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Ahblct-- 1,2,3,CTclfPfluorodibfu~n has been prcpnrod from htufluoroknxcnc and o-lithi* 
anisolc via 2’-hydroxy-2,3,4,5,6-pcntafluoroblphcnyl which ur~Iergocs an intramolecular nuclcophilic 

subutitutioo reaction with potassium carbonate in dlmcthyi formamide. 1.2.3.4Terra8uor~ibfu~n 

undcrgocs nuclaophilic substitution reactlo= with sodium hydrogen sulphide, sodium thromethoxdc 
and LAH mvolnng replacement of the EBuorim atom; this was csublishcd by rcferena to an Ullmann 
reaction hwaa o-bromo-anisole ti bromo-2,3,5,6_tetrafIuorobcnzcnc. 

HEXAFLUOROBENZENE is readily phcnylatcd with phenyl-lithium in tther.‘Tbe general 
applicability of this process has now been indicated by its extension to a substituted 
phenyl-lithium, uiz. 2-methoxyphenyl-lithium (I), which reacted vigorously with 
htxtiuorohnzene in ether to give 2’-mtthoxy-2,3,4,5,6-pentafluorobiphenyl (II) and 
the suspected 2.2”-dimethoxy-2’,3’,5’,6’-tetrafluoroterphenyl. 

Dcmethylation of 2’-methoxy-2,3,4,5,6pentafluorobiphcnyl (II) with aluminium 
chloride gave the phenol III which was characterized as its bcnzoate. The phenol 
III underwent a facile intramolecular replacement reaction3 of the 2-fluorine atom 
when heated under reflux in dimethylformamide (DMF) containing potassium 
carbonate to give 1,2,3,4-tetrafluorodibenzofuran (Iv). Intermolecular replactment 
products’ were not detected and the unrecrystallized dibenzofuran (85%) displayed 
an IR spectrum identical to that of an analytically pure specimen. This unusually high 
‘ortho-substitutionti presumably results from the very favourabk steric factor 
associated with the S-membered ring of the Wheland-type intermediate V. 

(VI XIll XIV 

1,2,3,4-TetrafIuorcxiihnzofuran (IV) was characterized by elemental analysis, IR, 
UV and NMR spectroscopy and mass spectrometry. Some nuckophilic replacement 
reactions of IV were undertaken as part of our general study of such reactions;* 

’ Part XXXVlI. P. L. toe. A. E. Juku and J. C Tatlow. J. Ckm SOC. CC’). 2323 (1966). 
’ M. T, Chaudhry and I. Step&q 1. Ckrm Sot. 4281 (1963). 
’ J. Burdoa V. A. Damodaran and 1. C. Tatlow. 1. Ckm SOC. 763 (1%4), 
l J. C. Tntlow. E~~MUUW 22 89 (1963). 
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comparison with the recently reported5 substitution reaction of octafluorodibea- 
zothiophen is of interest. 

1,2,3,4-Tetrafluorodibnzofuran (IV) and a large excess of sodium hydrogen 
sulphide in DMF gave 3-merapto-1,2,4-trifluorodibtnzofuran (VI) and its disul- 
phide. The latter was prepared from VI with bromine in acetic acid and by aerial 
oxidation at 100”; it was readily reduced to the mercaptan VI with zinc dust in 
acetic acid. When the crude mixture of VI and its disulphide was treated with diazo- 
methane in ether and the methylatd product examined by ‘H NMR spectroscopy 
only a triplet centred at 7.44 T was detected in the range associated with the -SCHJ 
group. It was thus reasonable to assume that only one mercaptotrifluorodibenzofuran 
(VI) was formed. The same 3-methylthio-1,2,4-trifluorcxIibcnzofuran (VII) was 
obtained also from 1,2,3,4-tetrafluor&ibenzofuran (IV) and sodium thiomethoxide 
in methanol ; the sulphide VII prepared by both routes gave a sulphone with hydrogen 
peroxide in acetic acid. The mercaptan VI was desulphurized by Raney nickel to give 
1,2,4-t rifluoro&bcnzofuran (VI I I). 

’ R D. Chambers and J A. Cunnmgham, Chcm. Comm. 469 (1%6) 
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19F NMR spectroscopy on the above prcxIucts,6 VI, VII and VIII, confirmed that 
one fluorine had ken replaced but the position of replacement could not be detcr- 
mined conclusively. Instead the orientations given were established by rekrence to 
the prtiuct of an Ullmann reaction between o-bromoanisolt (Ix) and bromo-2,3,5,4- 
tetrafluorobenzene, which gave 2’-methoxy-2$,5,6_tetrafluorobiphenyl (X) as we11 
as 2,2’-dimethoxybiphenyl. The Conner compound X was obtained in better yield 
from the desulphurization of 2’-methoxy-4-mercapto-2.3,5,4-tetrafluorobiphenyl (XI) 
which was produced from 11 and stiium hydrogen sulphide in DMF. Demethylation 
of X with aluminium chloride gave 2’-hydroxy-2,3,5,6_tetrafluorobiphcnyl (XII) 
which underwent an intramolecular replacement reaction with potassium carbonate 
in DMF to give 1,2,4_trifluorodibenfuran (VIII). 

