CONJUGATED ORGANI C MOLECULES FOR MOLECULAR ELECTRONI C DEVI CES FI ELD
OF THE | NVENTI ON [ 0001] The present invention relates generally to
nmol ecul es suitable for use in nolecular el ectronic devices, and
particularly to conjugated organic nol ecul es. BACKGROUND OF THE

| NVENTI ON [ 0002] Mol ecul ar el ectronics is a prom sing new technol ogy
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devi ces to overcone size and funda yS|caI probl ens of
silicon-based technology. It is estinmated that a typical 1 cnR
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the density, which correlates to the operating speed of the chip, can
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further sel fassfEbl ed into desired circuits. Therefore, it is a
rapid and cost-effective technol ogy. [0003] To construct nol ecul ar

el ectroni c devices, nolecular-scale materials are required to
function as the %@K@&QHHEX@FS‘FHE)PN\%T@\IM signal transport for
di fferent devices, for exanple, for nolecular wres, diodes,
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technically be improved by at least a million times using molecular devices. In
addition, molecule-based device construction is a bottom-up process, in which
the synthesized functional molecules are further self-assembled into desired
circuits. Therefore, it is a rapid and cost-sffective technology.

[0003] To construct molecular electronic devices, molecular-scale
materials are required fo function as the active channels for charge or signal
transport for different devices, for example, for molecular wires, diodes,
switches, transistors, logic gates, memory devices and the like. Thus, an
active area of research is the development of molecular-scale materials that
mimic the traditional silicon-based devices.

[0004] The molecules used as the conductive material must be able to
perform functions analogous to those of Si-based devices in microelectronics.
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



al., "Electrical conduction through DNA nol ecul es”, Nature, 1999,
Vol . 398, 407-410; Choo Y. et al., US 20030092010) and conj ugated
ol igoners. [0005] Carbon nanotubes have been used for field effect
transi stors and gain has been achi eved by applying a voltage to a
subnerged gate beneath a single walled nanotube (Dekker C. et al,
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synt hesi zed or easily integrated into nolecul ar devices, and
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sl ow. [0009L|d3+Baient No. 6, 756,605, issued to Reed et al. describes
nol ecul ar scale el ectronic devices which include conjugated organic
nol ecul es as_the conductive path. The conductive nol ecul es descri bed
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function of g]&gm% oagetttecnnique for depaositior into films, which is not convenient
for device fabrication. In addition, the adhesion of molecules to the electrode
in this device is driven by physical adsorption, which is not a stable, reliable

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



[ 0010] El | enbogen and Love further expand on the resonant tunnelling
di odes devel oped by Reed and Tour, and suggest the addition of

i ntranol ecul ar dopants to either side of a spacer group in order to
convert a tunnelling diode to a rectifier diode by having the
portions of the nolecule on either side of the spacer group with
different eng é{l evqf S %E/P 98W000183, "Architectures for nol ecul ar
el ectronic c‘oér’% Apallyconfigyieplesppigevigr-basemwaispaieriepcisire 1990 Mol
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n-type Ar groifioR 8T ¥elaHe p/n junction; and an AC group at one end of
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el ectronic %!?ovdjeg%’eveloped by Reed and Tour, and suggest the addition of
intramolecular dopants fo either side of a spacer group in order to convert a
tunnelling diode to a rectifier diode by having the portions of the molecule on
either side of the spacer group with different energy levels (MP 98W0000183,
“Architectures for molecular electronic computers: 1. Logic structures and an
adder built from molecular electronic diodes”, July 1999, The Mitre Group:
Mclean, Virginia). However, such molecules are not easily assembled into a

device in the proper orientation for diode operation.

[0011]  Not only must the molecular conductive materials function as
charge semi-conductors, such materials should be suitable for manufacture
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.



conprising a first electrical contact, a second electrical contact,
and the conjugated nol ecul e descri bed herein form ng a conductive
path between the first electrical contact and the second el ectri cal
contact, wherein the second electrical contact is connected to the
conj ugat ed nol ecul e through the AC group. [0015]1In a further aspect,

there is provide hod of manufacturing the nol ecul ar el ectronic
descri bedpherei ngUWhYgPﬁgT%m\é%W@\lt he first electrical cont ?ct
with a sol utj cont ai ni ng the conjugated nolecule of claiml1l to form
a nonol ayer [h&%pnj d‘@a@@ég%%@ﬁlpé reltasrie conjugetes) iBetectiesithaldneiuda |
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invention, gmoups to form a p-type Ar group and at least one of the Ar groups being
substituted with one or more electron-withdrawing groups to form an n-type Ar
group, the p-type Ar group being adjacent to the n-type Ar group to form a p/n
Junction; and an AC group at one end of the backbone, the AC group capable

of reacting with a conducting surface.

[0014] I[n another aspect, there is provided a molecular electronic device,
comprising a first electrical contact, a second electrical contact, and the
conjugated molecule described herein forming a conductive path between the
first electrical contact and the second electrical contact, wherein the second

electrical contact is connected to the conjugated molecule through the AC
group.

[0018] In a further aspect, there is provided a method of manufacturing the
molecular electronic described herein, comprising contacting the first electrical
contact with a solution containing the conjugated molecule of claim 1 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.

[0016] In yet another aspect, there is provided a crossbhar device
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[0019]FIG 1 is a schematic diagramillustrating the preparation of
4- (2",5"-d

I met hoxyphenyl)-4'-(p-acetylthi ophenyl)-2,2",5 5 -tetranmethoxy-1 ,1
bi phenyl; [0020]FIG 2 is a schematic diagramillustrating the

pr epar at ion of a conj ugat ed nol ecul e,

4-(2',5" -di net hox cetyl t hi ophen | uor obi

(00211 F1 G STERNG BTGP GRa e EPILE TSRy (AL ST BB of a
conj ugat ed @kﬁ%ﬂir%ﬂ a non zero angle and the mo!ecu[ar electronic device described
1-acetyl t hi ophenyl- -t et ramet hoxybi phenyl tet rafl uor obenze

ne; |[0022] Fin@elmw@r@néhmmmw@r@%mmdawq@s@qu B AEst sPRMGRR i on
C0093] o ihd HescioR e¥ductap s 1aRBRA ERRASLARENYL 4- YT et hane:

[ 0023] FI G IS a scC Iustratlng t he preparation of
4' - acetyl thiobi phenyl-4-yl - nonafl uor obﬁghenyl -yl ether; [0024]FI G
6 is a schefa7t diQiberanpebisudiiaatunes ofthe pregsat dtveskonvilpecome

apparent to those of ordinary skill in the art upon review of the following
description of specific embodiments of the invention in conjunction with the

accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] In the figures, which illustrate, by way of example only,

embodiments of the present invention,

[0019] FIG. 1 is a schematic diagram illustrating the preparation of 4-
(27,5"-dimethoxyphenyl)-4'-(p-acetylthiophenyl)-2,2",5,5'-tetramethoxy-1,1’-
biphenyl;

[0020] FIG. 2 is a schematic diagram illustrating the preparation of a
conjugated molecule, 4-(2',5'-dimethoxy-4"-acetylthiophenylphenyl-
nonafluorobiphenyt;

[0021] FIG. 3 is a schematic diagram illustrating the preparation of a
conjugated molecule, 1-acetylthiophenyl-4-2',2" 5’ 5" -tetramethoxybiphenyi-

tetrafluorobenzene;

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

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



acetyl t hi obi phenyl - 4-yl - nonaf | uor obi phenyl-4-yl sulfide; [0025]FIG 7
I's a graphical representation of the energy levels of the 5 electron
orbitals and the direction of electron flow across a conj ugated

nol ecul e having a p/n junction; [0026]FIG 8 is a schematic diagram
illustrating the assenbly of a conjugated nol ecul e

Cunnel 1§ ng FPErOY eBBIS i oBhy ] S CGHEE (VG RGaRs A RULBRE ng t he
| -V char act,%bie%{,iquaa\,qﬁhg #pireERENd; hi ophenyl - nonaf | uor obi phenyl ;

[0028]FIG 10 is a schematic illustration of a nolecular electronic

devi ce conprising a conjugated nol ecule and two el ectrical contacts
coupl i ng t olO0RE] Coﬁjc[},g%@@dsqmp@;mcgggram illustrating the assembly of a

conjugated molecuie 4-acetylthiophenyl-nonafiuorobiphenyl assembled on a

scanning tunnelling microscope tip;

[0027] FIG. 9is a graph illustrating the I-V characteristics of 4-

acetylthiophenyl-nonafluorobiphenyi;

[0028] FIG. 10 is a schematic illustration of a molecular electronic device
comprising a conjugated molecule and two electrical contacts coupling to the

conjugated molecule;

[0029] FIG. 11 is a cyclic voitammogram of 4-(p-fert-butylthiophenyl)-
2,2’ 5,5'-tetramethoxybipheny! (TSBOO), p-ferf-hutylthiophenyl-
nonafiuorobiphenyl (TSBFF) and ter-butylthiophenyl-4-(2’,5'-
dimethoxypheny)-tetraflucrobenzene (TSBFO); and

[0030] FIG. 12is a schematic illustration of a crossbar incorporating a

rmolecular electronic device,

DETAILED DESCRIPTION

[0031] In traditional silicon-based devices, p-type silicon can be piaced
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 regutated to

only flow when the device is forward biased.

10032] Similarly, the present devices are based on the creation of a p/n
junction in a conductive organic molecule, which provides a direction fo 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



[0029]FIG 11 is a cyclic voltammogram of 4-(p-tert-butylthiophenyl)-
2,2',5,5 -tetramet hoxybi phenyl (TSB0O),
p-tert-butylthi ophenyl nonafl uor obi phenyl (TSBFF) and
tert-butylthiophenyl-4-(2',5" - dinmethoxyphenyl)-tetrafl uorobenzene
(TSBFO); and [0030]FIG 12 is a schematic illustration of a crossbar
I ncorporating,a | ecul ar el ectroni c device. DETAI LED DESCRI PTI ON
[ooslf I'n tr&gtﬁ%ﬁtg%a egnqleeuln PERRSSY raen/ates curgnt fjo nsihejdesied manper.

pl aced adjacent to n-type silicon to create a p/n junction, and such
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conduct in one direction only under normal operating conditions, for

exanpl e, a &Paa@uctv\ﬁéﬂolamd%@l@cﬁr@vgﬁ@\ﬂ@&s W hesessisader wiolasuie ia | ar ger
| ect when
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whi ch prow? rect on, 4.0 {’}P @o uct ance ? nﬁﬁ % Such
ol coutes argmu (i SR eRalR HEn R aE bt 8y BRofS s Fsyce
swi t ches anddrersis, stedchjudaiidd Frtulechas m@mmé@ren@ramng the
nol ecul e whep bein assenbled into an el ectronic device, in

that the molVEWIRNS YraBpeRe-iiayiengaEeURsPFaing the ARckhpnar B%moﬂ%rdﬂe

manner . with the alllgator clip group situated at one end of the backbone. Atleast a
first one of the arylene, arylene-vinylene or arylene-ethynylene groups is
substituted with one or more electron-donating groups and at least a second
one of the arylene, arylene-vinylene or arylene-ethynylene groups is
substituted with one or more electron-withdrawing groups so as to form a p/n

junction.

[0034] A p/njunction as used herein refers to the interface that occurs
between adjacent electron-rich and electron-deficient segments of the
backbone of the molecule created by substituting aryléne, arylene-vinylene or
arylene-ethynylene groups with electron-donating and electron-withdrawing
groups, respectively. When an arylene, arylene-vinylene or arylene-
ethynylene group that has a tendency to give up electrons is placed adjacent
in the backbone to an arylene, arylene-vinylene or arylene-ethynylene group
that has a tendency to accept electrons, the conductive path of the molecule
is thus designed to conduct electrons in one direction only under normal
operating conditions. Adjacent electron-rich and electron-deficient regions
that form a p/n junction are positioned next to each other, and may be
separated by a spacer groups as described below, resuliing 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 ftwo or more double and/or triple

bonds in the main chain of the molecule, each double or triple bond being

7



[ 0033] Thus, there is provided a conjugated nblecule for use in
constructing nol ecul ar el ectronic devices. The conjugated nolecule is
asymmetric and has at least two termni, each for coupling to an

el ectroni c connection, at |least one p/n junction and an alligator
clip group at one termnus for orienting the nol ecul e when assenbling

S A B St B BT B S
form ng t henhasildheirgs @@eﬂdb%d?‘é'nﬁﬁé&r@ss Wetdbubhseorathb!eg@r@r bat alsl%b gr oup

situated at one end of th bone. | east a first one of

aryl ene, ar%ﬂr@sﬁeadzaq%@ntémleobowp@ﬁ@ é’@h"ﬁ%ﬂ %écw&eﬁéle@déqm%@i?t ut ed
with one or e electron-donating groups and at | east a second one
of the arylene, aryl ene-vinylene or aryl ene-ethynylene groups is
substituted with one or nore el ectron-wthdrawi ng groups so as to
forma p/n [PO3Ek i ohhe FoGaggiad moietj:tdﬁ@ﬂlm@ﬁs%aw@é@ AeflesiaVipgeRg s to

th terf t

el ect ron- der LTy BE R BRSO BURBE L R MEB EP AN  cat e
by substi tharyllegear!wmfmancm%rﬂeazwthwm goups ytmﬂ&sﬂtdhgmw ene

r t ectro ating and el ectron-w rou
?egggzty\/‘velg} Wﬁnﬂ\ﬁ F‘)?Inﬁr? m‘ﬁ?ﬁ“bﬁ@”@?ﬁy?%ggg E"éir’c’y‘P Bﬁbnyl ene
group that jhastion, headenssedsi@ve up electrons is placed adjacent in

t he backbone to an arylene, arylene-vinylene or arylene- et hynyl ene

roup that a tenden to agcept el ectrons, .the conductive, path of
S oo 83T A8 g et B B e TG e S AP

onl'y under d}péﬂé?dat@w@duﬂg ﬂ%@bha‘ﬁ@%mﬁ@hﬁ&% chtiRHohfduhd Gaviagd

el ectron-deficient regions that forma unction are ‘an tioned

next to eacH"@tii@lcctong wieye pds Qéwﬁﬁﬁﬁe%ﬂb@l/ oorspgaler thgo¥@idas

descri bed ve
natur e of Tt o R e R Rl Bl e r ons
inone dir d@emrmmcmmmm@n}mmempmwm Afvioylenegraepl pe used
not the ot 35 d herein

reference t er?]ﬁ'égg-é !b%ﬁﬁf rgﬁfcg] e ?é;éthﬁﬁéé ghg‘?@r gﬁa cli]rrgl(gl%:{u é8ﬁ§v| ng
t V\Kl) or I nmor e'etlﬁrugﬂeae@ndﬁ;ﬂrastuserjIr@r@ngslﬁwa wivaleet radical melga?senm‘d k:};hme

nmol ecul e, c 0 0 HLand. bel separated fromthe next
consecut i ve H’&'ﬂn’ﬂl KP‘cﬁ {fh Eﬁ%@ PP % Fa rg%ﬁﬁ 958® Eaﬂ‘ép

orbital s ovayleas ghdp, @B\léfyléﬁé Qfsug Hed dﬁd@ja@e@ﬁvrﬁﬂerﬁé grdi@r(daryléué— al so

across adj acent S|ngle bonds | ocated between adjacent doubl e and/ or
triple bonddnYeTDHBB] TRENEYIE UGHP S %ﬁ?%‘t@%yi%és%’t‘@/ ahyiene-

aryl ene-vi nyh drd/ or aryl ene- et hynyl ene groups, wherein at |east
two of the aryl'ene,” aryl ene-vi nyl ene and/ or aryl ene-et hynyl ene groups
are substituted |ndependently with one or nore substituents, and
t oget her prif038k alnpne puhediment the caniygaied spclseyls as top 8954

“aryl ene greyhyi2p used herein is a bivalent radical derived from an
aromatic conpound An aromatic conpound is a cyclic conpound having
4n+2 pi el ectrons where n |s an integer equal to or greater than O,
and i ncl udes hydr ocaddBa—Hyrdmdfy d—dd frids, for exanpl e benzene, and
het er oaromat i ¢ conmpounds, for exanple pyrldlne A "vinyl ene group" as

used_her ei yobsof heihualgn FoARiBabadteRr GREPIASY bY clifier &AM rrAHCH

and an "ethynyl'ene group” as used herein is the bival ent radical
r epr esent ed3rByp uRiess spatified, 200-Ar, AThandhifirie eeAh gegerically delrepeiin as

refers genenshludi FhadAaS: S50 AR SR AEALRANER an

adj acent vinyle Foup ("ary aryle group and
an adj acentarelehgmjﬂlmy@r@rgmm (am%tﬂrﬁegzbypymaﬂmé Jhe same or different,

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

group.
[0040] Forexample, each Ar group may independently be phenylene,
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[ 0038] I n one enbodi ment, the conjugated nol ecul e has the general
Formula 1I: [Ar)g-[ArP1-[Arn]-[Ark-AC [0039] In the above Formul a,
each Ar group may be either an ArP or an Arn group unl ess specified,
and Ar, ArP and AO are each generically referred to as an Ar group.
Thus, each Ar group is an arylene, an aryl ene-vinyl ene or an

aryl ene-et hyn Ikgn?%!group, and each Ar group may, be the sane or

di fferent, biRPARYIANS tyepyiensfhiyiens, evdplyieaperyridylenes §vazoldene, or

substi t uent SoupiRcAflery EK%&%ne[ ﬁ?ﬁ%}“é‘ﬁ@é’ ifiﬁé’l‘fﬁﬂu%re Ar group may

i ndependent | y be phenyl nap i enyl en€, turylene,
pyrrol yl ene,cashazalyices dndaneicarsizglviane, dbradifarariyidnendibepyathienpighene,
fl uorenyl ene,, | , azaol yl ene. i ndenocarbazol yl ene,
di benzof ur an@qt}é%g,gﬂﬂ%h%ﬁétg%%n&%&eeﬁ%ﬁt%g%q%%%ecérhc{ﬂnéf% S, %‘%ﬁ?'&@%ﬂrﬁu ene,
E_enth acelnyl elr}mnteiaiadﬂgyé,emlta!azwém)ﬂi;ﬂf?yiﬁn?ﬁraj iﬁdad:@ﬂmah nleheplt al enyl ene,
i phenyl enyl ene, acen ne, acenapht henyl ene, phenal enyl ene,
phenant hryi &F@,ﬂaf’b?h&ﬁlé]ﬁg}%éﬁ!ﬁn@@y %ﬂ)?r @meleﬁﬁp&pﬁ%ﬂwlm,

hexacenyl engyrgwfia®) nbbRf@cehyid ,@xﬁb@rﬂﬁ‘ene{)%?ﬁz@@qéﬂe?mﬁh Hylene,

t hi ant hr enyl ene, péranylenej I sobenzof uranyl ene, chronenyl ene,
xant heny| end2RbHeriBienylane. Ahireisenyone, npyiERyEe@dsolgnzotisanigneane,
i ndol i zi nyl LSO N i !

qui nol i zi ny@ﬁ%@bﬁﬂ}aﬁ%{?@ﬁ{e@eﬁ?*e{gﬁt ﬁg‘%%az)%ﬁ@%]%gé %?@'?@ylﬁ{}%ne,
acri di nyl enapyrighzinglenarindolinyivéerss, ispjndadfiemy limdudylenayipzinglkbhay| ene,

i ndol i nyl ene,, . e_Vviny] ene apht hyl ene, vi nyl ene, thienyl ene
vi nyl ene, fﬁ%@%@ﬂﬁ%@yﬂéﬂa& Ieﬁ}?r P}Bﬁnhﬁf‘%‘émy n?n@ﬁeé'ﬂg&leﬁ'ﬁr ?‘Hﬁ@ﬁ e,

vi nyl _enel, t fﬁl‘@_Zleh‘lgHrﬁhwle}ﬂbnwmﬁaiylaméatﬂlﬁidZleHIMM@ﬁ_Q, hgi:lﬁb‘i#yﬁl he, pherllylene
pyrazi nyl ene_vi nyl ene uor enyl ene_vi nyl ene, indenofl uorenylene
vi nyl ene, cé’ﬂ'ﬂtyé%r%/ﬁ’ﬁa@h@y{wﬁfl"ﬁe&e'ﬁW@%ﬂ%&Y'Bﬁ?BFyﬁUEN{@"‘Q/Y'H!{/]fw’@%e,

di benzof ur anykengend MYIBRS, pyAHPIBAS ARy LtaR bRy VBYRne,

ant hracenyl ene vi nyl ene, tetracenyl ene vinyl ene, pentacenyl ene

vi nyl ene, i riefiprelylens iiMieinte PYesZinKena dmdens idossiylensadnderay| ene
i nyl ene, h i i 3 -\ }
;“nd;cenyl engﬁﬁrﬁpéh@%ﬁé;n &ﬁ%gﬁﬁ%ﬁ@%&ﬁ@?{%ﬁ? 1%#1%%?@%)2/?]3%@6

vi nyl ene, phéndgiteh ditesrefuranyanenenylens pliseryiothighydere vinplghene,

I j i nyl h I i nyl ,
D aral yi encriHaER TR BRE Ak SR WindRte. AREAERDERFORytecke o
vinyl ene, t Hmmmwmmm,\mnteheme vinyleargy benilenyigreemeylene,
Uiyl ene - pRBTEEOAT I Erce RS e AR VPG e
pyri dazi nyl emensphityibeykene vingiehe ZpiuHaenslaneriheaes, phephmeg)isnene

vi nyl ene, indolyl ene vinylene, purinylene vinylene, quinolizinylene
vinyl ene, thfW&f?/ rgﬁ@%"i’*ﬁ?ﬂéﬂ%Y'Wﬁ%P&@PH’?P@N@WﬁWF‘ém,i_!"a?eny[ene
pteridinyl ewy@r@(Ih@ﬂ@aen@_@hbdﬁﬁwér?é?%yﬁzew mﬁ@ﬁé‘,%ﬁc{a&bg\éﬁé ene
vinyl ene, pyrrolinylene vinylene, imdazolinylene vinylené,

i ndol i nyl en¢inviang, saehthpihistylenssviaylenethisndremdens vinylene pyfapiienene,

t hi enyl ene : ,

pyr i dyl one SRy ERBeni ik R6R Sribehe, SREmENIER, iyl Kol Ehe

et hynyl ene, vinytens, pheenatidinglengvimdend, lbydmiyllerevieybyayenezinylene

emon b eSS AL e BB S R  vene,

di benzot hi epytinylenetmyRryit eq@noiiinsms anylbes euaidlyBé efgiene

tetracenyleng eﬁh nyl ene, Eentacen%lene et hynyl ene, indenyl ene

et hynyl ene, P E*m%e?r{@/ lenfeviRyIBenAtBRANY iSRG Vg isRel asidiaylenmyingaee,

hept al enyl e ; j n l: k

ot Pyny I e, Pt R RS RN AR A EAmERE

phenant hryl é’rﬁ’@h@‘ﬂﬁ?ﬂylﬂééé?, phenyirne/stbyyleres rephinyanershynyereny| ene

ethynyl ene, yaRALNACRINIERS fGRIHY, étﬂpr?ylerbe?)ﬁ%r%mén%néathy%yﬁ] e lp%gy!ene
ethynylene, thiazolylene ethynylene, oxadiazolylene ethynylene, pyrazinylene
ethynylene, fluorenylene ethynylene, indenofiucrenylene ethynylene,
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[0041] An Ar group may be substituted on the arylene portion of the
Ar group with one or nore substituents independently selected from

the group consisting of linear or branched Cl1-18 al kyl, |inear or
branched 02.18 al kenyl, linear or branched C2.18 al kynyl, |inear or
branched Cl-18 al koxy, linear or branched C1-18 alkylanlno or

di al kyl am no, linear or branched Cl1 18 al kyl t hi o, %m car bonyl ,
car boxyl , aPR*SbIaZ@MeF‘@rﬁJiWnyéﬁﬂeﬁ @deggpqr@ﬁwlyleﬂﬁeg%y 82,305 30 aryl

