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SUMMARY.

Then chlorine brifluorids, diluted by nitrogen, reacts
with carbon tetruchloride it 'gives rise to fluorotrichloro-
methans and difluorodichloromethane. The extent of reaction
is inoreased by rise of temperature and addition of catalyst
(cobalbous fluoride) but the amount of reaction st 0°C is very
small. From consideration of this, it is thought justifiable
S0 assume thab carbon tefrachloride acts as an inert solvent
}n‘reagtions‘of chlorine trifluoride with aromatic compounds
at OOC;

+

_The resction of chlorine trifluoride, diluted by

nitrogen, with benzens, its homologues and its substituted

derivatives in carbon tetrachloride solution at 0 C has been
studied. In the case of benzene a number of catalysts were

used, snd the results compared with those obtained under

ancatelysed conditions. At ell other times, cobaltous
fluoride was employed as catalyst. In all cases, sxcept
thet of fluorobenzene, it was seen that substitution of
ﬁlgp;ing’aq@:ch}oripe“ngqr;edwip'the‘nuc}§q§, and a small
gmo@nt”of_gide chain fluorination also occurred in the caée

of toluene.



The relative amounts of fluoro- and chloro-derivative
formed, however, depended on the test compound and catalyst

concerned, and no difluoro-derivative was isolated from the

products of the fluorobenzene experiment. Substitution was

in every case the predominant reactlion, but addition also
occurred -in all cases giving rise to products of varying
stability, which, from their propsrties and analyses, appear

to be cyclohexane, cyclohexene and cyclohexadiene derivatives.

In the case of benzens only, under certein conditions, small
quantities of compounds analysing as halogenated diphenyls

‘were also obtained, and in the case of benzotrichloride there

was a certain amount of replacement to give benzodichlorofluoride.




PART TI.

INTRODUCTION, HISTORICAL AND
 THEORETICAL.




_ Although the introduction of halogens into organic
compounds has been the subject of considerable study for
many years, no detalled investigation of the reaction of
chlorine trlfluorlde with any organlc compound of the .
aromatlc serles had been reported 1n the llterature B
preVLous to 1950 In the allphat}c‘eerles the only work
earried oub which gave & charscterised product wes due 0.
Hitckel (Nachr. Akad. Wiss. Math. Physik. Klasse (Gottingen),
1946, 56) who used chlorlne trlfluorlde to brlng about |
replacement of bromine in bromodlfluoronltromeohane by
fluorine to give rise to a small ‘yield of trlfluoronltromethane.'
__ The lack of attentlon paid to chlorlne trlfluorlde 81nce
1ts dlsoovery 1n 1930 may be pr1n01pally attributed to two
causes - (1) the excepbional reactivity of the resgent
(Rutf and Krug, . enorg. allgen. Chém., 1930, 190, 270;
Booth and Pinkston, Chem. Rev., 1947, 41, 421; Domange and
Neudorffer,‘Compt rend., 1948, 226, 920) and Gy
dlfflcoltleo in the preparation of fluorlne which is requlred
for its synthesis. The second of these factors has now been X

-

OVercome (Leech, Qu@rt. Rev1ews, 1949 5, 22, Rudge, J. Soc.
Chem..Ind., 1949, 69 247) and as a result of ‘the subsequent

availability of chlorlne trifluoride on a commercial scale
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‘. (Leec*h 1oc.‘c1t., Porter, Chem. Eng., 1948, 56 (4), 102)

A T

'”1tﬂn@sw?ecome pose}ble to make at more deter}edvstneguof the"
reaction of chlorine trifluoride with various orgenic .
compounds. S o t | _
~ In so far as the’ 1ntroduct10n of cnlorlne 1nto arematlc
?EmPQHnd§;%$-9§?EB?P?@ the methods which heve been employed
in the litersture fall into two mein-categories - (i) those
inyolying;@@reethghterinatien and (ii) those which employ
the diazoniumrreaction.”_r 4 | '. - N

~ The reeet;on‘ef ehlorlne with benzene and its “mMmﬂr
homolegues is determlned by the eondlt}ons of temperature
and’ the presence or absence of catalysts and 1 11 ght.
B0111ng benzene or benzene exposedmto sunl;ght reacts Wlth
.en;errne in the absence of catalysts to glve rise to the

[P O Y N

additive compound hexachlorocyclohexane. '

O e~

Althengh it is not unlikely that 31m11ar eddltlon compounds
usy tend to be formed from alkyl benzenss, their resction
- is complicated Ly the fact that two points of attack,
neme}y;the nucleus . and'the side chain are _presented to the
haiogen.w Investlcatlon of the behaviour of toluene has |

shown that in sunllght in the absence of catalysts, toluene

is chlorimated in the methyl group almost exclus1vely

© o 2e




géy?ng;sueeeeeiye}y;pengyl chloride, benzalchloride and
finslly benzotrichloride. - Similar reaction ensues if
chlorine is passed through boiling toluens. _?heeeembeeed
conditions of refluxing hydrocarbon end the presence of

| .suhlighﬁ is apparently the mesﬁesuceessful way of
| 1ntroduc1ng chlorine Into the side chaln without any
??9%8@?QSQb$@%P9?19@' This is a general ‘rule, holding not
only for toluene) but for all alkyl benzenes (Hollewan and
ven Tasn, Proc. K. Aked. Wetensch. Amsterdem, 1906, 8, 512 ;
Cohen,.Dawson, Blockey and‘Woodmansey, J. Chem. Soc., 1910,

97, 1625) ] ‘ - 7 »

| ~ On the other hand_‘eevera} c@talysﬁs,hfor ex?@g;e o
1od1ne and- ﬁerrlc chloride cause ~substitution to occur only
1n the nug%eus, even when other condltlons favour 31de chaln
halogenation. It is thus possible to arrange conditions in
such a way as to obtain products halogenated exclusively in
the mucleus or in the side chain in the case of alkyl
benzeneo ~ in the case ~of benzens itself the action of

-

chlorlne«%n the presence of such catalysts gives rise to

Fhewmggeegpep%ggﬁed chlorobenzene without formstion of

addition products.
@ + q BRlyst, @“ + HCL,

... The first investigator to employ such catalysts to
- promote nuclear substitution was H. Miller ( J; Cﬂeﬁ“ See..
. 3 o9

.5-




1862, I8, 41) who employed iodine snd antimony pentachloride,
and showed that they effectively catalysed the formation of
chlorobenzenes fromrhydrOCarbons~by the actiou»sﬁvchloriue. |
.Numerous other halogen carrlers ‘have been employed by later
.1nvewﬁ1gators, notably;alumlnlum chlor}de, mercuric -chloride,
mo Ly bdenum psntachiorlde‘apd the aluminium-mercury couple.

In order to effect side chain halogenation it is

sssemplal tndﬁ such compounds Whlch ‘may promotewnuclear B

halogenation must be absent; according to Hatissermann and
Beck (Ber., 1892, 25, 2446) this side chain substitution is

promoﬁed‘by@sulphur or:phosphorus ‘trichloride, though

halogenatlon oceurs. qulte smoothly 1n thelr absence.w Thswm

B R R WP

use of phosphorus pentachloride as catalyst in aside chaln =

BRI .

haiogenatlon has also been reported (uchlemann and Baumgarten,

Ber., 1937, 70, 1418) though Booth; Elsey and Burchfield

(J. Amer._Chem. Soc., 1934, 57 2066) -state that phosphorus
pentachloride causeswszgsusrye formatlon of tar during
chlor'mdtlons,,sodl.ml,nlshmo the yield of requlred.product,‘
‘The chlorination of benzene homologues and benzene -
dGTIVatIVGS having substituents other than alkyl groups, in
the presence of carrier catalysts, has.been shown to give

rlse to iurther substltuolon 1n the nucleus v1a a mechanlsm

}pyo}yrpg;appssgustwsurono;d centrss ln the rlng by the

‘posiﬁively‘sharged chlorine ion Q. This theory is too Well

o4




known to need further mention here. . o
- The alternative method for the production of aromatic
9??9?9f09??°PP@§viﬁ;?¥9mu??9,99?28§P9?@in8fETiQ??Y»?mi??w“
tﬁ?095hw?ﬁﬁwéép£9priéﬁ% diazonium salt. Two modifications
are in general 9?enrw€i3uﬁénd@9y%?t§_m%ﬁdem(Beyz»);884»,lZ,
%??? and 2650) in which the diazonium chloride is treated

with cuprous chloride in hydrochloric acid and the mixture

subsequently warmed. If R represents an aryl radical we

thus have

NeNOp-& H CL  CugCly in
‘&t m PP
> R - NoCl —————=3 R - CL+ N
0% 2 H"Cl then ‘ 2
| L L. hest o

- and (ii) the method due to Cabtermann (ibid, 1890, 23, 1218)

R - NHo

which consists in treatment of the diazonium chloride
solution with copper bronze or copper powder. -
~ With the exception of certain reactions which are

specific in character, end have only limited applicability,

 the methods availsble for the introduction of fluorine into

organic compounds (other than by resction with chlorime
trifluoride) fall into six major groups as,followé:-

,,,,,,,,,,,,,,,,

(1)__Preparation of aromatic. fluoro=comppunds_from smines_via

diazonium compounds -

L i e Ty S e L Y

Sghmittwénd‘von}Gehrgn ;J. prekt. Chem. 1870, (2)»;, 394)

were the first workers to make an aromatic fluoro-compound

.50‘




by dlazotlsatlon of p-amlno-ben201c aCld in 40% agueous

R S e vt e e e

hx@yqﬁ}ggr;q;@g;@w subsequent decomposition of the..
gigzny@gm;fluo;?dg gaveAprfluorgbengp;gﬂgg}d Later, Wallach
and Heusler (&nn., 1888, 243 21?)Aisolated certain diazonium

piperidides: and obtained fluororcompounds from them by

decomposition in aqueous hydrofluoric acid: the mtermedlate
cqmeunds were h?wevgrgkunstabl €5 uﬁd the‘ylelds 1OW.:"
Swarts (Bullr ‘acad. roy. Belg s 1915 241) reported that

‘very QOOd -yields of a ~number of fluoro compounds were obtalned

e

by alazotlsatlon of the _corresponding amines in concentrated

g

ague ous hydrofLuorlc acid followed by decomposition of ‘the
diazonium fluoride by heatlng.

Balz and uchlemann (Ber. , 1927, 60, 1186) dev1sed . two

RN R R popa

stdge pr0ues: for preparlng aromatic fluorldes, in whlch the

dlazonlum fluoboraﬁe WeLS flrst 1solated from the dmlne.m this

T

gg}?wwas then dried-and decomposed by heating in the dry

state.
NaN02 and ECL HBF,
- at ‘ "~ heat -
R.JHy — 50, >R, N201———> R. NZBF4———>R F+ N2+ By

This type of feaction we.s extensively'devéloped in subsequent.
years by chlemann and other ~workers and & cons1derable number

of experlment&l modlflcatlons are known.

06" ’




| More re(ently Ferm and van der Werf (J Amer. Chem. Soc.,
1450, 72 4809) have reported that excellent ylelds of aromatic

fluoxo compounds can be{obtalned by diazotisation of

corresponding amines dissolved in anhydrous hydrogen fluorlde,

followed by reflux to decompose the diazonium fluoride.

R P -

——-.——-—-——.-—--.—_..-....-———-———-———---——-—_—.——-—----——-——--—---———--

?begpfiecielewefmte25”99§h9@ e9?§§§§8gin“9eusin%;e double

exchange to occur between an orgenic halide and an _inorganie

fluoride. - Where the ‘organic halogen to be substituted is

chemically very active, sobstltutlon is usually simple; thus
for example acyl halides-may be converted to acyl fluorides by
use of antimony trifluoride (Wesléns et al., Compt. rend.,
i8§Qfﬂ;¥Qg 7;7}“9?;ﬁydfogep fluorideﬂ(Fredenhagenﬂeg@ |
Cadenbach, Z. physik. Chem., 1933, 4l64, 201). Alkyl
monohalldes e:e‘ooqyerted to _the fluorides by the use of
silver, mercurous or merourlc flu011des, a fluorlde of B
‘megegrx‘be1ng generally most convenient (Henne, Je Amer. Chem.
Soc., 1938, 60, 1569 end other papers of this series). '

. Polyhalides with several halogen stous linked to the same
carbon‘aﬁom‘are besﬁ fluorinated with antimony'trifluoride in
the ‘presence of pentajalent antlmony 1n small quantltles

(Swarts, Bull acad. roy. Belg., 1893, (3), 24 and subsequent

.7.




publications). Hydrogen fluoride cen act as the source of
?%?é?iﬁﬁwfR?;d?%§¢?9 @%;MP¥;P?%£h%}i§?§swaﬁ,ha%?eenﬁ%ﬁoms of
which are all linked to a single carbon atom; e.g. the
conversion of CgHig.C Cly to CgHp.CF5 (Osswald, Iller snd
§?eiﬂhaﬁ33§3fGeFf:?aﬁ-’;§?§3’ 575??3?“§ndA9f}9m@i5C 91¥HC“@12-
tQ;Q?%'QUCI f.C;Clgjn(anne? Whaley and Stevenson, J. Amer.
Chem. Soc:, 1941, 63, 478).

- The use of the halogen fluorides in the substitution of

SR PP - -

e e e b

fluorine for other halogens could justifiably be included in

S

this sectionm, but as a detailed consideration of their

o

reactions with organic compounds is to be made later, it is

| sufficient here to note the methed for the sake of compleﬁenéss.

(3).Addition’ of hydrogen fludride b olefisic or acetylentc

- s - T - -

@XV§@%§;@r99@§§_e%siin?§;%§§ hydrogen fluoride have been
'S@@@?§§fW¥}Xg¢0%?fn¢d,%ivi@g\f%ﬁor?@9§§<V°9w@r9859wan§“Find

J. OﬁS:-ChQWx?.193§7i§€ﬁ261“”VO?Qgr9§$?zgwﬁék??u§n?wLind’

J. Phys. Chem., 1940, 44, 275) and higher alkynes give 2 4M2”;
difluoro-alkenes exclusively (von Grosse and Lind, Amer. Chem. -
$99:w?@lﬁimpreﬂMéﬁtiﬁaa“;9$?)M »,A9§?X19nﬁ;i?§9¥fgyea9?$Awith‘
difficulty at room temperature to give a mixture of vinmyl

- fluoride and ethylidene difluoride.

8.



e [ P

......................................

Thls method has been dev1sed by Fowler and his collaborators
(Ind. Eng. Chem., 19%7;,é21“29?>Jend,;t“}evelves,ﬁb@_ledlrest
use of fiuorine. Thelfluo:ideS’of the higher valency states

of Cortaln metdls (e = cobalt trl fluoxlde and 31lver o
dlfluorlde) are sufficiently actlve ‘as fluorinating agents to
replace hydrogen by fluorlne and also to saturate _double bonds
‘w1th fluorxne when the hydro-carbon vapour is:passed over them
&t 300-350 c. Uenganese trifluoride and corimm tetrafluoride
.have clso been employed in vapour phase~fluofina£ions.

- The reaction is typ1f1ed by ‘the equat1on - |

- 5005500 o S
R.H‘+200'F5 ?RF+200F2+HF

e e - and the

heat produced is cons1derably less than that of dlreot

fluorlnatlon, and hence causes less lu31on of carbon - carbon
bonds.

~ The use. of oobaltlc and argentic fluorldes is also
ppllCdblS to the liquid_ phase fluorination of compounds -
already containing appr601dble amounts of fluorine but this

type of reaction is too v1gorous for any less stable compounds;

09‘. ‘
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e wee o o m e e e

(5} Fluorlnatlon by electrochemlcal method -

—— o - - o ——an. o=~ -.,—_—--...—._-._..----—-,—--.--—..--——-.--

Slmons (J. Electrochem._ooc., 1949 47) has shown that, When
certain organic compounds are dissolved in anhydrous hydrogen
fluoride and electrolysed under conditiéns such that no free
glugyine 1§”Qypducgd 1n the experlment, 1t is p0531ble to
obtin flaorocarbons and fluoro-carbon derivatives from the
reaction products. When the method was applied to carboxylic
acids, ketones alcohols and ethers the principal products
of the electrolysis were fluoro-carbons with the same mulber
of carbon atoms ss the hydro-carbon radical of the organic
q@m?gug@ﬂg}@hpgg@»@hg oceurrence -of further fragmentation and
of polymerisation was noted.

P D - .- S ek e N et e e - - e e

(8) The derct actlon of fluorlne upon organlc " compounds.

e o e e T e o o e e e e e S e G e e G R AN SR et A e NS T S RE . A S - .

The 1ntroduction of fluorlne into organic compounds has been
in many cases %999@?11538@”?YWFh?_@%rQQP_?Qt%Oﬁq?fuf¥99rln?";
upon thew, as opposed bo the indirect methods which have been
discussed (vide supra). The first successful fluorination of
& hydro-carbon was reported by Bockewiller (Ann., 1933, 506,
20): gaseous fluorine was passed into a dilute solution of
cyclohexane in dichlorodiflworomethane in glass apparatus at
- 80% and & yield of approximately 3% of monofluorocyclo-
hgzgqgﬂCéﬁilF’wés reported. Later workers inyestjgatihg the

fluorination of ethane (Calfee and Bigelow, J. Amer. Chem.

. 105




Soc 5 1957 59 2072,,”Young, Fukuhare and Blgelow,_lbld
;Qépimég’. 1”1) carrled out work in the vapour phase over
copper w1re screens and obtelned a number of substitution
products totetner with carbon tetrafluoride.

N A detailed study of ‘the fluorlnatlon of* benzene wa.s
carrled out by Fukuhara and Blgelow (1b1d,_l941, €3, 2792)
1n the ‘Vapour phase w1th copper gauze packlng. ‘The ultimate
products 1solated were CF4, 02F6, CBFB’ 04310, C5F10, CéFlZ’
'06HF11 and 012F22 | ‘no aromatlc fluorides were obtained.
These results 1ndlcate ‘that addltlon followed- by substltutlon,

and also fragmentation and polymerlsatlon-all occur during

direct fluorlnatlon.ww_:‘w

N Such ohenomena have all been explalned by Blgelow (Chem.
Rov., 1947, 40, 8971.) on the basis of the theory of atomic
chain reactions. The fluorine molecule is first split into
atoms by therual or cetalyfic action (or both) h

| Fo &—— 2F° . e e e

L - after which the following
processes may occur, “
(1) Addition

RZCB - Ry B, —> R,OF - CFR2 + F

.11,



(2) Substitution -
RH + F — W + R
}Rf + Fé — RF + PF°
(3) Ffagmentaﬁioﬁ ) , )
| RCFZ - CF2R+ F'-—» RCFg - C’FZR
CF2R+ F2-—>RCF5 + F'

(40 Dlmﬁfls&thﬂ

R+ R’ -»R R (chaln breaker)

. (5) Polymerlsatlon 5
chF - (?Rz + RzC - CR2~>R20F - CR2 - CR2 - CR2

untll formatlon of end uroduct by

RoCF (OR2) - CR2 + F2 = RCF (CRo)m - CFR2+F'

~_ Elementary fluorine has also been smployed in the
replacement of other halogens. Thus carbon tetrachloride

wag converted into a mixture of chlorofludromethanes and

carbon tetrafluevide by fluorine diluted with hiﬁroéen in
tae ‘presence of cobaltic fluoride as a "fluorine- carrler" |
catalyst (Ruff dnd Kelm, Z anorg. allgem. Chem., 1931, 201 :
245).  In the presence of arsenic end bromine the reaction
was moderated in such @ way that the product was almost pure
fluorotrichloronsthene (Simons, Bond end Me. Arthur, J.. Amer.

‘Chem. Soc., 1940, 62, 3477). These last authors found also

.12,




that When a mixturé of flubrine and difluorodichloromethane

Was, pdssed over & mercury-catalyst at high temperatures a

good yleld of triflurochloromsthane resulted.

N

. The method of direct. fluorlnatlon has been the subgect of

RS P

'cons1derabl§~stpdy in the past few years and numerous
modlflcatlons in experlmental technlque and. catalytlc ' B
condltlons have been reported 1n the literature (e 8 Miller,

J. dmer. Chem. Soc., 1940, 62, 415 Oady et al., Ind. Eng.
Chem. , 1947, 33, 290; Masereve and Suith, J. Chew. Soc., 1949,
2021). . Tt is difficult to drew & firm line betuoen this method
and the method using'meﬁaliic»halideé.“ When copper is used
as-catalyst 1t shows little change, but other metals are
certalnly converted to fluorldes Whlch may oarry ‘the. fluorlne.
~ Beyond phese s1x maln reacn10n _groups, one Other mathod,
of Linited scope, usy bs noted: this is the reaction of aryl
iodo-difluorides with c?rtaiﬁgarom%?l9~and polynuclear com- -
poands (Bockemuller, Ber., 1981, 64, 5225 Garvey, Helley and
Allen,"J. Amer. Chem. SSC-,v1917i,59, 18277 Such4a proéess;
mey bring abput“elthgyl§pbst1tutlon or polymerlsatlon, or
both: _thus diethyleniline gives p-fluorodiethylaniling
ﬁdgqthgr with tetraethylbenzidihe, and anthracene'giveé

v9-fluoro-anthrucene. -

Chlorlne trljluorlde as a Halogenatlng Agent.

