SI LYLETHYNYL PENTACENE COVPOUNDS AND COVPOSI TI ONS AND METHODS OF MAKI NG AND
USI NG THE SAME Field of the Invention 5The present invention is related
gener al | ywoaoeyisyloet hynyl pentacenes and conpositions c®QTAISRI0H45667
silylethynyl pentacenes. The present invention is further related generally
to met hods of meking and using silylethynyl pentacenes, as well as
conpositions containing silylethynyl pentacenes. 10Background of the

| nventi on El ectroni ¢ devi ces conposed of organic-based transistors

can be manuf gaty PEHFNVIOBENTARHINIEEOMPOUNGS ARDTOMPIRITAORS ANgs Mat than
their inorganic countgiPAibHSAIPHAKMG AN EYRed ek Sap@nce. In general
organi c-based transistors utilize either small nolecul es or polyners as the
sem conductor material. Typicall ¥ Sihd m0Rligcul € sem conductor 15
materials have |ow solubility inTorganic solfvents and thus require a vacuum
deposi t fon nmet hblk trgestotr mvehtions is Shlatbdwgenesitlyoto pHplethlyingl hpgnrtagehdsc amkt hods
are requir n QL ces
Vaouum depaartrsis sl by byt PEEiRL" MM Red IR M3 R o

t han pr ocegsesallyiamethodnatmakagrnd @siug silplethyhgpogidce@s, amdlllas térogsaphy (e g.,
sol ution coq%ugg» 111818A ]%Ocpe cost effective approach of producing

i nexpensi v& EMeLEF ohi'¢” delices" s to apply an organic seni conduct or

mat eri al by any of the follow ng exenplaiy coating processes: spin coating,
kni fe-cioating, roll-to-roll weBakg@undefthaderdiop coating, as well as

printing processes such as ink- rinting, .screen priptin and of f set

| i t hogr aphy. Fb§E9% 1¢ ?mﬁ?§@B@§S&0g@§@@?%%$6éﬁP%“@§ﬁﬁbg g?%'“%ﬁﬁbrlals
are notori osdr¥odt raﬁ@hpﬁmh@td NafRl MentsImandad Meis totdalc RhugerpOkldbs: wWifle
generally unstable in solution. Due tq insolubilit and instability

concerns, fescedhpariopryance, Fpganerabosganiccbassirasisgcttidize pidhes smalf §101?§P1ﬁb the
above- ment isP REHnicREKPAB kMR oS AR NBat&1a® P STybRa R MalNGSRENS kMBicldashF oni C
devices is linmted. Sone or?anlc sem conductors based on pentacene with

6, 13- si Py a@affials| havgdovs spllifityuini GepnitavdvHisedshsnicaries ¢ ivicuym dppeitiee in

or gani c Soh%ﬁﬂhﬁeﬂﬁhHﬂm@esﬁh%QHﬁmk%r?ﬂh&hh hﬁﬂﬁmﬁ&h%Qeﬁé MMQ§pQQﬁg
performance in organic field effect transistors (OF or exanpl e

6, 13- b|s[(mﬂmﬂﬂ©bb@@whsﬂwVHeﬂhﬁwym¥béﬂ@ﬂ@éneV€$w§1dq@mg@lﬂgiéﬂmé@mhb herein
as "TIPS-p ) b o I ty in
organic sol%@ g?&m%f??ﬁﬁaggpgﬁggwgg% %@ﬁ {§%¥£sqm9w§%§&i%%g%?agggﬁl and
(iii) pr owd@lmsgmodmbkﬁhbgaMm(QQ potutamganiing rétkddd). ef fect transistors (COFETs).

owevery even THESRRASRIC. LA IFSLLTLke SEIN Lol aQTE 012Nt ©

solvents as we as’ | nce i ront ¢ devi ¢
tran5|stor$pMyﬁmrmgmamphﬂmomﬁmmeammﬂﬁubynmyaﬁnﬁedbﬂ@haggemmamwuﬁmﬁmpbiIity
values. 5 Sunnagy Q tion " qur t|s a hn t he rt for
organi ¢ cofpstitiths H'A&P? 1;51? é"?ﬂ“gr widprelhycroging ¥ fpo%a o Wf &hhanced
sol ubi I'i ty prifti @rooesseD E@RhOhY dK-2t POMBN Breeh i printiefhant edsat kdodrifhy. When

i ncor por at i nto rgani ¢ sol vent, and enhanced perf Qrmance
when 10 i Wﬁbﬁr%ﬁ%‘gc 56‘8% afeawe seRicendystor Hlélgeé’éisa?r%ﬁ?fi)‘&%ﬁgdgi%‘fb? ayer as

measuregd, fipsoR%ATRNE, th@s\é ihbze aféhﬁﬂﬁlﬂe Gad lob@ral Y0 Bhstdbley iV abBodf DRE to

el ectroni c devi ce. resent invention addresses sone of the

probl ems i insphbiligy %ndblystﬁ%tymog@w&lv agHlity fogaRRlYcorei e duGiaraptgrials
pentacene %QHQQH@%od@trhéhn@néh?’nékﬁéﬁhﬁé Ryl s?tbﬁésfo' fodhi RBxpe@vd RBcPAfc Or nore
of the follomnng properties: (i) enhanced solubl ity in one or nore 15
organic soI?@ﬁﬁéS%@ﬂﬁi toluene), (ii) enhanced stability when incorporated
into a given orgapic, @mlyegkﬁnlé&ldgcmrstwgn@a péetetd [ikn CORARERdhynyi

per f ormance when 1 ncorporated Into an el ectrohic device as a sem-conduct or

| ayer a4 mesbstitugdn bavetbhen sbhan ge(idurseluble inptgnic sglvendd, (10 befstableen edlettomy oni ¢
devi ce. h . {4 i utilized in
coat abl e C%n(i)gﬂ:) fp?%ﬁ(ge %ﬁ&ﬁfﬁ%ﬁ‘o‘?ﬁmﬁf {ni %ﬁ%‘?ﬁgﬁegﬁ%ﬁﬁéélﬁ%:@g I?%Fu%t#er , the
20 resultlngnmﬂeCGﬂbhwﬁudﬂmhmubﬂﬁyMthlmmnwawcﬁangéanaMEMQwunmbwhlay val ue
g];m/g{/_ea:[ eg;‘ggﬁn e%{%(ﬁ)%;[ﬁ”)g a(s? gelngéhg i Or]Q/lﬁa1 hae gleggee sb uglll?yaltneorrga{nrl]casrll%vaétr)l s;“ltesgnf'
invention is directed to pentacene conpounds mnth speC|f|c 6, 13-
silylethynyl substitution. In one exenplary enbodi nent, the present
invention is directed 25to0 pentacene cgqpounds having a chem cal structure:



S RRIyR'z SIRRL1,R'z (also referred to hereinafter as "Structure A")
wher ei n: each R independently conprises (i) a branched or

unbr anchewlp 28eis5i0but ed or Sunsubstituted al kyl group, @CIrjusaco9owsss? t ut ed
or unsubstituted cycloallcyl group, or (iii) a substituted or unsubstituted
cycl oal kyl al | cyl ene group; each R independently conprises (i) a
branched or unbranched, substituted or unsubstituted al kenyl group, (ii) a
substituted or unsubstituted cycloallcyl group, or (iii) a substituted or

unsubsti t uf@dnL¥ Gl &h%lréé%faslta{b@l}@ &Hen Gh Qb'llatlod 'a}lg(llg(ﬂmdesﬁﬁ)d(ﬂe}foﬂﬂglﬁé)%n (i)
a branched or unbranched, substituted or unsubstituted al yH?/ group,

(iii) a sutseenicdickbeffet gansistost (QFFTaY Hpeaven ks TIHS papfacens pyov eslipged t ut ed
R A R S s SR S
group, or (cvf i ﬁlra)nsattoss)tfgt ¢X]Eamgb:d?\lsonesaaursgblgﬁmsmfteﬁhrmaem@@iagﬂltﬁ?lmg2 .
conpr|s%ng at | east one o and Se in the ring; x= 1 or y =
or 2; z O or 1; (x +y + 2) n i ndependently conprises (i)
hydrogen, (ii) a halogen, (iili )_Su%11 e B2 fRclid unbranched, substituted
or unsubstit ut e@hat kyd nepdduphe {ri or oagasmhmmpbundsdhamtproymmm3¢astt wteedf the vl
group, (v) br.anche ched, substituted or u tit I kenyl
oroup. (v §eRiRE R Rt DRIGTS e SIRBS et SR e DAL fibebeer s BEMRA oy
group, (Vi iwheR isiofmidtédiings acgiveurt&ghﬁd kdludng danldetior atykd Qedodispce (Med 1) a

cyano group, (iv) an eth 0 X) a bra ched or unbranche stituted
or unsufst |“%“'8§9862“-‘é‘|1 G & S%CHgﬁB H%)‘Sl‘ie)asé‘ SANSPB ‘6?06 or ﬁrm?aﬁ‘i‘rieff bf %}‘am{’%o

adj acent ngﬁ&lb[ﬂﬁrgfaeirﬂbl(rﬂ()bll@t SHS bf hebRErdic dRRUDST i tuted carbocyclic ring
or (b) a substituted or unsubstituted heterocyclic ring wher ei n when

z = 0 and R andThe PEHgbimetioasHeiseesuncfihs AoPlcan l%fhe(%bmﬁlaﬁi&ﬁ%\@%r
unbr anchedof Stbsit bblﬂf)&ﬁd@rnaﬁ@@%bﬂa!c&ﬂétc% tpalhﬂag mmrmpm)et@m dbdthuttmanched

or unbranched, substituted or unsubstitu kenyl Cﬁrou s), the pentacene
conpound eABILENT oF MAEd ofrthefollovdrgpropertier (drenhangre squhilitign 2ne KAMgEe carri er
mexi mumsmobidahicYsokhid e 8" §QL&e t(ﬁ?@nl@anc&ﬂé{%ll I\}gowlgenoln %ér%e@ i §d” ed by
the Transi stor Fabrication & ge Carrier al ue Test t hod of
the pr esentorgapigsptveic. gdédeanchend pi) @W}lnceémsréorrr@ﬁ@rwhf@ ipgrprspted mtasn t he
TF&CCM/ T 101

nventi on PR aRaep o senPARhDE |EERTLALCaINE Bl chir BERED

wher ei n R, vRue ahidic Xleatnrtmlcaéevwef Thederm;o;@neeqonmbumbmﬁthesm@elqtm)veatlcbn mmy:h@d or
unbr anched it S c i stituted
or unsubstl lﬁ%ueta ¥1cyc%@gl %RPH&%%Q B l% P%gucgloislu ec 1931@01?&un%uu sfu[ﬁut ed
cycl oal Xyl aésk})nhagmk:cgomu;dpwée m)ayaexhuhbat cltatgeechrmmholgmgup ue(of)greataulhstt ituted

or unsubstl aryl al ky] ene _gro Vi tyl u (VI i) a
subst it ut e& %3)n bEEi 8‘yJﬁ %&?Lc{%n & PP%QQZ? Ak §feﬁ% ﬁ}aﬁ agg%tt3 one of
0, N, S andm%e-d,or hilgkery. i ng, and x =y = In yet anot her
exenpl ary enbodj t he present. i nvent| on is direct t er

corrpounds haV| ngﬂéﬁeﬁ@?l}? %ﬁo%bgogléec\‘iﬂﬁletroei"??mﬁenel?cong?‘?&n tg E fgfe%%ﬁed
above; !rﬁ%ﬂ? Substitution. DImame ReshNiry CRBO ARRRE the pratbistihtcuti®dis Qirected

unsubst i t ut ed
25 to pentacene compounds having a chemical structure:



20 group, (ii) a substituted or unsubstituted cycloal kyl group, (iii) a
substituted or unsubstituted cycl oal kyl al kyl ene group, (iv) a substituted
aryl grouwsQ 200158108 ubst i t uted or unsubstituted aryl al kylPERAISQE0OOE566T Vi ) an
acetyl group, or (vii) a substituted or unsubstituted heterocyclic ring
conprising at least one of O, N, Sand Se inthering;, (xy + z) = 3; and x
or y =2, and z = 1. 25In yet another exenplary enbodi nent, the present
invention is directed to pentacene conmpounds having Structure A above
wherein R R, R', x, y, z, and X are gR Asgt ned above, and at | east one of
Ror R conprises (i) a substituted or junstbstituted cycl oal kyl group or
(i1) a substituted or unsubstituted cyg| oal kyl al kyl ene group. In sone
enbodi nent, the pentacene conpgunds hayj ng Strycture A above wherein (a) R
R, R, x, 30 y, z, and X arelas defined abovg, (h) at |least one of R or

R conprises (i) a substit ¥ted Mt edeyct oal kyl group or (ii) a
substituted or unsubstituted @ roup, and (c) the
remai ni ng groups (i.e., R R \ S Lpe~y( i) branched or
unbranched, substituted or unsub d aIkyIQgroup(s) and (ii) branched
or unbranched, substituted or %nsubsti! ted al Kenyl group(s). The
present invention is further directed conpositions conprising (1) at

| east one pentacene conpound having Striucture A, wherein R R, R', X, vy, z
and X are as 5 described above; and (I BRR\,BGlI vent. The conpositions of the

present invention may conpyise t t |east e pentacene conpound and

sol vent al one or in conbﬂﬁ%?ﬁ% “&ﬁ?ﬁﬂgﬂgﬁﬁﬁsﬁﬁ?ﬁgﬁﬁ%ﬁtional conposi tion
conponent swhsteghh as a pol ynmer additi ve. The present invention is even
further directed to a subsirate having.at |east one _coatapl e surface and a
coat ed | ayer ontiheR JPPEATH RRMEST ABl b BTN IHcd, SHRBIERID SRECEEasd 10

| ayer cenphh&®sitdcPPERAS, GPRANALRIRERY RiguSiitHed tckafkyl WP oM a R, R',
X, Yy, z and X are as descri bed above. In one exenplary enbodi nent, the
substrate é@ﬁﬁ?*%%%“%%@%ﬂ@%@W@HP@Qﬁ@©¢%%gBWPan el ectroni c device conponent.
The present invephi@nini§ealsa Q‘o&?ﬁ&e@%)@b@dn{%ﬁédr SNLHARKEL BSLGRATRS LI Ng a
coated |l ayer, wherein the coated layer conprises a pentacene conpound
havi ng St r yeturteutad atkenyl grpupefii aRubsRtutedrpr ungubstjtuted cyplgaliylagreupasr foseri bed
above; wher i finidior GhaligBl GBI ERAS cRuphar ge carrier mobility value
greater than or equal to 2.0 cnE2Ns. e present invention is also
directed to met Rodenofiseraki) npydnegenaciene bungwdnds uhbraighgd Ssubstitutpde op,

wherein R ' s [ e

vent i on (i pited Mgyl FodRtla b AR BE LRGP BB 1RO ene
conpounds wubsfituath @ompdsiituied mgclpdkdalkylemkerpet, (pra nibatithed eoigosipt (vons) |
coatings, sub t es_havi a ated | ayer..t hereo el ectr.ani c vice
component s AT EBp AR ey RRRLA adr gl AFFeRep B REMER SR E Srpouna
has St r uct wr ensAbstinhet leitanodeliding domprixing wt, least anmecb O, &Y, 8 aad Scastbe ried above.
These and ot her antgres and advant ages of the present invention wll
becone apparentxafté >a review of the follow ng detail ed description of the
di scl osed enbodiranirg; and the appended clains. Brief Description of the

Dr awi ngs 3 he present invention is further described with
reference to thé_gﬁﬁ nded figures, 30 wherein: FIG 1is a
cross-sectional (x4 w2k 3asmdexenplary thin filmtransistor conprising a

sem conductor |ayer_ forned vja solution deposition of a conposition
containing at | &%8tX sHEPPEpty cORPriESnHolEPesn: (ina hataged dtiDjankrahpd AF

FIG 2 ds gnbhR$ed,Se6di@tabr VisaMiti@fic AARYINGLuS YRR @bMithiBd Br (hduBithii@nsi st or
conprising a sem conductor |layer formed via solution deposition of a

conposi t i ofYe8WuRAi () hgrapghed exanbrangkedpuistivies er woRRsG NI adfenylHgsoupy 68knt

i nvention; yranched or unbranched, substituted or unsubstituted alkynyl group, (vii) a substituted or

unsubstituted heterocyclic group, (viii) a cyano group, (iv) an ether group, (x) a branched

or unbranched, substituted or unsubstituted alkoxy group, (xi) a nitro group, or (xii) any



FIG 3 is a representative plot of transistor outputs (IDs and (lIpsr) as a

function of sweeping gate bias; FIG 4 is a representative thernogram
of a D f fwpepyablogcanni ng Cal orimetry graph for TI PS- p@aTASens/0$3s6W ng t he
thermal transitions; and FIG 5 is a cross-sectional view of yet

anot her exenplaiy thin filmtransistor conprising a sem conductor |ayer
formed via solution deposition of a conposition containing at |east one
pent acene conpound of the present invention. Detail ed Description of the

Invention (o adjacehh& Qrbﬁp%%llm'(@Vﬁwﬂsﬁﬁteh%r%&%%tﬁféd%%b@@ﬂh@%ﬁg%r ¢@mpounds
havi ng a chem cal structure (al'so referred to herein as "Structure A"):

Si R R1yR' z substigitedj o1 pnspftifyed hetgipesichs png; each R i ndependently conpri ses
(i) a branched g UARIRAGNEH SRS Rtﬁd%ffger(%m H&Lﬁb&&ﬂbaﬂahsf?ﬂi#mgnc%@up,

(ii) a substituted or unsubstituted cycloal kyl group,

subst i t ut edr ombranshdds t subsiiteseld cyre npaibiyrited katkyd nerogp@umnd 20babhngted or
i ndependen r ) a it
unsubst St uﬁllé%a&ﬁ%ggnéﬁ%gtﬁ}l%gpo,r '?&{l?sqgtngﬂbﬁ{en*{u%ro o)tt] etg% %Etg?:;ﬂt u tng)%gl%l oal kyl
group, or (ndblgs farngatios tof taLﬂeenbooducmmslmsthavlug @d:h@ggc Icalaiekwaallrmmy hehgitgr oup;

R' conpri ses, a branched or sti.tuted or
insubsti ¢ ar it el ORRgE St ¢ Dy Ee R B BB G R i

cycl oal | cylChairgo Wasridr iM)bikity 2B8utoBdst Mettle)d afrthaupissdns inventioad desydbalabkom)al Kyl ene

group, (v) bstlt ted 21 l.. il)vl ubstltut ed or unsubstituted
aryl al kyl eﬁg éﬁ% F ggé‘t%\ﬂ&fjﬂ (VI ii) a substituted or
unsubstiot ut ed heﬁ eﬁ@w@kerﬁplaﬂyr@meﬂmt shegreRht ne@sibn an@iredfed o pMhtacen@nd Se
in the ring

. 2.y =1or 2 = 0or 1, (x +y + z) = 3, and
each X i ndéﬁ‘@ﬂ‘&%‘ﬁ% P@VI&%W?%&A@PW%%@@@% R(?rrd)& PR ggined ghoven) Ry
branched okoMpfNeR(I¢ RBehncidls tuhbidh@dd %hb%ﬁﬁé@&dn%&ﬁsﬁﬂte@' MWy OEOMR (iifd V) a
substituted or unsubstltuted aryl roup, (v).a branched or unbranched,

subst i t ut edusttuipds @b stisvRstisgpdalckderfkyl gpigtip, (i3 sybstigutedt 05 c Hesgbgituted
unbr anched c%/@&g?l?llélf(}!‘l&%dgrgﬁp, s HRedstitudtaedy r&)ﬁ“' ) DEBYWRuted ¥ LsuBstRubpt i tuted

or unsubsti heterocyclic group, (vili) a cyano group, (iv) an ether
group, 1x) a@%k)éw@rgé@po@l)lmtﬂﬁéﬂkﬁﬁ@& Ofsﬁm%% bubgtitatgd oF unpHBibEed hatdreqychd koxy

0r oub, (X! hinfefnb el B onhr 6X\1 B iR (A ARGNL , X,0r pups form () a

substitute |tuted carbocyclic ring-or ) a substituted or
unsubsti tut ed hbt elatoggmhqrcexenm@;'y embodiment, the present invention is directed to

pentacene compounds having Structure A above wherein R, R’ and X are as defined
above; R"” comprises (i) a branched or unbranched, substituted or unsubstituted alkynyl

20 group, (ii) a substituted or unsubstituted cycloalkyl group, (iii) a substituted or
unsubstituted cycloalkylalkylene group, (iv) a substituted aryl group, (v) a substituted or
unsubstituted arylalkylene group, (vi) an acetyl group, or (vii) a substituted or
unsubstituted heterocyclic ring comprising at least one of O, N, S and Se in the ring; (x +y
+z)=3;andxory=2,andz= 1.

25 In yet another exemplary embodiment, the present invention is directed to
pentacene compounds having Structure A above wherein R, R’, R”, X, y, z, and X are as
defined above, and at least one of R or R’ comprises (i) a substituted or unsubstituted
cycloalkyl group or (ii) a substituted or unsubstituted cycloalkylalkylene group. In some
embodiment, the pentacene compounds having Structure A above wherein (a) R, R’, R”, x,

30y, z and X are as defined above, (b) at least one of R or R’ comprises (i) a substituted or
unsubstituted cycloalkyl group or (ii) a substituted or unsubstituted cycloalkylalkylene

group, and (c) the remaining groups (i.e., R, R’, R") comprise either (i) branched or



15wherein when z = 0 and R and R together conprise a conbination of (i)
branched or unbranched, substituted or unsubstituted d-C8 al kyl group(s)
and (ii) woashesgioor unbranched, substituted or unsubst PCHUSA0CR45687 al kenyl
group(s), the pentacene conpound enabl es formati on of a sem conductor |ayer
havi ng a maxi num charge carrier nobility value greater than or equal to 2.0
cnR/ V-s as neasured by the Transistor Fabrication & 20Charge Carri er
Mobility Val ue Test Method of the present invention (described bel ow).

A nunber ofnt8hdRed, ALGstHHRE ot hsHRBRKPAK REUPRILAE BN B rERANRCHNEDrAEndihe
present invention. As used herein, the various terns are defined as
fol |l ows:  substitutedgpr ypgubstiteted elery] ®IP(gk oup” refers to an al kyl group having
one or nore subgfd pheat vk AR Fur IR R ELe B ?oaed?ncp%giﬁgﬁgec&gﬁs& (FPkiGoast
substituents conprises a nonoval ent noiety 25 contal ning on r nore atons
ot her t han osapbuercahdothyaind devingiStrhetnreah owkergia By R', B hal vgemdsXigie as F) or
i n conbi_nat,i ' a (e. a gya I / ns

(o g 3 nysenusl b ESkREACE et FHECDRARIN PR Hbsclt HARRY BFTE ¢ e
al | cenyl grouptiserted aetrlsast on@apengdckrensompgniopmdhaivienigal$ne) oraneombinatomewvid: C
doubl e bond% ]qu gi%&lgyelgr #pﬁelﬁu%§&ituqﬂ}%/tr%{eg%%ﬁmherein each of

t he one oroﬁ%?e ?Bsﬂ SRS oﬁ%r?%gs&ﬁuﬁnﬁoJ§3%ﬁ¥ |%ﬁy cont ai ni ng one
or nore atons oThepretdnainveatidnoin caand fuiher digeredab tahabstedto hevigy ati Isascondi nat i on
wi t h carbon and/ or_.hydrogen ons; "a substituted al k | group”

et or st o SRR RGRY GO RE (s st ol ERBeeettf e B et eng (i)
one or or éaysuhsipriseenpcntdchRr@apouttiertistaack Ofwidien RNR', &, X181 £and
substituents conprises_a nonoval ent npjety containing one or nore atons

ot her t han *c&CHSHCcaHteh#arGgelt . asel,np%m P RBF N B OB FPTEBIE) Hat i on

wi t h car boRjcaisti®devitk ¢f 98 BctRhRMBvice componentd Cycl oal I cyl group” refers to a
ring structure consisting of 3 or npre carbon atons in the ring structure
(i.e., only car bempPBssinventiannis alsordiresied e elgFtEoniGARIEH SORPEERDD FOHEbmM of
the ring syfuctilcRih Stheb%%dla?érrc%ﬁ{pkiyestepp&ﬁ'&el%é ko ERAn@ 1AM O TS tlubGreS Al V1
group; "a substituted cycloallcyl group"” refers to a cycloal kyl group
havi ng 16ne "ereiioR eR'1R". sulisz dndye ess dprsribaskabovih evherein baelectadia ¢rvicghes or nor e
SubSt It uent, 3G oNplh &R PARY BLAB qiPL LY. GoRbahANNg one or rore at oms
(e.g., a halogén such as ¥, anal kyl group, a cyano group, a hydroxyl

group, or a car bbxgkieot mgéndioyisoky)directed to methadsf abadsiig] peythernk gorap@indy oup”
refers to N t i S re. . atons in the ring
structure ??%%Q?”%%F§gt§®§8ﬁq§?%§%’gﬁ“?%%§§?%Hﬂ§?$ﬁ@$£$§?&mherein 15 the
ring structure The pepartainechtivn am futikersdildcedntoamotiodf of heingi drgl ognoup by a

0 v2 o SRS LR, M DR SY % SRR PR REG

subst i t ut edoatingd, Gabdiateal Haeink ean eoaggdolaper theker, Scléctrogic Gieeico @bkpbadntsc yhdEne
group having one or .nore substituents thereon, rein each of the_one or
mor e subst PLEBHNS IS IR SeER R Ar S OB AL SUHTAR A MY tHERor rror
at ons (e.giyJaQ%%L@?@ﬁxsuQﬁd@&ﬁﬁﬁﬁﬂﬂva|ky| groupb a cyang group, a hydroxyl
group, or a carboxyli Ci roup) ; "a substituted aryl| .group”
refers to an ar Shﬁ‘éﬁiaeg ﬂ?‘wgq%%%%%m ehepirgsstli thg ool pyeriign hesronE oms | n
the ring stppedndberlare@ew 0Pk YolfAiROM AL MBscliptidn T thd N&1kb MEbdHiBdnts Wher ei n
a carbon atomof the ring structure is bonded directly to the silicon atom
of the sil yhdthegpisndasslaimg t he ring structure has one or nore substituents
t hereon, wherein each of the one or nore substituents conprises a

nonoval ent noi ety contai ni ng gEREDQLriTRInGf Rl PBwl8s 9-» @ hal ogen such as F,
an al kyl group, a cyano group, a hydroxyl group, or a carboxylic acid

group) ; _ The' Bdscht yivadthon i€ ARther @ bell &fiflSfctdcatd @E apfrhild figung,
structure consisting of 5 to 10 30carbon atonms in the ring structure (i.e.,
only carbon &t 8hs.in the rin structure), wherein the aromatic rin
Structure i's sepa At FPSMTRE ST Lo SeBRRDr b ImL RN T

di val ent aldyicenmcopager foghalipia Rantiog dgaeition offdcempaitdrcoatatnim 4ttlypt cal |y,
from1l to 3 carbon atons, re typically, 1 carbon atom; "a
substitute8“%W§WﬁPFVP@W@mﬁﬂgﬁﬁmﬂ%@WéPgmlﬂhan aryl al kyl ene group having one
or nore substituents thereon, wherein each of the one or nore substituents
conpri ses a nonoval ent noiety containing one or nore atons (e.g., a hal ogen
such as F, an al kyl group, a cyano group, a hydroxyl group, or a carboxylic
acid group);




"a substituted heterocyclic ring" or "a substituted heterocyclic group”
refers to a heterocyclic ring (i.e., a saturated, partially saturated, or
unsat ur atwo 2beYsswéycl i ¢ ring) conprising at | east one ®CTAS2009/086ahd Se in
the ring structure, and having one or nore 10 substituents bonded to one
or nore nenbers of the ring structure, wherein the heterocyclic ring can be
aromatic or non-aromati c and wherein each of the one or nore substituents
conprises a nonoval ent noi ety containing one or nore atons (e.g., a hal ogen
such as F, an ai?i@" 2 GK O Rros@s&YiBh GEQUEE a@otﬁwdé;&ﬁb{)larﬁrtﬁ)inﬁln?rtra%m%f boxylic
acid group) "a substituted carbocyclic ring" refers to a ring (i.e a

sat ur at ed, cpaptsiag pysesugqndegterdlayqrs formed uriss aplutien dapesiionoefy | domppsitie)

COMPr i Si NG G iflink AE1chi: Bl Tn{a‘:’&fel%ﬁﬁoﬁﬁ%f% QntARnsn, MOT € substi tuents
bonded to one or "nore nenbers of e ring structure, mhereln each of the
one or nore subEKiﬁuemﬂwﬁwgnvnW§ésOéﬁmmm@vauwnﬁ(hnaeigmﬁdm@aﬁhmm@noﬁe or
nore at Qns | ogen such as F, an al kyl group, a cyano group, a
hydroxy? gr%gﬁggg?ﬂﬁg%arboxyllc acid group); 20"a substituted al koxy group"
rﬁmstoanmmﬁW@@mmmMM@mwmmmm®$MEWM@MW@wmmmmmmmn
each of the o sub tltu ses ponoval ent noi ety
contaln|nggmﬁg%gﬂﬁﬁgggﬁm?n%%OSPﬁﬁreﬁlanngéﬁggﬁsan% hydr ogen either al one
(e.g., a hangeEKButﬁ axnﬁ}s@nmnm‘@@mhﬁnatanﬂmamdxhnpmnbﬁm1Gﬁngmnﬁaocyano

d/ d t d boxyl.i id
O o L S5 hyaATl Bo rPaEE iR ShEPRLS

branched okontsibingachedord k@R ompsydemene p@éskr)ﬂn&i’emll@ﬂe or arylallcylene
hydrocarbon and Rh is a branched or unbranched al kyl, aryl, alkylaryl or
aryl al kyl hydrocar bon; "charge carrier nmobhility value" refers to the
drift velocity of a charge lpgbe oftheInygation 5nnijed field (V/ cm
with resulting TRApHEGTEMcnH S dREctedC MR MR en@SodpiiRas 'Hé\%’g ldeh@ﬁluééﬂy test
met hod for neasuring the drift velocity of a charge carrier; "charge
carrier mobiatery (a}sQ) re%rra%tq@é?slu%ec§trbgﬁumﬁbu)| ity Vvalue Test Method I" or
charge carrier nobility value as nmeasyjref ﬁy Mobility Val ue Test Method
I1" refers to the charge carrier nobilijty Val‘ue of an el ectronic device
nmeasured using the specific Mbility Vdjue Test Method | or Mbility Value
Test Method Il as described inythe Test| Method ,section of the exanples
bel ow, and "charge carr|=r nmobi | ifty valu- as neasured by the

Transi stor Fabrication & CKarge i Vol /At ue Test Met hod" or
"charge carrier nobility val @@@@ TF&CCW Test Met hod"
refers to the charge carri QL o0 gl ectronic device that is
fabricated using a specifiC deyice condgtruction, specific device materials,
and a specific device fabricatXon neth P and i*s neasured using a specific
nmobility val ue test nethod as describedlin the Test Method section of the
exanpl es bel ow. 10Pentacene conpounds having the above chem cal structure
have begn found to possess at |east on&iRR\Rhe followi ng properties: (0

i ncreased S lubility in various organic solvents (i1) increased stability
in various “0fgdhi ¢ solvents, and (iii) increased charge carrier mobility
Vﬁl ues when useghcASR an@e@Bﬂcﬁﬂtﬂde6ﬁlplﬁseg ayed bracildest ﬁlﬁﬂﬂirﬁ:haﬁ\/shﬁfﬁne@&i? varying
the R group an grou in t ve chem.ca
structure, &Pslgstawed e@pﬂ RHp: o(t“)é BE{ied AgupE %%@Ci%ﬁﬁgampw i i ven
appl i cat i oRuHsBeugbd.or aSsuBstBRBI SRNANGMyldndyRiupi N an el ectroni c device).