C5. 30 ary! agjgy, farardflerd y,m‘mrm. @&bw?nwéﬁ@éth%ylméﬂawéaeﬁ%éde&

cyano, isocyano an ein any of "the C1-18 al kyl
al kenyl , C2emnalehgen’geltr,acel@demeﬁemykyigw ;@rﬁa;@nalen@eﬁhyny{er@; indenylene

di al kyl Cl-18 I

et er oat oms CLUPHETEC HEM S e By alR RuHERRic e FARp AT JPgh ey G,
and wher ei neﬂﬂm?ﬂé‘het biph&iyiényidieybthyRdeds, sadidcmwene@zhwlemekynw Cl118
al koxy, C1-18 alkylam no or dial kyl am

aryl, C5.30 aﬁ?%ﬁﬁh%%’@ eihymdeng WPQ%“W@”%E&“WM %%na ?Vrﬁgyl?ﬂ?t her
subst i t ut ed gy glelr'n@' BRhShYIBnASSs BthyRPERe Wréﬁlﬁéne efiQRgigh&ur t her mor e,

where any one ‘o r groups is an arylene-Vvinyl ene rou such an
Ar group rraylabbthgaewlemeut?’éwﬂﬁﬂﬂ@ H“@Xﬂpﬁwf@?féetﬁﬁﬂﬂwed?yr@w ene

from che or SUFRGisHe; LpiBoidind BAyRIRAL! fa B niRpeAE RN SteP P oar “or
branched C2iHi8niatdemrig eﬂnymrﬁme opyrangackethyaglens, :aotkwspmrawlmr or
i a1 ky' am n&UVIES; ST RoR TS Srrgroread SR IBR e . bony !

car boxyl , a'phléhoﬁdthﬁqmﬁe etbimhyiéne, ijyhﬁ‘ﬁxﬂMj/lené birgayiede, pﬁlﬁziﬁy!@naryl

C5. 30 arylamno C5- 30 di.aryl am no, a] 9 rox nltro
cyano, i SOCWVW H‘éﬁoilﬁﬁy[e%@?’%(ﬁweﬁﬁy‘s@f‘d? ngD@f" E@VXQ
al kenyl, ng%ﬁ/rsr\ }fhrmﬁéﬂé@th?h%@%g qtﬁol&ﬁy@hb)@tﬁfﬂyﬂ&eot’:;umolyiene

di al kyl am no hi o may opti onal ){ cont ai n one to four

het er oat ons eﬂmrwtﬁr@dphﬂ@mmer@r%wmm&ﬂdwweN yoylere, si and P,
and wherein nyl ,

G .18 al koxy%Hénwfé&ah?fﬂ@&lsd né?%ﬁﬂ%@%%‘laﬁgﬂy%rl}el rﬂﬁ@%ﬁ o,
05-30 aryl, ey Gerey yhmtamimytene%hml@%@ryn@nﬁnui@n@e@thbwﬂer@nal ly be
further substltut ed, including with one or nore halides, [0043] Thus,

any one of fe.fy 98OUPS, IRYmACLSUABLI IS BB SFBRE pBRBraTeA vher o

at |east twd gr oups re substrtute orma’ pinjunction. The
maxi mum nuntmmugmﬁvstbtdmetornnmtsslbemtuamy indepentievthesalectgd fiops thedreWer on

the aryl ene noi e wher e S

det er m ned Wn?ﬁhx%ﬁm%rgf b?ﬁéhg& 47 ?‘B@r @%ﬁ\% %eérg:g'(réfj réc)? EMQWL

gr ?Up f 0{ hs ullgéar %mwﬂﬁheml@dllkml . fieesoor Mair]]d:?aemﬁeresalmw hm oany
site on e ba 0 i S, occupi e a ro

potentially tﬁ%"‘é@&’s e SAMIRG ad qlkyg%m% 'H%’V @Fgr% 1 glyiEoy,
subst i t uent s;migHClarBnyIaEEBoxyd Ik sémllémnélﬂfonvﬁﬁlﬁahid&elcs a0 aryl,
substituted at certain sites on the backbone wher e [ an nt of

t he backbonesm agamingiUsep dANINTIAUEMIBO.AETPE D Wéfﬁ?‘wd@
substitutiong aBB%?E Ilﬁgswll?é/reﬁ)laé d) Gf"ll‘l@@%&“ﬂsczds Hfbﬁﬁ atkynyl
of t ul at ed

conducti ve na e conj ugate ecule I1's no roug h't he
pl acenent ofCopealkxynOr.e eﬂmmmnpmmhajksdammovx&gg @J&:ﬂ@i@maﬂf@flona"y

nol ecule to create the ArP h9 /n
Tinction. | GORSAARTED Sebathy SEHRS felfrEFir silnn it N T &
subzt i tuted Siienk R)rwmld)ﬁihmtrEarfy sfthe @q-@lamwt Cﬁlga @k@rmb,scf_s? aﬁsrnytoChaa/e a
tendency to onat electrons to acet Qups al o

backbone, e gﬂt yﬂ?‘"@ﬂ?ﬁfﬂg]gylﬁ Liae a[!jﬁv%'ﬁ Basncedf G o

el ectron- dona‘%&!bﬂﬁn&bpeg% &bhaahipg rhay o;@‘d’bn’éﬁly eé@mm—x@rfsmbﬁtu@b leenarngof

t he conjugated nol ecule, soas to create an el ectron-donating Ar

group or a leﬂypl@eAfn"@F@bﬁhdeﬁr ovides that portion of the nolecule

[0042] Furthermore, where any one of the Ar groups is an arylene-vinylene
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am no, hydroxyl, am do connected to the backbone through the

ni trogen, carboxyl connected to the backbone through the oxygen,
phenyl , naphthyl, thienyl, furyl, pyrrolyl, carbazolyl, alkyl,

al kenyl and al kynyl. [0047] Additionally, certain unsubstituted Ar
groups will be ArP groups, and will be electron-rich, for exanple
phenyl ene, naphthyl ene, thienyl ene, furylene and rroI
Subst i t ut i oG, SHCIERRAY BERIHN mé‘}ﬁ b;@\rsua?@ﬁ%m HPSX Bnembie y'of the

el ectron-w %H@ér?é’\@/ iR d %vﬂ%ﬁbﬁﬂﬂéﬁtrstm&él%né}énw 418ctbQ fidfh the

el ectron-defi’cient Ar group m& group is ‘an
el ectron- degrmjperrmsﬁitlngrobhlpe&ﬂorérﬁ egr%upﬂkulbhm&&r@tfédaiwfﬁﬁ (one or

nore electrag dr.awi n o] S C

ol ot rons. { BRI MRy BB SEe 2SRy Ml EE abebRed e kB RTheR:
Ar grﬁug an oﬁbf)amE%d\Qgg Qluplarrﬁmﬁom:atkplaenmb dinkaoo- Wnahd:imkrch(lm n;gl gr oup?‘
attache toa ackbone Ar grou r ovi canj ygat e cul e, Wit
the nature GHYENOLRBIA0 Sﬁrbg’é‘w Eﬁrgmtyi dlgv fE'Bﬁd%}ﬂ OF’UIgGﬂ?Z WEAMYS) of
such an Ar %_ﬁagrér&la@ & 8GR0 VL) i@ WaREindy arfing Usnmfionds) Hdiakpe Ar
group) to withdraw el ections from a néi ghbouring aroup tends to nake

an el ect ronhilig, ﬁmmiwywogﬂ@ﬁﬁ“dﬁ)r’@eéﬁécﬁﬂycﬂfﬂ&% s Air{zs alkenyl,
nei ghbouri ng. Ar 2Ry RHACt %‘lkdg@ &l %&ﬁ@%f&%rﬁtiﬁﬂé@m rC?'ﬂ{Téikﬁfhiéo

n-type materiats uctor. person
under st and wieyodptisnhbi ccbniamttmeetoéme“l reetenoaiorug sﬁdtr:tavbifn@gﬁ theegreral | y,

| ect t hd
el Lo posi UL B9 Seatiras THETbeRba i SahS 2-PaRYL PES '
el ectrons f ag@nyhe,bagkponeClwuikosty t Oa;ssithdamingenidialky0ahaIo- Q.15

exanpl e, electron-w thdr vvln ou3| | ude hal i de, car
oxr Doyl PO, Cepos AR A NG (S arign e

backbone. tﬁmm@ubmu@@y%mdlr@mltmbﬂéumnd@@ﬂgnaa@m um pyridyl,
t hi azol yi, oxadi azolyl and triazol y| gr oups. [0050] As well, certain

Ar gro when _unsubsti t ut ed, be el ectron- deficjent
ex a?rpl gps py 19A] gné_u L‘éh%’&;kjeﬂ? PE%% AT R HIGY ﬁee'?‘r@SféWteC{ 7% Q‘E%ﬁr@?@ne

are el ectronnded I8t %rasgﬁfﬂﬂﬂﬁgroh@%\/@éubﬁkihéa it QN p &Y juAction.
unsubsti t ut ed el’ect ron-w t hdr aw n% group with an el ectron-donating

subst it uent TRgynaémuver sumher @sugs ugﬂwwmr&?fﬁbﬁﬂd&ﬁ%ﬁ%&ﬂwf Os
wi Il be appygelafed AYiel SHhEBLpRBRESAE on the vinylene moiety, is determined

by the number of sites available on the particular Ar group for subsfitution, A
skilled person will understand that any site on the backbone that is occupied
by a hydrogen atom may pofentially be substituted. As will be further
understood, certain substituents, such as large, bulky substituents, may not
be substituted at certain sites on the backbone where the arrangement of the
hackbone atoms or other substituents sterically hinders the substitution at

those sites by particular groups.

[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 io 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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[ 0051] A pin junction is the interface between adjacent p-type Ar and
n- type Ar groups, and inparts a conductive direction to the backbone
of the nolecule. In the Fornula |, the junction occurs between the
depicted ArP and Arn groups, which may occur at any point along the
backbone where an ArP group is adjacent to an Arn group. The

conj ugat ed nol ecul e contains at | east one &q{n junction. £0052 The
ar r angement 28fATAOWR BLIHE b&t‘r‘ﬁb%ﬂ?déftth@ Gentsaisd maleceensugaieeres one

Comosed of K ioh RohBEN Ay Bfbup Voo a3, 1 BE 1R RERRALI B 1O
General |y, &d ﬁ”ﬂse aa’@lee:oﬁa)n-tme cmwumtﬂre@tﬂwllberqwﬂmtw aone or

f th
el ect ron. det KL¥Epetsofl AHBTal 8l buns B dec Byt th Al & wPlene
sane el ectr adjademta‘blthtg batkieneaf trmaommgaié@mm@:méta@ astepusi 8GRI

wi ||l be appr t hat _For nul a I t out above is one exanpl e of
how t he p- s@%ﬁé E‘gﬁf@eﬁqg ¥¥eUY r anged al ong the backbone

of the conjugated nol ecule, and that the nol ecul es descri bed herein

are not so [ucm ed. Fdasaeiple, l@tecmroatummanhg@lreswbmc|§a@§mos<yteat<§ltr9@ the
Ar groups, I?Pgééhosen so as to have consecutive bl ocks of

p- segnent af ek amide pRNesirdlstihe bagidianedhesmghithe nissagkBone.

[ 0054] For EXBORYI, hE&eiDb 8l ﬁerm by a
p- segnent fol g&}}edony aﬁ AC gr oa%kﬂa%ogﬁéﬁl?ﬂivﬁ%g 'so ebn&P Bre Iat ed
t hat aIthouﬁ?fﬁft)dhéu@bwefoﬂ/émquwYdJraElﬂé.salk@Béandlaﬂ@Uy!ed to a two
term nal m)l ecul e, the present nol ecul es nay be designed to have

three or grnwaalténg ¥y, S8RLANINREL & Weﬁ{]’ﬁﬁjﬁt%% 1He &@rgg&tcc%égtfg

Wi t hin the ha| creatln 'a conj ugate
backbone. Twilloe slaetrouschnfoeexdmae phenylgneutdghihyens, rthn;anlytefnaz duarylemay

e o eat e aBREITELS sl lytefot AL SHL B 4 B e,

pin junctions, crea

el ectron- deWithdramﬁngésubsgthmmas&nde tredAbgtowpen ahwle@emr@sTicinoir

el ectron-rich ArP groups. By creating a branch point within the n
segnent, sul®"8 nol ecul e can be used as a conductive path in a three
term nal device, for exanple a transistor. [0056]Simlarly, an n-p-n

type nol ecuf0@48hhi ah Anl' hiouml is an kiscerohvdefiplant jAd B eJupIEan AByrobe creat ed

by having a_se n el ectron h Ar roups sandw ched between

two segnent %Mﬁ?i@’%&?%ﬁf@@??ﬁﬁ&@ﬁm ’bg%‘ﬁ‘ﬁ‘g groups so as fo have a
tendency to accept electrons from adjacent Ar groups along the backbone,
rendering the Ar group an n-type Ar group. One or more electron-withdrawing
groups attached to a backbone Ar group provide the conjugated molecule with
the nature of an electron-deficient n-type conductor. The ability of such an Ar
group (an electron-withdrawing Ar group or an n-type Ar group) to withdraw
electrons from a neighbouring group tends to make an electron-withdrawing
Ar group more electron-dense than a neighbouring Ar group that is not
electron-withdrawing, similar to n-type materials 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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[ 0057] The backbone may al so be designed to have alternating p-n or
n-p segnents by having repeating segnents of alternating

el ectron-rich ArP groups and el ectron-deficient Arn groups. [0058] The
conj ugat ed nol ecul e contains at |east three Ar groups, but may, for
exanple, contain up to 100 of such groups, each of which may be the

same or different, fromany other Ar, group in_ th wadDUS. . g
and r i n Fol TR e R T e PR pl G TRIREL Sipdtiv L, |
is from1l tend®Biazoigbgloupsg in from3 to 100 total Ar groups,

i ncluding the depicted ArP and Arn groups that together formthe at

| east one pjn.junction. Preferabl and r are osen.so that g + r
o rrom s H0sRl " BsiN AR AT Atk Penop R GHEB A he
conj ugat ed gaHcRGH! Eor ERARSE THRITRHL GahRM 18R exEbRzbyIcredmaet ri ¢ in
that it contains an AC Pr oup ‘at “one _end of the nolecule. The AC group
acts as an WRFeY&NB@re plEstrei-daficiensANIOLPSeHaWEGERS SUBSHINENDTSK | | ed
person, the, s%‘o@itu?ét{ él%ﬁ&ﬁwﬁhﬂr@wi Ar ?@uh%&oén Qe'cﬂoﬂ-(rg@HQt{'rreq as used
herein in reference to an end group  w thin a conjugated nol €cul e,
refers to asupstityent ey aceesrt thavist broappaeniahdtan-danatiag érsas wid beo f or m
a coval ent bond .b%t en % e, nol ecul e containing the alligator clip
group and t HEPTERR 59 .af SRR AC group may be conjugated or
non-conjugated with the backbone, and may be selected from
acetyl t hi o, [088thy| Ahlp/o juricéon istitieyihieHace bbimweey|ddipaent pdpeyanand di azo,
phosphat e, phosphoni o, and phosphonitryl,, or.a ivatjyve of .any of
B Leh” ot ounsIPAY 8ot e AER Mty f ERneLctigridh 6 he SRElAT 470
benzyl t hi 0, mpkegRhaheh® Fophos pltasijendiiy deeurs Weskédn tedapidiéd &P, 4t
al kyl, C1-18 . al kenyl, C1-15 al kynyl, am do, car %gn%é, su] f onyl o
t hi oani de, @5@@0%V",h‘%mgi)oﬁﬁ;%ﬂE’érﬁr\ﬁfcﬂo“ﬁrﬁ‘m,thﬁi _ f ,O‘“cey‘ﬁﬂ‘_%ffa ai”s%fcyano
and hal i de. o009 @l bEaeE A8 Bh V" ERRIPATHE HUdAERHA @l cadhias anleak?
the AC group does not result in a vinylené or an ethynylene noiety
bei ng posi t¢EnRe juagtistent to the AC group, since such positioning may
result in an unstable structure, depending on the AC group that is
used. For exaap| €, TAY AAnGbRUR GAN b EndslititRlerds BHRhOEofugated

egg §§j gﬁoul Qﬁérﬁ ,E)tbe plg} Gb'and's t g i cfrffugae

derivative thereof not aced adjacent to a vinylene or
et hynyl ene hbasikbpie may be selected to result in certain segments of the backbone

being composed of Ar® groups (a p-segment) or Ar" groups (an n-segment).
Generally, a segment is a section of the molecule composed of one or more .
consecutive Ar groups that is of the same electron-rich or electron-deficient
character, or that each has substituents of the same electron-donating or
electron-withdrawing character.

[0063] It will be appreciated that Formula | set out above is one example of
how the p-segmenis and n~segments may be arranged along the backbone of
the conjugated molecule, and that the molecules described herein are not so
imited. Rather, Ar groups, including substituents on the Ar 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
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[ 0062] Thus, the conjugated nol ecul e conpri ses conjugated aryl ene
and/ or aryl ene-vinyl ene and/ or aryl ene-et hynyl ene groups |inked
together to forma nolecule that is generally conjugated along its
backbone, which has at |east one p/n junction, and which has an AC
group at one end of the backbone. The conjugation of double bonds,

i ncl udi i t hi d t I I h
backbone. al Pebarared e Bt il oSl o el MRBBRuR Hg0d "
conductive @@éﬁhéﬁteﬁk@e@m@bt&aﬁ@@ taphiaals! da)grﬁra; aprarmhaldint at an Ar
interrupted by the insertion of. a spacer grou i,ht q the backbone,
whi ch i n on@OBRYGHENMNENS chad, geatingacyyugaied 519%‘&”5? Ifgraﬁﬂ Ei\
[Arlg-X-[ ArdsdiBoRE: FALE varﬁgu%%é&ulgéﬁé\nﬁﬁ |Tﬁxrtfb‘I5)plnﬁuﬁ§ndﬁ§fmé}ﬁI§b above.

I n the depicted enbodi nen e spacer group occurs i nmedi atély before
the p/n | uncreatml Futexample, &l p-ped prﬁ@@ﬁmi%mhlﬁ@wiltm@%@@déﬁ gr oup

may be pl ac et . Mg

bet ween an ﬁ?‘g? 0 ya%ﬁ?%yﬁrwgﬁﬁgiﬁgﬁgé?ﬁ eg&g(t)@c%érﬂ%%ngg‘l{) X, is
non- conj ggagmgpsesnmrchﬁ@béﬁwewrtwomm?ﬁs etbleaﬂrﬁwbsqﬂaé\e”rgggumﬁ;p%erves
to provide reak in the con tion of t ac t he

A1 | but ng 1 oFToRTS RATARSUIEARBIT Sie § AESEPLE SHORPC OIBEHa A Podiced as
properties choha@ct@@ryawwaemré@teeﬁwgdeﬁ@é I@Xé@h?le 4 fensigacer group
could be a quantumwel | for charge transm ssion al ong the nol ecul e,

which will only allow electrons to be transm.tte hth wel |
from one si 95 é] t eIV 2R H-ReRdYIpR ojgcu @Q%Wﬂabﬁﬂg %*hus, a
skilled per @geﬂamg h%ééé@e%ﬁ mhné B%eén%ﬁ?éf é]é&lctfh—rtd:l‘f Afplﬁrbiyps

non- conj ugat e he non-conjugated portion parti al
non- conj ugaﬁ@w\'ﬁp‘aﬁfbbef@e@mbﬂlo ”ﬁ@glﬁ'@ﬂ’f% qlegtpa- @'Cﬁlt% er@éﬁ%nt an
el ectron fromtunnelling through the spacer group, from conjugated

backbone onm&ey' q‘%eqa‘ackmeﬁaag%Isog?@g%s;i&mmm@@%amgIptmenqﬂ

the other s f the spacer group The spacer group nay be

sel ect ed, faegreaxatﬁmyéwa nagRPeRing segvesnte ohpltesnatingelepbayyiehar
et hyl ene di Ja’nﬂ I Ibegf%le%@% éoéggycl ohexyl ene di oxy, thio,

dithio, thi TS I'm no, nyl, carbonyl dioxy,
thlocarbonyl phosphlnldene and phosphonitryl, or a derivative of any
of such gr OWBI angrhefcommgatedn@pmu@@nt@nmyﬂ lepst, thiseodegipHan dut

subst tut ed Ty e ATy cOREMY o RF fodof SUEr TR Cpeh o Ui ke O°
car bonyl , stHefsmwda or diffecﬁnﬁfrd& argbotha0 Aagydup lmamotaqmearﬁ"hm‘r g amidrio,

nitro, cyang, no and .hal i de 67 Ny I I

appr eci at e inna?mﬂ'ﬁ% agqq%q?ﬂdﬁtgggg fé%'{"%oﬁpo%ﬁgaﬁg deifef 1% ' 1o 08,
resulting in from 3 fo 100 total Ar groups, including the depicted Ar® and Ar"
groups that together form the at least one p/n junction. Preferably q and r are
chosen so that g + r is from 1 to 18, resulting in from 3 o 20 total Ar groups in

the conjugated molecule.

