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06750 USA TITLE OF THE | NVENTI ON: HETEROCYCLI C FUSED

| M DAZOLONE, DI OXOLONE, | M DAZOLETHI ONE AND

DI OXCLETHI ONE MONOVERS CROSS- REFERENCE TO RELATED

APPLI CATI ONS [ 00011 The subject matter of this
application is related to U. S. Patent Application No.

11/ 446,000 entitled "Electrically Conductive Pol yners

And Method OF Making Electrically Conductive 06750 USA
Pol yners"; the disclosure of which is hereby

i ncorporated by 5 reference. BACKGROUND OF THE

I NVENTI ON [ 0002] Thenm_gqgﬂq-HEr]NQEN-le s directed to
nononer s and net hods for maki ng nononmers for form ng

el g TEROLYELI® FOYED IWRDADLBNE DIGROLGMNE IMIDAZOLETHIONE

Electrically con Dr@)(@gty%ﬁEfﬂmﬁom oped into a
material of choice for a variety of organic

opt oel ectroni cs applications. Such applications for

opt oel ect r 0OROSS-REFERERCECT@RELATED APPLIATIONSI
di odes (thin filmdisplays), solid state Iighting,

[0OOIPNTRe s%]@ét‘?ﬁéfﬁér A this appheainas raiReR ty USRS \Paies Appllcatlon No.
anic fi ffect transistaors, ultrac

1SR Eneiied Elseenlix/ondiadye By And MEBpO R M

Ele%&ﬁgﬂlf EQhductiV@PQ ersa'rlﬁe 3@5‘159{1@ of which W%ﬂ@orﬁ&afeﬁ By

first” of many electrically conducting pol yrers was
refgrehggacet yl ene and the di scovery of conductivity in
such polynmer created substantial interest in other
types of electrically conducti ng pol yners. Recently,
conj ugat ed pol y(thi o henes and.  substi tgt ed t hi ophene

derivatives have F it INVENHOY ect ri cal | y
ductin ropertie Afeat re of these nmer
(oBRAK Theprésatt ipiertian & direcleciip romaeE AOBEGHRGSIOGDRKING

m@ﬂém&@tfbﬁaﬁhmgele%ﬂ%aﬂy sorRiciRNNmers the doped
pol ymers can be cast into filns and their electrical

[0p03}P eErbctﬁsalméh&u@mg?ﬂymis REVe/devieltplediito Iaem@lueﬂal of choice for a
theg&el ves Ssuitable for _use in_a var

vagg YAt oEganiGPRteelgetmnics-ARRiFRtIons o Seh am@ﬁsﬁ@@wmmwectronws
in€lnde pd»nmeﬁ@ggm hftfih§ diodbs! &thindiirh Pl@?@)/\@oﬁd&tﬁl@hi@hﬁng, organic

nononers an el ectrically conduc

PholRuoliie ckancsshBHBOR Hpvises: rgam i AR AmSIstnye. Hiigacapacitors,
elédiRlumiRedceint @¥VidS; prirted 8i6elotis¥) conductors, lasers, and sensors.

[0004] One of the first of many electrically conducting polymers was polyacetylene and
the discovery of conductivity in such polymer created substantial interest in other types
of electrically conducting polymers. Recently, conjugated poly(thiophenes) and
substituted thiophene derivatives have been discovered to have electrically conducting
properties. A feature of these polymers is that they can be cast into films and doped with
conventional p- and n-type dopants or the doped polymers can be cast into films and
their electrical properties modified accordingly, thereby lending themselves suitable for
use in a variety of optoelectronic applications.

[0005] Representative articles and patents illustrating known thiophene monomers and
electrically conducting polymers including thiophene and derivatives thereof include the
following:
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[ 0006] US2004/ 00010115A1 to Sotzi ng discl oses

os7sopEA/ mers and copol yners conprised of repeating

units of thieno[3,4-b]thiophene for use in

el ectroactive applications. The

t hi eno[ 3, 4- b] t hi ophene conpounds di scl osed in the

US2004/ 00010115A1 i ncludes the follow ng structure: S

[600B] | OOO‘A]ISMKMDM 00TBKO1td BNt zifg distloseschandpatydsers aad copolymers

I be.fo d w nds_i.nclu
SARHTE Ereabiaiine oh et AinBBRE B oag PragteBde
dpelicatid I ibhs. oﬁh@ﬂ%nd{@&é&ﬁhiofuﬁer& cﬁ)ﬁ@dﬁd{s Emcl&édﬁm tbdra] al .

' j ugat [S i thi enot hi ophene 10
%ﬂ&ﬁ?ﬁ%yﬁéﬁesﬁ 5%@?‘3}]96%3%’ giﬁ?mect i ng groups as
suitable for producing sem cgnductors or charge
transport materials useful i ctrooptical and
el ectronic devices including fifeld effect transistors
("FET"), photovoltaic, and s r devices. [0009] US
6, 585,914 to Marks di scl ose
fl uorocarbon-functionalized a or heterocyclic

nodi fied pol y(thiophenes) such as a,
ophene for 15 use in formn

1900730 T A0tR OB AV S e RS ke e caRRYTDRS Canedamed with

cBAIpBAdE iﬂ@lh@ﬁi§®4-eﬁh¥féﬁdi6 hlBﬁhéH?‘eeGltﬁ@pﬁéPkWWerlé] dnidl m
transjstors wth |ty 0010] US 6,676,857 to

bRREoRIGPAeNG| . di scl oses pol ymers having pol ymsrl zed

@ éﬁ 3- substltut ed-4-f| uor ot hj oghene as |i

[ Qgét RéAaA0] e Gilgs el@ed'ﬁﬂo%e@rﬁoeb'ﬂ tedirofyeners EEQVb@Othwphe"e
(DTRNWIRP VihyIERé F hddtpendt@iret r‘ogﬁé aé s@iaﬁleerbf @.@aucmg

otovol taic sen

transistors, ph
SPORPIoRr D8 a5 ipneRoRIATBTEls iendin olgfteRapiieal nd electronic

cﬂwbymmdnfg flenatadcb iraRdiBRYEE ) Bhotovoltaic, and sensor devices.
bi sbenzo[ b] -t hi ophene and their use as sem conductors

[0009] 23S b 588 D14 G NRAKY discioiek ¢I0b@c§rboﬁ-f@rhdﬁ©héllzeabh§/@k
Vi C US 6, 808 to Lelental et

ek b %owewepw%sm 3 & o Rsrisrehevigexitbiophene for

uSé fifforing!filns WARAWehhYEa f e?m@&ﬁﬁgtow Ofhese poly(th|ophenes)
yrrol e- cont ai n;’ﬁé% t hi ophene Qﬁ/mars and anil

ygde for E‘f"fPG@BQ[PtOUSW EET rogbility.o l\/b2| ngo et

d| scI oses preparation of 1 Hthieno[3,4-
[Qﬁt% d&@ﬁﬁ@éﬁ} @ﬁ@nwtc%rw%saﬁ@oumeaﬁh@mgsp@marﬁe@wmts of

3odubstititedi A1 SHBIHUpPBRE BS li¥hid Brystaf materials for use in semiconductors,
charge transport materials, electrooptical field effect transistors, photovoltaic and sensor
devices.

[0011] US 6,695,978 to Worrall et al. discloses polymers of benzo[b]thiophene and
bisbenzo[b]-thiophene and their use as semiconductors and as charge transport
materials in electrooptical devices.

[0012] US 6,709,808 to Lelental et al. discloses image forming materials incorporating
electrically conductive polymers based upon pyrrole-containing thiophene polymers and
aniline containing polymers.

[0013] US 2,487,051 to Mozingo et al. discloses preparation of 1H-thieno[3,4-
d]imidazol-2(3H)-one by contacting an aqueous solution of 3,4-diaminothiophene with

-2.
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06750 USA phosgene. The material in US 2,487,051 is
@B750lus¥ed as an anal og of biotin and no use of the
material in any electronic application is disclosed.

[0014] European Patent EP 0 237 248 discl oses a

substituted i m dazole anti-ulcer conpound and a

nmet hod of making the anti-ul cer conpound. EP 0 237 248
rhiosgénes eEhebmateiriahin [US 2,487,061 dadisdlosed3id)an driatogofdiotiarand no use

e hBfltaih ek RS Bbiebln I eciBiad 571 110 1 10
IR, EithBedn PREFLER 0247 A RRgE adpatiiie ifidzdé dntiuicer
aompoandiang aDnetabe nf making the anti-uldenconioand. BB 2379248, discloses
o RBHAE R o e KB el coPBELA BBl monutctrs
dfthenamtinolp&r, ebnufjaund d Alocite B abd-iseofethé interimediage arlateriabig disclosed by

.80 an aqueous sol ution of 3,4-diam nothi ophene
%:\npptﬁ%ztlggggene. [0016] Wil e the above references

OB e O B DA PR R ARG e .
GCHiem.Bocah94% 67 2092-2085cy Balpb IMozingoret ab (argiokfter "thesdazingo

AR R 5L AR i oy
dootasting i hguedusssetutioniofl 3 Aediamimpthiapihere Mith gghosgene.
i m dazol et hi one or di oxol et hi one nonomers of the

[pOt6ie rWhiletherahiowe refénentcéscincludé disclosures lobkisovet mboomemnepmpounds

SERYE b3 o kS ek ol rSTBRRParbRfcRr e 8 hEabove
reteeericea ldisclases hewrovycljzfosepkimédazotoniehdioxolens iraidazsiethione or
SHRIHABS HondEE S Dol Fmaiag todgtofiRie s Inigpzoione.
divofaneaimidaizalgibiore of Gi0kdlgthitne riorermhers of meqn’resdmeinventidn. Further,
G RUPREE kg Bl BBL1AAY b AoB pepispy us 240705
gnaane Modingo Article,asitizaitoxis chemivatsyincludingatiiosgerie, firothe preparation of
B rboritoert RPE LY B oG el reasdop BpstbitEigefife aiicutto
haedig| stpre2éndhdigpdsebl e, easily handl ed reagents wit hout

the use of phosgene or other toxic reagents. BRIEF
[GIYARhe@isclodiiré bMABTorebing Ppatents, patentapplitatibins@nd poblications is

' ' the invention provides a nethod
htg?&oyﬁé{qﬁﬁgvagéo{:%ﬁ%%éﬁrgc%f the fornmula shown belowis
[Séfdil ‘Wﬁ&z is 'ngeded is a monomer capable of forming an electrically conductive

polymer for a wide range of electronic applications that can be formed using readily
available, easily handled reagents without the use of phosgene or other toxic reagents.

