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, : T . product, PhCECI, non-commercially available, was pre-

Abstract: Electrochemical reductive silylation of trifluoromethyl- - . ; .

benzene by the sacrificial anode technique selectively led, in a Tl-wred. by reacting benzene with bis(chlorodifluoroacetyl)

DMPU mixture instead of THF/HMPA and according to the chargREroxide.

passed, to the corresponding mono-, bis- or tris-trimethylsilyl derivhe method we developed uses the intensiostatic sacrifi-

'Ia'tr:\ils ?éarc?tisopne C\s\ll\i/tilgutp gny ch%m?cgcltgéﬂi\c?estn %vgshgge'\rﬁ%d toCial anode process in an undivided cell. Through this

molar scale s‘ynthesis, using a tubular flow cell. rﬁ‘ethod,_ (trlfluoromet_hyl)trlmethylsnane_ was successful-

, o oo ly selectively synthesized from bromotrifluoromethafe.

Key words: (trimethylsilyldifluoro)methylbenzene, bls(_trlmethyl_- .VYith regards to the chemical roéitehich involves the

silylfluoro)methylbenzene, molar scale electrosynthesis, sacrlfluaX nsive tris(diethviamino)oh hine. the electrochemi-

anode, tubular flow cell, (phenyldifluoro)methyl anion precursor expensive tris( ethyla o)p osphing, the electroche
cal method constitutes a valuable improvement. But com-
pared to the reduction of the C—Br bond inBYHEp =

Develoni ient svnthet tes for the introd —1.7VISCE)*® the reduction of the C—F bonds in TFMB
eveloping convenient Syntnetic routes Tor the INtroduc- 400,15 4t much more cathodic potentials (-2.61, —2.84 V/

tion of fluorinated groups in organic moleculesis still an SCE respectivelv at Ho/DMFE + BNI® or —2.68. —2.80
attractive challenge because of the specific chemical and —2.90 V/g CE regpecti\?ely " Au/aISIMF , B\IBr éb) a.nd’

bio_chemigal _propertie_s of _fluorinatt_ad compounds and the chemical metal reduction methods are not convenient
their _apphcatlons as b'OIOQ'Ca“y active drugs and a0 for the synthesis of PhG&iMe;. For example, we found
chemicals.* Among the chemical methods for the intro- - Mg/THF/HMPT was not efficient and the ABGC/

ducl;ion IOf perfluoroalkyl groups int% vartious tyr]Jces_lm; Li/THF reagen® directly leads to a mixture of trisilylated
carbonyl containing organic compounds, the use of Silyl 54 hersilylated products (Scheme 1) without any

! 3 -— . . . .
reagents such as Ruppert's reagentsfVe,)” consti- oo oselectivity. Recently a new chemical synthesis of

tutes a very valuable synthetic procedure as shown ¥ TMS b : : P
. g . 3 y reduction of CEBr with aluminium powder
Olah and PrakashConcerning the introduction of thein NMP as a solvent, in an autoclave, was repdftsde

PhCF, group, only one publicaticrhas been reported, yioq " 1o adopt the latter conditions to  synthesize

probably because no practical method of preparation :
the corresponding synthon, (trimethylsiIyIdiquoro)meth-Ig CRTMS from TEMB, but without any success.

ylbenzene, PhCISiMe; (PhCETMS), has ever been de-

scribed. Mg not efficient

We report here the first synthesis of PhOASvia an (SMey)s C(SiMe;)iA

electrochemical reduction, in the presence of trimethy@ Li (excess) / THF . e

chlorosilane, of the readily available trifluoromethylben Me,SiCl (excess) Vesi Sive
. . . . g » 3" 3

zene (TFMB) according to the intensiostatic sacrificis 67% SMe, 149

anode process. Our first res@ltwere obtained using

HMPA as a cosolvent; but looking ahead to a really présheme 1 Chemical Reduction of Trifluoromethylbenzene (TFMB)
parative scale synthesis, the different chemical and elec-

trochemical parameters were re-examined to find the best ) ) )
electrolysis conditions avoiding the use of HMPA and sén the contrary, despite close reduction potentials, the
lectively leading, in only one operation, to one mole oflectrochemical route allows strict control of the silylation

