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Abstr~( .PcotaIluorophcnyl-lithium and on~bromotctrafluorophenyl-bthlum react with sulphur 

dichloride. in erbcr bexanc. to give tbc corresponding rryl sulphides; various polyfluoroaryl sulphida 

are reported. including I& new bctaocydc octafluorothiantbrcn. Ruction of the lithium reagents with 

sulphur mooocblorkk or with organic disulphida lerdr to S S bond clav~gc; and a nuckophibc dis- 

plaamcn~ d CF; from sulpbur is mportcd. Clavrgc d pcntafluorophcnyl- and orthobromotctrafluoro- 

phcnyl-tin compounds oaxr~ with iodide ion but is not a us&l route to polyfluorobcnzyncs 

THE reaction ofalkyl-lithium derivatives and Grignard reagents with sulphur halides’ 
had not hitherto been applied to the synthesis of polyfluoroarylsulphur compounds. 
Previous work in this area has utilized nucleophilic displacement of fluorine in poly- 

fluoroaromatic compounds using thiol anions, ‘.’ heating polyfluoroaryl-organo- 

metallic compounds with sulphur.5 reactions of copper thiophcnolate salts with 
bromopolyfluoroaromaticcompounds.6 and the addition ofsulphur to polyfluoroaryl- 

lithiums.’ We describe here reactions of polyfluoroaryl-lithiums with sulphur halides 

which were studied in connection with the synthesis of some fused-ring polyfluoro- 
heterocyclic compounds.’ 

Bromopentafluorobenzene (1) undergoes easy exchange of bromine for lithium, 

using a hydrocarbon solvent at low temperatures and addition of sulphur dichloride 

to this reagent gave bis(pentafluorophenyl)sulphide (3). Attempts to prepare the 

latter compound had been unsuccessful when the present work began but two 
successful syntheses, different from the present one, have since been reportcd.‘*6 

The yield of bis(pentafluorophenyl)sulphide was highest when the sulphur dichloride 

used was freshly distilled after addition of a small amount of PCI, and a mixture 
of hexane-ether was found to be the most effective solvent. Pentafluorophenyl- 

lithium is also conveniently prepared by reaction of pentafluorobenzenc with 

butyl-lithium.’ Corresponding reaction of pentafluorophenyl-lithium with sulphur 
monochloride gave, again, (3). This indicated that nucleophilic attack on the 
S-S bond had occurred and, indeed, it was shown that the latter occurs quite 
readily because pentalluorophenyl-lithium with dimethyl disulphide and diphenyl 
disulphide gave the corresponding methyl- and phenyl-pentafluorophenyl sulphides 
respectively. In fact the latter reactions provide alternative routes to these sulphides 
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since their preparation by nucleophilic aromatic displacements of fluorine, using the 
appropriate anions (PhS- and MeS-) is complicated by polysubstitution.‘*4 Reaction 
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of pentafluorophenyl-lithium with bis(trifluoromethyl)disulphide was carried out 
with the possibility of obtaining the unknown C,F,SCF,. However, not only nucleo- 
philic attack at the S- S bond took place but, also, displacement of _ CF, occurred. 
giving bis@entafluorophenyl) sulphide. 

C,F,LI + CF,*S*S*CF, _ (C,F,.S.CF,]~~(C,F,,,S _ [LKF,] + LIF + polymer 

Derimir;es cia 1.2-dibromotetra~uorobentene. Exchange of bromine for lithium 
occurs in 1,2dibromotetrafluorobenzene (2) and the corresponding lithio derivative 
with sulphur dichloride gave bis(orthobromotetrafluoropheny1) sulphide (4) which 
is a useful precursor to octafluorodibenzothiophen.E Also, the bromine atoms in (4) 
arc available for further exchange with butyl-lithium giving a di-lithio derivative (5) 

which in turn reacted with sulphur dichloride to give the new heterocycle octa- 
fluorothianthren (a), the chemistry of which will be discussed in a later publication. 

o&o-Bromotetrafluorophenyl-lithium reacts with metal halides in the usual way, 
e.g. giving bis(orrho-bromotetrafluorophenyl)mercury (7) or (orr)lo-bromotetra- 
fluorophenyl)trimethyltin (8). 
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8 



