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Fluorodesilylations of fluorophenyltrimethylsilanes with elemental 
fluorine: discovery of a novel 1,2-migration of the trimethylsilyl group 

Alison M. Stuart”.:“, Paul L. Coe ‘, David J. Moody h 

Abstract 

-____-__- .--___- _-- -. --.-~ 

The main product in the direct elemental fluorination ,)I’ 4tluorophenyltrimethyl~ilane was I ,4-diHuorohen/~ne. produced by the i/~ro 

electi.ophilic substitution of the trimethylxilyl group. An unexpected product, 2.5difluorophenyltrimethylsilane, V+:IS also formed as the result 

of a love1 I .2-migration of the trimethylsilyl group. The \ame trimethylsilyl I ,,-s 7 .hifts were observed in the clcrnental fluorination5 ot‘ ? 

fluor,)- and X,4-difluoro-phenyltrimethykilanes. We propose that the carhocations formed in the rearrangement\ were stahilised by the 

mexc meric effect of the a-fluorine and the greater stability of these inlermediates provided the driving force 1‘(,r the trimethylsilyl Eroup 

mipr ttions. Although the main products in all ofthe tluorinalions were the fluorodesilylated product. the reaction\ \\cl e nol totally rcgio\elccti\ :: 

and some competing fluorodeprotonation also occur-red in the reLictions of 2-fluoro- and 2.4ditluoro-phcnyltrimeth\ I\ilanes. Thr: role ofprotiz 

acid> and Lewis acids in particular triflic acid, trifluoroacctic acid and boron trifluoride in a variety of co-solvents. respectively, wa, cruc~;d 

in all the tluorinations we studied. experiments done in thcsir absence gave very poor yields. Optima1 conditic,n\ T;)r lluorination of \II! lated 

xuhst rates are described. C 19% El$ttvier Science S.A. All rights re$et-ved 

1. Introduction 

Fluoroaromatics constitute an enormously import‘lnt area 

in chemistry because of their vast and diverse range ~jt’com- 

merc,ial applications [ l-4 I. Although their main use bar been 

in the development of new pharmaceuticals and agrochem- 

cala. they have also been utilised in liquid crystals, polymer 

chemistry. biomedical applications and even in dyes. III spite 

of the extensive work in this field, there is no aimplc method 

for the regioselective introduction 01‘ fluorine into aromatic 

compounds and researchers still rely on the traditional 

nucl-ophilic methods such as the Balz-Schiemann t-eaction 

and ihe ‘Halex’ process. More recent interest has focused on 

usin,; electrophilic sources of fluorine to react with tile elec- 

tron rich aromatic ring system. Early examples of‘ elcctro- 

phillc fluorinating agents were the hypoHuorite5 ( ROF I [ 5 1, 

but ‘>ecause of their hazardous nature they have hi,en sur- 

passAd by the tluoraza reagents (R’NFR’) [h]. Thai series 

of compounds are generally stable solids which can bf.: \tor-ed 

and easily handled, and have been used successfull! for the 

fluorination ofnucleophilic substrates. Their lnajordi,;advan- 

-__ 

tage is that they are very expensive reagents which typically 

contain only ii small amount of active fluorine per mole of 

reagent. For example, in I kg of Strlectfluor [7,X 1 there ix 

only 53.6 g of active fluorine present. ‘They are all synthesised 

using elemental fluorine and conseqllently it would be ben- 

eficial to be able to use elemental fluorine directly rather than 

indirectly. 

