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Process for the .uriﬁcation of thio; :henes
S AbStrect

The mventlon relates to a pro CESS for the puri ﬁcatlon of thlophenes Wthh are hqutd at room

~temperature, of the general formula (I)

o

wherein the thiophene of the ge'nerai --‘fermtila 3 (I) which 1s hqmd at room temperature is
precipitated as a solid from at least one solvent at a temperature below the melting temperature of

the thlophene th10phenes purifie ed by thxs process and the use thereof
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The invention relates to a process for the punﬁcatlon of th1ophenes which are liquid at room

temperature, the thiophenes purified by this process and their use.

Thiophenes are used, for example for the preparation of conductive polymers. Poly(3,4-

*a]kylenedloxythlophenes) such as are descnbed for example, in EP-A 339 340, are of particular

interest in this context. These compouads are dtstmgmshed by particular properties, such as high
conductivity, high transparency and outstanding long-term stability. They have therefore found

increasing use in industry as organic conductive polymers. Thus e.g. through-plating of printed

-~ circuit boards, antistatic treatment of photographic films and use as an electrode or solid

electrolyte in solid electrolyte capacito_rs are described as important ficlds of use.

An important prerequisite in the preparation of organic conduc:tive polymers is high purity of the
starting substances needed for their preparatlon Impuntles contained in the starting substance can
adversely influence the polymerlzatton in that the polymerization does not take place, or takes
place only very slowly or mcompletely, or 1s accelerated to an uncontrolled extent. The
processmg time of these monomers can consequently dmp drastically, so that these can no longer

be employed in the pro.cessing process'egs;

In addition, the properties of the resultmg polymers may also be adversely influenced in that the
impurities, for example, adversely change the intrinsic colour of the resulting polymer and as a

result the transparency, Wthh is essential for the use of the polymers e. g as transparent

conductive or antistatic coatmgs, is lmpatred

Impurities which are also capable of _polymerization can be co-incorporated into the polymer and
thereby significantly lower the conductivity thereof. Further adverse eftects of impurities can be
that the order of the conduc_tive -lay_ers may be lowered by impurities, whereby. poorer
conductivities result, that impurities become conceatrated on the surface of the polymer after the

polymerization and undesirable transition resistances thereby result, so that the function of the

~ conductive layer 18 restricted, or that the long-»term stability of the conductive polymers is

adversely mﬂuenced n that the mmpurities, for example, initiate reaction of the conductive

polymer with oXygen and thus 51gn1ﬁcantly unpau' the propemes of the polymer.

The starting substances which are needed for the preparation of organic conductive polymers and

“are as a rule prepared from raw mater:_ials. by chemical reactions, are therefore purified before their

UusSc.

A number of purification -operation'sn which are in principle suitable for purification of the
monomers for the polymerization to give organic ctmdu_ctive polymers are known to the expert.

Such purification methods are, for,_example, distillation, sublimation, extraction, crystallization,
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- chromatography and adsorption, These purification methods have been known to the expert for a

long time and are described in the usual;textbook_s.

Thiophenes which are liquid at room temperature and are suitable for the preparation of

electrically conductive polymers are of particular importance because of their easy processability

-in the liquid form. For the purlﬁc'ationOf these thiophenes the expert has available the purification

methods which can be used on liquid - substances, preferably distillation, which is also carried out

on a large industrial scale, extraction and ohromato graphy.

Distillative purification of 'thiophenes as monomers for use for the preparation of electrically
conductive polymers is known, for example, from EP-A 1 1 42 888. The doctrine of EP-A 1 142
888 is that the number and amount- of by—products can be reduced by optimized reaction conditions

and e.g. 3,4- ethylenedmxythlophene is obtainable in a purity of up to 97.7%. However, the

'doctrme of EP-A 1 142 888 furthennore 1s that for further purification an additional extraction is

necessary in order to remove -water«-soluble by-products and to achieve a purity of more than 99%.

