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ABSTRACT

Efficient Synthesis of Symmetric Oligothiophenes

Coupling Reactions

Venelin Petkov

Organic semiconductor si (tOPhdaryatlh ave mbelebme s i et
f ouampmpl i cations in various electronics such as orog
emitting diodes (OLED)-edhe@cfl éxialnlséAd t dhhpamgdhpéE QFEE) |
hexylthiophiesnneone3d6ifT)t he mos,ti nwiedelsyt U Ne badDYO©L hi
surged recently as they can be used as effective
met hods for the synthesmadaf B8tibbehéeaoodpdaesyk ar er
reactions. These -emetl nocksd amae welblust however, t h
processes come with a variety of disadvantages as

as requiring harsh conditions and pkr,odwei agmdd xi

i nvestigate and compaaeu ptlwo g dinfeft ehroedmtl ogr ess f or
oligothiophenes that do not produce har mful bypr o
reacti ohurpersaceUsi ng both eceocugpriiBgRINat i Svuez u& i 0 SCSr 0 S
coupling, symmetric oligothiophenes of l engt hs be
sequentially synthesized at s ¢ a llnedsi vhbi edtuvael e nf uOn.clt i ol
monomers wer @-ihad wpgleendattead t bt ophenegcantad yzlea Rd os
coupling reaction. The r elsrud miimgt ed Hstgsbimmegns wgiseé et
with average reaction times of 3®nmi muttho ulte ddienqg

purification. Combi ni-ao@u g lhien gDdOV@Y tStunziutgaatcicarm $.s an o

sequence of 3-unbt o)]igoamdophenes as well as an e
l2unit oligothiophenes were sequentially Teoyurt hesi z
knowl edge, 4 of the synthesized compoun@3%llhlave noi

Di BirlanbBi BrT
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Chaptelrntlroducti on

1.AQr gani c _Semicowadugtt dhn Dpdmradc es

Human fascination with electromagnetic phenome
homi ni ds. From one of ouwrfiegar | iwhsitc hmaejnoerr gckids ¢ auvser
year sidtagot he advent of electricity, the-emackhomge ¢
dance of electrons has |l ong captivated our i magin

is responsible not only f or?2btunte aclosloo rfsorwet hpee recxetirva

of scientific and technol ogical progress i n rec
electricity alone is not sufficient as it require:
electricalmadteandapasi ftalJ I i nto three primary catego
i nsul ator s. Semi conductors bridge the gap betwee
electrical behavior, with band gaps t yipeisc ableltywereann c
l@and 10 FiSgelpe Gonductor s, by contrast, possess
conductivity, while insulators have | arge band ga
are fundament al to virtually all/l modern el ectron

common aenldy witdi | i 2, e dwintaht ear ibaalnd gap of 1.12 eV and

ntype -aggepdoPsi nsguch, it is integral to the fabri
core components of modef-Despmpet art sprudddsdsors.si
l'imitations. For i nstance, silicon chips are pro
directly exposed to the environment: excess press:!
compr omi se entiiorne bpartocdue s , and even direct skin
unus abt?additionally, silicono6s rigid nature and t
met hodsa’ve fueled interest in alternative materi a
and simpler manufacturing processes. This is wher

pl ay. OSCs are organic matedi &kles et exztirexhi bdmwbhisre

with advantages such as mechanical flexibility, S
production costs, and sinfpl“Ehepmosessommonkeyguised
bl ocks for "@S0s ugated pol ymer s. However, not

semiconductor s. I n fact, mo st organic miloehceul es a

not able exception betirg rdaeryiamatqiud enso dd¥men ,h7a,n&, § T CN
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Fi gureBandgap Energies and Conductivities of | ns

Conducit(®irrsage cR®di A1fBo 11611 and Encyclopedia

The @émemnstr apoloynmeorf wdiitke med disc tmiawiefly7 t he gr oup
of Al an MacDiarmid, Al an Ja(FiHep®ygehre nandc elyi d elpior $ leic
wor k odpdlopacet Y eThhei s( PHA smaiveleypossi bl e for the |
of organic semiconddBsc)t i amvga iploabglivea gtsocdoayE.r ol | ed pol vy
reaction conditions, they synt-benjmgdt edopobpmer s

ci-antdr amA°Their synthesis produced, awhcanysdapdéd nes.i

hal ogeswv/ahokpresented an increased conductivity by
(from ®S./7c*ml @& 03S1 c2n* WA dcoipse d swiapsrA%Fs was particu
i mportant because utniiogPdtdrf a rogn tainon ntsalkead or i n term

the range of me(Fiabllfjaend qgnhdawvdtoaursd yTONQt demitddat i ves
For their work on developing the first OSCPs, Al

Shirakawa were awarded the 22000 Nobel Prize in ch
P _ \S ) AW A
\M *:/_*n n \ s ) s
cis-Polyacetylene trans-Polyacetylene a-Polythiophene Oligothiophene/Quaterthiophene
cis-PA trans-PA a-PT oT/QT

FigwlreStructures of PolyacetylBanseed sRoreyrnserasnd T

From there, resear ch mertso Iseednitco ntdlue t d en\gle dpsoe aie n t

pol ynmenrds ol i(Gome2),e al so known as $lahdt ol ogloéehé ® phE
(CsT) whi ch hatvlee brecsotmewiSCBPwriegyachi@phenes have been
variety of devices, the most preVal entgakdidfredcitel d:
transi sto)s amdFBT gmbitdii odjes sp@LEDg with varied ap



in biotérthMAsl opgymeno u9ISgCP,prOvi de cer tdaiien t e ntehfeiitr
mal | eabi | i t ywhaircdhvdell lexwéd | iary t hmodevel apmentabif on:
i printabl?é AQRV E@seil kelcea f8ofihicephene is particularly v
applications for multiple reasons, some of them b¢
easepowlfymeri zation -métralugbat abpsptiiogg®essstructur al

resulting PTs whitcbomrjxihgdtiitorf,avimiratl pol ari zabil it
efficient stacki ngBoefi npgo loyrngearn i sct rnuoclteucruel se s , PTs h,
tuneability through chemical modi fication (functi

gener awieddlemni ety of PTs that can be used fTohre many
pri mMaaoagus of this work will tHhlkosae shdbtsedy oti hBPAdghe s

(3HT

1. IPolk3yAl kyl Thi ophenes
Poi3ml kyl t hi(?P@BsAn&scloa3Tss t hat have been extensi

have foundappmhmecHdoweweor, t hese applications to be
be in the -ffiolhwisiofe qtuiihres PT to be either fusi bl e
sol véefhhe early syntheses of PTUPB(FILg&pwhyiiceh dweodu ludn s
precipitate out of the reaction solutiPobBophdgwer e
wi ttbhapor produced conductivities of CG3hoS/tdm atf thes
the EIlsenbaumer group r egormptiend -Bibfietplytryit ihesh esn ea n(dF
along witms3tithh sr wR3A a particitapP§Bhiranp oa tcaonntd wsd tnicv
of 4 &Sl/lemg twetlmdded benefit of being soluble in
processablfei limmsttoi Itehimol ymers with shorter alkyl c
benéf®nfortunately, the newly synthesized P3AT sa
orientation duesngtisygtom@asinda,atdoomlsk ydf cthhaei n& wi t F
pol ymbais | ed to t hR3ATsatses i dii fcfadrii egmBy, @efp arutpiscrud ear | y
groups for thiophene dimers whitbdicoui dciTehda ume he
t hrdeiemgemroupble atdeéle a(dHHHe atdelra ( H)T aTnadt bra{ MMM hes bBr ee
groups can be further-HTo-HMBT nHeHa ntdo-HEM i lés HtThi s
naming scheme, the fiheado is C2 adj aOetntoffoourhde a
trimeti fs HT hisseHMmostafstoewghatnd of h, gihtestotimprorname
Reg-Regul ar PPART()RR&dbetecher moti fs ar e -Radnsdoo m nRR3VNT as
( RRR3 AT) .
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Head-to-Head Head-to-Tail Tail-to-Tail

: Head-to-Tail-Head-to-Tail i Tail-to-Tail-Head-to-Tail Head-to-Tail-Head-to-Head Tail-to-Tail-Head-to-Head !
RRe-P3AT o RRa-P3AT :

.....................................................................................................................

Fi gwBrkCoupling Mot3Aflsk ydfatRadl yPhi ophenes

Iwas in 1992 thatP3ATe wag sgyntrtudsyi zREBRle by t he McCul
enhanced synthetic poidtedescytla hpP3pDildffdabe reported
conductivi t-B3 bidlotpleids,wRRéoh aver aghi 6d&06at /-Gl d

increase when coePBpleDTed wid hRRaome sampl e¥Theachin
presence of regularly positioned(Falghd4.le Icth aiinmpsr opvreac
backbone planarity as it f oatcreadnosn i e r {dhit o pdrecheer rti m
accommodate th¥whildklyli chrae ases .cTohngjruagnmsnif om meen g ts|
favored due to stericcicseptibRinenPP&AEsent hi HHt beupl
experience steritagasntssnfaonmhnaibad i-dhdhrefhoer MpThe®nst(er i c
repul sion between alP3yAT dthaaomsa fpousraetss omMRe hr oughou
pol yméjiisn tgurvietse pol hWmemdi |-dadgembol eseitlifigdit mgr st ack

mi cr ost ¥°@)cTthuer erseismgd rtanbesce cul ar | @ea didmngpretigbve s ponse to
dopianngd I mproved <char,gve tathdr roifg utahndodbeli éng highh e thtge r
semi coinndgucpger f26-t*Aahnec ei nt roducti on of alkyl <chains

the time not addressed and simultaneously provide



used as OSCs.c oFrsoind eéhnetrledr,e s t was pbhi3heegg!| tlowapldsasn:e
(P3HT

X7 X

trans-Conformation cis-Conformation trans-Conformation cis-Conformation
RRe-P3AT RRe-P3AT RRa-P3AT RRa-P3AT
1 2 3 4

mw-Stacked RRe-P3AT
5

FigureSteric Reptarlatiend oirrmmer s of -RRAT and RRa

The synt heBBHToWwafRReeported within the PB8DODTyear

by the McCol®dPhigs gywaipesiesvsol uti onamnyd sStubskRrguent
modi fi matdeohbe syniPBSi € xafepRReonal |l yi covvupai einal |
t heeason P3HT has become the benchmark pol ymer a
compa¥’@a@unt |l ess studies, revi ews and books have b
both its RRe and ,RRa hfasr mecoame s heh dAiwor Kiidhhreseod of
reasons for this being thebuobsevarellvaaiedmandly
convenient combination of properties that P3HT po
the al kyl series, hol e mobi Isietvyertad s olredeenr ss hod wmmatga
P3BT to P3HT and subsequently decre-8&set pyt hwophem
(P3PTand theexpeoaeaas al®PTyhitso bPe3tDXDeTr charge carrier



own to be duerganibzatiean sied f P3HT wheTs!*c*dmpar e
di tilommddry, altkaye cadhmi mser whel ming infSiull mt,magr iex |
ich is also a contri-batit ngr f°&onb bctoinpbaerkioswoenr, cshhaorr¢
ains will | eagdmatkoi nsgo Ituhbei IPTt yh airsdseure st o cast i nto
aimoomer pef’Bat mgnceolar and branching sidechai
detriment al to polymer performanchbonGrocapabWwet
ouspusc h as car,dow dié¢ maaoidhed performandbetbemmarste
kely cause -betiagkilnagr geirst ances and a higher b e
dered/ crysSR3aHT ianlesd idemsef its from good pr-ocessakt

Il ms using a vari,wahychfcaaspirodumet Hotiset?ent mic

can even be scaelddiomdlllarpgd nting of DbuFkr hBeemojan:
t hanks to OMcCmebbddhsubsequent i mprovement s, P3F
considerabl e ease of synt hbeesticde,oi vwhei ovth ema lceoampiatr ean
genertal
All of these characteristics have cul mi nasedd i n P
under st,;aondh sPTa rigsulhas become a model for studyir
However, being a pol ymer, P3HT suffers : frtdhm one
reproducibility.Sifn cpeo | pyoreyrenascaingpanessoge me rpadley me rmi X t
chains of v@poleydiltewperntshamp|l es made t hter Bldye,t wagl cé
even wi t ht eohdreirognaréns s i ssuei bftyepbrnedulced t o ol i
(monodi Ppemosiénncgr easi ngly prevalent in PT rfesrear ch,
the shorttbmdlnygmseroifzati on synthetic procedures

1.1 0l.ilgothiophenes

Oligothiophenes are a subset of polythiophenes
have -dweeflilned structures. Accor diiergd ned BWYWPAC,modreca
intermedi ate mol ecul ar mass whose properties woul
units bel®Tamev aeaerfewealisonoknesg iofff etrlteences bet ween po
ol i gomkeirsh i s o©hygmerl soinage enoR e c wleenseraanld yarmeade up of
of vardedgtuthi thains as mieloimpasf etwhi ohsmekbsat e
elucidationprodpesttryucrtallreti onshi p$’The pgalugmerosf itn
di fference |lies iBudded tsyns$ et h,evshinzd h ma leyt nmearbsc t i 0 |
produce mixtures of products regardl ess$®Omf tthlee de
contrary, ol igomers tiemer sigeoq wheed t § yand t hee soinzgeadt i oyn o f



backhypinel di-chegf iwedd pr oduct s wi fwhhiccohn sriesstpeenats apirnol pietr
and predictability of their BeMadid romr s ammidi cax p er
oligothiophenes$?® S°ncid gammOPYE€agsi st Pand OQEHT
Additjionbhbdgf i weedd ethrmabdteutdem to serve anot her si
models for studying PTs.

I n their role as moydeell dseyds tae nvsa,r i @Ttsy hoafwer opieghtys i
rel ati ons Hihpsneafe | P Tssy.s tyeinesl dheadvea precise correlati
propertthe hadgth of the cowmjphgratetl mbA®me we unihte
i nvestigations have madeheétplhpysisc dll ept openxttirap od fa
those of an analtdgeoousetp alay ntdThfed frhii tgeh elr e dgetghr e e o f
uni formity of OTs r,ssublstguiemtbhegt it emdomdgertiondi ghly

properties. This malkesh thleorsattiitaadll eamd practi ca
functional group subati twetlilo nasantdh ei tesn ee fgfi eecst so, f C
st atles

Recent resbharshbpeaats dfoc@Bsed on t he ydnoneitmg cb OlTa v i
contrast uson®3BEBr&a7Tbladeded acyanoqui npTo@NQ@eda hane (|
dopdhmitgwbrlen recendf CNQahas BecomedapadetsifraarbVietrsal
reasons, primarily because inorganic dopants are
tendency SPRRTQGINQ faulsseo has antoharelos iadseanetyb@e > feV
whicélightly tihheedMenteragry of P3HT a+#hd OqRiVpWbAR Ts at
and wmaktes it p acrstuiictueldartly odvdildi 26 1 PBIHAm@gnoup

i nvesttilgematdadpi ng melcCNan iisnm Pi3fHUIRM by b amiutagteed hi ophen
Q@Moligomers as mo8Sefpriosnpogmylevehed a striking d
doping mechani sm wheh®Whbemp®B8éld te ,B6H®d whé hHEBMO
el ectrons of P3HT simply ofFf©NQ@, og/emerianttion gt hae pLoUsM
carrier (hol e) .f2Tnhitsh ep rPo3cHTs smaitsr iksn own as)aindtteger
|l eads to the f-pa{FdtgilaAR®2odmaainr ifooorama teiacsn |y be obse
measuring the CN s, TCEM@Qcthhivolsgpl@ck ©loRhaifcmlF i es! i n cm
dependitnhge ocrh asTENOD fn Eontr @Fits dvdhped CMIQt h aFchar ge
transfer coimpl feorhreeCdFITHOMO a M N L UMO htyob rfaadrin e
pair of bonding an@i gwiBe®ondi ng orbitals
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F,TCNQ QT CPX
A tiB formation of a ground-state
: ion-pair formation (IPA) ii charge-transfer complex (CPX)
Anti-bonding
— i neutral B :
¥ CPX m §
i - 3 — F088¢ecc
o L 3, _ ;
@ /\ P 3 A[ :
S — T w r— !
o % i ® Vi . . i
S 2 ¥ a
b= neutral neutral ° neutral neutral :
3 0OSC  p-dopant & 0sC p-dopant i
Bonding ;
4 = : o

Fi gwbr eDoping Mechani g @N@ff4Qima qpgen dcMretd.i t Goandolu 5 .
6 8560 Axncd Che2n0 1 R&89,0)

Unfortunately, CPX formation i s. nnlotthef alhvyolrraibd iez efdor
el ectrons need a | ot more energy i f?Thirgderegwl thse
fractional chaygendstraeaadfefr ¢ 6Nihjel ertees eiaorncihz awh iocnh i
precursor to the pr estmehiwvopnhkeindei med gt v iad e wthii cyh C
stops and only53SGmmies robs ©Tgedvith even numbers o
synthesized andCN@.peTOhevi alhi go medrds i6n dBu easntdi oln0 htah i
uni4® T8 Tand O)T. Ifowaa O Tor med both gaCRX,amd ieon de|
byyeaks obser spact@mee TdfR t tife tghal presaemint wamulk it i
investi gagnit hmtgh g -mudmdber ed sequence of symmetric O]
9 thioph8dAdgTuTan®@y @s wel | as the next ol ilg0olmer s i
which have 11 and 10ZAnttif2)Tophewmgh uaoltisBlhor 84 pmawn 6 ¢
group, these samples ;WNCNQ &hent hoeei hdaoddeedpe randi hnke d-

resul t;TCNQf deping of these OTs wilrlksaeherpseesateptd W

wil |l sfod syt he synthesis of the OTs in question.



1.2y nt heDil s-aamfd Pol vyt hi ophenes

Aspreviously, memitowheasesxcell ent choices as b
pol ymers due to sever al gualittilkre ftdhau o bhwielgle polbisfe
t hese qguaSpietciiefsi cal | vy, thiophenes r emptaat selxyzeed i C
crossuplC®pndidaseonsienced by whek phet ho®8dvhaibljee ct
it is true that there ar e soutchhe ra smeatxhioddast ifvder, rpaodliycr
crossupling reactions have become by far the most
t hi opthesned moi°eARR uv @rsitertaynsaft i oamn mee absed as cataly
reacthoweveéeari, s wbokuwi bh -paatldlaydaesdn CC realbaseds, w
CC reactions bieni ntgh ed issucbussesqgeude nlt. 3Js.elct i on ( Secti on

I n 1968, Heck r epoirdietdu t ¢pearegdaltddaddr gi moi fh & | icedted i ns

room tempg¥loavevee, this reaction was not catalytic
Shortly after, Heck puwblwihg téehd haen ortehpeorr t palp etrhat tF
rendered the reaction catal @u€ilcs wa bt lHeexrtels preec Pdt( @ ) p
Pd (.1?°Th)e ar y | coupling partners were provided as me

di fficult to preparhea,nddrndcgnede Ashinmoakttisnsgu nteHnezEla n e o u s
i ndependdeomttlhy Mi zor oki and -Haeth!l yegdrutpd d sigalcloandii ur
that di d arosné rreewgregyp reaalnt o x i d,ankutadidn gtidwad .i'd€dd ary
These publications wedaev eclroupcneanlt-csottfeaptshzee dP dCKEe r e a ¢
met hodol ogy, as they eliminated the need for met al
making the seataionngeWwithbhautdanhe F0d ¢ tbtwhiasg. maj or

di scoxemyl titude of different reactions wtearee publ
now amyl wakihaded ect r ophiandcn parrg aenrecnoentpaolulnidc was t h
nucl eophillic @radaeafan€orKuifinddependentl|ly reported

coupling partwnseirm),(NDoke' Graespharrtaed t he coUP9imn)g of
Negi’$rheipormtrgdinozi nc compounds (als97sMog'‘Pamady Ylaet ner
i ndepenrdeemarityed t he couplomggamdh aolri-gd9eids8 ) ® in2 twk it ha n d
Mi ya®dma@porting the coupling ¢6L9b9)YayYemm@oohi m@ mp b1
coupling of organdqsliol8a8med n B &mawadu dhi&fitnMdegpendent | y
reporting the coupling( ¥9mm2Aoéed, wRt b hiaa hdil FNveadHie heis
and Akira Suzuki were awarded the Mabhall yRridze rion

couplings in o.%°ghaanni kcs seyonrt hesrnwordikbsu tliioknes ,t hi' s one &



| at er

today. Thecdtieallydzed @@ r epacotgiroessissnitnagst ke p ¢
being devel oped which will.l13.b3e covered
s U\
\ |/ S / \
R L3
10 Ly—Pd® 6
Reductive Elimination Oxidative Addition
L X =Cl,Br, |
" M=MgX (Kumada)
s P ZnX  (Negishi) Ln 0\
q Q SnR';  (Stille) Pdl g
R X

MX

B(OR"), (Suzuki)

