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TI TLE OF THE | NVENTI ON
PENTAFLUOROSULFANYL- SUBSTI TUTED THI ENOTHI OPHENE
MONOVERS AND CONDUCTI NG PCLYMERS This Application is a
continuation-in-part of U S. Patent Application No.
10/ 958, 054, filed Cctober 04, 2004. The discl osure of
the previously identified patent application is
hereby i ncorporated by reference. BACKGROUND OF THE
I NVENTI ON [ 0001] Electrically conducting polynmers have
devel oped into a material of choice for a variety of
organi ¢ optoel ectronics applications. Such
applications for optU&Le&R BHEMVENREINIde pol yneric
light emtting diodes (thin filmdisplays), solid
state IFrmTAE@OWQHhFANxLM%UEUiEDCE*|E DTAHORHENE
menmory devi ceMONDMERSAND SANBUCENG RQUYMERS! s,
ultracapacitors and el ectrol um nescent devi ces.
[ 000 e { faati
condabprALE SiohrEs cof ihuafin B & G5, o Afpicaton No.
1df9§&@ﬁérfyed30ctobad®|4:tzoo4x yhe disslosred thenpreviepelyidentified patent
[ pes of electrically
R3S Bty Gy RR R B 01 e
poly(thlophenes) and 10 substituted thiophene
derivatives have been discovered to have electrically
conducting pr opBAGCKSRONNRRQFUHE BYVENMEEON poI yrrer sis
t hat they can be cast into filns and doped w
[e061Y e Feictivally poncastingipalypersdiva develeped into %m@&ﬂa' of choice for a

vé’&lt%er : aﬁle m[))g:% e%ﬁ'gﬁlcé 8bgli gghérﬁs S’U%ﬁ apbn?dtzbnﬂd?%fdefe%iromcs

pro accor er eby | endi nqﬂ
mh@mimncﬁnaht qblltt@gfcbcpdesdw fllm %ls%ys)e&qu tate lighting, organic

pR&B%‘%ﬂ‘?&t éﬂ\%nﬁeéﬂ'@rﬁcﬁfﬁ?\ﬂ@é orqanidHAPEf R RaRS &BEA LitrBapacitors

artic at ent ustrating thi ophene nonormer s
aa@alec@olemnescmtldpmgﬁduct| ng pol ynmers incl udi ng

t hi ophene and derivatives thereof are as follows:
[0002D 4 Presf $hestrst ofgnanyi elestaealy coatijclinpa pelime Wae palyagetylene and

tHY di 960%98} SHBRAGRGit: HSlEn }%Mﬁer ¥|1e%i(=.ldes" sRhtiAGRAEMsERother types

connec groups ‘as su ucl n

ot@ﬁctnoaibrw@ndu@mg mOW&fhaRg@efttlvmemlﬂ&'@f‘@”@@eﬁﬂ!ﬂi
R g e e R

pupertiess A fBotuymgitge@e)mlﬂ'nmsng that they ®amdg dgpt into films and doped with

e ! tcalfiflto films and
BRSPS BT Ay PO Gt Aopet gt
their electrical properties mod|f|ed accordingly, thereby lending themselves suitable for

use in a variety of optoelectronic applications.

[0003] Representative articles and patents illustrating thiophene monomers and
electrically conducting polymers including thiophene and derivatives thereof are as

follows:

[0004] US 6,645,401 discloses conjugated polymers of dithienothiophene (DTT) with
vinylene or acetylene connecting groups as suitable for producing semiconductors or
charge transport materials useful in electrooptical and electronic devices including field
effect transistors, photovoltaic, and sensor devices. Polymers containing DTT formed by
electrochemical polymerization were known but had limitations in terms of solubility and

photovoltaic properties.
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phot ovol taic properties. -1 [0005] US 6,585, 914

di scl oses fl uorocarbon-functionalized and/or

het erocyclic nodified poly(thi ophenes) such as a,

w- di perfl uor ohexyl sexit hi ophene for use in formng

films which behave as n-type sem conductor. These

pol y(t hi ophenes) also can be used to formthin film
[0008s USt&)585,914 His¢ledes( fiuoedcdrteinffanttionakizesl sdéor heterocyclic

ilit 000 S 6,676, 857 di.scl ose I rs . \
R P GO PREFTERS S b HRRET Ry S AdoNE R e n forming
filfrlsueHier Bér@{waea%en §pe Lsemwoddmmstmesapb@(tmabserfasn alse@ah he used
sem conguctors, C

B0 VD B e g7 | (R BRaTHRSE B0 BB o (i ¢

[@ggyfﬁg Oé'de §%+ gla?]B?({ O %r%] aglng %csaly?\%%zgd unlks S B substituted-4-
flllmrgthﬁfph@g@h& hq?@ GISE2) ﬂratbrfa:ﬁbf usisia samicomalctorn ubarge sransport
and. as charge tra materi al s
efasel BEEIPIRISBH BURt (FouTer RSteOhes aAeRL dRULEs
f I t | ect |l
qogRE s B g s tanars oh oprer I isREBe 2 ng”
b'isbé glﬂ@hé’ﬁﬁtﬂ ﬂ'leﬁl’l!%eaiélslehﬁﬁandﬂabtsaarm aOchandey trarsport materials
009 US 004/ 00010115A1 di scl oses honopol yners and

REGAL dRYRSS | sed of 15 repeat | ng units of

[oggb‘f @5 LR od B gt soffng MR ah e Soratiy electricall

cahdbcidpdiphelisbagtd upeh pyreole-dbhtainirghtRivphemy palgners and aniline
benzot hi R}Jhene mononers, and the like. [0010] The

ctRNPELOYEHEhesi s and El ect roni ¢ Properties of

3, 4- bJthi ophene): AnewLoan
a8 PORPAEH S0 BRT kcloses Bergosdhmerpiny coRlmats barplised of
reﬁi:teaﬂrhgaﬁmfs ofmem{s 4tﬂ]1hmméh¢ aplesm gotymtive aplicatibneg

bR horBEAe ormedbis S e GBaRa e rEc RngEe: RTle

b@ﬂﬂomr@;ir@ne[rﬁ&blﬂeramd&hé lild.e, Pol y(2-decyl
t hi eno[ 3, 4- b] t hi ophene): a New Sol ubl e Low Band gap

[0QaoH Iuwhe agick) Synesis l‘a}&ﬂ*ﬁ@ftbﬂic%bpér?%ﬁéf RADheBWAhdAL[3,4-
i scl oses, various, pol yneric enot hi o
fhBRsRoR g B 9 SHIYAR RO Umet ST iy 19571058
d@&le@@s\sarbaé trﬂ&mhuap@énermwﬁ@s w:utmg” pol{((QQil:@hyl'EhlenoB 4-
di scl osure of the Vi otésixl{de tified pgten

b%@@}ﬂneéam Pyt 0 hiophene) as conducting polymers.

[0011] The article, Poly(2-decyl thienof3,4-bjthiophene): a New Soluble Low-Band gap
Conducting Polymer, Synthetic Metals 84 (1997) 243-244 discloses various polymeric
thienothiophenes including poly(2-decyl thieno[3,4-b]thiophene) and a process for
preparing the polymer.

[0012] The disclosure of the previously identified patents, patent applications and
articles is hereby incorporated by reference.