Polylluoroaryl orgaaomctdlic compounds-VI 2785 

These compounds were particularly interesting with respect to the ease of formation 
of the corresponding metal-bromine bond and the production of tetrafluorobenxyne 
because, while pentafluorophenyltin’” and -mercury’ ’ compounds are not susceptible 
to decomposition by formation of bonds from fluorine to the metal the decomposition 
of organo-mercury derivatives by formation of mercury-bromine or iodine bonds is 
now well known.“. ” Pyrolysis of the mercurial (I) in a sealed tube at 300“ gave only 
an intractable tar but pyrolysis in a flow system at 700” and IO- ’ mm gave mercuric 
bromide and viscous liquid, which could not be sublimed, but the IR spectrum was 
consistent with a polytetrafluorophenylene.‘4 

l HgBr, 

We have also attempted the displacement of pentafluorophenyl and bromotetra- 
fluorophcnyl from tin and mercury using iodide ion in glyme solvents, analagous 
to the method which Scyferth er 01. used for the generation of dihalocarbenes.” 

I + Mc,SnCF, - Me,Snl + CF, - CF, + F- 

F 
Mc,Sn I l 

X - For Br 

F F 

or 

F Br 

However, although it was found that both pentafluorophenyl and bromotetra- 
fluorophenyl are cleaved from tin by iodide ion, no evidence for the intermediacy of 
a benzyne could be obtained. Unless solvents were rigorously dried, then pentafluoro- 
benxene or bromotetrafluorobenxenc and trimcthyltin hydroxide were obtained, 
indicating a halide-ion catalysed hydrolysis of the type previously studied.‘“*‘6 On 
exclusion of moisture then more drastic conditions were required for cleavage 
(-200”) but although trimethyltin iodide was obtained the organic product con- 
sisted of tars. Attempts to trap a benxyne by carrying out the displacements in the 
presence of furan or anthracent were also unsuccessful. Therefore it appears that 
this type of displacement is unlikely to prove a useful route to benxynes. 
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EXPERIMENTAL 

Pcn:afh~orobcnzrnc (8.4 k 50 mmoks) in hexan~thcr soln (20: 30 ml) was wokd to - 70 in a 250 ml 
fla& fittai ntb stirter. droppiog funnel. N, i&t, and solid CO, coodcnacr. n-Butyl-lithium (22 ml of 

a hxane soln, 50 mmokr) in hcxanc (20 ml) was added, dropwise. over 4 hr. The mixture VU tbcn stirred 

a~ this temp for 3 hr and then rulphur dichloride (258 & 25 mmoks) (Iruhly distilled from PC),) in ether 

(10 ml) was slowly added (05 hr) an4 afta a furrhcr 2 hr at - 70”. the reaction mixturz was allowed to ruch 

room tanp. Hydrolysis (H,O). followed by separation of the orlpoic layer. which was then driad (MgSO.) 

md tInally runoval of the solvent by vacuum transfer. left bis@entafluorophcnyl~ulphide (5.5 g 60%). 

m.p. 83”(lit. 8>86”*). (Found: C. 394; F. 51.5. Cak. for C,IF,,,S: C. 39.3; F. 51.9’/,.) 

&lion ofpentojlwrophenyl-li~hfwn 

(a) With dfphenyl dinrlphide. Pcntafluorobcnznc (202 g. 12 mmola) in ctbcr (20 ml) was added slowly 

to a solo d n-butyl-lithium (5 ml. 12 mmoks) in ether (20 ml) at - 70‘. After stirring for 075 hr. dipbcnyl 

disulphidc (2-18 & IO mmoks) in ether (20 ml) was added slowly at - W and the mixture was allowd to 

worm to room temp. After hydrolysis (H,O) the orgmK layer was separated dnai (MgSO,) and the solvent 

evaporated luviog a pak yellow solid (2.6 g. 947;). phmylpenrojluorophcnyl alphide. mp. 4748” from 

MeOH. (Found: C. 52.3; H. 19. C,,H,F,S requires: C. 52.1; H. I.S’/..) 