[0059] The conjugated molecule is asymmetric in that it contains an AG
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 o form a covalent bond beiween 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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may be inserted al ong the conjugated backbone, provided that each
spacer group is flanked by a sufficient nunber of Ar groups so as to
all ow for conductance of the electrical charge al ong the backbone,
and across each spacer group. \Were the conjugated nol ecul e contains
nore than one spacer group, pref erably from1l to 20 Ar groups

separate t acent, space 00 Th cul es

Gomar thed RaRPhAS PR RE Se el ottt R At B TRY S

groups, Spmzygmleumc@md ainzéGpassphpie, @hoém@nfcﬁ|aadq.1mbb;§110“rﬂqﬂt@m

nol ecul es required t roduce the desired carbon-car tElongéwget ween
groups, in SeEEe eﬁa HeSucE gredps, dnY of whishasebthic mfgw

particul ar &ﬁﬂ!ﬂﬁdo@er& 1t dﬂ-([j‘ BRSteIhHoRARSHio %Ms@éﬁﬂﬁed h Cyas

backbone, an AC (érou t a particular end of the backbone, as
requi red f oalky, ﬁafatﬁlkﬁﬂy’blc@pplklyma]t amvirlo, TAtoNYL Reforndiithivamide. Ss.sgr oups

are added t b th e d A O format |east
one pin jun%'yflajes %ﬁ)tfar%gﬂﬁa%ﬁ'ﬂ'o ﬁ'tr% %@@o]S%aggrﬁ%aggg ll’f%:e a conj ugat ed
nol ecul e having the desired arrangenent of p-segnents, n-segnments and
S paCﬁl‘ gr oq’;ﬂﬁg'! FI GBref&raﬁIgZ tgl‘te @}ﬁgrostphmnmdiateldiaaifﬁcanttdﬁe é‘ﬁ‘e@l@luarqioes
synt hesi s ani o e.conj ugat e

Synt hos! zed PN EraHOATEE ReehaUb IR o R Pt adionpt o
various Ar igequpgrotry siee eattp pesitibiog e rebolt frmmunéteble@nyu@m ed
backbone usi ng standard

rbon- carbon couplin actions such as the
Suzuki react¢Bnd ‘nﬂw?rsth&ﬁ’t;s %ﬁ?\‘srl&?ﬁlt of ﬁngQP% %ﬂ“’;‘/‘f’el ds of
product . ExadmaiRmgdd thid é&@b@&é%%%&eaﬁh@m nétrbetmcécea&aacaﬂ
schenmes depi cted |n FI 2. The Suzuki coupling reaction may
typical l'y yioed dnyisne of RliNBens a101eno- subst i tut ed product when there
is nore than one possible reactive site on the substrate. O her

coupl i ng r @k WﬁnsThD@thé@danﬁaﬂéa‘?ﬁolb&ﬂé%B%ﬁ&e&%orﬁiﬂ@&% ahleidie

backbone, anhd are known"in the art, i1nclude the Gignard
reaction, tanrg/stanlescstuinianendenanians-eihynene piotks linkast Paathento

skilled perg qclRAFESE BBl G coRRaRICHSAPIL bRGUBHBSMAN TN |

reaction tha results in n-car on bond
used to conleestonehg/njardtionsanyt whizh heseth AC growmeabomaend cithar

conj ugated nolecule.of Formula |, orn Foroula |1, 0 | e,
2T or e puc SRRl poRUEH o ateic BoR Thlping WA EHETE
coupl ed wi tdro2pbat/oetibiXdnde rmbeniterteckibaisakijedid hePetndRbZhde of
afford 4- tert butgll thio-2',5" -di net hoxybi phenyl (as set out in
Exanpl e 11 PEFEH)S: The same Suzuki reagent may be reacted with the
| arger substrate 4-brono-2,2',5,5" -tetranet hoxybi phenyl to yield
4- (Ex terltbulffgba lgmgﬁwﬁduﬁv;& ﬁatﬁoﬁthe-cbﬂfugamtrh??ey:biephanwé opti@taligut
in anpl e n angt her exa er or o

perf| ugPobl'ﬁFigéﬂﬂﬂ “g h’l@‘ﬂ%ﬁﬁ‘%‘é%&?ﬁ?@ HPYIR rim‘é’rtt]J B@?ﬂ’%’e Bﬁ'ﬁdgu
using a perhdignBBAmmt ;s@éd‘&é&%&hé@eﬁ@r@v\ﬂomﬂjl&"[G 3. In such a
coupling reaction, no catalyst iS required and high yields may be

achi eved. 4- tertbutylth| opheny ent af | uor obenzene (Exanple 12) may
be prepared from pentl@flim g Flelﬁg[ 4 ¢uptduAand
4-tert-butylthio-bronobenzene in THF and 1,4-dioxane. Simlarly,
4-pent af | uor ophenyl-4'-tert-butylthio-2,5- di methoxybi phenyl (see
Exanpl e 16) (08841 be Epele pagegintip e dedined Bbova. olHbayep gukogdiment

4" -tert- butylthi 0-ds B 8% frs Fmediately before the p/n junction, but it will be
appreciated that the spacer group may be placed between any two Ar groups

~ inthe 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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di r net hoxybi phenyl . [0072] Perfl uorophenyl or perfl uorobi phenyl groups
may al so be incorporated into conjugated nol ecule through |ithium
nucl eophilic substitution reaction, since such nol ecul es possess one
or nore fluoro groups that nay act as | eaving groups on

perfl uor ophenyl ring or bi phenyl rings (see FIGS. 2 and 3). For

I | t hioph | - f h
be- pr epar 6d-BYHEEUBPIGRG B Of HePPTDGESHHT SBHEn G FITR rPPTEE at
-78C wi th dgeabldpidbe BleaMium ﬂk@il%ﬂc@tﬁé’ﬂ:’éﬂiﬁrﬁr@b@ﬁ)&bﬂ@ the mdécde, 5 -
t et r amet hoxybi henyl? tetrafl uorobenzene ( @Vﬁ"{‘fﬂé al so be

prepar ed f owhisii i oalysallaiM %lectmr@cfedmféansm@@% hrﬁn@ 5'8 e

conj ugat ed

descr Tbeq i HoBe it Aef AR PRALARPRLNEY TROE THIREEFS AR 1 1 s
fully incor pnders’adadlibra’u’fbé spacearhep df fully po0zanjugaedAT f@&d‘@@- for

exanpl e, a tert-butylthio ou may_ be.in

conjmagat ed fOM gg%tpg gtloingofgan%arﬁ?%yn%%}-go@ 8@%%8%(%8&@8 P?"n“’g" large
reactions nmegihkenpevabbye cledtioh f@sn tunecBing tkbugie tod ¢ spmer divaippfrefrer r ed
Suzuki reagent. to incorporate a 4-tert-butylthl ophen rt)?cg onto the
end of a coRPRiHERIEd hasking @ Pae sidedf thgsR Efﬂf%ﬁhfé’d%ﬂi“%

tetramet hyl PQ%I&JO%%GOn B ok sSdPHEPRSBEcdrdBlp

4-tert-butylthio-bronobenzene by reacting vvlth butyl lithiumand then
4,4,5,5- tetranethy IboroI ane shown in FIG

2- 1 sopropyl S } ThIS
r eagent rray{[lizsaﬂrsed hecﬁpﬁear:@rorrptmﬁm{se gpigp. %ﬁr@ﬁ?’d@? ramdnefylene
reaction Ca@tr@e e Ef’c}déﬁg%ngyetﬁgl(ehe)drd%@ P Q(c@btohg(\']@ﬁe @M?bloh%ﬁ@@ﬁé

that may be tert I't hi ophenyl boronic acid
met hyl t hi opHispy) thivo dghiocthéaivy. SUFQOW‘SI]'ﬂHﬁO mrlmy@rcedwrwbqﬂ@é){.m ng a thio
Tooup:  ous e RPoAT b Al-fuersSarte BtispRbifityBr AUCAIANE JTBhy BF such

converted t y er cur | za forma nercury
group, foll gmmrbsbany ebwhich methylbnayethyigeds mupén%mmquwm,ﬂoﬁ as

will be under t ood Ki | 1 ed ers Ace
t hi o- cont ai fiY Bh%'ﬂ% 34585(?«%0['{@6“/ Ct’) d??‘(/%?hgitﬁgﬁeéé& ‘f1§t?ﬁ{| 't3" and
ability to i iren 1sel g-amgm@niahyd@fcatrmw@mfu@at tbanuite iy 8 a0y, @s.4pet al
substrate. 0076 person wl | gel and that the reaction
used to int ABHRAKIO, ammo nrtro cyano Isocyano an
[0067] A skilled person will appreciate that more than one spacer group
may be inserted along the conjugated backbone, provided that each spacer
group is flanked by a sufficient number of Ar groups so as to allow for
conductance of the electrical charge along the backbone, and across each
spacer group. Where the conjugated molecule contains more than one
spacer group, preferably from 1 to 20 Ar groups separate two adjacent spacer

groups.

[0068] The conjugated molecules described herein are synthesized by
coupling together individual Ar groups, spacer groups and an AC group, or the
relevantly reactant molecules required to produce the desired carbon-carbon
bond 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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a spacer group will depend on the particul ar spacer group introduced.
For exanpl e, the conjugated nol ecul e having a spacer group may be
prepared as depicted in FIGS. 4-6. For exanple, incorporation of a
met hyl ene spacer group in

4' -tert-butyl thiobi phenyl - nonaf | uor obi phenyl-4-yl nethane (Exanple
34) may be achi eved by nucl eophilic attack of :

4-1ett: but yit WRPRICaA GRONER RS BYIBRURVEVER BR ABPTULITIRIIE O Ph ¢ he
presence of st aihis | -§dyirHEhts mbiaphBet orblips OFRSS br-amenethychehiatibeny
(Exanpl e 32) "was synthesized fromthe reduction product of ethyl

4- (p-t ert - bliagiantd Spemplary isEntheaisengagigtie 30) by bronination with
phosphorous tribromde. [0077]Simlarly, an oxygen spacer group nay
be introduc 0 "R l2oaMihé Gzt dshik st@Rdard

per fl uor obi @ﬁg%!ﬂ mlrﬁe E?@E%’L‘eglrﬁ fO%S?B nt%_e”si s of a conjugated

nol ecul e hawitigpda keawhiinl thesphderr exaopfe, ithe vaiaisehfgreteniayde t he

yield of such coppaou t A - e .
ett - bty FtrpRaRy e e BPman SefifianthincRbe T 500 Sirffoarten
Exanpl e 36) carpbh ebupting rbactibwe suchparthe Saztitieeaetida. Minid amphach cany of
ol ecul es. viToItGhAy VCRHaH el Bt AR ST G AP0 Sa

nmol ecul es r e .

with p/n | P@&tih%réa@timséﬁénﬁé@@éfib@mﬂ FRG$) Tand kasks Sdevkicespliide
juxtaposition of an ArP group an oup in the present | ecul es

Arn gr ]
creates a iigeshornoaydntiesly Wiglf crorelteait g%%s"fdﬁ?nnff'ﬁ‘é)%“we REPSHCE WeE on
but not in t . i L fdi ote] a i pyto
the differ e{r?%ge %n'ﬂglﬁetpéﬁgﬁg%gg%b%e%ag@% étniwye\brr{(ycal I gteﬂ%tbl' (?@mtgesrt@ugm
unoccupi ed mwattiors habimay e ysesidgreennecifd droepsingbg heebose, g which

nmol ecul e, as_i,s depicted.in Fl Pr ovi . p of
the orbi t af s aiagsr, Prlibind crEhatEaeud] e SHE CARTAY racteh
adj acent t oapdtHe Hbectattal. Ackliadpersondiifl Lederstarfd that amenedéephilicas
will be the case where a p/n jungtio ccur.s urrent wtl to
flow in oneswsi'gﬁgtoi"dﬁacat[ﬂ“&égt %ﬁ@ﬁw tg% rmaiigp oﬁ@tca?%oén-t\é\%rhgp ?)%{Aﬁgﬁ%a
posi tive bi gs yb&d aPdrireet e \arisnk geolpe Usaditodoran p-pasgURniconjghtedo t he
positive electrical contact and an n-segnent next to the negative

el ectrical Bwils of kas@ulk o7 FefBylgyl | evel of the positive
el ectrical contact wll be close to the |ocalized HOVO energy | evels

of the p-segjmg apdy BRARBIeS AUeH-Rayintmeingr4 418, b-téthendioMol 0f2-t he
p-segnment from the negative el ectrical contact Conversetyé, ghe Fer m
ener gy Ieveﬂ{oéﬁb@ﬂﬁ@”ﬁe%m%wéhé’@ﬁﬁl'@%ho’@@ﬁ‘?r&ek’e%qnﬁ’ f)%ta ?48Y and

wi Il be al sy, SO RNE b bdindthol/bforgRbs seflobihD

adj acent to the negative contact. Thus, electrons can flow fromthe
negati ve coRkawpla bl bélewh- Thgseme Surmikivierpealcinay HetrpreciadMaiBihe larget he
positive co ekl Op: ; e Lhe energy
barrier o PIan e esss e d - p B Gy e PR oot

conj ugat ed buolyithiobRenyl )& 248, 5htattadthoiybiphengs(set out in Example 14).

[0071] inanother example, a perfluorophenyl group or perfluorobiphenyl
group may be coupled with an aryl bromide compound using a
perfluorophenyl Cu reagent as shown in FIG. 3. In such a coupling reaction,
no catalyst is required and high yields may be achieved. 4-fert-
butylthiophenyi-pentafiuorobenzene (Example 12) may be prepared from
pentafluoropheny! cuprous and 4-tert-butyithio-bromobenzene in THF and
1,4-dioxane. Similarly, 4-pentafluorophenyl-4'-fert-butylthio-2,5-
dimethoxybiphenyl (see Example 16) may be prepared from
pentafluorophenyl cuprous and 4'-tert-butylthic-4-bromo-2,5-
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attachnment of the conjugated nol ecule to one el ectrode attachnent

wi thin an el ectronic nol ecul ar device, typically a connection between
the conjugated nol ecule and a netal or polyneric surface. The
presence of the AC group at one of the nolecule aids in the
orientation of the nol ecul e when assenbling the nolecule in an

el ectroni ¢ nol ecul ar device. Since the conjugated nol ecul e possesses
a conduct i wénethosdiptemylit is inportant to ensure proper orientation
of the nol ecul e when fabricating devices. As is discussed bel ow, the

AC group alheys | PerdiliSopRShHSRbERHIUBRIEMENG Goupshiayadsebbl e on the
surface of "an el ectrode surface through a contact b tggeln th

N¥ e..
group and titeredratsdrivigecongugaied mplegyia theatal HBUBLH béﬁégﬂnt he
el ectrode surf.ace._. ' ' i f i anecond
ol cct i cal TERTRECENGS oA RRREIR AERER bR RS e e e
i ncl usi on efct as $Rabergrgnesipn iperfivoeopheeyking eoip e dagH s GS. 2 | ows

for constructiqn_of negativ Lfferential resi 11GeS,
| whi ch cariet ol P ev-GRir 5 AP P RN B e e 12

wi I1 not flpyy BE pHata0By cobsing skt ayitHidnrenybliigam hOUS3RTHEC

el ectronic conducting property of th?‘ﬂ di scl og?gl Q,qnﬂi?ugat ed nol ecul e
can be neastifedecsiiupigbiienybidaaByyiiernesy -4l éarmPng t unnel | i ng

m croscope, j ; Clt hFarfcESEmtls 1 9SaPYIsods W | | be
under st ood tggérgﬁgl??ﬁlgd gehﬁseg%.gu%?iggﬁ‘mféyr{ q:éﬁ(en{g!)vegni ﬁg principl e of
scanni ng t ywaphiedrigloming ostoisr rSTAUIes t he quantum tunnel |ing of

el ectrons through a thin potential barrier separating two el ectrodes

oh - - i Vit
ere one @;}%{ gn éaésggig%ﬁI}ﬁgé@ﬁﬁ@at&ﬁPno@hléé.oeémmﬁ@gaaryl@hbage( )

between th sem conduct | ng sagBI e, a éurrent
can flow (Igthymeenemnicchiesds deevinedde $)SiRatent Nei ¢.78P SOaNEEU$S G educed

to a few atom i aneters. | «ent strongly
depends on @%%&8 @t’%&c [Bé?%gﬁ&{éﬁgtﬁjgﬁgﬁgrérﬁg rs%égr{% e, and also on
the potential difference Vt. gy varyli ngéé}&e3 Py?ﬁlg.enti al di f%gr ence

bet ween t he[00F@] antha A€ granp) oy ekévplesp SUASIO@EPHP.g83Y
differential cgnducttag(ﬁe dl /dVE\él)mﬁ%ﬂuIp%m%rs‘?%dam@afyowc%rrwi al
conduct anceMaFHRAINIOFF SOPUIAGHMPECHF U FGATC “densi ty of st at es
(LOGS). As &higing rebctibes arintioned ebdvaguames i@ S8zukireamipngated
T T e
substrate aggy 604phgGgdted mdetue aatadbliyhgdpbhenylidpt,6f5-a scanni ng
tunnel ling mcroscope. The |-V characteri st

i d f
4- acet yl t hi @ﬁiﬁ@?ﬁ}'ﬂ)ﬂbﬂfﬁ@ﬂﬁu‘dh@ﬁii%ﬁéﬁﬁﬁfeda?r@“i4‘?%%{;(&&@’@%%5?“%%“&?13@( of
FI G 9. [ 00R4)finf Gfth HERA FNITRIRRhén PAMITRSbASL £ 50N P/ n ] Unct i on,
such as that de cribed above, is useful for incorporation into
vari ous nol etahesthdbarolanerisshoa UG- Thiys reagant Maytheses ererslc

10, there is.provi mlec j i i ]
ol bct 1 ool BURPEE ESEHRTREE e THRACHB b oG et By PN D)
connect ed t OtlidreSzakicedgeitts thatiroay be osed el fey-wddihinphesy! hsPeiSul e

égnt th SS tgci]::i(gnré]rﬁetﬁﬁﬂwqggﬁén\g?bg%tnpc é)c%_ween the two electrical

[0075] Ifan AC group containing a thio group, other than acetylthio, is
used, such an AC group may 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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[ 0085] The electrical contacts 22 and 24 may be conposed of any
conductive material, including any nmetal comonly used in electronic
devi ces, such as gold, silver, copper, platinumor palladium The

el ectrical contacts 22 and 24 may alternatively be conposed of indium
tin oxide or a conductive polyneric material, for exanple

pol y(3, 4-et edlo hene ol Lllne The first
el ectrical r?@l Eé:’ 6%%\8@&& f%%l‘-'%%g?éﬁ}? %ﬁ' CE Hé%erdetﬁ firodidcs
conductive a&bséérgjm@ﬂ@Mtrtﬁep%ae]@mhélp@ﬁwunm@pa@@rgre@;s intfcQ86d.| Foor der
to provide a solid support for electrical contacts 22 and 24,

substrate 28xamyledieicohigaiethaolpsele haring 2 FRa%e IGRHP TEHDSRTEPARY a8ach
be deposi teﬁ ePibed ,ﬁ?@s'él.\éelfop a?l":ﬁ?étlﬁ?&gt ﬁﬁlion"&l‘h‘?ﬂeﬂ’@ n@%loébéﬂ con,

m ca or a plastic su strate SU ene ter thal ate or

pol ycar bonagmup[ltﬁ)@BtB}“bémywﬁn@Empbemnpugfm%dblpbﬁl@dréﬂé rrmharse Fomnee to

el ectrical nt ac I ve
mat eri al of né@(b?@gﬁ[ec%ﬂ?’g%wc%gpgﬁ%%tﬁg QPQ&%?F ogat z)d&ﬂgﬂ é/l end
of theI nol ebighenyEEheﬁcEﬂ@@bbimahﬂGm théZprESenml@‘lmﬁylﬂlmmi‘neMtemm Ar
group located in the backbogn e othe d of ¢ Iecule
o e conuifiect Femactes b POSURIESaRPHS 21 it e o Tp e 2

and 24 thr Ok&m[cﬁ&f ﬁi%fduefbﬁéthﬂ Wﬂ%&;ﬁttﬁ&&éﬁ%@éh@éat@f(E%\mgrerac;@ly
contact 24, such as a covalent or an ionic bond between the AC group
and el ect ri baimipafinnagith prosioreds ishemighysi cal cont act between the
free Ar group end and electrical contact 22. The AC group on one end
of conj ugat le £ Q¥lERby BEMdraMUCBd AoRe higheabl
contact 24 ?bﬁ?rs? regﬁfﬁﬂwgé%gﬁrﬁ%greﬁl ge grl(r)up such asp| a
thiol gr oupgrQW|Wmttcfmwhﬂi@etﬁt%k@ﬂtﬂ@ﬁiu%omﬁh@mbfl high Vigldct ri cal

contact 24. [0088] The conductl ve path fornmed by conjugated nol ecul e

10 may be aeﬁh@ | esoR Jth%%lélcﬁ @dim%?édﬁfeeﬁa\ﬁﬁge&gnmaélspaeé\@ﬁw|322

and 24, apuraltyo ' ecul e or it may fornmed from a
monol ayer f@Sﬁ@ﬁicdﬁnt,aaqoﬂharmidwsmh mmjgmséantdﬁ)ﬂod&mﬂow i@ example, 4
[ 0089] Depen j ul e
10 used | n CHeP el g8TH A ByaldoBBhehfiiRuFREl g ERnER 6

el ectroni ¢ apghircat bedse if 886} Ferwestanpdieophitvite olither swdfidect r oni ¢

devi ce 20 n?l%er%%dga'%s' gned with

[0079] In use, the present conjugated molecules will only conduct current
when under a forward bias. As with p/n junctions found in traditional silicon-
based devices, the juxtaposition of an Ar® group and Ar" group in the present
molecules creates a interface across which electrons can flow in one direction

but not in the other.

f0080] This direction of conductance is due to the difference in energy
levels between the localized lowest unoccupied orbitals of the p-segment and
the n-segment of the 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
molecuie having a p-segment next to the positive electrical contact and an n-
segment next to the negative elecirical contact, the Fermi energy level of the
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di ode characteristics by using conjugated nol ecule 10 having a p-type
segnent adj acent to an n-type segnment within the same conductive
path. The different type of segnents will exhibit different

el ectronic properties due to the character of the Ar groups and any
substituents on the Ar groups included in the segnent. Such a

I I I . | c, deyi il t ai Ln o) ithin th
conduct | ve WabHVe Bleci g ed et il bF Q<A B1aF Trpiapou GBI BRPEYdPiReo
[ 0091] Mol ecuhsp-seh@eht aRd o8 \HbaR b@iD%W%o]?ﬁtdjfﬁ%kﬁﬁ'ﬁI@b sOn8pRinte

negative differential resistance ect en a suitabl e voltage

N
is applied, f@ﬁbﬂﬁ@ﬁ&ﬁ@@émg'%ﬁioahwéa@s Ca)erwemme Femmanergedeledée
F | €yl ' SO | f
o acont™ oeb SR ABERLANR M R LSS L PRI AR ML R 1P

roups W thin conju écu
10 resul ts imtwbtreclobalized 1d)dOtadiatent thethieaegativd batiacts TAusNERBciew ce.

W t hout bein tg a particular or this effect may be due to
the | arge dit"ﬁaﬁ&\éﬁp%@?ee“ t\)@@ﬂ”éﬁﬁ%@?f%ﬁ%ﬂ'@%ﬁ@ﬁgIvﬂﬁécﬁsﬁéh%nd t he
adj acent phemytainetgihelidsitie coplact. Thaesl BRI RIS cambtRReaReld faed to
t he redox process of the active nolecules, as well as the

conf or mat i oRAFTIY(RRNGRY teAIQW 1B R RRASEE disclenl e 10 under goes when

pl aced under an electrical field. The redox behavior is directly

rel evant to[edsa] chan g breaBInfugBiQL@dRcult, HPAC Yromp Bill@ethat is
nore easily oxidized, or nore easily reduced, can nore easily conduct

an el ect ri caftachingrjof e pAenivgatednaeale to oreislectreds atarhmevaliioan of
t he conjuga Lo i r.at 1.on

di fferent steeggngﬁ?ls: %\?\A&té ﬁu%tla??@feé%ﬂgcﬁ%ﬁ}e?ﬁ%ﬂ} g%@{e%ﬂetgé CQ@HQQF |dson
of the redosdrayieandia roétal o edyncens sfaced el mesdres, oftherdG/group at

4-(p-tert-B i - ' ' -Letrapet hoxyhi phenyl ( TSBQO),
(0L b BOROEIL o S SR SR fLR
t et t Butyl t hitephelegdledn @' sl&ttraticmbleaxicd enid) Sirekrthé lcunjugbrizene

(TSBFO) is illustrated in FIG |1 see anple 41 for details).