For exanple, when a given pentacene conpound of the present inventionis to
be used®t o for nfahsEmndensadratiyrcomayiess (na drpnghedc of Bplrenched;jsubstigieqyor 5
trans'Storhnm%ﬁﬁmé@h&bﬁﬂgﬁkp @Sa@ﬁ@&ﬁﬁ&ﬁ&wﬁ@ﬂﬁQMﬂﬁc&&oﬁ%ﬁkﬁ&k>or@n)a

t wo- di nensi onal stacking (i 2-D stacking of 20 “indiVvidual nolecul es)
is an |npoﬁﬂ%ﬁﬂmﬁbm§Pﬂ@ﬁé@ﬁ@%mkmﬂwbﬁ0§mgﬁﬂwpcantIy i npacts the charge
carrier nobilitynv f 4h I n e

di mensi onal ity %f %hgisgh(l ﬁMﬁ&%H k%%g1§ﬁgg§@ogpggg&'%égasﬁﬁgnﬁgaghred by
exam nat i onngpbstithted glkmgﬁ%r@lrwéluma sxbmyed;mr uoubitisntef celgilyegromt @nlial . A

gi ven terial; h nal b

Char actar | e bl Du b ALIRIR AR Bl (il RSB anfBPE 0O L2
aromati c carbon atons Iylng roughly mnthln the van der Waal s radi us of
carbon (ideally, 3.3 - 3.6 A). Cbnside&ing a sinple pentacene unit, any
material that has two aromatic cl ose-contact nei ghbors above the plane of

t he pentacene ring, and two aromatic cl ose-contact nei ghbors bel ow t he

pl ane of the pentacene ring is typically classified as having

t wo- di nensional interactions or 2-D stacking. It is generally the case that
30nol ecul es with two-di mensi onal pi-stacking yield superior thin-film

nor phol ogi es for field-effect transistor applications, along with inproved




10suitabl e for use as an acceptor in a photovoltaic device. Many of

t he pentacene conpounds of the present invention exhibit 2-D or 1-D

st acki ng.wpRomvasstweéen di scovered that pentacene conpoun®#€TR®QINH4I6hEe above
chem cal structure (i.e., Structure A), wherein RR R and R' together
conprise two sterically simlar groups and one sterically dissimlar group
exhibit 2-D stacking in the crystalline, solid 15 state as shown, for
exanpl e, by single crystal x-ray analysis. In these conmpounds, it is

bel i eved t @@&stﬁu'fb% &rﬂ@su%&tﬁﬁtb&%ly aYkyRin E”fg}o%ﬁ @i PP B GosPaE haih)l asuBlingld ed on
opposite sides of | ane exténding though the five ring structure of the
pent acene @bW@bﬁﬁl@He Tqrecwlxen@@mpeamgyt léfisg@lierﬁflchﬁ\l §raég§e ithepeg:i al |y
oriented substaptijg.by within or along (i.e., substantially parallel wth)
t he pl ane contalnlng fhe five ring structure of the pentacene 20conpound in
the nystal |iney=dolri2d state. Consequently, in one desired

enbodi mgnt the g%qﬁqcene conpounds of the present invention have Structure
A, wheréin R and R' t oget her conprise two sterically simlar groups and
one sterlcally dwssﬁmb#éIM@roup, the two sterically simlar groups belng
oriented on opposit ane tendi ng. t oy five.r

structure of th%“%éﬁ <%gw§1§@ r&f%% ¢ th )gpl(% Klﬁ d@%%%‘ ar group
bei ng substualhhchkd,subdtithied ot tmeupduaned lkylegrou, i) pl abeitgted baumubgititte five
ring structure of the pe cene conpou d). her desired enpodi nent,
* he pent acal CegRSLETarT PrETEPERa o vehor B REOE LRI GPe. R her oi n
R R amﬂ Wanbl&@;ﬂr fmﬁbraﬁ(ihlé@rslusﬂltﬁtwoﬂ @eibstitiedd ﬂlf}ihypgroﬂp’}(dw@nﬁs@gﬁﬁtbdrfbf ar |
group, the t i denti cal groups ng oriente osite sides a pl ane
ext endi ng e Hutﬁ%éetﬁoe@ 19.%%@&9%%&@% O(I’chénE) ?ﬁ%&%@@o@fwg , and
the di ssi Mo} afbredcAtd sQ@S‘tlﬂﬁeds&hﬁlklﬁd@ﬁﬂuﬁzh'aYko% tohiup, txdea ﬁltr@r};‘?ot(p' o€(xii) kide Pl ane
containing the five ring structure of pent acene conpound). For
exanmpl e, t KEC BdACAE SnE OB R¥)s? mntﬁm@rtwbﬁ%ﬁw |Cé%bPC>@Pealﬁs OE O¥at ent | y

bonded to tst&%tlt%'ted%trQﬁguﬁHﬁﬁe@ﬁetW@%@hé Andi) two R groups independently
conprise a branched or unbranche subsStituted or unsubstituted al k

group, 6r (a) (i Whereipovirn zgr G epkR ﬁﬂdﬂ@p‘@%@ﬁtcpvpewrﬁmqn@elaaOIb@%@chﬁe@h

unbr anched, t

emai i ng. 5t otk 8hiRied 0F YL LS E RN gOLONPand 1 LTS o

(i) a bran@h@@n@mdumbmamwhedna@abmtdE@ﬂﬁhﬂbmyUH@uﬁetﬁeu@edwmi«yﬁmgmbup, and
ii) a bra C t s t rou

|( o 2)  ber e%;g aHl'ESR toﬁ'a J&% onéﬁé?osf %je%%qng lﬁ&%{ o éh&%gn%l E}% %Pf ggr ngs

coval ently vhﬂom (geadtet‘ chahhae eeual ads @m m%évelasu ntehmmcuugnmecmnsg;mlﬁabnmnm& se (i)

o S meist iRl atiE BRI, Vafs rr MEaE ke e iRs Rt tibebeimdon 1

conpri se a subshi Itumbet obtchey art hiddd 1ol Jes@ibs ubxspdntaddtedcontpotiinds Wi shd prafeadl

cycloalkyl ubstituted or un ub itutcd
O o L iR At i aheatoly b bof Ge B B BN *Sonr opyl group). In

sone exenpl ary m@ditﬁte@alﬁyl grh@”peetsa@afwkﬂ(gmplmdﬁg biv@ nf¥ré LbbtikhentA 15
wherein (a) z =0 each |ndependently conprises (i) a branched or

unbr anched &8s #l%rﬁeeeclaro (s Ui PRCeYDLIURS cmpyiFosgr BIapoVa(n} oty

substi tyt edoQhinHBIHOST b lafhsCiteh @b k&¥bn ﬂ{inifﬁrog@ﬁ eiftel hlbn@(e?u Reidttt ed or
unsubstituted cycl oal kyl al |l cyl ene group, and (c) each ependent | y
conpri ses AUBrBNOMEIN SPMIRBEGNYHE Garben | ¢ GYEY HPun maties hydrogeacptans c8

al kenyl group. ahﬁh&gﬁgguﬁ5@§@M@ﬁ¥h@ﬂypgbﬁ®ntS the pentacene conpounds may
20 have Structure each R independently conprises a
branched, unsub$tjubstitteted alk g@n@ urpfelimtman glknmd &rayp haenpiisone(at }noea@:g)
|ndependen r t y r ng n
car bon at ot ERTRE: 63 Pt @RGRE Qo HISHORLILIfladth EERK o G A

exenpl a¥y ewbodinebmprifche Ipemvabehmomwrp@nmnﬁsg haver Srare etamrseother2Bamher ei n
(i) z = nde 0 d
substltuent&haV|n ngmiggﬁpg gﬂﬂ A%ﬁﬁbﬁghdl '%ﬁgbgﬁgﬁggﬁlg%?$§£§%hprlses a
branched al kene substltuent haV|ng n carbon atons, and (iv) 3 < n < 8. For
exanpl e, in sone enbodi nents, the pentacene conpounds have Structure A
wherein R conprises isopropyl, and R conprises isopropenyl. In sone
exenpl ary enbodi ments, the pentacene 30conpounds of the present invention
have one of the follow ng chem cal structures: WO

2009/ 155106PCT/ US2009/ 045667 Ilorll1 It has been discovered that
conpounds | and Il provide (i) exceptional solubility and stability in a
vari ety or organic solvents, and/or (ii) exceptional nobility values when 5
incorporated into a given electronic device (e.g., a TFT). Conpound 1,
nanmely, 6,13- bis(allyldiisopropylsilylethynyl)pentacene (also referred to



10 in a sem conductor |layer of an electronic device, conpound | can
provi de the sem conductor |ayer with a maxi num charge carrier nobility

val ue of goearsrsstoban 2.0 cnR/ V-s (or greater than abouPCR/UB2@RIE6ST or
greater than about 2.2 cn2N-s, or greater than about 2.3 cnR/V-s, or
greater than about 2.4 cn2N-s) as neasured using the TF&CCM V Test Met hod
(descri bed bel ow). 15Conmpound II, nanely, 6,13 -bi s(i sopropenyl di

i sopropyl si lylethynyl)pentacene (also referred to herein as "IP-DI PS"),
provides sim | ar, GEYAKERIRSny? LRiupk RANO tPANHRRS NG ok FRAGSors Us hoRSC-

TI PS- pent acene. Wien used in a sem conductor [ayer of an el ectronic device,
conpound | [C &ials bondy perk(ii) hac eianpie sHeptitrcets theagpar whdrein cechrafhaenn o mrge
carrier nobjlj: . g 1% r r bout
571" iy V- bt TG SORGRRIont BRe S EER R WEm @ B o b Ot

3. 3 cnN- s carbpn grddndengen (vagn Hboter ot @mpéonlyation withzeiboe andigi hydrogere
TF&CCNVSTea{ngbthod. In addition to Conpounds I, Il and Ill, Table 1
beIOM/proviébs’a nunber of exenplary pentacene conpounds of the present

i nvention havi ntp ¢tyhbabipbgreuphrefiersgak risg stoeture eqnsisties &inor(nidre garborGatorand

(i) (2) atfgast one R.qrouncompli a6, & pranched. ar, wabranched, won
substi t ut ed oF "URSUBSY Ut ed Ct2 a??@f g?ou SEEC?F%Y%%? at°8441°one R
group conpuf gesing stucarre kedndsd dinebiiyeto alivedljcos utoat o fithid €ig1 goupnsubsti t ut ed

C2- C8 al kenyl group. .. shown in Table 1 | ow, .ot her exenpl ary

pent acene. compouhasied fec ALY SRS BT LRI Bt HEAHE (L ShBoLnds
havi ng 18t r ygdstifuentéthevdogveliofeif @dchDf the@ne (bhoR gk tildchte dapgidenoovatmpr i ses a
branched or unbranched, substituted or unsubstituted aI@%l group (for
exanpl e, aMISCEOUHRYE OFF SUPFPIC A (- pgerRsughpgdp ah AdNt VIR SiPISes a
substitute%ngbﬂmggﬁgﬁt@%ﬂg@aagyg&@ﬁb&Mh gupyp. For exanple, desired

pent acene conpounds have Structure A mﬁerejn (1) two R gro%ps

i ndependent |y conpyalesdoialistins pioungrisfepsto & mae RIuGEipRonsE@eLish 9 Mot ed or
unsubsti t Utefof Y©OhQRA ARYngHuALRrc ¢ C ¥l QRIBLY Ltols Al Rhe 1Y rnefsd) aRlan 2

cycl opropyl group, such as Conpound |V shown below, or (2) oné R group
conpri sés  &e tingoyuetyid is genatated thegdlisoRatogr ofiipe sihd epandert diyaledapyl ses a
substitute ! i : p, nore
desirably, g%éac%ﬂ/% F L%)Epwrﬁ‘t&io TOBS?%‘SQ gsa%}%hgg,gﬁ il glouf] 194 5%%%‘1“%\%&% VX 111
As shown i typiaby.el certivalagm); ot her exenpl ary pent acene conpounds of the

present 15 inventi J neil ne ayi r r

wherein (a) z :naO,S%Btu?e(eaaé&?oﬁ&?%y%peeﬁogerﬁm%g%ﬂgor iqsxscli]o%l@lijall)lgﬁ%nt% u?‘ 8@ or
unsubst i t uhedng yod oahkyd suhstaupts tiadol,cyheecic kadR ofi thdependenid yubsiiogpns ses a
branched or unbranchedvﬁ%ﬂbstitutzd .or unsubsti%utqg algﬁ%él %{ﬁé/F(e'g" a
C2-C8 al’l c&RYPTGY BUpY™Y MDY MES G M PE A AR & dolpstha® 5 have
Structure Analidiiegrenp) a tyumo lSr@ipoaipgiréxytigpem de atipoatiopeil gmup); subst i t ut ed or
unsubstituted cycl opropyl group, or. cycl obutyl group, desirably,_a

cycl opropyl gr oubs PHHEERen LRI Sl R BAmRHEaT T IHIE SREFREE YL BT ¢ ut ed
or unsubst icarubleakoﬁﬁime aih K efydturg (i_Y l@n@wgfboﬁﬁtorr@fin H&ﬁﬁﬂg@ﬁ@ﬁﬁﬂe), @herth Hr an

i sopropeny roup havjng one or nore substjtuents thereon_ (e.g., one or
more F at oﬁ%'%sm AR H b PR 'S 8?&?8&1?8“'%%‘9 ﬂvfa%ﬂéPOStaf%tDUﬁ% S efiier ei n one
R groupsCoRRd kizashedst@ibiaft hds WnB br @ord! Bbdiigbitd teRSn CYRIrARIARY bf HE QHP oPT

cycl obutyl group, 25desirably, a cyclopropyl group, and two R groups
conprise bmﬁﬁ%H&H“@@“hﬁﬁﬂ@ﬁé%éé%moﬁﬁm%fW%%H@%1%¥m&ﬁ§®B%F$FM¥@HSgﬂii%

al kenyl  gr QUBScrSHER a8, anl FQRLRRENY by9b QHRP, Qﬁydréeé,waaﬁrbﬁa QHRUPS: @i ng one
or nore substituents thereon (e.g.,” one or nore at ons) . O her

exenpl ary gEwpPicene conpounds of the present invention include pentacene
conmpounds havin ) i L= R endent |y
compri ses a subel UM e IR BlmfuTall P Raibd BOEREAEN Y
cycl opriopylkcabomytomnen geaing)strhetwicr(ge.aody vabenatomb lay the mmgspadere), witeteif r om 1
to 3 carbon_a . t.ypi |y, r t . |l en t ween each
cycloalkangwn%ge ?:%ég&&%h%ééfé%%%%%ﬁg?%éﬁgkgggﬁa?Ff?%g%5%’g%?mgﬁﬁwfc) each
R independently conprises a branched or unbranched, substituted or
unsubstituted C2-C8 al kenyl group (e.g., an isopropenyl group). Exenplary
10 pent acene conpounds may have the above chemi cal structure, wherein two R
groups independently conprise a substituted or unsubstitutcd

cycl opropyl net hyl ene group or cyclobutfﬁnethylene group, desirably, a

cycl opropyl nmet hyl ene group, and R conprises a branched or unbranched,
substituted or unsubstituted C2-C8 al kenyl group such as, an isopropenyl
group or an isopropenyl group having one or nore substituents thereon
(e.g., 15 one or nore F atons). Another pentacene conpound may have the
above chem cal structure, wherein one R group conprises a substituted or



Conpound x equals: 3, equals: Ris: R is: | 2 1 isopropyl/isopropyl
Il 2 1 isopropyl/isopropyl isopropenyl I1l 1 2 isopropyl isopropenyll
i sopr opertyD 2009/155106 PCT/US2009/045667
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divalent alkylene spacer group having one or more carbon atoms (typically, from 1 to 3
carbon atoms, more typically, 1 carbon atom);

“a substituted arylalkylene group” refers to an arylalkylene group having one or
more substituents thercon, wherein each of the one or more substituents comprises a
monovalent moiety containing one or more atoms (e.g., a halogen such as F, an alkyl
group, a cyano group, a hydroxyl group, or a carboxylic acid group);

“a substituted heterocyclic ring” or “a substituted heterocyclic group” refers to a
heterocyclic ring (i.e., a saturated, partially saturated, or unsaturated heterocyclic ring)
comprising at least one of O, N, S and Se in the ring structure, and having one or more
substituents bonded to one or more members of the ring structure, wherein the
heterocyclic ring can be aromatic or non-aromatic and wherein each of the one or more
substituents comprises a monovalent moiety containing one or more atoms (e.g., a halogen
such as F, an alkyl group, a cyano group, a hydroxyl group, or a carboxylic acid group);

“a substituted carbocyclic ring” refers to a ring (i.c., a saturated, partially saturated,
or unsaturated carbocyclic ring) comprising C in the ring structure, and having one or
more substituents bonded to one or more members of the ring structure, wherein each of
the one or more substituents comprises a monovalent moiety containing one or more
atoms (e.g., a halogen such as F, an alkyl group, a cyano group, a hydroxyl group, or a
carboxylic acid group);

“a substituted alkoxy group” refers to an alkoxy group having one or more
substituents thereon, wherein each of the one or more substituents comprises a monovalent
moiety containing one or more atoms other than carbon and hydrogen either alone (e.g., a
halogen such as F) or in combination with carbon (e.g., a cyano group) and/or hydrogen
atoms (e.g., a hydroxyl group or a carboxylic acid group);

“an ether group” refers to a —R,-O-Ry, radical wherein R, a branched or unbranched
alkylene, arylene, alkylarylene or arylalkylene hydrocarbon and Ry is a branched or
unbranched alkyl, aryl, alkylaryl or arylalkyl hydrocarbon;

“charge carrier mobility value” refers to the drift velocity of a charge carrier
(cm/s) per unit applied field (V/cm) with resulting measurement units of “cm”/V-s” as
measured using any test method for measuring the drift velocity of a charge carrier;

“charge carrier mobility value as measured by Mobility Value Test Method I” or

“charge carrier mobility value as measured by Mobility Value Test Method II” refers to

al 1yl



IV 2 1 isopropyl/isopropyl cyclopropyl VI 2 1 isopropyl/isopropyl
2, 3-di met hyl cycl opropyl VII 2 1 isopropyl/isopropyl 2,2,3, 3-
t et r amet Wbeyedisproopyl VIIIT 2 1 isopropyl/isopropyl cyclPCBaisge09i0xs6g7
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the charge carrier mobility value of an electronic device measured using the specific
Mobility Value Test Method 1 or Mobility Value Test Method 1T as described in the Test
Method section of the examples below; and

“charge carrier mobility value as measured by the Transistor Fabrication & Charge
Carrier Mobility Value Test Method” or “charge carrier mobility value as measured by the
TF&CCMV Test Method” refers to the charge carrier mobility value of an electronic
device that is fabricated using a specific device construction, specific device materials, and
a specific device fabrication method, and is measured using a specific mobility value test
method as described in the Test Method section of the examples below.

Pentacene compounds having the above chemical structure have been found to
possess at least one of the following properties: (i) increased solubility in various organic
solvents, (ii) increased stability in various organic solvents, and (iii) increased charge
carrier mobility values when used as a semiconductor layer in clectronic devices. By
varying the R groups (i.e., R, R’ and R") and X groups in the above chemical structure,
one can tailor a resulting pentacene compound for a given application (e.g., as a
semiconductor layer in an electronic device).

For example, when a given pentacene compound of the present invention is to be
used to form a semiconductor layer in an electronic device (e.g., a transistor), the ability of
the pentacene compound to exhibit two-dimensional stacking (i.e., 2-D stacking of
individual molecules) is an important consideration, which significantly impacts the
charge carrier mobility value of the resulting semiconductor layer. The dimensionality of
a given stacking configuration may be easily measured by examination of the single-
crystal X-ray structure of a given material. A given material exhibiting two-dimensional,
or “brickwork™ stacking is characterized by having four nearest neighbors with contacts
between aromatic carbon atoms lying roughly within the van der Waals radius of carbon
(ideally, 3.3 — 3.6 A). Considering a simple pentacene unit, any material that has two
aromatic close-contact neighbors above the plane of the pentacene ring, and two aromatic
close-contact neighbors below the plane of the pentacene ring is typically classified as
having two-dimensional interactions or 2-D stacking. It is generally the case that
molecules with two-dimensional pi-stacking yield superior thin-film morphologies for

field-effect transistor applications, along with improved charge transport in the solid state.

-10-



1 isopropyl/isopropyl cyclopentyl X 2 1 isopropyl/isopropyl 2-but-1 -enyl
Xl 2 1 isopropyl/isopropyl cis-2-but-2-enyl XII 2 1 isopropyl/isopropyl
3- but - 1- aNQ[200MES®O09/ 155106 PCT/ US2009/ 045667 Xl 11 1 2 PCT/US2009/045667

A common alternative case is one-dimensional stacking, where each molecule
possesses one stacking neighbor above the plane of the aromatic ring, and one stacking
neighbor below the plane of the aromatic ring. The separation between the aromatic faces
is preferably within the van der Waals radius of carbon (ideally, 3.3 - 3.6 A). In general,

5  materials that exhibit 1-D stacking do not yield high-performance transistors when cast
from solution, but these materials do exhibit enhanced performance in photovoltaic
devices. Such 1-D stacked materials are suitable for use, for example, as the donor
component of a photovoltaic device, or when substituents X are electron-withdrawing
groups (e.g., fluoro, fluoroalkyl, cyano or nitro groups), the materials are potentially

10  suitable for use as an acceptor in a photovoltaic device.

Many of the pentacene compounds of the present invention exhibit 2-D or 1-D
stacking. It has been discovered that pentacene compounds having the above chemical
structure (i.e., Structure A), wherein R, R’ and R" together comprise two sterically similar
groups and one sterically dissimilar group exhibit 2-D stacking in the crystalline, solid

15 state as shown, for example, by single crystal x-ray analysis. In these compounds, it is
believed that the two sterically similar groups are spatially oriented on opposite sides of a
plane extending though the five ring structure of the pentacene compound, while the
sterically dissimilar group is spatially oriented substantially within or along (i.e.,
substantially parallel with) the plane containing the five ring structure of the pentacene

20 compound in the crystalline, solid state.

Consequently, in one desired embodiment, the pentacene compounds of the present
invention have Structure A, wherein R, R’ and R"” together comprise two sterically similar
groups and one sterically dissimilar group, the two sterically similar groups being oriented
on opposite sides of a plane extending though the five ring structure of the pentacene

25 compound, and the sterically dissimilar group being substantially within the plane (i.c., the
plane containing the five ring structure of the pentacene compound). In a further desired
embodiment, the pentacene compounds of the present invention have Structure A, wherein
R, R’ and R" together comprise two identical groups and one dissimilar group, the two
identical groups being oriented on opposite sides of a plane extending though the five ring

30 structure of the pentacene compound, and the dissimilar group being substantially within

the plane (i.e., the plane containing the five ring structure of the pentacene compound).
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| sopropyl cycl opropyl/cyclopropyl XV 1 2 isopropyl allyliallyl XvI 1 2
cycl opropyl isopropenyl/ isopropenyl XVIIlI 1 2 2,3 -dinethylcyc | opropyl
i sopr operlyD200%1581960penyl XI X 1 2 2,2, 3, 3- tetranet hyl cPCTase@npis667

i sopropenyl | isopropenyl

For example, the pentacene compounds may have two identical groups covalently
bonded to the Si atom such as when (a)(i) two R groups independently comprise a
branched or unbranched, substituted or unsubstituted alkyl group, or (a)(ii) two R’ groups
independently comprise a branched or unbranched, substituted or unsubstituted alkenyl
5 group, and (b) the remaining group bonded to the Si atom comprises a substituent other
than (i) a branched or unbranched, substituted or unsubstituted alkyl group, and (ii) a
branched or unbranched, substituted or unsubstituted alkenyl group. In other
embodiments, the pentacene compounds may have two identical groups covalently bonded
to the Si atom wherein the identical groups comprise (i) a substituted or unsubstituted
10 cycloalkyl group or (ii) a substituted or unsubstituted cycloalkylalkylene group, and the
dissimilar group comprise a substituent other than (i) a substituted or unsubstituted
cycloalkyl group and (ii) a substituted or unsubstituted cycloalkylalkylene group (e.g., an
allyl group or an isopropyl group).
In some exemplary embodiments, the pentacene compounds have Structure A
15 wherein (a) z = 0, (b) each R independently comprises (i) a branched or unbranched,
substituted or unsubstituted C1-C8 alkyl group, (ii) a substituted or unsubstituted
cycloalkyl group, or (iii) a substituted or unsubstituted cycloalkylalkylene group, and (c)
each R’ independently comprises a branched or unbranched, substituted or unsubstituted
C2-C8 alkenyl group. In these exemplary embodiments, the pentacene compounds may
20  have Structure A wherein (a) z = 0, (b) each R independently comprises a branched,
unsubstituted alkyl group having » carbon atoms, (¢) each R’ independently comprises a
branched, unsubstituted alkenyl group having » carbon atoms, and (d) 3 < » < &, more
desirably, n =3 or 4.
In some exemplary embodiments, the pentacene compounds have Structure A
25 wherein (i) z = 0, (ii) each R independently comprises a branched alkane substituent
having » carbon atoms, (iii) each R’ independently comprises a branched alkene
substituent having » carbon atoms, and (iv) 3 < » < 8. For example, in some
embodiments, the pentacene compounds have Structure A wherein R comprises isopropyl,
and R’ comprises isopropenyl. In some exemplary embodiments, the pentacene

30 compounds of the present invention have one of the following chemical structures:
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XX 1 2 cycl obutyl isopropenyll isopropenyl XXI 1 2 cyclopentyl isopropenyl/
i sopropenyl XXII 1 2 2-but-1-enyl isopropenyl/ isopropenyl O her
exenpl ar ywpeprassrwe conpounds of the present invention PAEIUSA@IPEIbACENE
conmpounds having Structure A, wherein (a) x or y =2, and (b) z = 1. A
nunber of exenplary pentacene conpounds of the present invention having
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in Table 2, exenplary pentacene conpound of the present invention include
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: g ubstituted

aryl al kyl ene group, (i)) an acetyl group, or (v) a substiftuted or
unsubstituted heterocyltlic ring conprisling at least one df 0, N, S and Se
in the ring. Desirabbysi~t he pentacene)cgrpounds have Styiusfure A, wherein
(a) each R independehilhy=onprises a 15\bt anched or unfraached, substituted
or unsubstituted C1-C8 al kyl group (or Cl-C4 al kyl group); (b) each R
i ndependent|y conprisés a branched or uhbranched; substiliuted or
unsubsti tut ed - | kenyl [ - ken r QuURP).; an ). R
conprises (i) gﬁ6%%H%ﬁé§“%¥ﬂ%%gﬁgﬁéﬁ%ﬁg@ﬁﬁ%gfﬁ ﬁ?%%(%fmﬁgéﬁggﬁgPéﬁﬁﬁ C2-C8
al kynyl gr enpstalfility)in @ vatidig tor bighid s@raiits, gndioniii) ¢xdeptional molityi talicedhar

unsubstituted aryl al kyl ene oup,. (Jj v n ac roup, . or (v

aobertt it eaeomSmely b Eita PRt Sty P 2 TRt o kSRSIRLL Frtihetione o
0, N, S andisGalyidiisdph&ylsilpigthynyl)pentatone Ghleo exferqal R hereiifaedamgnbdiPSpemhacene
conmpounds of the present. invention_ include pentacene conpounds havi ng
Structure ee‘vﬁé‘?@it% e’?hd'?“ RS %Oﬂ‘ﬁ’é‘%ﬁ‘aéﬁ‘i‘ 1y OE%HlﬁrsioéVégtS’ SUSR 4R AT or

unbr anched cospdred it uz&n@dnoﬁsenweéub&smﬁdah@sd sidh- 68 TAPdPdnt@eRUP Ko ex@pled al kyl
group such as an |sopro? ,grouE%; (b) each R independently conprises a

branched orOURYIEA&perolubBE 1 telyersofap @ prdgsithanedoe 2] cgea Wesiusedr oup

(or C2-64 in a semiconductor layer of an electronic device, compound I can provide the

tute d

group; and
Nsubsid s

semiconductor layer with a maximum charge carrier mobility value of greater than 2.0
cm’/V-s (or greater than about 2.1 cm?/V-s, or greater than about 2.2 cm?/V-s, or greater
than about 2.3 cm?/V-s, or greater than about 2.4 cm?®/V-s) as measured using the
TF&CCMYV Test Method (described below).