(b) Wlch dimtrhyl disulphti. Dimcthyl disulphidc (2-l g. 22 mmola) in ether (20 ml) was added to a 

cookd soln (- 80’) of pentafluorophenyl-lithium (23.7 mmoks). made by exchange between bromo- 

pcntafluorobcnzene and butyl-lithium in ether hexane. After hydrolyw the organic layer was xparatai. 

dried (MgSO,) and solvent was removal by distillation lavmg pcntafluoropbcnylmethyl sulphlde’ 

(2.7 g 57%) which was distilled. b.p. 170” (mic up.) (Found: C. 393. Calc. for C,H,F,S: C. 39.2”:) 

Thcruusrpez.trumsbowcdrparcnt peakrt 214.urquiredforC,H,F,S.Tbcdirtill~tionruiduccootaincd 

pcPo-bir_(mrrhy/lhio~~t~~~r~nz~ (01 g), m p. 89 91” (from MeOH). (Found: C. 39.2 C,H,F,S* 

rqulra 39.6 .) The mass spectrum showed a parent peak at 242. as rqulrcd for C,H,F,S, and the “F 

NMR spect~m showed a ungk resonant at - 27 ppm (from C,F,) md~catiog pure orientation. 

(c) With bi@trfjlwromcthy~)dLNlphidr. Bis(trifluoromethyl)disulphi& (I 7 & 8.4 mmoks) in ether (20 ml) 

was added to a cookd soln ( - 80’) of pcntafluorophenyl-lithium (8.8 mmola) in ether. prepared from 

pcntafluorobcnzmc and butyl-lithlwn (see above). Afta hydrolysis. the orpnic layer was sepantal. dncd 

(MgSOdand solvent removed by distillatioo kavinga drrk solid(O42 g)from which bir(pcntalluorophcnyl) 

sulpbide (026 8) (see above) was obtainad by crystrlliution from MeOH and sublimation. The IR spectrum 

of the residual material indiatal that it was highly fluorinated. 

Reocrions with orth~bromoltrrollwroplunyl-lilhiw 

BicIortho-bromolcrr~~roplunyOatlphidr. o-I)lbromotetralluorobcnzznc (9.2 g 30 mmolu) in hcxanc 

etbcr soln (30: 20 ml) was cooled to - 75’ and n-butyl-lithium (12.8 ml of a hcxanc soln. 30 mmola) in 

beunc (20 ml) was added, dropwlsc ova 4 hr. The mixture was stincd for 3 hr at - 75 and then sulphur 

dichloride (I.55 8. I5 mmoks) in ether (IO ml) was added over 4 hr. Aher a lurtbcr 1.5 hr at - 75’ the 

rmxturc was allowal to reach room temp. hydrolysai (H,O) and the organic layer was separated and dried 

(M&O,). Solvent was then removal under vacuum to ytcld a yellow oily solid (7.7 8). The solid was carefully 

washed on a sintercd funnel with several small volumes of b.p. 40’ petroleum ether and air dried bdorc 

being sublimed (8W:‘lO ’ mm) g~vmg bic(onho-bromorcrrqnuorop~ny~~~r (4.5 g. 62’,). as a white 

crystalline sold. m.p 100’ (Found: C. 29.4; F. 31.2; Br. 32.7. C,IF,Br$ rqulra: C. 295: F. 31.1, 

Br. 32.8’4.) 

Ocr&oro&an~hrm. n-Butyl-lithium (2 ml bcxanc soln. 46 mmolu) m heunc-cthcr (1 : I. 20 ml) 
WAS cooled to - 78’ and bis-(on~bromotetrafluorophenylbulphide (I.1 g 2.3 mmok) in hcxanc ether 
(I : I. IO ml) was slowly added over I hr. The mixture was stirred for 2 hr at - 78” before sulphur dichlonde 

