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TI TLE OF THE | NVENTI ON: SUBSTI TUTED THI ENOTHI OPHENE
MONOVERS AND CONDUCTI NG PCLYMERS BACKGROUND OF THE

I NVENTI ON [ 0001] Electrically conducting polymers have
devel oped into a material of choice for a variety of
organi c optoel ectronics applications. Such
applications for optoelectronics include polyneric
light emtting diodes (thin filmdisplays), solid
state lighting, organic 5 photovolatics, advanced

menory devi ces, orgagit¢ fhehihieeNaNTibansi stors,

ul tracapacitors and el ectrol um nescent devi ces.

Condit 1o oy taeSt AT SO

di scovery of con UMIVI f\y I h suc po%yrrer I\cAreat ed
substantial interest in other types of electrically
conducting polymers. Recently, conjugated

pol y(1 hi ophenes) ggd RS A HHBUNVRNGRATYS

erivatives have been-discovered to have electrically

u . e r 1l

AT Bl SRS ol s Bob R BRI P i o
varigty ehongenialopfpelentronics iapplisations. hBuahogmalicatising fierapteaiectronics

R bR ot AP RLERhRARETLAGR, croeni
psetovaistios, &dvanged mamory devdices toygatic figld etiéat drtansistors, ultracapacitors

ap lI [ &hi'n St r?t% [d%ggs] Representative articles and
apa?éaﬁﬁs | Wys? rati lng t hi ophene nononers and
e . . . .

IRO8F 6% bl A0S HoBPLITEOR MRS B EREARIone anc
the, disevayiof dbpdiabivitys incaoich polytred crasitgcheubstaptial interest in other types

ey . e . Vi
of B0 LRIRBATIR, ekt LN G: 05 AFSH-B8P
suhstitutechthiophens derivelifes havegkean dissqyerad todiare ietecricalietariducting
oPefisS” H R98H 6Phe 0 UahER KAtk Al Bl copes wi
cafyentieml pPahd ndype ardhe dopedpolpngrsf aanrbededsy into films and their

oREU 5L Ao S ), BRSSP or o

apadgtyof optoeleLDOUS hpplBabioEs5, 914 di scl oses

fluorocarbon-functionalized and/ or heterocyclic
[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 usefu! in electrooptical and eiectronic 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.

[0005] US 6,585,914 discloses fluorocarbon-functionalized and/or heterocyclic
modified poly(thiophenes) such as ¢, w-diperfluorohekyisexithiophene for use in forming
films which behave as n-type semiconductor. These poly(thiophenes) also can be used
to form thin film transistors with FET mobility.
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25 nodi fied pol y(thi ophenes) such as a,

w- di per fl uor ohexyl sexi t hi ophene for use in form ng
films which behave as n-type sem conductor. These

pol y(thi ophenes) al so can be used to formthin film
transistors with FET nobility. -1 [0006] US 6,676, 857
di scl oses pol yners havi ng pol ynerized units of

[Foowybals bler8 k57 -didddseE PbRvRpd ﬁé\ﬁn@ﬁowm@w Griid6 It @l substituted-4-

materials for use in sen conductors, " char e transport

fHaRoETIPRIERe a8 labic sy Tale iRl dpraisefin BETICOREWRPT: e transport
rRHISHAN A oo fiad ioBRRE FANIRAS, pHoNORhic iR dElftes.

di scl oses polymers of benzo[ b]thi ophene and

(8007 eIk lBbS @Smﬁeg?@yhlé% bf tbé‘i@oﬁth%?ﬂéﬁé’@ﬁdmt ors

and ascar e transpor materials I n ectroopti cal
b@@@ﬂ%ﬂ&éﬁh'?m@]m@éﬁ@r repags@Migredycers and r@agéafgsertrﬁnﬁgort materiais

Mrabgﬂ'rd,@gt,gapdéggggor ating electrically conductive
po ynmers based upon pyrrol e-containing thiophene

eSS 6 700,888 IchdcRR Alohthi b tri&dtricall
Uszi%o4/ L ke RNl Ag Jﬁnﬁégmn%?ﬁ% [Rdrically

‘V?fﬁp’gm@mﬁe@éﬂ’oﬁwffp@pfé&@lwgg dﬂ@@'&eﬂefpolymers and aniline
cbﬁb%ﬁblﬁ‘n@ﬂst hi ophene for use in electroactive
applications. Copolyners can be forned with

[6D0%] eUBdO@H@O@W‘F 159 R!]%esﬁoﬁﬂﬁg@%@?@ an@%[ﬁdﬂnﬁers comprised of

benzot hi ophene, and the I|ike The article,

reRpAing Snids @maleep@a-bmmqnpdareuqei la glagtroactve applications.
CBﬁbbﬁér%réi&gwé foriic8 '0\%35 Aeth]yfénﬁioﬁcgﬂggﬁ%ﬁ@)dnthi’é;])ﬂéﬁé gf?\’}’ole

Ga
bﬂ”%oé'l“egié%"ac/ﬂ?‘? Eﬂ?s"kﬁhl enot hi ophene pol yrrers i ncl udi ng

2;phenyl -th 3, 4- b]thioph
[lﬁﬁ ﬁ Zhg@g‘t?ﬂ t‘ﬁflr’l@re?g%ga”ﬂ @FG%@T{’%‘%&?@;&%\SQ rt‘}’e@{ﬁ%gequrguenoﬁ 4-

mbyﬁ@fe‘; A heW1bly B4R @ap P%lyﬁuer Chem. Mater 1999 11 1957 1958
3, 4-b] t hi ophene) : New Sol'ub

Kﬁ’gg decyl -t hi eno{3
YRTIoG §hieReih@RbEHe oVBPHer IRy ROl PbevRiianoTa4-
bﬁﬁQWQneZéﬁd %6@(216§(93)I -RHETo[Y 3LH] MISpIRMeY BB tbhdudting polymers.

t hi enot hi ophenées i ncl udi ng

[avaHy ( %6 Qetdie, tdwﬁm{eayﬂmab éblmy n?;@Trla_leE»fa F@N{z/%ﬁ%dvaeand Gap

Cpr ep t he BRI
oBe4 Pt STRINONE Vgioin G4 (1R LAt R HRE RS ATONE pRlymeric
tﬁwmgpﬁbﬂ@g IRCISREP PSIFRYdedy1-thieno[3,4-blthiophene) and a process for

preparing the polymer.