One of the major problems of t1ircc.t elemental fluorination 

is the tendency for fluorine to clea~c homolytically because 

of its low bond dissociation energy. I‘his. combined with the 

tow activation energy for the hydrogen abstraction rcuction. 

can start radical chain processes invc>lving the highly reactive 

fluorine atom and results in low \clrctivity. For successful 

electrophilic aromatic substitution it IS therefore esscntlal to 

discourage the radical I-eactions by using IOU reaction tcm- 

peratures, by diluting the substrate. :I\ ti,ell as the tluorinc and 

by using polar solvents to encouragtt hctcrolytic cleavage ot 

the fluorine Originally. Rozen et ;Lt 19 I used chloroform. 

acetic acid or nitromethane to enhance the polar proce\aes. 

but more recently in the electrophil~c substitution of arotnat- 

its. Conte ct al. [ t O] discovered th;.~t the highest yields of 

monotluorinated products were obt;lined with more polar sot 

vents in the li>llowing order of dccrc;!\ing polarity. 



CF,CO,H>CF,CH,OH>CH,OHICHC~ ;>CFCl> 

Chambers et al. ] 1 1.12 ] and Purringtor and Woodard 

[ 13 ] have also used protonic and Lew,is acids. respectively, 

to promote the electrophilic fluorination of aromatics. The 

disadvantage of these reactions is that mixtures of isomers 

are produced, although Chambers et al. havtb overcome this 

by using two functional groups whose directional d‘fectsrein- 

li>rce each other. Another method for achieving site selectiv- 

ity is to metallate the substrate with a group IVb element. it 

is then possible to cleave the metal/metalloid -aryI bond with 

electrophilic fluorine to give the corresponding fluoroaro- 

matic via i/~s~~ aromatic substitution [ 14-2 I ] The success of’ 

the halodemetallation is based on the weak 1 nctal/mctalloid 

carbon bond and higher bond polarity comp,lred to the cor- 

responding carbon-hydrogen bond. Althou@ the fluorina- 

tion yields have been found to Increase dowI the Group IVb 

elements [ I4 ]. or~iinostaIiii;liics are \‘cry toxic compound\ 

and so we decided to investigate the elcctropllilic cleavageof 

aryl-silicon bonds for the synthesis of di- ;Ind tri--Huoro- 

aromatics. 

2. Results and discussion 

Although reasonable lluorodesilylation yields ( 20-30’~ ) 

have been reported for the clemental fluorin;ition\ of 3-sub- 

stituted phenyltrimethylsilanes [ IS, 171. thr. se yield5 were 

calculated from the amount of fluorine used Gnce much of 

the work was designed to incorporate “F fog positron c‘mls- 

sion tomography (PET ) studies. A large excess of substr;lte 

to fluorine (8-100 fold j was normally usc~l to minimisc 

fluorination on the phenyl rings of both startilig materials and 

products. In contrast to thi5 MJork, the direct c,lcmentnl fluor- 

ination of4-fluorophenyltrimethylsilane repclrtcd In Scheme 

I used a stoichiometric amount of fluorine and the yields 

were calculated from the amount of substrate ud. The reac- 

tion was also carried out on a larger scale. using I7 mmol ot 

substrate compared to X-60 Fmol LIWJ prc\ iously. Despltc 

this, the 24% yield of Huorodesilylated prodtlct. I .-l.-difluo- 

robenzene. is still comparahlc to the previou, reports. How- 

ever. preliminary experiments ( Table I ) had shown that it is 

necessary to catalyse the lluorination with b~mn trifuoride 

to improve the yields. It is thought that the hklron trifluoridc 

is encouraging the electrophilic substitution (,1’the trimethyl- 

silyl group by polarising the F-F bond. 

Scheme I also show< the formation of the by-product\ 2.5 

diHuorophenyltrimethylGlanc and I .2.3-tritluorobcnzetle. 