Having 1ev1ewed the generdl methods by Whlch chlorlne and
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fluorine mey be imtroduced into orgsmic molecules, it is now
possible to ‘consider the. chemistry'of the halogen‘fluofides,
partlcularly chlorlne trlfluorlde, and to examlne their
possibilities as reagents in organic chemlstry. S

_ . 11 seven of the known halogen fluorides have been
prepared either by direct union of the two halogen
censhitvents under various-conditions, or, in the cases of soms
hi&her~f1worides, By'the'direot fluorination of’tha lowsr
fluorlde ' Todine pentafluoride was first. deflnltely .
Ch@?@?@?f??e@“?YJM?%§$?§“(C?@??:”FQQQ 1902, 189, 563), brovins
brifluoride wes discoversd independently by Lebesu (ibid, 1905,
141, 1015) and Prideaux (J. Chem. Soc., 1906, 89, 316), whilst
all the_rest>were-first prepared by Ruff and his eo—wdrkers'
betwesen 1925 and 1985, .

B ChlorlnP monofluorlde was flrst made from the elements
(Ruff and _Ascher, Z.»anorg. allgem. Chem., 1928, 176, 258) as 3
lso was chlorine trifluoride (Ruff end Krug, ibid, 1980, 190,
270). On the technical scale chlorine trifluoride is obtained
by heating the elements in nicksl apparatus, first forming the
monofluoride (200°C) then the trifluoride at 280°C (Leech,
Quart. Reviews, 1949, 3, 22; see also Porter, Chem. Eng.,
1948, 55, (4),-102). Bromine monofluoride was mede from the
elements at.10°C (Ruff and Breida, Z. anorg, allgem. Chem.,
1933, 214, 8l) and was found to be thermalLy‘unéfabié,
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disproportionating at relatively low temperatures -

5BrF —_> BrF5+ Br2

U Y

Brom;ne_pentafluorldq an@ 1odlne heptafluorlde were obtalned
by fluorination of bromine triflnoride af 200°C. (;Buff and
Menzel, ibid, 1951, 202, 49) and iodine pentafluoride at
280°¢ (Ruff end Keim, ibid, 1930, 193, 176) respectively;

The halogen fluorldes, llke fluorine itself, are

exceptlondl]ywreactlve, their outstdndlng chemlcal property -

[ .

RGN A

is their powerful ~oxidising action upon almost every type of,

chemical element or compound. The approximate order of their N

reactivity may be Written'anthe series -

ClF3>BrF5> IF7>ClF> BrF5> IF5> BrF

but 1t shou]d be noted that little is known about the B
chemlcal propertles of bromine monofluoride owing to 1ts
thermal Jnstdblllty. _Observations show that the halogen =
fluorldes dpparﬂntly react at least to some ‘extent, w1th all
ustsls (3ooth and Pirkston, Cheu. Rev., 1947, 41, 421) thoueh
in»certain cases fluoride filming occurs, prevgny;ng_§ur§b§f
reaction, e>pe01ally at lower temperatures. If ﬁqurggec@§Ye
film is iormed a vigorous reaction ensues,y the fluorinafiaﬁ |
of severalhmetfls w1th chlorlne trlfluorlde at varlous
tqmpfrature> 1s reported bj Huckel (Nachr. Akad, Wiss. Math
Physik. Klasse (Gottingen), 1946, 56)
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- In 80 far as the non-metalllc elements are concerned,'
the only cases where no reaction with halogen fluorides has
been reported are those of nitrogen, oxygen and the rare
£ases. Generally'speaking,'the ‘only différences in the
reaction of non -metals towards the halogen fluorldes from

that of mgga}su}s tha@ flgor}de fllmlnw does not oceur and
?@§”T?%?F%993;%§?era¥LYwF¥9???d.?ti or relatively near,
room temperature, By reaction with a halogen fluoride
~either at, or slightly above, room tempersture, boron,
silieon; phosphorus, arsénic, sntimony, sulphur, selenium
and tellurium all give rise to the corresponding fluorides:
the reactions which occur in these cases are gemerally of a
violent nature. Hydrogen burns in the halogen fluorides
though considerablé heating is sometimes required for its

1gn1t10n.mvaw

_Reactions between thgg@g}ogen fluorides and chlorlne,
'b?le?ﬁm?Fdled%ﬁ? often occur resdily end various
equilibria are set up: the availsble data is howver only
of a'qualiﬁative nature (Booth and Pinkston, 1oé. cit. )
except for the reaction between chlorlne and chlorine

trlfluorlde whlch is stated to proceed to completion w1th

formation of chlorine monofluoride thus -
Cl, + Clf —> 3 CLF -
(Schmitz and
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Schumacher, Z._‘Naturforsch., 1947 Za, 362)
The halogen fluorides have found practlcal appllcatlon
aé fluorinating egents in inorganic chemlstry. Thus thionyl
chlorofluorlde SOClF is obtained by the reactlon of broumine
trlfluorlde or 1od1ne Uentafluorlde upon thlonyl chlorldeA_
(Soll, F. 1. A T. Rev. Cerman Science (1959—46), Inorg. Chem.
Pt. 1, 1948, 192), Sulohuryl browofluoride S0z3rF is
obtained by the interaction of sulghur dioxide, bromine
trifluoride and bromine in en autoclave at room tempersture
(Kuasnik, ibid, 198). The ssmes author (ibid, 243) has also
reported the preperations of carbonyl chlorofluoride COCLF.
(from carbon monoxide and chlorine monofluoride), carbonyl
brembfluoride Cﬁ Br F (fromecarboﬁ monoxide and bromiﬁe
trlfxuorlde) and cerbonyl 1odofluor1de OOIF (from.carbon B
monoxide and lodine pent@fluorlde) The reactlon of quUId
bromine trlfluorlde ona number of metalllc chlorldes,“
bromides and 1od1des has been 1nveet1gated by Sharpe and :‘
Eme leus (see Sharpe Quart. Rev1ews, 1950 4, 121) and, with
the exception of s1lver, the pxoducts wers generally the
: hlghest known“fluer1des of the metals concerned, though fllms
of re@gent-lnsoluble fluorldes often prevented complete
reaction. For example, plumbous, thallous and cobaltous
halidos yielded mixtures of Lower snd higher flaorides.

Where the product wes volatile (e.g. uranium hexafluoride) or

.17,
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reagent-soluble (e.g. alksli mstal fluorides) conversion to
the fluoride was quantitative. The fluorides of sodivm, -
potegsium, monovalent silver, barium, rubidium and caesium
dissolved in excess of the reagent giving bromotetrafluorides,
of which those of the last two metals were relativeiy
unsteble.
~ More generally, where a metal has more than one valence

state, the

_the amount of sny particular fluoride formed by

- reaction of the halide of such a metal with a halogen
fluoride depends upon the oxidising power of the latter.
study of the reactions of halogen fluorides with tricobalt
??PrO%%@?waﬂd199ba1t°@$’chivride (Gall, Miller, Verdelli =
and Loomis, Amer. Chem, Soc. New York Meeting, Sept. 1947).

In reactions with ?h?,P§§§ea 9h¥?r???.???fi??Fidg;%?Y?,MOFG
then 95% cobaltic fluoride whilst chlorine monofluoride and
bromine pentafluoride gave. 96% and 90% cobaltous fluoride
r?ﬁpﬁ¢t%¥@¥y;%?§4iodiPé_pe??afl@9ri@?.@i§ﬂn°ﬁ_r?%ct'.w«
‘Gobaltous chloride was completely comverted to cobaltic
fluoride by chlorine trifluoride, while mixtures of 55% CoFg
and 45% CoFp, 45% QDF%”_and,Sa%_QgEaAwwé?9ﬂ9bt%ined,byﬂase'
of bromine penta- and tri-fluorides respectively. Todine .
pent;flug;i@gmgavg;gglyﬂggba}tpus fluoride, which amounted to

72% of the total-éolid product.
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‘ The_geta regardlng reaction of the halogen fluorldes
Wlth orgdnlc compounds is scanty“and often only qualltatlve

in nsture. Previous to 1949, the only records giving

 details of the employment of & halogen fluoride to obtain

& desired product concerned brominme trifuoride and fodine
pentafluoride'(oide‘infra), ﬁogetherfnith;one s@ngle mention
of chloripe trifluoride (Huckel Nechrhwgnaqi;wrse{ leth.

Physik Klasse~(Gott1ngen), 1946, 56)'which has already been

noted- (see page 1)+ S

There 1s no record of eny“reactlon between bromine

R

, monafluorlde and;orgdnlc oompounds,_ presumably thls 1s due

T o R e R

-to”}peJtnermdl 1nstab111ty and subsequent dlfflcultles 1n -
99?%?%Qe@aeﬁuanéwheeé%aeef-“§°me,9ue}}taﬁ%&e W?rk“9nm%°d1ne
heptafluoride was reported by Ruff and Keim (Z. anorg.
allgem. Qhﬁe;zu¥?593;;2§iﬂl?§?:ch?a9?i¢e§¢WexeMPseel}y ]
-violent generslly with the spparent production of complex -
miztures of degraded orgenic fluorides and iodine. The

direet reaction betWeen,‘for‘lnstance, lodine heptafluorlde
and‘bencene en@wother“hydrocarbons 1s reported to proceed
with spontaneous ignition. Similarly, bromine penmtafluoride
is stated to react in a violent'manner with organic compounds
under direct condltlons often w1th 1ncandescence or even
exp1031on (anf and Menzel, 1b1d 1951, 202, 49) In the ~

case of chlorine monofluoride no observation of a controlled
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reactlon was mede; . a wide _range of organic compbunds tested

,Were allﬂsgen to catch flre In am atmosphere of chlorlne

monofluorlde (Ruff and Ascher, ibid, 1928 176, 258)

‘Slmllarly chlorine- trlfluorlde was- stated by its dlscoverers
(Ruff and Krug, ibid, 1930, 190, 270) to undergo violent and
of%en«egpi?sive reaéﬁi5ns with _benzene, ether, paraffin oii;

acetic acid and other organic compounds.

- B T

s It seems apparent that in the _cases of chlorlne mono= and
tri- fluorides, bromine pentafluoride and iodine heptafluorids,
the results of#d?rnéﬁ inﬁeraction'with organic‘cbmpounds not
already containing halogens, 1n non-moderated conQ%p%gps, give
rlse to complex mlxtures of organic deﬁradatlon products.w‘
This state of affairs is however, most probably only due to the
fact that the reactlon conditions used were not conducive to
the “formstion of steble products. According to the reports,
thers seeus to have been little or no sttempt to control he
vielence of the reactians which’were merely effected by dirééﬁ~
contact. - | - ]

o Tbe fqut case gf aﬂha;ogen fluorlde substltutlng the o
hydrogen of an aromatic nucxeus to glve an aromatic fluorlde
W?$HF?EPF??@M5¥MBEfﬁ ﬁPQHK?}m;ﬁlb%@zu19§la évézm?45):; These
investigators caused benzens to react with iodine pentafluoride
&t temperstures below 50°C, end although the principal

products of the reaction were carbonized matter and iodobenzene
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and other 1od1natedeer1vetlveu, a small quantlty of o
fluorobenzene was also formed. As the latter 1nterdlstllled
with unchanged benzene 1t was only qualltatlvely characterised;
the mixture,was nltrgted and a mlxture of nltro-compounds
contalning fluorlne but no iodine was obtdlned.yw_ o
_ Thnen, however, the halogen fluorldes were used to replace
other/halogens in stable highly halogenated organic molecules,
mich more satisfactory results were obtained. Thus Ruff and

Keim (loe cit. ) were able‘ﬁoprepafe trichlofoflaoromethane in

.....

w1th carbon ; rrrachlerlde at 50-55°C for an extended perlog,

a suall qu «hiy of ~difluoro-derivative was alSO - formed. By

'(\*

the reactlon of 1qd1ne pegpeflgqylde_gp'lqdeferm,»Slmgps,
Bond and Mc Arthur (J. _Awer. Chem. Soc., 1940 62, 3477)
'obtalned fluoroform together with a small quantlty of

o dlfluoredl‘lodomethane. When carbon tetraledlde was reacted

~with iadine penteflpgylde in glass apparatus the product was
, ggggg:te beitrlfluefglodggethene.(Baqks,"Emeleqeg_Haszeldlne.
and Kerrigan, J. Chem. Soc., 1948, 2188). Euelous et al.
have also shown that lodine pentafluoride reacts with carbon
tetfabromide‘giving _bromofluoromethanes, and with
ﬁetralodoethylene to glve 1odopentafluoroethane.ﬂ)

~ Lebean (Compt rend., 1905, 141 1018) and also Ruff and

Bralda (Z. eanorg. allgem. Chem., 1952 206, 65) observed that

o2l -




5§§mi§9'?€i£¥u9ﬁié?;€??9??§ violently with organic compounds
but the first investigators to carry out a controlled reaction
were Nutting and Petrie (U.S. Pat., 1954, 1961622) who shoved
that mixed chlarofluoromeﬁhang§wcgg;@mpquobﬁéiggq%byﬁ;éag@ion'3
w1ﬁh car@pgwyatracg}gp%ge.m ?@;s rgacﬁip? W@g_suﬁjected'to:

furthgr'studV‘by'ﬂmeleus et al (J: Chem. Soc., 1948, 2138?~

who' showed that in copper apparatus using nitregen as dlluent

the‘chlef product was. fluorotrlchloromethane w1th a smaller ]
quentity-of difluer 0‘@}.9}:1,1.9139@3?1}1?@?: _ These last authors also
"?hDW?@”t@%FMﬁyowi??Mﬁr%f¥¥931§§Wr?%ﬁﬁswv%ﬁh4Eézpon totratodide
to give carbon tetrafluoride together with mixed
bromofluor@methanes.¥ e

. Mc.Bee, Llndoren and ngett (Ind“ Egg. Chem,, 19§7~ @?
’378) used bromine trlfluprlde in the course of syntheses of
| h?%afﬁgPrqbﬁwzﬁnswaﬁdm99@%?%@9rpﬁp}99n§:_u¥?%a9h%9r9b€n2§nﬁ
and trifluoromethylpentachlorobenzene reacted smoothly with
‘bromine trifluoride at moderate temperatures, fluorine wes
2dded to double bonds, chlorine was replaced by fluorine and
bromine was introduced : in limited amounts. The ~approximate
constitutions of products obtained from 06016 and -

06015.CF3 were CGBrZCl4F6 and 06Br2015F6.CF5 respectlvely.

Subsequent tradtmentAof these 1ntermed1aﬁes w1th antlmony

pentafluoride, then zinc dust in alcohol gave rise to the
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, required flworo»compoun&s=C6F6 'énd C@F5.CF3-

Bromlne trlfluorlde has diSO been found to be effectlve

SRR, T

for 1 the partlal substltutlon of f}uorlne'apd bromlne into

P ULV R SV} [

certaln-Kerosene fraotlons w1thout dpprec1able 51de reactlons

(Shenk prlvate comm.‘to Booth and Plnkston, Fluorlne .

[ e e

Chemisbry {ed. Simons) I, 199). The hydro-carbon mixture
weis ﬁmﬁniéiméd,below 40°C in dilute solution in methy lene
chloride. | | |

Apart 1rom the quk pf Hiickel whlch has alreaay been

‘ 01ted _the only reports on the controlled reactiom of chlorlne

t?&?%%??lde,W%ﬁﬁ organic compounds previous +0.1950 gave no
~details. Porter (Chem. Eng., 1948, 55,(4), 102) and also

Burnett and Banks (Chem, -Soc. Symp. on Fiuorlne Chemistry,;

o s

P

Nov. 1949) have stated that the‘;eactlon of chlorlna -

§?1f199r}@?WW%Ph organic_coupdunds results in the introduction
of both fluorine and chlorine, whilst Haszeldine (private
: Comm.‘ﬁo Sharpe, Quart Reviews, 1950.'4 128) has repar%ed

that ev1dence has ‘been obtulned of the productlon of '

chlorpfluoro-addltlon and alSO substltutlon compounds, 1n the

ey it - ————

Vapour phase reaction of chlorine trifluoride with benzene and

toluene.  -

PR e en hS i mm S e s v RS o i o

_From the precedlng review it can be _seen that the
@oss1b111ty‘of employing chlorine trifluoride as a halqgenatlnw

agent either to substitute hydrogen by hdlogen,;or‘ta replace

e 25,
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9§h§; naloﬂen by fiuorlne, or to _prepare haloﬂeno-addltlve
compounds,had been largely neglected and the mechaﬁlsm of

‘the reaction between chlorine trifluoride and organic -
compounds remained unknown. In order to attempt to throw
'?9@?_1?5h?ﬂ093?h§§?«f?%ﬁ“??saﬂl?.W?ﬁ therafore decided %o
investigate the reaction of chlorine trifluoride with (a)
carbon tetrachloride (b) benzene and (c) benzene derivatives,
411 in the liguid phase and in the presence and absence of
various catalysts. The examination of the reaction of carbon
tetrachlorids with chlorine trifluoride was of primary
interest to ascertain whether the carbon tetrachloride would
prove relatlvely 1nert to the actlon of the latter reagent,
thus ensbling it to be used ss a solvent. In addition it

Was essential to know the extent of any reaction with the
solvent so'that 1t could be taken into account in formulating
possible reaction wechanisms.

The data which has been obtalned by the present

inve&tlgator. will be set out in five main sections :-
(i) Reaction with carbon tetrachloride
(ii)  Reaction with benzene

(iii) Redctjon with benaene homologues

(iv) Reactlon wlth halobenzenes

(v) Reaot:on with perhalomethylbenzenes.
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(1) The reactlon between Chlorlne Trlfluorld" 'd Carbon
‘ ‘ Tetrachlorlde.

o The fluorlnagggnmof carbon tetrgchlorlde has been
descrlbed by various 1nvest1gators over a considerable
nunber of years. Fluorotrlchloromethane wa.s flrst prepared
by Swerts (Bull. acsd. roy. Bels., 1695 (3), 24) by the
reaction of antimony trifluorids 9n-9a€b03¢%9?ra0b19?i§? in
the~presence~ofv§mall éuantiﬁies~bf pentavalent antimony
salts required as "fluorine carrler.ﬂ“v_;” e e

~ The reaction of fluorine with carbon tetrachlorlde was
f{rst cerried out by Ruff and Kelmi(Z. anorg. allgem; Chem.,
l?g;lmggia 245) under controllied condltlons.k Several e
@odg{aﬁqr§”9r~f§§gor;n¢‘9§rrlers were employed, the most
satisfactory being cobaltic fluorids. It was found that
fluorotrichloronsthane, diflusrodichloronethans, trifluoro-
chioromethens and cerbon tetrafluoride wers sll formed in
proportions which were dependert upon experimental conditions.
The reaction of carbon tetrachloride with fluorine has been
reported by Blgelow, Pearson, Cook and Miller (J. Amer. Chem.
Soc., 1985, 09, 4614) as giving rise to a residual solution
with a very strong chlorinating action which would be
compatible With'fqymatiog of gonsiderabLewéggntities;of

chlorine monofluoride, as this latter compound isipostulated

« 2D,
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as heving & strong chlorinsting action (Bigelow et al., ibid,
1940, 62, 267; Ind. Eng. Chem., 1947, 39, 360). It is
ﬁh@;ﬁfg;gﬂlikglylﬁhgtvphgwggurse of the reaction could be

- represented by tﬁe equations i-

I 014 Fp O ClzF + C1F

c CLEFZJ«-F2 C ClFy + ClF

C ClFy T — CF;  +ClF

H.Reactimn of 1lodine nentafluoride“with carbon tetrachloride'

in & quartz vessel at temperatures below 5000 gave rlse to.
‘fluorotrlchlorometbane as main product and a small quantlty ,
of dlfluoro@19h+oromethane (Ruff and Kelm, loc. cit. ). 4s
no lower fluorides of 1od1ne are known the 1n1u1al reactlon
would probably be covered by tne equation. i-

5 C 014 + IF5 — 3 c ClgF + 2 Cl F + 1 Ol

followed oy

5 C Cle4-IF5 —> 5 C ClZFd*'z Cl P+ I Cl

qgcqrrgngV@gﬂarmgc@“sm?;leyﬂegtgpp. Interactlon between the
halogen fluorides in side-reactions would be very likely.
| According to Banks, Emeleus, Haszledine and Kerrigan

(J. Chem. Soc., 1948, 2188) the reaction between Bromine
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El

4tr1fluor1de and carbon tetrachloride at atmospheric pressure

in _copper apparatus readily glveq rise to the velatile

prosucts fluorotrichlorousthane and diflaorodichlorousthans,
:'but to obtain reasonably qood.yieids of trifluorochloromethane

it is necessary to carry out ‘the reaction In an autoclave.

This is inm agreement with ??9MOP§EPY3?%9?Mf“m}?h*.5@?:.3??* \
339@1;599?3”}947}1ﬁﬁéhgg) that in reactions with inorganic
figqyéées the replacement of the first two chlorime atoms in
& group ; c Clz is relatively easy, but replacement of the

third requires more vigorous action.

