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Perfluoroalkylsulphonyl halides, there
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Lowest alkansulphonylchlorides production doesn't exist in Russia. The production of
trifluoromethylsulphonyifluorides using electrochemical fluorination method and with imported
raw material is carried out at Angarsk chemical plant. Trifluoromethylsulphonylfluoride is
formed with the yield up to 96% [1, 59], but as carbon chain grows the vyield of
perfluoroalkanesulphonyl halides (PFSH) greatly decreases and fluctuates in the range of 20 -
60% [57 - 59]. Thus, the further analogue C,FsSO,F according to authors data [58] is

fluorinated by electrochemical method with the yield up to 60%. At that the reaction mixture
contains a great amount of components, close to target products by boiling points, that
complicates their isolation.

The additional complicity lies in the fact, that perfluoroethylsulphofluoride mixes with
anhydrous hydrogen fluoride (their boiling points are +8,00°C and +9,60°C respectively).

At electrochemical fluorination of aromatic sulphonylchlorides the yield of target products is
no more than 4% according to the data [5].

Using of alkylsulphinic acids as raw material also didn't result in success [3, 6]. Besides the
low yield (10 - 18%), other additional difficulties arise, connected with formation of water
according to the reaction (18)

HF.e
R.80.H —® RfS0O.F + H,0, (18)

And this may cause explosion of fluorine oxide, which always forms at interaction of
fluorine and water.

Fluorocarbons with the same number of carbon atoms, sulfuryl fluoride (SO,F5) and sulfur
hexafluoride (SFg) are by-products of electrochemical fluorination.

The formation of one or another by-product can be explained using one mechanism, but
until today there are no sufficient grounds to postulate any definite mechanism of
electrochemical fluorination.

As a rule, fluorinated and partly fluorinated products are formed as a result of
fragmentation, cyclization, polymerization [5]. Electrochemical fluorination is considered to be
an anodic reaction, passing according to free radical mechanism, otherwise the products
restored by hydrogen were isolated at cathode [13, 5, 7] The formation of great amount of
polymer products, particularly out of aromatic raw material is impossible to combine with
lonic mechanism.

In spite of rather high yield of a number of flouroorganic products, the common level of



electrochemical fluorination is still far from perfection. Low productivity, a big number of
waste products and necessity to purify desired products are the most essential drawbacks of
this method. Electrolyzers productivity is not a constant value. At first it increases, then
stabilizes, after that decreases due to electrodes corrosion and their screening by
resinification reaction products [3, 5, 82, 83].

Attempts of using porous anodes were made. Due to porous surface the electrolyzers
productivity increases, but their working period decreases due to more intensive corrosion
and resinification.

Taking into account the drawbacks, we can make a conclusion, that for exhaustive
fluorination of partly fluorinated alkylsulphonylfluorides this method is not much suitable.

At fluorination of different class organic compounds many authors used metal fluoride
method, the essence of which is the substitution of hydrogens for fluorine in hydrocarbons by
highest fluorides of transition metals according to the reaction (19)

=CH +2MF, —® =CF +HF+2MF,, (19

Cerium fluoride (IV), cobalt fluoride (ll), silver fluoride (ll), nickel fluoride (lll), mercury fluoride
(I, copper fluoride (ll) are considered to be the main fluorinating agents. A lot of works is
devoted to sue of the method both in our country [64 - 68], and abroad [60 - 63].

Fluorides of alkali metals and also lowest fluorides of transition metals are used for
substitution of functional groups of organic compounds [2 - 6, 27, 69]. The successful using
of cobalt trifluoride [60 - 63] forwarded essential widening of homenclature of fluorooragnic
compounds, which were hard to obtain using other methods.

Organic compounds fluorination mechanism using cobalt trifluoride is determined by
fluorination conditions and nature of substrate [61, 63, 64]. Thus, for aromatic and
unsaturated hydrocarbon cation-radical theory of fluorination [64], which can be illustrated by
schemes 20 and 21 was suggested.
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There is no unified mechanism both for cobalt trifluoride and highest fluorides of different
metals, because the fluorination mechanism depends on crystal structure of used fluorides



and also on thermodynamical stability of radicals and cations [64, 65-1].