15 Compound II, namely, 6,13-bis(isopropenyldiisopropylsilylethynyl)pentacene (also
referred to herein as “IP-DIPS”), provides similar advantages over known pentacene
compounds such as TIPS-pentacene. When used in a semiconductor layer of an electronic
device, compound II can provide the semiconductor layer with a maximum charge carrier
mobility value of greater than 3.0 cm®/V-s (or greater than about 3.1 cm?®/V-s, or greater

20 than about 3.2 cm?V-s, or greater than about 3.3 cm®/V-s, or greater than about 3.4
cm’/V-s) as measured using the TF&CCMYV Test Method.

In addition to Compounds I, I and III, Table 1 below provides a number of
exemplary pentacene compounds of the present invention having the above chemical
structure, wherein (i) z = 0, and (ii)(a) at least one R group comprises a branched or

25 unbranched, substituted or unsubstituted C1-C8 alkyl group or (ii)(b) at least one R’ group

comprises a branched or unbranched, substituted or unsubstituted C2-C8 alkenyl group.
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having Structure A, wherein %ﬂeaoh R i ndependent|ly conprises a branched

or unbrancﬁ@@aS§GH@PW¥U¥%Hs8Wn S¥bstituted C-C8 al kyl group (or O -C4

al kyl group such as an isopropyl group); (b) e h R independently

conpri ses a branched or unbragched, substitut unsubstituted C2-C8

al kenyl group (or C2-C4 alk I—<3r oup such as *glly] 25 group); and
(c)R' conprises a substituted, or unsubstituted eterocyclic ring conprising
at least one of 0, N, S and Sq in the ring exanpl e, exenpl ary
conpounds XXVII to XXX @nt Tabl e 2. Exenpl ary
Pent acene Conpounds We potind x equal s: Y equal s:

Rork' is: R' is: XXlIIlI "Ppropylllsopropyl”propynyl
X<l
v XIIT

As shown in Table 1 below, other exemplary pentacene compounds of the present

15 invention include pentacene compounds having Structure A, wherein (a) z =0, (b) each R
independently comprises a substituted or unsubstituted cycloalkyl group, and (c) each R’
independently comprises a branched or unbranched, substituted or unsubstituted alkenyl
group (e.g., a C2-C8 alkenyl group). For example, a given pentacene compound may have
Structure A, wherein two R groups independently comprise a substituted or unsubstituted

20 cyclopropyl group or cyclobutyl group, desirably, a cyclopropyl group, and R’ comprises a
branched or unbranched, substituted or unsubstituted C2-C8 alkenyl group such as, an
isopropenyl group or an isopropenyl group having one or more substituents thereon (e.g.,

one or more F atoms). Another pentacene compound may have Structure A, wherein one

R group comprises a substituted or unsubstituted cyclopropyl group or cyclobutyl group,

25 desirably, a cyclopropyl group, and two R’ groups comprise branched or unbranched,
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XXIV 2 0 isopropyl/isopropyl p-tolyl XXV 2 0 isopropyl/isopropyl benzyl
XXVI 2 0 isopropyl/isopropyl acetyl WO 2009/ 155106PCT/ US2009/ 045667 XXVI |
2 0 i soprwpybiyisssopyl 2-funny] XXVIII PCT/US2009/045667

substituted or unsubstituted C2-C8 alkenyl groups such as, isopropenyl groups or
isopropenyl groups having one or more substituents thereon (e.g., one or more F atoms).

Other exemplary pentacene compounds of the present invention include pentacene

compounds having Structure A, wherein (a) z = 0, (b) each R independently comprises a

5  substituted or unsubstituted cycloalkylalkylene group (e.g., a cyclopropylmethylene

group) having a divalent alkylene spacer with from 1 to 3 carbon atoms, typically, 1

carbon atom (e.g., methylene), between each cycloalkane moiety (e.g., cyclopropane) and

each silicon atom, and (c) each R’ independently comprises a branched or unbranched,

substituted or unsubstituted C2-C8 alkenyl group (e.g., an isopropenyl group). Exemplary

10  pentacene compounds may have the above chemical structure, wherein two R groups

independently comprise a substituted or unsubstituted cyclopropylmethylene group or

cyclobutylmethylene group, desirably, a cyclopropylmethylene group, and R’ comprises a

branched or unbranched, substituted or unsubstituted C2-C8 alkenyl group such as, an

isopropenyl group or an isopropenyl group having one or more substituents thereon (e.g.,

15 one or more F atoms). Another pentacene compound may have the above chemical

structure, wherein one substituted or unsubstituted

R group comprises a

cyclopropylmethylene  group or  cyclobutylmethylene  group, desirably, a
cyclopropylmethylene group, and two R’ groups comprise branched or unbranched,
substituted or unsubstituted C2-C8 alkenyl groups such as, isopropenyl groups or

20  isopropenyl groups having one or more substituents thereon (e.g., one or more F atoms).
See, exemplary compounds in Table 1 below.

Table 1. Exemplary Pentacene Compounds Where z= 0

Compound x ) Y ) R R
equals: | equals: is: is:
1 2 1 isopropyl/isopropyl allyl
11 2 1 isopropyl/isopropyl isopropenyl
11 1 2 isopropyl isopropenyl/ isopropenyl
v 2 1 isopropyl/isopropyl cyclopropyl
VI 2 1 isopropyl/isopropyl 2,3-dimethylcyclopropyl
. . 2,2,3,3-
VIl 2 | isopropyl/isopropyl tetramethyleyclopropyl
VIII 2 1 isopropyl/isopropyl cyclobutyl
X 2 1 isopropyl/isopropyl cyclopentyl
X 2 1 isopropyl/isopropyl 2-but-1-enyl
XI 2 1 isopropyl/isopropyl cis-2-but-2-enyl
XII 2 1 isopropyl/isopropyl 3-but-1-enyl

-15-




2 0 isopropyl/isopropyl N-methylpyrrol-2-y1l XXIX 2 0 isopropyl/isopropyl
2-thienyl XXX 2 0 isopropyl/isopropyl 2-selenophenyl XXXI 0 2 allyliallyl

propynyl WsZpeo/Bs@eal | yliallyl PCT/US2009/045667

X1 1 2 isopropyl cyclopropyl/cyclopropyl
XV 1 2 isopropyl allyl/allyl

XVI 1 2 cyclopropyl isopropenyl/ isopropenyl
XVII 1 2 2,3-dimethylcyclopropyl isopropenyl/ isopropenyl
XIX 1 2 2,2,3,3- isopropenyl/ isopropenyl

tetramethylcyclopropyl

XX 1 2 cyclobutyl isopropenyl/ isopropenyl
XXI 1 2 cyclopentyl isopropenyl/ isopropenyl
XXI11 1 2 2-but-1-enyl isopropenyl/ isopropenyl

Other exemplary pentacene compounds of the present invention include pentacene
compounds having Structure A, wherein (a) x or y = 2, and (b) z = 1. A number of
exemplary pentacene compounds of the present invention having this type of silyl

5  substitution are shown in Table 2 below.

As shown in Table 2, exemplary pentacene compound of the present invention
include pentacene compounds having Structure A, wherein (a) each R independently
comprises a branched or unbranched, substituted or unsubstituted C1-C8 alkyl group; (b)
each R’ independently comprises a branched or unbranched, substituted or unsubstituted

10  C2-C8 alkenyl group; and (c) R” comprises (i) a branched or unbranched, substituted or
unsubstituted C2-C8 alkynyl group, (ii) a substituted aryl group, (iii) a substituted or
unsubstituted arylalkylene group, (iv) an acetyl group, or (v) a substituted or unsubstituted
heterocyclic ring comprising at least one of O, N, S and Se in the ring. Desirably, the
pentacene compounds have Structure A, wherein (a) each R independently comprises a

15 branched or unbranched, substituted or unsubstituted C1-C8 alkyl group (or C1-C4 alkyl
group); (b) each R’ independently comprises a branched or unbranched, substituted or
unsubstituted C2-C8 alkenyl group (or C2-C4 alkenyl group); and (c) R"” comprises (i) a
branched or unbranched, substituted or unsubstituted C2-C8 alkynyl group, (ii) a
substituted aryl group, (iii) a substituted or unsubstituted arylalkylene group, (iv) an acetyl

20 group, or (v) a substituted or unsubstituted heterocyclic ring comprising at least one of O,
N, S and Se in the ring.

In one exemplary embodiment, pentacene compounds of the present invention
include pentacene compounds having Structure A, wherein (a) each R independently
comprises a branched or unbranched, substituted or unsubstituted C1-C8 alkyl group (or

25 C1-C4 alkyl group such as an isopropyl group); (b) each R’ independently comprises a
branched or unbranched, substituted or unsubstituted C2-C8 alkenyl group (or C2-C4
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p-tolyl VCXIII 0 2 allyliallyl benzyl XXXIV 0 2 allyliallyl acetyl XXXV 0 2
allyliallyl 2-furanyl XXXVI 0 2 allyliallyl N-nethyl pyrrol-2-y1 XXXVII 0
WO 2009/155106 PCT/US2009/045667

alkenyl group such as an allyl group); and (c) R” comprises a substituted or unsubstituted

aryl group (e.g., a p-tolyl group or p-methoxyphenyl). See, for example, exemplary
compounds XXIV and XXXII in Table 2.

In another exemplary embodiment, pentacene compounds of the present invention

5 include pentacene compounds having Structure A, wherein (a) each R independently

comprises a branched or unbranched, substituted or unsubstituted C1-C8 alkyl group (or

CI1-C4 alkyl group such as an isopropyl group); (b) each R’ independently comprises a

branched or unbranched, substituted or unsubstituted C2-C8 alkenyl group (or C2-C4

alkenyl group such as an allyl group); and (c) R” comprises a substituted or unsubstituted

10 arylalkylene group having a divalent alkylene spacer with from 1 to 3 carbon atoms
between each aryl moiety and each silicon atom (e.g., a benzyl group). See, for example,
exemplary compounds XXV and XXXIII in Table 2.

Other exemplary pentacene compounds of the present invention include pentacene
compounds having Structure A, wherein (a) each R independently comprises a branched

15 or unbranched, substituted or unsubstituted C1-C8 alkyl group (or C1-C4 alkyl group such
as an isopropyl group); (b) each R’ independently comprises a branched or unbranched,
substituted or unsubstituted C2-C8 alkenyl group (or C2-C4 alkenyl group such as an allyl
group); and (c¢) R"” comprises an acetyl group. See, for example, exemplary compounds
XXVIand XXXIV in Table 2.

20 Other exemplary pentacene compounds of the present invention include pentacene
compounds having Structure A, wherein (a) each R independently comprises a branched
or unbranched, substituted or unsubstituted C1-C8 alkyl group (or C1-C4 alkyl group such
as an isopropyl group); (b) each R’ independently comprises a branched or unbranched,
substituted or unsubstituted C2-C8 alkenyl group (or C2-C4 alkenyl group such as an allyl

25 group); and (c) R” comprises a substituted or unsubstituted heterocyclic ring comprising at
least one of O, N, S and Se in the ring. See, for example, exemplary compounds XXVII to
XXX and XXXV to XXXVIII in Table 2.

Table 2. Exemplary Pentacene Compounds Where x ory=2 and z=1

Compound x ] y ] R or R RH
equals: | equals: is: is:
XXIIT 2 0 isopropyl/isopropyl propynyl
XXV 2 0 isopropyl/isopropyl p-tolyl
XXV 2 0 isopropyl/isopropyl benzyl
XXVI 2 0 isopropyl/isopropyl acetyl
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Although not shown in Table 2, it should be noted that other pentacene compounds
of the present invention may have Structure A, wherein the substituted or unsubstituted
heterocyclic ring comprising at least one of O, N, S and Se in the ring comprises a
substituted or unsubstituted furanyl group, a substituted or unsubstituted pyrrolyl group, a
substituted or unsubstituted thienyl group, or a substituted or unsubstituted selenophenyl
group.

Other exemplary pentacene compounds of the present invention include pentacene
compounds having Structure A, wherein (a) x =1, (b) y =1, and (¢c) z = 1. A number of
exemplary pentacene compounds of the present invention having this type of silyl
substitution are shown in Table 3 below.

As shown in Table 3, exemplary pentacene compounds of the present invention
include pentacene compounds having three different R groups (e.g., R, R and R") bonded
to the silicon atom of a given silyl group. Such pentacene compounds may be tailored to
provide a combination of features based on the various R groups. For example, an allyl
group may be used to increase solubility of the resulting pentacene compound in a given
solvent (e.g., toluene), while a cyclopropyl group may be used in to increase a mobility

value. three

In other embodiments, three similar R groups may be utilized (e.g.,

cyclopropyl groups).
Table 3. Exemplary Pentacene Compounds Where x, y and z =1

Compound .R .R/ RH
is: is: is:
XXXIX isopropyl allyl propynyl
XL isopropyl allyl p-tolyl
XLI isopropyl allyl benzyl
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ally! propynyl XL isopropyl ally' p-tolyl XLI isopropyl ally! benzyl
| sopropyl ally' acetyl XLIII isopropyl ally! 2-furanyl XLIV isopropyl
WO 2009/155106 PCT/US2009/045667
XLIT isopropyl allyl acetyl
XLIT isopropyl allyl 2-furanyl
XLIV isopropyl allyl N-methylpyrrol-2-yl
XLV isopropyl allyl 2-thienyl
XLVI isopropyl allyl 2-selenophenyl
XLvII isopropyl allyl cyclopropyl
XLIX isopropyl allyl 2,3-dimethylcyclopropyl
L isopropyl allyl 2,2,3,3-
tetramethylcyclopropyl
LI isopropyl allyl cyclobutyl
LIT cyclopropyl cyclopropyl cyclopropyl
LIIT p-tolyl p-tolyl p-tolyl
LIV benzyl benzyl benzyl

A few exemplary structures of compounds of the present invention are provided

below:

14
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5  wherein:

VIII = 6,13-Bis[(cyclobutyl diisopropylsilyl)ethynyl]pentacene;

IX = 6,13-Bis[(cyclopentyl diisopropylsilyl)ethynyl]pentacene;

X =6,13-Bis[(2-but-1-enyl diisopropylsilyl)ethynyl]pentacene;

XI = 6,13-Bis[(3-but-1-enyl diisopropylsilyl)ethynyl]pentacene;
10 XXVI = 6,13-Bis[(acetyl diisopropylsilyl)ethynyl]pentacene;

XXV = 6,13-Bis[(benzyl diisopropylsilyl)ethynyl]pentacene;

XXIX = 6,13-Bis[(2-thienyl diisopropylsilyl)ethynyl]pentacene;

LV = 6,13-Bis[(allyl dicyclopropylsilyl)ethynyl]pentacene;

LVI=6,13-Bis[((2-(1,3-dithianyl)ethyl, diisopropylsilyl)ethynyl]pentacene;
15 LVII = 6,13-Bis[(1-hydroxyethyl diisopropylsilyl)ethynyl]pentacene;

LVIII = 6,13-Bis[(3,3-dimethylbut-1-ynyl diisopropylsilyl)ethynyl|pentacene; and

LIX = 6,13-Bis[(triisopropylsilylethynyl diisopropylsilyl)ethynyl]pentacene.
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I sopropyl ally! cyclobutyl LIl cyclopropyl cyclopropyl cyclopropyl LIII
p-tolyl p-tolyl p-tolyl LIV benzyl benzyl benzyl A few exenplary

st ruct ur egoahoxisAMPeunds of the present invention are pr®CTASAN OB

VI LEI XX XI XXV | X X V

As discussed above, the present invention is directed to a number of pentacene
compounds having Structure A above. In some embodiments, the pentacene compounds
of the present invention have Structure A above, wherein at least one of R or R’ comprises
(1) a substituted or unsubstituted cycloalkyl group or (ii) a substituted or unsubstituted

5  cycloalkylalkylene group. In some embodiments, the pentacene compounds have
Structure A above, wherein R, R’ and R” comprises a combination of (i) one or more
branched or unbranched, substituted or unsubstituted alkyl groups, (ii) one or more
branched or unbranched, substituted or unsubstituted alkenyl groups, (iii) one or more
substituted or unsubstituted cycloalkyl groups, and (iv) one or more substituted or

10 unsubstituted cycloalkylalkylene groups. Further, in some embodiments, the pentacene
compounds have Structure A above, wherein R, R’ and R” comprises a combination of (i)
one or more branched or unbranched, substituted or unsubstituted alkenyl groups, and (iii)
one or more substituted or unsubstituted cycloalkyl groups. See, for example, compound
LV.

15 In any of the above-described exemplary pentacene compounds, one or more of R,
R’ and/or R” may be substituted with one or more substituents. Suitable substituents for
the above-described R groups include, but are not limited to, halogens, hydroxyl groups,
alkyl groups, cyano groups, amino groups, carbonyl groups, alkoxy groups, thioalkoxy
groups, nitro groups, carboxylic acid groups, carboxylic ester groups, alkenyl groups,

20 alkynyl groups, aryl groups, heteroaryl groups, silyl groups (e.g., a trialkylsilyl group with
cach alkyl group having 1 to 8 carbon atoms), or combinations thercof. Exemplary
combinations thereof include halogenated alkyl groups or halogenated alkoxy groups.
Typical substituents for alkyl groups and alkenyl groups include, but are not limited to, -F,
-OH, -CN, and —COOH. Typical substituents for cycloalkyl groups, cycloalkylalkylene

25 groups, aryl groups, and arylalkylene groups include, but are not limited to, alkyl groups,
-F, -OH, -CN, and —-COOH.

Further, in any of the above-described exemplary pentacene compounds, the
pentacene ring may further comprise one or more of the above-described substituents X.
One or more substituents X may be utilized to further tailor a given pentacene compound

30 for a given application. For example, one or more substituents X may be utilized to
provide one or more additional benefits including, but not limited to,: (1) to further

enhance the ability of a given pentacene compound to exhibit two-dimensional stacking;
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WD 2009/ 155106PCT/ US2009/ 045667 LVITLVI 1I1LIX wherein: VI Il = 6,13
-Bis[(cyc | obutyl diisopropylsilyl)ethynyl]pentacene; |X =

6, 13- Bi s[Woyetassroyl di i sopropyi sil yBct hynyl ] pcnt accnc PCXUS2@9085667

-Bi s[(2-but-1-cnyl diisopropyisilyBcthynyl]pcntaccnec; Xl =

6, 13-Bi s[(3-but-1-cnyl diisopropylsilyBcthynyl]pentacene; 10 XXVI = 6, 13
-Bis[(acctyl diisopropylsilyBethynyl]pcntaccnc; XXV = 6, 13-Bi s[ (benzyl

di i sopropyisilyBethynyl]pentacene; XX X = 6, 13-Bi s[(2-thienyl

di i sopropyls) by&Reideyind LRERLBERNSE a loWen p@nt%gb'n@'c%{n(é_@ﬂlﬂdﬂ%ith other similar or

di cycl opropyi si | yBet hynyl ] pentacene;” LVI = 6,13 -Bis [((2-(1,3

- di t hi any| Ystimjlar paiticersposipe s oy BRehsamNop ey bdtiepied imagopnposifior (6218 - Bi s
[ (1- hydr oxyetbyih, Sieaors [ Ihe) ¥ t.agenel g6, 13
e (503 RN ShcRIPANA) & nhdthe kO Yo R ER Tlendaent chmboind® 22,
LI X = 6,13 fgrBixgm]PI(a,ttp ichzglg@g}e@lpymrght qayiegtt}rpyﬁlpm holes to electrons.

di i soprqpyi sil yi p. : |.SCA v pr esent
i nventi gn is di ‘r@eg{ﬁ%g%{%\ka&%%@E}?bnfde%egﬁ?nélgéﬁrgg%%r@glﬁﬁg)égﬁggﬁlBgﬂ Tucture A
above. | n sioire bemblodi arenbsnchefsupenttatenasdonpedrds ! gfoup hev) prsebseinited

i nvention have Structure A above,, wherein at |east of Ror R conprises
(1) 5 supse SorBaFs dhE sbufr R Fobr Bger shrRe ST B RR Rl ofuBufieffTor e
or unsubst iatkehyd dGrape(vied bephdkl yt aitearghal) pubstitutes oman @ivixtdicdralid syl gidup,

pent acene canpounds have Structure A abpove, wherein R, R and R' conprises
5 conbi nat (B foror Ry SO RevipoGe! Brahdnbe Eign KD arteisusout 0 b I8 or
unsubstiot uteRRlp Adxk % IbrAE IR , unbtahgheONRILATUBD beuR tiBfiaRatalRExyURGIpA BE ek

substituted. or unsubstitthed al kepnyl grouyps, (iii) one or, nore substituted
or unsubst PR AR -NP@aﬂme@PlaE%@}w%&af( %yn@fﬁﬁﬁdﬁt&wr%ﬂ@mm%@a or 10

unsubsti t utoediicy Gheadd sichals kivloBng (9. 0URSomE Wnid8imentsD c&BMR ifddpeslicA@nt s, the
pent acene conpounds have Structure A above, wherein ' conprises

| | n R R and R
a conbi nat FBRPES (i) hydseasn oF (ihrhsanshedrenebrapshegsbswituerber, unsipsivicd gkl or
unsubst i t utyRlyablenKl oONAYBSKy 1B (ki) @1%) OF TR R SHBSUedad X
unsubstituted cycl oal kyl gr QUES. ee, tor example, conpound LV. 15In any of
t he above- dulspendply eomnisesafiy hpbipgeac Ehea ednpoieddy, ungwlstigfednpspmatisf rigy R
and/ or R i i 1 . i ] i .
ubst |  uent Cae “FeS 2BhUAPEOH |- LaRRuP) TRLSGSINSE WG S IANRERHE, 1 ¢ e
to, hal ogegmuphydr axy Ithigrydgpsp (el4kiy$). ghhotps, cralyedmaengy, ceqhsX iadepaicyitoups,
car bonyl gr . thioal Xy groups, nitro groups,
car boxyl i chlgﬁ%ea@u&ﬁdg&%éggf @ﬁﬁ%;lftlrocé}%%a(lelﬁééroups, al kenyl groups, 20
al | cynyl groupsAs duytler gptodipbovehetyetvaandjbcegtr Bugpeyps sndyyéongriimupsfo(re .(g.4 a

trialkylsilyl .group with ea Q al kyl group having 1.tq 8 carbon ), or
conbi nali oﬁgbs{lﬁlée e§\E MERE fe r‘f/ar%c}éﬁ%l nglngo?{s tE)hgrs B?tﬁvtﬁ%lﬁdgnﬁ%ﬁ%‘gg@at ed
al kyl gr oupstefacydtialringe mat edbadyklixyr Igfedoyslic Mydis Eased suiasdromuxenitiig dfake al kyl
groups and al kengl lglr OU{)%Pi ncl uq]g, ut a&.e Eotdl i B1 teld to, - F,t O—i - CN,
and - COOH. PEYRICEAPOBaRSt If GeRPAnly The yesiiiae kyFd GHBRRENC BYEPoa%sYsli%y! ene
25groups, aihy lmgreupstal@nduatod & doylpady gatotRg. Inn@iédenbodithendl ehen@illy | | m t ed
to, alkyl groups, F, -OH -CN and -COOH . ,
y %nsatueatlon 18 contr%;ilted by the aromatic ring that is part of the pentacene portion of the
25 compound. That is, the portion of the resulting fused carbocyclic or heterocyclic ring
structure contributed by the two adjacent X groups is saturated. In some embodiments,
two adjacent X groups combine to form a substituted or unsubstituted heterocyclic ring
containing oxygen within the ring structure (e.g., a dihydrofurano substituent).
In some embodiments, the pentacene compound of the present invention comprises
30 Structure A above, wherein at least one X comprises (i) a halogen, (ii) a branched or

unbranched, substituted or unsubstituted alkyl group, (iii) a substituted or unsubstituted

aryl group, (iv) a branched or unbranched, substituted or unsubstituted alkenyl group, (v) a
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Further, in any of the above-descri bed exenpl ary pentacene conpounds, the
pentacene ring may further conprise one or nore of the above-described
substi t uaND000/158%9¢ or nore substituents X nay be utili PEU/USR0PMH4IHEr
tailor a given pentacene conmpound 30 for a given application. For exanple,
one or nore substituents X may be utilized to provide one or nore

addi tional benefits including, but not limted to,: (1) to further enhance
the ability of a given pentacene conpound to exhibit two-dinmensional
stacki ng; bﬁ%lthnQﬁﬁﬁﬂﬁﬁdtﬁﬁmﬁ&&P@Fmﬁhﬁﬁﬁﬂupﬂkﬁnﬂgﬁﬁﬂ(Rﬁﬂiﬁﬁﬁﬂ&e&gﬂpound
with other simlar or dissimlar pentacene conpounds or other components
when used uUpSvBstiwRhbetPiopshic @eoug. (Viixa pﬁﬂﬂ@rgéwparw@(ﬂn\ﬁéhw Rrouanel (3P N80 t une
the electr f V, ol oie] change
t he dorrina%FHu a?%%g%q?gﬁg fgghﬁﬁgﬁgg%?%ﬁmﬁggtroanaE“$p%V§%gﬁ§h§gmg ove,
each X nayShn@e@ehd@n@JWmn@nprkeeoo¢XChymnegéﬁafhpnyeaOMa@ﬁgéth@mwl) a
branched or by. st..t ut p V) a
subst i 1 dt e [ACERER fitag i) ¥ Thlied OF YRkl Heoliihe Dt o)
substrtutedy@mgmm$ubgvbmuﬁ®®g®mkememgmUMp¢n¢nw)maphmam&hemHmumUWhhanched,
substituted QL unsub St'HHH?d g %¥ rou&h]éminhzgts#b trtu%ed

unsubst i t uPEA“HEterde ocy i S&%’ r'ﬁ)c vrr 3ve 5 %e%cﬂnp hes her
group, (x) flaotmenahgd) mrnﬂultmmﬂ@hgdup s{nnl)srphetrgrt gdupgror Qr)amlhsﬁyl gmﬂuﬁd al koxy
group, or (xi) |tro oup n sone_.enbod |nents

i ndependent | y c ?ﬁ?%@' ﬂ%ﬁ?%dﬁﬁog?oTV$f AP Wvgﬁ@haE%mPYﬂgrrne
(-F). lmw s@mewenbodrnents each X independently conprises (i) hydrogen or
(ii) a branched qor unbranched, substituted or unsubstituted al kyl group
such as a quoroéFk | group (e.qg., &? . I'n sonme enbodi nents, each X 15

i ndependent |y cenpr|ses (i) hydro _ a substituted gr unsubstituted
aromatic ring strjuicture such as aqgﬁ_ ‘? (ii1) a