- The mechanism of the reaction 1 between bromlne trlfluorlde
and carbon tetrachloride is postulated by Emeleus et al.
(loc.h01t,, above) es being a simple stepwise substltutlon

of fluorine for chlorlneuwlgﬁwthe bromine trlfluorlde being

-trdnsformed in stages into unstable lower fluorlde forms whlch

enter into reactlon. Thus t-

' CC%F+B1"F B CClF*—BrF

2 22

%

It is to be pre§umed that any!bromlne monofluorlde formed would

subsequently disproportionate into bromine ond bromine
trifluoride (Ruff and Braida, Z. anorg. allgem. Chem., 1933,
.‘.?'_.:Lés‘ 91):;" A : "

5 BrF —> Br2 + BrE5
- and the
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\trlf%qu%de would enter into further reactlon.“ The fact thaﬁ
no compoundk contalplng _more ‘than one curbon atom per molecule
Were observed as reaction products is quoted by Emeleus and
his co-workers as dvidence tending to :indicate that orgenic
free radica1S‘pIay'no:significant part in the reaCtion |
’ meChanlsm‘ e e e e e ‘..f e s
] In the present reactlons, the controlled reactlon between
chlorlne trifluoride and carbon tetrachloride, u51ng nltrogen
&5 diluent was observed to give rise to fluorotrichloromsthens,
end in certain cases a smaller amount of difluorodichloromethane
as well. Experiments were carried out in steel apparatus under
‘uncatelysed conditions and also i the presence of enhydrous
cobaltons fluoride. This compound was employed as it had
consistently given the best overell yield in the series of
resctions with bemsene (see section (ii) ) and hed been
employed as catelyst in the resctions with benzene
derivatives (see sections (iii), (iv), and (v) ). In the
seriss of experiments carried out the effect of changes in
temperature between OOC and 2500 was also‘noted ‘N o ‘}HM

The recults of the experlmental work are summarlsed 1n

Table Iz in all the cases mentioned 0-5 litre of dry'carbon

tetrachlorlde was tredted w1th chlorlne trlfluorlde (5—

grs./hour) in a nitrogen stream (5 l./hour). The reactloh
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ander such conditions is mild in neturs end st & tempersture
of 0°C is extrenely slow: obgervetions made, show however
thet the extent of the resction is considerably inoreased by
raising the temperature to sbout 25°C.. This is in agreement
with %he uualitaﬁiVe submission of Rufstnd Krug (ibid 195@,
190, 270), in which 1t is stated that the reaction of liquid
chlorlne trifluoride on carbon tetrachloride is slight except
on heatlng, when it becomes vioelemt,
o Furthermore, the yields of fluorochloromethanes under the
conditions of the experiments are_improved by lengthening the
period of contact between the chlorine trifluoride amd carbop
tetrachloride: i.c. the chlorine trifluoride utilisstion is
greater when the flow;rate islslowerscompared with the fiXed
flowvrate of nltrogen.” The influence of the cobaltous
fluorlde upon the reactlon was to 1ncrease to some extent the
yields of flaorochloromsthenes relative to the amurts.
isolaﬁed from‘uncaﬁalysed‘experiments carried out under

analogous conditions.

o Chlorlne trifluoride appears to behave in a similar way
towards caxbon tetrachlorlde ‘as bromine trifluoride and iodine -
pentafluoride. Tt is, however, much more reactive then the -
latier recgent, the sotion of which is stated (Ruff end Keim,
loc. 0it.) %o be very slow even st 30-33°C in the sbsence of

diluents. The mild nature of the fluorinating action of
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iodine»penfaflﬁoride»is further‘accantuatedvby the fact
tqat ~only a few per cent of fluorotrlchloromethane wa.s
changed Eo _difluorodichloromethane when the Tormer was
p¢s>ed through boIling iodine _pentafluoride and the
resulting. gas mlxture heated to 22500.“ Comparison of

the reacblons of chlorine and bromine trifluorides Nlth
carbon peprachlorlde 1s ratherumore dlfflcult ow1nq to -
differences im experimental conditions. In the work carrled
out by Emeleus éﬁwalaw(l@gzhciﬁalambr9m%n9Jﬁr%£199r;@@ﬂwa§; .
distilled in a slow nitrogen stream into carbon tetrachloride
contained in a water-cooled copper trep thus giving less
mild reaction corditions than in the series of experiments
with chlorine trifluoride, since the bromine trifluoride.
(b.p. 127°C) was in prolonged and continuous contact with
the carbon tetrachloride. Even under such conditions no_
trifluorochloromsthans was obtained from experiments with
‘carbon tetrachloride and bromine trifluoride at atmospheric
nressdre'so that it is unlikely thét bromine trifluoride
would be more reactive than chlorine trlfluorlde were

analogous conditions of reaction to be employed.

~ In an attempt to explain solvent effects in the reaction
between benzene and chlorine trifluoride in carbon

tetrachloride solution previous to the experiments summarised

£ Y 5 l"o




in Teble 1, 3t vas postulated (Bllis and Musgreve, J. Chem.
Soc., 1950, 3609) that there were two possible ways of

attack of chlorine.trifluoride on carbon tetrachloride.

1ts.
| L

(1) 01m5+c 014 — O ClzF + 2CIF.

followed by
c ClgF * ClF5“‘" C 012F2+201F

L.a.‘ }
Lol

or ‘ . B
(2) i €Cly +CLE;— CClFp+ CIF + Clp
_____ followed by ,
ii Cly, + Ong-—* BClF
Schuitz and Schumscher (Z. Neturforsch., 1947, 2a, 362)-
;ggo;ﬁ;ggaction~(2) ii as proceeding to completion in: the
gas phase.
~ Even w1thout the results Whlch have been quoted in
Tablewlf @hﬁAalﬁé?ﬁa@}ve"(2)"5?9@swr@§h9r*??1;k?ly"%s 9nd?r:“_
 the mild conditions of the experiments it is doubtful whether
two chlorine atoms would simultaneously be replaced oy two
fluorine atoms.
N The results obta}ned conflrm reactlon series (1), the
.chlef ‘reaction product belng fluorODrlchloromethane w1th an

amount of dlfluorodlchloromethane as aecondary'product
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comp@@;p;e Wlth the reactlon (l) 11 ogpurripgzggbggqquﬁ 1o,
‘and competitive with the reaction (1) i. The _absence of
trllluorochlorometnane from the reactlgpvpgpducts is as
expected from the swall emounts of difluoro-derivabive
isolaﬁed and the fact that chIorine in_compounds R.C Cng

1s much more dlfflcult to replace by fluorlne than that in
monofluokerderivatives of the type R.C CloF ({Smith, loc.
cit.).

| Tere the reaction series (2) to be operstive sbsolutely,
0o fluorotrickloromethans would be formed, which is untrus,
and were it to occur similtensously with the series (1) to
an appreciable extent one might expect s much greater
proportion of difluorodichloromethane in the resction
product then is actually observed. It seeus, therefore,
that the subsequent reactions (1) i end (1) il are the®
only scceptable view of the oversll reaction betwsen chlorine
‘ﬁyiﬁ;goride and carbon ﬁetrachloride under .the conditions
noted.

_From an examination of Lhe results ootdlned at O°C 1t
seems unlikely that there Wwill be any appreciable reaction

of chlorlne trlfluorlde w1th Carbon tetracnlorlde 1n the

presence of the much more reactlve compounds Whlch have

aromatic nuclel. Since the experiments concluded were




carrled out under e;mllar condltlons 1t wouLa thus ameear-,
1eg1t1mate te assume that carbon tetrachlorlde is to all
intents and purposes, an inert solvent for the series of
reactions carried out on benzene and its derivatives.

- Altnowgh Lhe neture of the reactlon between carbon
tetrachlorlee epd chlorlne trlfiuorlde has been dec1dcd
upon (v1de ,upra) the mechanism of the substitution of
~f1uor1ne fox chlorine in the organic molecule remains to be
discussed.
... Of the four mechanisms which appear to be feasible, two
are of the free radical type, and the third and fourth
involve enionoid and cationoid replacements respectively.
I@;eipﬁer;ﬁyee redical mechanism we must Tirst assume the
dissociation

CLFz & CLF + P+ P ..., ceees (1)
foliowed by one of the two processes. -
a) -»C Cl4,f* Fe —* C 013 +4Cl F

L] C C l;..

5 + CLF, — '0'1'%3‘ + C1F + F°

and subsequently
CClgf + F*  — "CCLF + CIF
C CL,F + ClFy — C ClFy + CIF + P

¥
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or b CCl, + Fr —¥ CCLF + CL

€L + CllEg"’ 2ClF + F

and subSequently' | _
c Cl F + F - @ Cleé + Cl'

01‘ + 01 FS’—’ZCIF + P

In elther repl&cement«mechanlsm the 1n1t1¢t1ng reaction

st vt nd P i

would be the dlss001at10n

Cl F3;:3 CIF + F° P ¢

followed by e;ﬁher S
a) Anionoid repldcement t-

c 014 + F' — C‘ClsF + Cl

1"+ F — CLF
aﬁd subSGngqtli o -
COLF + F — COLF,+ CI°
R |
or  B)‘ Catléno;d réplacement .‘

01014 + P — 013F + Cl

ct*+ T — 0L F
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and subsequently

C Cle + F s CTCIZF2 + CI

cit + F — CL F.

of these, mechanlsm (l) b) 1sﬁunlakely as the o

analogeus react;og'pf Cl® with H-GRz hasvbeen proved )
(from study of opt}cal isomers of preducts when a compound

— e T

H-CR' R"R" was used) 10 oceur via thevradlcal CRs,thus.
cl* + H-CR5 — HCl + ‘CR5

-cR5+ cl, — 01-035 + Cl°

and not ,
CI' + H-CR3 — Cl—CR3 + H°

H + Cl

2 —Cl* + H CI

o A (Brewn, Kharasch
and Chao, J. Amar. Chem. Soc., 1940, _g, 5455)

. i - - e wn e e e e i e e i s e 44 e b e

~ Thus if a free radlcal m@g@anlsm were to be adepted ’
1t Would ‘most likely be 1dent1fled with (l) a)._w Generally 
speaklng, however, most of the organic 1 reactlons known to
occur via a free radical- ~mechanism are- rapid and vigorous
1n nature, and the reactlon under con31deyat10n 1s slow and
of & wild cheraster. Furthermore no polymerisation has been

observed in this or the analogous reactiom of carboen
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tetrachlorlde‘w1th bromlne trlfluorlde (Banks, Emeleus, o
Hdszeldlne and Kerrlgan, loc 01t ) and thls would be expected

if & free radical mechanism were operating.

e.g. 'CCL, + °CCl,—> CéCl.b, ste.
. An anionotropic replacement is also unlikely: one °f
the requirements for the reaction A + B-C —» EB+C
is thet the slectrol affinity of ¢ should e as high and that
of & as low as possible (since electrons move from & to C
in the transition state). In this case the electron affinity
of fluorine is 415 e.v. and of chlorine 372 e.v. (from
deta. col]eeted by Glockler, Fluorine Chemistry, (ed. Simonsj
I, 521) Whlch Would 1nfer that the reactlon L

F- + CL-C 015~——9 F-C 013 + C1” is most unllkely.

o The relatlve electron afflnltles tend to support the ‘
p0531b111ty of cat10n01d change E + Cl.- C 013-—9'F - C 013
o+ Cl _ Thls poss1b111ty is further supported by the fact |
that chlorlne trifluoride cen give rise to the substltutlon »
of fluorine in aromatic compound§w<wh20bu}§ generally accepted
as & cationoid reaction), and also the reaction is catalysed

- by queltgps fluoride and this protess may be best:eipressed»‘
as follows.
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c1 F5 + 2 Con —» 2 COF5 . ClF

.COFS + Cl’?-? ——»ClE + PV 4 GoF4
f +COl4 — C’(Cl})F‘ + cl
e

C17 + QoFy~ —>Cofy + C1F

- ‘Subsequent Ly, dlfluorodlchloromuthane may be formed by par-
“allel reactions.
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(II)"The reacﬁlon of Benzene w1th Chlorlne Trifluoride u31ng

Oarbon Tetrachlorlde as solvenﬁ

B Apagt from references whlch give no detalls (see -
‘1ntroduct10n), and the qualltatlve treatwent of Ruff and Krug
(2. enorg. allgen. Chem., 1980, 190, 270) in shich bengene is
stated to 'react violently' with Iiéuid chlorine trifluoride,
the 1nteract10n of these two reagents is nepdeeelt Wlth in the

1llterature and does not seem to have been studied.

.. A series of experiments was therefore carried out on the
~controlled reaction of chlorine trifluoride with benzene. It
wes decided that all such experiments would be carried out in
ﬁh9w¥%éui@;v@eséU9§inewce§b9§m§6P€?Chlerédﬁﬂeemsolveetgf9§;#he
benzene and nitrogen as diluent for the chlorine trifluoride
gas-stream. . A number of different compounds were employed
as catalysts (see Table II) : these were either well known
halogen carriers or salts of transitional metals which had
‘been employed as_catalysts in,thewdireQF-fluorinatiea'Of‘»
organic compounds (Cady et al., Ind. Eng, Chem., 1947, 39,
2?0 ;NwFow%er_eﬁ_a;,,‘ibid? Pe 292 ; Musgrave and Suith,

J. Chem. Soc., 1949, 3021). |

_ Inspection of Tables IT and IIT shows that the principal

reaction in all cases, including the non-catalysed experiment,
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is one of substitution, the 9hi?f_9r°@99t§~b9ing-?hi9?9b6n29ne
and fluorobenzens, Certain addition products, appearing, on
the grounds of their reactions and analyses, to be chlorofluoro-
chl?bﬁxagi?ﬂesz”‘QYQIOQ??eP?§“??@_;CYQ}Oﬁé??n?ﬁW???H?l§9ﬂm
obtained from the %?%9§}9n products, but only in experiments
7;a?@~?yW?r%V?h%¥ obtained in reasonable quantity. The attempted
- redistilletion of these compounds, even under reduced pressure,
generally caused decomposition W%@hwév9}uﬁié@;05,@Y@%?%?ﬂ_M‘
halide, %ﬁ@§f9r@at%9ﬁ“9fg?§r:my099@%%9?§}1ygiﬁﬂwas_pb$§%ble&?0
isolate from the higher boiling fractions before the onset of
qg??@@?%%@i??am§@?@¥w4uan@i§395HP?HWQ%ﬁbW?r?,3PP%Een?¥YWMM
chlorofluorodiphenyls : these were stable towards bromime
water and aqueous potassium permsngsnate at room temperature,
and phgir;gggly§i§M§§p@g@mglso to support the view that there

had been some dimerisation.

_ Of the compounds which were tried as catalysts, two,
-??m?1¥}§9di??mﬁn@ silVérmm9n9f1¢9r%@eawha@QOQ%y_%W§€8ligible
 catalytic effect. In the case of iodine it is possible that
éﬁﬁ??ﬁ@@té?@wwitbw9h19rinﬁ¢Prif%@9ri§?h%avsﬁr25§mtO*ie@iﬁ@
ventefluoride (Ruff and Krug, Toc. cit.) which is & mich
milder fluorinating agent than chloripe trifluoride. 4s
iodine pemtafluoride is stated only to produce trace

quantities of fluorobenzene from benzene by direct action
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(Rutt and Keim, 7. anorg. allgem. Chem. 1951, 201, 249) it

is therefore not surprising that under the wild conditions
of the experimeht carried out (Table II; experiment 2) iodine
dld not act as a catalyst. The behav1our of silver

monofluoxlde appedrs to”be‘rabher more difficult to explaln

as_1t has a pronounced effect upon dirsct fimorimation
(Cady eﬁ al., Idc. cit. )." One _possible _explanation of its
behav;ggi_lc that chlorlne trlfluorlde under the exporlmental
conditions wes an insufficiently strong fluorinating agent
9£“f%@Qri@%ti9nywh§@;%ilvgygﬁénoﬁlHQ?i@emi§09@919yed"as-a \
catalyst in conjunction with elementery fluorine. (c.f.
Sharpe, Quart. Reviews, 1950, 4, 121 states that silver
difluoride is not obtained by the reaction of broming
trifluoride upon silver halides).

_ Mercuric’ cnlorlde (Table I, experlment 5) alsa dees
not _appear to have any very marked effect - this is
presumably due to lack of reactlon with chlorlne trifluoride
(c.f. Ruff and Krug, loc. cit.) - though some increase in
chlorinstion over the uncatalysed experizent is obssrved.
Antimony trifluoride appears to facilitaﬁe a congiderable
amount of addition as well as catalyse appr601able
. chlorlnatlon, and of the cobalt salts, cobaltous fl&orlde
tends to encourage most chlorination whilst cobaltous
9h19?§@9 sgg@s;ﬁg~gij9mr§$e to more fluorggéﬁiéﬁ bﬁ£ iéé; ‘
addition than any othervcaﬁai};t; |
41,
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oyz@w»mmqv EEET : e | T _ | pi-
“and flow | Tar | ~Fluoro-- “Chlore-- |Ttl. Addn.| phenyls| Sec.

Expt.| Catalyst| rate (g/h). Am.y benzene. (g.)| benzene Amgv. Cpds.(g.).| (g.). | Dec.(g.)

1. | Nome. | 55 ¢ 10| 163a| 75 | 1038 2262 | 254 | o062

2. Iy 55 : 10 | 9+86 | wwmw, | 10+ 59 2:62 - 1-36
5. mw owm“ 60 : 10 20-60 83 o 156 267 i | 0-28
4 @d.nww. 60 : 10 11.42 .HW.H | Hmwmw, ouwwu 0:45 | %umw
mw _mm ww, 59 : Ho 8:40 | 811 1,17 | L2 | - | 8-02

60

»e

10 | 14-82 11-94 28+45 2:79 - 840

o
. ©
=y

~3
»
N ©
txf

45 : 4| 12-12 | 8:7 (11:6) | 22-67 (30-27) |6-29(8-39) | - | .4l

[T)
[$))
Ll

e
<
(@

8. |CoFn | 45 6-0 (8:0) | 146 (19-5) | = - - | o

9. |SbE,. | 6L ¢ 10| 13°30 8.15 2157 | 24+40 - 3+ 14

%Hmew@mwwEmswm were amwmmmm,oﬁw;mw.ocm,mummwwxmwm; i fud‘;.ww,w r -

A11 experiments wer | ; , _ periment 8-(77%€). In all ex
7 and 8-benzene (100 gi)-was dissolved in carbon tetrachloride (500 wl.): im
8 benzens (75 @) was dissolved in 750 mls O Clor Fimavos in wovomshors):
corresponding yields per 100 g. benzens. ‘

_except -expts.
i s i , In expts. 7 and
Figures in parentheses gave
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Addition products and diphenyls from benzene experiments.

Part 1.

TLBLE

IIT.

L2

Yield (g.) -

B.P.°0/8 um.

20

muﬁpos of
roag. ahd

mwsoﬁmb

Possible
Formula.

_Analysis

Found %.

€l

K

Caled. %
.  F.

np.

dmxﬁﬁ. Frac.
I, &e

1-10

29 = &0

1+ 4827

decol.

CeliglLof o-

20+ 1

38:0 203

032

69 - 70

1-4596

-

‘nil.

CgligCLaly-

,.vmm.m

316

T s

uu.@

120

87 - 88

rapid decol.

O@mmoH m

14-7

268 14- u,

_m 54

= 7 2

136 - 132 -

1+ 5442

Hw@@@@

SHH

owmmmou. H,,

qwm

K
<
17-2

@ 2

zm @m

- 40 - 44

.H,%mmm

mmoow

CgHigCloFo.

H@ @

38:0 2043

Y

o.@o

CeHaClg.

3. | a. H,go _3l-3 | 1L umo@ decol. | CeHClpP. |42.8 HH u 42.5 11.4|
b. 0. qq ~ 70-72 | 1-4992 | decol. | CgHgClzFo. |46-0 16 p” 48-1 17-2
- X pa— . opr— = E— v RE .> -
c. 242 (4. - nil. 1810 - |8LO. -

: 'ewpm substanee crystallised from reaction mixture after removal ow omwdo: &mﬁwaowHOWHgm,
and was wmowwnﬁgkkpoma from hot aleohol.

.Aoosﬁpscmm overleaf)



TABLE

I11.

 Part 2.

.mwmw«

Yield (g.)

B.P.%/8 mm.|

Attion of
Brs aq. -and
Klin0y ag.

Possible
Formula

_Knalysis

Found %
: @HM :M

Calcd %
Cl . F

4,

Q72

26-27

decol.

mhqm

27.6

mﬁ.m mﬂ m,

0+ 45

5.

nil.

CeHECL5F-

010

159

16+9

Hm.m ,H®.m.

5.

Hqﬁm

72-75

decol.

e

Sk pm

20-26

b,

2° uu

58-60

_decol,

decol,

8.

2:01

56-58

26 | decol.

b.

,‘mwmm,

76-80

@mmoww

as 4a.

| 34:4

WW®40

27:8 |

34:8

274

34-2

21:6

mw.m

mﬁ.%

Y4

as 4a.