BRIEF SUMMARY OF THE INVENTION

[0019] In one embodiment of the present invention, the invention provides a method of
making a compound of the formula shown below is disclosed:
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06750 USA X Y Y WW Z wherein Zis Seor S; Yis
od7s0rUsA X is 0 or S and Wand Ware i ndependently
selected fromthe group consisting of hydrogen,
-CO2R, -CCONR R , and -C=N, and R is Hor Cl6

al kyl and the resultant nononmer conpounds. The net hod
i ncludes contacting a 3,4 5 disubstituted thiophene or
sel enophene or 3, 4-di substitutdd thi ophene or

sel enophene derivatives with car bonyl or

t hi ocar bonyl containing co selected fromthe

gr oup consi sting of ureas,\thijoureas, carbonate
esters, thionocarbonates, t hi rbonate esters, or
ort hocar bonat es. The non /co ds are suitable
for formng polyners for a% de range of

el ectronic applications. 10 [ 0020] Anot her enbodi nent
of the present invention includes heterocyclic fused

wherainzoisdieeor S bisdikh ae0; Xis 90r§ ancheang Wr are independently selected
AU b B oL, BRI Sctng i o
Guchlkyl and theges@tant Mool ompainder Thebethadtincludés ¢andacting a 3,4-
(ﬁélﬁ)%ﬂwted L) ?ﬂ%é@ Br éc%?&ﬁ?ﬂgﬁe BES ﬂro‘?éi%‘é{ll’u&dftH@Eﬁene or selenophene

one, I Oné nononer
dmwammswgﬂt acarhenyl or thindarkpnybeantdising cmnp:otmd ®lecieciremthe group

{ﬁqbﬁtlﬁ%&r ur?as tﬁ'er@Zé Qo akdOdérs Pﬁ%@gﬁgfég&’ooﬁéte esters,

ntron | ncludés he eroc C
Qrmmooarbenatas daTilelmmmmeilcowbum arerwdmle fazférimamgpalymers for use

ifl'a186 FarYeStBIdctiGhid ApBREations.

[0020] Another embodiment of the present invention includes heterocyclic fused
imidazolone, dioxolone, imidazolethione or dioxolethione monomer compounds
according to the following formula:

X
Y/lkY

[\

Se
wherein Y is NH or O; and X is O or S.

[0021] Another embodiment of the present invention includes heterocyclic fused
dioxolone, or dioxolethione monomer compounds according to the following formula:

X

A

o O

H

S
wherein X is S or O.
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t hi eno[ 3, 4-d] - 1, 3-di oxol an-2-one (1la),
asvsed8A[ 3, 4-d] - 1, 3- di oxol an-2-one (1b) and 1H

- sel enol o[ 3, 4-d]i mdazol -2(3H)-one (1c), and the

t hi ocar bonyl conpounds thieno[3,4-d] 5

1, 3-di oxol an-2-thione (1 d),

sel enol o] 3, 4-d] -1, 3-di oxol an-2-thione (1 e) and 1 H
[9022ih oAndtBererddddirneataf theograsdntiimieotien intiufies béteraskciarfused

inaelfis fhi§U0%, dhdbhy ffdaoRiibs & b elyng

thieno[3c43d}- 1,8 dickoBm-2-0ne ( th)) selérfolo[3,4a1]{1(BdiBkolame-one (1b) and 1H-

A TIBLISB 5 664 ol baEod) B35 BH08 ol
h8dinelan-2-tiarte (1d); selenslofdpidpbBydiexotan-2ithioneg(de) and 1H-

SeToRIR AR agfiel SR Shall by et Relres:

transport matexi als, sem condgctors, and/or
conductors, ingoptical, elecprooptical or epectroni c
devi ces, poly ic light emt®a{ng diodes (i.&., PLED),
15 el ectrol @1 ne@cent devi d@s, @ ganic fiHRNd eiNHct
transistors (i.¢g., FET or ET)/ flat panel\__dfspl ay
applications/{e\g., LCD s), a'ofrequenc/ \

i dentificatiQn .e., RFIDKtags, printed

el ectronics, UBtracapacitors,Serganic photov8etaics
(i.e., OPV), sensors, lasers, small nolecule or

pol ymer based nenory devices, electrolytic capacitors,
anti-corrosiofl@ coatings, or 8 hydrogen stol@ge
materials. -5 06750 USA [0024] One advantage of a

met hod accordi ng town enbodi nent of the present

i nvention includes preparation of previously unknown

i m dazol one, di oxol one, i m dazol ethione and
di oxol et hi one normers havi ngSan ext ended rafige of
per f or mance )I\
0 (o] o) (o] HN NH
S :Se Se
1d 1e 1f

[0023] The invention includes heterocyclic fused imidazolone, dioxolone,
imidazolethione and dioxolethione based monomers. Such monomers and polymers
derived therefrom, find use in applications, including, but not limited to, hole injection
materials, charge transport materials, semiconductors, and/or conductors, in optical,
electrooptical or electronic devices, polymeric light emitting diodes (i.e., PLED),
electroluminescent devices, organic field effect transistors (i.e., FET or OFET), flat panel
display applications (e.g., LCD’s), radio frequency identification (i.e., RFID) tags, printed
electronics, ultracapacitors, organic photovoltaics (i.e., OPV), sensors, lasers, small
molecule or polymer based memory devices, electrolytic capacitors, anti-corrosion
coatings, or as hydrogen storage materials.

-5-
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in many el ectronic applications. 5 [0025] Anot her
QeSS e of a nmethod according to an enbodi nent of

the present invention includes preparation of

het erocyclic fused i m dazol one, dioxol one,

I m dazol et hi one and di oxol et hi one nononers w t hout the
necessity of using phosgene or other toxic reagents.
[ﬂﬁai] i @ne advantegeeigemethotl aceerdingve an egbodimant abtherpsesent

tloﬁrﬁlﬁgﬁ%??? Shti RS iPid sy LEH?(HB{W'? 'irﬁldﬁ?&ork?ee £ dioxolone,

st ant ee of toxicC reagen
ln*udamathlmmamﬂ dioxolethiopetnenosigys bammgaan exteaéed range ghperformance

Wﬁ'{ szg@g t hi ophosgene, anobng ot her toxic

reag ()q %ﬂtl on, the heterocyclic fused

rg ZRJ\(ﬂHEr a(ﬂ/'aﬂt’égle Q5 métﬁ&ﬁé"&%l’d?ﬁp@oocﬂ'ﬁerﬁ%lment of the 9resent
10

_ ol et hi one npbndnmers na red using rea
lamtlpamwdeemewammm&mwa@ceimssd inmidazoggnesdioxplone,

ARG 3 BRBhoR FrRi RG Mind BBl o using rosgene o
ghepaxiareagents. Trat @s incgnel aspectaf dhe inwentignolhemegnomers and
&b@%ﬁbg% ?H J‘EB {ﬂr OVIrgalHnHré’ P%r} Bg guggﬁﬁ@h;gﬁ% B%XIW%H?I'ESS(e g., the
n;om@men anﬁl mecweers thereby eoraa:pllﬁs thareabhous emr.wt\fé qbpbosgﬁsle

RBROSGR EmEnGBAGTTNC 5 B0 i addiony thehetbiEBiic Rl
igidazniongs digxaiond, imidazdlethions and ahoxbletmrm:mommersmay be prepared
oLl SRR s hai b Riagehid dazol ethi one and

I one nbno

érrvatives thereof may be

[Pﬁf@t t&u%@%%&é’rﬂ?@&& 4 ﬁe%h%é@w@% 'aH %{A&Wﬂ‘ﬁ\‘@'{t I5f the present

1 ons ners a co
-ampn irglwles/prenarationrof detengdyelic fubed mpdwmle dioxelane,on

ol n"cf Qﬂﬁor@ 5§olétﬂ onE ?ﬁ%{ﬁoﬁ%&é iﬂ%&@g#ﬁﬁeé vi?ing l18PhF effiGient, cost
ejmh\ret mrgeesﬂ Fann euample; thenmveotnve h@cpssamnrodmmmuwnesc product
vﬂ@ %?EB&M%'SWP"/]C 8ﬁ6jm%rm dazol one, di oxol one,
azo

I one an |oxo ét hi one nononmers and

[66 Vakdh ¥ A%J cﬁ%lfn éﬁ‘ﬂ%)dﬁgeﬁ{%? ﬁl\etﬁegén? W@@t &'@Q Mthbibgocychc

ﬁée}ownewloxmome em@amlethlqnlaeanprdweletthlomﬂ/@nﬂomnrs and
Gl B LS LT SPa BT Bl
fuaktions (9., oplymersaboriuetivity affat least about €43t Sicm)e ror example, the

qrﬁlé’éé'g lzr{;v?éﬁ]rp ﬁéflﬁhéscmt) Sighs! {1 %Bﬁﬁtlﬂﬁgo{gmeﬁ(%ﬁﬁfg as a hole injecting

and on et
roatetialat i ves thereof rray be used to produce conducti ng
pol ymers having a wide range of electronic
[6@28]i Andthersadvantage of an embodiment of the present invention is that

heterocyclic fused imidazolone, dioxolone, imidazolethione and dioxolethione monomers
and derivatives thereof may be used to produce conducting polymers having a low band
gap (e.g., a band gap of about <2.5 eV). For example, the present invention includes
monomers for fabricating polymers suitable as transparent conductors.

[0029] Still another advantage of an embodiment of the present invention is that
heterocyclic fused imidazolone, dioxolone, imidazolethione and dioxolethione monomers
and derivatives thereof may be used to produce conducting polymers having a wide

range of electronic applications.
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-6 06750 USA [0030] Still another advantage of an
0e7B0dISENt of the present invention is that
het erocyclic fused i m dazol one, dioxol one,
i m dazol et hi one and di oxol et hi one nononers and
derivatives thereof may be used to produce a hol e
injection material having desirable properties
[0830]u Btilanathen ladvantageadfi an érabadiment of ther presentdnvestion is that

f o e . N ! .
Hﬁﬁ%"@%ﬁ?‘%@g %wég?@%%tc&'cg(r%‘%l %&%{/&é@&% aédn Ylokoldthione monomers
andaderivativesitmersofenay beleséd . prpdireld habe irjdctian material having

106 Pfbelosfo iR 8 sTEStanly iyl SRt fbifigbel Bandeen e
hote inperbiore talyeofidiLa)miatdriabaridahé lightenmiting teyesin aanelectroluminescent

cg%fci vatives thereof may be used to produce an oxidi zed
SR of the pol ymer which 10 results in desirable

(BOPHC MRS alifartnd Oiart SHhBRIMER ot tneordaéfl iheption s hat
HetDB@jcliSfuset imidardiene,atibxaltnagieiddzotethiemdbanti dioxelethionetmeonomers
SRR R B 884 RS BBl 117 o pomer i
resuitsan desirabieepropenties includingche mrmg?m m?ighlgrdle?canﬁyj itic

e nateri a .
#%%}h%@rpﬁ%gﬁooq%ﬁéwg‘gcam g;:sglf an enbodi nent of the
(B8 S0l Y 3 4, FROAE o ontion s
Hetgrdeyctic tusied imidazoldne, diiaxotoinet im’irdazelemiqhejarid diaxclbleﬂaipne monomers
@P&Bﬂg&i@@%‘%@@% o8l fhtGG.cB hoffion PRIERESBR maferals
GBI BUE? Bloris AU vl R s
raenamerp based wporchateracyclie fisediimidazalone, aliaxolane, imidazolethione and
SO0 B 4 RS DY D00 Al mepay sai
semicondiicting EMEL ED DESCRI PTI ON OF THE | NVENTI ON 25

[0035] This invention provides a nmethod for naking
[0Q34]r Cthet featuressant] advadtages ohthegmesentlinvantionnll be @appanest from

tRE FRBIING b8 detdiiBl'dBséribion of ceHalPOmbsifiments, taken in conjunction with

the accompanying drawings which illustrate, by way of example, the principles of the
invention.