BRIEF SUMMARY OF THE INVENTION

[0013] The invention relates to thienothiophene monomers having an SFs group and to
conducting oligomers and polymers formed by the polymerization of such monomers

-92-
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articles is hereby incorporated by reference. BRI EF
SUMVARY OF THE | NVENTI ON 30 [0013] The invention

rel ates to thienothi ophene nononers havi ng an SF5
group and to conducting oligonmers and polyners forned
by the pol ynerization of such nononers -2 (polynerized
units) and their use as hole injection materials,

(rolyiegized Uainﬁ mdtthe’raﬂsy asalhde mmnﬂoamat@'rals; @hdngettmnsporit materials,
c de

o SpondioRih i OBl BlesoaplBEY’ Span iR ooy ot
eftfirecdiodesaift EEX) OcrrgarﬁlEEéld @ffeéﬁ&ﬁ)slstdr‘s &EPpan®FET), §lpt pgnel display

=FBA R S Reiy=a bty ' Brifalbf TP s, wigpgpasier

oghnicphotoveitaiss (GPRVS 5 senstes) Smsmiall molezoia! dr pmgdnmrlhlae_ed) memory
S b
PRyl LigHh Etenstriars gokb bt a At el '5?%14@%% The

plirpeséof the l-fll[ tsrtbttdaﬁsm‘f‘fhe( H’cilwlﬁ()mttlme ITige (Arioglb} toethe ligtregnitting

mnEenaL '@?ﬁﬂﬁqg%ﬁ/f c{fﬁ@'s ¥I’Bl[58iﬂe é)gosc&sé %d?e[é‘ﬁﬁéar% onptﬁe 3%%rences of
tmdrkmnettdnemstm‘ mhhﬁalﬁ&i»@tﬂe&l T hie mepkfurction T Ghe HIL material should

ST A g e 0 by e

wﬁlfkfurﬁ:ﬁ@ﬂﬁi the pofynidie lighsrhitting chatormal of —5. Bevpﬂ'lewt’ﬁe orkfunction of

LA LB T Sl il o RE g sobmerc o

efiRtrid edtekigls femusefinh IPLEEN exhibif atfang@@@ wbedflrectipesd yetaken -5.2 — -5.7

oy 858 iny s R e et vk Hishopd s b opRare) o el this

wbikfgiatiby fange.
Pol y( 2- pent af | uor osul fanyl -t hi eno[ 3, 4- b] t hi ophene) can

[0Te5] AbvahtagedrdehuRcAdhitivet apgelng[tﬁ@&ﬁhomdrﬁﬁmﬁﬁn@amased upon

st EissbiricHehes e BRBENOTNEHCL S PaiaN2s FRdded by

sérhi@ bEBe. mdiitenetd wAd balrRrPofaMis wadnbivn magivtiwfe drivcor more of the
nononer s nd oI msrs of t?ﬂﬁ? i nventi

rolng:  chBRucis RIS hRe By pegetis MaRurcan HBFJ%E?%"”Q them
suiliéwd%gldiéJWé%ﬁ@glmaVéﬂaV@ rdeht et ing Palyvedrs! aavmlﬂmn@artdv@p values

B B PR B Bl g i

‘raﬁngetoameetrémaapmbﬁéﬁs a6 Huletuméanoncrﬁétdﬂa:tnamgmhmaea

el ectronic

Wik [%VEFM%W Fatee Igjectpn Tl o gt ity ayer

DETAILED DESCRIPTION OF THE INVENTION

[0016] This invention relates to compositions of matter based upon the monomer, 2-
pentafluorosulfanyl-thieno[3,4-b]thiophene, its derivatives, and to conjugated oligomers
and polymers comprised of multiple units of the respective monomers.

[0017] One aspect of the invention relates to compositions of matter represented by
formula A:



wor kf unction | evel s between the hole injection
material and the light emtting |ayer. 25 DETAI LED
DESCRI PTI ON OF THE | NVENTI ON [ 0016] This i nvention
relates to conpositions of matter based upon the
mononer, 2-
pent af | uor osul f anyl -t hi eno[ 3, 4-b] t hi ophene, its
derivatives, and to conjugated oligoners 30 and
pol ynmers conprised of nmultiple units of the respective
mononers. [0017] One aspect Fefi-Fhe invention rel ates
to conpositions of matter ré&piesented by fornmula A
-3 A where X and X are inde ently selected fromthe
group conprising H hal ogen ms, 5 wMgd, MBr, Myl ,
Sn(R )3, where R conprises {C1\6 al kyl or -OCl.6
al kyl , boronic acids, bor &ni tg@sSters, - CHECHR' wher e
R' conprises Hor Cl.6 alkyl, -OCl.6 al kyl, -COOCl1-6
alkyl, -S-COR'", -COR'"" where R'' conprises Hor Cl1.6
wherey{ and B=qid, indapéndently\aetecieddhine ther groap cemgrisiog s, halageén atoms,

h , e di i , o
5 ML BRI gl R BREACR RIS G Selif) §PRE5 s, borgnic acids,
bérahicgstergt-@h=CHdRpwhere A, cabhprisBs , H od G1.aaldlyll -OCQG1], -COOC
] w, ' I
ol e oy Rediterd K\ SeS TBPG TR/ eR, an
polpperzbie axdniajic ghmipspsuthlas MBengiSnidiHid¢n<ipgrolei dittidphene,

thgeﬁggﬁn@deggutﬂﬁ?ﬁg%e Eﬁq 9(2 ﬂqbrtgl?!%ﬁg@escoqrﬁgroiggﬁ gto%s comprise F, Cl, Br,
10 ad pent af | uor osul f anyl -t hi eno[ 3, 4- b] t hi ophene are

anot her aspect of the invention and are represented
[0818F 0Oneluaeill m2Oombeioe prodiusing homapelymers andccopohimars comprises

- C71= - = C=C rhdependent |y
oSS anf X i TEang B SN R P B ahout 2 1

10 units nmay be -4 used, for gxanple, to produce

menory and field effect tranststor devices. Polyners

F\éF,F
F'T F

87

/
s

15
[0019] Electrically conducting oligomers and polymers comprised of polymerized units
of substituted 2-pentaflucrosulfanyl-thieno[3,4-blthiophene are another aspect of the
invention and are represented by formula C:
c
SFs5
87

7\
20 S Y’}’n

where n is an integer, Y comprises —~CZ'=CZ?- or -C=C-, and Z' and Z° are
independently H, F, Cl or CN. Oligomers often have from about 2 to 10 units may be

-4-
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havi ng from about 11 to about 50,000 units, often from
about 20 to about 10,000 units may be useful in
preparing filns as hole injection materials in various
el ectrooptical applications. 5 [0020] Useful

honmopol ynmers are represented by the formula D. D where
nis an integer as represented above. [0021] The

usash oorexaobld, tor protacefmeaimeneand fieidl effed transistoadetiees. Polymers

ARG A Y ) bPup RO BN, SRERbeny 26 EEEF 10,8 unts
ma$ bp00sEtyl i hrepageg Binel dsyhode) injdction hateriaistio tvadousigletirooptical

j yl sil acetyl ene (TMSA) can be <carried out while
aéélcgﬁiﬁpresence of a suitable catalyst and in a

t ' Vi [R. a
IGHABE BBkt Ehoniodiyeis e esrther N sotiid 6 Py o
| east one hydrocarbon (e.g., t@luene) with at | east
one ami ne such as diethylamne or any other suitable
organi c secondary or terti ar,;yL',:api ne. By "substantially
anhydrous environnent"” it 2 ,|S§Fmsant that | ess than
about 1wt.% water is present in the reaction. Wen the
reaction is conducted int esence of at | east one
am ne, the anount of am ne y normal ly range from
about 5 to about 30wt.% T ctionis normally
conducted in an inert at m)sp%eré such as nitrogen or
whéreais Hiil iftef 6048 leprosentedos@nduct ed at a tenperature
rangi ng from about 30C up to about the boiling point

[00R1RNYhe Anemet BEfolda @0iviesre X arkbX-dre Bt €h 5 synthesized by the
representative 5 step reaction scheme as follows:

Step 1:
\
Si-
Br Br Br. //
BE-E
(]
§  cul S + HBr

[0022] This generally equal molar reaction with trimethylsilacetylene (TMSA) can be
carried out while in the presence of a suitable catalyst and in a substantially anhydrous
environment, or in a substantially anhydrous environment comprising at least one
hydrocarbon (e.g., toluene) with at least one amine such as diethylamine or any other
suitable organic secondary or tertiary amine. By “substantially anhydrous environment” it
is meant that less than about 1wt.% water is present in the reaction. When the reaction
is conducted in the presence of at least one amine, the amount of amine will normally
range from about 5 to about 30wt.%. This reaction is normally conducted in an inert
atmosphere such as nitrogen or argon This reaction can be conducted at a temperature
ranging from about 30C up to about the boiling point of any one of the ingredients.
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li Si-SBr, 00 Br Bu4NF S S + M3Si F [0023] This
reaction with an excess anount of

t et rabut yl amoni unf | uori de can be conducted in the
presence of any suitable solvent and normally in a
basic environnment 5 (e.g., a pH of nore than about
7.0). Suitable solvents conprise at | east one nenber
Stepl2ected fromthe group consisting of ethers,

hal ocar bons, hydrpcarbons, al cohols, and esters. The
anount of sol ventSi@nges fromabout 5 to about 40wt.%
The reaction isznornal | car/i ed out at a tenperature
ranginng’m i epf, erafure to about -78C (e.g.,
about -5C; fEfendi fg-spory The boiling point of the
solvent. A atively hi 0t gture will usually
result in reduced product formation. Besides BudNF
[00R3) ganis ceadbias ith anexcess @ urd ofitelabitylamreoralirotidmsidewan be

oA BT 5 AR ST gy FSGHESH e

(ergp o pHafi mare EhaBRBBLt YA). | Buitable $uivemtesmnisedtt least bragiember

I S, '
R T A T
estersal Theodraounipf solveritsgangebUmim &bax Gde siboidHivll%s Thé reaction is

bl A P SRR B oy bR A RIS cbout 780

rom the grolp consisting
{eeg. hetvawif -5°Batemendingngpondhel baititgepointoot -t sdlvent si ralativiety. high

RS Soa 9o B coleq AR il BBihen By pgroanic

baskes spcleas KO arfid HaOHda atalarhel on wedet midiss sneytbeagsed for removing
ni nd. argon. The reaction can be conducted at

thgﬁﬁ'tgﬁﬁ]@gg?g%sure and in a wde tenperature range from
about -78C up to boiling point of

Br // Br o —
7 { SFgBr T SFs5
S S

[0024] This reaction with SFSBr while in the presence of at least one catalyst such as

Step 3:

KF can be conducted in any suitable solvent. The amount of SFSBr will normally be
equal molar up to about 10wt.% excess. Examples of suitiable solvents comprise at
least one member selected from the group consisting of hydrocarbons, ethers,
halocarbons, and other non-protic solvents. The amount of solvent will normally be about
1 to about 20 wt.%. This reaction is normally conducted in the presence of at least one
inert gasssuch as nitrogen and argon. The reaction can be conducted at ambient
pressure and in a wide temperature range from about -78°C up to boiling point of

solvent,
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25 solvent. Step 4: BSF5 Br Br SF5 NaOH1 d S'S +
NaBr + H20 5 [0025] This reaction with sodi um
hydroxi de is normally conducted in the presence of a
suitabl e solvent. Suitable solvents conprise at | east
one nenber seleted fromthe group consisting of

hydr ocar bons, ethers, hal ocarbons, al cohols and water.
Stepet: anount of sol vent range range fromabout 1 to
about 20w .% The reaction is conducted with an

excess of sodium hydroxide (e.g., up to about 10 tines
nolar ratig). The reaction 10 pPfeceeds in a

t enper arur e \Langi ng frogp abo -78C up to about the
boi | i ng int ofF. slabment tep 5. SF5 Br, 0/' S 1.
n-BuLi 2#sY 8-S T15[0@26} This reaction with

but hyl I'i t®ium or sul fur (&7g., sukNaBrpod2er),
proceeds readily in solvents |acking acidic protons
such as ethers and hydrocarbons (e.g., 1 -3 nolar
[0D25JanEhis reantion wvithsodiain hyydeaxidiuis hednally conducted in the presence of a

su?ttagféss% v%h . Svl\.{llttage 'sgl%ﬁrart'nts %%%%ﬁses gﬁgaﬁsone member seleted from the group

consisting of hydrocarbons, ethers, halocarbons, alcohols and water. The amount of

solvent range range from about 1 to about 20wt.%. The reaction is conducted with an
excess of sodium hydroxide (e.g., up to about 10 times molar ratio). The reaction
proceeds in a temperature ranging from about -78°C up to about the boiling point of

solvent.
Step 5:
SFs SFs
Br. // SN
1. n-BulLi
2R\ P
S -8 S

[0026] This reaction with buthyllithium or sulfur (e.g., sulfur powder), proceeds readily
in solvents lacking acidic protons such as ethers and hydrocarbons {(e.g., 1 -3 molar
hexane), and is normally conducted in an inert atmosphere with inert gases such as
nitrogen or argon. Buthyllithium is normally used in about equal molar amounts whereas
sulfur is typically used in about 1 to about 10% molar excess. The reaction environment
is also normally substantially free of water. Lithiation is normally conducted at relatively
low temperatures (e.g., the reaction involving n-BuLi is normally conducted at a
temperature less than about -60°C and usually less than about -78°C).

[0027] Many of the derivatives of the respective monomers where X and X' are other
than H are formed post formation of the monomers. In post reaction one or both
hydrogen atoms may be replaced with other functional groups. Alternatively, some of
the derivatives may be formed, ab initio, by converting thiophene to the derivative and

-7-
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nitrogen or argon. Buthyllithiumis normally used in
about equal nolar anpbunts whereas 20 sulfur is
typically used in about 1 to about 10% nol ar excess.
The reaction environnent 1is also normally
substantially free of water. Lithiation is normally
conducted at relatively |ow tenperatures (e.g., the
thea alodergnin'g e B stepgreactBul prodesiunmwherel the Xanduf tacel campatible with

thg%ﬂg ngmlir%?ﬁ,fg@ggf out -60C and usual ly |ess than

abou ny of the derivatives of the

{Obﬁgofﬁblmﬁgn gfpr?a {JSro)éPﬁzflﬂl |ee?1rog3 %ilﬁl%PhéJbaﬂl?Fbmers can
be _eﬁexttecbmtliummg amractmbhs plhg@rpm@emraam nnﬂ;odtymarelpltlae; ggnomer
2—%@@3@&9?&@‘%@”& ehS@a{)gﬂi Shifide, & bS43AL p}ﬂﬁgﬁlon $R%t Rast one
oxidami are reagtedhin dEherasence dof h.etetendmaeavtmrmmdm@m hefﬁcnent to form
e L e
palymetization prdses$, QB2 8jsuliop polymer atayde m:ﬂymerlzed and doped in a single

Stgppentafluorosulfanyl-thieno[3,4-b]thiophene NoONONer s
can be effected utilizing an aqueous phase

L5 b0 A FBAAGP AhF et DTSR R e apnsou,
payreeiatipa metimodamely htoddefaﬁ#y amkcambe deletmiaed fareay tgiani n
p&lﬂrﬁ?r@zca‘ta‘éﬁ %ﬁg&fu&ﬁﬁqé % [ﬁéjrﬁﬂeer{[%%n aclgr?E %QarﬁSl@%é l:v%Eﬁht ratio of
thmmbf,ﬂ(za-bhlanphﬁnamommnérftam}destred pulg@rﬁomytp]crarhy Emiges pm adout