3 4-D1methoxyth10phene predommantly occurs as a secondary component, 1.e. 1mpur1ty, in this

synthe31s of 3,4- ethylenedloxythlophene

Furthermore, separating off of compounds by distillation is only possible if the components to be
separated differ significantly, i.e. by more than 1°C, in their boiling points. The less the boiling
points differ, the greater the expendlture on apparatus for the separatlon so that such separations
are no longer to be carried out eoonomrcally Smce substrtuted thiophenes, such as, for example,
alkylenedroxythlophenes are preferably distilled under reduced pressure, the drfferonce mn the

boiling points is reduced further,- wmoh further increases the expenditure on separation.

The purification of 3,4-alkylenedio)cythiophenes, in particular of 3,4-ethylenedioxythiophene,
which are contaminated with .3-,4-dimethoxythi0phene represents a particular difficulty. Thus, for
example, '3,4-dimethoxythiophene. produced durmg the synthesis of 3,4-ethylenedioxythiophene
can be separated off Only with a hlgh expenditure beoause of the molecular weight differing by

only two units and the very similar struoture' Which makes purification via distillation no longer

‘economical beyond a certain degree of purity. 3 4-D1methoxythlophene as an impurity has the

disadvantage, however that it 1s co-mcorporated into the polymer during polymerlzatlon and can

thus adversely mﬂuence properties of the polymer, such as, for example, the conductivity.

Chromatographic purification of thiophenes as monomers for use for the preparation of electrically
conduotlve polymers 1s also lcnown WO-A 02/79295 describes the preparation of liquid and solid

chrral alkylenedioxythiophenes and mentrons in examples the purification by chromatography on -
silicon dioxide. The compounds. prepared according to WO-A 02/79295 have purities of up to
99.7% after purification. However chromatograph.tc separatlon also has disadvantages. Thus,

large amount of solvents are needed to carry it out since the compounds to be separated must be in



10

15

20

25

30

- CA 0.2482113 2004-09-20

30877-3

-3-
a very dilute form '.in- ‘order to- achieVe the desired separation effect Furthermore ‘the
chromatograph1c separation cannot be operated oontmuously with the aid of snnple apparatuses, SO
that n each case only small amounts of the desrred purlﬁed throphene are obtained. A contmuous

separatron of large amounts would therefore be associated with an extremely hrgh expendrture on

apparatus so that such a punﬁcatron of throphenes can no longer be carried out economrcally

Conventlonal recrystalhzatton in wlnch thlophenes whrch are solid at room temperature are
drssolved at elevated temperature usually under reﬂux of the solvent and are then crystalhzed out

agam by coolmg is also known for the punﬁcatl on of throphenes as monomers for use for the

| .preparatlon of electrically conduetrve polymers and is descnbed in WO-A 02/ 79295 but is limited
to thmphenes which are solid at room tm ' '

~ A particular form of crystallrzatron can also be used for the crystallrzatron of hqurd throphenes

This specrﬁc form of crystallrzauon melt crystalhzatlon, 1S descnbed for example m N. Wynn,

_Chem Engineering (l 986) 93(8) 26-27 and in J. Ulrich and H. C. Biilau, Edrtor(s) Myerson

Allan S. "Handbook  of Industnal Crystalhzatton (2nd Edmon " (2002), 161- 179. ' Melt
crystalhzanon is substantially based on coolmg a liquid substance untrl a melt is formed from

which only the substance to be purrﬁed crystalhzes out After crystalhzatron the mother liquid,

‘which in the ideal case eon_tams all the mmpurities, 1is separated off. Where appropnate, the

crystallized substance 1s heated gently so that inipurities adhering to the produot can be removed

together with some of the substanoe whrch 18 then melting. However, this process is lumted to

substances or substance mxxtures whrch contam relatrvely large amounts of impurities whrch can

be separated off in hquid fonn Small amounts of i Impurities can be removed only uneconomrcally

via this process, since large amounts of the desned compound have to be separated off at the same

time in order to wash out the small,;amount of ;nnpurlty.- Moreover, melt crystalhzatlon is critical

in respect of the temperamre prograrnme and therefore expensive on apparatus.

‘There was therefore still a need for a process for the punﬁcatron of thiophenes whrch are llquld at

room temperature in which an exnemely hr gh purity, preferably of more than 99. 9%, is achieved

and which does not have the drsadvantages descnbed above.