' group (- C6Hb5)
substituted or un.ubst tuted heterocﬂ l'ic group such as’a|thienyl group

. hdent | y_conpri s ) hydrogen
or (ii) a ' ted abovjj acent X
groups may oonbrn- to fornr(a) a 20 aybstrtuted or ‘unsubsTi fut'eo

carbocyclic ri pr , (b) a substit unsubstituted hellerocyclic ring.
The carbocyclrﬁg;i eterocyclic ri used to an aroﬁawﬂ@ ring of the
pentacene portiondof the conpound. resul ting fused caf\bocyclic ring or

het erocyclic rrngxnay be partially saturated or conpletely saturated. In
some enbodi ment stXt he only unsat ur atioh is contri but ed H§¥ghe aromatic ring
that is part of the pent acene portionspf the 25 conpound. That is, the
portion of the resufting fused carb cigl'c or heterocyclic ring structure
contributed by th m@ adj acent X gﬁ*ﬁb is saturated. |Insgone enbodi nents,
two adj acent X grogrs conbine to form|a substituted or unsubstituted

het erocyclic ring re (e.g., a

di hydr of ur anp~su ene conmpound of
t he present . St 24

X conmprised (1) a h.Iogen (i) a branched or unbranthed:
unsubsti t ut ed aIkyHIgroup, (iii) a su Etituted or unsubsti
(iv) a branched o nbr anched, subs ymgd or unsubstrtu%_

ruted aryl group,
é<alkenyl group,

(v) a branched noranched subst/i tjuted or unsubstitu al I cynyl group,
(vi) a substltuted unsubst i t ut ed h erocycldmd group, |) a cyan group,
(viii) an ether groQup, or (ix) a nitro group. In sone enbodrnents t he
pent acene conpoun the present i Nveht i on conpri ses st +dcfure A above,

wher ei njsat Whepst: one X conprrses (i) a fluorine atom (ii) a fluoroal kyl 5
group, (iii) an aryl group, d% a substituted or unsubstituted

het erocyclic grbdp; 1(&%&%@@3@&6 igftyalopropyl. dilsopronylilyl legygylingptacqng (adme
enbodi ment gy {t NEdipGHL AGRRH; conpound of the present invention conprises
Structure A above, wherein at |east one X conprises (i) a fluorine atom
(ii) a trifluor b¥HEyagedug; BiglitricyclepeptylsHyletymglipentasenct v) a t hi enyl group.
A few exenpl ary structures of conpounds of the present invention are

provi ded 10below CN LXILXIILX II
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and LXIV LXV LXVlI 15wherein: LX 1 =1,8-difluoro-6, 13-Bis[(cyc

| opropyl, di i sopropyl si |yl )ethynyl]pentacene (and the 1,11-difluoro

i soner); W&I2b09AasHéyano-6, 13-Bis [(tricyc | opentyl si | ypETHSR00HHAT acene;
LXILE = 2,3,9,10-tetranet hyl-6, 13-Bi s[ (cycl opropyl,

di t sopropyl sil yBet hynyl] - pentacene; LXIV =

2,9-Difluoro-6, 13-Bi s-[ (cycl opropyl dii sopropyl sil yBet hynyl ] pentacene; LXV =
6,13-Bis(cyc|opropy|diisopropylsiIerthynyO 1-fl uor opent acene; and

LX V1 = 6,13 -Bkyis( £y 3 ORI RRYhe s, BOBY: y! i Isilyl)ethynyl
)-2,3: 9 10- bi s(c- dlhydrofurano)p%n aceneSR@'})@@|rOIJy lﬂﬁﬁﬁéﬁéﬁ)%B%WA when

used i n appFiteehé-ons such as el ectrical devices (e.g., transistors), the

pent acene compoyass -dashimhlys NBRLELIGHOTE @glgﬁh aasiha&aaduct or | ayer

havi ng a maxi mum charge carri er mobi | \ ate or equal to 2.0
cn2/ V- 10 s. NbXK¥ t@s3- B&MWIOptdneldpmtmeﬂﬂe@mbuﬂderombee, pie f or mati on

of a seni conduc Iay r r Ak kJoEF al ue
greaterrpt han origglljal 13 %‘j?%&ﬁﬁ) &pgﬁggdwn@ ?18%(;@@?%?19610 dg&? {h§5Vﬂ¥ue Test
Met hod |, mmeprhrhaty value Test N@thod I, and/or t he TF&CCW Test

i bed sec ion of the

Met hod, each owaQl1 q%desc el ¢ &}n at1 Ql%%l

exanples 15The ngﬁ? (VghW|onu¥§ PUPP(: 0&|¥% _F T Lo bst tTons
conpr|3|ngt@hgmmﬂeﬂmqmnmw@w@bmbhﬁﬂﬁbemmb@eﬁﬂﬂebedbmmmbmoEaemﬁmmnmunds and
(1) a sol pi cal. solyents suitabl.e r formn S|t of the

b ebent 1 VBt PO BT TEE YaE: BrECHERS ot De et UBH G CorLERTY such as
ket onesip akomMabie CekiyAbly) Gy pafeRencddinfonfdsl dnible tiuikdrablich 604 ¥ahitsndutiot ude,

but are not limted to, toluene, ethy Ibenzene but vl benzene, chl gr obenzene,
20 dic hl éaryableﬁ%ﬁénwew&ﬁva? BT ATIES SpHOPSHE! dhaghpreeap] 120 cm Vs

tetrahydr oa@@ﬁhﬁ@éd%gethean@blwakmvs@smmodl N tIRNGoBNRNPLIBE re@MaHENt , the
conposition conprises one or of the above-descri bed ent acene

conpounds, 28Her desbi&eaMVsder %@th?%lﬁélh@f YHiighy pisedesaibed bsloms i thegfest

cycl ohexan@ngnod ¥Ricadk i exfhfleOr more of the above-described pentacene
conpounds are present in 25 a given conposition at a concentration of at

| east 0151 Wt % bAkedresmt anventia iswieithgitdigeted meceemﬁﬁ@m conprisieg dj seussed
above, Wo?&@%ﬂ%&@&%&be& Fl@nt&%ﬂé %n&so (ﬁ 2 ébfffeut t‘PﬂL&ﬁ %ﬁerﬂé ven

conposutlon is soluble in a given solvent, suc ene,
concentratmmnmbimuﬁnmugabamommqmwﬁMquﬁwgneameonumhneZmImm@@thHMWdﬂeugh a

gi ven pent ag fallic f‘&&g@/?'s‘d‘cﬂ AT RY oﬂgsvglioﬂ’latsgh?&%éarﬁo\ﬁs AR IDVE TS PRBR N GO Vent

of as nuch'as rea
include, but are not llmlted to, toluene cthylbenzene, butylbenzene, chlorobenzene,

20  dichlorobenzene, tetrahydrofuran, isophorone, anisole, tetrahydronaphthalene, and
cyclohexanone. In one exemplary embodiment, the composition comprises one or more of
the above-described pentacene compounds, and a solvent such as toluene, butylbenzene,
anisole or cyclohexanone.

Typically, one or more of the above-described pentacene compounds are present in

25 a given composition at a concentration of at least 0.1 wt% based on a total weight of the
composition. As discussed above, in some embodiments, the pentacene compound used to
form a given composition is soluble in a given solvent, such as toluene, at a concentration
of up to about 21 wt% (or greater than 21 wt%). Although a given pentacene compound
may have a solubility in a given organic solvent of as much as 21 wt% or greater, typical

30 compositions of the present invention comprise one or the above-described pentacene
compounds at a concentration ranging from about 0.1 wt% to about 5.0 wt%, more

typically, from about 1.5 wt% to about 3.0 wt%.
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30 conpositions of the present invention conprise one or the

above- descri bed pentacene conpounds at a concentration ranging from about
0.1 W % two2utss®s0 wt % nore typically, from about 1. BCHRUXRE/0ds6Ut 3.0
wt % In sone enbodi nents, conpositions of the present invention
conprise at | east one of the above-described pentacene conpounds and a
solvent. | n other enbodi nents, conpositions of the present invention
conprise at | east one of the above-described pentacene conpounds and a
sol vent in Comlﬂ%we%bwlmnﬁn&nﬁfosﬂ@ﬁﬁof@%rgéeﬁﬂﬁ%nﬁoﬁQém@%'eta{ REkt one
conponents. Wien present, suitabl'e additional conposition conponents

i ncl ude, bef thy abayetdescrippd eentacsne sompoupdeendddialyont, Ta qthes sindhgrisnts,

modi fier, QbmaohRiP fiahé gﬁTs&ﬂefn€8{§1§ '&r@%@ a?%&"s‘ﬁ)b?é ¥f %@%v@%@é&be& he
conp05|t|ons onprise a yner additive selected fromthe group consisting
of pol yst yperecenpaioppaiphasnet hysodtept am ecjombp@tlgr( rvetthyhe met marsr ylditieipl

pol y(4-cya I y £.an t

0t 751 & por iRy ShERR.: PR isal N RESP sl BObaRsdSl » a
or U.S. PatiehtdePbbl jacambohiniijed @0@713611@614260111% 1 hhecéwgmaéanodiﬁetrt@r zof bot h
o B HERA BERE P 2D5E A CETREERR, S BB IBHY sPadorr
desired en5ddr Re poly IH%]?I% 5 4 %OVV PUy &he p
pon(aIphapnehhylﬁMywenﬁﬂaﬁw ﬁohyvhaxﬁ@memmhmnﬁgmh9mopmgﬁﬁatpo@em&m-

addi ti onal S|t i.e.,.Cco ents an th ent acene
omound;. PR b TRENE alosheriatey R e Wi far b Fe oot
50 wt %ibas edlquelaolj; Qiraahlvalneg huitstfle tphl@rrrfé@ rmels)i;ddl @NU.STYyfteaaPliylicagac No.
addi ti onal _co S|t|on co onentﬁ@i ggunents ot her than the p nt acene
conpound) .94 epenabat P {ﬁp brised WO&NOa 4P a0gt h g BIFEBElH ©1. 0 to

about 10. Opv¥th%M0OAGRE 9 rhe?eb? Qné&ﬁcﬁﬁtemgﬂéfer@ﬁe tiNGtsCORBAP T t1in OdmeFadsir&K arrpl €,
when a pol yner additive pol ystyrene) is present in the conposition,

t he pol ymeemiedimenty.cthe §Olfvgnﬁi é%ﬂlw GoPwEissst POl YA apRiYid P hselybat@le) fhan 0 to
about 5.0 WRRindBh&olyPically, fromabout 0.5 to about 3.0 wt % based on a
total weight of the conposition. In sone enbodinents, the resulting
conposilfi on desWhgbbigstiasadmddisionalicomposstiqarcopepndangg. e( eorgponerts aipesthen on
stability, t onto a
subst 1 at o (AR tomEhi) s SRDaERAR e hn SRR Bl R OO Cat g
processes iSAcwiidebasdsutonag gotabtwelightri df etdie t @mpopiion. c odynieadly, lemibf eddioatal ng,
roll-to-rol - coat | a d n a n sses
such as |n§g?§§95§i§@#ﬁg?nt@gﬁehﬁn(%’tg ghﬂ awe%%sé%uﬁ&th%&gg“ﬁ§?q$n one
desired enhmﬁpaﬂuMlIthemneauhmwwgrm@mgﬁnmamnnﬂﬁtaﬁanpﬂﬁﬁmﬂMHMQbmstition
even nore nt abl e, co

Sbover dhe e MRl e g RomBfidof Bh e hER: ShSErPaThbldRvs G robBRsL i (i ng
substrate hagreaht inets tcompesitidatiziogynsdirakidiciec anglpiaalpoptedt Insgresamant bhe at

| east one coatabl e surface, erein t oated | ayer co a, pent acene
commbund haien e R HRES R Bog ikl iSRS Y G SR TN  Byed BE

descri bed ahewleveidis oflihg cuispdioabove, the coated Iayer may further conprise
one or nore additi onal lgngSItlon conmponents ot her than at | east one of

the above- descr b&dMpeit tse dhp e compositiondesitiin J&F tGOBRESIEEN t he
presentssi NypepLHRE (é’@ﬁc&ﬁpdéﬁ@ﬁ %E&bm{st QiRoME! bRl ¥nffensHb Bl @hp3sitiGttd BdI €
substrates includ ut are not limted to, polyneric films such as

pol yet hyl eﬁ@at%de@%msmﬂrat?éla(qnmntw%F%mayr%ﬁ@ema%W@WaF%Vén%@é\soat%d

pol yi m des rcﬁQQe§ RRREanbf SHAST fnﬁﬁ&ﬁtos léﬁllﬂ &ati), lk'nf-f@-coaﬁﬂng M di&o-rSil WeBON

waf ers, and glass. I n one exenplaiy enbodi nent, the subStrate conprises an
el ectronic Cd%mgc@ndoﬁlpma@nge@@ MesHi a5 mmng@r%sse&:@mbmﬁenkjet Pointing apfseie,
composi ti o WAEQRLPRAQE YR ARLHO B TBY eBfoifgh o UL MnACSHASHIANE S0 2o
to forma uctor la an el ecironi ¢ device sUCh as a thin film
transismora@ﬁﬁwpb@mnawﬂumgannmuﬂa@hnﬂénwnm&ngmdwa@éﬂpﬁmﬁﬁymlCbnp05|t|ons of
the pr esenF : nvzﬂt hiTe HRY Qed & ogg 15% Csol'épeﬁt n%t su%gtraﬁé ﬁﬁﬂe Ie s

phot ovol tai ¢ nodul e or gol'ar cet %ereln Or a Sensor. The  apove

descri bed pdnnaeéaemdampomndﬁmhhduﬁmmpmsmhm@ﬁélmmﬂenﬂherEﬁﬁ@mbemahﬂ@ t he
formati on of electronic devices (e.g., transistors) having a charge carrier
nmobility value greater than 2.0 cn2N-s. In one exenplary enbodi nent, the

el ectronic device conprises a coated | gyer, wherein the coated |ayer

conpri ses a pentacene conpound havi ng ructure A, wherein RR, R, R', X, ¥y
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2.4, or greater than about 2.5, or greater than about 2.6, or greater than
about 2.7, or greater than about 2.8, or greater than about 2.9, or greater
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acetyl ene having a desired conbination of RR, R and R' substituents, and
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Electronic devices of the present invention desirably comprise at least one of the

above-mentioned pentacene compounds and have a charge carrier mobility value greater

27
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than 2.0 cm*/V-s. Such electronic devices may comprise, for example, the following
specific top contact/bottom gate TFT construction as shown in exemplary device 20 of
FIG. 2: a gate electrode layer 16 comprising a heavily n-doped silicon wafer with a first
dielectric layer 12a in the form of a thermal oxide (SiO,) layer positioned over the gate
5 electrode layer 16 (e.g., a heavily n-doped silicon wafer commercially available from Noel
Technologies, Inc. (Campbell, CA)); a second dielectric layer 12b comprising a polymeric
dielectric composition comprising SARTOMER™ SR-368 (Sartomer Company Inc.
(Exton, PA)) (about 8.5 wt%), zirconia nanoparticles surface treated with gamma-
methacryloxypropyltrimethoxysilane (SILQUEST® A-174 silane from OSi Specialties
10 (South Charleston, WV)) and formed as disclosed in U.S. Patent Applications Serial Nos.
11/771,787 and 11/771,859 (see, for example, “Preparatory Example 1 — Dielectric Ink” in
each application), the subject matter of which is hereby incorporated by reference in its
entirety (about 40.0 wt%), IRGACURE™ 184 photoinitiator (Ciba Corporation (Newport,
DE)) (about 1.5 wt%), and isophorone (Sigma-Aldrich (Milwaukee, WI)) (about 50.0
15 wt%); a semiconductor layer 13 comprising at least one of the above-described pentacene
compounds (e.g., one of compounds I, I or IV) (about 2.0 wt%), polystyrene (Polymer
Source Inc. (Montreal, Canada)) (about 1.0 wt%), and butylbenzene (Sigma-Aldrich
(Milwaukee, WI)) (about 97.0 wt%); a source electrode 14 comprising gold; and a drain

clectrode 15 comprising gold.
20 The above-described pentacene compounds of the present invention may be
prepared by a method comprising the steps of forming a substituted silyl acetylene having
a desired combination of R, R’ and R"” substituents, and then reacting the substituted silyl
acetylene with 6,13-pentacenequinone. The step of forming a substituted silyl acetylene
having a desired combination of R, R’ and R” substituents may comprise a number of
25 process steps including, but not limited to, a first substitution reaction wherein one or
more first substituents bonded to the silicon atom of a given silyl acetylene (e.g., a
trimethylsilyl acetylene) are replaced with one or more second substituents (e.g., an
isopropyl group); and a second substitution reaction wherein one or more of the second
substituents bonded to the silicon atom are replaced with one or more third substituents

30 (e.g., anisopropenyl group).

The methods of forming pentacene compounds of the present invention may

further comprise one or more of the following method steps: purification by at least one

8-
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and, in some cases, two or three recrystallization steps from a suitable solvent such as

acetone, wherein the pentacene compound is dissolved in an amount of boiling acetone,

which dissolves all solids and is then cooled to about 0-4°C while protecting the solution

from light to prevent photodegradation. The solids are then collected by filtration and
5 dried in vacuum to remove residual acetone.

Once formed, pentacene compounds of the present invention may be combined
with a solvent and one or more additional components to form compositions, such as
printable compositions. As discussed above, pentacene compounds of the present
invention (e.g., compounds I to LIV) may be incorporated into at least one of the above-

10 referenced organic solvents (e.g., toluene) to form a first composition comprising up to or
greater than 21 wt% of the pentacene compound. Additional composition components
such as those described above (e.g., polystyrene) may be incorporated into the first
composition to provide a final composition. Desirably, the final composition is printable
via an ink jet printing apparatus.

15 The compositions of the present invention (e.g., the first composition, the final
composition, or both) containing at least one of the above-described pentacene compounds
of the present invention may be used to form a variety of coatings, substrates having a
coated layer thereon, electronic device components, and electronic devices. Desirably, the
resulting coating, substrate having a coated layer thereon, electronic device component, or

20 electronic device comprises a pentacene compound having Structure A, wherein R, R, R”,
X, y, z and X are as described above. More desirably, the resulting coating, substrate
having a coated layer thereon, electronic device component, or electronic device
comprises a pentacene compound having Structure A, wherein R, R’ and R” together
comprise two sterically similar groups and one sterically dissimilar group, the two

25 sterically similar groups being oriented on opposite sides of a plane extending though the
five ring structure of the pentacene compound, and the sterically dissimilar group being
substantially within the plane extending though the five ring structure of the pentacene
compound. In some desired embodiments, the resulting coating, substrate having a coated
layer thereon, clectronic device component, or electronic device comprises a pentacene

30 compound having Structure A, wherein z = 0, R comprise isopropyl, and R’ comprises

isopropenyl. In other desired embodiments, the resulting coating, substrate having a
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coated layer thereon, electronic device component, or electronic device comprises one of
pentacene compounds I, IT and IV shown above.

The present invention is described above and further illustrated below by way of
examples, which are not to be construed in any way as imposing limitations upon the
scope of the invention. On the contrary, it is to be clearly understood that resort may be
had to various other embodiments, modifications, and equivalents therecof which, after
reading the description herein, may suggest themselves to those skilled in the art without

departing from the spirit of the present invention and/or the scope of the appended claims.

Examples

These examples are merely for illustrative purposes only and are not meant to be
limiting on the scope of the appended claims. All parts, percentages, ratios, etc. in the

examples and the rest of the specification are by weight unless indicated otherwise.

Table 4. Materials Used in Examples

Abbreviation
8 Source
(if any)
Sigma-Aldrich

(Milwaukee, WI)

Material

2-bromopropene
Ammonium chloride
2,2’-Azobis(2-methylpropionitrile)
Benzoquinone
Bromocyclopropane
N-butylbenzene
N-butyllithium
Chlorobenzene
Chlorodiisopropylsilane
Cyclohexane-1,4-dione
Cyclopropylmagnesium bromide
Decane
Dichlorodiisopropylsilane
Dichloroethane
Dichloromethane
Dicthyl ether
Dimethylformamide
Ethanol
Ethylbenzene
Ethylmagnesium chloride
Ethynylmagnesium bromide
Allyl magnesium bromide
Hexamethyl disilazane

NH4Cl

n-BuLi

DCM

DMF
EtOH

HMDS
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Heptane
Hexane
Hydrochloric acid
Isophorone
Isopropyllithium
Magnesium sulfate
Methanol
2-Methyl-1,3-dithiane
4-Methoxythiophenol
N-Bromosuccinimide
Pentane
Potassium iodide
6,13-Pentacenequinone
Pentachlorothiophenol
Pentafluorothiophenol
Stannous chloride dihydrate
Tetrahydrofuran (anhydrous)
Thiophenol
Toluene
(3-Heptafluoroisopropoxy)propyl- Gelest
trichlorosilane (Morrisville, PA)
Decanedithiol
1,4-Anthraquinone
3-Fluoro-o-xylene
4-Fluoro-o-xylene Alfa Aesar
2-Bromo-1-butene (Ward Hill, MA)
Trimethylsilyl acetylene
Dodecanethiol
Octanethiol
n-doped silicon wafers (heavily
doped) Noel Technologies, Inc.
n-doped silicon wafers with thermal (Campbell, CA)
oxide
Polystyrene (118K MW) iﬂzﬁféi’og;gagg
Sartomer Company Inc.
(Exton, PA)
Ink jet printable silver ink Cabot Corporation
Cabot AG-1J-G-100-S1 (Alburquerque, NM)
IRGACURE™ 184 photoinitiator C&i\ggﬁ?gtﬁgn
zirconia nanoparticles surface 3M Company
treated with silane A-174" (St. Paul, MN)

HCI

MgSO4
McOH

NBS

KI

SnC12-2H20
THF

SARTOMER ™ SR-368

! The method of forming zirconia nanoparticles surface treated with silane A-174 as used in the present
invention is disclosed in U.S. Patent Applications Nos. 11/771,787 and 11/771,859 (see, for example,
“Preparatory Example 1 — Dielectric Ink” in each application), both of which were filed on and assigned to
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The 3M Company (St. Paul, MN), the subject matter of both of which is incorporated herein by reference in
its entirety.

Test Methods:
Mobility Value Test Method I:

Once formed, a transistor’s performance characteristics are measured in air under
ambient lighting using two Source Measure Units (Model 2400 from Keithley
Instruments, Inc. (Cleveland, OH)). The devices were placed on a SIGNATONE™ 1160
Series probe station and probes connected using SIGNATONE™ S-725-PRM
manipulators (Signatone Corp. (Gilroy, CA)). The drain to source bias voltage (Vpg) was
held at -40 V, while the gate to source bias (Vgs) was incremented over the range +10 V to
-40 Vin 1 V steps. FIG. 3 graphically displays exemplary measured parameters.

In FIG. 3, traces labeled “A” indicate measured drain current (Ipg) as a function of
Vgs. Traces labeled “B” indicate the square root of measured drain current (Ipg) versus
Vgs, and traces labeled “C” indicate measured gate current (Igs) versus Vgs. The
saturated field effect mobility (1) can be calculated from the slope (m) of the square root

of drain current versus Vgs (trace “B”) using the following equation:

m*L
=2

where C;is the specific capacitance of the gate dielectric, ¥ is the channel width, and L is

the channel length. The charge carrier mobility value reported is the maximum charge
carrier mobility value observed over the range of measurement.

Using the square root of Ipg versus Vs curve (trace “B”), the X-axis extrapolation
of a straight-line fit was taken as the threshold voltage (V). The on/off ratio was taken as
the difference between the minimum and maximum drain current (Ips) values of the Ipg -
Vs curve.

Mobility Value Test Method II:

Once formed, a transistor’s performance characteristics are measured at room
temperature in air using a Semiconductor Parameter Analyzer (Model 4200 from Keithley

Instruments, Inc., Cleveland, OH)). The square root of the drain-source current (I ) was

plotted as a function of gate-source bias (Vgs) from +10 V to —40 V for a constant drain-

source bias (Vo) of —40 V. Using the equation:
Ips = uC x W/L x (Vs — V)2,

-32-



St annous chl oride di hydratc SnCl2-21120 Tetrahydrofuran (anhydrous) THE
Thi ophenol Tol uene ( 3- Hept af | uor oi sopr opoxy) propyl - trichlorosilanc
Cel est (MyoOr2oeviskloe, PA) Decanedithiol Al fa Aesar (\War @CHUSR09N 667

the saturation field effect mobility (u) was calculated from the linear portion of the curve
using the specific capacitance of the gate dielectric (C), the channel width (W) and the
channel length (L). Threshold voltage, sub-threshold slope, and on/off ratio were
determined as in Method L.

5 Transistor Fabrication & Charge Carrier Mobility Value Test Method (i.e., the
TF&CCMV_ Test Method):

A transistor is formed using the specific materials and process steps as outlined in
Example 4 below. Once formed, the transistor’s charge carrier mobility value was
10  measured using Mobility Value Test Method I described above.
Thermal Analysis Test Method
A TA Instrument (New Castle, DE) Model Q200 DSC with an autosampler was

used in the characterization. 2 to 10 milligrams of the material to be characterized were
placed in an aluminum pan (Standard or Tzero™ available from TA Instruments) and a lid
15  was crimped according to the requirements of the specific pan used. The pan was placed
in the autosampler for automatic loading into the DSC sample cell. An empty pan of the
same type was used as the reference.
An initial scan was conducted wherein the sample was cooled to 0°C and then the
temperature was increased at a controlled rate (5°C/min.) to 320°C. This scan revealed the
20  presence of the endothermic and exothermic events. The temperatures at which these
events occurred were used to determine the temperature limits of the second scan, which
determined if the lower temperature transitions were reversible.
A second scan was conducted using a newly prepared sample wherein the
temperature was ramped to a temperature about 10°C above the highest temperature
25 endotherm associated with a solid-solid transition while staying below the temperature at
which the melt and subsequent Diels-Alder reaction occurred. The temperature was then
decreased at a controlled rate (5°C/min.) to a temperature below the lowest temperature
thermal event and then once again increased at 5°C/min. to beyond the temperature at
which the material underwent irreversible transformation (Diels-Alder reaction).
30 The events present in the thermogram were analyzed using the “Integrate Peak
Linear” or “Onset Point” functions of the Analyze menu in the Universal Analysis

software provided with the instrument to determine the temperature at which the event
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occurred and, if the specimen was accurately weighed, the enthalpy associated with the
transition.
A representative thermogram of the second scan of TIPS Pentacene is shown in
FIG. 4, which reveals that the event occurring at ~124°C is reversible as is the event
5  present at ~180°C. At ~266°C there is evidence of the onset of an endotherm followed by
a significant exotherm. Observations of TIPS Pentacene on a Fisher-John melting point
apparatus confirmed that the two lower thermal events are solid-solid transitions and the
material indeed melts (solid-liquid transition) at ~266°C. The results of thermal analysis
for pentacene compounds of the present invention are show in Table 8 below.

10  Example 1 — Synthesis of 6.13-Bis(allyldiisopropylsilylethynyl)pentacene (Allyl DIPS)
Synthesis of allyldiisopropylsilyl acetylene:

Dichlorodiisopropylsilane (4.00 g, 21.6 mmol) and anhydrous THF (20 mL) were
added into a dry 250-mL round bottom flask equipped with a stir bar. The flask was
equipped with a dry condenser. Allyl magnesium bromide (22.0 mL, 22.0 mmol, 1.0 M in

15 THF) was added to the flask through the condenser to form a first mixture. The first
mixture was heated to 63°C for 12 hours, and then cooled to room temperature.

Trimethylsilyl acetylene (2.36 g, 24.0 mmol) and anhydrous THF (12 mL) were
added to a separate dry 100-mL round bottom flask equipped with a stir bar. The 100-mL
flask reaction mixture was cooled to 0°C, and n-butyllithium (9.2 mL, 23 mmol, 2.5 M in

20  hexane) was added dropwise, followed by stirring for 90 minutes to form a second
mixture.

The 250-mL reaction mixture (i.e., the first mixture) was then cooled to 0°C, and
the second mixture was added dropwise via syringe. The combined mixture was allowed
to stir overnight. The combined mixture was then poured into 100 mL saturated NH4Cl

25 solution, and rinsed with a 1:1 hexane:diethyl ether mixture (100 mL). The organic layer
was separated, and the water layer was extracted again with 50 mL of 1:1 hexane:diethyl
ether mixture (100 mL). The organic portions were combined, washed with water (50
mL) and brine (25 mL), then dried over MgSO,, filtered, and concentrated via rotary
evaporation.