A very sluggish reaction was observed between 1,2,3,4-tetrafluorodibenzofuran 
(IV) and LAH in ether heatal under reflux. However, after 156 hr. it was approxi- 
mately halfconverted into the expected 1,2,4-trifluor~ibenfuran (VIII). 

The nucleophilic replacement of the 3-fluorine atom in 1,2,3,4_tetrafluor~ibenzo- 
furan is consistent with general orientation effects observed previously in polyfluoro- 
aromatic compounds.. Thus, the Wheland-type intermediate XIII should be pre- 
ferred to XIV, since the former has the greater degree of delocalization and none of 
the dstabilization associated with an oxygen-substituted carbanion as in XIV. 

In view of the bactericidal activity of some substituted dibenzofurans, 1,2,4- 
trifluoro- and 1,2>,4-tetrafluorodibcnzofuran were tested for antibacterial activity, 
but both compounds were inactive against Sraphylococcus C#UQLIS, Streptococcus 

fuecalis. Klebsiella uerogenes and Es&k&a coli in tests made on serial two fold 
dilutions in a range loo0 pg,‘ml to @121 lg/ml. 

EXPERIMENTAL 

2’-Mcthoxy-23,4,5,6_pnraJIuwobiplvnyl (II) ami 2,2”dimrhoxy-2’$‘$‘,6’-rcr?u~rot~p~nyl 
o-Bromoanisole (20-01 g) in diethyl ether (30 ml) was added to La metal (2.29 0) m ether (20 ml) under 

N1 at such a rate that a mate nflux was maintained. Wbcn raction was compkte the mixture was 
filtered through glpg wooJ lad the filtrate diluted with ether (3SO ml) & that adda! dropwise during 

lo0 mm IO a rtird solo d hexafhtorobtaztae (2003 g,l in ether (300 ml) under Na. W~MZI the exotbmnic 
reaction had subsidad stirring was oontinucd for I hf and tbt mixture then pourad into water (700 ml). 

Tbe dr& (h&SO.) etk soln was filteral ~IXI evaporated to give a liquid which was shown by GPC 

(s~lrcone gumtoelite. ISO”, N, 1 I.,lbr) to coot&a o-bromoanisok. anisok and one other component whKcb 
was -ated by drsttllation lo give 2’-mtlhoxy-23.4.S.~p~~~~i~~ (1918 8) m.p. 4647.5’ from 

pcrfluoro-1.3-dimcthykyclo&u. (Found: C 569; K 2-5. C,JH,F,O requires: C 569; H. 2.6%) Etbcr 
was addad to the sold rcriduc from the latter distillatioa d the insolubk matcnal (025 e) m,p. 192 
193.5 was recrystallized from a MeOH-a-tone mixture to give 22”dhwthoxy 2’.3’.5’.6’-tftrulluorot#- 

phyl(O15 g) m.p. 198- 199” (Found: C 66.6; H, 4-I. Cz,,H,,F,OI requires: C 66 3; H. 39”/,) 

An intimate mlxturt of AlCl, (7-90 gl and II (505 s) was Lepl at 120” for I hr. Tbc cookd muturr was 

added to water (100 ml) and extracted with CH,Cl, (3 x 100 ml) The extracts were dried (M&O,). 
filtered and evaporated to kavt a solid which was sublimad at a r&uoEd press ( IS mm) to give 2’-hdroxy 

2.3,4,5,6-pmtaFunobiphmyl (3-W g) m.p. 94 S-95.5’ (Found: C. 55.4: H. 2.1. C,lH,F,O raquircs: C. 
554; H. l9’/) *_ 3603 cm ’ (-4H) in CCl.. The pbcbol (@SO r). m aato~c (2 ml) btnzoyl chlortde 
(1 ml) and 10% NaOHaq (25 ml) wcrz rhakco t-her to give the Ae mp. 57- 59”. (Found: C 624; 
H. 2.5. C,*H,F,OI requirea : C 62-6; H 2.5 % ) 

’ P. J. N. Brown and E. F. Mooney. Tcttdudm 23.4047 (1W7). 
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(fluorinated aromatE nag), il. 2490,2S#, 2710, 2760. 2960, d m A (P. 136 21.5. 11*4.21.5,49 and 
5.7 x ld, rapectively ; in hexanc) its IR spectrum wu identical with the crude ether extract. 

