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SUMMARY

It has been shown that fluorinated pyridine
derivatives may be obtained by three different methods,
namely t-

i) By the application of the Schiemann Reaction
using fluoboric acid,

‘ ii1) By diazotisation of amine Bydrofluosilicates and
subsequent decomposition of the diazonium salt in
anhydrous HF,

111) By ihe reaction of chlorine trifimoride with
pyridine in oarbon tetrachloride solution.

Furthér, it has been demonstrated that in some
cases, fluoro-pvridines may be obtained in reasonable
yield by dlazotisation of the amine in anhydrous
hydrogen fluoride with sodinm or ethyl nitrites.

The reaction whereby the diazonium fluosilicate
is decomposed in anhydrous HF ocannot be entirely
analogous to the decompodition of the diazonium fluoride
in HF because the yields in certein cases are quite
different.

- So far as the reaction between pyridine and
chlorine trifluoride. is concerned, it has been shown
that the maln reaction is one of subqtitution resulting
in the formation of fluoro and chloro pyridines. A
number of catalysts have been tested and found to
inorcuse the ylelds considerabdbly provided that the
hydrofluoric acid produced during the reaction 1is
absorbed by potassium fluoride as it is formeds The
ratio of fluoro and chloro pyridines seems to depend
to some extent on the catalyst employed.
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INTRODUOCTION

A survey 6f the 1literaturs of organlc cpemistry
“up to 1947 showed that little attention had been
pald to the preparatlon of heterocyclic fluorides,.
In view of thls, the present work, to ﬁrepare
and characterise some of theae compounds, was
undertaken,

Two nalin reacéions have besn emploved,
~namely, the Schiemann Reéction and certaln
modifications of this, and halogenation by means
of chlorine trifluoride. Using the former
reactlon fluorides of pyridine, pyridine -
carboxylle acids and guinoline have been prepared;

As far as the reaction betwsen chlorine
trifluoride and pyridine 1s concerned, it has

been shown that substitution occurs with the |
formation of fluworo and chloro pyridines, -
Considerable polymerisation and decomposition
‘takes place and in one instance a dipyridyl

derivative was obtalned.
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The Schliemann Reaction and Modifilcations

The earliest attempts to prepare aromatlc fluorides were
based on the decomposition of diazonium salts in aqueous
hydrofluoric acid. Thus in 1870, Schmitt and von Gehren
synthesised p-fluoro benzolc acid by diazotising the
corresponding amine in 40% hydrofluoric acid (J.Prakc.
Chem. 1, 394, 1870). In an analoéous manner, Tschiltschibaben
and Rjazancev (J.Russ.Phys.Chem.Soc. 46 1260, 1914)
prepared 2-fluoro and 2-flﬁoro-s-nitro-pyridino. The
obvious disadvantape of the method lles in the fact that
decomposition of any dlazonium salt 1n aqueous solution.
leads to the formatlon of hydroxy compounds with
congequent raduction in the yleld of fhc desired fluoro
derivative. More recently, anhydrous hydrogen fluoride has
replaced the agueous acld with conslderable succeas.
An alternative method, of limited applicabllity,

was developed by Wallach and Heusler {Ann.255, 255, ltdoj
-,1oid, 243, 219, loss). ‘Yhls consisted in 1solating the

diazg-anino'compound formed by reaction of a diazonlum
.salt with a secondary amine (usually piperidine) and
decombosing this 1n aqueous hydro-fluoric acid. iIn this
manner a number of aromatic fluorides wsre prepared
including fluoro-bgnzone itself, 4he intermediate
diézo-amino compounds, however, are not particularly
stable and moreover are difficult to perify. pecause of
thlis the yields are usually low and the method has

passed out of general use.
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vhe first significant advance was made in 1913
when Bart succeeded in 1solating benzene diazonlium
fluoborate (G.P.281,055). He placed on record the
peculiar stabllity of the dilazonium fluoborates but did
not make use of them for the preparation of aromatiec
fluorides. L1t was not untlil 1927/ that salz and Schiemann
(B.60 1186, 192%7) published thelr workon the controlled
decomposition of dlazonium fluoborates in which they
showed that, by thls method, good ylelds of aromatlc
fluorldes could be obtained. The procosé has now becone
lmown a® the Schiemann Reaction and consists essentially
of two stages, (a) the icolation and purificatlon of the
dlazonlum fluoborate and (b) dry distillation of the salt

to yleld the aromatic fluoride, nitrogen and boron

tri-fluoride,
_ L @ -
RH. NH2 + HN02+ BFf ——— R-]ﬁl B\F"l'
. N -N .
D (=) -
Re N a3r,- —_—3 RP+H, + Bb
4 2 k)
N

Since the original publication, Schiemann has
applied the method to a wlde range of aromatic amines
including the naphthylamines, amino-dl-phenyls (Schiemann
snd Roselius B. 62 - 1805, 1929) and amino aclds (Schiemann
et al. B.65 1435, 1982). Later workers have shewn that
fluoro-fluorenones (B.66 46, 1933) and fluoro-phenanthrenes
(Goldberg et.al. J.A.C.S. 69 260, 194'/) can be preéarod
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by the Schieﬁann Reaction. Furthermore, the reaction may
be used to introduce two fluorine atoms simu;taneously,
élthough if the two amino groups are situated in the same
nucleus, the ylelds ares poor, This is illustrated by the
case of p=phenylene diamine which gives p~difluoro=benzene
in 29% yleld, whereas p-pl dlamlne diphenyl gives the
corresponding di-fluoro compound in 80% yleld. More
recehtly, as will be seen, the reactlon has been applled to
the preparation of fluorinated heterocycllc compounds.

The Mechanism of the Reactlon.

The actual mechanism of the thermal decomposition
of diazonium fluoborates is still uncertain. Schiemann
(Chem, Ztg. 52 54, 1928} supposed the energy liberated
when the unstable diazoniumcation decomposed to be
sufficient to cause the fluoborate lon to break down into
a flweoride ion and Loron t;ifluoride. There are, howaver,
three possiblc.reaction mechanlsms by which the process
can.occur. Thess =are showﬁ schematically below :=

(1) the formation of a carbonium cation and combination

of this with a fluoride ion

. Ar - .. NZ.BF4 —_——— Ar+N2+BF4

+
Ar + (:F: BF3) 1-—-————-> Ar = F + BFg
(2) The formation of free radlcals
Ar'- Ng - BF,} — o 4r + Np + BF; + :F:

Ar + :?: ——» Ar-F
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(3) Molecular rearrangement

( Ar = :N E N: )
( T ' )-—PAI"F'\‘Nz"' BF:5
( :F: «BFy )

Mechanism (1) was proposed by Bell (J.C.S. 835, 1934) as
a result of experiments with optiecally aétive 2121
diaﬁino 6161 - dimethyl diphenyl. Thls amine was
converted into the corresponding di-iodo derivative by
the Sandmeyer Reactlon and found to be optically active.
The snalogous di-fluoro compound, formed by the thermal
dacomposition of the bis diazonlium fluoborate showed no
appreclable activity so ‘that racemlsatlon was presumed
" to have occurred. This was Interpreted as implying the
exlstance of a planar carbonium cation in which there
1s no longer any restriction to rotation and hence
racemisation can occur. The result, however,-1s really
inconcluslve, aslnce the di-iocdo derivaitlve 1s prepared
in the cold whereas the fluoro cowpound requires an
elevated temperature. Kinetilc stﬁdieé by Kilstlakowsky
and Smith (J.A.C.S. 58, 1043, 1936) show that 2:2t
di -amino 6:6% dimethyl diphenyl 1s racemised by heat bbth
in the 1liquid and vapour phase and that, if the cnergy
of activation of the racemisation process is less than
20.0 XK. cals/mol., autoracemisation takes place. Thus,
Bell!s results may be due to racemisation by heat or
to the nature 9f the difluoro derivative.

The froe radlcal mechanlsm is due to Hodgson,

Birtwell and Walker (J.C.3. 770, 1941). During an
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investigation of the Sandmeyer Reactlon, they proposéd
that the proceas proceeded by way of the complex anion
(Cug C1,) which was attracted to the diazonium cation when '
the complex decomposgd. Thls involves (a) release of an
electron at the carbon and formation of neutral chlorine,
followed by (b) evolution of nitrogen and linkage of
neutral chlorine to the aryl radlcal.

\J;
c -—#N’. )
3 ®Q @ u,
.u‘\‘&—g" -—> ,\;:ca + N+ [c"‘a&a-]
A 4
® d ]
w

The complex was reformed b& chloride 1las also present in

the reactlion mixture. This theory was applled to the
introduction of fluorine in thoe followlng way. In aqueous
solutiong, hydrofluoric acid 1is largely disséciated according

to the equation :- ®

Hlé‘-a-Hg —_— H, O +H1<®?‘
The stabllity of the HF% ion apparently prevents complex
formation and thls accounts for the failure of the
Sandmeyer Reactlon in the preparation of armmatic
fluorideés. In the case of the diazonium fluoborates,
hoWev;r, a complei ia already pres?nt. A mechanism
simllar to that of the Sandmeyer Reaction is then presumed
to occﬁr; a polarised fluorine atom in the BFi ion
attacking the cétionoid carbon with the resulting

svolktion of nitrogen and boron trifluoride.
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The formation of polymeric material in the Schlemann
Reaction would appear to support the concept of a -
free radical mechanism. 8So far, there has been no
evidence &n favour of th? third possibllity although
In the decompositlon of nitro compounds it has been
suggested that a complex is formed (O.K.Rice = private
communication to Roe, Organic Reactions Vol.V.).
However, the avallable experimental evlidence does not
allow any definite conclusions to be drawn &s to the
actual reactlon mechanisnm,

Experimental Tochniques.

Originally, the diazonium fluoborate was
obtalned by dlazotising the amine in ice~cocld HCl1l with
sodium nitrite followsd by the addition of 40% fluoboric
acldes The precipltated diaéonium salt was filtered,
washed with alcohol and ether and drlied in alr, Since
the original publicatidh, howeéer, numerous modifidations
have been Introduced to increase the yleld of dlazonium
salt. Chief amongét these is the replacement of

hydrochloric acld by fluorbéic acld snd sabsequently
carrying out the diazotlisation in the preéence of

fluoborate ions. In thils procedure, the diazonlum salt
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precipitates continuously as the diazotisation procceds.
Generally, this results in a purer pfoduct and has the
advantage of eliminating some of tho troublosome side
reoactions such as coupling and phenol formgtione In viow
of an observation by Meigs (U.S.P. 1, 916, 327) who showed
that fluoborates have an appreciable solubllity in strongly
aéid solution, the latter method 1s to be preferred since
the acid concentration is kept to a minimum,. Alternatively,
in place of fluoboric acid, certain inorganic fluoborates
€ege sodium or ammonium salts, mny be used in conjunction

with a mineral acid, usually hydrochloric., A further
modification 1s to diazotise the amince in hydrofluoric
acld and treat the solution with a stream of boron
trifluoride until prccipitation of tho diazonium salt

1s complete (Org.Recct.Vol.V.).

The presence of other substifuonts in the
aromatic nuclouy oftén affects the yield of the diazonium
fluoborate. As a general rule, pho yiolds_are lowored
due to the inoreased solubility of the salt. In the
case of carboxyl and hydroxyl groups, egterification and
conversion to the ether increases the yleld of
dlazonium salt appreclably. In all methods, tho volume
of the solution should be kept as low as posasible since
diazonium fluoborates are 3lightly solublo even in the
cold. |

‘'Varlous reagents may be used to effect the

diazotisation, the choice depending ultimately on the.
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amine in question. The reagent commonly employed is
sodium nitrite. Altefnatively, amyl and ethyl nitrites,
- nitrosyl sulphuric acid and nitrosyl flucborate (Organic
React, Vol.V. Schiemann Reaction) may be employed.
The letter reagent posasesses the unique property of
being both a dlazotlsing agent and a source of fluoborate
jons. Its usc was first demonstrated by Voznesenkil
and Kurskiil (J.Chem, Gen. U.S.S.R. 8 524, 1938) who
prepared benzene dlazonium fluoborate in 90% yleld from
anlline,

The aryl diazonium fluoborates are on the
whole remarkable stable and can be handled safely 1n
large quantitles, ‘A few, however, e.g., m~methoxy
benzene dlazonium fluoborate, are unstable and
decompose on standing at room temperature., 1In the
heterocycllic serles, the diazonium fluoborates are much.
more unstable than the correspondiing henzene dcfivatives
and, with few exceptions, cammot be isclated as solids.:
Thermal decomposition of aromatic dlazonium salts
usually procceds qulite smoothly glving 60'- 70% ylelds.
Those heterocyclic dilazonium fluoborates which are
capabie of 1solation are usually decomposed in some
inert modium such as toluene or petroleum ether, -
However, the yleld depends to some extent upon the
nature and position of other substituents in the nucleus.
Generally, the ortho derivative 1s formed in the lowest
yleld although the variation in ortho, meta and para 1s
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not great. The nature of the substituent has a much
more pronounced effect upon the yield. Unsubstituted
aromatic compounds yield the beost reosults although the
presenco of alkyl or halogen groups does not infiluence
the decomposition to any marked extent. Carboxyl,
amino, nitro and hydroxyl groups lower the yield in
approximately the order givon. As was mentioned
previously, esterification in the case of an acild or
conversion of the hydroxyl group to an ether helps to
increase the yield of fluoride. Tho nitro group is
perhaps the most difficult to deal vith since it
causcyg unruly decomposition of the fluoborate and the
formation of a high pcrcentage of tarry by-products,
which decrease the yleld considerably. Tho increased
stability of the nitro diazonium fluoborates may be duo
to the known negative 1lnductive cffeﬁt of tho nitro
group xhich would lower the cloctron donsgity in tﬁé
neighbourhood of the dlagonium group causing an lncreasod
electro=static attraction for the fluoborate ion.