DETAILED DESCRIPTION OF THE INVENTION

[0035] This invention provides a method for making heterocyclic fused imidazolone and
dioxolone monomers according to formula (1).
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YY d-\ 1[0036] In formula (1), Zis Sor Se; Yis
0gA50lUSA and X is 0 or S. The i m dazol one, di oxol one,
i m dazol et hi one and/ or di oxol et hi one according to
fornmula (1) are fused heterocyclic conpounds. "Fused"
is defined as sharing a conmon bond within the ring 5
bet ween a thi ophene or a sel enophene and the

i m dazol one, di oxol one, im @gazol et hi one and/ or

di oxol et hi one, thereby connggting the ring structures
toget her. [0037] Anot her ody nent of the present

i nvention includes heterocycli/c fused i m dazol one,

di oxol one, i m dazol et hi one di oxol et hi one nononer
conmpounds according to t é lowng formula: X Y Y
10 Se [0038] In the formul t he above enbodi nent, Y
is NHor O0; and Xis 0 or S. The nononers of this
enbodi ment i ncl ude sel enophgne fused to the

i m dazol one, di oxol one, im dazolethione and/or

b SRIC R Yo e 4 er Sl MNASY D gt Rie FLrc 19§ imiodZolone

dicbmmigo ﬁﬁidaﬁletﬁioﬁé @h@/bhdm@lem\@ratbommmo toreriula (1) are fused
according to t

BEYQliGEOMpEY r?ﬂes |"Eu§ngl |q[] fh {iglélgﬁ:arliqg)e(a gggmgﬁ bond within the ring
bﬁ!\b@éh ﬂﬂn@phe?ﬁelcﬁ a%eWnthenH@wdmé afidaZolone, tdidx&lone imidazolethione
a({ﬁzq (54' ’1 i ncl.ude thi heneh used tot th Exol one,

X9 e&'%%‘i‘eetﬂf‘ﬁ’ﬁ%c Girg t e["@@@i’]"’ RS 89% &t
ntjon al so ovid f or tonso
(00 Aviind? citihery o Trelsressit fveatim Roiiads §EBGRYS fugsd
ifidaz6loh® dibkolone, imidazolethione or dioxolethione monomer compounds
according to the following formula:

[0038] In the formula of the above embodiment, Y is NH or O; and Xis O or S. The
monomers of this embodiment include selenophene fused to the imidazolone, dioxolone,
imidazolethione and/or dioxolethione groups.

[0039]) Another embodiment of the present invention includes heterocyclic fused
dioxolone, or dioxolethione monomer compounds according to the following formula:

X

A

O O

H



d-\ d-\ d-\ 51lalb1c SSS OOOOHNNH S d-\ Se
@B7504J8A [ 0042] The conductive polyners formed froma
process of one enbodi ment of the invention possess
functionalities that enable solid state engi neering

t hrough hydrogen 10 bondi ng interactions. Dependi ng of
the choice of Y and X of fornula ML the structural

[0840]f sindkefarmulacoftihe alaye ambndigent, ¥imBion- i Thednaramers of this
: r [
actfib A {lopnohe uSBE NG iné duoldlie, bGRRXIBNCHS dfeups.
C \
(B0 0 o Bont Ry B btpde} R BhEbinnorhef compounds
aoeoraing,to strugliresi(18 - 19018- 4029 and references therein
(hereby incorporated by 15 reference). Mnoners for
formati on of t¥@e pol yner acco@ding to the pr®sent
i nvention, sugh as 1
H t hi eno[ 3, o 5‘ dazol - 2( -
notif that y b char act eni ze
linear notif J—s\mintained t
pol ymeri zatign IWading to f#l msyof polynmerg thyt are
hi ghly ordere s evident by eir very higgeggl oss.
Monomers whi ch form conductive pol yners upon
pol yneri zati on but -9 06750 USA | ack solid state
5 engi neeri ng t Rgough hydrogen {ndi ng appear fgat and
‘ di splay high surface roughness val ues. [0043] Mbnoner
conmpounds according to the present invention may be
obtai ned by reaction of a first reactant conpound,
such as a 3, 4-gi hydroxy- or 3g4-diamno 5 sulgstituted
t hi ophene or sgl enophene, witfp a second reactant
conpound, suc,bﬁqs a carbon jqr t hi ocar bonyal\
cont ai ni ng npo¥nd, and r ' the firlN re ant
compound Wi e second r ant compoun form
the desired pondper. A 3, 4- h)\roxy- or /4- i am no
substituted tgfocycl e suiNab for use ax\{ first
reactant conpo®nd nmay Se Se

, formq."qr |.1||ral
as a linear tape. The
ugh out the

1d 1e 1f

[0042] The conductive polymers formed from a process of one embodiment of the
invention possess functionalities that enable solid state engineering through hydrogen
. 10 bonding interactions. Depending of the choice of Y and X of formula M1 the structural
motifs generated through hydrogen bonding interaction may vary greatly. The structural
motifs may be varied by adding additives or other hydrogen bonding enabling molecules
as described in the open literature. For examples see, Journal of the American
Chemical Society, 1996, 118, 4018-4029 and references therein (hereby incorporated by
15  reference). Monomers for formation of the polymer according to the present invention,
such as 1H-thieno[3,4-dJimidazol-2(3H)-one, form a structural motif that may be
characterized as a linear tape. The linear motif is maintained through out the
polymerization leading to films of polymers that are highly ordered as evident by their
very high gloss. Monomers which form conductive polymers upon polymerization but
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i ncl ude 3, 4-di hydr oxyt hi ophene. The preparation of
@703 dr oxy- or 3,4-diam no 10 substituted

het erocycl es nmay take place according any suitable
preparati on nmethod, such as the nethod disclosed in

U S. Patent No. 6,869,729 to Pope et al., exanple 1 or
by the nethod disclosed by Q T. Zhang and J. M Tour,
lack gotid state engBeeringlhgiughhydrogen bendiog appeasdiahantbdispigy high

g}g{)}ag%g&;@?‘?% g%%és‘:"f erence. The 3, 4-di ami not hi ophene

as a first reactant conpound

st OBhoot s aEe i da O Blar 3l 6o Stanea y
neaetitineef a firstveaetant compoundcsush @ aod,4ditydragy-or 3,4-diamino-

SRR oBRSRE: Sorobi i RO Mg RN BEIE quon s
CRitleonys er thiocarteni/iestdinisg corspaunda andiacting thedisstseadtant compound
e BboR e BT Ry el Bl AnhEia b8 avorom- o
3. Ardianoino isubstitate@ hétedocynliersnitable fdraise asshayfinsbreactadt gampound may

e DR Bp el BRI 5 0 PR RAERT S aamino
gubetitutesiietérecyrlessmay takiegiacecchomjigeany f s_witah)lfl peaparationdegthod,

t S
4 g OIS SadBLRY £ AR Blac o PR BF 5 example 1 o
tg/rt_be pnesbor discloser by QoT géheng dndsk M. TougH. Am. Chgm_. Soc. 1997, 119,
éﬁéﬁ?%k ﬁé‘t}ng%ren )iéé/o?b%gtneg’?ﬁy(rgfe%c@ HE' L URKindthiBShene may be
utilizedbas & Krdtirehatarit ispmpoumdbpreapdsohatitained ap aldihydrocbtonidel salt. The

il SR8 8 fes Borefibrhoptes, Howsyer, the s bage ofthe
3 ddiamingthiopbers as thedustueactantcantponnad s, usetul fos practicing the method
G IRRGn CIGE SIS S S P RSB P BO ove o
keagerenated or stodecbgrior torpiagticing thednvendionn iy arteremisodinentaof the
OB 084 8l APl BB Bpd R SRS B BR TP gBfrovriere
dr_gamianolm_rganimbasewm:ae firstrebmiamt edripourel Eraclirsor (g.g. 3,4-

. . n
e R S Py A5e el B, SSEBERL e bases
aanecomMprisp laé lkeast e ngmber saléated £20m the group @oasistingsdf @rganic bases
SEB S GHmI. PO 2 fen PP QuS PR §rEhieqipiane.
118-bis(IN,Nxdimethylamino)naphthalene, polymer-bound 4-(dimethylamino)pyridine, and
N,N-diisopropylethylamine, and inorganic bases such as sodium carbonate, sodium
bicarbonate, potassium carbonate, potassium bicarbonate, potassium phosphate,
sodium hydroxide, potassium hydroxide, cesium carbonate, and cesium hydroxide,
among others.

[0044] The second reactant compound is a compound capable of fusing to the
thiophene or selenophene to form a imidazolone, dioxolone, imidazolethione and/or
dioxolethione. Suitable second reactant compounds with which the first reactant
compound is reacted may be a urea, represented by formula (2), a carbonate ester,
represented by formula (3), or an orthocarbonate, represented by formula (4).

-10 -



10

15

20

25

RIR2N NR3R4 R50 OR6 RIOOOR8 2 3 4 [0045] R, R, R3
QBYSORMSAr e | ndependent|ly chosen fromthe group

consi sting of hydrogen; C, - Cl2 l|linear, cyclic, and
branched al kyl, al kenyl, aryl, aral kyl, and al karyl
groups; imdazole, triazole, or benzotriazole rings or
portions thereof; C2 - C6 linear or 5 branched

al kyl enesg and conbi nations ther@of. Suitable ur edRg0, ORy
conpounds for use as second redftant conpounds '

%L%mt ht ﬁ:ﬁfﬁnof\l INl-mdlt Sng“ yi urgg‘,ae’ et hyl eneur egloo ORs

1 1' -car bony| di i m dazol e, 1,1'-carbonyl bi s(2-

nmet hyl i m g8azole), 1,1'-carbonyld(1,2,4-triazole), 4
1, 1' - carbonyl bi sbenzotri azole, and 1,1'-

[oeasio nm cﬂngpemd R ae. mdépehﬂ@rzft@] ch@Serafrom e groap consnstmg of

depe chose stln
RBSRANESr CieBAf R, A kel i, BhictalRy, &ha aikary
gxombs, nmidatdﬂg,ld tnazlml cmlbbazqthazg:te)mngg or(ﬁamon%eiédafy(:@nes linear or
nched a nd .C i nations
Rt gtRE: S Lo Baibns Hhedts: StRae [ Slfpoungs for use as
seeond cbacﬁmnbanb%mmmmlm botarechet Iu’mgéd to ereapN,N'idimétagiurea, N,N-
et y ar bonat e ne carbongt e
diistilEon didiantes 1 eSratuSEaae, 4y £ G enibis 2
mewlyﬁmﬂdmlé) ¥, 1Cbarbenyldi( R2Mithazols) PUp -carbonyitisbenzotriagole,-and 1,1’
CBQ,A clic, and branched al kyl, aryl, aralkyl,
A P%fd'rgel\(oups and conbi nations thereof. Suitable
ocar bopat es .f t he sec nd react ant
BSI0 BAhs SipdnSdnerasntl Shbpen Fo S oforis SoRttng at Gry v fnear
ayclid) and bearichee alkyle hikenylarll, aralkyh aad atkaall groupsoC, - Cs alkylene and
DGR AR ol LSS et 98 L B S S or e
asathe tsacdnd reaaanwwhpmyid iurradeed butaaré hotlimitdaaoydiethgingashorzte,
t.he rst react conpound typically a

Ftho e
%YE{QWQEIUEQQ%‘?LR rﬂ%‘f'@eo‘a; ‘?'@t ‘is reacted. Suitable

' b th
RO i iagers REBGRITy Spset Forie ol &Bgnd GG e near
dybljc, and branchbd alkgic aryh) @arsiky?, and@ﬂkarﬂgn@@é amg dombindtians thereof.
éu%ble%rt%oc%gr%z!ﬂes %1rluge gsmfhze §ec%ndN IrqégaFc{:f'ant c%r%pouznsd iﬁclgde,'blu% are not

limited to, tetramethyl orthocarbonate, tetraethyl orthocarbonate, and tetrapropyl
orthocarbonate.

