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SYNTHESIS OF AROMATIC FLUORIDES THROUGH DIAZOTIZATION
IN ANHYDROUS HYDROGEN FLUORIDE

Richard Ly Ferm

Introduction

Knowledge.of the element fluorine end its compounds
has been advanced in slow, uncertain steps from the time
Ampbre sugges?edl to Sir Humphry Davy that hydrofluoric
secid, which had been described as esrly as 1768 by warggraf?
was a compound of hydrogen eand an unknown element, through
the moment on June 26, 1886 when ¥oissan® isolated and chare
acterized this free element, and on into the next century
where most of the investigational work on the synthesis and
properties of orgsnic fluorine compounds was cerried oub
almost solely by the Belgian chemist Frédéric Swarts, until
sbout the year 1925,

Until thet time, accurzte informztion was s0 come
pletely lacking that most ggchnical.men“regarded all organic
compounds of fluorine as dangerous laboratory curiosities,
and indeed this extremely misleading viewpoint was not come
pletely eradicated until after the commercial production of
the "Freons", which are used as refrigerants in household
cooling machines and in zir conditioning equipment,; was pioa
neered by Midgley and Henne in 19.'50=.-4 Anhydrous hydrogen
fluoride waz made available coumercially shortly thereafter

and elemental fluorine, itself, was placed on the market in
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19468, These events have awakehed great interest in the
synthesisjof'orgagic fiﬁorine compounds, which have found
use as refrigerants, dyes, plastics, insecticides, and
pharmaceuticals;s fhe SynthesiSaof fluoracarbonse has
1eAd-to a particularly interesting group of compcunds
which have proved to be valuzble as highly stable and chem-
ically resistant lubricgting oils; 1ubr1cant additive
and heat transferland'&ielectric media g

At present most such commercial applications of
fluorine chemistry involve the use of &liphatic fluorine
compounds smnce they are cheaply prepared by relatiVely
aimple methods from readily availsble muterials, 67,8 It
is‘expectedithat=hromatic fluorides will_prqve te be of
equal or perhaps even greater value as chemieal‘iﬁte:médi«-
'ates7ﬁhen they can-ﬁe economically prepared oﬁfaflaééeﬁ
scale, For exsmple, a fluorine analog ef‘DDT;haé been ree
8

ported t6 beisuﬁer&cr‘as an insecticide, ﬁcaording'ta

19 chematharapeutic'agenté cone

the concept of isosterismy
taining fluorine subsﬁituted for the isosteric hydroxy and
amino groups m&y-be:vaiuableimeaicinalsfll Fluorinated
azo dyes suitable for use'with‘cellulose derivatiﬁes, silk,
wooly nylon, vinyl. acetdte~viny1 chloride copalymers, and

iz

protein synthetics have been prepmred. Copolymer of

putadiene with @rfluorostyrgne‘appears to be supérior; Pale
ticulsarly in resistance to failure due to flexing; to the

: . S
butadiene~styrene copolymer GR*S,l
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Attempts to synthesize aromatic fluorides hove fole
lowed a number of vasried paths to achieve more or less
limited degrees of success. The action of elementary flue
orine upon aromatic compounds has been throughl§ investi-

14 to 19 but only mixtures of polymeric substances

gated,
result., This is presumably the result of the tendency of
elementary fluorine to resct with aromatic double bonds
rather than to substitute for nucléar hydrogen atoms.15
With benzene itself, for example, fluorine appesrs to react
&8 folicwsf, |

HF FH

HF
O T S ST e o
e

Lead tetrafluoride has been reported to act upon acetanilide
to give a 10% yield of p~fluorocacetanilide, although in
other cases no reaction occurs or ters and polymers are

formedige

The same’limitationsg%pply to the reazction of
phenylicdofiuoridey CSHSIEE’ with zromstic compounds, ex#4
cept that a small yield of the p-fluoroderivative has beepn
obtained frcm‘dimethylaﬁilinea Aromstic fluorides can be
prepared from aromatic halides by replacement rezctions.
with hydrogen fluoride or metallic fluorides in only special
cases were"ﬁha.halagenncarbon-bond is weakened by the presw
ence of cher groups on the benzene ring, Thus £;4«dinitro-
fluorobenzene may be prepsred in gpod yield by heating'2,4~
dinitrocé;orobenzene with potassium fluoride in the prese

' “D."‘
ence of an inert solventgg“’gé
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More successful methods for the synthesis of aroe
mstic fluorides involve the replacement of the aromatic
amino group with fluorine through diazotization, Unfortue
nately the methods of Sandmeyer~® and Getterman,<® which
involve the decomposition of aqueous solutions of aryle
diazonium salts in the presence of catalysts such as
cubrous halides or powdérgd copper to produce good yields
of aromstic lodides, broumides, chlorides, and cyanides,
give poor yields when;applie@ %o the synthesis of aromatie
fluorides, Fluorobenzene is thereby obtaine&:from‘aniline
in yields of only a little overxga%gge’ﬁv-andla large
emount of phenol is formed through rezction with the water

a-attributes the poor results obtsined

present, Hbdgsong
under suéh.conditions,tavthe fact that in agueous solution
hydrofluoric sacid is largely ionized asLH*Tana HFé,-and
that the yields of fluorocompounds are due to reaction of
the diazzonium ion with non«ionized HF; the HFé.anion being
.unreacﬁive; _Qmission of the usual Sandmeyer and. Gattermann
catalysts_prodhdes no deleterious effects, and increasing
the concentration of the hydrofluoric acid raises the
yields.ofathavaréﬁaﬁég‘fluorides* Thus swartsgg prepared
p~ and gyfluordﬁiﬁrobéﬁééne in ylelds of 70 and 50% re-
~épeqtively'by using 70% hydrofluoric acids

Another reﬁcfion leading to the formation of aro-
matic fluorides involves the decomposition of diszoanmino
_@dmbouﬁds'by warming with concentrated_hvdrofluoriaAacid

acgording to the equationzéa*31
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4% best emly'eneahalf,aflthe aromatic smine used cen be cone
verted by this méthad,iaﬁd the yields zre usually less than
50% due io the formation of resinoﬁé hyp?bdﬁdfé; In 2 sime
1lar,fashion,waryldiasziperidides are éélit by treatment

with concentrated hydrofluoric acid at root téﬁperaﬁnre»tou»

yvield aromatic fluorides as follows: 0521
CH,—CHy /CH?_"C_HL
/
CNn-N 0 e BL Y F N e,
C HL_C Hz CHZ'—C HL

Thetyieldsuare~usnaiiﬁfless than 'B0%, «nd due to its vigs
orous nature, the"reaé£i¢g\¢aﬂnat:ba safely earried out
with lerger than 10 g, qusntities,

The most sﬁcééﬁﬁfﬂl,methodg-which is used for ale
most all of present é&?aprepar&tive work in the synthesis
of aromatinttluoride$}££§jthe so called "Schiemann reac-.
tion";V'This;@athod, Whibﬁ-W&s originated by Gunther Balz
aud Gunther Bchiemannag«mfter ﬁh@(anneuncement537of the
fsolation of steble solid diazonium boroflucrides, and

34 to &9 is

which was then further extended by Schiemsnn,
based upon the thérmal'decompositiqn of such solid dry
diazehium borofivorides to give aromatlc fluorides in good

iieldsuas followss
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mhepgiazbnium-borafluaride85 which zre formed when concene
“trated fluoboric acid, or an aqueous solution of sodium
flﬁdﬁorateéa'isﬂadﬁed to an agueous solution of the diazo-
tized amiﬁe prepared in-the_uﬁual manner; &re iééiéted by
virtus of their low solubilities in water, snd in contrast
to most diaéonium aélts, are guite stable when dry, but-
they are slowly decomposed by the action of light, TUpon
heating they'usually'decomppse smoothly and without vio-
lence in the manmer indiceted sboves In similar fzshion,
several little-studied dizzonium salts, such as benzene=
diazonium hexafluophpsph&te,4l benzenediagzonium hexafluo~
antimonate,éz and_pfcarbethoxybenzenediazonium hexafluo~-
silicate,43 have beenfreported to)give rise to small a-
mounts of eromutic fluorides whenithermally decomposed in a
dary states

The Schiemarn reaction has been modified by Roe and
Hawkins44 to permit the synthesis of heterocyclic f§§3§$ggﬁ?
lbyvdiazdtizaticn.of the corresponding smines in either aw
‘éueous or ethanolic cbncentrated‘fluobori¢ acid solution

through addition of solid sodium nitrite or gaseous ethyl
nitrite at 00. The decomposition is then carried out eie
ther immedistely by werming the dlazotization resction
mixture, or by separating the precipitated diazonium fluo-
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boride and warming it while suspended in petroleum ether,
The methods for the synthesis of aromstic fluorides
hithorto discussed are not well suited for sdaption to the
economical production of such compounds on & lurge scale,
elther because of the low yields obtzined or becauss of the
expense of the reactants and of carrying out the operctions
involved, This is illuﬁtrated by tﬁe prices.quoteda for
guantlity sales of the following typiaal.aramatic flu&ridasi

FLuorobenzens w—mwmwmmmmmen—iewessss § 35,00/ Kg.
B-FlUOTOLOLUEHE Svommsiiisimioimmsnis 55,00 ¥
peFluorconitrobenzene seweeeesimemews 75,00
gFluorobenzoic acid wiwsmieesimanse 450,00 ©

Heplacement of the sromstic amino group with £luoe
rine through formation and decomposition of the corre-
spcnding diazonium fluorides in ligquid anhydrous'hydrggen
fluoride eppears to be a method which will be satiSfaétcgy
for the production of &romatic fluorides at relatively low
costs, The operztions involved consist of prepsration of a
golution of tﬁe desired aromatic amine in zn exvess of ane
hydrous hydrogen fluoriderhich serves both as reactant
and solvent, glOW-additiontaf solid sodium nitrite tolthe
cooled gently aglteoted soiﬁtionivdecomposition“cf the
dilszonium fluoride by warming thé éﬁlution under reflux to

a temperature that;depeﬂds upon the particular amiMEQusad,

vodt?

& private communication from Fluor+&yn Laboratories,

¥ilwaukee, Wisconsing May 1948,
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and 3eparmtimn‘of'the;grbmatic*fiﬁoride from the excess
hydrogen fluoride -znd:other by-products, Although as ine
dicated by the followlng general overall eguation for. such

synthesesy

@NHZ-}-N“N?Z _H.E> @F +N2_T+NO..F +2H20

2 moles of water are formed' for esth moie of &romutic
sirine dlagotized, most of the excess hydrogen fluoride

L o : e a4
could be lergely recovercd by rectiizcatlonis

and recycled.
In addition; due to its low solubility in water, most of
the sodium fiuoride formed could be economically recovered
quite easily, snd perhaps sold as wn ingredient for inor-.
ganic insecticidsl mizxtures, or be reconverted through
rezcblon witi sulfuric scia to hydrogen fluorides-
.fgﬁithaugh fluordbepzene WES prapargdvfrom,&niline
through Qlazotization in ephydrous hydrogen fluoride as
early. as l954,46 the generai epplicability of this.method
for the synthesis of other typical aromatic fluorides has
not been investigateds- Gther publisned works on this sube
Ject include a brief discussion of Germun fluorobenzeue

productionsduring,thé recent World Wﬁr;év

and the report by
Bradlow and Vanderﬁerfll’that n-fluorophenol mey be syn-
thesized from meaminophenol through diazotization in an-
hydrous hydrogen fluorides - The rollowiﬁg studies, which
are reported fér the first time in thié-paper,-show that

this method is successful in many cases, and that because
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of i1ts simplicity it is often preferable to the méethods
now commonly used for the synthesls of wromztiec fluorides

upon & laboratory scaley

tal Studies&rb

genera;_Pracedurg¢4ﬂ§§roximately 20 moles of anhy-
rous hydrogen fluoride® was slowly added to 1 mole of the
purifisd amine contained in & twd-neck; one-liter monel
metald flask cooled in dce-wuater. The xolution Wes éﬁirred
at 0° with & sbainless steel paddle stirrer® while 82,8 g4
(1.2 moles) of reagent grade 5o&iam.nitrite was added in
small portions over an hourts timée The metal flask was
‘then attached to the decomposing apparatus_shawn in Figure
1. This conslsted of a-copp%ﬁ xeflux éoii(2)5 welded into.

