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Role of Copper in Synthesis of Fluoroalkylsilanes
by Interaction of Fluoroalkyl Halides with Silylation
Agents in the Presence of a Zinc-Copper Couple
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Abstract: It is found that fluoroaliphatic and fluoroaromatic bromides and iodides interact with silyl
carboxylates and silyl sulfonates under the conditions of the Barbier reaction in the presence of a Zn-Cu
couple and form the corresponding fluoroaliphatic and fluoroaromatic silicon derivatives. Presynthesized
organofluorine zinc derivatives do not interact with silylating agents in a wide temperature range
irrespective of the presence or absence of copper in the reaction mixture.
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Organofluorine silanes can be literally named universal reagents for introduction of organofluorine
substituents of aliphatic, aromatic, or olefin series into various classes of organic and organoelement
compounds [1-3]. (Trifluoromethyl)trimethylsilane (1a) (Ruppert reagent) first obtained in 1984 in the
reaction of trifluoromethyl iodide and trimethylchlorosilane in the presence  of
tris(diethylamido)phosphine [4] attained particular popularity, as it manifests a pronounced
trifluoromethylating effect under the conditions of nucleophilic catalysis [1, 5-9].

The synthetic importance of organofluorine silanes resulted in appearance of a whole number of
works dedicated to development of simpler and more convenient methods of their synthesis [1]. Thus,
synthesis of silane la was successfully completed on the basis of trifluoromethyl bromide and
trimethylchlorosylane under the electrochemical reaction conditions using sacrificial zinc or aluminum
anodes [10-12]. Fluoroalkylsilanes are formed at the preparative efficiency in the reaction of fluoroalky!l
halides with metals (Al, Zn, Mg) in the presence of silylating agents (Me3SiCl, Me3SIOC(O)CFj3,
Me3SiOSO,Me) [12-17]. An alternative approach to synthesis of trifluoromethyl derivatives of silicon

using ozone-safe trifluoromethane has also been described [18], but this method requires application of
strong bases, e.g., potassium tert-butylate and can hardly be considered as a preparative technique for
synthesis of silane 1a.

The most convenient preparative synthesis techniqgue among the above methods of preparing
organofluorine silicon derivatives is an interaction between fluoroalkyl or fluoroaryl halides and silylating
agents in the presence of Zn-Cu couple obtained in situ, under the conditions of the Barbier reaction
(Table 1) [15-16]. The reaction mechanism was not discussed in these works.

Table 1.
Synthesis of organofluorine silanes by the reaction of organofluorine halides with silyl esters in
the presence of a zinc-copper couple
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) Zn/Cu .
RgHal + RSiMe; ——m  RpSiMe;

Solv., T*C
2a-j 3a-c la-i
# RgHal RSiMe3 Solv. T,°C Yield
(2a-j) (3a-c)* RgSiMe; (1a-i)2, %
1 CF3Br (2a) 3c DMF 0 10 (1a)
2 2a 3a DMF 25 65 (1a)
3 2a 3b DMF 0 67 (1a)
4 2a 3b* NMP 0 45 (1a*)
5 C,Fsl (2b) 3a DMF 20 41 (1b)
6 2b 3b DMF 0 80 (1b)
7 nCsF-l (2c) 3b DMF 0 64 (1c)
8 nCsF-Br (2d) 3b DMF 0 81 (1c)
9 iC3F,Br (2€) 3b DMF 0 57 (1d)
10 C4Fgl (2f) 3b DMF 0 60 (1e)
11 CeFsBr (29) 3b DMF 20 65 (1f)
12 BrCF,CO,Me (2h) 3b NMP 5 70 (1g)
13 BrCF,CO5Et (2i) 3a DMF 20 40 (1h)
14 2i 3b DMF 0 38 (1h)
15 2i 3b NMP 5 75 (1h)
16 BrCF,CF,0OCF=CF, (2j) | 3b DMF 0 50 (1i)

1 3a:R = CFSCOZ, 3b:R = CH3803, 3c: R =ClI. 3b* - CH3803S|Et3

2 la: RF = CF3, 1b: RF = C2F5; 1c: RF = nC3F7; 1d: RF = IC3F7, le: RF = C4F9; 1f: RF = C6F5; 1g
Rg = CF,CO,Me; 1h: R = CF,CO,EY; 1i: Re = CF,CF,OCF=CF,. 1a* - CF4SiEts.

One can reasonably assume that the key intermediates in these reactions are organofluorine zinc
derivatives. It is known that catalytic amounts of copper, as well as other metals with a high oxidation



potential, promote formation of organozincs [19-21], including fluoroaliphatic zinc derivatives [22-23].

We found that trifluoromethyl bromide interacts with zinc (activated in situ by addition of 5 mol.% of
Me3SiCl) in a DMF solution at the temperature of 60-65I<«C with formation of a mixture of

(trifluoromethyl)zinc bromide (4a) and bis(trifluoromethyl)zinc (4b) (cf. the data in [24-25]). Similarly,
perfluorohexylzinc bromide is obtained from perfluorohexyl bromide and zinc activated by Me3SiCl in

DMF or sulfolane medium (according to 1°F NMR data).

