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1. Introduction

Hexafluorobenzene [1, 2, 3, 4] and othar highly
fiuorinated benzene derivatives [5] hove been syn-
theeized in recent yoars by soveral methods. These
substances are very inert chemically and extremely
stable to beat and radistion 18, 7, 8. Hexafluore-
benzene has net, to date, heen reported to react with
electrophilic Te ta. Exveedingly drastic acidic
conditions have been required to halogenate further
tetrafluoro- and pentafluore benzene %, 10, 11, 12].
Hexafluorobenzene will add chiorine [1, 2, 4] and is
readily attecked by free radicals [13].

Like hexachlorcbenzena [14], hexafluorchenzene
would ba expected to react with bases. Strong nu-
cleophilic reagentz will displace fluorine from the
aromatic ring. The strong induetive effect of the
electronegative flucrine stoms should Eemducﬁ hjﬁhl_}'
pogitive ring-carbon atoms. Unlike hexachlaroben-
zens, which is & high-meiting solid poorly soluble in
crganic solvents, hexafluorohenzene is a liquid and
is soluble in many solvents. Henee, the latter com-
pound readily rencts with many bases in apptropriate
solvents, Under pressure at elevated temperatures,

usous systems have alao been waed sueceasfully
with hexafluorobenzene.

The reactions of hexafluorcbenzens and many of
ita moncsubstituted derivatives with various nueleo-
philic reagenis will be deseribed in this paper. The
chief reagents utilized were alkali-metal hydroxides,
alcoholates, amines, snd organolithium compounds.
In peneral, thess reagents replacs fuorine i prefer-
ence to bromine or iodine, for axample, in reactions

q-rltﬁgﬁd o Tesearch soppoeted by the Eoreau of Hevel Weapone, Departoent
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with bromo- and iodo-pentafluorobenzena. This i=
in accord with previcusly observed results on nuecteo-
philic resctions [15, 16]. With 1-chloro-3,4,5,6-
tetraflucrobenzene, the chlorine atom can, hewevar,
be replaced preferentially by a hjrdmﬁan atom {17].
The reaction i3 carried out with hydrogen over a
palladium catalyst at 280 °C, ) )

Many of the reactions studied are informative of
the directional effects ereated by groups other than a
fluorine atom in an otherwize complately flucrinated
benzene ring. Very mesger information of this
nature has Eeen available previous to this work.
Nuclear magnetic-resonance spectroscopy was used
as the primary method for determining moleculor
atructure. Infrared spectra, particularly in  the
near-infrared, were also of assistence in determinin
structure, especially in the casa of the orfhe hydroxy
compounds.

2. Beactions of Hexafluorcbenzens

2.1. Beactions With Hydroxidas

I hos heen found that polyfluorcaromatic phenels
can be prepored readily by the following iype of

reaction:
r F F F
MG
F —= X O
x@ mhﬂm Q

whera M is any alkeli metal and X is & fluorins atom

or some other substituent group. The product iz
often the par¢ isomer, but mixtures of isomers may

aceur.
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In our earlier work [18], pentaflucrophenol was
propared by refluxing hexaflucrobenzene with potas-
gium hydroxide in pyridine, which was found te be
an effaclive solvent for this resction. In similar
reactions with hexachlorohenzene, it has heen sug-
gested [14] that pyridine has & specific, catalytie
effect. With ethanolic p)ﬁ‘idine g3 zolvent, the
reaclion gave peotafluoroplencl and tetrafluorodi-
hydroxybenzene ther with small proportions of
pentaduorophenetola and  disthoxytetrafdooraben-
zene, Bince the pheuol reacts further ouly with
diffieulty due presumably to the repulsion of the
negative ion by the phenoxy ion, it is Yikely that the
disubstituted producis result via reaction of the base
with the phensatole and that many substituted ethoxy
g;-luups are then split by the basic medinm to give
the hydr::-xg derivetives. With fert-buty!l aleolol as
diluent, other workers lLave prepared pentefluoro-
phencl from hexafluorobenzenc [19].

In the present work, it was found that simple,
aquequs systems are adequate for thess nuelsophilie
reactions. Thus, we have prepared pentafluoroe-
phengl mn high yield (85%,) by using aquecus potas-
sium hydroxide at 175 °C in a closed prassure-veseel.
For the phenol preparation, our experience sugpests
water to be the preferred t&iluent, followed by tert-
butyl alechol, 'Fetmﬂuom—pﬂesul wags preparad,
using fert-butyl aleohol as diluent. "With pyridine a=
aolvent, black tars are undesired by-products; ugsin
p_\gidima, the compounds 23,5 6-tatrafluorophencl,
2-bromo-3,4,8,6-tetrafluorophenol, 4-bromo-2,3,5 f-
tetrafluorophenol, and 2,3 5 8-tetrafluore-d-iodo-
phenol have been prepared.

2.2, Begctions With Alkoxides

Another reaction of polyfluorosromatics investi-
gated weg that with such sleoholetes s sodipm

methoxide,
F_F
X4 FOR

MOR
—
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The renction iz usually carried out at reflux tempera-
tures, to give d yields of ethers of the peneral
type shown. ith sodium methoxide in methane!,
pentafluoroanizole was produced [4, 20], together witl
gomns of the tetrnﬂuurugﬁi—djmethnxybmrmne. With
prridine—methanol s the solvent [18], rapid reaction
occurred to produce high yields (70%) of penta-
Huoroanisole, The tetraffuoro-p-dimethoxybenzene
has nlse been produced ‘t:g‘r vther methods [21, 22),
e.p., from the reaction of diazomethane with 2,3,5,6-
tetrafluorchydroquinone. Synthesis by this route
eatablished that the second methoxyl group 1= in the
parg position to the first.

The pentafluoroaniscle muy be demethylated, with
difficulty, by refluxing with 47-percent hydriadic
acid [3], to pive & 20-percent vield of pentafluoro-

benel. Demetlﬁy]aﬂon is alzo relatively poor with

ydrobromic acid [20). However, whan penta-
fluoroanisole is heated with anbydrous wluminum
chloride and the mixture i poured onto ice, a 58
percent yield of pentafluorophenal [24] is obtainad.

Panmﬂunmglmnnl is extremely resigtant to Murther
substitution by nueleophilic reagents, probably
betunse these reactiona would require the attack of
a nagative species on the negative phenoxide ion,
Amrmoniam 2,3,4,E.Efm1t&ﬂuar0phenaxida wag the
only prodyct ohtained frot treatment of {a) penta-
fluorophenol, (b sodium pentafluorophencxide, or
(e} ammonium pentafluorophenoxide with sodamide
i liguid amionia.  Thuoe, the tetrafluosrodibhydroxy-
hengzene [18] produced in the reaction with ethanolic
Pot.aﬂaium hydroxide in pyridine probably arizes
orm the attack of a n plilic species on the
phenetole. In anutherst.udy[lﬂﬂ{, only the phenetole
was produced in 48 percent yield, 5 45 percent of
the hexafucrobenzens waa recovered alter resction
willy ethaunolic polassiuin hydroxide for 30 min bt
120 °C, In accord with this result is the cheervation
made in this work that the treatment of peniaflusro-
anigole with aqueots arnmonis remalts in the isolation
of smmoniyn pentaflucrophenoxide. With hydra-
zine hydrate in ethanol, ﬁ;srdra.zinium pentafluoro-
lenoxide is obtained [20]. However, benzyl penta-
porophenyl ether 1 not readily split by nitrogen
bases, and o fair yield (139;) of benzyloxyteira-
fluoroaniiine wes ohtained by freating it with
AQUeOUS AINTTOhiG.,

In this work, brome- and iodo-pentaflusrobenzene
werz converted to the corresponding anisulez in
which & fluorine atem is replaced by & methoxyl

oup. Reaction of sodivim benzyloxide (o excess
%:;nz_v] elechel or in terf-butyl alechol) with hexa-
fluorcbenzene gave benzyl pentafluorcphenyl ether.
A higher yield of purer matariai was obtained when
the latter solvent was used since bensyl alechol is
difficult to remove from the product.

Anhydrous sodizm phenoxide was found to react
rapidly with hexafivorobenzene ut room temperature
in N,i’-dimethylformamide, iving 2,3,4,5,8-penta-
fluorophenyl phenyl ether. Tilis compound was slzo
prﬁﬁared by treating potassivm pentafuorophenoxide
with bromobenzene, using activated copper as a
cafalyst. This reaction falled o give the perfliporo-
phenyl ether when hromopentsfluorobenzene waa
uzed instead of bromobenzene; the starting materiala
were recoverad.

Parfluorophenyl ether was, however, prepared,
altheugh in relatively low yield, by reacling potas-
gium pentaflucrophenoxide with hexsfluorobenzene
in N,P?—dimath Fiformamide. This reaction was more
sluggish than that involved in the preparation of the
pentafiuorophenyl phenyl ether and required reflus-
mg. This difference may be partially explained hy
the poorer nucleophilic nature of the potassium
pentufluorophenvxide as compared to the sodium
phenoxide, ) .

By the reaction of sedium ethoxide in ethanol with
pentafluoro-N, N-dimethylaniline, 4-ethoxy-2,3,5,6-
totrafluoro-N, N-dimethylaniline was aynthesized.
No pyridine was used in this reaction, since phenol
formation is likely to oecur under these conditions.

2.2, Beactions With Amines

Hexafluorobenzene has been shown to underge
reaction with sodamide af —70 °C in liquid ammonia,
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to give 2,3,4,5 6-pentafluoroaniline [23]. In ethar,
reaction with sodamide did not produce pentafluoro-
aniline; & solid which slowly sublimed at 85 *C was
obtained [24]. The preferred reaction for replacinﬁ
fluorine atoms with amino groups is tréatment wit!
aquecus amines [14).

In this investigation, the reaction of aquecus
atnines with polyflnorosromatic eornpoitnds has baen

extensively explored.
F_F
IQNR:
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Our result differed in certain respeets from those
obtained when agqueous ethanolic amine solutions
wera usad [25]. The reactions were enrried out at
164 0 230 *C in a steal pressure-vossel. Control of
termnperature and tima of the reaction is critical sinee,
it low temperatare, the reaction does nob ocear and,
at higher temperatures, unidentified tare are
priduced.
In this investigation, bromo- sod iodo-tetra-
fluproamilines, penlufluoronniline, and variows poly-

fluoromethvlanilines were prepared by the aquecus
amine procesd. Althovgh (benzyloxy)tetralluore-
aniling wag formed by the resction of benzyl penta-

fluorophenyl ether with agquecus ammonia, only
asmmonium pentafiuorophenoxide wasz produced from
2.3.4,5 8-pentaflunresnizele. It was fopnd, how-
ever, that, in the reaction of pentaflucreanisole with
sodamide in liguid ammonia, normal replacement of
& fuorine atom ocenrred (instead of eleayape of the
methoxy group) to give 2,3,5,6-tetrafluorcanisidine.
Binee the fluoroanisidine formed is amphoterie, sech

roducte as the di- and tri-anisylamines were also

orrned,
a. Diasohizaton of Panbafluoredniline

The versatility of tha “diaze reactions,” ie., the
Bapdmeyer reactions, 13 well known in arcmatic
chemisiry as they provide & means of preparing a
variety of eompounds pot obtainable by other
methods. Tt was of interest, therefore, to determine
the ngefulness of the Sandmeyer reaction for prepar-
ing pentallucroiodobenzens and bromopentalluoro-
benzene.