We propose that the 3.5ditluc~rophenyItrimetl~ylsilancisprc~- 

duced by the trimethyl\ilyl group undergoing ;I I .2-migration 

and a possible mechanism is shown in Scheinc 2. It is well 

recognised that fluorine (Y to ;I positive chargcb can stabilisc it 

because of its mesomcric cl’tect giving rise to another reso- 

nance structure ( VIA t) VIB ) Hence carbt *cation ( VI ) is 

more stable than carbocation (V ), which is aiso destahilihcd 

inductively by the /3 fuorine. .md thi4 ih thcjught to bc the 

10 % F,/N, 
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driving force for the trirnethylcilyl 1.2~shift. The lirst l.7- 

shift of a trimethylsilyl group on a benzene ring was reported 

by Seyferth and White [ 22 1 in 1979. When heated to 151°C 

in the presence of 2.3 mcJ’/c of trifluoroacetic acid. I,?- 

bis( trimethylsilyl) benzene i:,omerised in 4X h to a mixture 

containing I .Mis( trimeth!. liilyl) benzene (93% j and I .4- 

bis( trimethylsilyl) ben/.enc ( ‘5C, ). The driving l’orce for this 



rearrangement was thought to be the steric repulsion between 

the vicinal trimethylsilyl substituents. Since then. there have 

been a few reports in the literature of I &migrations of si tyl 

groups accompanying proto- ] 23 1. chloro- [ 241 and bromo- 

desilylations [ 24-261 in aromatic compounds but thlj paper 

is the first report of a silyl migration accompanying a 

tluorodesilylation. 

In the elemental fluorination of ?-fluorophcnyltrimethyt- 

silane (Scheme 3), the main product was t .2-difluoroben- 

zenc. but a significant amount ot’ 2,S-difluoroptrunyltri- 

methylsilane was also produced by a competing fluorodepro- 

tonation because of the strong pclrcl-directing effect of the 

fluorine substituent. Competin g fluorodeprotonation reac- 

tions have been observed before, especially when th: rrime- 

thylsilyl group is put-u to a strong electron-donatin:! group, 

such as methoxy [ 15, I7 1. Of most interest howeveT-, II as the 

production of 2,3-difluorophenyttrimethylsilane whlL*h con- 

firmed that a 1,2-shift of the trimethylsilyl group wa, occur- 

ring in these reactions. A very similar result was oht,lined in 

the Huorodesilylation of 2.4-difluorophenyttrimethylsilane 

(Scheme 4). Again the main reaction was tluorodesilk tation 

producing l,2.4-trifluorobenzene, \ome competing fluoro- 

dept otonation also occurred to give 3.4.5trifluorop~lcnyltri- 

methylsilane and 2.3,5-trifIuorophcn!;Itrimethytsilan~~ wa\ 

fornled by the 1,2-trimethylsilyl migration. 

As the preliminary experiments (Table 1 ) had shown that 

the tluorodesilylations catalysed by BF, ‘2CH ,CO, H gave 

bettcbr yields of I ,4-difluorobenzene than the rcactionx cat;~- 

lysed by BF, MeOH, the effects of acid on the reacti’jn wcrc 

also investigated. When 4-fluorophenyltrimethylsiI;u~e was 

fluorinated in the mixed solvent system CFCI,/C’t \CO,H 

( lO’;>), a 15% yield of I ,4-difluorobcnzene was azhievcd 

with 12% of the starting material left ( Scheme 5 ) ?jotabty, 

no I .2,4-trifluorobenzene was produced and 4% ol rhcr 2.5. 

difluorophenyltrimethylsilane was formed, but so11,e com- 

peting protodesilylation had occurred giving liuorobcn/,cnc 

( 2% 1. Trifluoroacetic acid therefore seemed to be atmo\t as 

good as boron trifluoride at promoting the ips,J electrophilic 

substitution of the trimethylsilyt group and so the elIcct of 

the h;tronger acid, trifluoromethanesulphonic (triflic J acid, 

was also examined. In the same reaction using the mixed 

(29 %) 

solvent system CFCI,/CF,SO,H ( 10% ) all of the products 

were fluorobenzenes with no fluorophenyltrimethylsilanes 

present (Scheme 6). Protodesilylation had occurred giving 

tluorobenzene, which was then fluorinated to all three isomers 

01’ ditluorobenzenc. It was an extrcmety clean reaction and 

t ,4-difluorobenzene ( 16% yield) was the main isomer 

formed. Protonic acid\ therefore \eemed to encourage the 

electrophilic fluorination of aromatIcs as efficient11 ai the 

Lewis acid catalyst boron trifluoride At this stage it is 

unknown whether the mechanism IS strong acid catalysis 

from their high polarity or whether hypofluorites ( CF,C02F. 