4 A1l refractive indices and melting points are
corrected, Bo&ling points are not cofrecteds

LI AES anelyses were carried out by the Clark Hicrow
analytical Laboratory, Urbana, Illinois,

© Commercisl grade hydrogen fluoride from the
Harshaw Chemical Co., Cleveland, Ohlo, was distilled di-
rectly from the tanuk-inte the roschion vessely

d ¥onel metal proved supevior to copper or staine
less steele ALl metal flasks wers obtained from the
Seientific Glass Apparatus Coes Blooufiela, Hew Jersey.

€ This consisted of & s;ugle arc-shaped blade &
inches in diameter aund 3/4 inch in depthy purchuqed from
the Wixken&uAndergou Co., Chicugo, Illiinoise

o F Dried overnight .ab 1L0°-and povdered for conven-
ience in addition} purchuseﬁ'from ¥erck Cos, Rahway, N. J.

g six 7 inch diameter turns of /4 inch 0, D.
copper tubing obtained from & lerge size wster heater,.
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a5 gallon solvent can(a)-(iop removed) which had been
painted and insulated with a covering of asbestos, The
coll was cooled with crushed icej excess water was run to
the drain through a v&lve(g); Connection to the flask was
made by means of & 24/40 staondurd taper metal Joint(s)ga
The zescond neﬁkv(not showh'in Pigure 1,) was elosed‘with.a
rubber stopper bearing & copper thermometer well.b The
flask was heated by a water both(4) containing & motor
driven stirrer(6), a thermometer(?), snd a 500 watt heat-
coil(_s),c which was controlled by & Variac transformer.
The_temperatufe of the bath was slowly increased until a
moderate evolution of nitrogen was indicated by the bubbler
(ll),'whichuwas connected to the reflux coil throuch a
saftey trap(l0). Heating was continued and the temperaiﬁre’
slowly raised u@til nitrogen evolubtion ceased,

In most ‘cases the resction mixtures were cooled,
diluted with about 200 g, of ice, and steam distilled from
& metal flaski The distillates were condensed by passage
through a water-jacketed 1/8 inch copper tubey Very little
hydrofluoric acid distills under these conditionsy and it

is possible to use an ordigary glass condenser 10 to 15

@ Muchined from solid copper stock by the Lawrence
Iron Vorks,.

b Made by welding shut one end of an 8 inch piece
of §/8 inch O, Ds copper tubing.

¢ purchased from the Amoricsn Instrument Coys Silvers
spring, Maryland. '
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times before failure, depending upon the circumstances in
volved, Thé cruda-préductﬂ thue obtained were filtered off
if’solidsg‘&nd recrystallized from & sultable solvent,
Liguid products were either separcted direectly with a
separatory funnel, or extricted and tuken up ir diethyl-
ethery The liquids or ether solutions were washed with 5%
potagssium hydroxide solution when permissible towrémove
traces of phenalie'by+proéucts,s&md then treated with suite
eble drying sgents, such as "Drierite" or ashydrous calcium
chloride to remove traces of wétér. In some eases,fas;for
example in the<§Ynzhesas of the [luorobenzeoic acids, it was
possible to filter the fluoro-products directly, if they
were precipitated as solids when the resction mixtures’were
diluted with ices Ik the cases of basic products, such as
awflgoroasamethwlpyriﬁineg.aﬁ'much excess hydrogen fluoride
as possible was evaporated on & steam bath before the
rezction mixtures were diluted with ice. The residues

were then made bzsic to litmus with 10% aqueous potassium.
nydroxide solubion, end extracted with ether to remove the
productsy All products gave positive qualitative tests for
fluorine content when subjacted;gc fusion with matalﬁé
sodium, and tested for fluoride §on with an sllzarin-zirco-—
njum spot test¢48 A1l reported prccedures represent best
methods, chosen after repested trial runs under various
¢onditions, In some'casesﬂaS'many~as six such preliminary
experiments; devised to reveal optimum conditions for a

given gynthesis, were run,
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Fluorcbenzene,~A solution of 93,1 g¢ (1.0 mole) of
freshly distilled aniiine;a_b;,p@ 18155&181;70 at 736 mue,

in 411 gi (20,5 moles) of sphydrous hydrogen fluoride
contained in a l-liter; Zeneck monel metal flask was cooled
in an ice bath to 0°, and slowly diazotized by additién,
with meehsniczl stirring of 82,8 g. (1.2 moles) of powdered
sodinm;nitrite in small portions over a period of an hour,
The flask was then conmected to the decomposition apparatus
and slowly warmed to 56?,-as-indicateﬂ byl ﬁhermometer in a
copper thermometer well carried in the side»nack of the
flask, Moderate eVolutian,ofmnitrogen, about E'bubbles perx
second, was then then indicazted by the bubblery The
tempersture of the water bath was slowly raised over &
period of three hours until nitrogen evolution bad ceased.
The tamperatﬁrevgf the resction mixture was then 400; The
metal flask was then disconnected and cooled in an ice bath,
The reaction mixture Wa$ di1uted,ny addition with sheking
of about. 200 g. of crushed ice, The entire contents of the
monel flask were then poured sund rinsed with several pors-
tions of.distille@ water into a E-liter copper flask, and
then subjected to steam distillations The distillate
contained crude fluorobenzene &s a weter~insoluble oil,
whiech ﬁaa isolated with & separatory funnel, and washed with
80 ml, of B% aqueous potaasiﬁm hydroxide solution‘to

remove any phenol, The crude fluorobenzene thus obtained

@ From the Bastmen Kodale Co.y Rochester, N Y.; all
smines used were from Eastman unless otherwise noted,
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welghed 79:2 g. (82.4% yield of the théoretical as cale
culated on the aniline used), and upon distillation from
a 200 mly modificd~Claisen flask™ through a 10 inch
Vigresux column gave 73,3 g. (76.3% yleld) of pure fluoro-
benzene, b. pe 84-85° at 755 mm,, poo*Op.1,4598, Balz
end Schiemsnn®® report b, ps 85° &t 760 mm, y ahd Schiemann
and Pollersky™® report m°UD = 1,46673 for pure fluoro-
benzene,

The preparztion Gf fluorobenzeéne upon & larger
scale was carried out by éiazetizing a solution of 186,82
ge (240 moles) of sniline in 780 g. (58,0 moles) of anhy
drous hydrogen flueride, contained in & g«liter stainless
steel flask, by the sddition of 158,7 g. (2% moles) of
sodium nitrite over a period of 13 hours at a temperature
of Qaw Decomposition w&s-c&fried oub by aliowing‘thé
reaction mixture to stand overnight at room temperature,
about 300, while the systeﬁ was cdnnected to the ice~
cooled refiux coils Steam distillstion, followed by washe
iug-WithfS%:aqueous‘potassium hydroxide solution, gave 158
g‘w(a?al%'yield)iof'crude.fiuorobenuene, vhich was distill-
ed through a 10 inch Vigreaux column to give 147.9 g..
(81.1% yleld) of pure fluorcbenzene,

&IZYELD
O Wi OF

186 g. (2.00 MOLES) 148g. (192 g. THEORETICAL).

Ll ™ o

a Enyuipped with a,sealedain'thermometen weil,-and
standard taper joints,
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o-Fluorotolueng.~A solution of 107.1 g. (iiﬁ}mble)
of p~toluidine; bi ps 196*198°~at 754 mmy, in 405/g; (EO,Sf
moles) of anhydrous hydrogen fluoride, coutained in & le
1iter monel mebal flask, was diazzotized in the usual
manner by the addition of 82£.8 g: (1.¢ moles) of sodium
nitrite at OQ over an hourts time., The decompositionmg
which wss carried out as deseribed before; was noted to
have-already beguﬁ;-és evidenced by slow evolution of
ritrogen, when the diszotization was completed st 0%, and
was concluded two hours later when the resction mixture had
wermed to 267« The crude p=fluorotolueney obtained after
steam distillstion and washing with 5% potassium hydroxide
solution, welghed 82.& g. (74.5% yleld)s Distilletion
through & 10«inch Vigreaux column gave 80,7 g« (78428
yield) of pure g=fluorotolueney bi P 112;04112,5% at 758
mMmy 5 n&l‘QDilaéﬁ?Q; No sign of any decowmpositiony such as
etehing of glass,wbdor'af hydrogen fluoride or visual
chenges in the product, could be detected when the g-fluoros
toluene was distilled at 11g° at-atmosphsrie‘pressu#ée
Hblleman49 reports b. pa 114° 2% 760 mm¢,pan¢VSthémann, et

Ql-58

~ report g?lD 1.47385 for pure g~flusrotoluene.

. CHs NaNO, , HF —-Cr‘.3

107 3. (.OMOLE ) 819. C110 g THEORETICAL)

z-Fluorotoluene.~A solution of 107.} g. (1.0 mole)
of m~toluidine, b. pi 199-200° &t 737 mm., in 415 g, (20.7

moles) of anliydrous hydrogen fiuoride, contained in a le
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liter monel metal flask, wes diazotized at 00 with 82,8 g.-
(1,2 moles) of mdium nitrite, Decomposition was carried
out from 15 to 30° over a period of two hours, Gteam dise
£illa tion, followed by & wash with 5% potassium hydroxide
solution, gave 02:5 g¢ (B3:9% yield) .of crude jp~fluorow
tﬂlue:ne.f,. D.tstillu:.tion thropgh & 10~inch Vigreaux celwm
gave B0.4 g (82:0% yield) of pure m-fluorotoluene; b, p.
138,5+114,0° at 757 mni; 5°7*°D £ 1.4672, This agrees with
the literzture values of by ps 115° at 756 mm,,°2 an

24T+ 1,4652,%8

@ﬁ,\mZ 82BYIELD N\, ¢
on °  NaNoz, AE C%<__>

107g. (.OMOLE) 90g. (1103 THEORETICAL)

p<Fluorotoluene;~4 solution of 107,1 gu (10 mole)
of p-toluidiney bi pa 197&1989""ai:”“’?v’:s"ﬁ”fmm;',;: m;.p( 44-45° »
in 370 g¢ (1845 moles) of achydirous hydrogen. fluoridey. .
comé;ined“;in.‘;a l=liter monel metel ’f‘lasky was diszotized at
0° with 82,8 g¢ (1.2 moles) of sodium nitritey Decomposis
tion wes earried out in five hours over & tempersture
range of 20 to 60°%,  Steam distilletion, followed by
washing with B% potassium hydroxide solution, gave 8945 ge.
(Bl.2% yield) of crucié"gafluorotclueneg. Upon distillation
through a 10-inch Vigreaux column, 8630_- e ("?7;;7% yield)
of pure g—fluorotoluerie';:‘_f\:ﬁg Pa 1115‘-»116 ab 740 mme, B 7'213-
- 1,4662, was obtsined, This agrees with the liter&ture
velues of b. p. 116° et 756 mm,,%® and n°'D = 1,4647°°

pure p~fluorotolucne,
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WO e O
107 g- (1.0 MOLE) 78 g. (110g- THEORETICAL)

nggggggﬁl,$+dggeﬁ§xlg§nzené;¢ﬁ ﬁolgtion of 17.0g%
(0.14 mole) of Z-smino~l,B-dimethylbenzene, by py 218w214°
at 755 muey in 7642 g. (3,8 moles) of anhydirous hydrogen
flupride,;céﬁtaiﬁéd;in,a.EG@vmlgistginlgsﬁ-steel flask, was
diazotized st Q° by tha«addition.cf.llis;g;~(ogl7'mole} of
sodium nitrite‘§Verf§-period-ef aﬂ:hourtﬁ Tha éachposition,
as evidenced by a steady. evolution of nitrogenf,fe@uired
-eight hours Qvar:é“temperatureurange of 25 to.759; The
reaction mixture;-whiﬁq appesred to contain considerable
Lary was.exh&uStivle_gteam distilled, but only a very small
u&mount‘éf-auwaﬁereinsdlﬁble~oi;'was obtaiﬁ&d@ This was
ta?gnuup;in ethsr;;and the solution was extracted with a
50-ﬁla‘portion.ofﬂeﬁherg_ The combined extract wes dried
overnight over "Drierite" end sodium Fluoride, and then
flltered and evaporated to give 1.9 g, of a yellow oll, b,
be 801052 at 28 mmey of strong phénolic od&r, that gove a
weak positive test for fluorine, Treatwent of this oil
with 20 ml, of B% potassivm hydroxide solution gave a clear
golutlion, Hence only & trace, if &nyfEﬁfluoroél,ﬁadimethyl~
benzene wes formed, The prepsration of this compound by

other methods hus not been reported in the literature.