PhCETMS or, if required, PACF(TMS) steps, without chemical equivalent, just by controlling the
The chemical access to PhTKIS was verv recently de- charge passed (Scheme 2). The dynamic GC analysis of
! WIS was very y the TEMB silylation throughout the electrolysis in a THF/

scribed, in 1997, by M.Yoshida et’ahrough the reduc- HMPA mixture, with an Al anode, clearly shows the step-

tion Of. (chl_orqdiflgoro)methylbenzene_with an excess %ise mechanism as a function of the charge passed (Fig-
samarium iodide in the presence of trimethylchlorosila e 1). Optimal conditions could be determined as 2.1

in a benzene/HMPA mixture as a solvent. The starting, &'o oo vae e on o di- and trisilylated products
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respectively. PhnC(TMS); could also be prepared by elec-
troreduction of TFMB in the same conditions after pass-
ing 6.3 F-mol~*with a 65% isolated product yield.

CF, CF,SiMe, CF(SiMe;), C(SiMe,),
Me,SiCl, 2e 2e 2e
Al
THF/HMPA
Bu,NBr 92% 83% 65%
)

Scheme 2 Electrochemical Reduction of Trifluoromethylbenzene

A
% of )
formed CFSiMe3 CF(SiMe3g)2 C(SiMe3)3
silane
100 v,
rd
50 X P
’,0"
0 / / >
0 2 4 6
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Figurel Dynamic GC Analysisof the Stepwise Silylation of Trifluo-
romethylbenzene

But in the previous case, the main disadvantage was the
use of HMPA asacosolvent. By varying the experimental
parameters such as the nature of the solvent, the cosol-
vent, the supporting electrolyte and the nature of the an-
ode metal, we tried to find the best conditions for the
electrosynthesis of either PhCF,TMS or PhCF(TMYS),.
Because the changes that occur with different cathode ma-
terials (stainless stedl, carbon cloth, aluminium) are rather
insignificant, they are not reported here. The influence of
the other parameters (solvent, cosolvent, supporting elec-
trolyte, and anode metal) was determined by comparing
the results of the corresponding electrolysis performed in
standard conditions: 70 mL cell, 0.25 dm? stainless steel
cathode, constant current density j = 0.4 A/dm? (i = 100
mA), TFMB: 0.2 mol-L~%, TMSCI: 1.0 mol-L~* (5 equiv),
and very efficient magnetic stirring). Two reaction param-
eters were studied: the conversion rate C of TFMB into
PhCF,TMS and PhCF(TMS),, and the chemoselectivity
M/D of the monosilylation compared to the disilylation
after having passed 2.4 F-mol~%. The GC yields were de-
termined using nonane as an internal standard.

Cosolvents were used without specific drying and the re-
quired electrolysistime for passing 2.4 F.mol ~*was calcu-
lated from the end of the preelectrolysis, when hydrogen
evolution stopped. This hydrogen evolution resulted from
the reduction of hydrogen chloride, which is formed by
the hydrolysis of trimethylchlorosilane (usedin afivefold
excess compared to TFMB) from the traces of water

present in the electrolytic medium. The different results
(x 5% accuracy) are listed in Table 1. Considering the
conversion rate, THF appearsto be the best solvent. High-
ly polar solvents (NMP, DMF) provide good conduction
but their own reduction, favoured by the electrophilic as-
sistance of TM SCI, occurs in competition with the reduc-
tion of TFMB and the conversion rate of the latter remains
very low. The selectivity towards the monosilylation is
excellent probably because the reduction of the solvent
occurs preferentially to that of PhCF,TMS.,

It appeared that the nature of supporting electrolytesintro-
duced at the beginning of the electrolysis had an influence
on the conversion and protonation rate as well as on the
selectivity. The importance of the supporting electrolyte
in the course of an electrolysisiswell known.*? However,
taking into account the fact that, in the sacrificial anode
technique, alarge amount of metallic salts, working them-
selves as supporting el ectrolyte, isformed during the elec-
trolysis, an interpretation of these results would require a
specific research.