CF,SO,F) are formed from the acids in situ and then fluori- 

nate the aromatics. However, thests results are in agreement 

with the work reported by both (‘h;lmbers et al. [ 11.12 ] and 

C’onte et al. [ !O J. who have indepc*ndently insinuated that 

acids will become the best solvent\ for the direct etcmental 

fluorination of aromatics in the future. Further worh exam 

ining the potential of triflic acid III this new role v,ilt ht: 

described in a following paper. 

3. Experimental 

Proton ( ‘H) and carbon ( I‘(‘) KMR were recorded in 

CDCI, with a Bruker AC300 NMR spectrometer. Chemical 

shifts are reported in parts per million ( S in ppm) downtield 

t‘rom internal tetramethylsilane. Ftuorine ( ‘“F) NMR were 

recorded wrth a Jeol FX9OQ spectrtjrneter using CDCI : as a 

solvent with chemical shifts ( 6 in ppm ) downfield from intcr- 

nat CFCI,. Gas chromatographic analyses were performed on 

a Pye Unicam series 304 chromatograph with a WCOT fused 

silica coating CP-SiI IKB column i 50 m X 0.32 mm i.d. ). 

The CK-MS were recorded on a Iiratos Profile mass spec- 

trometer in the electron impact moth: 

Methanol was dried using dry rnagncsium turnings anal 

dichloromethane was distilled over I:atcium hydride before 

being storetl over 4 ,& molecular sic$\.cx. Trichlorofluoromc- 

thnne was atso stored over 3 i\ molecular sieves in :I reli-ig- 

erator. Ether refers to diethyt ether anct was dried over sodium 

wire. All other chemicals were usd ;I\ received from sup- 



pliers. In the elemental fluorinations 10% flusjrine in nitrogen 

premixed and provided by Air Products ~a!. used. The fluo- 

rine line was set up so that the 10% F,/N, passed through a 

column of potassium fluoride, to remove a11y hydrogen Ru- 

oride present, before being regulated by a glash How meter. 

The elemental fluorinations were conducted in a glass cylin- 

drical reactor which had a side arm to alloy the 10% FliN I 

to be bubbled through a sintered disc dircctl!., into the bottom 

of the reaction mixture. This left room in tile middle of thcl 

flask for a Teflon paddle which was connected by a steel shalt 

to a vibro-stirrer motor and was used for c,l‘ficient mixing. 

The reactor was also equipped with a thernlocouple pocket 

and an exit port. 

Butyllithium ( I .6 M in hcxane. 36 cm”. .imX mmol) in dry 

ether ( 30 cm’) was added over 45 min under dry nitrogen to 

a stirred solution of 4-bromofiuorobenzetic ( 10.0 g. 57 

mmol ) in ether ( SO cm’ ) at -- 45°C. After stil ring the reaction 

mixture for 80 min at 45°C’. chlorotrimetllq lsilane (6.3 g, 

59 mmol) in ether (30 cm’) was added o\‘ei- 20 min and the 

mixture was allowed to warm to room temperature over 12 

h. The solution was filtered to remove Ilthium chloride. 

washed with 5% NaHCO, solution and watt r and then dried 

( M&SO,). The solvent was removed hy ro ary evaporation 

to leave the crude oil, which upon distillation under reduced 

pressure gave a colourlcss oil (6.0 g. 63% yield). bp 70 

72°C at 20 mm Hg. I?,,( 300 MHz, CDCI _) 0.38 (9H. \. 