The present invention 1S based on dlscovermg a less expenswe process
for the purification of thlophenes with wh1ch hrghly pure 3 4-alkylenedxoxyth10phenes preferably

with a purity of more than 99. 9%, can be prepared

- The present invention therefore provrdes a process for the punﬁcatlon of thlophenes of the general

formula (I)
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wherein

R' and R? independently of one another represent hydrogen, an optionally substituted C,-C,;-alkyl
group or C,-C,,-oxyalkyl .g’ro'up' which is optionally interrupted by 1 to 5 oxygen and/or
sulfur atoms, or together r‘epresént an Optionaily. sub stitutéd C, eczowdioxyalkylehe or C,;-
C,,-dioxyarylene grbup, o

characterized 1n that the 'thiophcnei of the general formula (I) which is liquid at room temperature
1s precipitated as a solid by ‘c_ooling. a solution of the thiophen in a solvent or solvent mixture or by
introducing the thiophen into a cooled solvent or solvent mixture or into a cooled solution of the

thiophen at a temperature below the melting -témpératuré_ of 'the'thioph ene.

In thc context of the mvention, ' thiophenes which are liquid at room témperature are to be
ﬁndcrstood as those thiophenes 'which have _their melting pomt below +40°C, preferably below
+30°C. S

In the context of the invention, room temperature can be a temperature of 10 to 40°C, preferably
15 to 30°C, particularly preferably 18 to 25°C.

Thiophenes of the general -formnla (I) which are preferably purified with the process according to

the invention are compounds of the general formula (II)

A Rx
o %

(1I)

wherein

A represents an optionally substituted C,-Csi-alkylenc' radical or a C,-C,,-arylene radical,
preferably an optipnally .‘Sub$tituted C,-Cs-alkylene radic-ai;

R represents a linear or _bra_ﬁched, optionally substituted C,-Cjs-alkyl radical, preferably

linear or branched, optioﬁaily substituted C,-Cy,-alkyl radical, an optionally substituted C -
C,;-cycloalkyl radical, an optionally substituted Cg-C,,-aryl radical, an optionally
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substituted C,-C,s-aralkyl rad:eal an optlonally substituted CI-C4-hydroxyaIkyl radical,
preferably optionally substltuted C -Cz-hydroxya]kyl radical, or a hydroxy! radical,

X represents an integer from 0 to 8, preferably from 0 to 6, particularly preferably O or 1 and
in the case where several radicals R are bonded to A, these can be identical or dif ferent.

The -general formula (II) is to be: | uriderSteod such that the Substituent R can be bonded to the
alkylene or arylene radical A x times. ' -

Preferred compounds of the general formula (II) are those of the general formula (1la)

wherein
R has the meaning given n the geheral formula (IT) and y represents 0,1,2,3or4.

In the context of the mventlon C,-Cs- alkylene radicals A are methylene, ethylene n-propylene, n-
butylene or n-pentylene. In the context of the mvention, C,-C,,-arylene radicals can be, for
example, phenylene, naphthylene, benzyhdene or anthracenyhdene. In the context of the
inventiOﬁ, C,-C,s-represents '_Iine:ar' or bxanehed C,-Cs-alkyl radj'cals, such as, for example, methyl,
ethyl, n- or iso-propyl, n-, '. ise-, sec- ‘or tert-butyl, n-pentyl, 1 -methylbutyl; 2-methylbutyl, 3-
methylbutyl, 1-ethylpropyl, 1,1 -dimethyljpropyl, 1 ,2-dimahylpropyl, 2,2-dimethylpropyl, n-hexyl,
n-heptyl, n-octyl, 2-ethylhexyl, n-nonyl, n-decyl, n-undecyl, ‘n-dodecyl, n-tridecyl, n-tetradecyl, n-
hexadecyl or n-octadecyl. C,-Cy-alkyl groups moreover include, for example n-nonadecyl and n-
eicosyl. In the context of the mventlon C5~C12-cycloa1kyl represents C;-Cj,-cycloalkyl radicals,
such as, for example, cy010pentyl cyclohexyl cycloheptyl cyclooctyl, cyclononyl or cyclodecyl,
C;-C,4-aryl represents C,-C -aryl radzcals such as, for example phenyl or naphthyl and C,-C;s-
aralkyl represents C7 C,s-aralkyl radlcals such as, for example, benzyl, o-, m- or p-tolyl, 2,3-, 2,4-,