Each of the cosolvents led to excellent conversion rates.
The selectivity M/D is dlightly better for HMPA and
DMPU (3a,3c). But for the final choice, HMPA, the best
of the cosolvents, was left aside because of its presumed

Tablel Influence of Chemical and Electrochemical Parameterson
the Conversion Rate and the Chemosel ectivity of the Electrosilylation
of TFMB for 2.4 F-mol~! of Charge

Conver- Selec-

sion tivity
rate C M/D
(%) (%)°
Solvent® THF la 100 85/10
(TDA-1, DME 1b 90 70/5
NBu,Br) NMP 1c 10 100/0
DMF 1d 5 100/0
Supporting NBu,Br 2a 95 90/5
electrolyte? NBu,BF, 2b 90 75/15
(THF, NBu,PFg 2c 70 90/10
DMPU) Aliquat 336 2d 90 75/5
CF;SOsLi 2e 95 80/15
(CF3S0,),NLi 2f 70 85/15
AlICI4/LiCl 29 95 80/5
Cosolvent® HMPA 3a 100 92/8
(THF, TDA-1 3b 100 85/10
NBu,Br) DMPU 3c 95 90/5
DMI 3d 100 80/15
TMEDA 3e 100 85/15
NMP 3f 85 75/5
Anode Al (HMPA) 4a 100 92/8
(THF, Al (TDA-1) 4b 100 85/10
cosolvent, Mg (HMPA) 4c 100 83/17
NBu,Br) Mg (TDA-1) 4d 100 65/25

2The difference to 100% is due to protonation products.

b THF : tetrahydrofurane, DME : dimethoxyethane, NMP :
N-methylpyrrolidinone, DMF : dimethylformamide, HMPA :
hexamethylphosphoramide, TDA-1 : tris(3,6-dioxaheptyl)amine,
DMPU : 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone, DMI :
1,3-dimethyl-2-imidazolidinone, TMEDA : tetramethylethylenedi-
amine, Aliquat 336 : methyltrioctylammonium chloride.
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toxicity whereas DMPU was preferred to TDA-1 because
it leads to better extraction and purification conditions.
Nevertheless an electrolysis with TDA-1 as a cosolvent
was also performed in atubular flow cell at a 50 g scale.
The influence of the DMPU concentration was studied as
shown in Figure 2 where the PhCF,TMSyield is correlat-
ed to the ratio (number of DMPU moles)/(number of Al
moles formed by oxidation of the aluminium rod).

95
Yield of %

PhCF2SiMe;
85

80
75
70

65

60
0 1 2 3 4 5

[DMPUJ/[AI?*]

Figure2Yield of PhACF,TMS Depending on theratio [DMPU]/[AI®*]

Accordingto thiscurve, the best yield wasreached for one
mole of DMPU per mole of AI®*. This observation corre-
sponds to the fact that the Al salts own only one free co-
ordination site. Therefore, to insure a good conduction,
1.3 moles of cosolvent per mole of Al were used. In-
creasing the cosolvent concentration led to a drop in the
TFMB conversion rate presumably because of the com-
petitive reduction of DMPU itself.

With regard to the anode metal, the conversion rate is
100% either with aluminium or magnesium. But, an ab-
normally high anodic current efficiency appeared with the
latter, showing a chemical participation of the electro-
chemically scoured magnesium with a consequently im-
portant loss of selectivity as reported in Table 1.613

In the same conditions but with a2.0 mol-L-* TMSCI con-
centration, PhCF(TMS), was obtained from TFMB in
70% yield after having passed 4.8 F-mol=2. A better yield
(85%) wasreached by electrolysis of PhCF,TMSitself af-
ter the passage of 2.4 F-mol~! of charge.