BRIEF SUMMARY OF THE INVENTION

[0012] The invention relates thienothiophene monomers having a Cs¢ secondary or
tertiary alkyl group and to conducting polymers formed by the polymerization of such
monomers (polymerized units). Such polymers may find application as hole injection
materials, charge transport materials, or as semiconductors, in optical, electrooptical or
electronic devices, polymeric light emitting diodes (PLED), electroluminescent devices,
organic field effect transistors (FET or OFET), fiat panel display applications (i.e. LCD’s),
radio frequency identification (RFID) tags, ultracapacitors, arganic photovoltaics (OPV’s),
sensors, in small molecule or polymer based memory devices, and in electrolytic
capacitors and as hydrogen storage materetal.
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25 tertiary al kyl group and to conducting pol ynmers
formed by the polynerization of such nononers

(pol ynerized units). Such polymers may find
application as hole injection materials, charge
transport materials, or as sem conductors, in optical,
el ectrooptical or electronic devices, polyneric |ight

[oOT3Y t mgamta?d@mag BeEehievet @sing Qmelmonsm@@ﬁnmmyrﬁ@s based upon
or anic field transi stors

r
Qa %cpongipgqu)ré9nlg%qal|()g éapp%tﬁgteg thlgnot&@jngr)es 3(51er%!a%tages provided
bf E&GERN e ndeshbfs awwmm@ mbl@@é’ udéftﬂﬁe%@a'ﬁ)a%&@faﬁge of

or gani c hot ovol tai cs ﬁ@ ensor.s,
SR A iatiges mm%e%n\we Pptaa%fep@@sandgwaempnomers and
pSlyRekd %v[hg enoré 3@@&% ﬁ?ﬁeﬁ%c@ﬁeﬂmaﬁlﬁ? oRiRIAEROMO) than

nat eretal . - vant ages may be achi eved using

p?M@hﬁﬁﬂﬁﬁﬁPﬁh@Pﬂfnﬁblyners based upon C3.8 secondary
or tertiary al kyl substituted thienothiophenes. The
advant ages provided by sone of the nDnoners and
polyners may in . _usefulness

BT oni oo BRS alER RERERIERER o v N T et a

stability andsome nonomers and 5 polymers having nore
[ovaa] t rrm% Meﬁiﬁ@ﬁ&el%@@@b@tﬁ i GaLds dhatr Based %pdrfﬂ\@econdary or

t han t hi eno hene DETAI LE
'é% dﬁh{fl @RIE‘EQ?MA']' d t]ir POIYRALHt i on

t C osj tions of based n C3.8
l@iéﬁ Ei\aﬁ%&ra TR it on SPoaPiyy Sae i AR GrodRs pendant from
thtéﬁo&ﬂ@dil%nés l@]‘fbhu rﬂé}@@ Bléﬁtncall}dcdnﬂﬁbﬁndb}byéfﬂé§ makidg 1I5ém |v¢ell suited

foy Pd’@ﬁgg"&é ﬁgg‘?ﬂmﬁwgﬁ{ a@q{lpg’g%'tsh éwi gng]ttgerratal alrﬁﬂaq:}lgnghty may be

faeb@@tfun@@hlamyconductl ng propert| es maki ng them wel |
suited for a variety of sem conductor applications.

[Olo36]r Deybatvesd of ﬂ’fetcﬁtﬁey&bndam o teiay alkyl sUbstitoted thRvothghhenes

cggﬂ@%fmgp lplajl% eqrtqﬂ% Sﬂ \é%tg{;q o%r tenlaryq%nctlonahty Such
codrpeamidngi b pligiee are .@@fesl@ﬁteﬁcbrmd cBinpBlindstha¥ingathé &drmula A:

addition of the secondary or tertiary functionality.
Such conpositions of matter are represented by the
conmpounds having the formula A. 20 where Ris C3.8
secondary or tertiary al kyl, d X and X are

i ndependent |y sel ect ed fromS N

where R is C,.3 secondary or tertiary alkyl, and X and X’ are independentiy selected from
the group consisting of H, halogen atoms, MgCl, MgBr, Mgt, Sn(R’); (where R’ is Cys
alkyl or -OC,.5 alkyl) boronic acid, boronic ester, -CH=CHR" (where R" is H or C5
alkyl), -OC, alkyl, -COOC,.¢ alkyl, -S-COR™, —COR™ (where R is H, or C4.,s alkyl),
-C=CH, and polymerizable aromatic groups.. Examples of secondary and tertiary alkyl
groups include isopropyl, terf-butyl, isopentyl, tert-pentyl, 2-ethythexyl, and the like.
Examples of halogen atoms include F, Cl, Br, |, and the like. Examples of polymerizable
aromatic groups include phenyl, naphthalene, pyrrole, dithiophene, thienothiophene,

thiophene, and the like.
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the group consisting of H halogen atons, MyCl, MBr,

Myl, Sn(R )3 (where R is C1.8 alkyl or -QOCL.8 al kyl)
boroni c acid, boronic ester, -CHCHR' (where R' is H

or Cl1.6 alkyl), -QOCl.6 al kyl, -COOCl1.8 al kyl,

-SSCOR'', -COR'"' (where R'"" is H, or C1.6 alkyl), 25
-C=CH, and pol ymerizable aromatic groups.. Exanples of
[equdaéwrr%ﬂdnér&fnﬁéralw pRbdding mfrﬁtbmﬁymérﬁ |ahd%opolyrners are those

I SO te t butyl , i sopent - pentyl,
é%)%ﬁ’%’e&ﬁre A e '@SPP"EQ yt P ‘of hal ogen atons

| ncI ude F, d, Br, I, and theéi ke. Exanpl es of

pol ynmeri zabl e aromatic groups=include phenyl,

napht hal ene, pyrrole, dithiophgne, thienothiophene,

t hi ophene, and the like. -3 [0P17] Preferred nononers

for produci ng honopol yners agdxgopol yners are those

where X and X are H and repriesgnted by the fornmula B

S 5 and Ris isopropyl, tent yl, tert-pentyl,

i sopentyl, or 2-ethyl hexyl, pwgterably tert-butyl.

[0018] Electrically conducting oligoners and pol yners

apd pisiisapdopy, terHbytyh itet-pdntyhiigopentyl, onBrethpthexyB peaferably ferf-butyl.
anot her aspect of the invention and are represented by

[0048] f ErlentficallCcontiusting Oligdmeere andipslyarers noragesed of pofymerized units

o632 8 e BB n € TETEISRR B g i

units and these products | end ~ t hensel ves to the
production of nmenory and fi el geffect transi stor

devi ces. Polynmers having from 11 to 50,000 units,
often from20 to 10,000 units|are quite useful in
preparing filnms as hole inj8Cthon materials in various
el ectrooptical applications. [0019] Preferred
honmopol ymers are represent e forrula DD D R
where n is an integer as repﬁbséﬁfbd above and Ris

| but
WhSRE T ALIRIAOON O B +E T aF Crbe PBYZ Bha2E RE RdaRrsienty H, F, C

oPCNETBIigRHierd oftdH RaVRl fRorft about 2 to 10 units and these products lend
themselves to the production of memory and field effect transistor devices. Polymers

S

having from 11 to 50,000 units, often from 20 to 10,000 units are quite useful in
preparing films as hole injection materials in various electrooptical applications.