30 The product was taken up in THF (50 mL), and MeOH saturated with K,COs (100
mL) was added, followed by stirring for 2 hours. Water (50 mL) and hexane (100 mL)

were added, and the organic layer was separated. The water layer was extracted again (20

-34-



Noel Technol ogies, Inc. (Canpbell, CA) n-doped silicon wafers with thernmal
oxi de Pol ystyrene (118K MWN Pol yner Source Inc. (Montreal, Canada) SA
RTOM ER IWO3PBIBG8106Sart omer Conpany | nc. (Exton, PA) | nkCrais2giosicabl e
silver ink Cabot AG U G 100-S1 Cabot Corporation (Al burquerque, NV

| RGACURE TM 184 photoinitiator C ba Corporation

mL hexane) and the organic layers were combined. The combined organic layers were
washed with water (20 mL), dried over MgSO, and filtered, followed by solvent
evaporation. The product was purified by column chromatography (5:1 hexane:DCM),
yielding 1.7 g of a colorless oil (9.4 mmol, 44 %). Analysis of the product provided the
5 following data: 'H-NMR (200 MHz, CDCl3) 6 = 5.87 (m, 1H), 4.94 (m, 2H), 2.39 (s, 1H),
1.70 (dt, J= 1.4 Hz, 8 Hz, 2H), 1.08 (s, 14H).
Synthesis of 6.13-Bis(allyldiisopropylsilylethynyl)pentacene (Allyl DIPS):

The above allyldiisopropylsilyl acetylene (1.62 g, 9.36 mmol) and anhydrous THF
(20 mL) were added to a dry 100-mL round bottom flask with a stir bar and cooled to 0°C.

10 n-Butyllithium (3.1 mL, 7.8 mmol, 2.5 M in hexane) was added dropwise and the solution
was allowed to warm over 1 hr. 6,13-Pentacenequinone (1.22 g, 3.89 mmol) was added
and the mixture was stirred for 48 hr. The reaction was quenched by the addition of 0.5
mL of saturated NH4Cl solution, then diluted with MeOH (60 mL) to form a reaction
mixture.

15 In a large Erlenmeyer flask, MeOH (600 mL), SnCl,*2H,0 (2.60 g, 11.5 mmol),
and 25 % HCI (2.5 mL) were combined with stirring and cooled to 0°C to form a second
solution. The reaction mixture was added in a slow stream to the second solution and
rinsed in with additional MeOH. Additional 25 % HCI (3 mL) was added, and the mixture
was stirred for 20 minutes, then placed in the refrigerator for 1 hr. The mixture was

20  filtered to yield 1.3 g of a greenish-blue solid. The resulting solid was dissolved in
minimal DCM (~5 mL), then diluted with hexane (200 mL) and rinsed onto a thick plug.
Excess acetylene was removed by flushing the plug with hexane. The product was eluted
using 5:1 hexane:DCM. The solvent was removed to yield 0.5 g of blue solid. The solid
was dissolved in hot acetone, then filtered while hot to remove a green impurity, and

25 allowed to crystallize overnight. A second recrystallization from acetone yielded 0.38 g of
blue needles (0.62 mmol, 16 %). Analysis of the blue needles product provided the
following data: 'H-NMR (200 MHz, CDCls) & = 9.3 (s, 4H), 8.0 (dd, J = 3.4 Hz, 4H), 7.4
(dd, J=3.4 Hz, 4H), 6.38 (m, 2H), 5.1 (m, 4H), 2.0 (m, 4H), 1.3-1.4 (m, 28H).

Example 2 — Synthesis of 6.13-Bis(isopropenvldiisopropylsilylethynyl)pentacene (IP-

30  DIPS)

Synthesis of Isopropenyldiisopropylsilyl acetylene:

2-Bromopropene (4.32 g, 38.6 mmol) and anhydrous THF (20 mL) were combined
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via rotary evaporation.
The product mixture was dissolved in THF (50 mL), then MeOH saturated with
K,CO3 was added, and stirring was continued for 2 hr. Water (100 mL) and hexane (100
mL) were added, and the organic layer was separated, then washed with water (20 mL),
20 dried over MgSQy, filtered, and concentrated via rotary evaporation to yield 4.6 g of a
colorless oil (26 mmol, 70%). Analysis of the colorless oil product provided the following
data: "TH-NMR (200 MHz, CDCls) § = 5.76 (m, 1H), 5.51 (m, 1H), 2.42 (s, 1H), 1.88 (s,
3H), 1.05 (m, 14 H).

Synthesis of 6,13-Bis(isopropenyldiisopropylsilylethynyl)pentacene (IP-DIPS):

25 The above isopropenyldiisopropylsilyl acetylene (3.00 g, 16.7 mmol) and
anhydrous THF (16 mL) were combined in a dry 100-mL round bottom flask with a stir
bar. After cooling the flask to 0°C, n-butyllithium (5.6 mL, 14 mmol, 2.5 M in hexane)
was added dropwise and stirring was continued for 2 hr. 6,13-Pentacenequinone (1.4 g,
4.6 mmol) was added and the mixture was stirred for 48 hr. The reaction was quenched by

30 the addition of 0.5 mL of saturated NH4Cl solution, and then diluted with MeOH (50 mL)
to form a first reaction mixture.

In a large Erlenmeyer, SnCl,*2H,0 (5.8 g, 25 mmol) was dissolved in MeOH (800
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The product mixture was dissolved in THF (50 mL), then MeOH saturated with
K,CO3 was added, and stirring was continued for 2 hr. Water (100 mL) and hexane (100
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| entacene (IP- Synt hesi s of |sopronenyl diisopropylsilyl acetyl ene:
2- Bronopropene (4.32 g, 38.6 mml) and anhydrous THE (20 nL) were conbi ned
in a dry BBQem1sswand- bottom flask with a stir bar, andPCHAB2@004®A7 t O
-78C. nButyllithium(14.8 nL, 37 mmol, 2.5 Min hexanes) was added

dropwi se. Stirring was continued and the tenperature was nmai ntained for 10
m nutes, followed by the dropw se addition of dichlorodiisopropylsilane
(6.85 g, 37.0 nmmol ). The m xture was allowed to 5warm and stirred for 48 hr

to forma fiprghuid. Xt’[‘l‘l"eewafer samplé Wad tIREPE @Ja?eddxﬁlﬁfh Jaoﬂr'dﬂe §dPLHﬂ)q RQtdzom f I ask
with a stir bar, trinethylsilylacetylene (3.93 g mol ) and anhydr ous

THFE (10 ni)iseesits of bhdimRedy apid cesivizéerceleraton ram@dﬂ%ﬂ’i\@wfmﬁfhm@ & 2M0 37
mmol, 2.5 %»led?%g Ohayai) ﬁg_f?_ﬁlgat 91PXVh§t 1&@% o' ¢ £drne nRReCRNbWAHRA for 2

hr to forma secon | rst action
(iii) exposure to UV (ie., 254 nm germ101dal lamp) in a nitrogen atmosphere for 15

5 minutes and then (iv) a post heating on a hotplate at 100 C for 10 minutes. The ZrOAc
solution comprised 8.5 wt% of SARTOMER™ SR-368, 40.0 wt% of zirconia
nanoparticles surface treated with silane A-174 (as described in U.S. Patent Applications
Nos. 11/771,787 and 11/771,859), 1.5 wt% of IRGACURE™ 184 photoinitiator, and 50.0
wt% of isophorone.

10 Three samples were prepared on a substrate as described above using one of the
following semiconductor ink formulations. For TIPS-pentacene, the ink formulation was a
solution of 2.0 wt% TIPS-pentacene and 1 wt% polystyrene (PS) in n-butylbenzene. For
allyl-DIPS, the ink formulation was a solution of 2.0 wt% allyl-DIPS and 1 wt%
polystyrene (PS) in n-butylbenzene. For isopropenyl-DIPS (IP-DIPS), the ink formulation

15 was a solution of 1.8 wt% isopropenyl-DIPS (IP-DIPS) and 1 wt% polystyrene (PS) in n-
butylbenzene.

The ink solutions were filtered through a 0.2 micron filter and loaded into a print
cartridge designed for a DIMATIX™ 2800 series ink jet printer (DMP, manufactured by
Fujifilm Dimatix, Inc. (Santa Clara, CA)). A 30 mm x 20 mm area was printed on each

20  sample using the semiconductor ink with the following DMP parameters: a liquid
crystalline polymer (LCP) cartridge having a drop volume of 10 picoliter (pL); a cartridge
head temperature of 28°C; a platen temperature of 30°C; and a drop spacing of 20
micrometer (um). An ink jet drop matrix of 1501 x 1001 drops was deposited onto the
substrate, the drops wetted together such that the ink solution covered the area.

25 The semiconductor layer was allowed to dry at room temperature and then
approximately 1000 Angstroms of gold was vapor deposited through a shadow mask
thereon to form an array of devices with individual constructions similar to exemplary
device 20 shown in FIG. 2. (Although exemplary device 20 shown in FIG. 2 depicts gate
electrode 16 as a single layer, in the present example, a three-layered structure, namely, a

30 heavily doped n-type silicon wafer layer, an intermediate 100 A TiIN layer, and a lower
5000 A aluminum layer represents the gate electrode of this exemplary device.)

The devices, made as described above with a channel length (L) = 100 um and a
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via rotary evaporation. The product m xture was dissolved in THF (50
m.), then MeOH saturated with | C2C01 was added, and stirring was conti nued
for 2 hr. woarey1s§we0 nl) and hexane (100 nlL) were adde@CTAISA0VIES66T gani C

| ayer was separated, washed with water (20 nL), dried over MgSOH4, filtered,
and concentrated via rotary evaporation to yield 2.1 g of a colorless oil
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yielded 0.13 g of a blue solid. Recrystalllzatlon from acet one (-10 m.)
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eV, El) 630 (109, QlewM* sub@ﬁW£SQhen tr&ate%& th %Fﬁ%ef@misﬁla%g'(ﬁﬁdqﬁ)t héd Top
lI.e., sill

Contacts An n-type silicon warer wt ermal oxi con <100>
waf er hi ghlHMId5 peedepesifcdrasond by swifach obthe deiicset andiwap spiin «f1BB6a blanketnf and

R N T e T
Technol ogi ekced inc. lzo‘t(hcmbefd)ﬂz, mﬁAl)e} tcvmea(lltl)e mashgdswi t h acetone and dri ed

with N4 wa o [,PA) nd d Hi)
heshen it b B icih it IRRETR s HSRRRL b brpleafig e T o 0 g v
treated wi tidastUhO3pdntacencl Gompowtdesf thee pradrer invaitiohe (d/imlvbdileim (tolerzpat ed
vvlthaZrOA olutio Vi n aVISCSIt 1 3rrPa in coat

(accel er at FORDPEEELS Ol BzRgnp's hipoRg - ds g Bic 060 RO 5% sShonds)
(ii) thent @aa&redva@mmémto @hgdraeatowlgqiyc‘eofvaﬁnglme rsmututesVlﬁpA k»@ttaﬁ@ldgsr? (ii :c )
exposure (0] Cl da a njtr gen a m)sp ere or
15 5 i nuf®se é?\sa W‘H%ﬁ%(tﬁ?/)sn]é’eﬁo ﬁé%ﬁor%?ﬁﬁd éﬂ%d?lmca{l Clof gockeator 10
M nut ess  TREEIGAE oS Bk WbV QL uERE e S Bk trte vallb P Qf in SATIONFRI 197 196-s3@8ds 40. O

wt % of zi rconl a nanopartl cles surface treated with silane A-174 (as
descrl bed ithduyesff e feawiningioliestat i ons Nos. 11/771, 787 and 11/771,859), 1.5

wt % of | RGACUREL R d’e%e %9%@41&&&1' Rigrvoahg \5a@ue0réé4 F@eﬁlfod IS QRAYQDB0ve10THr ee
sanpl es were prepared on a substrate as déscribed above using one of the
Typical device parameters for TIPS-pentacene were as follows:

- charge carrier mobility values extracted from the linear regime varied from 0.001
30 t00.45 cm?/Vs;
- threshold voltage varied from -2 to 11 V; and

- on/off current ratio varied from 10° to 10°.
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foll owi ng sem conductor ink fornulations. For TIPS-pentacene, the ink
formul ati on was a solution of 2.0 w % Tl PS- pentacene and 1 wt % pol ystyrene
(PS) in rwbursisenwgene. For allyl-DIPS, the ink fornul aPCBUSa9/085680] uti on
of 2.0 wt%allyl-DIPS and 1 wt % pol ystyrene (PS) in n-butyl benzene. For

i sopropcnyl -DIPS (IP-DIPS), the ink forrmulation 15was a solution of 1.8 W%
i sopropenyl -DIPS (IP-DIPS) and 1 wt % pol ystyrene (PS) in n- butyl benzene.
The ink solutions were filtered through a 0.2 mcron filter and | oaded into
a print cantpkdag,desianats ki PVRHLXHDRB0QI860ES | nk et printer
(DVP, manufactured by FujifilmDbD matix, Inc. (Santa Clara, CA)). A 30 nm x
20 nmm area was pfhangeedirin Hézbzdﬁy 2@u68ﬁﬁ@ﬂt@1 {igmn ey Kinear aimecEied &eer0.9hk wit h
the foll owt@@()g)g{ﬁz/pgr aneters: a liquid crystalline polyner (LCP) cartridge
having a drop volunme of 10 picoliter (p L); a cartridge head tenperature of
28C, a pl at en t ethprsheld yoleagofarBd@omahtitoa2Vogndspaci ng of 20 micronmeter (pm.
An ink jet drop i . 2 was deposited onto the

subst rate t he d%{’)@(}&‘%r%{g%ﬁ% #leosgéﬁ&tshat the ink solution covered the
area. 25 Thpicslekvicopauunttos fcbrawlﬁ? IRmnabdrm\md\gted)ecup@esat roomtenperature
and then approxi teI 1000, An b rons, or de ite rough a
shadow mask therglﬁl 8" 1°6F ronblllt ar regff‘x %ceg%{c;omthm% a’[rrgln |V|e§% 61065}1
constructi mcn@.oscnfﬁmar to exenpl ary device 20 shown in FIG 2. (Al though
exenpl ary device, 20 ep ate electrode 16 as a single

| ayer, in the prtéléeé]ﬁ‘fQ1 E?ﬁf)l"%“edgot“h (g@ ?gye? d structure, nanely, a
30heaviilby doped- ar/@ﬂpmesltfameaﬁhwa&@ﬁ 1(b2ayea)5 an internediate 100 A TiN

| ayer, and_a | ower 500 A aI,um umla repre ,ents t he gate eI ect rode of
thi s exenpka#y o AT i Bl ' pelaild e A REnts channel
| ength (L) ! zzaye i LR wi dt h
(W :1000]tm—§- £ A 2lal N rPEer nobility val ues shown in
Table 5 bel ow a@h@%wra@dvay%yrngesl\éte@luhmgyneTleo%ig 1&4%1&5@% |thc(sé uﬁ‘ed, toYsibpige t he
TF&CCW Test Met hod of the present invention). Tab 5. npari son of
Char ge 'Car #llddiisopiopy syl avetylgee esmplanbriieplForbsEiusag ﬁmk@mowb@vg@@wm

Vel be (ongPUmie REMIBEERGe:th it TR Rk ) e om0 AR Rt vl v
0. 00498 0. Q6F14H), 0.61 (m, 2H), 0.45 (m, 2H) -0.44 (m, 1H).

Synthesis of 6.13-Bis(cyclopropyldiisopropylsilylethynyl)pentacene (Cyclopropyl
DIPS-Pentacene):

20
This material was prepared using methods similar to those used to synthesize Allyl

DIPS-pentacene in Example 1, simply substituting cyclopropyldiisopropylsilyl acetylene

for allyldiisopropylsilyl acetylene. '"H-NMR (200 MHz, CDCl3) & = 9.2 (s, 4H), 8.0 (dd, J

=3.2,5.6 Hz, 4H), 7.4 (dd, J=3.2, 5.6 Hz, 4H), 1.4 (br-m, 28H), 0.85 (m, 8H), -0.21 (m,
25 2H).

Example 8 — Synthesis of 6.13-Bis((1-methylenepropyl)diisopropyvlsilylethynyl) pentacene
(2-but-1-enyl DIPS acetylene)
Synthesis of (1-methylenepropyl)diisopropylsilyl acetylene:

This material was synthesized by methods identical to those used to prepare
30 allyldiisopropylsilyl acetylene (Example 1), simply substituting 2-lithio-1-butene
(generated in situ by treating 2-bromo-1-butene with n-BuLi in tetrahydrofuran at -78 °C)
for allyl magnesium bromide. 'H-NMR (200 MHz, CDCls) & = 5.76 (q, J = 1.2 Hz, 1H),
5.55 (quint, J = 1.2 Hz, 1H), 2.41 (s, 1H), 1.06 (br. s, 14H), 2.19 (q.t, J =9.5, 1.2 Hz, 2 H),
1.10 (t, /=9 Hz, 3H).

42-



0. 02159 maxi mum nobility value 1.957 2.453 3.438 average nobility val ue
0.359 0.443 0.872 Exanple 5 - Preparation of Electronic Device with Ag Top
Cont act s:wWoroew/15519e silicon wafer with thermal oxi de asPCH/US@IPEB67 was
(i) washed with 10 acetone and dried with N2, (ii) washed with isopropyl

al cohol (I1PA) and dried with N2, (iii) washed with & onized water (D)
water and dried with 1°42, and (iv) then treated with UV generated ozone
(UV/03) for 10 m nutes. The sanple was then spin coating with a solution of

Zr CAc and cur edsaﬁhééfs%%I1b@sa1Dm§memp€op4zndlﬁoa%mlamayﬁmbeﬂtmnms prepar ed
consi sting of asQliytd.9npek rnBcMcyo TT PS-pentacene ‘and 1 W % pol yst yrene
(PS) 15in n-butyl'benzene. The 1nk solution was filtered through a 0.2 pm
filter and 'Oad?ﬂis tea)laﬁwarﬂrsgara%fngn%&dgaﬁhg%qhés@rusédhs sPIAATL X ot
matrix printer (DWP) used in mm ar ea was

pri nt edswi THPSeentecendd UExammplé rik, @mpﬂmlsebsgalnpg e L wedtingencpropylislits epubmis iDIVP

paraneters vin r t dge head
terrperaturé“jeg’fllelb%f&r ﬁia'rld’"ls%@epr?' lsfléll cgtryaetnurlglp%wghmzdégd? gﬁags%g(g Z(H of 20
20 um An 79k (ji&ts €B.aps. mHz[ iBR), af411(5@17a<3 10€4 Hdr oipys Swag, deposi, el st o t he

substrate;  the oget he he | ution covered the

area. The S@H§t cg 35@?2?[ @e(fq vg Q E%ejc]% (I;\a:{?(gt)’ é%bﬁl%t“ghﬂer% Gr

fol  owed bypprinting silver source and drain contacts at 304 dpi using a

SPECTRAThr _i nkj et pr| nt head SM 128 haV| ng a 50 pL drop volunme and Cabot

si | ver Pnk ExgReledrgenars QG devierqusing . The sanpl e gave a

charge carrier thl’llytdbpél(ﬁh-lﬂ}%e%fhc@n %femn@l ﬁaa@Aa NS R eheABAIRRDs Ry

Mobility Test Method 'I. anpl e 6- Preparation of Electronic Devices

El ectronic Fd@vpléé*swwa%eﬁgs & sebvigter pRubPEHCsages Hisatsd ifer Fraputes e Blagpepar ed

as foll Om@leahﬁ%% Et}émrtl\/ﬂ}agle?'E§'dlb@@ﬁowlgfdsEﬂg‘ﬁ{egnﬂigS%teﬂ% gRt 8 i&lnR6Lr ode

| ayer 16, whil %’ urn of thermally-grown oxide served as dielectric |ayer

12. Source Céﬁhumgaﬁl poetreetting ¢ 800 apgheixyrsn flewsd dtstapding oplkie ecitimaigsdeby

evapor atin

condi tﬁgns%l%ﬁ%%ggﬁr 2121 e\éﬁfap lg%?ﬁggl(l c?d?%gg\éﬁ{% éa‘%g&rsgg%gﬁ@%%%defl ned

a channel wbitingebzangted NMDIL\ﬂkpndﬂmm,Tf@mlqmﬂydﬂa) Frapmtel, Englagt) hysidg a of 100

pm For th del ctrodes, e substrat.e r aned by

exposur e tga&// Bge 8¥M3tgm%9mlg %nec‘lBgl _Ctlhe% aﬁ@wed lf'(? &ry cllt Fooltt tgmlgérgtul%.
Approximately 800-1000 Angstroms of gold was vapor deposited thereon through a

shadow mask. Transistors were then characterized according to Mobility Value Test
20  Method 1.
Each semiconductor solution was a 1.8 - 2.0 wt% solution in n-butylbenzene
solvent, which had been filtered prior to use (Pall Life Sciences ACRODISC® CR 25 mm,
0.2 um PTFE syringe filter). The semiconductor solution was placed into a dip-coating
tank approximately 50 mm wide, 5 mm deep, and 30 mm high. Approximately 5 mL of
25 solution was used. After coating, long crystals were present on the SiO, surface of the
substrate, and typically oriented parallel to the dip axis. Source and drain contacts were
oriented relative to the semiconductor crystals such that the crystals bridged the contacts.
Semiconductors used in this example were: (i) TIPS-pentacene; (ii) 6,13-Bis-
[(isopropenyldiisopropylsilyl)ethynyl]pentacene (IP-DIPS); (iii) 6,13-Bis[(allyl-diisopro-
30 pylsilyl)ethynyl]pentacene (Allyl-DIPS); (iv) 6,13-Bis((1-methylenepropyl)diisopropyl-
silylethynyl)pentacene (2-but-1-enyl DIPS); and (v) 6,13-Bis-[(cyclopropyldiisopropyl-
silyl)ethynyl]pentacene (Cyclopropyl DIPS).

Often dip-coating does not result in complete coverage of the substrate, so the
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The el ectrode surfaces were treated with a nunber of thiol-based nonol ayers
to inprove crystallization of the sem conductor and shift netal work

functi on WO 20eppsdmwe 10 charge injection as disclosed i nPCERR2@98¢3667 Dev.
Lett. (2001), 22, 571 (Gundlach et al.), the subject matter of which is

i ncorporated herein by reference in its entirety. Thiol-based nonol ayer
treatnments included, but were not Iimted to, octancthiol, dodecanethiol,
decanedi t hiol, benzenethiol, 4-methoxybenzenethiol,

pent achl or Qﬁ@(ﬁﬁf@@ﬁnﬂél%ldth%@%e%@%@sfﬂeg&ﬁqgﬁ@é@ﬁﬁﬁea' ‘ﬂle e-lr_é’é?l'ta%@bf éﬁbstrate
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s, then 40(E®IQT|@ﬁHQR th@@) &ljtingFhéwele v clentifybrd reades awamﬁdxe@sefblsd@@@te A a 120C
oven for t t 13 was
deposi t &d by OI%&&%@,{O?OE@&%&&B%%Q%@Y 208 fﬂ%g%"ﬁeasg 8%%%% ge%}e{%!e
conpound ofof tPrﬁﬁ)mﬁi@Aqu? pihntweﬂhilmm s¢fthvas ab \Aédltufm theo Ipatecmz;geebmyhdae nzigne,
butylbenzene or .c r ver t.he sour ¢ r sctr odes

sol vent vvas aP?Slt\XQg?fggea\l/ (tlv R %\P%th(ebr coégl%elathr © PREOY L?bng f';liu?m th a
wat ch gl as$yr. suGagecdvhagbol kheo;fubithe: s@]ha/@mﬁe hﬂdlrﬁvap@zreaﬂgedvaamhbnt&sed to

Sunst rate daeBEaRCHTR LoBaRHR oruhS 150" cu e AHuaGF o AE

remai niwg sdvendalculate chargeEaﬁherdmvblﬁe_y V@&sevaﬂwﬁilledmgﬂoﬂgum&usluséd/ to/al ue
Test Method || cribed above. Typical device paraneters for

Tl PS- pent a&%lﬁ‘élat\ﬁéféc“é(%c?aé‘wldﬁg - charge carrier nobility val ues extracted
fromthe linear regine varied fromO. Oto 0.45 cn2Ns; threshold
voltage varied from-2 to 11 V; Hofl= Goﬁ@ojfw@urrent ratio varied from 103
to 106. Typical device paraneters fo P-1 PS pentacene on Au el ectrodes:
charge car Rxlh%fe W’R/Eé tHeteY Ve UBanRK e ed, & RMehdig ok koisar an"dQﬂhH%oM@Jté ed from
0.01to 0.0 hreshol d voltage varied from12 to -22 V; and -

on/ of f cur K@rﬁepqasatte@l)oanﬂa% #dhe yuslre@rcrege (oRcrocnpiFebexampls Héhqprprmrerers for
DIV 1 BS PRRSRAEARAAAY | BAREFALER: and ihe surfact Bl GAL B gércéﬁ@%én thy val ues
extracted fro near regine va% ?romo 0051to0 0.0

t hreshol d vﬁbqtla(gehaﬁaﬂl\’edthquy tﬂBO@@mCIQBS V; and 10- on/off current ratio

Yg[)lr ggyr (rjlolm S(l)grzofﬁy %iler n%gllﬁg%lﬁe ot th? g%%ﬁcgﬁ%%\/gl o@lsle%a'ﬁp fIS%E? sé Be nt acene)
Synt hesi s dﬁbleﬁélemwamgwem msppred E’;dthOVﬂitﬁ&’deT%m &lethod I descrlbed above.

Table 6. Comparison of Charge Carrier Mobility Value Measurements For Electronic

t he

20 Devices Comprising TIPS-pentacene, Allyl-DIPS, IP-DIPS, 2-but-1-enyl DIPS and
Cyclopropyl DIPS
Charge Carrier Mobility Value (cm’/V-s)
TIPS- Allyl- 2-but-1-enyl | Cyclopropyl
pentacene | DIPS IP-DIPS DIPS DIPS
minimum
mobility 0.123 0.148 0.0991 0.127 0.104
value
maximum
mobility 0.176 0.417 0.201 0.387 1.46
value
average
mobility 0.155 0.265 0.147 0.286 0.559
value
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This material was synthesized using nethods identical to those used to
prepare 15 allyldiisopropylsilyl acetylene in Exanple 1, sinply

subst i t utwagoeyisswpr opyl nmagnesi um brom de for allyl na@gegdisamolosisnt de.
11-1-NWR (200 MHz, CDC13) 6 = 2.3 (s, 1H), 1.1 (br-m 14H), 0.61 (m 2H),
0.45 (m 2H), -0.44 (m 1H). Synthesis of

6, 13- Bi s(cycl opropyl dii sopropyl silyl ethynyl)pentacene (Cycl opropyl DI P

S- Pent acene): 20 This material was prepared using nethods simlar to
those used pgkoms¥Nbh&shmsitbai3 leP&m&eﬁm%eﬁrobﬂmﬁmmvﬁ 11fucsd-Pl Y

substi t uti ng,e3ed opropyl dit sopropyl siTyl acetylene for

al lyldii so%@dﬂl@é{ 2§ 8tu¥t BBRacedduliVR: (200 Mz, CDC13) 6 = 9.2 (s, 4H),

2820 ( dg 85 :(Bm %%&rd_%dxg%ﬁg ?ﬂ 1.2 %zb 1 ﬁllﬂloafwa[s%dged 3 aQOMﬁlébsoftéﬂn)f}asﬂ-w‘dth (at%flr

6, 13- Bi $(( Ibamﬂlﬂ}ﬂselmgbmd@yﬁdmcbbme&pw sNﬂ%rbreoslwmllrrlldqo@r&&éémenol) and a

(2-but-1-e P e

(1ot byl endel SoReT RIS (G2 o Th AR TpEpRiivicirere pdded, s 57105 SPUEBSE e ze

by net hods waslertdchedland thet hgee m&edeftu@eqofoepdﬂeat:%ﬂndi pdiyd ajla]y&@[byd:dyl\@ |yl

acetyl ene substlt ut ene ener at ed

"ot v by Ry TSt SBED b B Fipa o ARy BROMPER o

-78 O for aﬁd Highloroagitiest suerchrdded, ded thekbrddWR 16260 GvalvisZpardCiaCilidh v&sh%dSwﬂ'}ﬁ (q, J=

1.2 Hz, . 5.5 ui.n =1.2 1 2.41 (s, . AH), 1.06 (br. s, 14H),

2.19 (qw higeeZ g §§1‘9‘i " ghtone %ﬁléf%i.eﬂ@'d%% 1}%@6@}“{%@%@0 and 1dgigg HBkiet by

6, 13- Bi s((llnﬁrpadwﬂ RIRAGE DN diSRbMBISI gé|aﬁteh1)éﬁtylﬁdﬁﬁﬂ§1&ﬁ"%61QeI(t8/1dlldbﬂ-3|4 enyl

Dl PS- Pent ace is material was prep i ng met hodtg simlar to those
i

used to syﬁﬂg&e.pz ug) pixfure. 5T g5 ) ‘Béﬁ?‘a’éi%to‘%@%élﬁ?ﬂ“éppfﬁl WitaRGEPIFISiBRG j t ut i ng

(1-met hyl er@gppapyd bl éh%féﬂl"yﬁ%a%h&é’avaﬁﬁ&few f%ﬂ@w&PB alsmg g&l 07819%9%&& lyl

acetylene. 'H NM (200 MHz, CDC11) (s, . 6

Hz, 4H), 7t12@01(131@ted J)FOC@ICMHOIB oY, and4@.|513 g5(2g 1(113101) ME pntpﬁiqulgm)e ]glt@ger( qUI nt

J= 1 Hzg ZlGDaS bgbb]re% t@lﬁ)u%h tie Blutidn ;‘oru@ mlﬂut'ég stheh 8P ((m mmdl) I%@asbﬁm 13dl§él (t,
.7= 8 Hz, 6 H). 10Exanpl ePreparation of El ectronl c Device usin

-C-g. oati nwas added mdrargr¢tipn oiesp depated atylp 8°Cfor B days- WAk aeactiipnt wa%%@re;&ﬁgst r ons

of thermal i S wer e

treated for 833(} a%ﬁr%gef%ﬂe%ﬁﬁ‘t@%% gglﬁ%yg%sogg%?%é&@%{l Z#fg%\/ﬁ%&%ﬂ QI?éiljo 0 from

Yi el d Engi nexdoricrrgd Syetityéather. | T, requltingsrold mas aiAl)ipd, ysildige 8. 2pgueR8seneli ng of

500W and o r jqreter per 15 minute (sccn).