[0048] In an alternate embodiment of the present invention, the second reactant
compound may include a thiocarbonyl compound with which the first reactant compound,
typically a 3,4-disubstituted heterocycle, is reacted. Suitable thiocarbonyl compounds for
use as the second reactant compound may include thiourea, represented by formula (5),
or a thionocarbonate, represented by formula (6).

S S

R1 RzN NR3R4 R1 1 (o] OR12

-11-
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06750 USA [0049] R1, R2, R3 and R4, are as before,
06760 USAdependently chosen fromthe group consisting
of hydrogen; C, - Cl12 linear, cyclic, and branched

al kyl, al kenyl, aryl, aralkyl, and al karyl groups;

i mdazole, triazole, or benzotriazole rings or

IBorti ons thereof; C2 - Ce [Ilinear or branched
0491 e & BnandtBoarara balore, te)emd@wendsmlx efisisen from the group

, nc?“'giaﬁgfd%ggﬂsﬁ 28, et lﬁe&.h‘é r’éﬁaﬁadadﬂyl 1 A, aralkyl,

re not I our ea
andmilsaryll groupsy iridazale, Nn@ndmphpemmtrmp@armgs or portions thereof; Cz - Cq

Iﬂwﬁlélb %’; @ER@‘%%@{%&%@%I datloﬁF Jrrsereof Suitable thioureas for use as

the secarid reactantotopmpdiud jritjutie; bitsare ned limitedito, thiourea, N,N'-

| a0, - ,
GoRGGRY, NOESFIRIIEIA, T Sioagrvdinioasdect -,
thnaarpenyiugtz metttytuwaztblebmmecgarmmldt(dr&‘ﬁ-yiaizaIg),dﬂ’C1 -
t%g?rbﬁﬂyflblﬁ&f[otna‘ﬂzé@ ?ﬁd 1 "‘In%&ﬁm&pﬁ%&&ﬂ_ﬁh&: al kenyl ,

al'’karyl grou al kyl ene

[Qﬁﬁg}]br@”%ﬂﬁ%a&ﬂh jon Qéﬁmugfgn H%Jﬁw'tﬁé(ér'ou?%nsi?ting of C; - Cy

l'es
liasare cyclicnandibranchad alisyl calkenyl, laryki araliylt and alkanyt groups; C. - Ce

S EESIBAREI Yo, I SPRFEARPRE) oy, LGRS of st

thionacgshenatg estersinclude, aub amam& limited top ainethyl ithiarocarbonate, diethyl
; _ .
thiBﬁB@é?Bonal? %t@&%#t Eh!g;ﬁ@%ﬁgﬁﬂ?,ﬁ@?é@{?@yﬁ@oﬁ&&rﬁ@a@ Qi 9, Lpyridyl

he presen 1 on
thiongcarbenaierand combipations theneptir ochl ori de, is added to
the reaction m xture to prepare the first reactant

[085HoUn@ne amhesimentof the metbbd abietpresentipuersionha dinydrachioride
{)ﬁa&cﬁr}:{s 3, &%MH&H: gﬁ&f@ &iﬂfdrgmlé%deaﬁa%ﬁ fo ﬂfe redétiodHhixture to
i nclude, but nmay not be

ases for 'thrs
nremreéme first reactgahd:mnmmms Achase cap berinciudeg taprepare the first reactant
d j i.di . .
Ak porind ol ETBH AL STABMRAEL 15 i purose inctde,butmay
noti bedimited tovionganic/bases sech asitriethylamine, pyridine, 2-

R M g I T
(dme@mrm@omyadaesawm diisoprapylethylamioeli anchingrganig basgs such as
s‘%ﬁﬁmpeérﬁﬁﬁété‘ RJAK BikhAonattsiasdi f’iﬁtcalfﬁro?\afe é&'a%’éibtﬁ ticarbonate,

reaction mxture, such as sodiumcarb
sodiwmihydsoxide, rnd:notassiumehycdsoXice.. Bases/thatzg insolublei inthe gaction

B st 2o K6 PRl oY bedBoh B e Mol | one,
(B2 Yl 8 roflic SRAR o ARG Riach TR Tor

l'es o e or gani S |nc
m@nar@@n ¢fithe fused umndaaqlmei idioxolope - imidazolethiene ofi dmmthlone

ﬁéé’@ﬁ%}é &‘% %)garn%éféﬂ %Mﬂé %ﬁn@dvenw ihEiT4E! B Rty not be
hmatzddw nie3- ldmxgtbylh’?ainﬁdazphdmm d raadimemyj-3,4,5,6—tetrahydro-2(1 H)-
pyrimidinone, ethylene glycol, propylene glycol, 1,2-dimethoxyethane, tetrahydrofuran,
and mixtures thereof. A desirable organic solvent comprises 1,3-dimethyl-2-
imidazolidinone. The reaction temperature is sufficiently high to react the first reactant
compound with the second reactant compound to form the desired fused imidazolone,

dioxolone, imidazolethione or dioxolethione monomer. The reaction temperatures may

-12-
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30 and m xtures thereof. A desirable organic solvent
@BsBprUSes 1, 3-di met hyl - 2- i m dazol i di none. The
reaction tenperature is sufficiently high to react the
first reactant conmpound with the second react ant
conmpound to formthe desired fused i m dazol one,

di oxol one, i m dazol et hi one or di oxol et hi one nononer.

brhie the rangieh froevahout 80 iCato abeyt 17568, tyeiratly fiimn abeut §5°Etie about

{free @cg@fo é’&‘g@&@}’ﬁorﬁ %g@ﬁgﬁgq%%&?%f% Z‘??é" %ﬁmurﬁ eBditions will
mud 0f0iE teacts canfigLeation, tneesotvpntsmmlemﬁd and other vanables.

depend on the reactor configuration, the solvents
[eﬂﬂ]oyrddnoraans thatreay bmpre@are@accpwmp theymethodwf thespresent

ntlgﬁ ufu%%&f%@%%?ﬁﬂ.‘u{hgxg ?Htthgncfﬁ%rtﬁﬁraﬂ’%zoi BBHY PR -

nven lon’Irncldde
seertolo[ @ ded]itnidazd]-2(8H)ane| thignd[3),4-djid,3-divkolan-2-one, thieno[3,4-d]-1,3-

R

thioog o1 Ia-lselbnolb[apﬁd]lmwamlrﬂjald[ m;medandselemw{ﬁdl-dni Q-dmglan -2-

h I [
b RS éft@‘re?fé{%% dé@sﬁ@%%@%ﬁ*g and
sel enol o[ 3, 4-d] - 143- di oxol an-2- thione. The structures
for these nononerg are as fol I ows: O HN NH 10 S
1Ht hi eno[ 3, 4-d] iXj dazol -2(3H)-one O HN NH Se
1H sel enol o[ 3HNd] i NHHazol -2(3H)-one O OO S
thieno[ 3,4-d]-1\3 oxol an-2-one O O O Se
sel enol o[ 3, 4-d] /1 di oxol an-2-one -13 06750 USA S

m@:[;}m@

1H-thieno[3,4-d]imidazol-2(3H)-one

1H-selenolo[3,4-d]imidazol-2(3H)-one

thieno[3,4-d]-1,3-dioxolan-2-one

Se selenolo[3,4-d]-1,3-dioxolan-2-one

-13-




HN NH S 1 Hthieno[3,4-d]imdazol-2(3H)-thione S OO
B7601USA0[ 3, 4-d] - 1, 3-di oxol an-2-thione S HN NH Se 1

H sel enol of 3, 4-d] i m dazol -2(3H)-thione S O O Se

sel enol o] 3, 4-d] -1, 3-di oxol an-2-thione 5 [0054] A

nmet hod of maki ng heterocyclic fused im dazol one,

di oxol one, i m dazol et hi one, and di oxol et hi one
according to an $nbodi nent of the present invention
may include one jjor nobre steps in a single reaction

m xture incl foll ow ng mechanism -14 06750
USA First Reacyant nmpound X Second Reactant Cl H3N
NH3Cl Base H2N Compound Y Y d-\ Z [0055] In the
conmpounds in the ove reaction, Zis Sor Se; Yis NH

or 0; and X is or t had .i.ncl

preparation of the flréht'ﬁﬁ éﬁﬁmaeﬁﬁ%éﬁﬁﬁﬁﬁpﬂea
base, 5 such as sodi um carbonate, triethylam ne or

4- (di met hyl am n@® pyridine, which is used to |I|iberate
the first reactapt conpound, shown as

3, 4-di am not hi e (or 3,4- diam nosel enophene).
Wiile the fir regct ant conpound shown above is 3, 4-
di am not hi ophe or 3, 4-di am nosel enophene) and the
first reactantj//conpound

S thieno[3,4-d]-1,3-dioxolan-2-thione

X

HN NH

U

Se 1H-selenolo[3,4-dJimidazol-2(3H)-thione

S
o/l\o

/

e

Se selenolo[3,4-d]-1,3-dioxolan-2-thione

[0054] A method of making heterocyclic fused imidazolone, dioxolone, imidazolethione,
and dioxolethione according to an embodiment of the present invention may include one
or more steps in a single reaction mixture including the following mechanism:

-14 -
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precursor is 3,4-di am not hi ophene (or

86760diSA1 nosel enophene) di hydrochl oride, the first 10
react ant conpound may be any suitabl e conpound capabl e
of reacting with the second reactant conpound to form
the heterocyclic fused i m dazol one, dioxol one,

i m dazol et hi one or di oon et hi one based nmononers of the
present invention. For g he formation of

di oxol one or di oxol et hi one rﬁ& respondl ng 3 4-

di hydr oxyt hi ophene may be &4 ﬁ?gﬁal n placg

3, 4- di ami not hi ophene. The [first 15 rgact ang und
ﬁ.| J\eact th secon onpo nﬁfﬁa}{& he y
ete oclgﬂ?m E?gglm'da é

ol on

i m dgzZof\et hi Gmr—m"cxol d FonomeT / \
accoq di to the present q forned. [0056]
The od of the present my i nclude

synthesis of 1 Hthieno[374- d]imdaZol-2(3H)-one in a
single reaction m xture. The process according to the
present 20 invention for the synthesis of 1

[9065] elnthe camppumdsda the atmvetpaction, Z iscS auge; Y isdNH or O; and X is O

PR TEL PR Ao b GAIhET T o
sushasaadiumo prbanate, tristhylaainmer 4- écuaae num)mvudme which is used to
iR the S rcBBaft oGO ficin of s ifarh ROGIOERENEIK AL D
digmingisaleoephgniedr While tlmfcrstsreaetanmrrmoelsé sbewn Abevepa Sed-
@Q@%@é@f?@%ﬂ% GRfidi H% é}dﬂﬁéﬁ@m th% ﬂrsfl Eera'aant compound

I ophene,
precunsanis 3pbdipmimathiogthener(or abedmmsselermhene) dibydrochteride, the first

r(l)a?%l{aﬂf ESbotnd. nqu*ven letagfe é&ndﬁ'ﬁﬁd 8L§ %Q&ﬁiﬂpﬂe second

e present on al SO I'ncC Syn hesi
lieatmatmmpmmdao fereethie hetetonypliciueedi ienidazoloneg dioxolone;hi s

e%grt\e 8f di Qcﬁetﬂ@ﬂ%%gge& ﬂ’IY) él%rbf tt:l)’e éres?nt&nvention’ For
Iam nosel enop ene rochloride 17s'r

é@mpleydn the formatian3f dkuxebhe in giogBietHRiveHR2 dapespondiry i

dhldro%ythibphene may be utilized in place of the 3,4-diaminothiophene. The first

reactant compound is reacted with the second reactant compound and the heterocyclic

fused imidazolone, dioxolone, imidazolethione or dioxolethione based monomer

according to the present invention is formed.