[0019] Preferred homopolymers are represented by the formula D:

D

R
87N,
{ \
8 'n
where n is an integer as represented above and R is isopropyl, tert-butyl, tert-pentyl, _
isopentyl, or 2-ethylhexyl. Of particular interest are the monomer, 2-fert-butyl-thieno[3,4-
blthiophene, and oligomers and polymers comprised of polymerized units of 2-fert-butyi-
thieno[3,4-b]thiophene.
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20 b]t hi ophene, and oligoners and pol yners conpri sed
of polynerized units of 2-tert-butyl-
t hi eno[ 3, 4-b] t hi ophene. -4 [0020] Synthesis of
2-tert-butyl-thieno[ 3, 4-b]thi ophene, for exanple, can
be effected by the 2 step process. 5 PdCl 2(PPh3)2 B
PPh3; Cul; Et2NH "S g 3. H20 1, n-BuLi; 2. Sg6 [0021]
[Mmy @‘yntHeeusctﬂ - teatbung-shieno[8 Aep]thesbené, lfeeemmleam be effected by
W%f X and X are other 10 than H are forned post
HEPiFSPCSSF: t he nononers. In post reaction one or
bot h hydrogen atons may be replaced wth other

functional groups. Alternatjvely, sone. he
derivatives may befor@,—{ab initio, by nverting

t hi ophene to t derBrvativehand th [

step reaction %ur@d@hﬁ%ﬁsm and re conpatible
with the chem I\, St 1-2 above. 15
[ 0022] Pol yneri zats1 on o ?t@?% hg'{ndarygand

tent - al kyl -t hi eno[ 3, 4-b] t hi ophene nononers can be
effected utilizing an aqueous phase pol yneri zation
nmet hod wherein the nono
2-tert-butyl-thieno[3,4-
pol yani on and an gQxid

i ophene, for |exanple, a
t are reacted i ‘l\ e presence
of water under reac

n condpliiong, suf fiyerent to form
t he honopol yner, e. /N

pol y(2-tert-butyl -t heeno[ 3;D] t hi ophenels” By this
pol ymeri zation 20 process, the resulting polymer may

be ﬁoIJmen zed and doped in a single step. [0023] The
[a9231inMapy opthedarivetivesrd thax rasapetivednenoresrp MieRI Xiandef &re other

tk@lﬁ%ﬁi‘ésforrﬁé’& ﬁq&ﬁ%rﬁ?&nbﬁ It {Fretfheﬁorﬂ@aé *m Eg@llrxaafembnew both

can be determ ned for é‘gl ven i rization
hydregriuetomsdnay bs pririagashviit etber funetror@ avppe Aernalivelnsome of

th‘é@iér@atﬁfes?miﬁlféméﬁy Blnitio onvertl ing thiophene to the derivative and
tertiar thlenczj34b e nononer to a
thea gnﬂg@omg tizgﬁ, siep reaction prooedure where X and X’ are compatible with the -

chemistries outlined in steps 1-2 above.

[0022] Polymerization of the secondary and fert-alkyl-thieno[3,4-blthiophene
monomers can be effected utilizing an aqueous phase polymerization method wherein
the monomer 2-tert-butyl-thieno[3,4-blthiophene, for example, a polyanion and an
oxidant are reacted in the presence of water under reaction conditions sufficient to form
the homopolymer, e.g., poly(2-terf-butyi-thieno[3,4-b]thiophene). By this polymerization
process, the resuiting polymer may be polymerized and doped in a single step.

[0023] The amount of polyanion and oxidant to be employed in the aqueous
polymerization method may broadly vary and can be determined for any given
polymerization without undue experimentation. For example the weight ratio of 2-
secondary or tertiary-alkyl-thieno[3,4-b]thiophene monomer to a desired polyanion
typically ranges from 0.001 to 50, preferably 0.05 to 2.0. The mole ratio of 2-secondary
or tertiary-alkyl-thieno[3,4-b]thiophene monomer to a desired oxidant typically ranges
from 0.01 to 10 preferably 0.1 to 2.5. For example, when ferric sulfate is used as the
oxidant, the amount used ranges from 0.1 to 5 of 2-secondary or tertiary-alkyl-thieno[3,4-
blthiophene. The nature of the oxidant may be varied in order to address variants in the

-5-
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25 typically ranges fromO0.001 to 50, preferably 0.05
to 2.0. The nole ratio of 2-secondary or
tertiary-al kyl -t hi eno[ 3, 4-b] t hi ophene nononer to a
desired oxidant typically ranges from0.01 to 10
preferably 0.1 to 2.5. For exanple, when ferric
sulfate is used as the oxidant, the anmount used

|¢5rﬂﬂ:ﬁ%ﬁ ﬁdtéiﬂhpaf]thé Qtllfzeﬁfmé’no?%‘fg n\¢|é\’f0‘ﬁs¢='e(lI):’Fe(lll) couplets are known
tertiary b] t hene. The nat ure of

t'ﬂﬂé"%@yd@iﬁ?reﬁbwt%“ﬁ} QPP@W‘"%O%FWrVGW?GH%IP@‘QSV%QI ERth:
Ael(S,08), Fe(peH)Z ak M@Bk&%@ﬁnk@ére‘?&qﬁ:@ il bbée’aeé%uplets may be

nononers. Various Fe(ll) élll coupl ets are known
GPH%lFe@ﬂsBISHS'"QﬁffOP‘@ﬁEIﬁaVB@PE gd &P baé?ﬁeﬁwm@ts Shoyld dpconsidered.
res ective I| ands, en@g FeCl3; Fe2(S203) 3;

‘ﬁh 503‘9 Qxf ﬂﬂiﬁa%"@re W?&‘rif‘éh%P@Yméa%ﬁt'PBcﬂ"“@?s&agétﬁ“”ates and

u%ﬁ lél@l') 8hifs Wg@rﬂc a6ig9ahd ﬁ{o@%ﬂmé Ec@é ESAERIN (B?gé’rﬁé‘ffe%lcﬁfeg are
needed Co basSed couplets s consi der ed

Prejeray bsﬁwﬁghwwem §OTpRIVEs n%mwéas phirgrhd!) saits o organic acids
ap@{rmeg (115 3hRkOS BF Y 8R§&uifgﬁlbsééhfsa§ﬁ§: @ Hethiah®Br bddchne sulfonic

salts of organi ¢ acl ds and inorganic acids contalinin

agidy alinhatie £spapsioxyfie acigs.cfush as £-elbyheradcarbrxylia peidpgiphatic
peRTUGRSIaMRxy @@(ﬂ@é %ﬁcﬁ’ﬁs 'trfﬂ%Brcfa'cbﬂl& a&@hﬁé PQﬁIuSFo%%f&'nSac acid;

aci ds arethe e( salts of fonic
alighadis dicarexylic alds, rﬁé\'ﬁ aéroxﬁléfd%ﬂ@d s's\ﬁ@m@m, ©ptionglly C1-o-alkyl-

sﬁﬂ)éti@ﬁ@& 'sﬁifcﬁ:ﬂc 28)d€ JBR %Y |bbﬁzeﬁﬁa'sd§omé5&8 @ﬁ:luene-sulfonlc acid and
exyl carboxylic acid, aliphatic

de@w‘ é%’ﬂ@@&?lﬂw qQid. g Bpepific %val%%oftlmsa}éﬂr@a@@t FeCla, Fea(SO4)s,

Femsda4)§aﬁd Feg(éLcysg oemenﬁ\esaaan@whde Alo.p Rééﬂaé,, ammonium persulfate,
di car oxyI ic acrd S, such as oxalic acid and ar omat

peﬁﬁﬁ'@ﬁwqrmama%e@ﬁqwm telygtiuarpborates ioskine: @Hla@d REYIRN.
such as benzenesul fonic acid, p-toluene-sulfonic acid

1 Soifakio PONERIPBR nsiHAecAN @iei PEa PelyerbeTic agiinpiikas
@I ad:rgﬁhnaé@ ﬁo&d‘né&ﬁbé@ﬁ: &8¢ Nafioh® %oﬁ%ﬂl@nc acExe éﬁé %GW%HQ sulfonic

Fe2 her oxi dant's i ncl ude
A @M@M@ﬁ guifopis asist a@,%Pcelw'@é ﬁﬁﬁﬁmﬁ@ﬂe The pglyearboxylic
ah& bbREIF RSBy aIs%‘Bé&poWeré‘BﬂvuﬁWbﬁ%xyhc[mw sulfonic