At fluorination of ethylene a big amount of asymmetrical isomers of difluoroethane and
tetrafluoroethane is formed. It is possible if intermediate ions or radicals regroup according to
the scheme (22)

Co™" +F Co’t +F
CF,HCFH, — [CF,HCFH,]+ —»= [CF,HCFH]* —-""“[CFIHCFH]J'—I'- CF,HCF.,H
- -HF - @2)
; 5

[CFH,CF,]" == CF,-CFH,

In the works [65, 66] the influence of processes of adsorption-desorption, diffusion,
temperature, period of contact and concentration of hydrogen fluoride is studied.

The studying of fluorination kinetics using cobalt trifluoride showed, that a number of
substrates can sorb on the surface of CoFs, being for a long time in flow reactor and thereby

preventing further fluorination of initial materials [65].

Cobalt difluoride, forming at reaction of hydrocarbons with cobalt trifluoride doesn't inhibit
the fluorination process.

The role of hydrogen fluoride is determined by temperature of the process. Thus at

temperature which is below 300°C at optimal concentration hydrogen fluoride produces
autocatalytic action, speeding up the fluorination process, and accumulation of big quantity of
HF on the surface results in stagnation of the process because of diffusive difficulties
appearing at transportation of reagents to surface and blocking of reaction centers [65-1].

Thus, rather hard conditions are required to carry out exhaustive fluorination using cobalt

trifluoride. The majority of the processes is passing at temperatures 350-450°C with the yield
of a number of products ranging from 60 to 83%, the rest is products of thermodestruction,
the quantity of which is also determined by the nature of initial materials. Particularly, the
contribution of thermodestruction is great at fluorination of compounds, containing different
heteroatoms in functional groupings: nitrogen, oxygen, sulfur [64].

The using of this method for exhaustive fluorination of partly fluorinationated compounds
(paraffins, ethers, trialkylamines) [66,67,68] provides mostly full fluorination with the yield of
a number of products up to 96%.

It is considered, that duration of cobalt trifluoride at its regeneration is unlimited, as
researches showed [66-68] cobalt oxides are finally fluorinated to trifluoride at temperatures

500-600°C, fluorinating capacity is restored.

But taking into account the increased cost of cobalt trifluoride at the chemical raw
materials market, the production of some compounds using it became unprofitable.

Comparative fluorination using cobalt trifluoride itself and cobalt trifluoride with
simultaneous supply of elemental fluorine [68] showed real perspectives of cobalt trifluoride
using in production of perfluorinated products (parafines, ethers, amines).

It is stated, that at fluorine using cobalt difluoride is fluorinated to trifluoride at rate higher
than rate of cobalt (lll) up to cobalt (ll) reduction, as a result of which the total fluorination
rate stays constant.

The technique of direct fluorination using to obtain perfluorinated compounds is different:
- The using of fluorine dilution by inert gases [1-6]
- using of low temperature reactors with controlled cooling according to zones [74,75,76]



- aerosol method [77], - however, the contribution of destructive fluorination (up to 93%) of
C-C bonds (energy dissociation 270 KJ/mol) , resulting from energy isolation in big quantity:

=C-H + F, —==CTF + HF,
F,—»=2F* + 155 KJ'hol
RH + F*—wR* + HF - 140 KJMol
R* + F, —»=RF + F* - 285 KJ/Aol

At catalytic fluorination of organic compounds the main function of catalyst is in taking aside
of isolated heat [70-73, 78-81]. It allows avoiding local overheating, providing constant
temperature gradient in fluorination reactor and it increases selectivity. In connection with this
the wide use of metal catalysts, such as cuprum, silver, nickel, possessing higher thermal
conductivity is understandable [1-5]. Though in the work it was shown [73], that cuprum,
modified by silver is more preferable, than ordinary cuprum. The increasing of selectivity is
connected here with catalytic action of silver fluoride AgF,, and role of elemental fluorine is

reduced to regeneration of silver fluoride [1].

