SOLUTI ON PROCESSED ORGANOVETALLI C COMPLEXES AND THEI R
USE | N ELECTROLUM NESCENT DEVI CES FlI ELD OF THE
WO BMENTI4EN [ 0001] The invention relates to PCT/SG2005/000066
phosphorescent organonetal lic conplexes and to
el ectrol um nescent devices conprising such
TORIGGATHD ICRGAME GRERAR RMEE
[0002] Organic |ight qgr@nﬁﬁglg\}}gc Qi c&%@%ﬁ corlgea-[%nbmc
at | east one organic layer that may |um nesce when

voltage is applied across the layer. Certain OLEDS
have sufficient |um nescence, color properties and

l'i f etklbkD ©6 HEEINMENTHOSH as viable alternatives to
conventional inorganic-based liquid crystal display

[00CT) pdhelpsesdlinvéntiontreldteéadeheriiglio kI nABE saitable for
enerally |ighter, consune |ess enerfgel3(/j and

OLEDs are

Wn%&ﬁaﬂ' F §IPCHioRlS evicas, padrrartisulagy épeenjugatadreiganic
AbRcARYI ously beneficial to many battery operated
handhel d devices. Since being first commercially
introduced in a car stereo in 1998, OLEDs are now

begi rBACKGROENDEF THEANVENHON conmmerci al products

i ncluding cell-phones, electric shavers, PDAs, digital
[0602} asMaletuldreelectténicd RAPBlorhRRirg AbwasEBId@Nfdrhigh-speed
devel opi ng OLEDs faqocussed on fluorescent em ssion.
Wtetﬂw YR8% Radinga nesleculpcytaaraws efineleguleisde pepiosm
' ' : i ' ly only on
AR S SR SRURER L SR B P Y e
fendarsentatipygied| problentd ofwikrebasatictbholbgy Thés estimated

e R
onB) #1301 il cRALIBEd St SRS a4 5 BB da'&thﬂ g'?fynegsféggé &7 8ence,

near roomtenperature. As a resul't,

the deasityewhich epielatestattbe ppesating spead ofthe aém araat ed

' lectrofl escent .device is lost and th i
R e OB B AR, e sl baraeices.
atlditiongmonsuuladaséd \devieadonaiEctiol s bBRYMUSIBRIJRB! 4 which
i ncrease the operating tenperature of the device.

theyathesiged finclignrl mekecalasoare fusthet selfrassemplest into desired
m . _ :
SR G (LA AR R e R A

triplet excitons can be used for light em ssion (Bal do
[@03! . Tkoedstiat imeledsiar dlet)ronBriavicss) molsculat-sedle

rrgaﬁtwelen a heav mrelftal .and an organic ligand may m x .
| %ﬁ'%%&r"sr‘?%'ﬁ@;/dfé’_ 4netiqasfhesa Eschaninelinion ghaege phpiogal
traR&e65 Jov LR e hP8&1iREs FBFe kAR ha‘ﬂ%r”r%%%ﬂbr%%%y deddes

Bal do &t

theexcited triplet state by osphorescence
switches dansistersr lpgBogates aneniyy aevmesemacthedike. Thus, an

oGBS A TH T 2 87 L SRS Bl

mirhfd thieeriticp shieohiba@ed #Xcds0005] Phosphor escence is
a much sl ower process than fluorescence, and as a

excited states may decay through pat hways that

|
LG8 oiT hegnelpshies: esqd apihese@ntticting seaterial mupt lomeblected
p&ﬁ&hﬁ"ﬂnﬁbﬁ% bhallgots 6 ARSI ERLENGES # MRicroelectronics.

roll-o
A number of materials have been used for molecular scale devices, for

example, carbon nanotubes, oxide nanotubes/wires (Lieber C. M. et al., “High
performance silicon nanowire field effect transistors”, Nano. Lett., 2003, Vol.
3, 149-152), metal complexes (Rack J. J., US 6,433,270), DNA (Fink H. W. et



efficiency at higher current densities (Baldo et al
2000, Phys. Rev B. 62(1 6): 10967). This roll-off has
wo anogeh3seheen attributed to triplet-triplet PCT/SG2005/000066
anni hilation (T-T anni hilation), and, to a | esser
extent, to the saturation of the em SSI on states

éIAdE‘Féthc%I c@hdué’t@&p’chréu NA nPdhé( r\l ature 89499 -vdiNSes,

saturation of em Ssi ve tes rray eviated t'o sone
40{-4i0; GhodYcredabi UG 2@@30@62%61 aad |conjugétetdmllgomers
acceptor/guest in the em ssive | ayer, however, high

W%im g%;rfgﬁrqzwa rﬁl%uﬂe: Hedo :ﬁegﬁ%%q? :trlﬁﬁgis?gr% and
gaﬁﬁlﬁa@fbiaen[élﬂﬁ@\}ecﬁbylégfﬁyh@ é’k/éﬁé’g@fd’ atshBFner%_d Bate beneath a

hosphorescent material s coul d be used devi ce
%uaglel waltedoranqteae doekierL.. qt@@g Logix cirauitg 96thigarpog meamotube

Gonglibrs o8CRAED SRVPNS, 201, ST Sad o Hoomtermperatirs
teankistonbhsed enisssingle cpbor nasotdle’, Nétuﬁ@ellggag\ﬁwwsgs 49-
nﬂt erials which could be fabricated i nto devi ces

JUPMES| BtiansISielRIseEbigd InsHus aYoay pema natarork,

IO A o RS S1E8y 30 T v

nabteamydiffipyit tajdlsangulslh Seigondudtingt(bes frgmanetadiitaird insulating
é gg\é)a%ll acac and tgeir derj vatjves. [0007] One

’fBé %oy calRampanetioes ArsnPLeagily Rpgessed. Typically, an
RBHIETHrERhiSRdse8h éwegedﬂtdwoé?@ ﬁfeefﬂjbbe R AR 8 3ttain

Wi th shorter excited triplet et nmes
theaesireg prieptation. Oxide n@ogtukes zswesaahditn leaveatslmumoo

T e N

por phyrins whi ch have about an order of nmagnitude

[0006] er DNA irtantthéQype cﬁﬁnz&bnaﬁm%ha ptenfay®r uls,etuﬁ

0(13):2308). [00081 Thonpson et al ave di scl osed
mp@@u%ﬁ IasHonisscRaKItin\; ¢ledls RwseReynLeti 300 Vol. 86: 3670-

effl CI enc &grﬁgéggﬁéntg)h ﬁ iﬂm”ét%{%‘é Eaéég&f;ﬁ@%fze? UI g?%?s on
the dDNA d@ﬂb@(%ssberaaznhlldlﬁsm:]atmre mﬂilqﬂyrsl alratéoslow process,
WS i popler oA UNA SRR O A Cesippnolopige.
é.l@{t,tpo id3: 1622, Laraansky et al. 2001, J. Am Chem

Soc. 123: 4304). [0009] Recently, progress has been

made to devel op sol ution processabl e phosphorescent
[ABOE | aPsganiparaleeulendapabepn (ﬁm@@yﬁd lrg[m@mcudaf devnces

4B A5 b e R L ok S BB iy

of he&a@écy&nhn@lirﬁﬂlmm@yaﬁ?@q uirgodigiafide %“lﬁﬂﬁble@&la’rFEI@ctrlcal
coat.i ng or inkjet printing (Gong et al. 2002,

Ragtigrationyin Hexadegylguinolgium mwansa@wnod:mpéharmdei, I é‘mn

I 7
Gk Speeoo 3. i dogs L0986y T okl 1pled iy of
LapgmuirrBipegett ééthnigle fdri¥ppsitidnghte filgiseahich is not convenlent
GBSl TR SeREas o o e R troce
in tH‘n@HéﬁEe ‘FB‘ dﬁ\'i@w B¢ h9§|cé%t§b Et&pr‘?"wl%?ﬁ?s not-a SBbIENEMble

Soc. 125:636; Lee
connection for monolayer or single molecule devices.

[0008] Rotaxanes and catenanes have also been used for fabrication of

molecular logic gates by the group of Heath, Williams, and Stoddart
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Materials 21:119; WO 03/079736). [0010] Phosphorescent
emtting conplexes grafted onto a polyner chain as

wa@kae/ogdral ns have al so been devel oped (Lee et BELT/SQBDOP00066
Optical Materials 2 1:1 19). The excitons generated by
the polyners can be transferred to the phosphorescent

f’EiéctrbHE:,aﬂ? _?sbﬁfi%ur%ﬁﬂa I%Eféc‘gﬂeﬁ[ﬁas%ﬁ%gig gf(ags”?eé{éﬁgg €999, Vol.

i ght em ssi on have been denonstr at en e
28 Page. IXB9ndaathshR. etz 6i55)198645). dwsepoblecaies,are not

GBS RREG EanibdPeurEes o185 BB Feyichcand e’

IS3PORRDEPEEP B fHe HORBUIdS 16 i EleCirid Rdd tAR Be fajrly slow.
phosphorescent conplexes may facilitate solution

rocessabi l ity and ézrevent concentration dependent

0P]1 quéle Ratrntd¥o.he5G 6apI isseed tgsRaed et ak destribes molecular

S50 B e A M50, YLy ve
cEmsictive pafior The gbnductiveaneleculskedesclibéd Pradudath@ins @F

triplet excited states may begin to saturateﬂéBal do et
omeyigdnoleghies gsparated eior example,)by,a iy bepded ethynylene

G 310 5nHE 5 ol RSB RS S on o
kagkpoes off tie tbejupateni @gahiermoleteleacT hoocenduutive paith can be

cause sel f-quenching a triplettriplet annjhilatjon

Q'K@?ﬁ]%ﬁogﬁ |°r%for6'§,8”§!@3wﬁﬁ a9 djodd by e ns smgéanon-
. bl ;

S IGHEPPAGEGcb thARGA ANt Rtis fudiiGmioRR e ®

trrst plevgdbeaondoctienpatbt alhdase reledularscalerdgvitas are useful

i nt.o. _high [t hin fil t h [
BL005557 a g Pafefng dodeynichagvial Gisrohutas o
fdhetidnosfesolidgedr i mers having netal ions as part of the
core. Wien the nmetal chronophore is at the core of the

@ﬁn&“)n&h it will be relatively isolated fromcore
18hopRéerlogan ang kewfurifsrexpped onihe caserantuposliig

_ at . . L areT-T

dibuds dpRisiSec BY Ik Al PRy OB EE Rlalorlof
istramoiecyladeldpaats ongithes isite af & spatérgromp ot eskatib&onvert a

I -t hat t ai I r. 3-b d dendri ,

tyiiing Iel B ol ibRBEY i enha P AT st molssilg on
g o ing SphesedroRb A TERI SrsRUNEYER (IR BpR¥o00tss,

“Aighitectuses for(mppleculr ®nifeeempitars désigimsituttores and an

[ nt ho or, inte tLon ha
L ST THieBr F ElRlief RaRRIS . vOb B L8R i Crate
Melredini, Virgiraa): NHbRelor, ukie eisleélles &ps A6t SRR AR into a
reduces triplet-triplet quenching. [0015] US
deyise/in they peapeafiiantation far digdecopasation.r st~ and second
generation Ir(ppy)3 dendrimers wherein at | east one

6 ritgat ' :nﬁi r r

[t ﬁe den'gcr)tl ?rélg‘?tg%t tﬁgwndg%ﬁlgg%o@-uc tﬁ# Ié\@gﬁ ﬁg’ @é?ﬁ rrlpérser S
chargessdmibtenductens] sath mataiiale shoulddd suitabié ferl mantifaeture
.c{en rites mag/ btf selected to cha’&lge 5 he %I ecﬁ rical

INto devices In a simple and economic way. As well, such molecules should
be useful as diodes and switches to allow for construction of more complex

higher order devices.



properties of the phosphorescent guest. [0016] Markham
et al (2002, Appl Phys. Lett. 80(15): 2645) disclose
wo b@efohasbdl um nescence quantum yi el ds (PLQY) oPCT/B63I05/000066
and second generation Ir(ppy)3 dendrinmers. The
i ncreased PLQY of second generation dendrons was

attri QYMMIARY ORerige eRyENTIORAr ation of the 1r(ppy)3

cores5 thus reducing concentrati on-dependent
{002 echh@r rggéﬁﬁhb&ﬁlo‘?\frfe?é‘té to HBhj hb&teﬁrrﬁe@&le;\% #aPfliude
in an el ectron transporting ost
afledstionef p/hnsrrl]m%n %aptcepmwdb bydisetion uDatelcngna‘low and one
t ! .
Sl Bt Wing TGu® telselioueniion o thermalpoule during
WWWEHGQIC%UL'&UMﬁ@Iﬁ%a%WM@Sﬁ Aa?‘%?frggfé%ules.

on the device ggrfor mance. X'e et al
Tz eonjggaledyvpleselesi may ppysed as @nodesl,erndbcu{mtswmes

3. El I d
(HRBE 2l B Mt RmEE Y BRERTT 1 1 Guant um
ef ficiency than devices containing Ir(ppy)3, which is

[801 8] butredne | Gﬁpéaﬂ theré @& pRRidiRCS %@gﬁgaféd @ioletrIl® toinPlising:

exmtedqpnx py)3 triplet state and the reduction in
feao drigr 1 BEraURs fgtrein/the paskbonsef rtreplesuiley eachuin group

i ¢
kﬁaflﬁq]‘éh%'?fléggi %H%Wr ﬁévwg‘?@n@eﬁ? b{léﬁ(}@ﬁ@ﬂ%{ glen'% drﬁaéeac‘t least
qre af the G\rvgr]?%)i 6e|p191(’&1tisatl.§éd qu/wtﬁhmd moﬁd egba:ltrbn donating
uenc of the Ir or at higher
BHE&%R%@H HRLY R%&r&fn&?g u?%é?q%tpﬁé of the Ar groyps being
I t t
B o PRSP cbloh MR o I8 LYRS KA He Bitype A
gmpumdhg ip-type A@f@upr@nngap@aoanﬁodha nplypeiAtegreap do ifam a p/n
cessa hor scent rials for efficien
BB 80 B ARCTHBIE A BRE Bhg R e parfaareatfis AGplneapable
flr@msﬂ@ \mﬂdatdamdueﬁrq@ siifigcdret al conpl exes is very
t edi ous, especially when hi gher generations of

dendrons are used. [0019] Organonetal lic conpl exes

[BAtHq ol anothex asntect thﬁreaﬁoprzwokmtawmwlamlectmmc device,
I

BRSS9 BB W6 E S e,

dmnglgatedanmi&ame eléécmhe!ehkt@/reirefmmmlgaa tcOnﬂ il(cmreeparthrﬁetween the
to make use of

' | heir .
B LR i gt it 11 eOnd Siadier] seniba Wl i thicsecond
e@é‘ﬁtr‘iédl '&Bn’teﬁ‘l‘ ¥ confMdElo the gﬁnﬁ‘%ge(\:tg@%ol@éulériﬁr ggﬁ@he AC

devi ces based on organonet ' exes can
gewpar ed t hrough vacuum deposition. Wile vacuum
deposition is an attractive method to deposit small

[ggpf'jglult ed %eﬁ%pﬁgﬁdﬁﬁg Iplr%(iu%her ng“ f”é%ﬂ»&?%{wlg)g the

n@@de@nan glechenieudssceibed herdih gboripfising @6htdctingthe first electrical
éﬁl red. [0020] Sol ution processing is a | ower cost
hyvihe %mu‘ﬂ% caplaining fheappriugatedirasleculedoffalaim 1 to form a

APl B 055 0 5 M0 S e

e[emmﬂa] cdhiacprestasting thesACI gmuﬁeﬁlﬂse b@njagiabe@ mb%cule and
abovF ment | ongd gr abl e

depositing a second electrical contact on the monolayer of conjugated

molecule, the second electrical contact contacting the end of the conjugated

molecule not having the AC group.

[0016] In yet another aspect, there is provided a crossbar device
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and to provide high-efficiency phosphorescent [|ight
emtting materials that have decreased T-T

wa@povelopi4ar i on. These materials may be readi |y PCEpGrIOs000066
and may be fabricated into uniformthin filns with
either polynmer or small nol ecule host materials

cbhf Yy & BhstidonAuaoP 68 Sekon3 IR SPRhAHRrAMESTHEN kst
[0022] Tn one aspect, the invention provides an

condueferet anonczare mpglmanadthe BorRAuar(§IpeiRprRIF sericm degcgbed

bl.o |
g1tk fiefFih Rie (U bIEAR0 L RRLCBROMERR 1 At or
apAttherekbid suhstidtbuhetheaddind of iversemtiainl y substi t ut ed
al kenyl, optionally substituted al kynyl, optionally
substituted heteroa optional | bstl ute
AT oS QR S SRt el oo
agg%ré?ﬂ%kwo@@%ru&&frggﬁmwkhe RUpBAZb WP HPHEIbIAg
eroaryl, am no car oxy, formyl, sul
destfiption of $pemdfioerdbodinyeiitsxf thehiavention wmundm witlbthe
or nore of Rto R8 may forma ring together with the
aESPHPRNUINGAOWSS-whi ch t hey are attached, provided that
if any one of RLto Ris Hnone of R5to RBis H or
if any one of R5 to RBis H none of RLto R4 is H or
at least one of RL to R8 conprises a spiro group; X is
1 t o BRIEF DESCRIPREQNQF TaiE ARAMINGS gand; and vy is
(z-2x)/2. [0023] In another aspect, the invention
[P0 B8] debn thelfigsirewhithilligtrete Byovast af examplengiihexes

accor.din varLo nents of the invention.
GIOMT"G‘P%S Qﬂlh %? rI e , the invention provides
el ectrol um nescent devices conprising organonetal lic

[O@T&]OU“HEG 2 304 dd:mﬂ”nhﬂ)c dwg'r@mallwﬁfmdgrtbamemwatihe of 4-
vention. [0025] Jﬁer as cts and fegt% tgﬁ of ,th

@ sehetnoxypbe v -G gV P BRTHAr 2 amgthoxy-1,1-

gﬁg |y@\ry skill in the art upon review of the foll ow ng
escri'ption of specific enbodinents of the invention
in conjunction with the acconpanying figures. BRI EF
[CEXIR PFIGN2 (s:e\ seiEerDRiv\Hagsmotsdiating thaerepayaties of a

et el h et PRy Reher RGN °

noPRAIBIdbpHaRI.esent ati on of a single |ayer and
nmul til ayer el ectrol um nescent devi ce. [0028] Figure 2

shows the 1-V-L curves of the device

[P0 PEDDIG FBiy @W@B@t@dlag(ra@auqstr(amgﬁh? prejegration of a
c@HLL{qu é’(;’n{cﬁ 8 1- Q(Ee@ﬂh he 2!14 bl guse ’Bte?%m&hbgl?mphenyl-

ence o curren ncy ‘or the curren
tetrafluorobenzene;

[0022] FIG. 4 is a schematic diagram illustrating the preparation of 4'-
acetylthio-biphenyl-4-yl -nonafluorobiphenyl-4-yl methane;

[0023] FIG. 5 is a schematic diagram illustrating the preparation of 4’-
acetylthiobiphenyl-4-yl-nonafluorobiphenyl-4-yl ether;

[0024] FIG. 6 is a schematic diagram illustrating the preparation of 4’-
acetylthiobiphenyl-4-yl-nonafluorobiphenyl-4-yl sulfide;

[0025] FIG. 7 is a graphical representation of the energy levels of the



density of a | TQ PEDOT: PSS/ PVK: PBD: B2l r (acac) (70 nm
/BCP (12 nmVAI g3 (20 nm/ My: Ag device. [0030] Figure 4
W@ baw®dhe dependence of external quantum ef f i BCERGI008M0066
the current density of a | TQ PEDOT: PSS/ PVK: PBD: B
2lr(acac) (70 nm /BCP (12 nm/A g3 (20 nm/ M: Ag

e%woﬁ%rb[télg%h thi GliveRtion DR eBtrbRglok-adiees tr cunjwjatéde
device of a p O PEDOT: PSS/ PVK: PBD: B 2l r(acac) (70 nm

maksrule havimg)a pirg@neken;nm) / My: Ag devi ce. [0032] Figure
6 shows the I-V-L plots of a p O PEDOT: PSS/ PVK: PBD: E

A A g R A e

cehjugatid bldcticcteiceonthidpghenyr-nemdfludgolsiphgngfassembled on a
device of a_ | TQ PEDOT: PSS/ PVK: PBD: E 2l r(acac) (70 nm
seaupng tvnnailingamipsoscePe iy My: Ag devi ce. [0034] Figure
8 shows the dependence of external quantum efficiency

h i BD: E
O - g o P P e e R N ag
adet\yith-ph[eﬂgblaﬁjnaﬁlugmtﬂp@em;yiows t he EL spectrum of a
| TO/ PEDOT: PSS/ PVK: PBD: E2I r (acac) (70 nn) /BCP (12

R R O
cb risfY) a cBA8ghatd mBldodlidiand (46 elttridd) cAatadey tapling to the
37 Figure 1 1 shows the EL spectrum of a

com@ga ORS8IPVK. - PBDI Q | r Cacac) (70 ran) /BCP (12
nm/Alqg 3 (20 nm/M: Ag device. [0038] Figure 12 shows

A0 PG, AT eI Vordrphedafer 40T b iiheyl.
2;121 $ﬁgwammh®mrmyeg$ﬁoa)€pmmmmmyl-
nBQP ‘E%\% Emc@%)a?c"‘)ng@? P@X%@E’%%ﬁf?g@ac) as a

dfrﬁ kgﬁhé}f yICetbR0brabRmSEhY - (Té@ﬁgb}]aﬁdgure . 15 shows

ctrol’'um nescence spectra devi ces conpri si ng
Cal r(acaca F2l r (acac) and &lr(acac). [0042] Figure
[AG3QIhovEIG. & ialssenheanalic psication offa amsspatiaeprporating a

B2| 2| E2| d
e AL Aol e 17 chova the oo

phot ol um nescence spectra of A Ir(acac),

DETAILED DESCRIPTION

[0031] In traditional silicon-based devices, p-type silicon can be placed
adjacent to n-type silicon to create a p/n junction, and such junctions can be
used to create a semiconductor device which will conduct in one direction only
under normal operating conditions, for example, a diode. When a diode is
properly assembled within a larger electronic device, current is regulated to

only flow when the device is forward biased.

[0032] Similarly, the present devices are based on the creation of a p/n
junction in a conductive organic molecule, which provides a direction to the
conductance of the molecule. Such molecules are useful in the manufacture
of devices such as diodes, switches and transistors, but require a mechanism

for orienting the molecule when being assembled into an electronic device, in



B2l r(acac), C2lr(acac), D2lr(acac), E2li (acac) and
F2lr(acac). [0044] Figure 18 shows cyclic voltametry

wo e@ees346f A2l r (acac), B2lr(acac), C2r(acac), PCT/SG2005/000066
D2l r(acac), E2lr(acac) and F2lr(acac) (FIG 18 A) and
the derived el ectronic parameter of the conplexes (FIG

[

T P B SRy e S5 8 anner.
Mis a d-block netal having a coordination nunber z,
[\Qﬁéabu n Tbﬂssthere 5, prRvidedaa eonjndaiecnvelecule fd5 ubalnm

t fituted al L1 t d
GhetRfind e e EanldisaaThr RoRiob Y fRttule 5
%ﬁybﬁmefrldim had af Rakkilo tePini08a¢H TorcdRplinhg to Qﬁ' electronlc

het er oal kenyl , optionally substi t ut ed het er oal kynyl ,

csppviestian | 3t [easane pingdnetion anchan iadigaterclipugreup @ioee’
OFRHBTEY e Aflebfl, e RS bRgTH en SiktBris ggvice

@onerally, the donjUughtaamyndlesuie Aas ifitgn quetdmearywmh aky¥ene-

carbon atons to which they are attached, provided that
vinylgRe op ey lefeethynyienesgraups fignipg the btaektp@nesofnhecmoliefcule

Wtf@“&lll@étofélﬁéarﬁd §|td'a'tec§‘ 9PEnQEnH oftRe Bab?bd’rlle oAt I%%st a

eas nprises a spiro gro i's

first e pf thei ykenee atWMe-omy@nem‘rl arylelngaa;ttlynyslenb groups is

Eé%ﬁ-ﬁég .&90046 The ak@ ned radi cal 9 0 gs ar e
YR A NP £ rP” 89;9”%%!‘&%%{‘%& [?@é Arsgsond

e YOREGrPRNKNAMEALVR Eﬁé%@%r@bhé'e@ﬁyhﬂeﬁé‘grcﬁ{p‘s is @s

modi f1 ed, ” where approplate he foll ow
substituted wiits. orfe0RAmMpreAslagtren-withdsawingagiopps sadas to form a p/n
I%%,[eroal kyl radicals have 1 to about 30 carbons, if
and about 3 to about 60 if branched or cyclic.
Al kenyl , al kynyl, heteroal kenyl and het eroal kynyl

[0e84Fal A prayendtiohaslised ha@ire asfertoathe hterfacs itinetadccans
about 3 to about 60 carbon atons if branched or

hejweee adjgopnt ate@trﬁ@tr&fb@nd/elepﬁan@kﬂﬂgleﬁwsg@v@atﬁ ofgheo
il ?HBné%fﬂ?Hﬁ%%cﬁﬁ Q@ﬂglﬁ ﬁéﬂtHﬁﬁ@ Bﬁéﬁé n?rmlreg%eééllnylene or

ers to a strai ran or c
dryléneeeihjuy;lle@groupsamtlm alectroheldrating dral deotydri-wathdrawing
non- sat ur at ed stratrﬂ,ht or branched,

"al kynl" r fe t
QOUPS despestiale RINER a1y A, BRYISReNITYIengIPEaN Ny | ng
AhyhyRasd gRi® hat HQQa%hQ@rﬁb W& up %Qctr@r{gdsgﬁfced adjacent

carbon carbon triple bond res ectlve
in Qnerbackmr@rtceamgwlqnaqarﬁe@e-a @3& or amtene ethynylene group

o S RAEY 10 R ER alb ko, Ble cpnd bt At oF e majesyie

id #fusgsdig m@pioa@@mm efedi®hs P aheMiresti6N oAy uriddr normal
exanpl e, S. Por Si, including radicals wherein

qn%am @@lwfm'ﬁ rRgirgeateleeeon-oah &ad slgcicen-deficieprbiegions
thXABRhS PR LRGP X sitioned next to each other, and may be

separated by a spacer groups as described below, resulting in a boundary
between the conductive nature of the two regions which allows for
conductance of electrons in one direction along the conjugated backbone of

the molecule but not the other.