It 1s difficult, however, to lay down any
broad gensralisations concerning the effect of structure
on the stabllity of the diazonium fluoborates, and tho
above coneidérations rmust act moroly as a gulide,

Some highly substituted ﬁolocules give excellent yields, for
example, 2=-bromo-3-methoxy-4-6=dimethyl fluoro benzono

1s formed in 70% yield from tho corrésponding
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diazonium salt (Becker and Adams J.A.C.S. 54 2973, 1932).
It has been stated that the yleld of fluoro compound is
somewhat dependent on the decompositlon temperature of
the dlazonium salt, the lower the value of the latter,
the higher the yleld (Schiemann J.Prakt.Chem.(2)
140 97, 1934). This qualitative relationship 1s only
true for unsubstltuted wmolecules and those contalning
one or more fluorine atoms. In other cases, the
correspondence between temperature and yleld is not
very evident. |

The actual decomposltion of the salt is
usually carrled out in a distillation flask with a
wlde slde arm connected to a condensor, the recelver
belng cooled in ice, To absorb the boron trichlorids
evolved, a train of Dreschel bottleé half fllled wlth
NaOH, may be connected to the recelver, The flask is
gently heated until decomposition occurs, heatlng being
continued intermittently as required. .Nihro compounds ars
usually decomposed 1in successive small quantities |
(5~ 20 grams) the salt being mixed with thres to five
times 1t:= weight of sand or barium sulphate.
Application of the Schlemann Reactlon to Heterocyclic

Cempounds. In applying the Schiemann Reaction to the

4

preparation of heterocyclic fluorides, the amine is
dlazotised in fluorborlc acld solution. The cholce of the

reagent used to effect diazotisation depends upon the amino
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position of the group; gonerally it is either sodium
or ethyl nitrite., In the case of pyridine, all the
diazonium fluoborates are unstable, pyridino -2-
diazoniuwm fluoborate docomposes as it is formed whilo
the diazonium salt prepared from 3=-amino pyridine
precipitates as a solid which is unstable above 10°C.
(Roe and Hawkins, J.A.C.S. 69 2443, 1947). So far,
attempts to propare 4~fluoro pyridine by the Schiemann
Reaction have failed.

The stabllity of the duinoline diazoniun
fluorborates deponds upon the position of the origlnal
anino group, If this is situated in the benzenoid
nucleus, the diazonium fluoborato ls quite stable and
can be isolated, dried and distilled in thé usual
manner. If, on the other hand, the diazonium group 1is

\inn the %eteroeyclio ring, the propertics of the salt
vary widely deponding on the position of attachmont.
Thus, quinolins 2-~diazoniunm fluoboraée, like 1its
pyridine analogue, decomposes as 1t 1s formed but
quinoline-3-diazonium fluoborate 1is surprisingly stable
and decomposes smoothly at 95°C, The ylelds of fluoro-
quinolines vary from 74% in the case of the 3-fluoro to
26% for 8-fluoro (Roe and Hawkins J.A.C.S. 71 1785, 1949).

Recently, Ferm and Vander Werf (J.A.C.S.

72, 4809, 1950) have investigated the diazotisation of
amines in anhydrous HF and decomposition of the products

"in situ™. The rcsults obtained by this re thod are
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Interesting since, as far as aromatic amines are
concerned, the yilelds of fluoro compound obtained are
comparable with the Schieﬁann Reactlion and, in some
cases, superior., When they applied thls method to =a
heterocyclic amine howsever, they atate that the ylelds
were poorbut do not quote any dofinite figures. It
will be shown later, that in the case of the two
heterocyclic amlnes investigated the results obtained
by thls method wers comparable, but slightly lower than
those obtalned in the normal Schiemann procedure.

During the present investigation, the
preparation of fluoro-pyridines by the original method
of Roe and Hawkins was repeated with various
modlficationgs,

In an attempt to Increase the yield of
2«-fluoro~-pyridine, it was declded to carry out the
reaction under diffarent conditions varylng the acld
strength and the dlazotlsing agent. 2-amino pyridine
was dlazotised in aphydrous HF and HBF, (obtained by
passing dry boront®j iluoride into anhydrous HF) and also
in aqueous fluoboric acld as dlazotising agents sodium
and ethyl nitrite were employeﬁ. The results of thease
experiments are summarised in Table I; the complete detalls

wlll be found in the experimental soction,
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1 | )

Solvent. Ethyl Nitrlte. | Sodium Witrite,
|| #0% aqueous fluoboric acid | - . 34%
Anhydrous hydrofluoric acid | 6% 20 - 22%

Anhydrons fluoboric acild 267 307

Oalculate quantitj of

0 in  anhyd
H? 5 0 yarous 22 25%
hydro-fluoric acid
Excegs of fluoboric acid .
(200;&) - H3B05 in 20% 50%

anhydrous hydrofluoric

m acid,




anazeotropo wlith ether so that stemia distillation had

15~

Inspection of these results shows that sodlium

nitrite is the most satisfactory dlazotlsing agent in
this case. With thls reagent, using fluobéric acigd, |
the results are very similar to those obtained by oe.
There is, therefore no 1ncreas§ in efficiency

by the above methods. Origlnally, Roe and Hawkins
diazotised in 40% HBF, with sodium nitrite and 1solated
the product by neutralisatlon followed by steam
dlstillation., In th; present investigations the
procedure adopted wees sinilar except that ether

extraction was used in place of steam dilstillation, So

far as 2=fluoro pyridine 1ls concerned, this 1s qulte

.satisfactory but 3-fluoro pyridine &ppears to form

to be resorted to. The stability of 2-fluoro-pyridine
to hydrolysis was also investigatad and it was found 1
that in alksline solution, hydrolysss was falrly rapld.
Continuous refluxing in strongly acld solutlon brings
about slowly the complete conversion of 2-fluoro
pyridine to 2-pyridone. The followlng table (II) gives
some results of hydrolysls experiments, the time allowed
for reaction at any particular témperature being

hgl fegn~hour, - %

[




TABLE 1I.
Reagent. fHydr ool yal 2
15% 50°C | 100°C
N Sodlum hydroside . 104 | 259 -
N Hydrochloric acid 1% 47 15¢%

Ih view of these results 1t would seem that ekher
oextraction after neutrallsation 1s to be preferred to
steam dlstillation since, 1f the solution 1s siightly
alksline, therc wsould be appreclsble hydrolysis at the
temperature of distillation. In one experiment where
steam distillation was used, 2-pyriddne was obtéinod in
25% yield and identified b& the N-ethyl and 3:5 dibrono
derivatives,

3=fluoro=-pyridine was preparsed according to
the procedure of Roe and Hawkins. Hydrolysls oxperimnnts'
on this compound indlcated that_it is quiterstable
behaving llke an aromatic halide. This 1s in agreement
with the properites gf pyridine derivatives which behave
In many respects like those of nitrobenzene. The
presence of a posltive polar nitrogen in the ring,
which appears to behave like an elecfrophiiic substitvent,
censes svbstitution in tho.ﬁota (3) position with

[ e T
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regultant stablllisation of the :rolecul: a3 a whole
(lizten=Chznistry of Heterocyclic Coupourds Pp 192-4).
The two and four po=zitions of the pyridine nucleus
are much more reactive. This differsnce in reacti&ity
of the variohs poslitions in a heterocyerlic lan s
Tarthe. .arphasised by the case of the quinoline
diazoniwm fluoborates =slready meferred to.

Nelthor 4=-fluoro pyridine nor 4-fluoro
Juinolins have becn 1lsolated. ¥n the foraner case,
Roz and Hawkins have denonagtrited that th2 fluoro
conpound is actually formed b?trcarranges Timaedlately
into ¥ (4'~-pyridvyl)-A-varc-prrddias (L), iy
is readily hydrolyscd in acid solubtion to N=(4'-pyridyl)-
4=pyridone (2) which gy bc ildentified asg Lto pier: Ui

O - OO

Q) ' {a,)

£ 8iailar roaction iv ticught to occur in the caso
of 4-Tflvoro~qulnolinc but as yst therc is no definite
evidence for this. The preparation of the di-fluoro=-
pyridine from the corrosponding dlamines has also
been attempted in the present work. Roe (unpublished
results) reported that an attompt to prepare 2-6
difluoro pyridine by the 3chicuann Rcacpion had failed.

In spite of this furthoer atteupts were nade herc using

fluoboric acld of various
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subseqﬁently treatcd with ammonia.

ﬂm& Nt @ /j:"""

-ca co* p\wmg
= U L)

A certaln amount of interest attaches to the fluorinated
nicotinic aclds by virtue of their structural similarity
to nicotinlic acid itself. The latter is an essentlal
motabolito and inveostigations were carried out to study
the effect of the fluorinated acid on metabolic
actlvities. A3 yot no definlte conclusions have beon
reached.

Before the work of Roe and Hawkins was published
some of these aclds wore prepared diroctly from the
correspondiné amino acids as part of the prosenﬁ
investigation. geamino=nicotinic secid wus obbained by
2 Tochitschibaben Reaction on tho godium salt of
nlcotinic acid, and was 1solated as its methyl ester,

A solution of the ester in 40% fluoboric acld was

dlazotised with sodium nitrite, the resulting diazonlum

fluoborate being decomposed by gently warming the rcaction

mixture. After neutralising, the solution was evaporated

to dryness and esterified, the ester so obtalned being

converted to the amide. 5S=amino nicotlnlc acld was prepared
. by the method of QGriess (J.A.C.S. 70 2381. 1948).

This was converted to the



“2]=

5=fluoro nicotinlc acid by the above reactions.
S=amfno plototinlc acld, obtained by a Hoffmann
degradation on quinolinimide (Suckarda Ber, £F 1727142

falled to give a fluorinated aold.

r co-oMe  HAF, \co oK m«u “0"""
e = U

N..,no‘ \N F 2.501'
NH3 “~~co-r,
gl &

er gt,0 _INAF

Owing to the fact that no stable diazonium fluoborate
1s formed in the above reactions and the fact thet
fluoronlcotinic .acid has an appreciable solubllity in
aqueous solutions, the method does not glve good
ylelds. 2-fluoro nicotinic acid was obtained in 18%
yield as the methyl ester, conversion to thse amide
being almost quanﬁitative. The me thod developed by
Roe and Hawkins 1s capable of ylelds in the order of
60 ~ 70%. |

An gttempt has also been made to apply the
Schlemann Roaction'to a five membered heberocyclic
ring system. For thls purpose, 2#amino-4-methyl-‘
thlazole was chosen. The amine was diazotised 1in 40%
flueﬁorié acld and the product heatgd to decompose any
dlazonlum fluorborate. To 1solate the product, the

solution was extracted with ether. In this way, a low

20 s ciati
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yleld of a buff coloured solid was obtalned which

could be recrystallised from water. .Analysis showed
that 1t contained the correct amount of fluorine

expected for 2=fluoro-4-methyl thlazole. As before, the
low yield 1s probably due to the solubllity of the
substance in water, and the fact that there 1s no

stable dlazonlum fluoborate, The solld itself 1is

freely soluble in the usual organlc solvents and has

an apprecisble solubility in cold-watar.

It was cénsidered of interegt to investlgate
whether dlazonium salts derived from fluorinated aclds
other than fluoborilc adid were capable of ylelding
results eomparable to thoss obtained in the normal
Schiemann Reaction. Fluoro-phosphoric acid (HPFg)
has been used to prepare 4-4!' difluoro-diphenyl by
pyrolysis of the corressponding bis dlazonium
fluophosphate (Lange & Muller B.63 1058, 1930) but
the yield obtained was poor. Wiley (U.S.P. 2,423, 359)
demonstrated that aromatic amine hydrofluosilicates,
obtained by adding aqueoué H581Fg to an alcoholie

solution of the mmine, could be converted to the

- corresponding diazonium fluo=~silicates by diazotising

a suspension of the salt in glacial aceticn acild with
ethyl nitrite. A number of these dlazonium salts were
charéctorisod, but apart from the preparation of
p=fluoro~benzolc acid in poor yield, no real atteﬁpt

was made to utilise them for preparative purposes.
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Thus, the possibility of using thess dlazonlum salts

was considered and preliminary experiments carrisd out

with aromatic amines,

Anilins was converted by Wiley's method

(agueous HoSiFe - and alcohollic aniline) to the
-hydrofluosilicate and the latter dlazotised to yleld

benzene diazonium fluosllicate, Attqmpts were made to
decompose this aalt in both polar and non polar solvents,
Aqueous hydrofluoric and hydrofluosilicic acids yield
phenol only but 1f the dry dlazonlum salt was decomposed
by refluxing 1n'dry petrolewn ether, a 16% yield of
fluoro-benzene was obtalned. 3imilarly, o-fluoro=
toluene could be prepared in 17% yleld. These ylelds,
although poor, were bettsr than the literature leads
one to expect and s0 it was declded to carry on with
the application of the method to ths heterocyclic
series, .