The sanpl e)ﬁg\‘lgon{{]hﬂg}’?]?%ntajce&hﬁ’@g&agaqgﬁfb(}%\l%ggcﬂ uct or sol ut| on usi ng a

di p- coabi ng appaymb: ‘ i

| pyidisore ) Ty,
o) oot ndal oL R o, rgwm%ﬁﬁ ﬂ%% fwﬁmt)lr batf e m@'ﬁ%&% ary at

deposi t ed whege0md fidcod ghanacsiald omonhis K].askT\Klﬁnﬁlﬂﬁi ©Oms. ankyd@ousHEF and 1.5

characterized_acc bilit al u OMet.hod |

sem conductgcgg3 &8&%&9@’1 Sfp@pylgléy\{ %‘P”ﬁ lFﬁ %ﬁ’flmhl}‘éthE@

sol vent, \AmLcrz _hmimbl&,aalneb iwak edesd @rek 00 nh@utbbs eTl&dD@b&nolnl T8 Hoveneestir 1

ACRCDI SC(V\é 0.2 um PTFE syringe filter). The sem conducto

sol uti on wAsY 1@%888.&@8 ey B %Pﬁ@cefl%lwoawﬁwdﬁﬁta@ﬂw%g AtEe, 5 mm
deep, and %Qerﬁ'%hth'S}heram%soé@sﬂﬁﬁa@‘éd%nﬁmurﬂ%hlogée SOk UldQNfBReBES mIAf t er
coating, long crystals were present on the 5i 02 surface of the substrate,
and typi Cameﬁ%@, h énd dhe privtan| wps porrehéntqliapsoastios. of ot €l laménollr HioBoNt act s

were orientedrifelf ?rﬂr‘éﬁe 4 3 BfL SO &Qaﬁl@qlwkcﬁlbb{éfaah%n %%%Ltrﬁé’chanfoh@n&r ystal s
bri dged the contac Sem conduct ors used 1 n this exanple were: (i)

Tl PS- pent agemest for 19 miyitas3-Tisien [ 30 mb predsashdndidi b g P omadauetus yB&oellend Joiknt acene
E ,|q|P| DI F ) §§e¥é c)de? ' ahd Sﬁh‘ﬁl[g(d%h ifleadhi PR Rites, ACwR¥ SideYRELDYRMhdBERLACENe

6, 13- Bi s( ( ﬂdctmmnylItlwwﬂml@pwa)sdﬂacsabprﬂlpyetfsgetrg'tbefoh)Bd;duySp@hlau@ngaV@}bjuﬂ | - enyl
Dl PS and C i th ent acene
(Q/cl) opr opy 1Yd)lblwgg%‘ ten rlﬁ péhg&(;nagg%%p% oozlgﬁﬁgggl 3l nél)fl Xane%pXA llF‘)elite?‘gover age
of the substsobine bluseolfld’mas then recrystallized from acetone, yielding 0. 77 g (1 2 mmol 39%)
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effective channel width of the devices needed to be neasured. The

percent age of substrate surface covered by crystals was neasured by (i)

t aki ng t weeoeigstoal phot os of the substrate at hi gh mageirfuse@viosise] 100X) ,
then (ii) using a photo editing tool such as ADOBE PHOTOSHOPI '| photo
editing software to identify and render areas of exposed substrate as 5

uni form black (0,0,0) coloration in L,a,b color space, then (iii) using the
hi stogram feature of PHOTGSHOvVgl photo editing software to identify the

per cent age o@hradRQt9 bielideditiM ARHIVot(thd bitie ;igedle@rbqjocfubﬁ[ﬂo&lhé@ th@‘f@l[d%gh%@ the

result of the three photos to give a value for surface coverage of

subst r at e. d7tael R-AMR (490 Mide.f 3b§)v8r5a(§ae1%%2 {héH). 9@ . %al(%dﬂét&ao t he
ef fective %ﬂfﬁ'ﬂejz Wzd(?]@}ﬂfzﬁ Ne7TETs- g8 t1 i;@{cjlfi?luk §1£0anRehyyid h was

10used to calculate charge carrier nobi efo]lowngforrrula
was used t émcHicGPamel Y ﬁéc(mb%Hmﬁ)a%HeISHw GtZNm W) Widep® * Cov \ 100 ,
where PY, 1.5yt 17¢ 8 I@ i 3%, GPRONEL Mg Jihsmfoslét 9.4 E0gRGE. sour ce
percent). pentacene :
m crons | ong angt 1
channel w dth

1C,
;
T E%r%%ﬁfge BEk et v afh R & paA ko a4
measur ed ushnghd\iiBblved yn Vel me digsdroddrideo N Br@iﬁ@ocdnhﬁﬁhea(bmeg 186 mmol) Tabl e

6. Conparis e er bility Value Measurenents, For Electronic
S0Dovi os ST oo SRS Rebr b Al s Biom B St gyl i P
and Cycl opioqichsePWRS attbdnad, omdGas rrm%rel\/tab)g kdffuyYedVar Weh( CARAVsiS by Gd-REs

pentacene Al lyl- DIPS | P- DI PS 2- hut - 1- enyl|
showed a 90:10 mixture of tribrominated to tetfabrominated product. After cooling, water

vglues for

and dichloromethane were added, and the organic layer was separated, then washed with

15  water and dilute hydrochloric acid, dried over magnesium sulfate, and rinsed through a
thin pad of silica gel using dichloromethane. Removal of solvent yielded 16.3 g of the
product mixture, which was dissolved in 120 mL of dimethylformamide with
benzoquinone (1.9 g, 18 mmol). This mixture was purged using nitrogen gas, then
potassium iodide (40 g, 240 mmol) was added and the reaction mixture was heated to

20 110°C for 4 days. The resulting precipitate was cooled, diluted with acetone, isolated by
filtration, washed with additional acetone and water, then triturated from acetone to yield
1.3 g (3.7 mmol, 21 %) product as a light brown solid.

Synthesis of 6,13-Bis(cyclopropyldiisopropylsilylethynyl)-2.9(10)-difluoropenta-
cene:
25 (Cyclopropyldiisopropylsilyl)acetylene (1.6 g, 8.8 mmol) and anhydrous THF (7

mL) were added to a dry 100-mL round bottom flask equipped with a stir bar and cooled
in an ice bath. n-Butyllithium (3.0 mL, 2.5 M in hexane) was added dropwise, and the
solution was stirred for 30 minutes. An isomeric mixture of the two quinones (2,9-
difluoropentacene-6,13-dione and 2,10-difluoropentacene-6,13-dione) (1.1 g, 3.1 mmol)
30 was added and stirring was continued for 12 hr. The reaction was quenched by the
addition of 4 drops of saturated ammonium chloride, then diluted with methanol (20 mL).
In a separate Erlenmeyer, stannous chloride dihydrate (2.1 g, 9.3 mmol) was dissolved in
methanol (200 mL) and 10% aqueous hydrochloric acid (2 mL), then cooled in the

refrigerator for 1 hr. With stirring, the quenched reaction mixture was poured in a slow
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stream into the cold methanol solution and stirred for 20 minutes, then placed back in the
refrigerator for 1 hr. The solid was collected by filtration, air-dried, then taken up in 9:1
hexane:dichloromethane and rinsed through a thin pad of silica. Removal of solvent
yielded a shiny blue powder, which recrystallized from acetone to yield blue needles (0.1
g, 5 %). Analysis of the blue needles product provided the following data: 1H-NMR (200
MHz, CDCI3) 8 = 9.2 (s, 2H, isomer A, 2H, isomer B), 9.1 (s, 2H, isomer A, 2H isomer
B), 8.0 (m, 2H, isomer A, 2H, isomer B), 7.5 (m, 2H, isomer A, 2H, isomer B), 7.2 (m,
2H, isomer A, 2H, isomer B, coincident with the chloroform signal), 1.4 (m, 28 H), 0.8
(m, 8H), -0.2 (m, 2H).

Example 12 — Synthesis of 6.13-Bis(cyclopropyldiisopropylsilylethynyl)-1.8(11)-difluoro-
pentacene
Svnthesis of 1,8-Difluoropentacene-6.13-dione and 1.11-difluoropentacene-6.13-
dione:
3-Fluoro-o-xylene (5.7 g, 46 mmol) was added to a round-bottom flask with a stir

bar and dissolved in 150 mL dichloroethane. N-Bromosuccinimide (33.1 g, 186 mmol)
and a small scoop of AIBN (2,2’-azobis(2-methylpropionitrile)) were added, a reflux
condenser was attached, and the mixture was refluxed for 6 hr until analysis by GC-MS
indicated that the primary product was the tribrominated adduct. After cooling, water and
dichloromethane were added, and the organic layer was separated, then washed with water
and dilute hydrochloric acid, dried over magnesium sulfate, and rinsed through a thin pad
of silica gel using dichloromethane. Removal of solvent yielded 16.1 g of the product
mixture. To a 100 mL round-bottom flask equipped with a condenser and stir bar, 12 mL
dimethylformamide was added, followed by 1.1 g (~4.1 mmol) of the tribrominated
product from above and 0.22 g (2.0 mmol) benzoquinone. Nitrogen was bubbled through
the solution for 20 minutes, then 2.1 g (12 mmol) potassium iodide was added, and the
reaction was heated at 110°C for 3 days. The reaction was allowed to cool and the
precipitate was collected by filtration, then rinsed sequentially with water, acetone and
diethyl ether. The resulting solid was air-dried, yielding 0.15 g (0.42 mmol, 21%) of an
isomer mixture of difluoropentacenequinone as a light brown solid.

Synthesis of 6.13-Bis(cyclopropyldiisopropylsilylethynyl)-1.8(11)-difluoropenta-
cene:
This material was prepared using methods similar to those used to synthesize 6,13-

Bis(cyclopropyldiisopropylsilylethynyl)-2.9(10)-difluoropentacene in Example 11 above,

simply substituting the 1,8-Difluoropentacene-6,13-dione and 1,11-difluoropentacene-
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0.265 0.147 0.286 0.559 Exanple 10 - Synthesis of

6, 13- Bi s(cycl opropyl dii soproPvl silylethynyl)-1-fluoropentacene Synthesis
of 1-fluovopemrias®waequi none: 3- Fl uoro-o-xyl ene (1.2 g, PETUSROMOM4ET added
to a round-bottomflask with a stir 5bar and dissolved in 30 nL

di chl or oet hane. N-Bronposuccinimde (7.0 g, 39 nmol) and a small scoop of A
I BN (2, 2'-azobis(2-nethylpropionitrile)) were added, a reflux condenser was
attached, and the m xture was refluxed for 6 hr, at which point analysis by

GC-M5 s hOW%%Ich&le%ﬁﬂﬁmd?% 2 9%@%&%@&2&% 'é%ldlftﬁle anll er@r&ﬁ‘@&%nﬁ&&l@“ﬁ
After cooli ngdwat er and di chl oromet hane were added, and the organic |ayer
1

was separ atdd;diengenixiyas haarlyiit of tha prodegt drovaded thi foﬂpelnlgy’(ﬂtﬂoéﬂ’rw d26ti d,
dried over \igg sulSf @Ay @ W) NSeE HAT R GRIAD g '7'706‘ gel
usi ng di chl or onet g)rr?e as (gn &l'uent . ) rrgsva1EI WSO vent( yiﬁlg?s(? ' 4 of the
product m Xt dHelsom@r%) i@(ﬁmnﬁHrp@mdntrotsommA hadR), éqlnnp@éld)ewspmelalsemndenser
and stir, r If r added, followed by 0.54 g (2 07
nmol ) of t%\ Iltd bro ’nat e)gﬁgr%dgﬁp(?fgma ove and 0 43 g (2.1 nmol)

1, 4- ant hr adgiuamplad 5 gclbye ddopropdsily gD Al 0-graf or 20

m nut es, tlrrmmmemta@_melz mml) pot a55| um i od| de was added and the reaction
was heat ed at 13@ghdsorof 3.3dalistetraiehylgmciceerd. iadioad:| owed to cool and the
precipitate wasTedld gainedl®dyhnidl) dbf &bidimethylhehthataldthedt mefumnt dtednbly was t h

wat er , aceto di ethyl eth The r t|n solid was,.air

Vet o, 9854086 e mgmaboserrotetp fiitentut rebel R Sy
brown sol i dstara(a@metehasiﬁdroﬁs & 138-4gi N@d)Hlsdlhmao{va*etaddee; zthdf})lecflﬂltdﬁérﬁofﬁm acene:
A flame-dried 100 nL round-bottom flask (with stir_ bar ool ﬁg under
nitrogen an@PIEdE HIRAIMER. bEihSuSpesiont Hiss STl ST i o U

anhydr ous Thifut@ndhitila $0-8o1d &&ssm%ahaﬁleyaﬁcpﬁaé omd ibsaPsyemyhgdn. YiRGeky | ene
fromExanple 7. n-Butyllithi um (2.6 2.5 Min hexane) was added over 10
M nutes. ThEMBPECYISOWISHAS VAl enmays t%et%%niolr ﬂien eBerhgpd Wap kEawed B a-dn3. 0

ol ) 1xf UQJeﬁQ?ﬁt REENRAHNLRE, ¥85) RAAS: wRlk: Rt JuRdcsRnt | nued overni ght.
Several drops of saturated ammnl um chI or| de wer e added followed by 5 nL
met hanol , and t Bentkesisiof pdA-Bageverpigpark pilglgthynylia.d 9§ 1 Otcigampetiiyi- mol )

st annous chl orlmmg/dratc and 2 m_ 10% aqueous hydrochl oric acid in 50 nL
met hanol and st Ar fladefloed 100-mlnuouad-boprantlasBO(with stet brthovas agedled mslell0%
aqueous hy { i adde

m nut es, q{t P%:%ﬁ(% ﬁlrafle@gdzgl %Llcwa ang}:iia gyrm% %ilzig&ro{ri]gd@tgﬁe solL '?V ?gﬁa(gemé | aced
in the 2|0ef rﬁvltpe»reafodrl £ 9(7.3 nhyouhy @ycIFprbp)rldiispmopga%e)aaetjdbmee mBhdeth1M(204q vvas
purified b r aph ilica geI sing. hexan e The
Posul t 1 ng. Bioe 20 BXA0 W dRe andfdiedia ek BT B BB Yyl B 077
(1.2 nmol , aB9%ch pbﬁntpr.@@u(zw aSndmj ne 9m@adﬂraﬁethmmtay&1es6,tﬁ-dibimawbk uédadeed| es

product praoyvj ded .t he f I 0 ta 1H-N|\/R 4 9.5 (s
ey Gt 5Pl el g Ty' Byt R Heq shiiiting S0l R 40 Tyt 1 5

2H), 7.7 (doldkortiBn &f 1B, g 18'3 mndol# st(aﬁid),us -&h}En&e alhkﬂrateﬁanfé Hal ﬁi% aqﬂeoas ( m

é;?]f[ hZ‘s%cS)S( gliydr%wlériclacé}d (in 6 mL 1\|;[|)eOH The( pelsultsln mlxtgrezwa(lsnllllowed to stir r}gr EO 11 -

6, 13- Bi s( cyah@ey ol ikiuORasold sdded ket Sonimoh)of 3.9 10)Htifih uoo apenteaene
Synthesis of 2 9-Di fluoropentacene-6 13-dione and 2 10-di fl uor opent acene-6

13- di onestimedrfasdfignerexyingise then plaged methpniplriperias ddifed tayma hoien bot t om

flask w thgugdd R)vag-qgﬁ&e@nd) 4 §5§t9111ﬁ6§§l dhfbrlaéchlmdrﬂé chl of ggt hane. aqueous
N- Br onmosucci ni m de (33. and a small scoop of AlBN

(2,2 azobuhsqrgclﬁeruwudpwepuaéeﬁdtamﬂ seygd asen tearpetrture for df miguteso tise méperd was
attached, gnd hhk ettt PR HEE WX RE i Hon Gyl the g&m?e'rey ifiseBYyiff MBS hoved a

90: 10 mi xture of triBbrom nated to tetrabrom nate After cooling,
wat er and disetiyalriorEMamasl tlenghradghed shaanplug h%SIbqag&alrth ECMagzse«'m slegnt.s€par at ed,

then V\B‘She%smtﬁlg green solid was recrystallized from toluene, yielding 0.12 g (0.17 mmol, 6.5%)

of the product as blue-green needles. Analysis of the blue-green needle product provided
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15 water and dilute hydrochloric acid, dried over magnesium sul fate, and
rinsed through a thin pad of silica gel using dichloronethane. Renoval of
sol vent wWold®disi®s3 g of the product m xture, which wa®CaHitsg@pesbot n 120
nmL of di methyl formam de with benzoquinone (1.9 g, 18 nmol). This m xture
was purged using nitrogen gas, then potassiumiodide (40 g, 240 mml) was
added and the reaction m xture was heated to 20 110C for 4 days. The
resulting precipitate was cool ed, diluted with acetone, isolated by
filtrati Onmhe%ﬁmﬁg\&&tﬁ thﬂlﬂI@JHi tm@%HQ@j@@fv‘a and (‘é\@IPEW 7@@?{) trg @Sum;)ed from
acetone to yiel 89 % product as | i ght "brown sol i

Synt hesi s df3 (@:Z%HBros @II@IPB -Oé(mzlr?H)sol er leth n2 9 10 -difluoro ent a-
cene: 25( 4L APEIRY Ihina@PeeRM Bilcibg 86’&1&1 8RBt .5 SR and

anhydrous Fi5qlfuliniRE&cadded T Gomt Found Bottom f1ask equi pped
wth a stiBARARERTRERE » an 56 BALfh s B LM (3.0 nL, 25 Min
hexane) was add for 30 mnut es. An
i someric mxt uréSMDﬂlMOﬁwoeﬂﬂ ddm@sxxmﬂgdbedmdeuompenbadend: 6t013-thé one and
2,10-difl uQr opent ace 13 dio (gm) 3 add and
stirring wag %BO%da“r%JQ@ ?‘Tﬁ‘ghgwgr’rhcém%%lg%st " 30 lel)d Qh‘r‘] r%F“Bmgtﬁgeicaddu tion
of 4 drops difydsétrarroat, leammimnmoms meactéé w1thmafr'n e((illl‘iralmmjoﬁMyt:lhhefmhehanol (20

m). In a eara ErIe st an rrde i hydr at e . .3
bl ) e ARBEdR TER e Nabot S00 Ry e 105a Hhat B Aytfudrtel s aci o
(2 L), ot heandéﬁ@heldtolyklﬂhedléﬁfeﬂlqgﬁbﬂémmof%r%l hr. Wth stirring, the
quenched reaction_m xtur S _pour in a_ slo minto t col d

met hanol sol ut i nfamerdged APGaL goun E%OH?IHUQ@ gvvrlﬁeﬁlr %rbérbe%?e[%ﬁ. ¥rdehe
refrigerat (ﬂ[trJg@r{ aﬂd lblacedman s beth Wag @Rl face tvad amédfsr It radhy@6us BHF afll | ed,
then taken up in 9:1 hexane: di chl oronmet hane and ri nsed through a thr n pad

of silica. ﬁ@ra)(éé?r mlapl) syelperapyldiisaperpelsgyliaseirieng | irBupdibiam CiHnkr-2

recrystallize 151{&511@%%%%& Aroplviled k] UR madhevsas( Rickved: toSsti¥for mal ysi s of
t he bl ue needl es roductwgrovr ded the follow ng data: 1H NVR (200 MHz,
gl

CDC13) lé 9239, K)-Bpq; dihwhsphurangpertpgens-§.d Arediong)(0.78 g1 2(0smmph), wisseepdded, 2H
| somer B) ag(-i gle (r?nactlglﬁstlr}e%iqub ﬁl’ "f-)ﬂ_el reac?BWas E?Jencﬂecpb)(tglé aad"ltloﬂ ﬁpérﬁ I’rnLA 2H,

i soner : , I somer A, 2H, 1somer col NCi

chl or of or msathigted| ammanivm Chioridg fH}OWG@ & thenpd@n of @CQld(SniutlQIH))f 1.oQEKEhpl e 12-
Synt hesi s i J f r t S 1

8-Di fl uor O%Ln?qggtg%@u%ghlgﬁ% glﬂé&r;tedﬂ? 2 %%dﬁ‘o/f E@i’%ﬁ%ﬁ a%célﬁ%ﬂ%i}%gl-n 5 ?i'{Lone.

3- Fl uor o- omeytlaesle Ths rédulying A6xtmreolds stiersd foad de dnitwesainrao igechabotSubmabtmlgk with a
stir 15@ar ,a N Brompsucci nini e (33.1
g, 186 2lrarrml ) nﬂlg%a srraﬁsoéncr}“o%lggo aﬁﬁfx{% SO?{lzo [ sfﬁn dt A pr ooblrrg%gt rile))
wer e added,waa ptaeéd uxthe anlligaaer fovas hairt.adlilealtjonagude tt]mapmsdrxdtmse Masglreaf | uxed
for 6 hr unti nal ysi s . GC- M5 indi gat ed t i mar rodyct was the
e bron nattl ARRICTS bR b ST HBE R Se A &% e BrnBr ihE ALE! Added
and the or gaide @rohlaayetbne\/\@&lcﬁl@@lﬁ@ﬁ@dles thBENg, \Weeshed ol 393). WataysisadTdhadblhdut e

hydrochloric acid, dried over nagne um suI fa and rough a thin
pad of sil i %ii? W%PW@ldaﬁi)gﬁlfﬂlrl%Yf’é% &ﬁp éﬂ@iﬁd @q ©16.1 ¢
of the Brodugt, 4IH)X§21(568H5|_Q 4a<le@Hyu)g rg@f)hotzt(ﬁmr{j ask equipped with a
condenser and str r d| rret hy, om am de was added followed by 1.1
g ( 4 1 o L 1 are A hY (N Y L 11 o2 ) 1 H L) C'622 g (2 0 r.n,ml)
benzoqui none. ion for 20 m nutes,

then 2.1 g (12 mh)ov@p&&'aszswﬂln Rﬁlh&’%oﬁf\@h% ﬂ@Q@'\% ad%@nﬂ(thl%@th&l%ﬁﬁ}a'c& le}i‘@s
heated at 110C for days. The reaction was allowed to cool ‘and

preci pi t at é- Ms%@lﬂlo@c@édmb)jﬂrwsﬂfﬂ%ﬂ%ﬁL) tﬂ@rﬁomﬂﬁé ads seqjediot°al 1h9nw t h

wat er, gce r [

vield nsg O‘io%gﬁuﬁ?g (gizghﬁy 9 ﬁlgﬁlb 2.5 @g rl}l@)?azig)l rrxtéérls%déc?&rbﬁlm\é?sr@e sorufbh Gs

di f | uor opentiagkioe tjbi baoe thesnaat $tergh1tn aepanpte Spén- rlhed@OSym hegd botfm Bask3- B

i s(cycl opr VY] y1 ). - Thi s
mat eri al ng}yl rgllellogr i en(]ss @’g‘é % Zﬁﬁ@sﬁl}sr %rsi %SS% V%& B %hﬁ Se Oﬁéggﬁnf)ﬁsyn ﬁlgsr ze

6, 13- Bi s( cycdbd)pr apick daihs GPireoeydisi dojutien Wﬂ)eﬂp)lpﬁed%ﬂl@)ln diditiorofunpeninacene in
Exanpl e 11 above, sinply substituting the 1, 8-Difluoropentacene-6, 13-di one
and 1, 11-difl uoropentacene- 6,13-dione mxture for the

2,9-di fluoropentacene-6, 13-di one and 2,40-difluoropentacene6, 13-di one

m xture. Analysis of the product provided the follow ng data: 1H N1'vR (200
MHz, CDC13) = 9.5 (s, 2H, isoner A), 9.2 (s, 2H, isomer B), 7.8 (s, 1H,
isomer A, 7.7 (s, 1H, isoner B), 7.3 (m 2H per isoner, isonmer A and B),
7.0 (m 2H per isoner, isomer Aand B), 1.3 (m 28 H, 0.8 (m 8H), -0.2

(m 2H).