[0035] The term “conjugated” as used herein in reference to the backbone
of a molecule refers to a molecule having two or more double and/or triple

bonds in the main chain of the molecule, each double or triple bond being
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of Formula | and where the heteroatomis oxygen,
"het eroal kyl " woul d include radicals having an
w0 ndoet9b7 et her (-R-O R) group and al koxy r adi BEI/SG2005/000066
(-OR where the oxygen is connected to one of the
carbon atons of the 2-phenyl pyridine ring. [0050] As

sééﬁl%té@ rr@hnthe XY ons&d ahve ddubde 6} Bipte gbnm@mgw bond so
cyclyl groups derived froman arene b

thaajsm pd@¥ 19 pvefamnolenly geross bmdaubla ar tfml%bﬁn@,t%al&mwd

incl u

apftneifiicort dng < nfits etod Behihe SR ans R AYor ipte
berasnyl , indenyl, azuIenyI, and acenapt hyl enyl . As

used herein, "aryl" also includes radicals mhereln the

group is |inked throu h a heteroatom and vvo

[(?Q%ludeﬂw spnlégaﬁ@a r@olecaley Rprises apWgienasy! eaﬁﬂmv Erie
S I

8l ReRgrel RN ofbns” BRoeh  feast W0 f i Biege

aAdens@thyiereeamd/ot ae/ler&ar-B’IHylmqtee\echoyps aresebstittiedt he

P PERE SR PR HPr AU R, STOIRIOR RSV R aHE B
J&Tctlbﬁeagﬁs%hgﬁé’c?bé!lbmﬁr oup may i ndependently be O S,
Si

e heterocycllc groups may be nonocycl yl
or polycyclyl. "Heteroaryl" includes, but is not

[003¥]t edAn Garyignei giokp! as pped ylereinus g@valenwa@igﬁaédanved from

S Bl SRR 2 s B koAb cobhghdhavig
Anhers blécﬁﬂb@usfvﬂiaéméxdn iBtesyar dogial tmck:egketatérqhgh Ogand
het er oat om such for examnpl e het er oar yl ox

inghedes ygdroramios’ argﬁ@ncmqqus tor exapiple benzeng and
I
R BERESAC RS, KO BT A TRV arous as used

heegih ||$)ﬂ'&1|1||i>(watda|ntfdd$ce(l rabrtkqsle'hted lay mmrmu:f'aclw-" anclj an
. heteroa et er oal ken tero nyl", "aryl"
ey o o ’as oot RePIS B g hiYHIo g aice expres e Bxhe
Mﬁﬁﬂ 2 DR D, TRe s%ﬁ?%i “Ar‘“a%chsre@qﬁé?réi’n ref&b YenerAlyapanof
above nenti one radi cal s corrprl Sl ng one Oor nore
asylese gramian ayehearoup andexaagiaeenl \nwlenalgr@m/( ‘arylene-

al kyny, het er oal k et eroa n ro

B o o e Ol o5 B, ptfleGiob fvene-

emyrg@ﬂed haI o, hydroxy, oxy, silyl or siloxy. 'Halo"
hal ogen refers to d, Br, For I. Soms of the

above substltuents (excludlng han and Xy
[0938]  Harena ewbodinaiiipthe ¢qnidgate mgfu @1& 3@@@@%

FOFmPL k netal” refers to an elenent in groups 3 to 12
e periodic table, and includes, but is not
limted to, Ir, Pt, Re, Rh, Gs, Au and Zn. [0054] As

used her el[Ar]q—W}e[ArP]ef—[aﬂfrji—t-/&Ca group of conpounds
consisting in part of two ri ngs having only one atom

3o aane eV Eori. SRR Sroud P By Bl gy OF S A

gf&ﬁ’ﬁﬁﬂ\leéé‘ speeifle e Ar, ABaidoad ars ebeh yeheritaRy efargyto as

ference between the hi ghest occupi ed nol ecul ar
aorAg" i graup( Fidus) eagitAf EéOUR)iﬁeﬁm apyiRes @pi AylensH\dayleag or an

a%%@%% hy(ng/\‘%@ %rgpg iy eé_%h L}%qu?cdﬁﬁ iy e tHd 88meBHifent,

but an Ar® group will have different a substituent or substituents from an Ar"

group.
[0040] For example, each Ar group may independently be phenylene,
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i ncl udes fused systens wherein two atons are common to
two adjoining rings. [0057] In different enbodi nents,

wo b@odedast i t ut ed 2-rhenyl pyri di ne group of forpPail/8G2005/000066
may be: CONJUGATED ORGANI C MOLECULES FOR MOLECULAR
ELECTRONI C DEVI CES FI ELD OF THE | NVENTI ON [ 0001] The

ﬁéﬁﬁ%eﬁ@%ﬁ@ﬁyléﬂer@rﬁéﬁé [PARS ?héyp;FrM J:g‘fméfa

sul tab for use 1 n nolec ectroni’c Vi cesyleand
paadlazglyéaﬂey pyraziryigne) ftuedenylersiicdendfeoutmdene,

BRI OIIE, Tidencar Al Hae PR NGV P, Alpenzothienylene,
Bhaitasanathe: epasatyiat (dettadtiier, WAL gIche,

a group of nolecules to performtheé basic functions
BeDinieRdens, depiaanyedevbipbenylenyese ciodacenyenand

ELOROG e R Pl Rl R FPenghdl b RiheiFipyere.
mnym(et mppkthiapea@ent] hexdbbhynegbgrayelyisid enkRizoRAshe,

while only 107 to 108 sjlicon-based devices can be
paekidgthianylere, dhinptheaylense myseanyiere, depkenapfuranylene,

R el St R, BrehS R fitfiefl. Syl fffbnet o
ymdrgmmydé&e;uh@mlnzﬁwlenessmhdol&%et inolylone qmulnqldml@sed
e _construct ottom up praocess, ch

BoTSnyREe; GuGobETa, PORAISHON Ebs: RNy e aAgdmyiene,
pRehaRhRETpIeRE, PR OIffoS Shidzcktyibhe, MBBHRICHE prehylshe
\tlomblneunaplnﬂnyleaalwnylelhecmremylmedenyleae furylene vinylene,

| | ar - terials t f t
PSR RiRe AT EasE Endpe Bibzehins SviEport 1or
dkédléi(ﬂ?lené&‘hﬁw&% ﬁy‘?éz@%éﬂ"@'vﬁ)ylér% fRBFSRHERS vﬁ%l%ﬁé

|odes switch es, tranS|stors OgIC ates
neenefuorgnrlena inylare, Cﬁﬂb@ZOMﬂnadtﬂy\I@Qan@derwcarlweaﬂeme

I l. t hat
N S R R S o R
dinbracsrgterieadnylend, Reracbrylensdingidne partadanglendusiylie,
able to performfunctl ons anal ogous to those of

igdepyleng imlene: azulenvienewnyene opertglenxlensnteylene,
I?'%ét%fé et\ﬁt’{ﬁe %e&pHé @énénel I na(ﬁ%%g gleﬂgwl‘rﬁgéne

carpon nan

act_ena@dmh@ylene anylehe, pheinaybnyiené urmy&mtes phiehanibinylene
rte ef fect transistors” . Lett 2003,
B8NS, FiphafyEnyienaatyiofs RTeRisns Migiers; rabhinagenyiehe

\ﬁnﬂigﬁezﬁé&ace%né’f}l% VMyrSicﬂi/Iene VimyRERE | |ﬁﬁ’dazolyl<?}1?

conduct i on t hr ough nol’ecul es Nat ure, 1999
dngenapraphtboth@nylene vieyleake, thnanﬁhzmym)f@wmlehe,awranylene

ARkHESS5ER Bl FREF e BBRRE, GRERERRSHEBe ifonvione
\ggiﬁgngg@g@;{}tﬁdgmtﬂym vihyieng, Mriniidegldrie dnleheep@rRfhzinylene
vinylene, indolizinylene vinylene, isoindolylene vinylene, indolylene vinylene,
purinylene vinylene, quinolizinylene vinylene, quinolylene vinylene,
phthalazinylene vinylene, pteridinylene vinylene, acridinylene vinylene,
phenanthridinylene vinylene, pyrrolinylene vinylene, imidazolinylene vinylene,
indolinylene vinylene, phenylene ethynylene, naphthylene ethynylene,
thienylene ethynylene, furylene ethynylene, pyrrolylene ethynylene, pyridylene
ethynylene, thiazolylene ethynylene, oxadiazolylene ethynylene, pyrazinylene
ethynylene, fluorenylene ethynylene, indenofluorenylene ethynylene,

9



singl e wal | ed nanotube (Dekker C. et al, "Logic

circuits wth carbon nanotube transistors", Science,
WQO®8/0934%D| . 294, 1317-1320; "Roomtenper at ur ePCT/SG2005/000066

transi stor based on a single carbon nanotube", Nature,

1998, Vol. 393, 49- 52). However, a transistor

c%?@%{?ﬂ{ ﬁer ”}f e""ﬂiﬂé?ﬁn\éa%aiWeﬁ@étHW&bnedependl ng

osen nanot ube i s sem conducting or
drta&rmtdfunanylemesethmmeme ombemmihlenylena.@hymdeneran hracenylene

d bes, | |
i bdSTe. 1B ik hiEh e haheknlte SR hdenyiene
SPRAERE bzulHIR Lthyn@gna! pmtalefnvrem sthgnglenepeegtalenylene

positi'on the tubes on a substrate to attain
etihenyderss righenylemiene eiyngeange indarenyises edhymiens t end

B o L T

éﬂﬁ%yléhéfﬁhpﬁelﬂ\ﬁémﬂé@@ Ethlmyta\e( Bgiertyieneoethghylehe Phys.
Rev.” Lett., 2001 Vol 3670- 36%3% The t chi ng
rraphéhacanyjrie eihieyenrs, fmmoeayl&ﬂe&éw n%léb’é VIgRe t he

h
SRR A SR P SIS0 e
tﬁMﬁtHﬂ’éﬁﬂéné@thWenej pWaeyldnmetbyredem@nscbenz[dﬁlﬂl@ﬂylene
gani c nnlecules have b en enmpl.oyed in g? uIar
eaawmde@e WEegeByleaR £y %%wg%% PUY
Bmlf‘ﬁgleﬁi\% etﬁﬁﬂ%%ﬁhlmﬂ{ Fén'eaé’cﬁf/n)ﬂéne %yrldazmylene

exa decyl qui no um t’ri"cyanoqui nodi net hani
e(thijlene endbtmnﬁemethymleneemqwfclo&xden@@thsmylene indolylene

RS end yhyichs? T8RRI E RV, nutonfPhe
étﬁngléﬁé éﬁtﬂalé%ﬁxfy@‘ne'—étﬁgﬁwehe Bhtedlgipltericesthphylese f or

osition Into I's not convenient for
ateidimdena sthyestanenpherantbadinyiane athgndapednerrligylene

TRy&as Bty EnE hehd of HRIREERE RIS

connection for nonol ayer or single nolecul e devices.
[00R4P] Rot Axgrep raayl beatubstinted batiee ahdend perthn‘s@‘dhe ar

FiRHPIITVPRE PEmoTeaHRSELEaIE creristit e R Jfom hedroup
gétﬂ@f@hinggget BRtlcAEY %Sg@niwquheagaﬁ Bﬁanchéalcezn.g alkenyl,

page 391-3
waé&:t%@sa)cheﬂﬁge atoyrat, inesir ar branshed 43 1eya"§§m he%aera'd

euRBsd Sepalssfng o i RUFRIEE TrBbs AP H e X giithio
é’rﬁf&iob%aft% FXJI YCa‘ibéBWI ém%zﬂfo Earfcsergulfbhyl mla&ﬁm@)@cs 30 aryl,

I ssuéd descri bes nol ecul ar scal e
@4 m:arrybammOd @msm: d@rymnump,u graingg amernijiagRYdaxyy gisie eyano,

Bt 55 BB E R oM. SIS e o,
GJP 8&51!4&))@58 Gepaiigigtinof arrdigkgrphiro, dryC aistalkyithyo trcaydnﬂlonally

| ene group, and contal ni ng at | east one el ect
Wntﬁ@rqw t@fgoy[, betgreatems selecied f?o the group consisting ofr l\?

Si and P, and wherein any of the Cy.1 alkyl, Cz.1g alkenyl, Ca_1g alkynyl, C1,18
alkoxy, C1.1s alkylamino or dialkylamino, C1.1g alkylthio, Cs.30 aryl, Cs-so
arylamino or Cs.30 diarylamino may optionally be further substituted, including

with one or more halides

[0042] Furthermore, where any one of the Ar groups is an arylene-vinylene
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backbone of the conjugated organic nol ecule. The
conductive path can be given the property of a

w0 e®eof023367 t unnel | i ng di ode by the inclusion of PET/SG2005/000066
nonconj ugat ed spacer group through which el ectrons
must tunnel in order to travel along the conductive

GRS sucﬁea?\eAth S naa bé@b%tlﬁﬁé‘di eBIhavmysRf toiét§ of the

W res, or as tunnel | 1 ng di odes "'whi ch regul ate
acyleneninylérewith anefartepissdpstituents inageendeaiyoselected from the

I | enb h
QM P T RPN Ge bE i 6 o Thei o bFARERA o
a@é&'ﬁ?%ebh@r BEChEAT 9f alkynyRNRESES! BiangRA@IT,S s bitkoxy, linear

ither sid a spacer group In order to convert a
otrlbmmheldr@ b ajkfsdatrmcaorr diatkylarainog linery asypraaeherCrhe

A0 A0 BBl R LR RS e
45,0, Ly reegiahino MY alibearnires o, Grompid, d1ysiod

Logi c structures and an adder bui |t from nol ecul ar
rutremaam isogyatreand haligs, wiheyein ap of @admfi Cz.15 alkenyl,

\Y/
g o 5 B TSNS 7€ i
may eptiaidllgrcontdindnede fmmehaercmton{s%lected Riom thd growpst

t he, nol ecul ar co duct erials f nct| on
ceeﬁistle@ﬁahbﬁbr% rﬁm Whgreinamy A &h%@gm‘f‘a‘?&%@%r

aﬁ?é% %.gsu I r,m 1_@\5 K%, EF qaaﬁgfé%lﬁo%%la%%%mmd? o8y

ecu es shou e useful as di odes and
atlwlﬂchw&z ab @rgl Cawy Boflaroimeser Ugto dnaryiamm@r way emioegrlly be
h J NVENTI ON [ 0012
er%@ﬂﬁe?' H{?@iﬁt‘%fr@ HéPQFé)g rfn%re 1985t ed m)I[ ecul ]es

that |ncI ude at | east one p/n junction so as to

[0043] deTRusli driconeBf the A %@UFQ may bwsabstitateel andescribed
al I i'gat or cI|p rou& whi ¢ | ows for self-orientatjon
h

abovehwhais aclepst e @rou9§@fs|syb§ntugpqm,fpg@ a pESYNETiHy
'lg‘[enr%gxﬁl@/rﬂ'm}nﬁ SrUBgEIME tSoén 559 odegé 'gra-l{j‘& %ﬂher on

j dga ecu es nay e use
thsiaryides mdisynaishaesappticablerort the \rmytarﬁelmmetg isf determined
there is

q 00
D BoIMBtbal & STieE A LALIR SeRa Rat Bl AL pigP Tof SHbstituon. A
s%ﬂl%d’%er%ﬁmﬁuﬁ@ér@td?ﬂi thQ?aW%K@%ﬂethéfbabhﬁoﬁ@tl%% 8ccupied

each "Ar group bel ng an ary ene, an ary ene-vi nty ene or
tyra aytynogae %DW“?V@DE@IHHM be stbstited. Asavibbetfiher

SeBeBed Cr g RHES GBS st Ao FSe hul lbsitugpse e

B shitite8 28 ceftalméiteSTorgtheUiickBohBs Gvitatb e hrraagettichi of the
one or nore el ectron-w thdraw ng gbou ps to form.an

hackpee aforgs on ptharisabptitigpts sterlgal ingeishe syPatielion @b
t f / t d AC
P Biey BE RaMsit ol backbone. 1 he AC gr oup- capabl e

of reacting with a conducting surface.
[0044] The conductive nature of the conjugated molecule is modulated

through the placement of one or more substituents on the Ar groups of the

molecule to create the Ar® and Ar" groups, to create at least one p/n junction.

[0045] An Ar® group is an electron-rich Ar group, or is substituted with one
or more electron-donating groups so as to have a tendency to donate
electrons to an adjacent Ar groups along the backbone, rendering the Ar

group a p-type Ar group. One or more electron-donating groups attached to
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[0014] In another aspect, there is provided a

nmol ecul ar el ectronic device, conprising a first
web®@enoi4senl contact, a second el ectrical contarCT/SGHE5/000066

t he conj ugated nol ecul e descri bed herein formng a

conductive path between the first electrical contact

AAr GREPNTAABDRLESH bf e CHHiGSE MOBEGENSS B 132F0Ad an

el ectrical contact is connected to e cohjugat

etetterutienatingdg graupeorACp dype pr qm@ﬂ,EgrOVIdea tlhatrpdmon of the

h i ded hod qf f
FRBSk whl e neflul b8 e doBfiala As Bl be Jormipnbdiy
skflRbasErs 6, él@@tréhﬁéﬁatﬁ%geﬁﬁddp%%a\%oélé@ﬁ?% n-Yich Bt $ Or groyps

sol ution containing the Conjugated cul e of claim
adjagant te H\ehba@itwj@rofélﬂe conjuggteccohotariuée 56 @sda puish additional

cont.act, the first electrical contact
e&%ﬁﬁé‘acl h%géé kﬁg,&'&e 8?%H%afgfj Styﬁge@onj ugat ed nol ecul e;
and depositing a second electrical contact on the

[0046] ay dTor @fxanié Usledtash-aohammy ﬁrodd%%@l@é@@ﬂkoxyl alkylthio,

el ectrical contact contacting the end of th
FIRP uredyinaMide ceniesteth i fisybadidone thiasgh. th[eoutx@gen n
Yo REERL 8585 o A0SR LI BeFLARETE by

ticienglufurel; pytratyl,i careszody! alkyhelkenyband atkgngl or at a
non-zero angle and the nol ecul ar electronlc devi ce

b | |
B8 o SHHBRELY crlBR FistnstRidR 4G oramks WP B5agups. and
VP BE W Aforafich, Fer E%rﬁbleoéhédvleﬁ{es ?)hﬂﬂde @Qﬂl@h%@eefurylene

aspect s and feat ures of the presen vent'i on
apedviedpner Sbstitutionof ansfedrati-rieh Ar gkoug \Mth arhelearon-

B Y Bl e nBroe AT GRP b BF v Eretsignt A
geonpanyi ng figures. BRI EF DESCRI PTI ON G: THE

DRAWNGS [0018] In the figures, which illustrate, by
%\n;pl e only ?n‘oodi ments of the present

nt i ] @r@i@] is PPG eqtronsdgficieRbvagiosPAr ) ARgroup
S“bgﬁ*ﬁw&*ﬁ@? 6 ReRRs o FiRedion aroups ea e o 5o 2

terﬁierlcettm aceeploxgettons fiom-adyagdretn gropﬂ@a[ﬁngﬁh@ baZ:kben@,
schenat.j di a ramll ustratin tge pre aratllon of ﬁ

?Qd]ﬂ wg&bg(ﬁr Bgelﬂnéq ype Ar grou ne or more electron-withdrawing
gfodps atfachedetdhBxokbone %’%}r}éhb fﬂir@ﬂﬂé '?Hé ):Blﬂﬁgﬁ{é&oﬂlﬁfécﬂ%r with

ob| phenyl ; [0021] FI G s a schematic ram
the n%ﬁgfe af an @Iqqﬁ@rpd@‘mram tyﬁecﬁorduc’mm J@atahjlltmfsuqlh an Ar

CalY ] t hox
Ll SRR
elicrona fioin buﬁglﬂﬂiommgtdi@up RS & ndRe @h é%ectron-WIthdrawmg
ace%ﬁ)nt hi o-bi p heg{ K - nonaf | uor obi phenyl - 4-yl
ore gtEryenFiegseghag aunejghbpwing:Atgeinhat is not

elelctrdflvitHdrA%idd) SirRfigt R "y b8 M &eridls used in a Si semiconductor.
A skilled person will understand which substituents are electron-withdrawing.
Generally, electron-withdrawing groups are groups that create a positive or
delta-positive region adjacent to the backbone so as to pull electrons from the

backbone toward the substituent.

[0049] For example, electron-withdrawing groups include halide, carbonyl,

carboxyl, cyano, ammonio, nitro, sulfonyl, amido linked to the backbone
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acetyl t hi obi phenyl - 4-yl - nonaf | uor obi phenyl - 4-yl et her;
[0024] FIG 6 is a schematic diagramillustrating the
w@e@pasEsT on of 4' - PCT/SG2005/000066
acetyl t hi obi phenyl - 4-yl - nonaf | uor obi phenyl - 4-yl
sulfide; [0025] FIG 7 is a graphical representation
tirbugih eheedRYEBN, lpgH@infuraf ?hdsmioemIm Oy ety thilzelyé rukati Eezoly
direction of electron flow across a conj ugat ed
aR\tRaAAd 9iaYPHg a p/n junction; [0026] FIG 8 is a
schematic diagramillustrating the assenbly of a

[ﬁ- agg? 3% ?eﬂll +1eny| %r(% Schh%” u?}seunbﬁtltuéggew %edelectron-

dsmaelllm rilglnrtebganw&; pwldylmqu/hmﬁelyterie, oké?@?plylar@ al i s a
| us N characteril s

tfhrobaIa A sReror-defioest AL groia ayever SBbSitutiorof 9p

g@&tﬁ%a "B dtfon-WltHaihithy 2B g%uﬁ‘vd‘fﬂ'eﬁf?él'e@froﬁlo%ﬂafn‘?@' c

evi ce conprising a conjugated nol ecul
sebﬁttmmtonlay @onverbthae Aogpumtp aroelenurowiqna@agdkr as will be
nol eCl{| ; \?% IG 11 is a cyclic vol tanmopgram of
BB e ST PSRBny )
2,2',5,5 -tetramet hoxybi phenyl (TSBQOO),
[01}519“c -Rpiy LIn'El’u@fli)hset'ﬁﬁéI |ﬁt@ﬁﬁcblb@twbe@5@]’adenf pIBHENArand n-
te/t-butylthi ophe
tygerfist SrOXPEhang WPQ%‘& amnau%\tﬁeﬁ&eq’s@n(wsbegackhw of the
n{o%) % H ffie Fémifa t‘ﬁ‘él]SH@t c#n o&%dré"ﬁle v?é L Ofhlie cted Ar® and
rossbar I ncorporat’ing ar e ron| C
ABEQ'AUbE,DNBEﬁCﬁRhPEb@i émﬁjlﬂ)mhhalbngdﬂne banbﬂ)one where an Arp

silicon-based devi ces, e sjl
OTRPHE GRIRGEIT 0 8 i 61 4o hTE Golugatedl mopgls GRaIg et least
09@%/ },Jﬁ.@ ibHnctions can be used to create a

conduct or device which will conduct in one

direction only under normal operating conditions, for
[a0&2]p! eTheaaﬂaO@menh@‘rAegrmU@a@n@Lms@b@mgoaébemmjegated

ol B s Sl o o PN B Rscd LG b parigpore

b8ingSinp dSHBB] ArSighdles (2 p- de@mdoﬁ)e@remt" gicupsesn Alsegment).

based on the creation of p/n junction in

Geogerly: PEeasIgiif @ spetier of tc_he mle,qwlq)ﬁwpségd &f one or more .
oHSH SR oSy RN bt TR e B Glcien

charabtexsodihad each has isabstituents mﬁtaesam@eleptrbutquug oe

mechani sm for orienting the nol ecul e when bei ng
e%%f@ﬂty}"ﬂﬂﬁﬁmr@ ¢Rr@fEt roni ¢ device, inorder that the

nol ecul e properly regulates current flowin the

o053 " edt WRNBE éppﬁe@gﬁéﬂ tHatUormiule | Set &Jt%“(lbq§@n@ example of
con%u gated nol ecul e for use in constructing nol ecul ar

hewdbe posramenizi angsn-segmeanih mayhearranged along the backbone of

RS0 PR Eafy IRt shBebBE HeSbybREigdiS e potso

lilHeg! Reitha Ar ynoudd, it ding GYubbtitgieAtsPomthedAL groups, may be
chosen so as to have consecutive blocks of p-segment and n-segment in the

conductive path along the backbone.

[0054] For example, the molecule may have an n-segment followed by a p-

segment followed by an AC group.
[0055] It will also be appreciated that although the above description has

13



term nus for orienting the nolecul e when assenbling in

an el ectronic device. CGenerally, the conjugated
wodoeoed4e7 has from 3 to 100 aryl ene, aryl enevi PgT/BGEOSHD00066

aryl ene- et hynyl ene groups form ng the backbone of the

nol ecule, with the alligator clip group situated at

beeR diedtedf to MEvd astiiiealemoricules &5 preskint Afolendematy e
aryl ene, aryl ene-vinylene or aryl ene-ethynyl ene grou

S S
designggdeinayedaresi ammerr tesmindls &Y slesigninghadianeh Agint atan Ar

e f A
S Bl 50 RSB, B i £68ncnec
b%l@hbélﬁé.uﬂ'hds,Wafribqu mﬁolebu’@er@vﬁigemurtmﬂe [glort jgldcaAmiT@ay be
roups so as to forma p/n junction., n

CTRAER; G SSaTOLR Hereh ARIEISUS iEh P Byl Phoa

. J e < = _ I 1]
e L e L
gralEcsarwicked betwaers tvixs seguientsgofalgeteorerich Ar® groups. By

ary| ene-vi nyl ene or, .aryl ene-et hynyl ene grou wi t.h
CEIING BRIASHERIPIGNINE P SLTGENE FHElF ANTNGCHRSpDe used as
ol fily g)b)h inYitedle@hinhEdsyica it SRAMYISY kBRSISRY.

aryl eneet hynyl ene group that has a tendency to give up

el ectrons is placed adjacent in the backbone to an

[@056]eneSinaitaylye ar-nvp-my/lypaaneleculey wiich willalsg hawe twe B(ip

.that has a te C € 1 p
iens: Mo HsERREne o, BaRpbabtedhett {iHlEeudiich AT groues
seAaditHe dad stgieE A iwoisRgaments iof eldctron-daficient wae yroupsmal
operating conditions. Adjacent electron-rich and

el ectron-deficient regions that forma p/n junction

18957 hos b DRetbanSYalea bR bt tgr’r&\'%a{]téaeatmg p-norn-p
. ! 0

PSRRI B 1RUD opRsGhy SopyRRat dRrEhIsdeRbNe AT

gobuphand eteategi-deficientiAr gadupsas f or conduct ance of
el ectrons in one direction along the conjugated

BT <P snBatteb ol o @ik 3118pS s AL SRR, A0F
rRAE KBPERaMpleA cOMaRt Ub &o MBDasTSUER ghoud, @ichafwhicnmatise
or  nore double and/or triple bonds in the main_chain

tae same erotlifferané froanany @diasiAY apup in fleemedarple. Thus, g and r

bei t f. n ' :
RPHARREEEE S QB Bl S BE Bt R 1oin 1 10 06,
r@elylﬂfih@m froim B(tjd yo@dstabAr glt'tnjpgouwm:iwg the d@ﬂt))ietdnb@mﬂ anbluAr”

al so across adjacent single bonds.|locate t n

BayRE Bt t%ﬁrbﬁflef%aﬁ&fﬁsratt' FgI00e chilpao%dﬁ?%ﬁﬁﬁ g and rare
C?'IQQFH QBtAg: §2! SS Hobh 4ABPIY, $ESUIRYY INGHEm 3 to 20 total Ar groups in
arylene-vinyl ene and/or aryl ene-et hynyl ene groups,

thbeorjugated medeswle.wo of the aryl ene, aryl ene-vinyl ene
and/ or aryl ene-et hynyl ene groups are substituted

(BSEF oof R et el A SuTHEEIL DB L i AC
group at one end of the molecule. The AC group acts as an alligator clip
group. As will be understood by a skilled person, the term “alligator clip” or
“alligator clip group”, as used herein in reference to an end group within a
conjugated molecule, refers to a group that reacts with a particular surface so
as to form a covalent bond between the molecule containing the alligator clip

group and the surface.

[0060] The AC group may be conjugated or non-conjugated with the
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[0037] An "arylene group"” as used herein is a bivalent
radi cal derived froman aromati c conpound. An aronatic
W@ wpoedae7 i s a cyclic conpound having 4n+2 pi BCESGLI0H800066
where n is an integer equal to or greater than 0, and
i ncl udes hydrocarbon aromati c conpounds, for exanple
bbel{ticﬁm andrmlayhbé @edmt@dﬁﬁbnca@étmuwndmhyltbmo dardinokydthio,

yridine. A "vinylene graup" ed. her is th
bgn@énmtlswaneaﬂ'a.zeppa%waé@ mipﬁp%@nioo@ﬁ@ ppos l, ora
d%ﬁgatf\‘/én?feér& dd? ul%ﬂeger gé‘panya(?{ WiSied alaépﬁ’ch‘b 'ﬁetﬁ?lg}i:c_), tegt-

I'va sent by the formila -
batytthin, beAry it prmsthlamf el phosgfhengo gmydr&asw;stitldedwvith Cias

Al raneansis e alyPeherr i oM oS VarhRBidg G
aRffica la?rﬁr%‘t By Wth?o a%oi%cyano and halide.