Transmetalation S

Fi gwreGener al

The gener al cooaseplynédt @€ Peaction hasdbeam Dlor
generally illustrated by?8qFicgyudleenidfi a8 |l gpnaeswtuir\c
i ntr o;dutcreids source can be Pd(I11), which 2fsn rtehdeuc e d
firstcasltleepd the oxidative additi Xor tgleen P 0) iCns
bonadf the electrophbttoccdeaéeli(dd ) Xarrstpre&ern es t hi s ¢
stepintroduced by the work of Heck and Mizoroki I

character igf theederseactiepnof It he

t he -ssuesltfai ni ng

wi t h

nNovV:
(Sect

Me c hani-Gan elfy zPea€ d Gaplti susmg React i ons

t Nneex tn, e Rah(efl dOAr X ogipeasn e s ad
transmetal ati on,

reoexidizing Pd(0) without
through the second step, call ed
par t8ter germneredPtdg lospRcIaensdr oduveXd snet alasadtlbByproduct

N M



The gener ataitont hafss tMXiecphimsmét depending on the nat.
coupling partners, this step could be a consider a
safety of the reaction. (miamralilcyw,l arheg If@dst Sstieép.e
el iminati onhkifArpdadke@ind r egeneraatleostv hRd(doygct! aer t
again. The di f freeraecitnm wtoy yes aafditthiomnal steps at var
processes thatThae er eclreuvcamtl mechani sms wi l(lseltee cov
SectiloR2s12..2B83.ah.tll 2) 3. 2

With al/l the different variations of this process
for synthesizing chAintjluguglerde mpl eceid ®ss do domi nat
more than others. I n the wupcoming sections, t he

symmetric OTs widdmbencoyrtrlkat i ammdpatterns to both

1. 2Polk3yHexyl t hi ophene Synthesi s

Pol3fnhexyl thiophenes ar e primaril y-med-mdat bbygizedd
polymerizati on nreetahdtidiesa n sP.3 HOt hseyrnt hesi s have been
oxidative radical pol ymerization, which was initi
CCbhased approaches. The simplicity,-mef-ddtcdleynzegd é
met hods have made them the domaomBamchcloei cegi Mo rga
in P3HTP3HRIIRe are considered, these methods become

1.2 Kumada and Ne¢ioulpil i @rgo et hods
By far, the most common mBHKIds otlay sasmettdlesahnsi

catalyzed CGOAsr eparcetviioonuss!| y menti oned, the first exa
Mc Cul Pbudhlmwever, searmeuntdi mehe Ri eke i ndaepsindielnarl yy &
di stinct approach t h&{Fipgruty.veeTdh ee gMicaC u |yl icesf of heacst &i dvoee s S
a Kumibype c o wpetgiivngs -br o2ehe x y I t hi(bphpWwkinied i t hatat €8

foll owed by addi tgieold mafidMgoBmo ma g Bheixymt h {1dphene

This moingmepno!l ymer i zRid( dup§olgsg t he cat aP@8liT, wiyt 6l di |
regioregul &miet Ri ek e98n®Bt hod, by cothytpeasdaoupelnmpng.y sl |
withdi2h B58mexy |l t hilodp,hewhei cch i s treated wbtbiacti vat
bromo-3hexylthildpfiense ¢(eaction proceefdav aviitrhg hti lge
ZnBr isomer in a -2WBB r,abmenbveéi s{hgomoniphmeme sic
prodbeitonbserved. Subsequent pol yFrad rfioz adtsi om3 HWi tvhi t
regioregul arlintyerods t9i8n %y, .Ri eke al so reported tha

NN



Pd( FPthesul ted in the for aPa3tHTan hdfg hd d mphitd tneggl ¥ hRRRa r
the catalyst on the polymerds regioregularity.
BrM
IS 1) LDA, -40 °C, 40 min M-S Ni(dppp)Cl, S
QBr - | )—Br > |\ / n
: 40 ° i 25°C, 18 h
CHia 2) MgBr,-OEty, -40 °C, 40 min CeHis , CeHis
1 12 98% RRe-P3HT
McCullough-1992 Yield: 36%
B Brz
g Rieke Zn TN, Nidepec, s
/ r - / r > \ / )
-78°C —23°C,4h °C - 23°C,24h
CeHi3 CgH13 0°C—23°C CeH13
13 14 98.5% RRe-P3HT
Rieke-1992 Yield: 82%
Fi gwreGeneral Reaction Scheme of Origi‘afP McCull
At the ti me, these syntheses were considered gr ol
both the McCullough and Rieke methods shared not

temper ait7@8r &) ( f or
react.i
Mc Cul lmegdnnth&®€d i gnard

on

the preparation eod t adlkataicutalvye
ti meismpmakting-hbhdlpen ap pllhiicsatcihbamsg.ed in 199
met atphreocieshs (cGRIrMmai ns wi del

t odd@¥yhe GRI M method quickly became the preferred
el i minated t htee nmpeeerda tfuare Icoomdi ti ons and si®gnifica
(Fi guwy e
Br. BrMg
S Ni(dppp)CI S
vBr R-MgBr ngBr UBF (dppp)Cl2 N M
66°C, 1h 66 °C, 45 min orH
CeH13 CsH13 6 13 67113
13 17 : 83 99% RRe-P3HT
McCullough-1999 Yield: 71%
Fi gwBreGeneral Reaction Schemé&®of GRIM Polyr

The

i somdrs» ( However,

react-diomr-ghmhe x2y,I5t hildp hweinteh (magnesi um yi el ds

due

a m

to st-erowmomaguesntc®m, i soamegr

selectively consumed in thEhissibpeguens poobd-gmeds z:
' i vi nggrolwdihn mechani s m, meaning that pol ymeri zat.
remains in solution and the nickel caf@ahiyst-qesaaiys
l'iving nature offers several valuabl e advantages



resulting polymer can be controlled by adjusting
Further mor e, because the nickel catalyst remains
synthesized by sequential addi ®iToe pfodebfbenénb €
conveni emtppend with a variety of functional gr ovu
diversity of PBeélIpdeei vasi ebfici ®Rey hpooh ypdri osdpuecrisn ¢t
P3HTs, the met hod Dse ntod twhe hroadc tfil \Ad&Ms$n a ttuhree coaft az e
i s providendl oarsd eNi (tlol )be reduced to the active Ni (C
TT homocoupling of mehaeniancgt itvhea tmoenveetmeyt gepaesl tylfe'é © ch a s
Modern iterations of this -cpanopcleesxs inmmaiktei autdoer ese ft os pye
100% RBHT polymers, although Wwith | arger polydisp

1. 2012 got hiSyyrmtemees i s

OT synthesis follows the same gamer al smetslyond diles
by tr ametiadli onatalyzed CC reactioeactUpnhskarP3HRhdEe
contraolt eaadmevaeni ng t tpatl yimestiead i ofhs, ©Odquanti alhy
Al t hough there is a rich variety of @T gmAteitfhsi sand
wor kbdiolclused emOdki aheetpar bwpwof nthgr@Gup, meaning ¢t
pl anes of symmésygi eomn e@refdgpemtidh ec U-p h aankcroo s et he mi dc
of the M@Boluge@liel).

Symmetric Asymmetric
Ca/Con Cs
B CgHi7 CgH17 CgH17 CgHi7 CeH17
\S/ < \S/ I N s AN s N _s I N\_s_ I
S s N/ s N/ s \J s \jJ s
° ;31_ o CgH17 CgHi7 16 CgH17 CgHy7
Ref 95 Ref 98
CgHi3 CeH1sz CeH13
AN A I\ s_ U \_ s
\ /S N/ s SN/ s\
CeHi3 CeHi3 CeHi3
at 17
Ref 96 Ref 99
o CgH17 CgH17 CgH17
VA AUV AWYA QN
VY Vg W\ Y
CgHq7 CgHq7 ] CgHq7 18
*etor |
FigwWreExamples of Symmetric and A¥%mmetric OI
Asy mmeQTr ircefers to oligomers that hav'esyosntlkgn olne pl
1718 putting t hepmoiint tghreou@® . From here on, the f o
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C{ &point

gomer s
gi mit pa it h osSy mnmme gtrhoea p .

ead rktyd it rhii rop hBBoreo M SrAd -fwintcht iao nnaolni z e d

2 equiv Q—S)/M
|
R

20
@enation
i }
N s '\ s«
X/[S)\&]/(SH'T
R 54 R
Cross-Coupling

S
2 equi M
quiv QIT Halogenation
R

20 Cross-Coupling
R R R R
ws TN s [N _s_ I y Sj/[lHS
O~~~ o)
R R R R 24 R
22

2 equiv
Cross-Coupling

2 equiv Q—S}/M
|
R

Y

Divergent Convergent
R
|
xS AN M S
\@|]/(S)\X \Q—Ij
Cross-Coupling R R
19 20

-

Cross-Coupling

1 equiv QT]/X
R

25

R
I
/ "\
M/[S)\G]
26 R

Cross-Coupling

Tequiv ¢SN—X
q Qlj/ Halogenation
R

25
;
xS 7\ s
0
R 27 R

Cross-Coupling

1 equiv QSTM
|
R

20

1) Halogenation
2) Metalation

Metalation

1) Halogenation
2) Metalation

20
R R R R
(|$\(S‘7/[|§\(SJ/[|§\(SJ/(|§\(S - Homocoupling
S WY WY
R R R R
23

S M X S
QIT Nucleophilic partner \g‘|] Electrophilic partner
R R

T i
'\ s_ '\ s
A Oy
R R
28

20 25

R = Alkyl

M = MgBr, SnR3, B(OR),

X= Br,|

Fi gurde Overview of OIligothiophene Synthetioc

There are two general categories of OT7%Fingtuhreesi s:
10. The divergent r outfeunscttairotnsalwizteld amome(imBerra l(,0rd
which is reacted with 2 equi Afteon tesx toefn dt heh ea pOolr o pr
si dtelssrough a doubl étCCsreattedndi vergent since i
core thiophene(s) in two directions. This met hod

NI
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e the oligomer is elongated by 1 monomer on e

ac,tfiodn owkeidb rboymi(h23 omo finally produwcle TBo |lownrger
owl edge, not many procedures of this type have &
or |l ess prredypetse gafelft’Begood example of a procec
thod to synthesize 4 members ofdiatdse gpureensteen ti sonée
parheeg nt he ssiesguefntdviat h OFes even number d¢%¥ thiophen
e second variant of the divergent procesa el ong
ort-f unpcrtei onal i zed 2a¥3ymwmetirblivcctdddongl 1% edtier eb y(
ntheai muobg | odPerThOB process i s much more comm
stantaneouansgxtdaleidegdmerf, pr-byvndeidasylerinE@Td i c
upl i ng@2 piasr tpnreerp A%2€8i hlcersger oli gomers can be obt
ere are examples where 5 OTs’°#dweav @1 v ginhtesgest Uieanl cae
sadvantage to this synthetic met hododfogyouPleipreag
rtners, there is oatpasyifirielsitthyc ttimgt maherskal s p
mocoyphingrn generating a byproduct that® is ve
nsequentl vy, the purification of t hevgmoductt hvei
mocoupling product is. present in smal/l guantiti
contcansversgdbrethet isci pvoteses el ongati @pwbiych sin
coupled mettdl parei@ oo synthesi ze awhiaslymmett her
| ogenat edmeatnadl (@foéntloi s process ni ordepedtoecdxtend t
one me@damdrt (is also possible to change the <co
i go2nferan(d reacting it with a nuzQ)eopbdadiwcgcoboapai
i go2ieor TMThese aspymmesricanolai go be homocoupl ed ir
ngth of th¥’°oThigeamemeslbacdl |l ed convergent becaus
oceeds in a.sivVreglye ddhitereeyxrtd dinct s of this proces
terials for the divergent method, in oth-er word
nctionalized core with which they wild/|l be coupl
en afwaendgroup i s needeadasygmmedBwheinde otfhet hoet her
ongated 3d¥quentially

garding thecoeppeplings esedst o synthesize OTs, the
ose commonlfyre RABHHOIye dare exampl es afhd Kibansaaldi St
nt heses, which are t-daeymastocommoaoedwi ¢& &Hso b

NP



recentl vy, decaxhaypyl agisvdg DEBubdhaskbedbeas well . Th
cover edf olnl awieh g ons.

1.2 Kumada & oaspdfionrg Symmetric Oligothiophene Sy

Similarly to tlhseefddRI M3MHITo c ¢héass eKlu medie ishgoudirye
begwint hméehel af2iBe3nAT2 9t o vy iak kathi3eny | ma dmemii(a8ifn
Subsequently, thiagaddeardi ogwimae¢ et o adnisther sol ut|
t hehaliogenated cdu)fi ffeprewaoeion is refluxed bet
and the resu3®™ijng mhadinted i n yieldPstPrbfed mtetema t7ell vy
due to the nature of the nucleophilic coupl-ing parl
sensitive f urmntdi odreaglr aglreoupns presence ofaswad eandTh

makes handling of the Gr.ignard reagent cumber some

! N\__s g

Br S \ /
31

S S i

Mg Ni(dppp)Cl,
Q*Br | )—MgBr -
I, Et,0O 40 °C, 20 h
CgH17 2 CgH17
29 30

Fi gurle KumBdsed Synthesis 4% Symmetric OT

1.2.52.i2d 1 eC&€uplsfisonrg Symmetri c Oligothiophene Syn
The Stidlbeptiomgshas become a Ner pomap diloa mame tom

extremely common i n atntde tdyen tnoesi sc oarfmo@Tsi n t he syl
from short ol-bygod®s!ttheui BUi hge CC conditiens inv
functi gomaltanzedrdof cour separ haBopgemmbedsynt hetic str
Stille conditions for the synthebas afeOfsatcstetthw

stannyl a% ed°% t°driédd

The preparation of the éFiegcutreonpvhoillviecs ctohuep |fiunngc tpiaorr
S3HT32i nt ostaamny | at e IJmowmhimeh i s t heBrSHWUYpbedi wet &
di mB8rtt“The dimer is then boomiirdtded hwi tfhundBS$ onal i
coupling3®partner

N Z



S
|/Br

CeH13
" CeH CeH
i . BU)-Sh 6M13 613
i S 1) n-BuLi, THF, -78 °C (Bus | S Pd(PPh3), s I\ NBS s R\
V/ > / _— \ / S > \ / S Br
2) CISn(Bu);, -78 °C, 12 h DMF, 120 °C, 12 h 1:2 THF/DMF, 0 °C, 12 h
CeH1g CeH1g Cetrs Cetrs
32 33 34 35
74% 62% 95%

Fi gur2e Preparation of Electrophilt¢ Coupling

The nex(Fi gulr@@nvofuprstional i 3phg yaldesltdamrnedl i@neerd
BFJwhichubhsequently reacdied@®tia hp rt hcbu che daeosamanre t r i
6)°%at a y6a®W.ITdi esf exact mas hbudseendogtyo synt hesi ze t he
sequen4resT,8F, 1 Tand 7108

CeH13
I N s g
S\
35 Coltis CeH1z CeH1s
M\ s 1) n-BuLi, THF, -78 °C - oo I\ s Sn(Bu); — Pd(PPhaly ) AN AW
S W/ 2)cisn@u), -78°C. 121 WS 8™ A\ DMF, 120 °C, 12 h SN/ s N/ s \/
CeH13 CeH13z
36 37 6T
67%
Fi gurde Symmetric OT Stille Synthesis ULing Di me
The Stille CC has several advant ages twhhee norcgoanmpoatri er
coupling partneirThay bdeei sbpahltedtcanmbiestsuroeg ealnd oa

peri,oddss e compatible with a wiached ramggeref nbumaddi o
t han t hel'&latthaobuggshte not i n reagents can indeed be iso
of themscdmthheon can prove to be a con,siasrtaltbdy arh
reportetdtod ourbet able to be purifile%n obtyb eancsli Wrenr abh rec
dr awback of the Stille CC is that it p rwchd wwcche sar et 0
toxic to living organi sms'a@a&uthbermarget smbutsi plbe
Bysare often difficult to remove from the product
and they tend to smear during column chrfrloAnatogr a
met hod of addressing this iIsaby agalbhiusg sohetomogam
should precipitate most organotin byHwedeeesn so t
after this, the product could st!fTHi s oint atiunr m sc anul

a disastrous i mpact on OSC device performance.

NT



1. 2.S2.z8 ki -Cawmsldioonrg Symmetric Oligothiophene Syl

The SEZukieaction has whaeled me kinloawismaashtdl | wdileld r e ac
amongPalalt al yzed Ce€é! MBactl amgm@unt of | isebaktate o
and it is a method commonl y?Swesveed ailn fiancd uosrtsr icaaln sbee
t hi seamaddne of the most tmponuahtophtctocscospling

Suzuki CC reactiong.i |l Thesorgaaotbioomsn derivatives,
Suzuki reaction from the previously mentioned Kume
functional group i s motmea afRoarliodmidstea le s u th gr steti e ro f
stem tfhheo nf adite htatvaets | i keThi 4 eiws sa arce siwlrtbidfalt lbd dmp

(due to it having only 3 valerdteT#é¢éecseons)ormganaol
deri vamakeds possi ble to carry out. tThhe sdesa ¢ toi drhei rot
way the Suzuki,wi€iCcstthywdmeohani sm and FRiegakrjei on con

) 10 Xﬂ

L,—Pd©® S

Reductive Elimination
Oxidative Addition

|In A-Boronate Pathway
pd(D U
S = En I\
\_! s/ ,:I,dm) S
R X 7
9 , MOR'
?R MOR'
S(_B(OR"), <«——— _S< __B(OR"),
MOR' Transmetalation R R Ligand Exchange/Metathesis
39 38
RO,
® OB(OR"),
M RGO

42

L U MX
P (

Pretransmetalation

B-Oxo-Palladium Pathway

Fi gur4e Suzuki CC Propé®xed Mechani sm

NY



The key characteristicsr eogfuitrheiss ar ebaacstel oaan daries t difat

bi phasic conditions, where one ofthhei pbasesfi mow
as a negativel hadtaet , ewtat eel yv.an play such an i mg
reported -fugpl d oi nacreease in reaction rate when the
system is increased whil el?2CQeepeémigl y het ve |l exmac tc ome
Suzuki CC has not been fully elucidated!?Tpvarti cul

maj or pat hwayswiaRdd hpeAop @ stelde bor onPat éb geian gh wahye amxdo
Pal |l adi um?2’p aBtontvhaypat hways start the same way as pr
a halogenated c®upgadrmtgi cpiaprattnienrg (in oxidative add
i nt er m&d.i aRreomfhkemechani sm dcanhAodB. Pat heAi mtso wi t h t |
boyl ated coup3l8ibreg ngarattnearc k@d by an al koxtihdee or

As( OB specB8ewhich then reaRdX ovafighloatxmed Aaft er 0O X i
addi.tidotn t he BatBmp r oipsoshea tPdAXromplFferst ead undergoes
exchange with a hydroxi dPed @&o0 napl 4k@oxxii dle t mhegemea att €
with the organobor38n8Bodip loifng hpeasret npeart hways | ead

pretransmet al 4dtwler ec otmpd e®r ganoboron and the Pd(
comp.l ekxhi s compaexanpes and undergoes transmetal at
amounts of AQraantde t heael tfsi nal co@ptElxe ol ortahtee csyalltes
reasonably 4 aofxe cand nhtdedvcaonmaesitly be removed

extraction. This is one of Suzuki CCbs biggest st
applictdThendast step of the cywHiechi sr erleedauscetsi vteh ee
coupl ed 1Pamalutegenerates Pd(0). The unique mechani
CC malké¢e aind out among,tbetCChieactnoasso be a draw
previously menti,wheid hCQ® nrl ggacrteiqounisr ed t he met al ca
assume the nucleophilic partner is already prepar
baswhich not onl wyuinmeefr eracsaegsehtitise allsea coul d make it

wi t h -sheanssei ti ve starting materials.