Fantafluoroaniline is wealkiy basic, reacts slowly
with nitroua acid, and dissolves only in concentrated
etrong acids [23]. On dilution with water, however,
the frea hase is rogenerated: this demonstrates that
the salt of the amine hydmf{vzes readily, which is an
important factor in the diazetization procezs io
aqueoud  solutions.  Diazotization of pentsflyoro-
aniline in anhydrous hydrogen fluoride and concen-
trated sullurie neid has been studied by us. Tt can
be oxidized to give n variety of products; penta-
fluoronitrobenzene [26], peut-aﬂuomnit-msuﬁ:enzane
27), and decaflneroazoxybenzens are described

Ere£1n.
The diazetization of pentaflucroaniline to 3'%;1{1 daca-

ﬂuumdi&mnlninnhen?.enez CoFe—N=N—N—,F;,
haa baen bl.:]gmmd previcusly [23], but no expen-
mental datsils were given. We have found that this

compound is obteined when concentrated hydro-
bromic acid {4891) iz used &s the reaction medium;
ite formation may be attributable to the slowr
diazotization of the amine (rather than to & too low
concentration of acid, which i3 sometimes the canse
for thiz coupling rescfion |28] ). The reaction alsg
appears to be tamperature-dependent, because the
rate of formation of the diazoaminobenzens is much
fuster at 13 “C thao at —10 °C. Allowing the
latiar reaction mixture to warm to 5 °C canszs the
compound to be precipitated.

Decafluorediazonminobanzene can be decomposed
in warm hydrobromic acid solution io the presence
of cuprows bromide. The products obtsined arc
bromopentafluorabenzene (5.4%) nnd 2 mixture of
dibromoteteafluorohenzenss (11.79%), tpresmnably
the o- #nd p-isomers. The izolation of the latter
compounds suggests that the diszo group exerts
considerable infuence on the sriko and pare fluorine
atoms, l’nﬂ]rin%‘ }}masihl& the replacement with bre-
roide anion. ia replacernent reaction apparently
pecura prior to the decomposition of the diaze group,
bacause bromopentafluorobenzene is stable to eon-
centrated mineral acids [13, 29]. Bimilar replace-
ment reactiocns have been obscrved [23] when the
diazotizations wera performed under neuiral or
alkaline conditions.

In such nonaquesus solvents &= concentrated
sulfuric acid, the diazotization of pentaflugroanilina
iz extremely slow, even &t 25 °C. The addition of
vlacial ncetic acid tends to hasten the reaction
glightly. The dasp-red color appears only aftor 24
hra. Deamination with hypophoaphorons acid yields
a product believed to be a mixture of pentafluoro-
benzene and tetrafiuorobenzens. These compounds
aro difficuit to separate, even by vapor-phase
chromatography. Dilution of the diazo solufion
with water reprecipitates the wellow diazoamino-
benzene, &3 mentioned previously.

The use of anhydrous liqund hydrogen Auoride as
the solveni and 1eaction medium resulted in a
decided improvement in the yield of product.
Liquid hydrogen fluoride has found moderate use in
diazonium reactions, even though fAuorobanzene ran
be prepared in 86 percent yield from aniline in this

ium, [30]. We have found that the diazotiza-
tign of pentafluoroaniline 1z fuirly rapid, even at
—25 °C. Pentstuorcidobenzene and hromeopenta-
fluorohenzens can be prepared in 50 percent and 33
percent yield, respectively, by normal Sandmeyer
reagents (potagsium iodide—or T])Dt-&ssiu]n brornide—
cuprous bromide mixture}. MNo other replacement
produsts were obzerved during these reactions.

Another synthesis involving diazotization was the
attempied preparation of the fluorinated diazo ether
Culte—N=—=N—0—O,F;. Thermal decoimposition of
this material could poseibly lead to the hitherto
unknown perflucrophenyl ether. The product
isloted from the reaction of lithium pentafluoro-
phenpxide and the diazotized amine could be ex-
tracted intoe methylene chloride. However, after
pactial removal of the solvent, the material detonated
violently, The instability of some substituted aroyl
dizze ethers i3 well known [28], and our results
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indieats that this floerodiaze ether may also be
unstable,
_The Sandmeyer nitrile synthesiz failed to give any
tdentified products with diazotized pentafluoroani-
line. Tt hes been previeusly oheerved [12, 28] that
ide ion has an adverse offect om mromati
uorine compounds, causing multiple replacement
with subse%uant. decomposition, followed by earboni-
zation. 'These resuits indicate that the diazeniom
reaction may heve only limited usefulness in are-
matic fluorocarbon chemistry.

b. Caidaticn of PenlaRuoroatniline

The oxidation of aromaiic ammes to nitro deriva-
tives hns been accomplished previously by using
Eﬁroxy soids |31, 32, 33]. This procedura can alsc

e applied o pentafuoroaniline (28, 27), and both

entafluoronitrobenzena |25] and pentafluoronitrosc-

enzene [27] have heon svnthesized. For sxidation
of pentaflucroaniline, wa used the conditiona des-
cribed by Holmes [34]. However, instead of the
expected pentaflucronitrosobenzene, only decaflun-
roazoXvhenzens was isolated aa the finsl produet,
regardless of whether the resction was allowed to
procead at room temperature or if heat was appliad;
when heat (80 to 76 ) was used, tha reaction pro-
ceeded mush faster. Presumably, from the color
changes observed during the course of the ronction,
it should ha faasible to izolata the pentafiuoronitroso-
henzens by quenching the reaction at the green-color
staga. Pentafluorenitrosobenzens has heen shown
|127] to exist az & monomer. Howevoer, one atiempt
te terminate the resction at this stage led only to
tarry prodoets.

The formation of the decaflucroszoxybenzene as
the main product seems to indicate the relative ense
of the oxidation of decalluoroazobenzene (orange
stage) with exeesa hydrogen peroxide. This reaclion

oocnrs in tha hydrocarbon series.  The fact that
no pentaflovroniteobenzene was obtained indicates
that oxidatjon 1z not the sole reaclion. In view of
the rapid oxidation ocecurring when 920 percent
peroxide was used [26], it would appear that, at the
nitroso stage in owr work, couwpling with unused
pentaflugroanilive predominates over further oxida-
tion of the nitroso derivative. These reactions are
illustrated as followa:

F s F F F
F NI, by O F MII, F BI=T F
o, a0y
e — -+ —
F hig B’ F r F F F
¥ F B F ¥

h-1iy
I%}?&: ] Hiy
F F g b
b il F N=N | F
F F F F
F F F

The decafluoroazobenzens can be readily prapared
from the azoxy compound by reduction with zinc and
ammopivm chloride in methancl. Traces of pen-

tafiuoreaniline and an additional compound {which
Hi;r&y'h?ﬂ the decaflrorohydroazobenzens) were also
obfamed.

2.4, Beactions With Organclithivm Compounds

In some earlier work from this laboratory, it was
found that the Grighard reagent, methyhnagnesium
bromide, reacts with bexsfvorobenzene to produce
2 3.4 5 0-pentafluorotoluene. Under the conditions
described [18], the yield was low (3951  Alkyl-,
alkenyl-, and aryl-lithivm reacted readily to give the
corresponding aubstituted peptaflucrobenzenes.

F ¥ F F

F: F F K
%

Methyl- and butyllithinm reacted readily [35], as

well as phanyl-, vinyl-, and isopropenyl-lithium [36].

The reactions are rapid, and aome di- [35, 36, 37],
as well as tri- [28, 34], =ubstituted products ware
ohtained. The preferrad method of reaction iz
usually the addition of & solution of the lithivm
resgent to a zolution of the aromeatic fluoroearbon.
Even no, disubstitution rendily occurs. Jn the
met-hy]]ihinum reaction, 2,3 5 f-tetrafluoroxylens was
idantified [37], indicating that the second displace-
ment of fluorine 13 pera to the firsi. The yvields of the
pentafluorotoluene and 2,3 4 5,4-pentafluorobiphanyl
reach 70 ]lnerceut or higher. Butyllithium has eo
far given lpwer yields, but this reegent has been
studied raelatively lhittle. The alkenyllithivm re-
netiong gave vields of the order of 30 to 50 pereent,
but thie is the result of the [urther reaction of the
produsts to give polymaerie solids [38],  The lithiym
reagants themaslvea ara good catalyste for the anionic
polymerization of olefius,

2 3.4.56-Pentafluocotoluens ¢an be halogenated to
the corresponding benzyl chloride nnd bromide [37].
With chlorinaiing reagents, ring addition of halogen
interferes with the production of the benzotrichloride
{39], The henzyl halidez are versatile reagents for
urther synthesis of fluorcaryl compounds [37, 39).

In the couvrse of our inveatications of the reactions
of hexafluorobenzene with organolithiom contpounds,
it was decided to study the reaction of the simplest
nucleophile, the hydride jon, with hexafuorobenzene.
It was found that hexafluorobenzene does indeed
undergo nucleophilic attack by the hydride ion to
give pentafluorobenzens as tha nmmjor product
(together with traces of tetrafluorobenzene}. The
extent of conversion seems to depend on the propor-
tign of lithiom alvminum brdride used.

The reaction apparantly oceurs only when lithium
aluminum bhydride is ile source of the hydride ions.
When lithimn hydride was employed, no formation
of pentafluorobenzene or other products was ob-
garved. However, if the lithium hydiide was used
together with a small quantity of kthium sluminum
hydride as a hydrogen carrier [40], a 2&-percent
conversion o pentaflucrobenzene wus observed.
Apain, a wery small Erupnﬂicn of disabetitution
product was formed; this product was presumably
1,2 4 b-tetrafluorchenzene, gince this compound has
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been reported to bo formed [40] when pentafuoro-
benzene is treated with lithium slominum hydride.
In the latier case, in addition to the tetrafluoro-
benzene, s high-boiling Lquid is obtained in ahout
S-percent yield ; the residue distils in the range of 80
to 20 *C at 5 mm. (Direct replacement of flugrine
atomg by hydrogen atoms on the aromatic nucleus
can also be accomplished by the wse of hydrogen
over plalinym-on-carben st 300 20 [17].)

2.5. Mechanizm of Reaction

In this work, the reactivity of hexafinorobenzens
toward a preat varety of nucleophilic reapents has
becn explored. No spocifie investigations of the
mechsnistic features of the reactions involved were
carriad out, and the delsils of the various mechan-
izsms must be left for fature studies. No single
machanism is likely to be adequate for all of the
reactions reported. Infact, the variety of conditions
and reagents examined render it extremely likely
that a wariaiy of mechanisma iz involved in the
reactions reported.