@ ary en yny ene' I'n one enbodi nent, the
conj ugat ed nol ecul e has the general Formul a |

[Qomﬂq [WefEFbe[VAfhw]\r qup*mn{e@iatmy ad}aosnétcaib@\@ group does
o istin 08 it of PRIy Bl Beiffle Qb o 80 o

tHEEAEr droabl éfné@fs@élﬁ pasitioniyy By AEs O LN uristable stAChu
group i s an M ene, an _aryl ene-vinyl ene or an

dapgnding ast e M\t srrURyHat i ug@m Bacexapplgr 30\ GEPW: t he

offeuG thle SEcER or £ HeriPn R MRt tholld hotti¥ fiaced adjacent
tga aifylendodéhyhgenexaoiptye, each Ar group may
|ndependently be phenyl ene, napht hyl ene, thienyl ene,

| o By B oty Babia bl Cotibrita faugad Sryiene
ah&ﬁo‘? %?yle@fvﬁWYérfé‘ﬁnd/%@bRﬁéﬁé )éltﬂ%?lene groups linked together to

I ndenocar bazol yl ene, dlbenzofuranY
fathroe malenulerlyatda @enamllyrmrwgat@@a Ol’tgeltS‘ baepnenwhich has at

ETLAR TN ERSon BRI Fon HACHIMECS gRERLd PR o
baémwtm@ubmnganmgﬂabewlwmas iRy Withinearearylene
tri phenyl enyl ene, pyr enéﬁgba? napht hacenyl ene,

grRsia GERYOTRRle hondaAlPng khongAJlopyseies the conductance of
I'é%% got hi enyl ene, thianthrenyl ene, pyranyl ene,
|sobenzofuranylene chronenyl ene, xant henyl ene,
phenoxat hi i nyl ene, pyrim di nyl ene, pyridazi nyl ene,

[0068]! i zThqumﬁ;ctliveqjahluiof iHeecanjugatddingblenele may beydpdioaally

ST e R aSSiE il AyARARE O dn P g GHRn, which in

oﬁérern%édIMe%F% dém&teaw ﬂh@Ydé?fé?al FdieRjla ny! ene,
phenyl ene vi nyl ene, naphthy ene vinyl ene, thienylene

vi nyl ene, furylene vinylene, pyrrolylene vinylene,
pyri dyl enéAidmfrehe’l—t szdPWﬁ;#MDV|nylene
oxadi azol yl ene vi nyl ene, pyrazinyl ene vinyl ene,

fl uorenyl ene vinyl ene, indenofluorenyl ene vinyl ene,

[eoB4]az ot atteARgouRyis eredefiredesiaser Haziod depivted embodiment
the spacer group occurs immediately before the p/n junction, but it will be
appreciated that the spacer group may be placed between any two Ar groups

~ in the chain, including between an Ar® group and an Ar" group.

[0065] The spacer group, X, is non-conjugated, or partially non-
conjugated. The spacer group serves to provide a break in the conjugation of

the backbone, thereby allowing for further modulation of the electronic
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vi nyl ene, di benzof uranyl ene vi nyl ene,
di benzot hi enyl ene vi nyl ene, ant hracenyl ene vi nyl ene,

wo edocagEny| ene vinyl ene, pentacenyl ene vi nyl enBCT/SG2005/000066
i ndenyl ene vi nyl ene, azul enyl ene vi nyl ene,
pent al enyl ene vi nyl ene, heptal enyl ene vi nyl ene,

cOhBIENE RBYEERS of ithy keRRgataiidneRitYle NRovexarhslaethe spacer
acenapht henyl ene vi nyl ene, phenal enyl ene vi nyl ene,

groumaotytibel qeantuny et dor ehargh dipsatisdien alangijipepelecule,
M%fﬁ@/ﬁinﬁlg ﬁ!é\&?%%&i%n%% qugsﬁawgﬁgﬁ \r/c?’drgﬁ/ égﬁg/\?eﬂ from one

sidd sfarehydlieBanstine e cerfain poksrithil eThiss reskilledypersen will
t hi ant hrenyl ene V|nylene,ﬁgﬁranylene vi nyl en

undetséandihat #is searendrayp dhBilly IPNoFRIYIAIRE. O tﬁ’wm,

¢ ) _ ) Lo

HPHRRY RGO B odiiEn. FOSEONALIIRRARR dfodl 1£R6t so large

sb ool prevteneelecirgh éoen tursellingathyd gethel spaicengroup, from
indol¥lene vi nyl ene, puriny]ene vin

lene,
cquusBlad DAPERE A1 AP B Of0F ABRS AU hypaivgated
bBBkGHE6h I Bftfer U bPRE.spaker giy! ene vinyl ene,

acridinyl ene vinylene, phenanthr nyl ene vi nyl ene,
pyrrolinyl ene vinylene, imdazolinylene vin¥lene,
r

[008B]l i nYhespacerybepenaphe sglestas, dohgxampleeirom methylene,

apht hyl ene_ et hyny| ene hi eny) en ne,
Rl ROBENFOR extay eHs g ey e RN, el Fovetohexylene
dRey! Eb edithic tthiomyl, eonyinindine| vArebAYE ANy PdieXy,
oxadi azol yl ene et hynyl ene, pyrazinyl ene et hynyl ene,
tiipgaibeny|, hesehinigdeyeans ph(VﬁPg\ﬁBftWLhd?reﬁlS‘PGY%'Ve of any of such

th I .
AT NERRSH OV BAR b GPousor, e o 1
&l iene, 1,didyetsrexii iexyel lestiduted by Cq.4s alkyl, Cq.
antbﬂragiclzgﬂgl ente@gt hynlyleglﬁéd,l tertn;avmgl{l ene : h)s/l y1I 1(gr?el,y 1
mawﬁawbﬁyneau,sy@ylhﬁﬁyg%rf@rbﬁ)%e?@f ﬂé‘PﬁffHéﬁ’égﬁe‘O aryl, Cs.s0

TR, SRR B XL SRS, i BERBIRRIAARR, oL VDY, ene,

tal €nyl ene et hynyl €ne, "bi phenyl enyl ene et hynyl ene,
i ndacenyl ene et hynyl ene, acenapht henyl ene et hynyl ene,

[W@ﬂﬁl eﬂlydkéleld rﬁrhw%uilba?prepmmatmweéh@nanwcghg,roup
i BE SRR ABS L% ORI weRBRN, PRIl R gpacer

YU A IRADYES BUREET UM BEr G20 lgrbepe s 6 ta)io wllewdor
napht hot hi enyl ene et hynyl ene, thianthrenyl ene

centyeianeaef thg elesiricahehaigryalone e badkdane, and AgFRASSRCH

et hynyl ene, open n I

B RHIRE W BRI R o R U ST D oS R AP one
spnbéﬂyﬂiuﬁ)y'oﬁéf@rﬂwwm e 20 P\ Igroags sgpanate Brdgdjpcenespacer
I ndol 1 zi nyl ene ethynyl ene, isoindolyl ene ethynyl ene,
greded-yl ene et hynyl ene, purinyl ene et hynyl ene

qui nol i zi nyl ene et hynyl ene, qui nol yl ene et hynyl ene,

[Q@??‘_@' aTbQ%bﬁf;u?ﬁ?éd“méé@T%shd@éﬁﬁbie@i H“éfbfh:“@reeéyhméé'iﬁ@ﬁby

i nyl ene yny enant hri di nyl ene

cetbiimy tegethenindiviuah Ar @neurss, ispageregroups mndarnfCrgoepeor the
el ap gD e R ERERT el R Ine Ysse safbefoqrbon
Kind between groups, in a desired order so as to form a molecule having the
particular sequence of Ar groups and spacer groups along the backbone, with
an AC group at a particular end of the backbone, as required for a particular
application. Thus, the individual Ar groups are added to the backbone in the

desired order so as to form at least one p/n junction in the backbone, and so
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group with one or nore substituents independently

sel ected fromthe group consisting of |inear or
whreaaoda? C1- |8 al kyl, l[inear or branched C2-PCBSG2005/000066

al kenyl, linear or branched C2-i 8 al kynyl, linear or

branched C-MB al koxy, |inear or branched C S

aékcthI&iUcé% 8bn; @Igaié@/maracu@ haviRg @ie Qésmoaman@bm of p-
ylthio, am'dd, carbonyl, car o% 1alk | sul fonyl,
'y

seginients, gltﬂefgmgmts arﬁi W@rom -6 set out schematic
amn am no, amoni o,
dﬁgarfugaﬁex ?"‘Hy Sé@ﬁheé% %géh%o and hal i de, wherein

any of the Cl1-18 alkyl, C2-is al kenyl, C2-i 8 al kynyl,
[6069] o H@ddn;u@éteﬂ&naléculeanﬁap bersydtraéd(;;ddammg) standa®
al kylthio may optionally contain one to four
RSOH HROME IR Aot PR RN TP e OHPR 1358 by

cElieq T o BB SRR el ity Yk roon

caIHQH @cmphng meactlcﬁiskwcmmmme Shizuks readt'yalnt Hihig a@pra@oh can

ressit inar oV HoduEs dxetnale of sUEhdnApATPRSh Bruset
of:IF1 H%%%Q&Idrp%emé@ Qéﬁkté:dllhtm@mr &nd PheRE S@J&IAK ﬁh’hg

roups i1s an aryl ene-vinyl enegroup, such

repction may/tymcedlmseldtmomjthan 50%e oﬁmmcea@bamtédw@duth@en

I I th t
kS e ey SBE RIS Feistve R sPallE LbHERS Qgergounting
réécﬂﬁﬁl% tl%t r’ﬁé?%%h%ﬂo cohhedt A¥ brodpsriaahe béclbcicﬂm; laed which
i near or branched C2-18 al ky

eny!
ar¢ heawnan th@r aricinetide the @anard Irﬂ@arorbﬁh%SBIIﬁ: H%PI@E regction

lp@g?ﬁ%cg%g{woﬂt aN%JII%W rﬁ%‘?so ! ar é’r‘étéﬁi‘tﬂﬁpsw ﬁég]%?phmc

s&b‘sﬂ‘ tatios redavianl that IGsﬂﬁmlrdthe fGEﬂat)ombﬁb carbon carbon bond may
C5- 3Caryl am no, C5-3Qdi aryl am

DRI COTRPE 5o NS P Ui 910 (s I PRl i iggted
| k I | k I
r@]&;@%({f Qﬁara}:ﬁ ng‘&Y'InIl(J{/ amlng o?nél al (k:32/I ;amgng gpyo

-18 al kylthio nay optionally contain one to four
[0@TQ¥ oaf omexaeplec detbri-bulylthibphgnyuh4 Sebrésteamellpybi , -

el Gonriloe S Wnd BPoAoRn e Eafltloy

PQC:IéF’P'h?ﬁ{I Aforal4- tbrﬁbh%gtﬁmzrcs d@n&rﬂix&bim@nw (a§5636uainyl

| am no or di aryl am no otlonall%
Exanmpler! IShﬂb@W) t The gamenSHzds ﬁ@ag@rttﬁn@yl fBE P At avith the Targer

Uk EpRINdL ST ARG BirlelS & P LB %
bhAthIG SN 1) 2JR'$E, Bt-tetemnétokybiphenyd (sef eutdn Exzamplad4d).
maxi mum nunber of substltuents on any one of the Ar

th th
[ﬁéﬁj iame%‘%ﬁéft S0P Ry PelretirpBs VSl LR fvesorigheny
| Ar
dr O IR cOtpiBtiaf %ﬁw/&%@'%"'ﬁg?gﬁ‘?q“ﬁf? =
pentiiesrep herty| hateagent QStSé\OWIn in dGb3c I{bsmh a rawpling reaction,

réiitRlvetis dbadined AP TR By RS P 1 o v
b}%&?ﬁﬁéﬁﬂ%‘ﬂ-ﬁen%l%rcﬂ%dz@h@ eExdMple/1 gpmvldel{ﬁ@béremm
pentafluorophenyl cuprous and 4-tert-butyithio-bromobenzene in THF and
1,4-dioxane. Similarly, 4-pentafluorophenyl-4’-tert-butylthio-2,5-
dimethoxybiphenyl (see Example 16) may be prepared from
pentafluorophenyl cuprous and 4'-tert-butylthio-4-bromo-2,5-
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be substituted at certain sites on the backbone where

the arrangenent of the backbone atons or other
waawsipdeent s sterically hinders the substitutPCISG2005/000066

those sites by particular groups. [0044] The

conductive nature of the conjugated nolecule is

d'%b%)@?ﬁﬁ hg(ough the placenment of one or nore

uents on the Ar groups of the nolecule to
create the Arp and Arp groups, to create at |east one
[oppn] i uﬁ’erﬂmopl[l@wl@]r paN R @blgh@oyi greuph ”@Y@J?‘Pé’ﬁ rich

|n%q)ré)g)(qtsﬁ lrgg:ggltrfqéa 8$ gﬁ]éé@% tli\dotugh‘?ﬁtﬁum n e”r'ﬁ: substltu’uon

re‘éeﬁﬁ‘ﬁ es:r?éeeﬁdlpﬂfblé&llé’é‘p@%e%m g m@r@ﬂmoquougs maat may
bone, rendering the Ar group a

t
aches loaving geounsen PeHILB ARG rlggcﬁf@plﬁr&i%% BeRhIGS. 2

oSS SRR PR AR Etanp 19

még wmparer@rwcd@plnﬁgw@m m:a _butyithinfp hehgl lrituhgcm BHﬁnettms C
e nature o e_conpauct or s e a arent
withy décgﬂkliqu'é'@hﬁéwgéngé%elﬁ'étd\t‘?'eﬁh%M'ﬁ%g érgu ps Egve
teﬁg?r?%&@b r#r?é“nﬁ %ﬁ%ﬂp{:ro@fe%@ﬁe ng&ﬁsr& 16)nAyaldeas&bone

ecul e so to push addltl onal
pr@p@@édfomai/vmdﬂarsgmlammcehweconj ugat ed system [0046]
For exanple el ectron-donati ng groups include al koxyl,

DSt oRESHEO Moy A SO A0S, o

{rﬂﬁg RABELILBTIOUBSCARR! RIS Patepi 140y 756806 Isslicd to
furyl roly carbazol yl, al kyl, al kenyl
Reed eilakywmch is M%cmmr@ﬁed 1Y) neg‘,ereagqat@mn

unsubstituted Ar groups will be Arp groups, and w |

l e r I ne,
(7T g RACH B p b BRI FtePOI ARG BN OeES:
iniddelced irito e lcohju@at@r mioeoid hsmg tbe standandvcarimacarbgn

substituent may conv t he to.an
colRlingTACHRAS Festionag a&P&%pSU B R Feagtion, ThE an

p%f?ﬁle& ARl He%péﬁf PhcSfdiidtedd 4ﬂ@ﬂfﬁ'utﬁﬂ%m1§nvbgtddp%rﬂd the

one or mo ey & Wi thd rawi ng gs so as to
ehd\of aet:dn;ugmmmalecmeoeéfl‘eéﬁmi‘ﬂﬂiw@wn ddjdacent Ar

0D o i W P S e
r&(&?ﬁ%ﬁmﬁﬁ lS@t?hlﬁﬂwﬁﬁ andReK QQQQpﬁpyMLmMErE}VI de t he

conj Ugated fol ecule wth_the nature of an
t@rameﬂwtboddane iasrahawn G dnd his iagenhmayhq yssd ty react

B ARl R A DAL st igaporp

mﬁegsbmr ré@%@ft@tumtmaymemenramude tert—butylthlophenyl boronic
el ectron-w drawi n nmore el ectron-dense than

aéld\%nfbﬁ@&wtihiﬁphﬁnybgefpé“‘f ap i s not

el ectron-withdrawing, simlar to n-type naterials used

[%(?1'7 C@r ‘S'Q"t If %fé'ﬂvc\f] rﬁapﬁk‘pg lgttallr}% é'ttgﬂogjﬁggﬁr &®Rr Mdn acetylthio, is
uske csuchamAChgircans mgy be converted to acetylthio by mercurization to
form a mercury sulfide group, followed by reaction with hydrogen sulfide and
acetylation, as will be understood by a skilled person. Acetylthio is a
preferred thio-containing AC group due to its reactivity, storage stability and
ability to direct self-assembly of the conjugated molecule on a metal

substrate.
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Generally, electron-w thdrawi ng groups are groups that
create a positive or delta-positive region adjacent to

wo b@ologiakbone so as to pull el ectrons from t hePOESEHOHBO0066
toward the substituent. [0049] For exanpl e,
el ectron-w t hdrawi ng groups include halide, carbonyl,
[OG7E)OX YA skillgd PperscWilniraersiahtiahatiieireagtion asédito introduce

o s ekl s P
LRI SE5RUSF RREle (8 oA, oy ppored o

deprigd i@, FIBS.i 418 Eoeexdrhplaz MCpkmratlonm&dlnaathwelner&pmd

eIl Teg kTP AN G RAT UAGIA D J4 ethiane (Example
Il) rﬁg‘aéé)‘g%g% g" Le@’tphgkoé{fécwdf'%-@?’t—but%/ltfg|ﬁ-4’-bromomethyl-

ron tuent may convert the Ar group
biphmyl @t detaftuordbiphtnpign Ahe pessaricel oftbaityd ifhieai. dtied- by

aw@ﬁv# 4eerdsomeliv aiphauh (B be i ihaiechrom the

(R4BA r?réﬂtgct' JTRARYI4-6p- FéPzUIS’M@IthWb@hdh{/l?ﬁéh%t&QE&(Bﬁ\ple 30) by
ackbo of the nblecule. In the Formul a ,

brwnmtlonmﬂtpjh@smc)\mmblfwldﬁpl cted Arp and Arn
groups, which may occur at any p0| nt al ong the

[ﬁborﬁﬂﬁﬂg& ﬁ%gﬁ?‘é%n ? Lﬁrﬁu@ Isﬁsntéc%ﬂ@gﬁ‘réhaphenol

gRdup by ﬁgbbﬁphlll[:%@@&k oﬁf]@rﬁmm@bm‘myt indfigi\yied.oups and

substituents on the conj ugat ed backbone may be
sel ected to res in certalq ts of
olegilg.

8815, cSvribebia de capugaet sadle ST R Tebiihn ylrgR skcer 87t i
l&ésoé%ﬁéeﬁta;ésriﬂém%ﬂs ciie8e %hhbis téh&:elﬁrﬁ%i‘ltow JoRexample, 4'-

section 0O ecu e COo osed one oOr rmre
t@mwbtqbrmwemylgryjumaﬂuanohwarfymm sylfife (see Example 36),

oGudhmRbeL it balig B peaR BUeBeBNReB! B lnast ng o
irtbARbdig W thdrawi ng character. [0053] It will be

appreciated that Formula | set out above is one
exanpl e of how the p-segnments and n-segments

[QWQinge'ﬂ usiep e presarherpbaates melasules il diséaonguct current
Vm%l[ Wa““?fg?her ‘H&lr‘ P Joupggﬁ? f}t{ﬂnﬁﬁﬁ tRfitfdral &llion-

b%\lsbdtdet/meel mequm‘alpesmbngrfaup%rp gmayp had @m’bgmupsm ths present

have consecuti ve ocks o S nt and n:-se

MHECHBH GRAES & 'B%Ca%ﬁ%sst WiCBRIRERRAE caroiauh ey 89p diféotion
el ecul e may have an n-segnent fol | owed

b%ﬁgpﬂggg%nentﬁ?ol | oned by an AC group. [0055] It wll

al so be appreciated that although the above
[008Q) i pthisdlirestioe of canduciarer tsodue tahetdiferenge in energy

GEB s £ TR TBACHL Gl oM 57 AP hdrent and
ti® hMeghierdf e molecule, as is depicted in FIG. 7. Provided that the
energy level of the orbitals associated with the Ar groups that are immediately
adjacent to each electrical contact is different from the other, as will be the
case where a p/n junction occurs, current will be able to flow in one direction
across the molecule but not the other. When a positive bias is applied to a
molecule having a p-segment next to the positive electrical contact and an n-

segment next to the negative electrical contact, the Fermi energy level of the
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group within the chain, creating a conjugated nol ecul e

Wi th a branched backbone. Thus, various nol ecul es
whaooetge4rul tiple p/ n junctions may be creat ed. PEDBG2005/000066

exanple, a p-n-p type nolecule, which will have two

p/ n junctions, may be created by having a segnent of

Soidle’ SlacHiRbl eoR@akL WIIHIEIBYS So W%%WMHWM%@%%IS of

segnents of electron-rich Arp groups. creating a

BeBe0pENhanGblss ELitbR iegisarints SaHOIGF thab sogaent

e -
mega’n%@@ﬁnﬁ@“ c&mﬂécﬁ,WIMIbeCFBls%|dncﬁklﬁlcbehé7tV§nﬁI!A@eﬁéfgy levels to

@bct ons, be created by having a segnent of
2

ththGHO‘F?P‘ILZﬁdAd‘W@( adipeertdadoe @ﬁéétl\tﬁew@éﬁt t Tous, electrons

g T S e e O R

roolest @ mdgafmﬂisstlvb)cdmamn'ﬁhe efsmitonng kg BBANSt ®fercome the
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alter atlng ?'Iae
skgy 6H"'Qf P %'ﬁtthﬂpﬁpeﬁ%ﬁgec’tﬂ%%] The conj ugat ed
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may be th esa or dif erenf rom-any

tashpent qf IﬂE pohjegaled. mMdkegule tq cmmlelectrod@attaulhmeht witkin an
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f
GeGEuEhIETnt PRYLPPiral 3 %oneaE Betucbar g astjgted
moletuldi 18 hheetdest foIpmentRuABEe AlThedir8s®scd BAthe AC group at

together formthe at |east one p/n junction.
mecfdhapngleguignids inthe wirskationsef thﬁzmolqculerWhen fssembling

I 0 s I

R B4 e B PR oSl
molbealel@swsess/mmhductms'mtétaionl it i€ Py Grtarst tarenéﬁregpmmr

ne end of the nol ecule. The AC group acts as an

Ooﬂqn PonRT tBeipolgruigyvhensfahricating deiiges.s Asde diseugsed below,
| |
tﬁg ﬁ(% gatt%reélﬁ?/?bpfotrl?ﬁe E&ﬁjﬁga@d r‘ng%cefe &l delff. a§§ ble on the

group”, as use rein i nreference to
sanfaea of gnalectwo dérsunrfacectbnpugias edntaxt betwesn thef ACsgrbap and

5 R0, ah ST el S Sl 8% Do o
stuﬂﬁcé}'h'abgﬁé %ram‘é bife AP pﬁaﬂtotﬁaﬁnwé 866ond Q%@Pr ﬁgTESntact
Wlﬁ@%roup may be conj ugate or non-conj ugat ed

adikistace, of anee ectsedesct ed from acetyl t h| 0,
methylthio, tert- butylthlo benzylthlo I socyano,

. o \ |

092, PRI LSBT BB B P

allows Yor tormstruntibh\df nebative emmntsdl rddistante (IMPR) ieFices, in
honi 0 may be substituted with C - 8

hosphat e or phos
V@l aﬁ rf@%"afﬁ%ﬁ&w within adive)) k9ligge rangedand vl pehfjow at
v%uéiéwﬂmvé BhA ¥R thiCramfd aryl . C5-30 aryl ami no,

nitro, cyano, isocyano and hal i de. [0061]
Preferably, the Ar group inmediately adjacent to the
[2@83]r oupheletestronic conducting property of the disclosed conjugated

molecule can be measured using the conducting tip of a scanning tunnelling
microscope, or using conducting atomic force microscopy, as will be
understood by a skilled person. Briefly, the governing principle of scanning
tunnelling microscopy (STM) is the quantum tunnelling of electrons through a
thin potential barrier separating two electrodes where one electrode is a very

sharp tip. By applying a voltage (Vt) between the tip and a metallic or
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not result in a vinylene or an ethynyl ene noi ety being

positi oned adjacent to the AC group, since such
w@o®ePITeT ng may result in an unstabl e struct uP€r/SG2005/000066

depending on the AC group that is used. For exanple,

an AC group containing a thiol group or a derivative

séraicentiustiog sdmpi, oeurpritesd R frr?] eitween Qhe%’é@dé!lbéfwd@s"
e conj ugate

et hynyl ene noi et 0062] Thus,
Wﬁ?ééﬁﬁlégw @é@déﬁﬁq tr%g,%f@@ ayicatiametrlsol he amplitude of
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Bebep e dcandiite sl hF shoera asusastbedierenial
ddHdueshe d‘l‘/d\t’(’k\)/zneﬁ b%rﬁfr'eﬁgﬁ ?ﬁ@ odj /nﬂ%l é(fr{a[ﬂlcfa&grrgﬁects

al ong the back al | ows € con ance
d;l‘@rﬂv thadocd] @d]ﬁzmon‘ﬂmnmhycbfcsltatee (IPROB)ofAS $tgown in the

SRR TR 5168 JBtalSaidl mokule ot i dBaisiascard-
ddet)ﬂfhrbrﬁh@mngrﬂhﬂ@érﬁﬁﬁwénﬁ Cﬂﬁ@% Bf %é?gahb élfgrggzq%@sukﬁstrate

Forrmula 11:" [Ar]
and gpunlpdite aaq,ol@@pare@iduagate@ tip of a heaniwpg ctltrremielllng microscope.

I
P A B SHREE B (RSB REEOL S Bl
Bpdastraged b thayrdph of FICR®.bet ween any two Ar groups

in the chain, including between an Arp group and an
The spacer gr oup

g"'ﬁ A@%{J@Q?aqg rmcﬂﬁ?lﬂ ehavinchatieast; Qrgfaplérdunw wabes
tﬂétod’é’so?i%@ﬂeacbc}v% gr rnk&bﬁ%??ﬁc;h ﬁnﬂt? tv%ﬂgbér:grgsh ergq,e

t he backbone, 't her
elgctraiic devicesofi husmsj rlicrstratedpnd’per 10ethedé id povided a

ORI Heiie 2 v il WS bel eakaiact 4488 akg The
firdtec|8atHiegt shtat BB d@nhbc@ﬁi' tb thé La¥H Y %Qé:"tr‘?&? cbﬂté%?z
I de of the wel I

transmtted through the well fromone s
cpBiugiatRthEtolegule 18ese as o fore atdoatiuctiteusathabetivieehebie two
OTIAYely] lté térnderst and that the spacer group, if fully
non-conj uga% or the nonconjugated portion of a

partially non- conj ugat ed spacer group, is not so |large

[msas t Bhe@einctiidal sontices 22 @ndfzmﬁeg%@{(%ﬂrhpﬁged Bf amgh .
acC one on one si e

f t ed
cR Sy A R Rt el MO Ol RoBeAl k6N Svetraac devices,
6
Sg?@ﬁ% gr?rigesrlgérs teclfbggté nLQﬁ %r‘ allz{noqg f]r-lc-)l;lrr%]rgrle t%ﬁﬁ%iﬁ%ntacts 22
apd 124l ey, alipmqimew lweom@bbyd @rﬁm&hrmtm oxide or a conductrve

cl ahex ohe | ene, . di 0x

POV Bt ity o SATPEHIHIT S et S GuDIoPhearb REROT) or
pdlyémrnet Wl@%bé@)ﬁirrcapb&%m Hia?%eccﬁﬁﬁoméf’m%rgérﬁé/ br

or a derivative of any of such
different conductive material as the second electrical contact.
[0086] In order to provide a solid support for electrical contacts 22 and 24,
substrate 26 may optionally be used. The electrical contacts may each be
deposited on a thin layer on substrate 26, which may be silicon, mica or a

plastic substrate such as polyethylene terephthalate or polycarbonate.