Sul t abl e pol yani ons i ncl ude "an ani on’ of

agigs itH ORBHMINOMAss (sucy @éwca&ateﬁ ang styrsne: ch&cmalecular weight of the
aﬁ@é %Uﬁélﬁﬁ@ &n@,: pAlyeHidb is PrrbreBly i thé)f&'nga%ﬁi £,006 t¢50006h,

fonic acids such xrene
P&%l’ﬁ%{ﬂ@ﬂh@@@ wowwquswemmeaw 800,618

carboxylic and pol ysul fonic acids may al so be L
[‘@’@ﬁﬁ Maseaiess of thejermuls %dem themgglyes I petat-gatelyged polymerizations

aé‘@éﬁénb‘éﬁ ﬁmtr%tJb%h EYERIFET Bonditisiy G V3P YépinRifng®itfthe nature the X
érene e nol ecul ar wei ght of the " acids supplying

Bns is preferably in the range from 1, 000

t Q 500 OOO
[0027] ~ A method for preparing oligomers and polymers, most preferably, poly(2-tert-

butyl-thieno[3,4-b]thiophene), involves an electrochemical process wherein 2-tert-butyl-
thieno[3,4-blthiophene is polymerized in an electrochemical cell using a three electrode
configuration. A suitable three electrode configuration comprises a button working
electrodé selected from the group consisting of platinum, gold and vitreous carbon button
working electrodes, a platinum flag counter electrode and an Ag/Ag+ non-agueous
reference electrode. Suitable electrolytes are selected from the group consisting of
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preferably from 2000 to 500,000 and nost preferably

about 200, 000. [0026] Mononers of the fornmula A |l end

t hensel ves to netal -catal yzed pol yneri zati ons as

described in the open literature. Conditions can vary

depending on the nature the X 25 and X substituents.

[0027] A nethod for preparing oligoners and pol yners,

téf%ht)ﬂ’:irﬁfn%h@m ;‘:Iercﬂ%ﬁfé/%cét@ﬁﬁrﬂe lithium triflate/acetonitrile and
ylI’-thi eno[ 3, 4- b] t hi ophene), involves an

teé!@@éllyﬂafeWemuaa'newﬁe@ﬁbow#@feémmm& t - but yI

thlenﬁlS 4-Db] t hi ophene is polynerized in

[Q028¢ + FIpwatitiatscagqondarnyy t%rﬂ@rbrra&a/! @P@@M%@'enothlophene

ofigithédndipoRner§ nidy Bé‘%pﬁdt\hfrﬁ@on%ﬁﬁnrapﬂeand n- type dopdants post

configuration conprises but t on wor ki ng
pel¥MeszaliPr ¢fdhe f%eeﬂV@UBOWs tThagoeing mr%aeﬁﬁ am'cagb jryolves

tr88eh et b %qﬁn%@ﬁ%ﬁdg%f ﬁﬁter?&?ﬁvhﬁ Hg oﬁlld d}qfééucu?g agent in a

platinumflag counter electrod
region-regclionds formedeleealiged @n@cqqnéﬁ!%m tsaurm%nwé W!th the corresponding

cEUREHEHR c}@rﬁéd fok: tﬁ@'aﬁ]ﬁﬁ&ﬂd A8, {ONpisy (e %ah@hé@a;r@&amp;e

-6 tetrabutyl anmoni um per chl or at e/"acet oni t
exRashreia a ﬁoﬁlnav&md@tfmﬁtmosp@e@rm at ﬁéecﬂlwgdtpyqem iglagirpchemical

d@ﬁgm HQBBE&?@&@@EFJ %C&sa;syﬁk tl'fn'nbi‘ﬁg %Qgédm [ %dﬁ?ao@wtmﬁe

seconda rt|

S‘?fﬁicéﬂ@wﬁ@fdpﬁ@ﬁél todeei tb@’ﬂwiy dﬁh@e%@r@ﬁ@mwmmabﬁom@ﬁb@ dopant into

tH@'éethE&{Bﬁ%er'n’%l? alp- and n- . type dopants post 5
pol ymeri zation of the respective nononmers. The dopi ng

[mgfe@%nauawe%iyynérwmhg Baving h6RL r@abpéﬁ aRBeltbinBd via

sem conduct or nmateri al th an oxidi zi ng or reducl

CRyeRtionah pxrlopapigohiele @@tuvde Hitatqseﬂ Glamel &b clal Glz2il6h ||8I3. IBr and
IFS EBhRY stidd) ofd) QDFEE,?E@F @bFs,VBlish BEN eSE@IrE,r BEEQHS‘ 'S'ﬁ%oprotonlc acids,

COUI’]t erions derived Trom't aﬁ&l I ed pant s

organigagidse BhPMineeacids; e@)@dﬂbl*‘@' @36@19@4 BG4 df|§iQab| and CISOsH,
tré{ﬁel@t%n Bl B&nﬁédﬁaﬁpg gf 'F“eC}Pf F@Eoé\)af peI64,, ﬁfe%&waéagmsoa)a, TiCls,

el ect rochem cal ol ution containin

2o HiiEL ,mthd&ws,tTw&pr% t MOG'scWﬁs,aVé'plsthF*ﬁ"tdwlé"xa wherein Ln is a
lafPIEhERINEHIOk iyam.&ﬁl@#hbp Be, { herisb |, yséléf:«éaedcmn@a,

I oNn- mEI ant ant i on of nt 'into

BgEmi cBheubsior ShieeFpal, FF(QM’) aoérmm&f/éarwwﬁws acids, such
ad AlyTBOTAAISK) dl"h@\?veﬁﬁs %bl Hed formed via

conventi onal p- dopants ude hal ogen atons,

[0936} Céﬁduo@bg Bogﬁ%rlc Fifphs e:'ngﬁmg'e@ctr%ﬂg ad %aﬂr%rs A€M rﬁdoped

aci ds
pcgymegdglmsmt@g%ﬁ:pryeggpm n-dopants which include the alkall meta!s (e.g., Li,

Na, K, Rb, and Cs), alkaline-earth metals e.g., Ca, Sr, and Ba.,

[0031] The C;4 secondary or tertiary alkyl substituted thieno[3,4-b]thiophenes, such as
2-tert-butyi-thieno[3,4-bithiophene and derivatives can be copolymerized with other
polymerizable monomers capable of forming electrically conductive polymers. Such
monomers include henzo- and bisbenzothiophenes, thienothiophenes, thiophenes,
dithienothiophenes, pyridylthiophenes, substituted thiophenes, substituted thieno[3,4-
blthiophenes, dithieno[3,4-b:3',4'-d]thiophene, pyrroles, bithioprhenes, 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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organic acids, or amno acids, e.g., HF, HC, HNG3,
H2SO4, HCl 4, FSO83H and Cl SG3H, transition netal
conmpounds, e.g., Fed 3, Fe(0OCl)3, Fe(Cl04) 36

Fe(4- CH3C6H4S(B) 3, 11014, ZrCl4, H A 4 , NoF5, NbC 5,
TaCl5, MF5, MC15, W5, WC16, UF6 and LnX3 wherein Ln
is a lanthanoid and X is an anion, e.g., C , Br-,