2,5+, 2,6-, 3,4- or 3,5-xylyl or me81ty1 In the context of the mventlon C,-Cy-oxyalkyl represents
C,-ng-oxyalkyl radicals, such as, for example methoxy, ethoxy, n- Or 1SO-propoxy, n-, iso-, sec-
or tert-butoxy, n-pentyloxy, l-methylbutyloxy, 2-methylbutyloxy, 3-methylbutyloxy, 1-ethyl-
propyloxy, 1 1-—d1methylpropyloxy, 1 2-—d1methy1propyloxy, 2 2- dnnethylpropyloxy, n-hexyloxy,

n-heptyloxy, n-octyloxy, 2-ethy111exyloxy, n-nonyloxy, n-decyloxy, n-undecyloxy, n-dodecyloxy,

n-tridecyloxy, n-tetradecyloxy, n-hexadeeyloxy, n-octadecyloxy, n-nonadecyloxy or n-eicosyloxy.
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The preceding list serves to explain the invention by way of example and is not to be regarded as
conclusive Further substituents of the a]kylcnc or arylenc radicals A which are optionally
possible are numerous organic groups for example alkyl, cycloalkyl aryl, halogen, ether,
thioether, disulfide, sulfoxide, sulfone, sulfonatc, amino, aldehyde, keto, carboxylic acid ester,
carboxylic acid, carbonate, carbokylafcc, cyano, alkylsilane. and alkoxysilane groups, as well as

carboxylamide groups.

If the thiophene to be purified has one or more stereocentres, the thiophene can be a racemate, an
enantiomerically pure or diastercomcrically 'pure compound or an cnantiomerically enriched or
diastereomerically enriched compound: An cnantiomcrically enriched compound 1s to be under-
stood as meaning a compound havmg an cna:ntlomer excess (ee) of more than 50%. A
dlastcrcomencally enriched compound is to be understood as meaning a compound having a
diastereomer excess (de) of morc than 30% Accordmg to the invention, however, the compound

can also be any desired mixture of diastereomers.

Before purification with the process _accor_ding_ to the invention, the thiOphcne to be purified

- preferably has a punty of grcatcr than 7,0%, particularly prcfcrably a purlty of greater than 90%.

The thiophenes of the general formulae (1), '('II) or (I1a) to be purified can be prepared by processes
known to the expert. Sucha prcparat;iooproccss 1s described, for example, n EP-A 1 142 883.

Solvents which are employed are thosc in which the thiophene to be purified dissolves and which
have a sufficiently low meltmg pomt preferably below -40°C. Examples of suitable solvents
which may be ment1oncd are 1sobutyl methyl ketone, chloroform mcthylcne chlonde, toluene,

mcthanol, propanol, ethano_l, acctonc, 1so-pr0panol, n-butanol, scc-butanol, dimethylformamide,

methyl tert-butyl ether, tctrahydrofuran, diethyl ether, hexane or pentane.

Preferred . solvents are polar solvents, and alcohols are particularly preferred in this context.

Methanol or ethanol are very particularly preferred.

The solvent can also be a mixture of two or more solvents.

- Mixtures of one or more alcohol(s) optiOnally with one or more further solvent(s) are preferred in

this context. For this purpose it is not absolutely necessary for each individual solvent to dissolve
the thiophene and to have a correspondmgly low melting point, merely the mixture must have

these properties. A mixture of two ;alcohols is particularly preferred, and a mixture of methanol

and ethanol is very particularly preferrc.d.

The solvent is mixed with the thlophcnc in a ratio of 0.01: 1 to 10:1, preferably in a ratio of 0.3:1 to
3:1 and very particularly prcferably n a ratio of 1:1.
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The new process is carried out e.g. by a procedure in which the thmphenes to be purified and at
least one solvent are brought together in any desired sequence the solvent or solvents, before -
being brought together with the throphene, or the solution obtamned during or after bringing them
tegether, iS Or -are cooled down to a '-te__mperarure at which a mixture of a solid and a liquid forms,
the mixture of a solid and a IiQuid is epﬁénally subeequently stirred and the solid is then separated
off.