[ 0092] Al t er HEI"?RI’LGI Q?S%F%%EIGQP"%‘IJ@%WSH%’,g@%%@@ﬁﬁ%“% ed’éé?@g ned
as a resonabtiedtaiiiedf thagndicade wientiheridainy UrvRBs Os (€ RisddddeRithelow,
nol ecul e 108%3%/@%800% or re non-conjugated spacer group X

i ntersperse o AP hellvshion fig emiurird pivkecuinie sedrressARly ab e spacer
group i nser kgghdedrart S18cH@H élﬁ%@%t%hbﬁ%né%?%%@f&ﬂ@é% Groud and

barrier for electron transport. Thus, "I n or device'to

conduct cur fériegjfodg, easedicthapprdheoleshileaapsenibled en Hecelestde for an
el ectron tos?ﬂfkﬂ:‘é as HABHER J&ﬁ)?l'zr%fgrlté{ f rﬁ'ﬁrﬁccgé'g céﬁ?fe!%@‘trrﬁ:élet{ ntact
evi ce may Be NEYTUCt 8d As T Ol

[ 0093] Mol ecul ar el ectronic ol I'ows.
Each el ect r wiakhecoufanst of 22sanodd 2eamadebe deposited or patterned onto

substrate 26. The conjugated nolecule 10 is then assenbl ed onto the

first el ectggd C 24 | . i

excanpl o, by [P} . C3BERISit, bl SpaR AT etk SeTBYo Rt Ble son

wi || under saliove howonsirdotiomos ebdatve skidikbrtialresisthaye (MDBJ detiees, in

conj ugat ed | es rj efl substrate 26 having deposjte

ol obt Proal BRI ESpwllcH sy sBHN 45858 R Tede nge. SanrllLatidaw o

mol ecul e 1Oveliagesbbede and defwi ththlagger gani ¢ sol vent. The organic

solvent is any solvent in which the particular nolecule is soluble,

d . .

an [0083] The electronic 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 fip. By applying a voltage (V) between the tip and a metallic or
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may be, for exanple, tetrahydrofuran, chloroform dichloronethane,
1, 2- dichloroethane, 1,1, 2,2-tetrachl oroethane, toluene, xylene,
chl or obenzene, 1, 2-di chl orobenzene, cycl ohexanone or 2-nethyl furan.
Conj ugated nolecule 10 will arrange itself on the surface of

el ectrical contact 24 with the AC group at the electrical

ddi 1 on'or SigtUEhG REfo bR PRT Tl 4B e SR ietodkae o

ammoni um hydrtei gheir distyndtelsied el ODfe® ABRICERATASEETIS ¥rPlitdas %S -
Al ternativel Lan%tn%.{l r- Bl odgett techni ct]ues, whi ch are known 1 n the

art, may be S GHTER: StEiPLIBREAER Apdhe Sistensejhrgueen iroiieend Hemaruc,
lentriy | . o A .
Cop of the rona sy o e Pohid iy v E b tofasl TR
el ectroni c deivesn e fmgnbtesssuns) 166 specoalaamgdr aeiheadifersiiial devi ces
: . At Angon . dou! o VL
examie. _t neonaubEbe APSvAREN IS fifedRER hel it ERRACRERERE ferl
as nol ecul ardirsuily thedscalrdeatmnicadszithef sategLBOS). 44 shdwginghgat es.
NDR devi ces _have_ puner ous p#i cati.ons, |i nﬁl udi ng hi gh frequency
osci | | ator s,scﬁﬁp?ﬁﬁglea@f%rp qugg @ gaedated malerle oVhichis dericisdnert er s.
[ 0095] For  exaswitRiophbeylHINSAdr8bipREARS RN ie ﬁ%éh@%d@ﬁa%l&éﬁo@tr&%
in ar

}
forma crossbgr, a@% may be assenbl ed info crossbar devices.
Crosshars affit GPYBSHAP derli-cagteditengsiendip iochatshanaing turnedingreicroscope.

described i mhb3\Pak&abicifcs Beadi8u 363 a0dyfddftAon RRlRoginai oh

are herein fully incorporate y reference! Ccro

el ectroni c @hitleslrated bytihe geaphnefdite. ®wo crossed conductors 32 and 34,
for exanple, wires, which intersect at a non-zero angle, for exanple,

a right angl N tALShi 1,00l i.on is nolecul ar
el ectronic gg)vsiélge %b?rgﬁ@ﬂgg H’i{fﬁ%ﬁ% g\%b Q%E%agfg%%‘g@]gng}oz, ék'crh%%- zero
angl es to edh destréred shafeeisalsefyl fotiscabertion dab varotaaictedalse at

right angle er. ecul.ar, ele i ¢ deyice 20 used in
the cr ossba%iegfe}eﬁéﬁgd%r\{gc;?gbg hg%/’bn%ﬁ @Hﬂfa&?gm @ﬁ% ﬁ‘%‘? GuROVIGeH Aansi st or
or the Ii \I/(\E mwerdirl]ar&rlgcﬁmrﬁ@dmmhawhg &b @mgn&aq:@@@tu@ﬁsqzsaﬁ 2:?. h'ﬁh?

Bl ect roni o HEUFieETbs! FARGEEFLE SERNROR & MEReoAd AR e b FodRORbaY s
may be arraoggdgatadanolaeilalol o hOkdTTormCH BSHRRfvE BYIHSanMEh & two
conpri ses aségﬁjc%g? of nol ecul ar el ectronic devices connecting two

sets of cro ' ANtpEP- conduct ors. Each set of paral | el conductors
generally forns a plane, and the two sets are separated from each

other, and [UB5R r angededcd RakiabRE2LHNIPE Wy Sd BoRBSiPSiarf 0SS the

conductors ino}he other. At each crossover point between t two sets
of conduct of USRS FHRiRR)r INEldiRg lyrnelat corsmeplyrasdda dastianicaiestives or

fromthe of aeh &ehollysar UoBEls BULAPONSARLAM, TR, LGRSl 25

mol ecul ar el ectroni c device ar devi Ces
nmenory devi 824 feRvsaitrsoatively lgDoaposectiotindiemt i oxifleor adohdudigeei n

are fully i pABAE ARGridYsor BL&hBRIsly(3,4-ethylenedioxythiophens) (PEDOT) or

polyaniline. The first electrical contact may be composed of the same or
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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[ 0098] Al t hough vari ous ‘enbodi nents of the invention are disclosed
herei n, many adaptati ons and nodifications may be nade within the
scope of the invention in accordance with the common gener al

know edge of those skilled in this art. Such nodifications include
the substitution of known equivalents for any aspect of the invention

in order to achieve the sa esul t

Al'l technicéftt rﬁﬁ'dﬂ"é%‘l"éﬁ?raf:% 'E’%tf"’r‘ﬁ?n %&Olpf&ﬁé %}ﬁééﬁt%gﬁggﬁeg?%?tn
as commonl yzAJ?Fl& sl ﬂQC!;rB %Qtééifathr@l ST Of 15 irldledule.t Bizcaichl afntadii2g
i nventi on, ess def |ne ot herwi se. [0099] The foll owgﬁg%exa l.es

i |1 ustrat e iscauplegrie thefirstAugioupdosaipd sude Rackpenmpet ¢ cgups
and AC groug%{wt,gg}gﬁ%u&ﬁgéHé’”ﬁqéa%dg@étﬁamo%mé '?Gbﬁgﬁlemth@ediﬁcﬂl to

synt hesi ze odi ment $ e conj ugat ed nol ecul es.
EXAVPLES [ 08Q835:22nde24 thrdugpfarmaiiomotd bandswih e mevsis! eheBeisane

1 00101]In a o r round-bottom f ne
glé ([) g, 1%@@%14%146,'3;.;0!&@3@'0@@!8;1 OF(%'E)'%'C)@@?Sba %gh%dér ggvé} rs)%;pté gﬂna

sol ution of gikchivafbdiRadi@ay bemzsauh (ih3iddl gontddibetwet) thiafrehAogolior m
and net hanol (400 m) at OC After Sl%\ll‘l‘ln for 3 hours \%%m of
saturat ed N 4 Glasticah ComfaciRd e H1e MedrahR anCae  Svet SRAMIAEShed wi t h

water, bringaoddis %’ag%ﬁﬁ aSRQEI Bohd AR clebircal coftacsRs beftst was

renoved on a rotary evaporator, the residue was distilled undetr
reduced pr em:egﬁ@fqrm thatBveBgipUDt Sucsas ailiekgauyurird B ERESWithe! d

73% lHNNR( IBE%%ZB%%%&E&" C,gn?)ct §.859 (s, 2 H, 3.869 (s, 3 H),

3.785 (s, reparation of
2, 5- dlbronD 1, 4- di met hoxybenzene
[0088] The conduciive path formed by conjugated molecule 10 may be a

single molecule connected between electrical contacts 22 and 24, a plurality
of molecules 10, or it may be formed from a monolayer formed of a plurality of

conjugated molecule 10.

[0089] Depending on the design of the particular conjugated molecule 10
used in the device, device 20 may be suitable for various electronic

applications.

J0090] For example, molecular electronic device 20 may be designed with
diode characteristics by using conjugated molecule 10 having a p-type
segment adjacent to an n-type segment within the same conductive path.

The different type of segments will exhibit different electranic properties due fo
the character of the Ar groups and any substituents on the Ar groups included
in the segment. Such a molecular electronic device will contain one p/n
junction within the conductive path, analogous to a traditional microelectronic
diode.

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

phenylene groups within conjugated molecule 10 results in molecular
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(2) [00103]In a one liter round-bottomflask, a solution of brom ne
(35.2 g, 220 mmol ) in chloroform (50 m) was added dropwi se to a
solution of 1,4- dinethoxybenzene (13.8 g, 100 nmmol) in chloroform
(400 m ) under OC. After stirring for 3 hours, 100 nl of saturated
Na2CQO3sol uti on was added ~The organic | ayer was washed wth water,

brine, and drefg msulfﬁ\bgg The sol vent was renpved on a
rotary evap&iegh! Ca?eﬁ}’ §|S(ﬁﬂa deydss. ofvitBaut eing Bewnd ozt i on
from et hano'pa?ﬁbuﬁérft@é&{%rseef%c%nﬁﬂ&dﬂé b tﬂ% I%Q%%?MM@%?@@ Bendedet 8

g, 85%. 11-1NWR (CIDC13) 67.128
[00104] ExanﬁF%PQﬁfUPw@bﬁﬂﬂﬁ!@ﬁﬂgfand-’fhéﬁﬂfab@mt)nhelﬂb’b-nbmtdbe%amﬁ tha)

tort - butyl ol oerag mageg deb At oRg b BibhieCoidhe BBLE nBruigs e

all the sol ivadl aditbe ebufedmatidrenl chacgs &ia)‘/t:mmu@aitedmmoléaﬁuléxl’iﬁll&d@fgo@ddEd
100 of ice

After stirrin 2, ho our.ed,int

wat er and e%‘fhggcqcf% 4 rﬁ‘gﬁt&?é”?%)%'@y ? l?ﬁ‘é?ﬁ"‘q}ifét%glfeéi%\?%]&"%@i{d
the crude pk@di@dhdf@étr@ﬁépd‘r! Srdcusd th tﬁhtaeﬁh]oféﬂu%a( lkSREranAp xmfzebine
eluent) to offer 10.5 of 4-tertbutylthio-bronobenzene. The obt ai ned

product was OLEK¥E PﬁS'WﬁtﬂH%%d 2SRRI esdy GPRdst an rlgatiesl chargefalent i on.
[ 00106] Exa”meenﬂleca[eepﬂ%%t } gﬁ%%)eh?g%libdftﬂé EQhJ%Q%@B%OIéCIﬁ«%%Bﬁ be

tetramethyl-1, 3 di oxabor o ottom
flask, a somaniatet by. l@“@@@@@m’mﬁﬂm‘fecﬁntsegmentsbmrﬁydrffbram blectrobienzene

60 m of lith 1.25
: 2 20 m 8 % was thmrF%giP i/ﬁ%gﬁgéé 8%)%‘0\?% Ol%tt%reg #%ng{gﬁi(()t tom Y
f2 | ask. Aftemdedulesd, mgn‘fed));dl Lo-ltmﬁButﬁthﬁﬁhgrg(]g% Z‘Fmﬂr o “Jetefmethox Cifé:)lepdhenry{l one
i sopr opox i OX i
portlgn P gﬂ?%?@@ é&gé %é?@éd"oﬂqﬁ YRBhP B Z?§Pm?b fofd stirred
over ni ght. Bog/lthRptbhgn-@s’ amma@m@mp@m&mh%wﬁaﬁﬂwr ated

sodium bi cafBonaLe in FIG. 11 (see Example 41 for details).
[0092]  Alternatively, molecular electronic device 20 may be designed as a
resonant tunnelling diode by the inclusion of conjugated molecule 10 having
one or more non-conjugated spacer group X interspersed along the
conjugated backbone. The non-conjugated spacer group inserted into the
conjugated oligomer backbone creates a barrier for electron transport. Thus,
in order for the device to conduct current at a certain applied voltage, it is
necessary for an electron to tunnel, guantum mechanically, through the
barrier.

[0093] * Molecular electronic device 20 may be constructed as follows.
Each electrical contact 22 and 24 may be deposited or patterned onto
substrate 26. The conjugated molecule 10 is then assembled onto the first
electrical contact 24 in a monolayer. This may be done, for 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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sol ution and brine. The organi ¢ phase was dried w th sodi um sul fate
and the solvent was renoved on a rotary evaporator. The residue was
purified by colum with hexane and CH2A 2 (4:1) to offer 4.9 g (yield
85% of

4-tertbutylthi ophenyl-4,4,5,5-tetranet hyl-1, 3, 2-di oxaborol ane. 1HNWR

CDCl 3) 67 = 8, 7.600 (d, 2 H J =,8.0 ,
(1 468 %s 13'%35*99’ 'ﬁ%f"%”zfi'e fsﬁéﬁyg%’%rﬁ%@%ﬁh 5]§H°mra%faﬁa%i€§) of
sodi um 2, 5- diummmebhﬁpbeny]szteimhﬁartﬁﬁhar[é)(@é{@%é rky@r@@hrfs*rob%ne%

r ound- botto of THF and

2, 5-di met ho y% %@ﬁ?ﬁ@gm%@@%?'ﬂw rpmetiyyifupan. e@bﬁ h@afeﬁunwlawi@n
of the reactoapy a?raﬁ@é H&élf)& fHe Btk e%cg’ c%'l E’E?rlitg @Vﬁ% d&éeg?guyﬂ :

90 m of THF was ad dropw se to a roun ottom
ni t rogen. Tﬁéfhee%l@@fﬂ@ai opatact/sfdlesuéalinfesiacanatchte mwmAﬁcnndsfrea nen

cool ed down o] d ution err dinto
anot her roungﬁﬁ)aﬁt ?%Hgﬁggigcongtgw @’Oi“o}“{iﬁxéﬁ’lﬁ’ % prq)g 8t hyl
borate in 3@mbniom MijdFoxide, mhlamlaelpb@ﬁ%nﬁﬁé&!@@s@i@ass@ﬁbiy'ﬁk@ce’sgact i on

m xture was ,gradual | y. war med omtenperature and stirred
over ni ght . S8BT gY: LATG G Blidgel e s S U BIAIATe Kaows ZathecHt, ey

stirred forba uedto foNt £mohbl waéf écﬁmg\é@éu %Ié%u']@‘l@b}i Téﬁ&%i [ 8bQ5¢t the
was a

resi due was_extracted with 20 et her. dropw se
to the or gaﬁﬁ %‘@'Gﬁ*ﬁtﬁp" ?1%33%9@ d%fPﬁfde@é[ﬁéme@fihEm@nnHﬂyBEO‘éol i d
was filteredogndaidbikbletdap, vacuumto yield 9.0 g sodium 2, 5-

di met hoxyphenyl boronate. The solid was used for synthesis w thout
further purification. [00110] Exanple 6. Preparation of

4- br ono- 2, 2[0094%: _ Mté@t?téafeetlﬁ@wm geides/20 ey ieasseribled info fargem

fl ushed tWOefé%ﬁ"Bm'E: QQeQﬁ% blid ﬁﬁg cgﬁor?,éﬁ%uc?g@ nirélf"ﬁﬁ?& o%]y(c%s Qngmol)

of sodi um 2, 5-di net oxyp oro
2,5-di br onosqnsmf%h ﬁelt @WerﬁleﬁestMtn@nemnglmlld}@esozfescrlbed herein are

and 50 i of i ORI SRR, 85 BN oS0 pEmBurter TRLAHOHAES. Artor
cooling, t hNDRade\na:emhamemLumao\aaspﬁbrdamaﬁé afciuding Mghirtquaseyat e and
the organi Co?cnl?%ors mult:phers logic gates, analog-to-digital converters.

[0095]  For example, the molecular electronic device may be used to form a
crossbar, and may be assembled into crossbar devices. Crossbars and
crossbhar devices are known in the art, and are described in US Patent Nos. 6,
459,095 and 6,128,214, both of which are herein fully incorporated by
reference. A crossbar is an electronic connection that connects two crossed
conductors 32 and 34, for example, wires, which intersect at a non-zero
angle, for example, a right angle. In this case, the electronic connection is
molecular electronic device 20 in which the electrical contacts are at non-zero
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.

[0086] A crossbar containing molecular electronic device 20 is depicted in
FIG. 12. A series of crosshars may be arranged in an array to form a

crossbar device, which comprises a series of molecular electronic devices
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washed with brine and dried over nagnesium sul fate. After the sol vent
was renoved on a rotary evaporator, the residue was purified by

col um chromat ography eluted with hexane/CH2Cl 2 (4:1) to give 1.0 g
4-brono2, 2', 5,5 -tetranet hoxybi phenyl (yield 63% 1FI NVR ( CDCl 3)
67.187 (s, 1 H), 6.836-6.951 m4 , 3.869 (s, H, 3,814 (s, 3

0 3057 Gl U LR e 3138
112. 933, 1165@l@tordgefally for42oiaté Haithoto Sets aibGeparhekopl axch

Preparation of 4,4'-dibrono-2 5' - fetranet hgx (7)
[00113] I n 20then 3 e aRanged ﬁ%ﬁ‘?ﬁflﬂa‘%w Ty ‘%Pa&béqg n‘)éﬁ m ~ of

CH2d 2 was Ci(c;r@lr?thécat}‘\’éﬂ O lch erdds8vél painoetiveBi R WY @dbenzene

in 50 m of The reaction m xture was stirred overni ght, and
then it wascowdsietods.\d eandugtas froanaadiy saids aprnentedlp Ao UsRy @S Hif

sul fate. r V) 5

resi due vvas&ggf%%[eog}oa %\gggﬁlﬁrﬂ%\ésgﬁb@%ﬁfég&g Cféﬁs’e%@e%%gar%ew%ghﬂlﬁ CHz2dQl 2
(3:1) to obtavice 2045 ghafrodsbdr dedicbs armuéiafai asbmemoaretedors duksdigeheny|
(yield 68% 1HNVR (CDCl 3) 67.194 (s, 2 , 6.841 (s, 2 H), 3.877 (s 3

ARBARAIN e RN et S e tﬁ)heF%ﬁ%?éﬁ"k‘?aCﬁ borgted by reference.

neck round-bottom flask, a mxture of 1.46 g (5.0 nmol) of

4-t ert - but yJooRBp phatlydugh varmus-anstadimentsyof tHe Bwventiati aatienledeshe, 2. 36
g (10 mmol) i by ompbenzene . 1.5 not9 fors

t etrakis(t rb?fﬁ%ﬁ%@#ﬁﬁﬁ@f‘ﬁaﬁmcﬁf?ﬁaﬁgag AT E‘%Fg"gt@i"hmecsgro B8 %ht e

and 50 nl ofhetiplainion nw\/aaccﬁaﬁmnf@mﬂun@eeforﬂasn@eaemfghbwleﬂgeeftmel i ng

down, it was extracted wt

th tate t th h
was washed Hikgd 'Brﬂ’“ﬁé"rtarﬁ?l"qﬁ‘rm@@x'ﬁt?q%gﬁ‘gﬁﬁ%%%ﬁ%h?@%ef rglofvgn? >

was renmovedsQilyRehiQHET dnyeX %@f 8t Pk ;n\Ie*hﬂoﬁ %bﬁﬁé@ td\/ééhl@\kb" thfelﬁﬁl@tsésult
colum eluted wth hexane/ : to offer 1,

4-tert-but ylmwbgtmmlawfbmwww (‘éuntpad;g%i Sc@mttﬁiq\tﬁﬁn§m ggrein
67. 631- 7. 59
D00226] Exant i e baile mbaiil dschorindlly uhdpftoddloy 818 of drdfithfy il i 1)

the art of this mventlon unless defined otherwise.

[0099] The following examples illustrate reactions for coupling various Ar
groups, spacer groups and AC groups, which reactions and variations thereof
may be used to synthesize particular embodiments of the conjugated

molecules.
EXAMPLES
[00100] Example 1: Preparation of 2,5-dimethoxybromobenzene (1)

[00101] In a one liter round-bottom flask, a solution of bromine (16.0 g,
100 mmol) in acetic acid (50 ml) was added dropwise to a solution of 1,4~
dimethoxybenzene (13.8 ¢, 100 mmol) in chloroform and methanol (400 ml) at
0°C. After stirring for 3 hours, 500 ml of saturated Na,COj3solution 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 vield 15.8 g of 2,5-
dimethoxybromobenzene (yield 73%) "HNMR (CDCls) §7.148 (s, 1 H), 6.859
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di met hoxybi phenyl (9) [00117]In an argon flushed twa neck
round-bottom flask, a mxture of 1.46 g (5.0 mmol) of

4-tert-butyl thi ophenyl-4,4,5 5-tetranethyl-1, 3,2- dioxaborolane, 2.0
g (6.7 mmol) of 2,5-dibrono-1, 4-di net hoxybenzene, 90 ng (1.5 nol %
tetraki s(triphenyl phosphi ne)pall adium 20 m of 2 M sodi um carbonate

and 50 m of | .u S [ u r 85C overnight. After cooling
down, it Wa@éjﬂ)r ggﬁg\c’i’g\/\?ﬁ %?ﬁng gg)rate and washed with brine and
dried with magnesium sul fate. The sol vent was renoved on a rotary
evapor at or , [(01©2] esi di@nsls 2p Brédaraitbnbyf LBldimomet Ld-eimethosybdnzenexane
foll owed by the m xture of hexane and CH2CQ 2(3:1) to offer 1.04 g of
4' -tert-but @)t hi 0o-4- brono- 2, 5- di met hoxybi phenyl (yield 55% . 1FI NVR
(CDCI3) 67.604 (d, 2 H J =8.0Hz), 7.505 (d, 2 H J =28.0 Hz),

7.203 (s, 1£¢010st- 919n (zSonellits) soudd Bblotrsiask, HsoluBio @8 bfsning (8§.2 g1. 359
(s, 9 H. 13CNWVR (CDCI 3) 6151, 233, 150. 74

138,523, 137.53

132,179, 13@2@mmollmf¢@9forﬁu(‘73ps’@%wa§PS*F'?@G’FOF%LVT&‘?g@ﬁ,so F’%@g,"f‘%e.sm,
46. 483, 31. - redd f(400 mi) under 0°C. Aft

4' - (p-tert- @E‘?@tﬁ%@%&%&éﬁﬁwﬁgbi@n@%gﬂgﬁgdrgﬁn?e(t r a?e)t Lt!112)xerbi phen?/rl
(10) [00119Ftimngriorsd boursf 10 e af satbrated NapGdnsolbian WaAS ﬁﬂﬁ%fi-,”@

m xture of 1.46. S. I - ; ; i ifate.
4-tert-but ylofgrﬁnb(tg)'ﬁg%ry@@%, ,sé?‘gr\qt?es,émraé%{a Hrg/el,_a{\’dg)d,rbe_d OA’FB?S ‘8?‘0 uar?ee, 3.0
g (6.9 mol Jrhefsoliedt was bErnovedoh r&tab) evapsratanend heyisisishierwds 90 ny
(1.5 mol %9 of tetrakis(trjphenyl phosphine)pal ' ) ok 2 M
sodi um car b&REPEN C@%E#’Q%‘Pn%f@ﬁh@% “RQS a&ﬁ“& sg‘i?%é’i@ O%CP’E

overni ght. ffhsthoggrhizage (B8 g, B5%WESINMR (SO0 dFi 128 (@ DY), 216E8 &,6
and washed with brine and dried with magnesi um sul fate. The sol vent

was renovedfBn a rotary evaporator, the residue was purified by
colum eluted with hexane foll owed by the m xture of hexane and

CH2d 2= 10: Jfomf]]fi nakkampletd MexaageChRLdt-bultiotvonibbenzeheds) g
4' - (p-tertbutylthi ophenyl)-4-bronp-2,2',5,5" -tetranet hoxybi phenyl

(yield 51% . 1FINMR (CDC13) .67.624 (d, .2 H J.= 8. r% y/ gg d, 2
H o J = 8.0 {99105} 229'“(%,58![“'%)9“%‘?@‘&5“ flask, g 'ﬂj’it“ré.ogﬁgz ot ot fyq 6. 933
(s, 1 H, 3.3R%dEINdD. 5 of 3-8 ihidHeriolwa8 stired LnBi7 the sofdd) .
13CNWR (CDClI 3) 6151.847, 151.472, 150.688, 150, 351, .

dissolved, then a catalytic amount of AICl; was added. After stirring for 2

hours, the mixture was poured into 100 ml of ice water and extracted with

hexane twice. The solvent was removed and the crude product was purified

with flash column (used hexane as the eluent) to offer 10.5 g of 4-ferf-

butylthio-bromobenzene. The obtained product was used in synthesis

reactions without further purification.