From these results, we determined the conditions for a
molar scale synthesis using atubular flow cell*4(Figure 3)
fitted with an aluminium anode and a stainless steel cath-
ode constituting the cell body.

Two different cosolvents, DMPU and TDA-1, were test-
ed. With this cell, detecting the evolution of hydrogen
during preelectrolysis is impossible, so the optimized
electrolysis times were monitored by GC analysis (Table
2).

These results point out that two strategies can be carried
out: if a selectivity close to 100% is required, only 2
F-mol~* have to be passed, a recycling of TFMB being
necessary; if atotal conversion is preferred, 3.2 F-mol—
have to be passed, PhCF,TMS and PhCF(TMS), being
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Figure 3 Tubular Flow Cell

Table2 Electrosynthesisof PhCF,TMSwith TDA-1and DMPU as
Cosolventsin a Tubular Flow Cell; Influence of the Charge Passed
(Electrolysis Time)

Cosolvent  Q(F.mol™) Electroly- C M/D
sstime(h) (%) (%)

TDA-1 2 55 53 100/0
2.2 60.5 62 92/5
2.8 77 82 85/10
3.2 88 100 70/15

DMPU 2 55 66 95/5
2.4 66 75 93/7
2.8 77 86 88/12
3.2 88 95 80/15

separated by distillation. The latter option was chosen for
the synthesis of 150 g (0.75 mol) of PhCF,TMS.

Finally, in order to decrease the proportions of TMSCI
and solvent, and to increase the productive capacity of the
cell, we performed an electrosynthesisin a 70 mL labora-
tory cell equipped with a stainless steel cathode (j = 0.4
A-dm2) and an duminium anode in the following condi-

Table3 Reaction of PhCF,TM S with Carbonyl Compounds

R' ) R’
R (e} 1) TBAF, 0°C R OSiMe; H,0+ R OH
PhCF,TMS + \f — —

R 2) 20°C, 5-8 hours CFph CFE,Ph
(RCOR) Product Yidd  Liter-
%? ature
( )b 5
PhCHO PhCHOHCF2Ph 63(55) 70
CHa(CH,);CHO CH4(CH,)(CHOHC  66° 58
F,Ph

60
OH

aDetermined by 1°F spectroscopy based on PhOCF,

bYield of isolated product after separation by column chromato-
graphy on silicagel.

¢ Thisyield was reached using two equivalent of PhCF,TMS.
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tions: NBu,Br (0.25 g) as the supporting electrolyte, THF
(15 mL) as the solvent, DMPU (15 mL) as the cosolvent,
and letting the molar ratio of TFMB/TMSCI =1(20¢g; 2.0
mol-L~*of TFMB and 14.7 g; 2.0 mol-L~* of TMSCI). To
avoid the protonation reaction that occurs at the end of the
electrolysis due to the low concentration of the residual
TMSCI, the current was stopped after passing 1.3
F-mol~. In these conditions, we acquired 13 g (65 mmol)
of pure PhCF,TMS.

An extrapolation of these conditionsto alarger scaleisin
progress.

In order to check the ability of PhCF,TMS as a (difluo-
rophenyl)methylating agent, we reacted three carbonylat-
ed compounds with this intermediate in the presence of
TBAF according to Table 3:

It should be observed that in our conditions, the electro-
phile was used in stoichiometric proportions, instead of
the large excess recommended by M. Y oshida et al.> With
benzaldehyde and octanal, our results are in complete
agreement with those of these authors. With cyclohex-
anone, the corresponding alcohol had never been de-
scribed.