8.

m.w.

wme Awp ss.v

am

H OH w

‘mm.m

145

,mm.mw 14°3

b

NH.HN

55-105

as @m..

Nv.pm

114

v

decol.

No additien compounds or diphenyls were obtained from expt. 8.

-,
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Qf“all the cetelysts employed, cobaltous fluorlde and
auoruouy trifluoride gave rise to the greatest total yleld,
though when the latter was ‘used, a considerable emount of
the 1solat d oroducts was. in the form of partly decomposed

,/.m.‘_. .

and non-redlstlllable addltlon compounds.u ﬁheu cobe}touei
fluoride was used, increase in the amounts of catalyst and
‘solvent (in experiments 7 and 8, 100 grams catalyst were
employed as compared with 10 grams in all other cases)
coupled with decrease in the flow rate of chlorine triflu-
orids, did not appear to influence greatly the formstion

of substitution products, but increased the formation of
addiﬁion producﬁs approximately threefold (see exbt; 7).

The overall yleld was considerably reduced when the
experimental temperature was 1ncreased to the b0111ng p01nt
of carbon tetrachlorlde‘(see expt. 8) and ‘this is
presumably due to the occurrence of more. total decompos1tlon
EndezmtheseﬂS?ndeeepeezuwlt;%s also noteworthy that no” .
'eﬁab;e”e@ijion“cOmpounds‘were obtained under the conditipns

of experimenﬁ‘B.

| Before considering in detail what uway happen when
ch]orine‘trifluoride is ellowed to ettack a benzene nucleus,
1t is adventegeous to discuss the 31mpler case of the

poe31b111t1es of attack by a halogen molecule Xz, (c f
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Bigelow,hTommSOn and Tarrant, Ind. Eng. Chem., 1947, 39,
360). |

R I P Ty e e oA e e . e A

Such a molecuie may- be caused to dlSSOClate in two

Ways:= e e
(1) To form 1ons, usually promoted by a carrier catalyst
e.g. @ metallic halide MXS.
Xz-v‘— MXZJ;" 7+ MX4

(2) Into atoms, this often belna promot d by the actlon of
heat aqd,/or light. .
£, —  2X-

It may"thus attack the benzene nucleus by either of two

mechanlsms, '

(l) 1onlc,‘1nvolv1ng cat10n01d substltutlon v1a the 1on X » Or ,
(2) atomic, in which the active atomic halogen brings abou@.‘
reaction.

~In the case of fluorlne, Wthh 1s Lhevmost electronega—
tlve of all elements, the nuclear charge is hlgh and 0081t1ve,
it would therefore be'expected that 1t should react as an
atom rather than as _an lon since the removal of an electronf
from it to form a p031t1ve ion- F*' ~would behgpst dlfflcult
Thus the chain wechanisns which sctually occur in organic

fluorination are not unexpscted.
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One of the*fpndamentalAcauses of the v1olence of these

-

reactlons ha: been atﬁrlputed by Bockemuller (Ann., 1955,

”5@6 20) te the very'hlgh heat of formation of ‘hydrogen .

| fluorlde au@ ¢-F bonds. Thus:-

‘1

-CH + Xé'—+ H + -CX + M' Kcal
+ N KC al.s

When X = CL, M = 2Zend N = 55 when X = F, I = 103

and N’ 107 The heaﬁ of dlSS@Clatlon of a C-C bcnd is

el b e b o s ek

approx1mdtely 71 Kcal

e - - A e e e e e S bt

vSlnce ;n the ease- @f fluorlne the heats of format}on gxceed

i e Ve i

the @eaﬁ af d1s3901at10n af a C-C bond evenvv1thout the heat

of activation, the l1kellhood of complete breakdown iS‘JNW;N

considerably greaﬁer in the case of halogenatlon by fluorlne

om0 o STV -

than by chlorine : this is found tO‘be true in praetlcq;j

RV AN Y

It has been observed (see PR 3-4) thdt in the case Qf,'

,.l._A_, RN

| benzene, by regulation of the ‘experimental condltlens chlorlne

R

- may glve rise to elther orthodox subgtltutlon by the 1onf

mechanism, or addition. Inupﬁe;}§§tgngase gn atomiec

o i RSP SV

mechanlsm s 1nferred -We can thus have

[ORE

(a) Substitutiom .

‘E.:H + "'C]."
] G e

.47,




(b) Addition
Cn v e Ch o <I°3tl-
_ : T'a.ch(.al
- Resultq ebtalned from the direct fluorlnatlon of o
benzene (Bigelow and Fukuhara, J._Amsr. Chem. Soc., 1941,
'63, 2792) showed that add;@lon followed by substltutlon,

fragmentation and dimerisation all oecurred; hence free

radical processes-might be assumed (see‘pp;_lo-ll).

The 1n1tlal reactlon of stepw1se add1t10p~§9 an arematlc
nucleus was demonstrated by Bigglow, Tompsonm and Tarrant
(Ioc. cit.), the compound CeHzGl (CF3)p, having a highly
deactivated nucleus, being emplbyed' This‘gave rise to
06H5F201 (CFE)Z’ 06H5F4CI (CF3)2 f?.h??_CGHS%Cl (CFB) oe
Fﬁ?thﬁ?NP¥9§rﬁ?§}Y?Hf?UOFE?????nw§9?§F}?F??@mt?9_°h1°r1ne’
‘sg@_pﬁsgmp@svﬁy@§ggspim_finally‘fragmentation and
polymerisation occurred. T

. The reaction of chlorine trifluoride with benzene is
more complex than thet of either chlorine or fluorine for
it _sppears to give rise to both substitution and sddition
products, together with a little polymerisation in soue
‘cases. In other WOrds,'it can be said thaﬁ it is mosﬁv
probabls thdt both 1on1c and rad1cal processes -are

~ oceurring parallel to one another. Maklng & rough general

«48.



éémparison Jt would appear that the halogenatlng actlon of
| chlorine trifluoride is intermediate between that of
9?19€i?%;a?@-§héﬁ;Qﬁﬁf}uori?eswﬂ¥§Més"@u9@‘mﬂ??wvi%9r93§w
in action than chlorine, but appears Fqﬂéi29“riseu?° less
ff%%@??t??iﬁﬁ;%Pﬁ;d?Q?99??3??Q?ﬂt@%EWflﬂ?Fiﬁ?:M The
amounts of halogen introduced by these resgents very
con51de;§@}y, thus, ‘no aromatic derivatives were obtained

by reaction of flqor;ne with benzene, indicating that
addltlon of six fluorlne dtoms occurs before _any subsequent
§g§39p,_ On the other hdnd, with chlorine trlfluarlde,_ -
substitution products appear 1o the greatest extent, with
'P?EY@?IQ%@@ﬁiPE°?ﬂp?9§“?F§M?9§?8¢f°?@9§,iﬂ suller quantity,
whilst chlorine in the presence of carrier catalysts gives
rise to substitution exclusively, as a stepwise process.

_~ To aceount for the formatlon of fluorobenzene in the
'chlorlne trlfluorlde experlments with benzene, the 1on1c w_'
mechanism of cationoid substitution generally accapted for
halogenation (c. f. Dewar, Electronic Theory of Orgenic
Chewistry, p.160 ff.) is inferred. It is then possible to

postulate the initial dissociation.

Cl FS — Cl F+F » B

in the case of the uncatalysed reactlon whllst 1n catalysed

reactions the initiating process is probably analogous to
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the type (I) described on~pag§ﬁ46;urW@eg'gobglt§u§;flup?ide
' is employed aS‘cataIysﬁ the first reaction is to give the
trlfluorlde - -
We then mey - have . .
c1 F5 + CoF5 —  CLF + F 4+ CoFy
The subsequent reaotlons are then
-C‘sH's +F7 —  CHF + H
in the uncatdlysed case, and ‘
Celly + F* — cﬁﬁﬁg@' + BY

gt ‘+00F4 — CoF3 + HF

PN o e P

in the catdlysed experlmentq Ihls theory assumes, as is
1nd19ated by experimental results, that it is easier to .“lﬂ
prqgugg‘ﬁhg‘gggngvgﬂf}uyylde~}on;?" from chlorine trlfluorlde

than from fluorine itself. The difflculty of formatlon of F*

from F2 and the reasons for assumlng an atomic chainm

mechanlsm for dlrect fluorlnatlon have been already dlscussed

" (vide supra).

] The formatlon of chlorobenzene 1n the serles of

experlments carried out is attributed to. the chlorlnatlng

«50.



action of chlorine mono-fluoride (Bigelow ot al., Jo Auer.
Chow. Soc., 1940, 62, 267 _Ind. Eng. Chem., 1947, 39, 360).
li,ﬁéméééumﬁgﬁﬁa§j§u9hggé%gsinéﬁi9?:99@???;?zhtb9'iﬂnie
meéhanism; Ehen the prdcesseg involved consist in
(@) CGF — o' +F
Cglly + 0'/1*‘ — CHCL + H”
H + F~  — HFR
R : in the uncatalysed
experiment and o
(b) CIF +0on — 01 + eoF“-

H"* +CoF4"-—> HF +CoF5
e e L .. Where
,coba}t}c fluorlde dcts as catalyst ~Such mechanisms for B
chlorlnatlon -and fiuorlnatlon would explaln why the effluent
gases of edch experlment (except expt.4). contalned ‘hydrogen
fluoride but no halogens or- hydrogen chloride. The
detection of hydrogen chloride in experlment 4 could best
be explained on the bas1s of the: reactlons

CO C12 ""Cle — (Co F2 *‘Clz +‘ClF.‘

-t

fellewad by 012 + C H — 06H5CI + H CI.

- e x e e = e e

Such reactlons would not be valld 1n the case of mercurlc

chloride, sinee mo hydrogen chlorlde was evolved durlng

i .51.



%%@é;i@§ét §3“byﬁwfr9?¢°ﬁs?§V%?§998:mééﬁwﬁBufif%némeqa’
Toc. cit., see also p.26) it sems unlikely that sither
fluoridéwef»mereury is formed under the prevailing
experimental conditions and therefore the obgectlon

cannot be sustalned

= s L — e [ - e dm e B e s e ik

In no case wWas any attempt mdde to obtaln any ev1dence

from the -state of the catalyst at the conclusion of the
experiments, as‘}p_wgs so intimetely mlxed with tarry
decomposition product as to render this impossible.

_..... Tt hes already been inferred (ses section (i)) that the
secondary reaction of the chlorine trifng;iggw@}phw?hgmm

carbon tetrachloride solvent under the conditions of the
series of experiments under consideration is negligible
(exceptlng in experiment 8 for Whlch no corresponding
: f}gpgegwaggmgvgl}ép}ez This is borne out by the fact that
there is only %MV€rym§é%}}“élff9r8n9em%9mth9-ziﬁldmef,_m,“«
chlorobenzene in experiments 6 and 7 even though the amownt
of solvenﬁ per-gram of bgpzéhe has ‘been doubled in the iafter.,
Nere apprec1able fluorlnatlon of the ~solvent to _oceur, -

con31derably larger quantltles of chlorine monofluorlde would

expeoted that thls would 1ead to a greater increase in
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chlorlnatlon than 1s actug;ly_observed The loss of

[

carbon tetrachlorlde per experlment 1s of the order of 50 mls.;

i == o v pae e e

but most of this can be accounted for by the normal losses
ipéurred in workihg up the product. Blank,experiments showed
tthaﬁ losses due to the passage of the nitrogen stream through
the carbon tetrachlorlde at 0°C for the normal perlod of an
‘experlmen§ were of the order of 2% (i.e. about 10 mls. )
whilst using the modlfled apparatus at 77°¢ they were rather
hlgher (dppr®x1mately 0 5% per hour).

S L UL T TR — PR B e L T R I S ew PR

mwaquluorobenzene could not be 1solated as such from the N
reactlon ‘mixture s1nce it apparently formed an azeotrope w1th
carbon tetrachloride and smll quantibies of unchanged
benzsne, coﬁtainingrabout 10% by weight of fluorobenzene.

It was therefore characterlsed by conversion into d
44 dlfluorodlphenyl-sulphone (Huntress and Carten; J Amer.
Chem. Soc., 1940, §2, 512) ‘and p-chlorofluorobenzene (Varma,
Venkat Raman and Nikantiah, J. Indian ( Chem. Soc., 1944, 2ds
;}g},y_@he amount of fluorobenzene _produced per experiment
was estimated by analysis of the azeotrope for fluorine, “and
confirmed by the-conversionsloutline& _ Trial expnrimentS"
showed that, with a solutlon of fluorobgnzene 1n carbon
tetrachlorldekcontdlnlng a Small quantlty of benzene, th;

best yields of sulphone and chloro-compound obtalnablgywere
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257 and 51-“% respectlvelyg the 1solat10n of the sulphone
belng made rather mogeuo}fflcult by the presence of the

benzene. (hxperlments)carglgéwogonop;t@gwgggoprope gave

resultsﬁcorrelating ﬁo‘thé analytical figures.

The addltlon compounds and dlphenyl derlvatlves were
not prodqcod 1n sufflclent quantlty for absolute w;,;'”
charagterlsﬁtlon, except 1n -experiment 9 ~where attempted

T

redistillation of -the oddltlon products brought abouﬁ '
‘dooopgogiplop; The formation of such compounds is probab}y
due to the operation of & free redical mechsnism (vide supra).
§gg§%§m9googss would depend in the first place upon the
dissociation

CLFy — 01 F o+ 2F*

followed by | Cl Fo— Cl' +F
It would then be p0031ble to- have, for example

, F o
O+ — Qraz, Clar
The p0331b111t1os of such processes are very varled and a

| large range of such compounds could be formed.

o The productlon of halogenated dlphenyls could be‘ :
-exolalned on the bas;s of the follow1ng p0531ble mechanlsm,

it invelves the assumption that they are secondary products

.04,
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given by reaction of radicels with substitution products,
forming free halophenyls which then interact to give. a

binuclear compound.

€

BN\ ¢+ F° — F@C‘ + HF

detalls of the poss1ble formulae QfM§Q@1P}°? 99@@9yp§§wag§
diphenyl derivatives is included merely as a suggestion of
some of the possibilities, which are many and varied, based
on analytical dsts end stability or otherwise to resgents
usually employed a5 tests for olefinic double bomds.
Vafi&tions in the boiling points of sﬁbstances~giving similar
analytical figures mey be due to the fact that they are |

1SOH1€I'S.

.. In certain cases addition compounds were formed,
apparently havingvodd numbers of‘halogen atoms per*benzene
ggc}§g§.w The most reasonable explanatlon for the formatlon

- — e

of such'compounds is that they are the products of seconda:y
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aefion'of‘free~radioals in substitution compounds formed

by the iOﬂic me chani sm.
8eCe

Qe — gl

This view is supported-by‘the evidehce obtained by reaction A

_‘of chlorine trifluoride with halobenzenes (see seetion (iv)),

whenvs1mllar“compounds were produced.

In any event_.the redctlon of eh}orlne trlfluorlde w1th

benzene is most complex; .to account for the varlous

[PRNUR - PO N

phenomena whlch _appear to _oceur, 1t seems necessary to
postulatevpne s;gq}@eneous oecurrence of both ionic and

free radlcel processes. - It would thus appear that the
extent of cn}orlne and flusr}ge substltutlon, and the amounts-

of ‘addition compounds -and dimers formed %?«§?§ yeaetlon, are
‘bound up; (a) in considerations of the dissociations of
chlorine-tri- and mono-fluorides which give rise to reaction .
Intermediates ;su;b_,.s?%é?‘@é’; forming the products concerned,

and (b),,in‘the effects ofvcatalysts upon such processes.

D6, -
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(1ii)y The reactlon of nlkylbenzenes Wth Ohlorlne Trlfluorlde

us1ng Carbon Tetrachlorlde as solvent

- When the series of ohlorlne trlfluorlae exp¢r1ments Was
extended‘to‘coyer the alkylbenznnes it was d801ded to employ
cobaltous fluoride as catelyst in all cases as it had proved
o e one of the most successful compounds for this purpose
in the experiments with—benzene itself It waS'observed
that when toluene, ethyl benzene or cumene (1 mol.) was

. T

caused to react with chlorine trlfluorlde (0.5 mol )
dlluted by nltrogen, 1n carbon tetrachlorlde solutlon and
in the presence of the catalyst, both substitution and
addition occurred as inm the case of benzens, Of the
substitution products, those contsining chlorine predominated,
and the amounts of fluorine containiﬁg»substitution pfodqct
dechdsed as the s1ze of the s1de chaln 1ncreased I» all “.
the experiments a certain amount of the hydrocarbon under test
wes recovered unchenged at the end of the experiment in
| ggggtiqn,‘ This amount was found to increase with ihcreaéimg
size of the side;chain.

A summary of the experiments carried bnﬁki§517€§ in
Table IV @ these were all carried out under analogous
condltlons and the results are therefore dlrectly compafabl;;,

The cprreSpondlng experlment with benzene is included for

purposes of comparison.
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TABLE - IV - Reaction om‘ow‘ww;ﬁwﬁw benzene and alkyl benzenes using CoF,catalyst.

-

Compound.
~under
test”
(100g.)

Wt of
Cl Fz (g.)

Crand
flow réte

Am.\w.v

mmmoﬁmwmg
Hydro- -
Carbon (g.)

(2.)

Fluoro-derivative

amw

Nuclear

Ammv

Side=~Chain
(2e)

Chloro="
derivative

(g.)

Addition
product

- (&)

Secondary
Decomp.

mwssmsm

60 ¢

t

10

14-8

11.9

284

zﬁmmv

8e4

HoHcmmm.

52

sy
O .

19+0

12+9

22¢1

. ..

Be 7

Ethyl-

45 : 85

mw.@

14.8

19:8

L

benzene - 13
‘l —— - . o= . R - T ,
Cumeme |40 : 8 39-0 11+5 - 22:2 10-6 1.8
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- M‘I@.$°;ﬁarxéé;39?§@it@tioﬂ‘%s_%.Wbo¥?”is concerned, this
is eluost entirely restricted to entry into the micleus, the
only exception being a small smownt of side chain fluorination
in the case of tolusns, giving rise to bensyl fluoride. s fer
as can be seen from reference to the chlorinated derivatives,
the 1on1c ~mechanism of s substitution 1s conflrmed, with
“substitution occurring into the ortho- and para— _positions, )
gggep@;ng 1nrthe»case of cumene where only p-chlorocumene was
%§q¥§§e§.m The absppgq‘gf irregularities in the distillation
curVes»plomtlng'refragtlye index values-agalnst m distilled,

. when the mlxtures of 1somerlc chloro-compounds were
fractionated Lhrough 8 concentrlc tube column (58 theoretlcal
plates), coupled with the fact that amownts of pure ortho and
vera derivative were obtainsble, indicated the absence of any
meta-chloro derivative In the cases of toluene and ethyl

benzene.. In the _case of cumene, chlorination was found to

occur exclusively in the para p081t10n, this 1s presumsbly

} attrlbutable to steric hlndrance.. ?hq_q@genqg of ﬁnchlorocumene

in the products of the reaction of chlorine with cumene has
bg@n ;epprted_in‘the;litgyaﬁqyg;(ggpvfessq, Bull. Soc. Chim.
Fr., 1893 (3), 9, 223), it being stated that only the p-

'derivative and higher'chlorinate&‘compounds were. isolated-

also been observed 1n nltratlon where the amount of para

.. 59.



derivative isolatedAexceedsrfhevamddnt of ortho.to.a large
extent (c f Constam and Goldschmlat Ber.,‘1888 21. 1157 i
Vavon and Calller, Bull. Soc. Chim, Fr L 1927 (4), 41, 557)
o The ortbo and para substltutlon in the cases of toluene
and ethyl benzene Was as -expected from the well known
directing effect of alkyl groups. These results conour with
observations mede by other workers in this field.(e.g. HUbﬁ;er‘
and Wjert, Ber., 1873, G, 790 5 Seelig, Ann., 287, 130 and
51 5 Sohremm, Ber., 1885, 18, 1275 ; Cline and Reid,
J. Amer. Chem. Soc., 1927, 49, 3165, Compare also Reese,
Chem. Rev., 1934,fl§, 55).
- In the casés of the fluorlnated derlvatlves, no deflnlte
1nformat10n could be obtained regarding the conflguratlon
and relative amounts of isomeric substitution products,
owing to the low yields and difficulties in isolation of
specimens in & pure stete. Using a concentric tube column
(38 theorsical plates), it was possible to obtain from the
products of the tolusne experiment a susll quantity of mixed
| fluorotoluenes.which on oxidation'gave a mixed fluorobénzoic

acid (m.p.}l58 C) Thls comnares with ortho - F 06H4 CO H

Mepe 1220 . meta - m.p.v125° and para =, m.p. 18200. In the

other cases no pure fluoro-compound could be obtalned.
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In all unree cases the estimation oi th§“§?tal amount of
fluoro-compound wa.s c@rrled out by analysis of the fluorlne
'contﬂnt of the mixture of unchanged hydrocarbon and 7
fluorlnated derivative after as mich as possible of the
former had been removed in & pure stete by fractionation

| processes.

e e e - [

TEBLE * V. Total Substitution, Addition, Etc.

in Benzene and Homologues.