Exampl e 13 - Synthesis of

6, 13- Bi s(cycl opropyl dii sopropyl silylethynyl)-2,3,9, 10-tetranet hyl pentacene
Synt hesi sWoR0®/135®610- t et r amet hyl pent acene- 6, 13- di one: POTAISB00g/035657 ( 10
mrol ) of 4,5-dinmethyl phthal al dehyde in 20 nL et hanol was 10added 0.56
grans (5 mmol ) of cycl ohexane 1, 4-di one. Upon conpl ete dissolution of the
stalling materials, 2 drops of 15% ag. NaOH sol ution were added, and
precipitation of the quinone began i medi ately. The suspension was stirred
for a furtR@ichZnbank §eactr1(t]ﬁﬂlx%r5 Wa8d doudt hl“h% fi]fg rERkith SXEERSVAS dr%&f'ﬁl‘ﬁpl and
the solid collected by filtration. The solid $U|none was washed with
copi ous netlrasrspnd @qi@trpne@\r%rd peaed Afa¥) arnudssedTho regplfing sQlutigh wap miged . The
qui none (1.5 ]?thZWQ was used without further purification. Synthesis of

6, 13-B |s(cyc propyldllsoproPyIs ilylethynyl)-23

, 9, 10- t et r anet hin pehrd avemdricdofihdlprstodr flas (3WO0m bl cquenpad witbtat comidnbers®) (wi t h

t b h
Z n'h; dr gL)S lﬁﬁaol?%%ir?@fop fﬁ%%ﬁ 3([1131(&1%?%8? aoﬁq lnﬁ&ggy e %Hdlt §r?§?aaﬂl I}hyhl%ussy“ nge,
(cycl opr opyliethyl stpr csplyltlsn on‘lc)'elow‘owldnemm But gJ s trimnulcrﬁlz 49 mi, EQO)Std\/l in
Egﬁ?ne;t V\ﬁ'ﬁla%ﬁesglélll .ngx@ Ifh(@]%l ntlrrlﬁir'o gt&lyl er&lew?'?mﬂ T\ dedtbg)/ restliulxl;n £3f
2, 3,9, 10-t dthramhaé h@(ﬂzlpédsﬁmdehgnﬁdl&gdmtm taagedoebaddronAfhe dieatsanidrihé ﬂgdef or 12

0ol ut] on s igugh Sl R TR AR iR Hal Sy R0 d it JnEoi o,

aqueousio25 fIyNea ®yl oflinin@cvelnipit. 6THELreARBH. wthlaeﬂioanJ by itigadilitichUsfey Wers
allowed to stir for 40 m putes. q@ xtudrle s then added to a _so] ution of
3 nL 10% HEENdHuEgEl e dissplve thegaltnpnd exiRgied i RirPRS(2 X HERLYl dBed in
the refri g%fg%hi@rlaye?\f&aﬁrwa%h&pwlitﬁ,wattéie(sgi 86 i@'aﬂ&llﬂi&lﬁie\/\@&dr@v@pmgmesﬁl& g
stannous chloride dihydratc and 1 nL 10% aqueous hydrochloric acid were
added and stlfats. ddtered. prsbeancenigted dinderevacem 15 vieldhatlight browa diggidaciigthsd back
in the ref L 98LALA by HrohateIPHf 8n sliRG %é?lxwtﬂ %@xéﬁ@sastﬂ?@lu%tl &f%fd@&j thd i nsed
wi th MeOH, dissolved in DCl\f and taken throu a short plug of silica with
DCM as !an émru@thylsﬂyrﬁ@neémﬂmtﬁga goledass Hanigl. dTIWatglmeéw}S}IEItcap Wiag eagn o e b

t ol uene, Vvyi 7 I ) een
needl es. Arslgllln();} '@?ﬁ%ﬁ@ M%% “élgﬁergndrﬁlgsegf/%s%rsb {Li:l?}[ B%‘?fg%}%egﬁ“%e fol |l owi ng
data: 1H vamll(tQSOOAﬂtﬂﬂzhe IODB of Gfater gh@prodyct ey extacted (iato haxdne (2x 50 (nsL) 12H),

613 iS(rL;?l 3(229;,_% opsxg%y‘f'%léopropy 8y E’]o %maﬂ%@g&gﬂlgﬂ%ﬂes{%ﬁQ(é&(?ﬁtr ur anol pen

t acene Symhdtnesnasmmf t02y18ld9) 90¢ B5. §(m:mdl; rh&c%)odfwr evlo g3 hitjeid e erafysik fdhone:

4,5-c- ydr.of.ur nol nze | di zedt
corresﬁgndlcﬂlarlgﬁs Wf)(%Odﬁ%t pﬁé @%ﬁﬁgﬁ}ﬂ% "&i8 s{ﬁ\r@@@@.@a%@)?éﬁ ting

4, 5-c- di hydr offy o, , 220 d2.8 ¢ nyl) benzéne=wasHr.eat ted2my, 6 Gn, 3HBqUH val ent s of
cycl ohexang-ﬁ}, 4- diglg)re in THF using 15 % aqueous sodi um hydroxi de as

catal yst f t'ﬂél(‘a‘u upl e al dol 10condensation to yield the desired

qui noge l) n 60- 9@vrf(he§15 0f613fBﬁ(leIercdélb]ﬁgmfl?Qddmsﬂwl)@Bllitﬁlceb@t E) om f 1 ask (\r/]\nth
stir ar was COOl eda unaer nltrogen and pl ac ce bat Into this
flask was added™5¥HheVHH gﬁérwgﬂrw%%otwngg % 6%@45? %lwsopylsﬂy”)acetylene

(cycl opisopy] digh Stsl%ﬁa@bj lveuls | d¥ds 1R6ELTYd BNNCof AhBUbN THE hfoumvé@bptﬂmrop%m;?e Min
cycl ohexane) was added dropw se, and the solution was allowed to stir for 1

hr. 15 2, 3a95d1&@1<B°%W@ﬂ%ﬁnﬁwrl@hleﬂ%ﬁ)%@ht%@éwé%w113dlaﬁh@1rﬁéhe(rb Tig sglution 9 | )
was then addedeaand @@fcfrqq{ftﬂlg{‘reﬁio%d’ £6m QY heh ﬂfbrntacgﬁ%ehu'ir%ﬁggd g WS
guenched by the addition of 0.5 inL saturated anmoni um chl oride, followed
by the addimm@hwesadded dhen hﬁ%ﬂflgtait 6(Pi’CO’VaSIeS@H1gd pmd @nﬁmﬂd)forsltﬁﬁn&ysm%ﬁllabrl de

di hydrate qpd ﬁlerljeac%&{"s@i?dﬂﬁéaus e %cgfoﬂ!v%s efthkd bk’%héaddggotnh”&{%ﬁgSJ) a The

resulting m xture was stlrred mnutes 1n an ice equently,
30  saturated ammonium chloride solution, which caused the solids to dissolve, then diluted

with methanol (50 mL). In an Erlenmeyer flask, stannous chloride dihydrate (2.5 g, 12

mmol) was dissolved in methanol (200 mL), 10% hydrochloric acid solution (2 mL) was

-50-



20 1 mL 10% HC1 in 150 nL MeOH was added. The solution was stirred for one
hour and was placed in the refrigerator for 3 hours. Filtration gave the
product a28020/1380gr een sol i d, which was purified by chPORAISeYOARI®Y7 uSi ng
DCM as an eluent, then recrystallized twi ce from acetone, vyielding blue
needles (0.19 g, 0.26 nmmol, 13% . Analysis of the blue needl e product
provided the following data: 1HN MR (200 WHz, CDC13) S = 9.1 (s, 4H),
257.8 (s, 4H), 5.2 (s, 8H), 1.4 (m 28 H), 0.8 (m 8H), -0.2 (m 2H).
Exanpl e 154g@ynidaasd S1@fonQval 3nilled %@@lhr | Yflend{h%ﬁ]%&%@dﬁw Wis added in a slow

| yl et hyny1) - pent acene Synthesis of (All oProPyl si Iyl ) acetyl ene:

To an ovenstdnety thesamous siladdpwtutiomand atslke 5 3@ gdedes, then chilled for'1 hr.
(trimethyl gilyl) %tff'(l e‘f"&leanﬁ%hgecgwltl”lgﬁleﬁnggél) e @Ql\%ﬁhﬂ( iAHR1 J R olonttt . The

sol ution was coo en n- th| um (11.6 29 Mo 2.5 M
i n hexane) awhdiluetbedh he)@pv\{abeut IThkexgnd: dntﬂnlolr@rrwdlgn®1 andrreded throuzh amabef ore t he
next step. s&nar t

al lylt I‘I%Ch| (%lr@% |ell %n% @L%iga%gﬁlcgg)lr%qet&%?)a%n S ssﬂ? & ﬂ%nnkvgiﬁem rvgclljéo THE (20
m.) and cocyiedacd7501mgr®f icode paddoct aIEraeblseesxdrddwhmhumscncnrymhwqd'rqnpd@buv\ﬂﬂh an
additionfu nel flrs eaction ture ded The first
reaction miXx %ﬁ’etone X 1%}%8%@0(6 om?l’n 0 é’e{:ocr)nn nL eeg\?%rAmq% Wf%ﬂ of 30

m nut es. Thiemesdi¢ pnodg;t@fﬂvmsdm: foAswiag dataeﬂ{mmogh\t[Hz CDCI3) b B 9% gshi rd

Cyct opr opy HagNEGuhy oot i A2 o s By EREC Ml Bo0n aRaP Bl os

di et hylioet her(dsok&la Hi} 1qu@>4@ﬂ)apgmyI16H} ommﬁe(n(,QH; g, 75 mmol, in 40 nL
E60) to nmg ( . 70 anhydr.ous glethyl thr 7 m),
T dd At was t hen

al Iyl di chl oro(t H¢he first step was added to

$ele o 2
this reagent, 1Q fpld &Y@adzsbm ?Julnlil)f)bﬁ'&n ol %gwoledm%em%gén%d\mecﬂuenc hed
by the addition of water, then dilute sulfuric acid to dissolve the salts,

and ext'factiedniise dalexdne iz Ragkowas jadderh g0 oRlgarenient aper3-gues (Wastead) wit h
water (5 x i omQr: f r and
Concent rat S mle e LBy Oy RO NEn Pk o™ Ruleed g &

puri fi cati onngs, e thersgacigpmapdyyallowedsiolstic tor ged honir taih()"ﬁeﬂm@pra@kél&preﬂlhaemt
yielded th ri ' p t The
trimet hyl sﬁ?% %a%%wggwszd&%%écﬁg B‘?ﬁ?‘??‘%ﬁg&% Sﬁﬂﬁeﬁ%‘/&%og%k/egﬁé S&hﬂ%%r ops of
15% sodi umektyadtedxvithepentinetd oAO frdr) a8 thei qngmlwslayeﬁe‘ wene wahleedawlithi waton doéd wat er

t he PT O UCtO HBZa en)églrr%Ct ?fgtel Ithrehe arp%ar%g ly conc ztbd smh rgtawI § ha \A@&ler (3 x
20 m), red over lrlnat Hesicum su?lfa? uIlflere "ANd "RoRceRtr QB “ihder
vacuum t o mrediuit @a@ﬁolgﬂéﬁ Cilrmbgraﬁl& &) silida vatlcpblnmnd: esa ¢luaptiy@dldedod oysi s of
the 20 col ess, |.iqui.d pr.o rovi he foll ow ng dat a: 1H-N|\/R(200
MHz, CDCI 3§()§3|3”@°‘5.9g°9°med Yjed p EPd§Pt gﬁ)‘“f 2.3 (s, 1H, 1.7 (dt, .1 = 8.2
Hz, 1.1 Hf I2:—1) lsvrﬁ)he@ls(oli’fDnédd}opvﬁtréne(tmlsa%hvnv&lm l6rmn1d%H) Synt hesi sdof .
6,13-B is(a y r et hyny1l) - pent acene: an. o rie
100- nL round bopflm‘glﬂykgﬁ'“ l?iqﬂiyl?lﬂé' @@%Fb%r(éﬁygm yln)n%ﬁ!)et‘ws H’ésoﬁ"seq( ¥'s g,
8.8 mMmis) \WRhloH At VRGN Nin% Iahncpﬁot@ﬂhmk%&pgédmﬂ Obtlrearshdiyadehen &t opwi sc
addi tion of cthyl magnesi um chl ori de 2 Min diethyl ether).
The sol uti d b Napmeueenienes ¢3érm@01h65 o) e afdadoeepyiseoer Hb MRS,
Pentaccne qpd RaRRg (Hs 9&1t19ued3f09 150k miREes RAARE the B RNEREANG @ 1§

resunmed and contlnued fo hr. During that tine, the reaction so |d|f|ed
The reacti @ﬁan%sSQﬁtﬁémw@m@yedttﬁ@ga@raiyteivmr@fonzm@n@Waaa@i@d toghereatlapge

amoni um ¢ i

di luted wi '? {2}9{ ey 6{1?1% %élrﬁﬁ%ﬁw ?JI} ??eestrlldr?rl%@%k%‘ Fe}sk,gd g? Z@%ﬁ@' c%F%ri de
di hydr ave @Qntalegsolullgn Wﬁmgammzspmtsé cblmmdcessnrenmeldaml the r@Gnerivps reh@yed
hydrochlor| i | n the solution was chilled
for 1 hr. %1@1% 8%%&93%ﬁlngh%%;&gapr%§a%%d% |r0%H%lsll ow streamto the
stannous chl ori tlmisu)tf oV -dithigd )diisopr then chilled for 1
hr. The solid iltere se thrrehan in mninmal
di chl or onet han\gﬁaég &‘ Oﬁrtlcgao nfﬂasgg‘ﬁ%%ﬁer @aﬁe%nﬁ %&g%gmng? Bitet hane),
and rinsed through a pad of silica gel u3|ng 9:1 hexane di chl or onet hane as
an eluent. The solvent was renoved to yjeld 750 ng of crude product as a
bl ue solid, which was recrystallized ffomabout 125 mL acetone to yield
0.58 g (0.92 nmmol, 30% from qui none) blue needles. Analysis of the blue
needl e product provided the followng data: INNNMR (200 MHz, CDC13) 6 =
9.2 (s, 4H), 8.0 (dd, J = 3.3 Hz, 4H), 7.4 (dd, J = 3.3 Hz, 6.6 Hz, 4H),
6.2 (m 2H), 5.2 (m 4H), 102.0 (dt, J =8.2 Hz, 1.1 Hz, 4H), 0.83 (m
16H), -0.025 (m 2H). Exanple 16- Synthesis of 6,13-B is((2-met




20 over magnesium sul fate, filtered, then carefully concentrated using
rotary evaporation (product was volatile). Chromatography on silica with
pent ane a®Oan0%lsswnt yielded 6.9 g (33 mMmuol, 99% the de€TfusdooPEHETtt as a
clear oil. Synthesis of Diisopropylthinmethylsilylethynyllsilyl brom de:

Dii sopropyl (trimethylsilylethynyl)silane (6.9 g, 33 mmol) was dissolved in
25 di chl oroethane (20 nL) in a round-bottom flask equi pped with a stir bar
and placed in an ice bath. N Bronosuccinimde (36 mol, 6.5 g) was added

SCOOPW Se QNEPla3Q M UEPathaNtl fid ﬂisk%s%ﬁe&@@ﬁﬂmhk?@anfeo[o . S Erol nut es
or until the solution began to turn bright orange ol vent was fenoved

usi ng rot adiethe efpers nd Bhg (Penmah &-mptbyldduidithians viateringes i-Bethgthen (4,9 and t he
remai ni ng $gl ihd HUEGkne] 9& J8sd QH%%A&% ‘%elf ﬁﬁiﬁ}ﬁ%s bypf bdlﬁt(o%t\%a%ﬂo%l?

30pent ane sol’'uti on was agai n evapor at e process repeate nd the

pent ane wago stemoved hroaty’el ahdgv® ther ngcqvlrmla waQr byth of r@ﬁpt@@d’a@turagnda pal e
brown oil I I i Si fyl ene:
A 250 nt r(%ﬁ%‘gé got tS%rm (¥rl %13% h% hg’t %hrg'n S%%CQJ\%VZDE&% Iq%r%g %/}L c%ﬁ%oggj%gnder

ni trogen, (mlnettlplsdyledhynylisﬂalrbromelehjai hg, o0 timcd) dlissalszlcd vmtO adldedta@Owai

hept ane, us dieth et he 7 | .

- bet hyl - 1 o FREES s Fla ol e BRR PR R dvemrightyins,

hexane) vvaseaad(deﬂlxwura way pomgremm/e Rat@@tetiamutoaiim dieidablitipanherastradtbtdwed t o

stir for 1.5 hr at 0C_.a s then pl aced er bat
emmer ot ur e Red o Fs0d SRS BREE et Ang o ot a2 ek 1 n
g r11e0i celolbgat“gph I&%nsggﬁgpyét% (ﬁr:{e&dra]ieaﬁwbcﬁkémﬂa%ﬂﬁmﬂyrl r)ggwdyxﬂapbrraﬁdga dehd dhaddl g,

. nmo | SSOl ved 1. .n ept ane was then a e over m th es via
syringe, aRed P%W*}Sé%}eﬁ%ﬁy mgmaﬁogm@du%n@ g gil rhexgnsrdishiprometigns soRigeR pon

m Xt ure wasn PRUAEFcIdHS.Ag %ﬁt Hal, @d%yame nﬁm&tﬁﬁélgﬂk%e& el atchan
extracted into hexane (2 x 50 ) washed w wat er and brine. The

organi ¢ | apdr Thieceyicawaotalgn yp lﬁﬁéﬁéspiﬁﬂ édplrla%of methanet gyl THghen 3

concent r at gghunfersof Qb Aioks %Mﬁ{%rl?}d!rd%'ihe JNgionr wete RidedURd e saPiWd fhed by
chr omat ogr aghy using a 2:1 hexane€: dichl oronet hane solution as an cluent,
yielding 32 0\§ed(t918tlrrﬁbﬂ00m2tglﬂ)@er®tﬂretﬂ<?é3@ mlm@%hyﬂl@qan@/andc‘amedera@éd% enk as a
clear oil. n 4 f

met hanol J&@ﬁggﬁﬁ%ﬁﬁ{%ﬁﬁg% Fé% 1%%J éécsjﬂtelo %dngod\%arsn%ﬁ&adr gi@gg&;&sag l(,lét)l on

wer e added xaHt mlheandethe targanionkagery Svead cowkided, ovashéd wih wmmnﬂedrwértmeur e for
30 m nutes. wa n a ther 30
m nut es. eal_ﬁgegs tSﬁﬁ*Sqe fxﬁ%n %Jpﬁggggxsg lrvg%t gldeal n(zl\éve 8@(%%12&4(521) Jr%ﬂ and
t he or gam chﬂoaylmg&phyen@ng:mdhemddlcmmmdlm ahannadcar, yeerlrdngiz i2gc{8 O\rmnol

magnes fate r.e n vent . .t he r de

a1 el by ern st bat B BerREh DR e B R AR A went

yi el dlhnlg iogthg c(eBr 6il pifaiﬂhc;t pﬂﬁlc@ﬁ%@%ﬂéx&hg dﬁtao{HbJMB (ITG)OIMHleDCB) Sf 3. 3h |

2- met -,-'tineot roduct. as [ r. oi aS|sotecear
0i | pr)c/)duc %&/?éz % B%fﬁéﬁﬁ%@%;ﬁi gﬂﬁ‘l\ﬁ% St ]ﬁ?ﬁ toa 3) 8 = 3.3
(m 2H), 2.5 (n’Berﬂr@ms 02653(E§s((2lﬂfﬁthvﬁl 9d{tlﬁ[hne&lﬂs013r3>m651(v|l'6thv21|v|))penﬂacéhe( m 14H).

Synt hesis of 6 13- (2-methyl-1 3-dithi ane)dii sopropyl si |yl ethynyl
)pentacene: ~ Iman i 5ﬁe%\1/%m&rr%d bP@Gmrﬁ?Slf d{inacye b S RiRkisoproy1-

((2- metRyl yily1Rcst @rsegrtéleIﬁﬂ@n%yhmdl%h)l@dmywoﬁmHé%8 Rl JandoBlcdiPhn Was
S

di ssol ved i n anhydrou nm.) and cooled in an ice bath. n-Butyllithium

(1.34 nL, Xxcdathy |IhBWé&1§h@§1(b\é%m&d%léM Hr bspoiics wanpdiled Heorwde gnd the soREOst i rr ed
for 30 m nWLeSsrtd R 3@%&%@%@9@%% §Bndtt @441 4. mmo)) msac@si@%h and
stirring was continued for Tereactlon was quenched the addition
of 3 drops smlnaw@a@dﬁ@v@dfoah%wﬂmrmn@r werequeathet by eqdﬁéwn&f draps pbn of

st annous chl : e h@ﬂlh@

hydr ochl OI‘IQ csggﬂ(r:alqﬁi thfﬂ&qg% chlo:f’(ae o gorgeﬂéeglti;%n vvarllsOf{sgt%lnr%r‘EE:]D or Q%lﬁ’m nut es.

Di chl or®dmet harge 6Q20@mel))in aanvaaJuequs (lﬂaronmprnwecrlé vad dddedard thhecaghr wes

sol ution 0 I r al

di chl or on;\? rrgcf %??ﬁ%lﬁut S, ‘fﬂ&l&é}ne%g nesﬁ) IlllLB 2hd rr%]g:? (%iﬁlL}JgI@ %a{enrd tﬁ%gnes‘ um
sul f at e, flehmrer e«dutmmndvasonﬂmdmdr dtra(ghumlféﬂTEW[ dilyer emamaalatusmg addigomabsul t i ng
oil was taken up in 1:1 dichl oronethane: hexane, rinsed onto a nedi um pad of
silica gel, and the blue product was el uted using the sane solvent m xture.
Renoval of solvent yielded a thick blug,oil, that yielded a blue solid,
upon the addition of pentane. This solid was collected fromthe Iight blue
solution, then recrystallized fromtoluene to yield 0.11 g (0.13 nmmol, 9 %
of product as blue plates. Analysis of the blue product provided the

foll owi ng data: 1H N MR (200 MHz, CDC13) S =9.4 (s, 4H), 7.9 (dd, J = 3.2
Hz, 6.6 Hz, 4H), 7.4 (dd, J = 3.2 Hz, 6.6 Hz, 4H), 3.2 (m 4H, 2.7 (m
4H), 2.3 (s. 6H), 2 1 (uni dentlflable rrultlpl et) 1.7 (m 2H), 1.5 10(m 28

o~ m om pem




15 trichlorosilane (4.87 g, 13.5 mmol) was di ssol ved in anhydrous THE (15
m.). The solution was cooled in an ice bath, and isopropyllithium (41 nm,
28 mmol , WOR0MWissIopent ane) was added dropw se over 1 hr pPCTalSk@n@dsohy
warmng to roomtenperature over 12 hr. Ethynyl magnesi um brom de (35 ni, 17
mol, 0.5 Min THF) was added and the sol ution was heated to 60C for 12 hr.
The reaction was quenched by the slow addition of water, then dilute

sul furic acid was added to dissolve the magnesium salts. The m xture was
extracted igRhR rditRRe, (T%e)%r%a 1cma)7er WRSEEHa M, ttﬂen‘“@ie@ov@ﬁnﬁgrﬂe@mﬁi—ﬁulfa@r ied
over magnesi um sul f at e, ered, and concentrated. The product was
purified uiltagdcivd saeacaitebmyicoitasy Fraparagen. The lestidneeibwastaken @l indak (RF -
0.6 in hex |qU|d
Aol yoi o of et b e pElle, fhadt G bRARTB LY S8 1R BLAEENAL

1H. NM ( 200 e, usORChSyang Sﬁl\m:n'()l@txturg Repogal jaf solggdy yieRled a(thick bhe, 0111‘[}@‘[ ( m

: (
15 b 5- C( b uoe BB SR bIERGRe CTuR st e e e
pent acene: blwemolanorowl@n-rdzrys@dhzbﬂ(ﬁrom_tohlenmm yiodd 0.0 g (0. asm,mol 9 %) of product

3- hept af | , 5.4
ol ) wee. df SUSIE RREGH ppd B PRI R R BRER Y KR aa i
n- But yl | i t MENQDICIS) 3L 9.44s, EiHI)mﬂ (dd, b= BRiHe, b&xaned), W/aas(da,ddeﬁz(ﬂrzp@m;e, and

the sol uti st he .bath for 30 m. t acene |n ne
(0057 g, 1 nbin(e dihsT 2 dmedt) Gadtote! PetnSRiE S L TG 22 1 a
separ ati Er(rlnemmyer fl ask, stannous chloride dihydrate (1.4 g, 6.4 mol)
was di ssol ved in net hanol ( 00 ) and 1 nL of a 100/, .h drocfhl ?I’I c acid
sol ution waXBRs i PRLARUQIOISERTPPOIINLORYVAIS Qpropy iUy - The
reacti on m& uenched by the add|t| on,of 0 5 m_ of a saturated
amoni um chl or i ehathesisy pHHOIIINrQRO APY 11, Hylacoiyleney 5 The

quenched reactign amaﬁew Qsm newdedoohama fﬁaka(ﬁﬁépeﬁmbfomogrob %nnous
chloride mxture with stirring, and rinsed in with additional

Stirring warchiosenipretiRt ar 130 mmabitess, disselyad imanbydrousel xﬂhrneL)maEhe
refrigerat The i f at I

anbi ent at %S)ig% er eS Bé%?n“pﬂ?? 41\/\%2? ﬁ%@é Fr@%{gglrl atgLy 2§ﬁlﬂgllofjldc§%g W th
9: 1 hexanepditets) orepedeHahepviss ewer élhnetowae! I3 ehighiog wogmdémaerbtm@eovsbl id. 10
Recrystal | i )

product as 3% ggﬂl {1/351 It%glg}nq% f{/g(?ssﬂ%f l?lh%ogﬁdrj %lyﬁgﬁ gvdaucat pdragl\sli?E ed the
fol | ow ng deltion - VR (RGIOC Kbizl,2 LEDThS)eaion @Snu¢®hemﬂ) the ¥lo@ addidion 0f = 3. 4
;ZEL (m 4H)’wa€'e|f)t§en( dlf'utégl_gun‘g f&d%(as Hi‘igbto %sgf%é he'%@nesu]gn(g%lgsr ;]Ehlzeorrgixg eHZ’ 4H.,

El ect r oni ¢ waevktatadsinag hBlape @atimglL;SsAadhea\wﬂhywdexpédxnwt mpe &icdi @won waf er

with 1000 Angstrons e as
T RS M o ey A s s e
Syst em ( Modrlom¥tcprap AP Of siflicH g1 it kbxmngisreslidng (Fy-S 068 hetdne), re(shlnngﬁﬂmr e,

CA)) using r sett o 500W and oxygen flaqw of 1 standar UbIC
centi net er 2%%5 T i (%c/gw afﬂleﬂesaﬂﬂ il vadalien s golerdest @Rrﬁ
sem conguchvidalnd f ﬂoﬁ@wilﬁg idR@: BHANNIR (299 et ¢ DE133RPaS. & Us= 6 NIHAVBHDIL from
Ni ma Technol ogg 1LTD Coventry, Engl and using a draw speed of 3 mm min.

I

and (ii) tKehrHalwedt.d Yy 14H).Ogu@. £8hmper at ure.  Appr oxi mat el y 800- 1000

Angst roms of gobehWaR ofBR9IRIAEPASHhBbrSIPEGRRY HRHIMEby R pSRAASH IESK.
Transi stors wer g &Ren.characterized according to MobiTity Value Test Mt hod

. Each Hem,Condustar 160 r}Sun%O'bH{ter”ﬂms @- ﬁe&aﬂ%ﬂs\%ﬁ?ﬁﬁﬁﬁ”m or
0

and 1 wt % pol ystyrene (PS) in a solvent blend conprising

n- but yl Benpeapelddrapr@yislobateiene 2.0re S%Wnﬂmélmlwéllwnmrmdf Heén

filtered priQr f ACRPD PTFE
syringe fi IH%ngr?.&p 26%5}%%&00&%& c?l oﬁﬁﬁélgﬂﬁﬁégn waéh §I§la{lge?dg ?rl\l{q? hegd% b%(%%atl ng

t ank appr oxildedt &bywis@ amh the delutién mwas deepd irattg¢ B6h don 30 ghout@0Appntaxincat el y 5
mL of sol utjon After cotl rystals r se on the
S0 surt acbTe R Buhs P AR g R ST PR T G PR e ol
axis. Source and drain contacts were oriented relative to the

sem conduct or crystals such that the crystals bridged the contacts.

Sem conductors used in this exanple wegg: (i) 6,13-Bis[(allyl

di cycl opropyl silyl)- ethynyl]pentacene ?A— DCPS) and (i)

6, 13- Bi s- Rcycl opropyl di i sopropyl sil ypet hynylr pentacene (Cycl opropyl DI PS).




Ef fecti ve channel wi dth was nmeasured as in Exanple 9 for the purposes of
nmobi lity cal cul ation. Charge carrier nobility values for the sem conductors
in this exerplslsarne shown in Table 7 bel ow and were nea®aTAB2e09i086NObI ity
Val ue Test Method | described above. 10Table 7. Conparison of Charge
Carrier Mbility Val ue Measurenents For El ectronic Devices Conprising

A- DCPS and Cycl opropyl DIPS Charge Carrier Mtility Value (cm/V-5s)

A- DCPS Cycl opropyl DIPS m nimumnobility value 0.78 0.192 nmaxi mum nobility

val ue 1.05¢4afhlc BISHAYE AR stanhdus\eRlori8e Binddratk-(P4 ¢ @m&gwasgdiss-gmﬂ el
Anal ysis of Materials  15TI'PS Pentacene 15 known to exhibit a crystal

t r ansf or naticginalt (18h ek, apd4dankd a 10% hydrochloric acid solution was added, then this
solution was refrigerated for 1 hr. The reaction mixture was quenched by the addition of

0.5 mL of a saturated ammonium chloride solution, then diluted with methanol (20 mL).

5 The quenched reaction mixture was poured in a slow stream into the stannous chloride
mixture with stirring, and rinsed in with additional methanol. Stirring was continued for
30 minutes, then the entire mixture was refrigerated for 3 hr. The solid was removed by
filtration, dried in ambient atmosphere, then purified using chromatography on silica gel
with 9:1 hexane:dichloromethane as an eluent to yield 0.68 g of a blue solid.

10  Recrystallization from acetone (~30 mL) yielded 0.6 g (0.6 mmol, 34 %) product as
burgundy plates. Analysis of the burgundy product provided the following data: IH-NMR
(200 MHz, CDCI13) 6 =9.2 (s, 4H), 7.9 (dd, J = 3.4 Hz, 7.0 Hz, 4H), 7.4 (dd, J = 3.4 Hz,
7.0 Hz, 4H), 4.1 (t, ] = 6.0 Hz, 4H), 2.1 (m, 4H), 1.3 (m, 28H), 1.0 (m, 4H).

Example 18 — Preparation of Electronic Device using Dip-Coating

15 A heavily doped n-type silicon wafer with 1000 Angstroms of thermal oxide as in
Example 4 was used as a substrate. Substrates were treated for 3 minutes in a Plasma
Cleaning System (Model YES-G1000 from Yield Engineering Systems, Inc. (Livermore,
CA)) using a power setting of S00W and oxygen flow of 1 standard cubic centimeter per
minute (sccm). The sample was then (i) coated with a semiconductor solution using a dip-

20 coating apparatus (NIMA DIL from Nima Technology LTD (Coventry, England)) using a
draw speed of 3 mm/min., and (ii) then allowed to dry at room temperature.
Approximately 800-1000 Angstroms of gold was vapor deposited thereon through a
shadow mask. Transistors were then characterized according to Mobility Value Test
Method 1.