N &



NC__cCN NC_ _CN

O o)
i B,Pin, 7 | B,Pin, |
| S g Pd(dpphCly, KOA S | S 5, Pd(dppiCly KOAC s. O
/ I | / B\ / * I / B\
Dioxane, 80 °C, 6 h o DME, 70 °C, 20 h 0

CeH1s CeH13 CeH13 CeH13z
43 Ref 130 44 45 Ref 131 46
86% 75%
S 1) n-BuLi, THF, -78 °C, 1 h S, P
e Ty (g
2)-78 °C — 23 °C, 18 h o
CeH13 CeHys
1 o—B’O 48
0,
( e 71%
a7
Ref 132

Fi gurse Synt heBpisn oFurmct i-dinkay li tzleide'f8t*rene s

Th&uzuki CC does have an advantage in terms of th
partner siheeptbpgredncatal yticall i tghlrd@ugh taheMi vy :
2-Br3AT monomer i s f uneclteicavrialinidzgadw wmpgt &t a@5 o(rsnuyclh as
3-hexyl t hid@dph-dbheyanov3hrewxlydneriddpheme c(at alytic Miyau
can be a@uwidrsriinegd bi s(pi n@fPadnat o) giilrddon he C24 boryl a
46230 WBAfort urhatseliys, not a-Bu3 AThl(etbpti anefaont2functi
a withdrawin@Gogsegpeahé@€s5yhbhesis of syimmetmaildc edTs

C5endpas the monomers are synthesized by Ilithiatior
4, 445%,t5 awmet3thi2d x abor o), emieci{f BpR@dBpi4nf.53T hi s praoduces
boroni ¢48 swkirch -sitsabbleencheasy to handl e, and possi
chromatography, gi ving t hese monomdéres pa €€i gus f i

monomer s

d(PPhy)s, K,CO3[aq] .S I\ s
/O\ N - 7 s ()
Aliquat 336, Toluene
C6H13 110 °C, 24 h CeH1z CeHy3

3T
74%

Fi gurée Symmetric OT Suzuki Synthesis ®sing Func

Finald yOTs ofusiuratl ¢ yestynt hesi zaede Iy tCQuvarteac tsiodmusb | e
guite hydrophobic (due to the alkyl chains). I n t

reaction is car rmeeddhaowedVv dins aqhuetoaisl e can be overc

11
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addi tebhatooblt he r eacit*i hotmi xrt ualeternative is throu
trancdteal(PMNMCsSuch as Alftquatapd8 6 met hy | aPiindsnainum ¢ hl
shuttle reactants between the twonphadercdapathawaey
(AoB) the mecha.h?Usmnfgolal dwphasic system of toluene
as theFiPglubeg the sequential synt BS5Tiamn dbia s ymament r i ¢
repo.t3Tehdi s Suzuki-BpGTHTE#B$sas 2t he nucleophilic coupl
di bromot Mi%pheme di functionali zed 3daotrea yVihel d eafct
after whi-bhomtnwaseddiand subjected t & Taintoht hae ry iSeul zdu |
81% over t3Wdhiste@epocess i s 7rietpeatywideltd ofbt@&A3MW over

Thiiss exmampl e of the uncommon adihvewvgantt hOD ughntshee

monomer addition, a procedure particularly releva
part of its synthetic component

1. 2.T2r4ni nal Group Functionalizati on

Ter mi nal gr oup sen-daal psso, khnaovwen raa awsarnisetfyorofbei ng i
in the context of OTs. Two maj or e xtaumpel etsh ea rHeEOMOCh &
LUMO gap as well aandptheabtpeopiest icme si ntor sdkeu ovtei

l' i nK'Research icabppdigesdown that the HOMO and LUM
mani pul agaredd t he gap betweewdrtcdwgmh ctame bientroduct i

functi on.al groups

For exampl e, i ntroducing Wighdupwmiagpgs ®md dOyTan divaisn yb
shown to drasticalUMOI|Ipavweranndc erseldlOMODt oif n 0p™WMii dcdin | s p €
relation to chain growth, TCV was sho3vwn5 teV)stwmliille

the HOMO energy is changetTwiitsh iisnproeassibige OFclaairs
density of the L UdMOe d-torctan d reeevai anpgs twhé |l e t he HOMO |

on the backbone, resulting in a change in HOMO en
OT backbondCThaowit hg t-lheM®OMOp al so has an effect
emi ssion properties, making it possible to tune
wel% 1“8 terms of anchors, OTs have bees modi uised v
as ligands for ruthenit4dimi ap8apel dgdived partiilel é n. t
of the chemitchaglyar eppecrttiiomispate in. The resonance d

generates a considerable diffecemgpar ed thacC3heprmd | (
introduction of mresalftuyltih@rosegamten€ati on of react

C5This nuanced reactivity enables a wide range

11
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| everagi ng tahned esliteedrtlirecemice o f the al kyl Ssubstitue
approaches to the functionalization ofol ogomet hi
functionaPr-Eahconongl iamad i-olpiogd mer functiosmal i za
Functi oné&liigzauar}ei on

Pre-Functionalization

IS Di-Funct. s 7\ s
Q — /N
R R R

55

R = alkyl Refs 105, 107, 131
— li
Cross-Coupling R' = CHO, DCV, Aryl...
53 M = SnR;, B(OR),
X=Br, |

ot g s M N s 2nd RS A Y _s_r
N/ s \ /] — \ [/ S\
R R Mono-Funct. R R
S 58 59
\ / Refs 95, 101 Refs 136-138
R i s. N\ s
Di-Funct R: R' R'=R" = CHO, DCV, Aryl, Br...
\ [/ 5\
Cross-Coupling R K
5'2 M = SnR;, B(OR), 55
R=alkyl X=Brl Ref 104

Fi gur7fe Synt heti c -Rouwt eProfisact iPoedl %2 a't®t 494p3807. 131,136

These two medrmha@dd ogo etbtened nbkebgh degr ee lorPriphreeci si
Functionmdtiir8adT®ni s modi fied through the iChstalla
of the terminal monomer (orRrcdo®@upltirngnefrurmntdi cra lc
instal |l @453 n T@5 apppeadr t ner i s t hed unacuplonda(bRizteld a o
54t 0o produce a -cyppeds5r3dT éhdPhdFtuncti onmét zad, on

the OT is first syat thcesu mheedh gooyd wehn dc hiesv efrunct i onal i
Startiamgomnmdmerr functi onalgi5®ed ctroosspsCCngti €2céarried
dif uncti onabR%% dt @ oycieepl(pde & 70T i s poHEsnbteonal i ze tF
to keep itl°yWomettroifomenlec o i Ph-d®'Bae-fdiincti onali ze it

di fferent f uld®*E P@anergaloluyp,s hal ogenation and form
common and wuseful madioieoat itdmes dp®msdeo-cbupt hag c|
while fopmgVmdesonnj ugated handl e t hadi fcfaemr ebnet nkoi dni

conjugattagh end



NBS

EtOAc, Sonication CoH
23°C,1h 6"113
DiBr-4T
91%

Fi gur8e bdbiomi nati on oDTBgtnrmeheri ¢

The functionalizationddfthr paniotfiacdQiTlear Pirretvd roausstl yi, s at
procedure has been published for t hen duinbsruobnsitniattuitoe
2,t5hi ophene di mMméFhiandprnaodendkur edirterpomii realmir campti as

using BEB®Aomrmnud t r absaotnhipcr oducing di bromo thiophene
yields of 9r7é&s @meadt BBty same procedurde bwasmioafdapoad
4T6Tan8Ti n t he woprrke cdeitdhiensfFloyy elren or der tDi Biffnt hesi :
Di BBrlanBi BBTwi th yields of 91%, 8%%, and 89% respect

1. 2Re3cent Advanc-€eup hGhegnoissst r y

Al t hough it is true that the classic CC reacti
proven to be robust and reliabl e, research i nto
demonstratedl.izanlfBegt 2tnes cl assic CC reactions nece
an organometdi kiecfoamcméevball group on the nucl eoph
gener ates stochiometric guantities of wast e b a s
transmeotnal3antep. i ssue can be addressed by changing
on the nucleophiliAddaiotuipdnalgl yp,aritfinerhe functi onal
wei ghthis reduces the amdwmtherfmowaentf ¢ egpe mark &tse @.r e
nucl eophilic coupling partner and handling it mL
ect,tawos such met hodol ogieslwkRiwB.lbe covwean gd .aes®antCil
reactions whi P ewdi.$2 c tcioovne r DCC reactions and thei.:
h

i opthaesnned materi al s.

1.2 .Pa.11 a€atuml yzAprdy ICHt i on

A direartylGH i on descooruipddsnga reracds on t hat occut
halide and another aryl that is not fRingcutrdomal i ze
such a remembengdaabomaté® heteoapyeldet p6)a thad omob
yield t-heupglrodsp@adaduccst process i s highly enticin
advantages it has over other-Hmgtbaodsissubbf ,aact hbej
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hdisec¢cth contrast to all the previous CC reacti
functionali zed wHoWwewaemet@hi ®ri metadltoesl i ssu
e CH bonds are ubiquiBewuause afr omaits c - enod lex u
ations relied heawirldy daenheamitm@amgt eapsai n ord
ctivity for tHe¢Tpesetireamacbofonstweestgenerally
ene derivatives, whi ch i s Adhtyh ofuhgrhecigihng her @ d g
sul f ursysatsem,n & heeertain degree of regli*tbsel ect
makes heter oceyxccleelslaantkaddat éns ofphyelnet r e mtnrd€ B ct i o
was demonstrated in 1990 by Ohta aadylkawiooke:
hi ophenes and furans whithurp&*d mobenzene deriva

—
Pd(PPhs) Y.
et —= N
—/ R KOAc, DMA R
60 61

150 °C 62

S,0 11-72%
H, OMe, CHO, CN...

R

Fi gur9e Fi r-AtylICaédti on of Thi op4enes and Fur ai

y into the ¢hawdladpmerstt dfhe€Cld was considerabl
t mechani sm oTwa hpersep arseaalcst i tomast. garnered sign
el ectrophilic asnaonmatHiexwpkes uthesd h dnitAmamme dhaniSs m
osed that the reaction proceeds thraygpkr a W
anism proposes ' -aandnstert tbehayeddriibdyeo acdl*s mi nat i on

restingly, it was oObserved that the presenc
ificantly aided these reactionys,awidahvdédragnefuf
tive*Timi s20006i.nt ed to the possibility of a thir
proposed aldSebhsbyguant 1¥8Hk b tswelvmirmdt egd oiump s
i dati on orhe ttéaled ecpoonocteorntae)di one c hp'‘@bWPs agnou in 20

(Fi gu2(e. It foll ows the same basic principle as

hal ogenat &6edvhpaht ueeder goes oxidative 7dad0dil owend bHg V¥
|l igand exc@hawhg &€ hwictrle a tl d sg att lreed 6&3wintbhlee xnucl eophi | i ¢
par tbhh0tehen coordinates to t-lhemiPar ecde ntsréeaantsgi@ @ fo8r m a
which | eads to t He bborneda kainndg foofP diahbeccoftl. ¢Fu base@uent |

t h
H*i

e

n

aciedd Ergendwi th the abstracted proton, which i

the form of protonated bases as stochiometric

11
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67 This |l eads to the final intermedi ate which un
crossupled product and regenerate the palladium cz¢
s A\
\ /) S T\
10 6

Reductive Elimination

MB HB
R O O
9
OH oM
66 67
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65 \
Concerted-Metalation-Deprotonation
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R
CMD-TS

64

Oxidative Addition

:;Z(u)ﬂ

| S
X 7

Ligand Exchange

MX

L t
[0S
——pd
%\(\o Pat~<S 1] A

QH

50 R

Fi gWRr@e CMD Mechanism of
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Eqi kS t he
di stort and elongate i
energy decrease
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and group 3 is governed by 45 clTdhmhoiprhaetnieo i so fi nt hge otu
that dbenhdi aF e i mp*drtant

Distorted Reactants

. t
I S
S O——pd® |
O—Pd~C T - R~ ! <J
Holy =0 | OH-ASy
o) _S:' . | }:l
R : Eint L R .
68 69 | : CMD-TS
' ' 64

63 50
Ground-State Reactants

Fi gWwrie Energy Diagram of!*CMD TS For mati on

ConcerningnP2B0Idabddawal repoutdeidr-a&rcy!| pooil gmeri zati o
( DAY Psynthesis of P3HT -WdHTUsiyng!|dedm®®8/8m0 RReat al ys
substituted triphenylphosphine |BrgdhdwithhayMwyaof
600 g/ mol, polydispersi’Tyhicf wobr& arsuyiteldd i of a9 %
CH arylation papersmhnd pdAtedwiotpaabréteitcul arity o
arylations is that they have been reported to wor
| i gathAdds 2015, Thompson and coll eagues published o]
reported®pooncess DArP synt h2r8H3 oh RBRBHBtteomt 2t o

amount of ubabdreasnicrhaibnige whi c h!5Whey obh e nrwvwadced 3. 7

neodecanoic acid in place of PivOH and managed to
|l oading ®xivi POdoOACcC dniyh dyi graenpdor t 8 HIT 6 Wi RRean aver age
25 200 g/ mol, polydispersity of 3.3 &rmhd syiiesl d nafee
an exceptionally efficient and clean process althc

Consideri nagr ytlhaatti o4 ohbhy beperodtet H, this makes
efficiemii rammdmental édgyeds ifeaoad 3 HT synt hesi s.
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PdCI(C3Hs)(dppb)

R KOA
% Tt DMA \ /S \
70 49 140 °C, 20 h 4

R=H Me CI CN CO,Et
Yield = 85% 74% 77% 62% 58%

Fi gw®2r2e Synthesis of SymmetAriyd a@% oThrr i mer by C

terms -af yDas,j o@Hhas al so been adpepsicireidb ebdu.tp rneovti a
2006, Mori and col lasasg tseateamedo u p & d rAbigrhoenfi sninalot veedr
iophene dimers, trimers and -beomiamstddchti® odypretshe:
t quite fit int@Harhel staimen cdascr ialsked h&bove since
idize Pd(0) and keep the process going. Later i
a-c aQbp e d 3HT t et rpahmeeyolddBhie n g | t5h i aonpdh-b 2 e 18-0
Xyl thiwbpbbneeaéhms tadr @5 of-adiyVvesyenme®ETEH,c t o our
owl edge, Doucet mak¥&nt BPildg®R2g such report

~+
-~ X O T o O

X O O O =S

> O

The nucleophilic cOG5spulbisntg tpuatretddm Gwhsii oygehreereed £ coup !l ec
a dibrominated (4A¥i%Yphege HHQIdgP Bt 2% | oadb-ng, s e
functionalized t hae®epWwenhdehsuarscetrieo ntaelsitteedd yt bl dp b g mmet
OTs wi tahlokuytl 3f unct7lon8bmgr mepbyl(ated coupling part
wellleeadi ng to symnseitnriilcaroltiog otntdaisgeu9riceh S et ed ed t (
howevére heterocycles Wared hydtt hi-dhizcrogptelpwnI8issboxazol e
Cil ,-8i met hyl pyrazole). This | eaves t he darvyelragteinatn s
| argely unexplored.

1. 2. Dxcarboxyl aCouel Cngss

Decarboxyl @#abiupé aomgaher more environmentally f
pal |l acdatualt yzed CC readtni admimetvlaoda@alto®y.,, the nucl e

is a carboxylic acid derivative whil e t hheaveilnegct r o
been asedwel | . Si-amiy laatliyon,o BCHC benefits from the
since carboxylic acid functional groups are wide

intrinsically ntohxeisci sadrmdsu tweeehideld s yonal | vy, car boxyl
commonly found i n nat wree,i veeldl dveitreg ofcoyrc Ilbhicomasisds t

material $°7iAfLMCCG&sher i mproving their environment al

11
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Pd[P(t-Bu)s],
O n-BuyNCI-H,0
Y. Y.
C 7 on* Br_@ > ()
X CS2CO3, DMF X
R pw, 170 °C, 8 min R
73 74

S,0
C,N 23-88%
H, Me

Fi gw®r3e First DeM2 nbseirnegd SHet'éY ocycl es

Modern DCCs are partially the result of work <car
Shepard where they investigated the prott®dmcar bo:
200600Cen and coworkers wepbédetsiwhmthiessts ttoomepemt
derivatives and phenyl kkhbomedabs|l Wbhtbhbyughp®iC€t sisi ng
ofPd and Cu. The role of the copper met al was to
Ar Cu which would be the actiM&@Unhockteophieliy¢c tbieg
suffered from scope | imitations due to the crowdi

oxidati vé®?Tahdidsi twadash addressed through the replace

triflates, broadeni ng®itmet scmpeofofhether o ®yaclte o,n t
DCC wusing a heterocyclic acid was an intramolecu
prod§fThe potential of heterocyclic acids would be

and coll eagues published in the sank guader abi 00!
wor k report ed arhbeo xuysleatodd CTRet( éemed¢wdliemg @ 3AT) whic
with pheny73bt omid e $cdo(utphl ee dc rp&s6huet mdj or di fferenc
work was that no Cu or Ag additives were required
t hemebmber ed 2rsi ngesponsi ble for the Ucnatrrbiomssi ct hnauncklse
el ectron déi°dkeay irzepomnined bgneo hyyiaeledls st@arti ng mat

8 6 %) which consisted of t hiophene, furan, -benzof
me mber ed heZcearrobcoyxcylliicc aci ds without an al &yl sub
have | ower yields which were 2 to 3.%%  mes smaller
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R L,—Pd©®
10 6

Reductive Elimination

L, s
o _bd 7
~ O
Y, .
i Y
9 0
C3-Electrophilic Palladation 75 R
) _(j Ligand Exchange
MX
€O C3 to C2 Migration
O—Pd ”
0] R S

CO, Extrusion

o

C2-Electrophilic Palladation

Fi gWwrde Proposed Mechanism of -ADR@ | R éa2CQubramesx Wiitch 3
Acilds

The subpar yields of starting mandue atles twhid hpatti
mechani sm that DCC reactions go thFoggnef Wrt hhns
the same gener al principltéeaexithet meebaddpmbdirart s
first i ntwhimelditahen under goevd téh Itihgeamd iedx dluaenrcgéd o n
starting75mat i iedld 76t eTrhmee dd artlroxy |l at e group acts
whi ch can ddampxitex hien Pdne of twoWwansdieethed at C
next intermediate (7 tbhuet ocwhcelne diisr efcaarende dat C3, a s
is fofPedf the heterocycle is notcalgklyilmdg edcauar L.
t hi-ar Bl-2¢ ®ayoxyl ate byproduetnt ®eulsddqeenctylcyl er ewhi ch
di aryl ated! BFyhpsodsgscthe cause -®O3f alokwelratyeide Isdtsa ritni nn
I n contrast, when €®mpd exl kny lg 7 t@e @& Jow htilocehnCRIds f ol | o we
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CQextrusi
reformsTHa (DQt)ochi ometric

on to gene

r at9e¢ htahe r feil mals eisntt diem@didatre | at
bypr oodjlacst wde menr stiangp | lye rde

into the atmosphere. The DCC is the only reaction
and results i n hlaess sa sdalriedc twapsrtoeduct of the catalyt
The particularly attractive quality of t hese Kkin
carboxylic acid, is that Forgione6s synt@watic pro
high temperatures but extremel(fi glRBE’T htiismes @bho® h/
guality of DCCcotntedatdemabéy imbre convAensems e quheamt
publication was released where the impact of base
use of thermal condi'fN-meshwerpyinelkstwgsatede main
wortkut it showed that the reactians wespohodedhweluls e
iodi des, chl orides and triflatesPRMadi anopabkbkentia
identical yield to conditions using a 1:2 ratio,
specli®srt hermore, the use of Ilithium bases |l ed tc
that the carboxylic acid doempliaedeatit enotdenaiked:
st &9
Currently, the Forgione group is continuing to in
of thi-ophedwe maPreviadbss! y, Liu reported the synth
procevs s BREOOBHT being théSThmonecmeadi ti ons were n
irradiation at 190 AC for 8 minutes which produce
of 1.93 and conversion of 90% (RRe not reported).
S o) CgHiz
[ p . J\ s o PdCl,, P(o-tolyl); s J\ s T\
oK A oV DM 3T T s
CeHi pw 190 °C, 8 min CgHya
79 31 47
s o CeHiz CoHia oo% CeHiz
[ ) . s S A N s I PdClz, Plotolys TN s I N_s I N_s
OK \ / s \_/ S o DMA [0.1M] for DiBr-4T s \_/ s \_/ S \ /
CeHiz CoH1s uw 190 °C, 8 min CgHiz CeH1z
79 DiBr-4T 6T
S o CeH1s CeHiz CeHiz 61% CeHis CeHis
) . TN s I N_s I N_s_g PdCla, Plortovl, se AN s AN s IN_s I
oK B s \_/ s \_/ s \ / DMA [0.1M] for DiBr-6T \_/ S \_/ s \_/ S \ / s
Coftia Cottrs Cothrs 4w 190 °C, 8 min Cotlis Cottrs Cothrs
79 DiBr-6T 8T
s o CeoHiz CeHiz CeHi3 CeHiz CeoHiz 5% CeHiz CeHi3
» s S AN s N s T N_s_ [ PdCh, Plotoly); TN s TN s IN__s TN s T VN__s
oK L s W s W Y L ST ot S O 8 O s W s L) s ()
CeH1s CeHis Cetrs CeHis pw 190 °C, 8 min CgH1s CgHy3 CgH13 CeHis
79 DiBr-8T 10T
81%
FigwrsSe Liubés Synthesis of ®Symmetric OTs by

oM



Additionally, DCC condi*toodsh@egenadaphetdebiysLdf
(Fi gwryePreviously, one of the requirenmeaesass ef sruchCCs
as C&in orflelfl yodeprotonate the acid starting ma

metal . This requirémendtsa wafsfke etmowe duse of a potas
car boxXClODWeHT was de morfsotrr gatheed synt hesi :iuob es yemdmet 1
OT$8°0Once again, the reactions were carried out usi
mi nhutes of reaction time. This further Eeripeesed t

basaend quaternary adihine mbvreirm gsianigt t he reaction c¢cl ose
CCs in terms of réehgentwor RgumademamMeE€ Cofsyabhle vies g ¢
symmetric OTs by adding two monomers per reaction
t heev esne q u €twchdé c h4 T6TF,8Tandl 0.

