
HALOGENATION, PART XXIII. HALOGENATION OF FLUOROBENZENE, 
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Fluorobenzene, o-, nt· and ('-fluoroto!ucn~• hnve beo.n <"hlorinnted, brominated and iodinated nnder different 
conditions as a result of which mixedltnlnQ"('n tlerivntive• hnve been obtained by direct halogenati~u. 

The majority of the mixed halog-en dcdvatives of flnorobenzene have been generally 
obtained either from fluoroanilines or other halogenated anilines, through the Sandmeyer's 
reaction. By passing chlorine i11to flurobcmr.ene in presence of iron, Wallach and Hensler 
(A nnalcn, 1905, 243, 225) obtained P· flt1orochlorobenzen~ and a dichloro product, considered 
to be either z:4- or 3:4-dichloroHL\orobenzene or a mi.xtnre of both, as separation is not 
v.ossible due to the close boiling point (V:Ill De T.aude, Rec. tra'V. cll'im., 1932, 51, g8 ; 
Kraay, ibid., 1929, 48, ross•. lly a similar method Wallach and Hensler (lac. cit.} obtained 
p-bromofluorobenzcne and two isomeric dibromofluorobenzenes, one a liquid boiling at 
109-12°/30 mm. and a solid, m.p. 6g 0

, which is also obtained during the bromination of 
fl.uorobenzene (Sch1eman and Pelarsky, Ber., I9~t, 64B, 1340) and described as 2:4- or 3=4-
dibromofiuorobenzene. The liquid dibroma product has been obtained from 2:4-dibroruo
aniline, through the diazonium fiuoroborate and hence, the solid product is obviously 3=4-

dibromofl uorobenzene. 

Very little work has been done on the halogen derivatives of o-, m- and P-fluorotoluenes. 
By the direct action of chlm·ine, bromine and iodine in presence of catalyst, many mixed 

halogen derivatives have no\Y been prepared. The constitlltion of the componnds, so prepared, 
has been detennined in as many cases as possible either by referring them to compounds already 

1,.-nown or by oxidising them to known derivatives of fiuorobenzoic acids, or synthesising 
them from the corresponding amino compounds by replacing the amino group by Sandmeyer's 
reaction by the suitable halogen atom. In a few cases the position of the entering ijj\illfll' 
has been assigned from analogy. 

The action of chlorine and bromine on o-, m-, aud p,fiuorotoluenes has been tried either 

in the presence of iron or iodine as catalyst and the iodination generally effected in presence 
of a mixture of nitric and sulphuric acids or in presence of sodium nitrite and strong sulphuric 
acid (Varma and Panickar, ]. Indian Chem. Soc., rg:z6, 3, ·3-1.2; Varnm and Narayan, ·ibid., 
I92i, 4, 283). o-Fluorotoluene on chlorination gives, 2-fluoro-s-chloro- (obtained in larger 
quantities) and 2-fluoro-6-chlorotoluene, tile former is obtained from ~-flu oro· s·aminotoluene 
and the latter oxidised to z-fluoro,6-chlorobenzoic ncid, m.p. 19\1° (Lock, Ber., 1936, 69B, 
22S3). The corresponding bromo compoumlo. are 11lsn (k~cril~tl and their constitution assigned 
from analogy. 2-Fluoro· and s-fluoro·,<;-iocJo,, ami 2·lllloro·l•·iotlo-toluenes are obtail1ed from 
the iodination and they have also heen prepari'tl ftn11l tlw ,.,,n~:il'<'tHliug fluoro-amino-toluenes. 
In a similar way from m-fluoro,toluene, .>-flunrn-J·hll'llln, ,Hl11nro-o-hromo-, .,.fluoro-4-iodo
and 3-fluoro-6-iodo-toluenes have beeu obtllim~d. T!tv 1'<'1I~titntit1l1~ lun·e been assigned only 
from analagy and the compound obtained in Jur~:~o:r Jllt>Jlt>t ti1•11 bdu); tak.:u to be the 6-substituted 
derivative. Some of the compounds ha11e bt:t:ll oKhllllt't\ It\ the.- l."<~~'~"l)<.'llding benzoic acids. 
p-Fluorotoluene yields 4-fiuoro-J-bromo-tulu~:JJt:,•\\hkli l111l'> h1'1.'ll ,,xillis~>tl to thE;, corresponding 
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acid ; 4-fiuoro,...iodo- and the already known .f-fluoro-3-iodotoluene, obtained previously fwm 
3-iodo-4-aminotoluene (Yaun and Adams, f. /!mer. Chem. Sac., 1932, 54, 4426), have also 
been oxidised to the corresponding adds. 