[0087] Asymmetric conjugated molecule 10 is coupled to electrical contact
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groups, any of which nethyl ene, ethylene, propenylene,
et hyl ene di oxy, 1,4- cycl ohexylene, 1, 4-cycl ohexyl ene
waelr@spowy be substituted by CMalkyl, G - 1BCT/SG2005/000066
al kenyl, CMV5 al kynyl, am do, carbonyl, sulfonyl,
t hi oam de, C5-30 aryl, C5-30 arylam no, am no, nitro,
24 Xﬁ%@gh'aﬁﬂﬁf&ﬁ@ti@ﬂﬂeﬁﬁidme doPa6&iiveirsielidled efsntsat contact
Wi

appreciate that nore than one spacer 0 may be
24 e the A GIgoriep okatashal) angerd ohhekhe U?epr BlRcikal conact 22

. h is fil i e
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a nol ecul e having the particul ar ,
resatingnogonh aMreagtivrigroum dushaserthip! QUipuP aviiah theppreacts with

backbone, with.an AC grquyp at a particular end of the
“'E?a@'l?g%rr@,d%eqrz@ifﬂicpgﬁftga' a particular application.

Thus, the individual Ar groups are added to the
GeSAPONené RohBEctieSIdtRdo@ne® by sonjagatenl nolevukt 10 et be a
one p/n junction in the backbone, and sog to od cel.t
single njalgatle soppeetediketwaon eieatical gesiacsy 2&“&1& Aejiiaity

f _pse S - . litv of
og gf&gﬁ@gg g\he %F In’ieﬁpﬂg %%éad“#?ﬁl%ﬁﬁrqo%)%ﬂ RSrméd §Pa plkrAlity

diagrans of exenplary synthesis
coR b oledud®80] The conj ugat ed nol ecul es may be
synt hesi zed using standard nethods known in the art.

E le, th ' Ar |
e T L
L%%aﬂﬂﬁ‘ﬁé’ deHcBOAERED 20 Y BLisiGableds! UaNGusSEIRtrasict he

uzuki reaction. This approach can result in fairly

dpipfibatjored.ds of product. Exanples of such an approach
are set out in the reaction schenes depicted in FIGS

2 _The uki ' | | i i
e8P et SEaieshieiRUARL KRRLEAEMRR B Ay B BeCiled with
dib@s enhsacaristics bgrusimecpgagatadanoleaals 1@ having oprtyriee
substrate. O her coupling reactjong that ma dbet.use h
segreentrstiacent (e A8 fpl DRSSO Ui e Salng GRURHE oth.

Offfretdhit | Qi | eopettes due t
AR ot FUIR SRR dictopis gfongten oo
tREichiestterokibe A drbups dedsiryrstibstituentsmon e Pe @pPHnS ipcluded

bstituti ti t t Lt i. i f
RS hieby SurA B uSEle dele I cbApEOA B
jMﬁ{iﬁ&Pﬁ/itﬁfnotH@scoHaﬁgti\i@pél‘hf Bhalogads te blteditisiy| wgetoetbctronic
nol ecule of Fornmula | |, or Formula I1.
diode.

[0091] Molecular electronic device 20 may be designed to exhibit a
negative differential resistance (NDR) effect when a suitable voltage is
applied, thereby being suitable as a resonant tunnelling diode. For example,
incorporation of a series of perfluorophenylene groups adjacent to a series of

phenylene groups within conjugated molecule 10 results in molecular
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[0070] For exanple,

4' -felt-butylthiophenyl-4,4,5 5-tetranethyl-1 , 3, 2-
walr@sataspl ane, coupled with 2,5-di net hoxybr oneOERGENE)00066

catal yzed by Pd(PPh 3)4, afford

4-fel/f-butylthio-2',5" -di met hoxybi phenyl (as set out

dl8ctrsAOIRIcRick RIORIeW an NDR 320Re SWZKbUt 3688 BbuR@Yo B¢

reacted with the | arger substrate

rarbewabtheopy, thisseffackmayniee Hos yo thenkenge ditedyorbdgle between

e b BHENISI RIS e adiacent shepyiene oreus dp avell the

NBR efféd fidy b agtiidtbto #a@Bbe praderdflthe 'e@ﬁ\h;'emdlecules as
group may be coupled wth

group or perfl uorobi phenyl
vigll ag the serf ﬁrraeﬂ@tﬁrﬁgaﬁaelj&atm@nwg@éw melespadiyundengoes
Rl i
UGB ReB RPN clchitatdioly THEMeE RAMF B iy reigyan
tbehachafgeetdansbd*leprbbeéslirt thao pmedletuletBat i%frhdﬁef RN ZBidized,
nple 12) ma prepared from pentafl uorophenyl

rEB?f&Ba%MdeQUQ fCﬂBuWrQ Agly oBRYBEAR elrctiical Thrrdenalong

n |
tlie g%ﬂ?ggl@ug}hgghgﬁ#y%ﬁ% behfalyroglrJ tof l'l%conjlég%ted molecule can be

rlf]lamrpularba@ b]f/ lmvrmnryd)rﬁtree of Eho‘fmpmtsemr)emtawvrbed iffearaetsttronic
r om,.pent uor.ophe
PIODSIES: HGPPPEHPQD 41 ﬁr%wﬁog%@?ravmwswsﬁm@mated
P b gh
nﬁ&@@@ﬂes Rarnks- Wﬂut;ﬂfhr@rﬁ{écngggi ov5 8 Fé; h\?ﬁ%ﬁ%(yl

be |ncorporate Into con at'ed

(TSBQ%MB@WWDPB%]&MHJ Iuorthph@'mt(TSBFFssr fate such

BRI RbReE 5 e Gyl o eh Bl peng, ore O is

rllnlsltr’a&ItYIn FiG10d (s8edxEingSle £ f@ﬂde%)ls? For exanple, p-te/
f - butyl t hi ophenyl - nonaf | uor obi phenyl (Exanple 13) nay

rep ed by coupling of 4-terf-butylthiophenyl
[&?Q te,rnrp It Mo ? i electepiia fpvise 20 A MHE designed as a

résdr?afrﬁ TWéﬂlirgmrBHQ %@/ythe"mélést; Pﬁ g}‘ gg elgrgated Tlgxeacrlr‘rlﬁ 10 Pa) ing

t et ranet hoxybi phenyl’) -tetr ene
oneyorahere men- poregpgabd dpdengrowp XA isterspeasep alpgdbee.

%0073} TE i s of conjugated nol ecul es
o Bk o s ROy PESTD Shaneegrodp mestted irta the
?atéﬁ?bhd&i’ner%a?&@oﬁg%reét%'éedjarhgr %&Forﬂg%m]sﬂ@?#c'hhus,

y |ncorporate ref erence herein
lrmrd@r deipthefagvicedargsing) ucacur@errt 4@ gertain @pglied poltagey itie

nePatR i) Bbfrbl T SMal Ol Wngh s BebiditohdR e

balrimre, such as the Suzuki reaction. The preferred
Suzuki reagent to incorporate a 4-te/f-butylthiophenyl

1B - WaRpib et davias g0 80ay be caneHy e ol
S A
slzbstsaipraﬁpyTIm(WmugatﬁdEmoteeuleamaisrthehmseemh)@daentai‘mMIrst
eI'ectrrcaPcor]r’tact szl i & P er]gryenrH yThtsz may be dontra e‘%r example, by self-
assembly of conjugated molecule 10. A skilled person will understand how to
form self-assembled monolayers of the conjugated molecules. Briefly,
substrate 26 having deposited electrical contact 24 is immersed in a solution
of conjugated molecule 10 dissolved in a suitable organic solvent. The

organic solvent is any solvent in which the particular molecule is soluble, and
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with nost aryl brom des, and the reaction can be

catal yzed by Pd(Il) or Pd(O. Oher Suzuki reagents

w0 b@b/0pay7 be used i nclude te/f-butylthi ophenyl PODSGHIOE000066
acid and net hyl t hi ophenyl boronic acid. [0075] If an

AC group containing a thio group, other than

raagtbe| fdriexanige UstdhyditoflrafcHierdfo fHPdiBRY reRetneen tad

.0 acetxlthio %%%nercurlzatlon to forma nercury
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@g%qfi?m&ro%%ﬂzé’ﬁ&té/gggc{He]g({éHoﬁec’ o%l$sﬁm§4@r¥§gégﬂﬁgapéa Rolecule

ed person. y ro’rs~a
Ahwidk aroenige igs?gommeggmb_ml _ |é@tribg§cdrﬂa@ﬁ2z}/¥vttu the An\bcI group
t orage, st 1]t an I, |ty to Irect se -assenply
%fth‘? ﬁ%céf&ﬂﬁﬁaa@ﬁn}ﬂﬁ%@@ infediacey anst e rRALAG entkirpedT6]

sauﬁgid. | R4GIiRGH &pd pisklto YRE 8HREEA Yok %g%nygg!ﬁ@a@tn f'])?:ﬂgxide or
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gpamiona.um dydsyxistes may belp torpromotes thik séibasserablylprocédie

ARG d G e GRl Rrlalss aunie arkampnay he art, may

b P ki ' .
oG BT SlocBI 40 chibigtpal contac

24et Higatricabseniptie2 3 is) thenydepesiteh beertbpbyf the chearapéydri af
-1 ~butyl t hi o-4' - br ononet hyl bi phenyl on
C%&%%%[“@i?%ﬁ%ﬁ?l in the presence of butyl [|ithium
4-tert- Butylthio-4'-brononethyl-bi phenyi (Exanple 32)
[0884]s y nMotesdutarcblé dteonit dievice 28ahag hePasibingtle@int8 Uavger

4-(((3lp-teAf - but yl t hi ophenyl ) - benzoat e (Exanpl e 30) Dy
SlHRAYREPYRearyapRES ARlieations inslushing ereronrdgvices and
arg ., Y I - ,

P @ e e SBAaR iy TR TSR EAHERin are

upeful kaanolecplhesyitches bndltayiatdodbe [i8gRiteSintd hasic garss. a
onj ugat ed nol ecul e having a sulfide spacer group is

"@gg%glﬁ?? aé{ﬁt”,u"&%mf’ﬁ@%“g?tﬂ)“éf' liding Higvlipdeniynds

b - . e 4' 4eoodini

oD SISt e ioaIop el sopverterss 4y

sul fide_ (see Exan{)Ie 36), which may be due in part to
[99R5]we droTrRIENIBhINE IoPtegulsr elantranit Hediee inmaberadedte form a

clgiRO it B9 el s Mo, CABIBAP HEVIGER , YiadParigna
cm%ibagdevibem atd rjntniwé iniu Fféoim,oa]gﬁogﬁ&et Ad'rié&tﬁlboe‘gi ihgjr%pgﬁﬂwos. 6,
485&@% e éHES{#és Baih abwbet |faé§ h@f@aﬁ‘t@v @_cgm@gmotg/
rtefetice. W bﬁﬂsﬁé f&te{ rggggfr@ﬁhﬁ Joﬂ\é‘/leb{i]or‘l) ﬂ?at%obﬁgétjsgvzv&cié%seed

not 1 n the ot (Y rectron o con
conrduftierst 32 ahe 3di fdrexanyse i wires) avigyh lirteest bed weazdrbe

| ocalized | owest. occupied orbitals of the p-segnent.
a%&'& k‘?{ @Xﬁ!@i%r%wgg?n@ﬁe 'th@&ﬂss; the;elegtrgpisiconsgction is
mioléauldr elBE@NiE edvicBa0 IMFhieR thd¥idvei e{cEFe I {&H-

associated with the Ar gr olups that ar eciemm [ %’%re%yﬁ&{ 2ero
angles to each other. Preferably, the electrical contacts are at right angles to
each other. Molecular electronic device 20 used in the crossbar device may
be a molecular switch, a diode, a transistor or the like, and serves to connect

the crossed conductors at the point at which they intersect.

[0096] A crossbar containing molecular electronic device 20 is depicted in
FIG. 12. A series of crossbars may be arranged in an array to form a

crossbar device, which comprises a series of molecular electronic devices
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adj acent to each electrical contact is different from
the other, as will be the case where a p/n junction
woe@dansidsecurrent will be able to flow in one dPCESGR08000066
across the nol ecul e but not the other. Wen a positive
bias is applied to a nol ecul e having a p-segnent next
cbenédiibgitasi Saty ef efodstdipasdilet cohdattoesndEach eeteg‘r;mrallel
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o’EH(ﬁF‘ e%}/ %ﬂeélé%;trérﬁc‘f R cé@@ Bméiécwi diddkdnic
acen e negative contact. el ectrons can
déVchZOr Such lgosshgatdevices ane aseful @Stmemnségweﬁs apggensors.
will across the nolecule to the positive contact. The

0L | o BB BRI BRSOl PR R R by gl

conj ugated nol ecul e, the AC group facilitates
[6098]C hrﬁlﬂim@‘h \td‘rﬁauscmhbl@nﬁh%dnmf feliheentioroae dikelosedde
attachnent within an el ectroni c nol ecul ar, deyi
heggin darny agaptatieas @nemedificaiions 'ﬁ@y%ﬂﬁast\'@ﬁ‘ ’r‘rg‘ee%‘ﬁf?%e of
P%gﬁ\v@nﬁgﬁ ﬁ‘{a&{orﬂgﬂrm th‘ih 56 @n %Héra‘?kﬁﬁ\ﬁ%‘a%eqf thbse
group at one o s in
skitllee i ttis art. cSudeoddicamnsemM&ie memntuhgntdﬁémown
nmo| ecul e _in an el ect | ecul ar, devi Si,nce the
BUMAIRRLE (8 370 L O B VEISTE N Bt B poe s M Sarb Tesult
idé bsta t"ﬁ? rtﬁé%tarﬁé)vv%‘;)s%ﬂﬁe&ﬁrﬂﬁﬁlrarm 58Bhffd eAmefuselherein

ecu fabricating devices. As is discussed
hlaee tive same mengmglq@ corhmaslyf wrdersoosidny ope ekardirany@lilein

el f-asse e an el ectrode -
?ﬁ&ééh'?mV& ﬂn uelgﬁfsggfn%i?&)eegﬁlﬁ%e AC group and the
el ectrode, ensuring that each nol ecul e assenbl ed on

[od@o]e! eThe Asllowiny Eramplessiiudieats asactivriscfot ammpjrmgwarmus Ar
to form ng a second electrical contact wt

JEMISA SBABRT GTOYBE GRE AF eFeyRsyavhiclh fraqtiopga n\@r\?é'PBﬁﬂb?"eof
L R e A

or construction o
maetyleance (NDR) devices, in which current will flow
only within a given voltage range, and will not flow

at v bove and bel ow this range. [0083] The
BYIREEESnauct. i

el ec ducting property of the disclosed
conj ugat ed nol ecul e can be neasured using the

cti nExahipleh: Rregaativmef 25 diphéthogybromobenaere (DY
usi ng conducting atonmic force mcroscopy, as will be

BR100, pi o IR csiuAl e faglrs spbbioe sy LRI (16 0s.
100 PoftehIh 4Bl AL Qﬂgp@RﬁaSﬁ%@&S@V@% %%Eﬁﬂfgﬁ”ﬁ ohe
dirhetHoxgbleniehea(18e8 @, 100 mmol) in chloroform and methanol (400 mi) at
0°C. After stirring for 3 hours, 500 ml of saturated Na;COj3 solution was added.
The organic layer was washed with water, brine and dried over sodium
sulfate. After the solvent was removed on a rotary evaporator, the residue
was distilled under reduced pressure to yield 15.8 g of 2,5-

dimethoxybromobenzene (yield 73%) "HNMR (CDCl3) 87.148 (s, 1 H), 6.859
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sharp tip. By applying a voltage (Vt) between the tip
and a netallic orsem conducting sanple, a current can

wo baw/o9d4s) bet ween these el ectrodes when thei r PAI/SGZI08/800066
is reduced to a few atom c dianeters. The anplitude of
the current strongly depends on the di stance between

§f23l-ll)l3J8©9‘ést31Hésarm5Qs 3HY. al so on the potenti al
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between the tip and the sanmp t
[0819%e di ﬁxanm{e iZalPreRAatien Qﬁgé dfbv%mexf géﬁmeﬂ’éoxy shzene
( asured. The differential conductance reflects

rectly the local electronic density of states

(LDOS). As shown in the schematic diagram Fl G
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material, including any netal commonly used in

%b‘?@é]’ oni qndes0 pASousdebttem fiEdkd a raixtirerof 20appef t,en‘—butyl
'at i’num or palladium The electrical cont a} ﬁ.ls %i
chlonidsyand Oy Q@tf Avrenom@oebﬁ@@ls\@@s strred yntikalt the ﬁae

%8?(3¥%(?2H§§ ﬁycfa?%&gl oxyt | op é@%ﬂ‘jﬁ%@ ,@\ﬁéf@ﬂ.ﬁ»‘ ing for 2

iRy el rhixeure Wess poured inloet@0 it af laeamamandm}(tnaeted with

g T SaNST LR (FOBUE i pffrec

\ggﬁﬂsubg@r A (GhetiRBRG dsOheRliei) 6 Bffer barbpa2aitand

may optlonally bé used
@htyh;hmbre:lnobentem sThﬁaqbtemﬂd eddehwes wéad dhshnthﬁﬁlﬁ

ayer on_subs ch may be silicon, mca or a
rlﬁaggfpn%wgﬁggttftpgggrg I’Paignpol yet hyl ene terepht hal at e
or pol ycarbonate. [0087] Asymetric conj ugated

[00106}! © 1BxampRounbePatationl ¢fcs-tért-blityithivbhehdd vl Bugh
an interaction between the conductive material of

tetramethydl, 3 2odicyabormigngnd)t he AC group |ocated at one
end of the nolecule. Electrical contact 22 is coupled

[R07F [ | " la A503hOUAnY BERDAF AL, W\ SolBRSKEONS Rtad Rfnol) of
end of  conjugated no ecu e '10. The conj ugat ed
Wbmkyethﬂdlbmob@r&zemetuh 66l rmtof THEl wa@n@@led $o 2@8%5}1 @4papl of
h f
apfé{tht%%?{ r2n5a M) in 205 m?oP ?Hﬂ was ﬂ1en SloWn ddeo‘ dropW|se toa
round-bottom flask. After stirring for 1 hour, 5.58 ¢ (30 mmol) of 2-isopropoxy-
4,45 5-tetramethyl-1,3,2-dioxaborolane was added in one portion. The
temperature was raised to room temperature and stirred overnight. The

reaction was terminated and was washed with saturated sodium bicarbonate
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contact 24, such as a covalent or an ionic bond
bet ween the AC group and el ectrical contact 24, or
wao booelogiaephysi cal contact between the free Ar PCDEE2005000066
and el ectrical contact 22. The AC group on one end of
conj ugated nol ecule 10 may form a coval ent bond with
sShﬁiBb A Prirke? ﬁ{h%cé géﬂlc?hafs'er Hﬁé&%ﬂ?\gsdd%ﬁ%rd‘fb?e and the
reactive group, group, which
solaot wasiremovbd cmaa eotap e\aipcesahm The &tsmmwwastpumﬁled by

Rz it PR SRR AT O Ry EBIRE 4 Lo BARK RSt adoer
b%'tﬁﬁﬁdﬁh%lyl @qnﬁ e%ﬁal%%twm @é»dléxéﬁéﬁ)ﬂn’et ﬂ/HnMR (CDCly)

nol ecul es” 10, or It may formed from a nonol ayer
o7 Bated, afHaJ pl8.,0 &l4)1 7.600 (doajl-hgleff 8d hig), dedb@® (s.d2 H), 1.407
%oﬁﬁi Dependi ng on the design of the particular
( gated nol ecule 10 used in the device, device 20
may be suitable for various electronic applications.
[061058]] FoExexf®Ise Pre;!@éraﬂ@h af sediant 2 GadimetiensypheRibseghate
be designed with di ode characteristics by using
(8bnj ugat ed nol ecul e 10 having a p-type segnent
adJ acent to an n-type segnent within the sane

ctiv f '

"t o Panh ml 3kl aihaRorokBack, 1568TRAR 40 il of
Td-lﬁaa«t 068 gaff 2iidimethgryhrpmahehzeng Wsamtrretdjmpmﬁyohfterﬁhe

VAT | uded th ch .
i ohihe Hevier aadiabat 8 B e oG kR e i
Jol HGidsy Sddsd Bﬁopﬂf@ RQQ lﬂéuﬁdlbéttbﬁm%ls‘k' UH¥Rr nitrogen.

m croel ectroni ¢ di ode. 91] Mol ecul ar el ectronic
ThevieactidOwaayetliexatbor gneﬂwetrdwemﬂuﬁ&tthan gegledi dawn to room
differentia

GpeET <R s Bl e bt Flo HGR: Po gt bBRL fsi

contmiaga éommi bf mlgcbf@l%etH:y@boM@W@Beo nhIrsf OTHIP ki ¢lohad
of a series of perf uorophe | ene groups adjacent to a

b@@ﬂ.@@leﬁwpﬁén?l Eh@r@acé@ﬁgﬂ YNgi Wag 8rduGHY M@ rmsideér faroom
BRI ByTRASUEIR, 208502 FTHOe2 Bt oot
thél mcjlontdmdsstﬁrfécewr 1 mnu rbAftduTGHlFONM] mmavgbod ishredingn

AP, 1 R BoB eSOt BEDD T RER URSE! ey

a@@e@%‘?{ib\pﬁg tb¥hé %?gér\%j?ﬁa% ARESSo Rforé I3)8I|(§‘€£u"n‘éeout _tl;h? white

nol ecu as wel e conformational change

sotidh J\N@&ftl@dedTBhédﬂied urtlenndevgmes Yigid®. (bgzﬁodwmri’d@f an
el ectrical eld. . T redox behavior is.dire

ppiru ey beNates e S Fos F Bl Wit further
pupfiestde that is nore easily oxidized, or nore easily
reduced, can nore easily conduct an el ectrical char ge
al on the mol ecul e. Thus, the redox behaviour of the

[eH]QAgat exaprRie & & r%ab@n RAATRIOME-24 By -
téii? Ffﬁ%&?ﬁllpﬂgnw 65“ fferent segnents with different
erec C

ron

[00111] In an argon flushed two-neck round-bottom flask, a mixture of
1.02 g (5.0 mmol) of sodium 2,5-dimethoxyphenylboronate, 3.0 g (10 mmol) of
2,5-dibromo-1,4-dimethoxybenzene, 60 mg (1 mol%) of
tetrakis(triphenylphosphine)palladium, 20 ml of 2 M sodium carbonate and 50
ml of THF was added and heated at reflux for two hours. After cooling, the

reaction mixture was extracted with ethyl acetate and the organic phase was
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properties. Conparison of the redox behavi our of three
conj ugat ed nol ecul es, nanely
Wd2@0pA02RB67- But yI t hi ophenyl ) -2, 2\ 5, 5" -t et r anet hBR/RGEIOEN00066
yl (TSBOO), p-terf-Butylthiophenyl-nonafl uorobi phenyl
(TSBFF), tert-
' o (2B - di ; |
BRDE WAREEEND Grich ey TR PR INet B16 SOl ss
rémﬂavéd)bnchetcﬁatysévapbmz]thélregiduatwasquflecbbyecullJam

| 0 b i
[ATRRIO0r RIS W PREH NSRS o i B torHg 1 SBmo-
f@'565%?rai1f{2eth b%é?ﬂ/? \AEIdTBA0E). NANMAR T8l $9REE H),

group X i nterspersed a ong the conjugat ed %))ackbong
61836- ﬁzﬁﬂc(umjmgla;t%aG%pac?eH)gii 8up (s, rﬂsbl 13@57 ris.c6 Hhe "CNMR

(EPR e v 0 FRISH Aol AR a2 dir 615,

1q¢rg§g:t115ng7ent13q;24a1qgrg;@ M18@RI9, 8¥ 20al BAGM2 i56.899,
necessary for an electron to tunnel quantum

S@etMani cal |y, through the barrier. [0093] Mol ecul ar
el ectronic device 20 may be constructed as fol | ows.

el ec 0 ) sited or
[gdgﬂhér nethr)é I%(Zbgié;\%rgaégg@ghﬁﬁéﬁﬁgggg@mI ecul e

tdtbarnstHoxgbiphesgin®) ed onto the first electrical contact
24 in a nonol ayer. This may be done, for exanple, by

B i RnsmL PR o e: 4.k PGB AR of crace

WIS %WYIBR of grﬂ Y Arbeslgimb e Iemd¥dreth¥ in 50 ml of

substrate aving deposited electrical contact 24 is
Ghia@Hs. Sldwe feactios mlqure)wa@fstmm enginight, rasidetbendt wes washed

d d t, abl I
R B i 281 oBR Sol Db R e T speRSs
rEMboEd of 4 Fotahl elRiporaten @ﬁﬂﬁh@@e&ﬂ@é waxailified by column
t et rahydr of uran, chl or of o&q di chl or onet hane,

chranatsgsapmaakitediby hexane/Cit (i Do ObfaiRS. 4goq>flﬂe41e
|
Al L8 8 nebane iy nbnendl GRIGERMITERIR (Gnck) 37.184

(82 H)26.84nqe, 2 Hy£3. B?@r(stal‘id) QTHAlE 3dﬂ) el ectri cal
contact 24 with the AC group at the electrical

IGBPAY on. e g Poeparaniaa o feti sdBiad romeppheny18)

exanpl e sodi um hydroxi de or ammoni um hydr oxi de, may

[061 45]t O p'lﬁ@hteﬁgbﬁ‘ﬂﬁﬁécﬁ 126 PRk royuri-BeRsH:. flask, a mixture of
Alternatlve %wr Bl odgett techni ques, whi ch are

b an(5i0hmmel) af 4-fe ytyabfénqpé@@ybé 4ffi>6rfeHaW@rﬂurla1y%2 of

ERbAOLER 2o mb YL P FbldriderBERED8H (1.5 mol%) of
téthekis@ishadshabhrepaliatied, 20 nsaf2eVisddiira@24#honate and 50
Mol ecul ar el ectroni c device 20 g{}a%{ be assenbl ed into

mipfdeluenpyas sirad wedecdd’ G eyerpight diftergaaling aven & was
LA g Wﬁé?t%gé’gﬁ&g g@ughé%@@s 5L AR Red WitR

resonant t escr er ein are
brine and dried with magnesium sulfate. The solvent was removed on a rotary
evaporator, the residue was purified by column eluted with hexane/CHzCl
(5:1) to offer 1.10 g of 4-tert-butylthio-4’-bromobiphenyl (yield 69%). "HNMR

(CDCls) 57.631-7.597 (m, 4 H), 7.551 (d, 2 H), 7.161 (d, 2H), 1.347 (s, 9 H).