The mechanizme of the nueleophilic resctions of
aromatic systems have been reviewed [42, 43, 44].
The effects of solvents on these reactions lina, ap-

antly, not vet been investigated in preat detall.
owever, review [45] of the E%f&ct.s of eolvation on
the propertiea of anions in dipolar, aprotic solvents
disensses many aspects of nueleophilic mechanisma
and the role of the solvent in them. In our work
a varielty of solvents, protic and aprotie, were
ntilized,

Although no apecific kinetic work was carriad out,
the large amount and wariety of results obtained
allow certain mechanistic concapts to be developod,
It seema avidant, for instance, that a benzyne inter-
mediate is 1ot involved in our reported reactions of
hexafluorobenzene in which u monosubstituted penta-
fluerobenzene iz produced {oven when it is treated
with sedamide in liguid ammotia}. This reacticn
of hexafluorobenzene ia relutively efficient and is
encumnbered chiefly by the reactivity of the aniline
product, which can react (vin tha anilide ion) to
sfford such ucta as perfluorediphenylamina [25].
Tetrafluorobenzyoe has, however, been reported [46]
a3 & dacomposition product of Jithinvm pentafluers-
pheny] prapared from lichinum amalgam snd bromo-
pentalluorcbenzene, It Ja spparenily stable but

utte reactive. It would scom that benzyne forme-
tion in &lkali-metal amide reactions in liguid am-
monis 18 a secondary aspect of these nucleophilic
reactions, although it explaing various isomerizalions
observed in systems containing aromatic hydrogen
aloms,

The reaetiong of lLexafluorobenzene with aslkeli-
metal hydroxides and alkoxides, sodamide, and or-
ganolithium eompounds presumebly invelve attack
on the hexsfluorobenzene by negative ions, and it
seemns evident that, az a rule, unipnolecular lonization
of the hexafluorcbenzene doas not ocecur,  The prep-
sration of pentaflnorophanol by treating potassium
hydroxide in fﬁﬁf—buty{) alcohol with hexafluorohen-
gene, and the preparation of benzsylexypentefluore-

benzene using sodium henzylate in ferf-butyl alechel,
indicate this; otherwise, it would be axpected that
fert-butyl pentaflvorophenyl ether would have been
produced, The uvse of zlechalic and aquegus emine
salutions to produce varicus enilinea in which maoi-
eties from the solvents are not part of the final
products also indicates absence of any appreciable
1ipmization. Iurthermare, no reaction accurs be-
tween haxafluorobenzene and pure water up to 300
°C, the highest ternperatare studied. At the higher
tempersture, addition of 2 drop of pyridine led to the
rapid formation of terry material, which gave &
phenolic odor en acidification; the quantitiea of ter
or char were approximately Frupurt.iun&l to the
Frridine added. The effect of mgueous potassium
cvanide on hexafluorobenzene wes alao studied in
the tem ture range of 150 to 250 *C. Only ot
250 “C did & reaction ocour.  However, no identified
products were cbiained, but only intraetable chars,
The reaction was viclent and was essentially a con-
talined explosion, Extenzive damage to Lhe pregsura
vasgel ocenrred in one inatance, althongh without
violant fragmentation of the veseel. A similer study
of the effect of aqueons sodium carhbonate showed no
reaction up to Z50 *C, at which ternperature, there
were formed extensive tars which ngain gave a phe-
na:rlslc odlf?r o M;ldiﬁcatiﬂnij biv ol
pecific coinplaxes probebly play an important
role in tho reporied reactions of hexaftunrobenzene,
It hes been obeerved that a 1:1 maolar mixtura of
benzene, mp 5.4 “C, and hexafloorobenzene, mp 5.0
°), forms a solid melting at 23.7 °C [47], which
demonsgtratea the formation of & molecular complex
betweaan the two species. Freeging-point Jeta indi-
eete complex-formation between hexafluorobenzene
nnd fluorcbenzena also, bui not between pentafluoro-
benzena and benzene [47]. These complexes are
prosumably similse to the eharge-transfer complexes
known to forin between picric &cid and certain aro-
ntatic compounds. Benzene end 1,3, 5-trinitroben-
zans, for Instance, form a complex [48] which is
cortainly of & similar character.  With more electron-
relessing substituents on = benzene nucleus, & more
stable complex should form, as with hexsfuoroben-
zene,  In the case of mesitylene and hexafluoroben-
zena, A complex melting at 24 °C has been observed ;
one melting at 56 *C 15 formed between hexafluoro-
henzene and 2-methylnaphthalene [47). These ob-
gervefions point to a specific complex-formation as
an explanation of the role of pyridine in enhancing
the reactivity of hexaflusrobenzene in the renctions
reported here.  In aqueous syatems, pyridine may be
eflecting simple ionization of the hexafluorobenzene.
In the reactions of hexafluorobenzene with am-
monia ot primary  and secondary amines, the
mechanism 2 probably one in which the un-ionized
amine direetly sttacks the fluoroarcomatic molecule:

— &
NIE—TINTE: b F
_ r@m{#nwﬂ*

Whether the second smmeonia molecule is nearhy or

- —_—
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not appearas to be unimportant; & transitory hy-
dronium ion would be equelly effective.

The mction of peutrzl water apecies, although
chviously much less effective than nitrogen com-
ounds, 1z likely to be involved to some extent in the
ormation, for instance, of pentaflucrophenol b
the reaction of aqueous alkeli hydroxides wit

hexafluorobenzene.

By analogy with the formation of such complexes
as that [4%] formed by the sddition of a methoxide
wn to 24,6-trinitrophenatole, it is likely that
hexafluorebenzene in its veaetions with the amide,
hydroxy, slkoxy, and alkyl anions forms a relatively
stabla, tranaition stata.

A somewhat starthny and puszhoap facet of the
renctions of fluorobenzena derivatives 19 the splitting
of the alkoxypentafluorobenzenea b]]{ ueous Am-
monis or hydrazine [20] and, presumably, by aleoholic
potassiym hydroxide [18]. To the hydrazine rasc-
tion, the hydrazine salt of pentaflucrophensl is
obtained, This reaction has been postulated to
occur vie a eplitting of the methyl—oxygen link
[20], presumably, as shown in the jollowing seriea
of reactions.

F F + F T
F }E—cn.:ﬁ—m{; —+ F4 o O [0 H 2 TH=THL]
1
- F_F
F@Eﬂﬁﬂ,—ﬂnﬂ — F{ 0NN

This splitting has only been observed in the presence
of water, and iz not neceasarily related to the basicity
of the medium; it does not oceur in the liguid
ammonip—sodamide reaction, where a fluorine
atom ia replaced without splitting of the ether link.
However, sodamide in liquid awomonis does split
sniscle. Thus, it is possible that the split occurs
at the pentaflucrophenyl—oxygen link, and that
waler is the key reagent. For the reaction to ocour
at the phenyl—oxygen link, one can logically
postulate either an attack by the hydroxide ion,
which implies that the ring carhon atom at this site
ie highly positive, or some direct resaction at this
carbon atom with 2 neutral water molecule. The
former ll:ﬂEhES eagier ionization of the phenyl—
nxyﬁn link, and not necessarily an enhancement
of the positive character of the ring carbon atom
linked to the oxygen atom. It is conceivable that
the methyl—oxygen link is quite eovalent. Since
water was present in all of the resctions in whish
cleavaga of the ether moiety was observed, it seems
jeasible thai simpla hydrolysis may have oceurred.
However, distilled water failed to react with penta-
flucroanizcle nnder conditions identice]l with those
under which aqueous amine bases produced cleavage.
Thua, tha role played by the water molecules may
simpljy be as a cocatalyst with the base, to aid
polarization of the ether inkage, in much the manner
su.gﬁated proviously for pyridine. Determination
of the bond sau::t.ua,]]w‘;;r ruptured would require ex-
periments with H0R,

3. Identification of Jsomers

The otientution of the isomers of moat of the
difunctional derivatives of haxafluorobenzene of the
general formula, C,F, XY, where X and ¥ may be
gimilar or dissimilar groups (but not a fluorine
atom), has been determined by nuclear magnetic-
resonance spectroscopy. Direct eyntheses of these
derivatives for compavison and identification pur-
poses by alternative toutes has bheen difficnlt
although this has been accomplished in sever
ceeea [22, 25]. Infrared and ultraviolet zpectros-
copy have o far not found extensive use in identi-

fying structural isomers of aromatic fluorccarbons,

In & eerieg of articlea, Baker [49, 501 has described
the vibrational spectra of o-haly henols in the near-
infrared region; these compounds show a doubling
of the hydroxyl stretehing fragquencies at low con-
centrations. This doubling of the hydroxyl band is
abzent for pare-substituted holophencls and pre-
sumably for mefa-eubstituted halophenols, slthough
slight shilts of hydroxyl frequency do cceur.  There-
fore, thiz method appeared to be a useful suppleanent
to nuclesr magnetic-resonance in  distinguishing
hoiwesn the isomeric phencls obiained from the
reaction of wvarioys pentaflporchelobenzenas with
alkali hydroxides. ’I}ile pracedure aﬂpears to be
specific for s-halophenols, in particular when the
halogen atoms differ, because of the two types of
hgﬂmgan bhonding that ¢an oconr. For example,
the structures apﬂlied in our casa to the 2-bromo-3,

4,5 B-tetrafluorophenol are:

IL H
- \

0/: s
P@Er — Fmﬂr
r [F— ¥ |F

N s

F b

In figure 1-A, this compound exhibits the =aplit
hydroxyl band indicative of different halogen atoma,
surrounding the hydroxyl group at the orthe posi-
tiona. In this case, the Ay OH for fluorine 1= &t
280 g, end the ar OH for hromine at 2.84 4 = in
agrecment with values shown by Baker [50]. 'This
doublet is shzent fram, and only & lome hydroxy
hand appears in, the spectrum of 4-brome-2,3,5,6-
tetraflzorophenol at 280 n. However, since the
3-bromo-2 4 5,8-tetrafluprophénol iz unkhown ab
present, it is imposssible to ascertain whether or not
the flarpe) bromina atom at this position weuld
canse =zome steric effect on the srtho fluorine atom
#0 88 to change the electron environment whereb

a douvblat may be obtained instead of the singl:;
band. However, ss expected, various tetrofluoro-
phenols having sabstituents in the para position
shew the single hydrexyl band at 2.80 to 2.81 p
gimilar to thoss shown in Iiiig'ure 1-B. Some o
these phenols sre: 2,3 5 f-tetrafluorophenol, 2, 3.4,5,6-
pentafluorephenal, 2.3,56-tetcaflyoro-p-cresol, and
2,3,5,6-tetrafluoro-4-indophencl. Dy reverse resson-
ing, thersfore, the shsence of the eplit hydroxyl
band in the near-infrared region in theee simple
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Freuge 1. The OH spectre of helophenols i carbon lelra-
chlaride. | ’

A TBromed,4.8,0-tokrafiuoropbenel;

R Fa i R
halophencls is indicative that groups other than
fivorine ntoms are not erthe to each other. These
compounds were further confirmed by nuclear
magnetic-resonance spectroscopy to be 10 Ers,
) attempt to extend this method of distinguishing
isomeric phenols to a mors complex maleculs has met
with partial success. For example, in fipures 1-B
and 1-C wsre ghown the spectra of two phenolic
products obtained from the reaction of 2-chlore2.4,5,
b-tatrafluoro-o,a,e-trifluorotoluene  with potassium
hydroxide in pyridine, Since, in fi 1-B, only
the am‘jgl:e hydroxyl band a,pgea.rs, it 15 obvigus that
the hydroxyl group is located in either the 4 or the 5
Fosition, m other econsiderations, the triffluoro-
methyl group would be oxpected to exert a greater
directive effect than the chlorine atom. In this
eage, then, the hydroxyl group is probably located
to the triflueromethyl group. However, in
1-C, the hydroxyl gmu]i- would appesr to
be ortho to the trifluoromethyl group, sinee the
Av OH for chlorine would be expected to be at a
higher wavelength (at 2.82 y). The band at 2.76 u
may in this ingtance again aries from the chenge in
frequency of the hydroxyl group hecauvse of the two
types of hydrogen honding possible, for example, a
five-merabered bridge (I) versug & six-membered