Lui 6s work on the DCC synthesis of symmebD€Cc OTs
had not been used to sy-numbered sBhemenhal cg@is add

an opportunity to further expand the I|ibrary of ¢

ON



1 . Besearch Goals and Thesis Organizatio

The objective of the present work was to inve:
symmetric OTs based on 3HT wusing a divergent, s e
pal |l acdatuanl yzecdupdonyg ,r @acttiicmud arly Suzuki -and De
couplin@msappeovildes hi storintafl odcuocnetse xt heandoncept
semi condudt3dHds avred | as the importance of regioreg

Ol igothi ophdsesuamde oxluced as vikaeblup Mmodeltdhet @ hma t

ofpol ymer samplTeevaepaewhkcbhyserves as precdadcdent fo

al so introduced alobghiwahdht hdhespeodci fviac i ohoi ce of
namely to continue the investi®gianalolny ,i-g toh Itghded dm
crossupling mephedenegyd iagd ong with the most c¢commo

met hods of P3HT and symmetric OTs.

Chapter 2 covers the synthesis ofacsymi€CiConc OT
anBuzuki EYXnthesis of thegpheprpd Mmomoumlcidin gc rioss sr e p «
along with the outcoumnpelsi nogf peraocche scsd. o BAsdodmidoni aothi boenl vy ,
resulting oliisgoprhd sogprhteendke sand an i mprovement of th

described.

Chapter 3 covers the copcbusdensns dofethisesnwof &
related to the synthesis wfatalyymedr i CC OEsact hobpns

di brominati on

O
11



Chaptie$yrm®t hesi s of Symmetric OIligo

2. 1lntroducti on

The -apmd of the |ibrary of symmetric OTs synthe
doped WiGNQ Fand t heir doping brenh ssviwoultdo add owt U
establishment of a relationship between oligomer
used areonhapaldtatdalbmzecdoupd @ Y s t hat are deemed
environmentad | wedbdetndfgunl | y expl ored in |literature.
and studied, howewelseffoewmébe npargssohatered and i

|l iteratur e exi sts. Additional vy, DCC has been us

sequenccehbouft QThse odd sequence remained unexplored.

the |iter-atylratban€Hf or the synthesis of these mol
spar se, which motivated an investigati doub-hé¢ oCHO:
aryl ati on.
Synthesis of DCC Monomer
S 1) Vilsmeier-Haack S S O
| P o | P =N HydronS|s Deprotonatlon | p
Q 2) NH,OH B OK
CeH1s 2 CeHi1z can CeH
32 80 79
Synthesis of Suzuki CC Monomer O—B/O
\
S Brominati S Lithiati S \ ° S P
Q romination . QBr ithiation QU 47 QB\O
CeH13 CeH13 CeH1z CeH13
32 1 82 48
Synthesis of CH-Ar. Monomer o
|
Q 1) Turbo-Hauser Base | /
2) DMF
CeH13 CeH13
32 83
Fi glr6e Gener al Scheme of Nucleophilic Coupling
Figuz6e !l |l ustrates the synthesis of t he -onay wlri nngo n o

met hoddhegy.reparation of the DCT¥2whouwm!| isg rearct rar
Vi | spdeaiaectk conditions to generate the Vilsmeier [
water, it is quenched with hySdr oNeyxlta mihnee nwhtircihl eg ei
under basic conditions$Iwhi cyh eilsd ftihnea lalcyi dd epprroodtuocrt a

(0J0)



potassituIn Siamitl arly, the SuzukiB2acnodu pilsi nagl spoa rftunnecrt i:
at C2 but through a br onmiln althieo m eixns tsetaed tiarvgd nveersa
BulLi to gener atndg et mé 2Mhid tchhi aitsedsubsequeaTttlioy ygudmndc h
t he Suzuki codpl iThhge pparretpnaerra tairoynl aofi o he odwsl i ng |
considerably si mpl ero8raTsh ei ts tiasr tai3rdgisregalcde esitaevp t h a h
hi ndereedalsebo biasebasldh selectively deprotonates
intermedi ate is foewdcréd wihteh8dd®@ehier ad| pradluctpr oce:
fro3ntkand rely on functionalization of C2 or Ch5, V

functi onanllliyz aG2 owmhr y Pa€Hanres monomers functionaldi

S : . . N
QM . @B Suzuki Cross-Coupling s A\ 5. Di-Bromination B S f\ S _gr
* ST or W AR AW/ AR/

CeH1s Decarboxylative Cross-Coupli
ecarboxylative Cross-Coupling CoH1s CeHis CeHis CoHis
48, M = Bpin, 2.1 equivs. 31,n=1 3T,n=1 DiBr-3T,n=1
79, M = COOK, 2.2 equivs. 49,n=2 4T, n=2 DiBr-4T,n=2

Suzuki jor Decarboxylative

Cross-Coupling Cross-Coupling

CeH13 CeH1s CeH13 CeHis

5 /\ S i/ \ S i/ \ 5 Di-Bromination /- \ S i/ \ S i/ \
-
T \ / ST A\ S r S \W/ S A\ S
CeH1z CeH1a CeH1z CeH1s
DiBr-5T,n =1 5T, n=1
DiBr-6T,n =2 6T, n=2
Suzuki CC or DCC Di-bromination
CeH13 CeH1s CeHis CeHis

AN A N AN A WY AW
\ /) S \ /) S \ SRV S \ / S \ /
CeHi3 CeHis CgHiz CeHis CeHis CeH1z
MT,n=1
12T, n=2

Fi gW®lr7e Gener al Scheme of Stepwise Synthesis o

The synthetic concept f ogy mnneeD TSecq wtse rbtaiseeld soyn talH & seir
and brominatiFog Lrrebhocws ohbhiasandomewpitt applies to b
CC and DCC metthoddol odihes nucl eopsh8 7i9c i so wmluipd gg dp & n
to t-hendiionalBilwré® . cdhes (results in the first OT
whi ch | 3ToediTiNlkexnt , this product needs to be functi
core for the next CC reacteadi sehomdi tempobmaod mbdh
synthesis wihiromiinatele DaiEBeTore Birat €hi s compl etes t
cycl e -borfonGGhati on of the synthesis with the next

on
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hi
t h

ongates the OT by 2 monomers and yields the thi
e second compound of thdoB EspBromveaODiToselgseneep e
e-brdomi nat ed iDn tBer Tor® d BoaTtweén i ¢ h ends the second ¢
omination. From there, these cycles are repeate

is parti clulld@amtl 2cTacsre twhaes o0 dndu nabnedr eedv esnregsip@cei vel y.

i s synthetic conceptardyoleast inoont parpopcleyd utroe tshien cCeH t
uld have been already cappedrivgirie alhcdemede fSemrcd:
1 cover t he oaurtycloanteisom.je Stex@€ G ©ORS)EBct awd Suzuki

ecPi)dmet hodol ogi es. The bromination procedure W
d will instead be covereSkecstdppnr ately in its own

.Pall a-€atuml yzed -Divyleati «€md

The following section wild.l preseatylatieopt 8omt
nt hesfisr myfB ADiie&l). The general conEegtrohvdobhivespr
plingpamntifeintdd or myl a(88do3WMTeld fermyba-BEd di

the product. Thi s mfet motdi oinsal pamt iFofg ulini@ te h opdr oel
ntioned 1n2.Socr4 itomis CC weetr hedolad@ayti ng previ old

c

ndi ti onsarfylrattiheen CaHHf t hi ophenes and phenyl br omi

(0]
’ S Pd source, Ligand o 0
| H /@\ Additive, Base \ s T\ s |
/ + Br S Br > \ / S \ /
b 1 Solvent
o A, time CeH1z CeH1s
83 49 DiA-3T

Fi gWwr8e Gener al Synthetic @arydeapgti omf Doubl e
2. 25yInt hesiHe xgl t hi-D@erelnel dehyde Monomer

Thi ophenes are particularly amenable to modific
activity of C2 iisndafveaerieat.y tTahfi tsh iactauna tfhi elCriessx pl o i t
e addition of strong bnaBsueLsi, ihso wesveedr, itfh ef osre |eexcatr
an ideal. I n order to ensur e -dehper ohtiognhaetsito nl,e vae ls
ndered base can be used. Foll owi ng (Fhegwet hod r
e highly hHadskad®2T @rtbnted amet hyl pi peridinyl magrt

oP



l'ithium chl olti)fbewdsSleMP MgQGl t hea egpealoddtoinad3i2@m Usfi nJHT
an exté&sS sgguilaM® solution WifCITMPMgICBRNa&s added
directly dropwise without the addi arieont hoaft naosried eT H
being highly hindered which resul ts in compl ete
temperature (~23 AC) and does rA/o8t ACequTihries ccooon siinc
i mproves the reactionds simmxltiuaiet ywaan ds i dushn veetn ifeonrc
l eads to the gdrdrhdataiterd BfHTa T&i s i ntermediate i
addition of exces sl HFMR ndi & dsael i vieodendbur heeu ri s

S 1) TMPMgCI-LiCI (1.5 equiv) N
3h,23°C |
> /

DMF (13 equiv)

;326H13 2) THF [4.3M] for DMF gg”'”
23°C,1h o
(o]

Fi gw®2re Synt helda sy lotf h idd@eremael dié¢hyde

This procedure resul t&dl siohatled ae¢siar gd epdoaddct8 2%
thef@©@2 myl ated isomer. The originabbB%% aépbougt yie
reported for a scale of 0.50 mmol while the abov

mmoppssjbstyi fying the decrease in yield.

2. 2CHAryl ation f or t RFeo rSmyynltanteesd sOloifg oDme r s
With the desir e8ds MrHtTh emoinzoenk,r -a rhyel atoiudon er eCaHc t i o n

investiThateonditions that were chosen for opti mi:
commonalCH|I ati onrepodi ¢doher thiophenesFwgtBihe Ar X ¢
i | | us2driaftfeesr en't sets of conditionscalkh@eddvietr,ieoms plk
anB.Tableeontains the opti minitHatNiIMRmuc eaat i magdatiac re
yi el 83andfi-BTmeasur ed, 3,irfimet hoxybénaené heTMBt er nal

Conditaoers bAsedwonpokScohhiemmefragn®®in hi s work they pres
arylation reactions ftohlri otphhee nsey notrhgeasniisc onia tpehre nayl |s

synthesized through Kumada, .V&ittin |teh easned oSouozouekii $ oOCs |,
83 nd%re reacted at a 2:1 ratio. The caadilygsd weol
' igand with 30asmotlhe @afiiddFi2viHe £ Riavss .t hef Akee sol vent
waanhydr olusheenaet et aAC If or 24 hours. The fsaacuraoes bei
|l i gandgacathido@onhdmeaorsbBsded aowor k of Doucet and co

0z



t hey repor t-leds g-ahi@Hll a tgiaonmds of t hi ecpahtean eyss ta n do aAdri Xn gast
as 0. O0O01lFanmolt¥)ese cond3tl ondB3tiwk9 csBt equi vs. of KO/
anhydbMpsnd a temperature oFor4m0edcCt ifoms 48s ihmagrtshe
bot h tchaet aHdy st and | i gandame wafltleds their | oading

Pd Source (5 mol%)
Ligand (10 mol%)
PivOH (30 mol%)

S K5,CO3 (2.0 equivs.) Q
I
/ >

CeHis Toluene [O0. 3M] for 49
110 °C, time
83 49 Conditions A

Pd Source (mol%)
l Ligand (mol%)

S KOACc (3 equivs.)
|/

DMA [0.2M] for 49
CeH13 140 °C, 48 h
83 49 Conditions B

Fi g BrO®BoubCHAryl ati on Conditions f3»T the Synth
Tabl:e Opti Miaba®BioabdHATr yl ati on Chin&TWi t'HhnMR oYi el ds

EntnCon.d Pd Pd Li g Lig TimNMR Y. NMR Y.-3D
Sourc ( mol ( mol (h) (9% (9%
1 A ( OAx) 5 PCydHBF 10 24 80 0
2 A ( OAx) 5 PCydHBF 10 24 76 2
3 A ( PBAh 5 16 93 0
4 A [ P-B w3} 5 16 93 0
5 A ( OAx) 5 PCydHBF 10 16 92 1
6 B ( PBAh 2 48 57 27
7 B [ P-B tis) 2 48 55 24
8 B (OAxc) 0.5 48 60 24
9 B ( OAx) 2 PCydHBF 4 48 57 18
10 B Pdel 2 PCydHBF 4 48 62 28

[l H NMR yields were obtained throudh 3ttrBiemeatdhdd xty doetn lzoef n reee akcrt d vorr
upon complnetxieadn and subsedHieMMR,)y iamtad ryrzeld $tyandard peak at 6.
3.,811 visi-mheestartand product peaks were integrated and an

Condit{ensr A s yletded al mosdntroyhmpwv ®d@dNMR wyiitenl d
of 2% which is the highestcbhboveoBidwans udblsed odl a ela:
by its NMRdsiigtnalescame apparent that the reaction
entrieshatowher e76% &dredovi@@ERwni | | utreraicnegdmadaer i al

not used for NMR yield calculations as it was det

oT



during workup. This suwoseatgsof | T Eaetyi odmwes odliogdetnti @t ¢
reaction t emmar sthwrrd as aictt i wans t aspnm@arte nntg8 Bwhaaste r i a |
not being Tcoo nasdudmeeds.s t hi s, we decided to use a mor
reaction t€eompeéeirailemedtBedsdesul ted in considerably

ent 6y made use of 2 smakb%tboe Pdf{BPstpraondduMRepiue t ¢ d

of 2amW starting imdtde roNaxRd¥MRIpWwWas uassedt he cat al yst
at 2 mol % butprroadBiMdRt gdel danaedf s24% ti ng materi al N M
(en®rlyn an attempt to emul ate the weamaglien ails ec corfd iOt.
mol % of R (tOAda)t dreywndlriyFhand r eact2ido¥h NMR uybitedldd ionf

3T equi veanltérmyhi ¢lo used 4 times more catd@ahgsNMRNn th
yi el 8@3wafs al so higher at 6 0 %, meaning | ess- starti
reactlimmessti gations into.ahehbgeghaviempeonat Pdd OAbas
sbubl e cPdis@erm and CC reactions can takelplbdee o
aggredaitheiss woul d explain how this reactiogs perfor
The increasetdorRRdiprevyedtr X the formation of inact.
to proceed. Wenst i nRdEe@Ae)d PCgHRFwacs!| % dared ant 4ymol %
9. This resulted in an NMR yield of -iB&eawhioh i
(entawd8ptarting materi al NMR vyi el-ge roff o r5mi% gnarke ancg
of thisisnmddet,. the Pd sourraprdwheadepbaard bygRda@l
(ent)y. This resulted in thde fhdrg htelsds a erceoa ditetdb eNsMRa
hi ghhresdérded starting materi al NMR yield of 62%. O

all tested reactions, although it -wagl atibh wvengi f

Pd Source (mol%)
l Ligand (mol%)

S . 0 O
KOACc (3 equivs.)
| . Br@\Br \ s M\ s_ I

NMP [0.2M] for 49 \ /S \J
CeHia 170 °C, 48 h CeHis CoHis
83 49 DIA-3T

Fi gBrie Opti mi CLamidon iasths1 780 AC Wit h NMP as Sol v

oy



Tab?e Optimi zatCioondi Tadotinesl @3 WCNWRt Ni el ds Using TN

I nternal Standard
Ent |Pd SouPd( mol Li.g Li.g mol NMR Y.-3Ti%
1 ( PRA 2 0
2 [ P-B sk 2 0
3 ( OAx) 0.5 0
4 ( OAx) 2 PCyHBF 4 0
5 Pdel 2 PCHBF 4 0
[l *"H NMR yields were obtained t hr ough -ttrhiemeatdhdoixtyiboenn zoefn ea tkon otwhne
crude, mixed and subHedWM&ntintenakhyzedabmyard peak at 6.0 ppm
vi si bl emasttearritdalngand product peaks were integrated and an aver
Condi tiseeresned to perform better but they stildl pr
starting material. This implies that the reaction
such, we decided to increase the Freacti.tta ghhbBper a

3landabReontain the data obtained from the wuse

temperature i ncH easad etdot réaiyetrAadtrur e had the opposi
was ex paesitit ddMIR spectra of all reaction crudes (ent
were assochia&TedMavri @ dav er | the spectra also did not
associvat bdst ar t8idnigt mant .erTihadse conditions seem to b
were | ikely broken down or Siomoerittedwasntmototphess ibl
t hese sampl es ( das GLCHISO mad g asppheyct r o met W ay er TLC
chromatography) was used instead to visualize the

|l mage was cr oppaend8 phoetft olre eni mpl i city as there were multiple ot
bet ween them

Fi gwBr2ze TLC of Entri gsTabIDeova)y oQreudd edi t h'DCMlame x anes
Vi sual i z23e6dd miyiLtedint@5A4 m( Ri ¢JWwt )Li ght

oo



Fi gBrzxhows an i mage of a TLC done oTnabt2heeThbeuelksgseot

was 1:1 /béeéMaarde o3 tBbrmmed5dmJYV il 1l umination i mages a
first spot is thaB83o0fSpohes dt ahtriong hm&dt eoiralespond
the previous tabl 265 1W\Vniisl lcuneianra tfiroonm tthhaet a | ar ge

products wéheghbymeodnj ugat ede ntilotmp@®d@S, drsm tielnldu mion at

From 2t5rde WWa i | |l umi nati on, it becomes apparent t ha

materi al but instead some idt henr Rfarbkuts$ ppohisme ksaeemti sn

undeéebm UV I umi nat8idos, htwthii £ hl8i¥ker med hadme ki nd of |

that is nhhdt ctotoijlulgrnged, | adcdilong by tyeél Bfw | umi nes
@]

PdCI(C3Hs5)(dppb) (2 mol%)

| S /@\ KOAC (3 equivs.) Q
Y + Br g~ "Br >
Sy, DMA [0.4M] for 49
140 °C, time
83 49 DiA-3T

Fi gwBr3e Doub-AeyCHti on for the&TSyWrsti magsHs( Adpfp®Di A
TabB8&8 NMR Yield oeAfr yDoauhloen R act iHg n(sd pushi) n g sP dLCalt (aC

Entr Ti meh) NMR Y.-3 D%
1 24 23
2 36 25

[l *H NMR yields were obtained thr ough -ttrhiemeatdhdoixtyiboenn zoefn ea tkon otwhne
crude, mixed and subHedWM&ntintenakhyzesdambmyard peak at 6.0 ppm
Vi si bl emasttearritdingand product peaks were integrated and an aver

Final imprred avot i ons wer e dt t2e(Bp¢l@e meerdtiioomred react i c
l'iterature t hat repuorytleadt i 6 he f diouhbtlhee n Sibrstt h & suit se d
terthi dphreemesat al yst used in thissHei(tdeprpabt)u rweh ircehf ewn

not commercially Therne wabéfeol t oward . t he procedur e
prepatutnidonobt ained the expected yellow solid at
attempted two final reddthiremctomhor det te aachfiew

previously reported pFiogwr@auhroevwss atnhde cragaactyisamn .i n g
useCsondi twionk ®Bdief foeeyinrcge t he cat al yst4d9amidlasbd mcent r
3contains the NMR yields odbumhd 886mnbti ons heated |

Unfortunately, Dih&TT EMBi nieel d owof Entry 1 shows the
heated for 24 h which resulted in an NMR yield of
f or oluawsht h an NMR yield of 25%. TRenHdes{epsr Bod i n

MM



i Tabl)evas heated for 48 h and r esiihlet eldatian can | BNMR e
these reactions conf-arynsat®#iBwein8 i bheyDdeBuTths ei IC&lf f ect i

and cannot be achieved through wiadegllyatd omespt ed co

2. 2Colncl usi on

The work presented in this subchapt-aryfactueerdfo
the synt Heosrinsy | aft eddli sy mmeRir-AT Tlkeet heqphebéer-mphomer
4-hexyl t hi8d3p heanse s(ynt hesi zed wusing reported proced:
t hesef a hindelaeedeffubbee which selectively deprot
DMF hE® desir edwanso noobnteeari me i el d of 82% which correl
monomer was then used iniceverdl foptémi zabhdnt ir@l
were adapted for Dt-B@&t hsryonutghhe sa s-dmyilba i oOH No <con

succeeded i n achieving acceptabl e NMR vyiel ds, w
Considering these results, the most |ikely explan
the presencenwift hadnr aemiencgt rf uncti onal group and a |

targetHedo@d at c2. As mentionedl.a) 3t.h*ehdrmea rardeal Cct
governing factors thatardyeltefingittiee Weach a:m di¢ Ei n CH
Thiophenes are part of group 3> mehaisehphiltd dep d rod
and sthoul d be high. The hexyl grqouer madlsiaghnsteoi C2
hi nders the surrounding space. Similarly, t he f ot
resonance from Gayperlydhelwy omakiendeEr easelReaenct epphi
publ i shedpwobthiengpti mi zati on of Miyaura borylation
hi ndered ac,estuacthe dsaspedtalsysli vex aghBodaper f orm order s
magnitude better thanfd’%utnwreentwomlkal c awled at @esus on
reacti osnismiwiatrh bases as well as different solvent

said base. Diohfveméemtonahomatal ysts could also be e

2. Becarboxyl aCiouel Cngs s

The section that follows wil!/ present the out ¢
the synthesis eoenfluumsbyer®@eadt r Wor k previously done in c
the basis for this subsection. I n his wor k, Liu n
first published by Dr. Forgione bYhremowasngchheve

preparing the potassium salt@m®§fthathewcwaulrboblg!| used
reacitnonhe same wor k, Liu reportedthdedeandamét edDCC

MN



sequence cohBGT8tTi ngndFhi s | eaves the sryunmbheersdéades of
sequen@ B THIT adnMdnexpl ored by DCC. This motivated

these compounds.