[00106] Example 4: Preparation of 4-fert-butylthiophenyl-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane (4)

[00107] In a 150 mi round-bottom flask, a solution of 4.9 g (20 mmol) of
4-fert-butylthio-bromobenzene in 60 m| of THF was cooled to -78°C; 24 mi of
butyl lithium (1.25 M) in 20 ml of THF was then slowly added dropwise to a
round-bottom flask. After stirring for 1 hour, 5.58 g (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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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,

solution and brine. The organic phase was dried with sodium sulfate and the
solvent was removed on a rotary evaporator. The residue was purified by
column with hexane and CH,Cl; (4:1) to offer 4.9 g (vield 85%) of 4-fert-
butylthiophenyl-4,4,5,5-tetramethyl-1,3,2-dioxaborolane. "HNMR (CDCls)
67.880 (d, 2 H, J = 8.0 Hz), 7.600 (d, 2 H, J = 8.0 Hz), 1.468 (s, 12 H), 1.407
(s, 9 H).

[00108] Example 5: Preparation of sodium 2,5-dimethoxyphenylboronate
®)

[00109] In a 250 ml 3-neck round-bottom flask, 1.44 g of Mg, 10 ml of
THF and 0.8 g of 2,5-dimethoxybromobenzene was stirred rapidly. After the
_Initiation of the reaction, a solution of 10 g of 2,5-dimethoxybromobenzene in
90 ml of THF was added dropwise to a round-bottom flask under nitrogen.
The reaction was refluxed for another two hours, then cooled down to room
temperature and the solution was transferred into another round-bottom flask
containing a solution of 10 g of trimethyl borate in 300 ml of THF which had
been cooled to -78°C. The reaction mixture was gradually warmed up to room
temperature and stirred overnight. 200 ml of 2 M HCl was added to quench
the reaction and stirred for 1 hour. After THF was removed on a rotary
evaporator, the residue was exiracted with 200 ml ether. 5 M NaOH was
added dropwise to the organic phase until no mere solid came out. The white
solid was filttered and dried under vacuum to vield 9.0 g sodium 2,5-
dimethoxyphenylboronate. The solid was used for synthesis without further

purification.

[00110] Example 6: Preparation of 4-bromo-2,2',5,5'-
tetramethoxybiphenyl (6)

[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
mi 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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31.453. [{00120] Exanpl e 11: Preparation of 4-tert-butylthio-2',5" -

di met hoxybi phenyl (11) [00121]In an argon flushed two neck
round-bottom flask, a mxture of 1.46 g (5.0 nmol) of

4' -tert-butylthi ophenyl-4,4,5 5-tetranethyl-1, 3, 2- di oxaborol ane, 1.2
g (5.5 mol) of 2,5-di methoxybronobenzene, 90 ng (1.5 nol % of
tetrakis(triphe I phosphi ne) pal I adium 20 nml of 2 M sodi um carbonate
and 50 ni owasraﬁcﬁwﬁ@bmg andaltied oyer mepnasius\aiifatey ifter e everdviasng

dovn, the " EaGhIAb TR XM EBRRSE SRS I BLis eesahe and the

or gani ¢ phase was washe nesi um sul f at e.
The sol vent clvvamat@grapwiemutecamtmhaxa/neéﬁlh!@@b@n O}toagjldeﬂlribg Aggomioe was

et ert - but yRERPo s g SRIneR . FERIChg 571k 1 &Bcsy
67.594 (d, 8ghs-6)951 04 HZ})?, 86’9 533% l(l)d,s 1Hs, 4 H_? 8767 *tlz)e Hﬁ 1@58&/:& 898

3 H), 3.83 3.
g?:]mls)H) 615@@@@)(61%317§ 015‘11@@; gi 59@3%@838 28:2 7775427%5@ 321274615

129. 938, 11?1705% @8@:9”11339122 ¥f§.§3§6ﬂ701§19%%8574’@25%89?31 471.

[ 00122] Exa reparation o fert-but'yl t hi dphenyl -
pent af | uor oB@r‘IZéne (12) [00123] 10 M of Pentafl uorophenyl magnesi um
bromde (0.5 Min ether, 5 mol) was added into the m xture of 2.88 ¢

of CuBr and[&ﬁf]a of g)lfmb[QYaPrép%Qa éi%ggdiﬁﬁ.%é)@g,g@k under room

t enper at ur e. r stirri'ng for one di oxane and
0. 749 (3 mmEtpnadthdabégptenhUfy| t hi o- br onobenzene in 5 m of tol uene
were added. The m xture was stirred at 90C overni ght. The reaction

was quenCheﬂ]g‘%Egremvegcﬁ)o@]gﬁj tL{F] bscﬂ{ormﬂ@é( f3|d ég’ﬁgg?hhﬁ QH% %H\f/a 7

The sol vent ry "evaporator e resi
purified bywasladdud éb atsatlition of 5 ey ah2, 5tdingithoeyBroBdolspnaéne in 50 mi of

4-tert-butylthipophenyl pent af.l uorobenze 810 1HNVR )
67. 685 (d, E%Ea?ﬁe %‘?%392)’“‘“‘7”’94‘2’63(%”9 O&fgm\h@’ ﬁE) wes ‘&%’%{Cg
. 13CNMR (ftRGhder SibBrirdahd 584 \Kﬁﬁmé@'&s@ﬁ@sulﬂaﬁ ﬂ%?soi\léiﬂ wak1,
132.338, 129.873, 115.638. 115.114, 114.657, 56. 315, 4% 31. 446.
removed on a rotary evaporator and the residue was purified by coldmn
chromatography eluted by hexane/CH;Cl; (3:1) to obtain 3.4 g of 4,4'-
dibromo-2,2',5,5-tetramethoxybiphenyl! (yield 68%) THNMR (CDCls) 57.194

(s, 2 H), 6.841 (s, 2 H), 3.877 (s 3 H), 3.757 (s, 3 H).
[00114] Example 8: Preparation of 4-ferf-butylthio-4’-bromobiphenyl (8)

j00115] In an argon flushed two neck round-bottom flask, a mixture of
1.46 g (5.0 mmol) of 4-ferf-butylthiophenyl-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane, 2.36 g (10 mmol) of 1,4-dibromobenzene, 90 mg (1.5 mol%) of
tetrakis(triphenylphosphine)paltadium, 20 ml of 2 M sodium carbonate and 50
ml of toluene was stirred under 90°C overnight. After cooling down, it was
extracted with ethy! acetate twice and the organic phase was washed with
brine and dried with 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 1.10 g of 4-ferf-butylthio-4'-bromobiphenyt (vield 69%). THNMR
(CDCl;) 8§7.631-7.597 (m, 4 H), 7.551 (d, 2 H), 7.161 (d, 2H), 1.347 (s, 9 H).

[00116] Example 9: Preparation of 4'-ferf-butylthio-4-bromo-2,5-
dimethoxybiphenyl (9)
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[ 00124] Exanpl e 13: Preparation of p-tert-butylthiophenyl - ;
nonaf | uor obi phenyl (13) [00125]1n an argon flushed 25 m round-bottom
flask, a solution of 0.49 g of 4-tert-butylthio-bronobenzene (2 mol)
in 10 mM of THE was stirred in a dry ice - acetone bath until the
tenperature was dropped to -78C, then 1.6 m of butyl lithium(1l.25 M
in hexane) was slowy injected to keep the tenperature bel ow - 30C,

t he reacti oif904g] sustlaenedgen fluged twometk iouird-peftamn fiagk, t%"rﬁ‘ﬁ’é@"ﬁtQﬂre

was rai sed d 1.0
g of decaflﬁjg’?(gg@p[ﬁ@rq}qq) (5?34{1?%6 @%i&@%ﬂ%é@f) %ééﬁ%@gﬁﬁ Z%faieg ?2 one

Eoru on. Th@qokm@[aaéﬂ € gNas7 ainm¥w of 2540@3631091 g@iuneﬁli;pmdmr&‘eneegthnd
ept stirrin vern ed sadi u i.C nat.e

soloutl on vva@%e{g U@ééﬁ”‘? PE’QEP 'Bﬁ)péﬂﬁ‘?y'ﬁ‘e%togkga\ﬁgg'um

extract ed %érboﬁétbxdndmaéﬁom%nmwas SHred UilepBIRberphps eAfs Washed

with brine and dried over magnesium sul fate. The sol vent. was renpved

on a rot ar yceslapeewoit wasextiastadasiuei8y iegetaigrandiveshied i) biine @1t ed
Wi th hexane?lr“%dl \%tﬁ ﬁ{a)#eglja ?L(ﬁfate The solvent eNas rieg\o%%cg onarotary | 3)

p-tert-butylt heny!l nonat I'uor obi phenyi
67 525 (d, évamoralo;:tlae fedith)e was saﬂfle(cbby Qoimmlelmeaf:tstm)hexane lopeed” 9

. 13CNMVR 1 613 799, 13 4 7

- 13 [oo@‘gglc M piiane 4 cﬁ@ﬁ@%ﬁ%i?to Sifasr 104 o 309 t6tBoyifhio-4-
4-(p-tert- byrtoyﬁhcmscmh@mdmgmanyl (Fiel' 55% pt' HANER (CR@R) pRaow! (d(284) J =
[102%2;]'(2 OB 7 506350 "0 BEES, 365 % PR ABAS @& w2 hEtdrg ©f
4-tert-but stmmgnzth%@ 8; @?ﬂ)r‘éoﬁt\/fw@c@c%%&me%atwnmne 2.0

g (5.7 mol -t etramet hox

nmol % of t eﬁ3%ﬁ2%(1t3r7| %Hﬁ?ﬁﬂ@sm AeY.pk9. Gaft, dﬁ{f 5@@ h¥5 38021 W %éﬁ:h um

carbonate a Mas heated at reflux overnight. After
cool ing do §?3§$ 5vgassi%exélgej(r)actreﬁz wth ethyl acetate and the organic

phase washed with brine and dried over magnesi um sul fate. The sol vent

was renoved[®18] r ot &ExpreniaJ6r dtreparationof € siodae-buidthipphenyied-ygmo-

col umm el ut { 1) to offer 1.51 g of

4-(p-tert- bg%ymsh%#%ﬁ%e(éﬁ@?gs 5 %!n%[s((‘! -t et ramet hoxybi phenyl (yi el d
69% . i HNMR (CDCI 3) 67.598-7.592 (m 4 H), 6.989 (s, 1 H), 960-

6. 930 (m 3[09119B. 833n (a8, argoniflustmdge® nask rgupg-botomdask.sa rr@ftw)e ofy, 371

(s, 9 H. ﬁ}@@(%& ) oP4-251 B tnidpteri % 4,8 3kefarhetnRq; 70,

139. 401 13
dioxaborolane, 3.0 g (6.9 mmol) of 4,4’-dibromo-2,2°,5,5'-

tetramethoxybiphenyl, 90 mg (1.5 mol%) of
tetrakis(triphenylphosphine)palladium, 20 ml of 2 M sodium carbonate and 50
ml of toluene was stirred under 85°C overnight. After cooling down, it was
extracted with ethyl acetate and washed with brine and dried with magnesium
sulfate. The solvent was removed on a rotary evaporator, the residue was
purified by column eluted with hexane followed by the mixture of hexane and
CH2Clz = 10:1 and finally with hexane:CH,Cls = 3:1 fo offer 1.31 g 4'-(p-fert-
butylthiophenyl)-4-bromo-2,2’,5,5"-tetramethoxybiphenyl (yield 51%). "HNMR
(CDCl3) 57.624 (d, 2 H, J = 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,
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131. 648, 129.982, 128.829, 128.104, 117.786, 115.754,” 114.916,
113.849, 112.954, 57.032, 56.971, 56.730, 56.192, 46.426, 31.840.

[ 00128] Exanpl e 15: Preparation of tert-butylthiophenyl 4 (2',5"-

di met hoxyphenyl) -tetrafl uorobenzene (15) [00129]1n a 50 ni
round-bottom fl ask, a solution of 0.434 g of 2,5-
dlnethoxybrfﬂgggnzene (2 mol) in 20 mM of THF cooled to -78C under
N2 at nosphe s injected 0.75 m of butyl lithium (1.6 Min hexane,
1.2 mmol ). Kept the tenperature at -78C with stirring for 1 hour.

Then 0. 332 [goet0]4- t eEkbiipyd 1 hi Rpparayibn peatiaftugitaiezizzne (1 mmol) in
10 mM of TH ect d {.\n one portion. Raised the tenperature to

room t enper WGV\QWE r@@d overnight. 5 mM of 2 MHC was added to
guench the reaction and extracted with 20 mM x 3 of ethyl acetate and

dried wth [opergsi UWIﬁSéilh fa?écﬁ} fiuERed 396 Yiebk rd@ﬁi Edﬁﬁh fl@é!@‘éQﬁlxﬁﬂe@f
rotary evaporator ue was purifi colum eluted with

s G b Eae 45 0yme e e K g DBhe A B e 4. (> 5 -
d h f 7 699
CuT e BIsEblsrdid A2 I ARRGE A X bitninaRihorbbE €68 g (115
6.901 (s, Imelfs) ostaem(mphenylphoanrmmpmadamma mBOM/M (s@ﬂlmns)

6153. 804, 15 12.7 34.511, ,13 97 128. 456 {.62

1o a%n. 1IHMPRETe g S0 AT arOmdaS kas hedtc R el Satali S Biding 1.
;’r gpg_r at |t ﬁmm{?’ ﬂLafJ:%axbﬂédi gﬂitogda\igelléxtﬁacté@m?thtgﬂ[ﬁ% bﬁéﬂaﬁe ancﬂl the organlc

, o-al ne 0 | envi . A 0 ent ar | uor nesi um
G o e o e aSaYastet Wit Rk 5 ALe g oS U S, Bhe FoeEe o
CuBr and 10y#H reffovEbien @r@aﬁy@zaﬁbrdt&tmm@trwahé l/\%%‘iowi'ﬂé@b IcBRMN

tenperature, after stirring for one hour, 4- di oxane and

1.91 g (5 rﬁi@i?ﬁ weEh hexaperQ ﬁh(ﬁl@ﬁ@@ﬁﬁtbﬂﬁrﬁﬁf'z’r @ft-‘w’fh@ll%@x?bu phenyl

in 10 ni of T t
overni ght - ISR e (AOHCH ) NN COCLIBREDE (TP, 3= P o o
filtered ouf. 5321&bag+h L£el6.9 Bz), BRbEGB.808 m, vdd), BESIdVed b, H78b{dhByH),

hexaner G5 i aapfR @l g1842620° 18 e, H& et 43 455,
4- pent af | uwazpmmémzzz,t ¢28. 9Bgt Vit dE 0133 Bodi e hou 8y pheme 2dgyi el d

46,573, 31.471.

[00122] Example 12: Preparation of 4-tert-butylthiophenyl-
pentaffuorobenzene (12)

[00123] 10 ml of Pentafluorophenylmagnesium bromide (0.5 M in ether,
5 mmol) was added into the mixture of 2.88 g of CuBrand 10 mi of THF ina
100 ml round-bottom flask under room temperature. After stirring for one hour,
5 mi of 1,4-dioxane and 0.74 g (3 mmol) of 4-ferf-butylthio-bromobenzene in 5
mi 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-terf-butylthiophenyl-
pentafluorobenzene (yvield 81%). THNMR (CDCl3) 87.685 (d, 2 H, J = 8.0 Hz),
7.420 (d, 2 H, J = 8.0 Hz), 1.365 (s, 9 H). >CNMR (CDCl3) 5151.750,
150.750, 138.660, 137.527, 132.711, 132.338, 129.873, 115.638. 115.114,
114.657, 56.315, 46.516, 31.4486,

30



62% . IHNMR (CDC13) 57.634 (d, 2 H J =8.0 Hz), 7.575 (d, 2 H J =l
8.0 Hz), 7.022 (s, 1 H), 6.876 (s, 1 H), 3.831 (s, 3 H, 3.793 (s, 3
H, 1.372 (s, 9 H. 13CNWR (CDCl 3) 6154.252, 151.190, 139. 261,

137. 455, 131.754, 131.224, 129.938, 117.053, 113.894, 113. 220,

56. 715, 56, 208, 46.573, 31.471. [00132] Exanple 17: Preparation of

4- (2, 5-di net hen -4' - (P-tert- . ,

bu'gyl t hi o) ph@ﬂﬁ‘ﬁz 2'y, ?@P_Iq( E%‘r%ﬁ%%??ﬁf PreAPHtIPPIeRY133] 1 n an
argon f | ushetn&fgodefkeh(l ng) bottom flask, a mxture of 1.0 g of

4' - (p-tert-butylthi ophenyILS -4-brono-2,2',5,5 -tetramet hoxybi phenyl (2

), 1.0 di 2,5-di neth h | b t 90 2.0 _noP/ o)
Of "t bt aki 500812 any| Bhab FHHGHE) (Sweh 2N bRHawH askt BAauGe Sbardm
bi car bonat e 5@ M?él@ﬁu@ﬁﬁofb%rﬁbbQrflze-ﬁ'é"'_(zvl‘ﬁ&ﬁl%h‘?% &l ArHEAY Sirred in £

over ni ght. ter cooling down, the reactioh mXxture was extracte
with ethyl &teicsteaesiane hethounjhectepimseiugawasdsipeddip +H86), e BAd

cvapor at o ARCP RS TR (£28 HhfeRmel 35 Rl RCUAT s BEpdren
hexane/ CH2Clt@mparatyret el f-M"ICoﬂ%a:e@cmbn wa$ Bustatiedesthoaypive MyHour me(;n
has (oot 0 ARUBRER i e AR RS A
18 H), 1, 38hLgam ad H)O-glamwafméﬂa@g%ggﬂ(g%rﬁégdn 539 SFHF Wd8 ind&&ed in

138.590, 138.562, . 60.326, 60.26 0.290, 59.608, b51.498,
39.049. [ 00P2%RSKiRH | Ideitgmppralyrg was awlraised to room temperature and kept

4- pent af | Uorsﬂﬁfﬁ?%'rﬂibht( ﬁOtn‘ﬂr&f'satLﬁated s.od'wm bicar(bo ate solution was added

but yl t hi o) phenyI-2, 2" 5" 54et r anet hoxybi phenyl 1§)
to quench the reaction and the mixture was extracted with ethyl acetate (5 ml
x 3). The organic phase was washed with brine and dried over magnesium
sulfate. The solvent was removed on a rotary evaporator and the residue was
purified by column eluted with hexane to offer 0.61 g of p-fert-butylthiophenyl-
nonafluorobiphenyl (yield 63%). THNMR (CDCls) 57.525 {d,2H, J=8.0H2z),
7.521 (d, 2 H, J = 8.0 Hz), 1.382 (s, 9 H). ®CNMR (CDCl3) 5137.799,

135.456, 130.452, 127.406, 46.972, 31.475.

[00126] Example 14: Preparation of 4-(p-tert-butylthiophenyi)-2,2’,5,5'-
tetramethoxybiphenyl (14)

[00127] in an argon flushed two neck round-bottom flask, a mixture of
1.46 g (5.0 mmol) of 4-teri-butylthiophenyl-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane, 2.0 g (5.7 mmol) of 4-bromo-2,2’,5,5'-tetramethoxybiphenyl, 90
mg (1.5 mol%) of tetrakis(triphenylphosphine)palladium, 20 m! of 2 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,Cls
(5:1) to offer 1.51 g of 4-(p-tert-butylthiophenyl)-2,2’,5,5"tetramethoxybiphenyl
(vield 89%). "THNMR (CDCls) 87.598-7.592 (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).
BCNMR (CDClg) 6153.842, 151.770, 151.621, 150.670, 139.401, 137.489,
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[00135] 10 m of Pentafl uorophenyl nagnesi um bronmde (0.5 Min ether, 5
mmol ) was added into a mxture of 2.88 g of CuBr and 10 ml of THF in
a 100 m round-bottom flask under roomtenperature. After stirring
for one hour, 5 m of 1,4-dioxane and 1.56 g (3 nmol) of
-(p-tert-butylthiophenyl)-4- brono-2,2',5, 5 -tetranet hoxybi phenyl

ot o 1 e e 300a0e T B e R I e o

filtered out11hosy@y 652 i56c97176e.730! 5@%2%42@@%@ on a rotary
evaporator. The residue was purified by col um el uted with

hexane: CH2Cl 2 (4:1) to give 0.76 g of
4- pent af | uor o hegi/l 4' - (p- tertbutylth| 0) phenyl-2, 2' , 5" 54et r anet hoxybi

phenyl (yi el kﬁwmq@D&@Ppemtm@f(tw-bgtMtowh&nﬂ49(2115} 7.601

(d, 2 H J = : 2 (s, 1H) 7.009 (s, 1 H),
6.894 (s, ﬁﬁgﬂeq%%ﬂ#%?@ aﬁ?‘”“’@ ehencl( 1875 (d 9 H. 1.376 (s. 9
H) . 13CNVR( 00 3) 6151.509, 151 368, 151.326, 150, 6on 139, 519
137.500, 131[0P429] 130 1n2050 MBOUREDOtLRDIAA5A SHRTOBGE D.ABHEY 6BB5-

1S 450 3l e o S e Eun,
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r ound- bot t oﬁa‘?ﬁggﬁk B® ré‘ UsrBIaut i 081 p" g é‘”&f hopiry P 0.352 g of 4-fert-
2,2',5,5 -tewtw:m@m@fwbpmﬁﬂwms&ml ()1 mmoﬁ@n Frbnﬂfofﬂﬂl? ﬁ@@kﬁg&té@m

-78C under N2 atmpsphere was injected of butyl Tithi
in hexane, 1018 H‘Pﬁ’iP')‘ Ryispd th%@“’@@fﬂiéﬁ@dﬂ@”@ﬁ@%@ﬁ and surrem ng for

L hour. TheroRigRe 8 if or’z hAIERYL Xhdd f&“ﬂféﬂxhﬂuﬁ’eelﬁ%a%i bHORARRNZALE

(1.0 mol) in 10°m of F was 1njected 1h one
t enper at ur e With Eﬁmh&%nbwatauemmaddsmedwam mmgmemnghtsuifEtemT hekoReM

HCl dded_t h th ted with 2 3 of

cthyl " acet at B8 BT AET GIeNATIF REGhesrRmipcn 1a¢ o dHinvas Pudid Meoihan
renoved on aelrxteﬁamﬁw ieamer@rﬁmtz (3Thetorgaﬁe @QSOWbeUfyltﬁ@phénsﬂqL(‘QnB’

el uted vmthcﬂ ne 2C 2 3 give 0.4 c%

1-tertbutylt %Wéﬁ@ eqyl)(tga raﬁu rgberyenpéypg}.@[@ b@‘ﬂMﬁﬁWhﬁl@%@?%ﬁ,uor

obenzene (y@HdJ@&%JHz)FW%gCQ@@ =@/ 13 A @22 b;'H)Jg
7.538 (d, 2 H 01836. 949

3.816 (s, ;@37@ 250} (1337)83(3@ H)1°gMR géD@lep': aamm1(axmg37 7217,
6153. 823, 15&'13465191, 1305079428 458, 53291 396 533, 112.875, 56.776, 56.273,

46.840, 31.480.