2-am1no-pyr1dino was dlazotised in aqueous

hydrofluosilicic acild with sodium nitrite. Since the

diazonlum fluosllicates are soluble in water, no

’precipitato was formed and the resulting solution

was therefore heated to 60°C to decompose any

dlazonlum salt which had formed and finally cooled

" to 0°C and neutralised, The product was obtalned by

extraction with ether. In thls way, 2~fluoro~pyridine

was obtalned in 37% yleld. This experiment was then
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repeated using various diazotising agents e.g.
amyl and ethyl nitrites and nitrosylsulphuric acid,
but there was no lmprovement in the yleld. A
similar reaction carried out wlth 8-amino-pyridine
resulted in a 23% yleld of the corresponding . .  ..... .
fluoro=~compound. In this case, the tsolation was
effected by preparing 3«fluoro-pyridine chloride
since 3=-fluoro pyridine forms an azeetrope with
ether, The yield of S-flﬁoro-pyridihe 1is conslderably
lower than that obtalned via the borofluoride whereas
that for 2-fluoro=pyrldine 1s appreciably greater;
hence 1t was decided to carry out the reaction in
stages, and by that means, try to improve the overall
ylelds. The stages decldsd upon were the obvlous ones
which may be represented as follows :=
(a) Amine ——> “amine hydrofluosilicate.
(b) Amine hydrofluosgilicate —» diszonium silicofluoride
(¢) diazonium silicofluorids —p fluoro=compound '
The conversion of z-amino-pyridino to the
amine hydrofluosilicate was achlsved by paasing a
“stream of dry silicon tetrafluoride into an alcoholic
solution of the amine when the requlired salt
precipitated. Determination of the equlvalent weight
of the dried salt by titration with standard acid
indicated that 1t had the structure shown in (4)
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1 H* Si%
N ~H-’3 .
(4)

DPiazotisation of this malt wos successfully
accomplished Wy Wiley'!s procedure, although, owing

to the relatlvely unstable nature of the dlazonium
salt, care had to be taken hot to allow the temperature
to-kse pbove 20°C. Further, it was found necessary

to éake great care In ensuring that the acetic acid
was really anhydrous, otherwise the dlazonlum salt
reacted with the water present Lo yleld Z2-pyridéne.
During the dlagotisatlion, the amine salt first dlssolves
and then repreciplitates as the dlazonlum fluosilicate.
Analysis of the palt by libsratlon and estimation of
nitrogen using the method of Schiemamn snd Pillarsky
(Be62, 3035, 1929) showed 1t to have the following
structure (5)

Q-Nz'sma - N2 '\:/’] . .

(5)
This dlazonium salt 1s not particularly stable, 1s
water soluble and does not couple with alkaline
Benaphthol. Attempts fo decompose it in aqﬁeoﬁs
hydrofluoric and hydrofluosilicic acids led to the
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formgtlion of 2-pyridone. howefer, decomposition of
.thondiazonium salt in non-aqueous media ;.g. dloxan
and tfichlor-othylono, resulted in the formation of
2=fluoro-pyridine in 10-12% yleld. ,

The low ylelds obtailned may be due to the
structure of thn dlazonium salt which, as can be seen
from the formula given, has two diazonium resldues in
the molecule. If a free radical mechanism 1s postulated
for the decomposition of the salt, the two‘radieals
R = wlll be in close proximity to each other and this may
1oad to a high degrec of polymerisation. In one case,
when pyridine-2«dimzoniua fluosllicate was decomposed
in dloxan, a solld was obtalned in 10% yield 1i§ch
ylelded a plcrate and gave a red colouration with
ferric chloride; 1t was 2-2' dipyridyl.

(1) R.Np.S51Fg« NotR —® 2R. + SIF4 + Np + 20F
(i1) Re =+ °*F - —» RF
- (111) 2R. : ~» R- R,
It 1s significant that, during the '
. decomposition of diazonium fluoborates(6) in which
there 1s only one dlazonlum residue per molecule, the
radicals produced will not be in such ciose proximilty

and hinoo there 13 less chance of polymerisation.

0N . 7
. -
M o BF, =/ No HS1Fg

(6) - (7)
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The possibility of 1solating a dlazonium flﬁosilioato
having.tho structure indicated in (%) il.e. having only
ono,pjr;dyl residue was attempted, but th; results
showed no improvement, presumably because no such salt.
was pbtainod.

In an attempt to try and lmprove these poor
yields, 1t was declded to try the decomposition of the
diazonium fluosilica@c in anhydrous tiF. The reaction
was carried out in an autoclave using a large excess of
the anhydrous acild, the reaction temperature being Iin the
rangs 80 - 90°C, On completion of the reaction, the
excess acld was removed by dlstillation and an excess
of di-ethyl amine added to decompose any pyridinium
salts. ‘the product was then ether extracted. Wwhen thils
technique was applied to 2-amino-pyridine, 2-fluoro
pyridine was obtained in ylelds varying between 2¢ - 33%
of the theoreticai. Thus, in thls case the yield is
about the same as that obtalned by the normal
Schiemann Reactlon, although the procedure is rather
more tedious., The reaction was repeated, isolation
- being effected by neutralisation followed by steam-
distillation, with simllar results to the above. In
view of the encouregling nature of these results, other
heterocyclic aminss were 1n#estigatod.

S=amino-pyridine hydrofluosilicate was
prepared by the same method as that used for the

2=amino derivative and converted to the diazonium sglt:
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by dlazotisation in glaclal acetic acld. The salt so
obtainod was qulte stable and, coupled with P-naphthol
in alkalini solution to give a red dye. Attempts were .
made to decompose the dlazonium salt'in various solvents
e.g. aqueous HF and HpSiFg, dfoxan and petroleum ether,
but only very poor ylelds of fluoro-pyridine were
obtalned. Decomposlition of the dlazonlum salt in anhydrous
hydrogen fluoride was then studied using a technigue
gimilar to that adopted for 2-fluoro-pyridine. Owing to
the grepter stablility of the Z=dlazonium derlivative, a
higher temperature had to be employed (90 = 100°C).
Isolatlon of the fluorowpyridine was effected by removing
the excess acld, nesutrallising &nd steam distilling the
product. In this way, 3=fluoro-pyridine was obtalned in-
10 = 14% yleld. This result, howsver, does not conmpare
at all favourably with that recported by Roe for the
normal Schiemenn Reaction (50%).

‘ Carrylng the investigation further, 2=-amino-
quinoline was converted to the diazonlum fluosilicate
and decomposed with anhydrous HF in the autoclave., TUsing
the method of 1solation given for 2~fluorc-pyridine, a
17 - 18% yleld of 2-f1uoro-quinolino was obtained. Agailn,
the result is not so good as the Schiemann Reactlon
(284), although the discrepancy 1s less marked than in
the case of 5-fluoro=pyridine,

An attempt was also made to apply the method

to the preparation of 2-fluoro=4-methyl tHiazole, the
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dlazoniuvm salt being obtained as previously descrlbed.
The latter was decomposed lia tho autoclave with anhydrous
HF, the product being oxtracted with ether. 1In this way,
a compound identical with that obtalned in the Schicmann
Recaction wanz isolated in 4% yield., Once more, this is not
as satlsfactory as the normal Schiemann Reaction, but
ylelds urdé so poor in both cases that it is impossible
to draw a comparlson,

In view of the experiments of Ferm and Van
der Werf (J.A.C.S. 13.4+751‘ 1950) on tho dlazotisation
of amines in anhydrous IIF with sodium nitrate and
subscquont decomposition, it was decided to investlgate
the straightforward diazotisation of ﬁho heterocyclic
amines in anhydrous HF and the decomposition of the
dlazoniwn salts "in situ'". Uhen 2-anlno=-pyridine was
diazotised in enhydrous HF by adding the calculated
quantity of NaNOz and the product docomposod by heating
at 409C, a 20 - 22% yield of 2-fluoro-pyridine was
obtalned. This oxpefiment wés repeated and the results
confirmed. To test the method further, 2~amino-quinoline
was diazotised in anhydrous HF and decoumposed in the
same way. The reaction mixture, on completion of reaction,
was netitralised and steam distilled. This gave 2-fluoro
quinoline in 17% yield. A repeat exporiment confirmed
the results obtained above.

It can be seen from Table III that while

there is no advantage in proceeilng via the dilazonium
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As an alternative method of introdueting fluorine
into heterocyclic ring systems, the reaction hetween
chlorine trifivoride and pyridine in the liquld
phase has been lnvestigated., Previously, little
attentlon has Been pald to the posalbility of using
this reagent glthough certain other interhelogen
caupounds have becn employed as fluorinating sgentse
Thus bromine trifluoride Brf; and lodine pentafluoride,Ifs
‘'will replace other halogens, Bbut not nydrogen, by
fluorine (McBee et.al. IndeEng.Chem. 39, 378, 194,
Haszeldine, J.C.S. 2188, 1948), A review of the
chemistry of these interhalogen compounds has bsen
published by Sharpe (Quart.Rev, 1950, 4 115 et.soq.)..

o As far as the reactions of chlorine
trifluoride are concerned, Porter, Burnett and Banks
(ChemyS0c. Symposium on Fluorine Chemistry) have roported
that it inctroduces both chlorine and fiuorine atons
1nto‘the organic uoloculn, Further, HaGZGldiﬂc, NN
a private communicatlion to Sharpe, has. indicated that
in the vapour phase reaction of benzene with chlorine
trifluoride, there ia evidence for both substitution
and addition reactions. Rocently5'howevor, Musgrave
and El1is (J.C.S. Zlg“ 3808, 1950) have published their
observations on the controlled reaction of ClFz with
benzene in CClg solution. Thesé authors have been

able to show cnclusively that the main reactlon is one
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of substitution although at the same time small amounts
of addition compounds are formed. A number of catalysts
were employed which were eilther (a) salts of transitional
elements used in direct fluorination or (b) well lmown
halogen carrisrs, GCobaltous fluorlide appeared to be the
most satisfactory of all the catalyasts employed.

The formatlon of the chloro~benzene was
attributed to the chlorinating actlon of chlorine
-*mone~fluoride C1F, which is produced in the reaction
according to the following scheme ;-

ClFz + 2 CoFyp —» ClF + 2CoFg . (1)

GIF, + CoFy - FC 4 (CoF,) CIF  (2)
According to the equation (2), one would expect
equimolecular proportions of chloroe~and fluoro=benzene,
whereas, 1n-practicc chloroebenzene is produced in groﬁtor
ylelde The explanation advanced for this result is that
chlorine mono=finoride is produced both in the formation
of the trivalent staté of the catalyst and thé reaction
of chlorine trifluoride with the solvent (Emeeeua'étQal.
J.C.S. 1948, 2188), '

ClFgy + (Cl, —» CCl;F + 2 CIF

4n alternative reaction mechanism for the actlion of ClFj
on CCl, due Yo Schmitz and Schumacher (Z.Naturforsch,
1947, 2(a) 362) which involves free chlorine was’
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considered unlikely, since the chlorine would react
with benzene with the coﬁsoquent'formation of HCl; this
gas was never detected during the reaction. The fluorine
sation produced in equation (2) is, of course,
reSponsible fot the formatlion of fluoro-benzene by the
usual substitution mechanisme Thus, 1t appears that 1t
is easler to produce a fluorine cation from chlorine
trifluoride than from fluorine itself, In direct
fluorination an atomic chain mechanism is postulated
to account for ring degradation,

Since the results from thé reactlon of
chlorine trifluoride with benzene showed that substitution
took:place, i1t was conaidered to be of interest to
- dnvestigate the reaction in the cdse of a heterocycllc
ring system, and forvﬁﬁis purpose pyridine was chosen.
Varlous repdrts have apneared recehtly on the direct
fiuorination of heterocyclic compounds in the-vapoﬁp
phase, Haszeldine (J.C.S. 1966, 1950) has 1nv§st1gatad-
the action of olqmehtéry fluorine on aniline and pyfidine
and has obtained per-fluoro-pyridine CgFiiN in 0.3%
yleld, and perfluoro~cyéiohiijlémine in 0.2% yilelds
The same author attempted to fluorinate 2«6 dimethyl
pyﬁidine (1ut1dine)‘in'the vapour phase and clalmed to
have 1isolated the corresponding per-fluoro dqrivative.