Therefore, without any chemical equivalent, this electro-
chemical procedure offers an easy, highly selective and
safe, large scale method for the synthesis of PhCF,TMS,
a PhCF,~ equivalent, from the readily available trifluo-
romethylbenzene.

For electrolysisina70 mL cell, THF (SDS) was distilled over sodi-
um-benzophenone ketyl. The cosolvents HMPA, DMPU (Fluka),
TDA-1 (Aldrich) were used without any treatment. The supporting
eectrolytes were pumped off over 48 h at r.t.. Trimethylchlorosi-
lanewas distilled over Mg powder just before use. Gas chromatog-
raphy was performed with a temperature-programmable Hewlett-
Packard 5890A apparatus equipped with a 25 m x 0.25 um CP-Sil
5CB capillary column. *H NMR spectra were recorded in CDCl, at
250 MHz with a Brucker AC 250 spectrometer, using residual
CHCI; (8 = 7.27 ppm) asthe interna standard. The signals are des-
ignated s (singlet), d (doublet), t (triplet), q (quartet), and m (mul-
tiplet). 3C NMR spectra were obtained a 62.86 MHz with a
Brucker AC 250 using CDClI; (6 = 77.70 ppm) asthe internal stan-
dard. Thesignals are designated s (singlet), d (doublet), t (triplet), q
(quartet), and m (multiplet). 2Si NMR spectra were recorded in
CDCl; at 39.73 MHz with a Brucker AC 200 spectrometer. *°F
NMR spectra were recorded in CDCI; at 282 MHz with a Brucker
AC 200 spectrometer. Electron impact mass spectra were recorded
at an ionisation voltage of 70 eV with a VG Micromass 16F spec-
trometer coupled with a gas chromatograph equipped with a25 m x
0.25 pm CP-Sil capillary column. IR spectra were recorded with a
Perkin Elmer 1420 spectrophotometer in pure liquids films (NaCl

sheets). Elementary microanalyses were performed by the “ServiB
Central de Microanalyses” of CNRS (France). Solvents, RhCE"

NBu,F in THF (1 molL™%) are purchased from Aldrich, and SiO,
(9385) from Merck.

(Trimethylsilyldifluoro)methylbenzene, PhCF,TMS, in a 70
mL Laboratory Cell

(a) General Procedurewith a0.2 mol-L~* TFMB Concentration
The electrolysis of magnetically stirred solutions was performed
under nitrogen, in a previously described®® undivided cell fitted

with an aluminium rod as the anode and a concentric cylindrical
stainless steel grid as the cathode. These two el ectrodes were previ-
ously chemically scoured by a 10% HCI solution, then rinsed out
several times with distilled water and with acetone. The dried cell
containing 0.8 mmol of supporting electrolyte: NBu,Br (0.25 g),
NBu,BF, (0.25 g), NBu,PF; (0.30 g), (CF;SO,),NLi (0.22 g),
CF;SO,Li (0.12g), Aliquat 336 (0.31g), AICl; (0.10g) + LiCl (0.03
) was deaerated twice under vacuum and then with anhyd N,. THF
(55 mL), DMPU (1.8 mL, 14.9 mmol) or TDA-1 (4.8 mL, 14.9
mmol) and TMSCI (9 mL, 68.5 mmol) were introduced under light
N, pressure. HCI resulting from the reaction between TMSCI and
the residual H,O was removed by preelectrolysing the solution (i =
0.1A;j = 0.4 A.dm™). The other hydrolysis product, MesSi,O, re-
mains el ectrochemically inert. When evolution of H, ceased, TFMB
(2 g, 13.7 mmol) was introduced through a septum by syringe. The
electrolysis was then performed (i = 0.1 A; j = 0.4 A.dm2) over 9
hours, until the required charge (2.4 F-mol~?%) has been passed. The
progress of the reaction was monitored by gas chromatography. At
the end of the electrolysis, the mixture was poured into 250 mL of
cold water. The organic layer was extracted with Et,O (3x 100 mL)
and washed with cold H,O (2 x 100 mL). After drying (MgSQO,),
Et,O was evaporated off. Fractional distillation over aVigreux col-
umn gave with DMPU 1.9 g (70%) and with TDA-1 1.8 g (66%) of
PhCF,TMS; bp =80 °C/ 2.5 kPa.