[00130] Example 16: Preparation of 4-pentafluorophenyl-4'-terf-butylthio-
2,5-dimethoxybiphenyl (16)

[00131] 20 m! of Pentafluorophenylmagnesium bromide (0.5 M in ether,
10 mmol) was added into a mixture of 2.88 g CuBr and 10 m! of THF in a 100
ml round-bottom flask under room temperature, after stirring for one hour, 5
ml of 1,4-dioxane and 1.91 g (5 mmol) of 4-feri-butylthio-4-bromo-2,5-
dimethoxybiphenyl in 10 mi of toluene were added. The mixture was stirred at
90°C overnight. The reaction was quenched with 2 M HCl 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'-fert-butylthio-2,5-dimethoxybiphenyl (yield
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134.521, " 130. 613, 130.437, 128.513, 117.24, 115.967, 115.507,

115. 388, 114.156, 112.986, 57.014, 56.927, 56.809, 56.202, 46. 846,
31.489. [00138] Exanpl e 20: Preparation of 4-(2',5'-dinethoxy-4"-tert-
but yl t hi ophenyl ) phenyl - nonaf | uor obi phenyl (20) [00139] To a sol ution
of 0.769 of 4 (tert butyl t hi 0) 4-brono-2,5- dinmethoxybi phenyl (2

mmol 30 m -78C d

it ty? It.”tg.wq 1Hy@m¢acma@§2 1522 42 IBIRNCY Skt AQOPL gl of

ept at - 1
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acetate twice and dried over magnesium sul fate. The sol vent was then

(ra F H?\égdwo tnhg)r{])(;letzpr yt duapuyiatidr Prepacatioasif du@, &dﬁﬂ?mmﬁ@ﬂy!bﬁr ~@ofedm
o offe 4-(2 5 -d
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67.649(CDCI3) (d, 2 H J = 8.0 Hz), 7.601 (d, 2 H J = 8.0 Hz), 7.068
(s, 1 H, 6[0A83(s, Inkh, ar@oBﬂﬁsr(esitm& Héick rBus@Bbottem ﬂaslH)a mixtg®oof(s, 9
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[ 00140] Exangingoi2 k.0 Broesaa.atﬁ D B-dinethdxysiemiBryhats] Whingheroyholsy of
tetrakis(triphenylphosphine)paliadium, 20 ml of saturated sodium bicarbonate
solution and 50 ml of THF were heated at reflux overnight. After cooling down,
the reaction mixture was exiracted with ethy! acetate and the organic phase
was washed with brine and dried over magnesium sulfate. The solvent was
removed on a rotary evaporator and the residue was purified by column
eluted with hexane/CH,Cls (2:1) to offer 0.48 g of 4-(2,5-dimethoxyphenyl)-4'-
(p-tert-butylthio)phenyl-2,2’,5,5'-tetramethoxybiphenyl (yield 40%). THNMR
(CDCls) 57.609 (s, 4 H), 7.052-6.931 (m, 7 H), 3.854-3.791 (m, 18 H), 1.381
(s, 9 H). "CNMR (CDCl3) 5140.755, 139.084, 138.966, 138.590, 138.562,
138.146, 128.780, 127.192, 122,322, 120.945, 120.189, 119.417, 119.198, .
118.804, 110,823, 109.317, 108.017, 108.971, 108.437, 107.534, 106.764,
60.326, 80.260, 60.249, 60.290, 59.608, 51.498, 39.049.

[00134] Example 18: Preparation of 4-pentafluorophenyl-4’-(p-tert-
butylthio)phenyl-2,2’,5'5-tetramethoxybiphenyl (18}

[00135] 10 ml of Pentafluorophenylmagnesium bromide (0.5 M in ether,
5 mmol) was added into a mixture of 2.88 g of CuBr and 10 mi of THF in a
100 ml round-bottom flask under room temperature. After stirring for one hour,
5 m! 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
HC! 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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nonaf | uor obi phenyl (21) [00141]In an argon flushed 25 m round-bottom
flask, a solution of 0.64 g of 4-tert-butylthio-4"-brono-biphenyl (2
nmmol) in 10 M of THF was stirred in a dry ice - acetone bath until
the tenperature was dropped to -78C, then 1.6 m of butyl lithium
(1.25 Min hexane) was slowy injected while the tenperature was kept

bel 30C. .Th 1 h d
Lo 06 and TRl G4 R Bed 7 el o liiostis vHe (Byfefom back to
-78C agai n angylthid)plerdi- 2@(586&@@5&@%%&%4&(@9'4&% n%ﬁ\mih @pdi F
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bi car bonat t
vasextract o Ui Lo neha adorae | BAEl 'S HRARyeRa Rt O0, Tk ©
washed with (Br9 . 5®Nm(cam@m51m@ne§i B68sU5T.2P@. 150@05089@@ vvas

removed on 304G ¥ YR b %%045635359,5% BEE 1 15%5h Y 15954

tert-butyl t hi1G03sheny.v32- WGﬂorwfmwmeemgvheayﬂse( M6 8T, 3043%6 i HNVR
(CDCI3) 7.802 (d, 2 H), 7.654-7. 634 (m 6 H), 1.365 (s, 9 H).13CNMVR
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color solids cane out when enough nercury salts were
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bubbl ed h I
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| f at Th to d.th
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ani ne and 1 strtredfovem@wltcs uihbb? iMielOhee sadde do andnet therredctfoprantl0 m ns.
Met h | h th tion, Th ti
ixtur e was HAEHER WA Tt oS! SH Y Pegi oL A WD E15C98 A PABand
t he organi c TRBaTReNBRas Eﬂé?ﬂre‘fﬁé\}ed%?ﬂé Fﬂﬁrgf@vfaﬁbﬁator-r HRe $ déﬁgé‘&vag’as

renoved on a rot ary evaporator, resi aue was ur| col

el uted wi t hPHENRHRY @lewzelmdwth la;e@ﬂe@Hzm@(%@ f@fglve 0.40 g 1-tert-

67 605 (o, pHopRERRY 0S8 P et R VA LGN % Bl

130. 387, 3068 ﬂmﬂmdrﬁﬂ 1261, 2m,elaBdl Hay) 70538 (d, 2 H, J = 8.0 Hz),

4-(p-acet yl thiooheny th; 816, 3343 5, & B, 3HH (L0%%P5RPRTN 3 (53 388 (s, o
H). *CNMR (CDCls) 5153.823, 151.679, 151.393, 151.332, 137.739,
134.521, 130.613, 130.437, 128.513, 117.24, 115.967, 115.507, 115.388,

114.156, 112.986, 57.014, 56.927, 56.809, 56.202, 46.848, 31.489.

[00138] Example 20: Preparation of 4-(2',5’-dimethoxy-4"-tert-
butylthiophenyl)phenyl-nonafluorobiphenyl (20)

[00139] To a solution of 0.76 g of 4'-(fert-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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[00145]In a 50 mM two neck round-bottom flask, 0.22 g (0.5 mmol)
4-(p- tert-butylthiophenyl)-2,2",5 5 -tetranet hoxy-bi phenyl was
dissolved in 20 ml of chloroformand then a solution of 0.4 g (1
nmol ) mercury(ll) perchlorate hydrate in 10 nl of methanol was added
drop by drop and yellow solids came out when enough nmercury salts

dded. ' t
Then roS wad! b SircAUGRbRMEPYSH naih M, 2 nier FaF, SrRRE SERPShE ol F e
turned int Otéi‘ﬁ*;ﬁé?a‘ﬁuﬂ'@ﬁfa§%llsd§ taVEIon fenhpmamﬂe tahd etigdd @eebmi@t Zhis! of
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[ 00146] 134%33%9 1%%5%7 @%%@5@%@%}&5&5 113. 884, 112. 905,

[00140} Example 21: Preparation of 4’-terf-butylthiobiphenyl-4-yl-
nonaflucrobiphenyl (21)

[060141] In an argon flushed 25 m! round-bottom flask, a solution of 0.64
g of 4-tert-butylthio-4'-bromo-biphenyl (2 mmol) in 10 m| of THF was stirred in
a dry ice — acetone bath until the temperature was dropped to -78°C, then 1.6
ml of butyl lithium (1.25 M in hexane) was slowly injected while the
temperature was kept below -30°C. The mixture was stirred for 1 hour at -
50°C, then raised to 0°C and stirred for another 10 mins, then cooled the
system back to -78°C again and 1.0 g of decafluorobipheny! (3 mmol) in 5 tl
of THF was injected in one portion. Raised the temperature slowly to room
temperature and stirred overnight. 10 ml of saturated sodium bicarbonate
solution was added to quench the reaction and the mixture was extracted with
ethyl acetate (5 ml x 3). The organic phase was 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 to offer 0.50 g of 4'-
fert-butylthiobiphenyl-4-yl-nonafluorobiphenyl (vield 45%). "HNMR (CDCl3) &
7.802 (d, 2 H), 7.654-7.634 (m, 6 H), 1.365 (s, 9 H). BCNMR (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-acetyithiophenyl-
nonafluorobiphenyl (22)



Exanpl e 24: Preparation 128.739, 128.237, 126.719, 117.718, 57.014,
56. 948, 56.671, 56.187, of acetylthiophenyl-4-2',65- 30.647.
di met hoxyphenyl -t etraf | uor obenzene (24)

[00143] In & 50 ml two neck round-bottom flask, 0.24 g (0.5 mmol) p-fert-
butylthiophenyl-nonafluorobipheny! was dissolved in 20 ml of chloroform and
then a solution of 0.4 g (1 mmol) mercury () perchlorate hydrate in 10 ml of
methanol was added dropwise. Yellow color solids came out when enough
mercury salts were added and the system was stirred 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
sulfate. The solvent was removed on a rotary evaporator, and the residue was
dissolved in 20 ml of chloroform and 0.5 ml of friethyl amine and 1 ml of acetic
chloride were added and stirred for 10 mins. Methanol (3 ml) was added to
quench the reaction. The reaction mixture was washed with water, 2 M
sodium carbonate, and brine and the organic phase was dried with sodium
sulfate. The solvent was removed on a rotary evaporator, the residue was
purified by column eluted with hexane/CH2Cls (4:1) to offer 150 mg of p-
acetylthiophenyl-nonafiuorobiphenyl (vield 64%). "HNMR (CDCls) 67.605 (s, 4
H), 2.504 (s, 3 H). "*CNMR (CDCls) 5193.543, 134.853, 130.387, 30.800.

[00144] Example 23 Preparation of 4-{p-acetylthiophenvl)-2,2',5,5'-
tetramethoxy-biphenyl (23)

[00145] In & 50 m! two neck round-bottom flask, 0.22 g (0.5 mmol} 4-(p-
tert-butylthiophenyl)-2,2’,5,5'-teframethoxy-biphenyl was dissolved in 20 ml of
chloroform and then a solution of 0.4 g (1 mmol) mercury(ll) perchlorate
hydrate in 10 ml of methano! was added drop by drop and yellow solids came
out when enough mercury salts were added. The system was stirred
overnight under room temperature. Then HzS was bubbled in 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
suifate. 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
chioride 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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[00147]In a 50 mM two neck round-bottom flask, 0.225 g (0.5 imol)
tett- butylthi ophenyl-4-2',5"-di net hoxyphenyl -tetrafl uorobenzene was
dissolved in 20 ml of chloroformand then a solution of 0.4 g (1
nmol ) mercury(ll) perchlorate hydrate in 10 nl of methanol was added
drop by drop and yell ow solids canme out when enough nercury salts
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resi due wasTh sslislsweere filteRY titougfh CilterTHofimmRAGDWEsHRd @fth bFihe bRy
am ne and 1 oride were added. The m xture was stirred

1
for 10 ninsdM %‘f"ﬁ%%&“b@g@?{é&%&@q IesRiYRIH WasdemoNeioprR IR r eact i on
m xt ure wasewdhadr, Whé Fesiictlias disbbisad inion ﬁﬂbpéméﬁﬁamﬁ"ﬂﬁd lgrg Rfof The

organi ¢ phase was dried with sodium sul fate. he sol vent was

removed on HefWi aminesnthd b pcetiorhipids ware @dﬁi@dp&ﬁﬁf slgeedipr d8Imins
el uted w t hs hpxprptitdictids (a%ildté«%lﬂi% Qléé’rghe@e%%ﬁ%nmrhe ture é‘iaa"‘%%

4- pent af | uor opheny1-4' -acetY oxybi p eny
i HNVR ( CDCI @ijh waieg52 M aodigmigarijonatg . aidHijne ahdsthen (dlied avith $qd|uh1 8.

2 aa (s, LT IokiadeERleSTemputd end By ManotelibondseiduBos

134. 478, 13urdigd bykMur6s 8lutd@Witd 88xadl8HaE 5, (3:11 o 88, 0.114. 469,

26 ( 575 5" 38| %é?%tggapgﬁg%%agp c!lwp%oxypprqgr%?tgtrafluoro%enzene (yield 50%).
"HNMR (CDCl3) & 7.590 (s, 4 H), 7.024 (d, 2 H), 6.896 (s, 1T H), 3.836 (s, 6 H),
2.495 (s, 3 H). *CNMR (CDCls) 8193.770, 153.803, 151.821, 134.7186,
131.339, 129.543, 129.244, 117.588, 117.430, 116.383, 112.869, 56,764,
56.269, 30.754.

%9 .
0

[00148] Example 25: Preparation of 4-pentafiluorophenyl-4'-acetylthio-
2,5-dimethoxybiphenyl (25)
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acetyl t hi ophenyl)-2,2',5,5 -tetranet hoxybi phenyl (26) [00151]1In a 50
m two neck round-bottomflask, 0.17 g (0.3 nmol) 4-

(2",5"-di met hoxyphenyl)-4'-(p-tert-butylthiophenyl)-2,2",55"-

t et r amet hoxybi phenyl was di ssolved in 20 ml of chloroformand then a
solution of 0.4 g (1 nmmol) mercury(ll) perchlorate hydrate in 10 m

came out  wHEINTEHEugh Trer i) Ne.ack i aaBa Sl D 2R R AR, | g
over ni ght UngREAIRE é@meg@;&‘_ﬁ[@/ﬂh'ﬁb@rﬁ bt bi:pr@nyladas diseoltdxdin

reaction systemwth argon slowy until all 9@3 %/r@l'low solq!ds turned
i nto dark. athel sbehlgeiogst and ’Fhetne?r‘ selution sUYA I MEIe) MECUR) rat e was

washed wi t hy, &Eh%%t&%g/dpa’téﬁ@l%%f FRAHHD w38 bijabe drdy SRpentydIs

removed on 'a rotary €vapor at or resi due was di ssolved in 20
n of chl ormfhdsmamtdom \;ﬁweﬂ erglughrerchyl saltsiwese added. Mergttingdet i c

chloride wer m xture of
net hanol vvag“'eéﬁ'gggu?%erdﬁg'ﬁ'ctﬁmpﬁ%at'\r,'\%ag@| %gsﬁhfg%;de!é@%mgﬁéﬁ%&&ﬁ ll} ter
washed W t hyi@agdon aoM i almr@qrduowmds amdedmmdaamahersehdame@d
over sodiumsul fate. After the FEO vent was r.e ved on (ﬁ?rtl#

evapor at or , fifeiad frrebai Sefies Thefiltate Wagyvas ?ﬁr%
hexane/ CHZ% lélr% &ﬁfﬁ%é) T@n&fs%fve@wag réthoved on a rotag evaporator and the

4-(2",5"-di met hoxyphenyl 1- (p-acetyl t hi ophen
tetrarret hoxfgsidhlectiys disgd edin ! Oighlprqrwnwﬁﬁs mgorgtnggy??rameﬁﬁ J

8.0 Hz 7
3.843-3. )7877@%§ %a‘i% 8"@’ %%‘ﬂer(ea ‘%%khe ‘%'&%%%%F%)mf%ﬁg%*?ns
153. 783, 15Mefthol 8&%. 461084 td §lerichithe ¥6activn7 Tha Feradigs mixidue weg,
134. 396, 13\9vas7,hed w]tg ? QI\?f dig‘r’qfnlcar%2§at%,9§nd %ﬁe.%orgamc phase was

dried with sodium sulfate. After the solvent was removed on a rotary
evaporator, the residue was purified by column eluted with hexane/CH2Cl>
(3:1) to offer 0.12 g of 4-pentaflucrophenyl-4'-acetylthio-2,5-
dimethoxybiphenyl (vield 54%). THNMR (CDCl3) 57.654 (d, 2 H, J = 8.0 Hz),
7.518 (d, 2 H, J = 8.0 Hz), 7.032 (s, 1 H), 6.783 (s, 1 H), 3.825 (s, 3 H), 3.785
(s, 3 H), 2.484 (s, 1 H). *CNMR (CDCls).5194.548, 151.735, 150.730,
139.514, 134.478, 132.422, 130.685, 127.383, 115.545, 115.332, 111.689,
56.775, 30.673.

[00150] Example 26: Preparation of 4~(2",5"-dimethoxyphenyl)-4'-(p-
acetylthiophenyl)-2,2',5,5"-tetramethoxybiphenyl (26)

[00151] In a 50 ml two neck round-bottom flask, 0.17 g (0.3 mmof) 4-
(2”,5”-dimethoxyphenyi)-4’-(p-tert—butyfthiophenyl)—z,2’,5,5’-
tetramethoxybiphenyl was dissolved in 20 ml of chloroform and then a
solution of 0.4 g (1 mmol) mercury(ll) perchlorate hydrate in 10 ml of methanol
was added into the system drop by drop and yellow solids came out when
enough mercury salt was added. Kept the system stirring overnight under
room temperature. Then HzS was bubbled into the reaction system with argon
slowly until all the yellow solids turned into dark. The solids were filtered
through Celite. The filirate was washed with brine and dried with sodium
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127.321, 126.713, 117.769, 115.871, 115.578, 115.517, 114.888,
113. 840, 112.888, 57.037, 56.955, 56.923, 56.716, 56.138, 30.654.

[ 00152]

Exanpl e 27: Preparation of

l-tert-acetylthiophenyl-4-2',6 2", 5" 5"-
t et r amet hoxybi phenyl -t et raf | uor obenzene (27) [00153]In a 50 M two

neck round- t’scfﬁftaf)épﬁhle%%lf\!enQW%g r&ng\(?édg oqua{Drét)arylé\t/gprc}rétor, and the residue was

dissolved in 20 ml of chloroform and 0.5 mi of triethyl amine and 1 ml of acetic
chloride were added. The mixiure was stirred for 10 mins then 3 ml of
methanol was added to quench the reaction. The reaction mixture 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,Cly (1:3) to offer 79 mg
of 4-(2",5”-dimethoxyphenyl)-4'-(p-acetylthiophenyl)-2,2',5,5'-
tetramethoxybipheny! (yield 47%). THNMR (CDCls) & 7.685 (d,2H,J=8.0
Hz), 7.508 (s, 2 H, J = 8.0 Hz), 7.044-6.923 (m, 7 H), 3.843-3.787 (m, 18 H),
2.482 (s, 3 H). ®*CNMR (CDCls) 5194.778, 153.783, 151.769, 151.613,
181.171, 151.127, 150.633, 140.254, 134,398, 130.789, 129.647, 129.031,
128.293, 127.866, 127.321, 126.713, 117.769, 115.871, 115.578, 115.517,
114.888, 113.840, 112.888, 57.037, 56.955, 56.923, 56.716, 56.138, 30.654.

[00152] Example 27: Preparation of 1-fert-acetylthiophenyl-4-2' 2" 5’ 5"-
tetramethoxybiphenyl-tetrafluorobenzene (27)

J00153] [n & 50 ml two neck round-hottom flask, 0.18 g (0.3 mmol) 1-fert-
butylthiophenyl-4-2',2", 5’ 5"-tetramethoxybiphenyl-tetrafiuorobenzene was
dissolved in 20 ml of chioroform and then a solution of 0.4 g (1 mmol)
mercury(ll) perchlorate hydrate in 10 ml of methanol was added into the
system drop by drop and yellow solids came out when enough mercury salis
were added. The reaction mixture was stirred overnight under room
temperature. Then H28 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
sulfate. 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 m! of acetic
chloride were added and 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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butyl t hi opheny1-4-2' ,2" |5 -

, 5" - tetranethoxyblphenyl-tetrafluorobenzene was dissolved in 20 nl of
chlorofornland then a solution of 0.4 g (1 mmol) mercury(ll)
perchlorate hydrate in 10 ml of nmethanol was added into the system
drop by drop and yeIIOM/soIids canme out when enough nercury salts
were added. The reaction m xture was stirred overn%ght under room

terrperatureacqfﬁglﬂioﬁbqrﬂ%"fv?ag"@uﬁ bieftamethiexvbirhenyhistiedrorebenzanefyiald
argon s 0wl Youl INRIR ()XY 60W S HAT. S PL.B%A4IMH 8 HRBie30 acs B | A

were filtered roug ate was was brine’and
dried with Sd&idum 3i)f 2787 (sme%@ S&h(s, 0. PENIRJCDE I 5188 7By

0 5 i of L RO ThERE TG AP aR abek P OGP 208l ietand.

t he m xtur 61%3196111117 596;:1@54% MB%?&&T@&?@HW@MQM& gG.QB,nCh t he
reaction. T phase. was washed with water, 2 M sodi um

car bonat e, gﬁg ﬁ@ﬁgn@?%n dried over sodiumsulfate. After the
sol vent was rem)ved on a rotary evaporator, the residue was purified

by col um eL 1AWt hEResl aalscﬁeéga?%aﬁoh&)z; {0 50fHinesth&e-ay of 1-tort-

acetyl thi ophenyl-4-2', 2" 5"  5"-tetranet hoxybi phenyl -tetrafl uorobenzen
e (yield 5o%efxttblpnm~wd ehﬁméjnoa?ﬁwfbpbemd (#5). 7.011-6.944 (m 5 H),
3839(36 , 3.813 (s, 3 H, 3.787 (s, 3 H, 2.501 (s, 3 H).

13CNVR ( CDCéb1 581 93. 7@85@5}!%ﬂ6&1§%t@|@&)0ﬁ%§@-ﬂ§5@\80 B3I himdi$d- 352,
130. 449, 129.531, 129.292, 12
(2’ 5-dimethoxy-4'- tert—butyithlophenyl)phenyl nonaflucrobiphenyl was

dissoived in 20 ml of chioroform and then a solution of 0.4 g (1 mmol)
mercury(ll) perchlorate hydrate in 10 ml of methanol was added drop by drop
and yellow solids came out when enough mercury salts were added and the
system was stirred overnight under reom 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 sulfate. After the solvent was removed on a rotary
evaporator, the residue was dissolved in 20 mi of chloroform and 0.5 ml of
triethyl amine and 1 mi of acetic chloride were added. After stirred for 10 mins,
3 ml of methanol was added to quench the reaction. The reaction mixture 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:CHCl (1:2) to offer 101
mg of 4-(2°,5'-dimethoxy-4’-acetyithiophenyl)phenyl-nonafluorobiphenyl (yield
57%). "THNMR (CDCls) 5 7.674 (d, 2 H, J = 8.0 Hz), 7.654 (s, 2 H, J = 8.0 Hz),
7.072 (s, 1H), 6.957 (s, 1 H), 3.874 (s, 3 H), 3.811 (s, 3 H), 2.490 (s, 3 H).
*CNMR (CDCls) 5194.529, 151.684, 150.770, 139.479, 134.489, 132.707,
130.698, 127.449, 115.307, 114.762, 56.830, 30.680.

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

[00157] In a 50 ml two neck round-bottom flask, 0.17 g (0.3 mmol) 4'-
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117.598, 115.486, 115.347, 114.166, 112.973, 57.005, 56.928, 56.796,
56. 205, 30.795. [00154] Exanpl e 28: Preparation of

4-(2',5" -di net hoxy-4'- acetylthiophenyl)phenyl - nonaf | uor obi phenyl
(28) [00155]In a 50 M two neck round-bottomflask, 0.18 g (0.3 mmol)

4-

fert-butylthio-biphenyi-4-yl-nonafluorobiphenyl was dissolved in 20 mi of
chloroform and then a solution of 0.4 g (1 mmol) mercury (Il) perchlorate
hydrate in 10 ml of methanol was added dropwise and yellow solids came out
when enough mercury saits were added. The mixture was stirred overnight
under room temperature. Then H,S was bubbled info 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
sulfate. The solvent was removed on a rotary evaporator, the residue was
dissolved in 20 ml of chloroform and 0.5 ml of friethyl amine and 1 m! of acetic
chloride were added in the system and stirred for 10 mins. Methanol was
added to quench the reaction. The reaction mixture was washed with water, 2
M sodium carbonate, and brine and then dried with sodium suifate. After the
solvent was removed on a rotary evaporator, the residue was purified by
column eluted with the hexane:CH.Cl; (3:1) to offer 68 mg of 4-acetylthio-
biphenyl-4-yl-nonafluorobiphenyl (yield 42%). "HNMR (CDCl) §7.793 (d, 2 H,
J=8.0Hz),7.732(s,2H,J=8.0Hz),7.656 (d,2 H, J=8.0 Hz), 7.562 (s, 2
H, J = 8.0 Hz), 2.492 (s, 3 H). "*CNMR (CDCls) 5194.377, 141.857, 141.643,
135.313, 131.039, 128.369, 128.020, 127.914, 126.605, 30.693.