Only a few simple sidechain halogen derivative=. of o-, •n·, and P- fiuorotoluenes arc 
described in the literature. The flnorotoluenes, flnorobenzyl and -benzal halogen derivatives 
have been halogenated under varying conditions and many mixed halogen compounds have 
been obtained. The constitution of all these compounds has been determined by oxidising 
them to the corresponding flttorobenzoic adds. 

E X R E R I Ill ~; l'i 'I II I, 

p-Chlorofiuorobcnzelte.-Fluorobenzene (ro c.c.) and iron powder {o'5 g.) were taken in a 

flask with a reflux condenser and chlorine (r mol.) was passed into it in a slow current with 
occasional shakitlg. The liquid was filtered, washed \Vith a very dilute solution of sodium 
hydroxide and with water, dried over calcium chloride and distilled. The fraction (ro·3 g.) 
distilling at 125-34 o was collected separately and on redistillation gave a clear liquid boiling 
at IJ0°, 

Dichlarofluorabenzene. (i) From fiuorobenzene.-Cblorine (2 mols.) was passed into 
fluorobenzeue {ro c.c.) arJd iron powder (o·s g.) and the product 1;1.·orked up as above. The 
fraction (3'5 g.) distilling at 125-35° was found to be P-cblorofiuorobenzene while the fraction 
distilling at 165-75° (n'8 g.) on redistillation gave a liquid boiling at 169-75°. This fraction 
seems to be a mixture of 2:4- and J:4-dichlorofiuorobem:ene. Since the balling points of 
the two liquids are very close together it was not possible to separate the two constituents by 
fractional distillatiou. 

Iii) FrO!Il p-cl!lomjl!Ja~·abenzen.e.-P-Chlorofiuorobenzenc (zo c.c.) under similar condi
tions with chlorine ( r mol.) gave the mixture of dichlorofluoro derivatives (9·9 g.). 

J:4-Dibramo/Zuorobenze•le.-To P-fluorobromobenzene (r5 g.) and iron powder (r g.) 

in a flask, bromine (4 · 5 c.c.) was added slowly and the solution refluxed on a \'.'ater-bath for 
~bout 8 hours. After this period the product was washed as before and distilied under reduced 
~e. The distillate (s·s g.) solidified and was crystallised from rectified spirit as needles, 
m.p. 6g 0

• (Found: Br, 64'12. C.H,Br2F requires Br, 62'96 per cent). 
2:4-Dibramojlu.Mobenzene. (i) From p-b?wnofiuorobenzene.-The liquid product 

{n'8 g.) from the preceding experiment was redistilled under reduced pressure and a pure 

product, b.p. I09-I2° /3b mm. was obtained. (Found: Br, 63 ·33· c.H,Br0F requires Br, 
62'96 per cent). 

(ii) From 2:4-Dibromoaniline.-2:4·Dibromoaniline (25 g.) (Chattaway and Clemo, 
]. Chem. Sac., rgr6, 109, 91) was diazotised in the usual way at o' to -5° and to the diazo solution 
40?'> of hydrofiuoboric acid (so c.c.) added gradually with stirring and the precipitated 
fluoborate was washed with alcohol and ether, mixed with water (roo c.c.) and refluxed for 
about 6 hours when on cooling a dark brown liquid separated out. It was extracted with 
chloroform, washed, dried and distilh:d under reduced pressure. The fraction distilling at 
75-90" 19 mm. was collected and it gaYe on redistillation a pure product, b.p. 103-105°/32 rnm. 
or lll4·I6° /756 mm. It is a heavy oily liquid, colourle::;s when pure. (Found: Br, 6:z'r3. 
c.H.Br.F requires Dr, 62'96 per CCllt). 