4<Fluoro~l,s-dimethylbenzene -4 solution of 121.2 g,
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(140 mole) of 4=aminoel,? ~éimethylb@naene, by Pe 100,5-
101,0% at 5 mm., 3n 428 g. (ml-4,moles) of snhydrous
hydrogen fluorides contained 4n =z e l-liter sonel metal
flask, was diazqtized.at.ﬂ to 5° by addition of 82.8 g
(L.2 moles) of sodium nitrite, The diazotizstion, which
recgulired hwo:hours,vappegredvto proceed rather slowly, as
evidenced by the evolution of brown fumes when the sodium
nitrite was added too rapidly, Decompds;tibn fé@uired 2%
hours-atJZO to 45¢@ Alter steam-disti}lat;cn.gnﬁ washing
with'aﬂ potassium hydroxide solution, 75:% ge (Gois% yield)
of crude 4-fluoro~l,s-dimethylbenzene was obtained. Distils
lztion through & l1l0«inch Vigreaux column gave 7.l g«
(87.8% yiald) of pure 4~f1uoro~1,3¢dimethylwen4ene, be Pe
26, 5~4?¢o° at £0.5 mm,, n27eBp = 31,4725, About 10 ml. of
the pure prcauct.was redistiiled 2t atmosphsgic pressure; b,
De 141.242° &t 755 mm., and no sign of-any4aecompositzcn-
was observedy Bzlz andJSchiemann;S report h¢'pav1455144°
at 749 mm, for pure 4efluoro¢1,a«dimethylbenzene& |

CH$©NH1 57% YIELD_ CI-Q_QF
cH NaNO, , HF - CH;

1219. CI.0MOLE) 71g.(124g. THEORETICAL)

2—§lgcréal;44dimet”'“ben?ene.up solution of 121.2 g.
(1.0 mole) of Leamino-l,4-direthylbenzene, be ps 108¢5«
169‘0° at £1 mm,y In 450 8o (22+5 moles) of snhydrous
hydrogen fluoride, containeu in & l-liter monel metal.

flask, was diazotized by addition of 82,8 g. (L2 moles) of
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sodium nitrite at O t§,7°. The dizzotization proceeded
rather slowly and req&ired two. hours, The decomposition
was completed in threé"houis over & temperzture range of
15 to 85°. After steam distillation and washing with 5%
potassium hydroxide solutiony 8143 g;-(&ﬁ,&%'yield) of
crude 8-fluoro~l,4~dimethylbenzenéd wes obtaineds Distile
lation through a 10-inch Vigresux column gave 55,0 g
(42,8% yield) of pure £-fluor«l,d~dimethylbenzene, b. pe’
49,5° at 25 mmiy b. p, 179,8-140,1° at 724 mmiy ms pe <7
to 6%, n=2*6p.3 31,4727, aB7L = 0,9809, Calculsted for
CgHgFy Ct 77i59ﬂ- He 7,305 found, C3 77.36%, He ?@35%;_na
GSCOMDOblﬁiOE was obuserved when the product wes dis tilled

at*atmanphariczprggsura at 140%

cH H
CHJ.. NO.NO;_ )HF CH5 —

12lg. C1.OMoLE) 539 (1249 THEORTICAL)

erl oract=or‘benzene.—A solution of l’?&swg;l(lsﬁ.
mole) of owehloroaniline, be Do 100 &t 20 mm.,“in 383 g
(19, l,males) of Gnhyurous hyLrOgen fluoride was diazotized
at 0® by, adaition of e“,s g. (l. moles) of sodium nitrite,
'Praeticully no decempogitzan, as; evidencad by conly: ‘slight

Jund irrugulur evolution or nitrogen, was: brought about by
'hpatiug twenty hours at a tbmper“ture of 75° Stemm dls~

‘tillatiOL of the reaction mixture gave only a few ml, of
w&ter~insoluble3oi1,qwnicn WEE_t@L&Q;FQ in‘ethur snd washe

ed with b% potaSsiuﬁ'hy&rexide‘éo;ution; The -ethier was



eveporsted on & stesm bathy and the crude pw&uc’& remalnw
ing was d:ie;tillac‘z' from & 50 wl, modified Claisen flask to
give 2,5 g. (1,99 yield) ni‘Ac-fluorochlsmbanzeneg, be Pa
187,5-129,5° 2t 741 mn., B° *D T 1.,4978, This agress
with the value reported by Rinkesﬁo of by pe 128.5° at 760

may for pure p-fluorochloroberzere,
_ NH, EBYIELD F
(e NCoNOZ)HF Cl
128 g.(1.OMOLE) 3g. (1319. THEORETICAL)

m»FlgorochlorQbenwne.»ﬂ solution of 12 '7.6 g+ (I g

mole) of mechloroaniline, b P 115,5-114,0° at 185 mm.,
in 406 g« (20.2 HIOlEa) of gnhyurous hydrogen fluoriﬁe WaS
diazotized at o by ddition of 82.8 g. (Lo moles) of
sodium nitrite. Deoompmitién re, uin,d thrae hours over

temperaﬁufe raunge of S0 to 60%, Steam distill t:.on,
follcwed by a wash with 5% potessium hydroxide .,olution
gave 109.4 £« (83.8% yield) of crude g«fluerochlorobenvena.
By dlahillution through a 10-inch Vigreaux column 106.5 B
(81.4% yield) of pure g-«fluorochlorabenzcne, bi P l«,4.
.124.5 at 724 mm., 1 7“‘1) = l 493.8, was abtufmed. Thia 15

in agreement with the valuesby.p, 127,6° at 760 mm,s:and
2‘7 0D = 1.49,11 rmorted by Boothy Elsey, and :Burchfield.

/ NH. 8IBYIELD 7
cu@  NaNog,HFT g _F

128 9. C1.OMOLE) 06 9. (1319. THEORE T1CAL)

bl
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EpFlugroéhlgrobenzene.aA solution of 127.8 g. (1.0
mole) of gychloraaniline, mﬁ'pe 71-72° after recrystal«
1izztion from 50% by volume ethanol-wuter solution, in 489
g, (21.4 moles) of anhydrous hyirogen fluoride, conbtained
in a l-liter monel metal flask, was diazotized at Odrby
addition of 82.8 g (1.2 moles) of sodium nitrite, Decome
_position requirad thirty hours st 64°, Steam distillaotion,
followed by a wash with 5% potassium hydroxide solution,
gave 98.8 g. (?5;7% yield) of crude p=fluorochlorobenzene,
Distillation through & l0-inch Vigreaux colum gave 96.8 g
(75.6% yield) of pure gyfluprcehlorabenzene, be ps 128.0-
128.50 at 734 mm,, g?lsoﬂ Z 1.4896, 'This velue is in agree-
ment with that reported, b. p. 130° at 756 My y by Ing0Idr

, 52 \
and Vass  for pure p-fluorochlorobenzene,

Cl NH, 74 % YIELD (| F
NaNQ; , HF ~

128 g. (1.0MOLE) 96 g. (131g. THEORETICAL)
g-Fluoronitrobenzene,~A solution of 138.1 g. (1.:0:

mole) of o=nitroanilined m, p. 70.5-71.5 after recrystale
lization from 95% ethanol, in 400 ge (20,0 moles) of an=
nydrous hydrogen fluoride, contained in a l-liter monel
metal*flaskgﬂwaSBdiﬁzotiZed;at'OciwithfsﬁgB"g«,(li2 moles)
of sodium‘niﬁritewtiOnlij&ryfslight%decomposition'occur»~.
red after eighteen hours of heating at 70 to 750 Steam

® From the Monsanto Chemical Co., St, Louis, Mo,
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distillation gave only & few ml, of amber colored,/liquid,
which was tzken up in ether; snd washed with 5% potassium
hydroxide solubion, After drying over "Drierite?, the
ether was evapoated on a steam buth leaving a yellow oil,
which was distilled from a 26 ml, modified Claisen flask
to give 7.8 g. (5.4% yield) of p-fluoronitrobenzene, b. P.
115»116° at 28 mity g g?“'gn 1.6628, This is in zgreenentd
wiﬁh the values b p.'llﬁaﬁ at 22mme; reported by
Hollemans o and p 772D = 1,55251., reported by Swartsy -

for pure gwfluoronitrobenzenes

NO2 Na.NOz ,HF NO,

138 g.(l.OMOLE) 84q (1413 THEORETICAL)

n-Fluoronitrobenzene,«k solution of 138,1 g, (1.0
mole of Qpnitroaniliﬂé;§wmaﬂp&'1148114159-after recrystale
lization from 95% ethenol, in 381 gi'(lgge moles) of anhy=
drous: hydrogen fluaride, cnntainea in 1~liter monel.
metal flask, Was diazotized at o with 82,8 g (148 modes)
of sodium nitrite,. Decamposition required heating tifteen‘
hours at ?ooi. Steam distlllation, followedwby wasning”with
5% potassium hydroxide solution, gave B9.7 g (4213%'yieid)
of crude m=fluoronitrobenzene, Eistiilation through a 10-
inch Vigreaux column gave 5443 ge (38:5% yield) of pure pe

fluoronitrobenzene, be Pe 91,5-92% at 22 MMy Me Py & tp 8?

@ From the Coleman and Bell Co.
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3945°D'ﬁ,1552éxg The literature values for pure mefluoroe
mitrbbenzsne»are:b@‘pa'aﬁg.at 19 mma?s B D 13699;56 and
3}7?3Dgf 1;5280w55,;00nsiderﬁble tar had formed in the
steam distillation flask indicating that the diazonium
fluoride may not have completely decomposedy The pure
product exhibited an unusual phenomenon when freezing,
When supercooled a few deégrees below its melting point,
while contained in a small flask cooled in an fce<salt
bath, numerous small scattered specks of solid -slowly ‘ape
pesred on the glass” surface,. Hech increased in size unbil
it met 1ts neighbors, ?helsolid:eoatiﬁg slowly expanded
inward until the entire melt had solifiified.