S (0]
PdCl,, P(o-tolyl
L/ AN oo 5o AL 38
ok * BrT g7 TBr Q7 s\
- DMA [0.1M] for 49
6M13 pw 190 °C, 8 min CeH1z CgHyz

Fi gwBrde Gener al Reaction Conditions of Doult

Fi g Brdehows the general scheme of the reactions tha
are identical to those reported b7ydwiLli u. adhe apot
nucl eophilic coupling part néebrr owhincaht4e9di Iclorbee coupl

2. 33ylnt hesiHexgl t Bi-D@aremexyl i c Aci d Monomer
I n order to carry out the double DCC for the s
functionalized nucleophilic monomer muwaytdoi got be
about synthesi ziamglet hias ¢bmpophdon of wusing the pl
for the sHIt lygeBshiels|l ot rates this method al ong with

we devel oped.

Literature Synthesis-Ref. 65

POCI; (8 equivs.) c]) NaH,PO, (1.4 equivs.)
1) DMF [0.7M] for 32 H,0, (1.8 equivs.)
(0]
Q 0°Ct060°C, 16 h i S} Q_// NaCIO, (1.5 equivs.) Q_«O KOtBu (1 equiv.) Q_(O
+ —_— —_—_—
OH OK
o 2) xs.H,O CaHs CoHia 1:1 MeCN/H,0 S THF [0.05M] for 81 Cetlrs
22 10 M NaOH, 0 °C 8; 3 84 [0.1M] for 83/84 8’? 13 23°C,4h 70
19% 1:4  80% 0°C—23°C,24h 44% 100%

Average Yield Over 3 Steps: 35%
Modified Synthesis

POCI; (8 equivs.)
1) DMF [0.7M] for 32 NG

i S 0°Cto60°C, 16 h S, | S NaOH (5 equivs.) S o | S, 2 KOtBu (1 equiv.) | S P
/ ot | / + / CN —_— | / NH + / OH —_— / oK
i . 2
Cetrs ) xs. HoNOH/Pyridine Cetlrs CeHia 1:1 H,O/EtOH CeHis CoHis THFz[g.E)éMi fhor 81 CoMrs
32 ) DMF [5.0M] for H,NOH 85 80 [0.26M] for 80 86 81 s 79
0°C—23°C,8h 19% 1:4  80% 100°C, 16 h 14% 65% 100%

Average Yield Over 3 Steps: 52%
Average Yield With Hydrolysis: 59%

S 0 NaOH (5 equivs.) S o)
| — |
¢ NH,  1:1 HO/EtOH 7 OH
CeH13 [0.26M] for 86 CeHu3
86 100 °C,48 h 81

64%
Translates to +9% for CN Hydrolysis

Fi gwBr5e Synt hesi s Met hodise xoyfl tFhod&shseincermny 8 at e

|
11



Thei ter 8 nutrlrebe g s ns32we a dit eMdia |l s Ateaiaedrio r my I Tahtei orneact i on
starttshevigthowt i ont @ofa PO&3ld nhi BsMFAorfr e d -waarnt ea nOli acteeh .

addition is complete, the miKkhiug er @ ac thiemn edr eaadt &0
reagesata result of DME rTehac ttihnigo pwhiethbre R®E@In r eact s
reagent StArr btoogim i mi ni um sal’'Thenhexmedit @apei nvol ves
the mixture wit.,h ewaltianri agnld 4N Kt uae awverwdel d

of 99% (83 df BrOH4f 86. 6 mmadVhescgluenched in aqueo
conditions, the iminium saflffhe smajonwveprntedudtntof atnt
84due to the increased nucleophiliciwhi o IiC2 ddmatki
through induction. However, the difference i n nut
enough to prevedndt Adodintaita noanl | off, with C5 being 1|e
reaction al wdy s rmedulotTehki nyseemdr 8f i ndividual i son
H NMRx hr omat oguraipfhiicat i on i s di fTfhiitcsy letd ra rhd oiungphr at cc
the nexthistheg s a Pinnick oxidation. ThPO(4tdp r ec
equi v£2()1. 8 equi vs2(01l. |mnagWwWaCd.O) i n &OK:01 26i M U roe
the mi x83an83whHich i s stiwanted. Tireet &n nindecks oai that do
oXi detriocress t hat giemegiattie,s &t iOn g a sa ltdheeh yodxeisd ainntt
acidsowever, a byproduct,whi chhicansoa&pmdbasahtlOICO

effectively dtFoopr tthhei sr epfecHisisoona.d dNeadH as an a0giisdi ¢ bu
added as a scavengeromposi HLAdintd OHAT loimHELL uyr ® i s th
all owedwarm to room temperadwreThenddedsii®eidksdp rfodu
subseguesmtilay ed through column chroma%o@3@aphymmaal &
scafleer t ot a8l 3B dvaistsh offi el ds r d¥%gaid (¢ tawmaeleanm d2 devi at i
17%) Unfortenav eyiggled hi s quiitthe yli @obed Inigt yjuannde vhde gh,
suspect that it ,0q1sleidkled yr elafddteit dnfgghestH r &Sor ded vy
was achieved through an extsOehel essessof(ed. 2eeguc
tends to decompose, and we think tbatsi srheeancthhiynggh t
t he r ewioalt#BddThe fi nal step in this syn@BHhenstios iitss t
potassitumhsaht i s ad csnteo cvwiitormet K@Bu aimo uTfkthA ef step i s
simpl epracéascahe workup only requires that tthe THF
BuOH byproduct. The yield of this readtni snummaral, we
t hlei t eratur er ePsruolctesdamr ever & lo/f9i €Ebdspoé@deBing the | o
yield of the Pinnick oxidation andowuwlgéthitgohdeari a

alternmnatti @et hat was. more consi stent

no



TheModi fi ed ©Syntgh&=ilsl ust rayretshetthtehat owtaess devel ope

coll aboration with Keegan MchHKpisbobcaeriseivre rtl ye uRarl gizeers
step to generate a distinct intermediate, which i ¢
The firstthMotdepg i efd iISynit dent khictad r S&toutrteeesn & Bil 3

reacted i nVitlhsereasaoe condi ti ons. However, the se

processeswidtilverge, reaction HNeCGHihgsgeadcbédaguebus
Sinc®lOH i s easier to handle and store as its hy
neutrali z2MQH @l owi tHh pyri di ne. Theminad rwil i Iz edn ont
vol unmeMFRhd added dr opwi sHea atcok trheea cMiilosnmenwhevd teerst i rr
bath. The mixt&hoeramsd smoirrkreeld ufport @ 5y @81 d B heahi dbr
1: 4, idenlLtiitcearlattuor gahtey nt bedaddkahytdiase exampl es exi s
where an aldehyde is converted dir éldNOHynd na ogaood i |
el ect t’dphial mi trogegoddewarvd en gWigth uaur process, we s
the isolation of the al dehyde87andi rfeocrtmt yt hien atcheet ad

the ViHsameker eacti on.

P _P
Q/IIQ R HO” 1 R
/88 HCl 90
s, N-0, s. N<Q R s
|/ 7 H I/ ’y PR |/ =N
H H O
CeH1s3 CeH13 CeH1s3
87 89 80

Fi gwBre Suspected Mechanism for the For mat:i

Fi gBreehows the proposed mechani smalirch hiis freramed o
the reaction between t he ioNDH.i uNe xsta,l tt hen theyr dhreadx yalt
atom of ,83PYP@PIrRduct formed as #damesul tyaawtl 8 meg Vi |
and releasing HCI as a byproduct. The next st e
rearr anidgfeengwmitt i ng i n t B6andesrierleedP OB iuUHT | ar 1y t o
literature procedure, this reactd@mmedr S8OW tyd eild af
desirend t@82(130. 0 mmoThescmi e)ure of i somers is not
separatedLiatsern at wthe nRIr odcse dhuyrder ol yzed in aqueous Na
AC overnight f®6. 0 hemolexscalteB5H0sttaotahgTfmesent al
reaction mixturebs volumand st reduemai ruinmge r wastaecru ui

hexanwehsi ¢ch removes al | ami de byproduct s from the

mnn



produc€COOMBAZNd t he i-G®AkL rwhd5 h i sThheo td esshiorwdd .pr odu
is subsequently isolated through col umwmi tchhryimalt g
ranging between 58% and 76% (standard dawmiiati on
bypro8lGict al so recover edBydpuroiirbgatt htee woo lklugpct ed ove
reactiacresudmd tted under the s&hde @on divteiramge tyo ed «
(at8 ammol scale). CombiprpigwgetHisefynetdi Wethytdhol ys
8lis increased to 74% (an increase 0he 9% malrst ape
identical to that of t&kslicoavartreed pootbetrpel awlh i
Bu in THF for a compl|l Ehe cwoawvalls i7i@&weanrmgtehiys ep rdo cod
52% i f 8&nsi diegnored an@6 59%oilfl eamiede and hydasel yzed
scenari o, this procedure perf drimsegrda®rPg dedwietrie otnh ea
synt he8slhsi m§g consi derably more consistent in its g
versus 9%). Having established @a9neWwevidaolulbée er O CtCe
be investigated next.

2.3 for the Synthesis of Symmetric Ol igo

The double DCC reaction was carried ouUetTHel |l owi
conditions make use of the @Owhiobsliys diesaccu sesde dv

bromi nat4e9d cor e

PdCl, (5 mol%)

Q_«O ) Br/@\Br P(o-tolyl); (10 mol%) . 3 A\ s
oK S DMA [0.1M] for 49 \ /S \/
Coftrs pw 190 °C, 8 min CeH1s CeHig
79 49 3T
< o PdCl, (5 mol%)o CeH13 84% CeHu3
| p . . s A\ 3 . P(o-tolyl)z (10 mol%) . I\ 3 A\ s T\
C5H13OK \ / S \ / DMA [0.1 M1 for DiBr-ST S \ / S \ / S
CgH1z CeHis kw190 °C, 8 min CeH1z CeH1z
79 DiBr-3T 5T
c o CeHis CeHis PAC, (5 mol%) CeHis 9% CeHis
| ) N ) N ) SN () WO ) SN ) W
C5H130K S \ / S \ / S DMA [0.1M] for DiBr-5T \ / S \ / S \ / S \ /
CeH1z CeH1g pw 190 °C, 8 min CeHis CeH1z CgHig CeH1s
79 DiBr-5T T

70%

Fi gwBrrSummary of DCC Reactions £Nourmbtehree dS yOnTt hSeesqi use no

npe



Tabd#:e SummdoPoubl e DCC Reaction Dat aOmor The Sy

Prodd Sca(mmo | sol at &8 %0 _
0.15 8 4 . oull
3T 0.30 69 S [ TR
0.75 59 z 70 R
. 0.15 75 %‘60 A T X m3T
0.31 57 3 D4 = 5T
0.40 52 & 50 A L -
0.10 61
7T 0.17 47 40
0.30 32 20 A
[a]: Products were isolated | 0.00 0.20 0.40 0.60 0.80
chromatography using silice Reaction Scale (mmol)

mi xtures afmDblCdxanelsuent

The reaction condition&%aoadndi 4 %0ifs.s2od 2v eedq uiinv sDMAo f

with 5 moh&&naofl®Pdabhtdkagt Phe catalyst and | igand
mi xture is then heated in a micro@Opavenizcabcbaor oht
conditions was previously done by Liu, he&Taess he sp

the target FcoguBp/lehodssuccegsefacltandist heir yields at
attempt eflatslceandwi ng a tabrmmaray ongp fwiathreragp!| gt el ds
reactions carried OUAtlI | atcohpbtimdentwesealiesso.l at ed
chromatography with silica and hexTahnee ss yonrt hifeisxi tsu roef
was quite favorable at scales of 0.8li5ncmemotlhi sr erseua ct

consists of a double CC in one pot, the yield cai

react m@nst@@ w¢pPHowever, when the reaction was sca
(0.30 and 0.75 mmol), the yields droppe83%oansdder
77% over t woFodkolupilsolgast)ed vyi el ds (wW8e7r% preerc dcraduepdl iantg
0.15 mmowhbtal diphud | $ a0g.l1 31 trmomo | resul d®d/(% npea vyi el
couplRurgt)her i ncr eals.idn0g ninmoel srceasluel tteod2 %onpgi e¢ dsploif |
7Mehaved in a similar malmear, Or. el2&Inmpreori gc(p np A%y g p |
at 0.17 mmol (688%d peubsoqpen trBIPY wlhreormp psicnagl & owas i n
by a fattom bthe8c¢tios@. 30 mmol (63% per coupling).
oligomers using the double DCC performed from well
to 0.15 dmoppddtin pensbdemanabky withThincriemasekeanrn
illustrated by t hlabplhbidcbf shloawsdahatf yoml ds tend
for theseMoractero,nsyields seem to drop in relatior

scale is kept betweenAODt admpmsmowet e MmMade mmolry anoc

nz



by increasing tmoealdt imionuetvesse s tthi s resul ted in the
products and stsairmiilnagr ntaot ewh atl Sevg 2 .@dhTs@bWwsasnedd i n
Fi gwBr)e and did not result in an i mprovement of yie
attempt DCC f or t hen usnyoretrheeds isse qoufe ntchee odd dOTST but al
l1and20@mOhad been previously synthesized by Liu).
met hodol ogy, with the main cause being the solven
arebdomi nated oligomers, which must prao pgeoroldy yd iesl sdc
to be achievedddas CoebibBdAd@n ®i BrTfcan di ssolve relatiwv
DMA. Ho vipe \B&Ty , whiischt he starting mat &mMisali mpas stihbel es
di ssol vemti c obhMA ntdreadt ifoonrs tnheeee m ewictt h oinncEeaseist i n t
remains as oily stains bnctbhbasshdeshef vokbeamei oh g
not be practical as weordoamtdr dthiadnsd tb eMoauw dO0 .t (alk eM
di ssolve a knbhiwBirTia€molMA. oTfThe courtvemnpaudn@d® otmo t he
10,T which was successfully synthesized using thes
0.10 mmol. The stLOif®i Bglamdtwei Bbuhdrthat itto was a
get it di s swvhlewme ch aiart s@MA | s c aleewd .d elhitiedeipyy & dhdda
0fl0.T Weypot htelsatzet his i s due -ntuanbtelhedc ©®Tes waf ckvepo
unsubstituted bithiophene. These cores I|ikely all
system which in turntmakes$ hehememoi @eapehar counter
contain onel&wytlraga,edndrhi op hseengeu etnhcaen ctohuenitre rogpdadk t s .
l'i kelDi BBrfiys masel § di ssol vDa dBirTerv eéDiMAu d th aint i s one t

shorDiefrfferences in reactivity between the two type
in the subseq2ue4n@®nSe dteiromg al l of this, t he DC
considerabl e advantages, r egadrTdITehses eoxft rietnse |li yn asbhi d ri

times of 8 minutes and8dwddrwtemcracxe pdlalbl @Tsy iatl dssc ¢
0. Mnodnd O0. 15 arkmael )it the process of choice i f sme
I n such a case, one could get up to 3 Suenperiemt o t
sequence of OTs within a dayb5TolhT gh atnrda nasfltaetre s1 tdoa
wor k. We believe that this procedure is applicabl
are neededvhgquohc kilpjge s i cswliagralby e f or research in t

materials devel opment.
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2.3Co3ncl usi on

The work presented in this subchapter focused o
for the synt hrelsmbseroefd tsheequoedndce of OTs. 2COO®Knucl eo
3HT7 9%was synthesized using a modified Mmee hprde diewved

met hod relied on the oxidation of an aldehyde th
precu8p0rTlhis process had | ow and inconsistent yi
deviation of 17 %) . The moadi fniiegd i met lwhd cmak ss hyde

precuwrlmtoran average yield of 65% with a standard d
has an average yield of 52% over 3 steps or 59% v
average yield of 35% of the previ d@ss tmehllhiosdh e dwi ttl
doubl e D@C ooi ndied thiophenes and OTs was invest
previously published3byT La/lnlwas haecbiyevbedsbpa etales
0. 1508w t 8%)6 Unfortunately, yields decreased conc:c
scal e9Twmad not synthesi zedHawe weurg,h tthhiiss mmeetthhoodd .h a s

for applications in the daveldopgaertr i @aff snovdhle tshioo
of 8 malnluavwe sf or the rapid synthesis of OTs, coupl e
(wi |1 be discls$§e@ sieve$@adtipcroducts could be obta
wor k. Future work on this topic could investigate
cores, as well as the use of different nuetegeophil
of different oligomers.

2.8luzuki -Cawpslsi ng

The following section wildl di scuss the result
synthesis of symmeumberedddeguondneeenof OTs. The r
based on conditions found in |Iitemthe&s3fS{Tdmtndwer e
7F3However, to our know9 ®dlglh a s obesegmtrhemsadrst eod. Mo
sequential synthesis using the same Suzuki CC coni¢
4T6T8T10an82.T This motivated us to attempt the sequ
of odd anmudmbeevreend OTs using the s&ing WBBekzuLuUst CEt €N
gener al reaction conditions which wer e -baodayptadd df r
compo4®d Il |l act as the nucleophilic colulpsi wgl paasn

49 not shown here).
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S O:@ CeH1s
Pd(PPh3)4, 2M ] K>,CO
QB: + B /N S<_-Br (PPha)s [2q.] K2COs o S ]\ s ]\
r _—
0 S Toluene [0.13M] for 31 \ [/ s \ )/ s
Aliquat 336, Ar atm. CeH1s

48 31 110 °C, 3.5 h 4T

Fi gwBr8e Gener al Reaction Conditions of Doubl
2. 4Sylnt hesiHe xgl1 t & i-dBpdrecrei ¢ Aci d Pinacol Est

I n order to carry out the edouunbclte oSwd ukziedCD® omr @ana tci
ester of 3HT had Beof olree ¢ yhn tsh epsriozdeudc.t coul d- be sy
brominated 3HT maraamdre dhFsddytBrdel beestrates the react
used to synthesizellfTlhéeé sdecsiat@adkemowadscprevi ously p

proceldbre

NBS (1 equiv.)

| S 1:1 AcOH/CHClI, | S 5
/ > Y/
[0.3 M] for 32
CgH CgH
67713 stirring 67713
32 0°C,3h 11
98%

Fi gwBr9e Synt heBricenBabie x¥ |1 t hi ophen®® Monomer

Like the syntheses ,oft hihse roeX®esri onhoenwosneearrst i ng mat er
di ssolved i Ac@@im@GktutEhefreaction flask is wrappe

pl aced iwmtaenm ibad h. A stochiometric amount of NBS
stirred foMh8 heacsti on-wiad ekeptatdn aamand iweceapped in
prevent | ight from illuminating the conRreongirse sasnd
was f obltohwieady er chrofmd@aL€yr avphhyn hexanes a82iesluent
observed. Purification consi st s lotferdiimg oistmathiyr da theel
silicahel agerade &&vi &% r ofmul t i mlte srcend etsi dret ween 16
and 18.8 mmol. This agrees with the pékbf oshadspabe

ofL 6 . minoll”®

One of the major benefits of Suzuki CC reactions
synthesized thMbvyghra bahelgidneomal conc eRitgurfe t hi
40 invoAvEK]Itoambedded to af mRaktalryest ;Pismx cexxe®sB base
and sol venthdewhaitcend ifsor a certain amount of48t.i me t o

To our knowéerye egvempabrt exi sts oMi yaugwac beogs yflalt i ©2

no



with a single report of suchusdXpgro®esshpPet hgopben
being the st¥@Wfting materi al

The patent r epgHrdipepda sustimeg cCat al ysts atoPibBmad | 2%, 5 1. 5
equwi vof iKIOALE oxane alfilededt eAdC f owhil 6hhosrsa pretty st a
condi.t iUossnisng this d&Fsi gurde av el alg peaati ons were car
the catalyt#“d88 synthesis of

B,Pin, (1.5 equiv)
S PdCl,(dppf) ( 5mo|%
| / Br
Base (2.5 equiv)
1C16H13 Solvent [M] to 11 CGH13
A, time

Fi guWurO&ynt hesiBpi-3nHT 2(48) Using Miyaura Boryl ati c

Tabb:e Condi ti onBsoroyfl aMiiyoanurRaeact i on®8p#3adT(4t8he Synt h

Ent | Bast Solvel[1LM) (@) Ti meh Dega
1 KOAc¢1,-@i oxe 0.52 100 16. 0 Yes
2 KOPi 2-MeTHF 0. 16 80 3.5 N o
36 [KOPi 2-MeTHF 0. 1680Y6 3.5Y1 N o
4@ | KOA¢ 2-MeTHF 0.1680Y6 3.5VY1 N o
5k | KOPi 2-MeTHF 0. 16 100 4.0 N o

[ Aliquots taken ©Oobf offLE/ 6 OMERinedhreerayctveon t hrough multiple c
heatingbeydl éeégguots taken for TLC/ GCM$ heeactye dh ht hfrooru gbhh nvuhlitci
cooling and heating cycl es.