To account for the low yield obtained, Haszsldine

assumed the formation of pyridinium salts. Thus, the HF
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evolved in the initial stages of the reaction 1s
supposed to combline with the basic nitrogen to yleld
pyridinium fluoride., This then reacts violently with
the fluorine resulting in a high percentage of
decomposition. Perfluoro pentanil OsFiz and
nltrogen trifluoride NF, are the principal by-products
of the reaction Indicating that the ring is ruptured
at the C = N =z C bonds. Thls theory, however, is
open to the criticism that quaternary salts would in
all probability be dissociabed at the high temperatures
involved and therefore their formation must be
considered as unllikely., Some pyridinlum salts commence
decomposition at thelr melting points e.ge pyridinium
lodide. Further, the abllity to form basle salts T T
depends on the nature of any substituents in the |
nucleus, thus 2=fluoro-pyridine does not form a stable
pyridinium fluoride, ihef;as S3=fluoro-pyridine does.
Before any definite céndlﬁsions can fe rcached, more
experimental data-must be fofﬁhéoming. An interesting
observation has been recorded by Simons (J.Electrochem.
Soc., 95 47, 1949)s When pyridine, dissolved in
anhydrous HF is electrolyased, some 2=fluoro-pyridine was
ls@lated. ‘The actual experiment is carrled out so that
the potentlial difference across the cell never reaches
the decomposition potentlal of HF; 1in other words,

free fluorine 1s never liberated at the anode., Here

agalng the principal products of the reaction were

PP S S SR SO
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nitrogen trifiuworide and per=fluoro-pentans. In this
case, the formation of pyridinium salts cannot be
doubted but the reaction was eéarried out ét temperatures
- below 18°C.
In the present investigation, all the
" reactions were carried out at 0°C, in a mild steel
reaction vessel. . Chlorine trifjuoride, suitably diluted
with dry nitrogen was led into the reaction mixture
ai a rate of approximately 7 gré/hour. The ratlio of
chlorine trifluoride to'pyridino was 1 mol. to 2 mols,
the niirogen being .adjusted to 10 - 12 litres/hour. In
tho first serlies of experiments, the products of the
reaction were isolated by poﬁring intovsaturatei briﬁe,
washing until free from HF, and drying ovér Mg 304;“
The solvent #as removed by.distillation at atmospheric
presaure and the residue fractlonated throﬁgh a short
électrically hoated.column. The prodﬁctSiso'oBtainéd
were analysed for ohlofiné'ahd fluorine, hese results

are shown 1ﬁ_ the table set out overleaf :=-
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PABLE OF RESULTS (SERIES I)

-Gatalyst;' Welght of | weight of" Fluoro Gﬁibro-':?
} Pyrldine } Cl¥Fy Tar Pyridine Pyridine
None 100g 57g 8g 5=bg -
CoFg 100g s7¢ | 10.681 7.0g -
{10g) _ .
(10g) 3
Mot
CoCl, 50g . 20g eighed] 2.9g -
{10g) .
.| Agr 50g 26g og 0«58 1e28
1 _(1og) - , —
T1F 50g 29,58 4, ug - 2.5
l__(10g) :
| Sbig 508 26.58 | G.0g8 | 4468 -
(10g) : : ' -

-fhe chlorinated derivative, an analysis, ppéved to be

3=-chloro=pyridine (B.P;;4GQC, 'Y50mem. ), whereas the

fluoro—compound'isolated-was, in all cases, 2-f1uoro€

pyridine (B.P.125°C).

Inspection of the above table

agaln shows that substitution has taken place with the

formation of both chloro and fluoro derivatives.

Furﬁhéf,

the proportion of these appcars to depend on the catalyat

used; thus thallous fluoride yields exclusively the

S-chloro-pyridine whereas cobaltmus fluorlide and chloride

and antimony trifluoride give on1y12-f1uor0ﬂpyridinec

Sillver fluoride gives a mixture with the chloro compound
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in gréater yield;-'ns can be geern, the overall ylelds
were poor, the greatest recorded being with an SbFy
catalyst (8.9%). |

& further interesting feature 1s the position
of substltution in these reactions. It is rather
~ surprising that the chlorine and fluorine should
" substitute in different positions. Normally, however,
halogenation of pyridine depends largely on the reaction
conditions as illustrated by the following considerations.
Direct bromiration of pyridine at 300°C ylelds a mixture
of &and 3-5 dibromo=-pyridine (50%)¢ This is in
accordance with the presence of positive polar unitrogen
in the ring which is meta (Cs) directing. Further
bromination at 500°C ylelds 2;0,5 tribromo pyridine. - -
The course of the reactlion is however influenced by the
presencé of ferrous or Cuprous bromide, If 5—5-dibromo_
_pyridine is treated with Bro at 300°C 1in the ﬁresence
~of cuprous bromide;-ﬁhe product is mainly 2:5:5
tribromopyridine, and 3-bromopyridine, under similar
conditions yieids 3:6 dibromo pyridine, Thus it appears
that cuprous ions cauSB'r;action'to'occur mainly'at"ﬁhe
é-or 2:6 positions., 2=Bromo-pyridine, obtained by the
reaction of bromine with pyridine'at 50090, reacts with
bromine in the presence of ferrous bromlde to yield
2:5 dibromo-pyridine. At higher temperatures, 2-bromo-
pyridine &ields 2:4:6 tribromo pryidine, The actual

mechgnism of those.reactions ls unknown but it has been

suggested that at higher temperatures bromlme reacts
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in an etomic form i.e. & free radlcal m chanlsm 1is

postulated (Wheland "TYsory of Resonance™ P,261).
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(After Morton “Chem, of Ieterucycllc Compounds®
page 193) -

A similar scheme 1s applieable to the direct
chlorination of pyridine. éhus, 1t is seen that
although the directive influence is’towardsthc
5 positlion, athigh temperatures substitution in
position 2 predominates. The catalysts, it should
be noted, are transltional elements in their lowest
valency state.

In the feaction between pyrlidine and
chlorine trifluoride the products are 2-fluoro and

S-chloro.pyridine. It is not known whether C1lF or F
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will attack first so it difficult to discuss these
results, In any case, the maln product was 2-fluoro
pyridine.

Further experiments were then carried out
with a view to increasing the poor ylelds obtained in
the first series. In the reéotiqns under consideration,
the formation of pyridinium salts was conslidered possible
~8ince the temperature was maintained at 0°c. If this should
be the case, the salt would precipitate out of the
reaction mixture and reaction of thils solid with chlorine
trifluoride vould probably result in violent decomposition
with rupture of the ring. It was proposed that the
reactlion should be carried out ln the presence of &
large excess of pyridine and without stirring the reactlon

nixture so that the halogen aclds formed during the .
reaction'would be rmmoved by-the excess of pyriding_and
would settle to the bottom of the réaction.VQBSQl.

" The chlorine trifluorlde and nitrogen were led in just
below the liquid surface, In the actual experiment
sufficlent chlorine trifiuoride was used to react with
40 grams 6f pyridine., On completion of the reaction, it
was worked up in the manner previously described,
dried and distllled. The final fractionation ylelded
4.8'5. of 2-fluoro-pyridine (9.7%). This was a considerable

‘improvement on the first uncatalysted experiment which

a 4.6% yilelds It should be noted that no 3-chloro-

pyridine was 1solated.
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This result indicated that pyridinium salts were formed
as was thought. To test this hypothesls further, it

was decided to carry out the experiment in the presence
of anhydrous potassium fluoride, This should remove the
HF produced as potassium hydrogen fluorlde and glso allow
the use of a cabalyst.

KF & HF —> KiF,

An initlal experiment was carried out with
pyridine in the absence of any catalyst bui the results
were not encouraging. 2-f1ﬁoro-pyridine was obtained in
2% yield together with 0.45-g. ot a viscous oil (B.P.
160°C 50 m.me)s 4analysis of the latter indicated that
it was probably a difluoro-dipyridyl. 4 similar reactibn
was then -carried out using sntimony fluoride as a catalyst'
in the presence of ﬁotassium fluoride., Here again the
result was di°appointing since the whole oP the product :
decomposed during the final dilstillation wlth the evolegtion

of HF.

These reactions were then repeated but a
different method of isolating the product was 1ntroduced.
"At the end of the reaction, the product was transferred
to a dry conlcal flask and thoroughly shaken with anhydrous
KFs After being allowed to stand for a while the carbon
tetrachloride layer was separated and the solvent removed
by rapld distlllation under reduced pressure; in this way

two fractions were obtginéd (a) mainly CGl4 and.
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{b) the pyridine derivatives. Fraction (b) was then
refractionated under reduced pressure through alsmall
18" electfically heated column. In this way, it was
hoped to recover any addition compound before 1t
decomposed. The final fractions were then redistilled
at atmospheric pressure, and analysed for both chlorine
and fluorine, '

The results of thesge experiments are shown in
the following table :=

TABLE OF RESULTS (SBRIES II)

“Catal- Wt;d?éj WE.of | VIscous Z=FLuoro | a=Chloro= |
yst |Pyridind ClF3 | reaction f pyridine pyridine, E

_ product, i & _ ,
g ts Ra¥ o f"" —— - - .y o —————

‘Noms (75,08 | 41.08 | 40,08 9.0 (9+6%) {308 (2+:F)

1 80P5  1100,0g | 56.0g | 25008 | L7+88 (1446%) 3408 (240%)
(10.08] - R . . : B S
Co Fo | 50.08 | 23,08 | == 12,5z (20.5%) 2.0g (3.0%)1
{10.0gg) -~ . I DRI |
GoClg | 50,0g | 30.0g | 20,08 1 1l.8g (19%) | 1.8g (5 32)|
(10h041 o B o S | S | ,

In all the experiments 1 gr.mol, of KF per

100g of pyridine was used, - - | e el

The viacous tarry reaction product separated as
an olly upper layer when the solutlon was pour§d~on to
potasslum fluoride at the terminatlon of the reaction,

This was separated in each case and weighed. Attempté
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to d4lstil some of tﬁiﬁ material under reduced pressure
led to total decomposltlon,
. Owing to the fact that 2«fluoro pyridine distils
In carbon tetrachloride under reduced pressure, each
solvent fraction was analysed for free and combined
fluorine., 'The flgures in the column headed "2«fluoro
pyridine® wers obtained in this manner, In order to have
some verifivation of thé amount of 2~fluoro pyridine
contained in the solvent fraction, a quantity of the
latter was carefully fractionated at aﬁmospheric
presasure through a column of approximately -thirty
thaoretica; plates. The results obtained agreed with
the anﬁlytical flgures within the limlits of experlimental
error. Confirmation of the fact that the dlissolved |
product was 2-fluoro=pyridine was obtained by refluxing
@ portlon of the solvent fraction with concentrated
hydrochloric acid. After noutralising the acld layer
- with NaOH, aqueous bromine was added and the resulting
dibromo derivative was ldentified as 3-5 dibromo 2 hydroxy
pyridine, |

o Examination of the table sﬁb&éwfhat; as in the
.caso of bengene, cobaltous fluorides gives rise to the
‘greater total yield although cohaltous chloride
approximates to 1t very closely. In all cases, the
proportion of ch;oro pyridine produced was roughly

4
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identicale The ratlo of the number of gram molecules of
2«fluoro pyridine to the number of gram molecules of
3=chloro-pyridine in the case of the catalysed runs 1s
nearly constantl(approximately 7 ; l)e The ﬁain reaction
here 1s substitution with the production of 2-fluoro
’ pyridine (in benzene the prgduct produced in greater yleld
wa s chloro-benz;ne although the molecular ratio was never
as vwidely diverse in the preaent case),

The most lmportant point to note however 1s
that in the general yieids have risen greatly; thesc are
compared in the following table ;=

COMRARATIVE TABLE,

?Tﬁitalyst.‘?fIET dof YTeld of

2~f1uoro:pxridine. 5-ehloro--yrid1ne. ‘
~“Wo KF |- _Wo KF - |- -KF-. -
None | 4e6% | 9wz | w1 | 2.9 | |
SbFy | 7408 | 14u6® FL1 2,08 | .
| S - . . . '» -.'. -

CoFy, | 6.04 - | 2045% S ML | 3.0%
coglpy | 4.7 | 19t N1 | 5% _

The yleld of 3-chloro=-pyridine (4%) obtalned
‘iﬁ the first series of experiments using thallous fluoridé
1s slightly greater than those reborded above although
of the same order of magnitude. | |

The results shown 1n the table indicate that
low ylelds are due to the formation of pyridinium salts

and that the use of KF raises theb ylelds by preventing
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salt formations The fact that 3-chloro pyridine and
2-fluoro-pyr1diné are the products 1s not very easily
sxplained. The low yields of chloro pyridine may be
due to the fact that the pyridine is relatively stable
to the actlion of chlorine mono fluoride, Howéver, no
reference 1s available on the reactlon of pyridine
wlith C1lF, so this suggestion'is only tentative; Before
any ooncluslons could be reached on the point, it
would be necessary to try the reactlon out. As has been
seen on the sectlon on hﬁlogenation of pyridine, the
conditions of the roaction'govefn to a great extent the
poéition of the entering substituent, Phe formation of
2=fluoro-pyridine should not, therefore, be too
difficult to oaplain. It should be‘notgd that durlng
the course of the reactions conditions,wéféfarrahged
such that no free halogens cculd be detected in tha
effluent gases, and thus it 1s unlikely that the
chlorination has proceeded by way of free chlorine. ?his
is further emphasised by the fact that direct
chlorination requires rigorous conditions as has besn
stated previously and therefore, 1t gseems unlikely that
chlorination by‘frge chlorine could take place uider
the reaction conditions employed. |
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EXPERIMENTAL

The preparation of the amino;m: idines.
2.amino and 2-6 diamino pyridine.