[=Fy] BO BO
283
285
G
5t 293
Z 60 60 |- 60 |-
o
@
=
2
< 2.86
= A
a0+ 40 |- 30
2.23
B
20— L pOL-
v 8 ag 28 za A 30

Fravre 2. The MH; and N]l'n:j:mctm af haloantlines tn carbon
lefrachioride,

A L4 608 Pand allios camnil e
B. '.:,Hds.B—Tvah’nﬂuom—l,+hla{N—mem;rlummu}mnmm;
G Chiwo-Lrianare-o oot DL o-p-toli id e,

bridge (II), as shown below:

I.-F
CF ‘L CFa CF
o el ci R ol
nf/ 31
~F ¥ ¥ F T o
¥ F
1 n 1z

It could be argued that this band may be attributable
to B free (frans) hydroxyl gruugi such a8 occurs with
other ortho-monochalogenated (Cl, Br, I) phenols, but
thizs donbling has not been observed in o-fluore-
phenol [48].  Similarly, the vapor infrarad spectrum
of pentaflucrophencl Lss a strong band wt 2.75 &
attributed to a free hydroxyl group [18], but, in &
nenpolar solvent such as carben tetrachloride, the
bond is shifted to a higher wavelength {at 2.80 ).
Therafore, the band observad m fipure 1 ot 2.76 o
is probably associsted with the o-triflucromethy!
group, and not with & free hydroxy! group or an

orine atom. On thiz basig, theh, tentative
identification of 3J-chloro-4 5 &-trifluoro-2-{a,mo-tri-
fluorcroethyl) phencl has been made, and the com-

187




]Imu]:idllhﬂs been assigned the structures shown in
and II.

Attemnpts to apply this “erths effect” to other
derivatives of hexfluorebenzene, parsicularly to tho
aniling compounds, has been fruitless.  For example,
in the near-infrared region, 2 34,5 6-pentaflvoronn-
iline shows two distinct pesks, at 2.86 p and 2,93 »
{ﬁ%. 3-A). This is also trwe of S-chlore-2,56-
trifluoro-4- (e o c-ifluoromethyl}aniline, fipors 242,
In these aniline derivatives, the bands appesr to he
associated with the number of hydrogen atoms on
the nitrogen atom. Replaring one of the hydrogen
atoms by a methyl qup marely eliminates one of the
bande. Thia is also evident in Agure 2-B, even
though the ¢ompound containg two methylaminog

ups. her evidence is ohtained from the fact
that 2.3.4 5 6-pentaflvoro-N, N-dimetlivianiline does
not have an agsﬂrptiun band in this region. How-
ever, this near-infrared region does offer the possibil-
ity of distinguishing hetween primary, secondary,
snd tertiary fluorcanilines.

4, Directional Effacts

A considerable number of disubstituted (pon-
fluorine groups) derivatives of tetrsfluorobenzene
have been prepared and their siructursy confirmed
by unequivocal means. The directions] effects
determining the site of the second substitution in the
electrophilic reaction of bengene has been the subject
of much investigation. Thess effects are directly
related fo the charge distnibution in the moenosub-
stituted henzens and can he estimated from dipole-
moment data [51]. Dipole moments of some fuoro-
benzenes have been reported [532]. The compounds
studiad do not, however, includa any pentafiuoro-

eq. The present work afforde an insight mnto
the character of tho directional cffects in polyfuoro-
benzenes, In tabls 1 are summarized these affacts
aa observed from the reactions of various bases with
a variety of monosubstituted pentafluoroebenzence.
For exnmple, the reaction of pentafluorobenzens,
whera R=H, with potesstum hydroxmide wields the
2,3,5,6-tetrafluorophencl. On further exatnination
of table 1, it is apparant that, from the three pos—
sible Isomers, the pers product was chtained in most
cages. This was irue even though a great variety of
conditione was used. It seeme, therefore, that the

isomer finally ohtsined depends on & number of
involved F}:ﬁ&l'am:atam rather than on any single con-
dition. m teblz 1, 1t is also cvident that, 1 those
rases where very resctive nuecleophiles (such ag tha
amide ion, lithium reagents, or alkoxides) were used,
the para product was alwaye iolated. Thesa hases
renct to E:rrm salts with such funectional groups as
amines or hydroxyl grovpa, and ne displacement of
fluorine occnrs,

With less reactive nucleophiles, such as agueous
hydroxides, smmeonia, or alkylamines, isomers othar
than the pord wers afeo isolated. However, in these
renrtions, tho isomer obtained probably depend= to &
lll-l‘%'B degree on the group (R) elready ent in the
molacule, as well as on the nucleophile used. For
example, the nitro group in pentaflloronitrobenzene
exorts 6 powerfyl influsnce on the ertho positions, and,
on Teaction with smmonia, gives almoat theoretical
vields of #- and p-nitroamines in 7:3 ratio. Con-
vorsely, the amine group in pentafluoroaniline ex-
hibits a strong influsnce m nueleophilie raactions at
the mefe position; as a result, the m-diamine is, with
ammonis, the primary reaction-product, But the
reaction of methylamine with pentafinoro-N-methvl-
aniline wields only the perg isomer, wheress the
renction of pentafoore- N N-dimethylaniline with
dimethvlaming yislds tho . meta, and orthe
isomers in a 10:4:1 tatio.  Although the reactions of
thess amines appear to ba™ anomalous,” & point could
bs mueds of the fact that the methyl- and dimaethyi-
amines are stronger nucleophiles than ammonia.
In this cage, then, the pare structure would be the
axpected predominant iromer, which, indeed, it was.
Similarly, it has been obsorved thab tha reaction of
pentafleore-N, N-dimethylaniline with ethoxide jon
regulta in only the pare product. It ie licely that
not only the attacking nucleophile byt also the
rascnance offects (due t0 nonfluorine groups) deter-
mine the isomer(s) that are obtained. The eass of
flirorine displacement is pmhahl‘}r inerensed by the
ability of the solvent molecules to localize tha electron
density around this fuorine atom. Consideration
must slso be given to the posgibilily that resonaoce
cffects jn the ground state mey be altered in the
transition siate by the relative reactivity of the at-
tacking nucleophile, thereby making poasible the
attack at 4 position other than the preferred sits.
For cxample, consider the following two structurcs

TasLe 1. Orientational effects of Oy F B with nucisophiles o
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from simple charge [2] effects:

k R
1’- i)
FT:’?‘}__F OO

I
rvr Fit
} iy

anion, — K., would be expected
te attack at the electron-deficient erdhs and pora
itlons, givine rise to cither ortho or para products,
neél], if R=N{,, the grouad state could he visual-
iz ; :?s shown, and the trensition state as either {3}
or (4],

In (1}, the ineormi

i H
; g,
F F ¥ ~F
B
F F F F
F m,
i3 )

The ¢~ and p-nitroamines obtained indicete coeur-
rence of this mode of reaction for pentaflucronitro-
benzene, and it is doubtful whether use of & stronger
nurlepphile would alter the outcome. In (2), if
R=NH. gan clactron-donating group), the mels
position relative to B appears to be the preferred
site, and mets products would be axpecied. With
a basp such as ammonia, this is indeed the case.
From econgideration of the gikle regonance atrue-
tures (5} to (7a), it would appesr that {T%{jﬂ the
predominant reacting species with a weak huse,
#incse the meta positions
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appear least Eﬁutiw. An alternative explenation
eould he offered in that & resonance structure, s
in {8a), could be the reacting species. The induced
charge would “prafer’” to reside closer to the fluerine
atom than to the carbon atom, and thig effect woyld
favor separation of a fluoride ion, Reaction would

then be expected to occur ab this site, piving Tise
to meta prodocts. Effects similar to thesa have
been wvsed to explain the decresse in aeidity of
p-fluorophenal [53]. Om the other hand, follewing
similar reasoning, the resonance form (7a) would be
expected to afford pere produets. This stroeture
(7a) again appears to be the rmt-iryF species in the
reaction of pentafluoro-N-methylaniline with meth-
¥lamine, hecanse only the pare isomer was isolated.
All thres isningrs were obtained with dimethylamine
und pentefluorc-N, N-dimeth¥laniline, This indi-
cates Tnuch lers selectivity in structures (6n), {7u)
and {8a}, elthough the para isometr was obisines
in greater proportions (somewhat surpriziogly, sines
methylamine and dimethylamine have about aqual
bagivity}. In several other reactions also, all threa
izorners have been detected. Refluxing of penta-
fluorcbenzene with lithium alyminum hydrde in
ether produces o:m:p isomera of tetreflucrobenzenc
I 7:1:82 ratio, the orientational prefixea relerring to
tha relative positione of the hydmi,:m atorns [54].
On trenting pentafluorcbenzene with ethanolic hy-
drazine, an o:m:p distribution of 6:1:93 is obteinad
[52]. Sodium hydrogen sulfide reacts with penta-
Huorsbenzene in a glycol—pyridine mixture to yield
only 2,3,5 6-tetrafluorothiophenol [55].

The reactions of pentafluoroanizole with bases
visld additionsl wformation regarding directionsl
affacts of the anilinea, since the aming and methoxyl
groupa have nearly equivalent influence on eleciro-

hilic substitution, owever, the reaction of pentu-

uoroanisole with aquaons smmonie causes cleavapa
of tha ether moiety. Resonance structures, auch as
{9}, probably sid in the cleavage reaction.