[00116] Example 9: Preparation of 4'-tert-butylthio-4-bromo-2,5-
dimethoxybiphenyl (9)
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useful as nol ecul ar switches and can al so be

integrated into |logic gates. NDR devices have nunerous
wappbkiogasT ons, i ncluding high frequency oscil | BED8E2005/000066

mul tipliers, logic gates, anal og-to-digital

converters. [0095] For exanpl e, the nol ecul ar

roni
181”2 A5 G AR BCoK ol B IBS S of

1C463§$$J6rmdwbl @f%t@’t—bu‘:yﬂbmphenylt—ﬂé Bbitetramdthai-d,3,2-

descri bed in US Pate .. 6. 459,095 and 6,128, 214,
ROt 4 e’ FEPEh fF i@-ﬁ@»r@meowg&mfﬂ ygenzéne, o0

A% BB AR SRR S0R wrsddah

caramateeandiSOan| oftoiusne wa e skreed uaﬂea851°<§hoxzermgranéfter

cRplns FoMcl s XHRIsH M GUI GGPHRES ahd drasiiveEife bripg and

dfi€d '\Aﬂth"mbﬁheélnﬁl 8lipgsr Thabolvent @8k FembedbnPibt38H O
angles to~each other. Preferably, the electrical

evaporatarsthe residue wehpusified by cobireacuted fiest byMsane fallowed

o R MRS of ki A4 58 GBS0 3 ki<
bdrk6-2, Sudfn &R0 \}V(\Iz&p‘h@nﬂlc(méﬁf’éﬂ/d)@HNMTS%QDGQPGWHOW ,atH, J =
the point at ich they intersect

8cdhizhi b0y (hod Hedl-ag Odilac ¥ rd8i$ 6. déﬂ @emé%)(sb ch‘rdj)ggls%f?;@ 3
Hg@.gb?@,%gl)ﬁg%%b‘ cr ogsbg‘m\g @hgfé%an%WZe%na

138r5263137 534 ¢6R]119, éBecunpne. 766yﬂ¢é,§06nm&&1180911|m91
ts of crossed araIIeI conductors. Each set of

55&3869 PEI8 /0o A8t Gtheral Iy forms a plane, and the

two sets are separat ed fromeach other, and are

d h -
Con@gge E@(ahﬂﬁ% 10k erar‘éeal%%wfa J(ﬁ-t@%htyﬂitﬁto §-4-Beomo

ctors | e other. At each crossover poin
22158 datramethaxybi@tenyb(10¢onduct ors, a conductor from
each set is connected to a conductor fromthe other

Gl 2 ErBo8Rrs SRIPREPS R rul Rl IBER. o Birturs o
164639 5 oframotsofe-rart- bu@ﬁmoph&n?lnﬂ,% ssmanetrqmsm 2Al |
docunents referred to herein are Ir%él ncor porated by

diepépizre, 3-0@0@9 nmab o 4\/’;&#‘*?@[@ érfo8d ments of the
tétjé(dﬁgtfh hgnﬂhgg gﬁggl?ﬁ&%)rb many adapt ati ons and

e wthin the scope of the
tetrades(trlphenvyrprmspbrrrdaz)pmladwmmm hd of @ivisodiymn easdbonate and 50
V\Aedeofth ski | |nth| t. Such .

9l MEssStITTRY WoRer R Cairenioht Attt copTRa g it was

eﬁﬁébt\éalvﬁfﬂ ét%écé‘lﬁYe Qﬁcﬂ’%%h@ﬁ witkebhiny 8hd Hﬂ@d 'vﬂtl‘Pﬁﬁ@hesmm

to achi eve same result in substantially the sane
suligte. Ahé sobusnd was! remm/edcnreamﬂary: evaporstalsibe residsierivas

oS SRR RN 56 aTORAs 3B AR B4R bna

Gined oot BRA \Wnapy Mtﬂ%n@@ﬁ(ﬂ& = m@oﬁéamm 4'-(p-tert-

illustrate reactions for coupling various

DS RPheE) DR G5 dpEamAOn IRIEEY) GRIIBGL). THNVIR
GB35 'Y 8O0 = 8.0 Hz), 7.588 (d, 2 H, J = 8.0 Hz), 7.229 (s, 1 H),
6.996 (s, 1 H), 6.944 (s, 1 H), 6.933 (s, 1 H), 3.902 (s, 3 H), 3.807-3.799 (d, 9
H), 1.375 (s, 9 H). *CNMR (CDCl;) 5151.847, 151.472, 150.688, 150.351,
139.199, 137.490, 131.794, 130.401, 129.915, 127.696, 127.207, 117.363,
116.005, 115.607, 114.950, 114.214, 57.367, 57.097, 57.007, 56.795, 46.444,

29



may be used to synthesize particul ar enbodi nents of
t he conjugat ed nol ecul es. EXAMPLES [ 00100] Exanple 1:
wee@pasasT on of 2, 5-di met hoxybr onobenzene (1) PODIGAH5/000066
In a one liter round-bottomflask, a solution of
bromne (16.0 g , 100 nmml) in acetic acid (50 m) was
3fgdged dropwi se to a solution of 1,4- dinmethoxybenzene
(13.8 g, 100 mmol) in chlorof ormand nmethanol (400 ni)
at 00C. After stirring for 3 hours, 500 m of
[09420} at ecEx@iPpies! EdPrapatationss tritbutyithie-dr&ani ¢ | ayer

; ) water, brine and dried over sodium
d@%l%%@%%’&'egﬂ)he sol vent was renoved on a rotary
evaporator, the residue was distilled under reduced
[00ri24Fur e haary argjonh filsh8d gwofne?bkfrouddmbttbnxﬂmlo rmlmm;nmﬁ

%'ge(lﬁd%ég%/%a ofgw%n( g@ﬂﬁ'@@pggnﬁs‘l A0, 5@@5%? ik Te 3:
dnﬁ%%ﬂgg%ﬁ 0'12’ 3’5%%*%9@5 m@’dﬁjd){%ﬁﬁ?ﬂ &%@@0%%1.5

ellter round-bot't a solut
mof%bofdetrakls(tslﬁhényjph@S?gﬂum)pla)ladlum: 20anbbfa2 M §6@ium )

dded | ut,i fo1,4- . .
caip et aph a6 8 1u6e ek e ds o armighb Afiscontios
déthn, tHB¥E8ACHRI A ictlas bkirabted iifl eyhacktate ARQ tHd o@fanlc

sat'urat ed Na2CO8 sol ution was added. The organic |ayer
phase was weghad twithnaring and diiad ovenmatnestiino selfateodharsolvent
sul fate., The s vent

Wi e G P Bk &t PRl SR L7 iR s Bkirea by column

eltlfé@lf\Mﬁﬁ ﬁbkéri@’OH&@lJ (60mt6Tdﬁ‘@ﬂq| 16 § o@ﬁft@ﬂfbtnyllﬂﬂo 2’ 5'-
2 bronp-1 9 QX enzen

ypcsmrryj (mldfiéé st I?«D(CDﬁlﬁ %4(%%4 JFo@deIZ}
7%?231 L BRTRE] .90k 8 808 (. A1), 38344, 3 ), 3784 . 3 H),

1.887(¢l QJBIt)t@GNI\VIRS{K:D(ag)MMJZ@ of 120190, 189.261 t 13455,
chloride and 9.5 g of 4- bronDthlophenoI was stirred

13194, B3 1.224e1 209381 1d. 03D MG 94, HERB. 22Q £X6al 15,i56.208,

Al Cl 3was added. After stirring for 2 hours,
45?52%&%% was poured into 100 m of ice water and

extracted with hexane tw ce. The sol vent was renoved
[oan22) he cExalapler 2] Rrepaatiopwfid-teztibutyittiophasyl- col um
(used hexane as the eluent) to offer 10.5 g of
Gdlt@f&}qfﬁbﬁquﬁ() )br omobenzene. The obt ai ned product

was used in synthesis reactions wthout further
[0;9151'23‘c 'f Cgm Cgrhtl rﬁ)}i’ %ﬁ%ﬁhf%}ﬁi@ﬂyﬁné@n%ﬁﬁgﬁg%@? (@5 M in ether,
5 mend) Waemmmmnwme(mytqmﬁms prof&ustand 10 mI of THF ina
100> I%Plddu%%t E&%Hfﬁask 'under Poount1 tgrrﬁp%];ature Agteqr s?mng # one hour,
5 ml of 1,4-dioxane and 0.74 g (3 mmol) of 4-fert-butylthio-bromobenzene in 5
ml of toluene were added. The mixture was stirred at 90°C overnight. The
reaction was quenched with 2 M HCI and the salt was filtered through Celite.
The solvent was removed on a rotary evaporator and the residue was purified
by column eluted with hexane to give 0.81 g of 4-fert-butylthiophenyl-
pentafluorobenzene (yield 81%). "HNMR (CDCls) 57.685 (d, 2 H, J = 8.0 Hz),
7.420 (d, 2 H, J = 8.0 Hz), 1.365 (s, 9 H). "*CNMR (CDCls) 5151.750,
150.750, 138.660, 137.527, 132.711, 132.338, 129.873, 115.638. 115.114,

114.657, 56.315, 46.516, 31.446.

30



4-tel/ -butylthio-bronmobenzene in 60 m of THF was

cooled to -780C, 24 m of butyl lithium( 1.25 M in
wQQongi093b7 THF was then sl owly added dropw se tBCESG2005/000066

round- bottom fl ask. After stirring for 1 hour, 5. 58 ¢

(30 mol ) of 2-isopropoxy- 4,4,5,5-tetranethyl -

[00:1247i OxaBraRpRIES: vva%paﬁbim bflp- @?ﬁb@@/ﬁhlo@ﬁxenmhe

tenperature was raised to roomtenperature and stirred
raEfiogekiphamd (18acti on was terninated and was washed
wi th saturated sodi um bi carbonat esol uti on and bri ne.

[tﬁﬁﬁze gani g maﬁgﬁm"‘rﬂ%h Hiféjm‘fﬁrél{hdst?gﬁ&ﬁ‘fﬁa‘ékf Qts%nqaﬁg of 0.49

| vent enoved on a ro evapor at or
a eMdaH—bm)dtmmercﬁmeUelbzyerteJ(ZerneM hh1 Ot @ & HIWaSEakEd in a

4:_%% to offer 4. g ield 85% of

f r@ﬁ%n% %ﬁ?ﬁ@ﬂ@ih t@mp@a&r@msaﬂmw tp-78°C, then 1.6

mPaPb iy PHARE . 29% i FERERS) ke S/ mfttled B kelfine’) =

temq;IeTai(u;e ISOQ:jdw) ?;q;ggﬂﬁmﬁ]eﬂilgg?v?afjestﬂgepagaﬁowfco)ﬂ hour then
i me

(B8 et wis Y B OV G rfor G 8RnS.thal doole i Jo 7"

é%j;alﬂ_ﬁﬁdaﬂg g%f&iéi;aﬂﬁo%b’f’pl’?@ﬁ%(é"ﬁ%ﬂ&)“ RIBRANFEHE WRS injected in

|rredraﬁ . After the'initiation of thereactlon
anespotionoh @ﬁempe@toﬁe wassmmrmmm mmbéampaeature m}d kept

i3 ol ey A0 MR sPLEBS fodidn A BRRaR R, R ced

tb\WuicheH the rédetionCanl #@ mbidrel\Wad eamdteanAtEMYyPadiste (5 ml
the solution was transferred i nto anot her round-bottom

* Bhdlhecogeaioplapeavaswashed vith rneyaond dnedrrmehymagnesuum

TR s e temblad b Soliy VRRPIRIET a0 i resiiHe was

pLetfied st solemansiuteti wikle Hera®s fJ eifdr-0.89¢ of p-@éﬂ-ﬁuf\ﬂlth@bhenyl—
was added to quench the reaction and stirred

ﬂ%@ﬂuomhlléhenmhﬁﬂﬂlé&%%hob@ﬂ\ﬂBr(CQGldtfa% §25,\(@lp2> HitJO'f 8.0 Hz),
H
7tv'\g§1 gfg?egiugrﬂgvﬁ Fg% g%%é ggni?ci(:}ghrélhlﬂa u?f’? i6I1 ézol\ﬁ gﬁyg

1%.4@6,61&3%4@”.27]’4%,\&@.9?2,@ 416.was fi I tered and dri ed
under vacuumto yield 9.0 g sodium 2, 5-

L AR b el L e R R i 2.2.5.5-

tEr MRt bipHIngPAuUdt i on of 4-brono-2,2',5,5' -
t et r amet hoxyb| phenyl (6) [00111] In an argon fl ushed

t wo-neck round-bottom flask, a mxture of 1.02 g (5.0

[00427] of dB@naroenslughad twesneskepyndrbetina fiasks agmigture ®f

R By} ) S PP BLb oM LR SRRt 520 m

dtuﬁxabdkblsné] 210 ¢ 8. Domaibl afrdbhoR, 206 G’bﬂEtrmtlﬁﬁ@ﬁﬁ)r@WI 90
?% %dmglt%) gffte’tjréklfs(%rlprt'lenylghosfpshmé%al?adlumo|2|O ml of 2h M sodium
carbonate and 50 ml of toluene was heated at reflux overnight. After cooling
down, it was extracted with ethyl acetate and the organic phase washed with
brine and dried over magnesium sulfate. The solvent was removed on a rotary
evaporator, the residue was purified by column eluted with hexane/CH.Cl;
(5:1) to offer 1.51 g of 4-(p-tert-butylthiophenyl)-2,2’,5,5'-tetramethoxybiphenyl
(vield 69%). "THNMR (CDCls) 57.598-7.592 (m, 4 H), 6.989 (s, 1 H), 6.960-
6.930 (m, 3 H), 3.833 (s, 3 H), 3.805 (s, 6 H), 3.790 (s, 3 H), 1,371 (s, 9 H).
SCNMR (CDCls) 5153.842, 151.770, 151.621, 150.670, 139.401, 137.489,
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reaction mxture was extracted with ethyl acetate and

t he organi c phase waswashed with brine and dried over
wor@aesisem sul fate. After the sol vent was renoREDSGIOH000066

rotary evaporator, the residue was purified by col umm

chromat ogr aphy eluted with hexane/CH 2Cl12 (4:1) to

gsm43 a29. 94}2br198t82921285ma ﬂwtrrsemb%xbnmgﬂﬁl 113.849,

% el d 63;)613 H% 187 % Qﬂ

1@19@4655 2(|$\69171 67330866 ‘(% 46.436, 34, (s, 3 H,
3.757 (s, . 13CNMR (CDCI 3) 153.788, 151 . 830, 151
. 596, 150. 278 128. 277, 127 995 117. 615, 117. 293,

BN " oo Eaiwle tggticppratan g B bumfipahsnyigh o

finfethek Héffgd te%rﬂﬁ %b F&hé gt hoxybi phenyl (7) [o01
1|3] In ?1 2 ?ou%rd zg{)]ttom@??)ask 3.0 g of FeCIS in

20 Ml of CH2Cl 2 was addedtoasolutlon of 5.0 of
G128 net hbx g Bombseingddiritam flagk na somtlmmptozzts% of 2,5-

SR BB T, PUNED 37 PR pofh 1986 b

afgogsienewes ihsated T1T6 mbbisuty! Makint eNBWth ABxang ot 2Fnol).
or and the residue was purified b
REPD P o as e e oy shiaing Tor! o, TRers§.449  of 4-fert-
BityRhiopRsfyodiitattuctopenzene (1, mmoly n 10 ml of THE wag;niected in
thwm(oﬂi)ﬁs a73s)ec5ﬂ1e]19g1p(e$atu2% kd rolcgn Mpé&}turésé‘i)d strréd 7
’ . y . e _:

év%rasﬂt? Bl Q2 'ﬂﬁﬂ%'rwg% aﬁbﬁg i sugn%ﬁ%ﬁmcaﬁ@ Apd dpcted
MQJZQ-)%I ) &‘btﬁ téltlew itA ?ﬁ%ﬁir{e%?{m "R Fhe solvent

[lask, a m xt ur
Was dndn t&mymmoommtgrye%mpﬁat{ir tTeer r&lmluleyxhaé puBfied by column

d %fgvt\)/gﬁ | anﬁ%1(56| ﬁq & ) to give 0)2606 g of ?er?butyﬂﬂ%p%gﬁglnf -(2',5-
almétﬁ&fxﬂiernwt}éﬂ&ﬂlm%%mélfé g@éilh o Rﬁo@é%é%gg «d,

sodi um'car bonat e and ol uene was

2hter= 88DIdzbVed20 (hi2 HAﬂFe8 Odda)l 7ridp2dewa H)i, 6.98s(s, 1 H),

SRR, ER0 g s IS PNMR e8GR SFp0% BB a7

$314 bat e130|'697 SP28.266, VER628 M35 M B 878 H6/776, 56.273
evapor at o the residue was purifi ed by col umm ‘el ut ed

46 RO 488) cro 2 (5:1) to offer 1.10 g of
4-ferf-butylthio-4"-bronobi phenyl (yield 69% . 1HNWR

) 57 K i L WL io-
(ESYP) STeSHIO, B ety ofmtfortebe Totbhymo
bapimethaxybipifery! (163r f - but yI t hi o- 4- br ono- 2, 5-
dlnethoxyblphenyl (9)[001 17] In an argon flushed two

8381 of "2 Bt BeriErodneatastumdromidal@byin ether
1(3nﬁnolﬂh@é%e@ﬂ iAftFa nﬂxth@ of 5.88 S@WE)r 2Pt B ri 8F PHETR 21100

4- di met hoxybenzene,
rbEquaRikgttarn pﬂaehwngﬁrorg@m%panatm after stiyring fof oz Mour, 5

ARG RARIH0ANS 120 B2 nithoff or 42Ue/EBE HRR-21dhE% 5
dimethoxybiphenyl in 10 mi of toluene were added. The mixture was stirred at
90°C overnight. The reaction was quenched with 2 M HCI and the salts were
filtered out through Celite. The solvent was removed on a rotary evaporator.
The residue was purified by column eluted with hexane/CH,Cl, (4:1) to give

1.45 g 4-pentafluorophenyl-4'-tert-butylthio-2,5-dimethoxybiphenyl (yield
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cooling down, it was extracted with ethyl acetate and

washed with brine and dried wth magnesi um sul fate.
wab@esgd4ernt was renoved on a rotary evapor at oOPCT/BGE05/000066

residue was purified by colum eluted first by hexane

foll owed by the m xture of hexane and CH2CI 2 (3:1) to

6%%397HNM@<4(C939E 785/ QlH Y £18.0HY, 7.575 (d 2 H, J = 8.0 Hz),
di et oxyb| ea_é y| el d 55% . ZééDgﬁ
750R26(%4 1 (H), 6874 () 1343308 §s, 3HBE7Q(S, B hd) 133

YR (G0 8154 252,481 1881 89.281 Thag A58 L8 1545184 224,

12@3333:8 199.06441133945333. 22@75537415 582087 96.5730 324171,
129. 753, 117.506, 115. 180 111. 291, 57. 389, 56 870

R e (OB PPl b, CLRBRLAL 0 £l o
Eictindu et

of 1.46 g (5.0 muol) of
[691393]1‘ butry hrargphdéinghed: twig Beek raundahettomiflask, 8 mixture of
dIOX orol an

10 55 wn-rpunasher g 2 rstempihonpinheny! 2
“%'8 §1 i) g/%f 8bdilift 2 %kcu.ﬁ{ettm(b@?ﬂamymbﬁmdte &) pry aza@nm/) of

M sodi um car bo e and of toluene

teﬂraklﬁ@ﬂbhmwmhc&@mrm)eaﬂﬂ%wx 20mlef segdrtasgsasivm bicar onate

D e A S

tlﬁ@ REYQBNARIxBUrealaS Exteaepamaihasthyt destatesantithevarganic phase
purified by colum eluted with hexanef?llo.g]e K(FE
waswasbedWithdiinecanthdriegorermagnesiimadliaie g §olephwas
rgﬁu’&?f%ﬁ oﬂ% qu’%ﬁ[ ?Y]a?bo]rﬁ{o? a\‘ﬁ)fdftﬁé résidde Svas purified by column
efutetionith Be%néiCﬁlthge(Qr‘E)rtetdffexymao@ eh ¢ (2(5rtlimethexyphenyl)-4'-

(pr'_t'ggR bu xétftm%i\?nv'vf %zé(sgée"afnéif‘ b'ﬁgéw‘s(y'e%’ W)BW@R

E’:Z)C@ 60@(§%H? s7. o@zféb 9313%@0? H)Ss g54:8.7938. ?Dﬂg%)?ﬂ%m
(852 H)4 "ENMBOCEB8L:) aw) 355 139.884 1’9@ 96;2371%39@90 1838.562,

R Y T TR 22 A2 G, 120, T8 1 18370 330 198,

P18.804 18 9509481 7403017, 41@8 911}&1@43@@7@3&4 106.764,
Preparati on of di net hoxyb| 00121] In an

6.3, 60.26R20.240, %89%@% B%T ﬂéﬁa 399&& a mxture
of 1.46 g (5.0 muol) of

0013 gtf b%%&rﬁ&if"gé’?‘}%b éati%n%,fi |5§ﬁtéﬁﬂ&‘o'ﬂhbnyll -4'3pert-

or ol ane
Butpitisioyprichokd 27, Giﬁﬁlmﬁlm"eemoxmphgnyl (185 nol %9 of
tetrakis(tri phenyl phosphi ne)pall adium 20 m of 2 M

BTEAT CooRER Tt PE B S S BRI o et
%ﬂrﬁgggp gvdéﬁa%o@atnh&% eRixiire ldf 21984 of CriBR tamdardimt bETHF ina
100 ml round-bottom flask under room temperature. After stirring for one hour,
5 mi of 1,4-dioxane and 1.56 g (3 mmol) of 4'-(p-tert-butylthiophenyl)-4-
bromo-2,2’ 5, 5'-tetramethoxybiphenyl in 10 ml of toluene were added. The
mixture was stirred at 90°C overnight. The reaction was quenched with 2 M
HCI and the salts were filtered out through Celite. The solvent was removed

on a rotary evaporator. The residue was purified by column eluted with
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phase was washed with brine and dried over magnesium
sul fate. The solvent was renoved on a rotary

wer@porEbDr and the residue was purified by coPCIeG2005/000066
eluted with hexane/CH 2Cl2 (5:1) to offer 1.16 g of
4-tel/f-butylthio-2",5 - dinethoxybi phenyl (yield 77%.

Heddlvie: CAEEI, 8- 1570 5% Q. ¢6 g2ofi- péntaﬂﬁoﬁbdﬂéhgl A (%31%#( d, 2
6. 958-6. 898

I@Jtygmom?pengl ?_;)2 5P’ ggtyamgthogylppnhemgl el ¢2val éjNMR %DClg)
BTG HLTL o1 S0P 2T 8Ty g iy 7 022

136[)2?)8094@, ¥, 6.39%.(471 H), $.88538] 3 FRa81818-3.810 (d, 9 H), 1.376

&. B %WR?&P&MW@% IR, (9% 0520,
&?’hg‘r’? T e SR e A oL 3p e el 4y
B3 419)3711 57005 TH.008, 6661?)@7 ,N86.78845. 5¢Tt3ﬂmﬂ6ask
under roomtenperature After stirring for one hour, 5

Bb1361 i ke Elefadtof o T Emely Bigth i 227,55

tetteAdtholyBipHeni/ ) tetrafsordbehs &b ﬁtCl)%OC overni ght. The
reacti on was quenched with 2 M and the salt was

filtered through Celite. The sol vent was renpbved on a

[99}1 afl) evdp@ 29 Byl raved-bréomdiaskuto w&@ltﬁl@ﬂﬁf i0edt gyof 4-bromo-
2 SIS A8 penoctsi
LMdﬁIr/FRlz(aﬂﬁ)@Bﬁblefgwﬁ%médedZ) 5 ml o# b&tﬂ Il’rﬂll)m (7 MWn(Héxaﬂe
rb J =280 935—% 1365 (s, 9 H),

1.2 g9moh Sfierthe tempesare §%77%§7W't!1!?2'"m9 fPr 11'3wr3§Ben 0.332
130480 RpuilkRiddRR ;}éqtéﬂ&érgbéﬁéeﬁéh offﬁg]%ibﬁn 188nPdPTHE

1.446.[00124] Exa reparatl o
wag EEIJEfctQﬂJterm porﬂwnﬁama%bdenmrmwjd rooh3}erhpékdate and

BBt HAER 5 HEORE of PiTaeradloel R diioh B dradtinnand -

extrakled \KMI’?—QO'H]I 0B oT'é?h))’l%ef%tté HheHrdy \ﬁltl‘?' gn%g Um sulfate.

acetone bath unti|l the tenperature was
Thessplvartigvasithenmenuiveduary rd)tatywevmpc(rﬂatorZBhMemdneme)

PO BRRLT RtirbRleb Rl aS R GFGh T S abie 0 4 o st

bummdm@nymggrzt gr 5" t@@n%rﬁe?théﬁﬁb ﬁl%rgﬂa fe%faﬂ&@rdﬁerﬂﬁene (yield

t hen,cool ed down to -78 anl n an

68%e)af HYMR 7 Bieda) P17 [ fdna b, J 7 &0Hz)o7 . 5‘6&F(dmaeH J =8.0 Hz),

7 L8R8 0 . SORSIEN I ERASTES RS 30175 LA Moo .

mv?@ﬂmﬁt(cmsm1m ssat 1506729 mdsgsn 18 138D OrET, ¢39
e reaction and t

h 't
13hadh 33923'3%&984& eaz 58 01t 950070115507, 115986,
17he 5%, 939ioBePBR 9 BBB0Y, BB 20, U A o4yl over

magnesi um sufl ate he séPvent was T eno\ rotary
evaporator and the residue was
[00138] Example 20: Preparation of 4-(2',5’-dimethoxy-4"-fert-

butylthiophenyl)phenyl-nonafluorobiphenyi (20)

[00139] To a solution of 0.76 g of 4’-(tert-butylthio)-4-bromo-2,5-
dimethoxybiphenyl (2 mmol) in 30 mi of THF at -78°C under N, atmosphere
was added 2 ml of butyl lithium (1.25 M in hexane, 2.5 mmol). The reaction
mixture was kept at -50°C with stirring for 1 hour then transferred to a solution
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purified by colum eluted with hexane to offer 0.61 ¢
of p-terf-butylthi ophenyl nonafl uorobi phenyl (yield

WO 30p/093u6INVR (CDCI 3) 57.525 (d, 2 H, J = 8.0 HQT/SG2062000066
(d, 2 H J =28.0 Hz), 1.382 (s, 9 H. 13CNWR (CDCl 3)
5137.799, 135.456, 130.452, 127.406, 46.972, 3 1.475.

oﬁ‘QCUlgﬁf dEafaﬂUdreprhenﬂr(eparr@ﬂ)unmmrw of THF under -50°C. The
4- (p-terf-butylthi ophen

f@'@?%’ﬁ%@ﬁ%&% mlﬁﬁ@wocmiﬁr)npe@i@ﬂ an%sfgrﬁda%%w'gfrfu%ﬂé@ of
stam?géﬁ‘:%boﬁlﬁt\ ?Q%bhgﬁ {] IR w%s 'Qd’élteﬁrtS g@Enéh #fe 986(05!09 and

uty enyl 5-tetranet hyl -
the nilxtuich waa leotralctetewit2 20 rgl QfEetﬁylmnﬁtgtedWme and dried over

LG shlaleaThe STV AR BROSBRICVEN SR  SiPthpvahstaior
e r%snghé%éj ey %b%n?fﬂglu% WlthQTexbﬁé lﬂ@@)ﬁewes7 3 g (yield

heat ed at re ux overnlg t ter cooll it was

n
5% ) af - 64, Sinidlirne dobry 14’ d@éb&ﬁtwqwspm@gquﬂnawmhenw

RIS G BleSr o ST BB R T b s PR, 7068
gef’H?'LBEg@eg? WHng%Gk{y xw)umzal(stsd?vw 860 (s, 9 H). ">"CNMR
hexane/ CH2 to offer 1

(G0 RAFT BRI ARD, FB AT 137545 508 1% A0kt 208901 1HER.

Ua gy ﬁédyg%gsa%%{ gq%%?(ﬂ 3 h . 3839 (s, 3H.