(b) High Concentration Procedure

The cell, the electrodes and the solvent were prepared as described
in the General Procedure. The dried cell containing /8B(0.25 g,

0.8 mmol) was deaerated twice under vacuum and then with anhyd
N,. THF (15 mL), DMPU (15 mL, 0.12 mol) and TMSCI (18 mL,
0.14 mol) were introduced under light Nressure. After the pre-
electrolysis, the TFMB (20 g, 0.14 mol) was introduced through a
septum by syringe. The electrolysis was then performed (i = 0.1 A,
j=0.4 Adnt® over 48 hours, until the required charge (1.3
F-mol~?) has been passed. The mixture was then treated as described

in the General Procedure. Fractional distillation over aVigreux col-

umn gave 7.2 g of unreacted TFMB and 13.1 g of pure PhCF,TMS

(75% versus to converted TFMB), bp = 80 °C / 2.5 kPa.

(c) Large Scale Synthesis Using a Tubular Flow Cell

The electrolytic equipment previously described by Thiebault et
al.* (Figure 3) comprises of: a 2 L jacketed tank cooled [y &t

r.t., a 50 mL stainless steel cylinder (12¥@urface area cathode)
fitted with a 20 mm diameter aluminium rod (the anode) which con-
stitutes the electrolytic cell, an Iwaki magnet pump which insures
the circulation of the electrolytic medium (imposed flow = 65
L-min-%) through the electrolytic cell, and a racking valve to take
samples for GC analysis.

Before any electrolysis, both of the electrodes were previously
scoured by a 10% HCI solution, fitted together and rinsed out by a
circulating, in the whole setting, a dimethylformamide/acetic acid
mixture (50/50), and then rinsed twice with commercial THF.

Solvents, cosolvents, TMSCI and supporting electrolyte were used
without any treatment. TFMB (150 g, 0,5 mol-L~%), TMSCI (600
mL, 2,5 mol-L-%), DMPU (180 mL, 0.75 mol-L~%) or TDA-1 (480
L. 075 mol-L™Y), tetrabutylammonium bromide (6.5 g, 0,01
0l.L~%) and THF (1.2 L) were introduced into the tank. The mix-
ture was pumped into the electrolytic cell and an electric charge
(i=1A,]=0.45A.dm?) was administered for the required time.
The complete or partial conversion of TFMB according to the cho-
sen option was monitored by GC. For example, for the complete
conversion of 150 g of TFMB, it required 86 hours of electrolysis.

At the conclusion of the electrolysis, the mixture was transferred
into a flask and volatile products (TMSCI in excess, THF and
Me;Si,O) were evaporated off. The viscous residue was poured into
600 mL of acold ag. HCI (2mol-L™) and the organic products were
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extracted with Et,O (3 x 200 mL). This solution was washed by iced
H,0 (3 x 100 mL). After drying (MgSO,), the solvent was evapo-
rated off and PhCF,TMS was distilled; yield: 150 g (70%) with
DMPU and 146 g (68%) with TDA-1.

2 1
5 CF,SiMe,

IH NMR: 3,(TMS) = 0.21 (s, 9H), 3,(Ar) = 7.26—7.45 (m, 5H).

13C NMR: 8(TMS) = —4.9 (S),5c5= 128.3 (S), 8¢5 = 8¢, = 124.7
(t, 3e_r= 8.0 HZ), 8¢y = Scg= 128.8 (t, e = 2.6 Hz), 5y = 134.5
(t, Ye_r= 265.0 HZ), 8¢, = 138.3 (t, 2e_r= 20.4 H2).