ALy uas
NOA=— NmN01, HE N

138 9. C1.0 MOLE) 54g.Cl4l 9. THeoeencaQ

gyF'uoroni%rdbenzenea*A solution of 13841 g (1.0

mole) ofﬂggnitroanilinsgg-m¢ P l&&»légavafter recrystale
lizatibn from = séiui;oﬁ of 20% by volume of acetone in
absolﬁtaethanol,uin;ééﬁ,ggV(Eﬂaﬂﬁmoles) of anhydrous
hyﬂrogen-fluoridgg[céﬁtaine&.in.a 1-liter monel metal
flask,,was'di&zoﬁizedlét{0°°with'82¢8g¢ (1.2 moles) of
sodium nitriteg-‘De¢§ﬁpositicn;required.six hours of heate
ing over a temperature range of B0 to 759# Steam distila

lation, followed by washing;wimh,sﬁ potassium hydroxide

b}

4 From the Sherwin«Williams Co.
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‘solutiony guve 1.0 g« (64¢5% yield) of crude p-fluorow
nitrobenzene, After distillstion through a. 10=inch
vigreaux column, 87:5 g. (6e2.0% yleld) of .pure gurluorm- :
nitrobenzene, a pale green liquid,; by pe 199«5&200.5 at
740 mm., @, pe 19,7+20.0° > QM'O = 1.5261,. was obtained,
The 1iter;apure_ gives be p» 204° ast 757 m.";% my p. 21, 5353

aﬂdgg?on 2~1&5516336

NO, NHe @2ZYIELD o / N\ =
NaNOz ,HF =N\ —

138 q. (L.OMOLE) 88g. (1419. THEORETICAL)

1-FL, ug';d-kiéa»g' initrobenzene,~A solution of 45,8 Ee
(0,25 mole ) of 2y4+dinitroeniline, m. p. 177-178° after

recrystmlliZation‘from.50% by volume agueous acebone
solution, inllﬁﬁ.éa (S;S,molas)xofsanhydrous-hydrdgen_
fiuoridey contained in a 500 ml. stainless steel flask,

was dizzotized at 0° by addition of £0:7 g« (0.30 mole) of
sodium nitrite over & perioﬂ_of % hours Oﬁly'élight dew
composition.was-producéd by hesting twenty hours at 85°%,
The reaction miiture was trensferred to a l—litei copper
beaker, anﬁ:h@atéa on a stesm bath for several hours to
evaporste as much excess hydrogen fluoride. as possibles The
residuey & semi-solid mass contalning a great deal of tar,
was cooled 4n an ice bathy and trested with 25% awmonia
water until basic to litmus, The resulting-mixture WES €Xw
tracted with 6-50 ml, portions of etner, ¥The combined

ether extraet was dried over "Drieritem, and evaporated



leaving ébout.% g» of a black semi-solld masss This wes
transferred to a 25 ml, modified Claisen flask, and distil-
led to give 0,2 g. (o 5% yield) of 1~fluaro~¢,4-dinitra-
benzene, bes pe 175«176° at £4 mm, The liter:ture gives

by P l78° af £5 mm, ol for pure lnfluoreoz,4~din1trobenzene.
Noz. NHZ o.S% Y'EL\E_ NO@F
\ NO,. N"‘Noz,HF z / NO;_
463 C—};— MoLE ) 0.2g (473. THEOKETICAL}

Qﬁ$%uorogh§n§lgaﬁ solﬁtion of 109X g (T30 moie) of
;gyaminOphenal, m;“pgilﬁso ””ter’recrysﬁallizatiﬁn”three'
times from 95@ cthanol* in 437 Ea (zl.g moles) of ﬁnnyarous
hy&rcgen fluoride, contained in l»xiter moncl metul flagh,

as dlazotized with difficulty «t 0 to 3 ° by addition of
82.8 ge (L2 males) of sodium nitrite over a Pbridd of .
three hours, Only s;ight}@gcompo§ition Was prcduecd by
heating twehty hcurs’ovar a temperature range“of 50 to 800.
Stean distillution cauoed the reaction mixtiure to turn’ to
tar, and ‘the ai»til¢¢te, which coabained only ¢ few drops of
ﬁwater*insclubxg q}l? was extracted with 6-50 ml, portions
of ether, The cdm@ihé&‘ether‘extracts were drisd over
tDrierite", The ether was distilled off through an 18«inch
Vigresux column, and the remzining residue, a small am&unt
of yellow oil, was trdnsferred to a #2656 ml, modified Claisen
flaske Distillution guve 03 e (043% yield) of gefluoro-

phenoly bs P, 148~151 &t 757 mm, The 1iteratura gives b ps

15141580 4% 760 mm, %Y for pure gefluorophenol,



~Z6=

</:\>-NH2_ 0.3% YIELD @-F
—/on NaNO;, HF oH
o9 g. (LOMOLE) 0.33. (112 3.THEORETIC‘AL>

thEluoroggenoia*ﬁ 591uﬁiGﬂvof"lOQ@ngi4(130;mole)‘
-of meaminophenol; me pa _;!.233.;5&123'30 afber recrystallization
three times from hot water; in 593 g« (1947 moles) of ane
nydrous hydrogen fiuoridey contuined in & l~liter monel
metal flask, was dlazotized et 0% by addition of 82;8. g‘a;-
(1.2 moles) of sodium nitrite, Decomposition requiréd
three hours hecting over . teméefature range of 15 to 35? +
The reaction mixture, which cojtained considersble tar, was
steam distilléd,‘ The dis;tillf«te, which contained a small

layer of water-insoluble oil, was extracted with 6-’-56-“‘&11;.-.

portions of ethery The ether dolution, which was dried
over “ﬁrinrite" wes: (ii*‘tilled through 2 10-inch Vig:t eaux
column to give 51,0 g« (45,5% yield) of pure m—fluorophenol,
by pa 177-178° ot 742 mm.; £220*%p = 1,5018, The litersture
gives be pu ‘il.ﬂ?"i’;.--ii‘2 at 760 mm;fg for pure m~fluorophenoly

When the sbove synthesis was repested using m-emino-
phenoly, me pe la?()ai;'&iﬁo after one recrystallizstion from hot
watery 99.9 g. . (65,08 yield) of pure m-fluorophezol, bs: pe
178<176% ot 78D mbe, was -“obta.{ned:@

The use of m-—-'..minophenol 5y T Pa 118..1',5;,‘7 without sny

purification yielded o.nly 19, 0 8. (15,7% yield) of pure
myi.i.uoropl‘;enol s D P 174-177 at 737 mm,



_/ N\\.NH- 4G % YIELD_ 7 N\-F
HOQ> Na.NOz , HF '-HO\:_

10949. (1.0 MOLE) | 519. (112.9. THEORETICAL)

p-Fluorophenoll.~4 solution of 109.1 g« (1.0 mole)
of‘ggamin@pﬁsaal,“m.tp,.185ﬁ1869 with decomposition after
recrystallizatién frox hQﬁaW&ﬁer'and-trestmeﬁt with acti-
vated ch&rcealxsix timea, in. 586 & (19,v moles) of anhy=
rous hvdregun fluoaida, contained. in & 1eliter Honel mrtal
flusky wgaadiazotized.at.O-;bygadditianqof484w8 g (1.2
moles) of sodium nitrite, Decomposition reguired six hours
heating over a témperatugﬁ range of 20 to 48°, The reaction
mixture contained a large amount.of tar, and when steam
distilied, gave only & small smount of water-insoluble oil,
fhe distlilliste was extracted with 6~50 mle portions of
ether, -The-éamhined'ethervextraet was dried over UDrieritef
and letlllud throubh 10~1uch Vigraaux. column t6 give
1842 84 (14,5% yield) of. Bpfluorophsnol, b p. 64-96° at

t"

Z4 mag -6wart3,g reported b. pv 102 2<108° 2t 30 mm, for pure

p-fluoropherol,
HQ-@NHZ ls°7¢ Y'ELD¥ Ho©_F
109 g. (1.0 MOLE) 16 g. Cll2 3.'THEORET:CHL>

23 3g. (1Lomole)
Q—F&Drganiso;e.uﬁ solution of, g-anisidine, b, p.

£e0-2210 st 760 e, in 580 g (190 moles) of anhydrous
hydrqgen.fluor;de; contained in a l<liter stainless steel
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flask, was dlazotized at 0° by the addition of 82.8 g. (1.2
moles) of sodium nitrite, Only slight decomposiﬁion,was
obﬁained'by hezting fouf hours at 85°, A large zmount of
tar wis formed during the steam distilistion, and the distile-
late contained only a small amount of water-insoluble oil,
‘which was taken up in ether, snd dried oﬁar "prieriten,

The sther wes distilled OIf‘thrcugh a 10~-inch Vigreaux
‘column, znd the residue was distilled from & 25 ml, modie
fied Claisen flask to give 7.4 g« (5.8% yield) of gwfluoroe
anisole, be pe 67-68° at 25 mmi, n°7°®D = 1.5218. About

é [P of'higher boiliﬁg residue znd hold-up was left,

. %8 : _
schiemann” reports b, p. 64° &t 17 mm, for pure g«fluoroe.

NH. _GZYIELD 7 \_F
123 q. (.o MOLE) 79- (126 g. THEORETICAL)

n-Flioroanisele.~A solution of 86.0 g (0470 mole)
of,gﬁanisidine;alba Pe 1215122;5° st 1gimm4,'in‘286 €.
(1445 moles) of snliyarous hydrogen fiuvoridey coﬁtained in
@ l-liter monel flasky was diazﬁtized‘aﬁ O° by addition of
58.0 g. (0.84 mole) of sodium nitrite, Decomposition re.
guired heééing four hours over a temperature range,bf'lﬁ
to 4G°¢ The re.ction mixture conteined a large amount of

tary end upon stesm distillation, ylelded no watere-insoluble

2 From the Buck Research Laboratories.
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product. Thus; only a trace, if. any,m-fluorosniscle was

formed

ggg;ggroaniso:é,aa solution bf‘lgﬁiﬁ gs (1.0 mole)
of peanisidine, m, p, 55-56° after purification twice by
dissolving in dilute hydrochloric scidy boiling of the
golution Wiﬁh~&cﬁiV&tedAﬂhﬁrCGa1’ filtering, reprecipi;
tating by additon of excess ammonie watery and drying in
air; in 378 g+ (18,9 moles) of enhydrous hydrogen fiuoride,
contained in a l-liter monel metal flaslk, wezs diazofizéd
a2t 0° by éddition of 82@8'gw.(laﬁ moles) of sodium nitrite
over & period of two hours. The decomposition required
sixteen houre of heafing st 5% The reaction mixturé:conﬁ
tainedﬂa large amount qf'ﬁar,-aﬁ@ upon stesnm distillation
guve only a small aniount of waterwinsoluble ¢ily This oil:
was Laken up in ether, washed with 5% patassium hydroxide"
solutiony and distilled through a 10-inch Vigresux column ‘
to give 12.6 gv (10,0% yicld) of pefluoronnisoley b. p. 154-

50

156° at 741~mm@; §§2’6D':'liéalﬁg Rinkes' wasported bi pe

1572 at 760 mmy for pure p~fluoroanisole,

CHo__</:\>_NHZ_ 10%% YIELD ‘CHOO'F
> \= NoNO,HF.  ° N\e—
123 q. (1.OMOLE) 139. (1264. THEORETICAL)
g<«Fluorobenzoic fcdd~A solution of 187.1 g+ (1.0
mole) of anthraniliavacid, Mg De 1451469 after veerystale
’iizationffrom=ﬁot w&tef,.in‘éﬁo g« (£1,0 moles) of anhy-

drous hydrogen fluoride, contained in a l-liter monel



o

metal flask;'was diazotized at 0o by addition of 82,8 g.
(142 moles) of sodium nitrite, Decomposition rejuired six.
hours of heating over a temperuture range of 50 to 75°,

The reaction mixture was cooled; diluted with ice, and fil-
tered to yield crude p~fiuorobenzoic acid, which was re=
erystéllized from hot water to give 7944 g« (56.6% yleld)
of pure gyfluarob@nzoie'aaid, Be De 124-126° Dippy and
%¥illiams reportsgxﬁ.iﬁ. 126.50 fof pure g-fluorobenzoic
acids

@-Nﬂi S77%YIELD @—F‘
cooH  NaNOz ,HF ~—/ Cco0H
\373.(LOMOLE) 79&(\40357Heoesrme)

m~Fluorobenzoic Acid.~i solution of 50,0 g« (0,36

mole) of m~aminobenzoic acid, m, p. 178-180° after recryse

tallization from‘hot.water;wiﬁ 153 go (747 moles) of anhys=

rous hydrogen fluoride, contained in & 500 ml. steinless:

steel flask, was dlazotized et 0° by the addition of 30,2

g (0.44Lmo;e) of sodium nitrite over = period of one hour,

Becomposition‘?equired heating nine hours over .a tempersture

range of %5 to 70%, The reaction mixture was cooled,

diluted with ice, and fiitere& to bbtain crude p-fluocro-

benzoic acid, which was exbrected with 6-50 ml, portions

of ether, The combined ether extract was filtered and

evaporated to give 39.7 g. (77.7% yield) of pure m-fluoro-

benzolic acid, m. p¢.122.5«123.5°. Dippy and william557

reported m. P. 124° for pure m-fluorobenzoic zcidy



7 \\-NH, I8°%YELD : E
HOOC \— NaN0, ,H¥  Hooc
504q. (0.36 MOLE) ‘ 409 (499 -rHeosze-r\cm_)

p-Fluorobenzoic fcideh solution of 68.6 g. (05
mole) of p-aminobenzoic acidy ms p. 167-180° after recrys-
‘tallizatieh.frcm hot ﬁatér,‘ih-ﬁlgig« (ll;OJmcles) of an~
hydrous hydrogen fluoriue, contuined in & . J=1iter® monel
metal flagk, was diazotized at O° by addition of 4l1.4 g.
(048 mole) of -_s:’:dii:m nitrite, Decomposition required heat«
ing twelve hours over a tempercture renge éf 35 to,sﬁow The
reaction mixture waé.éooled, diluted with ice, and filtered
to yieldcerude pefluorchenzole acidy whieﬁ was dissolveé by
extraction with{6~50 ml, portions of ether, The ether
solution was filtered znd eve porated to give 68,7 g, (88.4%
yield) of pure_grfluorobenzoic-acid, Dy Pe 18l~18~,5 .

