp 83—87 °C; (E isomer) 8f 40.5 (IF, d, Jrr 134
Hz, F-2), 83.5 (1F, d, Jrr 134 Hz, F-1); (Z isomer) df 9.5 (1F, d, Jrr 6 Hz, F-2), 69.2 (1F, d, Jrr 6 Hz,
F-1).6

Trifluorovinyltrimethylsilane, 3 (R = F). This material was isolated as a colourless liquid, bp 64—66 °C
(lit.,5 65 °C, 3 67 °C at 760 mmHg); 6 11.5(1F, dd, Jpr 25 and 71 Hz, F-2a), 40.6(1F, dd, Jrr 71 and
116 Hz, F-2b), 122.1(1F, dd, JF 25 and 116 Hz, F-1).17

Bromination of the (fluorovinyl)silanes 8 (R = Cl) and 3 (R = F).

A solution of bromine (20 mmol) in pentane (10 cm3) was added to a solution of the
(fluorovinyl)silane (10 mmol) in pentane (5 cm3) at 20 — 25 °C . After 0.5 h the mixture was washed with a
5% aqueous sodium carbonate solution and then dried (anhydrous MgSO,). The dibromo compounds were

(1,2-Dibromo-2-chloro- 1, 2-difluoroethyl)trimethylsilane, 6 (R = Cl). This material was isolated as a
colourless liquid, bp 72 — 74 °C at 10 mmHg; ¢ —23.8 (1F, d, Jpr 27 Hz, F-2), 50.6 (1F, d, Jpr 27 Hz,
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(1,2-Dibromo-1,2, 2-trtﬂuoroethyl)trtmethyls:lane 6 (R = F) This material was isolated as a colourless

E YA RN ~n o

liquid, bp 63 °C at 30 mmHg; o —27.2 (iF, dd, Jpr 18 and 171 Hz, F za), 22.8 (IF, dd, Jpr 27 and 171 Hz,

F-2b), 64.5 (1F, dd, Jpr 18 and 27 Hz, F-1); (Found: C, 19.20; H, 3.11; F, 17.97. Calc. for CsHoF3Br,;S1: C,
19.12; H, 2.89; F, 18.15%).

Debromination of 6 (R = Ci)

The silane 6 (R = Cl) (1.6 g, 5 mmol), acetonitrile (2 cm?) and zinc powder (1 g) were heated at 50 °C
for 1 h. Ether (15 ¢cm3) was then added and the mixture filtered. The diethyl ether solution was then washed
with water and then dried (anhydrous MgSQ,). Distillation resulted in the isolation of the silane 3 (R = Cl)
(0.6 g, 70%) together with a quantity (0.1 g) of the unreacted starting material 6 (R = Cl).
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