U'Ha

{103

Other {actors (such sa solvent, and the ability of
various groups to covrdinate with the oxygen atom)
ulao pla{, un important role. The reaction with
aqucis bases, therefora, Bimply becomes & compati-
fion between cleavage and replacement. ith
ptrong nuecleophiles, such as amide ion or mathoxide
ion, only substitution cecurs, presumably through
a resonanca form (10). In fact, such structures as
(6a), (7a), and ijll]} appear to explain the majority of
the products o s-ervﬂg im oucleophilic reactions of
aromatic fluarocarbons,  For, if such forms as (8a),
(6), and (7) were major contributing resonance
forms, it should be possible to isolate mets products
from most of the reaction: encountered, which has
not been the cass. The effacts, in general, do oot
show. any apecific differences gualitatively incompat-
ible with the usunl interpretationz of directional
effecta in electrophilic reactions of monosubstituted
honzenes. The predominance of pare subatitution




suggests that the most important effect i= simply an
induetiva ohe, sinee fow of the monosubstituents can
compete in electron withdrawsbility with Buerine.
A much greater knowledge of the mechanisms of these
reactions is needed hefore the directional effects can
ba sptisfactorily classaified,

5. Experimental Procedure

8.1. Reaction With Hydroxides

a. 2,3.4,5 6Psntafluorophanal

In a 188-m1 bomb were placed 40 g (0.207 mole) of
hexafluorobenzena, 26.5 ¢ (0.39 molo) of 85 percent
otassium hydroxide, and 75 ml of distillad water,
bomb was sealed and heated at 175 °C for & hr
with agitation, It was then cooled and opened, wnd
the contents were filtered. The white salt of potas-
sium pentafluorophenoxide hydrate was acldified
with c&Guta hydrochloric aeid, snd the pentafinero-
phenol was separated from the aqueous phase. The
agqueons solution was extracted =everal times with
50-ml portions of dichloromethane. The orpanic
layors  were combined, drisd (eodiun  sulfate},
evaporated, snd disiilled. After remoeval of the
golvent, there was obtained 33.1 g (33.5%;) of
pentafiuorophencl, bp 144 to 145 °C,

b. 2,3.5,6-Tetrallucrophencl

In & 500-mi, three-necked flask were placed 67 g
(0.4 mole) of pentaflverobenzens, 21.6 g (0.4 mole)
of potassium hydroxide, 150 ml of pyridine, and 2
ml of water. The contents were heated to reflux
with vigoroue stirring, &nd reflux was continued for
1 hr after the hydroxide had diseolved. Then, 21.8
g (0.4 mole) of potassiuin hydroxide was added
through the condenser, snd heating and stircing
were continued for 24 hr.  The pyridine was removed
by distillation under reduced pressure, and the resi-
due was recrystallized twice from water, yielding
70 g of potaseium tetraflucrophenoxide dibydrate,
The pgalt was acidified with dilute hydrochlorie acid,
the phencl wag geparated and dissolved in dichloro-
methane, and the solution was dried (godium sulfate),
avaporated, snd distilled under reduced pressure,
bp 47 (/20 mm. TYield: 21 g (329 based on
pentaflucrobenzene). The structure of the com-
pound was verified by nuclear magnetic-rescnsnce
apecirs due to fluorine atoma.

Analysis: Coloewated for CHFQ: C, 43.3; H,
Found: C, 43.5; H, 1.5.

0. 2,3,5,6-Tetrofinoro-pcresol
In & 500-ml, three-necked flask, a mixture of 38 %
o
1

1.2,

{0.2 mole} of pentaflucrotolusne, 28 g (0.5 mole)
potaszium hydroxide, snd 300 ml of Zlerd-but
alcohol was refluxed, with stirring, for 2 hr. T
was cooled and 100 ml of water wes added,
after which 100 ml of the alechol was distilled off.
This process was repeated until all of the aleohol had
been removed, the temperatura of the taloesl risin
fram 73 to 100 2. The distillation was continu

until 6 g of pentaflucrotclzene had been recovered.
The residue was mada acid with diute hydrochlorie
acid, eooled, extracted with three 100-ml portions of
sther, and the extracts were dried {(sodium sulfats)

overnight. After svaporation of the ether, the blacl,
oily reaidne was sublimed twics, Igi@lf:‘.ing 12 o (3207)
of white crystals; mp 52 °C. ucrineg and proton

absotption m the nuclesar magnetic-rescnance spectra
confirmed the atrocture.

Anafysis: Caledated for C;F HaO: C, 486, H, 2.2,
Found: C, 48.3; H, 2.4.

d. 2,38 &-Tehofluoro4 isdepheno]

- To 20 g {0.068 mole) of pentafluorsiodobenzens
in 100 ml of pyridine were added 2 g {0.136 maole) of
potassivin hydroxide and 1 ml of water, &nd the
mixture was refloxed for 4 hr. At the end of this
pariod, an additicosl 2 g of potassium hydroxide
was added and the mixture was reflexed for an
additional & hr. After being cocled, 300 ml of 107,

uecus hydrochloric acid was added, and the cruda,
yallow tetrafluorciodophancl (10.1 2) was removed
by filtration. Extraction of the aqueons layers
with two 100-ml porticns of dichloromethane gave
an sdditionsl 2 g of the phenol. Net yield (bazed
on pentaflueroiodobenzens, 1.5 g of which wae
recovered): §6 percent.

The tetrofluorciedophenol was recrystallized from
ather—patroleum ether as white plates, mp 79 to
81 °C. Nuclear magnetic resonance showed this to
he the pare isomer; no other isomer was isolatad.
The near-infrared al;:aurptinn spectrum showed only
one hydroxyl peak, at 2.31 u.

The benzoate was prepared in the usweal way.
Recrystallization from ether—patroloum echer, fcﬁ—
lowed by vacuum sublimation {60 °C/1 mm), gave
white mictocrystals, mp 59 to £O.2 (0,

Analysis: Calevlated for CLHFJO: O, 39.41;
H, 1.26;F, 19.1; [, 32.04, Found: C, 40.0; H, 1.35;
F, 18.5; 1, 31.0.

». Bromctelrafleoraphencls

The preparation of the bromoletrafluorophenols ie
ezsentially the same as that for the tetrafinoroiodo-
phenal, except that the following guantities were
used: 66 g (.26 mole) of bromopentafluorchenzene,
150 ml of pyridine, 1 ml of water, end 28.5 & (.53
moled of potassiom hydroxide.  After acidification
of the reaction mixture, the products were extracted
with thres 100-ml portions of dichloromethane.
The eombined extracts were dried {sodium sulfate)
and the solvent was evaporated. Vacuum distilla-
tion of the residual liquid gave 10.5 g {165;) of un-
rescted bromopentafuorcbenzens and two phenclic
fractiona.

Fraction I: 31 g {66.3%); bp 73 to 75 °C/2 mm;
mp 18 to 21 *C; was shown by anslytical, vapor-
phaze chromatopraphy (Viton A culumn st 175 °C)
to be & mixture of two components in & 3:1 ratio.

One component wae 2-hromo-3,4,5 6-tetrafluoro-
phenol, 3.5 ¢ (6.3%), mp 41 to 43 °C. Nuclear
megnetic-résonance spectra showed this compound
to be the omfo isomer. This is aleo evident from
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the near-infrared spectra, which showed & split
hydroxyl peak nf 2.81 4 and 2.84 4, presumably duoe
to the two types of hydrogen bunding that can acenr.
The 3,5-dinitrobenzoate had mp 104 to 1056 °C.
Anelyeig: Culealated for CHBrF NG, C, 35.6;
H, 0.69; Br, 18.1. Found: (', 35.7; H, 0.7, Br, 18.7.
The second (and main) component of fraction 1
wae  4-bromo-2 3,56-tetrafluorophencl, 115 g
(20.9%). The 35-dinitrobenzoate had mp 131
to 133 °C.
Analysis: Caleulated for CpHBrF NGO, O, 35.6;
H, 0.69; Br, 15.1. Found: C, 35.4; H, 0.6; Br, 20.3.
Fraction £: 4 g (7.29); bp 90 to 52 °C/2 muny;
mp 58 to 60 °C; was shown by nuclear magnetic
tesonkhee to be 4-bromo-2,3 5.6-tetrafluorophenol.
Alag, the near-infrared absorption specirum chowed
only one peak in the 2.8-x region. The 3,5-dinitro-
berzoate had mp 133 to 134 °C. There was no
depression of melting peint on mixing the 3,5
dinitrobenzonte of thiz fraction with thet of the
second component of fraction 1.

1. Z.Chleretrifluaro-o, o, c-tilluere-o-fand-p- 301 escle

To 100 g (04 rocle} of Z-chlorotelralluoro-oo o
trifluorotoluene in 100 ml of pyridine wera added
4568 ¢ (0.8 mole) of potassium hydroxide and 1 ml
of water. The mixture was slowly heated to 90
°C for 2 hr with stirring, cooled, poured into 1 liter
of 20 percent sulfuric acid, and allowed to settle
overnight. It was filtered, and the bottom (fluoro-
carbon) leyer was sepursted from ihe aguecus
filtrate. Tﬁa aquepus layer was further extracted
with several 100-ml portions of eiher. The com-
bined organic layers were dried (sodiom sulfata)
and the solvent remowved, yieldin% 35 ¢ (3BA of 0
mixture of $wo lsomeric cresols, bp 97 to 103 *CAS5
mm, The compohents were separated by %re-para—
tive vapor-phase chromatography usinﬁ g Viton A
columo at 190 *C'. The first compound eluted was
2-ehlorotrifluoro-o, w,e-trifluoro-o-eresol: 0.5 o; bp 92
to 93 °CY15 m; n¥ 1.451G; infrared aksorption
ghowed a split hyd’rnxyl bund, at 2.76 g and 2,81 4.
The second componnd was 2-chlorotrifluoro-g o, a-
triflupro-p-eresol: 15 g; hp 162 to 163 “C/15 mm;
ni 14510; infrared wbasorption showed only one
{strong) hydroxyl band, at 2.81 ;.

5.2, Beactions With Alkoxides
a, 4Broma-2,3.8,6-tatralluoroaningle

A zolution of 114 g (0.5 g-atom) of sodiam in L3
ml of anhydrous metii]a.nol was added dropwise to &
atirred solution of 123.5 g (0.5 mole) of bromopenta-
fluorcbenzene in 70 ml of dry pyridine at reflux
temperatura. The addition requred 1.5 hr; reflux-
ing was continued for an additionsl 15 hr. The
mxture was cooled and poured into 1 liter of 10
nt aqueous hydrochloric acid. The usual iso-
tion, ag described above, gave 59 g {8887} of
bromotetrafluoroanisole, bp 76 to 79 “C/5 mm.
Analytical vapor-phase chromatography (Viton A
column &t 175 *C7 showed slight contamination of
the product with another compound. Separation

wage accomplished by preparative scala vapor-phase
chromatopraphy, using 10-g samples {Viton A
column at 175 *C). The fore-cut, 8 g, etill gave
two pealks. The {main} asecond fraction, 66 g,
showed only one peak in analytical vapor-phase
chromatopraphy; bp 79 &0 81 *C/5 mun: ni 14812,
Nuclaar magnetic resonance showed this to be the
Farg isomer.

Anafysie: Calenlated for CH,BrF.O: C, 32.4; H,
1.2; Br, 30.9. Found: C, 32.7; H, 1.3; Br, 31.9.

A higher-boiling fraction {2 g), 72 to 78 50 mm,
P:;'iththree components; these wera not investigated

er,

b, 23,55 Tekrallucro-d-iodoaninale

‘Fo a stirred solution of 10 g {0.024 mols) of
Eentaﬂuamiadubeazene and 50 mi of dry pyridine,

eanted to reflux temperature, was added a solution
of 0.8 ¢ (0.034 gatom) of aodium in 15 ml of anhy-
drove methanol. After being refluxed for 3 br, the
cooled solution was poured into 10 ml of &8 &
aqueous hydrochloric acid. The orongs (Huorocar-
bon) layer was separated, and the agqueous ],a%er
exteacted twice with 50-ml partions of cther. The
combined organic layera wera dried (sodium sulfata),
eveporated, and distilled. After removal of the
unreacted pentafluoroiodobenzene (1.5 g}, there was
obtsined 5.5 p {635 basod on reacted pentafluoraio-
dobenzene) of 23,5 6-atrafluoro-d-iodoanisole; bp
113 ta 115 °C20 mm; n¥ 1.5228; the structure was
confirmed by nuclear magnetic resonance.  Analyii-
cal, vapor-phaze chromatography (at 190 °C)
showed n 3-percent contamunation with starting

mnatertal. The sample was redistilled before ele-
mentary analysis.
Analyris; culated for C.HF.IO, C, 27.4%; H,

0.98: F, 2483 [, 4148, Found: C, 27.8; H, 1.0
F,24.4:1, 41.0.
o Octafluore-4, #'-dimethoryhiphenyl

A mixture of 1 g of 2,3,5 6-tatrafluoro-4-indosnisole
and 1 g of activated ]féﬁ]]per powder was gentl
refluxed for 12 min, cooled, and extracted first with
1) ml of acetone and then with 10 ml of banzene,
The combined extracis ware filtered sod the solvents
evaporated. The yellow =zolid obtained was de-
colorized with charcosl, and reerystallized from
petroleum ether. There was obfained 0.2 z (1795}
of octafluoro-4,4'-dimethoxybiphenyl as white plates:
mp 90 to 91.2 °C.