In the presence of catalytic amounts of copper (deposited in situ by addition of copper salts to a
suspension of Zn in the solvent), this reaction starts already at the room temperature and occurs
exothermally at an increase in the temperature to 30-32[<C resulting in formation of a mixture of 4a and
4b as the main reaction products. However, the thus obtained mixture of trifluoromethyl zinc derivatives
4a-b does not react further with silylating agents (trimethylsilyl trifluoroacetate (3a) or trimethylsilyl
mesylate (3b)) even under heating to 100 <C irrespective of the presence or absence of copper.

One can assume on the basis of the obtained experimental data that the catalytic role of copper is
determined by the very essence of a Zn-Cu galvanic couple obtained, in which copper performs a role
of negative charge carrier (cf. the data in [19-21]). Reduction of RgHal by the zinc-copper couple results

in formation of zinc-copper complexes 5. Their further behavior depends on the absence or presence of
silyl ester 3a-b in the reaction medium: in the first case, complex 5 eliminates copper yielding
organofluorine zinc derivative; in the second case, it reacts with the silylating agent forming silanes 1a-i
in the following chain of transformations (Scheme 1).

Scheme 1
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One should note that as suggested earlier in the discussion on the mechanism of direct synthesis of
methylchlorosilanes Me,SiCl,_, from methyl chloride and silicon in the presence of Cu,Cl, (continuous-

flow system, 300 <C), the Si*-Cu~ galvanic couple takes part in the reaction [26]. The author assumes
that synthesis of methylchlorosilanes is preceded by ionization of methyl chloride on the ionized crystal
lattice of the intermetallic Si-Cu alloy, which results in formation of silyl chloride and methyl copper — a
source of the methyl radical. The possibility of reductive dechlorination of methyl chloride was not
considered here.

Also galvanic couples formed under deposition of Ni, Cu, Ag, Au and platinum group metals on Zn, Fe

or Fe?* hydroxides are used for hydrogenation and deuteration of cinnamic acid [27] and reduction of
CCl, and chlorohydrocarbons [28 and references therein].

One can assume that the synthetic potential of galvanic couples in redox reactions goes beyond the
above reactions and studies in this area appear rather promising.

Experimental

14, 19 NMR spectra were recorded using a Bruker AVANCE-300 spectrometer at 300 and 282
MHz, accordingly; the external standard was CDCIl; or D,O. Chemical shifts for H spectra are
presented vs. the residual signal of the solvent (fB 7.25, 4.79) and are given in ppm Vs.
tetramethylsilane. Chemical shifts in 19 spectra are given in ppm vs. CF3COOH. Downfield shifts are
positive.

General method of synthesis of organofluorine silanes 1a-i.



Cu,Cl, (0.5 g, 2.5 mmol) and Me3SiCl (0.5 g, 5 mmol) were successively added to a suspension of a

Zn powder (6.5 g, 0.1 g-atom) in absolute DMF or NMP (see Table 1) (80 ml) and mixed for 30 min. The
reaction mass was cooled to -10I<C and silyl ester 3 (0.1 mol) was added. Then halide 2 (0.09 mol)
was added under vigorous mixing and maintaining the required temperature (see Table 1). The reaction
mass was mixed for 1 h and the temperature was brought to 25I'<C. The reaction product was distilled
in vacuum or separated after the layering of the reaction mixture.

Spectral data of silanes are presented in the literature: 1a [18], 1b [29], 1c [29], 1d [30], 1e [30], 1f
[31], 1h [17].

Trimethylsilyldifluoroacetic acid methyl ester (19).

Boiling point: 82I<C. Found (%): C, 39.45:; H, 6.40; F, 20.57. CgH12F205Si. Calculated (%): C, 39.54;
H, 6.64; F, 20.85. 'H NMR fB: 0.55 (s, 9H, Si(CH3)3), 4.15 (s, 3H, CH3); 1°F NMR fB: -46.8 (s, 2F,
CF,).

Trimethyl(perfluoro-2-vinyloxyethyl)silane (1i).

Boiling point: 117<C. Found (%): C, 31.16; H, 3.51; F, 49.07. C;HgF;OSi. Calculated (%): C, 31.11;
H, 3.36; F, 49.22. 'H NMR fB: 0.44 (s, 9H, Si(CH3)3); °F NMR B: -57.8 (dd, 1F, 3Jrf_rans = 112 Hz,
3JeFcis = 68 Hz, OCF), -54.0 (s, 2F, CF,Si), -47.4 (dd, 1F, 2Jg¢ = 90 Hz, =CF-trans), -39.8 (dd, 1F,
2Jeg = 90 Hz, =CF-cis), -9.8 (s, 2F, OCF,).

Reaction of trifluorobromomethane with the zinc-copper couple.

To a Zn powder suspension (6.5 g, 0.1 g-atom) in 80 ml of anhydrous DMF 0.5 g (5 mmol) of Me3SiCl
and 0.5 g (2.5 mmol) of Cu,Cl, were successively added, the mixture was stirred for 20 min. The
reaction mass was heated to 30 <C and CF3Br was bubbled at the rate providing gas absorption. An
exothermal reaction starts in 15-20 min. It is supported by increasing the rate of CF3Br bubbling so that
the temperature of the reaction mass doesnl ft exceeds 60I «C. The reaction stops in 1 h. According to
19¢ NMR data, the obtained solution contains 88% of the mixture of (CF3)2Zn (s, fB = 35.9) and

CF3ZnBr (s, fB = 35.1) and 12% CF3H (d, fB = -1.2; 2Jgy = 79.8 Hz).
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