0 8} o AR BT 4.0 B0 5 85 82l B, TRR b T hbLs -

b][rw&he‘ﬁhrmoammma deéqua:bd»srdant bpicaity remged fom atmulbe 01 to about 10

izati t
o Y £ 2P, e B i BB T he SR Ry gl o about 0.1 10
aloikt § ok thierat[3, ém]twobhemﬁ mmu@memé oxidid rd mayrbe ¥eoied in order to
anpl e. t he i rati bl t hioph
i Fiah 3 in VR Bitraltddto el of e e ol BBFAG |
F@(HyEe(III O:.oOﬁIlatst arekhowh trm dlspmyailffqremkmténtlal dﬁ:ehdmghwuhelr
The 4
redpie Se L s auSiarit Regienky, Cvbdler BERfs are desired
Cabaséd thuplets maqlhetﬁonilﬂeredslﬁatrbr)gdh okidantsZiré emipivyetieCo based
cageg of f(ﬁ)rl C qL;% gx t he amount used ranges from
RPUId PR CoRPRIBI5 of t hi eno[ 3, 4- b] t hi ophene. The
t he, oxi dant be vari e
10830 BeBhudy St SRMVEBING AR hefidiihedzBtion process.
Persulfateedndrivom (TH) salts \dhbiganie acids and inorganic acids containing organic
residues are useful because they are relatively non-corrosive. While any suitable
oxidant can be employed, examples of iron (ill} salts of organic acids comprise the Fe(lll}
salts of C,.3 alkyl sulfonic acids, such as methane or dodecane sulfonic acid; aliphatic
C1.x carboxylic acids, such as 2-ethylhexylcarboxylic acid, aliphatic perfluorocarboxylic
acids, such as trifluoroacetic acid and perfluorooctanoic acid; aliphatic dicarboxylic acids,
such as oxalic acid and, aromatic, optionally C,_x-alkyl-substituted sulfonic acids, such
as benzenesulfonic acid, p-toluene-sulfonic acid and dodecyl benzenesulfonic acid.
Specific examples of iron salts comprise at least one of FeCl;, Fex(80,)s, Fe(ClO,);and
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Fe(l1)/Fe(ll1) couplets are known that display
different potential depending on their 20 respective
ligands (e.g., FeCl3; Fe2(S2M)3; Fe(phen)3). If
weaker oxidants are desired Cu based couplets may be
considered. If stronger oxidants are enployed Co based
coupl ets shoul d be considered. [0030] Relatively

Feb(Sp0g),. ot okiganid obprieept legstcbnierof H@., PG Ly 0T amatonium
PR SUTE En REtaF T G oG RO A YA BPias Bling AP S Fonygen.
DRI PCe B ThE b 2R 2 Ao et SdtbbEERY gutable polvanions
cempliey exh, ardoraofd pely@frboxybnadid,| duch ealpotyaofylioagdpatymethacrylic
3 BRI 8o SRR e bl g apa pobmer
sgltti:r:i?1 a.a“bé;,rslmlah as go@stjy;ﬂéhemffgmxyalbiidcaﬁﬂ:piodi&inysmﬂfonmcid. The

- e exyl.car boxyl.i ¢ .aci i phat i . .
e BB e RN St ey o Srbmare of i sprbpoic and
ving!l sulfenid geitsfiwittosthechemsrners asudh; asadcrylitas and styrene. The molecular
il faclf LhiiTe, PepSananis moBnp: e afie ramapeut 1.000to
abouttE00,600¢ fypicatly Henz ebws 2000t abcae 500,000 and typically about 200,000.

p-tol uene-sul fonic acid and dodecyl benzenesul fonic

[6a32]. Mcﬁmmr;n‘, bf:t(r;egafmllgs.é%‘ff t'gemaelseé tosmetanpatiatygedapolymerizations.
1 FeCl3. F E 23 and
GeEATent B VarkaRErT g B8 MBSt Tiee g s 2upsiifentsy
I G oc SIRRR e B GRPis T FAPMIE, sugh,as . poly(2:
pentifioorpgafanyBRBD]3,4Ab]thiepteeme), oiripaibéeam elegaochamical praness
WRRR E enis BByl A fioB e peV B S et Rar ¢ °"
electrdchgmaityiroell nsing W thizetelestiode confirilmation. tAaditadlecthree electrode
<GB o Remeeon i o St e, s PRI fipffiat wectoge and
an Wdhagt noraaqukcan defernse iefgctrodell YWhile anpsuithbleldlectrolyte can be

BRINRD SRS o ale SRl FabconiisS ot Bt s hafBer setected
frami tHe grd:dpfrbdhfshﬂl;‘lg t‘mtléﬁﬁmﬁﬁlamm W mu?ﬁelﬁaroyéteﬁestoamﬂ?, lithium
rene. .lne cu r wel, (0] t he, acl Su Yl n
i S AR T Rerian I herRnub Ry S A e B! “Among
tHe @AY ‘s@véSrﬂ%,ééggtdnitﬂ@O? B%rrélo?/dljquhththrg% gmgggﬂiﬁmoié’é]g?ndow (e.g.
0 a , n | C 0
ST A o SPOLREE ) fil the ecpoPB el Y agivehts ke DM,
Dékme.l mataahmeatt X hee| ymey bé ?tilitizﬁﬂ&’of- theiﬁgﬂdirbdr@gﬁtt:a_ﬂ mmdo?r ¥
endi ng o e nature e n ' substi )
STEBSA e Rt ASriahrtcngtand SEchp R drisSt a8 il gut
coRdentrations sa1eW S1 mMPad/4<high as 1 M may be utilized. The temperature is
usually maintained at about room tempearture for convience, but may be raised or

lowered to the limits of the solvent electrolyte system. The concentration of monomers
can be as low as 1 mM and as high as 1 M. Electrochemical polymerizations can be
carried out in an inert atmosphere, i.e. under a blanket of nitrogen or argon, or in some
cases under atmospheric conditions . In order to obtain more reproducible results it is
recommended to use deoxygenated anhydrous solvents, freshly recrystallized
electrolytes, and monomers with the highpurity. The electrochemical polymerization
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pent af | uor osul f anyl -t hi eno[ 3, 4- b] t hi ophene), conpri ses
an el ectrochem cal process 15 wherein
2- pent af | uor osul f anyl -t hi eno[ 3, 4- b] t hi ophene is
pol ynerized in an electrochem cal cell using a three
el ectrode configuration. A suitable three el ectrode
configuration conprises an | TO working el ectrode, a
shbatdi beuom fuhder & blanketrof ah éretrtr suthenbofdn achighhg tdgrolled environment,
inog-gaueous reference el ectrode. Wile any suitable
&t PP yte can be en‘pl oyed, exanples of suitable
fes _co LS Iea Qne ne r_sel ect d 20

I
5058 1 R SRSt SR G Bhye B SloofPls HRRifmaR il B¢ adbea win
qoep@hlbnal;'ﬂ ea/ntelmettytp?l dctpahﬁ po{st pdlymﬁr;zatlon of the respective monomers.
t e/ aceton .
s s vl Paliorihe PRSSGrATToR i 6 gy, gomiconductor
rsatena lﬁrlrs) with @hcm:ld_mmg er 4 redocial agestdn dueddwrelat:tnoﬁ tarforen
RISl RTE & ke h dheteietiehuin 4F R espanio kB8N derived from
the bﬁp!%opa%ﬂop%ﬁnetﬂoﬂmgapbhmpﬂse for sRyMple eupoéure &sla doping
' |r elecbroc e

V:ﬂfar H%gtﬂpgﬁ G rf ad'ﬁdlbqedtq{gssglr% &fq.cgp{j‘}?eénlcgl d“omr?{-., in a solution
copairtay & Yopdrapibrink@y thdidopant irc ousrct@crttw:mtth@ phgarser \polyenet to be

nM and hi gh 1 tili The t t
g At ekl W ot o
be rai.se t he

d ] ,
(P9 BB o et mr 1l Splhe poRF ik Soes et o [Bhhed vi
cohiventionaigr-sopantswihieh asn bewprse Halogdraatomase.bi, ¢ Gi&, Br2MCl, ICI3,