Preferably, the solvent or solvents-' before be‘ing brought together with the thiophenes, or the

solution obtained during or - after bnngmg them together is or are cooled down to a temperature

which is at least 10°C, preferably at least 20°C below the meltmg temperature of the pure
thiophene to be purified. Coolm o partlcularly preferably takes place to 0°C or lower, very

particularly preferably to -15°C or lower

The new pro‘cess can be carried out, _:fer example, by dissolving the thiophenes in the solvent(s)

~and then cooling this solution down at least to the extent that the purified thiophene precipitates

out or crystallizes out.

In this procedure, the thjophene can be dissolved in *th'e solvent(s) at a temperature above the
meltirrg point of the thiophene In thls context a temperature of between 0°C and +40°C is
preferred. A temperature of between +1 5°C and +25°C is partlcularly preferred

The solution obtained from the solvent and the thlophene is then cooled. The solution is cooled
here until the thiophene separates out or crystallizes out of the solution in the form of a solid.
Preferably, the solution is cooled to a temperature of at least 20°C below the melting temperature
of the pure thiOphene.' Cooli_ng- to -1 5°C or to a temperature of lower than -15°C is particularly

preferred.

The solution is preferably cooled down at a rate such that the thiophene crystallizes out within a
period of a few minutes to several hours. Cooling down to the desired temperature over a period

of approx. one hour is preferred here.

The cooling down can be effected by external cooling or by mtroductlon of an inert cooling

medium. The cooling down i 1S preferably achleved by external cooling.

During the cooling phase, the thioplrerle separates out of the solution as a solid, for example in the
form of crystals. In this context, the solid. 'obt-ainedean contain the thiophene as the pure substance

or can consist of a mixture of the solvent(s) and the thiophene.

Alternatively, the new process can be earried out by a procedure in which the liquid thiophene is

metered into the already cooled solvent. Solvent mixture or cooled thiophene solution.
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In this case the solvent is cooled to a temperature of at least 20°C below the melting temperature
of the pure thiophene. Cooling to -15°C or-a terrrperature of lower than -15°C 1s particularly

preferred.

The liquid thiophene 1s then —mﬁetered iuto the cooled solvent - preferably over a period of a few
minutes to Several hours. The metering rate is to be chosen here such that the thiophene does
not precipitate outor crystallize out too rapidly aud impurities are thereby also included in the
solid. A metering time of atleast 1 hour is preferred However, metering times of less than one
hour may also be sufficient, dependmg on the amount of thiophene Wlnch must be metered in.
The solid obtained can also contain the tluophene as the pure substance or consist of a mixture of
the solvent(s) and the throphene

Preferably, the suspension obtamed rs then subsequently stirred for a period of 1 minute up to 5

hours. A subsequent stirring time of approx. three hours is partreularly preferred here.

The subsequent stirring is carned out at a temperature of at least 20°C below the melting
temperature of the pure th10phene A temperature of - 15°C or a temperature of lower than -15°C is

preferred here.

The product which has precipitated out or crystalliZed out is then separated off by known methods.
This separatmg off is preferably camed out by a ﬁltratlon The filtration can be carried out under

normal pressure or under pressure

The filtration is preferably carried out with the aid of a ﬁlter unit which can be temperature-
controlled and is preferably camed out such that the product to be filtered 1s present as a solid
during the filtration. The ﬁltration 1S preferably carried out at a temperature of between 0°C and -

20°C. Preferably, the filtration 1s carned out at 15°C or a temperature of lower than -15°C.

Thereafter, the solid obtained can be washed with one or more solvent(s) in order to remove
residues of impurities from the filter:cake. Polar solvents are preferably used for this purpose.
Alcohols, optionally in a mixture with one another and/or with further solvents, are

particularly preferably used. The sohd is particularly preferahly washed with ethanol or methanol

“or a mixture of these.