41959,43%; andiB0s Pat. N0 NK845 akd Sdch m&Eé&ner%%r&ﬂr%Bﬂp%?atB&@y
AsF6 , SbF6 , Fed 4 | Fe(CI\I)63 and ani ons of vari ous

f@%’leﬂé‘ﬁl c acids, such as aryl- S03 -. Al so, as wel |
may be used %0030 Conductive polyneric filns
[‘&?’3] oy"' HE?C@F%'&Q pligomers apd ppivatess afscwﬁqqoa%%wr tertiary a’ky'

smltma tmerid[da m?b]ﬂﬂﬂdphbﬁ& %gmsgblt@m@htyntm@wa%]waﬂpﬁsne and
i nclude t al kali netal s K,

d@'é\)atlvgsp l@gpﬁzp{@s §ldqh¢§ %ylgng %lycgl dfetaylengrglycg,l,dnaggutol Q;ppylene 1,3-
g[y@&%l]lt&lﬂ@%@%&)l Sﬁ-(iﬁé}ﬁﬂgg]‘rrd?lﬁoﬁ@ rdokisHoY, g%}cbydi S’propylene carbonate

substitute i eno henes, such

aind piher 2BRIDPIItEH bR IO BRI BhBR e deR i sRarsiony edmprove
cErRchat S RS ﬂiﬁ%rdrégéjreﬂ"frbﬁ'l Plehe Elrspal%tdhge OtR&dcPhimon additives for

nmononer’s Caﬁ/ formng electrica conducti ve
tajringelestricy qundH@tW@,@Igneprﬁ CRObE e afdesired and these include

aRiGREMED UV QBBRARS, sUrBb@NR BheBBfdRsve filtire eb&n@sspamculate
dlthlenothlophenes pyri dyl t hi ophenes, substi tuted

coRmeHpHeRe Sickel B@mlmmé@rw Blagk enqtl@dlks] NenoisRduelive fillers such
a@'tél@'nﬁﬁé’[v?ollﬁsfénﬁe 4“03%&9'1@@? Q:@r@s pﬂdr’hé%%‘hd the iike can also be

ophenes, substituted pyrroles, ggg ene,
'%Qwat?@f%ﬂ'oﬂmww@mﬁ%ﬁ$ ﬁ'éﬁ"eﬁ‘fe'nc@é moglisg, surface

h&YapBid)alisaeScolodriRBYike.and terphenyl- and their
substituted versions, phenyl ene vinyl ene and

003 tﬂ‘hé‘?cﬂléw%e@béngﬁ@s Alfe b\ﬂ@&! oS atd PAHIIE lehnldfinents and
[deggrl bed in at iy -7 959, 230 and U. S. P%r%san

‘cqpparisons @nd 2re Beldnieneded tﬁfi@@ﬁ@’r @eaﬁcep@' akibe pventieny by

reference. [0032] In processing oligonmers and pol yners
of C3-e secondary or tertiary alkyl substituted
t hi eno[ 3, 4- b] t hi ophenes, such as
2-tert- butyl-thleno[3 4- b]?ﬁ@ﬁﬂﬁéne and 5 derlvatlves
addj tives such as ene glycol, diethylene
[09a4hi B¢ compPeHA %ﬁ%’f Eztz'th'ﬁ'ﬂ‘aéérblt"ﬂﬂﬁh&ﬁ@ p@pawegk% a'two step
p¥cE@IrBYh e mahndtdRseribear bi tol , gl ycerol, propylene
carbonate and ot her approprlate hi gh b0|I|ng or gani cs

can be added to dispersions gigpitnprove conductivity

of the fil mprayaparinest sBrEMoLLERS dRhARALILAnmy) Bibsiene
common additives for

[0035] A 1-liter round-bottomed, three-necked flask was equipped with a reflux
condenser, 2a mechanical stirrer, and a thermocouple, and static dry nitrogen gas inlet.
The flask was then charged with 60 g diethylamine (which had previously been dried
over powdered KOH and filtered), 96.76 g (0.40 mol.} 3,4-dibromothiophene, 500 mg (
0.7 mmol) of dichlorobis(triphenyiphosphine)paliadium(ll), 200 mg ( 0.76 mmol}
triphenyiphosphine, 150 mg (1.37 mmol) of copper(l)iodide, and 25.0 g (0.304 mol.) 3,3-
dimethyl-1-butyne. The stirred mixture was heated to reflux for 7 hrs. The initial
temperature was ca. 65 °C. After 6.0 hrs, the temperature was ca. 70 °C.

[0036] The reaction mixture was cooled to room temperature, and the diethylamine
was removed by evaporation on a roto-evaporator. A 600 mL portion of mixed hexanes
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tailoring electrically conductive polynmers can be

enpl oyed as desired and these include 10 anti oxi dants,
WV stabilizers, surfactants, and conductive fillers
such as particul ate copper, silver, nickel, alum num
carbon bl ack and the |ike. Non-conductive fillers such
as talc, mica, wllastonite, silica, clay, TiQ2, dyes,

witb 3088d o ﬁB(ileélB@aﬂ rdfuct Bf rebR, BRng 'vﬂtﬁolrdoé’bﬁé&i@aige carbon (Darco

r onot e SﬁeCI I‘O erties such as | ncreased

| u
132Pmaesh). Rhp dm@yée wag, smréﬁ,cbfoeémﬁﬁ thgrdfiltered thraugh a 500 g shiica gel
0%19%3] The®iekand S *ﬁdéﬁ’gﬁlogéd ftofn cfﬁé Q¥ lufl&islvib @vaporation on a roto-

lustrate varlous e I ments an orpar | sons and
e‘éﬁl@rﬁ@f Thetcsudreproducthasha mass phl. 8¢ ppEheresidyal liquid was

frh&}b‘?lﬁﬂ Etlllﬁﬂ@?ﬁﬁ?%&ﬁ%ﬁuﬂi Eac‘k@féﬂ%ﬂﬂnn acke with glass helices,

2-tent™-butylt ene |1s prepare

unges vecewn. 38.95rbefdivieacte Sﬂrrébr@mﬂ@ophﬁef@d plé@oC/ %éfe@nl Hg) and

SJ:I;: bg %adf%t Eﬁrgl(:h:g-é(%la r%m%th}rl- ut-1- )Ty))-thloyherhe gghg%"g/ Sngjn Hg) were
isplated, ehighovaria B6% l@‘h'ﬁt?d w«ﬁd baserberk 8 B-dimet! Wtyne

equi pped with a reflux condenser, a mechani cal
stirrer, and a thernocoupl e,g % statlc dry nitrogen
I

inlet. 25 ohsdf 0
p%%ghgm ne F\F/;hl c%ﬂ had %@Ew ousl| y %ﬁﬂ%i}e?lg%heﬁovgr

ered KOH and filtered), 96.76 g (0.40 nol.)
[0937] yAcilosyRebetierend, th@@mfwbed fask W%egwawed with a septum POIT a
vé(iwlréchwlléﬂt Qi’fr%@héﬁooélﬁl@" é’fF\‘éﬁ'ﬁBf‘ne@r P &g'nﬁfggbhéas 78, ;ﬂe oven

triphen osphi ne,
digeshpustqm yas @hg@eg@(q @gcgg tq;nrger@tyr@,mh 58P rr)L of diethyl ether and 46.8g
t ! O_74 ©
ISR ol s Rl T B4 074 0 ne
digdcedacetpnabath, 80rhk of 2.5Nen-butyplhistruindexane was avideabover 25
6 e ' j e as I
BAE TS5 PO 6y e b g amea oo
°@uwgz Iﬁcﬁurs),rfo[wwem otanling &peBtt@rat whidDimes.54ay (0.204 bl) of sulfur
m xe e

B I ARORE G PP e GPSesor T 5 oB1ST b B Fhereacton

wad cadledRS80 °J hRntéh Khrdtes008, fid édn?éhté 9f thé ﬂQéﬁ weFé"'f?éhsferred to
filtered through a 100 g silica gel col um.

a ﬁ%ﬂ@%%ﬂ@‘rﬁ”%ﬁpﬁﬁiﬁwws eaQHme wits OQtmloff | '9? 8°|d water,
refIARRY b ((S4HiIQNY fRozeR] Squeous phase from the ether phase within 2 minutes.