15 S FRPE oS iner: AR % SH R BPS.Pp SaG{E e oRd s0s
prrbtbhip@giﬂlspdﬁrgalhlg@mds,odir dnfinG aoiEs, @S HE, HOL HINGS (RESDA HTIOA,
(008} LheB0ul e e Bond e, FRI IR, Feccioay
Famwdﬁqﬁﬁfsgw:gﬂg&gb Z?rrﬁ,?-llfvzlq ,terﬁwsfﬁhe\mllﬂl& Zleng:rlsl tMoFS_I_MoCIS WFS,
i Be DB bl T e ha s 3 rfiantidane S T aion i e - 13
%dﬁ?ﬁ%ﬂﬂeﬁsﬂ%mﬁ; (BB Bﬁzmzqf FF6 -aAhF&gﬁyFels-n Fgcm- Fe(CN)63-
688 abidne B vt Ao linacts. .sgs'a@f X, RBatbe! B ol 03 may
bdapged. wth conventional p- and n- type dopants post

pol ynmeri zati on of the respect ive monomers. 5 The

[00886] NCapdocB@polmyericTigterals r érployiag bleetr?ﬁs{ gotatiereras in n-doped
em con ctor nat er | W t n
PRI ity (i MR AR DG CRrEop A S WhiEt R PBR e A Eetals

(.91, 11, Née KORBI & ds), alkamneceﬁrtre:mata|§1 (elcheCaedreandBa). W t h
t he correspondl ng counterions deri ved from

[0037] The 2-pentafluorosulfanyl-thieno[3,4-blthiophene monomer and its derivatives
can be copolymerized with other polymerizable monomers capable of forming electrically
conductive polymers. Such monomers comprise at least one member selected from the
group consisting of benzo- and bishenzothiophenes, thienothiophenes, thiophenes,
dithienothiophenes, pyridylthiophenes, substituted thiophenes, substituted thienof3,4-
blthiophenes, dithieno[3,4-b:3',4'-d]thiophene, pyrroles, bithiophenes, substituted
pyrroles, phenylene, substituted phenylenes, naphthalene, substituted naphthalenes,
biphenyl and terphenyl and their substituted versions, phenylene vinylene and
substituted phenylene vinylene. Other monomers are described in U.S. Pat. No.
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the applied dopants. Doping nethods may conprise for
exanpl e exposure to a doping vapor in the atnospheric
or at a reduced pressure, electrochenical doping in a
solution 10 contai ning a dopant, bringing the dopant

in contact with the oligoner or polyner to be

thermal ly diffused, and ion-inplantantion of the
A0URTA4B0, ahd UGS PATONE.UL 01084 F) BthasaBiatehtsBAE IR rRoR@Héns Gire
.hol es éﬁ-d&ﬁ g%]nay be formed via conventiona
IncoRpaARELYIRIEE#N€an conpri se hal ogen atons, e.g., 12,
5481 TS b b 30ty oS e oo
hipthidbREme aft détBativdsy aoditveatdudh as it leasl tiie meintier seleged from the

HE HCIl SO4 HOLO4. . FS d Ol SO3H
oo SIS0 e tayiee AlyatlEthvieng QIVepl EpanGloyTBpy pae 1.3-glycol,
bﬁﬁl:? Jpﬁl%l fgl, H_?ﬁ%t?gibﬁ@%ﬁ@%&bitoﬁg@ibérol,zﬁr@ﬂené-ﬁéi&énate and other

) ia ,

, . MFE5, MCI 5 =5, WO 6, UF6 and .
PRICB IR hoiled PR2BICH S PR ABHEH IoeHRrs G, [y conductivy of
tlgngms %%agegfmm tggsse aigpersiglg@@rg)angﬁﬂﬂéf ségicgﬁ%-cénc\éﬁ)ﬁ'-bgt normally
. pFa-, -, “a - - € -, . o
56 1 sTtGet ABAY & W 24 OHOULIR M Ot e s or taioring
efdofi caffP) ondublivedpolfiBersasin\e! dmpisyddas dasireB and 86 comprise at least

50036 Conductjve Q%ggnerlc materials e Ioihpg o

OB SRTPRAT SelestecLifam de.Sraup eansiEtiag St AN L VCStRpzREs
sUERctHits| rcEcotanvRRLfilleRasuch a8 PaAIURt\EdspRr, GIVEH higkel! dléminum,
al kali netals &§¥ ., Li, Na, K_ Rb, a d_CBQ,

carhon blgRs. gixtyngs %‘Pfsa’(‘gf_‘% _ot,heg%, Nq;r-g:orgdf,:atl\gajll_erszgxch as at least
oh8PehhberiRlected from the group consisting of talc, mica, wollastonite, silica, clay,
Tihgentafluorosulfanyl-thleno[B, - b] t hi ophene nononer

qves. RIGNENE Mpdres heredl ATBRILPRISGERAISAN RCRfPREAted to
pP&hb’t@%?béiﬁ@ bRPBRREFRES a€ ARS8 FlodLiRE M uHACE Ihafdrieks Auréce color
conductive polymers. Such nononers conprise at | east
29 d"eier selected fromthe group consisting of
benzo-_and bi sbenzot hi ophenes,  t hi enot hi ophenes,
19939 pHdsdaliowing exarapies Atedyrdard to ilkatrals YaroHs ﬁﬁiﬁ?@@ents and
cOMPafisdnstRR drénBRRABE] ttehfict thelsespd bi A8 Hvantior30
b] t hi ophenes, dithieno[3,4-b:3,4"-d]thiophene,
pyrrol es, bithiophenes, substituted pyrroles,
phenyl ene, substituted phenyl enes, napht hal ene,
substituted naphthal enes, EX2BREdyl and terphenyl and
thei r prystiidridredpaiRafiofitifamLenyndis 2-plthiiphene (28H,-TT)
substituted phenyl ene vinyl ene. Ot her nononers are

[6®50] " ITBRCburpbse: obhiFakampie is tolftoddaFetdsentative five Step route to
Pat. No. 4,910, 645; }hese Patents n sucq1nnn8qﬁgsrr .
pEeduce the monomer 2-pentatiuorosultanyl-t |eno[%,4-b]th|op ene (2-SFks-1T) having
the formula:

F\S'F,F
F71F

57

7\
s
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i ncorporated by reference. [0038] In processing

ol i goners and pol yners of

2- pent af | uor osul f anyl -t hi eno[ 3, 4- b]t hi ophene and
derivatives, additives such as at |east one nmenber

sel ected fromthe 5 group consisting of et hyl ene

gl ycol, diethylene glycol, mannitol, opyl ene

1, 3-gl ycoIStep B (Rcametidn &f 3gblgomﬂ 4—(mnnﬂ1ylwlylpywnxd)thldphme
sorbitol, glycerol, propylene carbonate and ot her
appropriate hi gh boiling organi cs can be added to

di spersions to inprove conductivity of y the filns
prepared fromthese di spersions The anmgint of additive
can vary but nornally isin the ran of about 0.1 wt
%to about 30 wt 9B h conngﬂ adgf'tives for
tailoring 10 el ectri Eﬂ%ﬂuc/iw pol ymers can be
enpl oyed as desired caﬂdwbnp at |least one
menber selected fromthe group consisting of

antioxi dants, UV stabilizers, surfactants, and

[MEU@I P VRr Fddn'dﬂfo‘ftoﬁié@ hth?e% H@katl ‘ﬂHéI@WQs EQIPSEd with b Yé&fux
nic car bon bl ack, m xtures thereof

al um nu
caRiRT§eh EHBpGNaniGs antszﬁﬁmai thermogqupies tfsem\oqw@%d with feyznifrogen gas.
THE ﬂaﬂ?WB@[he’?@h@Fg{e@%fﬁm d Bi@tr@rawﬁe gﬂ@ﬁbﬁély Bﬂe@cfavérNGH pellets