3.805 (s, 6 H), 3.790 (s, 3 H), 1,371 (s, 9 H. 13CNMR
[00DE]3) smnama 211 Ptepatration b54 _&t-byutyisobprenyt4y)-401
137,480,131 648, 129.982, 128.829, 128.104,
nppaflg@rebichenyy€41) 114 916, 113.849, 112.954, 57.032,
56.971 , 56.730, 56.192, 46.426, 3 1.840. [00128]

[[56 le 134 aﬁ@‘%@hﬂu‘sﬁ@d ok ml round-bottom flask, a solution of 0.64
e/ f-"butylthi

gzloiﬁa#%bytylltblw#}bmq-bﬂq @avb(laenmhem(&-ml pbHFgyas stised in

g/ ee ety BB e A Hopegitd 7o tnen 16
rﬁp@ﬂ 1ihiuB@ . 25 08 m&aaret)mm@mwmctsd whilethd. 75
utyl li1thium (1.6 Min hexane, Kept
teﬁ@efa;m@ewas ireet helow,$0°Gi Fheﬂ'P(W?H\gasf%W%Jrhouﬂ?én
@ ?r]e% 2 se%foﬁ?@?héfﬁ&ﬁé& ROEANStheP§Ohiths, "lﬂéﬁ%ﬁ?&f‘t‘he(

was |njected I'n one porti on.

dyatern! dablh € tZ8fEagainrandt h0rgpaideaatiperabiphenyi i3 nynol) ired mi

over ni of 2 M HCI
el A RaeEkirrans Rertiai ReBae ine Jerap et R g wly B gee
e?étgPedan ShrrBBGVRRhigRe. 8] hPdfsatdited SOMERT biBRdnREs
on a rotary evaporator. The residue was
spulmhdn weas bylded lto mueeblmthﬁjreactlhn medzthe ntixupemas @tracte@with

Shvicacmists gadnir )i Sidelis: S GRS vshed widyBgne snggred
cg% g@e)sﬁ]n} @glﬁ”afed Th% éb'lve]ntwe% r‘én*:’g\)ed dh 52&&1@‘ evgp()d)'tatdr
thie, remde@&/a(sspurﬁlad) by c@mlg@cw@bl h@xame qfferl@ﬁo BeH4 -
b EioBIRNGR-4-y T MO FobipRE Y Field 8% HINFRYCC) 5
7.802 (d, 2 H), 7.654-7.634 (m, 6 H), 1.365 (s, 9 H). ®CNMR (CDCls)
5142.066, 140.720, 138.316, 133.056, 131.004, 127.791, 127.548, 46.628,
41.427

[00142] Example 22: Preparation of p-acetylithiophenyl-
nonafluorobiphenyl (22)
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46. 840, 3 1.480. [00130] Exanple 16: Preparation of
4- pent af | uor ophenyl -4' -terf-butyl thio-

wQ2®eap3rer hoxybi phenyl (16) [00131] 20 m of PCT/SG2005/000066
Pent af | uor ophenyl magnesi um brom de (0.5 Min ether, 10
mol ) was added into a m xture of 2.88 g CuBr and 10

[@6143@ THEIA B 59 %@%Hheél@%lﬂmb%t‘t&ﬂ‘ffa%ﬁs@ 2!43?%1.52@%1) p-tert-

rature, after stirring for one hour
bhtﬂthd]p@ﬁaybnammfltmrémpgemﬁ wamtlissolved in 20 ml of chloroform and

f but hi Q-4-b 2, 5-. di h h
ties AROLOR I S (P ol gRBE L TTRb Brase AyBPER b ! of
n%th&&ﬂ%é’é’ﬁdd‘é@ BlopwiS€. YERRT O WBRdLIRAE A wieheroudh

and the salts were filtered out through Celite.
mereurs/csaytsnﬂenm@ddmwmeowséemouw stirsach pue mi@ht. unpes room

tppe A1 T Hiad S phkpfd B! dbefon by dleRriRR &rG3h

sfowie 0half & HgrcoIeY S olitls thewid it daiknTRe 2ofdsli wa:é lﬂlﬂébé@l p
henyl (yiel d62% . 1HNVR (CDCl3) 57.634 (d,

tyoogimpelite. Besfiltrate wasiwaphedgyith pgipe and (d;glgd(vglth §oq;l1)J

sftiéoTh <ol s B o ﬁi?ﬁf&ﬁ@ﬁ@éﬁ"@%ﬂﬁéﬁ%@ was

dissdbéd4h 20 rhBaf crﬂ5|4)for1r$énd2)2§mllﬁ‘9n&8$ ariihé. @&81 mI of acetic
113.894, 113,220, 56.715, 56.208, 46.573, 3
cp@@dgg\_{er@@é}d@deaqdﬁ lrmcgfpir@( mgs- dMethanol (3 mi) was added to

qu ﬁé%@ﬁ]-égﬁé%ﬁ]gﬂxyeg ?é‘é(dtl)on IX{‘RG ienyfg éf 17 Itﬂ%\%%tleé’ﬁ N! n

tetranet hoxyDi
sadiuar ganbohites e e aedt the orgadidbplhasenwvas dsiled veith sodium

' f 1. f .
sl T e RoIsi yihsreaenyn 2 Jolgro fuzperatorsthe resisue et
pﬂﬂﬁé@b?@%mﬁm uteaWith he&a@e%H%CEQfﬂHgfﬁ offer 150 mg of p-

5-di et hoxyphenyl bor onat e

ccetyitalobBE0y L poreaTbiopoBpeny|dyioid 64 URNIEE (ADGE) 57.605 (5, 4

B

the reaction m xture was extracted with ethyl acetate

[eotua he oEganigle pBaPecpmatiomshadpvicetylthiophengt)d, a1 5,64
over magnesium sulfate. The solvent was renpoved on a

totraraeIoy-DiRB{2HAnd t he residue was purified by
colum eluted with hexane/CH 2Cl 2 (2:1) to offer o0.46

[?09(5(14 (24paidTRl RPN eaeftydr)d-ﬂortom flask, 0.22 g (0.5 mmol) 4-(p-

rf-butylthio) phenyl -tetranet hox bi phenyl

tQI?-butydihman&enyllH\lR}Es bmmetawﬁb@r@gyl wa:H)JIlsso ved in 20 ml of

chiofstom anchmeniansetion 35,50 21 Mragh Rerdn/l nesfibtale®

%&&téﬂm 0 haaaffrﬁ&haﬂaaﬁméélﬁddéa%ra@ By didy and i«ellé&%oﬁag came
20. 945, 120.189, 119.417, 119.198, 118.804, 110, 823,

oubwhen Enough roercury sdtowere ati@%d 4B systemawas stied 764,

g”ﬁg r%éig}gﬁﬂ fg&?%;@gréor rl‘é %r%'aglq%r? 2?d1|n4\%ﬁh argon

stowe Ohﬁlf alLiieopslionysolidls t(ume‘demfdouamd The eplids were filtered
phenyl -2, 2\ 5'5' -t et r anet hoxybi engl ﬁ1$| 18%ag [00135]. 10
tiypugh Gk aFa Biialen Ay IWARGeEVEDRR® ANd Sried tspgium

sGIfA8" The solvent was removed on a rotary evaporator and the residue was
dissolved in 20 ml of chloroform and 0.5 ml of triethyl amine and 1 ml of acetic
chloride were added and the mixture was stirred for 10 mins. Methanol was

added to quench the reaction. The reaction mixture was washed with water, 2

M sodium carbonate, and brine. The organic phase was dried with sodium
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5 nmol ) was added into a m xture of 2.88 g of CuBr and
10 M of THF in a 100 m round-bottom flask under room
wo esopeoEbUre. After stirring for one hour, 5 nPCDBG2005/000066
1,4-dioxane and 1.56 g (3 mmol) of
-(p-te/f-butylthiophenyl)-4-

slnllfatm-ﬁﬁ‘te? thé ,SBIveheWéém‘@meéd linpd estity évapdiatdr, ¥k residue
t ol uene vvere added. The m xture was stirred at 900C

‘%@/%PW' {ffﬁ Y1Fﬁb'm'?3§@it¢%wlthd?x§0@&*ﬂéﬂz (31 htooffenrig 4 ghef 4-(p-
Fi | o, Th
\@ r%n‘sg‘m{%%ﬁg esfjfeftr%‘?né’t%{g% ﬁté\?\gl @%l{j‘g‘r%/)r BINMR (CDCly)

wa onaro
&EﬁBdL{d R, p=18.0 Heyl 7051 tod, uh, gl=u8.ecHxy, 7hitxersa7Gr, 5 H),

84k 789 o %%niﬂgz (S 85513 H)o3 785 (5. 3 H), 2.484 (s,
RIS AR (GDCha) B R TEIR LS, PRI, (8 ugs Aaa1,

140238, 813(4 ., 13D. DZEB 1Q9 69, HR8. 73N 228(237, 126)719 . 1009718

1%3:-6%%&%@-%%‘@‘3‘%&4,5 D000 5014 B et el Boar

151 .368, 151 .326, 150.690, 139.210, 137.500, 131

[0(7134% 130.Hfnplé 3% ?@@par&ﬁ@n%%ce@ﬁﬁlo fiényl-4-255698,
115. 439, 115. 035 114.937, 57.051 % 56. 797,

diygethoxyphenyetratiiaroharzee@s) 36] Exarrpl e 19:
Preparation of 1-terf-butylthiophenyl-4-(2',2",5",5"

[b@HATE! N UEPRERYS hebRTodHd BB t8r§ﬁfé%ﬁ”8t2|(2§ﬁgggq %81%%6] ert-

a'50 nl roun sol u

bofylthidphemyl-42' 5’ -dﬁnéthokﬂbhmmétmublrw‘@%ne(\ﬁam%lvbﬂ in

0 f THF cooled to - N2 at npsph
2B it oot A dremispltian o Gko(C EEINPRE e,

p@s(r)c%lt%%@é h}/dl‘&?;ﬁﬁennq 5f?n|to? W@ch?ﬁHlﬁﬁaé‘de&?&d}ﬁ by d76b Bhé Y8Ilow

sglids¢ampautiwherophergh mpecurafslalisw\@beazidad andithe sylstdm was
0 m [ ted t

60 B, e B R SO 8 e

réatRioni gdtem witA a@on%l&ﬂvl‘y‘@lntiﬂ@ﬁ tﬁé’Q@l%v& QOEHJsef‘Lﬁﬁe& o dark.

reaction and extracted wt x 3 of ethyl acetate
Tha®olids @cerwfﬂtﬁreﬁbtjm@&mﬁebtﬂ fT areélltratayv@waehed weith hrirenand

dhETWFCe o SR AR RS BIvBht el S iPReh %) 1
egaw@r'aﬂ?zrffﬂwsegresijm{d \fwﬁ ﬁis{sﬁlv@ldfbiﬁr%? ml of cf;lon;ofo?r? and Ob5 ml of
ity figeqaa | MIGRTCoRBsIc By aelded. AiCFstied g 1 mins,
8
S b St e e
with wateH)2 MiSEthivR ¢CRahate, 548 Brid2andithan @ired il s8didm
151. 137. 739, 134.521 130. 613, 0.437, 128.513,
SH@ ﬁgé f?g'e@g wasm%é oma 5°t§§8eV3PP£a@6?'elrf§'d9'§6NaS
pOrffiddfL céﬁm%élutﬁwﬂﬂ%ex%ﬁemzmé@ D offerln 48Y of

[0013 .[2 . Preparation o
agetyiphiopheaylre2hdxgimethaxyphbaylytetraflopiobenzene (yikld 50%

PO OIS0 4P L1118 088 6 191 b o,

2emggqsh3>mbﬂﬁmrmvd (CECR®193.770 3953808 151824t 134895,
131.339, 129.543, 15’9 244 117.588, 117.430, 116.383, 112.869, 56.764,
56.269, 30.754.

[00148] Example 25: Preparation of 4-pentafluorophenyl-4’-acetylthio-
2,5-dimethoxybiphenyl (25)
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was added 2 m of butyl lithium( 1.25 Min hexane,

2.5 mmol). The reaction m xture was kept at -50 0C
WowRaok/0s346T ri ng for 1 hour then transferred to BCT/SG2005/000066

solutionof 1.0 g of decafl uorobi phenyl (3 mmol) in 20

m of THF under -50 OC. The tenperature was raised to

[0CRM]t eNPes atay @I Bvsinatk raedi-potearnifiglsk, 028 gr(0.48 mmol) 4-
sat urat ed sodi um bi carbonat e sol uti opn. was ?dded .to

pqn@fﬁluﬁrc;n’f@wéé'ctte@bué)ﬂ@i@h%5rﬁimﬁt.l"r<€<y eyl Was dizpalyedin
0 . . .
20 s FlofphaHL a6 Bt & sbit s G SHnITneRRARAT! UM

pEHAMIOTaE Aydraldin 1@8il bf ensthanpluvad addedyrambykinoehod gellow
with hexane to offer 0.73

eld 0 .
selids ¢ams' QUi whaRIGHIAY mﬁé‘?L?'y %‘él@ Wleﬁg %@ﬂ@ﬂyﬁﬁﬁhg’{ﬁ? non
o ORI e PRI AT BLERld o et Sygem
with, ar@ggl)\ls'{/%\ﬂlyaﬂﬁil aﬁthéye»og\gselilzi;sotgg)eotaln&% ,dggk.%@ galids gvere
firecolrouaCebie. 10 Mrte vas Bashaq it bhnkianddfed i
spAiAPSulf4e:. 5@%'30%%9%3 e RRVAQlorEx fstBheevagorator and the

reparati on

rdsidtie Mshdisgolved b2 mirefichiprofonarand Q& whpplieiyl aming and
1 E{?]Eéfl %%qtk:nnciﬂ&i(g% %%Pegggagcﬁ]eﬁ‘ng ﬁ\i)ﬁhrer w8 %’ti%ﬁthml bRk
MethghbrRué ¥hbBH %o gheﬁél@tﬁb KicetienyThd Peavtioh)mixturéGuas

of THF was stirred in a dry ice - acetone bath unt

i |
washedenifie nater; 8 Migoduina sperenate.-anddring eie Ogapyc Rase was
butyl ..l 1 thi 2 i  niect ed
N R e e o i

SVapbtdter, was residue adsfmrifizdinucolann-els@dqyith hexanaChegl:

to 00C and stirred for_another m ns, . then cool ed
(72 tapHeE i Tag kY fpenIgEh A2ty Tics o

a%%ﬁfcliggrpl‘?xgngﬂ@ﬁ%% rsth%}g‘_“iq%m# rchen) 5vf 654, e, J = 8.0 Hz),

I'nj ect Ised the tenperature slowy

7618 ¢ Hedped At iz)e 74082 (& itrid)e 6. ©Bae(snilgh). 3.82P 8, 3d1), 3.785

Goshhnodhe Beadlh SEAHRCEREHT 1Y b0 L5530 IR0 1
@d']%“BW‘ﬁ& 152 482 X 3) 685, MR 73R NG, 4B Se| 51862, Vield 1889,
W t rine and dried over magnesium sul fate. The

50T 7®0.643. renoved on a rotary evaporator, the

residue was purified by colum eluted with hexane to
O. 5 X . H . ” u_ H h |_41_ -

[péag{)]outyl ’Ea.rﬁé‘ueg?r]ger?JF’Pﬂr-a§‘|°f‘ nog#a usor%meéﬂ%’éyﬁ e(n )S;i)el(

efb%tglthid{kﬂ@ﬁ?l)ém,55)-te£ir37n8mbx((kiiphény‘ﬂ)(26)7. 654-7.634 (m

6 , 1.365 (s, 9 H). 13CNWR (CDCI 3) 5142. 066,

140. 720, 138.316, 133.056, 1 004, 127 791

(9875€is5, 45,258 Lo ek 1pUOTRSYOR sl & 508 (0.3 mmob 4-
g LAt kdRbaBMBmB! bi phenyl
o P O e, b fom 1) ack.

tBtrathaghdg:0;bipmanyl yvap-dizaalvad inl 2hmb phehlproform and then a
SSELHED AL MRedh Dt efipHfe 9geh 10| of methano
WERS aHA¥d (Atbin@eysiehPd il eipamd yallold solidotame out when
enough mercury salt was added. Kept the system stirring overnight under
room temperature. Then H>S was bubbled into the reaction system with argon
slowly until all the yellow solids turned into dark. The solids were filtered

through Celite. The filtrate was washed with brine and dried with sodium
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nmet hanol was added dropw se. Yellow color solids cane
out when enough nercury salts were added and the
W@ ®bem4ems stirred overni ght under room t enpePEL/86H05/000066
Then H2S was bubbled into the reaction systemwth
argon slowy until all the yellow solids turned into

sldfate. 'ITfhnsseloénmamraof/edi oerebtanyawaporéier, dret thEhesidue was
filtrate with brine and dried with sodi um
UspEd i 30 IS chlavetariroanc v otethy 6rming and 1 mi of acetic
SHERAE VePE addBd 'ﬁg@mﬁ)‘&% éjW%s ﬁ'}&;ﬂ'fé?ﬁ’b\‘ﬁﬂséﬁ'elr?g r’ﬁd fmc

chl oroformand 0 am ne an
raetitanol wascadctdad tmmuenahdbel reamﬂloat The edadtion lflcﬁ)(tmenﬁas

Met,h 3.m dded h th t Th
RS Bt Wt M SocbOnale AT ERS apciinen dashover
é‘a’%f lﬁ}ﬁr@ﬂ@te @(fférlﬁ'ié §8Iv§ﬂgwta§%t‘%9§@ Ioh é’%ﬁ@/e%‘@a}r?qédﬂoﬁqhe

h sodium sul fate e solvent was re
realdanew@s/ ppdiied by cotunen ekdediwithexapealCifli@g (hg) todfien79 mg

T HRGRE b e b mipl g et %E{?@ )
té“c%a“’aé*‘@%ﬁ*e'& 140 53‘”"'&%%?%?943)‘30 £58 80 B0
Haa c@ (532 Hhrbp & QHzbr .684-6.923 (m, 7 H), 3.843-3, 787 (m, he H),

%“4#’; et Hey VRGPS04 757 287 189 454559 60 ek

1r5dghm btﬂtm 15856333, 01402254, (1@;1€8t96ml3ph789(, nt2©/647 129 031
etrane (0] en
CeDSy LY GRNSAY1 5 2. B 21> et L anet hoxy- bl pheryl e
)l
S 8 o T e T e

SO|IdS cane out when enough nercury salts were added.
[W'éf'%]yst erﬁxmplst2i7r Peeparaioniof itfedrabetylthiahenyl-4-2',2”,5°,5”-

Then HS s _bubbl in with argon sIOV\Ay
t%tﬁ%%?f gny'etf" "SHPes e(ﬁ‘ge?%ff@d into dark. The
sol i ds vvere filtered through Celite. The filtrate was
[065GId Wi tifh kB0 metmehedk ir@GhdbbttornF-sUD I § @0 8- mrﬁas 1-tert-

sol vent was renpved on a rotarg evap orator and
|

bUBINRRDSRAS 4 ds o wedetramethaxy @heewH@ltr@flum@naeme Was

gl 5170 Y O S S G i
vt biey(id) pewablmaldd@drateqnelrﬁ:ﬂm diheetreawl welk. added into the

gtactlon mi ture s washe %rvvlth water, 2 M sodium
sysiPAbL AR by digb ahd Helow ge ERRE OUH MAED w%mémwsalts

wepdiadaed! TRE ?eac‘hfoh%h xtdie W ¥eid %n@ﬂﬁ}é\g@gy 14; -

rotary evagor at or e residue was pur
tesnpersiung. Theh dloSwashupbiea iof: the reactidr eystémlwutlg anjon

SERPRTLAL I ERRRR QB Tisedng dark TR Slds Were Rlisigd
tHrieligh CTdiile. ]T }‘(éjfiltrateHNaé was‘%e@ V\H%) br|r7e Qﬂ@ d@leglﬂlg{ §6d(n§m

3.840-3.789 (m 12 H)
s ategThg $0 §nt g/aﬂ)ren@vag@r(@ rotarw—evapmardvramdstb@l gpidue was

gl 295%”’%8%%@15%%9@3 S5 g1 B8y ietgierBE aPitiny g aceti
cllafidé Wete atitiéd ahdl the mixture was stirred for 10 mins. Methanol was
added to quench the reaction. The organic phase was washed with water, 2 M
sodium carbonate, and brine and then dried over sodium sulfate. After the
solvent was removed on a rotary evaporator, the residue was purified by
column eluted with hexane/CH,Cl; (1:2) to offer 86 mg of 1-tert-
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115. 633, 114.875, 113.884, 112.905, 57.014, 56.948,
56. 671 , 56.187, 30.647. [00146] Exanple 24:
wee@pasEsT on of acetylt hi ophenyl-4-2',5 1- PCT/SG2005/000066
di met hoxyphenyl -t etraf | uorobenzene (24) [00147] In a
50 mM two neck round-bottom flask, 0.225 g (0.5 mmol)

acBHIPIIPHEh-2PNONY 5 tetramethoxybiphenyl-tetrafluorob ield
2;' dH di Pret hoxy%heny trgterng Igr B}énzeere]\eu%)senzene (vie

/s)s 6HNMR i(@D2s) @ 7.6071dB) éd—bfhﬂmzﬁa% e 5aH)s 818R9 n 6 H),

3Rerte. sttt 2K 0L ol IR o B oBgrg. "

15818 TS 1641858045 1\UB3N 18RRI 1881320 Y 38 al4i0s 198153 12496992,
and t he sy stem was stirred overni ght under room

12&&9& aiﬂJr@S 1ﬁér4&@2$1ﬁ/a3547b06611@@ NN2973n 87 ac 66 5128,
V- slowy until all the yellow solids
?ﬁé@?ﬁ%@% 3@&%] The solids were filtered through

Celite. The filtrate was washed with brine and dri ed

[001584]sodi WERamplé 2BePréddration b4 gR1, ﬂaﬂmeﬂ&?@(ytﬂmved on
the residue was dissolved in 20

a rotary evaporator
aﬁ?tygf"QE%PGVB?@W"&‘QHaﬁU@rQWPWYiﬁaét hyl amine and 1 ml
of acetic chloride were added. After stirred for 10

[601%55] 3 m|n ‘éfscﬁ?ﬂ hﬁ@ﬂbcw@éur%ﬁﬁ&%ﬁw%ﬁk?ﬁ% d {83 mmol) 4-
react’i on. he m xture was washed with water’ "2 M
(% cﬁi+ctumnetlmodye4rﬁae/¢~b@ylﬂ1|¢phe1wl)ahelnylhmnaﬂlupmbiphertyl s@di um

| t d
dipahBitingD i SRl B PRt A it g Ui hmmnah e
M&Drﬂﬁ%ﬁé}%ﬁ%@cﬁﬁré@ lila)‘l ol @F ﬁ]@fhe{holwlasgadﬁed drop by drop

acet yl't'hi ophenyl di met hoxyphenyl -t et raf | uor obe

andasellomaalits 0 oUtMWhRRENONE B)eraury, B Were arded and the

syst%%‘%\/\/ﬁg stlﬁ'g%ﬁﬁz %r&cﬁer&%g@) Wﬁo&%@gé 'ngn E%ﬁ v@%szl%?bbled

irnk34he t&actibblsystin W|fh2@rg@ﬁa%lovﬂ2 Qmﬁﬂél,l tHel Yelfo¥B solids tufddl into
116..383, 112.869, 56.764, 56. 30, 754. [00148]
d%,}ﬁ]eesqgs vmrgﬂ&tpgﬁd thyoygh Cellte The filtrate was washed with

s OB P87 Mg Mestont e rmetad oayoteny

ewapomtdnotheomsidlms\ms QisEdhged(if 24)9nhnbd:l)lomform and 0.5 ml of

ufeE Ry Epie SCEBY ot Shlowe ierkrdstes Ae shaed fanvitfins,
354l é'ﬁ#n@ﬂwa‘?ufol Q/aé a@dédlto rqgénbh RS FéHdﬁ()h' Th@%&&lo‘hﬁﬂb@ure was

hydrate I n anol was added drop by op
begle/wtl‘owatﬁm 2 Msodalnrm oaionaten aeddugie ard tlwwdrml o\er

soal i BUffE AR b Ee SV Ta e on 4 PR BV aRdreter, the

rédidille W=8QPuriiedWyycalivnnl eléded witlfeh#eAneRBHs ol (d Sz)ttu loffedl 101
into dark. The solids were filtered throu

mghef 423§ @hr@eMVveaﬁﬁr@éylmltheavl)nbe@yimqma%@erqmnhenyl (vield
) :
570 d TN (GGt RO E H A G B Vol & 20T E 0 o)
7O I YT @, § ., 3874 (5, UH 8,81 (s 32k 21490 (98 H).
BRG] 65164 8865151889 180'570 1381450754 584 {85707,
130.698, 127.449, 115.307, 114.762, 56.830, 30.680.

[00156] Example 29: Preparation of 4'-acetylthio-biphenyl-4-yl-
nonafiuorobiphenyl (29)

[00157] In a 50 ml two neck round-bottom flask, 0.17 g (0.3 mmol) 4’-
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Met hanol was added to quench the reaction. The
reaction m xture was washed with water, 2 M sodi um
w@ 20060962, and brine. The organi c phase was dPCEEGU05/M00066
sodium sul fate. After the solvent was renoved on a
rotary evaporator, the residue was purified by col um

teﬂ-%%tﬁﬁgﬂﬁjgv%}gﬁ% qgélé&bé?ﬁnﬁl %f\‘%fcf i8&olPed -t 20 fi of
cltlorafoimoaybitidae a}doltdt}orebfd) 54001 mitdWMRef CIDZI(B) pé&rechBbdte
hygﬂfjr’gg-:ginl(_l 10 r‘l}izﬁgﬁe?@g;% gve{ssg&i%q‘_g r’opgvi% gP]\g S/eﬁgﬁ ﬁ?‘f 21% cage out
whin choliby ey st g/ Ut HR BN Sfed emigrk

uridat. 1888y tehiferaufe. Then Bi38 waklduldded irt6.thig seagdoncsydiem with

a 4;?)?1%& m&ly lﬁﬁﬂgl E}@%gﬁlﬁg/{ﬁgg@s tu'rr%x%%l@g? §i|a{lh Tm%%gls)were filtered
thfodgh Cefite: flﬂbrfﬁt%hﬁéé/Waﬁﬁé‘d‘Wlth(b?rme ér@c@@lﬁé&i with sodaénn

two neck round-bottomflask, 0.17 g (0.3 mmol) 4-
sylfate 5Thelsalwenowgp m@mwgzd mna( rpniare*refvamr@uof Hhe pesidye ywas,

aspoes it 3 ST TR DRl 2B BT S8k fpfhosti

CHIBFiG& fEré latdBa s s pdtemhatdly stirfed forl® min MdtRahelveas

was added into the systemdrop by drop and yel | ow

added tsqeenah tbetreapton. civugActen sllxire was washeskwidhy water, 2
M@(%luﬁw rBé’nQ'ét L34 h@éb\%gudq @@ |8§tw Hfg&g HFrPQﬂ?at Af}ler the

t'enper at’ur e. hen & Feact
s@lyshtenagwdrhovedon asﬂomaﬂy}evapbrdtoaltlhe rd;mdue Wasvp usified dsy

QI et F1a hexaciahiadAcy (oiokr BBImG okl °§%~'}@ae—
b%t&g}/l;@gl HHﬁéMo%&phérgﬁ ﬁ@ld’@i‘% é|3f876793 (d,2

vapor at or the reS| I ssolved in
JH 8. 6sz)hVﬂBﬁf(sr?nl—hnld= 8.GHe), 7656 (d & thU =80rHz)a R &62 (m 2

H7 68 P2 A S W Sr IR albd e §SZLL%LEQ3,

13@@136@31 089; 1781860 £628.020, 107X 14 &12@608eEHEeg3W t h
wat er, 2 M sodi um carbonat'e, and brine and then dried

over SOdI um sul fate. After the solvent was renoved on

[00168] ar y B¥apBlas6 P rapreationsef@iByhdéo- Eﬁrf ppfyéthiophenyl)-
bgﬁ%&%{g(%)ut ed with hexane/CH 242 ( 1 :3) to offer 79
ng o

4-(2",5"-di met hoxyphenyl)-4'-(p-acetylthiophenyl)-2,2
[00859] - t elrr amatdurxijis hedempl ndoki reludd4atsiiom 1labivR l(rﬂﬁmlegc)f

1 2@)9 %8@2 o@%%teﬁﬁutyltwgﬁ%:ﬂyg—ﬁg % ngeiretrn?th%’? ,;’,)2-
d%xé@groqa%e 3 78 g (EIhIMRIS %2)4 E%Zﬁénzdaﬁé IBrhg (A

9, 151 '.6137 ‘151 .171 , 0. 633, 140. 254,
rrtoi%) sgatrakmotrrpsenylpﬁgsawrze)plaﬂadmm, 20 mtgf 2d% sodipm 866

127. 321 6.7 117. 76 1
cabriarand 3 rtfl Tolyphalal heptgd st e SfEnRE Aftarcooling
d&in IR drasBxtraied with B8%y| adbtabS AvicbUhtbRhsiraith Q)rﬂué and
Preparation of 1-teM -acetylthiophenyl-4-2\2",6 5\5"
dried over magnesium sulfate. The solvent was removed on a rotary
evaporator, the residue was purified by column eluted with hexane/CH2Cl
(5:1) to offer 1.34 g of ethyl 4-(p-tert-butylthiophenyl)-benzoate (yield 85%).
"HNMR (CDCls) 58.131 (d, 2 H, J = 8.0 Hz), 7.679 (d, 2 H, J = 8.0 Hz), 7.636
(d,2H,J=8.0Hz), 7.596 (d, 2 H, J = 8.0 Hz), 4.434 (q, 2 H), 1.437 (t, 3 H),

1.329 (s, 9 H).
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t et ramet hoxybi phenyl -t et raf | uor obenzene (27) [00153]

In a 50 M two neck round-bottomflask, 0.18 g (0.3
wonwk)pet e/ f but yl t hi ophenyl - PCT/SG2005/000066

4-2',2",5" ,5"-tetranet hoxybi phenyl -tetrafl uorobenzene

was di ssolved in 20 m of chloroformand then a

ion ( I .