Tab6:e ComparH swMR oFeak I ntegrations of Starting |
Products of Miyaura Borylation Reactd.I
I ntegration o(f2.Ta7 ptloed2

Ent |2Bpi-3nHT ( 3HT ( 2B 3HT (11 Estimated KBMR
1 1.0 10.5 9
2 1.0 2.3 0.6 26
3 1.0 2.2 4.5 13
4 1.0 3.8 5.0 10
5 1.0 3.5 1.1 18
[a]: h tripl-8pidHiexrydlt i fagpeixe2id hidDd p-BeBHe xagnd h2 ophene are all g

the 2 hydrogens on the al kanld calraei n oacdjt aecde rbte t twogbgtnh N2d R8hAe ineee . 2 .
was estimated by divii8@ynghéeéhsumnotgahti bheosignals, this pro
possible yield since it assumes t HM&832l)are only 3 compounds i

Tabbeontains the different conditions t hvats weéeree t e
base, delg,add sexcthne -dBdagnvmat h2ay | t et r a hMedTrtpH aisan he 2
sol vent at varying concentrations of starting ma
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ti médbe exact yield of these reacfTabhese@arnst snott atdiec
bet ween the expected pamdugnqgt cdeabrtomighhaiage rbyapgr o
NMRsi gnals which were used to gain ilissiingghtc amdiot ita
identithatseported i hed hreantpiad emdt ween prodadfuciOamd b
indicating that the maj ooy p3ridfenutcltyAod ot dhii g rte@ctit ¢ ©

published literature, the | i-@aindi depff'Ppremdobe ois®b,e t
accortdd ngnot her simblrarl|l spapbéelic solvents along
and in turn |lipophilic acetate based’8r eBooulht oifn thhe

previously mentioned sources observed a drastic i
ag-Pr OAc-MeMHF were used along withKbBbHihest empbhbras uKE
were reported as being considerably |l ower and rea

hours) for a vaTheitry jodstsiufbist¢atait@ers.f or this was th

in the solvent along with an increase steric bul!l
formatiimactoifveomd!| ax e[ LdAs( @Aconl y halMe aHF eadsd t o
KOPiv at the time of experimentation, we decided

andhanged theAsonnddcdl e gmessMedT 2F and KOPi v were test

dilute solution at | owerent @ippeffbt areeanttedorirnen
oM B2 which i s aMMRS teil datodd alth emonsetx t2 Gl&t a d teiso M8s a(n d
were carried out i n silmigwean sf oatkieoar egxud eapt ttihmet pe

anal yze@M®HyNo significant formation of product wa:

overnight at |l ower temperatures. This resulted i
materi al for the reacti emt Busiawrmgd KaOPS ivg raisf itchaen tb aisn
starting materi al and byproduct foent e IMdactliasn

conditio(rst Byersc¢reelased the temperature to 100 AC al

h. This reowmisttadriaml @ dedrieasoef osft atrte ng materi al
bypro®uetall, none of the react i oannsd pweer fwarnmeedd atto
an idea as to what was occ.urAs nme nhni otinheesl , r3eeatcot i 5 n\

foll owed by GCMS, with ali @u &drdh bfed rn g3 hHsh éfeiArodatt i n
react i gmppteinngi khe GCMS spectra reveal t hat a Ccomg
starting material, byproduct and produatl dxiagst ¢ hier
reaction forms another byproduct imosltadg&ed2y'amtei tni
oXybi s (tde tdr,a5me5t3thi2d x abor ol @ MTeh)i s( ®Bpirmduct i s not o
H NMR or GCMS spe@t ca uadfe Ipto oikisidatlss.o unl i kely that

result of fragment recombination in the GCMS as |

PN



reaction. Additionally, the solvents used for thes
alumina andnButlLrat{éadrwiothher uses), ktnhoewne it@mr gb ewat e
| ow. Similar corfdirt iodrhse rtwerrekaoci g loahtse | ess hindered
their GCMS spectra dpd Trheet nmroenv € @lr eadn ys a@pd iers wer e

which suggests that the most | ickel g cambené&abromnhe
hi nderance i n ttéret ibm matadreidals coupl e dT hwiist hp utshhee spr
the reaction to form this byproduct due to its ir
desired Iptr osdhuocul.d be not e ddddasusgehd rtehaactt itohnes nloend t
signal Oveaetabsé, the Mi y8Br¥HTlhway!|l abtomsuoctesful,

mi xtures of pr oduwcatn, g rsottaordteibr mMmmantad reida be ptr operct or n
condi temtomy 2) wer e-MeiTHIF, KBPavedRaB. BOhAdCpsfesent

investigation into this process was smal/l |, t her e
di fferent catalyasndg,t dmnpersat srnndyveates tested.

Dué¢é o the failure of tohgi Rilyalrna glkeomgulaati amnesherf
met hod had to be adoptBepd3mT.het bemmypnt flesepoonfed pi
t he synt BepsdtsT(Foifgu®)ld nvol ves t-BHWOs)ewhdfch2 i s 1 ithi
throughhal o pewmeaxtc hC2ngaend quenched Witmh larscwmae to
are reported i n32t ¥esspee cpirfoicceadlulrye-BtrRHT 1dli sisno |TRHF ocant o f
AC followed by t henBdrlLdpwaifstee ra dauhiitcihon hoef mi xture i s
1 h. After this point, ,irPaOBpunces)oBbbepepostaddygd
high and purificatiowing desthebbidghspsari infnlee &@ff otr lee
these conditions were attempted.

n-BuLi (0.95 equiv.)
1) THF [0.3 M] to 11

S S O
| Br -78 °C, 30 min | g
/ > / \O
2) j-PrOBpin (1.1 equiv.)

CeH13 o . CeH13
1 -78°C — 23 °C,18h 48

Figurle Literature -BSyi3Hbegygil shobpBeBeLiUsi ng n

Surprisingly, the |iterature conditions were not
several compounds andApyperdB)isxTohfe 3ToHEU taon d4 4 Y%out i ons |
always titrated prior to use and addition vol ume
of the starltlsocmgasnaterawabdbi d | ithi anBuwlni awa sCb5al sToh ev

sl ow, taking upwards of ThC mirrnuudtee smitxa ubhe @d mmpl ectoe

T
11



bypr odAucpesnB@liB3) As this was not an effective synt hi
investigated where the additi oBudaides wasddeveoer I
AC fir Bu3-Halfld)i 2 added dr opviise riemstté ad. was carrie
bet ween 4. 012mmiwmd| aamwd yields between 72% to 90% v
product was alsooaetmecomipyjulrg, smalktlh cont-asne mait i on
(AppenB2B®) .

2. 4Suv2zuki -Cawplsi ng for the Synthesis of Sym
Ol i gothi ophenes

With an effective method for the synthesis of
synthesis of the oligomers wusing this method was
f oumaeporting tBe[SJayndtTheisng BGZBurukC cwedetfonsd
f o4rt6.18%3a | t hough without exacafprohedatai bedytcehdij't
yield of 97 %. To our knowl edge, no Su8zTUWKIA& n@®C cono
12T Additionall yr @@ nfldured amralreesmso.ofAsc osnudciht,i oan sd e t
i nvesti gatSiummn kisryt@dC htetsé s of bot Wwasegqaenced ofit OTs

Initially, two Suzuki condi t4iTegn g Uder eCd redbweeide Mfsor |
adapted from the repor3tTed TSWlziulke GoBndéteeso s rodct |
repeated from a re@pd®rted synthesis of

Pd(PPh3), (5 mol%)

S L 2M [aqg.] K,CO3 (4.5 equivs.)
| / B\ + Brﬂ\@/Br I
© S \_/ Toluene [0.13M] for 31

CeHis Aliquat 336, Ar atm.
48 31 110 °C, 4 h
2.1 equivs. Conditions A

Ref 133

Pd(PPhs), (13 mol%)

| S, .° T\ s K,COs (4.2 equivs.)
/ B\ + B Br -
o] ™ s \ /
Toluene [0.03M] for 31

CeH
63 1:1 H,O/EtOH [0.22M] for Base
48 31 Ar atm., 110 °C, 5 h
2.0 equivs. Conditons B

Ref 135

Fi gwWur2e Suzuki CC Conditions!*o0orf®>the Synthes

PO



The major difference between the twdecam Kittuiren ofi s
salts &mod amomrgiamece both conditions arCe nldiipgh asisc

Amakesef PHT@&I|Iiqguat B88AdwhiuekES$ OBondi tabes Aall for
more concentrated soFdu(tREowhi@cecdd iS5t imep®r Bfa much me
di lute solutiomnhevi scmameéa3 ymal %Boft h conditions wer e
for theatheattiemmgper at uThi ©fwdd Croddii ftiaed sfimiAcr owa v e

vi al or pressure vessel t hat was fl ushleablfvei t h ar
summari zes the outcomes of 5 reactwhemse ¢darehTped dalc
was isolated by colEmmirywAsomattegtaphhe original p
for a 24 h reaction ti me. Heating the reaction f ¢

bl ack deposited material on the inside of the ves

Tab¥?:e NMR and | so4 Btued kYi eRlechsc td fo n

Ent [Condit Typgle Ti meh Sca(mm8l | sol aft éF

1 A Vi a 20. 5 0. 46 71

2] A Vi a 4.0 0. 31 75

3 B Ref | 4.0 0. 31 60

4 A Vi a 4.0 1. 23 92

5 A Vi a 3.5 1. 23 89
[a: Vi al means reaction was carried aturh. iwi tshe atlteed s alr olwaivreg va
with a met al ring, reflux means [WAéigeatcsi takewasfoef TUXCé GCWMB
4 h which means the reaction went through several cool ing an
mi x t[g]rdelwas i sol ated through column chromatography using silic
phase.
The initial hypot hesis as to what caused the bl ac
evenumbered OTs, as they have been observed to ¢

numbered OTs for which this procedure pmracd uwcetv el ad
decomposed duesityoe atthienge xtTeon t e st this hypothesi s,
repeadretd)y although at a slightly smaller scal e,
(Figurnwi 48 aliquots atnak & rh ese abayhpireadurs e gu @remnlty fi ed b
'H NMR and APMB G xTLC after 1 h of reasspdtdioft i me

which validates the hypothesis of increased react
spots can bet mdhovaarvieqgdu dto.r The | i ght e (Apbpleunedl)sxp ot we
as being -ctohuep Ineodatob r immtoe r m@Jwhlat eh i s formed after o
takes place. This spot can be seen becoming fainte
visi bl ehoival t heotd. I n its place remains(Appeadkear bl

C2)as beimagnadohueppreat odehabyggpenNedf (tic@updrea- br omo

P I



trimerermedi Addi ti onally, a yellow spot is obseryv
until the | ast one. This spot has a | ower Rf than
since this is the trend that is o0b'seyswteadm wrid shu ltths
increaseavhpalhaidietays) .t of hli sw e98) mpficausn di d(e'th t NNoRnd dy by
Append@daxs being the homo8dbupling product of

There is a report in literature -datogiehi hgmacsuml
was observed during theé%IShuez uakuit hCoO so fs u dhg eospth etnheast t

pl ace throhbhghogehoewsnhange, where Pd has gone thr
organoboron partner foll owed by met at hesi s wi t h
nucl eophilic t-compfresshwichhcrbsshal ®Oditem ag e@e3rsd tag t i

Compounds suspected to be the products of t hese
Ssubsequent reactions but were not fully character
no more than approxi mately 2 %. F b anat(rlyy , 2)a bferedams o | a

was only 75%, a negligi bénd riymplr.o Wemesruts pceccmpeadr & ch att

the multiple aliquots that were taken out during
reaction went through heating and cooling cycles \
Al ong with dtLiContwes rmani tAppeen @yx GEME&T Usct not

observable by GCMS but the starting material s, i n
the spectra, the reaction had cdgBasnunmedt biobh ht ké f h
horu with no obvious change in composition after tt

C6H13 CGH13

I\ s. J N\ N s U\
Brs \ / S S \/ S

91 92

148 281 3h4T 4

FigurB@8LC of 4T SuzukHoRe aAlDepmeolRsped Wi th Hexanes
Vi sual i z23e6dd miyiLtedin @54 m( Ri d¢JWwt )Li ght

PP
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ymade Q@aorediotf,i omilserBe et hanol wa®T®deduviaatnsd3e8&d o
mi xture was refluxed. The reactiemt2t,y metarncd er
ated yiel@Bhevasr iogil yal6 020 Br e@efrared a 5 h react

cale of 0.31 mmol wheiTeH t| evdh st d ya oyt iheelsd zeefd & h% t

o

c
n
h

itions for the 4TpnebesGlBhoubdbtdhgi shdrsemil ar r
not what was oObser vedcoenwddan i toimdsairgthd rcteehle. rReeatcu rir
itjgonwo Amore reactioemsrivesedcamnmdi é&éd ovwitt h( onl
ti &E&mtérvyane .a vi al reaction that proaomamodednfdor
l ted i200 avhgihesk gwaosf Onl y heated f ori e3l.d5 ohfo u8 95%.t
i stically s ppealidndg,e téhoeesseaddyaireetiddrsr espond t o abo
d per (W@prmark wbpn At thidetpoidmhneadequate ti mef
the Suzuki CC cehounnabi etri eodn so |oiEy @mheeat seoviegnh GCMS  a
cate completion in Il ess than 3 to 4 hours, we

ncsounrsei satnedn ctyo account for unexpected variation

ng achieved acceptabldel etelsebtuent-aumbbeednOTh e
synthesized using the establisheTOabSBiedhlei cc
tions were carried out at various scales in ol
scallaebdBewom.t ai ns the data of the reactions ca

FOTg.wWdrdeont ains the summary of al | t he Suzuki

c€cwnditions were identical for al | OTs iernddsr eac

e

p
I

v
I

d vary betwéen 8Qawht of@&bdwW dhhwmiwntPAley di d not c
arly .wiWeh bseddleeve t hat yield variation i s du
arawbohup andhpurivfeiradtli é¢mr ges ¥4 Twsictahl ed erceraecat siior
es ad4 e®fthbnincreases (molar mass increases t}
same mass of product) . The goal of compl eti nc¢
me t since we wer8eT1l®&fdl alnXl o whtyawthbbesi keowl edge,
iously not r epor t eFdu rutshienigdh &@Sauez, uokni| yc obnedei nt iroenpso.r t
l e cbMldli tdoompounds were obtained in yields ab
conwéerte osisown to respond well Thi di pafdatedtr e

otvhieaahd conwvenmniemt to the exi sticogndietpbeorntsochiersee o

mpounds.
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n

Tab8e Suzuki CC Yields of Largest Scale Reactions
ProdySca{mmo Ti meh | sol at éA
4T 1.23 3.5 89
6T 0.50 3.5 89
8T 0.20 3.5 86
10T 0.61 3.0 85
12T 0.10 3.0 90
[a]: Products were isolated through column chromatography usi
and DCM.
s o Pd(PPhs)s (5 mol%) CeHis
[ . N s g 2M [aq.] K,COj; (4.5 equivs.) N AWA
o © N \_/ Toluene [0.13M] for 31 \_/ S \_/ s
6713 Aliquat 336, Ar atm CeHis
48 31 110 °C,35h Bg/
s o CgHi3. Pd(PPh3)s (5 mo\%)‘ CeHi3 : CgHi3
[/e—s( . oSy AN s N 2M [aq] K;COs (4.5 equivs.) TN s I N_s I N_s
CeH © \_/ S \_/ S i Toluene [0.13M] for DiBr-4T S \ 4 N \_/ S \ /
63 CgHiz Aliquat 336, Ar atm. CeHi3 CgHya
48 DiBr-4T 110 °C,35h 6T
o Ceftrs Cetlys PA(PPh)s (6 mol%) Cethra 8% cottys Cetlys
[ ) . TN s IN_so T N_s_g M 12qKaC05 (45 equive.) so N s IN_s T N_s_
- © ETNTN Y W Y ) Toluene [0.13M] for DiBr-6T N/ S \/ & \J ¥ \/J
e Cotis Cotis Aliquat 336, Ar atm CeHis Catis Cetg
48 DiBr-6T 110°C,35h 8T
< o CoHis CeHia CeHia PA(PPhy)s (5 mol%) CeHis CeHia 8% cotlrs Cotis
[ )& . s S AN s AN s AN _s_ I 2M1aaTK2C05 (45 equivs.) TN s AN _ s I N_s TN _s_IN_s
L0 VYV s Toluone (015 for BT YA YAV VY
e Cotirs Cottrs Cotirs Alluat 336, A CoHrs G CoHrs CoHlrs
48 DiBr-8T 3
< o Cotis Cotis CeHia CeHia PA(PPhy)q (5 mol%) CeHis CeHia 8% cettys Cotis CoHis
[/2—31 o N s TN s N s TN s T N_s_g _PMPAIKCOEScquis) so N s TN s TN s A N_s AN _s_ 1)
O AV WA AV A AW A W Tolene p13MorDiBr-toT V4 S N4 ST N S NS S NS T NS s
e CeHia Cefrs Cotlis CoHirs Aliquat 336, Ar atm CoHia CoHia CoHia Cetiig Cotis
48 DiBr-10T 110°C,3h 127
90%
Fi gurde Summary of Suzuki CC Reacti tNmusnbfeare dt IO Sy n

Havi

ng c¢omeV enhuentb etrheed s e puWaruand,e rtelde sequence was |
next As previously mentioned, the ovemalmbeaccrddit
seqguemraedwpt ed fr omtlhi ttehreatmarjeor di fference being
reactions were carried out PWskegl edeseaksohpdiess
reacti3clwad oper fForgmdeie 4t a scale of 1.37 mmol The
i solated yiheilgdh opflir8ilt% of
S o Pd(PPhg3), (5 mol%)
/ 2M [aq.] KoCO3 (4.5 equivs.)
B | / \ sc A \_ s
Q\O +BI‘/Q\BI’ ’ \/ s \/
CoH Toluene [0.13M] for 49
ors Aliquat 336, Ar atm. CeH1s CeHis
48 49 110 °C, 19 h 3T
2.1 equivs. 81%
Fi gur5e Synthesis of 3T Using Adapted Suzuki

Sequence

PT
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However, TLC of t HFei gruérace v @anl end xd upvédc ehi &t napadt

process palesvdrowmesdtyhe r eact i-noinmb eorfe dt hodl § ggdbemefrsom t h
spot corre8pormdicygvatsepbserved right belowdTt whioc
(r ef eRi gtuor)e. 4T3hi's compound was success4fToli yNMR oIl at e
Appendl).x I n this case, it was present at a yield c
yield cdfastshipfodihet same aliquot that was used for
by GCMS along with-upfAgpem@dd« after work

S [\ S
Yoy
CeH1z CeH13
3T

Fi guibe TLC of 3T Suzuki -Wermktupobewael @gedh Wirteh Hex
Vi sualized WiLtdind® 5316 @Rindih/t )Li ght

The GCMS of FRKihewrdd rewetal @€d the presence of the pl
byprod@®ct moonwpl ed protodeboryl @83 ed mdavumelredoylpr odar «
di mer i nt @®@bhme dihaet RP¥)(g a nhdoonop | ed di me® 6 bppdodvihatt (i
suspected of wTeupdgedhdbomghat ed8JdiamengbwptdDube ¢or
GCMS of the crudeupAgpgand adité@érnwtorikeveal any mas s
9%Which implies that it was removed during workup.
to the hypothesis that tchoeauphoendae dvd leprioieddli eddTersd e mor
95f 0¥) occought arhlrdrogen exchange as mentioned pre
sincmas not present i n wupkgrendlepx aftheret was wookopr

to isolate it and fully characterize it, therefor

PY



Injection 1 Function 1 (VP_TRIMER_SZK_THERMAL_110C_24H) TIC

A
| CgHi3
=
L5x1d s s M\ s ."\El s I\ s ."\B,o s, M N s
.5%10™ r .
X\JZ \ ] s \ ] s @A\@ \ ] S \ /S 'O_t Y AY
CeHm Cs”u CBH13 CsHﬁ CsHu CgHyz CaHiz
> a2 PPhy 3T
G 1.0x10 Exact Mass 168.10 Exact Mass 250,08 Exact Mass 328.00 Exact Mass: 262.09 Exact Mass 33418 ExactMass 376.17 Exact Mass: ?Jgﬁg?
2 X
£
5.0x10%
11.983 15.570 -
0.0+
T T T T T T T T T T T T T T
7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

Retention time (min)
C:\Users\v_pet...RMAL_110C_24H.D Injection 1 Function 1 (VP...ERMAL_110C_24H) MS + spectrum 15.49..17.34

8.0x10™
6.0x10%|

z

]

§ 40x10 514 29:38% 363.00 328.00 330.00

5 21.08% 281.00 23.139%23.62%
2.0x10H T 336

15.54%
277.00
64.00
L 00 266:90269.00272.90  6.42% gsj4”/"zss 00 293.90294.00296.00 301.10301.20305.10308.90  314.90315.00319.10323.90 3Zﬂ
[

© JZ? 2.50% L05%0.21% | [ 057% 044%0.73%009%  0.58% 047%0.19% 0.19% 0.34% 0.33% 0.21% 0.37%|> A% |l
0.04 - 4 - R S R S et N = B
T T T T T T T T T T T T T T T T
250 255 260 265 270 275 280 285 290 295 300 305 310 315 320 325 330 335
m/z (Da)

C:\Users\v_pet...RMAL_110C_24H.D Injection 1 Function 1 (VP...ERMAL_110C_24H) MS + spectrum 24.29..25.48

416.20
100.00%
2.0x10™
Z
3
2
3
g
£
= 1.0x108 41720
2949% 418,20
17.26%
383.10 387.10388.10390.10393.20  398.90401.00401.10  405.00405.10408.10 412.10414.10 420.20422.20 428.90429.00429.10432.30 435.60  441.20442.40443.40 446.10446.20450.10
0.0l [ 10% 0.15% 0.04% 0.00% 0.00%  0.00% 0.02% 0.12% 0.05% 0.03% 0.02% 0.02% 0786 | 0:90%001% 0.00%0.01%0.01%0.00% 0.00%  0.00% 0.00% 0.00% 0.04% 0.02% 0.00%
T T T T T T T T T T T T T T
385 390 395 400 405 410 415 420 425 430 435 440 445 450
m/z (Da)

Top TIC of analyzed sampl e wit hMipdedalkddS alsstoweé @an eti5t4949 camgpoilnd
Bot t:onMS between 24.29 and 25.48 minutes. Agilent 7B90#& GC sy
Detector MB58v8 tcholaumiiP coiphedmpm&w) hhl p6Pysi |l oxane were used to a

Fi gurife GCMS Spectrum of 3T RWarchp( dgi Aeh&B07880WM Pr
GCMS system)

Having confirmed that the report ed mbemrdkidt isemu emacre
symme®TFfd cwas synthesizedrosée®grcehagadaptddfferent
test{aedt sthowadnfirm that the reaopwi bh VybBeladnenabt
bet ween 79% to 92% and showi ng Thaob 9eewind eani tn sc d rhree Ida
obtained for the reactions that were cariwbadleut a

Fi gurBeont aisnsmmeréeyheofr eacti ons shown in the table.