B G SER DR ED Al LpIbralTioioPBeTasB00 sah b A Gsd
tﬂlﬂ%ﬁﬁlﬂﬁésﬁ)‘hﬁﬁ‘z BQO n’@r(@'@trﬁm%ﬁ%%ﬁérﬂ)lcwl@@%rnﬁ'ﬁ%@Fﬂ“B@ﬁol )

i ncreased , surface dness, surface

traﬂ%thylﬁlélquew&ne[ on@g]tirrvﬁ aNixtyre Wak Wameshinddas. 4¢.80 g (2.8 mmol.) of
dre;hre;vd)tsiﬁ@npﬁqenylbhé&hrréspﬁamnm@ﬁswa%mheﬁi &Y. STHY W action was

onparisons and are not intended to restrict the scope
n@mt@lﬁgd Ahde e quﬁl hrs withyragshesical stiring aitd tatig nitrogen blanket. At

tﬁ(’at BSHT ﬂfe' rHQétfb‘ﬁ%&ﬁlFéﬂNa& Rb&ned BorpRld MPIRBPBStion mixture was

TT) [0 he purpose of this exanple 1s to
CB‘P'@Q’/FQJI@OH"'P@W@%FW#E ative five step route to produce

(G045, RBCPYRSY SEhermieict Hbiemsr & tims sty gind)thiophene, was

effé’ct&? By Pibkin ?QHé F&ctn&?nﬁﬂlﬁef&ré‘?&@evaﬁoﬁ’coﬂaf%ﬁﬁﬁét%ﬁfne was
br onb-4- ({'ri met hgl silyl'ethynyl)thiophene Br
repsaq\{qd)by evaporatlon 600 mL of pentane was added to the residual from evaporation

along with 40 g of activated carbon (Darco, 12-20 mesh). The pentane solution was then

filtered through a silica gel column (100 g) to remove palladium, followed by 600 mL or
more of pentane. The pentane solvent from the collected solution was removed via
evaporation on a roto-evaporator. Mass of isolated crude product was approximately
316 g. The residual material was vacuum distilled and 3-bromo-4-
(trimethylsilytethynyl)thiophene recovered. The product was analyzed by NMR
spectroscopy and the following results were obtained: 'H-NMR: & (ppm) 0.3 (s), 7.19,
7.45; *C-NMR: 8 (ppm) -0.1, 97, 113, 122, 123, 129.

Step 2 Formation of 3--bromo-4-ethynylthiophene

[0043] The product of step one was converted to 3--bromo-4-ethynylthiophene

according to the equation as follows:
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5 [0041] A 2-liter round-bottoned, three-necked flask
was equi pped with a reflux condenser, a nechanica
stirrer, and a thernocouple, then purged with dry
nitrogen gas. The flask was then charged with 240 g
di et hyl am ne (previously dried over KOH pellets and
filtered), 387.04 g (1.60 nol.) 3, 4-di bronothi ophene,
800 nmg (3.04 mmol) trlgfenylphosphlne 600 ng (5. 48
nmol ) copper(1)i odi de, ~nrd 78.56 g (0.80 nol.) 10
trimethylsilyl agetyl gfe. Thegptirr m xture was
warnmed to 40 C g (By,BF
di chl orobi s(tri plen Iphospﬁ I ne pé ladiunm(l1) was then
added. The reacti was mai ntaBned at 40.C for 4 hrs
wi th nmechanical stirring and a static nitrogen

bl anket. At that point the reaction m xture was

[0@Te - B om- ex(teirrmtmﬁsnplethyammlbpnena (Ol 88 warsol) andTEE (45 mL)

R H80 o3 BoERLE 25 {1 T REORY TR B RN AP B M dn THP) wes

addsd sleMyemamthmnyg meatempgranhre 58 &c0 PON The xéadtion evas atirred for 30

@Bé%ae r at '(98" ﬁﬁthgf elbagqlrlf h%rgnlgrr}gfa{? ide W@stqg\@%?etg.yWater (100
nnLe)swaislmIdeﬂ o thesflesk @nd theoprodadtentgrasted with@eptape. The THF layer was

E5hed PR UEE e TR ad frdiu BRT Aver wpsn iy Sifete. The
peaductwag t€dveledias amecn‘aru@ ixpuid aftbruime sdledrit s delnpvéDby rdtary

LR ke N R

Tk @rmpwa@taﬁalyzdmmm sppotradoofly and te follawing results were
Bk RS (oo o 70 7.7 A RKAR: o) 79 821974 P 158, 134,
(tr|nethylsiIerthynyI)thlophene recovered. The

product was anal yzed by NVR spectroscopy and the

f ol dtepVBrEbringGsh b63-BRirfo-akY @rcﬂﬁ@-2—pe*r‘|tdW8ros§lfér§zﬂmﬂwyl@-trﬁophene
(s), 7.19, 25 7.45; 13C-NVR B (ppm -

122, 123, 129. Step 2 Formation of

3- - brono- 4- et hynyl t hi ophepe [ 0043] BThe product of step
one was converted 3 r onp- Bret h t hi ophene
according to the equatifon $sBf ol | : -9 Br, ~/ Br,
Bu4NF [ 0044]

3-Bronp-4-(trinethyl sPl yl et hynyl )lshl ophene (10 g, 38
nol ) and THE (45 nl)

[0045] 3--Bromo-4-ethynylthiophene (7.3 g, 39 mmol), pentane (130 mL) and
potassium fluoride (0.38g) were charged to a stainless steel Parr reactor. The solution

was cooled to -50 °C and degassed. Pentafluorosulfur bromide (42 mmol) was
condensed into the solution at -50 °C and stirred for one hour (alternatively
pentaflurorsulfur chloride may be used). The cooling bath then was removed and the
reaction stirred an additional hour. The resulting solution was treated with cold aqueous
sodium bicarbonate. The aqueous layer was separated from the pentane/product layer
and the pentane/product layer was dried over magnesium sulfate to yield the desired
product. . The product was analyzed by NMR spectroscopy and the following results
were obtained: "H-NMR: & (ppm) 7.1 (pent, 1H), 7.3 (d 1H), 7.4 (d, 1H); "*F-NMR:
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was stirred and cooled to -5 C. Tetrabutyl anmoni um
fluoride (40 nL 1 Min THF) was 5 added slowy

mai ntai ning the tenperature -5 to 0 C. The reaction
was stirred for 30 mnutes after the addition of the
tetrabutyl ammoni um fl uori de was conplete. Water (100
m.) was added to the flask and the product extracted

Mpprn) &, F,. 80T(rpentTHE) IMB: 11/z\336, 304aShe,B v, Bin5,E0yRET, 265, 243,
f dried over nmagnesium
25'9;@2851- ’ Bg'o cbg’%ﬂs%?ecovered as an orange
liquid after the sol vent was renoved by rotary 10
evaporation. The yield of 3--bronp-4-ethynylthiophene

was 92% Bp 58 1.5 .mm ., The produc .

anal y2SiPRg FRiTRelap Rt oanaUmeS BV EUAR iseree
were obtained: "HHNVR S (ppm 7.4, 7.5, 7.7,

13CGNVR 5 (ppm 77, 82, 114, 124, 125, 134SFStep 3
For mati on of Br.
3- Br ono- 4- ( 1- br ono- Brpen
ene 15 [0045] 3--Bro
nmol ), pentane (130
(0.38g) were charged t'0 a stainless st@gel

[0@463t drhe productd-brioimed-AEntafsiocsobamdethyny )§topbenadwas formed by

HEE AR ER s RPHEM AR STR pelioot G B BN TR 9o e

pentnbipooduchbdletioredndvatirned ab estina fdmpevatsid. f\Wher MEo elimimation was

oPRbIeTE 42 Epord s e R8s bl iy SRR s Plfovea by

rcnteawwabn@tlenl he produat 3thremb€ld(pentafiuarobulfangletgogl)thiophene, was

bl e?s' %g{ﬂ{%ﬁﬂ@:&ig?ﬁ % ﬁglgy Zt“rﬁ%@%ﬁanrvéﬁ%yso‘?&ﬁ%ﬁ‘ér?gt 55° C / 200
np"ém ga.n'ﬁ*lemrodlmm wajs&ty!atyzev.hbsé dlMFéstmrescopygideShel follswingaksults were
ohfanes e RPERa (DLE0RS ety TR S enni g, 4P). 82
(aVeIFy, 1Bt ev®Th, 3141 294R20& A0ape)5, 408, §menie1.lH), 7.3 (d