[ORABEL, o xfPls I PropIHoh e MU hioR A RSBty
bighepyl{81dr op and yeI | ow solids came out when enough

rrercury salts were added. The reaction m xture was

(oBibA o oD AL RETD PR ERRAER Y iRrga B gL RS i

101ﬁ{| Iolf T#H wb@@rd@édamté 80 inflof tTHM gamt.ahwﬂam R.g dhkthium

solids were filtered through Celite. Theflltrate was

aladmagn hydride tﬁﬁﬂnmrrmmum&r@lcwwwes bathAftanstiging forfeo

sy B Sl ARy SRR RR Pl Il gy
uriderdte-Wat@tdpth veny sewndntll md gad wasejdneratetioAftdefilwation,
added and the m xture was stirred for 10 m ns.

thetaohdion wassxtiaeted with gilwhaeetatee(20emt i mndthe csgapiailayer

By AR HFARAES AN P e i MR R RE ot

wa® reradvedVas afmyeﬁ/atmraorm@wr £ 0apof £tt@t-butyitiol-4'-
reS| due was. pu % colum eluted with hexane/ CH

gyrogthyb—bqp@eayk(grel@@ P{@ apd the product was used for further
2',2",5" ,5"-tetramet hoxybi ph
S@%@%%E@ﬁ?@?’%&ﬁ@ﬁ?ﬂ%ﬁ'° Vield 50%. 1HNMR (CDCl3) d
7.601 (s, 4 H 7.01 1-6.944 (m 5 H), 3.839 (s, 6 H),
[08182B (s,Edarmple 32:MBepamtiod diif-te2t-Batylthio; 43)revnomﬁmNIVR
é 2% 5193. 78, 153.81 1, 151 .668, 151 . 368,
bipRANYI292) 131 . 352, 130.449, 129.531 , 129.292,
128. 496, 117. 598 115. 486, 115.347, 114.166, 112.973,
[057[69]35 B5PSH Pﬁ@sﬂﬁﬁoué@rb?@@udé@l YOl of Qﬂlb%lfbrm was

e 28; Preparation of 4-(2',5'-dinethox

drg@@@gl|Intﬁ|801ﬁfénv|r9wnféﬁ9ttom<ﬂ?@k|vwm Bisioftion,af 1 g)of 4-tert-
b&tgﬂ%g%bgro}yﬁ%tﬂ% BidReME €4 6BIHRLREPH bt A58rofdrmt &t 9

robEH tdiﬁpc?]l‘afméh,é\fter ﬂt’ rﬂhglfftf)r ‘ghbw Ith?IJ1 pﬁaﬁhéhrlﬂﬂﬂmd aduzaatol
en i ssolved in of chloroform
hgéﬁﬁéﬂmm%“aﬂedﬁs Waﬁﬁ?ﬁ' yithayaigr apfl| %nne ang then
dr%‘ad’ \ﬁ/ﬂhgbgﬂﬁn EMﬁé F‘reWO\{m%%e Qgﬁlgﬁf‘% d@@%gﬁunﬁed
rop

rop an 'ow solids cane out en enoug
witte acﬂastn hims umwgehevcatmo[)ldﬁﬁlzt(md)ws&leemt\msaﬂ‘er Or9%gd pale

v SR AT 4 T LU SR 4 T Fiom OB b he ity i 4.
"HNIARY@DON SPl684S7. 558 16 7,563 te, 2THe) Sal0 ) webe4 (s, 2

filtered through Celite. The filtrate was washed
Horli 340 @ HXxi ed with sodium sul fate. After the soI vent
was renoved on a rotary evaporator, the residue was

[Ogllééfl VedE)la{?n&IQan X E%Q@?ﬁ%&@%ﬁgﬂ%%n@l %né’ﬁuoroblghgpyl-

am ne oride " were ad
4)9|féth9r(§33)rred for 10 nins,

[00165] In a 50 ml round-bottom flask, 5 ml of 1.0 M -BuOK (5 mmol)
was dropwise added to the solution of 0.865 g of p-bromophenol in 30 mi of
THF. The solution was stirred for 1 hour and then transferred to a 100 ml RBF
with a solution of 2.0 g of decafluorobiphenyl (6 mmol) in 30 ml of THF in a
dry ice-acetone bath quickly. Raised the temperature to room temperature
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3 m of nethanol was added to quench the reaction. The
reaction m xture was washed with water, 2 M sodi um

w@ 20060962, and brine and then dried over sodiB@T/SG2005/000066
sul fate. After the solvent was renoved on a rotary
evaporator, the residue was purified by colum el uted

aM‘di %ﬂrr@&*&%%@% fifs, therf N50A] 6f 5 8F HED daRthdiied to
- di net hoxy-4'-'acetyl t hi ophenyl) phenyl - nonafl uo

qmmrmdethwreagnm o Tt UrE MR KIERIGEE With Gthgacetete (1 5HnI x
Biﬁﬁd g/agggg %/@th7t'1r(|5r%4 A(@’ g%gl&"(tgl‘]eréoébum gu%ﬁteiﬂ%lszolée%vf\}as
5 VO oSy B
froemshegaane talaffoel?. 266 d&mbr@ﬁoBWyI{rwaﬂaqwmﬁﬂyMag ether

(S SRR, PARMR (0 DG 17,508 (ch 2 3536 BByt (29)

[00157] In a 50 M two neck round-bottom flask, 0.17 g

[d(ﬂG%] Mol Example 34: Pre aratlon of 4- terf-but){lthloblphenyl-
terf-butylthio-bip nonaf | uor obi phenyl was

n@n@‘wrwahewlzﬂeylﬂmeﬁfan@r(%é) of or m and then a sol ution
of 0.4 g ( 121 mol) nercury (I1) perchlorate hydrate in

of jes g n i cA%ed) %&W’béﬁoﬁm%sﬁ g,BYﬁ]t@ﬂ'df%Sm

came out when mercury salts were a
g Iof AtfertdubdthicHl -br@domﬁwmgmenylh@mmo@m 1emief JiHK was

Then, bubbl ed t t t
SIS SBUES ~tatons PR el Be Per N as drepad oy 78°C.
th‘é"fW‘S iR @)1 'Ilijrﬁw\?ﬁ(ﬂ M bqfe@&nbz gﬁjegfeld' §I8waTt'6€keep the

filtrate was was rrne a rled w th sSodi um
tesnperatuge betasy 53ﬂ°€eﬁrthewaact1mwddre)waa mamta‘mlyed at -50°C for 1

hG Bt e tha Tghiparitife 1 0: G ahotE foP afidingt 4B raips, then
c@&éa itife SyHtem %wssmﬂ@gém and heo gwtjeaammiostphtehﬂoke,
for 10 m ns. Methanol was added to gquench the

mmeelLin DMl of AElF wag dnjeetediix conedarkien wagired the teimperagyre to
rdon iR nﬁ%ﬁémr‘éasﬁ&ﬁ&a%rgq stﬁﬁagi %Egnrﬁ”?o hﬂ%@sg{dr%%g‘r’gotg*hm

sodru ate wasS renove

bicatbvhatesalptioainers, addezl toapiatict thasepctionf a'zm:ﬂtﬂa/nmmhmms
eluted with the hexane:CH 2C1 2 (3:1) to offer 68 n‘g th
PEIVY

exfracie@mthtathyiAgshrteyp mlsx 9)--Trhﬁ1<(aﬂga@6>r @*Eﬁ%ﬂw‘é!ﬁ% wasi
g RO B i i syl gy hf r
e\(Saoﬂato%thé risiia ug 7\/##5) aulrﬂ‘iegﬁ%\/ (:?Ignﬁ'lsizléxtedl\gﬁhlﬂvgxgm Sjfer
0Bl ok f’eﬂy ' au bif%?ﬂ}diwnailzergﬂehe@ﬂrﬁ@égﬁetﬁebqé%i]e'd
PEHORICERSE st 71t (000 5 2.
1 an6a(sg@)h|)f13czma (O\Di)lm)eﬁﬂmr D056 1381486 ,138.200,

15155 Fasbaod: Hn Aot A. 08 4. 843 31881 PR 5, 2

dloxaborolane 1.25 g (5.5 mmol) of ethyl

[ob16BP mbe@%@ﬁﬁ% 3@erﬁpa(alnon&;frmit%t-b@f:ynhuobuphenyl 4- yI—
tetrakis(tripheny I hosphi ne) pal | adium 20 mM of

n@aﬁﬂu@mblphenyl 4-yl et er (35)

[00169] In an argon flushed two neck round-bottom flask, a mixture of
1.46 g (5.0 mmol) of 4-tert-butylthiophenyl-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane, 0.97 g of p-bromophenyl-nonafluorobiphenyl-4-yl ether, (2
mmol), 35 mg (1.5 mol%) of tetrakis(triphenylphosphine)palladium, 20 ml of 2
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carbonate and 50 m of toluene was heated at refl ux
overnight. After cooling down, it was extracted wth
weelgloormeet ate twi ce and washed with bri ne andPdr/sezhos/000066
over magnesium sul fate. The sol vent was renpoved on a
rotary evaporator, the resi due was purified by colum

Ng}t’ﬁ/iﬁq4 E)Bné’l%@ﬂﬁé@ﬁ?ﬁ] ?‘3‘6 eny %squé(g‘ﬁé&c;gﬁ feef%l cg/e%lght
Aﬁé%:oolrhlgl‘dl@vrq @D@IaS)exﬁSctBCellw(tm ethyl ngtate:aad Washed witteigne

§g glggd Pé{er gle}qnej;lum %UI@tﬁziﬁe h@jﬁ a/\{?s rgrq%ve(c)ilonééfof(a{y
e\'farﬁ'&ratol %&e@ﬁj’ue%é’@ l[l@ﬁl—:’cﬁ@if oBHAM RIS W{thFl’feS@ﬂéﬁthlg
butyl t hi ol - hydr oxynet hyl bi phenyl (31)

(E{ mbtpazfjerp L) 990fc4‘ t@tthytylﬂmqupln@myl Apyitranafilefsidphyenyl-4-y!

o kool ColIR GRCNRr 53470 L i TROLETERIR, RIAF

7hydr hde H)51235m(@l Dmnﬁ*@NMR @@; ans@esh 146780, 138.279,

sti rr| ng for two hours turated sodi um
130,008 632880t 1 0% 998127 aggeaﬂ@ 658 4@é1§y%1 8R2under

ice-water bath very slowy until no gas was gener at ed.

oéﬁt‘ thy fil E&%ﬂnp?ggesiﬂ%ga%wd VR b?ﬁ&lfrﬁ&éuﬁﬁemltd\j\%lé

aceta and the organic
noashedobiphenyled-gl sudiide (BG)ne and dri ed with SOdI um
sul fate. The solvent was renoved on a rotary

t t ff of 4-telf-butylthial
IR g ol aBiphnsfied 5 81l o wsbpoiat sk b Roliion k2
g &% eht-batyIthiv-40sionsy b h@ﬁyls(ﬂ/\hl‘rfhrg’}lh f0l BETHF was stirred in a
purifi catl on. . Preparation of

dry-icerfaggione ba{hauzrlli tﬁmn@uaﬁbynebi\/@ﬁdrqnpe@lﬁg) -7BU0.tbep 0.8

et RS i et Bl

té?ﬁﬂ)ét’etmé bedovt -80TC. qfhe4r'eb©f|¢3|bM|xiLirélMIas malntamed at 50 C for 1
ydr oxynet hyl - bi phenyl 53 68 mmpl) in
h@w, éheeﬂ @mobtherf@arﬁetr@wﬁ%tca L@@ndﬁtm@ﬂ for ﬁnmhﬁ@ 1PdT"n§ then

cOQHE the? s{)gtslaﬁ'[e {bﬁ'?@"C \}\rggﬂ%q\ombr%d)erﬂi:g rg}d;ﬁf lushed round-

Feacti on re wa ed wth wate
bamintflaeh dlsotmilowl dfl.GodiSiim 5 uhlfad{TéF Wht eooteshto-508C tand

vent, the wa rifij th a fl &0l um
UBGRGeH I M ieNB LY 10w RectheitaBineratreof 3076 ToEaother
5ﬁ’ﬁ‘|'n§ TR %§§kﬂa%sf€r@éi%ta Q&lutlon of 1. O g of decafluorobg?henyl (3
te/f-butylthio-4"-brononet
rrmmNWm 2@otiod I HF7 uBdey- -505@:ar(drﬁtlree¢§)r amom ZQdmr@ Satwated

s@ggwﬁ@ga@naﬁ gélgflgrt] ﬁ%%was a‘c‘i%le&sto que'ﬁg:h tr{eope]a ﬂ)n After
eﬂ'r?étféﬁ%h?émyi Beeatd v M‘Pkl@)eﬂ‘ﬁé orgénbé' plﬁs@%aé ﬁ%khé@%h

I'n a 50 m round-bottom't
bnn@amekd(nsdrmm ynamgsmrropwfaie ?&Ue@alweot wae rsmouedmm afotary
e\(/)apoGrgtog, t?'n r%s%uerwg hSLrﬂr ed Ey column efuted with hexane to offer
0.13 g of 4’-tert-butylthiobiphenyl-4-yl-nonafluorobiphenyl-4-yl sulfide (yield
22%). "HNMR (CDCls) 57.631 —7.537 (m, 8 H), 1.340 (s, 9 H). '*CNMR
(CDCl3) 5141.012, 140.500, 138.285, 132.919, 132.304, 131.675, 128.489,

127.389, 46.600, 31.397.

[00172] Example 37: Preparation of 4’-acetyllthio-biphenyl-
nonafluorobiphenyl-4-yl methane (37)

44



THF. The solution was stirred for 1 hour and then

transferred to a 100 M RBF with a solution of 2.0 g
wotoodeerbt uor obi phenyl (6 mmol) in 30 M of THFCT/BRGZ05/000066

dry ice-acetone bath quickly. Raised the tenperature

to roomtenperatureand stirred for another 10 m ns,

[60£/8115 My %f502nMtheE@$0L§'Qﬂ89ttérﬂ frasRI0 h?d%tms mmol) 4'-

reac ion. The mxture was extract acet ate
tert-Hutylthio-Biphemyl-nersikidrobipheivylidrg, mﬁﬂ‘laeue was dt$soly/ed in 20

S\%gk:graﬁ)ﬁqr}cna%ﬁ%ﬂ{eggq gﬁlgﬁem f gazf gf(?g’é,%sa rr?é]rc‘ar; } %re¥chlorate
hyBFdtY¥ 3 abIrhEdt heiahbOiad eRtaa irbswrE iy diodPsdidefcame out
p- br onophenyl - nonaf | uor obi phenyl - 4-yl ether (yield

Vg&Y) enauglivRe(amrsalfs weretadd(ed he Hystem @98 stired qyernight

eu&fim BRI nETrRDIRY Beb HhieBletipid e rmactian fustem with

sIbWﬁﬁﬂll élﬁh@@eﬁb@cﬂbhﬂb lﬂl&ﬂh@d idfo dérkr Phadoligs wvers filtered
solution of 0.6

tlzqmugth@Jw@ yT henfilraie WBSdYﬁﬁP@ﬁHWh bripgangidrieg withyspdipm
U TR SR IRaT B ST el o R R s

didsobfedbintad rrll bf bhlumfémi and®. Mnnlmfhﬂettaybémmamoh flealitafccetic
slowy to keep, the tenper

chiosidiei werengodast B thﬁs’SYﬁtﬁ”ﬂ]?HH @Hgglfgr ) ”@J@S S\QPE?W%WPS
2488 6 ﬁ'u%@épnttﬁ@ réa%ﬂgﬁ I Phe! rr@aét%n%&ttﬂ’@%a%{/v%%ﬁgd MR water 2

anot her n cool ed the system back to -
M gadinmacarbbnatey sofl iresdhd tresbdigtewith sed lmrrmU)faienAﬁemhe
F was irv'&(acte n_one

i
DleBb il P s s ¢ B avatttator s Fa g pvag Britss by
cBUPRMedtéd wh tﬁb h%&aﬁéi@ﬂ%lﬁ@ $P offarb ozamigasTaL’ %\cetylthlo—

sol ution was added to quench the reactlon and t

hrnhanyi—eomaféucmbmﬁemél&w methansg (vield 62%b)e 'INMR (QDQa)

S aH i PRI SBIR RN e HRE /E0 . £ V5 g0

szapen@t(grz H, hle= BQBHQ)JB m(smzrﬂj i2e4i7 Dys, SOHUACNMR @DCIg)
wi th hexane to o

049416471 186t6A%; HA6€|3§héﬁ§42€i%oﬂ§5ﬂJf}r 4B Fieny 841y 127.955,
1@ g@n?Z(g@ e g%/a 1HNMR (CDCI 3) d7.621-7.550 (m 6

3.031 (s, 2 H), 1.346 (s, 9 H).
13CNVR (CDCI 3) 5141 .704, 141 .561 , 138.436, 138.200,
[G174]839, Exzenplo88: Paspatation bp2 -aaaylthiabiphanyBa-yB61 |

3 1,397 ] 35: Preparation of
n&)nafl;é(pr]obg{hey ?% y&%ﬁmﬁg‘gka 4-y| nonaf | uor obi phenyl - 4-y]
ether (35) [00169] In an argon flushed two neck

[00178]- bot ipm 50 A kvo Aebk XduHidbettorh. ek g0 (19 @(mmhmopm -
4 ferf-butylthi ophenyl-4,4,5, 5-tetranethyl -

3,
tent-Gxhibiehiphenyl-d: gpoglaﬂﬂoroblphenyM-yl etherwas dlssolved in 20

oGV CARBRS AR R4 U8H.A8h RPN b (4 o rhfourf i BeRdlorate

hydtatalkm 9 0trnii gfivaethapnbbsasiadeRdalroa dy wipp 26dryellov sZJIN/ds came
sodi um carbonate and 50 m of tolme was heat ed
QUETNGR NRUTHI PRECUNPRIET Wepp RAFgd mixtpire,yas s{ifre ct ed

O%Fmgl‘ﬁtmder?%h%ﬁfo%%u\‘@ LS R ubi&nthtd EI'@ baction
over- magnesi um su he sol ¢ent was renoved on a

systear with argon slowly until all the yellow solids turned into dark. The solids
were filtered through Celite. The filtrate was washed with brine and dried with
sodium sulfate. The solvent was removed on a rotary evaporator, the residue

was dissolve in 20 ml of chloroform and 0.5 ml of triethyl amine and 1 ml of
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evaporator, the residue was purified by colum el uted
with hexane/CH 2C12 (8:1) to offer 0.74 g of

wdad 200609346 Dut yl t hi obi phenyl - 4-yl - nonaf | uor obi phee/E&6200§/hH00066
ether (yield 669%9. 1HNMR (CDCl3) 57.634-7.613 (m 4
H, 7.554 (d, 2 H), 7.164 (d, 2 H), 1.350 (s, 9 H).

aceeNMBAdENVER) addRPird®d: sykfhn 439, stk 18790 rﬂn?’lg M@@hanol
132. 281 , 128. 999, 127.3 0, 116.652, 46.418,

wadadded tcExqaapd:IeﬂteerealétiepaTlae reactloﬁ maixture/was washed W|th

bl I BUEP  RAFEAR M e
AftSURE-RR R M Rptoved cﬁ@bh‘bta@;m eOép&aﬁ' ﬂweofeSIdue was
tert-butylthio-4"-brono bip in 10 m of

purHiedvizis caltimiy @iutadrw&h they he&@neléhlzé{zc(ﬁé )Batcifeidd Pimg pé4 -

B

(d@@‘l@) 67'6266(ﬂp¢ﬂ-9t13l‘5€|3*3(@|| QVH ﬁe@o FI|2¢ T. eam(d OZIHPZHWQS 3
mai nt ai ned at - ai sed

H)c en%@JMR (PGl 56@6:4&% 1§t7+1ror3ed4f‘ &44aﬂ§6r7&7 1§5f¥i6§s
1}158%]1 cpsd ?ggTTQS; gg@tﬁ"g gggg%q 847 78C again. In anot her

argon ed round omTlask, a solution of
OOSgS|n5m of THF was cooled to -500C and
[00NZ6F T er r EdampleB®\Rrepard®idh of 4 alcetyltkedyiphdryl-4-yl-

nqr}agﬁ@(@cﬁ é%nﬁ&HSO 0 Isg)ra gPOtl.hSrgso;ﬁ ns. Then, it was

decaf | uor obi phenyl (3 nmmol) in 20 M of THF under
[00999f andinsi 50rnﬂ<1w6q#ecﬂ<%hharbozt%rﬁm@§k oSep gr(etze@hmol) 4'-

sodi um bi car bonate sol uti on was ad

tedfceutyithiohipheapct- vbnonaﬂu@ob@%enwﬁ Yosulfige wastdiggolved in 20

SRR AP e RS PRD MBTGUB3 it

hytfratd iBmMY el oPmethdra] avas @ydgebd@pdsy ditdpearicegelibvesoliis came

purified by colum eluted with hexane to offer 0.13 ¢
owfwhen enough mercury salts were added. The mixture was stirred

o KAt sty s ey
sylslé%mlmigﬂar%m slﬁle)untﬂa@NhBy(i:‘gZ?@Isgydssumed ggg daijdd' He0gplids
waiie WIS $1PEigh L8l ol el g avasHecRi R by R B e with
sdtiaRCiitahé [HLs AN aRanNS Fléiﬂé\flédieh ‘é%%}?@(/'apof‘atw and the

net hane (37)[00173] In a two neck round-bottom
refsiob,@wvas d]s‘sog/egon 20mbo) chloroform and 0.5 ml of triethyl amine and

i st b Rie Sieto e 318 Ao N I i e forelo
mehsS MathbASl Was Bddeditd qlent®ine rBELOH . YTHd bigdrit pitser wae
hydrate in 10 ml of nethanol was added dropw se and

wgﬁlnqzd;wﬂbcwat@s %Mrﬁ@%wm Gateanatgoarth bree amdwr% QuerBedim
da

s fie SRR W efildvedth R15R Bibpdtatér wehiue

was/pmﬁed\nbwcoarr@rﬁelgﬁowm hmtarie/@mcm 1y &b bffer 8D ngIef 4-
I nto ar e s er t ug

a@}”m'%b'P‘T'ﬁ@ylf‘}'vlr"r‘%ﬁ%c'qﬂeﬁgbngﬂw Wlstlﬂ Gﬁﬁ A da‘-!rbdf ok r i BHIR
(CHER) §PH34T 284 (m, 8 H), 2.490 (s, 3 H). °CNMR CDCls) 5194.359,
141.417, 140.760, 135.280, 132.188, 132.007, 128.608, 128.212, 127.879,

30.674.