Analysiz: Caleulated for O HLFO,: C, 46,84 H,
1.69; F, 42,44, Found: C, 47.5; H, 1.83; F, 42.5.

d. Beuzyl Pentafluorepheny! Ether

Method A, Tn & 500-ml flask equipped with
gtirrer and reflux condenser, ¥ g {04 g-atom) of
sodium was treated with 250 ml of benzyl aleohol,
and the solution cooled overnight, Then, 75 g
{0.41 mole} of hexafluorebenzena was added, stirring
was resumad, and the mixture slowly heated to the
reflux temperature of hexafluorobenzene. Heafing
and stirring wera continved for 24 hr, and then the
mixture was cooled overnight with stirring. The
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precipitata was filtered off with suction, the filirate
was concantrated, ethanol wae added, apd the
regulting selution was refrigerated, The rasulting
precipitate was recrystallized until & constsnt
melting point (44 “C) was ohtained; yield, 30 g
(28%%) of whita erystale.

Method B. In a 500-m] flask, 4.6 g (0.2 mola) of
sodinm was added to n solution of 22 ']g of henzyl
alcohol in 250 ol of tert-butyl alechel. The sclution
was cooled overnight and 40 g of hoxafiuorohenzens
(0.22 mole) wes added. The solution was etirred
and refluxed for 40 hr, after which the alcohols were
distilled off. The vet was recrystallized twice
froin ethanol; wield, 33 g {(6095)- mp 44 *C,

Analysia: Caleulated for C,FHO: O, 56.9; H,
2.8. Found: C, 5&.5; H, 2.8.

a. 2345 6FentoAuoropheny! Ether opd 2,3,56-Tatrafluoro-
1, 4-diphenoxybenzens

Aethod A. To 8 p (0.043 mole] of hexafluoro-
benzene in 30 ml of N, N-dimethylformamide waa
added §.28 g {0.04 mole} of potassium phenoxide in
one portion at room tempersture.  After the initial
reaction had ceased, the mixture was heated at
120 °C for 0.5 br, cooled, and diluted with 100 ml of
water. The bottom (Aoorocarbon) layer eventually
solidified, and the white solid was separated by fil-
tration. After deying, and fracticnsl sublimation
at 70 *Cfl mm, thera was obtaived 3.5 & (31.39%)
of 2,34 5,6-%entgﬂuomphemrl phenyl ether, mp 28
to 20 0. This compound was identical with that
deacribad under Mathod B.

There was slso obfained 1 g (725} of 2,3,56-
tetmﬂuom—l,al-;dlighenﬂr_vbﬁnzene as white c;rystnfls,
mp 147 to 148 °C,

Analysiz: Caleulated for CH FOu: C, 84.8; H,
2.00; F, 22.7. Found: C, 64.75; H, 2.08; I, 23.1.

Method B. In a 43-m} bomb were placed 11 g
{005 mole) of potassiem pentafinorophenoxide, 15 g
{0.10 mole) of bromohenzene, and 1 of copper
which had been activated by "fu%‘e]’s mathod [56].
The bomh was heated to 210 *C with rocking,
maintained at this temperaturs for § br, and rocked
overnight as it cooled to room temperature. The
miziura was filtered and the filtrate distilled through
a ehort column. Afver the excess bromobenzene
had been removed, 2 g (15.59%, based on the potaz-
sium salt of 2,5 4.5,6-pontaflucrophenol) of 2,3,4,5,6-
Eentaﬂuumphauyl pheny! ether wag obtained, which

oiled at 240 °C and solidified slightly below room

temperature.
Anaglysis: Colewlated for C,HLF.0: C, 55.4: H,
1.9. Found: C, 55.7: H, 2.1.

£ Perlucrophenyl Ethers

To 56 ml of N, N-dimethylormamide was added
6 g (0027 mole) of potassium pentaflucrophenoxide
and 12.8 ¢ (0.069 mola} of hexpfluorobenzene: heat
was not erolved.  After being refluxed for 14 he, the
blacksolution wes pouted Into 100 m] of water, and the
mixiure waa axtracted with several 50-ml portions
of ether. The organie layer was separated, dried
{sodinm sulfate}, and evaporated. After the removal

of 4.5 g of unreacted hexafluorobsnzane, the residual
golid was sublimed at 50 “C/50 mm to give 1.5 g
(16%) of perflyorophenyl ether; white crystals, mp
67 to 68 °C. Confirmation of the structure was
obtained [rom mass-apectrometer snalyeis, which
showed the parent peak at 350 mass units.

Analysia: Calevlated for CO:I0: C, 41.15; F,
54.3. Found: C, 41.53; F, 53.0; H, 0.0.

A second product wes obtained from the sublime-
tion; mp 145 to 148 *C. Although its structure has
not heen confirmed, it may be s-bis(pentafiuoro-
phenoxy)2 3,5, 6-tetcaflyorobenzens,

. 4-Ethery2, 3 5,6 tetrafluoneV, N-dine thyl aovime

In a 100-ml flagk, 0.6 ¢ of sodium was dissolved in
50 ml of absolute sthanol and the solution was re-
Huved for 1 hr. To this solution was added 3.3
{0.025 mole} of 2,3,-1,E,Eapenmﬂuorn-N,N-dimnthy]g-
aniline, and the mixturs was reBoxed for 2 hr and
pnum-:l’ into an excess of water. The organic layer
was separated, woashed with water. dried, and
distilled. Yield: 5.1 g (85%) of a clear, coloriess
liquid boiling at 34 °C/1 mm.

Analyeiz: Caleulated for G, H,FNO: U, 50.6; B,
4.7; N, 59; F, 32.1. Found: C, 50.5; H, 5.0; N, 5.0.

B.3. Reactions With Amines

o. 2.3,.4,5 8Fantnfloorconiline

The reactions using ammnionia or amines wera car-
ried out in & stainless-steel, silver-lined bomb. A
mixture of 280 ¢ (1.5 mole) of hexafuorgbenzene
and 400 ml of 28-percent aquecus ammonie Wa3
sealed in an 500-mml bomb, which was placed in a
hesterroeker mechapizm  previously heated Lo
235 9C. The homb waa rocked for 2 hr at 235 2,
removed, and rapidlt: cooled to room temperature
in running water, The contents were poured into a
large beaker, and the agueous layer waa scparated
and extracted three times with ether. The ether
extracts were dried {sodium sulfate}, and evaporated.
The subatituted aniline obfained in this way was
added to the oily laver from the bomb, nnd the mix-
ture waa evacuated 1 a vacuuwm desiceator for & hr,
the volatile materials, moatly hexafluorobenzene and
ammonia, being collected in & dry ice—acatons trap.
The residual mass of brown crystals was parfially
eublimad at atmozpheric pressure onto & cold-finger
condenszer, to yield 236 ¢ (8697) of white crystals
of pentatluoroanilive; mp 24 °C.

'Eha remainder of residus was hested to ahout 75
°C' at less than 1 mm pressure, White crystals
Incling a definite melting point sublimed cnto the
cold finger. Yield: 28 g (1097). Elementary snalysis
indicated it to be tetrafluorophenylenediamine, and
nuclear megnetic resonance wndicated it to be tha
meln isomer contaminated with a small proportion
of tha pars isomer,

Analyets: Caloulated for CHEFNy: C, 400; H,
22:N,155 Foeund: C,402; H, 2.4; N, 15.2,
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k. 2.3.4.5,8-Pantafluarc- ¥-methylaniline

In & 20040l bomb, 56 ¢ of hexafluorchenzene and
110 ml of 30-percent aqueous methylamine were
heated at 220 *C for 3 hr with continuous rocking.
The products were dissolved in ether and the ether
was evaported, The pentafloorp-N-methylaniline
waa distilled at atmospheric pressure, and redistilled
under reduced preseure.  Yield; 59 percent; bp 170 to
172 °C! et T8O mum.

Anelyeia; Caleulated for CHF:N: O, 424; H,
2.1;N,7.1. Found: C, 427 H, 2.2; N, 7.0.

The residue was crystallized from absolute alcolol,
yielding 2,35 8-tetrafluoro-&, V'-dimethylpheny]-
enedigmine, which was purified by sublimation and
recrystallization. Yield: 25 percent; mp 94 °C.

Analysis: Caleulated for CyHF\Ny: O, 48.2; H,
J.8; N, 13.5. Found: C, 46.1; H, 3.9; N, 13.6.

c. 2.1,4.5,6-Fentafincra.¥, N-dimethyl oniline

A mixture of 110 ml of 25-percent agueous di-
methylamine and 50 g of hexafluorobenzene was
heated at 235 °C for 2 hr. The reaction produncts
were purified a8 described for pentafiuoroaniline.
A colorless liquid which dietilled at 8% °C/1 mm was
pentefuore-N, N-jitrnetbylaniline (659, of the oily
layer). Four ndditional fractions wera collected.

Anadyeis: Caleulated for C,HF:N: C, 45.6; H,
2.6; N, 6.6. Found: C, 457, H, 2.8; N, 6.5.

Fraction 2, bp 88 to 126 *C/1 mm, wasdentified by
vapor-phase chromatography to be n mixture of
dimethilanﬂ.ine with three other compounds. Frae-
tion 8, bp 126 to 1234 “C/1 mmn, contained the three
isomers of bis{dimethylamina)tetraflugrobenzene,
with the mefe 18omer predominant. Fraction 4, bp
134 to 140 “Cf1 rman, contained eogual smounts of m-
and p-isomer, Fraction 5, bp 140 to 148 °Cfl mm
was almost pure p-isomer. Analysis for C, H, an
N indieated the same elementary composition for zll
[ractions.

Arnalysig: Calenlated for O HF\N,: O, 50.9; H,
51;N,11L.5. Found: C, 50.9:H, 5.1; N. 11.7.

Nucleswr mnagnetic resonance wnolysiz showed that
the predeminpnt isomer in Fraction 3 had three
different fluorine-bond peaks, one twice as lar%'e- as
the other two, indicating the meig isomner; the high-
boiling isormar (Fraction §) showad only one fluorine
bond and was, therefore, the parg cormupound. The
mets snd pare {somers were ohtained relatively pure
by vapor-phase chromaetography; the orthe womer
was present in such small proportion az to warrant
no further purification.

d. p-Bromotetroflucroaniline

Thirty grams of bromopentafiuorobenzene and 70
ml of 28-percent ammonium hydroxide were placed
in & 110-m) bomb, heated to 200 *C, and shaken at
this temperature for 2 hr. The produet was porified
pa previously described for pentafluorosniline, The
}rieﬂrl of crystalline product, mp 61 *C, was 22 g
(779%). Nuclear magnetic resonance indieated that
the compound was the pere isomer.