In the case where the filter cake is washed to remove impurities adhering to the filter cake, it is
appropriate to cool the washmg agent, i.e. the solvent used for the washing, in order to prevent
relatively large amounts of purified tlnophene from drssolvmg in the washing agent. The washing
agent has a temperature below 0°C durmg the washmg Preferably, the washmg agent is cooled

down to -15°C or lower for the washing.
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The solid then obtained is wannedi to a temperature above the melting point of the thiophene over

a period of between 5 minutes and 5 hours. Preferably, the solid is allowed to melt over a period

of 1 hour.

After the melting, the molten ‘soli.d may still contain residues -of the solvent added before the
crystallization or residues of the waSIiing agent. These. residues can be removed by methods
known to the expert, e.g. by simple distillation. The solvent is distilled over during the distillation.
The distillation can be carried out under normal pressure or under reduced pres sure. Preferably, it
is carried out under reducéd. pre-s'sur'fe; at temperatures of between 30°C and 150°C, preferably
between 50°C and 100°C. o '

The thiophene obtained in this Way, Whlch remains as the bottom product, preferably has a purity
of at least 99.50%, preferably aﬁ least-. 99.9%, after the fsolventhas been distilled off completely.
Fbr example, thiophenes whi¢h :haveb#_en syhthesi‘.ied using 3,4-dimethoxythiophene or during the
synthesis of which 3,4-dirnethbxﬁh-iophéne is produced as- a by-product contain less than 0.05
wt.% of 3,4-dimethoxythicphene after -puriﬁcatidn with the process according to the invention.
Such a low content of 3,4-dimethoxythiophene cannot be achieved or can be achieved only with a
very high loss 1n the yield of the desired -thibphcne with conventional purification processes, such

as e.g. simple distillation.

Thiophenes of such purity are not known. Therefore another subject matter of the invention is a

thiophene of the general formula (I),

(1)

wherein

R' and R* independently of 'one. anotherﬁ represent hydrogen, optionally substituted C,-C,q-alkyl
groups or C,-Cm-oxyalkjrl gro,u_p,é which are optionally interrupted by 1 to 5 oxygen and/or
sulfur atoms, or together represent an optionally substituted C,-C,y- dioXya]kylene or C,-
C,,-dioxyarylene grou‘_p,-‘ o ' .

charactenized in that it has a purity of at least 99.50 wt.%, in particular of the least 99.9 wt.%.

Particular preferred is a 3,4-ethylene-di50?§ythi0ph¢ne with such purity.

Unless meﬁtioned otherwise - all the purity data are data in per cent by weight.~
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The thiophene remaining as the bottom product after the d1stxllatxon can also be distilled over to
separate off traces of colourmg substances As a rule a thiophene which is colourless to the eye 1s
obtained by this means. The dlstlllat,lon' of the thiophene is also preferably carried out under

reduced pressure.

By way of example up to 70%, prefei'ably up to 90%, particularly preferably up to 95% and very
particularly preferably vm:ually 100% of the thiophene employed is obtained in the purified form,
depending on the amount of solvent used in relation to the amount of thlophene employed and
depending on the temperature durmg the precipitation and, where appropnate durmg the washing.
Any remaining portion of the tthphene employed remains d1ssolved in the mother liquor, i.e. e.g.
in the filtrate separated off dunng thc ﬁltratlon or, where appropnate in the washing agent. Since
a recovery, in the purified form, of vutually 100% of the thiophene employed 1s desirable, 1n a
preferred embodiment the puriﬁcation_proeess can also be carried out by a procedure in which the

mother liquor of a preceding precipitation or crystallization and/or the washing agent is or are

‘employed again as solvent or together W1th the solvent in the process for the purification of further

thiophene.

The process according to the invention renders possible the purification of thiophenes in a simple

procedure. The products 'are-moreovet' obtained in good yields.

Because of their high purity, the thiophenes puriﬁed by the process according to the invention are
outstandingly suitable for the preparation of conductive polymers or for the preparation of organic
semiconductors which are suitable e. g. in the _'production of capacitors, printed circuit boards,

antistatic layers, transparent conductiVe layers, displays, electrochromic glazing and integrated

‘semiconductor circuits. These uses are further subject matter of the invention.