According to the work [74] the process of direct catalytic fluorination must pass in excess
of fluorine; at temperatures higher than boiling points of compound fluorinated, because at
lower temperature the initial material will sorb on the surface of catalyst, that inevitably will
lead to destruction of carbon skeleton, but lower the catalyst destruction point; direct
fluorination requires using of aggressive proof catalysts and reactor materials.

In the works [78-81] results of using such catalysts are listed. They are prepared by
soaking of corresponding carrier with salt solvents with their further drying, burning and
fluorination. Among most active carriers according to the data [78] is aluminiurz-oxide, and
most suitable catalyst for hydrogen substitution is nickel difluoride.

Cobalt [70], aluminium [71], antimony and titanium [72] fluorides were used as catalysts
of halogen atoms selective substitution for fluorine.
Localization of fluorination acts on the surface of catalyst provides well-timed excessive
energy abstraction of activated adducts . At that catalyst, possessing developed surface
intensively sorbs fluorine and activates it, that provides kinetic premises of process
localization on the surface. The growth of the reaction volume share forwards selective
fluorination, that is provided by the developed surface of carrier, and surface concentration of
active centers (NiF,) and higher sorption activity for elemental fluorine provides increasing of

fluorination speed [67,78].

It was shown, that fluorine containing hydrocarbons can be fluorinated exhaustively using
elemental fluorine with high yield (up to 94-97%) [78]. Both low-molecular tetrafluoroethylene
production residue and dihydropolyfluorinated compounds with number of atoms ranging
from 12 to 15 were used as raw materials. Catalytic fluorination of organic compounds,
containing heteroatoms: nitrogen, oxygen, sulfur [79-81] was followed by essential
destruction contribution to composition of end products.

Undoubtedly, if we take the energy of bonds formation into consideration :
C-F -436-507 KJ/mol
C-S - 272 KJ/mol
C-O - 358 KJ)/mol
S=0 - 746 KJ/mol
C-H - 413 KJ/mol
S-F - 285 KJ/mol

Then high grade of carbon-sulfur bond's destruction becomes clear.

It can be supposed, that it is confirmed by the works of a number of researchers



[82,83,92], that

- as hydrogen atoms are being replaced by fluorine, the rate of fluorination decreases, at that
not only the heat of fluorination is decreasing, but also the rate of heat-evolution, that makes
the use of simple technological equipment possible in principle;

- as carbon chain is becoming longer, the conditions of fluorination become tougher [83].
Thus, polyfluorinated olefins with a number of carbon atoms ranging from 2 to 4 are

fluorinated at -40 °C - -100°C, and olefine with a number of carbon atoms starting from 8

are fluorinated at temperature in the range of: 120°C-160°C. It can be explained by
increasing of C-F bond energy as fluorine is being accumulated in the molecule of
fluorocarbon. [3]

CHsF - 448 K]
CH,F, - 459 K]
CHF3 - 477,5 KJ
CF, - 507 KJ;

- the higher is the molecule oxidability grade, the more fluorine resistant it is ; dialkyl ethers
are more resistant, than paraffin's, olefins and trialklylamines;

- introduction of solvent into the process of direct fluorination lowers the grade of
destruction [84-90]

- at fluorination of enamines and unsaturated ethers, at first multiply bonds are being
fluorinated [82-84].

At choosing solvent for direct gas-phase fluorination its physo-chemical constants, chemical
inertness, the possibility of regeneration are taken into account [85-88].

As a rule, nitrogen and helium are used as diluents for fluorine [84,87,88,91,92], but this
inevitably results in carry-over of target product with by-products, that's why solvents with
higher boiling point are used for dilution of initial substrate: anhydrous hydrogen fluoride
[84,87,88], ice acetic acid [85], trichlorotrifluoroethane (freon 113) [20], water [90] and
others.

The role of solvent at direct fluorination can't be unambiguously defined as ordinary dilution.