P·lf:~dofiuo,.oben.;:ent'.-l<'luorobeu~ue.(s c.c.). iodine (6's g.), sodium nitrite (8 g.) and 
ca~:bon tetraci!lorid~: (::o c.c,) were rdluxed U1l a Wiltcr-ooth. FumiDg sulphuric add (ao c.c.) 
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was added drop by drop during an hour and the solution refl.uxed for 4 hours_111ore, allowed 
to cool, poured into a large volume of water, dried and distilled. The fraction (9 g.) between 
175-80° was collected and on redistillation it gave a light brown oil. b.p. 178-Sx 0 /758 mm. 
Its constitution was established by converting it into 4=4-difluorocliplJenyl in the 
following way. 

P-Iodofluorobenzene (z g.) and copper bronze (r g.) were refluxed on a sand-bath at 20o-2o" 
for 6 hours. The product was extracted with ether, filtered and allowed to stand for some 
days when 4:4-difiuorodiphenyl, m.p. 89°, separated out. 

2-F/uoro-5-clz/oroto/uene.-Chlorine (r".> mols.) was passed slowly into a fla5k containing 
o-fluorotoluene (15 c.c.) and iron powder (o"3 g.) during a period of 5 to 6 hours with shaking. 
The products were washed repeatedly with water, dilute alkali solution, finally again with 
water, dried over calcium chloride and distilled. Unacted o-fluorotoluene distills at 
first at 95·125° and then two distinct fl"actions one (3"5 g.) distilling at 145-55° and the 
other ( u"5 g. ) at 155-60° were obtained. These fractions gave pure samples on 
redistillation. The first fraction was found to be 2-fluoro 6-chlortoluene, b. p. I5I·5~0 /75~ mm. 
It gives on oxidation 2-fluoro-6-chlorobonzoic acid, m.p. 159° {Hock, Ber., 1936, 69B, 22$.>)
The second fraction on repeated distillation gives a pure product, b. p. 157-59° /75?. mm. 
(Found: Cl, 24"6. C1 H 0C!F requires Cl, 24"56 per cent/. The same compound was prepared 
from 2-fluoro-s-aminotoluene by diazotising with sodium nitrite and hydrochloric acid at o' 
and treating the diazo product with cuprous chloride and concentrated hydrochloric acid. 
Both of these compounds give on oxidation the same 2-fluoro-5-chlorobenzoic acid, m. p. 168°. 
(Found: CJ, 20"30. C1H,02CIF requires Cl, :w"34 per cent). 

3-Fluoro-6-bro·motoluene.-To a solution of IIL-fluorotoluene (15 c.c.l in carbon tetrachloride 
\20 c. c.) a solution of bromine (8 c. c.) in carbon tetrachloride (?.o c. c.) was added in the 
presence of iron powder ( 0'5 g. ) drop by drop under cooling and the solution allowed to stand 
overnight. The product was washed free of bromine, dried and distii;ed. Two fractions, one 
(5"2 g.) distilling between 160-75°/756 nuu. and the other (18"7 g.) distilling between 
175-85°/756 mm. were obtained. The latter fraction on repeated distillation gave 3-fluoro-6-
bromotoluene, a colourless liquid, b. p. 177" /756 mm. (Found: Br; 42-43- C,H.BrF requires 
Br, 42"35 per cent). It is oxidised in the usual way by a!kaline potassium permangan~ 
3-fiuoro-6-bromobenzoic acid, m. p. I5I 0

, needle-shaped crystals, soluble in ether and alcohol. 
(Found: Br, 37"58. C,H.02BrF requires Br, 36"5r per cent). 

3-Fluoro-4-b1omotoluene.-The first fraction in the above experime-nt distilling at 
16o-75o on redistillation gave pure 3-fluoro-4-bromotoluene, b. p. r6go 1756 mm. (Found: 
Br, 42"13. C,H,BrF requires Br, 42" 35 per cent). 