[0056] The method of the present invention may include synthesis of 1H-thieno[3,4-
dlimidazol-2(3H)-one in a single reaction mixture. The process according to the present
invention for the synthesis of 1H-thieno[3,4-dJimidazoi-2(3H)-one includes the
mechanism shown as follows:

PR S S
CiH;3N NH;CI Na,CO, H2N NH, HzN)‘\ NH, HN NH
—————- -
2/ \§ 2/ \§ 2/ \§
S i S i S

[0057] This first reactant compound, the second reactant compound, solvent and base
are present in the reaction mixture. In the reaction above, 3,4-diaminothiophene

-15-
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[0059] In the reaction above, 3, 4-diam nosel enophene
ob7BgdSxchl oride reacts in the presence of a base,

shown above as sodi um carbonate (Na2C33), to form 3,4

10 di am nosel enophene, which reacts with the second

react ant conpound, shown above as urea, to formthe

1H sel enol o[ 3, 4-d] i m dazol -2(3H) -one. [0060] To
diyavetiorigie4ealcts jndthe yyésenog babase, shown as sodium carbonate (Na;CO3),

RSO0 I B8 e SSERRBE R biunc, shovr
abové iag adka, konfoomehe eHbieno[B/4-d]intidazob2(8Hsomet | nvent i on,

3, 4-di hydr oxyt hi ophene is reacted in a single step,
[0658]s The metied oOtHe presenDinveRNaDGIinCluGes §yrehdsidtliinidazolone-

tedod shEAGE abrtallegy H A R bR Rp S 2.4

diaminoselémophiene dihydrachieritd isceadtéd 4s llodvs3- di oxol an- 2-
20 one. [0062] In another enbodi nent of the present

i nvention, 3,4-dihydroxythi ophene is_ reacte
foIIovvs -16 06750 USA 0 |0 HO OH Na NaO
@Q—ﬁ du - du d/S[S [0 Inthls actlopm NH
di h orlgﬂyt INag@Ggne r aCI,tile Oﬁﬁ% pre
\oXi gle / \
albove 5 as the

base wn —above a2 sodi um )
an ihte medlate sodi um sdl t,
di so msalt, which readts wi 88 t hejsecond react ant e

conmpound, shown above as —di net hyl rbonate, to form
the thieno[ 3, 4-d]-1, 3-di oxol an-2-one. In order to

[0059]U0ﬁ thdRachié! Ave 08,3, dﬂarﬁu}uoéelandiihen@ ldmpdr%cmaﬂde reacts in the

simlar reaction rrechanl sns to ose %
REeTRnEs of 6 5889, Shoun FEAVAIRS ST saMEReta Bia:C03, to form 3.4

dié?htﬂﬁé&l@n he leacrdréaa&el Vit the @B6orf reasthht doAfibund SsHoRdtabove as
t hat selenog ene is utilized in the

e s i SRR A HGREL BaBBRe. s hown

[86&0\1 QI!'Jo cc}/nvert 3,4-dihydroxythiophene or 3,4-dihydroxyselenophene reactant
compounds to the corresponding dioxolone a similar mechanism is utilized. In one
embodiment of the present invention, 3,4-dihydroxythiophene is reacted in a single step,
as follows:

o) o]
HO OH H3CO/H\OCH3 o/u\o

[0061] In this reaction 3,4-dihydroxythiophene reacts with the second reactant
compound, shown above as dimethyl carbonate, to form the thieno[3,4-d]-1,3-dioxolan-2-

one.

[0062] In another embodiment of the present invention, 3,4-dihydroxythiophene is
reacted as follows:

-16-
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[0064] In order to produce the imdazol et hione or

05788 QSA hi one nononers of the present invention, the
followi ng reaction may be utilized: $ S Cl H3N NH3Cl

Na2CO3 H2N NH2 H2N NH2 HN NH d-\ d-\ / ds\ S S

[0065] In this reaction 3, 4-di am not hi ophene

di hydrochl ori de reacts in the presence of 15 a base,

shown above as sodi um carbonate (Ng2CO3 t8 form (o]
3, 4-di am not hi ophene, whi ch reacts th th second )k
r gact agyy conpound, showy ghOve @Nd|[hi ourea g a form o7 Yo

the\ 1/H thi emNgOH4-d]-ilm dagol £ 2(3H) -Hafr@ne. OGHlsor der
' 2/ \§

to progjuce The I FF&el enol of
d] i&i d&@zol - 2(3H) -t hi one,| a m Par |reaction mechani sm

to t conversion of 3,4- di aBi not hi ophene S
di hydrochloride to 1

a3 reeciba ARG onRbiREh e A6 h Tt rgee S b adse, shown

aliové g sedium Hyaeoxidea®NaQH) tb hermlanfintetimadiatecsdaiump bait) shown above

SRy 0P SR04 YRS A S5 iSin above s
dimethlybcarbaredie, to $oni the thiend]s, muansa-aoman-a ohe. In order to produce the

SPloRSR A B Rn 2 o, Sl CaeRImesnBabriaie Bk dathe

doavasioa(df Q- ﬂlhydlrmo)'thidﬁh@ettb itmem[s,aru;u@ diokslan-2-ché are utilized,

S I i di f
TRt > ErerayBeiBromeoR s BliSe G ERE HRES ot fegh &°
dﬂ':y@f@kymbﬁmblshphﬁpﬁewo%s@- di hydr oxyt hi ophene,
3, 4-di am nosel enophene, and 3, 4- di hydroxysel enophene .

[0064]b dnosdat taprddoee fHerimidazoketticne orativwoletiione Mondmbtsof the

deri at ve use h.this embodi nent of
rraent Ryeifar, 4 Tiaiog ression Sy Beolideths e ro. &

3, 4-di am not hi ophene, 3, 4-di hydr oxyt hi ophene ' S
3, 4-di am nosel enophene, d/or 3, 4-

di hydr oxysel enophene havilng car boxyl @t e gro’t@t,c
GiHaNi | e NWs@Ips andfor carfoddari deNHgi oupgyNTatkpg tUN NH

the ®-_Aand 5- gns ifn the_tli ophene_or
sel Nene ring. The dgriva A fifst reactant
conps s is reacted with a seqgend re¢actant conpound s

capablFe of fusing to the_ 3, 4-al am ndt hi ophene,
3, 4-di hydroxyt hi ophene, 3, 4-di am nosel enophene, 10

and/ or 4- di hydr oxysel engphene derivative to for
(PORA1 6 i saciibn 3 GABIOTIGRNGES GINvEtachIRESS agts i the presence of

abaREOSIRIVH e RYBRMANESBorite (N&TTY), 6 1drdB,4-AiaMihéthiophene,
which reacts with the second reactant compound, shown above as thiourea, to form the
1H-thieno[3,4-d]-imidazol-2(3H)-thione. In order to produce the 1H-selenolof3,4-
dlimidazol-2(3H)-thione, a similar reaction mechanism to the conversion of 3,4-
diaminothiophene dihydrochloride to 1H-thieno[3,4-d]-imidazol-2(3H)-thione is utilized,
except a 3,4-diaminoselephene dihydrochloride is utilizes in the place of the 3,4-
diaminothiophene dihydrochloride shown previously. Likewise, in order to produce
thieno[3,4-d}-1,3-dioxolan-2-thione, a similar mechanism to the conversion of 3,4-
dihydroxythiophene to thieno[3,4-d]-1,3-dioxolan-2-one is utilized, except that the second
reactant compound is selected to include a thiocarbonate ester.
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XYY WW Z [0067] In the above conpound, Zis S
08750%sSAY is NHor O; Xis O or S and Wand W  may

i nclude any suitable derivative group or atom

Sui t abl e derivative groups include, 15 but are not

limted to carboxylate, nitrile and/or carboxam de.

For exanple, in the above fornmula Wand W nay be

[008B]p dn deariitesnatebmbbdditheht ofithé hetiydof thepresersttinvegtiod, derivatives

QE A hanippeng,  ulinehDotionnsPes. Ao OralarSenbie, dnd .4

diljoeaaeélenspheie iy se@sed &9 tﬁalitﬁt eddetamn compouhd. Suntable derivative

‘i%iﬂfp)é’glg% E’l’rﬂ &"tf'g‘ %P%Pé‘g I Qf tgs iy ggyfg'hlalege Wt Srhollitnited to,

R4-Gianifothid Ehér&d , Bch-diRydraxyahiepitene? 8,4cdignMoséienophene, and/or 3,4-
i one, and di oxol et hi one.

m dazol et
dé’?%‘é’&azo eE‘°R§P“PH@VWEt°ﬁER9X}S'Ptet9{8URﬁ~ leélﬁtgqul%éﬁ‘ﬁﬁéﬁafbaxam'de
groldpstittiehé@t/thaeednd 3, ﬂos&idmdm memhnbpmmese(embbmmg The

t he net hod of
fativerestiBan1an cpguipandeys raSaied whh 2 SgrorsaciBnt A RsNd capable
dBfusihg tbithé B,4-@amindthio h'éﬂbr@heﬁhyﬁfbxythidb%ne 284-diaminoselenophene,

a@dfprM%Mgsmeéweam&rwaﬂ\@sfpém R pigaolgas, dioxolone,
imRiakelethishe, Bnd diox&lEthidiR repiceeste@by Me fSlloviay formeta: al .
Organi c Letters, 2001, 26, 4283- 4285; her eby

i ncorporated by reference) is)}eacted with a second
reactant conpound capable of |fusing to the

3, 4- di hydr oxyt hi ophene or 3 ydr oxysel enophene to
forma dioxolone or a dioxdl ethi one represented by
thefollovvingfornula -180 USA X 01O R0O2C = CO2R
Z wherein Zis S or ,or S; and Ris
hydrogen, or Cl1 - C6 I|n d or 5 cyclic

al kyl group. Subsequent to fo tion of the di oxol one
or di oxol ethione, the carboxylate groups are renoved

[80679"Yn ¥e éﬁ‘tﬁ/e%ﬁ%g% Bisidot §8 v QrN?-USf OIX O S; and W and W’

reférences to prOVI the corres ond Ill’;g
maysinglHde pay Slﬂ'tﬂbwdeﬂvétt‘(ﬂ @auR Obatom oSuitablerfesiMative groups include,

but are not limited to carboxylate, nitrile and/or carboxamide. For example, in the above
formula W and W’ may be independently selected from the group consisting of hydrogen,
-CO.R’, -C=ONR'R’, and -C=N; and R’ is H or C,¢alkyl. Subsequent to formation of the
imidazolone, dioxolone, imidazolethione, and dioxolethione, the derivative groups (i.e., W
and W’) may be removed to provide the corresponding 2,5-unsubstituted imidazolone,
dioxolone, imidazolethione, and dioxolethione.