295 NMR: 8¢,= 4.3 (t, 2= 34.7 H2).
9F NMR: 3= —112.5 (s).

MS: m/z = 185 (M-15), 127 (M-73J, 108 (M-92J, 93 (M-107},
77 (SiFMe*), 73 (SiMg").

Calculated (found) for gH,,SiF,: C% = 59.96 (58.12), H% = 7.04

(7.04), F% = 18.97 (19.00).
The spectral data agree with those reported in the litefature.

[Bis(trimethylsilyl)fluor o] methylbenzene, PhCF(TMYS),

The electrolysis (i = 0.1 A, j = 0.4-4nT?) was performed as de-
scribed in (&) with NBu,Br (0.25 g, 0.8 mmol), DMPU (3.6 mL,
29.8 mmoal), THF (55 mL), TMSCI (14.5mL, 0.11 mol) and TFMB
(29, 13.7mmol) for 18 h until the required charge (4.8 Fmol~2) has
been passed. The workup of the mixture and isolation of
PhCF(TMS), were essentially similar to those described about
PhCF,TMS (a); yield: 2.0 g (60%); bp = 130 °C / 4 kPa.

4 3

2 1
5 CF(SMe,),

6 7

IH NMR: 8,(TMS) = 0.23 (s, 18H)5,,(Ar) = 7.08=7.40 (m, 5H).
13C NMR: 8(TMS) = —2.2 (d3Jc_¢= 4.0 HZ), 8¢, = 99.7 (d, W p=
155.3 H2), 83= 8¢7= 121. (d, 3J_£= 13.6 HZ), 8¢, = 8= 124.2(9),
8cs=128.0(S), 8c,= 144.5 (d, 2= 13.8 HZ).

25 NMR: §g= 3.69 ppm (d, 2Jg._= 23.6 Hz).

FNMR: §-=-218.9 ppm (s).

MS: m/z = 239 (M-15¥, 181 (M-73J, 162 (M-92¥, 147 (M-107J,
77 (SiFMe*), 73 (SiMg*); Calculated (found) for GH,;Si,F: C%
= 61.35 (59.97), H% = 9.11(9.6), F% = 7.46 (7.15).

(Tristrimethylsilyl)methylbenzene, PhC (TMS),
Prepared under the same general conditions as FM3-with

4 3

2 1
5 C(SiMe,),

6 7

IH NMR: 8,(TMS) = 0.24 (s, 27H)3,(Ar) = 7.08-7.40 (m, 5H).

13C NMR: 8(TMS) = 4.25 (S)Pcy = 21.5 (S)Bcs = 123.5 (S)Pcs =
dce = 127.5 (S)Pcs = 8¢y = 131.5 (S)P, = 143.2ppm (S).

2Si NMR: 8 = 1.20 (s).
MS: miz = 308 (M*), 293 (M-15}, 73 (SiMe").

Calculated (found) for Hi,Si;: C% = 62.25(60.92), H% =
10.36(10.36).

(Phenyldifluoro)methylation; General Procedure

To aice cooled and stirred solution of PROAS (1 g, 5 mmol), in
THF (4 mL), one equivalent of the carbonyl compound (0.5 equiv-
alent in the case of octanal) and then 0.2 equivalent of TBAF (2 mL
of a solution 1 meL~in THF) were introduced dropwise using a
syringe. The resulting solution was stirred at 0 °C for 30 minutes
and then at r.t. for 5 to 8 h (the conversion rate was monitored by
GC). Afterwards, aq HCI (Imdl~, 7 mL) was slowly added and
stirred for 1 h. The mixture was then extracted with EtOAc (3 x 10

mL ), the combined extracts were washed with brine, dried (MgSO,)

and evaporated in vacuo at r.t.