These were obtained by the Tschitschlbaben
reaction. Pyridine (1 mol), in dry xylene, was treated
with sodamide (1 mol) at 120°C. The product was
isolated by the addition of water and NaCH followéd by
benzene extraction. In the case of the diamine, 3 mols.
of sodamide were nsed and the reaction carried out at
170, In both t_:aa.es,. yields were of the order of 50%

3-Amino-pyridine was synthesised from nicotine
by oxidation to nicotinic aci'.'d with nitric acid, followed
by e_stei-‘ificatiq-n and conversion to piqotinmiﬁ@e (J.A.C.S.
50 2479, 1928). The amide was then degraded to the
amine with alkaline hypobromite (Phillips. Ann. 288, 268).
The yields in the last stage were poor, being approximately
30 - 356%, the overall yield from nicotin;lo acid being 18%

eH, — ey

-iu oI:H NiNOy ) Cabs OV &oH ¢o-0Et
Cry™ — (] J
<N ¢H3 N l-‘ 50

NH yco'NH s NH)_
3, ( ] 1 M;OB EJ
[N
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1:4 Dihydro - a-a-dinethyl 3 § - dicarbethoxy pyrldtne was

prepared by condensing goeto-acetio ester with
formeldehyde and. ammonia (Hentschz B. 35 1788, 1902).
Oxidation of this in the cold yleld 2.6 dimethyl-3=b. -
diearbethoxy pyridine which undergoes a Curtuts’
degradation to give 2.6.dimethyl«d~b«diamino pyridine
(B. 33 114, 1900).

cw,’
2 CH, - CO- CH, - Co-0Ek -
&reoc ¢ C-.coolr
—> t
CH: C C- Q“J

N

m;mv,‘r j‘ou-ﬂ iy m:, NH, Cvp o‘(igoow
Hm,‘ L

cH .I\ CHJ

+ CHO + NHy

Mo, (& 0%¢

. . M
S con, H  CpocHNZP S NHECOSA e N N,

Nec 17
e ) — o [:’tﬂ — 1 "H
My Jery £co Aty Aty NN

2, Amino-nisotinie aeld - )

Nicotinic acid (10.0 gre.) was pleced in a
clean dry flask equipped with a stirrer and reflux
condenser. Sodamide (3.5 gr.) was edded and the
solids covered with dry xylene (50 mls.), The mixture
was ﬁéated to 150°C until Ho evolution was negligible
(about 3 hours). On cooling, 100 mls. of water were
carefully added to decompose the complex. The lower

aqueas. layer was separated, neutralised and



N
K4

. 47.
evaporated to drymess, The dried solid was esterified
with an excess of 3% methyl alcoholic HySO4, the
produot was neutralised with sodium methoxlde and
filtered. The filtrate was then carefully evaporated
until oryatallisat19n commenced.

Yield of 2-amino nicotinic ascid methyl ester

3.0 C e )
& M.P. = 83%

5., Amino nicotinic acild was obtained from nicotinyl
chloride hydrochlioride. Nicotinic acid was refluxed
with Hioconyl chloride for 30 hours, the excess S0C1,
remé;é&; the product sublimed under reduced preésure.
The hydroehloride so obtained was brominated and then

treated with aqueous ammonia and GuSO4 in a sealed tube

( J.A-c.so Z_Q. 2381. 1948)9

co'on Sew, 777 SN ﬁrﬁ\coaw -
Lh‘u —> <ol > ‘q |

[ ! S
' NNy I-iw(’ NEoov
—> *
Cu 50, N

2-Amino-4-methyl thiazole was prepared from chlor
acetone and thio-urea (Org.Synthesis. Vol.II).

Ci—ita HS — c—nNH ' cf — S
10 w = o= ‘
‘(' VTS H l,N, CN'L{ .L—N!\b_
Ve \:9'.‘-__.; 4 ~n?

?

2.Amino-quinoline was obtained by a Tschitschibaben
reaction (Shreve Ind.Eng.Chem. 32 177 1940).
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Replacement of emino groups by fluorine.

2-Fluoro-pyridine {(4).
2.Amino-pyridine (5.0g) was diseolved in 40%

aqueous fiuoboric acid (25,0 mis) and the solution
cooled to 0°C. This solution was diazotised by the
slow addition of sodium nitrite (4.0 gr). When all the
nitrite had been added, the solution was allowed to
remain at 0°clfo; one hour, and was finally warmed to
40°¢ for half-an-hour to complete the decomposition of
the diazonium fluoborate. The product was then cooled
to 09C and neutralised by the addition of s0lid NapGOse
The o1l whioh separated was extraoted with ehter, drled
( anhydrous Mg30,) and distilled.

~ Yield of 2-flmoro-pyridine 1.77 gr. (32f) B.P.
125,5 - 126°C.
Analysis.

Required for Cg Hy ¥F, F = 19.6%
| . Founa _ F = 19.4, 19.5%

2«Fluoro-pyridine (B). |

| 2-Amino-pyridine (5.0 8) was diesolved in
anhydrous HF (560.0 g) contained in a copper vessel, and
" cooled to 0°C, _

The resulting solution was then diazotised by
the slow addition of sodium nitrite (4.0 gr.). When
addition of the nitrite was complete, the solution was
warmed to 30° . 40°C for one hour. After cooling in
ice, the excess acid was nentralised with NagCOz, the
product being isolared by ether extraction. Distillation
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of the dried ethereal exiraot yielded 1.0 g. of 2-fluoro=
pyridine (204) B.P. 125%.
2-Fluoro-pyridine (C)

A similar experiment to the above (B)'using ethyl
nitrite as a dlazotising agent gave a .6% yield of 2-fluoro
pyridinef
2-Fluoro~pyridine (D)

2.Amino-pyridine (5.0 gr.) was dissolved in

anhydrous HF (200 g.) contained in a ocopper vessel.
Boron-trifluoride, prepared by heating a mixture of
CeFp, Hy BO, and conoentrated HpSO, was dfied by bubbling.
through ocono. Ho303 and passed into the solution.
" Suffioient CaFg was used to give twioce the quantity of
BFa‘reqnired to produce HHF, from the HFe After cooling
10 - 5°c, the solution was diazotised by passing a slow
stream of ethyl nitrite for 1l.l4 hours. The temperature
was raised to 50°C for half-an-hour to complete the
decomposition of the diazonium fluoborate. After cooling
to 0%, the solution was neutralised with sodium
carbonate and the produbt extracted with ether.
Distillation of the dried ethereal extract ylelded 1.10 gr.
of 2-fluoro-pyridine B.P. 125°C (224).
Analysis :- required for CgHy N.F. F = 19,6%

Found F = 19.5%

2-Fluoro-pyridine (E)

' The above experiment (D) when carried out

using NaNOp in plgee of ethyl nitrite, gave a 25% yield of
2-fluoro-pyridine. -
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2.Amino-pyridine (5.0 gs) and boric acid (3.5 g)
were dissolved in anhydrous EF (50,0 mls.), The resulting
solution, after ocooling to 5°C, was diazotised by the slow
addition of 4.0 gr. of'sod;nm nitrite, the solution being
mechdnically stirred. Arter.standing fqr one hour, the
solution was warmed to 30°C for half-an-hour. On cooling,
it was neutralised with N@pCOz and extracted with ether.
Dist;llatiog of the dried ethereal extract yielded l.56 g.
of 2.fluocro-pyridine B.P. 125.5°C (éoﬂb,
2-Fluoro-pyridine (G)

In a similer experiment to (F) using ethyl nitrite
as the diazotising agent, a 26% yleld of 2-flumoro- ]
pyridine was obtained.

-2§é-ﬁ1ahino;pyridine (10g) was finely ground with
voric acid (10.0g) end introduced into a copper vessel.
Anh?drous HF (50 gr) was added and the solution cooled
to -6°C. Diazotisation was then effeoted_by the slow
addition of sodium nitrite (6.0g), the solution being
- mechanicelly stirred. When diazotisation was complete,
the solution was allowed to stand for one hour at 0°C.
To complete decomposition of the diazonigm fluoborate,
the solution was heated to 40°C for half-an-hour. After
cooling, it was neutralised with Na,COz and extracted
with ether. The dried ethereal extract, on distilletion
yielded 1.0 g. of a solid (M.P. 44-46°C, B.P.200-208°C
760 MeMe ) o



Analysi_s. F = 18,8% Caloulated for diffworo-pyridine

Cs Ez Nfg,

F= 33.1%& ‘Caloulated for CygHg NoFn (a1£Yuoro-
dipyridyl). F = 19.8%

The s0lid ylelded a piorate which was recyystallised
from agueous alcchol. (M.P. 156° - 157°).

Analysis. Calculated for (CyoHg Nz Fp)(Cg Hz Nz On)
F = B8.8% TFound 9.1%

Thus, the original solid i1s probably impure difluoro-
dipyridyl.

Method (B).

The above method was repeated using anhydrous
fluoborie aeid.

This was prerared by pasding BFg into a solution
of the emine in enhydrous hydrofluoric acid. Diazotieation
was oarried out with sodium nitrlte as before. The
products were is olated by neutralisation followed by ether
extraction., Distillation of the dried extract yielded
the solid previousiy reported (A) in 9% yleld along
with a gmall quantity of an oil B.P. 160'5 170°C, the
yield of the oil being ohly 2%

Analysis of the oil.
Galculated for 2-6 difluoro-pyridine CgzH,NF,

F= 33.1% Founded F = 27,74
Further attempts to prepare more of the oil failed.

Attempted yreparation of 3:6-diflporo. 2:6~dimethyl
Exzi dine.
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2:6 - Dimethyl-3:5.diamino pyridine (3g) and borie

acid (5g) were dissolved in anhydfoua'HF (30 cc). The
resuiting solution, after cooling to ;5°c, was dldzotised
by the slow addition of NaNO, (5.0 g). After the
diazotisation wasd complete, the solution was allowed to
remain at 0°C for an hour and was finally heated to

40°C to deoompose any diazonium fluoborate. On cooling,
the solution was neutralised with Ne,COz and extracted
with ether. Distillation of the dried ethereal extraot

a solid which started to distiI: at 160°C under 14 mem.
presauré. Only a minute quantity-was obtained but a
qualitative sodlum fusion showed the presence of fluorines.
Treatment of an aleoholic solution of the solid with

' plcnic adid did not yleld a piorate, Further attempts
atfthe preparatiop of this soldd have been unsuceessful.

Fluorination of 2-smino nicotinic aoid.

The methyl ester of 2-emino-nicotinic aold
(3.0g) was dissolved in 40% fluoborie acid (20.0 mls)
‘and the solution cooled to -5%C. Diazotisation was
effected by adding slowly sodium nitrite (2.5 g). After
the nitrite had been added, the solution was allqwed to
reﬁain'at 0°% for one hour. Finally, to complete the
decomposition of the diazoniumzrluoboratek the solution
was ralsed to 50°C for half.an-hour. 'After cooling, the
reaction mirture was oarefully neutralised with NagC03
and the water removed by d;atillation under reduced
presaure. The residue was then dried at 60°9C. This
was then refluxed with 50.0 mls. of 3% methyl aJ'.c-oholio



HpS04 for 2 hours. Thzshot soiution was neutralised
with NaOCHz, filtered and evaporated down to about

3 mls. A white orystalline solid was obtained (0.6g)
M.P., 74 - 75°C.

. When 0.2 gram of this solid was dissolved in
absolute alcohol and treated with anhydrous ammonia, a
solid was obtained after the solvent had been removed
by distillation. The yleld was 0.16 gr. (M.P. 124%0).
Anelysis CgHp Ny OF requires F = 13.5%

Found Fe 13.4%

Fluorination of S-amino-nicotinic acid,

B.amino nicotinic acid (3.0g) was dissalved
in 40% fluoboric acid (20.0 mls) and the resulting
solution cooled to -50C. Sodium nitrité (2.5g) was
added slowly to diazotise the solutibn. _After allowing
to stand in tl_'lé 1ce-bath for an hour, 1t was heated to
50°¢ for half-en-hour to decompose the diazonium selt.
'On cooling, the solution was nemtralised with sodium
carbonate and the water removed by distillation under
reduced pressure. The resulting solid,:aftar.drying
at 60°C, was retluxed with 3% methyl alcoholic
sulphuric acid for 2.3 hours. After neutrallsing the
hot solution with sodium methoxide and filtering, the
solution was évapqrated to about 2 cc. when 0.3 gr. of
a solid was obtained'fm.P.48°c).

The methpl ester obtained was dissolved in

10 mls., of dry methyl alcohol and saturated with ammonia
at 0°c. After standing 24 hours, it .was evaporated when
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5-fluoro-nicotinamide (0.2g) was obtained (M.P.173-174°C),

Analysis. GgHg ONF requires ¥ = 13.5%
Found F = 13.3, 13.2% -
Attempted preparation of a-fluoro;pg_oolinio acid.
A similar experiment to the previous one
using 3-amino-ploelinic aold fatled to give any product.

2.Flporo~-pyridine (H).

In this experiment, rluoboric acid was replaced

by hydrl.‘ofluogilicic acid.

2.amino«pyridine (109 was dissolved in 35ec
of pure HpSiFg (approximately 1004 excess) and cooled
to -5°C in an ice-salt bath. Diaéotisation was effected
by the slow addition of sodium nitrite (8,0g). After
complete addition of the NaNO,, the mixture was allowed
to remain at 0°C for ome hour. To completé_the
decomposition of .any diazonium fluosilicate, it was
heated to 60°C for a further hour. On cooling to 0°C,
1t was neutralised by the eddition of NegSoz and
extracted with éther, Dist'illation of the dried extiract
yielded 3.8 g. of 2-fluoro-pyridine (374 B.P. 1259%.,
2.Fluoro-pyridine (I)

The use of ethyl nitrite in place of NaNOg
similarly gave a 37% yleld.