The following compounds m_ay be mentioned by way of example as compounds which can be

purified with the process according to the invention:

3,4-ethylenedioxythiophene, 3,4-methylenedioxy1hiophene; R,S-3,4~'-(l‘-.hydroxymethyl) ethylene-
dioxythiophene, S-3,4~(1 “-»hydroxyulethyl)ethylenedioxythiophene; . R-3--,4-(1 '-hydroxymethyl)-
ethylenedioxythiophene, 3,4- (2’¥hydr'oXy)propylenedioxythiopheue' 3,4-(1 '-methyl)ethylene dioxy-
thiophene, 3,4- (3‘-tert-butyl)benzodloxythlophene 3 4-(1 '-n-hexyl)ethylened1oxyth10phene 3,4-

(1 '-ethyl)ethylenedloxythlophene - 3,4-Q1 '-n-—propyl)ethylened1oxythxOphene 3,4-(1'-
butylethylene dloxythlophene th1euo[3 4-b}-1 /4-oxathiine; 3 4-ethylenedloxyth1ophene 1-methyl
N-methylcarbamate 3 4-—ethylenedxoxythlophene ]-methyl N-ethylcarbamate -~ 3,4-

ethylenedloxythlophene 1-methyl N-hexylcarbamate 3,4-ethylenedioxythiophene-1-methyl N-
phenylcarbamate; - 34- ethylenedloxythmphene 1 methyl N-tolylcarbamate; (3,4-
ethylenedioxythiophene- l-methyl) methyl ether; (3,4-ethylenedioxythiophene-1-methyl) ethyl
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ether; (3,4-ethylenedioxythiophene-1 -methyl) propyl fzether; (3 ,4-ethylenedi'oxythiophene-1 -
methyl) hexyl ether; 3 -hexylthiophenej§ and 3 -octylthiophene.
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Examples

Example 1:
Purification of 3,4-ethylenedioxythiophene

1,800 g 3,4-ethylenedioxythiophene having a purity of ;:98 4% and a content of 3,4-dimethoxy-
thiophene of 0.3% and a \'slightly"" -yel_lewi_sh oolour vsrere stirred with 2,400 ml ethanol in a
sulfonating beaker. The solution was cooled down to a temp_erature of -15°C by external cooling
and stirred at -15°C for 3 h. "I’he solid formed was separated off with the aid of a suction filter and
washed with ethanol precooled to -1 5°C. The filter cake was warmed to a temperature of +20°C.
In a distillation apparatus comprieing a Teservoir flask, a distillation bridge and a condensation
flask, the solvent was ﬁrst distilled off under a pressure of 16 hPa at a temperature of 50°C and
3 4-ethylened10xythlophene was then distilled at a temperature of 90°C under a pressure of 16 hPa.
1,374 g 3 4-ethylened10xyt1nophene (76% of theory) were obtained in a purlty of 100%. The

colourless product no longer contamed 3 4-d1methoxyth10phene
Example 2:
Purification of 3,4-ethylenedioxythiophene _

1,800 g 3,4~ethylenedioxythi0phene having a purity ef 70% and a content of 3,4-dimethoxy-
-thiOphe_ne of 0.3% and a dark brown coleur were .stirred with 1,800 ml ethanol in a sulfonating
beaker. The solution tvas eooled deWnto a temperature of -23°C by external cooling and stirred at
-23°C for 3 h. The solid formed _wasfseparated- off with the aid of a suction filter and washed with
ethanol precooled to -15°C. The filter cake separated off was warmed to a temperature of +20°C.
In a distillation apparatus comprising a reservoir ﬂask a distillation bridge and a condensation
flask, the solvent was first drstﬂled off under a pressure of 12 hPa at a temperature of 50°C and
3.4- ethylenedroxythlophene was then distilled at a temperature of 90°C under a pressure of 12 hPa.
718 g 3,4-ethylenedmxythlephene (55% of theory) were obtained in a punty of 99.2%. The
product no longer contained 3,4-diinethoxythiophene. 5
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Patent claims

1. Process for the puriﬁc'ation of thiophenes of the general formula (I)

RZ

7\ 1)