[0068] In one embodiment of the method of the present invention, a 2,5-dicarboxylated
3,4-dihydroxythiophene (obtained, e.g., by the method of W. A. Feld, et. al, Synthetic
Communications, 1996, 26, 2205-2212 or the method of B. D. Tilak, et. al., Tetrahedron,
1967, 23, 2437-2241) or a 2,5-dicarboxylated 3,4-dihydroxyselenophene or ester thereof
(obtained, e.g., by the method of M. P. Cava, et. al., Organic Letters, 2001, 26, 4283-
4285, hereby incorporated by reference) is reacted with a second reactant compound
capable of fusing to the 3,4-dihydroxythiophene or 3,4-dihydroxyselenophene to form a
dioxolone or a dioxolethione represented by the following formula:
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(0069] The nethod of the present invention may include
dersbus g fused dioxolone or dioxol ethione according
to an enbodlnent of the present invention in a
multi-step 10 procedure as follows: HO OH H3CO-OCH3 O
OO0 EtMRC  COREt EtRC CQREt / S SS [0070] In
the reaction shown above, diethyl

3, 4- di hydr oxyt hi ophene- 2, 5-di carboxyl ate reacts with
t he second reactant conpound, hown as di net hyl
carbonate, to formthe 15 di?gnél
t hi eno[ 3, 4-d] - 1, 3-di oxol an- 2, 5-di carboxyl at e.
[0071] Subsequent to format t he di oxol one or

di oxol ethione ring, the carb ate groups are
renmoved by any suitable proc du\e such as the
procedures contai ned € references to
Feld et. al., Tilak, et. al.Zor Cava et aI

eélg g nco %ﬁgéﬁg [Qggrdf EﬂerfdiFri % rfm%) dl?neggebranched or

dyentrkyl bfbdw %Jb%éqt%m esHorRatiordf tﬁ@@uoﬁéneﬁ@&t dlbiblﬁﬁfoh@ Nthe

derivatives of the heterocyclic fused i nm dazol one

Aregylaln@roups AteLLaI0ed by ABY °fa'ﬁ9 P&Q@QBW&'NW@’%P@Q three

réféfé‘ﬁ%@_s RS Pa‘bﬁno‘thé’EorréB‘pbﬁ&mQ b&-GrubBitled diixoloABs bF bioXolethiones.
aromati c fused heterocycliC nononer. Mononer

jvatives according to the present invention may

l&ﬁ@hﬁ'&\%ﬁﬁ@eﬂﬁ tepreseny invaation raay thGlUAg Makinaa E\‘Seg digxolone or
disxORhibisRactording to ¥ ¥¥hbédimeAPdithe bfésbhﬁn@é?iﬁbﬁ in a multi- step

der i vatlvfe conpound above, Z is or Se; Yis NHor O
progedurse ag follews:ang W and W may |ncI ude any suitable

group or atom In one enbodiment Wand W 5 are

i ndependently selected fromthe group consisting of

hydr ogen, hal ogen atons, MyCl, MBr, |, ZnCl, ZnBr,

Znl, Sn(R )3, boronic a@id, boronic est - CH=CHR",

- CC1- 6al kyl, -COCCl-6 Rl kyl, -S-COR" COR'', -C=CH,

and pHQyne H abl e By trocgpoups. R Qs ®-6 alkyl @ O
or -QOC1 I kyl. Reds . Hor Gl 6 al kyl! B i~ = o T SN

E@oﬁ: al ;I éléztEabI e pol ymeri zabétszc CO,Et /s\

[0070] In the reaction shown above, diethyl 3,4-dihydro$<ythiophene-2,5-dicarboxylate
reacts with the second reactant compound, shown as dimethyl carbonate, to form the
diethyl thieno[3,4-d]-1,3-dioxolan-2-one 2,5-dicarboxylate.

[0071] Subsequent to formation of the dioxolone or dioxolethione ring, the carboxylate
groups are removed by any suitable procedure, such as the procedures contained in the
foregoing references to Feld, et. al., Tilak, et. al., or Cava, et. al. (hereby incorporated by
reference), to provide the corresponding thieno[3,4-d)-1,3-dioxolan-2-one.

[0072] In another embodiment of the present invention, derivatives of the heterocyclic
fused imidazolone, dioxolone, imidazolethione, and dioxolethione are formed prior to or
after the formation of the fully aromatic fused heterocyclic monomer. Monomer
derivatives according to the present invention may include compounds having the
following formula:
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aromati c groups may include phenyl, naphthal ene,
(ﬂwﬁbgq? di t hi ophene, thi enot hi ophene, 10 thi ophene,

ot her polynerizable aromatic group contai ni ng
noi eties. [0074] The polynerization and the resulting
pol ymer can be controlled by selecting nvieties Wand
W having the desired pol ynerization reaction and
desired resultant polyner. Carbon-carbon bond form ng
reacti ons may be conpleted followi ng any suitable
met hod. Met hods suitable for e wth the nononer of
the present invention 15 incl 4de, but are not limted
to the Suzuki Reaction, the Ygganoto Reaction, the
Heck Reaction, the Stille Kggactyon, the
Sonogashi r a- Hagi hara Reacti o he Kumada- Corri u
Reaction, the R ecke Reactio wnd the McCul | ogh
Reaction. [0075] Derivat iy Ww'ng to the present
i nvention may include honopol™gfers and copolyners in
which Wand W are H 1In another enbodi nent, the

[gg@gqﬁgﬁn% ?tgoJeg:%nggtg/leQ{o?n}%ﬂh a?éﬁ%‘ﬁ ga‘%?é\"/\wg bgp@rq; X is O or

§;andtW land éM’dna«semclede ady seitable growp ooatoouridonefembiediment W and W’
S8 RIS LS corRRIRIE Ko fapoen aoms. e,
'\!'@7 ol MG, ZnBri Znd, SR(R’),charenis aditl, harenic estes cCHFEHR”, -OC s alkyl,

SRRt oot ERE iy e o0l ffoMab bAdtes. R s Cro

gy or \GGyGlalkyh, Rbis e o C,..2fkyh oRM ishidr @3galkelt Guitablepolyenerizable

th ot h f t j .
ey GPut by il oAt o PioR: fhidhhenipenGtniophene,
thigpherge and bthes polgmetizatle aloatatic soupocondeining aridtiesn

mechani sm sui table for use with heterocyclic ring

[0974]ctTLhe_epplymerlzaﬁorahn@ﬂma’emIﬂ@bmﬁheman bet dumtrofledhby selecting
%ﬁ\ie%%?ﬁ!?gw U@fé ves ﬁ%‘ﬂ &8{5 gésg%ﬂgn ?ﬁcﬁ g%solred resultant
pobyareri Qartporecarbon bmcgformﬁngztea)btlbmlmay)bbruonmlmem;ollawuhg any
s@:ﬁ%ﬂg ﬁlﬂcﬁ{; igl@'ﬁtﬂggsa gﬁ@%?etofpﬁgﬁ \&@5 d :Jrégqu'rhheg'm@ ;he present Yvention
ifklvided bbyare ooy Hraitedhiothe Sazalt Reaetiony e Yamarheto Reaction, the Heck

ARG S04 BBie.resdin, 8 SonbdisitAaedtars Hralhion. g kurada-Corriu

Reaction, itihe Riecké Rehttivne Andrthet MyCullogh iReadtiabove.
EXAMPLES [0077] The follow ng exanples are provided

[0a75]| |Desivatives acaordingsto dndprésemtrinvention maqdnqnatei rommepolymikers and
c?h@gﬁ?fsoih _r\]/&h?&cwdantdcwr grsetl-q | fh ano;her em %%Slment tng compounds of the
present invention may include homopolymer and copolymers wherein W, and W’ are Br.
In still another embodiment, the compounds of the present invention may include

homopolymer and copolymers wherein W, and W’ are trialkylstannyl.

[0076] Many of the derivatives of the respective monomers where W and W’ are other
than H are formed post-formation of the monomers. In one such post-reaction, one or
both hydrogen atoms may be replaced with other functional groups such as bromide or
trialkyistanny! groups. The replacement of the hydrogen atoms may take place using
any reaction mechanism suitable for use with heterocyclic ring structures. In an alternate
embodiment, the W and/or W’ containing derivatives may be formed prior to converting
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10 Exanple 1 [0078] The conpound
dérsohwgao( 3, 4-d] i m dazol - 2(3H) - one was prepared in a
single reaction mxture in accordance with the nethod

of the present invention. In Exanple 1, triethylamne
was utilized as a base to |liberate
3, 4-di am not hi ophene fromthe dihydrochloride salt.

ﬂur@aemm th8 dirkt asactib® prAlbIBY., 3;4-aihgtRixytiopRema)dnd then

t t 15 Et 3N
SRAHES asactQURRRS e Sptwe bR B LA Y N2
€inydiadtiaiopHehe(? 3,4« dikfdrdxyselepbpRert cBrivativesitd IthH’-ﬂhﬁdHZolone

Gl micazdetbiofe or foroisiors BREGRENAGRS WhE g and W are
catsdibleowith e chibmistiy@Rtineé kbevd. | ask equi pped with

magnetic stirring and a 20 reflux condenser. The fl ask

was purged with nitrogen for 15 m nutes, after which

20 mL of 1, 3-dinethyl-2-i gxkaAmeeEsdi none ("DM ") was

added via syringe with stirring. The contents were

1878 STip olioving Zaamales g Bronited o ftiakd vaggos eftBociénts and
¢commdrisphand srewitt intéhitiad ty rébtiict tHesbope bhihetisvantiomt ur e
of the flask was raised to 115 - 120C and nmi nt ai ned

%%4@ tenperature range for 4 hours. 25 After
and filtration, gas chromatography ("GC")

@BZ#]% ?Qﬁﬁ %%ﬁ%&%ﬁ%e%&%@ﬁﬁﬁ%@'ﬁ%%ne was prepared in a single

mialattdmi rextur® idactbrdande nith i Bethod oéthevpreser® 8itention. In Example 1,

{RBPART fod Rt 35 diepa 6 ate € TR e RpHTH BB e,

d)lyydrm’rmrdessalt Qirea ehe nsedas theroasbonyt dontdiing sedondreactant

%xt"%;g‘ﬁ Conparative Exanple 1B [0080] Conparative

1 B includes an attenpt to prepare 1

Hthieno[ 3,4 5 d]imdazol-2(3H)-one in a single o

reacti on m xture having tjpe conponenys utiliz@d in
Conparative exjnple 1 B uffilizes a reactlonJ\

G"'ls re N'ﬂ:ﬁﬁ i spagNy heat eg ve NHpgm t atneg. HN° NH
2/ \/5 / \ 2/ \g
S

S S

[0079] An amount of 0.1922 gm (1.028 x 10° mole) 3,4-diaminothiophene dihydro-
chloride ("DAT-HCI") and 0.1866 gm (3.11 x 10" mole; 3.02 equiv., based on DAT-HCI)
urea were added to a 50 mL three-necked flask equipped with magnetic stirring and a
reflux condenser. The flask was purged with nitrogen for 15 minutes, after which 20 mL
of 1,3-dimethyl-2-imidazolidinone ("DMI") was added via syringe with stirring. The
contents were warmed to 50°C, at which point 0.45 mL (0.327 gm, 3.23 x 10° mole; 3.14
equiv., based on DAT-HCI) triethylamine was added via syringe. The temperature of the
flask was raised to 115 - 120°C and maintained in that temperature range for 4 hours.
After cooling and filtration, gas chfomatography ("GC") analysis showed complete
conversion of 3,4-diaminothiophene; selectivity to 1H-thieno[3,4-d]imidazol-2(3H)-one
was >98%. Components were identified by gas chromatography ("GC") and mass
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[0081] The procedure of Exanple 1 was repeated, with
06780Q st hanol as the solvent. |In addition, the
reaction m xture was not heated and was stirred at
roomtenperature for 10 58 hrs after addition of the
triethylamne. GC analysis at the end of that tine
showed that none of the 3, 4-di am not hi ophene had been
speorerbieyl ("MS")) ahd Idy icbimpandoh ¢t -retentiorctines with tHoselof lknmaavn
anple 2 [0082] 1H-thieno[ 3, 4-d]i m dazol - 2(3H) - one
ﬁ%@%‘? pared in a single reaction mxture in 15
accordance with the nethod of the present invention.