(b) Compound IV (025 g) in diethyl ether (20 ml) was addal to a suspension d LAH (@IO @ in ether 
(10 ml) arid refluxed for 1% hr. The mixture was tbco poural into 4N HQ (100 ml) and extracted with 
ctlur (3 x 50 ml) The dried (MgSO,) etha extract was filtered and evaporated to leave a solid (022 g) 
whtch was passed down a coh.mn (1 x 56 cm) packal with alumina (commercial chromatography-grade 
alumina deact~vatal with hth by weight d water) using petrd (b.p 4&&l”) M eluent~ Only one babd was 
detected and tvrpora~loa of tbc cluatc gave a mixtum d starting matcnal and VIII (ca. I :l) as shown by 
IR spoctroQcopy. 

(c)AnhydK,CO,(1~g~XII(IOg)abdDMF(50ml)wmkeprat 153”for4hrandthenwater(4(Klml) 
was addad The ppt so obtained was washal with water (Ooo ml) and dried to @e VIII (073 e) m.p. 80 82’, 
alone and in admixture with the material obtained as ducriw cather, with a corract IR spectrum* 

2’-Mcrhoxy4-~coplo-2,3.5,dlarojluorobipkyl (Xl) 
Compound II (l*lO 8) in DMF (10 ml) wu added dropwise during 70 mm to a vigorously stirred SW 

pension of NaHS (I.25 s) in DMF (50 ml) at room temp. The mixture was t&n poured into 143N HCl 
(so0 ml) and tlu resulting white ppt extractad with ether (3 x 50 ml) The combined ether extracts were 

washed with water (6 x 100 ml), driad (MgSO*), filtered and evaporated under diminisl& pm at a 
temp not greata than room temp (CL 169 to leave a semi-solid residue (I-21 g) Part (050 g) d the latter 
material was distilkd uoder reduced prus (@2 mm) m an atmosphere of N, to give a dutitlate (025 g) 
which solidified when kept. Most (0*23 s] d the latter solid. m.p. 67 70”. was sublimed (05 mm) IO g~vc 

2’-mcrhoxy4-mncopto-2.3,5,61ctrafluoro6i~e~~f (021 g) m.p 69.5 705”. (Found: C 54-l: H. 2.7. 

C,,H,F,OS raquiru. C, 54.2; H, 2.8’4.) Y_ 26OOcm ’ (-SH), 
- 

2’-MrrhoxyL3.S.blertaflvorobiphnyl 
(a) Compound XI (1% g) and Raney Ni (10 0) in MeOH (25 ml) ~rcatcd io the usual way, gave a white 

crystalliDc solid (@71 #, a portion (Cl+62 e) d whrch was recrystallixod from pctrd (b*p. UJ-803 to give the 
slightly impure methoxytetraftuorobipbenyl (039 s) m.p. 6667.5” from which (020 s) a further recrysral- 
lization gave 2’-mcrhoxy-23.5.6-rclraFrorobiphcnyl (Oa7 g) m.p. 66 67”. (Found : C. 607 ; H, 3 4. Cl ,H,F,O 

requlru: C 609; H. 3.2 “/,) 
(b) IrBromoanisolc (1.24 8). bromo-2,3.5,6tetralluorobenxenc (I.50 0) and copper bronze (4.20 g) were 

kept rogetk in 8 scaled Pyrex glass tuhc (2 x 15 cm) a~ 252” for 24 hr. Tbt cobd tube was opened and the 
contents heated under reflux with ether (MO ml) for 2 hr. frltcred, drial (MfiO,L filrerai and cnporrtcd 
to leave a semi-solid (1.3 I 0) A portion (O-63 g) of the latter s&d was fractionally sublimed and the second 
fraction (014 g) was chromatographad on a column d alumma usiitg petrol (b.p. 4OAO3 as clucm. The 
second fraction gave X (007 g) m.p. 66-67” alone and in admixture with the compound obtained in (a) 
above ; it displayed a correct IR spectrum. 

2’-Hpdroxy-2.3.5.6-let?~wrobiphtnyl 

Compound X ( 1 Oog) and AICl, ( 14 s) were kept together at 120” for I hr. Water (30 ml) was when added 
and rbe mixture ex~ncred with crher (3 x 50 mll tbt extract dried (MgSO,), filtered and evrpora~al. The 
black residue (09% 8) so obtained was sublimed at a reduced press (01 mm) to give a white sohd (078 8) 
m.p. 58-77’ of which a part (050 g) was cryatallizcd from petrol (b.p. 60 807 to lpve a white crystalline 
solid (029 8) m.p. 77 81”. Two further recrystallixations from petrol (b.p. dU-607 gave 2’-hydroxy23.5.6 
rerr+robiphrnyl m.p. 82 82.5”. (Found: C 59.7; H, 2.5 CiIH,F,O reqwrcs: C, 595; H. 2.5 TW) Y, 
3@3 I-OH) cm- ’ m CCI, and 15Ol3 and 14% cm-’ (fluonnatd aromatic ring) in Nujol. 
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