After setting at room temperature for 16 h under nitrogen, the agueous phase was
extracted 4 times, each time with a volume of ether. The combined ether phaées were
dried over 50 g of magnesium sulfate, filtered and the ether removed by rotary
evaporation in a 55 °C bath. The concentrate was cooled to 0 °C before being exposed
to air, and Kugelrohr distilled at 70 °C and 0.12 torr, and thereafter handled under
nitrogen. Distillate (27.0g) was 98.9% 2-ferf-butylthieno[3,4-b]thiophene (71% yield).
The Kugelrohr distilled product was recrystallized from heptane at -15 to -20 °C,
producing 23.1 g, purity 99.4%, of 2-tert-butylthieno[3,4-b]thiophene (61% yield).
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evaporator. The crude product had a mass of 91.57 g.

The residual liquid was 5 fractionally distilled

through a 25 cm vacuum j acket ed col um, packed with

gl ass helices, 'under vacuum 37.99 g of unreacted

3, 4-di br onot hi ophene (bp 40C/ 0.45 mm Hg) and 34.07 g

of 3-brono-4-(3, 3-dinethyl-but-1 -ynyl)-thiophene (bp:

60C 0.75 nm Hg) were isokghggie svhich was a 46%

i solated yield based on 3,3-dinmethyl-1-butyne. Step 2

10 Pr epar afl PYAOEOMpaEsan batween fiasiohd 4-bihisphensattne

Prepar ation: [0037F tﬁﬂ'bl;‘*ﬂ'ﬁlﬁf@l%étbﬂtbﬁ?ﬁben‘% hr ee- necked
was eq wﬁped Wi t septum port, a valved vent

h
I@%g Thierelstpltnigphens dislr ﬁ@?c'tYéﬁﬁ'rEr%ﬂ ort Rfeef 50 mg/kg

afd8 defh8iLDS0G 2‘@09400 /Ikg?@ t%YtSthWptM@l%[Q bfaﬁ] h@he bﬁ‘?ﬁ% other

terrperature W th di et hyl et her, 89
@@:I qlgqgﬂqqﬁl,)rpnsmgly Iower tomcﬁy 2- tert—butyl-thleno[S 4~b]th|ophene dlspiayed in

toxich %&ngah%rﬁ Lfbsﬂ%f%boblﬁﬁkglarwfa’bénﬁ& LBBb %F%od?ﬁ@/ﬁé

cool i ng ina dry ice/acetone bath

2. 5M n- but yl I|th|un1|n hexane was added over 25

‘mnutes, with a resulting tenperature rise to -70 C

The reaction was war ned tOEm%Qie% over 2 hours

foll owed by cooling to -30

(0. 204 m&iHemigal ?@!wmnzamofr%fﬂrbwéh@@a{%ﬂw@thlw&ene
erature rose After 1 h at -

(90380 s P bEviRenela - BRNISRNRe S8 6 Arsammplancimidageiedo. 178 g,

2Benmenwerd ?lSQ(SlVéChﬁ g R nYRItEnd BAG ﬁ'feer%ﬁﬁlﬂné @oluﬁon was filtered
se aratory funnel and extracted tw ce,

vt 045 W Bltaro fran(li t5-p-toluengsRRateH2 4 a%-'%ff?amw') was

d‘%éé)\?&ﬂl}n @mu%@ Hbudii Bnd fr@?ebﬁlﬁngf&ﬁlﬁﬁorm&éﬁlté’i«b& erBug?n a 0.45 ym
r setting roomtenperature for 16

f"tﬁﬁd gpthiﬂwtt?@é fvere ﬁ@mQtﬁ‘%@DQﬂ'ﬁ#&%ﬁ #BE-coaling Hemeanta glass
sdtisffﬁfes (%ib@ll} 1B V5 J%t“l@b@‘ FFn dr 1eﬁnh‘ﬁlfe ﬂﬁ@ugeoémfoﬂgd) tris-p-

et her I&ases were 25 dried over 50 nmagnes

tolygnesilionaty ‘P@QV@WW%W@?%%PW@A&W@ e,.olffgqryoatlng. the fims

weeeacn@aaddd%kba (80 i, 3103EYin 4 BEnveeiiGiPRATRES AMRP c68Mlgfdwn to
to C before being exposed to air, and Ku%el r ohr

ro@p‘gtlemqe@}ugtthq@lr@ Wate washediseveral fipas wib angl and deionized

wEt@F‘fH EflradDRER(11) ﬁl&rf@m atlplohimérlzatieh. (PHe bknbBsofAfe Aftas was
-tert-butylthieno[ 3, 4-b] thl\%ghene (71, %

I
d%a@@n%mbeﬂ%q nmﬁafoprsfa'e@ew g cpRyaivityfith 'e&ﬁ)wtmsrwms varied

betRBEAAE 88102 SRri &nd 28760 5K el q%w.mm%ﬁécta;m Elé?law the low
99. 4% of 2-tert-butylthieno[3,4 ene g‘
b%ﬂde@% nature of the formed poly(2- tert-buty]-thleno[s 4- ]thlophe e).

Example 4
Electrochemical Polymerization of 2-fert-butyl-thieno[3,4-bithiophene

[0040] Films of poly(2-fert-butyl-thieno[3,4-b]thiophene) were generated through CV
(cyclic voltammetry) growth. Films were grown in a standard three-electrode cell
equipped with a Pt-flag (1cm? counter electrode, a non-aqueous Ag/Ag” reference
electrode, and a Pt button working electrode. The electrolyte was 0.1M Bu,NPF; in
MeCN. 2-tert-butylthieno[3,4-blthiophene) was 0.01M. The éxperiment was carried out
under a blanket of nitrogen. In general, films were grown by cycling from the 1.2V to -
0.8V 10 times. The GV experiment was initiated from the open circuit potential.

-10-
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Exanpl e 2 Toxicity Conparison between

t hi eno[ 3, 4- b] t hi ophene and
2-tert-butyl-thieno[ 3, 4-b]thi ophene [0038]

Thi eno[ 3, 4-b] t hi:ophene displayed in toxicity testing

an oral LD50 of 50 ng/kg 5 and a dermal LD50 of

200- 400ng/ kg. 2-tert-butyl-thieno[3, 4-b]thiophene on
FtoH@né?IzBﬁcBn #as Qﬁﬁ}@ﬂﬁ%rﬁ WP drRdr? %s}ﬁoh%&etagéirpﬂe Miar intervals at a
2-tert-butyl -thieno[ 3, 4-b]thi ophene displ ayed

lqwlrewypqte@tﬁf H@owp@me 3998 of >500nmg/ kg and a -
dermal LD50 of >400ng/ kg. Exanple 3 10 Chem cal

Pol yneri zation of 2-tert-butyl-thieno[ 3, 4-b]thiophene

[0039] 2-tert-butylthi eno[ xamBletdhi ophene (0.3 g, 1.53

mmol ) and i m dazolggf Btidd Prétile o@P?EIe'EHT&ﬁé of\ere
di ssolved in 6 mpoRio-RrbtARAl na[@ 5] Oﬁ@g*tl ng

solution was filtered through a O ter.