Thus, in the work [84] the theory of one-electron transfer is offered as starting stage of
fluorination process, when compounds reacting between each other make up donor-acceptor
systems. Then the process of substitutive fluorination at saturated carbon atom can be
presented as scheme (23):

=(H: +F, —w=C*H..F.F* —»=C*+HF +F*
=C*+F, —®» =(C*.FF* —% =CF +F* (23)

=CH: +F*—w =+ _H'.F —w»==C*+HF

Following that the formation of radical particles occurs, but for providing process
transferring out of radical into ionic the use of solvation effect is necessary, due to which
radicals have time to re-combine until the leaving into reaction volume and chain reaction of
fluorination is not realized. This allows to control direct fluorination process of different organic
compounds, greatly simplifying the technological scheme.

Anions of acids, polynitrocompounds, amines and amides belong to compounds able to
solvatate forming radicals.



By the example of tri-nitrile anion the scheme is possible (24):

HX
(NO,), ¢ + F, — [(NO,), C*...*F-F...HX] —% (NO,),CF + F.-HX (24)

The high affinity of fluorine with electron is already realized at the initial stage in the form of
electron transfer from partner's molecule and doesn't depend on characteristics of the last
mentioned one [87,88].

The mechanism of concrete reaction is determined by totality of surrounding conditions,
including solvation.

Usually, perfluorinated carbons are used for dilution, their fluorine atoms form hydrogen
bonds with replaceable hydrogen atoms. Thus, in the work [92] perfluorohexane was used,
and introduction of 100% fluorine was carried out at such rate, which make its concentration
in the solution 0,02M. Partly fluorinated amines and ethers, obtained out of corresponding
perfluoroolefines, were used as raw material.

In the work [91] the successful using of methylsulphonylfluoride direct fluorination using
30% fluorine-nitrogen mixture is described.
The temperature of process conducting was determined by used solvent:

For hydrofluoride +10°C;
For formic acid +30°C;

For perfluoroisohexane +40°C.

At that noticeable yield (up to 64%) of tri-ortho-methylsulphonylfluoride was obtained at using
of perfluoroisohexane. It is important, that mono- and difluoromethylsulphonylfluorides were
identified as admixtures, they were also fluorinated with the vyield 88,8 and 97,1%
respectively, that confirms the conclusions, made before in the works [82,83,84].

On the base of analysis of literature data we can see, that now there is no efficient
production technology of perfluoroalkylsulphonyifluorides, which would be provided with
available raw materials and construction materials.

The aim of the present work is searching and working out of PFSG efficient obtaining method
using inexpensive domestically produced raw materials.

After considering obtaining methods of PFSG, we decided to research the opportunity of
Ride's reaction (sulphochlorination) application to monohydroperfluoroparaffins:

RH + Cl, +80, —=R,S0,C1 + H(),

And also fluorination of monohydroperfluoroalkylsulpho fluorides, obtained by hydrolysis of
corresponding sultones

H,0 F,
RfCF,-CF, — = R,CHF-SO.,F — » R CF,S0.F +HF

S0,—0

Sulphochlorination. In the work trifluoromethane and pentafluoroethane
sulphochlorination was studied. At UV-irradiation (wave length 1950-3100 nm) of the
mixture: paraffin, chlorine and sulfurous anhydride in propprtion 1:1:1 the formation of
perfluoroalkylsulphochlorides is observed, though the rate of interaction is low and yield of
target product doesn't exceed 10%. As we suppose, it is connected with high oxidization
grade of paraffin molecule and screening effect of fluorine atoms. CF3S0,Cl was identified by

IR-spectra [95].



Fluorination of monohydroperfluoroalkylsulphofluorides.
Fluorination of monohydroperfluoroalkylsulphofluorides was carried out both using elemental
fluorine and cobalt trifluoride. At fluorination of C,F4HSO-Cl using cobalt trifluoride C5F,HSO-,F

is formed, however its yield doesn't exceed 20%. Other products of reaction are SO5F,, CFy4,
C2F6 and HF.

Fluorination of monohydroperfluoroalkylsulphofluorides using elemental fluorine appeared to
be more successful. At interaction of CF3CHFSO,F with fluorine at 20-50°C C,FsSO,F was
obtained with the yield close to 93%. Main admixtures are SO,F,, CF,4, C5Fg. This obtaining
method of perfluoroalkylsulphofluorides was patented.
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