[00158] Example 30: Preparation of ethyl 4-(p-teri-butylthiophenyl)-
benzoate (30)

[60159] In an argon flushed two neck round-bottom flask, a mixture of
1.46 g (5.0 mmol) of 4-fert-butylthiophenyl-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane, 1.25 g (5.5 mmol) of ethyl 4-bromobenzoate, 90 mg (1.5
mol%) of tetrakis(triphenylphosphine)palladium, 20 ml of 2 M sodium
carbonate and 50 ml of foluene was heated at reflux overnight. After cooling
down, it was extracted with ethyl acetate twice and 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/CHzCla
(5:1) ta offer 1.34 g of ethyl 4-(p-fert-butylthiophenyl)-benzoate (yield 85%).
"HNMR (CDCl3) 58.131 (d, 2 H, J=8.0 Hz), 7.679 (d, 2 H, J = 8.0 Hz), 7.636
(d, 2 H,J=8.0Hz), 7.596 (d, 2 H, J = 8.0 Hz), 4.434 (g, 2 H), 1.437 (t, 3 H),
1.329 (s, 9 H).
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(2',5" -di nethoxy-4'-tert-butylthi ophenyl)phenyl - nonaf | uor obi phenyl
was dissolved in 20 m of chloroformand then a solution of 0.4 g (1
nmmol ) nmercury(ll) perchlorate hydrate in 10 m of nethanol was added
drop by drop and yell ow solids canme out when enough nercury salts
were added and the systemwas stirred overni ght under room

t enper at ur Then H28 was bubbl ed into the reaction systemwlth argon
slowy unt ?9 01841 t heEy@NPIOW S SireRRTatQN Aldrierfbutydlirk4 -IMdE0y@StaY- wer e
filtered thy M@q |te The filtrate was washed with brine and dried
wi th sodi um'sul After the solvent was renoved on a rotary
evaporator, the residue was dissolved in 20 m of chloroformand 0.5

m of tri etm@ﬂﬁﬂm nel3Ad af eihyldk-(aledthudyidverianyd brazeatgdddd mmpd dr
stirred fory ol HAge més%‘roﬁed“iﬁﬁohﬁﬁ\ of}’]‘?ﬁF%ﬂﬂﬁgn%@th"d@%C{fﬂn‘im

reaction. he reactl on m
car bonat e, aandinom InwindedeZhamo@rurﬂér avar-wstadibath. sﬁﬂefr atuemgmblttem t he

| vent t t th i d fied
by cor urm. DPHad St snfkeaf ety SRS 5Suigh SBeaShest W e slent ©
4-(2', 5" - diumgkhexyvater B tight lb@RNSHY ho aemds-gmaétbuqménfmmm

(y|eId 579% . 1HNMR (CDCI3) 5 7.674 (d, 2 H_J = 8.0 Hz), 7.654 (s, 2

H J = 8 0 the solutomwas extractegiithastion Acetate (LZDrl)nl x3) gnd te organiglayey’ g11

136,470 |1 3o R Cart S Mioh Sl R iy shider) iﬁeééﬁgf‘fm

56. 830, 30véB8en|o¥ed56]ascianyleyagratd?ie pient Oanobd-tert- butyithlol 4’

2 2cety U e BN RS P S PRIRAD 2 50

tett-butyl shhibebicpiithayt fudthpt poeswtibrior obi phenyl was di ssol ved in 20
m of chloroformand then a solution of 0.49 (1 nml) nercury (I1)

per chl or at ate Lp 10 i net hano added w se, and
yel | ow sol ﬁ%@y@ma 0 Fa'ﬁﬂlg:gze%ﬁ ﬂ%eﬁ?“\@@'ﬁﬁiﬂg@ﬁ%‘f %Hagﬁth%he
m xture vvasb”;ﬁ{gnyr(ag) over ni ght under room tenperature. Then H2S was
bubbl ed into the reaction systemwth argon sl ovay until all the

yel | ow soI rned.i_nto.dark. The solid through
Ceolite 9‘?1435 ot c0s S ieRiabog i Fentide ARAS et BT RRTALBAE o

sul fate. Jﬁd@d\fﬁﬂia @G il e Botim ﬂaél@hﬂh)ﬁ ﬁ)\f@tmfcﬁﬂw g of h&eﬁESl due
was di ssol ve chl or.of orm and of trieth an ne and

1 of ac@updthionf &W%@M@'M&H‘ﬂ (%- Q%@“&%}k%‘?ﬂ mhef giere %@P For 10

mns. Methaggh té\{%eﬁ’a‘f\ﬂ@dAﬁ& ﬁlﬂﬁﬁ@?brhhﬁ)dre@ﬁ{[ 'o@ﬁxetﬂ_ah%l (V28Edyes ten xture
was washed with water, 2 M sodi um car bonate, and brine and then dried

with sodi ususoeh HeaeagiareTheneixibe weatwaghedvdtroveter snd &rinetandsthen

evapor at or Efgja?,g{h%ﬂdﬂlgﬁ gmepégé%ﬁ%y% 8BV RE I it Nad Phrified

hexane: CH2
4' -acet yl t Witbka Paringalumn yisingdreedhadi-elilptiehds €lyert td offi209.950-DAR

(20 75855 G Gt fedend byt PN, 4

H . 13CNVR'UERR BID6LPA7 834.7.884 (857 H), 14508 48.2 H35=RIBHz, A5 TBG, 2
128. 369, 1%_8?%2 127 914, 126.605, 30.693. [00158] Exanpl e 30:
Preparatio BUSO ) (p-tert-butyl t hi ophenyl)- benzoate (30)
[00159] I n an argon flushed two neck round-bottom flask, a m xture of

[00164] Example 33: Preparation of p-bromophenyl-nonafluorobiphenyl-
4-y| ether (33)

[00165] In a 50 ml round-bottom flask, 5 ml of 1.0 M +-BuCK (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 mi RBF
with a solution of 2.0 g of decafiucrobiphenyl (6 mmol} in 30 ml of THF in a
dry ice-acetone bath quickly. Raised the temperature to room temperature
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1.46 g (5.0 mmol) of

4- tert but yl t hi ophenyl-4, 4,5, 5-tetranet hyl-1, 3, 2- di oxaborol ane, 1.25
g (5.5 mol) of ethyl 4- brom)benzoate 90 mg (1.5 nol % of

tetraki s(triphenyl phosphi ne)pall adium 20 m of 2 M sodi um carbonate
and 50 m of toluene was heated at reflux overnight. After cooling
down, it was extracted wth eth ace ate tw“ﬁ%ggnd washed wi th brine

and dried oSt rf@”s?@ﬁ*h@ﬁ?@ﬁ”t‘ Eﬂ'\‘i’éﬁt wWasR\Ped 1Bn a rotary
L RS, WA D i b i 1

4-(p-tert- bBJthdtvmamtiemw Briree ifieatised pred sbcﬁﬁﬁ@sulfatbﬂ\iﬂl@e(cﬂmmi)as68 131
(d, 2 H J =28 .679d2,J.:8.0Hz. 636 (d, .2 H J =
8.0 Hz). @%’V?ﬁ onzef qq?axy eva o:‘@tq_'zgﬁe rgs@ggfv%aﬁ p%rﬂgé byieg'&gfa Ilga{_' id5) H)
1.329 (s, %dn% he {aaalﬁaﬁadazrnbeg &berhﬂﬂmaa i-eghadliorobiphenyl-4-yl ether
4-tert-butyl thi ol 4

31) [00161]1.3 f
othyl 4. (p el Sa5%iy NI SRR P R TRE BN 4363 cheit) CHER I
was dropped into 50 mM of THF solution vvlth 0.2 g of lithium alum num

hydri de (5 nqaoml) upstempte 842 eBARKIoR 3 B-teM BBy ItRdHIpRAME for two

hour s, of saturated sodium sulfate solution was dropped into
t he systemﬁﬂﬁ@ﬂk‘oﬁob@hﬁﬂyle‘lﬁybﬁﬁwavw%)sl owy until no gas was
generated. After filtration, the solution was extracted with ethyl

acetate (2Gopheny 3) aNén h%@ﬁ&%@ﬂ@s':ﬁyﬁhn&%ﬁ%ﬁ%ﬂ éi“sbﬂt;&‘@b?ﬁ G?r‘d

brine and dried w th sodiumsulfate. The solvent was renpved on

rotary evapbpid-tart-bdyibiiper-biomomgetyl- mph@ﬁyl (Bunrppd i H0 mof THF was
hyd t i o
LE ey Sy RAREERY el ot d o P SRR R S

further synthesis er pur| Ica
Preparat i orthem 146mémftbmwthymum (0-28 Mim hmﬁ)hydsinbbtﬂdes‘lww(tekpep the

[ 00163] 0. 5 Pho ro i-bromide in. 10 m_of chlorpfo

i ormen’ i nisPhe GRS iR g St a i e fas Toaf Bifeh e CEEE g o
4h} ert ]?ut yl Hdiur Ghdh rdiyet mwﬁmﬁéyét%r@ phEaydnd &lrﬁa‘ﬁfm%il@bmﬁﬁnmgiﬁﬁn

C oroformat roomte erature ter. stir | Ng or our

et hano! . weokiBg Sy%tnﬁh 718G acain 1- g eke Ee'm

with water rﬁﬁﬂi)bﬁ B, ofamﬁ: Wwhsh Aé’ffté@ﬂw ¥hé Pogiedl! Raaséﬁlltﬁ@feﬁape%ﬁueéto

removi ng the solvent, the residue was purified with a flash col umm
using hexar@0Hgtperatarergiowly aéldwélmedtqyemm@r 18 n@@fgawﬁt@d@emuaw sol i d

PAWR. (0DC1 359 A $ YA 5 el TRTER G e RO pnd ey Ry g e

4.574 (s, Zamh‘)apteﬁ v@ttget(\sl a@iale. (5 p061H4T B angrerec Bﬁasa?ﬂ&:pwaabecbwﬁbf

p- bromophenyl - nonal 14y %b}n%rg];%gg[ilur_n sulfate. The solvent was removed on a rofary
evaporator, the residue was purified by column eluted with hexane to offer
0.81 g of 4-ferf-butylthiobiphenyl-nonafluorobiphenyl-4-yl methane (yield
70%). "HNMR (CDCl3) 57.621-7.550 (m, 6 H), 7.314 (d, 2 H), 3.031 (s, 2 H),
1.346 (s, 9 H). ">*CNMR (CDCls) 5141.704, 141.561, 138.436, 138.200,

131.839, 129.404, 127.424, 127.326, 46.443, 37.861, 31.397.

[00168] Example 35: Preparation of 4'-fert-butylthiobiphenyl-4-yl-
nonafluorobiphenyl-4-yl ether (35)

[00169] In an argon flushed two neck round-bottom flask, a mixture of
1.46 g (5.0 mmol) of 4-fert-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 mi of 2
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4-y1 ether (33) [00165]In a 50 mM round-bottomflask, 5 mM of 1.0 M~
t-BuOK (5 nmol) was dropwi se added to the solution of 0.865 g of

p- bronmophenol in 30 mM of THF. The solution was stirred for 1 hour
and then transferred to a 100 M RBF with a solution of 2.09 of
decaf | uor obi phenyl (6 mmol) in 30 mMl of THF in a dry ice-acetone bath

qui ckly. Raised the tenperature to roomtenperature and stirred for

anot her 10 Misegliunt pafongte@nd0 ml pf lakiengaras bertad ebreflyveEhtne
tion. T 1%t : i: :

and washed a7Cbim BoWici RELGREaGeq Wi LBy AE BhaRsheR wth g

was r enovedamhdiged oteanyagespon atlitate. Thesolesitduas mavedrdnta adailyy

o< br omopher ARG oo Iusnam ARt e Wit dans EHeon

(CDCI 3) 67. B0H t6dffe0t.g of BI&¢-ButyRhidhiphefPLOGrRMNbobLEtenyl-4-y!

et hane. (345EOUES PO ok NV as2E AP dha. ot dnt Hlask, a

sol ution of7Qs87y & ﬂ: A5l oyt PONMR-(EDAN) oresmishy hadizRdemd 242

mml) in 10 M of THF was stirred in a dlrrg/ I'ce - acetone bath until

t he t enper at 3 @0GdS2d48dpA88.908, 1278820,t1HEHL, 65M418081.882y1 1ithium

(1.25 Min hexane) was injected slowy to keep the tenperature bel ow

-30C. The r@g%b]‘r)“ MEXGH] Oéﬁ.SPrngFHﬁ%hQﬁqt?éﬁ-%tﬁgt itfétr%hénﬁ—%&ﬂa then

rai sed the nperature t and stirred for 10 'm ns, then
cool ed t he sywfleptobipiienybd-y78dideg@n and 1.0 g of decaf | uor obi phenyl
(3 mol) in 5 mM of THF was injected in one portion. Raised the

te”perature@bgﬁ om . AREL S MiEHEL DY ¥ ﬁ)”uﬂd-sé&ttggg@ansik‘éﬁrs%hﬁi%h-omgzm

of saturated sodi um bi carbonate solution was a guenc
reacti on anglof teg-mityxithio-¢'-besneliphecyl €@ nwhol irel iyl oAt awas ¢irad inya 3) .

The organi c,phase it h i j ith i

SOt ot oA P IEP S a Rt T e it Lo S U7 ERONREN B |
wa rifieg wgllithromah LB85ed imhiéa infeoteaf Slexly Qo e thad
et St ATt on |uord£?mr?2ﬁje?-4- 1 Vethane (gl d
Sov - 11| NbrAREeIaR ey 2B Fredah e oS wasiTa e o 1908 sy
(s, 2 H, lh@#46theh raietthal tfeDld B)C 8dd dtiridor 2Adth2P 10 nlidS tHa®,
138. 200, 131.839, 129,404, 127.424, 127.326, 46,443, 37.861, 31.397.

[ 00168] Exangciedise syslapaback thr/87C a92atnein anpthen 1hmbBrosReitpned rgynd-
bottom flask, a solution of 0.05 g S in 5 ml of THF was cooled to -50°C and

transferred fo previous RBF slowly. Keep the temperature at -50°C for another
5 mins. Then, it was transferred to a solution of 1.0 g of decafluorobipheny! (3
mmol) in 20 ml of THF under -50°C and stirred for another 20 mins. Saturated
sodium bicarbonate selution (10 ml) was added to quench the reaction. After
extraction with ethyl acetate (10 ml x 3), the organic phase was washed with
brine and dried with magnesium sulfate. The solvent was removed on a rotary
evaporator, the residue was purified by column eluted with hexane to offer
0.13 g of 4’-fert-butylthiobiphenyl-4-yl-nonafluorcbiphenyl-4-yl sulfide (yield
22%). THNMR (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)
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nonaf | uor obi phenyl-4-yl ether (35) [00169]In an argon flushed two
neck round-bottom flask, a mxture of 1.46 g (5.0 mmol) of
4-tert-butyl thi ophenyl-4,4,5 5-tetranethyl-1, 3,2- di oxaborol ane, 0.97
g of p-bronophenyl - nonaf | uor obi phenyl-4-ylether, (2 mml), 35 ng (1.5
nol 99 of tetrakis(triphenyl phosphine)palladium 20 mM of 2 M sodium

carbonate and 50.mM of toluene was heated at refl x oV i After
cool i ng dowtd0%78l was B8a 5%6’5 b¥p ﬂF‘P‘h@FHy}?Oﬁé’@é{l%ﬁ‘% a P @gﬁgﬁo%‘j’

brine and didegugusb. I:{em?ée@fhéﬁﬁfﬁﬂétﬁéﬁenfymﬁ/l ﬁ@ﬂ’(&ﬁ@wé‘@&ts&@lﬁ@d’ﬁ*ﬁzw)n a

rotary evapor at or, due was puri colum eluted with
hexane/ CH2Ci#t of ghi@yof@rm ang &rence 3qiugosz>f 049 (1 mmoi) mercury (I1) perchlorate

a6v 1 v Ve ROSMEA R fRAeLbye SRIBRENHY falbly GitEGah S
Tar 000 395 e ey

[ 00170] ’Exambmé rg'@omﬂﬁgméwreoﬁ“aﬂ 9&8 Was pu fﬁﬂ?féjm’f% TRt Sysiery with
nonaf | uor Oblaiagpﬁﬂrﬁfaw@ Ol §m hfely@ﬂow%@)xdé ARAdd e dark. Trheenlidd werleemke?sd N

round- botto | ask, "a solution of 0.32 g of tert-butylthio-4"-brono
bi phenyl ( 1theuah Cefite. The diragg W‘tFHFWE\FVQ§d ydihcbring and %*Q&W*fh sedigBet one
bath until but yl
Tt hi um (1. SHEPT TR SO ATEnfRARAE s [ary Repoit e ol tas

t enper at ur e dissblvad irBRTMITHi ehloesdemi end Gis i pbiriaty! ermlnﬂ anchécmi@f acsiC

10 mins. -t hehloRs B EHaCdfubERVRER A0S shprelor DR, Melbob e o'

argon fl usheddedtingudrahtthorédotisk, Tl ssdctibh aiixiafe Wad wagh&d with Svatér, af
THF was cool d o-SOCadtr nsferr r.evj ous,. RBFE eep
the tenpera U cagheng ?rrargﬁﬁiq’?e?ncg% r‘?éi% Odi”‘fm\ﬁﬁgat?mgﬁ%rft Pred
to a soluti @Blv@ﬁt @a&r@n&e@&%%@@f@@p@%ﬂﬁhé ?esfﬁmi \R/a$ pu%drﬂy of THF

under -50C and stirred for anothe nuns. Satur

bi car bonat e C8EMit ?56?‘?‘1("1'@1 ?ﬂe)he\?ﬁﬁﬁe/gd'&é‘dt ol )dgé’ﬁEhW%B”'gr@cadc‘taF%tMﬁmﬁT ter
extraction ‘E!B:)th'@ LA c?ﬂgS n?lmxg%efha%b( Hbeezﬁ%gaﬂwmfa@@%ws

washed with Brine an rie nesium sul fate. The sol vent was

removed on é“frﬁ@ﬁa(dy? &l dpoB ittt 7 666 ($ csHdde S sizpuf pod éfdj D, £5180m
eI uted wt h fer
"-tert-but y h| oﬁg &%33}"1?4 SCq lll%)o%’aﬁzu(osrobl)b% i s 3 H? P (CDC%}
22% 11- | NR94.68T) B)2.679 6. V3, 53, 26 135. 14, mgam aga 19'0sz7 ﬂm:NNR
126.888, 37.852, 30.633.

[00174] Exampie 38: Preparation of 4’-acetylthiobiphenyl-4-y|-
nonafluorobiphenyl-4-yi ether (38)

[00175] In a 50 ml two neck round-bottom flask, 0.17 g (0.3 mmol) 4'-
tert-butylthiobiphenyl-4-yl-nonafluorcbiphenyl-4-yl ether was dissolved in 20
ml of chloroform and then a solution of 0.4 g (1 mmol) mercury (1f) perchlorate
hydrate in 10 mi of methanol was added drop by drop and yellow solids came
out when enough mercury salts were added. The mixture was stirred
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 sulfate. The solvent was removed on a rotary evaporator, the residue

was dissolve in 20 mi of chloroform and 0.5 ml of triethyl amine and 1 mi of



(€DCl 3) 6141.012, 140.500, 138.285, 132.919, 132.304, .131. 675,

128. 489, 127.389, 46.600, 31.397. [00172] Exanpl e 37: Preparation of

4' -acetyl |t hi o-bi phenyl - nonafl uorobi phenyl-4-yl nmet hane (37)
[00173]In a 50 M two neck round-bottomflask, 0.17 g (0.3 nmol) 4'-
tert-butylthio-bi phenyl -nonafl uorobi phenyl-4-yl1 net hane was di ssol ved
in 20 M of chloroformand then a solution of 0.4 mer cury

1 |
(1) per chiasei eniyide ees pACesb Mo gysioen Aekh ol mahior J0UBES MBBASE. an
yell ow sol '\@%‘i é’@d@éﬂ © ewﬂﬁ’ ﬂ@n MRILAGYHANhRUrAahSs RHSlRS: \%ﬂ_ e

syst em was overni g er roomtenperature. Then
bubbl ed i ntvatehe Mmdlumnarbpsawrmmmnaragdmh@ dwq/wﬁhtspmum Smﬁat&a
yel | ow soI i

rned into dark. The_ s |IdS t ough
Celite. qutﬁ‘? a?lge%\agawg}%@dvﬁq%r F\iyn%va\éﬁf]a%%l{, |ﬂj1e%?%/ﬁqqln &5di um
sul fgte lem.ém@H (r)ﬁolwm:serumhl Elﬁi;cmh@dnelﬁﬂg%@(ﬁapﬂbaﬁfﬁrﬂﬂh@mfem dued
was di ssolved in of chl or of orm an ne an
1 m of acetgEdligighipheny- Mkﬁo’éﬁ‘m@éot?'ﬁh‘%WH*é@@{p@ﬁ?}éﬁ'Q i?%/lt’)r VIR r
mns. Meth t rLLa@tHAN r t >9,ture
was washeda(\;r\b/l(Ej héf)(\a/g?télﬂsj@)d4 Fﬂsgtﬁqgmac%?ﬁgna?g Hign? 1@?%32‘% m%ﬂ dried

wi th sodi urhls UQIGWB (CRGISD 10k 8601 G603 udd!  64hohasd Bh 135268ar y
evapor at or um el uted th th
Poer G2t SR8 182, 1RE084 10 650,26 64 wth the

hexane/ CH2
4' -acetyl t hi obi phenyl - nonafluoroblphenyl 4-yl met hane (yield
629 . 11- | NNRO{TBIC! 3) BExanpes3¢.dPreakation of 48agetyihiobigh 4(yj,— 2 H J =

8.0 H), 7.505 H = 7.319 (s, 2 H J = 8.0 He
3. 032 %s, é‘ﬁ%baf'é’gf"ﬁg’é‘em}“"é'%‘f?dé;@é&w (CDCI(g) 6194. 647, 142.6)29,

141. 733, 138.267, 135.174, 129.423, 128.170, 127.555, 126. 888,
37.852, 30.[60377] 001 T4 hEdanitive 138k rBusgaptendlaskf0.12 g (0.2 mmol) 4'-

4 I i nyl1-4-v| -
f00175) 1 dea ARtk v BaRGbbFo b FRERIA s s SiebidiseRb i 20,
11 M oy o epembcer 0 ests st oty

i v i ut i '
mrol ) mer cUMFTRIEI) 1@@%%”3?#%’1‘@' dga GPPHBV H'{%?“MFHLP%B@CK%&%%ded
drop by drQﬁt%n}’eﬁ{dL@Wrﬁ&bu@%éﬁ@%r@%dwﬂh@m@dﬂ%\n@sf@tufe)d salts
wer e added. The m xture was stirred over nlght under room te%er ature.