Analysis: Caleulated for C.H,BrF,N: , 28.5; H
08; N, 57, Br, 327, Found: C, 294; H 05, N
5.4; Br, 32.8.

e. Tatraflucro-p-iodoaniline

Sixteen grams of pentafluorciedobenzenc and 20 ml
of &Eer{:ent a&ueous ammonium hydroxide wers
heated to 165 °C in a 43-mnl bormb and shaken at this
tomperature for 2 hr. The product was purified as
deseribed previcusly, exceps that, after =ublimation,
the compound was stallized from patrolaum
ether, yielding 7.6 g (46.7%,) of elightly yellow erya-
tals; mp 77 °C.  Nuclear magnetic-resonandce spestra
indicated it to he the pare isomer.

Analysis: Caleulated for C,H-F\IN: C, 24.7; H,
{1}‘?4"213' 45;7,43.6. Found: C,24.7;H, 0.5; N, 4.6,

i p{BeasyloxyHetrafluorooniine

Twenty grams of bonzyl pentafluorcphenyl ether
and & largs excess of 28-percent aqueous ammoniom
hydroxide were hewted in 2 1100l bomb to 160 O
and shaken at this temperature for 2 hr, A =smasll
asmount of white crystals was ohserved clinging to
the inside of the bomhbh. This material was removed
and recrystallized three times from ethanol. Yield:
3 g (13%) of slightly yellow needles, mp 97 “C; it
wae shown by nuclear magnetic resonance to ba the
Pard 1BOMmer,

Analysic: Caleolated for C ,H F,NO: O, 52.1; H,
3.53;N,51. Found: C,530;H,34; N, 49,

0. 2 Chlsrwtrifloore- o, o, ectrifluoeo- pdotoidine

A mixture of 50 dg of 2-chlorotetrafluoro-«, o, a-
triflupro-toleene and 120 1l of 28-percent amimooiem
hydroxide was heated to 210 °C n s 200-rol bomb
and ghaken at thia temperature for 2 hr; the cruds
substituted toluidine was purified by sublimation,
miving 22 g {43%) of white erystals which readily
decomposad &t Toom temperature in the presence
ol air (accounting for discrepancies in the analyais).
Analyeis: Unlenlated for E‘-,HZCIF,N: C, 33.7; H,
%;S; N,gs,ﬁ; Cl, 142, Found: C,326,H, 1.1; N, 8.2;
, 144,

k. 2,356 Tsralluorc-p-anleidine

To 100 1ul of anhydrous liquid ammonia and 0.1
of forric nitrate at —70 wus added, in em
Eieces, 2.99 ¢ {0.13 g-atom} of sodium. When tho

lus color bad permanently disappeared, 25 g (0.13
mole) of pentafluoreanisola was addad slowly durci)%
45 min. The mixture was sticred for 5 by at —70 *C,
and the ammonia was allowed to evaporaie over-
night at room tempersture. After the addition of
100 ml of water, the fuorccarbon layer was se ted,
and the agqueous layer was cxtracted with three
S0-ml portione of dichloromethane. The unreacied
pentafluoroanisole, 7 g (2890), was removed by
distillation; bp 137 to 138 "C, By vacuumn suob-
limation {30 °C/1 mm) of the residus, tetrafluoro.p-
an=idine, 2.5 p (149 based on reacted penta-
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ﬂuuru.a,nisule:lé was obinined ms white needles, p
75 to 76.5 “C; the structure was identified by
nuelear magnetic resonshes.

Analyets: Caleulated [or CHF,NG: C, 43.05;
H, 2.56; N, 7.19, Found: C, 43.10; H, 2.7; N, 7.1,

After remmoval of the sbove compound, the residue
liquefied, und 1.2 g (6.7%;) of solid 4 4 -dimelboxy-
oetafluorodiphen ylamine was obtained by distillation,
Lp 30 to 52 1 mm. Sublimation at 30 °Cf]
mm, and recrystallization from petroleum ather gava
white nsedles, mp 78 to 79 *C. The melting point
of & mixture of tha fluorssnisidine and the diphenyl-
amine compound was depressed. Nuclear magnetic
resonance showed that & substituted anisyl group
waa linked to the nitrogen atom ut the pers position,

Analysiz: Caleulated for U.IH;FHNE: 454);
H, 1.88; N, 3.75. Found: C, 454; H, 2.0; N, 3.5.

The residue gave 4,4" 4" -trimethoxydodecnfluore-
triphenylamine as a yellow oil; 2.2 g; bp 157 to
158 (41 mm; n¥ 1.5005.

Anolgsie: Caleulated for CoH,F.NOs: C, 46.4:
H 166;N 257, Found C 487, H, 21;N, 250

54, Diomtization of Pentaflporcaniline
. Feuloflverolodokbenzens

In & 250-ml, 3-necked, Monel flask {Atted with a
metal mlet tube, Monel reflux ¢ondenser, und Taflon-
coverad, magnetic atirring-bar) was placed 20 g
{0.108 mole) of pentafluorosnihne. Approximately
75 tul of anh{dmus bydrogen lucride was condensed
into the flazk at —20 °C and 7.27 g {0.105 mole)
of sodium nitrite was added durinE 30 min. The
flusk was allowed to warm to —10 °C, stirring was
continued [or an additionel 1 br, 178 ¢ [0.106
mole} of granular potassium iodide was added during
30 min, and the mixture was sllowed to warm to
25 "Cin 1 hr. The residual lsﬁvdrugm fluoride was
removed by warming the flask at 50 °C and the
mixture aras povred into 100 ml of water in & Monel
beaker. ‘The organic layer was separated, washed
with three §0-ml portions of sslurated sodium
bicarbonate solution and water, and dried {sodium
gulfate). On distillation, 16.5 g (30%) of penta-
fluorciodobenzens, bp 77 to 79 20725 min, was
obtained. Analyticel, vapar-phese chrometography
{Viton A column af 150 *C) showed only one produci,
with & retention time identical with that of penta-
fluorviodobenzens.

Eromopentafluorobenzane (35% yield) was pre-
pared by the same procedure, except that 12 g of
potassiom bromide and 15 2 of cuprous bromide
was u=ed in place of the potazsium iodide.

8.5, Oxidation of Pentoflucroaniline
a. Dacafluoroczoxybenzene

In 2 250-ml flask were placed 10 g (0.055 mola) of
pentafluorcaniline, 100 ml of placisl acetic neid, and
25 ml {0.22 mole) of 30-percent Liydrogen peroxide,
At 25 °(, tha solution turmed hlue, en, dark
brown, yellow, red, and finally orange within 24 he
During an additional 24 hr, an orange liquid sspa-
rated on the bottom. The reaction wae stopped by

dilutipn with 300 ml of water. The orange liquid
was separsted and, when chilled in ice, soliditied.
Yield: 4.5 g (22%). On sublimation st 30 *C/1 mm,
followed by recrystallisation {(decolorization with
charcoal) from petrolepm, ether, white plates of
decaftuoroazoxybenzene, mp 53 to 54 C, formed.
Un standing, the materigl acquired a green ting.
Confirmation of the structure was obtained from
msasg-apactrometer analysia, which showed the par-
ent mass peak at 378, The ultraviclet absorption
apectrumn showed two maxima, one at 230 mu and
the other at 296 mpe.

b. Deoaflucronzobenzens

A mixture of 5 2 (0.013 mola) of decafinoroazoxy-
benzene, 15 g of zinc powder, 5 g of ammoniom
chlaride, 10 ml of water, and 75 ml of 95-percent
athanol was etirred under reflux for 30 min. Tha
mixture was filtered hot, and the zioe wias extracted
with twae 50-ml portions of hot aleohol. The aleco-
holie filtratea wore poured onto 100 g of jce, and the
tan precipitate was Altered off and dried. Bublima-
tion at G0 °CY1 mm gave 2 g (41.5%) of orange
decafluoroazchenzens, mp 57 to 59 “C. Confirma-
tion of the structure was obtained from mass-apec-
trometer analysis, which showed the parent mas=s peak
st 362. The uliraviolet absorption spectrum showed
one peak at 230 mg, but this had two slight inflec-
tion=, one et 280 myu and the other 326 mg.  Solu-
tions of decafluoroazoxybenzene are yellow and show
one absorption pesk at 370 mg in tge visible range,
whereas the solutiotis of decsfluoroazobenzona wra
arange and abaorh ab 465 mp.

3.6. Reactlicns With Organclithivm Compounds
a. 2,3,4,5 6 Peatafluorctclume

Methyllithium was prepared in o 500-ml, threc-
nacked Aask equipped with a dropping funnel, mag-
netic stirrer, and a fitting for introducing & eontinu-
ouz flow of argon. Clean hithimm, 4.5 g (0,61 mole)
cit into small pieces, and 200 ml of sodium-dried
ather were placed in the flask. A solution of 43 i of
odomethane in 50 ml of ab=olute ether was added
deopwise to the mixtere while vigorous stivring and
a eonetant atmosphere of argon were maintained.
After the reaction of the iodomethane with the lith-
inm had begun (a8 avidenced by a clonding of the
ether), the mixture wae coaled to —10 °C with dry
ice-acetone, The temperature waz maintained be-
twean —10 °C and —20 °C during the entire
preipamtiun of the methyllichium,.

The ether solution of methyllithium was t(rane-
farred to a dropping funnel while under an argon
atmosphere, und was wdded dropwise to u solution of
i) g of haxaflucrobenzene in 250 ml of dry pentane
initially ai room temperature, slight refluxing from
the heat of reaction being mamteined. Continuous
stirting under an argon atmosphera was maintained
throughout the addition snd for an additional 17 hr;
during the final 2 hr, the solution was refuxed zently.
After being cooled to room temperature, the puspen-
sion waa filtered and the filtrate waa washed with
water and dried {sodium sulfate). The liquid was
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diztalled thmu%h a packed column. Yield: 34 g
{T0S5), bp 115 2.