(024 B. 2.3 mmolu) in ether (5 ml) was addaJ over I5 min. After a further 1 hr at this temp the mixture 

was allowed to warm to 0’ and was then hydrolysal; the oryaic layer was separated. washed with water 

and dried (M&SO,). Solvent was mmovcd by vacuum transfer to leave a yellow semi-solid (08 a) which 
rubluned (8O’:lO’ ’ mm) giving colourla crystals (03 g) of ocrojlwrorhianchren (Found: F. 42-4. C,*FsS, 

requires F. 42.29/,). m.p. IO’. The mass spectrum pve a parent ton at 360. as rqulrcd for C,,F,Sa. Hi& 

rcsolutlon ‘*F NMR gave two peaks d equal intensity (shifts 134 and I55 ppm w r t CFCI,) as rqulral for 
ocrafluorothianlhrcn. and these shifts are ldentlcal IO those observed for tluormc atoms m corrcspondmg 

orlentatlons m octalluorodibcnzothlophen 
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Bidorrho-bromorefrq~rop~n~~r~u~~ o-DibromoIeIralluorobcnzene (9.2 g 30 mmoks) in hcxant 

crbcr soluIion (X.20 ml) was cooled IO - 75’ and n-butyl-lithwm (12.8 ml. 30 mmoks) III bcxane (20 ml) 

was added over -3 hr. McrcuryfIl)bromide (Si) g. 14 mmolcsl tn suspension in ether ( _ 70 ml) was slowly 

added. Alla s I.5 hr rbc mixlure was allowed IO reach room temp. hydrolysal (H,O) and Ihc organr layer 

was separated. dnal (MgS0.l and solvenr removal under vacuum, giviog bic(ortho-bromorrrr&ore 

phcny&nrrwy (7.4 g). which on sublimation (140”/10-’ mm) gave (6.5 8. 71 “/,) m.p. I52 154“. (Found : 
C. 21.9; F. 23.2. C,,Br,F,Hg rrquircs C. 21.9; F. 23.1 ‘4.) 

TrlmrrhyYonho-brMoIe~~~rophmyl)rin TrimcIhylIm chloride (46 g. 23.2 mmolal m erhcr (30 ml) 

was added IO orrho-bromoIeIralluorophcnyl-lithium (23 mmola) in erhcr (60 ml) as described above. and 

rhc reaaion mIxIurc was worked up in an analogous fashion givmg Irimrrh~horcho-hromortrrqfiuorrr 

phrnvl)ftn which was dlsIlllcd under reduced press ( -83 I)05 mm). (74 g. 820,1 (Found’ C. 27a 

C,H,BrF,Snrequ1mC.27~6”,)Themars-sptclrumgrveapa~ntpcakaI39l.~requtrbdforC,H,BrF,Sn. 

High resolution ‘OF NMR gave four peaks ol equal inIcnsiIy as required for Ihis compound. Analyru of 

these peaks showed thaw IWO fluorine aIoms had orrho. mtta. and pure F-F coupling (viz 20-25. 2-s3.5. 

and 12&13a cycler/sec.l. whilsr IIK remaming IWO. showed IWO orrho and one mcru F F coupling* and 

Ihcsc results are wholly consislcnr WII~ the proposed sIructure 

Ckawge uirh id& ion. TrimcIhylpenIafluorophenylIin in monoglyme was warmal in a se&d tube IO 

80’ wiIh Nal and a high recovery of pcntalluorobcnzenc and IrtmcIhyltIn hydroxide resulted. When the 

.solvenI was rigorously dried. Ihen a higher ruc(lon Iemp c 200” was rqulral IO effect Ihc cleavage and 

InmeIhylIm iodide (isolated as the ammonia complex) was obIamed but only a Iar and a small amounI of 

pmIalluorobcnz.ene wcrc rhc orher products. Thcsc expcnmenis were also carried OUI in the prcscncx of 

furan and also using the Ialter as tbc solvcn1. bul no adduas could be obtained 

Similar experiments lo IhaI dcscnbed above were urnad out using IrimeIhyWorrbbromoIcIrafluoro- 

phcnyl)Iin: cleavage occurred readily In the pmcnoc of moIsIure buI. agam. more drastic conditions were 

required when sIricIly anhydrous rnaIcrials were used and no adducts wlrh furan could be isolated. 
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