Koopa157 reported m. po 182,6° for pure g:iluérobeﬁzoic,acid.

</ \>NHz S8R YIELD HOOC@F
HOOC N\— =

©99- Co.S MOLE) G9 3- (7.9 THEORETICAL)

o ~Fluoronsphthalene.~A solution of 143.2 g. (1.0
mole) éf dpmaphthylamine, e D 49~5Q° after fecry;tal~
lization from a~soluticn:o£-25% by volume of ethznol in

8 This size £lask is recommended because a l-mole
run in & preliminary experiment foamed over during the de=
composition,
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water, in 393 g. (19,7 moles) of anhydrous hydrogen
f;ucride; cont&ined in & 1l-iiter monel metal flask, was
diazotized st 0° by the addition of 82,8 g. (1.£ moles) of
godiulm nitrite over a period of 1% hours. Decomposition
required heating ten hcu:sfover ¢ temperature range of 40
to 68%, The reaction miﬁiure, which coutained a large
amount of ter, was rapidly stesm distilled for three hours,
but the distillate contained only & small amount of wuter<
jnsoluble o0il, which was taken up in ether,washed with 5%
potassiun hydroxide anluticp, &nd the ether evaporated in
-a'zﬁ'mlivmodified Cisisen flask, The residue was distilled
to give 1.6 g (1,1% yie1d) of d-fluoronaphthalene, b. ps
205-205° at 756 mme; p5°+0D 21,5287, Only 0.7 g. of
higher boiling resiéue‘amd hold-up was left, Ekbon and

Mauzeliusag reported bs P« 212° at 768 mms, snd Schiemsnn

el al. °8 reported _glg’ai) = 1,59589 for pure oA~fluoro=
naphthalene,
NH2 =
N 1% YIELD _ N
A F NaNOz 5 HE Y
143 . (LOMOLE ) 2g- (146 §. THEORE TICAL)

t B-Fluoronaphthalene,«4 solution of 71,5 ge (045
mole) uf ,B»naph’cwlamine,‘fa mi.~ ‘P 112%1123;5" after recrystale
1ization from 50% by volume agueous ethanoly in.215 g, (10.8

moles) of anhydrous hydrogen fluoride, contained in a l-liter

@ From the Kahlbaum Co., Berlin,
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monel metal flask, was diszotized at 00 by eddition of 4l.4
& (dgﬁo.ﬁole) of sodium nitrite over a period of 1y hours,
Decomposition required heating teni hours over z temperature
range of 30 to 70% The resction umixture, which contained
@ large amount of Bar; was steam distilled, but the distils
lote contdined cnly a few cryetals of solidy crude B«f{luoro-
naphthalene, which was filtered off, and recrystallized
from 5Q% agueous ethanol to give 0.9 g4 (187 yield) of

pure f ~i‘luqrox;&phthalene,« me“ pe 61-62% Schiemanng
Guéifroﬁg and Winkelmg;lera7.reparted Me Du 61% for pure

/3 ~fluoronaphthalene,
) NH2 o viewd O F
g No.NO; , HE
72 9. (0.5MOLE) 0.9-g- (74 §. THEORETICAL)

an;uoroagi;iné;aﬁfsblutioh of ISG;ngi_(luO‘mole)
of n&aminoacetanilidesﬂn. p;'164a5~165° after recrystalw
1izstion twice from hot water, in 417 g. (20.8 moles) of
hnhyd"ous hydrogen fluoride, contained in & lnliter monel
metal flask{;wgs ddazotized at o° by the gdditionﬂbf-szia
g. (1.2 moles) of sodium nitrite, Decomposition required
haating three hours over a. temperature range. of 45 to 70%,
The resction mixturey which contained & small amount of tar,
was transferred to a l-liter copper beaker, snd heated on a
steam bath for several hours to evaporate as much excess
hydrogén fluoride as possible;  The residuey a black semi-

solidy mass,; wes cooled and treated with 10% potassium
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hydroxide solution until basic to litmusy Then an agueous’
solution containing 2 moles of potassium hydroxide was adde
edy end the entire miztura was transferred to a 3<liter
glassg flask and slowly steam &istilled for four hourse The
distillate, 4% liters, was extraced with ether for a week
in a continuous liquideliquid extracitor. -The ether extract,;
about 500 ml,, wes dried over uprierite™; and distilled
through a 10-inch Vigreaux coluumn until-all the ether had
been removed, - The residue, which was an oil weighiﬁg
about 11 g4, wés transferred toaugb mly moéified Claisen -
flasky and distilied to give 8,0 g, (5:4% yleld) of pefluoro-
anlliney b, pi.laﬁwlaaa'at 740 mmg g?l‘e_ S 1.,54134
swarts0 reporied be pq_lﬁ?a.at 753 nmey end Schlemann and
Pollarskyae'reported'gﬁon = 1.,6394 for pure grfluorbanilineg
Repetition Bf the above experimunt u51ng :;4 moles
instead of 1.2 moles of sodiun nitrite per EOlb of samine
gave only 5.1 g. (4:6% yield) of grfluoroaniline, be De
185-188% at 740 mm, | |

v .
CHO NH, S%YIELD_ NH@ =
) CNQ Ha NaNo,, HF 2

150 g- CI-OMOLE) G 9. C111g. THEORE TICAL)

o’e_ze'e;aa-solution of 584 g¢ (0430 mole)

of grphenylenediamine, 1y Py 1034104 _¢fter-recrystallization
twice from hot water, in 80 g¢ (éfmgleg)'deaﬂhydroué
hydrogen fluoride, contéinedlianQSOD ﬁl;icopper_flask,
cooled to 0°,~was=addeaislowly in smell portions to a
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solution of 49,7 g. (0.72 mole) of sodium mitrite in 120 g.
(6 moles) of anhydrous hydrogen fluoride coolzd ﬁé Oof'
'contaihed in a 500 ml,; stelnless st@éi flasky over a period
of $:hour. The mixture was heated &b 25 to 70° for a period
of“teg hoursy during‘which-ﬁimEAEEGut & litérs of & mixture
off%i£rogen‘and nitric'okida'gases, a8 indicated by the brown
color prouuce& when disch“rged 1nto the atwosphere; were.
evolyed, When thearanct19n~mixtuze,-which COatained,consid*
erzble tar, was steam diséilied,ng.éétér«insoluble-product\
was obtuined, Therefore no grﬁifluorobanzene was synthesized

by the above methody

'dﬂziug;gdlphegx;‘~ﬂ solution of 169,.2 g. (1. 0 mole)
of gyamlnodiphenyl, m, p. 48 5«49.0Q\hfter Trecrys talliz“tion
from 50% by volume aqueous ethanol, in 394 g, (19.? moles)
of anhydrous hyd?agen_flgqride,-eontuineduln-a l~uiter nonel
met&l flaék,‘W&S’diaZOtiééd‘at'Od by the addition of 8248 g
(1.2 moles) of sadium.nitrite. Decomposition reguired hest
ing two hours over the temperature range 20 %o 52%,  The
reaction.m;kture was diluted, and filtered to yield a black
mass of crude nyluorodiﬁhenyl,'which was recrystallized
from petroleum ether, b ps 30s40°, to give 141.0 gs (81.9%
yield) of piﬁkish»white'gffluorodiphmﬁyl,fm;-pﬁ.?3¢75°‘

28

Schiemann and Roselius®® reported m. pe 73.,5° for pure

o~fluorodiphenyly
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H =
=W S2ZYELD [N
169g. (1.0MoLE) ‘41 g- (172 9. THEORETI CAL)

BLFluora»SQmétgx;gxriaine.4& solution of 108 g.
(1.0 mole) of enaminoue-methylpyrldine, by p. l~0~1dl at
53 mm,; in 435 g. (21.8 mo¢es) of wnhydrous hyuruaen
fluoride, contuznea in a l»iiter stainless steel flaSk, was
diazotized at 0 by adultion of Sz.a 8¢ (1.8 moles) of
sodium nitrite. Decompocxtion raquirad hegtlng twantyh ;;
four hours ovcr a temperuture range of 25 to 70° & The
reaction mixture was Lygnﬁferred_to‘a l~l§terycoyper
be#ker; and heated bn'a ‘stezm bath to evaporste as much
excess hydrogen fluoride &5 pog sible. The‘residue-was COOLlm
ed, and treuted with 10% aqueous potasgsium hyaraxide soluw
tion until bastc to litmus, The resulting mixture wes ex
tracted with 5~le mla_ﬁortipns of ether, The-combineah
ether extract was dried by filtering through anhydrous
sodium sulfate, and distilled in successive portions through
an l8«inch Vigreaux columm, The residue, about 15 g.; was
transferred to a 25 ml‘ modified Claisen flésg, znd distile
led through & 10~inch'V1graaux column to give 11.7 ge
(10.6% yield) of pure 2—f1uoro~e~mcLhylpyridine, by Py ldde

27,6

'146 at 737y 1 <, 1.4724, The pyoauut was a colorless

@ prom the Reilly Tar and Chemical Co,, Indlane
apolis, Indlana,
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oil of strong pyridine-liike odory whiéh ves slightly .
soluble in cold water and somplétely soluble in dilute
hydrochloric acid solutions This compound has since been
prepared in larger amount and in better yield by the

method of.Rbevand.Hawkinsfé

end enslfzed and chmracterized
6 . 3. ‘
by John Minor, . who reports b. p._lasgso st 755 mm. for

pure 2=fluoro-3-methylpyridine. -

N NH‘l N~ F
7] NZYIELD . (7 8
\ CH?) NONOZ)HF‘ NN Clﬂ‘s
108 g . (1.0 MOLE ) 12 g. (1119. THEORETICAL)

Cyclohexyl Fluoride.«i solution of 98,2 g, (1.0
mole) oivcyeiohexylamine,.bgp; $32~134°'at 752 mn.y in 404
g (ﬁo,é_moles)_af;anhydrogs 5ydrogen*fluoride¢ contained
in & 1~litex_maneljm¢ﬁ§l{flgsk,qw&s diazatizeduat.gq by
aduition bf}eéiafé;;(@;é;moles)gdﬂa3odiumaniﬁrit¢,};sudden;
evolution of hydra&en-flubride vapors with each adﬁitiou;of
sodium ﬁitrite 1ndieated,that QVOlution of nitrogen occurred
quring the diazotization. Only slight and irvegular
nitrogen evolution occurred when fheﬂraactioﬂmixture was
heated ﬁﬁder réflux for nine hours over a temperature range
of 30 to‘?ﬁow Ste&m_distill&tion‘gave no,water#insmlﬁble
product, =nd hence no cyclohexyl fluoride was forﬁed'by this
methods The residue remaining after the steam distillation

had the sﬁrbng-odor of cyblchekanol@

grE;ggrobgngegéggigogxlvEluog;ﬁgsuﬂn attempt to pree

pare pefluorobenzenesulfonamide in the usual manner by



=58

diazotizing p-aminobenzenesulfonsuiide with & 1.8 molar
ratio of sodium nitrite gavefnone'of the desired product,
but cnly tur aud 2 few drops of =n oil of-strong~einnamon
odor, The experiment wus repested using ©+4 moles of sodium
nitrite-yer,mole.of;amkneu&s fbllows=‘ﬁ.solution.of 34,4 g,
(0.20 mole) of peaminobenzenesulfonsmide ms. ps 166-167°
after recrystallization from 753 by voiume ethanol-water
solution, in 80 g. (4.0 moles of muhydrous Hydrogen
fluoride, contained in a 500 ml. stsinless steel flask, was
treated at 0° by addition of 53,8 g. (0448 mole) of sodium
nitrite over a period of an hour, Tﬁé evqution of
hydrogen flueridé-Vapors-with each,&d&ition.bf sodium
nibrité'indicated thaﬁ"someﬁnitrogen:evqlution occurred
dﬁring‘the.adaitiqn of the sodium nitrite, Decomposition
yregulred tan hours. hesting over & temperzture range of 48
to 80%, .Bteam‘disiillation of the reaction mixtﬁfb gave
about 18 g. of & yellow 011, which was separsted, ﬁrieﬂ
dvér'"Drierite“, and distilled through a lO#inch Vigreaux
colunmn to give 1l3.4 g. (88.1% yield) of gyfluorqbéﬁZéné;f
sulfdnyl flugfiﬁe, an slmost colories 1i§uid containing a
faint tinge of yellow and of strongeimnamen=like odor, be
pe 98,2-98,5° at 25 mis, ms p. 14.2-15.0%, 97D & 1.4728,
a0 & 1.1282, /