1 H, 7.4 (d 1 H: 19F-NVR -13 S (ppm) 66 (d, 4F),
80 (pent, MS: mz 396, 394, 392, 317, 315, 269,

ég7 Siz g%tgzé}qgéﬁéhoég pentaguorosuﬁ;fgnyl ]tﬁleho[g’.%e-;b]th?c?ﬁhe%%
[éléplli or‘Fﬁe prcgé) o fa sfttla;l:'J Poru?%vlélsfcgnyer%dqx p%nt)a}luorogm%nyl tﬁlengé 4-

blthiophene according to the equation as follows

SFs

8§

‘E n-BulLi ) \
2 Sg S

[0048] A mixture of 100 ml of diethyl ether and 8.38 g of 3-bromo-4-
(pentafluorsulfanylethynyl)thiophene (0.0268 mol) was placed in a 250 mL round-

bottomed, three-necked flask equipped with a thermometer-gas inlet combination, a
magnetic stir bar, a gas outlet, and a septum sealed port. The air in the flask was
completely replaced by nitrogen, after which the solution was cooled to —78 °C (bath with
dry ice/ acetone).
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[ 0046] The product,

3- brono-4- (pent af | uor sul fanyl et hynyl )t hi ophene, was

formed by HBr elimnation. Sodi um hydroxi de powder (6

g, 150 nmmol) was added to the pentane/ product

solution and stirred at room tenperature. Wen HBr

el imnation was 10 conplete, the solution was filtered
[00:49] e Fosutidmeof aekes anbobf 208 Melar nviwd.i ((RO3R/mdl, 0% exaesas)yn hexane

t The . .
WS RBRE ol TRl ige Greyaty e s5pimy hils keeping the
teraperature delaw - 0y°€l. | Foftedn rqtmbtésiaﬁteﬁ’&@mmiamrdof r-butyHithibe addition,
st B e o L. 8 LAY ol e
(tb oizmmongz%@(uéssg waeraadgaFJ b‘?\?’/}q aniega secbthVRT? GheOreépttwﬁwaIT:s Maintained
; ) nt, ,
e beth el ineigmbassiin s opaiom 0. SRR TBee Mages, JpB mi of

€ | llowed t
b BB et RO B misand e reggien elowed ©

WEIN® tp resin empgrabirepver@bputvbbr. C‘Bm,r@ﬁ@tm migture was maintained under

f RS t hi eno[ 3, 4- b]thi ophene according
B%@tteﬁ e83§t Fbofé‘agbs“’?ol lows SF5 Br, 0 S 1. n-BuLi 2.S8

L T AT
s@@eﬁ)ﬂﬁﬁlonedi ))y vmarymvapmitldam(:iﬁ 230 Hekamhm(ﬁ@d'anms added, to the flask
er

K ter- gas.,
i} R Pl s Rene R St Eometld rygue” S e Blg $Biiton was
filered etirougind CadSmijzramfilee ahe Cbm@ﬂatogfébbedmndérmﬂrdgenfdlmlica gel
W e B L AP Sl a Bt SR SABOGE: G Biectable
n@tfb@ﬂe—)—aBndLm He2ftd G —the aairulV aletentedopebik, @em_ccﬂiéctédS Solvent was
ar _n uLl

waed fropesach 2 Os%ﬁryteé@pggg{%@ﬁ%eég) |n h q@gtcn\ﬁa %05torr at

%@tWéHed/@Bhg K&RPBOTA, Q#thetrﬁﬂﬂﬁﬁﬁ@{@b@téﬁlmmfﬁﬂyl%lenom 4-
Flfteen m nutes after con‘pl etion of n-butyl Tithium

bithigPbenss,  and the reaction tenperature maintained at
sul fur

1903 Tl CoerSatsdbiseBl S 6ihesEe Has 204ad and the siiting
SWRBoMBOAERINEE °C. The mother liquor was removed from the solids. The solids
were recrystallized by adding another 2 mL of hexane and repeating the procedure.
Drying at 20 °C and 0.75 torr yielded 0.44 g of 89.8% purity 2-pentafluorosulfanyl-
thieno[3,4-b]thiophene. (sum of isolated yield = 43%). . The product was analyzed by
NMR spectroscopy and the following results were obtained: 'H-NMR: & (ppm) 7.29, 7.4,
7.58; *C-NMR: & (ppm) 111, 117.2, 117.8, 134.2, 140.5, 157; "*F-NMR: & (ppm) 69.5(d)),
81{pent);

Example 2
Electrochemical Synthesis of Poly(2-pentafluorosulfanyl-thieno[3,4-b]thiophene}

[0052] 2-Pentafluorosulfanyl-thieno[3,4-b]thiophene was dissolved in 100 mM
tetrabutylammonium hexafluorophosphate/anhydrous acetonitrile solution to a
concentration of 10mM monomer and was electrochemically polymerized employing a 3-

-15-



10

15

20

25

in the bath and the tenperature held below -70 C

After fifteen mnutes, 100 nL of nethanol, at approx
-50 C was added to the reaction m x and the reaction
allowed to warmto roomtenperature over about 1 hr.
The reaction m xture was mai ntai ned under nitrogen at
20-25 C for 20 hr. 10 [0050] The m xture was recovered
elctrbilé tenfigueatiohy psigdavHAOVoTKiAG efpaprede tincnt Delta Tethnekugies,

A e = 48 et IR B mbrag CEIRRCb RGBT om?) anda
Ag/ A ?prﬁqurdugs re‘Fereﬂc?erd:tcbdzg s‘l‘lrl:lgbtcrffgreﬁmieleﬁmxmde éBioamlwmal

SR Bl M5 e R e o sgap iR Ha P Ao aptyrous
aoetoaitrdle solutiemtA CH Ihturaents ModetiE§0B8eridsoElectodahemidahe
eBretTeeln e ip i e dr el eR RS afelein ot oom
téiﬁbmemr? vAser $Iblahmegrr1ifr:3%en. tG' ﬁng Iaﬁglgirdt ﬂgcl;j?mti;l wg;z Scyctzlzc: ?et;een 1.6V
33\6/%885‘% réfegglfj%g)r&fssc )r;ur igt y 99.7% of the rrbnomer

g SR AT 0BG et Bafeh rege BlebiistEHEH fiye i phhne surfece

ofithd ttarspaestITO algct?édesol uti on cooled to -78 C. The

not her |iquor was renoved fromthe solids. The solids
were recrystallized by addi ng another 2 nL of hexane
and repeating the procedure. Drying at 20 C and 0.75

torr yielded 0.44 g of 99. 8%amppleid y

2- t af | f | - [ - bl t i

2 BB hURRE AN o I ChGPARR Y AT Bhene

h I i I
O RERe SRR AR o A6 W58 ol foq
t@rabupigmihbaiumlisikaluorbpfosphateBrhhdrolid cétonilrdé sollBeh TR
c%p%’rﬁr '?lg gfofénqgﬂ’mor?o%ér%%@tv)ais e%&%hgm%a@ S&ﬁ%gﬁg%@rﬁﬂbying a3
eRatrp(d@ cpeftiuadtionpusisgbf dMQ|wdrking etecBode b ¢rhf, Biiie Texhnddgies,

[ 005 2- I f - t,hi 3. 4-hlthi 2
LR Rs 551 d M 2 i S0, MUY et fontan SR8 Bt e, and o
At horequpbasisiareedeelbytrbdeuTharsi¢rencd eletteodeo(Biganalytical
SIS EHAE 203 SRR TLALRE BB Lg O LaNOzanhycrous
aekwralttlodelutionfA GHrlatriraents idded7GOB Sdiis/Eletirouhemical
A%laﬁ/%terr/\%ﬁ(s{ajﬁoﬁ nm?as%ﬁli;_e% t‘(l;eqcﬂ];n{g le°19|'e§t§dchemical polymerization at room
temperature under a blanket of nitrogen. The applied potential was kept constant at 1.3V

for 30 seconds.