Compound | Recovd: | Substitution

urider startg. Addition -
test. metl. | Fluoro| Chloro| Total |Product. | Tar.
Bengene | - 11:9 | 284 | 40-3| 11:2 |14:8
Toluene | 19-0 | 123 | 27-3 | 396 | 29-4 |15:9
Lenaene 9 2” 6 5:1 27-4 | 32:5 19.4 20:.4
Cumene‘a' 3G O 36 36- 4 40-0 | 20-4 18-9

Taole_V gives detdlls of the total amounts of Varloﬁ;
types of product 1solated from reaction mlxtures. The flgures
~refer to grams of product per lOO grams of hydrocarbon actually
‘reacted (except Col 2 whlch glves amcunt of unchanged startlng

materlal per IOO grams. ubnltted to zeactlon) Slncer

secondary decomp051t10n (Table IV, Col. 9) was the result éf
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dec@mposiﬂinn of lower boiling addition compounds during'
fract1onat10n processes 1n the cases of alkyl benzene
qnd the decompos1t10n of non—redlutllloblp addltlon
compounds in the case of benzene the flgure 1n Lol 6 of
the sbots table is a composite, based on the sum of
Cols. 8 end 9 (Table IV) and referred to 100 grs. of
rescted hydrocarbon. The data for benzens are again
included for comparative purposes, and it is broadly seen
thet whilst substitution is agein the main reaction in the
gagasmoﬁ_thg alkyl benzenes, addition éppéars td occur to

a greaster extent.

In the cases of benzens and toluene the ratio of the
amount of chlorination to fluorination in regard to the
sgbs@itution prgducﬁs'is around 2 ¢ 1, and this rat;o then
increases Wlth increase In the size of the side chaln
through ethyl-benzens (5 3 1) 4o ounens, whore it is
approximately 10 : 1 and the yield of fluoro;compound is

very small.

 The addition compounds produced by reaction with
alkyl-benzenes are considerably less stable than those
obtained fyom:benggné and consequently much more difficult
ﬁo isolate.” Attempts wére made in all cases td ébtaiﬁ

vthe>e compounds in a reasonably pure otate by carrylpg éui
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tﬁe jﬁitfal distillation'under-reduoed”prgssqrg to remove
solvent and substltutlon compounds. After ‘this process_
had been carried out, however,the liquid, originally. orange
coloursd, ?urnéé,bl%9k—gM09ntlnu%nee of the reduced pressurs
distillation gave rise in all cases to & viscous oil which
turned brown during distillation, and very soon blackened
and evolved hydrogen halidés. A specimen of distillate waé
taken for 1mmed1ate apa1y51s by the sodium fusion metnod )
end the distillate was also observed to decolourise agueous
pq@assiumkpermanga@gﬁe solutign and bromine waﬁer; mThew
residue in the flask at the end of this distillation was
weighed and noted as reaction ter (Table IV, Col. 4
Table ¥, Col. 7.). From inspection of the reaction products
of thg g%kylpgnzgne eXperimgnts,miﬁ geemed_mqsﬁ}u@likglj'mhét
‘the trgnsparenﬁ orange colqgred.qarbon tetrachipri@gexﬁracts
contained mich tar, ss opposed to the dark brown, opaqus
egtrag@s_qbta;ngd»frgm:benzengwexperimgptg,wand‘it therefore
appears most probsbly that this tar consists, ar least in
part!_Qfmﬁhe-decompbsition products of higher boiling addition
compounds..

Attempted redlstlllatlon of the v1<coué 511 céntain;ﬁé
the bulk of Lhe addition comoounds under reduced pressure

resulted only in the formation of more tar and the evolution
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ef hvdfoéen chloride and hydrogen fluoride. Ueuellya small
quentity of lovor boiling addition compound distilled with
tne_enbeﬁitnpien p;educts:hwtnie deeempesed’dnring subsequent
fraetieneﬁion,,being left as still-pot residue (Table IV,
Col. é,).

Trem analytlcul data avaliable, the eedltlon compounds
obtalned from_akal benzenes seem in the main to have been
formed by addition of one chlorine and one fluorine atom
per aromatic nucleus. Details of analyses carried out on
tbesemeemponngsiwgl;;be'found in the corresponding
experimental section.

~ The mechanism,of the reaction between chlorine tfifluqride
and benzene homologues would appear to. oe essentially similar.
to the reaction with.benzens 1tself, Involving the assumption
of simultansous lonic and free radical processes giving rise
to substitution and addition compounds respectively. The
total amount of-eubstitution}appears”te be fairly constant
throughout the serleu, but in the cases of the alkyl benzenes,
abeu@min;ce”es‘mucn,_or»more, eddit@en‘eecurred than in the
eerrespendingmbenzenemexperiment‘<c.f.”with toluene, the
extent of addition was rather more than 25 times tnat observed
with benzene) The amount of complete degradatlon occurrlng

in the cases of the aikyl—benzenes appears to be lesn than




1n the ‘case ofJ@gpzpne, the nett total recovery of organlc
product being correspondingly higher. A4 complicabing
feature in explaining the reaction of chlorine trifluoride
W1th ~alkyl benzenss is the isolation of unchanged st@rtlng
mierial, especially since mo halogen (and actuelly only
hydrogen fluoride) was detected in the waste gases arising
from each experiment. The amount of unchanged hydrocarbon
increased with inerease in the mumber of carbon etoms in the
sids chain (and thus also with increasing activetion of the
nucleus)._ The most feasible explanation of this appears to
be that once some - addltlon compound haS formed, 1t 1s 8451er
for further addition to take place, so building up a polyhalogen
addltlve product; thls involves the assumptlon thatvthe less
~ stable higher b0111ngqud1u10n compounds were 9olyhalopen in
Qharaqpef, gndAcqpta;nedwmuph more @glogep than ?he g@dltlpnﬂ
compounds actually analysed. If this were true it would mean
that the halogen utilisation could be balanced in such a Way as
to leave some aydloCQrbon unreacted. o

o ﬁxperlmpptdl test1n9 out of tbls ﬂypotheQ1s could not,
unfortunately, be effected, as the higher boiling addition
compounds were so unsteble that decomposition occurred with
evolution of hydrogen halides before thej could be isolated

and analysed.
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(iv) TReaction of Chlorine Trifluoride with Halobenzenes

The treatment ofhchlorobenzqumgndvflggroben;ene»Wiﬁh
0-5 mol. of chlorine trifluoride using nitrogen s diluent
and carbon tetrachloride as solvent in the presence of -
cobaltous fluoride catalyst was seen to give rise to both
~addition and substitution as in the case of benzene itself.
In the case of chlorobenzene substitution predouminated over
addition to a much larger extent than with fluorobsnzene.
The latter compound appeared to behave excepbionally, as mo
nuclear-substituted fluoro-derivative could be traced in the
reaction products obtaihed from it.

. A summary of the results obtained frow experiments
carried out with these halobenzenss is given in Table VI, -~
the corresponding experiment with benzene being included for
the sake of comparison. All experiments were performed under
sim}l@r conditions and the results may therefore be directly
compared.

o Generally‘spaakigg,htheMresult§ obtained are in agreement
Wi§h ﬁ@g‘theory”that sgb§ﬁ;tgtiQp 1s occurring by the iohic
mechanism outlined in geqtiop}{ii), as the entry of the

sacond substituent is restricted to positions expected from the
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TABLE VI. _mmmodwos of Cl qw with Haldpenzenes compared with Benzene

vﬂmmﬁnavaw, T1 ¥z (g.) |Recov. ‘ . Ttl. Substn.| - |Ttl. Addn.
1 (100 g. vin| and Tlow Test _ Fluoro | Chloro |.per doe g. | Addn. | Seec. |[per 100 g.
500 mls rate Cpd, Tar Deriv. | Deriv. wmmo&mmt Cpds. | Dec, | reacted”
CClg) C(e/h) | e | el (ea) | (&) (g.) (g.) | (a.) (g.)
Benzene 60 : 10 - 14-8 119 1 mm.% 40°% 28 84 112
Chlovo=- | 43 : & | 149 | 91| 17g"| 408 | es7 25 | 22| 55
benzene : (107 | (20:7) | (48-0) | | (229 | (2-6)
, . ~
— , . — ‘ — . . %
FLugr o= : ) ., | i, . | e BN :
benzens 49 8 - 746 - 27+0 27+0 2.1 | 2-6 14.7

¥ Dichlorobenzene isolated consisted of 38:7 g. para- and 2+l g. ortho-isomer.
X OSH\ @-orwowomkcowocmqusm was owcmpﬁma in these cases.

igures. in @mimaﬁ:mmmm refer to amounts per 100 g. test compound reacted.
T 217 avrarimenta 1IN . CoF, was used as catalveat. )
1L m;LILI r\kf A mk(kk(c ke NS q~ Al N fLAe i) W) (=) (r\cCr\cLluN N e



accepted directing,inf}gencngf the first, iﬂ?? principally

to the ortho end para positions in thess cases. (c.f. Reese,
very marked bias in favour of substitution in the para
position_and‘oniy ipwthq>substi@gtién of chlorine into
chlorobenzéne was any ortho derivative isolated, but even

in this case the pera derivative was formed in large excess
(see Table VI footnote). Observations noted in the literature
of the liquid phase chlorination of chlorobenzens using chlorine
under various catalytic gonditigps_ﬁCoﬁe@_anq Hartley, J.Chem.
50, 328) stefe that in all cases studied the predominant
product is p-dichlorobenzene. The extent of this predominance
in these cases is, hqwgverlgpnsidgrably less than in the
experiment with ch}qrins triﬁlgqridé. The cﬁlorination of
fluorobenzene &t room temperabure in the presence of iron
filings has been observed to give rise exclusively to
pfchlorofluqrobenzene (Varma et al., J. Indian Chem. Soc.,
1944, 21, 112).

YYYYY The recovery of unchanged starting material was again
observed in the case of chlorobenzsns, thoﬁgh to a less
eg@gnﬁ than in the expsriments with alkyl benzenes (section

(iii))
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The totel amount of substitution products ovtained from
chlorobenzene exeseds by about 70% the corrssponding smount

in ths benzengAaxperimanﬁ, Which ig'tqrnrgxceeds,ﬁhe_nett
substitution product from fluorobenzene by about 50%. The
r&tjo of SUbSultUued cnloro— to subutltutea Iluoro compouna

in the benzene and cnlmrobenzpne experlments 1s about the same,
but 1n the case of fluoro benzene, no dlfluoro der1th1ve oould
bo isolated. Amalysis of the solvent removed from the reaction
products in the fluorobenzens experiment proved the absence
of any unchanged §pattimg maﬁerialrpr f1udr@naﬁed derivatives
which might have‘interdistilled with it. (c.f. Found C1 91-9%,
Calc. for C 014,92'2%). \ '

_ Regarding the absence of difluorobenzenes from the
'reaction products @f the fluorqbgnzgne_eyperiment the
presence of meta- and ortho-derivatives would not be
expected in any case from con51derat10ns of the hdlogendtlon 7
of fluorobenzens which has been shown (Tarms et al., loc. cit.)
to give rise exclusively tp<para-derijatives, Furthermore it
is reported (Beilstein, Org. Chem., Series EIT, 5, 147) that
9"@;?%@9?0@932??6 decomposes on standing in the air so that its
npn-@sqlatiqn¥inithevpresent expg;imént is not surprising. .
Investigatiomswmgdeuop_?hg_stability of p-difluorobenzene

5 k] roox "y 9 i~ , S A .
showed that its solution in carbon tetrachloride was stabile
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gaturated ague ous so@%um“bicarbonats,_anhydroug hydrogen
éhioridg and”aphydrqusibyd;pggn fluoride. TWhen, however,
a.solution of Pfdif1u0?9beﬂzen6_Elé_%~>mi?.Cﬁbeﬂwteﬁrachloride
(250_ml,) was‘tregtgd‘;n“thgwgygsepgg qfvgobaltous flgp;ide

(2 g.) with 0-5 mol, of chlorine trifluoride at 0°C using.
nitrogen as diluent, copious evolution of hydrogen fluoride
occurred. .Aftay freeing from inorganic(imgu;it@ss? and
drying, the only product 1eft;after_re@ovallofnsolvent (pure'

¢ 61, 0p°0 1-4612, found C1 92-1% calc.Cl 92+2%) was 0-42 a.

of undistillable, brown, partielly-decomposed viscous liquid;
a sample of this decolourised agueous potassium. permanganate,
and a specimen on immediate enalysis gave ClL 26°3%, F 11°4%.

Sﬁbsequently, this decomposed completely, giving a black tar.
.. .Un the basis of these results It can therefore be
postulated that any p-difluorobenzene which might be formed in
the first place by the reaction of chlorine trifluoride with
fluorohgnzene, woul@_be subsequenﬁly;dgcomposed‘byéecondaﬁy
vraaptio?_withuthgrine trifluoride into products not isolated..
This Wogld 6Xpla§n the apsenqe of any p-difluorobgnzeﬁe ingthe
reaction product, and also the fact that the recovery of
onganig mgterial‘fromvtbg fluqrobenzgne gxperiment ié 1pwér
than in agy_other case where cobaltous flubride Waé embloyed

as catalyst,
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In assegsing ﬂbe total amount of addition in each
case (Table VI, Col. 10}, the amount lost during
subsequent fractionating processes (Teble VI, Col. 9)
was taken intolgogsigéraﬁion‘gg'inﬁ@?e cases of the alkyl
benzenes. It is seen that this amount is smallest in the,
ccase of chlorobenzens, where 1t 1s about one half the
corresponding emount for benzene itself, and rather more
then one third of the amount observed in the case of
fluorobenzene. According to analytical data, the
addibion products isolated, waich all decolourise aqueous
potassivm permenganate and bromine water, appear to
contain at(leastwone‘additiona}‘chlo;ips and one additional
fludrige”atpm per molegulg. Analyses of these products

are given in the experimental section. )
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(v) ReactLon of Cﬂlorlnu Trlfluorlde W1th erhalomethyl-

berizenes ‘1in Carbon T@trachlorlde solution.

When baniatriflnoridgmap@ benzotricthrid§~wgrg q§used
to react with chlorine trifluoride (0-5 mol.) in carbon
tetrachloridse solution ;q“the’pygsenceﬁpﬁ_cdb@lﬁ?us f}uqridg.
catalyst vnder similer conditions to those employed in other
investigations, both substitution and addition were observed
‘0 ocour as in the case of bensene. Substitution was in both
cases the major}rgactiqp,_and it Qccgrred ﬁo abqu@vtwice the
extent of addition. - Replacement of fluorine for'chlorine in -
the side-chain occurred to & small extent in the case of
benzotrichloride, resulting in the formation of & small

quantity of benzodichlorofluoride.

VA $ummary of resu}ﬁs_@ptained»fromrthe}expe;imepts_;s
given in Table VII, bogether with comparsble data for the
corresponding benzens experiment. Owing to the close
proxi@ities«gfmﬁhg.boiling points of the isomers concerned
it was not possible to obtain a great amount of.detailed
information regarding the orientation of the ~substituted
derivatives;‘ also,vuhe f;uorlnaued deL1th1ves were
insepargble from unchdnged startlng materlal The nett
amounts of fluoro»comnnund and unchanged startlng materlal wéfe
estlmated in each case by halogen analy81s.

In the case of
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" TABLE VII. mmmoﬁwod,ow.aw,ww;éwﬁw wmwwmwoamdw%HdQSNmsmm oogwwwm@ with Benzene.

T . Tt1.Nocl.| |
emmd 3@@ mwu A@ Recv. - |Side e Co mdm&s.@mw o S
(100 g.'in low | Test  |Chain{Fluoro=~|Chloro~| 100 g. waas. oec. |Ttl. Addn.
@oo mls wmﬁm ‘ Cpd. Tar Repl.| deriv.| deriv. wmﬂomm@ Cpds. | Dec, |per 100 g.
CCly | (/b)) | () | (&) |(g) | (&) | (&) (&) | (g.) Am ) | reacted
Benzene 660 ¢ 10| - 14-8 { - | 119 28+ 4 40-3 | 28 84 11-2
trifluoride | 33 6| 13-2 9:3 | - 82 26+ 2 397 10-6 5e1 18-1
: (10-7) (9-5) | (30°2) Awm.mw (5+9)
Benzo- 25 : 5|ave6| 4| 12| 154 | 170 52+0 E 2 & 287
ronloride BB [ | @ | @) (18| (8% |
Figures in parentheses refer to amounts per 100 g. test ooamocsg wm@odnm
In all experiments 10 g. CoFo was used a8 catalyst.
x. Chloro-derivative in this case was all m-chlorobenzotrifluoride.
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beﬁzotrlflumrldp chlor1natlon obcurs 3§ggg§1vely in the

meta position, a fact which reasonablyconcurs with the known
data regarding ‘the halogenation of benzotrifluoride (c.f.
Wertyporoch, Avn., 1952 495 155, Slﬂons and Remler,

J. ﬁmer. Chem.'Soc., 1940, 65, 589), and supports the taeory

of substitution by the ionic mechanism.

Froml°xamination of the boilin@ points of the fluorinated
der1Vat1ves of benzgﬁflflaorlde it seems unlikely tnat any
Qrthollsqmarﬂwgsmfprmedi'but @hg mlxtgrg‘pf benzo@y}flqo;}de
and‘flggrbbanzoﬁ:iflgpridg‘mgy‘contain some para istér in
addition to meta. Hydrolysis with 80% sulphuric acid gave
pnly a“mixture bfdbenggic gnd fluorobepzoicméCids:frém;W@igh
no definite information was obteinsble. Similar indefinite
results were obtained from the mixture of bpnzotrichloride
and fluorooenZODflchlorlde (8) and from the mixture of
ghlprppegzotrlghlqu es which were hydrolysed by a b0111nb
aqueous suspension of calcium carbonate. It has been stated
(W rtvDoxoch, loc. 01t ) that uhe chlorlnatlon of ‘

benzotrichloride using chlorlne with entimony p@ntachlorlde

as catalyst yields pr1nc1pally the meta-derivative.

Generally spmaﬁlng, as far as °ubSt1tnt10n 1s Concerned
1t 1s seen tnat 1n ooth cases, as 1n benzane, onloxlnatlon

exceeds fluorlnaplon, though uhe extent of fluorlnatlon is .
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'gfeéter'in the case Qf benzotrichloride than in either that

of benzotfifluqride oyubenzéngf ”Indeed,mthe_ra@ig ofﬂ
fluorination to'c@}orénatéon»is greaber ip ?he/casg qf
benzotrichlgridemis”mpyg_neafly 1 : 1 then in the case of

any other aromatic compound studied. The recovery of
unchanged starting waterial is also obse;ygd»in”experiMents )
with perhalomeﬁhylb@nzenes and this 1s most marked in the case

of benzotrichloride.

‘ Add;tipn“cpmpbund isolated from the penzoyriflupridgw
experiment appeared to have been formed by addition of one
fluorine and one chlorine stom per benzotriflnoride molecule,
énd thet in the case of benzotrichloride apparently contained
rather more "additional” halogen per molscule, Details of
apalyseéwgnd other p;operti?s of these compounds are given

in the experimental section.

.. The side reaction in the case of benzotrichloride
invqlving”thev:éplacemgnt Qf f}ggrinevfor”chlqrine_in‘the
side‘ghain With thewrégulting formation of bsnzod;chlgro-
f}ugriqe‘mgyhbevattributgd to a rep}acement”reaction of the
same type observed when chlorine trifluoride reacts with
carbon tetrachloride viz:-

C Clg S .. CClsF
@ﬂ + Cl F‘z — + 2¢ClF



SRR T R
A discussion of this type of reaction has already been made

(vide p; 32 et. seqg.).



»PﬁRm*:FEF- Experlment l

(i)"RéédﬁiﬁﬁfﬁfwchlQ%fné"TfifIﬁbride’wiﬁh{@arﬁdn
T’e:‘f;rachlo“ride . '

''''' ~

D e o e e el

"»MIn4order to measure the input rate of chlorlne o
trlfluorlde the flowmeter descrlbed previously (Ellle and
Musgrave, J. Chem. Soc., 1950, 3608) was st first used.
 This was later replaced by a much mors efficient typs shown
in Disgram I. The chief advantages of this latter are that
(1) it can be given far greater sensitivity without
impeiring efficiency, and (2) it is sasier to cleen and
meintain, there being no'pbssibility‘of'purely local
blockage. |
o The reac@&eg vessel used for experlments carrled out
w1thout catalysts is shown.in qugram II : when aweeFeLyst
(anhydrons cobaltous fluorids) W_‘-z‘s_empl?yeda, the modified
| reaction vessel (Diagram ITI) was used in order that the
mixture could be stirred. The reaction vessel 'A' for
| uncatelysed work was of approximately 1.2 litre capacity
and was constructed of mild s steel, having a eﬁeel ﬁea&
carrylng 1nput and output llnee ef ?/16" copper tublng.
The head wa.s flxed to the cyllndrlcal vessel by means of

31xfboftswnth a steel to lead knife-edge, seal.
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MH,4H?§;;@é&i?ée§;???EF???;T?S§?1Wﬂ?ﬁ'ﬂ?@PlﬂY?@ in catalysed
oxperiments was swbstantially similar to &, but had
concentric tubes fitted to the 1id so that & sealed stirrer
seﬁﬁéwﬁe;gs%éz.Garb??_tetréehloréééwW&%‘?@9}9¥?d_?§w?h9:'
_she&l;-;ina}ié@ji@- & third vessel, used to contain halogen
absorbent, was also much the sewe a5, &, differing only in
that it was somewhat larger (circa 1+5 litre) and was
fitted with an extra inlet tube through which nitrogen
could be blown to flush the system or to bring about

further‘dilution of the chlorine trifluworide.