.>·Fiuoro-6-iodoioiuene.-To m-fiuorotoluene (roc. c. ), iodine ( 13 g. ) carbon tetra 
chloride ( 30 c. c. ) and sodium nitrite ( ro g. ) in a flask, heated in a paraffin bath at r20-30° 
under reflux, fuming H 2SO. ( 20 c. c. ) was added drop by drop for 2 hours, under shaking 
and the temperature of the bath raised to r60·70° and maintained for about 3 hours 
after the addition of the acid. The product was poured into water, washed, dried and distilled 
when the main product ( 12' 5 g. ) distilled at 135-45Q ID mm. On redistillation it gave 
3-fluoro-6-iodotoluene, b. p. 138-.>9• /9 mm. (Found :I, 52"35. C,H.IF requires I, 53"8o 
per cent). 

3-Fluo-ro-4-iodotoluene.-In tbe previous experiment the fraction distilling at 125·35° 
on repeated distillation yielded 3-fiuoro-4-iodotoluene ( ~- 3 K· ), b. p. 1.38-39°/9 mm. FauDd: 
1, s:-~·.)3. C,H~I-F requi-res 1, s;f8o pel" cent). 
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4-Fl-.ro-3-bromotoluene.-To a solution of p-fluorotolucne r 10 c. c. ) in carbon tetra 
chloride ( 15 c. c. ) in a flask, iron powder ( r g.) and bromine ( 5 c. c. ) in carbon tetrachloride 
( 15 c. c. ) were added when a vigorous reaction set in with evolution of hydrogen bomide. 
After the addition the product was allowed to stand for 24 hours, washed free of bromine 
and distilled. The fraction distilliug at 174-80" r II g. J was redistilled tbricc when 
a ..:olourless liquid, boiling at 174"-177'' !757 mm. was obtained. (Found: Br, .p'46. 
C 7 H 0Br.F requires Br, 42 · 35 per cent). 

4-Fltwro-3-bromobe"zoic Acid .-4-Fluoro-3-bromotoluene ( r c. c.J, potassium pr:rmanganate 
i o'S g. ) water and potassium hydroxide ( ro% solution, 2 c. c.) were heated under reflux for 30 
honrs and the acid formed isolated in the usual way. \Vhite crystalline solid, m. p. 156°, 
sparing·ly soluble in cold water, was obtained. 1 Found: Br, 36' 42. C,H.02BrF requires 
Br, 36'51 per cent). 

2-F!twro-5-iodotoluene.-(i) From 2-fluorotoluene.-o-Fluorotoluene ( 15 c. c. ), carbon 
tetrachloride I 40 c. c. ), powdered iodine ( 20 g. ) and sodium nitrite ( 15 g. ) were 
refluxed on a paraffin-bath at 1'!0°, while fuming sulphuric acid ( 25 c. c.) was added slowly 
in 2 hours. After this period, the temperature was raised and maintained at rso-6o 0 for 
2 hours. The product was cooled, washed free of iodine, dried and disti.lled when one fraction 
at i5·95°,18 mm. ( 13'8 g.) and another fraction ( 5'3 g.) at 105-25°/8 mm. were obtained. 
The first fraction when purified boils at ss-'iS mm. and is a light yellowish liquid. (Found: 
I, 53'28. C,H.IF requires I, 53"8o per cent). 

z-Fhwro-6-iodotoluene.-Thc second fraction in the above experiment gives on repeated 
distillation a pure product boiling at II4·16° /8. mm. r Found: I, 53"28. C,H.IF requires 
I. 53· So per cent ) . 

2-Fluow-s-aminotoluene.-Nitration of o-fiuorotolnene (So g. ) with fuming nitric acid 
( 88 c. c. ) according to Schiemann ( Ber., r929, 62 B, 1795), gave 2-fluoro-s-nitrotoluene 
(52 g. ) and 2-fluoro-6-nitrotolnene ( r6 g.). 2-Fluoro-5-nitrotoluene was reduced (Hock, 
lac. cit) when brownish black liquid, b. p. 85-86° i9 mm. was obtained. {Found: N, u·II. 

C,H.NF requires N, u':w per cent). The hydrochloride melts at 220° with decomposition. 