Comparhtive’ExsswledB al t ernate base from Exanple 1,
4- (di met hyl am no) - pyridine, as the base to |iberate
[6080]) dCamparative Bxdmple 1Brincluddsaandattentpt de pleparedtH-thiéna[3,4-

.addi LI OR, L L1 e
4 b 3 SR B i s gormgngpg pinec
e ool ophene. G hydr o 20 chi ort G (DAT-H) . o

-di am_not hi - ,
ré?%ég'fpﬁﬁﬂfréi 002 x 10" 3 ?lml e; 2.90 equiv., based on

(8L 350 o A v soven.
14 -additiomtthy reattion jnistaiedvasenotbeated deid dvasctiered @t rdom temperature for
ee-necked fl.ask, equi pped with . na tic Stirrd
NS FPEREpn TR HeMMFE. B0 AanFR ir Sudbliia e showed
thattmomgexfi tHeoB,4 dfaminothicphene hid beendonvertéintd 1ldthieno[3,4-d]imidazol-
% ﬁﬁl nmet hyl - 2-i m dazol i di none (DM ) was added via 25
9”’ ’beé Wth stirring. The tenperature of the flask

hsed to 115 - 120C and maintained in that
BEmRs2

ture range for 4 hours. After cooling and
filtration, GC analysis showed conpl ete conversion of
[008R2]di trirthiertdfi3,dflimidazob2(3el)-bne wag prepatedHn a single reaction mixture in

afcgh@%ﬁéégrwﬁh %L@%ﬁﬁé %hfh%(p:igge'n? [hverifion. >E%(%%’pl5 2884 &n Zietflate base
ftem Example3), 4-(dimethylaminb)-gyriiife, as ¢henbaserto dibenated3,dn a
yriaioshEBE M E R oA g RaP AZRGR0Y Hianld6 piided . -
dartxinyldiémidazele sscthe secondireactartrdompatred.as t he base to

| i berate 3, 4-di am not hi ophene from the
[6088]d rArcanoumtchf 051984 gma(1c034oe1®t mole) 3,4-diaminothiophene dihydro-

chiohda 10ATHUNILABAR £ 8008 10 oot 28 e el on DAT-HCD 1.1
cadidnylgimidaizole, and 0.83957 gm((3.2a3% 10°100l18; 314 eYuiv., based on DAT-HCI)
4-(dimethylamino)pyridine were added to a 50 mL three-necked flask equipped with
magnetic stirring and a reflux condenser. The flask was purged with nitrogen for 15
minutes, after which 20 mL of 1,3-dimethyl-2-imidazolidinone (DMI) was added via
syringe with stirring. The temperature of the flask was raised to 115 - 120°C and
maintained in that temperature range for 4 hours. After cooling and filtration, GC
analysis showed complete conversion of 3,4-diaminothiophene; selectivity to 1H-
thieno[3,4-d]imidazol-2(3H)-one was >98%.

Example 3

[0084] The compound 1H-thieno[3,4-d]imidazol-2(3H)-one was prepared in a single
reaction mixture in accordance with the method of the present invention. Example 3
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5 3, 4-di am not hi ophene di hydrochl ori de ("DAT-HC "),

o8me0 UsA of 0.4868 gm (3.005 x 10-3 nole; 2.84 equiv.,

based on DAT-HCI) 1,1'-carbonyl diim dazole as the

car bonyl containing reactant and 0.6591 gm (6.218 x

10-3 nole; 5.87 equiv., based on DAT-HCI) anhydrous

sodi um carbonate as the included base. After cooling
irohutiesithe usé disudivBTcadonatesisthe basecto libergté 8dediaminothiophene from

OO R pate saly Anfl uEE ol 3 PO BREmERRGhs o sEcll batian
cémpodBd] The conpound
1Ht hi eno[ 3, 4-d] i m dazol - 2(3H)-one was prepared in a

[6085]| &TherpracdduomohiExdmpie 2iwasdokovedanitre0. 108 hgmh(#.058 xHidf mole)

BT B8 OO e HRTRITY qd 2. f 40684 18605 x 10°
rﬁold;-msaam?iw;l bggn_ﬂmnAErl-ldmi) _1,5f-cdrbor?$ildizmdamlé ar; theecagxdinyl
BRI Rt (B50R BB A B Bt 7 4FuRE BaRRLon DAT-HCD
anhydroge dodians dartonatesasitheinchudeddbase o Afttaocodﬁ?g apdl éikratier.GC
SRR PR Bl T o S 1
tiie2d]8 3-djimida£bl-268H)»onkOvas ¥88%., 2. 00 equiv., based on
DAT-HCI) 20 1,1'-carbonyldiimdazole, and 8.5445 gm

éx%%p%og x 10"3 nole; 7.98 equiv., based on DAT-HCl)
anhydr ous sodi um car bonate were added to a 100 niL

(0861 TRl PR 3975 faShapbiohtn asnge
reaatioo ge‘xtufeoin atbomdance with tr;wfme!hoo\/bf thie pd@semt inyéntion. _Example 4
ekl LY b i S 230 pi el o 3llaffbenens rom
thendihydroshidridensdlt a0 aselobh 1 ’?@armwdﬁeﬁuazblet Mg steconq reactant
ShEPRP Yt B FudiP b A e b el o
ExarhptisatyBnot hi ophene; selectivity to 1 Hthieno[3, 4-

d] i m dazol -2(3H)-one was >98% Exanple 5 [0088] The
[@@8Y) o LAmdanourhtioh it B86) Jma(10]1i0ixd aheld) 3 hdiamieothicphene dihydro-

cHORER AT SR o athiss 00  MBleb 2 Bodobn. hasag pa pAT-HC)
1Tticarbenyidiihidazole) arxt 8.6445gm<80.608 &t10Y Ineoie; 798 bquint kasesl on
OAEHER 0k ouS SPA0 Tabrsia Hoer fia JOC i, - hetid hasi
equipp@@ withnntaignetiei stirring and a reflux condenser. The flask was purged with
nitrogen for 15 minutes, after which 60 mL of 1,3-dimethyl-2-imidazolidinone (DMI) was
added via syringe with stirring. The temperature of the flask was raised to 125°C and
maintained at that temperature for 3 hours. After cooling and filtration, GC analysis
showed complete conversion of 3,4-diaminothiophene; selectivity to 1H-thieno[3,4-
d]imidazol-2(3H)-one was >98%.

Example 5

[0088] The compound 1H-thieno[3,4-d]imidazol-2(3H)-one was prepared in a single
reaction mixture in accordance with the method of the present invention. This example
illustrates use of ethylene carbonate as the carbonyl containing compound.
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10"3 nol e) DAT-HCI and 0.2870 gm (3.261 x 10-3 nol e;

Gb780 i v., based on DAT-HClI) ethylene carbonate in

pl ace of the 1,1 -carbonyldiimdazole. After cooling

and filtration, GC analysis showed 79% conversi on of

3, 4-di am not hi ophene; selectivity to 1 H5

t hi eno[ 3, 4-d] i m dazol -2(3H)-one was >90% Exanple 6

[00890] TheThepoadtdte ohexampld 3dval] follovied] with aisaof @-1872gm (1.054 x

105 BPRERAT elar G288 Gudngl: H0RE R, S 05Ge " FRE86 oh BaT-HO)
@hylemlwrbométe fix plape of theitst icatbonyldiimidatdie O AftéCcapling andfiltration,
B =alys i naied 7R SRR S1o DT oo o e kB i
tBiehdB,41d)iridalol2(3K)-Onewhe >90%0 equiv., based on DHT)

1,1 -carbonyl diimdazol e as the carbonyl containing

eactla t. After cooling and filtration, analysis wll
¢ Re presence

of
@Bg@“ ﬁﬁ%ﬁdrﬂé@ﬁ@h@hé{ﬁ%&ﬁ,g-'d%%ran!:ﬁfgr@ is %rgpajréd [noaoguﬁéle step

grocéddrd v & maindedindkccorddaceoitt2 therpresentlinvemtiant on( 1 1 1)
salt of Toluene-4-sulfonic acid in anhydrous
[0091] aTie proaedyre op Exardple This folloed iwith 0ut22 §m 11.Mxi 10° mole) 3,4-

PP OB VR85 e BV egicite, and uso of
&:4861gnqB.0M303 otes 3.0 equiv. dhased dn\DHT) 1, B-cartongidiimidazsle as the
Soh iRyt AR5 R anb et kB SAEREM fresence
&Qhieno[Bgied]of, 3-alioxelak-2-trte.sol uti on di d not change col or

nor yield any visible precipitate suggesting that 1

%J(a:,’z,?%?i eno[ 3, 4-d] i mi dazol -2-one is stable in the
rresence of its iron(lll) oxidant. [0093] Wile the

AL ABAR65 pSRGPE TSR LIS nd el st o
Tdleerwe-4-sulfariic acid iranshydrousgelsutano} was prepheech Ttez8lution was 0.1 M in
oIS 4RnidhoP 2N mbd okl i T e M) S offcfRned-sutonic
aittli Thesojution wasrstared irca tlosed viakty poeventides bbsaiempover time.