[00178] Example 40: Measurement of electronic property of 4-
pentafluorophenyl-4’-acetylthio-2,5-dimethoxybiphenyl (compound 25) self
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sul fate. The sol vent was renoved on a rotary

evaporator, the residue was dissolved in 20 m of
wa@bdoetogfser m and 0.5 m of triethyl am ne and 1r@1/S6£005/000066

acetic chloride were added in the systemand stirred

for 10 m ns. Methanol was added to quench the

aég%/ﬂs)iegrbn KU%L{)H%@Q ion m xture was washed with water,

i um carbonate, and brine and then dried with
sodium sul fate. After the solvent was renoved on a
[Gmtm]y ev Gpon@dilord 25 hasrdissialved inaEHp Uoiaf ¢andebiration ofabout

1l gencprtsaten aponge varonddd orbar oty e fecles
VJSQ?%I%@E bﬁd%ﬁo%&%atﬁa\%étmh?y |5{Ym d(‘g Bind the tﬁg I thé

selLtDlohlzf()r 217heu$ (Thenzheitipovas anseed-mth T:HE)@Q @éharzolH)

i onbe b DA b 4 ke 1
w%ﬁjlﬁ%a mt%?h@@-lV@T MEhalstPdsthbEx fom@lke S¥nning Tunneling

P t
Smiaigrgtewaqﬁy? (%T?&B. pRasylemeny Insiead efsedhagiesiling theyarget
nﬁlgg{geé gﬁ)f\).[ 8'9%?7}?4}8:1@8%3%%@ néWQpPRHEH B'$at-REWHE the
n&léEulbs bl Ahtodtedtanysted ttpl winiohais| alde o afidveimbreatrefiable and

et her was di ssolved Iin 20 of chloroform a ﬁ t hen a
refyogdtrble bY roeaSLg"e(neftmhﬁ HBe ARPYoqe f; E@G IrpFagwement

I%%@(B\@é Fr] i1 d8fch'§\9§a@&q "éﬁ%oﬁrg%g.ﬁwddzyﬂ tAY% &fn‘ﬂ?uratlon

ow sol1ds cane out en e nmercury sal
ofdiues ugttate/cdmpoand 26 selvessestbled @d /Weoamegrtungmmlp has

Then H2S
SeERARTOATRCe e A ba Gemb R Rt 10 S8 AEAY spbaeee
g?cﬂ.# dl%]tl'ﬂér@gtlﬁéﬁti%n%mﬁ is dbutPhi 2%/, Wed-V thihRrig€&hown in

te. The filtrate was washed with brine and
HGi 8d with sodium sul fate. The sol vent was renoved on
a rotary evaporator, the residue was dissolve in 20 m

00160, 7 EReBad tnsPutariton'drifie RfB BRI A brine
coajughfediimdteculdd, reamadly a®- t@dGBldtyttbloqhendetZﬁé 5-

reaction. The reaction m s was
totrameBeruRiPhE BT RRO Okt fast By ﬁn%n%f@@fﬂviﬁ phenyi
(T%ﬁg‘fy SHEG ﬁhloéﬁéﬁ%l 4. K‘ZZ lﬂ@tﬂbx%eﬁ@%%ﬂu@ﬁ;b@nzene

evapor at o ue was” purified by columm
(EBBFEY) wad |hvekflmgdted duyejy@m@)l%mmelw il he@bﬁmgaie_d)mtge@ﬂes

s S B DR kA BB g

aZ:eE@rﬁtnféjand?ah'odré ST \Paé“éérfor?nécﬁzl' Hedeydlic Hblta%nﬁgra(rfs of the

5194. 486, 157.103, 141 .
coapIgEex mpkfmmmarelmgstxamd in F1@. 16Amppy tb@moqutdes,sfy(p-

AR P GRS PRBBEBTRER R apyp pvwe
of%rhau‘sq(a@&j e cudl® holls thredirfslendiblerexiaatidn pemmatbmzsam A1
V, and 1.73 V VS gC(E p- tert—BUZylthlophenyl nonafluorobiphenyl (TSBFF), a
pure n-type molecule, demonstrates two irreversible oxidation peaks with
higher oxidation potentials at 1.70 V and 1.90 V vs SCE. tert-Butylthiophenyl-
4-(2’ 5’-dimethoxyphenyl)-tetrafluorobenzene (TSBFO), a p-n diblock
molecule, shows a reversible oxidation/reduction peak pair at 1.47/1.36 V vs

SCE. The CV measurements indicate that the redox behaviour of the
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te/ f-butylthiobiphenyl-4-yl-nonafl uorobi phenyl - 4-yl

sul fide was dissolved in 20 m of chloroformand then
wa@2@elogd4son of 0.4 g ( 1 Mol ) nercury (1) pePChBGL@ME/@00066

hydrate in 10 m of nethanol was added drop by drop

and yel |l ow solids cane out when enough nmercury salts
coMpligatad desle cahYelia Py RicoHsdthtiom eedi

dm%te. er_gg—lgfe. Then?q—éllz}% mﬁ?%ﬁ%ﬁ% int%ht he lﬂn‘ferent
sageaents grithsgifeeant wiadironigpropsrtias. J heredpx ehavies is/direaiiy

e b e VesPRltbroces At ihe s Rrithy ioRllen gt e
méleicalé, thé Basietl it iwmfovelfai eleclrbe afigrgrt moksulfeenoved on

a rotary evaporator, and the residue was dissolved in
ni of chloroformand O m of triethyl amne and 1

20 .
0184k ac A$ gag ﬁ?dmd(?&t\%ﬁ é)SYa‘Hl?e?d‘.i”eﬂwE‘ ezt ingAN¥ xt ur e
SRt b R b 01 | B

THe Mveotionymatreerpisrateadedrid encompaas @il druchdnodiécatsmdivitinm its
sulfate..ﬁﬁé r .the solvent was renoved on a rotary

scepspes fefpe SMéh?QEWHEe was purified by colum el uted
wi th hexane/CH2Cl 2 (2:1) to offer 87 ng of 4'-
acet yl t hi obi phenyl - 4-yl - nonaf | uor obi phenyl - 4-yl
sulfide (yield 80%. 1HNWR (CDClI3) 57.633-7.284 (m 8
H, 2.490 (s, 3 H. 13CNWR CDCl 3) 5194. 359, 141 .417,
140. 760, 135.280, 132.188, 132.007, 128.608, 128.212,
127.879, 30.674. [00178] Exanple 40: Measurenent of
el ectronic property of 4-
pent af | uor ophenyl - 4' - acet yl t hi o- 2, 5- di net hoxybi phenyl
(conmpound 25) sel fassenbled on Au surface [00179]
Compound 25 was dissolved in THF to a concentration of
about 1 mM and concentrated ammoni a was added before
SAM The nol ecul es were assenbl ed onto Au coated
tungsten tip by inmrersing the tip in the solution for
2 1 hours. Then the tip was rinsed with THF and
et hanol imedi ately. After that, the tip was nounted
onto tip carrier before it was introduced into the
UHV- STM anal ysi s chanber to take Scanni ng Tunneling
Spectroscopy (STS) neasurenent. |nstead of
sel f-assenbling the target nol ecules on Au substrate,
we use this new approach to self-assenbly the
nol ecul es on Au coated tungsten tip, which is able to
afford nore reliable and reproducible |-V neasurenent
results. The approach for the |-V neasurenent is shown
in FIG 7 . Diode characteristics of compound 25 in
the configuration of Au substrate/conpound 25
sel f -assenbl ed on Au-coated tungsten tip has been
denonstrated when a positive bias applied on tip side
and Au substrate grounded. The rectification ratio is
about 3 at 2 V. The |-V curve is shown in FIG 8 .
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[001 80] Exanple 4 1: Conparison of the redox
behavi our of three conjugated nol ecul es, nanely
Wd2q0pA09RB6?- But yl t hi ophenyl )-2,2',5,5' - PCT/SG2005/000066

t et r anet hoxybi phenyl (TSBOO),

p- t enf - But yl t hi ophenyl - nonaf | uor obi phenyl (TSBFF),
felif-Butylthiophenyl-4-(2',5"-di net hoxyphenyl)-tetraf
WHArmkeoeaMEDTIEBFO was i nvestigated by cyclic

vol tammetry. The conjugated nol ecul es were di ssol ved

Tland dceonjugatedsnelecsleycomprising M Bu4NPFe in anhydr ous
acetonitrile and anodi c scan was perfornmed. The cyclic

vol t ammograns of the conjugated nol ecul es are

i 1| usiohBad 100 Al uij foM¥iRGthé backBdresof e mdteClegehich Ar
But yl t hi ophenyl ) - 5,5" -tetranmet hoxybi phenyl

g[agBeng aan ?/@ arwylaf@rwmdgm@@r Ao Ylens; etéwmgne group,

;M&%‘f obé ﬁg@hﬂlp@(ﬂ)&ﬂb sBPsRERPwh ohe®t nfore defior:

d@nfaﬁngﬁ ngpsl tolfonepyypenangfdupcarab apleasy bné dSBIFAr gups
re n- t%ute mol ecul e, denpbnstrates two . irreversihle

b@iﬂgﬂﬂb% Eéé(\ﬂ’@ MW A m%ﬁ@}e%@iﬂo‘é{ﬁhq{ﬁ%‘@ﬂ grYPsi te fggm an n-

tpe/Br ikl e Byl iy bpiBo aditafl 0 HRE RN, Aggroyp to

farnparp/dijiniatiok; nol ecul e, shows a reversibl e

oxi dation/reduction peak pair at 1.47/1.36 V vs SCE.

The CV neasurenents indicate that the redox behavi our

of 1 RegH NEadredp rmlo%térﬁﬁofqﬁ@ pRRkbah & ahy A@grcmﬁ édble of
by incorporation of different segnents with different
reqcingr with @ gondpeting edrfade redox behavior is directly

rel evant to the charge transport process in that the

easi er the oxidation of the nolecule, the easier it is

2nove T @Irfgddted nediebdetdielaiml eamkrein (1RO NELrol is 3eldited
understood by one skilled in the art

fiphr peelylibioo methythindeexyythie WWEBIQ&%@%@%?Z%M

ap ol ,
pﬂ%% éh §d ﬁ encoﬂp%sdsgﬁ%dhgﬁgﬁﬁ &gb Fl %@g%}ﬁ%nmlvaﬁy h?f yHs
gwum ,anqsafd\&f ¢hn ladeﬂyluhbhmeilh;&im ’[@H%%'thﬁ‘llmﬁ\ﬂlﬂ’lbs. 1

ugat ecule conprising: from3 to 100 Ar
oS teforrﬁ\OﬁER@n@ TBRY BB LS Bt h it o), Catsialienyl, Cr

n -

(ESRYRDSHIS Sy Be HTord RN O PP ERf e,
agninoplsitrbecmcsusmyanotaafw vdlile. one or nore
el ectrondonating groups to forma p-type Ar group and
at | east one of the Ar groups being substituted with

3one qrhe@r@g%ltéstrﬁ&ecmetd?@raaw 18r Blaft PScrpfisihdfiaim 3 to 20
ntype Ar group, the p-type Ar group being adJ acent to

Arigsowps.ype Ar group to forma p/n junction; and an AC
group at one end of the backbone, the AC group capable
of reacting with a conducting surface. 2. The

4conj Uiet chjugRited MQewleCdfahmohevwfem'rrrs 1 Itres&megemtmadrsAr
selectedfromac lthio, nmethylthio, tert- but}/1
I if inFleleen eggly teg,fr@frbphe ylene, naphthylene, t lenylene

furylene, pyrrolylene, pyridylene, thiazolylene, oxadiazolylene, pyrazinylene,
fluorenylene, indenofluorenylene, carbazolylene, indenocarbazolylene,
dibenzofuranylene, dibenzothienylene, anthracenylene, tetracenylene,
pentacenylene, indenylene, azulenylene, pentalenylene, heptalenylene,
biphenylenylene, indacenylene, acenaphthenylene, phenalenylene,

phenanthrylene, triphenylenylene, pyrenylene, naphthacenylene,
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phosphat e, phosphoni o, and phosphonitryl, or a

derivative of any of such groups, any of which
w@e@bphbi o, nmethylthio, tert-butylthio, benzyP€h562005/000066

phosphat e or phosphonio may be substituted with CM

al kyl, CMalkenyl, G - 18 al kynyl, am do, carbonyl,
r@%b&&%net r;%meﬁe FRdSRDIAENE, néaqta@trﬁéwam no,

amno,” nitr cyano, 1socyano and halid

tlmanjhugraulelme npyr@rwlweofSObEazthﬁula@ylenda aohfomeaysbpes SI ng

wahiiesiens DReaprain e, by iRle, APFERRRE .

indilieRgRtRn IsIan I@ﬁéeﬂdbwﬁepb@ﬁwlén@, qma@m.hylleﬁee
thlenylene furyl ene, Fyrro yl ene, @fyrl | ene,
quincyens| r&ﬁbalaamtﬁrwz@ d@néenqbyaca rén@henanthridinylene,

flﬂﬁglﬁ@gﬁé gﬁﬁ%ﬁ%ﬂhgx ?1“ fﬁ@gﬁﬁ%{e a% y@%ghyleﬂgenaphthylene
VmwmiQﬁlbhﬂéhémlewtfhwmmhg@ae byirolgleasylisyiene,

pentacenylene i ndenyl ene, azul eny| ene, pentalenylene
pryaﬁv QP@rYVIYéQf@ tipgaly rﬂﬂeéﬁ@yléﬂ% oxastiazalvipne inylene,

r| p gfg\)ﬂeZI%ZﬂuBFbpr@@nl%r\%ﬁBﬁe iRBBABMGIIENYIBAE vinylene,

ca&nﬁndmmylhgmeh mdmenaﬂbaaelylemar wnyleylbedlbenzofu ranylene

i m dazo ht hot hi enyl i ant hr | ene,
ispiein RO eBaRDe VMER SHETeERRYRARYINUDE, lfdcenylene
g@}r‘glrg:%eirzbi\ény By I ﬁgﬁfléﬁ@; lﬁdéﬁﬁéne Q}Hy‘lé'ﬂéj'aﬁwe%?%ne vinylene,

I zi'nyl ene, 1soi'ndol'yl
pentlénylens yinplsaﬁmjnleetaéenmnmwlnmaney bmﬁ@nyl@uymle;m@ybne

Ao, AR BB Bl HEngranunene.

ﬁh’éﬂ@htHﬁMéﬁ@ anylm@)[h Ve i ginyRarh biiehgl®e vinylene,

V|n¥ ene, thieny Iene V|nylene furyl ene vinyl ene,
opmelﬁeevmmr@exéwexgyemdw@ veWens; Inyrazolylene vinylene,

rIp'l a%{)%é/ e \ﬂﬁyl\éhgybgﬂﬁhoﬁ%gh%ﬁé)lb@k%% YHl?ﬁ(thFéIﬁ/lene vinylene,

ene e vinyle

pyrwlwr@:fé viayleng| Sbbeht@MIe&IWIEn@th@h@l vhenenyilend einglene,
i ndenocar bazal yl ene V|n¥Iene di_.benzof ur any| ene

xantiaryleae \ﬂnlﬂéﬂ%@h‘ﬁ'@%ﬁ iRYlepeNNYRBe, RHITWHIYESRA WRyene,
ylhﬁéf |ﬁ2|§ne éﬁr}?{fqﬁa&%ﬂ%r@’ I.ﬁp%nep%%Irﬁfojy%@O ylene,

ene Vi ene, ~azuf enyl ene vi nyl'ene,
lmdmylahelvmyt&me \punmylene vm}daemaloamyd)lmwlmmwhgbee qumolylene

h I I d I I
B A 5 B o paies PIHRGR DR AR Ry PiEiene
tdhbﬁbﬁﬂ*ﬁldmyl‘é/ﬁ@ﬁﬁylehé' PReOIH e @Iﬂ?leﬁénh‘hlaﬁﬁmlmylene
pyr enyl ene vinyl ene, napht hacenyl €ne vi nyl ene,

vinylenss iiydaingleviengnyaee, phenylarie etyayienaynagtihylene

SRR MR Eate BingEng RaTIIR AuRBYGRRmAdyeRes

StIHHYRSHED by Fidylshe reh yryistes isiaz 6l fepiestil gylend, aRddiarlylene

xanthenylene vi nyl ene, Phenoxathllnylene vi nyl ene,
e

SHyIVIANS, wrwl@nwﬂém ngy fluergsylafiesstbyny! ﬂw,ene
AP TRt PRy they  one
imﬂémbrtiaz@WIalieemymyleaeed|beuzofuira|hydeae ethynylene,
dibenzothienylene ethynylene, anthracenylene ethynylene, tetracenylene
ethynylene, pentacenylene ethynylene, indenylene ethynylene, azulenylene
ethynylene, pentalenylene ethynylene, heptalenylene ethynylene,
biphenylenylene ethynylene, indacenylene ethynylene, acenaphthenylene
ethynylene, phenalenylene ethynylene, phenanthrylene ethynylene,

50



vi nyl ene, phthal azi nyl ene vinyl ene, pteridinyl ene
vi nyl ene, acridi nyl ene vinyl ene, phenanthri di nyl ene

wa Rovglogzae] pyrrolinyl ene vinyl ene, imdazol i nyPERN8G2005/000066
vi nyl ene, indolinylene vinylene, phenylene ethynylene,
napht hyl ene et hynyl ene, thienyl ene et hynyl ene,

td e)hly@h?leﬂehé’tﬂyhﬁéﬁe PNERPIEWE &8y RlldNE) YapRehacenylene

pyr|dylene et hynyl ene,” thi azol yl'ene ethﬁnylene
ethyayleneo hekasan e/ einyeylene ppyrazoivianereihpnyigng istidazolylene

eSS hEPR BN i BT RO GRS etrynyene,
pyRASRARASRFAAENE euaebeiiwmdneme éth?ﬂlé@é UHaosepytene

et hynyl ene, di benzot hi enyl ene et hynyl ene

ethynylease kgnibesylenaaijytene. trhanexaiijindeae athyiyerse,

oA B £ koS BB ORI e

etigmiyRInenjdontol@ehy BiHyeynd) imdulylghe et yeryteres Imannylene
i ndacenyl ene et hynyl ene, acenapht henyl en et hg/nyl ene,
eﬁwemnenguwzev@ﬁﬁtw lensertineMiepe silgynyle

|
PRI I8Re BHRIRENE BRY| e BIRAVERE, apUSRDKHENe
emerermbe pbenmﬂdmywﬁerﬁhgmwenej ;ﬁnmllnyhﬂnéaeibywmne
et a ot hi en ne et
irpigia %ﬂ'{’}yﬁ ?Mygpﬁ)ﬂﬁ@l 'Qﬁgﬁn@??%ﬁij’l%‘ﬁ &t hynyl ene,

i sobenzof uranyl ene et hynyl ene, chronenyl ene
et hynyl ene, xant henyl ene et hynyl ene, phenoxathii nyl ene
5et hyfﬁjneelmejuga}ed mdemye ohangongrmficaiems bio 4 aduera| angeor

RyAEne 5 AGt et WA br ke SRt SReradese Ry
selemewﬂr@ﬂethewwp bbﬁél@ﬂﬁ@ﬁﬁllrﬁéd?m)ﬂrérﬁ@eoﬂm nIMyIenzar or
et hynyl ene t hal azi nyl ene et hynyl ene, pteridinyl ene

béanghﬁ;u(émg allgemql dinggr @ﬁbragqh}eﬁ m@lkynyl linear or branched C1.

g?ﬁg%ﬁ@rﬁé% ﬂeﬁtdr} mél n%ycgrrd%l'kvpéhﬁﬂg linear or

| ene

brardfhled@i erwmmw rayhido ecar‘bonSFh eaﬂ:(mqyl,l aékdye dulfariye csulfe, of
one . of cla ne 1 to_ 4 wherein ogg or..nore Ar ps

sHEOwbIaavted G AnEsar SRATBING, bsed HIRWREIING, Amino,
W&HSHHWOB(@ gge%&g?,{(@e@aﬁbeam RHIRIEE Wherein é@@ﬁthe Ci1s

ear I near or Bbranched
atiyk €3k alkenyban @rlkyngh ched adxy8Cakdkaikylamino nedialkytamino,
o?.b?{?f a0 sna g pRlIRSAI AamiAR tnscla OhFREREifll salpeted from

Pbdubrﬁdi’)sm%iﬁbd& N, Q3 $o8VAnrd Paéhém\)ﬂerelﬂ| ofStHefGJm{ ikyl,
, sul fonyl, thioamde, ]65-30 aryl

Canyakkﬁhhlo C.analkoni &n yd alkoiw, Car alsylamineoen @Slalkylammo Ci.18

2RI o B0 s PEFein A rR sty gBUFRIhe

fitherlsBibalitseed .inludinly Withone o inale daiyéan no, or Ci-18
al kylthio may optionally contain one to four

het eroat ons selected fromthe group consisting of N,

O Sy
605 1S oot JRIF oF efly 8Pk ok {16 5 wheifithe one
ohiore e ctionewitbd@wiyg groups, ar6lind&oendently selected from halide,
carbonyl, carboxyl, cyano, ammonio, nitro, nitroso, sulfonyl, amido linked to

the backbone through the oxygen, pyridinium, phosphonium, pyridyl, thiazolyl,
oxadiazolyl and triazolyl, or any derivative thereof.
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al kylthio, C5-30 aryl, C5-3Carylam no or
C5-30Qdi aryl am no may optionally be further
W@ awsipI4et ed, including with one or nore hal i dBGT/S62005/000066

The conjugated nol ecul e of any one of clainms 1 to 5
wherein the one or nore el ectron-w thdraw ng groups

7are w@e&ﬁmyigeaséa InctEERE (R An) D dTRUIAIAR 1 676 hmyém the one
carboxyl é ano, ammonio, nitro, nitroso, sulfonyl,

oaniate dleéctkarddomatingegroapk lmoa mdemeodghtly helect@x@fem alkoxyl

afi{l1hio. 26115, BRESRAAREIE eMiciethip kB0 thiRupkdhe 7
nitrogad, A dXgRESthadR e o 9dckbbMe HdU 9& thb ¥xYGerl ghenl,

whér el n the one or nore el ectron-donating groups are
naphﬁwéﬁh@nhepyls@lre@yleﬂym@lwh\carbamwl aligylkglkenylandaaikyiay!l, or

Q connected to the backbone through the
aﬁytd{e{)l é ve ??lr% xyl connected to the backbone through

t he oxygen phenyl, naphthyl, thlophenyl furanyl,

pyrrolyl carbazolyl al kyl, al kenyl and al kynyl, or
8any dékicanydated maiesle of anyieaedi Eug@t Blp Aothsseine st

SRRl L9 P DOyPe MR Ao RSOy Bl

ngypeps is n-type. 9. The conjugated nol ecul e of any
one of clains 1 to 7 further conprising alternating
p-type segnments and n-type segnents. 10. The

gcon] ypated mi&s Hdiedlle Qﬁ%\ng'?ﬁlecgf RIS tol 7 ¥ Grtifer comprlsmg

further conptising one or re spacer groups, eac

altpanading gr-type Segdepds dadtni-iyperssgmeatdsbet ween t wo Ar
groups. 11. The conjugated nol ecul e of claim 10,

wherein the one or nore spacer groups are

10ndenpadRIMjhga té&hﬂﬂé&ﬂefd‘f@ﬁymrbﬂc@eﬂms ﬁdTWf@ﬂﬂar comprising
propenyl ene, ethylene di oxy, 4- cycl ohexyl ene,

ome@rmnecmmoyr grasipg, 6Rgh sparey gr@uphndﬁpet e@\ﬂyllnserted

| f car bonyl, carbonyl dioxy,
b?ﬁ’\’ mg}&&%sphi ni dene and phosphonitryl, or a

derivative of any of such groups, any of which
nmet hyl ene, et hyl ene, propenyl ene, ethyl ene di oxy

11, 4-dyel QS’(W"%@")'?LC‘JG oéytamh@(w@ﬁemdhe@wyne@ spacer
[
oE st e diocnus ldtbo i ko 50Nns SRgenygne.
ethy}ene dbx901 Argyiclohiexglenaqt macycioluexyjelm/dnuy, thin clithioo
t3paynguIiorsh Mo, GRdah SHEORG GpoudPeaeoayh PpRTgindene
aﬁa phb3Bh&RTyL %b%r%‘tl% bk anPlof slieh Braupze bfglof Ahidhom

he group consisting of
"Iﬁthxdﬂlebeﬂhylmm pisipemylenso eitfilens diokphbdydyclohexylene, 1,4-

cURRS RS RGPS Be b it eihBH Sarip alkyt, Crre alkenyl, Ciur
chyﬁ?lnbﬁflhd;' EABERNYSulfbmA, ehichniigé YC 1 [, ©sdi aBtdamehi p

amlrpemlum cvanepisesyanaandhalides - but yl t hi o) phenyl -
2,2",5 5" -tetranet hoxybi phenyl ,
1-t eAf - but yl t hi ophenyl -4- (2", 2", 5',5"-
12.  The conjugated molecule of any one of claims 1 to 11, wherein the AC

group is acetylthio.

13. The conjugated molecule of claim 1 selected from the group consisting
of p-tert-butylthiophenyl-nonafluorobiphenyl, tert-butylthiophenyl-4-(2’,5’-
dimethoxyphenyl)-tetrafluorobenzene, 4-pentafluorophenyl-4’-feri-butylthio-
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t et ramet hoxybi phenyl ) -t et raf | uor obenzene,
4-(2',5" -di met hoxy-4'-fel/fbutylthiophenyl)
w@b@aph34epnaf | uor obi phenyi , PCT/SG2005/000066
4' -ferf-butylthio-bi phenyl -4-yl nonafl uorobi phenyl ,
p- acetyl t hi ophenyl - nonaf | uor obi phenyl ,

ZE GO RN SRR VLS G e

24 pitettamettaptybipheng!, 1-fert-butylthiophenyl-4-(2',2",5",5”-
eSS IBBRRY b g aimetnony-4-tort
bhﬁlgth@%bhgbyﬁéwlaﬂﬁ&*obﬁﬂéﬁm, QRS BUS/Ithio-biphenyl-4-yl-
4-(2' 5" -di'met hoxy- 4" - .
naoaflydrohiphehihyragstdthjophemanoneflewopinbeny!, acetylthiophenyl-
4' -acetylt hi o: bi - 4-y| fl ' :

42 & Edtrpghen s ol MR A PRl ARy 2
aBBiyRE2, 5-dimethoxybiphenyl, 1-tert-acetylthiophenyl-4-2,2”,5’,5"-

4' -telt-butyl thio-bi phenyl -4-yl-nonaf | uor obi phenyl - 4-y
tetrarneiboxypiphesyltistrafuembegnzene, 4-(2',5'-dimethoxy-4'-

hi -4- v - f r ghi -4 ) fil.

B IS RRP TR IS DRt ASRBFERY bR b G Repyia-y-
n@iﬁbmﬁﬂ@biphe_nyl, 4'-tert-butylthio-biphenyl-nonafluorobiphenyl-4-yl
r’rgqthgrggt A teptlbou_tyk/)lltheg—%ri%le_n?/i-zlyrl]-%rc])%g‘lngzg%h%uwxly_l eﬁw_glr! 4’-tert-
4, ety thi i - A i phe A W )
HRER I p Y P4 AR r ol hBAPES A QAR P httdotipheny!
nenfluabbidheny-4ghmatioame ot -acatydibowbighehy@ed-yl-c al

t,.and ' ted I f f
roralrobir gy bAnh s 613 £ e BB ErHE BN onen t he
nfohéﬁ&or%bﬁﬁﬁm n?,pgly; egmact and the second el ectri cal

e

cont act, ein the second electrical contact is
connected to the conjugated nol ecul e through the AC

her ch moneUier pERBR e, RobRi & i o dhod Gt
s8b6sd Bictificat @Bheet, atdetheashjugiies enukeculé vf enpposest adims 1
gold, silver, copper, plati nung pal | adi um i ndi um t& trhe

todBdernoinga eendlrtivepattpbelyaan thedirstiglactiispbeentget an

I S . . . . :
PP Bt PenfRL s Moo R e SRR Ephfisited
t6 ¢ emjugaiedeackecuizytbradvinesAGajrodp.substrate. 17. The
nol ecul ar el ectroni c device of any one of clains 14 to
16 wherein the solid substrate is silicon, mca,

1&0! y%]{%yﬂﬁg ulf R L Gic8'or RRIMCRI RRERE tHSfirsT BRctrical
cu an 14 to

nol e ar electronic device of y one of clains

cbitashandithe skeond rjastyitad dontsictate eadhsindependentiy gorpposed
' t ed nol .19, T I I | ect ' :

4861 3N cPRps Bitionar s dRe g 9B it Porte
n§&ul es fornms a nonol ayer. 20. A nethod of

manufacturing the nol ecul ar el ectronic device of any
one of clains 14 to 19, conprising contacting the

the- cBiy TicedBhaRERhRE et orta 84 cE Pt Whshdy the
first dedtital domtadtayer thefseeond eysdtecal tohixet bee each fwyered on a

first electrical contact, the
solid substrate.

17.  The molecular electronic device of any one of claims 14 to 16 wherein
the solid substrate is silicon, mica, polyethylene terephthalate or

polycarbonate.
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first electrical contact contacting the AC group of
t he conjugated nol ecul e; and depositing a second
web®@enoi4senl contact on the nonol ayer of conj uge€EEG2005/000066
nol ecul e, the second el ectrical contact contacting the
end of the conjugated nol ecul e not having the AC
group. 2 1. A crossbar device conprising a first
conductor and a second conductor that intersects the
18} r sfTheandiectiar efdctniodeviez of angloaeaididime ifbloetliviierein
el ectroni ¢ device of any one _of .clainms 14 to 19,
thmeowaaAdNAlsCaleUS 2 PUIAIE PhFPriigRlRidBOESHRSct 5 t he
first conductor and the second conductor at the point
of intersection.
19.  The molecular electronic device of claim 18 wherein the plurality of

conjugated molecules forms a monolayer.

20. A method of manufacturing the molecular electronic device of any one
of claims 14 to 19, comprising contacting the first electrical contact with a
solution containing the conjugated molecule of any one of claims 1 to 13 to
form a monolayer of conjugated molecule on the first electrical contact, the
first electrical contact contacting the AC group of the conjugated molecule;
and depositing a second electrical contact on the monolayer of conjugated
molecule, the second electrical contact contacting the end of the conjugated

molecule not having the AC group.

21. A crossbar device comprising a first conductor and a second conductor
that intersects the first conductor at a non-zero angle and the molecular
electronic device of any one of claims 14 to 19, wherein the molecular
electronic device connects the first conductor and the second conductor at the

point of intersection.
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