25 Each semiconductor coating solution was a 2.0 wt% semiconductor and 1 wt%
polystyrene (PS) in a solvent blend comprising 91 wt% n-butylbenzene and 9 wt% decane.
The semiconductor solution had been filtered prior to use (Pall Life Sciences
ACRODISC® CR 25 mm, 0.2 um PTEE syringe filter). The semiconductor solution was
placed into a dip-coating tank approximately 50 mm wide, 5 mm deep, and 30 mm high.

30 Approximately 5 mL of solution was used. After coating, long crystals were present on

the SiO, surface of the substrate, and typically oriented parallel to the dip axis. Source
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upon nelting at about 266C, exhibit an irreversible reaction, which is
suspected to be a Diels-Alder reaction between an acetylene in the side
group of woeomlsswdl e and the aromatic structure of anoPhEUSE@IBEIHE
formng, at a mninmum a dinmer. These transitions and reactions are readily
observed using differential scanning calorinetry (DSC). For 20 TIPS

Pent acene in an upward tenperature ranp, evident are an endotherm at -124C
(a solid-solid crystal transition) and the onset of an endotherm at -266C
(solid-li Q'dh&i d?aﬁ@@@ﬁtﬁét@@eré"’@h&}?ed' RIANVENS WE sBYich G BX ek vElk utPited: shAl der
reaction). n*ﬁerature ranp is termnated after 'the evolution of the
endot herm &tYStEMJ@daﬁ?ﬂd acuEsfivar d terrperature ranp i s executed, the

solid-solid tragsfebmBEiRNsbFinSHR % NSy 4 Merm t hat
occurs. If the d‘fslﬁn%sr@s orsms%:]il E Vgﬁ ngr% ﬁl\jexcess[?aol? %%g%&&ﬁﬁ gg\mward
t enper at ur ethyayipentocdne r(@eECBfﬁ)owyi e(/ll)d@hb@lse[f(cytc}ﬂpmpb’}damrqnybdyl)dthvns'liﬂe
applica geous to use materials for which these WO
2009/ 15% @%&%é/eﬂg%ﬁgjﬁgﬁg]\é%@%?r ansitions are either not present or of a

t enperature wel Effabwve:hamel @wqhhcwmrrmmredt asorralExareptpé?r &truthe puamges of
devices fabricate I.ng these sem co or SC .

char acter | Jupigh GBS, GHERR SEMCARDHE! PLuTThEVRE Fyrarsion Hit acene:
6, 13- Bi s( a|ekayﬂpldlaﬁeyﬁﬂoﬁmr opydbsd Wyliedxt\xhymyfw}efq)emﬁﬂﬁaelnm@nMoblllty Value Test

6, 13-Bi s(cycl o ropyl silylethynyl)-2,3,9,10-tetranethyl - pentacene
i ndi cat ed )Mcw 1? Higgcé%fé‘!)%gﬁnds do not have a | ow tenperature solid-solid
transitioon. Thge v @mifakisdnr @Thaick 0agicd Mobhis ®alee VRasnescndsk il eletronioed by DSC
are given in Table 8 bekas JalprRing.A-Corpand €9dflo@bpylmepsral Transitions for
Some Organi ¢ Sem conductors. Conpound Exanple nunber S lid Solid

Solid-Liquid irreyersible Conpound Nane Exot herm
Charge Carrier Mobility Value (cm®/V-s)
A-DCPS Cyclopropyl DIPS
minimum
mobility value 0.78 0.192
maximum
mobility value 1.05 447
average mobility 0.92 154
value

Example 19 — Thermal Analysis of Materials

15 TIPS Pentacene is known to exhibit a crystal transformation at about 124°C and,
upon melting at about 266°C, exhibit an irreversible reaction, which is suspected to be a
Dicls-Alder reaction between an acetylene in the side group of one molecule and the
aromatic structure of another molecule forming, at a minimum, a dimer. These transitions
and reactions are readily observed using differential scanning calorimetry (DSC). For

20 TIPS Pentacene in an upward temperature ramp, evident are an endotherm at ~124°C (a
solid-solid crystal transition) and the onset of an endotherm at ~266°C (solid-liquid
transition) which is overcome by the exotherm (Diels-Alder reaction). If the temperature
ramp is terminated after the evolution of the endotherm at 124°C and a downward
temperature ramp is executed, the solid-solid transformation is shown to be reversible by

25 the exotherm that occurs. If the dimer is formed by heating in excess of 266°C, the
downward temperature ramp no longer shows evidence of this transition.

In some applications it may be advantageous to use materials for which these
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10 ( SO Ca 6, 13-Bi s(triisopropylsilylethynyBpentacene 124.0 266. 0 upon
melt 11 2 6, 13-Bi4i sopropenyl diisopropyl silylethynyBpentacene 237.0 upon
melt LV 1Moep@asBiodal | yl di cycl opropyl sil yl et hynyl) - penPe@EAIS200909%671 upon
mel t

transitions are either not present or of a temperature well above the expected operational
temperature range of devices fabricated using these semiconductor materials.
DSC characterization of 6,13-Bis(isopropenyldiisopropylsilylethynyl)pentacene,
6,13-Bis(allyl  dicyclopropylsilylethynyl)-pentacene ~ and  6,13-Bis(cyclopropyl-
5 diisopropylsilylethynyl)-2,3,9,10-tetramethyl-pentacene indicated that these compounds
do not have a low temperature solid-solid transition. The thermal transitions of these
compounds as determined by DSC are given in Table 8 below.

Table 8. Comparison of Thermal Transitions for Some Organic Semiconductors.

Example Solid-Solid|Solid-Liquid] reversible
Compound | number |Compound Name Exotherm

(°0) (°0) (°0)
6,13-Bis(triisopropylsilylethynyl)pentacene 124.0 266.0 | upon melt
II 2 |6,13-Bis(isopropenyldiisopropylsilylethynyl)pentacene 237.0 | upon melt
LV 15  (6,13-Bis(allyl dicyclopropylsilylethynyl)-pentacene 199.1 |upon melt
LXIII 13  [6,13-Bis(cyclopropyldiisopropylsilylethynyl)-2,3,9,10-tetramethyl-pentacene 373.0 | upon melt

10

While the specification has been described in detail with respect to specific
embodiments thereof, it will be appreciated that those skilled in the art, upon attaining an
understanding of the foregoing, may readily conceive of alterations to, variations of, and

15 equivalents to these embodiments. Accordingly, the scope of the present invention should

be assessed as that of the appended claims and any equivalents thereto.
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I Xt 13

6, 13- Bi s(cycl opropyl dii soprnpyl silylethynyB-2, 3,9, 10-tar anet hyl - penta
cene 373.0 upon nelt Wiile the specification has been described in
detail wt hﬁeggecgrto speci fic enbodi ments thereof, it will be
appreci ated That THoSe skilled in the art, upon attaining an

under standing of the foregoing, may readily conceive of alterations
to, variatjons i val S 10, these enbodi nents.
Accordingl%, tﬁgﬁ?%gﬁgC%ﬁﬁﬁ%QM%ngéﬁ?mﬁﬁ%gﬁ Ton shoul d be assessed as
that of the appended clains and any eq@iRiBLRTts thereto. Wat is
clainmed is: 1. A pentacene conpound havilng a chem cal structure:
SSRXRIyR'z Il SIR)2.11,R'z wherein: ’ each R independently
conprises (i) a branched or unﬁranchedl substi tyyted or unsubstituted
al kyl group, (ii) a substi | oal kyl group, or
(ii1) a substituted or un ene group;

each R independently conpri unbr anched,
substituted or unsubstitutyed ) ysubstituted or
unsubstituted cycloal kyl groupl or (iiil) a substituted or

unsubsti tuted cycloalkylallcyb%ne grou X R' conpri ses
(i) hydrogen, (ii) a branched or unbrafiched, substituted or
unsubstituted allcynyl group, (iii) a substituted or unsubstituted
cycl oal kyl group, (iv) a substituted oFRggRihstituted

cycloal lcylall gyl ene group, (v) a substituted or unsubstituted
aryl al kyl ene group, (vi) an acetyl group, or (vii) a substituted or
unsubstitut ed het er@ely® independegtlyc comurisssi [@ga htantled st uolranchdd, Gyubsiituted or

and Se i nyufdEsifddSikyXerGupl (iB'a sfbstidhteT oruslbshiuted cycloalkyl group, or (iii) a substituted
or unsubstituted cycloalkylalkylene group;

each R’ independently comprises (i) a branched or unbranched, substituted or
unsubstituted alkenyl group, (i) a substituted or unsubstituted cycloalkyl group, or (iii} a
substituted or unsubstituted cycloalkylalkylene group;

R” comprises (i) hydrogen, (ii) a branched or unbranched, substituted or
unsubstituted alkynyl group, (iii) a substituted or unsubstituted cycloalkyl group, (iv) a substituted
or unsubstituted cycloalkylalkylene group, (v) a substituted or unsubstituted arylalkylene group,
(vi) an acetyl group, or (vii} a substituted or unsubstituted heterocyclic ring comprising at least one
of O, N, 8 and Se in the ring;

x=1lor2;

y=1or2;

z=0orl;

(x+y+z)=3;and

each X independently comprises (i) hydrogen, (ii) a halogen, (jii) a branched or
unbranched, substituted or unsubstituted alkyl group, (iv) a substituted or unsubstituted aryl group,
(v) a branched or unbranched, substituted or unsubstituted alkenyl group, {vi) a branched or
unbranched, substituted or unsubstituted alkynyl group, (vii) a substituted or unsubstituted
heterocyclic group, (viii) a cyano group, (iv) an ether group, (x) a branched or unbranched,
substituted or unsubstituted alkoxy group, (xi) a nitro group, or (xii) any two adjacent X groups
form (a) a substituted or unsubstituted carbocyclic ring or (b) a substituted or unsubstituted

heterocyclic ring.
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z=0o0r 1, (x +y +2z) =3; and each X i ndependently
conprises (i) hydrogen, (ii) a halogen, (iii) a branched or
unbranched, substituted or unsubstituted al kyl group, (iv) a

substi t ut or ynsubstituted aryl .grou ran

nbr anched: oubke PRTRER GPPUHE aLuE Pl atieh R ERoGH g dypeatl pr spbranched,
br anched oaubamnjnafda:m otvebhiitusd kit gtoep] (ﬁara sulsstubed or drsiednal bﬁ:}/daudyl LEPUEI)
(vii) asubst d._or bst i teroc cl.ic g

cyano gr oup, b(s}itué:g or untﬂﬂn tsrlﬁjt (? cacloatl]tyga)lky?n% EouR, g\é) 8¢ su8 iglirtegngmi_l gaszabs?ituted
substi t ut @dyldkylmmt P an ecbhdlgxmyorgﬁvblpubs(wnte)i oaunsubstm.lt@girmﬁnqcydrc ring
(xii) any two. uPs, 1f substityted or
unsubstitute s?%ag%gé% %é%ﬁhg&grﬁgﬁléﬂgéu Sti ute or unsubstituted
heterocyclic ring. 2. The pentacene conpound of claim1, wherein R

conprises (i) Q‘h@fa&%%@o ouﬂﬁw@aﬁﬁhe@ha&yﬁssdr&pﬁ&é%%muaéalblslhbﬁyéh@&i

al kynyl rog‘_f (i1) a substituted or_unsubstituted cyc cyl group
(iii) a suB liUESGPébPSbtrsmaﬁé eyl grgurs 6 @yelsttied ewnalﬂaawé%m@?lésﬂpgmuei (w
a substi t ut afstited! B WRSHbEE SyddayRIkyEYd 8RB, IGAUR . subshilutedNordGRhidktituted
group, or gy substlé{slt ed or unsubstituted heterocyclic ring

conpri si nd X%Jqﬁeéﬁﬁou&n 8t 25yl grouy iy Sé“qsﬁﬁmﬁﬂér Pi‘st"r%s‘““éet‘?d‘e%m"y“;;‘c“%
= 1. 3. Ttheppitaalesnenc@0OPNBhdSE irchatidg k,+ wWher=e3; Bnd¥ orgeMy ahdsLS1.(1 )
a branched or unbranched, substituted or unsubstituted allcynyl
group, (ii) a substituted or unsubstituted cycloal kyl group, (iii) a
substit ut éd or Thapabsdine cohpuing yLingahkof ddihe ¥ keeh evhgreou(e) eath R)indapendently
substi t ut I c

or (V) a copeiert BpRaEt b bitGudieh B aNE BERHRNed tiyBoRE S e
| east one ingepepdently camnpaings adenihed pnélbrancrhgd sqbﬁutytedrolzynsdas@ute@ai@nxl Py =
2, and z = 1. 4. The pentacene conpound of any one of clains 1 to 3,
V\/nerel n (a) each R independently conprises a branched or unbranched,
substitut éd or ThreResp F%}P@H“%P‘KEW o QfLPﬂJ’“m%th’ 4 heigic(p) qeh R independently
i ndependea&d]phsewwﬂcmsoranml&n&hanbstﬁﬁtemhrnamahﬁeh Cﬁ@b%tkbrlt H&@d(b@'éach R’

unsubstltuted n rou acene conpou
ooty gl P tecy Biassoit oSBT domr Ty cp i gitea it SR
or unbr anghaepi ang quz)sR"i ttdn‘[pﬁﬁhs(?(f) allirsxithesit ortunbranthéd, s@Btimtel Yok uasubatipited(ED-C8

each R e S d or unbr.apche :
subst | ¢ ut EAEPERE DS BONRG ESR AR sPE i LRl G5 grone, or 0
conpr.i ses sybstjtutad pnuasubitisdediretemeielianiofenprisinpatidattoned @ N, 8rsdi$sit iteuingd
C2-C8 allcynyl group, (ii) a substituted or unsubstituted

arylallcyl ene group, (iii) an acetyl group, or (iv) a substituted or
unsubsti t bt ed ﬁféﬁn@iﬂ@w@ Ferepopndef 2ap Ay tisiapes hio J. ahgpindpleadf R dudepqndegtly

and Se i nc&lﬁ}ﬁlsé’s‘aﬁﬁancheﬁor Jﬂb?anﬁ%ﬁtﬁ%&%d%@ﬁﬁ%ﬂﬂte@tl@%ll@p% ﬁ; aftd @) &8y 1
to 5, wherei gegg‘g%?eac R i ndependent|y co ises_a e

unbr anche8, tySORBrISST 3 DrAeeen Wﬁ%caefbﬁubégvtafi ppnsybptifgd C%rﬁ%l alkgyl
each R ipgdependently conprises a branched or unbranched, substituted
or unsubstituted C2-C8 al kenyl group. 7. The pentacene corrpound of
any one of claims 1 to 3, wherein at |least one of Ror R conprises
(i) a substit uTlechentacen seiyRuhd uﬁ:fn@l omyof dahkyltogr ﬁ'l:ltﬁeiﬁl‘at (e'asit)oneaofR or R

;gﬁf;ggﬁtego% 13353{1%%9? ﬂu th ?unsu s u?e? ﬁ%llki/l t%e&g( a7su ethe ?r u%ﬁl.b?titﬁ?d
and R c@rﬁ@alﬂcslelkylalmubl natl on of (i) one or nore branched or
unbranched, substituted or unsubstituted al kyl groups, (ii) one or
nore branched or unbranched, substituted or unsubstituted al kenyl
groups, ($ii) Biewewsaceranomperngof inywneef cmsino §1es 7.iwharciR, &y arldd|choppfises

groups, a&“émﬁﬁﬁ@tlog IR€ (& Tond"Bf ﬁloﬁeuﬁ‘ﬁﬁdhé&*'&eglbparncﬁéﬂ Séﬁgﬁftﬁté&“%xegl ubslltuted alkyl
cycl oal | cyl al (63/ ene Qgroups. . pent acene conpoun fs one” of

claims 1 &gurs. @y one C’FHIOFP brw@dar Hnlr@ncwd whylinged ¢ gpgybitisee %eéﬂmummlbn
of (i) ONgLeQYr BN QILRINBEL BOdhsWstit@P E@mﬁ@ﬁgroxﬁﬂ,bﬁal(iv%&doﬂﬁore substituted or

unsubstituted cycloalkylalkylene groups.
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12. The pentacene conmpound of any one of clains 1 to 11, wherein one
or nore of R, R and R' are substituted with one or nore
substituents, said one or nore substituents being selected from

hal ogens, hydroxyl groups, al kyl groups, cyano groups, am no groups,
car bonyl groups, al koxy groups, thioal koxy groups, nitro groups,

car boxyl i & aci dhgpeupsic @apboxyifiagy est@rclagnolfps3 cal I{ceBl,y\bhegﬂlIOBpR and R”
al kynyl cgh'lﬁlt?i_?s Q'&éﬁ%bl%@ﬁj 915(1) A€ Enr 191 o bkan@el Hpﬁlbraﬁdl@iT sﬁtsngllie(a%? uns]%stltuted

conbi nati ons ereo acene co

claims 1 tadenyd groppse pus (i) ape qreva@tsul@ﬁn@teptocmmmg@é c)(cio)alkal gm:agen (ii)
a branched or unbranched, substituted or unsubstltuted al kyl group,
(i11) a substituted or unsubstltuted aryl group & a branched or
unbr anched? sutf§¢ iPericsrr srmaeprspis Flﬁ%ﬂeﬂheaﬂkéﬁw “ngo p cach/B. independently

branched @bmpiitas @Mk Mesches WP Shbrindhd s®Etbtas WS iyt Ra qudSCé{@I |grcﬂf) OfiiP a
(vi) a substituted or nsubétl ti& Iﬁg het er ocyc I i C rou (viti

)
cyano gr odpesi@edy on pinsiasipted - eygipalkyly 8roypy, roxn Btk 0“1“ bstitiadar9e h’é‘H“bStlt“ted
subst i Ih t ut egcl@ilkylatigiens trotip) hﬁﬂ(c}iédéh)RYm@d’p@MﬁmtI}Q:romf)ﬂée}. (ipa Bﬂaﬁdhai @ﬁﬁb&@nched
14. The pe Sele]pts)
| east one S@%%gror 56 s?ly‘ﬁte% 8%?%8?{(?‘}’(2 gﬁ’f’%rﬁ‘ ST‘ Smﬁteé I°ﬁ8?38]éﬁtlmd %’&8%1
(i) an awiupgrGi)n subatml)edaorsxublstnutedtegﬂbaﬂaylamylsnmbupt uted heterocyclic
group, (v) a cyano group, or (vi) a nitro group. 15. The pentacene

conmpound of any one of clains 1 to 12, wherein at | east two adj acent
X groups flbrm hqpeatasqnbsqmnomdedmmrlomtwbs@]ﬁ@ db) ceclr B dspehdentlyr domgries

(b) a subghihig qm%stﬁﬁléd-%ﬁ bilokl} BRinl %tc%&?éf&hé ﬁ:? EAcA S mdep%x@lem@ comH%sei

conposi tion conprisin pentacene co g one
to 15, whaPEpshed,yasupy %ermdﬁromhft%r" ce@%%tp@%gnda&d ot éeﬁ% 17. The
conposi tion of claim16, further conpr|5|ng a polyner 18. The

corrpositiy of aim17 V\/ner t he 5% isS. S ectedfrom} ,
o7 oup contst i R BHATBY GETTIEAR oY ¥ B hrLb RSy e ey of & R s

pol y( met hg amﬁﬂaﬁmrey Wwéth @e, or ﬁrmfeys(]lébnmyﬂﬁl@mbﬂi%r nﬁ)fe)/silwﬁ&l)mts bemg selected from
pol y(4-vi heno I hat i trate

havi ng at H%ie%sst’ B clir{)éxytlz ?‘ %Sbfﬂms%?%%ccgmmn%ouzf SEHR% %m'llpziy‘éa?b ﬁ LAY 2lfexy
| east onegwout hivkkogugrbmpsaitratrens) carteayld acid areds, lcayierylic eigpigiamps alkenyl

pentacen eRgI% ;91:%91 J?@h\ﬁ's 2ieh| Qro&ﬂel{&rgﬁh Cgﬁéuky gL %ﬁ grmr;lé B‘[olm-gy Ridns Iereot.

St12. 1Ty erei nprises (i)
a branched or unbranched substltuted or unsubstltuted aIkyI group,

(i) a substi tﬂ{eeﬁént%cn&%&b@ﬁﬂ c;f'dﬁ)egle(byalaﬂﬁllktx 2, GF1RKE at (Pe,rast(ohé ¥)coRprises
subst i tutﬁhégr unsy stl tuted cycloal |l cyl al ky | ene gr oup

each R mf‘é'm@ Py2 amshed %E“b(f?"fhf'& E}f'béfﬁ\:‘:fﬁfé&f B?suhﬁtfﬁlﬁe&rﬁélwéamups (ifi) a
substi t ut emstnﬁtemsmmitmtwaeﬂ gAY h bEhdhePor xﬁlbrlaﬂched subasthied sit@shbStuted

bstit , t t
PRRTSRS R T o o A RN LR A
hlygr oglen subsun)tefh?r’larrmmmeﬁd bet;am@ltoléﬁg@hlngnpﬁ lsafnrnata tflt;tigﬁ,d(ng ?In (L)tgmiatli Qxlsﬁp, tr(gh £d
al kyn CYC) ,
Gy ™ s e dr bk Bect MBRIN AR, iy Bl HIBHBR, ity X BB RN O3 D

substituted or unsubstituted aryl aI | cyl ene group, (vi) an acetyl

group, oryfvii h@eﬁ%&é éO&]#B‘glq %En)}'mé ub aé&nts Y& ?Ih %E}%fn X Yeg St O?L e Xl &gpnses

corrpr|S|n at t one o e I Nn
1 or 2; zU -a fincgipe ftomy Gd) & ﬂyorcpallgol geougy: (iti) pg aryl group, (w) a substltuted or unsubsntuted

heterocyelic group, (v) a cyano group, or (vi) a nitro group.
15. The pentacene compound of any one of claims 1 to 12, wherein at least two adjacent X

groups form (a) a substituted or unsubstituted carbocyclic ring or (b) a substituted or unsubstituted

heterocyclic ring.
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each X i ndependently conprises (i) hydrogen, (ii) a halogen, (iii) a
branched or unbranched, substituted or unsubstituted al kyl group,
(iv) a substituted or unsubstituted aryl group, (v) a branched or
unbranched6 su@itltuted or unsugstltuted aIk%f group,

branched of% untt SRARYIHOR COFBETE e BtaGTS GrRRAR ¢FB¥@&‘§F??HJﬁ°é?dﬁﬁmm
(vii) a substantpuditah fomtheritomipbisds b kalteddl het erocyclic group, (viii) a
cyano group, (iv) an ether group, (x) a branched or unbranched,
substituted or unsubstituted al koxy group, (xi) a nitro group, or
(xii) any ¥wo diif eeremositidh gfichin &6, fupthen comprisngsipolyinet. ut ed or
unsubstituted carbocyclic ring or (b) a substituted or unsubstituted
heterocyclic ring. 20. An el ectronic device conprising a coated |ayer,
sai d coat éd- | ayl&e camnepitionsifislim 47 phertin the pelymeoripsiendd fram ltlwgr@pcchrsmtmwdf
structure:

 ndepender] {)?&t@veﬁé tpb’lﬁaﬁ)ha §'el@y1kt}ﬂé%) épo%%&%#l%eﬂ’gmglate% 8 dly(4 cy o ?1(\]' ene}
unsubst i t PO VFmﬁkéﬁb”m@PNPn@h§Hﬁétltuted or unsubstituted

cycl oal kyl group, or (|||) a substituted or unsubstituted

cycloalkyl IIcyI%$ %rou each It indep endentgg

conpri ses ? SAEHINNE At 5ot Prercontable S‘é‘fiﬁ% #4dt gasted daver pistakskatileask e
al kenyl greeayble shifhck, whesdithaid chatédEidyetomtpiisesbst i t ut ed cycl oal kyl group,
or (iii) a substituted, or unsubs%ﬁtuted %ﬁ toalk | all cyl ene group;

R' conmprises (i) hy3Fo§sme SoraopIdiasinga st “‘?mﬁﬂ ranched, substituted
or unsubstituted allcynyl group, (iii)sSiRRstituted or unsubstltuted
cycloal l cyl group, (iv) a substituted or unsubstituted

cycl oal kyl al | cyl ene group, (v) a substjituted or unsubstituted
aryl al kyl ene group, (vi) an agetyl gridup, or vii) a substituted or
unsubstituted heterocycli u' lleast, one of 0, N, S
and Se in the ring; x= 1 d S 1, (x +y + 2z) =
3; and each X es (i) hydrogen,
(ii) a halogen, (iii) a brg Nystituted or
unsubstituted al kyl group, (iV or unsubstituted aryl
group, (v) a branched or unbranched, ﬂ bstltutéd or unsubstituted

al kenyl group, (vi) a branched or unbrlanched, substituted or
unsubstituted allcynyl group, (vii) a substituted or unsubstituted
heterocyclic group, (viii) a cyano gr &iB,RR'Y) an ether group, (x) a
branched or unbﬂanched substituted or unsubstituted al koxy group,
(xi) a nitro group, or (xii) any two adjacent X groups form(a) a
substituted or unsudbst Rt mispehdesthybampcibdsi)ra hgnaed Eb pnlaarshdds bubktithted oor

unsubstit hﬁs@@hﬂﬁaﬁ gfk?lcéf&lp', ﬁi) b sdii3situted or unsubstituted cycloalkyl group, or (iii) a substituted
or unsubstituted cycloalkylalkylene group;

each R’ independently comprises (i) a branched or unbranched, substituted or
unsubstituted alkenyl group, (i) a substituted or unsubstituted cycloalkyl group, or (iii) a
substituted or unsubstituted cycloalkylalkylene group;

R" comprises (i) hydrogen, (ii) a branched or unbranched, substituted or
unsubstituted alkynyl group, (iii) a substituted or unsubstituted cycloalkyl group, (iv) a substituted
or unsubstituted cycloalkylalkylene group, (v) a substituted or unsubstituted arylalkylene group,
(vi) an acetyl group, or (vii) a substituted or unsubstituted heterocyclic ring comprising at least one
of O, N, S and Se in the ring;

x=1or2;

v=1or2

z=0orl;

x+y+z)=3;and
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each X independently comprises (i) hydrogen, (ii) a halogen, (iii) a branched or
unbranched, substituted or unsubstituted alkyl group, {iv} a substituted or unsubstituted aryl group,
(v) a branched or unbranched, substituted or unsubstituted alkenyl group, (vi} a branched or
unbranched, substituted or unsubstituted alkynyl group, (vii) a substituted or unsubstituted
heterocyelic group, (viii) a cyano group, (iv) an ether group, (x) a branched or unbranched,
substituted or unsuﬁstituted alkoxy group, (xi) a nitro group, or (xii) any two adjacent X groups
form (a) a substituted or unsubstituted carbocyclic ring or (b) a substituted or unsubstituted

heterocyclic ring.

20. An electronic device comprising a coated layer, said coated layer comprising:

a pentacene compound having a chemical structure:

SIR R'R",
X ! "
000904
X 7 X
X X
I
SiR R\ R",

wherein:
each R independently comprises (i) a branched or unbranched, substituted or

unsubstituted alkyl group, (ii} a substituted or unsubstituted cycloalkyl group, or (iii) a substituted
or unsubstituted cycloalkylalkylene group;

each R’ independently comprises (i} a branched or unbranched, substituted or
unsubstituted alkenyl group, (ii) a substituted or unsubstituted cycloalkyl group, or (iii) a
substituted or unsubstituted cycloalkylalkylene group;

R"” comprises (i) hydrogen, (i) a branched or unbranched, substituted or
unsubstituted alkynyl group, (iif) a substituted or unsubstituted cycloalkyl group, (iv) a substituted
or unsubstituted cycloalkylaikylene group, (v) a substituted or unsubstituted arylalkylene group,

(vi) an acetyl group, or (vii) a substituted or unsubstituted heterocyclic ring comprising at least one

of O, N, S and Se in the ring;

x=1or2;
y=1or2;
z=0orl;

(x+y+z)=3;and
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each X independently comprises (i) hydrogen, (ii) a halogen, (iii) a branched or
unbranched, substituted or unsubstituted alkyl group, (iv) a substituted or unsubstituted aryl group,
(v) a branched or unbranched, substituted or unsubstituted alkenyl group, (vi) a branched or
unbranched, substituted or unsubstituted alkynyl group, (vii) a substituted or unsubstituted
heterocyclic group, (viii) a cyano group, (iv) an ether group, (x) a branched or unbranched,
substituted or unsubstituted alkoxy group, (xi) a nitro group, or (xii) any two adjacent X groups
form (a) a substituted or unsubstituted carbocyclic ring or (b) a substituted or unsubstituted

heterocyclic ring.
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