A 38%YELD  F
NH?-@‘SOZNH C)SMOLENQNO:_ @502 "

349. (0.2 MOLE ) 13 9. (359. THEORETICAL)
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&n atbempt to prove the structure of the peflucros«
benzenesulfonyl fluoride; & new ccapound, by conversion
‘to the known nglunrobenzanesulfenamide by boiling with

6% emmopila failed; as the sulfonyl fluoride was recovered
unchanged, Similarly no reaction could be Brought about
bywhaating.withuammonium~carﬁch£te acccrdiﬁg to the method
of Hnntress.amdleartenéeg

Heating 045 g. of‘Eyfluorabenzenesulfonyl.fluefiﬁe
with £5 ml. of liquid ﬁnhydrous smmoniz in & 100 ml« ‘glass
tube sealed in & metal “bomb tube for-&é.hours"aﬁ 57 did
give 0.4 g. of p~fluorobenzenesulfonsmide, me Ps 125-126°
sfter recrystallization from 50% by vdlumé.aqueous ethaﬁél;
which did not depress the melting point of an authentic |
sampié of gffluorobenzenesulﬁonamide prepared by the action
of first chlorosulfonic aéid, and then aumonia, on fluoro

6‘5’
benzene, -

Ll Fluoride.-A solution of 171.8 g«
(1.0 mole) of grtoluenegulfonmmide, Wy Pa 165“1é6° after
recrygtalllration from.& HS% by volume ethsnole=water sclue
tiony in 67B-g;w(18i9'm0138) of snhydrous hydrogen fluor ide,
contzined in a.iéiiter'monel metzl flask, was treated at Q
by-;ddition‘of 82.8 g (1.2 moles)‘of ﬁédium,nitrite;
Ivelution of hy&roaen fluori&evvayors during_ﬁhe addition
of the sodium nitrite indlcated thot nitrogen evolution was
occurring during that-peribd.v The resction mixture wus

heated four hours over a temperature range of 0 to 70°, but
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only very slight end irregular‘g&s evolution was observeds
The rezcion mixtufe was tben(cddiéd; dilutedlﬁith-ice,»and
Tiltered to obtsin crude-gétolu@nequlfonyl:fluoridei.fThis
wag taken up. by »xtr*ction with 6*50 ml, portiong of ether¢
The aombined ether solutimn was fiitered and evkpcrated to
glve lel.« B¢ (69;6 yield) of puva* Qytalupne ulfonyl
”luoride, m. p. ¢0~4u.5 " ngies aud DickG reported

Ole Do 43.44° for pure n»tolueneuulfonyl fluoride.

<Z:i>rsol NH 2 %%%ﬁ%§QCkg<z:j>-sozF

171g.(1.0OMoLE) 121 g. (174 9. THEORETICAL)

Corrosion Test of Illium-G.s The following test was.
carried out tqlasaerﬁainFWhethér or.nbtlllliumfeg 8
nickelwchromium allé},:would be suiﬁabie for use in the
construction of’ hydrotéL fluoride~digbotizgtzon re“cticn
vegsels. A flat cylin&rical test sample of Illium-G 5 17.8
Sqe Gy in.drea and Aeighirg u0¢5058 g., was plucad mn A EOO
mle stalnless steel cup containlng ‘the renction mixture re—
sulting from the prepar ation of & 0, l moie run of fluoro~
benzene in thﬁz sual menner, The sample was allczed to-”?”
stand thus far“fiftban hou:s; .iftéf washing ¢ nd drying, the
démple was féﬁﬂd-to’weivh $O~554O £+ & loss of 1.8 g,
This is o ruuo of corrosion of 1, 8/17.?/15/ 4 or 0,167
mg,/sqircm,/day,iot,& rete of penetration of 0,0028 inch per
yosr, This in&ié&t§é highly_satisfactory service under the

% From the Burgess~Parr Coy, Freeport, Illinois,
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conditions encountered in the production of fluorobenzene,

Diseussion of Results

A General Method iggizgg‘Preparaﬁiog of Aromstic
Eluoridas;amhe axperimental work presentéd in the previous
section éescfibES & study'ong'geﬁeral method fox th@lpfe* .
pgration of aromutic fluorideé through diazctizationiéf the
corresponding smines in-anhy&rousnhydraéen fluoride and
subseguent thermal decompcsition of the substitutedfbanggpa
dlazonium fluorides while dissolved in the origiﬁal reaéﬁicn

medium as indicated by the following equationss

4+
N NaN0, O° 7] _ -
R@NH Y oug — [g;:\w\lz] F~+NaF +1H:0
+
[ONZ}F ——>@F + Nzt
rX — HE —

The di&zotiz&tion is carriad out by adding, with stlxring, i
a small LXGGbG of solid sodium nitrite to & cooled salutlon.
of the dmine in anhydrous hydrogen fluoridea- Usually 18 to.
po moles of anhydrous hydrogen fluoriue are used for euch
mole ofvamineﬁas.prelimiUmrylgtuﬁiegss indicated that a
meximum yield of flucrobenzese was obtained when approxe-
1mdte1y 12 maleb of‘ﬂﬂwﬁrous hydrogen fluoride waS ua@d
for ecch mole of anilinﬂ' Likewige, Swnrtszg recommeﬁded
the use of 20 moles of hydrofluoric geid per mole of

aniline i the synthesis of fluorobenzene tliroughn



diazotization in 70% hydrofluoric zcld, The ovbimun
hydrogen fluoride - amine ratio mey vory for differant
snines, and its excet woiue should be determined for
axzch in&iviﬁual-ca&e if production ot nigh yilelds is
decired, The &eeampcﬁitioﬁvphase of the resction, which
is carried out mnﬁér‘ﬁ rgf}uﬁ qonﬁens&rp mey be Tollowed
by ohserving the rate of nitrogen svolution: The decom-
positione take piace‘smawthly without danger of detons-
tion, snd in every cuse muy be controlied by regulebing
the reaétich temperature, The mode of aep&raﬁion of the
fluoro-products from the resction mixture depemts upon.
the physical andQébemicél properties of the prd&uct, &nd
in meny ceses mey be sccomplished simply by steam dise
yillation or filtration,

The yieldﬁ~db%&ined in the experiments usiag
m-azinophencl purifieg-ta various degrees, and the fact
that thé usa of,techniéal grade sodium nitrite in:gfé;
liminary experiments did not give satisfactory results
even for fiuorcbenzene, indicite thut 2il reactants
should be as pﬁre'&s possible for bést_remultS;_ The
catalytic effect of the metel flasks mey play en impor-
tant réleﬁin the decomposition of the diazonium fluorides,
“but this wés‘nct investizated except for observation of
the fact that no qualitetive difference wes noted in the
rabe of decomposition of phenyidizzonivm {luoride in
copper, stainlessjéteel, and monel nmetel flaeskhy,

During the course of the sxperimental work conw
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siderable difficulty due to corrosion was encountered,
espeelally with copper and "18«8" stainless steel,. Honel
metal gave much better resulbts, but falled in several
experimentsy A test scemple of the ﬁickel*chromium_alloy,
111ium-G, was found to have a highly satisfactory rate of
corrosion of 0,167 mg./sc¢s cm./day or 0,00£8 inch/ yezar
*hen exposed to the conditions encountered in the synthesis
of fluqrobenaene‘ A number of cthﬁr»msﬁériala of con
structiony which were not tested, msy prove to be of value
in the fabrication of vessels used for diazotization in
annydrous hydrogen fluoride,  Thus, mild steel has-bean
found®® to be éatiéf&ﬁtory for uée_with mixtures of
hydrogen fluoride7§nd sodivm hitrite as long as the water
content of the mixtures is maintained below 30%*-‘ihccnel
has also been recommanHEd67 fax_use with mixtures cons
taining hyéfogen fluoridey niﬁrous acid, and;w#tér‘ &
silics~free, hydrofluoric acid resistant gléé$ has been

®8 put is nat.available”cdmmercialiyg

developed,
The value of diazobization in anhydrous hydrogen
fluoride as a general synthetic method for the preperition
of sromatic fluorides is clewrly shown by the summery of
the experimental fesults presented in Table I. Good yields
of flucro~compounds were oblained in more than'halffof the
&R expesriments, The rscction and ﬁecemposition conditions
described nay be improved by furither studys The crude
vields of the unpurified fluoro-products, as reported in

the experimentsl section, were usuellyd to 6% higher, which



TABLE I

AROMATIC FLUOBIDES SYNTHRSIZED THROUGH DIAZOTIZATION IN AN«
HYDROUS HYDROGEN FLUOHIDE

% Yield D@ggﬁgggiﬁign
sromatic fluoride pure fluoride  Hours at 9Cs
Fluorobeiene 96,3 to Glel B B0wd0
o~Fluorotoluene T8 b5 0-25
gpﬁinnrotoluene 82,0 2 15-50
ggfluorctoluene 777 5 £0-60
‘g=Fluorowl,3edinethy lbenzene none® B £5-75
4mFluorom=1,S=dinethylbenzene E7.% 245 20-46
g-Fluoro-l,4-dimsthylbeusene 4246 B 1535
QrFlﬁofochiorabenzene 1‘9h 20 76
p~Fluorochlorobenzene 8l.4 13 &0-60

. p~Fluorochlorebenzene 786 30 64
vnglubrcnitrobeniéné 5.4b 18 70-75
g«Flucronitfobenz:ezle 58,4 i5 70
nyFluéioﬁitrobenzene 82,0 8 BO~75
1~Fluoro~p,4~diﬂitron&naene 0.8° - 20 65
ggFanrcphﬁnol . 0;35 20 BO=8O
- p-Fluorophenol 45,5 3 1635
g,Fluorbphenol 14,59 6 20-48
a-Fluorosnisole B;éb & 85
p-Fluorosrisole none® 4  15-40
p~Fluoroanisole 10,02 16 5

o-Fluorchenzoie acid 56,6 6 B0=T5
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TiBLE I (CONTINUZD)

m=Fluorobenzoic acid
p~Fluorobenzoic acid
A«Fluoronaphthalene

B -ﬁ‘luor@mphtk#zl ene
éfFluoraaﬁilina;
g=Difluorobenzene
_ﬁrr;uoradiphanyl
U-Fluoro~uwmethylpyrlaine
cyclohexyl rluorzde

Fluorobenaenebulfonyl
luoride ‘

p~Toluenesulfonyl fluoride

T
08,4
1,1
1,8%
5,4%
none®
81.0
10,6
nonce

38,1

696

iz

4

3b6-70
SB~b5
40-65

BO=T0

45<70
25-70
£8=70
3076
4880

070

composition;