Si(CH,),). 7.06 (2H. m. cj-.ArF), 7.51 (-1-I. III. rrr--ArF); 

6,.(X4 MHz. CFCI, ) - I I3 I ( 1 F. m, 4-F’ ; 8, ( 300 Ml-I/, 

CDCI,) - 1.0 (s. SiMe,). Il4..Y (d,‘.I,, ,.== 1~1.5 Hz). 135.7 

(d. ‘.I,.~,.=7.3 HL). 135.5) (d,“./,. ,,= 3.7 H;I ). Ih.i.6 (d, ‘.I, 

E =147.4 Hz); rn/; (El) I68 (M’ ), IS3 (M-Me) ‘, 139 

(M-Et)~+. I25 (M-SiMc) ‘, 123 (hl-Mei) ‘. IO0 

( M-HSiMe,) ‘. 91 (M-FSiMcI) ‘. 7’7 (SiV!ck,t:) ’ 

Using the same experimental method as ; hove, 1 -bromo. 

2.4,-difluorobenzene ( 10.0 g. 52 mmol) in ether (SO cm’ I 

was reacted with n-butyllithium ( 32.5 cm’. 5 !  mmol) in ether 

( 30 cm3) at - 78°C and then u ith chlorotrinlethylsilane ( 6.5 

g, 60 mmol) in ether (30 cm’). Distillatiorl at atmospherit. 

pressure gave 2.4-difluorophenyltrimethylailanc (4.6 g. 

47%) as a colourless oil. bp 364-166°C (S,,( 300 MH;I. 

CDCli ) 0.30 (9H. d, J,, , = I Hz, Si(Cl1,) ). 6.72 ( IH. tel. 

iJ,,~,:=YHz,J.l,l ~,=2Hz1,6.XS(lH,td.~./,, / =‘.I,, [,=X.5 

HI. ‘.I,,-,, = 2 Hz). 7.3-I ( IH. m, o-ArSiMe, I: 6, (X4 MHY, 

CFCI,) --97.X ( 1 F, m, 2-F ). - 109.X ( IF. 111. 4-t-l: ii,.( 300 

MHz, CDCI,) - I .I (s. SiMe,), 103.2 ((Id. ‘.I,- , = 30.1. 

14.1 HI.). III.1 (dd.-‘J,. I,= 1’).7Hz. ‘.I,. , i.3Hy), 121.7 

(dd, ‘.I,- F =30.X Hz, d./( -,- == 3.5 Hz ). I 3h.O i dd. .iJ,. 

, = 13.0. 0.3 Hz). 164.5 (dd. I/<- ,.=?49.4 i-I/. ‘,I,- f = 17.0 

Hz),l67,7(dd.‘J~ ,-=147.l Hz.‘./,.-, = l3.!)H/);171i;(1~1) 

186 (M’j. 171 (M-Me)‘, IS1 (M-CH F ) ‘. 143 (M 

SiMe) +, 109 (M-SiMe,l’) ‘, 105 ( M-SiMeF,) +. 77 

(SiMe,F) ‘. 

It was not possible to sgnthcsise 2-fluorophcnyltrimethyl- 

silane using lithium-brolnine exchange because the 

2-fluorophenyllithium intermediate was unstable at - 7X”C 

and eliminated lithium fILIoricle to form a benzyne, which 

subsequently reacted with I?-fluorophenyllithium to forrn 2- 

fluoro-2’.trimethylsilylbiph<*nyl. Therefore. to preparc 2- 

fluorophenyltrimethylr;ilanc it was necc5sary to carry out a 

one-pot Grignard reaction t(l trap the 2-tluorophenylmagne- 

sium bromide with chlorotr~n~ethylsilane as soon as it was 

I‘ormcd and so prcven! the tcrrmation of biphcnyls 1 27 1 The 

crude oil was distilled u~~tler reduced pressure to give 2- 

fluorophenyltrimethylcilane ( I?..13 g, 20.3%. ). hp 6X-70°C at 

20 mm Hg. 6,,( 300 MHz. CDCI *) 0.31 (9H. d. I,, t, = I Hz. 