Experxmental

o The experimental'set up is shown in Diagram IV. The
ch}o:lne tr1fluor1de ‘and nitrogen wers metered into the -
) 01rcu1t by separate lines linked up by a T-piece, and the~
gas mixture conducted into the reactlon vegsel 4 via a
- brass safety trap. The output line of £ led to the halog@n
ggfu@pgrlgiwpiquin\tgrn was comnnected to the pyrex-glass

praduaﬁ receivers C and D¢

For the uncatalysed experlments dry carbon tetrachlorlde 5

(500 mls.) was placed in vessgl A and ‘the. 01rcu1t conrnected
up as 1n Dlagram IV. The recelver'C was 1mmersed 1n

alcohol~dr1kold contalned in a Dewar flask and D in llquld

‘ o . 81.




DIAGRAM 1IV. Experimental Set-up (Solvemt Expts.).
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®= Compression Union (neoprens washer).




.§¥¥$°§ comtained in a second Dewar. The vessel B was charged
with. a é?%&tééemeﬁ‘%??-eierm°£m8?§??9:SEIE@éﬁe heptahydrate
and 80 grs. sodium hydroxide in water (1 litre) and this
- solution acted as halogen absorbent. (Elementary entimony
and rock sulphur were first tested as halogen absorbents
but were found to be of no valve, as they exhibited
9@%%%%??1?,%9ti9n;vith chlorine trifluoride diluted by
ﬁiﬁfogen even at 170°C). |

o The ‘passage- of chlerlne trlfluorlde (5-7 ar./hr ) o
dlluted by nitrogen (5 L. /hr.) was then commenced At the
half-way stage in each experiment B was emptled and ‘

recharged with the same amount of freehhsolutlon.A At the

conclusion of each experiment the receiver ¢ was immersed
in liquid oxygen and the contents of D distilled into il
After sealing uprby-means of tightly'fitting rubber'caps,

C and 1ts contents were malntalned overnlght 1n a Dewar ef

PR o S

the follow1ng day.

PR sear e e e e e - - e e N

_ For the catalysed experlments the procedure was .

sllghtly modified. Dry carbon tetrachlorlde (500 mls.) was

placed together w1th lO grss of anhydrous cobaltous fluorlde
in the vessel AL (Dlagram ITI) which replaced the vessel 4

in the experlmental c1rcu1t.(as shown in Diagram IV).




The seallng dev1ce L-M'was fllled_up W1th carbon B
tetrachlorlde kg that the head of llquld 1n L above the N
base of the seal was ?EPF?§1@ﬁP9£X“?W%9? thﬁwhﬁ?%htHPf_the
????9n“§§tfa§9}°??§9;Wi??iﬁ;ﬁhev?§a¢?i9?;vﬁﬁg?lr;w?h?;A'
stainless steel vane-stirrer N was driven electrically.

In order to restrict the possibility of back-pressures
the amount of liquid in ‘the. scrubber-(B) was~redubed S0

» the surface of @he solutlon. Thls necessxtated changlng
the4contents of B four t1mes per experlment, eaggwplme L
using 750 mls. of alkaline sodium sulphite solution, made
up as previously directed. Otherwise the catalysed
experiments were carried out in the same way as those in
which no catalyst was employed. The collection of pralucts
wes carried out in an identical menner and they were bulked
for overnight storsge in liguid oxygen previous to
fréctionati@n, as before. '

. In all c&ses, detalls of chlorlne trlfluorlde passed
are to be found in Table I (p.29). For experiments at
O°C ‘the reactlon vessel was malntalned in-a bath of ice and
water: all other experiments were carried out at room

temperature on the day of working (c.f. Teble I).
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3

Fractlonatlon of the products.w

PR

~In order to separate the reactlpn products a low o
tem%erature Polumn-constructed on similar llnes to that of
Ramler and SLmons (Ind. Eng.”Chem._Anal:, 1938, 10, 648)
was suployed. Instead of using a thermocoupls, however,
as described by thoss authors, temperstures were read off
directly with the aid of a pentane thefmometer placed in
a thermowell filled with alecohol. A& dlagram.of the

fractlondtlng _apparatus employed is shown overleaf (DlagramV)
The hesting nipple was covered with asbestos paper and wound
with oxynichrome tape (6 ohms). It wes placed in series with
a 17 ohm %?eOSﬁa?;an&MEPnﬁr9}}e@Mirpm‘a 20 volt source,

currents of 0°9 41'1 amp being used.

o Operdtlon of the apparatus we.s carrled out as descrlbed
by Remler and Simons (loc. cit.), the whole system being
placed inside a large silvered Dewar flask. During
introduction of the sample through the input lins of tap
(Disgrem V) the condenser was chargsd with liguid nitrogen
and fhe reservoir‘bulb«waS‘similarly'cooled;‘ tap Afwas open
to the atmosphere via a ca101um chloride tube. To _operate,
only a small quantity of liquid nltrogen was left 1n the
large outer Dewar, and the ‘upper part of the apparatus wa;

.1nsu1ated.agalnst heat changes by means of cotton-wool
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Column for low-temperature fractionation.
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waddlng. Coollng of the condenser was altered te elcohol- _
drlkeld mlxture and heat was then ~applied through the heatlng
nipple until the commencement of a reflux. After 20 minutes
refluring to establish equilibrium tep & was closed and tap B
opened o the teke-off line leading to & greduated receiver
cooled in aleohol-drikold mixture. These fractions wers
 generally collected; dichlorodifluoromethene (b.p. =28 to
- -2600), 1ntermed1ate, and trlchlorofluoromethane (b -ps 23
to 26°C); & residue of cerbon fetrachloride was left.
Details of the reaction products collected in each
experiment are given in Table I. |

o - e et 4

Characﬁerisaﬁi@n ef Reactlon Preducts.

(l) chhlorodlfluoromethane s

M;“;”§‘§Hmle__eemple was takeﬁ*end distilled onto anhydrous
megnesium sulphate; after redlstllletlon through. the
column described it had b.p. -28°C. 4 sample <appr°ﬂmdtely
100mgr.) was sesled up and enalysed by the sodium fusion
wethiod of Musgreve, Suith and Tatlow (J. Cheu. Soe., 1949,
3026). It gave Cl 58-9%, F 31+2%. (Calculated for

C CLF, CL 58+66%, F 31-41%). | |

{2) Trlchlereflue«.“ har

A l5 mls. sample wes ﬁ@ken, drled over anhydrous

.87.




magn831um sulphate and.re fractlonated through the column.

The- centre fraction had b.p. 24°c and nD2° '1+3846. On

anelysis it gdve. cl 7T Ty F 15°6%. (Calculated for C ClSF,
CL 77+ 45%, T 13+8%%).
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- (%) Readtlon of Chlorlne Trlfluorlde w1th Benzene in

Carbon Tetrach}orlde 'solution.

Apparaﬁus

- - e o,

- PSR PP R - U . Lo - ——— o e

~ To carry out reactlons in the llqula phase a 31m11ar
experlmental set-up to that used in ‘the experlments w1th
carbon tetrach}e;}develene (see Diagram IV) was employed,
‘though the halogen scrubber E?@,.f eceivers for the collection
of volatile(p;educﬁs were dispensed with, and a e;@ferent
reaction vessel was used: This resction vessel was
F?P"!?ftr}‘;c?e@_ of mild _.:s..?e?..l.;. a}"‘..dﬂ hed a screw-on head, carrying
inlet and owtlet tubes and having prevision for a mereury
seal to work in conjunction with & stirrer (c.f. Diagram III).
A lead washer was fitied om the imside of the head, Owing to
the evolution of corrosive gases it was not possible to
euploy en electrically driven stirrer-heed, snd a water
turbine type was used; the stirrer itself was sgain made
from stainless steel. For the _.‘??‘:P,eyf_i_.“%?.?? carried out at
77° C the stirrer was fitied with & mercury seal (since no
halogens wers observed to be evolved during reactions st

om)y f : : : : ;
0 C) and two metal eondensers, one carrylng a,water line,

kb

unlens to the outlet tube of the reactlon vessel Otherw1se,-

chlorine trliluorlde and nitrogen were metered in as for the

L4 8-9'




experiments in the previous section, and the gas-mixture was
conducted to the reaction vessel via a brass safety trap.

The gl&SSffIOW??ﬁ?? p§§@§;y§gg’pretected by perspex shields

- as a furthar safety precaution. '

Experlmental

e o o —— s by e iy e - o e e g N O - [ RO

B A summa:y of experlments carrled out and products B ,” 
resultlng is given in Tables IT and IIT (pp. 42-44). In all
experiments except NosL 1, 7 and 8, benzene (100 grs.) was
dlssolggé in carbon tetrachloride (500 mls.) to Whlch the
anhydrous cstalyst (10 grs.) had been added, the reaction
#essel was maintained at 0°C~by'meanS'of & bath of ice aﬁd
water, and chlorine. trlfluorlde was led in g@”}o grs./hr.
dlluted by nitregen (12 L./hr. . Vlgorous stirring was
carried on until approximately 60 grams of chlorine
trifluoride had been passed. In Experiment 1, no catalyst
was used though other conditlonS*were ‘the Same, but in
EXperlment benzene (75 grs.) 1n_carbon.tetrachlor1de p{‘
(750 mls.) was treated with 45 grams of chlorine trlflubrlde
in the presence of 100 grams of anhydrous cobaltous fluoride
catalyst. The flow rete of chlorine trifluoride was reduced
ﬁq”4wgp§;/hrlthough,thaﬁ»of the diluent nitrogbn stream:wa;
’ the ‘same: experlmental temperature was alsoAldentlcal w1th

~that of the other expernmants. The conditions in Experiment

.90.
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8 were the same as those of Experiment 7 except that the

chlorine trifluoride flow rate was rather higher (5 grs./br.)
and ﬁhe-temperapgfewef{@hewpeection'vessel during the

- ) - & 3 i - 0
experlment was ralsed to 77°C.

o It IS eeen therefore,’that 1n all cases one molecule ef
benzene was treated with approx1mately 0-5 molecule of
chlerine trifluoride. During the progress of each experlment
eealitative tests on ° the exit gases from the reecplen vessel
were carried out at regular 1ntervals for (a) free halegens
(starch-lodlde paper), (b) hydregen chloride (silver nitrate
solution on glass red) end (c) hydrogen fluoride (etching
test on moistened glass rod). Copious evolutlon of hydrogen
fluerlde was observed in all experlments but only im
- Bxperiment 4 were positive tests for hydrogen chloride given
during the passage of chlorine triflueride. In no case was

free halogen ever detected.

B When the requlred amount of chlorlne trlfluorlde had been
added nitrogen alone was allowed to stream,though the
apparatus for a period of 10-15 mlnutes._ The chlorlne o
- trifluoride cyllnder was then dlscennected and the apparetue
dismentled. _The contents of ‘the reactlon vessel were poured
1nto eatureted sedlum hydregen carbonate selutlen

(approx1mately 0-5 Iltre) and the mixture was stlrred well

9l.



The reaction vessel was washed out With a further 50 uls.
carbon tetrachloride, then with water. It was found that
there wes & tendency for the insoluble inorganic matter,
w@iQEJwgs;?gﬁi@%??ly”méz?dUwéﬁhﬁéﬂ%?#iﬁé9sw9f<i989}ubl?y,
r€§i99wswéﬁdJ§§;§¥;byfpr9§9?§é to collect st the interface
between Ph?ﬂ9?€3?i?h%P@3@?39?§_E%Y??SEMNTPH??§F??;&?M???@le
 loss of organic produet as possible, the procedure adopted
in working up_ W@s; to pour the whole of the mixture into 8
large separating funnel and separate the bulk of the heary
organic layer.g‘Thg ‘bulk of the'aéueous layer'was,then-A N
removed from the residue by decantatlon, and reJected, ~The
res1due,Acont§;n%ng any insoluble matter was then flltered
with suction though a Whatman No. 40 filter paper, and the
organic leyer of the filtrate was separated and combined with
the bulk of the carbonm tetrachloride solution removed

previously.

The react§0n~product, nﬁw‘free from_ipsqlgble matter,

was washed twice more with saturated sodium hydrqgen

JRIT R e -

carbonate solut10n4to ‘bring about complete removal of free

g [ PR

a01d _and then with water untll 1t was neutral Finelly,

1t'Was dr1ed over _anhydrous magnesium sulphaﬁe. ‘The products
obtained were at thls stage generally dark brown, or almost

EE P,

black, opague liquids.
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_Tn el exporiusnts sxcopt Experiuent 9 the following
 procedure wes suployed to asteblish the mature of the reastion
Piooﬁcﬁs; The--dried reaotiOn*mixture was filtered to eliminate
oggnes1un}sulphate dnd then distilled through a fractionating
eyséem@untll measurements of boiling point and refractive

index showed that the distillate was no longer pure carbon

tetrachlorlde (b P 76'7500, nD20 1-4615).

Y P U - e e ~ e

. The fractlonatlng system for thls work cons1sted of a
.haro-glass colum (27 mm. internal bore) packed with f1nely
clivped nickel turnings, and with an effective packing
distance of 75 om. It was fitted at top and bottom with
drip measures, and had a heated jacket to counteract hest
Losses. The glass colum tube was first wound with fine
asbestos rope, over which was fitted a layer of thin copper
fbil This, in turn, was covered oith a layef of'asbGSﬁoe
paper, 1n31de which a control ‘thermometer was fixed at the

FE R R

top of the eolumn, and agaln wound Wlth asbestos rope.

i e b

Counter-wound on thls ~asbestos rope_was the heatlng coil
'conSJStlng oT 10 yards of oxynlchrome re31stance tape o

(25 nhms/yard). This was protected by a further ‘binding Wlth
asbestos rope and lagged on’the out51de w1th thlck pllable |
asbestos. The heater was controlled from a rectified i

215 volt A./C. source with the aid of rheostats.




ngw;fk'iﬁ§olving the removal of relatively large amounts of
solvent.a 500 ml. stll}wggp fitted with a thermowell was |
heated by means of an electrically controlled oll bath.

The still head was constructed in such & way as to allow
§3§£§§}“§§%§épff”througha tap, of the liquid refluxing in
the condenser. The distillation 1 temoerature was measured by |
the insertion of a corrected thermomster into & still-head
thermowell having a mercury contact. All thd necessary
'connections Were wade with ground-glass~joints, and, to avoid
~ losses during lengthy fractionations, a carbohydrate grease
(insoluble in hydrocarbons and carbon tetrachlorids) was

- employed® in conjunction with them.

_ _The column uas tested by the distillation through it of
a standard mixture of normal-heptdne ‘and methyl-cyclohexane.
Compdrlson of the results obtained- w1th the curve of Lecky
~and Ewell (Ind, Eng..Chem. Anal., 1940, 12, 544) geve an
efficioncy valve of 27 theorstical plates. The hold-up of

this COlﬁﬁn:amounted to 14 mls.

N . [ SNV e B e

o For the remOVal of carbon tetrachlorlde from the_reactlon _
product a bomlﬁup rate of approximately 90 drops per minute

was emplqyed and a take-off ratio of 1z 50. After the

re@ovgl of pure carbon tetrachlorlde as descrlbed the r931dual

liguid was transferred to a simple distillation apparatus,

7R
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end rapldly’dlstllled flrst at atmOSpher1c pressure (untll )

the dlstlllatlon temperature reached,l40°C) then under reduced
pressure (about lO mm.) 1n order to _remove tarry materlal B
(Table IT, Col. ~5) ‘The d1st111ates ~were combined, the total
volume belng 80-120 mls.- The product at this stage from N

Bxperinont 2 contained some fres iodine; this was removed
by washing with aqueous sodium thio-sulphate, then water and

drylnl over anhydrous. magnes1um.sulphate.a The recombined

P

. tar-free fractions were then distilled u81ng a second

fract1onat1ng systeuu

B N D - P e - e e

o The -column employed in thls second system wa.s constructed
from a pyrex glass tubs (15 mm._1nternal bore) and agaln ]
flﬂrtteo with orrg‘meesnres._ It was packed over a distance of
80 cm. with 4 om. sinvle turn Fenske helices, and was fitted
with a compensating Jacket similar to that used w1th the B
solyentvcoln@n“elreegyggescrlbed,‘ & stlll-head of the same e

pattern as before was used For use with this system two

ot e e b - -

necked stlll-pots (1n various s1zes) were employed, one neck

carrying e thermowell and the other fitted directly to the
columr. A1l connections were again wade with ground-glass
Joints treated with carbohydrate grease. At first, still-pot

heating was carried out ~using an electrlcally controlled 01l

T e -

bath, but it was later found to be much more satzsfactoryyané
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convenient to employ direct sxternal hating, the still pot
Eégﬁé,@éQPI;Q“?Y'méanéﬁ??“%éasiag» wound with oxy-nichroue
resistence tepe (approximately 150 ohus) and insulated by
 furthor #" layer of mgnesis Lgging outside the slement.
The supply of heat was controlled froma rectified £./C.
source (215 volts) with the aid of fixed resistences snd
rheostats. The efficiency of this column was computed from
results obﬁained'by‘distillap}gg;ofﬂthewgﬁggﬁgfgvgixp&;gww
described Sylde supre.). A value 6f 22 theoretiéal plates

was obbained; - the hold up of the colum was also determlned

and found to be 4 mls.

N When the tar:fpeg product obtalned from_the 51mple .

' dlstlllat;on was subjected to fractlonatlon ‘through the o
system under similar operating conditions to those dascribed
for the removal of solvent, the.first fraction to be collected
boiled over the range 77:2-77-7°C. This, from its analytical
composition, wes apperently s ternary azsotrops comprising
éarbon:ﬁeﬁrachloride, fluorobenzene and a small éﬁantity“of
Abenzene, and containing approx1mately 10% by weight of

lluorobenzene.

L The re°1due in the stlll pot was. then fractlonally
dlstllled unuer reduced (8 mm.) pressure through & third

column. Thlo wa.s 5 cu. in lenmgth, 11 mm. bore and packed‘v
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&itﬁ 4 nn' Eén;ke helicess it had a,heat;compensating'
Jacket as déscrlbed for ‘the- other two columns and was
equlpped with & bullt—ln still head g1v1ng total tdke-off.«
For lover boiling fractions the receiver of this system was
cooled In alcohol-drikold-mixture.

o U;lng thlc column, chlorobenzene was flrst removed ‘
(b 23 22/8 mm) followed by the addltlon ‘compounds as glven.1n
T“blelgllr, ?Pe"9?%9F?P??%GP?IF§§WEQ?}§t}?}9@.FthP%hlthexl~
seme column. st atmospheric pressure and had b.p. 132.5°C/752
mm.dvnm2ol~524éA OnmanalyéisvthiS'gave Cl 3l.4%

(Calculated for 06H501 C1 3155%).

i s e N - - - Gre

N The halogenaﬁcd addltlon compounds and halogenated o
d1phenylc which follow ¢ chlorobenzens in the final fractionation
were tested for unsaturatlon by shaking with
(a)” cold d1Iute -agueous potaqs1um permanganate and
() dilute bromine water. Their refrective indices were

noted, and analyses for chlorine and fluorine were carried

‘?9@%9Wm5199oM9%tw2Ww,Th? ;@@P9?“2r09?$§ Waﬁl%§09?9@_f°r the
analysis of & all ‘reaction _products, ‘with slight modifiea@ions

1n certaln cases whlch w1ll be noted 1n due course. The

| collected data relat1ng to these compounds 1s summarlzed 1n

Table III Only in Experiments 7 and 9 were they obtalned 1n
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quentitics sufficient to sttempt further work with them, but

it was found, hovever, that they underwent decomposition
§§§5;§@?é649?nt attempted redistillation, even under reduced
péeéégrg,_wi@h;thg evolution of hydrogen fluoride and
hydrogen chloride. -

. Bxperiment 9 wes worked up rather differently from
Brperiuents 1-6 in order to see if removal of fers end
aost. addition compounds st an early stege would fuprove
the useful yield by cutting down decomposition. The dried
reaction product, -after the completion of the preliminary
processes, wes ell submitted to distillation under reduced

pressure in & sidple apparatus having two receivers im. geries.
‘The first of these ues cooled in sleohol-drikold snd the
second by means of liéuid nitrogen. By u51ng this apparatus
dll the solvent and lower fractlons were flrst removed (up to
5OOQ/4O mm.)“ After ‘trensferring to & smaller dlstlll;ng N
| VBSQGl, chlpropenzene and-a small quantity - of lower b0111ng
addition compound were collected (up to 40 Q/lO mm) The
oulk of +the addltlon produots were then dlstll}e@ over
(55-106°¢/8 m.) and subjected to block analysis. £ r881dual
reaction tar‘WaS'left behind in the distiliing flaSk.