Arafysiz: Caleulated {or C;H,Fy: C, 46.2; H, 1.6.
Found: {7, 46.4; H, 1.5.

k. Butyl-2 34,5 G-pentaflywrobenzena

In & 2460-ml, three-nacked flask {fitted with a
dropping funnel, stirrer, and reflux condenser, and
containing o heliwm atmosphere) were placed 1.56
{0,208 g-atom) of Y-in. hthium wire and 30 ml {ﬁ
anhydrous ether. To this mixtura was added 5 ml
of a selation of 18.3 E (0.134 mole) of 1-bromobutane
in 25 m! of anhydrous ether at 25 *C. Gentle
refluxing inifiated the reaction, and the remainder
of the aolution of 1-bromobutane was added dropwise
at —10 °(). After the addition was completed, the
reaction rixture was stirred for an additional 1 hr at
this temperature and finally allowed to warm to room
teropernture. The ioixture was fltered, wnder
helium, directly into & dropping funnel, and was
slowly ndded to & salution of 25.2 & §0.134 mole} of
hexafluorobensene in 25 mil of anhydrons ether at
—10 *C. ‘The mixture was allowed to warm slowly
te room temperatura, refluxed for 80 min, and eocled
i iee, atd 100 wil of ice water added. It was then
filtered and the etherenl layer wons separated, dried
(sodium sulfate}, cvaporated, and distilled. After
remnoval of 10.5 gb{sﬂﬁj of nnreacted hexsfluoroben-
zene, there was obtained 7 g (33.29; based on reacted
hezafivorchenzene) of butyl-2,3,4,5,6-pentafluoroban-
zene; bp 86 to 87 "C25 mim; nff 1.4220,

Anaiysiz: Caleulated for OHFy O, 53.31; H,
4.02. Found: C, 54.0; H, 42, There was also ob-
tained 2.5 g (1195} of a compound, bp 230 *C/1 mnt,
n¥® 1.46583, which, from its chemical analvsis,
appeared to be impure tributyldiflyorcbenzene. This
product wes not investigated further,

Anadysiz: Calenlated for O HyFs: €, Té.9: H,
i0.2. Found: O, 76.5; H, 11.9.

c, 2,345 B-Paniaflvorohiphenyl

In a 1-liter, thresnecked flask {equipped with a
atirrer "having a polytetraflucroethylene blade, a
Friedrichs condenser carrying a deying tube, and &
prezsure-couelizing  dropping—dunnel fitted with &
nitrogen inlet} was placed 327 p (0.18 mole) of
liexafuorobenzene in 150 ml of anhydrous ether.
A sohution of .18 mole of phenyllithium in 250 ml
of ether was added dropwise under & nitrogen atmos-
Eher& with constant etitring. After the t 25 ml

ad heen added, heat was applied to initiste a
vigorous exothermic reaction marked hy the forma-
tion of a heavy, white precipitate. The remainder of
the pheuyllithinom was added carefully so that the
refluxing was vigorous but not violent. The mixture
weae stirred for 24 hr at room temperatore and then
treated with about 200 ml of 10 percent agueous
hydrochloric aeid to destroy excess phenvllithium
and to diseolve the precipitated lithium fiuoride.

The aqueous laver was separsted and extracted
with several portions of ether. Tha cther solutions
were rombined, washed with small portione {10 ml)
ol saturated sodium biceybonate solution until the

waabing remained basic and with saturated sodivim
chloride solution wntil neutral, and dried {sodium
sulfutel. Most of the ether was removed by evapora-
tion &t stmospheric pressure through a  16-in.
Vigraux column ; on ¢ooling the concantraied solution,
u white precipitate formed. This was removed by
filtration e&nd was shown Ly nuclear magnetic
resonance to be 2,35 G-tetrafiuoro-p-terphenyl, mp
230 °().  Yield: 8.5 g (179%).

Analysis: Caleulated for CpH,Fy: C, 715 H,
3.3; F, 251. Found: C, 68.3; H, 3.2; F, 24.7.

The filtrate was evaporated under Vigreux eolumn
to remove the residusl sther. Sublimation of the
residua gava whita crystals which appeared to be
irapure 2,3,4,5$ﬁ-pent.&ﬂuumbiphenyl. Yield: 22 ¢
(709%); mp 69 *C,

Analyets: Caleulated for C H,F;: C, 59.0 H, 2.1;
F 389 Found: C, 595;H,24;F, 27.5

d. 2,3,4,59,6-Pantaflugm-x-met hylstyoios

In & 1-liter, three-neacked vessel (equipped stmilarly
to the flask veed in the addition of phenyllichinm) was
laced & solution of 18.6 %'l{lll mole) of hexafuoro-
Eenzene m 100 m] of anhydrons ether. A solution of
iropropenyllithivm in 230 ml of ether (prepared from
12.1 7 of purified 2-bromnopropens by the method of
Brauge and Evaps |57)) was teansferred under helium
to the dropping funnel and ndded dropwise to the
hexafluorcbenzene solution. After 25 ml of reagent
had been added, Liast wag appled to initiste refluang;
the rolution becsme clondy at onee. On completing
the addition of the isngropanzel]ithium, the mixture
was refluxed For 1 hir and then tph overnight at room
temperature. After addition of shout 50 ml of 5-
ercent sulfuric acid, the solid was removed by
tration thrquh a  sintered-glass funnel. The
ether layer of the filtrate was separated from the
agqueous layer, washed with amall portions of water
urtil neetral, snd drisd (wodiuwm sulfate) overnight.
Fractionsl distillation through & 16-an. Vigreux
column gave, after removal of the ether, 9 g of hexa-
Buotobenzene and 5 g of 2,345 6-pentaflucto-o
methylatyrene; bp 72 to 74 “CY52 mm. Yield: 24 per-
cant (509 based on unrecovered hexafinorchenzene).
Analysis: Caleulated for OyHqFs: ©, 51.9; H, 2.4;
F, 459, Found: C, 51.8; H, 2.6; F, 44.6.

About 0.1 g of a higher-beiling liguid was isclated.
Vapor-phese, elirama phic analysis {Viton A
eolumn at 125° C) of this fraction revealed the preu-
ence of two main compenenis.  The first component
had the same retention time as 2,3,4,5,6-pentaflucro-
a-methylstyrene, The second eomponent (ahout
509, of the fraction) had A considerably longer re-
tention time and may possibly have baen a dizubati-
tuted derivative of hexefluorobenzene. No further
attcmpt was made to identify the ligher-boiling
product.

A considerable amount of a erystalline product, not
readily soluble and apparently polymeric in nature,
was found in the filtered solid. Hence, it appaars that
anioni¢ polymerization of the olefinie produsts oceurs
quite Teadily under the conditions of the remction.
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e, 2,3,4.9 6-Pantaflucroatyrens

Traing essontinlly the eame type of apparatus and
technique as previously deseribed, a solution of
vinyHithium (prepared from 0.1 meole of phenyl-
lithium and 0.025 moele of totravinyltin aceording to
the method of Seyferth and Weiner [581) in about
150 ml of ether wae ndded dropwise to 156 g {0.1
mole) of hexafluorobenzene in 50 ml of wohydrous
ether. The reaction st room temporature was
accompanied by precipitation of & white solid and
vigorous refluxing of the solution. The flask was
cooled to 0 °C about balfway through the addition,
to moderate the vigorous refluzing. On complation
of the eddition, the mixture was kept at room
temperature gvernight and then refluxed for 30 min.
After being cooled, the mixtirra was filtered, and the
filtrate was flash wvacuoum-distilled into & trap at
—78 °C. Bome polymeric solid was left in the flask,
The distillate was fractionated through a 12-in,
column packed with glaga helices.  After remoaval of
the ether, about 4 g of hezafluorobenzene waa
recovered. The higher-boiling resldue was distilled
under vacuum. A eonsiderable quantity of solid
waa left in the distilling flask; it may have been
R‘alymeric vinyl derivative{s) of hexalvorobenzene.

he colorless, liquid distillate, bp 34 /25 mm, was
shown to be identieal with 2,3,4,56-pentatluore-
styrens obtained by dehydeation of 2,3,4,56-penta-
fluoro-p-methylbenzyl alechol (prepared by the
reaction of pentoaflucrophenyl Grignard reagent with
acetaldehyds [12]). Vapor-phase, chromatopraphic
analysis showed the monomer to be of high purity.
Yicld: 20 pereent (based on unrecovered haxafluoro-
banzena}.

8.7. Reaction of Hexalluorobhenzene With Lithinm
Aluminum Hydride and Lithinvm Hydride

In o 300-ml, three-necked flask equipped as
deacribed praviously was placad 21 g (0.11 mole) of
hexafluorchenzene in 5¢ ml of anhydroue ether.
A glurry of 3 g ﬁﬂ.ﬂs mole} of lithium alumingm
hydride in 200 ml of anhydrons ethar was filtered
into a dropping funnel, and the filirate was added
dropwise, under a slow atream of nitrogen, to the
stirred, reﬂuxini{ aolution of hexafluorobenzene,
Alter all of the lhithium aluminum hydride solution
had been added, the mixturs {containing a white
precipitate) was refluxed for 8 hr. Aliquois of the
mixtyre were periodicelly analyzed by vapor-phase
chromatography, in order to determine the conver-
ajon of hexafluorobenzens to talluorcbenzene as
s function of time. After 1 hr, an aliquot of the
ethereal solution conteined two components (in
addition 6o the ethar}. The component haviog the
shorter retention liine was the starting material
The other componant, afier izolation by preparative,
vapor-phase chromatography, was shown by mass-
apeclrometric analysis to have 5 parent mnsz of 168,
corregponding  to  pentafluerobenzene. The con-
version of hexafluorcbenzene to pentaflucrobenzene
waad estimafed to ba ghout 30 percent. After & hr,
the conversion was about 50 percent, and, after § hr,
60 percent.  Further refloxing did not increase the
percent conversion appreciably.

The renction mixture was cooled to —78 *C and
the excess hydrides wera desteoyed by adding wet
other, water, and 20-percent nﬂueﬂus hydrochloric
actd until the mixture was acid. The ether layer
was geparated, combined with the ether extencts of
the water layor, and droed (sedium sulfate}. The
ether was removed by evaporation through a 24-in.
column dpaekml with plase-helices. The hiphear-boil-
ing residue was [ractionatad, to give 17 g of & mixtura
of hexafluorchenzene and pentafluorobenzene, bp 78
to B¢ ", Some of the hexafluorobenzene {shout
3 g} was apparently lost during the repction or
distillation, or both, The products were separated
by preparative, vapor-phase ehromatography, usin
a2 column & ft by % in. packed with acid-washe
firobrick coated with 2{ percent (by weight) of
gilicona oil (3K 30}, The final racovery of unreactad
hexafuorobenzens wae 8 ¢ the yield of pentaflooro-
benzene was 7.5 g {819, based on unrecovered
hexafluorehenzene). Less than 0.5 g of disubstitu-
tion product (presumably 1,2,4,5-tetrafluorobenzene)
wae also izoluted. About 1 g of & higher-boiling,
unidantified Eruduct remaiped in the pot.

Several other experimenis were tried, using equi-
maolar proportions of hexafluorobenzens and litlkium
hydride in ether. Very Little, if any, pentafluoro-
benzena was formed, even after long periods of re-
flux. The same materials were ssaled in a dry,
evacuated bomhb, which was then heated at various
tnmﬁamtums (30 to 200 °C) for varigus times (up to
24 hr). Again, no pentafluorobesnzene or other
product was detected by vapor-phase, chromato-
gruphic analysie [24 by 0.25-in. colwnn, with o
pac iné of 30 percent (hy weight) of silicone oil
(Dow Corning 550) on 40=60-mash, acid-washed fire-
brick] of the eiber solution. However, the use of
lithum alumioum hydride in 10-peresnt molar pro-
portion together with squimolar propertions of lich-
ium hydride and hexafloorobenzens in ether resulted
in & 2h-percent conversion to pantafluorobenzene
after 48 hr of reflux.

The authora exprass their appreciation and thanks
te K. A. Paulson for elementary snelysis, James
Brown for mass-apectrometric anelyais, Max on
for infrared spectra, and Harold Finegold for nuclear
magnetic-resonance spectri.
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