8 A large gudntity of ter wes formed during de-

P rhe diszonium fluoride was so stsble thet ib
could not be decompossd by heating &t the temper:tures

obtainable at reflux under

ztmospheric pressure; thisg

was evidenced by scant or neo nitrogen evolution dhring
‘the period of heating, and by the formztion of lerge
emounts of tur during the steam distillation of tna

reaction miature.
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weuld be Aimportant from an industrisl viewpoint, Also

the yields in gome cases could be considerzbly improved by -
réchering volztile fluorguprcducﬁs from the nitrogen gas
pefore its dischsrgey

#hen the general method failed or only low yields
were obtained, one of two causes was usually at fault, In
gome cnses, &8 2«fluoro-lysd-dimethylbenzene, p=fluorophenol,
g~ “nd pefluorcanisole; A~ and B-fluoronaphthalene; and
_gﬁfluoroaniliné; a lerge amount of tar was formedﬁéﬁﬁing
décompositidn‘_gCertainkdrtha*subétituted:aminas, such a3
Qﬁéhloroaniline1 gﬁn1z?oaniline,m1&flﬁor0a2y4#dinitrdﬁniline,
ngiﬁorophenol,n&na,ggflubreaniséie, gave diazonium
fitorides that were too stable to be decomposed ab. the
temp@métﬁfésiahtaihgble by re&luﬁing the reaction mixtures
at mtmc5ph§fié yréésumawyﬂihikﬁé#trem@ stabllity is ba4
lieved @b“bé;dﬁé ﬁcfan.éleetronié‘interactiqn vetden such
ortho&substiiuiéd groups,; which wiil be discubsed laters
1% 1s'pogﬁibl§4thgt these Stablevdiazonium fluariéeq mey be
decomposed to’the‘gorresponding Tluorides by heatiﬂg'under
pressure to aitainghighef temperaﬁﬁ:e;

The fact thut ypaminsécetaniiide~giVes only &« sma2ll
yield ol ggﬁlupxqaﬁiline_may befﬁnderqtpod,wh&n it 1s cons
1§id@red thégiggétfiaﬁéd-aromatié%uﬁinés,easily resct with
niirogenltrioxidey NgOz to give nitréscacetylamines, which
&ecomposgﬁreadily,by a free rodical mechanism to yield bi-
fatyllcogpcﬁQQSgeg

The preperation of gedifluorobenzene from g-phenyle
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enediamine was nét znticapated to be successful in so amch
as tetrazotizstion of two amino groups ortho to one~another
has never been accomplished; but the experiment wes core
ried out to see whether or not such z-resction might be
possible in anhydrous hydrogen.fluoride, The procedure of
Gfiéés?o'which1is_recommanded for ‘the prepsration of:ge
aﬁdQggphénylenetetrazo-comﬁoundsg and which consists of re~ .
versing the usual order of addition of thﬂnitrite solution
to the solution of the aromatic sminey; was used,

The synthesis of S;fluorowaaﬁethyipyridine in a
yicld of about 11% indicates that the method of diazotizaw
tion in anhydrous hydrogen fluordde may hive at 1éast liﬁ#”
ited applicstion for the preparslion of heterotyclie
fluoridess The negative ;esult obtained with.cyclohex?i
spine suggests, as expected, shait the method will find no
use iu-tﬁé preparation of.aliphatic'flunriﬁgs¢

in unexpecbed result was obteined in'the ecase of -
Eraminobenzenesulfonamidei'fDiazotization with sodiuwm nitrite
1n'slighi excess of o molar ritio with the smine gove no
prfiuoroacetaniide, as anticipated, but only tur and a
small smount of = water-insoluble oil of strong cinuamon
OGOT 4 _wh&n the molar ratio of sodium nitrite to amine was
increzsed to & little over 2 to 1 the yield of the oil,
which has been shown to be pefluorobenzenesulfonyl fluoride,
was greably inercase Thus thevamiho,groﬁﬁ in the amide
was replaced by Fluorine as was the zmino group zbttuched %o

‘the benzene ring, Euch a rezctlion is umususl since amides
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ordinarily convert to acidq\when trezted with nitrous £¢id;_
The generality of the reaction is indiczted by its successe
ful extension to the synthesis of p~toluenesulfonyl fluoride,

Identities of Fluoro-Productg.-Establishment of the
identities of the fluoro-products prepzred in the experie
mental study rests upon two main srguments. The first is
the faet that an atom or group replacing anothsr ususlly
does so with the overall result that it is attached to the
same carbon atom of the parent organic compound, While
many exceptions msy be pointed out in the aliphatic series,
this statement holds for-almost-%ll reactiOns_inyolﬁing rew
placement of atoms or groups attached to the bénzene ring;?}g
ané no simple rezctions involving :eplacement of an. |
sromatic amino group with a change in relstive position on
the benszene ring have been reporteds. In the ease of re=
placement of the sromstic amino group through diazetizstion
and decbmposition-in~anhydrous‘hydrogen filuoride only two
logical possibilities exist besides introduction of fluorine,
These are introduction of the hydroxyl group by reaction of
the diazonium fluorides with the water formed in dispzotiza-

tiont

+
\ Nz |[F~ +H,0 o oH + Nzt + HF
kasy Lo s

and of aryl groups by & Friedel-Crafts type of resction

between the diazonium fluorides and the fluoro-aromztics
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already formads

_\_‘ '
7NN I s @—{/(_\>-F+NA +HF
R@ ] 'RQ/— =/ RX=

xn,both“éééés sueh_products c&n~easiiy be 'distinguished and
oeparvtad from the ”normal" fluoro-products by virtue of
the uii;erenco in tneirabazlln&-pulntg and in ﬁ@ ease

of azollc products by nolubiiity in <queo is alkaline
solution. The second argumeﬁt’is_coMp&risun<uf physical
‘properties with those reported in the liversture for the
compounds which have been prepared by other methods.,

presénted in Table II, which follows,

Such = cﬁmpariﬁwﬂggé
Comperizon of rwfféctive'indiuua givey evidence of only
secondary Velde xs the tgmparﬂ“urﬁ st which such dsta are
reported snd bbséfved.Vary wi&elyg

411 new compounds reported for the rirst time in
this paper n%ve been characterized more throughly. Thus
& ecarbon und hydvogen anslysis was carried out for i
fludrowl,é-dimethylbenzene, ¢nd the structure of - luoro-
benzenenesulfonyl fivoride was proved by cunvarﬁiqn to a
known compound, p-fluorobenzenesulfonamides. In the cuse
of L-fluoro-S-methlpyridine, identification was made by
comparison of physicel properties with those of & larger
sugount of the same substance prepered leater in better yield
by the method of Roe and H&wkins,éganﬁ snalized &nd chare
soterized by John Minoz, Ok



TABLE II

COMPARISON OF THE EXPERIMEKTAL AKD LITERATURE VALUES OF
PHYSICAL PROPERTIIES FOR THE FLUORO-PRODUCTS SYNTHES S1ZED

Aromatic fluoride

Physical properties
Experimental ~ Reported

Fluorobenzene

o~Fluorotoluene

p-Fluoroteluene

p~Fluorotoluene

44Flu0oro=l; 3~
dimethylben‘ene

_QyFluorochlorobenzene

p~Fluorochlorobenzene

p~Fluorochlorobenzene

o~Fluoronitrobenzene

m~Fluoronitrobenzene

peFluoronitrobenzene

:3?7'2Dv1;49183

beps 84-5° @ 755um,; 85° @ 760mm,32
n%8:0p 1,4509; %% 1.46675%°
DeDs 112:0<.5° @ 752mm,3 114°@760mm, 42
254% 1.4679; i*hp 1,47385,°8
by pe 115.5-4,0°07570n,5 115°0756mn,
1°7*%p 1,48723 g??n 1,4652.58
bups 115-6° @740um.y 116° @756mm,
o2 +% 1.4662; g% 1.4647.%8

b. pul4l-2” @755 mu.g 145-4° @740mm, 52

38

o8

beps 15745-0:5° @741 um;3138.5 O w760muS0

bepe 124.0-,5%0724mn, §127,6°€760m, 5
g274% 1,4011,%*
b.D+128.0-,5°67540m, 5130°@ 756mm, 2
b.p.115+6° Ge2mm,3 115.58° c22mn,®®
25%+% 1,65285 nl7+2p 1.58251, %%
bope8L.5-920G20mm, ; 86° @1omm,
nfé % 1. 52413 17'2D 1,5280.5
MePe &“Uo; 1,68 .56
b.p+199,54200.5 © era0mn, §204°@75mm,
2°%*% 1, 52615 5% 1,5316,%¢
mpe 19,7-20.0% 21,5°,58

&6
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TABLE II (CONTINUED)

bep.175-6°G2dun, 5176° @25, *?

%;ilgg:owa,éudinitro~

g-Fluorophenol - b.p.148~151097u7 mm.;lél-a @?esmm.
p-Fluorophenol btp;177~9°0¢4ﬁmm,; 177,8° @ ?GOmm;
p-Fluorophenol Beps94a6’ “">4mm. 3 102-5% #60mn, &
o<Fluoroanisole b.p.sv-.s% s5mmy; 64° G L7mme ? L
gyFl@oroaniSQle b‘p.lséwﬂ ?41mm'3157°@760mm.5gv ‘

o~Fluorobenzoic acid
mrrluorobenzoic acid
ngluerobenzoic acid

mepe 124-8°3 126,5°,57"
o 5?

MepPs 122.5~a~5 ; 1247,
mep. 182<£,5° 3 182.6" 58

~Fluoronephthalene b.p. 208~5°+7a5mm., nlﬂ @VGBmm.BQ
| 2380 1 sasry 98D 1,50500,58
~«Fluoronzphthalene NiPe 61*2-;,619.67
p-Fluoroaniline b.p,185+8%€740ma, ;1a7°@753m..6°.
nsl.eD 1@54:15, n‘*‘OD 1&53941 E

g+Fluorodiphenyl m.p 75-5%3 75, a 5
2-Fluoro~3-methyle bepo144-6 G?e?mm., 145.5 @d&Smm. &
pyridine

«~Toluenesulfonyl DyDe 4840=457§ 4d=d™y

3 uqride:



Compardison With the Schiemsnn Reaction.wSince the
Schiemann reaction is widely used for the synthesis of
aromatic fluorides in present day prepatative work,; a brief
comparison will be made of its merits and limitations with
those of the method of diaéotization«and,decomp031tion in
‘anhydréus‘hydrgoen fluoride, In. general it may be szid
thety dll other factors being ejual, the method of diazo-
tization in.anhydrous hydrogan fluoride ia more convient,
Lnen.proper ayuipnent such.as metel flasks and a metal
'reflux coil are at hand; thmﬂ is the achiemann reaction bee
caue the latter is & three«step 9roceos involving first
“the prepar¢tion of a water—insol&ble diazonlum,barofluariﬁe,

second the through drying of this salt, and third the
thermal decompositian of ths éry salt,‘ Although the
method of diazotizaticn in anhydrous hydrOgen fluorice 15
carried out in two diatinct operation, diazotizkticn and des’
composition, the diazonium fluorides_dre-n¢t isolatedy and
ngh Qpegations are carriaé oup,ccnseéutivéiyoinﬁthe s%ma
metal flask and in the samé reaction'medium¢ On the other
nand the Schiemsnn rezction requires no special equipment 4
but may be carried out in ordinary glass apparatuse

Both methods provide excellent meags of preparing
fluoro~-derivatives of arcmatic_hyﬁrocarboﬁé exéépt-in the
naphthalene series with the anhydrous hydrogen fluoride
method, snd except when an attempt is mude fo iﬁtroducap
filuorine aton 1ntd,aposition ortho to an aikyl group by the
Schiemann method, Thus in the prepzration of gefluorow
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toluene the Schiemann reaction, when carried out in the
usual manner, givéé’onlyAa»trace of the desired product,
while & high yield is obteined through diazotization in ate
:hvdrous hydrcgmn fluoride, mchiemdnn, himbér claims a
90% yield for tne decomposition phase of this reactiong but
other workers have consibtently btd;ncd only tar and a
‘traca"af-oafluérotoluene by following Echiemsnn's diractions7l
The preparmtion of fluoroyhenols directly frm the
corresponding aminophenols ia,not,posaible with the
3chiemann reacilon hecause'*he-zolubility bf the diazbhium
lborofluoriaes in wvter is too great to pevmit their isola-
tion, Hoﬁever, 8=~ and gpfluoreanisole, are prepgred in
good-yie¢ds by the use of the Schiemann resctiong ' g-Fluoro-
anisole cannot be made by that method beczuse 1ts diazonium
'borafluoridevdécomposag"Spontaneously at fcom-tem@erturegil
Diuzotizaticn and decompasitien 1n anhydrous hydrOgun '
fluoride givea poor yields of ow end grrluorophenol“, hut a
good/yield5of Qrfluqrophenol, Thu& in this: caaemthe new
method proves tb ﬁe 2 valukble supplemgnt tQ‘ﬁhe-established.
»Séhiemann,prdcedurea S
ﬁppliéation'of the Echiemann method to the synthesis.
of fluorobenzoic acids directly from the aminobehzcic aeids
gives very poor reuults as muceh tar is formcd in the dew

compositionss7 All three of the simple fluorobenzoic acids

have been_prep&red_ln good ylelds through diazotizaztion of
the corresponding aminobengzoic aeids in enhydrous hydrogen

fluoride,
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A -comparison of the yieids obtained in the pree
paration of a variebty of arometic fluorides by both the
anhydrous hydrogen fluoride;mﬁthod, and by_that of the
Schiemann method is presented in Table III. OH the whole
those obtained by the first mentionsd method are somewhat .

higher.