S

wherein

5 R’ and R” independently of one another represent hydrogen, optionally substituted C,-Cyq-
alkyl groups or C, -Cgo~oxyalkyl groups which are optionally interrupted by 1 to 5
oxygen and/or sul‘ﬁ;r.fa‘toms, or together represent an optionally substituted C,-Cy-

dioxyalkylene or C,-C,-dioxyarylene group,

characterized in that the thiéph'ene of the general formula (I) which is liquid at room
10 temperature 1s precipitated as a solid by cooling a solution of the thiophene in a solvent or
solvent mixture or by introducing the thiophene into a cooled solvent or solvent mixture or

nto a cooled solution of the thiophene at a temperature below the melting temperature of

the thiophene.
2. Process according to claim 1, {characterized in that the thiophene of the general formula (I)
15 -employed is a compound of the general formula (II)
A R
Y
"~ 0
Z/ \; (I1)
S ,.
wherein

A represents an optionally substituted C,--Cs-alkylene radical or a C,-C,,-arylene
20 radical, ' '

R represents a linear or branched, optionally substituted C,-Cjs-alkyl radical, an

optionally substituted C;-C 12¥cycloa1kyl radical, an optionally substituted C,-C,,-
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aryl radical, an optiohal]y substituted C,-C,g-aralkyl radical, an optionally
substituted C, -C4-hydroxya]kyl radical or a hydroxyl radical,

X represents an integer from 0 to 8 and
in the case where several radicals R are bonded to A, these can be identical or different.

3. Process according to claim 1 or 2, characterized in that the thiophene of the general

formula (I) employed is a compound of the general formula (IIa)

o /‘7(Ry .
O O
| / \ (IIa)

S

wherein R has the meaning . giiien in claim 2 and y denotes 0, 1, 2, 3 or 4.

4. Process according to at least én.e *o'f claims 1 to 3, characterized in that the thiophene of the
general formula (I) employed is a compound of the general formula (Ila) wherein R has

the meaning given in cla_im 2 and y represent O or 1.

S. Process according to at least one of claims 1 to 4, characterized in that one or more
alcohols, preferably ethanol and/or methanol optionally in a mixture with one or more

further solvent(s) which are different from alcohols, are employed as the solvent.

6. Process according to at least one of clamms 1 to 5, characterized in that the solvent or
solvent mixture or a thiophe_ﬁ_e solution are first cooled to a temperature at which, on
addition of the liquid ,thiophehe, a mixture of solid thiophene and a liquid forms, and the
liquid thiophene is then added to the cooled solvent, solvent mixture or cooled thiophene

solution.

7. Process according to at least bnc of claims 1 to 9, characterized in that the thiophene
solution or solvent or solvent mixture before being brought together with the thiophene,
are cooled to a temperature which is at least 20°C below the melting point of the thiophene

according to formula (I).

8. P‘roces\s according to at least one of claims 1 to 7, characterized in that the solid thiophene
1s separated off from the hquld at a temperature which is at least 20°C below the melting
point of the thiophene according to formula (I). |
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Process according to one df claim 1 to 8, characterized in that the solvent optionally
remaining in the solid thiophene is removed by a further purification step in particular by
distillation of the thiophene.

Purified thiophene obtained by a Pprocess éccording\ to at least one of claims 1 to 9,
characterized in that it has a purity of at least 99.50%.

Thiophene of the general formula (I)

(D

wherein

R’ and R? independently of one another represent hydrogen, optionally substituted C,-C,,-
alkyl groups or .C'I-Czo-oxyal.kyl:. groups which are optionally interrupted by 1 to 5
oxygen and/or s,u'lfur} atoms, or together repi'esent an optionally substituted C,~C,,-

dioxyalkylene or 'C,-.-Czo-dioxyarylené. group,
characterized in that it has a purity of at least 99.50 wt.%.

Thiophene according to élaim 11, characterized in that the thiophene is 3,4-

cthylenedioxythiophene.

Thiophene according to claim 11 or 12, characterized n that the thiophene has a content of
dimethoxythiophene of less than 0.05 wt.%.

~ Use of the thiophenés according to at least one of claims 10 to 13 for the preparation of a

conductive polymer or an organic semiconductor, in particular as material for the

production of capacitors or p'rimed circuit boards

Fetherstonhaugh
Ottawa, Canada
Patent Agents
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