Then H28 weRVeHughl Wifarfeen ferape@lide; bhersiie? vimshiubRled ining ragtionunt i |

all the yel Li ar
t hr ough %elélvt@’gérﬁ%ﬂ'%?gfnﬁ‘élﬁ urﬂh%lz@ﬁ’%gﬂioﬁ&ﬁagr@ﬂgdm%ﬂ gfhg s%qﬂs

sodi um sul fwere fillered BwoughrteliasT hefibataaven washed with belrgsod grigd withhe
resi due was, ﬁﬁgb}f&e' & ohniQlias RERSHS AR evigBrat, ahfisd hy!

anmine and T3
residue was dissolved in 20 ml of chloroform and 0.5 ml of triethyl amine and

1 mi of acetic chloride were added. The reaction mixiure 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 dried over sodium
sulfate. After the solvent was removed on a rotary evaporator, the residue
was purified by column eluted with hexane/CH.Cl, (2:1) to offer 87 mg of 4'-
acetylthiobiphenyl-4-yl-nonafiuorobiphenyi-4-yl sulfide (yield 80%). THNMR
(CDClg) 57.633-7.284 (m, 8 H), 2.490 (s, 3 H). "*CNMR CDCl3) 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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acetic chloride were added in the systemand stirred for 10 rins.
Met hanol was added to quench the reaction. The reaction m xture was
washed with water, 2 M sodi um carbonate, and brine and then dried
with sodiumsul fate. After the solvent was renoved on a rotary
evaporator, the residue was purified by colum eluted with the
hexane/ CH2C12 (2:1) to offer 110 ng of 4'-

acet yl t hi obagsesniglad 4n Wu-o12&L| uor obi pheny1- 4-yl et her (yield 67%.
IHNI\/R(CDCIS) 67626(d 4 H, 7.513 (d, 2 H J =8.0 Hz), 7.162 (d,

2o o2 4T e eaP 1) colidAR A6 e, ss00ed érg&ﬁflté@g%%eag%aﬁﬂeh Sebout

[ 00176] Exanﬂ)lrmi\/lmd c@neq:mraaed amrmmawaa@eidydtblef@m%\énme Hmiﬂcuies

fl bi ph | fide (3 7 : . .
Ciad bor ¢ B Bkt S A DS B R bl e i
tert-butyltbsohbpheny hofiry/ |Th@ﬁﬁﬁé tip ovaelringbd myth- AHE ang etifdrdé was

dissolved in 20 M of chloroformand then a sol.ution 0. 4 1
mol ) ner culymedigiehp &ftentane twsameumﬁdfé‘?wp&ﬁ”ﬁégﬁ%%%%ég added

drop by dr Oﬁltr%ﬂgcé’oelh{ooﬂﬁqulll‘l/@r 19 2RIy ichahifer e ke BB hpig Turdeling

wer e added he m xture was stirred overnight under roomtenperature.
Then H28 wa§pb@tmacem (S1ED) meesurerent. drstegd phseiipesenatiganhe fagey unti |

al'l the yel h%‘(éﬁ% éilwal]tIF ?tgatbn\}vg ud8tks ng\ﬁleiﬁ)%é&ﬁo‘%% J%{ﬁsé%ﬁ/tﬁg

t hrough Cel i was washed wt red wth
sodi um sul f atoteculdseorsil ceatediasgstentiy.edhion ssaalnlettaatfordmpm istiahle andd
t he resi due was ved in or.of or

et byl - arrnoasis P REaddefEnt teshs eobtuPat AR the -7 Rasdlement
m xt ure wasjssdHowrgfl Fi@r 7 1i0icae Rparddisrizd oo bf Mﬁpamtezs mahqlmenﬁ;gurahm
reaction. The organi C%Ehase was _wa

carbonate, 8hou 1§HP$¥@f aT@PHBY 25\?@&“%"6@%%%% %‘H’tcé’aéﬂ%‘ég&?% Ep f8Pvent

was renoved,ggn 8eﬁ1ﬁﬁ§tFé/ce§Yr@%9:ré‘ t%ltywettlﬂﬁs éﬁﬁl’iéﬂ'@n Y@&d@lﬂddfmﬁiéu@trate
colum eluted wth hexane/ CH2C 2 (2:1) t

acet yl t hi obipstadsed-Theylectficationuatieisi qhwh;’r:@tz \{/IE‘W W gerveys eiewpdyy .
11|NNR(CD%@ 67.633-7.284 (m 8 H), 2.490 (s, 3 H). 13CNMR CDC13)
5194. 359, 141417, 140.760, 135.280, 132.188, 132.007, 128.608,

128. 212, 127.879, 30.674. [00178] Exanpl e 40: Measurenent of
el ectronic ﬂ?ﬁﬂ;ﬁ@ﬂt y dixample 41: Comparison of the redox behaviour of three

EZP]E af | uor oplanyded mAGEhES Hlinfsi? 43 doARANNGEHRRAG L 2 Geprpound  25)
tetramethoxybiphenyl (TSBOO), p-tert-Butylthiophenyl-nonafluorobiphenyl
(TSBFF), fert-Butylthiophenyl-4-(2',5'-dimethoxyphenyl)-tetraflucrobenzene
(TSBFO) was investigated by cyclic voltammetry. The conjugated molecules
were dissolved and scanned positively in 0.10 M BusNPFs in anhydrous
acetonitrile and anodic scan was performed. The cyclic voltammograms of the
conjugated molecules are illustrated in FIG. 10. Among the molecules, 4~(p-
tert-Butylthiophenyl)-2,2’,5,5-tetramethoxybiphenyl (TSBOO), a pure p-type
conjugated molecule, shows three irreversible oxidation peaks at 1.23 V, 1.41
V, and 1.73 V vs SCE. p-tert-Butylthiophenyl-nonafluorobiphenyt (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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assenbl ed on Au surface [00179] Conpound 25 was dissolved in THF to a
concentration of about 1 nM and concentrated ammoni a was added before
SAM The nol ecul es were assenbl ed onto Au coated tungsten tip by
imrersing the tip in the solution for 21 hours. Then the tip was
rinsed with THF and ethanol immediately. After that, the tip was

mounted onto tip carrier before it s introduced into the Ul _V-STM
anal ysi s cﬁ@ﬁﬁggwgdnﬁﬁﬁ@e%E@ﬁ BiRy9% dH@WPWaﬁﬁgﬁtWPB@P8§V“6§g§Fﬂﬂﬁ

measur ementegrhBafs8dth Giffe®Pt EreaRsmENrbdtdd e heatask bERARGUS AfeSly AU
substrate, we use this new approach to self-assenbly the nolecules on
Au coat ed televpnténths ghargmiranspast pisicess i thaifibe @agisr éhe exifalisineofdhel
reproducib : . t t the 1-V

measur enentr%liééCU\s/ gﬁﬁ%g%@gﬁ% m[ﬁé %Ih()eﬁd%ctféﬂgarl%%%ﬁﬁ Ileéglgbf conmpound 25
in the configuration of Au substrate/conpound 25 sel f-assenbl ed on
Au- coat ed [Qigdien tApchmbe bedarsiembg onasidiedindhe arpowEnyi ve bi as

o 01 s apsaicaigfs B e SRR, SRR AR ERSeP TP drg pRBLLRT
[ 00180] Exafrhé énvihtiofroapasr) is ditendied freen@dmasd el avich wiodMcatibn @thin its

conj ugat ed nol ecul e, namely 4-(p-tert-Butylthiophenyl)-2,2',5,5"-
tetranetho??ﬁ#bﬁ@ﬁ&%"?ﬁgggyggmwég

p-tert-Butylthi ophenyl - nonafl uor obi phenyl (TSBFF),

tert-Butyl thi ophenyl-4-(2',5" -di met hoxyphenyl)-tetrafl uorobenzene
(TSBFO) was investigated by cyclic voltametry. The conj ugated

nol ecul es were di ssolved and scanned positively in 0.10 M Bu4NPF6 in
anhydrous acetonitrile and anodi ¢ scan was perfornmed. The cyclic

vol t ammograns of the conjugated nol ecules are illustrated in FIG 10.
Anong t he nol ecul es,
4-(ptert-Butylthiophenyl)-2,2",5, 5 -tetranet hoxybi Phenyl (TSB00), a
pure p-type conjugated nol ecul e, shows three irreversible oxidation
peaks at 1.23 V, 1.41 V, and 1.73 V vs SCE.
p-tert-Butylthi ophenyl - nonafl uorobi phenyl (TSBFF), a pure n-type

nol ecul e, denonstrates two irreversible oxidation peaks wi th higher
oxi dation potentials at 1.70 V and 1.90 V vs SCE
tert-Butylthiophenyl- 4-(2',5'-dinmet hoxyphenyO-tetrafl uorobenzene
(TSBFO), a p-n diblock nolecule, shows a reversible

oxi dati on/reduction peak pair at 1.47/1.36 V vs SCE. The CV
measurenents indicate that the redox behaviour of the conjugated

nol ecul es can be | argely mani pul ated by incorporation of different
segnents with different electronic properties. The redox behavior is
directly relevant to the charge transport process in that the easier
t he oxidation of the nolecule, the easier it is nove an el ectron

al ong the nol ecul e. [00181] As can be understood by one skilled in the
art, many nodifications to the exenplary enbodi nents described herein
are possible. The invention, rather, is intended to enconpass al

such nodification within its scope, as defined by the clains. WAT
IS CLAIMED | S:
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1. A conjugated nol ecul e conpri si ng: from3 to 100 Ar groups
form ng the backbone of the nolecule, each Ar group being an aryl ene,
an aryl ene-vinylene or an aryl ene-ethynyl ene group, at |east one of
the Ar groups being substituted with one or nore el ectron-donating
groups to f rma Ar group and at | east one of the Ar groups
bei ng sub¥{h ﬁﬁﬂ%dﬂw%%ﬁf%ﬁ% or nore el ectron-w thdraw ng groups to
forman nqtypep, roup being adjacent to the
n-type Ar groupptgoo %&l%ﬂgﬁ%ﬁn@?tg}é@ﬁrﬁ §t he Ar groups arranged in
alternating p- type segnents and n-type segnents; an alligator

EQLSbF’é"EP et B AF e i D raseonpiE: Rt as A,
i's acetyl b&ﬁé%ﬁl'érb cPe, éﬁ%PyEQH%)OH))[Br% orbé‘ﬁ‘éWEérﬁB@hmEé@ﬁ%ﬁeup,

di azo, sp ate osp oni o osphonitryl, "any o
acetylt h| ef lemst byd Dﬁthm Ar @nclupatbplmmsmstwad ywitthdrg opmese leteotroor

phosphoni optionally substj tut d with gne or .nore 1-18 al kyl,
G115 kERDRIEGITRE P YR P b orblb Ry SRt At e
C5. 30 ar yheingsubtiftityd dkhthe &%Bﬁé e[@bir&ﬁw&ﬁd@é\ﬂmg'g&@@ﬁf@ﬂ?fd?m Aahl de;
and one or nore spacer groups, each spacer group independently

i nserted BEEWegrotRotha pErRRUPBIrausebaing adiacadt © tpardipegioarpsp to

i ndepende

et hyl ene. BB P08y SHEBACHTH Uk ERGng L N BB RL RESR sEDers

di thi o, thhomyypesselgframgd:, | m no, carbonyl, carbonyl dioxy,

t hi ocar bonyl, phosphi ni dene and phosphonitryl, any of which

nmet hyl ene, ethyl ene, propenyl ene, ethylene dioxy, 1,4- cyclohexylene,
1, 4- cycl ohexyl i o}

Cl 18yal kyl , Y %H%gfﬂal?iryclfpsg@%(R%rbé%é‘ﬁ%ﬁ%%#%%ﬁtﬁé&a@ o}{r?;@ & {h onyI
t hi oam degrcﬁ:@ mpahlqbf rﬁtaﬁ@m&hﬁyﬁ aumaimtmgmunfacen%e:ﬁm d:hemﬁi gnospaglano

hal i de. 2. d | 1 f 3
20 Ar. gr ARG, sl o TRt e euep. Boyane dsb pspate,
wher ei n eéﬁbs;ﬂ{orﬂé QM‘RJHO% hBHﬁP?%?@f'Whe@r?b@@tWﬁlof O)Pi?ﬂgd‘%bﬁﬂe

napht hyl ene, thi enyl ene, furyléne rrol yl ene ne

t hld az o:c Iy| én@lthgé;ena\tlmlcyl m@@phgger @rzmmﬂpme;o rslamloeaw eumtrtuted with
df benzof U AR GRS A GaR 20 Erp PN, S APLS BN FEHES: PP MMeny! ene

pent acenykalfsnyl, tRtemyitieNEs.s2aryl, @ayh Qﬂﬁamﬁﬁf‘hﬁilﬁ@yﬁlﬁﬁecydiﬁpﬁsﬁc?amb ene,
blphenylenylene i ndacenyl ene, acenapht henyl ene, phenal enyl ene,

phenant hr 9T BAlde;@ndohenyi enyl ene, pyrenyl ene, napht hacenyl ene,
hexacenyl ene, pyrazolyl ene, im dazol yl ene, naphthot hi enyl ene,

t hi ant hrenyl ene, pyranyl ene, isobenzofuranyl ene, chronenyl ene,

xant henyl ene, phemmmlsmybegmuppyehm ghageregreup mddpéazibnw gserted
i ndol i zi nyl ene, j soi ndolyle e i ndol yl ene, purinyl ene,

L ool o1 s iin MELARGRpPSHRE B AL ?ﬁyﬁ%%egma%%mcﬁqwﬂéﬂ@v

acr i dinyl §@I%ctd¢ﬁ SRMh Ot ArdY b#fend) ENBnylbAs 4azY! iyl ene,

i ndol i nyl ene, phenyl ene V|nylene'1n§% Qn%ne V|%y engﬂgfhlenylene
vi nyl ene, CY(E]OW%XMI@'IGI,I1n§"|CG'Q|ehe}9§ﬂEh©U}d>®’nﬁ1lﬁ)'lCfin@,l‘tbtonpyISUﬂgihsdnlminO

by 2z ny| GROPSRBEREY b EHechi: Frat T aens et praspbeindnany
vi nyl ene, of #hRazabiHyesR, étﬂWér@%robé&%ﬂ@%éﬁthﬂéﬁé)dh@@eﬂﬂ nyl ene,

di benzof uranyl ene vin | ene, dlbenzothlenylene vi nyl ene,

ant hr acenyv@ﬂbewiﬁw éh ércysléhﬁmd@ﬁ@ dime is opjipeally, syhsiituied mjtheare or

4o e ARSI G A S D P B L™
i”dace”ylaﬂ@am“n¥K%@ganﬁqu@nh?hmﬂﬁbe@ﬂwkinﬁhemgan@hgagwﬁmy¢ﬁmﬁwe

vi nyl ene, phenant hryl ene vinyl ene, triphenyl enyl ene vinyl ene,
pyrenyl ene vi nyl ene, napht hacenyl ene vi nyl ene, hexacenyl ene vi nyl ene,

2. The conjugated molecule of claim 1 comprising from 3 to 20 Ar groups.
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nore Ar groups is substituted with one or nore substituents

| ndependent|ly selected fromthe group consisting of |inear or
branched Cl1-18 al kyl, linear or branched C2-18 al kenyl, |inear or
branched C2-18 aIkynyI | i near or branched 18 al koxy, |inear or
branched &1-18 Theleprivaates Bolerule R claim dor dlainedwhsireipreasbnivarour 18

1O A e S A b,
any of The CLoLE vt ”??zgiyiﬁﬁma%%ﬁimpﬁ'ﬁmﬁmﬁ afﬂﬁie' !
S 18 al KyaINSTar e i RS, GtezOiPNe, RylrRLar P | y
cont ai s BbRrtBHaiohE! FEAH AR IRhEChAR dAIdHIE (df QepyRaRs! St 1 o

of N, O, wherei n” an
al kenyl , 02niEBealleNaYihdeOllehs, aﬁd&mglene:]pemaiehklxahanmmmmnylene

di al kyl | kyl t hi C5- 30 |, C5-3 | i no or C5-30
di ar yYaa"h@%eg%ﬂyfe&ﬁim cpYieheraepelianvane. PRENYEINE i t b one or
or @ Nl | Bgnan iy RORNKAEHSeh S RGN En i I &Rt ai 5 1 to 4

wherein the one or nore el éctrion-w thdriaw ng gr oups are I ndependent |y

sel ect ed hem@emnlerwe pyerohdeye, imidadehsgne, raphtuthemyeneo, nitro,

nitroso, am do linked. t bone, t hr ough the oxygen,
pyr 1 i i uTERRB AT frepyBig o By BTN, Satnfadiighe ang

triazol yl xanthenjieeetphéndakisithylBie pyligidhylany, piRia@fnytdrd ms 1 to 5
wherein the one or nore el ectron-donating groups are |ndependently

sel ect ed fﬂd&lfiiélyl@(ﬂ)‘%ylsmﬂﬂquw|6d0|ah¢ﬂﬁopummd¢@ﬁe>ﬂum%ﬁf%ﬁﬁﬁ)nnect ed to
the baCkb []ﬁ'\oy]%e 2 ﬁasz.py|%89§{éh.dw<%%x>é'% g(é‘?a‘ét §Heﬁé%thﬂ&‘n9%%§b°“e

t hrough t pheny

car bazol ybyrrallﬂWéne a:lnlmﬂmﬂmﬂede alhhfailmﬂene bheﬁb@n@omwlg@é athpmhw@mé e
of any one to, 6 whereipn a fII’St seg t of the Ar groups

0

is p- typeVEWI? 3@@@({@“ g ¥ise; Biry @VAW%'?%[H)@YQ err'.efw e, 8. The
con ate he AC grou
S Jaggtyl ?Kmlgﬁé’b%ﬁn@gﬁaﬁﬁeﬂhﬂyﬁ%ﬁﬁ g\f/%\lzé émﬁ‘?r’ﬁ?'??%ng a f?rstp
el ect ri cabycamnyiene v:ay@eeoﬁubrehglenmwwmmmnm@eanlmmmylerm viogienegat ed
nol ecul e of ,an ne o a conducti ve path

ot voon' t RertERbu Tt ShvEng. MRebatdnd-afERenth daterHibeiat i Fldhe
contact, Vhgletie difeRizegiamnte etk eln@abnm@@é erisSviRPRABCERcERYIERE

conj ugat ed nol ecul e through the AC group. 10. The nol ecul ar
el ect r oni ¥inylaries eeptacendient yinmirneiindemeeng wgvieéee@zule@ﬂenedmyme and

the secondeRlLAGI ARl ngAALARLe A1 RARL NIRECARRON X, ABNDREALAL

conducti dembpimhe vinylene, acenaphthenylene vinylene, phenalenylene vinylene,
phenanthrylene vinylene, triphenylenylene vinylene, pyrenylene vinylene,
naphthacenylene vinylene, hexacenylene vinylené, pyrazolylene vinylene,
imidazolylene vinylene, naphthothienylene vinylene, thianthrenylene vinylene,
pyranylene vinylene, isobenzofuranylene vinylene, chromenylene vinylene,
xanthenylene vinylene, phenoxathiinylene vinylene, pyrimidinylene vinylene,
pyridazinylene vinylene, indolizinylene vinylene, isocindolylene 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
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11. The nol ecul ar el ectronic device of claim9 or claim 10 wherein
the first electrical contact and the second el ectrical contact are
each |l ayered on a solid substrate. 12. The nol ecul ar el ectronic
device of any one of clainms 9 to 11 wherein the solid substrate is
silicon, AitvAYleps pridijersethyayleprt Heazaldeoe egfonylenepexadiazolylege The
nmol ecul ar nj ' | 12 wherein the
conjugategﬁbﬁﬁgﬁgrEg%%ﬁ§kgﬁugéyﬁg§n%gﬁ%%%Tﬂég%gg“&%k%@hles. 14. The

mol ecul ar ireleeofluorngletiedttgnydénes | cairtpaAsdy lahe etiymytdme, pl ural ity of
conj ugat ed nol ecg}l es fornms a nonol a 15. A met hod of

manuf act ulNAsgOEADaRBIVEE G %walﬁﬁ?’r‘aég‘gﬁﬁlﬂﬁ%@ﬁﬁEtBM'SWE@ﬂ% of clains 9
to 14, COHWehébﬁﬁbré@%még&@gﬂ?eEQea@h%eengkﬁététpﬁly%igﬁé’,rﬂeﬁ'ﬁ{:erﬁlglﬁb m? L to

sol ution contal nin ugat e ule o one o
8 to fornetnynpleokapentacéngeng etfatrgte nen iretlanylenenethiieyléne sdazubdreddna cal

conj ugat et HBYEER: REMERIRRR P THENS: SatoRaY e AT AT Gont act on
cont Aot n T e e o b Ryl !
group. 1ethyaylenespbanaldeyleoe etymytdns, phenaninndeneg etigiyteme, and a
second Coﬂgplﬁ%%?/f’enylene ethynylene, pyrenylene ethynylene, naphthacenylene
ethynylene, hexacenylene ethynylene, pyrazolylene ethynylene, imidazolylene
ethynylene, naphthothienylene ethynylene, thianthrenylene ethynylene,
pyranylene ethynylene, isobenzofuranylene ethynylene, chromenylene
ethynylene, xanthenylene ethynylene, phenoxathiinylene ethynylene,
pyrimidinylene ethynylene, pyridazinylene ethynylene, indolizinylene
ethynylene, isoindolylene ethynylene, indolylene ethynylene, purinylene
ethynylene, quinolizinylene ethynylene, quinolylene ethynylene,
phthalazinylene ethynylene, pteridinylene ethynylene, acridinylene
ethynylene, phenanthridinylene ethynylene, pyrrolinylene ethynylene,

imidazolinylene ethynylene and indolinylene ethynylene.

4, The conjugated molecule of any one of claims 1 to 3 wherein one or
more Ar groups is substituted with one or more substituents independently
selected from the group consisting of linear or branched C4.15 alkyl, linear or
branched Cy.1g alkenyl, linear or branched C,.45 alkynyl, linear or branched Ci.
18 alkoxy, linear or branched C1.45 alkylamino or dialkylamino, linear or
branched Cq.4g alkylthio, amido, carbonyl, carboxyl, alky! sulfonyl, suifo,
sulfonyl, thioamide, }Cs.30 aryl, Cs.30 arylamino, Cs.30 diarylamino, amino,
ammonio, hydroxyl, nitro, cyano, isocyanc and halide, wherein any of the Cq.1g
alkyl, Co.15 alkenyl, C,.1g alkynyl, C_4g alkoxy, C.1s alkylamino or dialkylamino,
or Cq.1s alkylthio opticnally contains one to four heteroatoms selected from the
group consisting of N, O, S, Si and P, and wherein any of the Cq.1galkyl, Cz.4a

alkenyl, Cz.1g alkynyl, Cq.15 alkoxy, C1-1 alkylamino or dialkylamino, Cq.45
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that intersects the first conductor at a non-zero angle and the
nol ecul ar el ectronic device of any one of clains 9 to 14, wherein the
nol ecul ar el ectroni c device connects the first conductor and the

second conductor_at the point of i nt er.sectj on.
lEythlo Cs.ap aryl, CP5 30 arylamino or Cs.3p diarylamino is optionally further

substituted, including with one or more halides.

5. The conjugated molecule of any one of claims 1 to 4 wherein the one
or more electron-withdrawing groups are independently 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.

6. The conjugated molecule of any one of claims 1 to 5 wherein the one
or more electron-donating groups are independently selected from alkoxyl,
alkylthio, amino, hydroxyl, amido connected to the backbone through the
nitrogen, carboxyl connected to the backbone through the oxygen, phenyl,

naphthyl, thiophenyl, furanyl, pyrrolyl, carbazolyl, alkyl, alkenyl and alkynyl.

7. The conjugated molecule of any one of claims 1 to 6 wherein a first

segment of the Ar groups is p-type and a second segment of the Ar groups is
n-type.

8. The conjugated molecule of any one of claims 1 fo 7, wherein the AC

group is acetylthio.

9. A molecular electronic device, comprising a first electrical contact, a
second electrical contact, and the conjugated molecule of any one of claims 1
to 8 forming a conductive path between the first electrical contact and the
second electrical contact, wherein the second electrical contact is connected

to the conjugated molecule through the AC group.

10.  The molecular electronic device of claim 9 wherein the first electrical
contact and the second electrical contact are each independently composed
of gold, silver, copper, platinum, palladium, indium tin oxide or a conductive

polymer.

52



11. The molecular electronic device of claim 9 or claim 10 wherein the first
electrical contact and the second electrical contact are each layered on a solid

substrate.

12.  The molecular electronic device of any one of claims 9 to 11 wherein
the solid substrate is silicon, mica, polyethylene terephthalate or

polycarbonate.

13.  The molecular electronic device of any one of claims 9 to 12 wherein

the conjugated molecule is a plurality of conjugated molecules.

14.  The molecular electronic device of claim 13 wherein the plurality of

conjugated molecules forms a monolayer.

15. A method of manufacturing the molecular electronic device of any one
of claims 9 to 14, comprising contacting the first electrical contact with a
solution containing the conjugated molecule of any one of claims 1 to 8 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.

16. 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 9 to 14, wherein the molecular
electronic device connects the first conductor and the second conductor at the

point of intersection.
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