2-Fluoro-pyridine (J)
: : .
When nitrosyl sulphuric acid was used as the

diazotising agent, only an 18% yield of the required
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2-fluoro-pyridine was obtained. Amyl nitrite gave 2.pyridgne.
Laoro- dine (A),

This was first prepared by the Mefhod of Roe
and Hawkins (J.A.C.S. 69 2443, 1947).
3-Amino-pyridine (5.0 gr;) was dissolved in 20 cc. of
40% HEF, and 50 oc. of 95% alochol. A slow stream of
ethyl nitrite was bubbled through the solution when the
diazonipm salt precipitated. Cold ether was added to
complete precipitation of the diazonium salt whioch was
filtered and transferred immediately to high boiling
petroleum ether, since the salt decomposes violently
when dry. A few cc. of conc. HCl were added and the
ether removed. Aftor making alkaline with NaCH, the
solution was steam distilled. - Solid NaOH was added to
the distillate when an oil separateds -This was dried
over Naéﬂ and diétil}ed.

Yield of 3-fluoro-pyridine 2.4 g. (48%) B.P.

1079¢. Analyéis. csﬁaﬂf requires F =  19.6% -
"Pound T = 19.:5, 19.4%

3-Fluoro-pyridine (B

3-amino-pyridine (6g) in pure HoSiFg (20 oc)
was ocooled to 0°C and carefully diazotised.by the slow
addition of NaNOo (?.Gg). After allowing the solution
to stand in the ice-bath for one hour, the solution
was raised to 60°C. on a water bath. After cooling to

0°C 1t was neutralised with NagCOz and steam distilled..
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The aqueous distillate was saturatéd with solild NaOH
when en emulsion formed which would not separate into
two layers. This was then extracted with ethef.

Since 3-tluoro-pyridine rorms an azeotrope with
ether, it was decided to try and isolate the product
as the hydrochloride.

The dried ethereal solution was-treated with
dry hydrogen chloride at 0°C for one hour. The ether
was then removed under reduced pressure, a slow stream
of HC1 being passed thiough the solution during the
distillation. The crystalline residue was then treated
with the calculated quantity of diethﬁlamine to remove
the hydrofluoriec acid. BPistillation of the product '
yielded 1.2 g. of 3-fluoro-pyridine (24% B.P. 106° -
107°¢. |
Attempted preparation of 2.fluoro-4 methyl thlazole.

2-amino-4.-methyl thiazole (10.0g) was dissolved
in a mixture of 40% fluoboric acid (40.0 mls)
and ethyl alcohol (20.0 mls). The solution was
cooled to 0°C and diazotised with ethyl nitrite over
a period of 14 hours. When the reaction was complete,
the solution was allowed to remain at 0°C for one
hour. Finally, to decompose any diazonium fluoborate,
it was heated to 60°C for one hour. After cooling to
0°C, the solution was extracted with ether. Distillation
of the d?iéd ethereal extract yielded a solid (0.94 g
M.P.660 - 68°C. This solid was recrystallised from water.
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Analysis. Hequired for CyHaNFS, ¥ = 16.4%

Found ¥ = 16,64 & 16.5%

Preparation of 2-amino-pyridine hydrofluosilicate.

2.amino-pyridine (4.0 g) was dissolved in 98%
alcohol (20.0 mls). A stream of dry silicon tetra-
fluoride, from calcium chloride, silica and
concentrated sulphuric acid, was bubbled through the
solution until no more solid precipitated. When
precipitation was complete, the solid was filtered,
washed with alcdhol and ether, and dried in a chlordform
dryer. The salt obtained was found to be water soluble.
Yield 90%

NOTE : If the mixture of CaFp, 810, and H2304 is
heated too strongly, water is driven over which causes
precipitation of silica with the amine salt. B
Analysis. Equivalent for (GaﬂaNg)H SiF5 - 166

Pound 162, 164.

Diagotisation of 2-amino-pyridine hydroflwosilicate (A).
The salt (2.0 g:) was suspended in glaoial !
acetic acld and a stream of ethyl nitrite passed through
the solution for .about 5 hours. The suspended solid
dissolves at first and.then reprecipitates as the
diazonium salt. When the preocipitation appeared to be
complete, the s0lid was filtered, washed with dry

ether until acid free, and carefully dried.

Yield 1.8 g. (80%)

Care must be taken that the temperature does not rise

abowe 20°C and further, that the acid used is absolutely



N L

anhydrous, The latter 1é'ﬁost important sipqe the
presence of water causes the formation of 2.pyridone
and polymeric material.

Nitrogen analysis, by decomposing the salt
in 50% sulphuric acid (Schiemann and Pillarsky B. 62
3035, 1929) showed the diazonium salt to have the

AN\ v
g

Dilazotisation of 2-amino idine dfofluoailioate B&C

_formnla le

As alternative methods of diazotising,
nitrosyl sulphuric acid and amyl nitrite were tried,
but these were found to be inferior to ethyl nitrite.
Attempts to decompose pyridine-2-diazonium fluosiliocate

{A) In Dioxan.

The dried diazonium salt (5.0 gr) was refluxed

in dry dioxan (25 mls) for one hour. After cooling
40 09C, the solution was filtered and saturated
with dry hydfogen chloride. The solvent was then
removed, a.continuous stream of HCl being passed
through the apparatus To the residue, diethylamine
was added (2 cc) and the product extracted with ether.
Distillation of ;he dried ex}ract yielded 0.36 g of
an oil B.P. 124 - 126° (107}
(B) In trichlor-ethylene. -

A similar experiment, using trichlor ethylene

was ocarried out. After removal of the solvent, a solid
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" pemained (0.2 g) which proved to be 2.2' dipyridyl
picrate M.P. 154°C). 1In addition, 2=-fluoro-pyridine
was obtained in 5% yield.

Preparation of 3~amino~pyridine hydro-fluosilicate.

J=amino=-pyridine (2.0 g) was dissolved in

3

98% alcohol and treated with dry silicon tetrafluoride.
The precipated solid was filtered, washed with ether
and dried, |

Yield 85%
Thiz salt was also found to be water soluble.

=13

Analysis. Squivalent for (05H6N2)0' H,SiFg = 166

Found 160, 1563,

Ddanotisation AP ~wridine-3I-bhvdrofluosilicate,

The amine salt (1.6 g) was suspended in glacial acetic
acid and diazotised by a slov stresm of othyl nitrite..
Afger 12 hours, the brown solild was filtered, washed with
dry ether and dried. The product was water soluble'anﬁ
ceoupled with alkaline P naphihol.tc yicld a red dyc.
Yield 1.1 g
Attempts to decoupose this diazonium ealt in agueous HF
and HoSiF¢ led to the formation of 3~hydroxy pyridine,
identified ny the acetyl derivative (M.P. 210°C).
Decomposition of Pvridine-2-diazonium fluosiliéaigﬁin

Anhvdrous Byvdrofluoric acid.

(a) The diazonium salt (5.0 gr) was dissolved in anhydrous

hydrofluoric acid (50.0 g) and the solution transferred
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to an autocléve.l Decomposition -ias eftécted by heating
the auto-clave to 80° - 85°C, tﬁe temperature being
maintained for one hour. After cooling in ice, the
solution wag transferred to a copper distillation apparatus
and the excess acid removed., To the resiéue, an excess of
diethylamine was added to decompose pyridinium salts and
the whole was extracted with ether., The dried éthereal
extract was carefully distilled and yielded 0.78 g. of .
2~fluoro-pyridine (B,P. 124 - 125.5°C). Yield 29%.

Analysis. ‘Required for 05H4 NF, F = 19.6%

TFound F = 19.4%

(B) The above experiment ~as repeated on a larcer scale

{1C.0 3) the zrocedur re being identical \1th that described

above. An oil (1.86 g) wac obtained B.P. 125° - 126°C (31%).
(C) Other experiments were carried out using a larze -

excess of HF (up to 200 gg but there was no increase in

the y 1eld .

gggxgroag HE, . .
The: diazonlum salt’ (6.2 g) was dlssolved in

ahhydrous HF (50.0 gr,5gnd transferred. to the autoclave;

.To decompose. the salt, -the autoclave was maintained at-- ——— - -

90°C for 1% hours. After cooling in ice, the solution

. was transferred to a nonpp ist il_atioa appara hy

the use of suction, qnd the excess acid distilled away.

The residue vas made alkaline with 2N NaOH and steam

distilled. On makinz the aqueous distillate strongly
alkaline with solid NaCH an oil separated vhich was

FIFLY I u:;._n.;ni



. éi.
dried aad dictilled. Yield C.34 ¢. . B.P. 108°%C (102

Analysise. Recuired for C5H4HF F = 19
Pound I o= 19,47 |
(D) The above exoneriment vac rovested using 100.0 ne. of
axhydroue hydrolfluoric aeid, Io this casc, the yicld of
the 3=fluoro-pyvridine was 1497,
Preoperation of “-cmino~quinoliic hydrofluosilicete.,

TeAminowquineline (3.0 v) sas dissolved in 987

alcohol (20,0 mls)., A

[43]
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2 of dry eilicon tetra-
fluoride .as passed thwourr the solution until no further

nrceloitation OC“U‘TQH. The rellovich solid

s

C
S

iJtered,

o

cached sith 2lachel and other and dried at EGOC. The

Fouanl Z1C, Zl4.

eatien of Zoomdne.ouinolinc-hvdrcfluonilicate

P

H AAal Py | . o L
e 6alt (2.0 ) tme enennnded in 2laeial acetic
- R | LR % - . PR S ] I T JCE. K.
ocilt tooate” Lith o ol ohnoma o7 otbwi ot leihe for

2 - 2% hours. The salt partially ¢issolved and commenced
to reprecipitate as the diazoniun salt. Thiz as
filtered, -ached with ether and dried. The salt dis not
very stable and, like its pyridine analogue, does 1ot
couple vith alkaline B nophthol. Vield 80%.
Decomposition of “uinecline-c-diazonium fluosilicate in
Aithyrdrous HF

(A) The dizzoniunm zalt (1C.0 g) was @issolved in on
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2.
sxcess of anhydrous HF (1CO 2 and transferred to the

. '3 - ‘ I3 o
autoclave. The decomposition vas carried out at 80°C
- YO . ) - . L 0O $ - ey

or one nour's Cn coolins to 0°C the solutlon was
r2poved by suetlon and the excess zcid distilled. To
the residuc, an ercecs of dicthylamine was added and
the ~hole a:tracted .ith ather (3 % 20 ce). After

érying the othereal extract, the solvent was removed

“and the residue distilled under reduced pressure. In

this .ag 1.2 cf ‘an o0il RB.P. 132°C 30 ma was

ohtainad,
Yield 18

Anclyeic requived for Collg Ty, F = 12.9%

Found F = 12,79

axperiment .es rogeated, but in place of

&

[4]

(D) Thi
ether extraction, the product vas neut::alised with
TezCCy and elzas dirtilled. The pield of 2-fluore-
~uinoline was the rane as in (A),

Tw.:ar( ticats nn. 0T = -pm-l '“")—ln‘l'l'l nn"l 1 ne i anhyvivone TR,

I nln
[ I . — R e e e

e-giino-uinolite (4.0 ¢ o) as dGissolved in
~anylocus hyrdrofluoric acid (20.C ) n & coppen
heater 27¢ the solution cooled to 0°C. Sodium nitrite
(1.8 7) .as clovly added. “hen diazotisation :as
mol tc, the golution was wmaintained at 0°C for one
hour and finally heated to 60°C to dccompose the

LR

Gilazonium salt. On coolinc to 0°C the solution was

neutralised .ith solid HapCly and steam distilled.
The oil which collected in the distillate - as separated,

Fe

dried (M9504) and distilled. 2-fluoro-quinoline
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(3.P. 132/3C raaa.) was obtained in 17% yield.
Diazotisation of 2-smino-auinoline in anhvdrous fluohoric
Acid (A).

o~amino-quinoline (4.0 g) vas dissolved in

anhycrous HF (20.0 g) and the solution cooled to ~5°C.
A strea of dry BF3 »:as bubbled through the solution,
sufficient BF3 being uscd tc react with twice the
quain’.ity of IIF. The resulting solution ras diazotisged
by the slo. addition of Mail0y (1.8g)e After standing
for one hour, the reaction mixzture :as heated to
60°C. The solution vas then cooled rapidly to 0% ang
carefully neutralised .ith N&ZCOB. Stean distillation
of the product yielded 0.96 £, of 2-fluoro-prridine

(23%) B.P. 131-133°C

3C m.in. pressvre.

(B). The above erperiment mas ropeated, the product
being igolatoed by ether extractione This yielded 22%
of 2-fluoro-~quincline.

(C) Whe oricinal experiment of Roe (J.A.C.S. 71, 1785,
164Q) vas repeated with 40% HBF4 and their resﬁlts
confirmed (27%)

Attempted preparation of a monobasic pyridine=-2-

N+ P
-_ L\NBNH:,’ HSiFg

(A) Anhydrous hydrogen fluoride (9.0 gr) was distilled

diazonium fluosilicate.

into acetone (10 mls) cooled 4o O°C in an ice-bath.