Si(CH,),).6.07(lH.td.‘.’ --‘.lkl ,,=X.5Hz.“.l,,,,=O.X 

1H7. o-Arl + 1 ) 7. I I ( I H, tt . ,, ,, -7.5 Hz.“.l,,~,,=‘J,, f;= 0.8 I I I” ’ --- 

H;I. IT-ArF). 7.35 (2H. m. ,~~-.&-I;): i&(X4 MHY, CFCII) 

- 101 .O ( 1 F. m. 2-F): h, I 300 MH7. CDCI,) - I .O i s. 

SiMe;). 114.7 (d.“.l,, , -7115 XHz). 123.X(\). l31,2(d. ‘.I,. 

,.=X.2 Hz). 135.1 (d. ‘.I, ,.-II.4 Hz). 167.5 (d, ‘I,. 

,. = 140.6 Hz): w/: (El ) I&$ (M ’ ). IS? (M-Me) +, 137 

( M-C;H, ) ’ . I25 ( M-SiM: 1 ’ . IO.5 ( M-SiMeHF) i. 9 I I: M- 

Sihle,F) 77 ( SiMe >E ) ’ 

The dried reaction vessel was charged with 4-tluorophen- 

yltrimethylsilane ( 2 g, I2 rnImol ), CFCI, ( 63.5 cn?). MeOH 

( IO cm’ I and DC‘M (25 ~:m-‘). After bubbling nitmgen 

through the reaction mixture: t’or 10 min, BF,‘MeOH ( 1 .S 

cm I. I3 mmol ) was add& and the reaction mixture was 

cooled to -7X C. F,/N: I I (1% ) was then passed through1 the 

stirred solution at I .3 I h ’ 11x5 h (29 mmol F,) at -7R”C. 

The resulting reaction mixlnrc was purged with nitrogen for 

IO min and warmed to room temperature bel’orc washing the 

organics with 5% NaHCO koiution and water. Thr organics 

were dried ( CaCI, and !vl~SOJ) and finally the CFCI, WIS 

di~rillcd off (bp 73°C) to LYIL,C an oil. The products v:ere 

anaiyscd by a combination of’ GC. after addition of toluene 

as :ul internal standard, (K-MS and “‘F NMK. after addition 

of hexafluorobenzene ;I\ ;m iilternal standard to the crude 

reaction mixture. ‘These te<~hnquca showed that the reaction 

mixture contained 1.3-dilluol obcnzene ( 24% ‘I: [ &,i X4 MHr, 

CFCI i I -. 120.2 ( 2F. quinl. ‘.I, I,=‘./,. ,,=h Hz, I-F; 4 F): 

/II/- f EI) I I3 (M ’ ). 94 ( M HF) . XX (M-(‘Jl,) .7S (M- 

HE,) ’ ]; 25tlifluorophen> Itr~methylsilane (-I% ); 16, (X4 

MHz,CFCI:) -IOX..?(i~~,c:~r~.~.l,. I =2OH/..?-F).-]:!I.2 

(II~.I~.S-~;):~~~/_(EI) lXf~~hl’).17l(M-Mc)‘.l43(M- 

SiR4e) +. 109 (hl-SiMc I I IO5 ( M-SiMeF2) ‘, 77 

(SiMc,F) ’ 1: 1.3.4-trittuc~rc~hcr~zenp (3%): 18,.(X4 MHL. 

(‘FC‘I 4 ) -116.1 (IF. 111. ,1-F). -133.X (IF, m, 2--F). 