1-[difluor o(phenyl)methyl]cyclohexanol

Crude 1-[difluoro(phenyl)methyl]cyclohexanol (0.6 g, 2.6 mmol)
was purified by column chromatography on silica gel with cyclo-
hexane/EtOAC (95/5 v/v to 93/7 viv) as the eluent to afford 0.58 g
(50%) of pure alcohol as acolourless ail.

IH NMR: 8,,(9—13) = 1.62 (m, 10H},(OH) = 2.02 (s, 1H)5,(Ar)
=7.39-7.52 (m, 5H).

BC NMR: 8¢5 = 129.6 (S)cs = 8cr= 127.1 (t3)c_¢= 6.7 H2), 8c4=
8cs= 127.3 (9), 8= 122.9 (t, We p= 249.4 HZ), 8= 134.2 (1,
2Je_g=26.7 H2), 8c11= 25.6 (9), 8co= 8c13= 30.3 (t, 3= 2.2 HZ),
dc12= O¢10= 207 (9).

1%F NMR: 8= —111.4 (5).

MS: miz = 226 (M)*(<1%), 127 (PhCE 23%), 99 (GH10.OH,
100%), 81 (C¢Hg, 44.4%); Calculated (found) for C,H,OF,: M =
226.117561 (226.116922)(—2.8 ppm).

2,2-Difluor o-1,2-diphenylethanal

NBu,Br (0.25 g, 0.8 mmol), DMPU (5.4 mL, 44.7 mmol), THF (55Crude 2,2-difluoro-1,2-diphenylethanol (0.85 g, 3.6 mmol) was pu-
mL), TMSCI (18 mL, 0.14 mol) and TFMB (2 g, 13.7 mmol).Therified by column chromatography on silica gel with cyclohexane/
electrolysis was performed for 27 h until the required charge (7E20Ac (95/5 v/v to 93/7 v/v) as the eluent to afford 0.52 g (61%) of
F-mol?) had been passed; yield: 2.1 g (50%); bp= 118 °C / 0.5 kRayre alcohol as colourless crystals.

mp = 204 °C EtOH), identical to PhC(TMS)previously described

in the literaturé®
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IH NMR: 8,,(OH) = 2.45 (d, 1H), 8,,(8) = 5.01 (m, 1H), 5,,(Ar) =
7.20 (M, 10H).

BC NMR: co = 135.7 (9), 8¢y = 133.7 (1, o p = 22.5 H2), 5¢s =
130.0(8), 8¢12= 128.6 (8), S(c3, c4, s, c7, c10, c11, c13, cim 127.9 (M),
Sca= 1263 (t, 2Jo_r= 7.5 HZ), 80y = 1211 (t, Wo_p= 247.5 H2).

19F NMR: 6 (282 MHz, CDClj, from PhOCF;) = —29.1 ppm (S)¢
(282 MHz, THF with DMSO 8&lext from PhOCE) = —-22.5 ppm (d,
1F, Jer = 252.8 Hz) = 28.2 HZ) 3¢ = —28 ppm (d, 1R = 252.8
Hz, Je = 28.2 Hz).

MS: m/z = 234 (M)*(<1%), 214 (M-HF)(<1%), 127 (PhGFL5%),

107 (Ph-CHOH, 100%), 105 (PhCO, 12%), 90 (PhCH, 4%), 792

(CR,CHO, 64%), 77 (Ph, 43%), 51 (G, 13%).
The spectral data agree with those reported in the litefature.

1,1-Difluor o-1-phenylnonan-2-ol

Crude 1,1-difluoro-1-phenylnonan-2-ol was purified by column
chromatography on silica gel with cyclohexane/EtOAc (95/5 viv to
93/7 viv) as the eluent to afford pure alcohol as colourless crystals.

H ©)

OH

F NMR: 8¢ (282 MHz, THF with DMSO 8#lext from PhOCE =
—24.15 (d, 1F)e = 253.8 Hz ), = 28.2 Hz),5; = —30.05 (d, 1F,
Jer = 253.8 Hz ), = 28.2 Hz).
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