2-amino-(quinoline) pyridine - hydwofluosilicate (5 g)
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wag suspended in this solution. The cold solution was
treated with a stream of SiFy for half-an-hour. At

the end of this time, the solution was diazotised with

Q

sodivm nitrite (4.0 g Y. To Gecompose the diazonium
salt formed, the solution was heatcd to 20°C. On
cooling, the product was ncutralised ..ith solid Naéco3
and steam distilled. On makinz the distillate alkaline
an oil separated vhich was dried (Mg504) and redistilled.

Yield of 2-fluoro-pyridine O. 6g. (23%)
B.P. 125.5°C.

(B) 'When ether cxtraction vas amployed in plaee of
steam distillation, a 22% yieldé of fluoro-pyridine was
obtained.

These results are much the zamce as those obtained by
dizzotising 2-amino-gyridine in anhydrous HF with

WaMO,

Attemnted onrenavetion of 2-aming-A-mothyl-thiczolk

hydroflucailicate.

c=omino-~4-nothyl thiazole (3.0 g) was dissolved
in an ercess of 98% aleohol (20.0 mls) and treated
with a stream of dry SiFg. A yellowish solid precipitated
which ~as filtered, vashed with ether and dried. The
precipitate was found to be water soluble. VYield
2.7 (g) (18%),

Analysis. Equivalent for (C4HgNSS)oHoSiFg = 186.
Found 184,

Diazotisation of the hydrofluOS1licate of the 2-amino=4-

methyl thlazole.
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The amine salt (2.0 g) vas i:;pended in glacial acetic
acid (20 mls) ané diazotised by a slow stream of ethyl
nitrite fér 2 hours. During the reaction, the solid
chénges colour from yellow to reddish~brown, The
diazonium salt wés filtered, washed with ether and
dried. | |
Analysis., Reéquired for CQHSF{«NgeSosS1I N = 21.3%
Found N = 20,6%
Attempts to decompose this diazonium salt in aqueous HF
and HpSiF¢ were unsuccessful, no fluorinated derivative
being isolated. |

:iéuz-amino-

Decamposition of the diazonium fluosil:
4=pethyl thiazole in anhydrous HF,  * .
The diazonium salt (10.0 g) was dissolved in

anhydroue HF (50.0 g.) and the solution transferred to
the autoclave. To effect the decomposition, the
autoclave “as maintained at 809C for one~and-a~half
hours. On completion of the reaction, the autoclave
was cooled to 0°C and the reaction mixture transferred
to a copper distillation apparatus vhere tﬂe-excess
acid -ac removed. An excess of disethylamine was
added and the prodgcﬁ‘extractgq_ﬂith ether (3 x 20 ce). .
After dryin , the ether vas removed leavins a mush of )
crystals, ”hich'werc extracted ith hot water.
Concenuration of the aqueocus extract yielded 160 m.c.
of an orapge coloured solid M.P. 65°C.

Analysis. Required for C,H,NFS, F = 16.4%

Found F = 16,29
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& Combression unions with bross washers,

O Cowbdression uvwicws with nechrene washers,

3



Pyridine, dried by distillation from phosphorous

pentoxide, and carbon tetrachloride dried by distillation
from anhydfoUs magnesium sulphate were used in all the
expefiments. All the reactions were carried out in
metal apparatus. | .

The apparatus (see diagram) consisted of a
mild steel reactor (A) of approximately 1 litre
capa01ty equipped with a screw type 1lid carrying inlet
“and -outlet tubes and having provision for a stirrer;
a steel safety trap (B) and two flow meters (C and D)
for measuring chlorine trifluoride and nitrogen
resnectively. The reactor (A) was connected to the
trapl(B) and thénce; through a brass wpw piece, to the
flow meters "C" and "D". The flow-meter D and the
lover part of C vere made of hard zlass, the upper
part of C consisting of a copper tube terminating in
very fine nickel orifices and was connected to the glass
by copper tubing. The joints were made with brass
compression unions, neoprene washers belng used for
glass to metal Junctions. Carbon tetrachlorlde was

used as the manometric liquid.

The procedure normally adopted was as follows:-
Pyridine (1 mol.) was dissolved in dry carbon
tetrachloride (500 mls) to which was added the anhydrous
catalyst (10.0 g). The reaction vessel was cooled to

0°C in an ice-path and the mixture treated with
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chlorine trifluoride (% mols) at the rate of
approximately 7.Cg/hr., the solution being mechanically
stirred during the reaction. Nitrogen was used as a
diluen£ at the rate of 10 = 12 litre/hr. During @he
course of the reaction the exit gases were tested
qualitatively for free halogen (starch-iodide), hydrogen
chloride (silver nitrate on a glass rod) and hydrogen
fluoride (etching test) at frequent intervals. In order
to check the guantity of chlorine trifluoride that had
entered the system, the cylinder was weighed at one or
two. hourly intervals.

iThen the required quantity of ClF3 had been
édded, nitrogen vas allowed to cveep through the
apparatus for half an hour. To isolate the reaction
products, two methods were used. In the first series of
experimnents, the reaction mixture was poured into a
saturated colution of sodium chloride and washed with
this solution until acid frece. The organic layer vas
separated and dried (MgS04). After removing the
solvent by normal distillation, the residue was rapidly
distilled under reduced pressure, the receiver being
colled in a dry-ice-methanol bath. This reduced -pressure
distillation was found to reduce tar formation to a
- certain extent. Finally, the product was carefully
fractionated through an 18" electrically heated column
packed with Fenske helices.

In the second series of experiments, the

reaction mixture was poured on to anhydrous KF to free

it from hydrofluoric acid. The acid free product was
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then all distilled rapidly under reduced pressure, the
receiver being cooled in dry ice and methanol. In this
manner tvo fractions were obtained, the first being mainly
CCly and the second containing the required pyridine
derivatives. The second fraction was refractionated
under reduced pressure through an 18" electrically heated
colunn packed with Fenske helices. By carrying out the
final distillation under reduced pressure, it was hoped
to recover any addition compounds before they decomposed.

Since,‘in a separate series of experiments,
it was shown that 2-fluoro-pyridine distilled in carbon
tetrachloride to some extent under reduced pressure, the
CCl, fractlon was analysed for fluorine in all the

experiments of the second series.

SERIES 1I.

(a) The reaction of pyridine with chlovine trifluoride

in the abscuece of a catelrst.

Pyridine (100 é ). dissolved in carbon tetra
chloride (500 mls) was cooled to 0°C and treated with
chlorine trifluoride (56 g) over a period of 7% hrs, in
the presence of nitrogen (10 1/hr).

On completion of the reaction, the product was washed
with brine and dried as described previously,

After removing the solvent at atmospheric
pressure, the remainder (62 mls) was rapidly distilled

unfler reduced pressure. This yielded 58 mls. of a clean
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prodﬁct and 2.0 g. of a tamy residue. Fractionatlon
of the product then gave the following results :-

Fraction Volume., Boiling Point

(1) 36.4 mls. 76.8 - 77.5°C
(i1) 12,1 mls. 80.6 - 106°C
(1ii) 544 mla. 126° - 128°C

Tarry residue 6.0 gre
Fluorine analysts on fractions (i) and (ii) wvere
negative. Fraction (iii) is 2-fluoro-pyridine B.P.
125,.5 - 126°C (J,A.C.S. 2443 69 1947).
Analysis of (iii)
Required for CgH, IF F = 19.6

Found F = 10.4

Yield of 2-fluoro pyridine 5.3 g. (4.6%)

Ho other pyridine derivatives were 1solated.

(b) The reaction of CI1F ; with pyveidine- in the Eresence.

of CoF as catalvst.

Pyridine (100 g) vwas dissolved in CCly (50C mls)
containing anhydrous cobaltous fluoride (10.0 g ).
The solution was etirred vigourously to keep the
catalyst in suspension and treated with C1Fy (56.0g)
in the presence of nltroden (10 l/hﬂ) over a period
of 8 hours. After washing with brine and drying, the
solvent was removed by atmospheric distillation.
Distillation of the reéidue under reduced pressure

yielded a clean nroduct (60.0 mls) and 2.0 g:. of
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residue. Vhen the product was fractionated througﬁ

a short column, the following fractions were obtained :-

Fraction. Volume. Boiline Point.
(i) 45 mls. 76.8 - 78°C
(ii) 5 mls. 80.0 - 100°C

(iid) 7.4 mls. 126°C

Tarry residue 4.5 gr.

Fraction (iii) is 2-fluoro-pyridine, vield 7.2g (6%).

Fraction (ii) gave a positive fluorine test (zircomium-
alizarin lake). No quantitative estimations were done
however.,

The above experiment was repeated on a 50 & . scale
using 10.0 gre of catalyst and 28.0 g. of chlorine~tri-
fluoride. i%ter vorking up the product in the manner
described previously aund removing the solvent, 27/ mls.
of clean »nroducts were obtained. Fractionation of this

rieldecd the follouing vesulis :=

Fraction. Volume. Boiling Point,.
(i) 16 nls. 76° - 77°¢
(ii) 5 mls. 79° - 100°¢C
(iidi) 3¢4 mlsg. 1?4 - 127°C

Tarry residue 4.0 grams.
Fraction (iii) is 2-fluoro-pyridine B.P. 125.5°C.
Yield 3.25. (5.2%

(c) The reaction of CIF; with pyridine in the presence

of anhydrous cobaltous chloride.

Pyridine (50.0 g) was dissolved in carbon
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tetrachloride (500 mls) containing anhydrous cobaltous
chloride (10.0g). The cooled solution was treated with
C1F3 (6gr/hr for 5 hrs) in the presence of nitrogen
(10 1/hr). After washing the product until acid free,
and drying, the solvent was removed and the residue
fractionated as before. The following fractions were

obtained :-~

. Fraction. Volume. Boiling Point.
(1) 15 mle. 76 - 78°C
(ii) 6 mlse 81 - 95%

(iii) 2.9 mls. 124 - 126°C

Recidue 3.0 r o
Fractions (i) and (ii1) vere found wo be free from fluorine.

Fraction (3) is 2-fluoro-pyridine. VYield 2.8 g. (4.7%),

- (d) The zeaction of CIF, with pyridine in the presence of

silver fluoride as catalyst.

Pyridine (50«0 - ) was Jissolved in carbon
tetrachloride (5C0 mls) containing anhydrous silver
fluoride (10.0 gi. 3). The solution was treated with
chlorine trifluoride (27 gr ) over a period of 5 hourse.

Cn completioir of the reaqtion, the product was
washed until—ﬁeutral aﬁé dried. After reﬁoval of the
solvent, followed by distillation under reduced T essure,
16 mls. of a clean liquid were obtained. This was

fractionated through the short column, and yielded the

following results :=-
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Fraction. Volume ' Boiligg'Point

(1) 7.0 mls. 76 - 77.5%

(i) 3.0 mls. 80 - 100°C
(111) 0.5 mls. 124 - 1259

(1v) 1.15 mls. 145 - 148.5°
Resldue ;

Fractions (1) and (ii) were found to be fluorine free.
Fraction (iii) is 2-fluoro-pyridine, yield 0.95 13:3 09
(0.9%) » '
Fraétion (iv) on qualitative analysis was found to.
‘contain chlorine. |
Analysis. Required for C§H4 .Cl, C1 = 31.5, N = 12.4
Found C1 = 31.8%, N = 12.6% '
This corresponds to chloro pyridine. fhe liquid was fvund
to be slightly soluble in water and yielded an alkakine
solution. On treatment of the hot agueous solution with
mercuric chloride, the addition cempound separated on
cooling. Recrystallised from water. M.P. 179°¢.
A salt was obtained vwith platinic chloride iﬁ.
HC1 M.P. 168°C. |
This data shows that the product is 3-chloro-
pjrldlne (B:P. 148o 754 mm).

The p?QQUCtS‘Of the reaction are :=~

24-f11ioro-pjrr'idine 0.5 gr (0.9%)

(e) The reaction of ClF3 w1thtpyvldine in thegpresence of
Hhallous flucride.

Pyridine (50.0 g) was dissolved in CCl,
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(500 mls) containing thallous fluoride (10.0 g). The
solution-was treated with chlorine-trifluoride (29g)
over a period of 5 hours, in the presence of a.stream of
drynitrogen (10 1/hr). After washing the product and
drying, the solvent was distilled away and the residue

' redistilled under reduced pressure; 15 mls of product

were obtained. This was then fractionated and the

following results were obtained.

Praction. Volume. Boiling Point.
(1) 11 mls. 76 - 77°C

(11) 2.5 mls. 146 - 150°C
Residue 1.5 grams.
Fraction vias analysed for chlorine, fluorine and
nitfogen. .
| Calculated for Cs5 Hq. N.CL N = 12,4% Cl = 31.5%
Found N = 12.6% Cl = 31.6%
The »reduct yielded a chloro-platinate.M.P. 168°C and
a mercuric chloride derivative M,P. 1$9°C. Thus, the
product is 3-cﬁ1or9-pyridine (B.P. 148°C).