[0055] Polymerization was apparent from the development of a blue film on the surface

of the transparent ITO electrode.

[0056] The invention has been described with reference to particular embodiments, but
other embodiments are apparent to persons of skill in the art, and are included within the
scope of the claims.
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Limted, RR, =5 -15 Chm CG501N-CW ), platinumflag
counter electrode (1 cn2), and a Ag/Ag+ nonagueous
reference el ectrode. The reference el ectrode

(Bi oanal ytical Systens, Inc.; M- - 2062) consisted of
a Agwreina 0.1 MAGNG3 anhydrous 5 acetonitrile
solution. A CH Intrunments Mddel 700B Series

El ectrochem cal Anal yzer/Wrkstation was utilized to
drive the el ectrochem cal polynerization at room
tenperature under a bl anketCbAIM8B trogen. The appli ed
potential was cycled between 1.6V and OV at a rate of
100 v/ sed thjedobidpheak wompogitidbn comprisingaap8F egitoupr om

t he devel opment of a blue filmon the surface 10 of
the transparent |1 TO el ectrode. Exanple 3

El ecty. ocheirfiéH othitypHidh@dompasition of Claim 1 represented by the formula;
Pol y( 2- pent af | uor osul fanyl -t hi eno[ 3, 4- b] t hi ophene)

[ 0054] 2- Pent af | uorosul fanyl -t hi eno[ 3, 4- b] t hi ophene
was di ssol ved in 100 nmM 15 tetrabutyl ammoni um

hexaf | uor ophosphat e/ anhydr oqu~sarEet onitrile solution to
a concentration of 10nM norforfeF and was

el ectrochem cally polyneriz | oying a 3- el ectrode
configuration, using an I TO ki ng el ectrode (1 cn®,
Delta Technol ogies, Limt =5 - 15 Ohm

CG 501N- CWV), platinumfldy cdunt®r electrode (1 cnR),

and a Ag/ Ag+ nonaqueous reference el ectrode. The

refer ence el ectrode (Bioanalytical 20 Systens, |Inc

woere X208 2§ aE%'ﬁQP%Q@&”’éM seée%gfxpméh? aroyp@omswwgwdxb halogen
ﬂmiwdmggs Mglretghishirh.e b%ﬁinwé a@@s bbrddid édlbrisUDEAEEHR"-, -OC 4

Q0B Seri és El ectroch em

aliyh rG2e15 alkis B¢ PBn ands AR ‘Ee@"'t Fdipelypetisable aromatic groups,

WhERERT QhisHEeS A, itk BEIOG%téIl@W 1, vHeré RO BoripRS® e 8f 81 Palky, and
under a bl anket of "nitrogen. "The applied potential was

whers Rc srawares &t onCaalkd.or 30 seconds 25 [ 0055]

Pol ynmeri zati on was apparent fromthe devel opnent of a
blue filmon the surface of the transparent |TO

el ectr ode.Themgawpsitig of Glain 2ivdiereia  ajeskri bed
with reference to particul ar enbodi nents, but other

enbodlnents are apparent to persons of Skl|| in the
art, 4and dhe corpralied olfiaim g wheeein gt legst aste afpeanrd ¥ ganprises a

b%‘d\@ter or boronic acid.

5. The composition of Claim 2 wherein at least one of X and X’ comprises
H.

6. The composition of Claim 2 wherein at least one of X and X' comprises
halogen.

7. The composition of Claim 6 wherein the halogen comprises |, Br, or Cl.

8. The composition of Claim 2 wherein X and X’ are -CH=CHR"” and R"

comprises H.
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1. A thienothi ophene conposition conprising an SF5

group. 5 2. A thienothi ophene conposition of Claim1l
represented by the fornula: where X and X' are

i ndependently selected fromthe group consisting of H,

hal ogen 10 atons, Mgd, MyBr, Myl, Sn(R )3, boronic

acids, boronic esters, -CH=CHR'-, -0Cl4 al kyl,

- CO0BL- 6 dlheydompdsiGaRof Caimd 2-v2@Reih at BagtonesafK and X' comprises -
Oo%!%neri zabl e aromati c groups, where R conprises

Cr's alkyl or -OC1.6 al kyl, where R' conprise H or

ClL 6 alkyl, and where R'' conprises H or Cl-6alkyl.

15 3.,,The _conpasi ti.on Claim2 wherein X Xare H. .

5 THE' CoTbBaRreREH ofbiame s sreb B lasfore.e afi Gspmerises
SX(Ripd X conprises a boronic ester or boronic acid. 20

5. The conposition of Claim2 wherein at |east one of

X and X conprises H 6. The conposition of Claim?2

wher @iin  atTheed&iposifien of CRéina2avhér€in BPleasiesne ¢’ agEX. catlprises a
7. The conposition of Claim®6 wherein the hal ogen
p8@WSF'F§@§2F9m%P,Qr8?p'G . 8. The conposition of Caim2
wherein X and Xare -CH=CHR' and R' conprises H 30

-17 The. conposi ti of Claim 2 erein | egst _one

of X Znd S gipies ot P b ergh 2t KasL G o andR tamprses at
Idstiome dewiber Selechid ftaratie groep obnsistiag &f ¥hers@maphthakeneppyrrole,
%é%& 3. 1% . The conposition of Calm2 wherein at
ditugRienGnandhigPNRAR X conprises a pol yneri zabl e

aromatic group. 10 12. The polynmer of Caim 11l wherein

at | east and X

X . ises at | .
Tenbas. seBBPRMIS Gh1ATE 1RSI0 Gh SRSt P Of 2l rgamrises
tHigimibphetize, pyrrol e,

14. A polymer comprising pentaflucrosulfanyl substituted thienothiophene.

15. The polymer of Claim 14 comprised of polymerized units represented by
the formula:

SF5
[N

4
S\ Y']/n

where n is an integer, Y comprises —CZ'=CZ%- or -C=C-, and Z' and Z° are
independently selected from H, F, Cl or CN.

16. The polymer of Claim 15 wherein Y comprises ~CH=CHR"- and R”
comprises H.

17. The polymer of Claim 15 wherein Y comprises -C=C-,
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di t hi ophene, and thi ophene. 13. The polynmer of C aim
11 wherein at |least one of X and X conprises 15

t hi enot hi ophene. 14. A polymer conpri sing

pent af | uor osul fanyl substituted thienothiophene. 15.
The pol yner of Caim 14 conprised of polynerized units
represented by the fornula: 20 S~Y~n where n is an

i nteger, Y conprises -CZ =CZ2- or -C=C-, and Z' and Z2
are independently selected fromH F, O or CN 25
16. TiBe pdThemmiynodr cBiCiaim 1decompiseigrpolynoerized iunigs of 2-

-CHE ‘- a R, . C ri.ses,H 17. The pol yner of

o Sresrofafef AR iRethe = 130 16”18, The
pol ynmer of Claim 14 conprising polynerized units of 2-
pent af | uor osul f anyl -t hi eno[ 3, 4-b] t hi ophene. 5 19. A

A GOy W o R W s
10 15 06648P USA. DOC

FuLF
F'TF
57X
7\
5" 'n

20. A monomer represented by the formula comprising:

Br
Br.

7Y SFsg
S

06648P USA.DOC

-19-