” The solvent fractlons and chlorcbenzene and lOth0111ng

dddltlon compound were recombined and frdctlonated in the
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wemner descrited before, sxcept that the simple distillation
%0}‘1-0‘-"@?’%_ ,?he removal of pure carbon tetrachloride was
eliminsted. Tt was found thet after the distillation of
chlorobenzene the addition compound remaining ‘commenced to

' decompose in the still-pot. Tt was therefors distilled out
‘without using & column and analysed as a mixture,_

| _Despite numerous efforts vade it was not possible to
obtain any pure fluorobenzene from ththernaryfazeotfope in
which it distilled. It was observed that no separation could
be effected by'dlstlllatlon with the columns described; the
intreduction of other components merely set up further
Comp}l_c.df‘:l oms. Attempted separs ?t,.l,??‘_-‘?}f freezing was also
ansucoessful, as were efforts to remove carbon tetrachloride
as the solid product G Cl,. 28, 25H20 . obtained by passing.
hydrogen sulphide through,the,carbon tetrachloride solution
at h5°G‘in the presenee of the. theoretical ouantity ofwoeoer
(De Forcrand, J. Chem. Soc., 1883, (Abq.), 961) _ Trial
sxperiments .?‘?‘4”?‘?’“?@.@?5“ the pre ?.‘%Q?F‘f%t} on_ 9f,?}?%_s(_ 99‘?‘99@?&'
in the presence of fluorobenzens brought about incorporation
of the lattereintO-the crystal mass.

Fluoyobenzene 1n the azeotrooe was therefore characterlsed

in two Ways, (a) convers1on to 4-4'- dlfluorodlphenyl-sulphone

(Huntress and Carten, J. Amer. Chem. Soc., 1940, 62, 512)and
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(b) conversion into p-chlorofluorobenzene (Varma et al.,
J. Indien Chem. Soc., 1944, 2l, 112). Isolation of the
formerwcompbggdﬂigh$g@gwbat complicated by the presence of

benzene in the azeotrope.

(8). _Preparation of 4-4'-Difluoro-diphenyl-sulphone.

The azeotrope (5 wmls., containing 0-75 gr. of fluorobenzens by
analysis) was treated with excess redistilled chloro-sulphonic
| ?§i¢”§5”@¥ﬁ‘) end meinteined at 40°C for 1 hour in & flask _
fitted with a reflux condenser. —The mixture was then poured
onto_crushed ice, carbon tetrachloride (?les)“W%éﬁééééée;%ﬁﬂ
the organic layer was separated. This was then washed twice
with water and dried over anhydrous megnesium sulphate. l
C%Fben_?e?%%cbl9?3d9MW%§wtﬁ?nW39@9Y¢d from the solution by
distillation under reduced pressure. The oily residus was
dissolved in absolute alcohol (20 mls.) to which a drop of
phenolphthalein indicator solution had been edded. Any ‘
 benzenesulphonyl-chloride (originating frou resction of |
chlorosylphonic cid on any benzene in the ezectrope) was
then destroyed by treating this solution at 50°C with dilube

aleoholic sodium hydroxide solution until it was faintly
elkaline.. The mixture wes then brought to meutrality by the
gyggy?§§m§§§i?¥pg;gf‘very”dilute hydrochloric acid and any

precipitated sodium chloride was filtered off. The filtrate
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was then evaporated to dryness under reduced pressure. The
oroduc’c was then washeddvv“ith Watefr to remove sodium salts and

recryqtalll ed from aqueous alcohol.

L© + 01 802.0H — pO@ +-HCl+H20.

Yleld 150 megr. M p. 9800 . On analys1s found F 14+8%
(C&lCUldted fOI‘ 012H802SF2’ F 15‘0%)0

(b) Prepa.ratmn of p-chlorofluorobenzene.

- o %) 0 8 G P Al e G GR O Gm G % MR G 06 G4 G2 Gu e MmO G Se e

To ~tlf?? ::éze?iczfopé@ M(ZGT;FI%%;.S..* ’ _,.ce‘p’&%i ning é!s_, grs.. fluorobenzene by
analysis) wes added iron filings (0+4 gr.) end the mixture was
placed ima flesk fitted with & reflux condenser. & stream of
chlorine was then meintained through this mixture wnbil the
gain in weight was 1-75 grs. This allowed for the conversion
of the small amount of benzene present into dichlorobenzene.
The product wes filtered snd washed with dilute(2N.) sodium
hydroxide to remove chlorine and acid émpr%'f:i#ies_s.; After
washing with water until neutral it was dried (anhydrous
calcium chloride) and distilled through a small column. The
fraction b.p 129-5 - 130-5°C was collected.

é P 0L, 2 + HEL.
¥ield 252 grs. On analy31s found F 14- 5% Cl 27- 4%.
(Caloulated for 06H4Cl F, T 14- 56%, c1 27- 20%) .
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(i1i) Reaction of Chlorine Trifluoride with Alkyl-benzenes in

Cérbdn‘TéﬁfaCHIofide‘Sqution.

The ‘apparatus used for these experiments was identicel
tb that employed in carrying out the reaction of chlorine
triﬁlqoyide}with benzene using carbon tetrachloride as
sleep@r Iﬁ all expcrlmentq th@ dry dlkyl benzepe (100 gr.)
was dissolved in dry carbon tetrachloride (500 m;,} towwhlch
had besn edded anfiydrous covaltous fluoride (10 gr.) as
catalyst. The reaction vessel was kept at 0°C whilst
chlorine trifluoride (8-9 grs./hr.), diluted by nitrogen
(12 1./hr.}), wes passed in with stirring until the addition

of Q5 mol. per'mbl. of hydrocarbon had been accomplished.

At intervals during the reaction, qualitative tests for |
halogens, hydrogen Pluorlde and hydrogen chlorlde were Carrled'
out on the effluent gases as in the benzene exoerlments. In
all cases hydrogen iluorlde was detected but other tests proved
to be negative. After the required amount of chlorine _
‘trifluoride had been added, nitrogen alone was allowed to flow
for 10 15 minutes to clear the apparatus of Halogens. The
reaction product was then poured into saturated agueous sodium
hydrogen carbonate solution and freed from inorganic impufitiés
inva 51m11cr manner tu tne Droaucto ob alned from benzene

egperlmentu. After drylng over anhydrous magn631um sulphate ‘the

reaction product was in all cases & clear orange coloured
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ligquid. Detalls of the Worklng-up of these reaction products
are submitted below in sectional form.

Toluene anerlmenﬁ

After a trlal experlment had 1nd10ated that the oroducts
of the reaction included unchanggd pplggneuand_lbs_monoflaoro-
~and monochloro; substituted derivatives, it was decided that,
in order to obtain any absolute information regarding such
products whiqh“haye_ﬁheir'bqiling“points_§o close ﬁoge@herg )
it quld:bg'neqeéggry, at legst‘in.thg final~étages,ﬂto_emplgy
a more accurate apparatus for fragtional'disti}laﬁfénthanvany
already deqoribed.' Furthermore, 1t would be'psseptial having
regard to the quantities of material available, for .any such
apparatus to have as low a hold up as possible, thus rendering
packed columns'impractlcable.

A concentric tube frabtlonal dlSﬁlLlathﬂ &pparatus of Lhe
type descrlbed by Naragon and Lew}sv(Analf“Chem,E‘l946,';§, 449)
was therefore constructed. The specifications of this colum;
were:- D ' /

Length of colum = 50 o,
Internal diameter of outer tube (Trubore)“ 840+ 01 mm,
External diameter of innter tube (Pyrex) = 5¢0-1 mm:
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L - . . Sy
ths COLumH was tcsted by the dlstlllablon throual it

uf a standaxd mixture of methyl-cyclohexane and ‘normal

20
heptane. The mixture used had a-value for mp of 1-4165 .
and the mol. fraction of n-heptane was 0-1638 (c.f. Bromiley

and Quiggle, Tnd. Eng. Chem., 1933, 25, 1136).

The colum was used 1n cgnjunctlon Nlth a mantled stlll
pot as described in section (ii), the heating of which was
cqnt?gllgd from a 1 fectified 215 volt A.C. mains source with
the aid of a "Variac" transformer. A charge of 25 mls. was
employed and the systen put into equilibrium (1 hour) using
a boil-up rate of 75 drops per minute returm fo the still
pot. DisﬁillationAwas carried out using a take-off of _
1 al./hr. end values of mp Were taken st intsrvels of 1 ul.
£ 09ryg”plppt1ng vqlgmeww distilled against m@l.rfractipnf%
of normal heptane wes drawn with the sid of the refractive
index data df ‘Bromiley and Quiggle (loc.Aéit,) and a valﬁe
for the efflclency of the column was obtained by comparlson
with the curve of Iecky and Ewell (&nal. Chem. 1940, 12, 547).
The distillation curve is shown in Graph I, and the efficiency
valvetwas computed as 38 theoretical plates. The operational

holdnup of the system was found to be abproximately'l-B mls.
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Theméqlumn;W?suﬁhen;emplored”touinV€S?iEﬁﬁ? the =
Péééiﬁili?y,qf seperating ortho and para- chloro toluenes
by fractional'distillation, Speclmens of pure ortho and
para chloro Loluene Were obtained by dlstlllatlon of qtock
reagents through the 22-plate Fenske- hellx-pdcred column undex
atmOQpherlc pressure u51ng a b011u0 rate of 90 drops per
winato-and o take-off rate of approximstely 1 24, By taking
oentre“cut S, O;chlorotoTuene b.p 158‘900, néo 1+5261 and
p~ch10ronoluene b. P 162 C n%g l 5211,.were obtalned mﬁ
stlll ‘pot charge of 2p mls of a BOV'by volume mixture of these |
two compounds waLs employed ‘and submitted to dlqtllldtlon through
the column under the same cgndltlons as the standard platage-
determining ?Xrer}méﬂt»..resultsaobta¢n?@ gave rise to Graph IT.
in which values of n%o are plotted against % by volume distilled
| over.‘ ' "
- It was observed that, though pure ortho and para
chloro toluenes Were_obﬁainablg\aﬁ the bgg;nning'and end of
the distillation, the‘intermediatenfraction_exceeded 50% by
volume of the total distillate. In order to see whether
reduction in the'ﬁake.off rate Would improve the separatioﬁ
the distillation was repeated w1th a 16 ml. still pot charge
anq a take off rate of 0- 5 ml./hr.‘ The results obtained were

plotted in Graph IIT and it was seen that though the
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éeparaﬁion was slightly sharper the intermediate fraction was
still about 50% of the total.

It was therefore decided that sbsolute separebion of the
isomers from the reaction product could not be achieved by this |
means, but that characterisation of extreme fractions should
be possible. Ls ce;tain}dis@illgtiqgsﬂin subsequent ﬁqu{werg
to be carried out under reduced pressure one farther experiment
was comploted with the stendard mixture (50% by volume of each)
of 0- and pchlorotoluenss. This involved the attempted
fractionation at 14 mm. pressure, the“gélgmnﬂsystem.being"
slightly modified to include (a) a three-necked mentled still
pot carrying a fine capillary air-bleed in addition to a
thermowell and column connection, and (b) a device of the
'Perkin triangle’ type to permit change\of}d;gtiilaﬁe receiver
without alteration of the eduilibrium;conditions through the

column.

. 'USing;a bgi}up;yate_of‘éQ drqps‘per minute”and awtake;l
off rate ofwlﬂml./hr,, figures Were_obtained‘frsmvwhich
Graph IV was plotﬁgd. The. boiling point ranged frém .
54°/14 mm. (ortho-) to 575%0/14 mn. (pere-). The seperation
was rather»lqssheffggtivg ?han the atmospheric preééﬁ?g

distillation, spproximately 65% of the distillate being
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collected as intermediate fraction.

The reuctlon prOdUCb 1rom the toluene exneflment with
| chlor1ne trlxluorlde was first submitted to distillation under
reducdd pressure in a simple apparatus having two recelvers
in ssries, one cooled in aleohol-drikold mixture and the
, second in liquid nitrogen. A first.fraCtion consisting
malnly of solvent was dlSBTIIGd at temperatures up to |
50 0/40 mm. The residual liquid was transferred to a smaller
dlStlLlln flask and the second fractlon consisting malnly of
tolupne apd substltutlon products, together Wlth . little

lower-boiling dadlthn compound was dlstllTed up to 75 0/10 mms

these two fractions were then recomblned.

~ There then dlst lled unutable ‘addition comoound as a
viscous o0il b.p. 100-160 G/lOmm. (see Table IV, Col.‘B),
leaving a black tarry residue (see Table IV, Col. 4).
Immediate analysis of a specimen of the addition compound gave
Cl 25°5%, F 12°8%. (c.f. celeulated for CoHgCl F, G1 24" 2%,
F 15 0%). -

The recombined first fractions wsré freed from moét_&f_

the carbon tetrachloride by distilletion throvgh the solvent
column undgy similar'pppd;tions‘to those described fé? béﬁzeﬁé

experiments. The remaining liquid was distilled under the same
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6§e£a£iﬁg condifiﬂns through the 22 plate éolumn éacked with
Fenske hellces and gave ‘rise Tirst of all to carbon v
t@tTdCﬂlOTlde b. p._76 8 C nja4; 4614. Cent;gu@t;pp‘of;thew
distillation gave a fraction b.p. 110-1170 containing toluene"

and fluorotoluenes.

Aftﬂ} he~e flactlons had oeen co;lnc+ed,‘the V@Sldual
quuld‘wa?‘dlstllled through the ‘same column under reduced
(12 mm.) pressure Wlth total take off apd an operatlonal )
uhrou&hpuu 01 approx1mately 5 mls/hr. This dlstlllatwon gave
first of all a smell fraction b p. 38 Q/12 mm, n%g I 4916
which ana}ysa@ﬁaS‘C7H7gM§Found le7~1%, Calculated F 17-28%).
Ituhgd b,pt“%BQ?Q/7§O‘mmt“gnd_Was therefofe conclﬁded to be
b@ﬁzylgflqgride. ‘§ubsgégsntly':'m1xture of chlorotolueneq )
b. p. 52;5??G412 mm. wes obtained. K residue left in the still
pot st this stage (ses Table IV, Col. 9) was assused to have
| g;?ésﬁ from lower-bolling addition compounds which did not
survive these distillation processes.

mhe mixture of toluene and fluoroto;uenes (27 2 gr.) waé
| submltted to distillation through the conccntrlc tube column,
w1th a b01l-up rate of 75 drops per mlnute,_ nd a take off

rate of 1 m]./hr.‘ From results obtclned a graph wa.s plamted

20
comnecting fiy with the volume % distilled over (Graph V)
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in estimate of the total amount of fluorotoluene in the ‘
mixture had already been obtained by fluorine analysis (see

Table IV,'Col. 5.).

Bj thls _means tolucne (b p. 110 C) of Dunlty glven by :

030 14966 to 14955 (11 mls.) wes first distilled over and
collected. The. fractienation then gave rise to an 1ntermed1ate
020 1-4949 to 1-4755 (14 uls.) and & third fraction
- (fluorotoluene mixture) having ngo 1:4743 to 1°4715 (3 5 mls.).
4 specimen of the latiser having nSQIH4715 Wasuang;yﬁed‘and_w
gave B17-1% (Cale. for C H.F, F 17-28%). Oridation of this
thlrd'frdCtISﬂ with agueous potassium. permanganaﬁe gave rise
to a mixed fluorobenzoic a01d m.p. 158 C (c. f.‘ortho-
F. 06H4002H‘m p. 122°, meta- mp. 123° and para— M. p. 18° C)

7 Dlstll;&ulon of the chlorotoluene mlxture (22 l grs ) was
, alSO effehted through the concentric tube column under the
same opersting conditions as for the toluene<fluorotoluene
mixture. The course of the digtil}atiopwwasJfollowed_as
before and ‘the results gave risé ‘to Graph VI. From. ihi;

1ract10nat10n Lhree m81n lractlons Wﬂre obtolned Vize-
20 - o

(a) O-chlorotoluene, b.p. 159 C ny- I 5261 to 145260 ... 4 mls.
(b) Intermediate, n%o 1-5258 to 1*521 S ceeddd mls.

(¢) p-chlorotoluene, b.p. 162°C go 146212 to 1-5211 ..4"5 als,
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Identification of the fractions (a) end (c) was completed

by analy31s and 0X1dau10n.w
(a) gave C1 27 9m (Cale. for C7H7Cl Cl 28- OG?) Qnd on
p;;dap;onAwyph gqggoqs‘potass;umupgrmgnganate”gave an_acid

(1 O 1410, mixed m;p.xwith O=-chlorobdnzoic acid 14100.

fb) gave C1 28° 0k (CalC. for C7H7Cl Cl 28° 06%) and by
' pprmaqoandte oxidation gave an ac1a m. Pe 2410, mixed m.p.

with p-chlorobenzoic acid 241°¢0.

3 e TR R
~ The absence of any m-chlorotoluene (b.p.-lGl'B-C

nD l 5925) 15 conflrmea by the abcence of 1rregular1tles
1n the dlstlllatlon curve (:ee Graph VI) “and uhe fact that 1t
was p0881ble to igolate pure head and tail fractlons from the

‘ ,dlSt.lllc‘.;c. !

‘BEthylbenzene Experiment

| _ihe method used in working up the products of this
experiment wasA;dentjcalvwithtthathused’in”the analogbus
case of toluene. Unstable ad@ition comppundsﬂ(see Table IV,
Col. 8) were removed (b.p. 85-%59 C/10 mm;) in the primary
distillation as was reactlon tar (see Tdble IV, Col. 4).
Immedlaue analysis of & 2 sample of the dddlthn product gave

Cl\24‘0%; F I1°2% (c.f. Calculated for CSHiOCl'F’ Cl 22° 1%,

. 113,




FLL.gf). The rest of the resction product was freed from
carbon tetrachloride by fradtional distillation as in the case
of toluens and subssquent fractionstion through the 22 plate
coln@n gave?“neing a ?oilup of 90 drops/min and take off :
ratio of approximately 1 ¢ 30, a fraction (31+3 gr. ) bop.
156~140 C containing ethyl benzene and Fiuoroethyl ~benzenes.
Continued fractlonatlon throuch the same column under reduced
pressure, u;lng total take off, as 1n the to1uene experlment,

&eve a mixture of chloroethyl-benzenss (19 8 gr.) b.p. )
66-70 G/lO mn. and left a still pot residue (see Table IV,
Co0l.9.).

_ The mixture of ethylbenzene and fluoroethyl-benzenes
was submitted te fractionation through the~concentric tube
column .under the Condltlons uuea in the corresponding 7
dis tlllatlon of the toluene-fluoro&oWuene mixture. Apter the
removal of ethyl. benzene (o o. 156 C) of purity leen by
150 104959 to 14945 (19 mls.) the residusl Liguid vas
analysed and sn estimate of the total fluoro-compound
present was made (see Table IV, Col. 5). The fractionation
Awes,centinned‘endAfrom"pne results;@raph VII‘wasweenstnucted.
It was not, however, peesinle to isolate any fluoroethyl-

benzene in a pure state.

/
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The concentric tube column was agalin 6mplpy¢d:und§r the
seme opsrating conditions to fractionate tite mixture of

chloroethyl -benzenes. This fractlanatlon gave rise to. -

(a) O-chloropthylbenzene bep. 179¢ 5 C, nSO 1-5214 to l 5216

cecanes 4-mls.

(b) Intermedlate nSO l 5211 to l 5180 i wiveses 6 mls.

- 20
() p- chloroethylbenzene b.p. 184-5 C, nD l 5176’to 1.5175

.. tuesees Gonmls.
The distillation curve for this fractionation is given by

Graph VIII. : . . y _ L

The 1d@nt1tze° of fractlons (a) @nd (c¢) were confirmed by
-analysls and.oxidatlon as before. _ “.‘”

(a) gave Cl 25- 2%, Calc. for CSchl Cl 25- 26%, on
permanganate oxidation it gave an acild m.p. 141° s leGd e P

- with O-chlorobenzoic acid 141 C.

(c) gove Ol 25-2%, Oale. for OgfgCl, C1 25-26% on oxidation
(KMh04) it gave rise to an acid m.p. 241°, mixed m.p. witﬁ
p-chloroben401c acld 241 °c. S

Inspectlon of Lh° dlStllldthn curve ev1dpnceé the @bsegée éf

any m-chloro derivative (c.f. toluene experlment).



0umene' Xperlment

The reactlon product Wa.S worked up by an analogous
brocess to those already cited for ethyl benzene snd toluene.
Unstahld addition préduct (5 P 88-11000/8 mn.) and reaction
tar were removed at the outset (cee ‘Table IV, Cols. 8 and 4
ﬁespeqt;veky}._ Imrediate analysis of a specimen ofﬁthe
zddition compound gave Cl 2 6%, F 10°1% (c.f. calculated
for CngzCl F, 01 20°3%, F 10- .