(ii) From 2-fluoro-5-aminotoluene.-z-Fluoro-s-aminotoluene ( ro g. ) was diazotised 
and treated with potassium iodide ( 15 g.) in water ( 25 c. c.). The dark heavy oil was 
washed free of iodine and distilled at So-go 0 /9 mm. On redistillation it gave z-f!uoro-s
iodotoluene, b. p. 86-87° /g mm. 

2-Fluoro-6-iodotoluene from 2-fiuoro-6-aminotoluene.-2-Fluoro 6-aminotoluene ( 7 g. 
was diazotised and treated with potassium iodide ( ro g. 1 dissolved in water ( 20 c. c. I and the 
oily product separated was purified and distilled at ll7° /9 mm. as a heavy oily liquid. 

o-, m- and p-Fluorobe nzyi iodides.-These compounds were obtained by boiling the 
corresponding benzyl chlorides or bromides ( 5 g. ) with potassium iodide ( 8 g. ) and acetone 
( so c. c. ) under reflux for 4 to 5 hours. The product was then cooled, diluted with water, 
extracted with carbon tetrachloride, washed with sodium carbonate solution, filtered and distilled 
under reduced pressure. The benzyl iodides are brownish coloured liquids which distil under 
ordinary pressure with partial decomposition and have lachrymatric properties. 

o-Fluorobenzyl iodide, b. p. gt 0 /8 mm. ( Found: I, 54'36. C7H 6IF requires I, 53 "i3 

per cent). 
m-Fluorobeuzyl iodide, h. p. t;8° /v. mm. (Found; l, 54"10. CrHslF requires I, 

53.73 ver ccQt ;. 
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P-Fluorobenzyl iodide, b. p. roz-103° /g mm. (Found : I, 54'76. C 1H!!fP requires 
I, 53.73 per cent ). 

These compounds on oxidation with potassium permanganate gave the corresponding 
fluorobenzoic acids. 

m-F/uorobenzal Chloride.-Chlorine ( ~ mols. ) was passed through m-fl.uorotoluene 
( ro c. c. ) heated on a sand-bath and after 6 hours the product was extracted with carbon tetra
chloride, washed, dried and distilled when one fraction at r7o-85° and another at I85-200° 

were obtained. The former on redistiliation gave m-fl.uorobenzyl chloride, b.p. 176°/756 mm. 
and the latter on repeated distillation gave m-fluorobenzal chloride, a colourless liquid with 
pronounced lachrymatric properties boiling at I95·97° /756 mm. (Found : Cl, 39"og. CtH,Cl,F 
requires Cl, 39'64 per cent). 

m·Fluorobenzal Bromide.-It was obtained by adding bromine (I mol.) to m-fluorobenzyl 
bromide or bromine ( 2 mols. ) to m-fluorotoluene heated on a sand-bath and separated as before. 
Slightly brownish liquid, b. p. w8-ro0 /8 mm. was obtained. ( Found : Br, 59'8o. C1H,Br2F 
requires Br, 59'68 per cent). 

o- and m-Fluorobenzyl Chlorobromides.-These compounds were prepared by adding 
bromine ( r mol. ) to o- or m-fiuorobenzyl chloride heated on a sand-bath or by passing a slow 
current of chlorine ( r mol. ) through the corresponding bromides under the same conditions 
and the products isolated in the usual way. 

o-Fluorobenzal Chlorobromide.-The fraction distilling at roo-20° was subjected to 
repeated distillation when brownish heavy liquid, b. p. I09·I0° /7 mm., was obtained. 
(Found: total halogen, 51'76. C1H0 BrCIF requires total halogen, sr'6s per cent). 

m-Fluorobenzalchlorobromide.-The fraction at 105-25° on repeated distillation gave a 
pure product, boiling at III·I3° 19 mm. It boils at 228-30°/756 mm. with slight decomposition. 
(Found : total halogen, sr·os. C,H.BrCIF requires total halogen, sr'6s per cent). 

ORGANIC CHliMICAI. LABORUORY, 
BJ>NARES HINDU U>HVl!RSllY, 

BJ>NARJlS. 
Received November a, <943· 