- 1.43.8 ( IF. m, I-F); m/,- (El) 137 (M ’ ), IO1 ( V-F) ’ , 

88 ( M-C,HF) ’ , Xl (M-CHF,) ‘1 6.3 (M-W,) _ / and 3- 

tluol-ophenyltrimethylsilane (2% ) 

L sing the same experimental procedure 10% F,: h21 was 

buhi>led at 1 1 h ’ for 2.75 h ( 12 nlmol F,) thrcjugh 2- 

fluo~~ophenyltritnethylsilane ( I .3S g. X mmol ) in <‘EC’1 1 ( 64 

cm’i.MeOH (lOcm’).DCM (25cm’) andBF1.ML:OH (I 

cm’ 8.7 mmol) at ~ 7X”C. Analyyix 01‘ the reaction mixture 

sho\\,ed that it contained I .2-difluol.oh~,nzenc ( X’& ) : 1 ii, ( X4 

MHI, CFCI,) -13X.9 (2F. m. I-t<. 2-F); /,I/: (I,.[ j 1 II 

(M ).94(M-F)+.XX(M-C,H-.I’.‘~~(M-HI-~) 0 3 ( M- 

CHI.,) + ] ; 2.3-dilluorophcnyltrimcthylsilane I 3(k ): 1 ii, ( X4 

Mtlf, CFCI;) - 127.9 ( IF. d, ‘.I, ,.==‘I Hr. 2-t;) IY,.X 

( IF dd, ‘J,.~ , = 2 I Hz. ‘,I, ,, = x HL. 3-F); //2/T (t:I) 1x6 

CM ). 171 (M-Me)-. 1-l.; iM-SiMe)‘. IOi (\I- 

SiM<:F,) 77 (SiMe?F) + 1: ‘.5-tiitlllorophcn):llril~!~~lhyl~i- 

lane (5% ) and I-tluorophenyltrimctliyl~ilanc ( 20’; 

U\ing the same experimental procctlure, l(Vi F,/ h 1 was 

bubbled at I I h- ’ for 6 h ( 27 mmol FT. ) through 3.,J riifluo- 

rophenyltrimethylsilane ( 2.24 g. I2 mmol) in CF(‘! i ( 63.5 

cm’ I, MeOH ( 10 cm’), DCM (75 cm') and BF hleOH 

( I .5 cm’. 13 mmol) at - 78°C‘. Analysis 01’ the I .,;tction 

mixlure showed that it contained I ,7.1-lrifluorol lt:n7cnt‘ 

( 8’4 1: 2.35trifluorophenyltrimethq lstlanc ( 3% ): 1 ?+ ( S3 

ME{/. CFCI,) ~ 116.6 ( IF. 1x7. 5-t:). ~~ 133.0 ( IF. III. 2-t;). 

- 1.4.3 ( IF. m. 3-F): rTl/: (Eli 203 (M ’ ). IX9 (M ILIe I , 

Ihl (M-SiMe) . I23 (IV-SiMct:,) ‘. IO3 ( M-Si- 

MetiF,) + 1: 3.4.5.trilluoropti~~~iyltrirnethyl~ilaric I 2’; I: 

[ 6, ( X4 MHz. CFCI,) -~ 103.S ( IF. III. 2-F). ~ 13.2.0 i 11.. 

tn. 4 F). ~ 145.0 ( IF. Ill. 5-F): ,,r!:. (El I N3 (M ‘. IX9 

(M-Me) ‘. 161 (WiMe) ‘. I27 (iWSi.LlclFi ‘_ 77 

(Sihle,F) ’ 1: and 2,3-diHuorophenyltrimcthyl~il~rnc I h’d ). 

Tile dried reaction vessel was charged with l-fluolophcn- 

yltri inethylsilane ( 2 2. I2 mmol ). C’tYI 1 ( I X0 cl11 ’ !  illltl 

CF,(‘O,H (20 cln‘) bcf’orc cooling LO 0°C. Al’tot bcillg 

fluat?zd with nitrogen for IO min. I (Vie 1:,/N, wa5 buhhled at 

I I t! ’ through the stirred mixture l’or- 3 h ( IX mmol FJ 1. 