Effsct of M~Mﬁu§emg Upon Decomposition,~As
indiceted in Table I, the Variéﬁs-diazonium.fluorides
studied were found to differ widely in the temperatures at
which fhny uecompo»cn to yield risztiﬁ l‘dariﬂﬁuw iﬁ
order to fuailitutﬁ correiation ox the_moléculmr'wttucturas
0f ﬁbm di zonium fluorides with es aeicrrdacampaﬁiticn, the
deuompoaition conuitiopﬂ indicuted in Tabie I have been
rated upon an arbitrary, raiutive scale of 1 toild,«as
shown in*Téble IVe The moﬁt'rgpia decomposition huve been
given & rating of ome, and the most difficult o rating of
ten, Although the differences are fairly evident from bhe
gualitative descriptions of the decomposition conditions,
the lack 0f°ptgdisé kinétié data introduces an element of
humsn error, and hence some of the asgigmments differing
only by a point or two are more or. less arbitzary. A few
of the deﬁompositions listad in Table I thuﬁ ure considere
ed abnormal have been omitted from Table IV taaavoxd con-
fusion,

The formstion of aromatic fluorides by:decomPGSié

tion of bengzene diuzonium fluorides and ita deriv tives most -
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TABLE IXIX

COMPARISION OF THE YINLDS OF AROMATIC FLUORIDES OBTATHE
THPOGGE DIAZOTIZATION IN AWHYDROUS HYDROGE:M FLUO‘&IPB AﬂD

BY THE SCHIEMARR REACTION
r % Yield by Schiemann -
. % Yield I des
by snhydrous Of borow compdo-  Overw
e iy, ey riony
fluorobéxﬁ;ane | 81 .65’» 100 8352
g=Fluorotolusne w5 72 90 s
good trace  trace -
p~tfluorotoluene 82 79 87 69>*
_ﬁ@luuroﬁalggne ’ 78 87 a7 6532
4-Fluorosl,se 57 31 100 75%
dimathy;benzene '
@Eluorééiﬁie}i‘ébenzene 81 ? ? 805
g}_«l“luoxjonit_i?iabehzena 5 74°% 10%¢ 14
WFluoronitrqﬁenzéﬂe 39 80°° 54%¢ 43
#-Flﬁorpnitroﬁenzene S e2 100%% 525 e
QwFluofééiisisQié 52 67 % 5""8‘
p=FPluoroaid sole 82 84 53’382 '
o ﬁ%“?’é’ﬁif&éﬁ??ﬁﬁiﬂﬁly
p-Fluorosnisole 10 85 67 - 5'738
o~Fluorobenzoi¢ acid &7 2 N ’757
p-Fluorobenzole acid 78 ? ? -557
p=Fluorobenzoic acid 98 2 ? 07
A~Fluoronaphthalene i 91 60 5557
ﬁqFluoronaphthalene k 80 69 5257
o-Fluorodiphenyl 82 85 go  76°0



TABLE IV
THE RELATIVE EASH OF DECOMPOSITION OF DIAZONIUM FLUORIDES
IN ANBYDROUS HYDROGEN FLUORIDE

-~ Relative ease of

iromatic flueride decomposition
Fluorobenzens g
éﬁ?luoroﬁalueﬁe i
m-Fluorotoluene a
p~Fluorotoluene: 4
4=Fluoro-1,3-dinethylbenzene 3
g-Fluora-1,4~dinethylbenzene 3

g~Fluorochlorobenzene 10
mgFluorechlorobenzane

p-Fluorochlorobenzene

p«Fluoronitrobenzene 10
m~Flnoronitrobenzene 8
Q}Fiuoronitrobenzene 4
1;F1uor672,4¥dinitrnbenzene 10
op=Fluorophenol 10
p~Fluoruephenol :
p~Fluorophenol

g-Fluorophisois 10
m}flucr@&ﬂiﬁglﬁa

erluorqghisole

Q;Fluorébénzoic acia

ngluorobenzoic aeid

_ErFluornbenzbiciaciﬁ



likey proceeds by either a free radical or an iohfc meche
Free radicals

R(E_):ﬁ;}i\l: —9—->R/® +Nz*+F'__>R{/<:_\>:F

Toniat

L@:NE EN%G; FO 2 @@ +NA+F o N F
v — R =
.thhbugh'aomewavidencetexistszgfﬁgﬂ7gfaupyqrtingﬁa free
radical mechanism for the decomposition of diazonium
compoundsy the evidance-is“fragm@n,ary;zand most authore
,itiessg‘;Q’sg support the ionic mechanism in formuleting
such reaction; Hence the results obtained in thls study
iwiil'be interpretated from such a viewpoint,

| It is evident from Table IV that the ease with
which substitubed benzene diszonium fluorides uhdergo do-
composition in anhydrous hydrogen fluoride varles not only
with the nature of the substituted group but also with
‘the position on the benzene ring relstive to the diazonium
groups Examinution of both of the possible resonance
structures for such substituted benzene dlazondum fluorldes,

1 .

o) F 9o
</ \-piiN:] F® </ \>'"::NS F
ER ~\/'N"NJ e————?[lz . DIN ] .
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leads to the simple conclusion that their tendeneies.to
lose nitrogen and form & carbonium ion should be increased
if the nature ani position of ths substituted group R are
suqh_that the electron density of the carbon atom bonded to
niirog&n is increaced, while the opposite effect would be
expected if the group R caused the electron density ot that
parbon atom to be reducedy .The stability of the carbonium
ioﬁ_woulq be greatly increzsed by any factor which tends to
distribute the positive cherge over the carbo.ium ions In
general this theory is substentizted,

Thus diazonlum fluorides substituted wlth alkyl
groups, which have & tendency to Increase ths glectron
density on the benzena ring; decompose quite easilya The
same: result is observed in the eczse of dlszonium fluorides.
substituté& with the hydroxyl group, except in the ortho
position, when a very stable diszonium fluoride resulbs.

On the other hand diazonium fluorides substituted
with broapa that have a strong tendency to withdraw
electrons from the benzene ring, such as the carboxyi»ﬁnd
nitro groups,_ére considerszbly more difficult. to decompose
the reletively high stability of diazonium fluorides sub=
stituted with chlorine is in line with the lerge inductive
83

g

effecet associsted with thot elementy
Tables I and IV show that an ortho~substituted

diazonium fluoride was involved in every case thut failed

" %0 decompose when hezted &t the highest temper tures attaine

able (usually about 75 to 85“) under reflux at ztmospheric
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pressure. Examples of such behavior are shown by gsehloros-,
onitro=y g-hydroxy-; und g-methoxybenzenediazonium Tluorides,
¢n the other and g«methylay znd g-phenylbenzenedizzonium
fluorides decompose almost spontansously. -Suchwabﬁurt'
gifferencies in behsvior cennot be charged off to mere
eluutroﬂ lending or withdrawiryg tencencies teo the bencene
ricgy ané indeed the extremely stable group of diszorium
fluorides conbains members from-boﬁh'clmﬁﬂﬁh of such groups.
it is therefere propos§d¥that such ortho-substituted diszone
jum fluorides owe their stabilitlcs to some form of clece
tronic interaction, similar in nature o thed éﬁcaunter@df
in hydrogen bondingy between tho diaz sonium aud the orthos
substituted graups;

Buch intardctlonu in tha above~named Cdb&g can be
formulsted as followst

For g-chlorobenzenediazonium fluorides

N
NEN | FT
cl

For genitrobenzenediszenium fluoridet

NENT] T
NQ
Ko
For gyhydroxybenzenediuzonium fluorides
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For g-methoxybenzenediczornium fluorides

C)Cl43

The elsctronic intarapticna in these cases are attractions,
prgbably yrimarily_electrost&tic in nature, between the
positively eharge di&zonium‘group and~porgiéhs of the
wdjacent group thut bear & high electron denalty. Such
Gistribution of the positive charge on the dizzonium group
over a larger portion of the molecule would indeed be exe-
pefted to confér-added staility upon‘thé carbon to nitrogen
bond,

No such_electronic interections would be possible
Ain the cases of pwmethyley ard gwpheuylbenzens dizzonium
fluoridesy i e

For gemethylbenzenediazouium rluoridet.
~N N=N T
CH, ‘
For gephenylbenzenediazonium fluoridet

JS

and experiuent shows that they decomgpose easily below roon

temperature, The fact bhat they decompose essier ‘than
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benz zenediazoniun fluoride Itself, Indicetes thot the steric
efieet of th@ pdjacent methvl o @hpnyl.graups may assist
to a sllght degree in weaz kanina the ca bonunitrorcn bond .
o~Ce rboxybenzenedlazonium fluoride repres ents an
intermediuste cuse, as it is decomposed by moder:te hesting.
4s would be expected the interaction here is not as strong

a& in ,the.;:mgi‘e gtuble csseésy

Attempts to interpret the results for dilazonium
fluorides suhsﬁltuted Wi&h the ssme group in Q=y W=y and
prpnsitions ATe Lot cle ar’ cut, end.indeed no cgmﬁiétely
 plausible tneoret;gml interpretution can yet be dresm from

the state of our present rnowled&e
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Summary

1. The replacement of the sromatic amino group by
fluorine through d;azptization.énd:decompqsition in ane
nydrous hydrogen flucride has been carried” out success-
fully in the: prepathion of sixteen aromatic fluorides,
previously prepared by other methads. One heterocyolic
amine has been prepared in fair yield by this method, while
application of the resction in the aliphatic- series gave a
negative result,

Re. Three new ccmpounds, 2~fluorc~l,4~dimethyl~
benzene, 2»:1goro~3—methylpyridine, anﬁ-grfluprpbgnzenes
sulfonyl fluoriQe, have'beenfprepared.byldiazotiqéﬁipnfin
‘anhydrdusvhydngeh fluOride, and‘charactérized;fdx the
first time. | |

3. A new reaction has been discovered which allows
the synthesis dfvafdmatic.sulfonyl fluorides-ftomﬁaiomatic-
sulfonamides through resction with sodivm gitfite‘in.an-w
hydrous hydrogen fluoride; Two;&romatic-sulfonyl-fiuérides
~have been prep sred by this method,
| 4, The efféct'bf_various substituting,groupsfupon
the ease ofydacémposition of benzenediézonium flﬁdr;de«and
its‘derivatives has been‘studied, and ‘a theory proposed. to
correlate the expéfimental,resulté¢ A new class of atomic
1ntéractions, similarfté’hydrogen bonding, ha; been pro-
posed to explain the exzreme stability of certain o~suba

‘stituted benzenediazonium fluorides.
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