Tab®9%e Yiel dSumbe Oedd Ol i gomers Synthesized by

Prod{ySca(m®mmo Ti meh | sol at &d
3T 1. 37 19. 81
5T 109 19. 85
7T 0.58 17. 91
9T 0438 17. 87
11T 0.10 14.5 87

[a]: Products were isolated through column chromatography usin
DCM, and CHCI

g o1 O O
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s o Pd(PPhs); (5 mol%)
2M .1 K,CO3 (4.5 ivs.
CoH o s Toluene [0.13M] for 31 \_/ S \ /
63 Aliquat 336, Ar atm. CeHia CeHis
48 31 110 °C,19h 3T
81%
s o Pd(PPhs), (5 mol%) CeH1 CeHia
2M .1 K,CO; (4.5 ivs.

|/81¢ . oS AN s g 291 Kx005 (4.5 aquive) TN s I N_s_J
b o \ [ s N/ Toluene [0.13M] for DiBr-3T SNy s N/ s
63 CgHia CeHis Aliquat 336, Ar atm. CeHis CeHig
48 iBr-3T 110 °C,19h 5T

85%
s o CeHi3 CegHi3 Pd(PPhj), (5 mol%) CeH13 CgHia
n 2M [aq.] K,CO3 (4.5 equivs.)

| ) B\O . o /s\ s /S\ s /s\ o s /S\ s /S\ s /s\ s
CoH \_/ \ / Toluene [0.13M] for DiBr-5T \_/ \_/ \ / \ /

e CeHia CeHig Aliquat 336, Ar atm. CeHia CeHiz CeHya CeHiz
48 DiBr-5T 110 °C,17.5h T
9
< . CoHis Cotis PA(PPhy); (6 moi%) Cottra s T ot CoHis
2M LK 4. ivs.

QB( ]é o S AN s TN s T N_s_ g (841 K2C0, (4.5 equive) TN s TN s AN _s T N_s_ I
b © AV A Y Y Toluene [0.13M] for DIBr-7T Y AR SV YA Y A
e CeHis CeHis CeHis CeHis Aliquat 336, Ar atm. CeHiz CeHis CgHig CeH1s
48 DiBr-7T 110 °C,17.5h 9T

87%
s o CeH1s CeH1s CeHiz CeHiz Pd(PPhg), (5 mol%) CeHis CeHiz : CeHia CeHia
[ )& t N ) N ) N ) N ) PMlaalKCOs (S eauvs) s I N s AN s A N_s TN _s_TN_s
r
- o YA SV Y A AW A Toluene [0.13M forDiBr-oT N\ 4 S N/ S N/ S N/ s N[ T\
6H13
CeHis CeHis CeHis CeHis Aliquat 336, Ar atm. CeHis CeH1z CeHis CeHis CeH1a CeHia
48 DiBr-9T 110 °C, 14.5h n"T
87%

Sequence

For this sequenceld3dfTcampgeuaeadprevinbysl y PSapdrted
Suzuk!*pCecedures. To our knowl ed§d,ntitlhlenrcee haagsa ibne,e n
t he shor3t)esits OsTyn(t hesi zed at the | argest scale wit
progressivel yRsanatl il em wicallkds .were bet ween 81% to ¢
the even sequence Yyi elod3sT5 TMarn®&loew eer ,c oonusri sytieenltdsy b e
those reported for the original prdceadbweaelr74%b, sh
be noted that our reactions were also carried ou
mmo | , 3.31 mmol , and 1.0 mmol respectivel y). Ther
the pressurized condi teifoldusx . geomfttaheae Alc ¢ totoles wHan r
seqguenitce, reactions of the odd sequence were heatec
as per the or(8i6ah poo8eBuhevs 14.5 h ta@wep® hh) . |
i nvegtoingatmt o the exact r eacPrielni Miiemsagrsy wangd i catt ec & rhi
reactions could Ilikelperhddsomhli st evd |l i nnehobttercove
work and will be i nWies aHhidgwpa dedadp tiend tShuez ufkuit UG .pr oc e«
to synOfieenstilzifen sufficiamd gaadhtyiteéeleddrs( 87 Wekcalf tbob
compounds have beeNMRamadt @hRiviBesd [luyt i on mass spec
(Secdi)88nconfirming their identities. Additionally,
our coll aborators at Dr. Ingo Salzmannd6s group an
in the future
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2. 4C0o3ncl usi on

The work presented in this subchapter focused
synthesis of symmetric OTs bast&kg | aned HfMiocoomearai ol
thiophene <core. Mi yaura borylation condietoipohnisl iver
coupling partner but did not produce desirabl e ou
instead synthesized B3 g )( iftoh il @twiean by i-PgCBnpwifmi 2 g
which afforded the nuciBemw3pthTd B(i wi tbupgbodgtpaht ghbhryl
90% at scales up to 12.1 mmol). The Suzuki CC proc
process wiidtrmidcthhaeagé being the use of seal ed vial s

reflux, eliminating the need for circuhambegedwat e
sequences were carried out at wvarious scales for
(bteween 81% to 91%) ,fwdrt hbdthlre smaquwencasf f erence bei
ti mes needed for the even sequence and | onger rea
h vs 19 h). This work resul8tfTed1dhl1,7T ha¢tn2d nocsesEif al en
guantities, which are compounds not previously sy
to confirm the reliability of this methodol ogy fo
reaction scal es. Al timoug hmicted ey | d elaetuoadtatmes o
combined with the requirement of a biphasic solyv
convenientantdofoer such cases we .stlimdr cewmame rstes t cheeu
achieved byf ardapséeé ngni & microwave reactor which ¢
considerabl y. Future waoarvkolore tshying hmeesti lead gwelwled a s o
testing a -fvuarrciteitoyn aolfi zdeid cores and mi xing and mat
of the OT dtnr waotdierre t o synthesize them at | arge sc
2. Bromination of Symmetric Oligothiophe

The final section of the results wild.l cover the

of t-beominated i Rtecmednakiesati on of the C2 and C
can be achieved by a variety of methods as shown

t heei br omiofattihdmphene monomers and oligomers. I n o
must fi-bsbmbeatdéd at t heopgceginmiinands.C50mendofC5t he mc
reagents for thisS,trwhniscfhorinsattihoen riesagNeBht of choi ce
wi || cover the method that was wused initially f ol

met hod which results in similar yields but with d

2N



2.5.nli $ymat heti c Met hod

Ar senymh coll eagues made the first repor-t of t !
sonicani 010 where they reported the efficient I
terthi apthemamong dtnhernd vy 26T hnisnumeetshod was t hen ap
for the shinEirfiRisBry @nidBri n t he work which served as
the presenft research

CeH1s CeH1s CeH1s NBS (2.2 equiv) CeH1s CeH1s CeH1s
se AN s AN s U \__s_ '\ EoAcl00sMitonNss o N\ s JN__s M N__s I\

N/ S N/ s N/ s \J s Sonicate YA YA YA Ve

CeHis CeH13 CeHis 2°C.2h CeH1s CeHis CeH13
8T DiBr-8T
81%

Fi guwr9e Reported Syn8hesnsPoéviDoBs Wor k

Figuroeshows the reaction conditions DiBrluisua dhg war k
ultrasoand ®Hlaedhe conditions wer. e Tihcee rctoinada lt i foonrs &la
di ssol 0Ot LomnBolt EDOA@at a concentrfaol oowed By OR21B3e Mad
NBS (2. 2atqaivsncentratTlhe oéadt i0&n M) | ad ku mi srutmh e n
foil and sonicated for 1 teap2 amadurpsuraffti erd Wi ke e
conditions provide a ¢ onvdeinbireonnioreettitn@ndOTo rs d hteh aetf |
be el ongated by CCaoan Ametshucdadleddyaswaismdgttin®eed ynt hes
the neeédednodiOT i ntFergneCkoat asns tsherrebhcgomars fro
sequences having between 3analmdl& otnhtiaoi pnhse nteh emor necancet r
for -addmidiniated OTs synthesized using Et OAc as the
table contains a column for both crude and i sol

reactions are purde enoaugh tion ntoheirreqeurir e col umn <c¢h

al | reactions eventually reach completion (confir
having yields below 99% while others have a crud
byprottecihyg present. Finally, the |l ast column of t
of reaction time required by mmol of reaction sca

metric was found to be rel ati ¥heel ys acmoen sQTs taenndt abne tw

trend in its value was observed with increasing O
reactions, regardl ess of scal e, had a concentrat.
of NBS.

™M
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NBS (2.2 equiv)

s A\ EtOAc [0.05M] for NBS B S A\ S g
\ /) S \ / Sonicate \_/ S \ /
CeH1z CeHis 23°C.2h CeH1z CeHiz
3T DiBr-3T
CeHia NBS (2.2 equiv) oo% CeHia
s T\ s J 7\ EtOAc [0.05M] for NBS Br S N\ s T\
YA Y Sonicate Y YA
CeHi3 23°C.2h CeHi3
DiBr-4T
99%
CeHia CeHis NBS (2.2 equiv) CeH13 CeHis
I\ s J\ s 7\ EtOAc [0.05M] for NBS J \ s 7\ s ]\
SN/ s \/J S Sonicate B ) T\ ) s
CeH1z CeHis 23°C.2h CeHqz CeHis
5T DiBr-5T
CeHia CeHia NBS (2.2 equiv) CeHiz 99% CeHiz
I\ se N s [ \_ _s_ FEtOAc[0.05M]for NBS I N_s M N_s M N_s_ g
SN/ s N/ s \/ Sonicate BN\ 8T\ s
CeH1s CeH1s 23°C.3h CeH1s CeHi1s
6T DiBr-6T
CoH13 CeH1s NBS (2.2 equiv) CeH13 99% CeH1s
se U N se 4N s_ U \_ _s_ FEtOAc[0.05M]for NBS ar S A N s M N__s M N_s_ g
N/ S N/ s N/ s \/ Sonicate N/ S N/ S N/ s \/
CeH13 CeHy3 CeHiz CeHiz 23°C.4h CeHiz CeH1z CgHiz CeHiz
T DiBr-7T
CeHiz CeHiz CeHiz NBS (2.2 equiv) CeHiz 8% CgHis CeHiz
s M N s M N__s M N\_s__ 4\ E©acloOMIorNES s N s M N_s M N_s A\
N/ S N/ s N/ s \/J S Sonicate \ T\ s\ s\ s
CeH1s CeH1s CeH1s 237C.4h CeH1s CeH1s CeH1s
8T DiBr-8T
99%
Fi gwbre Synt hedbreoemofmabied Symmetric OTs Using Sonic
Sol vent
Tabl@ Reaction DabaomioofmtSyeenmetri ¢ OTs Usiamg Et OA
Concentrations of 0.023 M for OT and 0.0
Produc ScaleTim Crude |l sol at{ 68 VY. Ti me/ Sca
(mmol (h) (%) (h/ mmol
0. 35 2.0 95 95 5.7
Di BrT 0. 42 4.0 99 99 9.6
0.53 5.0 100 100 9.5
0. 55 6.0 92 92 11. 0
0. 32 2.0 99 99 6. 3
Di BrT 0.39 2.5 101 81 6.5
0. 56 4. 2 100 100 7. 4
0.10 2.0 99 99 20. 0
Di BT 0.20 4.0 100 100 19.5
0. 37 6.5 106 6 8 17. 4
0. 14 30 102 63 21. 0
Di BT 0.16 3.5 105 6 2 22. 3
0. 18 4.0 99 99 21. 8
Di HrE 0.13 4.0 110 73 32.0
Di BrF 0. 05 2.0 99 99 44 . 4
[a: These reactions were carried out multiple times however o
values recorded (time, kjrMokda yiealcd,i oins chlaavtee dt hyei esladme [cr ude
becauser enaocstti oarer pde® enough to use in subsequent steps witht
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Reaction Scale (mmol) Number of Thiophene Monomers

A: Pl ot of the scale versus reaction tiBmeRéacteaohtimdi wadudi
reaction scale and the obtained ratios averaged and pflootted
n=7 and n=8 single value was used.

Fi gwrle Ef fects of OT Length and Readt iComc®mndlreatorol
of 0.023 M for OT and 0.05 M for NBS

ConcerniiB&¢§g its synthesis was carried out at scal e
This resulted in a steady increase of reaction t
reached compl etion i BAfiiens tshyentlh esstiezde dt iate.0. 32 mm
scal es, with times also increasing from 2.0 hour s
above 100 NaMIRHK s howed undesirable side product s,
afforded 81% of i solated yield. An unf ortunate
considerable amount of product wil!/l be | osrte i f th
crucial that the | east amount of silica be wused f
are such that they donodét | ead t o DcioBbriwnanss shemingrrle
synthesized between 0. 10 wnmmohl tahred |0a.r3g7 smmmaosic asl cea Iree
a crude yield of 106%whnadhfregdedi & ipBBITDIF BowTad i ® ch
was synthesized at a small range of scales betweer
and 0.16 mmol scales had crude yields of 102% and
yields of 63% andDi6B2rWvarse scpaercrtiievde | oyu t at a scale
resulted in a crude yield of 11Di%Brdwmals ac gorurtiiehd e d
scale of 0.05 mmol which resultedamd tahwes udeed i wilt
puri fiTdet ioovrer al |l foendhels ®eicso etpphoautn dvshenever the <c

over 100% of the expeetwesduanalsys,cdrmteai ns side prod:
byH NMR. We we rfeikthmarbalcet etroi leedmyatnyweofsuspect that toh

varianbsomfnated product s.

21



At a glance, the general trend of these -seatteions
reactions forLealkihnglatgomee . Die BcDi &nTath Dme&sT f or

reactions requiring 2.0 h decrease inThealsamas o0
trend can be tentatively obser vew tHhog usriehies urad mai n |
il lTustratihigg ®rdeon ttariennsd RIwoot ipslpoltasy,s t he individual
reacti onTatbilf@elsiRlent o Bt ai ns t he average values of t|
TablLépl otted versus the numbePrl odfl Atubsit ogedteemsientghien o n
positive correlation between react iDomBriiDiimB&T and r e
Di BBrT anidsrT ReactDioBirdanfbd rBBrTver e r e prewltteias li edeu tl

preci se reaction data was not recorded,Pltohter® f or
illustrates anot heeemirreaqldyc ogvdrseidtraitviied nt Ibet ween r e ac
OT monomer <count. As the OT starting maeemi dalbs ¢
become |l onger. Another <c¢clear illustration of this
Di BBrfwith thenoD. 02 adtiiBBsTh Bdt h of these reactions
compl ete yet the scal eThle flfiem-Eemtc ebe st tahifsacd atra olf a
of determ nat i @n92 Rwhich does seem to indicate th.
effect on the timewsecabhenmetwith bewetwmkenty affirm
i S solely responsi ble for t ABs mebhseobpwmed hpremdou
concentration of evefdgbit @ascttihoen sparnees.e nNoerdmailn vy, r
have the same rates uUumrdetrhetyhearsanearaodnredi toautns anc
di ffer endHowseowtehhes i s not always trkPéomhdhosghl ehe
degree of wvariation between diffdrsesntesr g@ditpitend 94
tend to aa ilsaeebaWwkemn esaccalugndnt @ si ndugterqiudlr i Igalcon,si de
changes in reaction condiltthidn nmr egsacdnety e $ el senaeddc tom
and instuddmamstoniwe rbeatnhob e t Wa e gueslacnad er eacti on scal e
still reasonably widcahlie phEcentihge sisnvést abgati on wc
to fully understand the megihdeaifsrmomntdh & iinredri e€ass iang
this procesds slsae,amwhtiltenr i s that the compadulnfds nec
and?2Weriempossible ttdhhrowmgthh @ D sBriaentdhioBlir0o Wer e not

observed even @aTatnellrO isnadreirc athieng eacti on conditions
Et OAc at O0.05 M) rforeammlr.e ThHaasmgjr goeaind £ldee pr esent
andet foll owing section discusses hdOwBrlanBi Brocedu

10&as wel | as drastically decrease reaction times.
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2. 5."mproved Synthetic Method
I n order to ef fDeicBrTamelli BLr&, T nwteh ehsaidz emo dii 6 © k ait mn oo s

the reacti®he pcotoebati on between reaction rate
involving MBS I!®2EiMowreoveonlryeierence we found r efj
di br omiofladtlisoend a very dilute solution ofMmbME and
l i kely so dilute dukOitm DWW hladw aslowaidléiytuys eofof a
highly polar solvent for the synthesis oFi gturee Suz
39 n Sex.tfj.olwhich resultedThins emocteil Maetneed yuseltdos .i nv e

solvent system for the bromination protocol

CeHiz CeHiz CeHis CeHis NBS (2.1 equiv) CeHis CeHiz CeHis CeHis
N s M N s M N__s_ M N _s_ [l \_ _s_ DMFI0.0012M] PN s M N s AN s M N__s I \N_s

—_ » 3
S W T XY ) T e, bttty
CeH1a CgH1s CeHiz CeH1a 23°C,12h CeH1a CeH1s CeHia CgH1s
10T DiBr-10T
60%