[dMQP( |Fhl|n)s o bb@(@téﬂ%ﬂﬁiﬁ%[@@@ﬁkﬁb&%ﬂ@) @ene?’atag s 'E@Qér}bed under

di ssolved in but'anol and resulting

Eé%meteu ‘DHeiRavayatedPL Vi Hihgftashly arows ﬂwﬁg trangieapd to & fresh
bﬁeﬁ%é@&ﬂ%iﬂ@écﬂuﬂ&@é:ﬁ&@ 1”90, NPE, RERER. The st?ndard three-

pi n-coati ng onto gl ass_, substrates (typical

elabls00s SelLaLpeg R B BT SOURRAT RIS RUbagHeoUs Ag/Ag"
rdférentd blebirbdd, anBa PIAUKSA %ﬂhﬁg B@Eﬁ?décaﬂvémags&y%-ten-butyl-

because it does not crysta ize. After coatin
thignol, 4-bjipioehene) evera milidegk ddne@xperimant waspcaryieq ﬂutaunder a blanket of

niﬁ@@é‘#‘ CitHeQtV WasReRed MRS bp&PalUR %o@?l‘ﬂﬂf écﬁnnlﬁﬁgﬂbltlve The

nperature the filnms were washed sever al
D?FBBTL&* arovwayyas a@mpi@m 9&\iar £B5Y fiveimescthg HEMQ value was

détéhﬁ ihed OB %hs&%ﬂﬁ@bnkn&ﬁfdn‘lﬁ gofyr@téfﬂ:ﬁtﬁﬁfiﬁéﬁo[gftt—?)hﬁophene) in

ilms was determned to rofil
a%’cd@ﬁ%ﬁteﬂme%?efdﬂe@thgh? Bamﬂl gamyas F‘Eﬁ?ﬁ“k’ﬂ&ﬂ ifregn différence of the

ot PR oladla&oﬂ And thel &r@e@ﬁﬂthg ré’ﬂtfcilgn 3f ShiFBLert ?Jﬁtyyirﬁer{}y [Ra-

spectrum di spl ays the | ow band gap nature o

—blﬁ'ﬁ‘?ﬁf’@tﬂ‘%b‘l%&yﬂ'@é?'ta%'ﬂ??wei‘ﬂﬁr@?ﬁﬂts 4-b] t hi ophene). 25

Exanpl e 4 El ectrochem cal Pol yneri zation of
Expdripddrmd Homot dnemedPadp E!afahbp?mﬁ(menlb%ﬂ%eria[é A 8lophene):

poly(2-tert-butyl-thieno[3,4-b i ophene) were -

generat gd Through TV T(CyCIIq M@tERBARIY) Jrowrn]

Fi | s WargoRIO@y) | N a Standand 4gy ee-erectrode cef |

equi pped B Gap. tgv)ﬂ ag ( Icy)_oCRpmter et ectroder|a
non- aqueous Ag7 AY — reference

[0042] The tert-butyl substituted thienothiophenes and their conjugated oligomers and
polymers show better properties compared to their hydrogen, decy! and pheny! analogs.
The monomer 2-fert-butyl-thieno[3,4-blthiophene displayed significantly more favorable
toxicity properties compared to thieno[3,4-blthiophene. Poly(2-ter-butyl-thieno[3,4-
blthiophene)'s band gap (0.7 eV) is also lower compared to poly(thieno[3,4-blthiophene)
(0.85 eV — 1.1eV), poly(2-decyl-thieno[3,4-blthiophene (1.2 eV), and poly(2-phehyl-
thieno[3,4—b]thiophené) (0.85 eV). Furthermore, the more positive HOMO level reiative
to poly(thieno[3,4-blthiophene) is a beneficial parameter for some optoeléctronic
applications. The monomer 2-tert-butyl-thieno[3,4-b]thiophene is readily soluble in a
wide variety of solvents allowing for a wide variety of processing conditions as compared
to 2-phenyl-thieno{3,4-blthiophene is only sparingly soluble.

-11 -



30 el ectrode, and a Pt button working el ectrode. The
electrolyte was 0.1 M Bu4NPF6 in MeOCN.
2-tert-butylthieno[ 3, 4-b]thiophene) was 0.01 M The
experiment was carried out wunder a blanket of

nitrogen. In general, films were grown by cycling from

the 1.2V to - 0.8V 10 times. The CV experinent was

[b!‘.ﬂ*i]' at { @‘éxpéé}@a #H2® cRBBP ke BHHE b@ﬂ%e 2l prop ert' exshown for 2-phenyl-

merizati on was apparent fromt ent respon

thrﬁm[édsféthlwheeg @ne po y\(ﬂ taributyl tatena[S 4-bilieiophangy Rs shown in the
eQQﬁnﬁl?e%'a%'ové‘ g@{,}?é ;Frg@fgﬁﬁ W%ﬁﬁﬁ@?m m E@ &hdpolymers of this invention,

Eval uat1 on ectro

[6)@% Zl'r%gﬁ\%eéﬁtldﬁ %‘1%% ypéﬁﬁgéetﬁlb?%WXEWﬁaﬁﬁé?ﬁg RB@Q&JQ el%'bbm(}ents but
r@éﬁ:@dlﬂb@'ﬂs areRaparent orpersons okskdl iovhe artand drg i@luded within the
f rown filmwas transferred to a fresh
Ségﬁ%ﬁgﬁégkéggelectrolyte sol ution being 0.1 M Bu4NPF6
in MeCN. The standard three 10 el ectrode cell equi pped
wth a Pt-flag (1cn2) counter el ectrode, a non-aqueous
"Ag/ Ag' reference electrode, and a Pt button working
el ectrode covered with poly(2-tert-butyl -
t hi eno[ 3, 4- b] t hi ophene) were utilized. The experi nent
was carried out under a blanket of nitrogen. The CV
was started at the open circuit potential scanning
positive. The potential w ndow was scanned from 0. 6V
to -1.85V five tines. The HOVO val ue was 15 determ ned
fromthe onset of the oxidation of
poly(2-tert-butyl-thieno[3,4-b]thiophene) in a cyclic
vol tamretry experinment. The band gap was determ ned
fromdifference of the onset of the oxidation and the
onset of the reduction of
pol y(2-tent-butyl-thieno[3,4- b]thiophene) in a cyclic
vol tammetry experinment. 20 Experinental HOMO and Band
Gap data for
pol y(2-tert-butyl-thieno[ 3, 4-b]thi ophene): Ex
eri mental HOMO (eV) 1-4.91 Band Gap (eV)-0.70

-12-
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[0042] The tert-butyl substituted thienothiophenes and
their conjugated oligonmers and polyners show better
properties conpared to their hydrogen, decyl and
phenyl anal ogs. The nononer
2-tert-butyl-thieno[3, 4-b]thi ophene displ ayed
significantly nore favorable 25 toxicity properties
conpared to thieno[ 3, 4-b]thiciphkse.