The Iresulting reaction mixture ma\ purged with nitrc1gc.n for 

IO min and then warmed to rooked tcmperaturc. ‘The I :actton 

mixture was poured slowly into watc*r and cooled II ;jn ice 

bath before being neutraliced with sodrum bicarhon; (Is. ‘1‘1~ 

orgarlic layer was then washed with I(r% Nati( \II ,ltltion 

and ji’ater. dried (MgSO,) and the CFCI J distilled ol‘t‘;o lc;~~c 

an oil. Analysis by CC, al’tcr :rddition oi‘tolucnc ;I\ at1 ;III~I.I~;I~ 

standard. GC-MS and ‘“F NMR spectroscopy, after addition 

of hcxafluorobenzcne a5 ;1n internal standard, showed that the 

reaction mixture contained 1.4.difuorobenzene ( 15% ): 2.5 

drfluorophcnyltriniethylsilane (4% ): lluorobenzene (2% ): 

(6, (83 MHL. CFCI,) - 113.6 ( IF. tn. I-F): ml: tE1) 96 

( Yl ’ ). 70 f M-C,H,) ’ 63 (M-H,F I ’ 1; and 4-fluorophen- 

yltrimethylsilane ( 12% ). 

[Jsing tht% same experimental proc~~durc as the fluorinatioli 

in tritluoroacetic acid. 10% F:/N, \\‘:I\ bubbled at I I h ’ l’or 

3 11 ( I3 mnlol ) through 4-fluorophayltrimethylsilanc I 2 g. 

I1 mr~10l) rn CF<‘I, ( I X0 cm’) and CF,SO,H ( 20 cm‘ 1 at 

- 7°C. Analysis of the reaction mi \turc showed thal it coli- 

taincd f1uoI obenzcne ( 23% ); I .-LJ: fluorohen/enc ( IO’i; ) : 

1 .~-difluorohenrerle ( he/r ) and I ..!‘-clilluorohen~cnc ( 1% ); 

1 ii, (84 MH/.. CF(‘I,) ~- I IO.4 (2F. n. I-F. 3-F): 117 ': 1: El I 

113(.M ).~~)3(M-HF)‘.XX(M-( >H..)‘.Xl rM-CH,t’)‘. 

75 (M-F>) I. 

Acknowledgements 

WC WOLII~ like to thank EIPSR( ( AMS) and Zeneca 

I-X’\,10 ( AMS I for financial support 

References 



[ 191 M.R. Bryce. R.D. Chambers, S.T. Mullins, A. Parkin, Chem. Sot. j 23 1 B. Becker. .4. Herman, W. Wojnowski, J. Organomet. Chem. I93 
Bull. France 6 ( 1987) 930. ( 1980) 293. 

[ 201 M.R. Bryce, R.D. Chambers, ST. Mullin>, A. P:jrkin. J. Chem. Sot.. [ 241 K. Nakayama. A. Tanaka, Chem. Pharm. Bull. 40 (7) ( 1992) 1966. 

Chem. Commun. ( 1986) 1623. 125 1 W.G.L. Aalbergsberg, A.J. Burkovich,R.L. Funk.R.1~. Hil1ard.K.P.C. 

[ 2 I 1 M. Namavari, A. Bishop, N. Satyamirtky, G. Bida. J.R. Barrio, Appl. Vollhardt, J. Am. Chem Sw 97 ( 1975 J 5600. 

Radiat. Isot. 43 ( 1992) 989. [ 261 R.L. Hillard. K.P.C. Vollhardt. J. .4m. Chem. Sot. 99 ( 1977) 4058. 
1221 D. Seyferth, D.L. White, J. Am. Chem. Sot. 94 I 1972) 3132. I27 1 C. Eahorn. K.L. Jaura. D.R.M. Walton, J. Chem. Sot. ( I964 ) I 19X. 