Br

Fi gbr2®i bromi natil6d with NBS?YStirred in DMF

Our first taot tdeemipetr nwanse i f t hel bd iodniinmad e eodh vpa rokt oacso |
Fi gwrdel l ustrates the reaction we test’8tHeaytceltdi weg
obt ai ndé&d BfOowa s 60% which is in agreement wi th t
Unfortunately, this protocol suffersl dragpmmuaneveral
DMF required to properly slodTubTihlei zse ctohned sitsasrutei nig:
reaction time of 12 hour s, and the final i ssue i
materials could all be reacted to completion, whi
compl etion forwelhli s kHa&waicw ® o tdbablyiormanflalt Weosn i ndeed

possible with a more polar solvent, the next step
pol ar than Et OAc but at the same time be able to
concenttattoas.tests consisted of finding mixture
di ssolve the OTs at concentrations of 0.025 M to

of NBS between 0.05 M and 0.1 M whighnabdktdi oos$ ¢
and allow for a FogtBr3Eontamparitsenreaction schemes
all the -begqminatdedi oli gomers along with their yie
was tevhtidabllécont ains r efaocrt itome dsadmlet rwastfonead t
mi xtures of appr oxDNMfatvedrye 1s u3c coeds sEft WWAXMo& T t he@r di s ¢
3Tt 6éTa concentr atofo@dsf pO.sG5 bME&@& n@hla | meof®rdi | ute so
of 0.025 M was required. TeTamnid®dgvatshinot s sluwcerets s$ y

resulted in incomplete reactions even after | ong
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was modi fied withszatth ea cafldadtlii.t@® fonE HMFCTHHHIWhi ch resul te
in the di8&BwnldOt&itor omfcentrations of 0.025 M. The wu
resulted in a drastic reduction in reaction ti me
reactiToanbsl i macbethpl etion in 1.0 hour or | ess. The
Di B&rTwi th a s&@8ammel|l owhich required 0.75 h to compl
reactions carried out in EtOAc only, which require
reaction time for 3.5 times smaller reastioh shbhal
ol i gomer s, wi t h drastically |l arger reaction sca
compl eti on.
NBS (2 equiv)
so [ )__s_ FECADMFiIZOAMIrNES o Y g
\_/ S \ / Sonicate \ / S \ /
CgHiz CeHis 23°C, 30 min CeH13 CeHiz
3T DiBr-3T
CeHia NBS (2 equiv) 100% CeHis
s 7\ s 7\ EtOAc/DMF 1:3 [0.1M] for NBS o s 7\ s 7\
\ ] W s Sonicate T
CoHis 23 °C, 45 min CoHirs
DiBr-4T
CeHiz CeHiz NBS (2 equiv) CeH1s 100% CeHis
TN s T\ s_ _[[\) FEtOACDMF 1:3[01M]forNBS T\ s. /N s J
SO WA YA Sonicate A WA A
CgHiz CeHis 23°C, 45 min CeH1z CeHig
5T DiBr-5T
CeHiz CeHis NBS (2 equiv) CeHiz 99% CeHis
TN\ s J/\ s. [J\ g FEtOACDMF 1:3[0.1M] for NBS IS s IN__s. T VN_s_g
s N/ s N/ s \J Sonicate BN\ 7 T U s T\
Cotrs Cethrs 23°C, 45 min Cetirs Cethrs
DiBr-6T
Ceblra Cebra NBS (2 oquiv) CeHtra 27 Cara
s ]\ s I\ s ]\ s EtOAc/DMF 1:3 [0.05M] for NBi B s I\ s J\ s 7\ s o
N/ S N/ s \/J s \J Sonicate N/ S N/ s N/ s \/
CeH1s CgH1z CeHig CgHis 23°C, 45 min CgHis CgHis CeHig CeH1a
T DiBr-7T
CeHiz CeHiz CeHiz NBS (2 equiv) CeHiz 9% CeHiz CeHiz
se AN s A N_s A N\_s_ [\ EOADOMFISOO0MIPrNES o s JN__s AN s M N_s_ A\
N/ s \/ s \/J s \/J s Sonicate VY Y-V e
CeH1s CgHis CgH1s 23°C, 45 min CgH1s CeHig CgHis
DiBr-8T
CeoHis CoHis CeHiz CeHis NBS (2 equiv) CeoHiz CoHis 100% CeHis CeHis
TN s I N s N s. I\ s_ [\ FtOAcDMFICHCI;1:1.6:04 5 1N s U N s U N s U N s U\ 5
r r
s \_/ s \W/ s W/ s \ / s [0.05M] for NBS, Sonicate s \_/ s \_/ s W/ s W/ s
CeHis CeHq3 CeHis CeHys 23°C, 45 min CeHis CeHqz CeHig CeHyz
9T DiBr-9T
CeHiz CeoHiz CeHiz CeHis NBS (2 equiv) CeHiz CeoHiz 99% CeHiz CeHis
1N s M N s M N s M N s I \N_ s EtOAC/DMF/CHCI; 1:1.6:0.4 5 I N s M N s M N s M N s M N_s_g
r
sSS N/ s N/ s\ s N/ T \/ [0.05M] for NBS, Sonicate sSS N/ s \J s /s N/ s \/
CoHia CoHis CoHis CeHis 23 °C, 45 min CeHis CoHis Cotia CeHis
10T DiBr-10T
98%
Fi gwbr3e Synt hedbireomofnabied Symmetric OTs Using Soni c

Et OA

c, DMF z;amsd SOCH@Ilent s
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Tabl® Reaction DabaomioofmtIyomemet ri ¢ ODMFKUKGHlgy Et OAc
Sol vent

Produ Scal Solvent Solve Ti meCrude Ti me/ Sc
( mmo Rat i (h) (9% (h/ mmo
Di BT 0.76 Et OIDMF 1:3 1.0 100 1.4
Di BT 1.31 Et OIDMF 1:3 0.7 100 0.7
Di BIT 0 .28 Et OIDMF 1:3 0.5 99 0.6
Di BIT 0. 31 Et OIDMF 1:3 0.7 99 2.4
Di BT 0 .35 Et OIDMF 1:3 0. 8 91 1.5
Di BT 0. 17 Et OBDMF 1:3 0.7 100 4. 4
Di BT 0.22 Et ODMKCHGI 1:1 .:6. « 0. 7 99 3.4
DiRAROT 0. 12Et ODMFKCHGI 1: 1.6 0.7 98 6.1
[a] : Reaction crudes were pure enough to not require purifica

Figurel bdstrates the trend between the €&l bgomer |
shows t he FHFiagtuar éforsodnt he reacti ons ubBMFKEHGHIsXx tt threes
sol viekinat oBt rtahset sd atPd ofivi ddthe datFa gfibri@thwhi ch contain

the plot for the Et OAc solvent system) to serve as

systeimhe. trend &bhodrnbBed aigmi n aposhabeEve pbhbeval ues
considerably more scattered. The values appear to
in value but decrease within their groups. From n:

to n=6 followed by aodehcerre g suempa dsordFegEhBtetaesrd @ o0 n =9

a final jump to Hni=sl1l0.l sTohed owmeelrueatof0 . FF 295, indicati
the | inearity tofs htohuilsd daet anosteetd. t hat wunli ke the da
this plot is generated from single data points for

asserti otnhse anbaotuutr e of . Atdidii ¢ i roenladtliyo 3 & BBi@perreea cctairorni se do
out at concentratdimms0 Wefr e0.adt5 PM O®tbie Mnmor e, ians evi d
Tabl® the rexdlantiomisedfsal ¥ent system while all/l ot h
solvent Asyesfemow, we can tentatively say that OT

same positive linear correlation betwOMHECH@lIacti on
solvent system as it dWhkast fwe ahe Mo OACIi sysrt emt ed
decrease in reaction times for all DieratniDo s as wi
10Whi c houatrcecomeedse obvHIoautBh & nmmtaa kheaway is that the r e
t het OAc/ DMEs/odHGCd ntsrseyascthent ompl et i on much faster th
only EtOAc. This remains true despi tPé oasdAwencant a

just compare the difference between tmhe MmMome/meaal e
val ue n., Farhen=vAhudehe two pl ot & a@staefr, selplaraandck d3

respeckoinve] y ifeact o®anéddreespectively and forOn=8 1t
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average, reacti onsEt ©Arcr iDMdFY GIHCE nitrs syt eehm v ® a
Ti me/ Scale metric that isahoweri hbyeaptratedr asfr i

shortened by a factor of 15.

7 A 50 B
2 =
R? =0.7295 45 ?
6 A 40 R2=0.921
5. g g
7
g = <
£ A st = 30 ,
£ 4 . = ’ .
@ 25
@ T A ® .
Sa | e 8 20 o s ©
4 3
9] A. 215 .
Ezr F10g Ikd R2 = 0.7295
7
A - A s @ A
1 .‘ <4 Y Y e A ...... ‘ -----
. oot A 0 A ........... ‘ ------ A oo A
o' 3 4 5 6 7 8 9 10
3 4 5 6 7 8 9 10 Number of Thiophene Monomers
Number of Thiophene Monomers A EtOAC/DMF/CHCI3 & EtOAc Only

A: Pl ot of time/scale versus monomer count for eachszindividtd
mi xtures aB: sPllowtendamparing the time/ scal e w«ssolnvoennohmefird ocno unt
Et OAc only FobwetBt from

Fi gwbrde Ef fects of OT Length and Reaction Scal e
Et OMMFKCHGMI xtures as Solvents

Reactions involving NBS can wdiadiwer ptriorcewsgh ithwo | e onl
and t hebedtnlgert he el ectrophilic brofmThat i mechahi amo
involved in the bromination of the OTs is the el e

t hr oaurgdd S The <cl assic mgAchamaissmprfopros®d ta pnetead t
complex which ré&aomphgaes Bhso &nown as.Tahé&Whel and
compl e xp chsaist iavei tihm ntglee areognad ircelbelnggr omati ¢ ring

t hel ectrophiilni ¢d hepeeciads Bdmemadil g, f dcommpl er o086 th

ratemitimws osteegp mes it can also be the f¥XPt¥ati on
Concerning thiophenes, a DFT anadliygioani aofh t-8 chée me
ethylenedioxythiophene has b%Feonu rp upbarstssithbelnes 8 e e nt |
presewittelle most | ikely mechanism being an interac
while the minor proceasrsd woBIrl dwhinchhrwoulad@8f@&rgener
our knowbedlaeet,h i nvestigation on the effect incre,

rates haarbeemhicltht | eaves us to hypothesiome of t h

the observed reaction behaviors.
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Il EtOAc
I EtOAc:DMF:CHCI,

Energy

DiBr-OT DiBr-OT

Reaction Coordinate

This graph tlkeeoepteineg 1 iaal energy diagram for three possible
A: Theoretical energy profile Bof Theactitorawi emepggr lpy odii $ £0lo\
di ssol CedTh&oretical energy profile of reaction where solven

Fi gwbr5dgheor eRatceant i al Energy Diagram of OT Brominat

Sol vent s

Firwe , wil.l address debeeavasioderaemlca i on times whe
i ncrebBbseguwrbel | usatrhaetoerset i ¢c al energy diagram of the
two different Chalhygert ity gteeamds.i on rate resulting f
are dauel veont'®°bépewcdisng on the reaction, solvents
reactants, or they can create a favorable electro
woul d | ower t hel!°®PattihvRatg briel ¢ mesegy .t he TS of the re
out in Et OAc. The s odivsesroth @deoleéSs riwisgud et pnega tisvhon ener
PatlonBthe other hand represents the result of the
favorabl e el ectrost atsitcabiiithetrealchtei oancst,i vtanhed oS einser
Solvent molecules could also participate in the ¢tr
mechani sm anddiufnfl moceke tn ge meé rogna r piat P°Pad tlrce@sr esent s

this possibility. Since the solvent mol ecul es dir
takes a different path. Oneree raggya i anf, ¢ & thid esv e teistud t tsh
solvent that does not parr tdadg an @t $ b d ghagfdtyedhec Mani s

in ourl tatslkeg ed ®@se rofphi |l i c bromi,saltvent oéf heomatoun

™M



rate and selectivitit2égridRévéent doesemameedi nt o t he
determined that el ectrophthX | $ ¢s thampalieamra hro@disa uEn o g
through mechani sms fi-b amp Hé x'APort $*tienavdo,| vteheas e react.i
through a concerted -pltbobmesat iomam dpiracacdgudist X obecomes
favorable only when solMendt®DHTol aali tyl atsi dginsc roefas
complexes in different q@Xieddveecnrtesa sceest ewintim eidn ctrheaa s i
constlahtthe readWwi oh metdhasolvent systems used fo
being relatively polar, it would be reasolhabl e t
complDex.r ease itni weetaltctiimmmoée yeati mbharitmydiicator t he
ratemiting TS is mor e speorlvairng haasn ftuhrdt hreera aetwaiidessm o e n
of lraompt® e pol ar solareemtabnod etcarl ®Babimbt Beotibb po
favorable electrostatic interactions and they cou
some point. The increased polarity of the solvent
NBS by pol aBi zbaoagdt aed Nmatkh mgg mdr evemrk@®& hi e baeaki
be further exploited through the additiposasgfi béagi d:
even the nitrogen, drastically -Bi tthamdwamd perl emdtri
buil dup of positilA#owkaege 6orbtbmi beomination of
used so as to not risk degradation of the starti.
promote unwantedveirdd |[t,babobké othiat f erence in reacti

the two solvent systems usedhieof a@Drdbbeominhat iacmh
pol ar solvent mol ecul s nhaviengwittrha ntsh e ipoonl asrt artaet. e
NBS SA” SA
(€]
0P g0 04)\0 O%\A\O
Br H
WA <5 Y & g Delocalization S S B / s M N__s_ g
\ ] s ST T S ST o Yy
CeH1z CeHis CeH1z CeHis CeH1z CeHiz N CeH1s CeHis
3T MonoBr-3T* MonoBr-3T* & 0 MonoBr-3T
Aromatic State Quinoid State SA- Aromatic State
CeH1s CeH1s CeHi3
se AN s M N s U N s NN
N/ S N/ s N/ s \/J s
CeHis CeHu3 CeHu3
8T MonoBr-8T*
Aromatic State Quinoid State

Fi gwbrbe Mechani snaBroomiMoantoi on of OTs
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Next, we will address the differences in reaction
This dif$emesaceli kely a result of the increased c
wor k eAm Se alcas oensst athlaitshhdee activation energy of ¢t
i ncrealseatgron density &% ®the a cectaickdtnigor aerbeomgy f or
by Brf -m8t hyl thiophene is about hal f t hat of t hio
respectively) due t o mteh dayilj nadcuecnttd Tvheo seCfPfse citn oafg rteheeme
our resultdgdufhoti eamal-hCG2aylitomi coopfheBh Sarfldbe Bex.oh.oh

where weedbdhéeéemgher nucl e Cphisliideirtiyngatt h€Ca fact, it
electron density at the terminal positi aoduse dafo t he
increased del ocal i zaBlieocnt rtoonwadrednss itthye fcreonm etrhe t er n
del ocalized towards the center of the oligomer, r
reactive.lgostihtiisoniss indeed tlleompbkex WwWoumdt benomé
di fficulstysatsem hger o wsi.o nDetl cowaarld sz atthe center coul d a
by the absence of C3/C4 substituent s| opghtehcet roennt r
deficient réeeayilaeedothhepBenes. DFT calcul ations
if such a trend does indeed exist as they could pr
across the ol i gomekeXpAneonahteiro nmofroer t hewdiuf d ebence
obtai ned Dbtyhsaapnpelhyeianagy €6-bemplFeixgusr6e | | ustrates the p
mechani sm-borfonmmmmd i on of the OTs. The danspl esxt ep
MonoBimTThe step right after its formation is the di
position which refdgr msettuheni dguliloe nMano-BMTi tiy arsd
possible thh@adtdmphex tdems, the positive “eshyasrtgeem,del o
maki ngcobmel ex much Whedda sgq wmibrlees a positive charge,
state, making it highly planar and restri cAtsing r o
the OT becorMed ol exgept B positive charge is del
(MonoBif), decreasing the acidity of t he. hRdalryomgems r
synthesized through oxidative polymerization have
reactive a8 tHeyhesewcases, a radical cation for ms
a reaction at the terminal carbons. As the polyme
positions decreases due to it wBegist’@mBEIneaallilzedtth
formati dirc oonfpl telxe i-Isi mihtei TgAret e@adtmi &ns and the dep
very guepMHowever, as previously arenthenemech®FITs m
di br omionfatdtody | enedi oxythiophen-ei miugigrgt sttd@mti ¢ he
deprot dh®hiioonhypot hesi sbyodktdembmi nniesg eidf t hese r

_|
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kinetic isoObpecedlfeéche t eammdi salbimy td edit B ha g dt it &

reaction coepi 6t @amastiinddieed i mhei ngtetep, then a val
rate wild. be observed for rtehleatdevuet etroattetde Tt yad rt a ge
summari ze, a possible cause for the difference ir
same solvent system could be due to the increase

degrees of dedloecatiiamtdeomsiotfy and positive <charge
requirement for fi-hbempbemadbionhefdephrotonati on. Fu

be required in order to determine the exact cause

2. 5C03ncl usi on

The present subchapter contained the outcomes t
of t-beonmhinated OTs requirPdeVYooushki CEpomEEedi ons.
were used for DinBaTiyBirThieBriTBi BAfTDI BirlanDi Br{ scal es
bet ween 0.56 mmol dhéeése. @5ncmol pbns consisted of s
and €guWi vs. of NBScitn omtsOAQice.cnerally reach compl et

be used without purification with some exceptions

in | owerowdwdedasc.t itbn ti mes would vary with react.i
concentrations were identical. A Time/ Scale metr
adjudtoirnggcale and increasing reaction times were
the | imerhaodrwas unsucceBsBBUddnBuitBrpwbdaobi wgre <cruc
for the synthesis ldfantdi2¢r. f i Toakhdgredsasctéi § i ssue,
arried out in a more polar solvent sygStfte@Tconsi s

c

antl..®. At OAc/ DMEf/ ®OHCA 8§ 0.These more polar solvent sy
complceotnes ervsiitoonsr eacti on times decreadPedr omisamae i @qe
oBTt 8T n these polar solvents were succebsIddlrmmocar
to 0. 17commpoalr)ed to those in tAdkdiEt WArEBArdody 8mt sy s
10Were synthesized successfully in excellent yiel
of 0.22 mmol and O0.12smsmpécaedgpecft i veéyred@beed r €
and successf DIi ByrfamDh &s0iifss oofhe pol ar -hamutengftthaes
state. Said transition dcampliex oirt hdre tsheésfegqumatti
Further experimentation is required to establish 1
DFT calculatiohd cambyned wut the reactions with

better understanding of the mécmani sy aneépthe nat

TO



ChaptieGeBeral Conclusions and Futu

The overarching objective of this project was t
symmetric oligothiheplyénds olpbheend esm 3 hat t hey can |
of oligothiophene | ength on t hkejiectdiowd ngf mekiha nti Is
carry out their synthesi-couwmliinngg dercdc Dwplykmg c veéhb «
objective was achieved and two sequences of symmet

the two met hodol ogiwe. m&€ompadol emgi etshealtl owed us

advantages and | imitations of -eacmhl imeddhoar e Deaao b
smal | scales and quick reaction times are desirec
mi croware iruvhdi-adwmlsi.ngdgss are favored when | arger
and | ong reaction times of multiple hours are not
the dibromination of the relevant oligothhédphene
reaction times and resulted in the efficient sy
i mpossible to synthesize using the |literature pro

met hodol ogi es, we were abl e t o edy nctohnmeps(huzigtEf our p
Di BOrT9 T1 1)T

Future work based on t hHFisg uprifeo jRecgaridsi nrgu ltthief aapep lei
decarboxyl-abiuphbnudgplsssent systems could be tested
the yird@l dfofsuccessdluMentt heyamudmicoul d be used to

dd sequence(AusiFongt BDEiCinfoeregent aromati c or heteroal
sed to quickly synthesize var iroush schoorrets -osluicgho mee
hyl enedi ox-p-Aholbipgpemer s Acou (Bl b©Ad tseyentabicseswied eydn g s

ing alternating nucleophilicutcoupl|l sygtpastner s\

> C© o < O
—

terogeneou$C). olAi gvoanmreirest y of heteroaromatics coul

—

iazol es, oxazoles(98f uTlhes efanelctpyofrot dese di ff e

Q

orbance, emi ssi on, doping behavior and solubil

I t s, el ongation of the desired -obupbmepgs wbiut

ri bed in pwabkl tHhesti eams coul d bée esminndlesigr ed

>S5 0 0o un o oun

u
el at | anrdg elr o nsgcearl es!| iag o mer structures. Addi ti c
c
c

- o o

t i onuasliinzgateiloenct r on poor and eDecThesercompouwume

_‘
o € ® X ®d® T =TT O u”

c

I'd allow for the det er amonlaetciuolne odfi ptohlee se fwoeucltds ht

avior. In termgsoaufpltimg ez hbidotogysdapkepr oces

c T s
n o
>

0]

in a microwave frreectsoyrnt hTelrsed ss oolfv eanlti got hi oph¢
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irradiation has prlé¥dlitohisdgh beriny rie@dayitd t dd ioph emfe

thiophene were used with the |l ongest oligomer hav
under mi crowave denxdilttihibphenke@®@Paduldd be used as
nucl eophilic partner. This coulbdasreeds uslytn tihne tai cc opnrsoi
the synthesis of the relevant OTs. Another possib

desul fi nacduwpel icnrgygfsolre sihse of tTh(E). sWewnled r $§ ¢ 20Ohesi ze
SOLBHTMOWsi nRlgBRT and quenching ixtgawi {Bud hsasl ODABG&I
could be used to deter mi nec adelgiumdg ,e rceoxnuwlittiimog si f oeé
route towards symmetric OTs. Finally, the di br omi
elucidate its exact mechamnrsmngDmateal abbadhndnpr of
intermediates and transition states could serve a:
ratoensct ants and reaction orders could be deter mine
taken over-ViismeplkeytU¥phot ometry. Finall vy, deutera

measuring their bromination rat e wonudlede dd et tiéert rnirarg ee

st €Q).
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Fi gwbriReacti on Schemes of Possi ble Future
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