Yield of 3 chloro-pyridine 2.5 g. (4%)

antimo

trifluoride as catalyst.
| ‘ Pyridine (SQg')‘v.'as_ dissolved in CCl, (500 mls)
conxéining antimony trifluoride (10.0_g). This solution
was treated with CIF3 (27_g) over a péfiod of 5 hourse.
After washing and drying the product, the solvent was

distilled and the residue distilled under reduced pressure;
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this yielded 20 mls. of & cleor liquid. Fractionation
of this yielded the following results :-

Fraction. = Volune. Boilinz Point.
(1) 12.0 mlsge 76 - 78°C
(11) 240 mlg. 80 - 100°C
(i11) 4.0 mls. 124 - 126°C

Residue 3.0 grms;
Fractions (1) and (i1) were found to be froe of fluorine;
fraction (iii) ie 2-fluorc~pyridine. Yield 4 gr (7.0%).
o chloro pyridine was isolated with this catalyst.

From theose experiments, antimony trifluoride appears to
be the best catalyst for fluorination whilst thallous
luoride is successful in promoting chlerination.

Attanpts nere muds now to inerezse the low yvields.

B A fcnlagboyt vl b = b

() The reaction hetween 2 larme circess of rvridine ard

ClF3_in tho abseace of a catalvats

Thig rcuction wae careied cut in the preseaee
ef & large excesn of nyridine, the purpose beinz to
control the wmowat ¢ HF present In the system. Further,
the inlet tube of the rcactor was adjusted so that it only
projacted to a depth of 4 emse beneath the surface of”the
reaction mixture. This waé to enable any pyridinium salts
formed to precipitate out of the reaction mixture., For
the same reacgon, the experiment wag carried out without stirring.
The reaction wes carried out in threé sections, two using
100.0 #se of pyridine and the other 50.0 gs. A total of
22,0 g of ClFs was used.
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L I R S .
Wt. of pyridines Wte of CIF3, Vol. of CCls

Run (a) 100 e - 1000 Ee ' SOOmls-
(b) 100 Eo» . 6.0 Ee . 500 mlsf
(0) 50 Ee 600 Ee ) 500 mls.

The products were combined, washed with brine and finally
dried (MESO4). Sufficient chlorine trifluoride was used

to react with 40.0 g. of pyridine. The solvent was

distilled away at atmospheric pressure and the residue
distilled under reduced pressure. The product (27 mls) was
then-fractiénated through the short column when the following

results were obtained :-

Fraction. Volume. Boiling Point.,
(1) 20.0 mls. 76.5° - 77.5°C
(i) 4.8 mle. . 125 - 1279

Fraction (ii) is 2-fluoro-pyridine yield 4.8z (9.7%)..
This is an appreciable increase on the first non-catalysed
experiment (a) (4.6%).

E:iperiments were then wdertaken uaing KF to remove the

bydrogen fluoride produced during the reaction.

ER T E S II, . -
(1) The reactlon between‘pyrldine and chlorine trifluoride

in the;p(esence of potassium fluoride.

Pyridine (50.0 g) was added to a suspension of KF
(60 g+ 1 mol) in carbon tetrachloride (500 mlg). After
cooling to 0°C the‘solﬁtﬁon was stirred vigorously and treated
with ClFS_(B0.0-g)i The time of thg_éxpgrimenﬁ_wag 5 hours.
On completion of the reaction, the product was poured imto
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brine and washed until acid free. After drying (MgS0), the
solvent was removed and the residue distilled under reduced
pressure. In this distillation a small quantity of a yellow
syrup was obtained (0.45g B.P. 160°C 30 mun.). Fractionation
of the product yielded 2-fluoro-pyridine (1.5 g. 2%). .
Analyais or syrup :- | . '

Found N = 13%, F = 19.2%. |
Required for a difluoro-dipyridyl N = 14.4%, F = 19.7%
Thus, the pridgct.is probably a_diﬂluoroedipyridyl. It had no

reaction with permanganate or bromine water.

(2) The reaction between nyridine and chlorine triflgorige in

the presencg of potasslum.fluoride and with antimony trifluorid

as catalvst.

Pyridine (SOg) was added to a suspension of KF
(60g, 1 mol) and antimony trifluoride (10 g) in carbon
tetrachloride (50C mls)s Thisg solution was treated with
CIF3 (27 g)e After washing «ith brine and drying, the solvent
was removed and the recidue fractiocnated. No fluero-pyridine
wias obtained and the material in the distillation flask

undervent total decomposition.

(3) The reaction betwe,__pjridine and chlorine trifluoride in‘
the gresence of KF.

Pyr1d1ne (75 Og) was dissolved in CC1, (SOOxmb )
containing KF (60g, 1 mol) and the solution treated with C1F

(41.0g) over a period of 7 hours. On completion of the reaction,
tpe'prodppt was pqu:ed in;o a beaker when it separated into

two layers, an upper viscous layer and lower CCl, layer,
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The lower layer was separated and shaken with XF, the
upper viscous layer was retained (40.0 g).

The whole of the CCl, solution was d@istilled
rapidly under reduced nressure. In this way two fractions
were obtained :-

(1) 350 mls. - mainly CCL,

(ii) 244 - pyridine products plus CCly
The second fraction was then fractionated under réduqed
pressure through the 18" column. The product was Split
into two fractions.-

Fraction. Volume. Boilino Point.

(i) 20 mls. . 420 150 Mo
(ii) ' 392 m139 560 - 600 30 mme.

Fraction (ii) corresponds to J-chloro-pyridine‘

- Amalysis. ’Calculateé-for"C5’H4-NCI, N w-12.4%

CL = 31.5%. _

Found W= ]12.2%, Cl = 31.3

Boiling Point 148°cC, murcuric chloride derivative M.P. 180°C.
Since it had been ahown that ° -fluoro-pyridlne distils in

CCla under reduced pressure, the CCl4 was analysed for
fluorine, | o .
Analysis. 350 mls. of C014 contain 9.0 grams of 2-fluoro-
pyridine (test of CCly for free HF vas negative). Further, on
standing, the vhole of the CCl4 layer turhed an orange~
yellow colour - a typical reaction of solutions of 2-fluoro

pyridine.
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Summarising the Teaults, ,
2-fluoro-pyridine (by titration) 9.0 g o (9.68)
J-chloro-pyridine (B.P.148°C) 3.0 g.. (2.7%)

Viscous layer 40.0 g ..

This result compares with the experiment in which a large

excess of pyridine was used (9.7%)

4. Reaction of pyridine with-ClF3 uging SbF3 as_gatalyst in
the presence of Kif. |
Pyridine (100.0 g .) in CCl, (500 mls)
containing KF (60 & ) and SbiF3 (10.0 ¢') was treated with
CIFB_(55.O & «) in the presence of nitrogen (10 1it7hr).

On puring the product into a beaker tvo layers sepéraieﬂ.
The ;owér CCly layer was rua on to anhydreus KF while the
upper layer was weiphed and retained-(weisht 25.0 g¥)~ The
CCl, as rapldly distilled under reduced pressure énd
divided into two fractions.
(1) ¢c1, -~ 360 mls. (i1) 27 mls.
Frection (ii) wes then fractionated under

reduced pressdrelwhen the following results were obtained :-

Fraction,  Volume, Boil;ng'Point. _
(a) 5 mlas 44°C ' 150 m.m.
(b) 12 mls. 50 - 60°C 80 m.m.
(c) 3 mls. 60°cC 30 memne

Fraction (c) is 3-chloro-pyridine (B.P.148°C),
?ractioa {b) contains fluorine,

Analysis of (b) S

' 0.153 gre of (b) = 0.75 mls. of 0.05 N.Th(NO,

. ) 4
This corresponds to Oe33 g« Of 2

-fluoro-pyridine in the
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12 mlse. of liquid.

Analisis of carbon tetrachloride layer (380 mls).
Teat for free HF - negative.

0+2349 g« = le4 mls. of 0.05 N thorium nltrate.
This corresponds to 17.5 ge of 2~fluoro-pyridine.
The products of the reaction are then :-

(1) 2-fluoro-pyridine 17.8 g. (14.6%)

(2) 3ﬁchigro-pyridin¢ 3.0 g. (2¢0%).

| Residual viscous oil 25 g. ‘ _
An attempt was made to distil a »nortion of the viscous
oily material under reduced pressure but it decomposed

rapidly with the evalumtion of HF,

5s  Reaction of pvridine with Clngln the<presence of KF

usihg cobaltous fluoride as catalyst o
Pyridine (50.0 g) in;parbon tetrachloride

(500 mlg) containing kF (1 ¢ . mol) and CoF» (10.0 g),
was treated with CIFj (2§,o'g) at 0°C._ On pouring the
product into a dry beaker, no separation occurred. KkF |
was added and the produgtxgllﬁwed to'siand overnight. The
product was rapidly distilled under reduced pressure,
two fractions being obtained. S

(a) CC1l, 310 mls. (b) 24 mls.

Fraction (b) was then redistilled through the
short column under reduced pressure; three products were

obtained in this way.
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(1) 10 mls. B.P. 40°C. 150 mem.
(2) 2mls, B.P. 55-60°C 30 mum. (3-chloro-pyridine)
(3) Tar 9.0 gQ
Apalysis of the CCl,s laver.
Test for free HF - negative.
0.1917g 2 1.1 mls. of 0.05 N thorium.nitrate.
This corresponds to 12.5 ge of 2-fluoro-pyridine in 310 mls.
The final products are then :- |
(1) 2-fluoro-pyridine 12.5 g. (20.5%)
(2) 3-chloro-pyridine 2.0 g.'(3.0%)'
Tar 9.0 g. '

(6) Reaction of gzrldine mith ClFs using anhydrOggi |

cobaltoue chloride ag catalyst in the presence of kF.
Pyzidine (50 g) in CCl, (500 mls) containlns P
(1 mol) and CoCl, (10g) was trcated with chlorine

trifluoride (30g) in the presence of Np (10 1/hr)e The
reaction rroduet separated inte two layers, an upper
tarry layer and a lover CCl, layers The latter was
separated and poured onto KF (the upper layer uas found
to weigh 20 g). Rapid distillation under reduced |
pressure yieléed two fraciions (a) ccl, 360 mls, and
~ (b) 2 mls. Fraction (b) was redistilled at atmospheric
pressure. end yielded 1.8 g. of J-chloro—pyridlne (B.P. 149°C).
Mercuric chloride derivative M.P.180°C, '
Analysis of carbon tetrachloride.
Tgét for free HF - negatiﬁe,

0.,157g of CCl, = 0.8 mls. of 0.05 N thorium nitrate.
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This corresponds to 11l.8g. of 2-fluoro-pyridine in 360 mls .
Total xield..
| u2-fluoro-pyridine 11.8 g. (19%)
B ~ 3-chloro-pyridine 1.8 g. (3%)
Fractionation of the CCl, laver from Exp.4 (Series II).

This experiment was carried out in order to make
certain that the figures obtained, by titration, for the
amount of 2-fluoro-pyridine in the foregoing experiments
were correct. Carbon tetrachloride (250 mls) was carefully
fractionated at atmogpheric preszure through a column of
anpro:inatcly 30 theoretical plates. The purity of the
distillate .as checked by refractive index measurements.

It was Found that the volume in the e£till pot could he
reduced to 16 mls before there was any appreciable change
in the wofrscetive index. The residun vae then Aiatilled’
from a eall flagk, Twe fractions wcrc obtained, the first,
B.P. 78° - 100°C (7 mlg) wes mainlv carbon wetrachloride,
the second 3.P. 124° - 1269C was 2-fluoro nyridine (78) .
There was a small amount (1.0 g) remeining in the flask.

. This experiment affords confirmation, within the
limits of experimental error, of the results obtained
volumetrically, when one allows for a certain amount of
decomposition of the fluoro-pyridine which had been

standing for several days.

Acid hydrolysis of the carbon tetrachloride (Expe4.Series II).
Carbon tetrachloride (20 mls) was refiuxéd with |
10 mls of concentrated HC1l for 4% hours. At the end of

this time, the yellow acid layer was separated, cooled
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and neutralised (NaCH). To a portion of the neutralised
solution, bromine water was added when a precipitate
resultede This was filtered and dried. The product
corresponded to 3:5-dibromo-2-hydroxy pyridine (M.P. 206°C),
thus confirming again the presence of 2-fluoro-pyridine.
The method of analysis §f fluorine used in this work was
that described by Willard and Winter (Ind.Eng.Chem. (Ana;.
E&.) 5, 7, 1933), ané modified by Musgrave, Smith and Tatlow
(F.C.3, 1949 j.' This consiste of titration of a sodium
fusion solution with gc thorium nitrate solution in the
presence of sodlum alizarin sulphomate.

To analyse the products for nitrogen the following
method was employed., |

About O.1 gr. of the product was fused with

sodium in the nickel bomb and the product made up to 100 mls.

Aliguot portions of this solutiop (10 mls) were made
faintly acid with N/2 HNO3 using 2 drops of phenolphthalein
s indicator and then 1,0 mls of 16 = HNO3 was added. A
known excess of N/20 silver nitrate was then added and the
sblution‘bgated to 6Q°C‘to cdagulate the pfecipipate. The
precipitate vas filtered whilst hot and the filtrate made up
accurately to 50'mls,--Aliquot portions of this solution were
then titrated againast N/40 standard potassium bromide using
Rhodamine B.S, as indicator. _

The end point was indicated by a blue
colouration. This gave total Ci* and cil.
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10 mls. of the fusicn solution were treated with

1wk of 2 HaGH and the solution titrated against N/100
silver nitrate until a permanent turbitity was obtained.
Potagsium iodide may be used as indicator, the end point
being a yellow precipitate. Thie yielded total CNl,
whence the chloride was -obtained by differencs.