R eR b Vi eb 3Bt vof g b Res, Baiv R el AL rb BT e Overthe
CROLIOFEEO o fitamveﬁome thjlﬁioﬁ]ﬂtnhgnt cgart\g'hescdlcrrﬁnt@in gield altrdyadisibla precipitate
WESERredReCE sREriRrld At RisaRCa RRF In S G BRATEE B s
icomi(lll) bxidantnventi on, but 30 that the invention wll

i nclude all enbodinents falling within the scope of
[p093]a p\Whilel B inedérdionhas been described with reference to certain embodiment, it

will be understood by those skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof without departing from the scope of
the invention. In addition, many modifications may be made to adapt a particular
situation or material to the teachings of the invention without departing from the essential
scope thereof. Therefore, it is intended that the invention not be limited to the particular
embodiment disclosed as the best mode contemplated for carrying out this invention, but
that the invention will include all embodiments falling within the scope of the appended
claims.
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-24 06750 USA CLAIMS 1. A nethod for nmaki ng a nononer
bems0flugAan ng an el ectrically conductive pol yner
conprising: providing a first reactant conprising at

| east one conpound selected 5 fromthe group

consi sting of 3, 4-diam not hi ophene,

3, 4- di hydr oxyt hi ophene, 3, 4-di am nosel enophene,

3, 4- di hydr oxysel enophene, d@LAWSI ves of 3, 4-

di am not hi ophene, derivatives of

f”’ émﬂh{gég chr)r%%lﬁﬁeqﬂg Bw%glgmeg g({r :férgéﬁq\;gﬁ elRbtridaifl conductive polymer
3, donhplisidg:oxysel enophene, and conbi nati ons thereof;

10 providing a second reactant conprising at |east one
conpoundprogidingt sefirst feactant comprisingat deast ose corgpaindzsetactad

s om0 BB SEOA oM S AR Phoonans

conpou I ni
t hi oud,ddiaroinbselenaphena rfyd-dingdroayddienopbere, lderiedtives of 3,4-

cont AR GRREY dorRRlles et 3B AbRR R, erhives of 54
r eact diaminoseipooptene; derivativasaof i3ehdihydroxyseienopkendhaadi ng
t he r&%iﬁﬁ%ﬁkﬁ?&e to a tenperature sufficient to

producCe a tonprising the following formula: X

10 Jompr i s okroNEi;= $RE0S ke BRblG acBal ond gpqung selected

conprframe the groap sonsistingrof alurea cordaipiag dempbynd, &l caclvardite ester
from - ISt . - b
| g BRpBIRE o lflleston ARG BomipSie tioyrea
The nentaining combpaiind, &,thioshecasbonatdeordainingdompauncand
conpo . rises .at | east 25 one urea conpound
sel ec‘tbg'gb'é_fi?s)t%st“ieééﬂr oup consi sting of
15 carbonyl gl M8 first reactant compound and second reactant compound
to form a reaction mixture;

heating the reaction mixture to a temperature sufficient to produce a
monomer comprising the following formula:

X

X

Y Y

20 wherein Z comprises Se or S; Y comprises NH or O; X comprises O or S and
W and W’ comprise at least one member independently selected from the
group consisting of hydrogen, -CO,R’, -C=ONR'R’, and -C=N; and R’ is H or
Cisalkyl.

2. The method of claim 1, wherein the second reactant compound comprises at least
25 one urea compound selected from the group consisting of carbonyldiimidazole,
carbonyldi(1,2,4-triazole) and combinations thereof.
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carbonyl di (1, 2,4-triazol e) and conbi nati ons thereof.

067800 gH0 USA 3. The nethod of claim1, wherein the

second reactant conmpound conprises at | east one

carbonat e ester conpound sel ected fromthe group

consi sting of dinethyl carbonate, diethyl carbonate,

et hyl ene carbonate, propyl ene carbonate and

:.:‘:MCq)IThé méth%d@f dldier 130~fheré5n the sdeondridenzt oémpétm'd’nohpnses at least
erein.the ond rea t c conprises at

‘50 cAnBsts ST CamBOHEA SoleeIAp DBIe rBRogS Fingiytdipethy

ar OQIIDoﬁ@l%dl&thyn@arbénalwtétlwmie”bdrbomé [ppopidrervattsonate and

tetraeth t hocar bonat e, tetrapropyl orthocarbonate

an&omg ﬁ'ﬁ‘?’?ﬁa thereof. 5. The method of claim 1,

wherein the second react ant conpound conprises at
4.eThe metbdofecidimi 1 whepeis B sticohd Geaetamp oompourtl cobiprisesdt least

N, ffe atiedhiorats Shipedindbiscted 158 Heiinye aprsistag b tarametny
an drtnmﬁabcsr@né ,QétFadtig brRbcarbonald) getrapiril odfiocattsunateland
V\,here tﬁecogd react ant conpound conpri ses at

I egg‘{" '"8 %ns( car bonat e cont ai ni ng conpound
sel ected fromthe group consisting of di- 2-pyridiyl

5. hiThe ovanhdzbofadiaim ‘diwhéreiry tl'iedsdcondn 'remmacmmm contprises at least
ations thereof of clai

o BPe oY AE SRRl THIRRES B e gromB chuising o thiourea,

t eNpi'rditnethyithibures) Hhsthioc8Aongidiimidzslé, anddomifinatibhe thereof.

nmet hod of claim7, wherein the heating step includes

e 5500 AP G SR WPBHEIE ne e RRtlaot SOt gt east
is owtmmomgmd$ﬁtddwta|?iﬂg g?mﬁ?‘”fd rr;wéectév\lﬁfrd»mm group consisting of di-
i%'x"?ﬂ{"y'c‘éwﬂf’?%'@%@%’ ﬁ?a%vtﬁds'ﬁﬁ ofachres L Ehd piBinatos thereot.

Ttl, Zelihg mdgld?fgmiltm: ngga.m therreating $tep -ratiludes ihehtify tb, steperature

or IR AR aFC Al B0 Tl et bane, 0T

tetrahydrofuran and conbi nations thereof. 25 11. The
&reThe hethodcofailaim 7, whereirmthe heating step inclyses \nedtingtoza temperature

ﬁ;ﬁgwaﬁ%%géodmgdoruﬂ%g actant  conpound and a base

erial 10 conver I'rst reactant conpound
precursor into the first reactant compound.
9. The method of claim 1, wherein the contacting is performed in the presence of at

least one solvent.

10. The method of claim 9, wherein the solvent comprises at least one member selected
from the group consisting of 1,3-dimethyl-2-imidazolidinone, 1,3-dimethyl-3,4,5,6-
tetrahydro-2(1H)-pyrimidinone, ethylene glycol, propylene glycol, 1,2-
dimethoxyethane, tetrahydrofuran, and combinations thereof.

11. The method of claim 1, further comprising providing a precursor of the first reactant
compound and a base material to convert the first reactant compound precursor into
the first reactant compound.
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-26 06750 USA 12. The nmethod claim 11, wherein the
bemsptuggact ant conpound precursor conprises at | east

one menber selected fromthe group consisting of

3, 4-di am not hi ophene di hydrochl ori de or

3, 4-di am nosel enophene di hydrochl oride. 13. The net hod

of claim 12, wherein the base material conprises at

1238k méteodielaien 1, whereihaké fidt feaotant Compoundpresursirsompgises at

of . triethylanm ne ridine, 2- - s
Caisst A7 Mamsy SYPFER fom B cRyRaansisting Aiod Agtamingibiophene
poldihyairochioriad of: 3 4t dlammiobyibaspheng ibydebchieridend

N, N- di i sopropyl et hyl am ne, and inorgani c bases such

£ TR RS B O9BEHE e B Bl 0834 PR e memoer
ggselesiegmgnyfme@fl bmcm\f\ifgg mbt:riemylr?uﬂse,tdgﬂgiafem-t %O 14.

e .0 Cl.al m . reln e ne 0, u e
o lRbEmRRkndne el R hairde. RSVmefbottLy
g Itr NlmemWhS nXhomlyﬂdlpe,Vdn‘dFN,Nydiigompyle{hyl_amiriét) ﬁ"b ?&f’i@m bases such
St ep. . nonmer .conpou 0 1SN e 0 W 1N
£ o spdiin GarBGRRE BodiT BigABPuste, RAtsiY catbonath pttididn
andichrisomary, isegiomtyaroxide, pbtassium Hyaroxiacinel codbidtidhsthereof.
14, wherein the nononer conprises at | east one nenber

ffb‘ggtgﬁegp%t{ §f‘&4§agﬁ ,?ﬁr@ﬁéjgl O%nr?\'gﬁ‘;)h Etﬁ'g'?efr c%mprises a step of replacing one
S eloe mokre 63thé Wi groupandi Wigroap with bigdrogén after the heating step.
H sel enol of 3, 4-d] i m dazol - 2(3H) -t hi one, and

[,e - d] - - di - 2= 1 hi 7. A nononer
ﬁ#p’ﬁ%@‘%"oﬁ%ﬁ%‘?‘ﬂéﬁﬁ%%ﬁ% "#’(Za]"é)g’?’ﬁﬂ 4 X 00 20
S wherein Xis Sor 0. -27 0§/50 USA 18. The nononer
of claim 14, wherein the nonorjer conprises
t hi eno[ 3, 4-d] -1, 3-

Y Y

.

wherein Y comprises NH or O; and X comprises O or S.

16. The monomer of claim 14, wherein the monomer comprises at least one member
selected from the group consisting of 1H-selenolo[3,4-d]imidazol-2(3H)-one,
selenolo[3,4-d]-1,3-dioxolan-2-one, 1H-selenolo[3,4-d]imidazol-2(3H)-thione, and
selenolo[3,4-d]-1,3-dioxolan-2-thione.

17. A monomer compound comprising the following formula:

X

A

O O

H

S
wherein X is S or O.
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di oxol an-2-one or thieno[3, 4-d]-1, 3-di oxol an- 2-t hi one.
dersoAugonposi tion conprising at |east one nononer of
Claim18 and at | east one catalyst. 5 20. A nononer
conpound derivative conprising the follow ng fornul a:
X YY Wwe z wherein Z conprises Sor Se; Y
conprises NH or 0; X conprises O or S; W and W

180 TRE intstdnidr of Elaft 18, \ehdiBii e moReRBESSHRPHSEY tﬁ@ﬁ%s laegl-1,3-

fromthe consi stjng of hal ogen atons
My Bioxolgg2- %@ﬁh'eﬁﬂ%ﬂ d]Zhg'd'o.E@'aQ rR-iRiong. borom c acid,
boronic ester, -CH=CHR', -OCl-6 al kyl, -COOCl-6 al kyI

19. & cﬁﬁ’éos:tlon Gaﬂpnsmg GGk S AOMMEI G DRINE! SdrRNa@liéast one
groaéfét is Cl.6 al kyl or -OCl-6alkyl; and R' and

R © Hor Cl1.6 alkyl. 21. The nononer conpound
derivative according to claim20, wherein the

5 2 Aymenonerdompoand detivativg compesing the foliaving fdrmait one
menber selected fromthe group consisting of 15
phenyl , napht hal ene, pyrrol e, Xlithi ophene,

t hi enot hi ophene, and thi ophen 06570USA. DOC - 28

Y Y

wherein Z comprises S or Se; Y comprises NH or O; X comprises O or S; W
and W’ comprises at least one member independently selected from the
group consisting of halogen atoms, MgClI, MgBr, Mgl, ZnCl, ZnBr, Znl,

10 Sn(R’)s, boronic acid, boronic ester, -CH=CHR?”, -OC,.¢ alkyl, -COOC, . alkyl, -
S-COR™, -COR™, -C=CH and polymerizable aromatic groups; R’ is C;.¢ alkyl
or -OC,¢alkyi; and R” and R" are H or C,.g alkyl.

21. The monomer compound derivative according to claim 20, wherein the polymerizable
aromatic groups comprise at least one member selected from the group consisting of
15 phenyl, naphthalene, pyrrole, dithiophene, thienothiophene, and thiophene.

06570USA.DOC
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