Pol y(2-tert-butyl-thieno[3,4- b]thiophene)'s band gap
(0.7 V) iAtradraxhibphere aonpusitiefl domprising a Cs.¢ secondary or tertiary
pol y(thi eno[ 3, 4-b] t hi ophene) (0.85 eV -1.1 eV),

apol gicRpdecyl - t hi eno[ 3, 4- b] t hi ophene (1.2 eV), and

pol y(2- phenyl - thieno[ 3, 4-Db] t hi ophene) (0.85 eV).

Fur t Ier nor& thighehisphehePssmidsitontddMairh S @mprlngt i ve  to
pol y(thi eno[ 3, 4-b] t hi ophene) is a beneficial paraneter
for sone optoel ectronic 30 applications. The nonomer
2-tert-butyl-thieno[3,4-b]thiophene is readily sol uble
ina wde variety of solventsjyallowing for a wde
.variety of processing conditieng as conpared to

2- phenyl -t hi eno[ 3, 4-b] t hi oph&ne/is only sparingly
soluble. -11 [0043] It is expedted that one or nore of
the beneficial properties Xhowt fxr 2-phenyl -

t hi eno[ 3, 4- b] t hi ophene and

pol y(2-tert-butyl-thieno[ 3, 4-b]thiophene) as shown in
whbre R éx@ppéezondivg\oz tartibly diey, ) and Hesreyddpeadentieielected from the

. | yners . of this ipvention. 004§@The
ofB 2R E BT S heede el MaE e E e, berohic acs, boronic
egfars, Fth@HI%’ntm@imh?Ifs:Ccﬁmcjé_athG-Camq d-tm(?ﬂ',s.()&(:ﬁ-l, and
. rsons of skill in the art, and are .

o FRERH e bR Pl B e el & crecalifarere 7 s H or
Cihalkylpaid epérer” oo S, L kgl conpri sing a C3-8

secondary or tertiary alkyl group. 2. A

t hi enot hi ophene conposition of claim1 conprising 5 R

wher & R i $h€eompositamndeCining R iwHerdinnyardl Xydre HaRBR KasRbutyl,
i ndependently selected fromthe group consisting of

H, hal ogen atoms, MyCl, MyBr, Mgl, Sn(R )3, boronic
‘aci dé, boTbecompositet efrGlaim Shiterim at leetlorfs ilXkahd X’ is a boronic

ost&FSrEbidhighdy! - - S ORT, -COR™, - C=-CH and

5. The composition of Claim 2 wherein at least one of X and X’ is H, and R is
selected from the group consisting of isopropyl, fert-butyl, tert-pentyl, isopentyi, and 2-
ethylhexyl. ‘

6. The composition of Claim 2 wherein at least one of X and X’ is a halogen.
7. The composition of Claim 6 wherein the halogen atom is |, Br, or Cl.
8. The composition of Ciaim 2 wherein at least one of X and X’ is

—CH=CHR" and R” is H.

9. The composition of Claim 2 wherein at least one of X and X’ is -C=CH.

-13-



pol ymeri zabl e aromati c groups, where R is Cl.6 al kyl

or -OCl-6 alkyl, where R" is Hor Cl-6 alkyl, and

where R .. is Hor Cl-6 alkyl. 3. The conposition of
Caim2 wherein X and X are H and Ris tert-butyl. 15

4. The conposition of Caim2 wherein at | east one of

X and X' is a boronic ester or boronic acid. 5. The
conposition of Gaim2 wherein at |east one of X and X

is H_and Ris 20 selected fromthe group consisting

of i sébr oplfie carepasitiams; (Claimes wherei gt leaqt §Bﬁ Sh¥yand )ér’F"dSn(R )3
2- ethyl hexyl. 6. The conposition of C a| m 2 V\herel n

atleast one of X and X _is a hal ogen.
conposi t i o egtormasition et (iaime Wh‘?fﬁ@ ﬁd‘?ﬁﬁ}@ﬂe &t Krﬁ“ldg( isa

5 pBlymelizabie. ar&naﬁaw@,oggn'pom tion of daim2 wherein at
| east one of X and CH=CHR' and R' is H 30 9.

The conposition of Caim2 wherein at |east one of X

and X2 i s THe¢dmhposhidn HP CIaTrhei 1GQTERERI t 'Ié?i%t Qﬁe gl’ )@'amzlg( is selected

wherein at | east one of and X' 1s Sn(R
frophpsarewr.ePnsistion af m@mpaihﬁieae pysepie, di @pmn@(aaﬁdhlophene
X' is a 5 polynerizable aromatic group. 12. The
conp05|t| on of laim1l wherein at |east one of X and
10 x| d3sel desdmposiian oh Elaindupvhasaiiad iaashors ofphang X is

therithidph&ie. pyrrole, dithiophene, and thiophene. 10
13. The conposition of Claim1ll wherein at |east one

of X and X is thienothiophene. 14. An,electrically
condygti n
4at i NQrPALMABAIN %Hﬁud’nﬁg‘H)orp{?r{e‘?%méécﬁppolymenzeg

t hi enot hi ophene p nerize risin
t@@&sfﬁaawecﬂolxreweaw itg CRYPrigiRg a&wﬁscqrsiarmr tertiary alkyl group.
15 el ectrically conducting polyner conpri sed of

pol yneri zed units of the ound represented by t he
formiPa: An electrically conductlng p ymer comprised of polymerized units of the

compound represented by the formula:
R

A
/ \
S Y']/n
where R is Cs secondary or tertiary alkyl, n is an integer, Y is ~CZ'=CZ3- or ~C=C-, and
- 20 Z' and Z? are independently selected from H, F, Cl or CN.

16.  The polymer of Claim 15 wherein n is an integer from 2 to 50,000 units.
17.  The polymer of Claim 15 wherein Y is -CH=CR"- and R” is H.
25

18.  The polymer of Claim 15 wherein Y is —-C=C-.

19. A polymer having polymerized units represented by the formula:

-14 -
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RSL YYn where Ris C3-8 secondary or tertiary alkyl,
nis an integer, Yis -CZ =CZ2- or -C=C, and 20 Z
and Z2 are independently selected fromH, F, C or O\
25 16. The polymer of Claim 15 wherein n is an integer
from2 to 50,000 units. 17. The polyner of Caim 15
wherein Y is -CHCR'- and R' is H 18. The pol yner of
Claim15 wherein Yis -C=C-. 19R A polymer having

pol ymeri zed units represented by the fornula: -14 R
where Ris C3-8 secondary or ertiary alkyl and n is
an integer from2 to 50,000 un 20. The pol yner of
Claim19 wherein Ris isopr ert-butyl,
tert-pentyl, 5 isopentyl, or e Ayl hexyl . 21. The
pol ynmer_of Claim 19 wherein Ris tert-butyl and the
pd¥RaTe R 8 Laa SeRenARR Py iesary atsyland misel inteaer freoi2ig 50,000 units.
pol ynmeri zed units of

2-tent-butyl -thieno[3, 4-b]thiophene.

20.  The polymer of Claim 19 wherein R is isopropyl, tert-butyl, tert-pentyl,
isopentyl, or 2-ethylhexyi.

21.  The polymer of Claim 19 wherein R is tert-butyl and the polymer is a
homopolymer.

22. A polymer having polymerized units of 2-fert-butyl-thieno{3,4-b]thiophene.
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