- After removal of the solvent fractionation was carrled
out hrovgh the 2§_plate,99%?@?‘unﬁerpr?ducedvgréssuré<u$135
total take off With a throuvhput rate of aboug 3 mls/hr; as
in previous prexlmlndry frdctlonatlons ut reduced pressure.
'Thls ‘gave rise to a fraction b. p.}43-&9 C/lO . (41 2 gr.)
con51st1ng of cumene and fluorocumene (s), and.also &
ch}o;qcumggg fraction b.p. 75f78_Q(lO mm. (22-2 gr. ), leavxng
a small residue (see . Table IV, Col. 5).

. The mixture of cumene and fluorocumens(s) was fractionally
distilled through théfboncentric ‘tube column at atmospheric
pressure under the normal operatlng conditions as _préviously

20 |
5 1-4910

to 1-4896 was removed (35 m}s,},wgnd a sample of the residual

- described. Cumene (b.p. 152 C) of purity glven by n

';iqqi@4wg§_apaly§§qwin_order to give an estimate of the total

fluorocompound present. The distillation was continued and

<117,
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the results were plotted (see Graph IX). It mes not, however,
possible 0 isolate\any fluorocumene free from cumene.

o The chlorocumene Lractlon was submltted to dlstlllatlon
thfoubn the concentric tube column under reduced pressure
{lﬁ mm,) w1th a b01lup rate of 48 drops per mlnute and 8 take
off rate of 1 ul./hr, The distillation curve fron this
fractionation is shown.in Graph X. The.process gave rise to

2 mls. of lidaid B.p. 8000/15 ma, n%g 1-5102 to 1'3111‘;1"
1(5120f _Th;sdlattq; was characteglsed oy.analgs;gm(?ougdum
. CL 231%, Calod. for Ogffy 01, C1 25°GF) end oxidation bo an
20id m.p. 241°C which had an unchanged m.p. when mixed with

p-chlorobenzoic acid. The first ?faction on indatibn gave. anm
acid m.p. 2%6 Wﬂlch arter 2 rectystalllsatlons rose 1o 441 |
and gave a{m;xed,m,_: of 341 C with p-chlorobenzoic acid.
I?”se?mSW?O,?9,hieﬁIY1p+°9¢b%eﬂth%?”thls,fr?ct%on,Was,al%O -
p-chlorocumens, hut thet it conteined traces of some impurity

which depressed the value of the refractive index.

+119.




(iv) Reaction of Chlorine Trifluoride with Halo-benzenes

in Carbon Tetrachloride solutbion.

B e e e . . e PR

Fluorobenzens was prepared from aniline as described
by Flood (Org. Symth. (Coll.) II, 295). Experiments using

chlorine trifluoride were carried out in the same wey as

of the reactions gave positive results for hydrogen chloride.

 More copious evolution of hydrogen fluoride was observed in

the case of fluorobenzene than with any other compound
studied. Preliminaxy working up of the reaction mixtures
the products, after drying, were transparent orange coloured

liguids.

Chlorobenzéne Experiment.‘
- Distillation to remove resction ter end addition
compounds (Teble VI, Cols. 4 & 8 respectively) was carried
out in & simple apparatus as for the experiments in the
preceding section. The addition product Was rather more
stable than the corresponding products’ obtained from alkyl

berzenes, and it distilled at 88-92°0/8 mm. without

b 120-




deéompositianfv It had nSO L 3172 dnd on analysis gave

CL 46+3%, F 15:2%. Suall'quentities were found to
decolqgrisé_aéggggs potassium permanganate and bromine Water,
and from anslytical flpurec it seems possible that 1t was a
mixture of G6H5012F (C@lc. Cl 42- 6%, P 11-4%) and

C H5015F? (Calc. Cl 48°2%, F 17'2%).

... [Uarbon tetrachloride was removed from the reaction
product by fractionation first.through the solvent column,.
and subsequently through the 22 plate helices-packed column
as in previous experiments. Contimuation of the distillation
through the latter colum gave a fraction (327 gu; Dep.
-l@@«lBBOC) containing chlorobenzene and chlorofluorobenzens.

The product which remained was then distilled under reduced

pressure through a hard glass column 85 em. in length, 14 mn.

internal bore, packed with 4 mm. single turn Fenske helices

and having a compensatory hesting jacket as described for the
_other packed columns. This colum had & built in still-head
giving total take-off, and was uéed in conjunction with a
mantled still-pot Using a throu:hput of 2 mls./hr.
Iracflnnatlon gave. rlse to_.-m.

(a) 38 7 gr.,p-dlchlolobenzene b. p.}62 C/lG mn, m.p. 55 ¢

(solldliles in 1ece1ver). On analysis this gave (1 48'3%

.121.




(Cale. for CgHyCly, CL 48-3%). A mived m.p. with a

oy 0
specimen of pure p-dichlorobenzene was also 03 Cu

(o) 2-1 gr&“o%@ichlorobenzéne b;p.;QQQC/lo mm, n50175511.
- Analy@is:%‘wfoundﬂQ}”48-2%,lCalc._for_06H49123wC} 48-3%‘ ’
The b.p. wes determined as 180°0/755 ms, and £.p. =15-5°C.
Wﬁtb qfégmple_Qf”ofdichlqrobénzene f.p..-l6-500 a mixed

fop. of -ISOC was observed.

(c) An undistillable residue remained in the still-pot
(Table VI, C0l.9).

- The mixture of chlorobsnzene and chlorofluorobenzene
was submitted to distillation through the concentric. bubs
colum after analytical determination (01 282, T 7-95%)
to arrive at the amounts of fluoro-compound and unchangsd
starting maﬂgrialApresgnt in the mixtaray(see(Table VI},"“
Using a boil-up rate of 75 drops per minute and e take-off
- rate of 1 m}h/hr. results were obtained from whichrGraph”X;
was plotted. The distillation gave rise to three fractions:;
(1) ?:mls;{ nﬁo 1-5010 - 1-5055, enriched in chlorofluoro-

compound. o

(i1) 9 wls., npy 15065 - 1+5148, intermediate fraction.

122,
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(i) 8 mls., nDO 1'5155 - lf5173, enriched in chlorobenzene
The fraction (1\ was recycled tarough' he conceﬂtrlc tube
column under the same cona;ilong‘as befg;eivthe>r§su;t§ be}?g

plotted on Graph XIla. This distillation gave two fractionsi-

(iv) lf@lmlsﬂ,.ngoy 1. 4967 - 1. 4972 p-chlorofluorobenzene,
b.p. 129~80Q/754 .

- . 20 . - . - . RO -,
(v) 6 O mlb » D 1 4978 - l 5085, m1xture of chlorofluoro~

~benzene and’ chlorobenzpne. .
On analjol frdctlon (1v) gave Cl 27 4% F l& 4%, calc‘ for

06H4Ll ¥, Cl 27'2%, P 1455%

To fractlgn (111) was- added 4 mls Du{g_o;ﬁioh;bgobgngqg o

(b.p. 180°C) to act es distillate cheser and this mixture was

submitted to distillation through the concentric tube colum

as before. The results of this fractipnaﬁipn are plotted in

Graph XIIb, two fractions being collected :-

(vi) 60 uls. m, 1-5098 - 1-5225, mixture of chlorobenzene -
and p-chlorofluorobenzene |

(vii) lehmlfin§Q1f5237'f 1- 5243, chiorobenzene,
bip. 132-2°0/762 .

On analvs1q iractlon (v11) gave Cl ul 4%, calc. for C H‘Cl

65
Cl 51 557
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' The absence of ortho- and Qe@aichlorofluorobenzenes B
(b.p.'s 1876° and 127-6°C respectively) from the reaction
mlxture is confirmed by the absence of irregularities in the
d]etlll@tlou curves and the b?l}lﬁg points dnd refraotlve

indices of pure extreme fre ctlons. (bep.’ S 129+8%and 132+2 C)

Fluorobenzene fperlment

The reactlon broduct was dealt w1th 1n an 1dent10al |

tar‘and dddltWOn products belng removed in nrellmlnary -
e;sﬁ;%ley}epe:MESee‘Teble V%} Addlulon nroduct wa.s collec+ed
in two fracﬁione from the simble dlstlllutyopi phe\lower»
b0111rg fraction oelng the more stable. “These were =
() 2-4ers bp. 63-67°0/10 mn; n30 1 465,

fnalysis gave CL 27'1%; 30 O

(6) 97 &r; bp. 90-135 °6/10 s SG 1-5155 L
Analysés{gayeﬂbl;gluz%; P 26 «4%. ‘This fractwon decomposed
after standing for 1-2 days.

Specimens of fractions (a) and (b) were shown to decolourise
aque ous pOtdSSlum permanganate and bromlne water and analyses
show a halogen content comparable mlth that of the. cyclo-

‘hexadiene derivative C6H5F201 (Calc. C1 23° 6%, F 25° 3%)

.126.




- Solvent, which wes removed in the same way as for the
c@%q;ob@ngéne eXperim§nﬂwwas“ggfbgn;teﬁrathqriderof_pgg;tyx
given by nf) 1-4615 and anzlysis gave Ol S1-9% (Cals, for
(€ Cly, CL 92.28). Neither unchanged fluorobenzene mor
difldorobenzene were tracsable in this.solvent fractiom,
Subsequent fractionstion through the 22 plate colum gave
only ghloroflqorobeﬁzenehb,p. 120°¢, leaving & still-pot
residue (Teble VI, Col. 9). '

. ks & check, the chlorofluorobenzens fraction was
distilled through the concentric tube column with a boil-up

of 75 drops/imim. -and take-off of 1 ul./br. It distilled

, 20 '
umif@rmly‘at }5Q?GWand»haduvalues of ﬁg, from 1-4960 1o

1+4964. Analysis gave Cl 27-0f, F'14-7% (Calcd. for
CeHyCl F, CL 27-2%, F 14-55F).  On the besis of the

’ physigalnpygpert;gsvthe fraction was'concludéd to be pure

p=chlorofluorobenzene.




InvesﬂigatiOHS“on‘the'stability*of'p~difluorobenzenef

-Dlxluorobenzene Was syntheulsed from p-nitraniline by the
series of 1eac510ns outlined below :-

NHp ~ooo oo o N28F4 S F

Diazotise-in ' Heat-with _
g HBF4 soln. > g sand ;

 No, (1) NOo (11) NO5

Reduce>with ~
Sn+ HC1
(ITI)

¥ o 7
_Heat dry. dlazotlse in
) HBF4 soln. O

Foooan NoBFy  (11D) NHj

References - (I}  Starksy, Org. Synth (Coll.) II, 225.
(I1)  Schiemenu, Ber., 1929, 62, 5041.
(ITI) quker'andLStarkey, J.Amer. Chem.Soc. ,
1939, &1, 3005.
By g$e>of>th§§evpr9qe§se§ 55@ grr_penitranilineAyielded 17 gr.

redistilled p-difluorobenzene b.p. 8900, n%@ 1-4420.

1B,
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D1f1uoroben3ﬂnm (4°u2 2o ) was dlbuOlVed 1n carbon - -
teﬁracniorlde (78 64 g.), The mixture was shaken w1th aque ous |
sodium&bicafbdnate soluﬁlon, then Wlth water untll neutral, '

and dried (anhydrous Egu04) It was then QlSt’lled through

the 22 plane column u31ng a 0011-up of 90 drops/mln. dﬁd -
take off apprOY1mately‘l - 30, Distillation occurred unlfonmly :
cat 77 4 ¢s.lsaving. no reoldue.“ Analysis of the dlstlllate '
gave Cl 89'F£, F 1 G% (Calc.‘for original mixture Cl 89+ 6%,

E;Q;?T%Q; It 15 uhUS _seen than p-dlfluorooenzene dlSSOlY??
in_carbon fetrachloride is stable to hydrolysis by aqueous
bicarbonate, and that i% interdistils azeotropically with

carbon ﬁetrachloride; i |

)

‘Stabmty of p- C6H4I+2 in 0*6‘14- to cold dilube alkeli.

...-—-._-_»n—.-un-—.-.--.-—-.——-v.u--..._....on-.u..—-.._-—-n-.u..—-..-.-_-.-».-....-.»--

p- leluorobenzene (O 4 g.) was dlsqolved 1n carbon :"

| tetrachTerde (256 ml.) end to the solution was added Q1 N -
NaOH (50 ml.). The mixture was continuously shaken at 20°C
and 5 ul. aliquobs of the aqueous layer were titrated with
s@apdayduagi@‘gﬁqhélf-hourly intervals. ‘ﬁfter_? hours. the
titre per aliquot had fallen by only 005 ml. of 0°1048 N
hydrqulpriqv§cidwgh?wing that hydrblysislwas negligibié ;gdef

the conditions described.
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mtahlllty of- p- 6H4Fé in: 014 to anhydrou a01d gases.

ggggtyQQQ f{pm:uﬁm ?bQY?“(5 mls—) we.s saturated at 0° C with
anhydrousqhyd;gggn“chlori&e The - m1xture was qtoppered )
@@Wv@%wmﬁﬁamﬂw@@wmhwnIfWNmH
Waghgd:w;ﬁh aéggoushgoéig@“pio§rb0na@e, then Water untll o
neutral @nd'ariel (énhydrous Mg 004) A?ter redlatlllutlon
analysis gave Cl 89+ 4%, 1. @%, ‘the mlxture of organic

prafiucts apparenu;y'belng undmanged.

Azeotrope (5 mls ) was saturated w1th anhyarous hydrogen
fluoride at 20°C, and the above experiment repested. Unchaﬂgﬁd

azeotropé (found Cl 89<4%, F 1-0%) was again recovered.

..“

.--_.-.—--..—-—.-—.—.‘—-—-.--—.‘—.—.-s-u-m—-..--—-.——a-.—x——-....._..-.—_-.,—-_..-_——-..—-.---

p= leluorobenzene (14 g.) was dlssolved in carbon tetrachlorlde
(250 mls.) and anhydrous cobaltous fluoride (2 g.) wes added.
Chlorine trifluorids (6 gr.z 0°5 mol.) was passed in nitrogen
(12 L./br.) st 0°C over & period of 14 hours. Copious -
eyolution of hydrogen fluoride was observed during the protess,
but tests for hydrogen chloride and halogens in the effluent
gases proved negative. The resulting product was washed with
aqueQus sodipm;biqa§bo§ate,‘theﬂﬂwiﬁ@vW§ter gﬁtil pguﬁral,

and ‘dried (anhydrous MgS@é). The product was a deep-yellow




coloured liquid. Most of the carbon tetrachloride was -
removed by distillation through the solvent column under the
normal operating conditions. The last 20 uls, was
fractionated through the 22 - plate heliceq~packéd column
under tne same cond1t10n5 as fOL the u6H4F2 - C C14 |

azeoprggsﬁ‘ Nhen all Cdrbon tetrac lorlde had ‘been removed
thgwresidueMampuntgqﬂﬁq_gnly 0-42 gr. of undistillable matter.
This decolourised aqueous potassium permenganate and &
specimon‘on immediaﬁe analvsis gave'Gl ZG"ST, F 11’55%,V“
The carbon tetrachloride distillate had nZO 1-461z. and on

A D
amlysm gave c1 92 1% (Calc. for ¢ 014, C1 92-2%), vamg

that noe fluoro comoound Was contalned in 1t

1




(v) Reautlon of Ghlorlne Trlfluorlde'W1th Perhalomethylbenaene

Iu‘C‘rbgn“Tetrachlarlde'solutron.
The chlorine trifluoride emperiments were carried out
in the same Wey as for investigations with other substituted
benzenes (see sections (1ii), (iv)). The exit gases contai ned
as befors hydrogen fluoride'but no hydrogen chloride or
»@aluggng,u Redctlon products were freed from 1norganlc .
impurities by the general method (described in sectlon (11))

‘and, after drying, wers transparent, yellOW'llqulds.

Benzotrlfluorldp‘ Experiment,

| Remova] of reaction tar and addition compound (see

Table Jll) frum the pruduot was brought about by simple L
dlstlllaf101 under reduﬂcd pressure as described lor prev1ous
GXPErFQGQES:J The addition product distilled at 63-88 C/ 4 mm.
and was similafwin nature ‘to that obtained from'chlorobenzene,
It dec urlsnd aqueous ‘potassium permangenate and bromine
water and had néo 1-4352 5 on analysis 1t'gave 1 lB-I%,‘

F 37"6%. This compares with C1 17*7%, F 37° 954 calculated
for the cyclohexadlene d8T1Vau1V8 C7H5Cl F4.
@ll&ht modlflcatlon was necessary for the hdlogen

analysis of benzotrifluoride and benzotrichloride derlvatives

<132,
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by the sodium fusion method. To ensure complete conversion
to sodium halide it was essential to fuse for 2% hours at

750-800°C.

_ After the removal of solvent from the reaction.product

as 1in pr@vaous uxpvrlmentu, fractlonatlon throu 'h the 42

plate hellces-packed column gave rise to :-

(1) v“ctwon dlbbllllﬂ& 100—104 C ?1 4 g.) whlch was a
m%xt@r6_9faf%%@??benzﬁttaﬁ%U9r%de with unchanged
benzotrifluoride. nalysis gave ¥ 41:5% whence it was
estimated that the mixbure contained 13-2 g.

}benzotriflubride,and 8'2 g of fluoro~derivative.

(ii) ractloq dlsullllna 156 738 C (26‘~ g;); containing
chlolo Pnaotrlfluorlde.
7 ﬁractlon (1) dlqtllled unchanved tqrough the concentric
tube column at 102- 600, having n%o 1-4076. Hydrolysis
of & semple by refluxing 6 hours at 150° with 808
sulphuric acid led only to-the formistion of a mixture of
ca{bqulicvggidsi:@.p, 108°¢ (p;obably mixed benzoic aﬁd

fluorobenzoic acids).
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Fractlon (11) dlStlLl&d unchanped Lhrougn tne concpnurlc
) 20
tuoe column at 158 5 C, hav1nﬁ np 1 4464—1 4467 Gn .
aﬂa]y31s 1t gave ¢l 19 5%, P 51 7% (Calc. for C7H4Cl FB’

Cl 19-66%, F 31: 58”) On hydrolj31s by the method described
above a sample of 1t gave an a01d . 0.1156 Cs mlxed meltlng
point with m-chlorobenzoic acid m.p. 156 C. TFraction (ii)

was therefor4 concluded to be m-chlorooenzotrifluoride.

Benzotrichloride Experiment.

 As in the previons experimenty reaction ter snd addition
9ompounds<(see Table VII)“were remgye@prfyfslimingry;;eduqed
presgsure dlstlllatlon. The addition comnound’boiled in the
range . 145~155 C/lo mm, had nDG 1-5552, and on analysis gave
CL 54'2%, F 13-0h It is seen from analytical figures that
this had an sversge composition of about thras "additionsl”
halogen atoms per molecule.df benzotrichloride.

(c.f. C7H5014h, Celc. Cl 56 8%, T 76%; C7H5ul 5 Calc.

c1 49+ 3%, F 14 2%, C7H4Cldﬁ2, Ca‘c o1 5 O, T 14 2%,

07H5015F0, Cale. 01 56+ 2%, T 12 Eﬁa Furtheraseparatlon of

the mixture of addltlon compounds dld not prove p0531ble.

After.ramoval of solvent by methbds'previously'described

fract10na+1on of the product remeining was carried out through

.14,




the %ﬂllﬁGQ~pacxed reauced oressure column dPSCfled 1n
connectlon w1th the cn10fobenzere experlmmnt (sectlonxlv ).
Under similar conditions to those described there,

fractionation gaVe rise to i~

A ‘ 20 . . L
(i) Frcctlon (l 2 5.) b p, 65 b/8 mm.,_nD 1 ul/O This had
b.p. 178 Q/”bO mm. , end gave on analysis Cl g9 6%; F 10" 7%

(b&lC. for C7H C1,F, C1 39:66%, F 10- 61%. deroly31 of a

57737

Qdmple w1tn sulphurlc aCld (dens. -1 853 by Aeatlng at 7@

% hour, led to formation of-an scid m.p. 122°, mixed _':’,ﬂ?l.’fflfn%
boint with benzsic acid 122°C. The fraction was therefors
concluded to be Benzodichloroflubridé.

(14) Fraction (530 g.) b.p. 91-96°0/10 mn., which was &
mixture of, bérzotrichloride and flvofo‘derivative;_ Analysis -

'p?yewgl 52 4% F 2 67, Whencc the amount. o? fluoro- compound was
assessed at 15- 4w%:~and unchanged benzotrichloride 576 g
This ‘fraction distilled unchanged through the concemtric tube
column, b.p. 100:5C/16 m., ng. 1-5507. Hydrolysis of
sample by refluxing with an aveous suspension of caleius
fcarbonate as described by Sohiemann and Baumgaften (Ber.,
11937, 7054 1419) gave rise to a mmxture of carboxylic a01dé

e P 104 C, probably containing benzolc,and fluorobenzoic

acids.

. <135,




(i11) Fraction (17:0 g.), bep. 120°C/10 mm, which was.a
mixture of chlorobenzotrichlorides. On distillgtion through
the concentric tubs column it was recovered unchanged,
b.p. 125°6/15 mm, no. 1.5717. Eyarolysis of a ssmple by
the method described above gave a wmixture of chlorobenzoic

0
acids m.p. 146 C.
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