CONJUGATED ORGANI C MOLECULES FOR MOLECULAR ELECTRONI C DEVICES FI ELD
OF THE | NVENTI ON [ 0001] The present invention relates generally to

nol ecul es suitable for wuse in nolecular electronic devices, and
particularly to conjugated organic_ nol ecul es. BACKGROUND OF THE
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for high-speed conputation that useEVHEBngl e nol ecule or a group of
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ol i gomer s @ddition, molecule-based device construction is & bottom-up process, in which
the synthesized functional molecules are further self-assembled into desired

circuits. Therefore, it is a rapid and cost-effective technology.

[0003] To construct molecular electronic devices, molecular-scale
materials are required to 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



[ 0005] Carbon nanotubes have been used for field effect transistors
and gain has been achi eved by applying a voltage to a subnerged gate
beneath a single walled nanotube (Dekker C. et al, "Logic circuits
wi t h carbon nanotube transistors”, Science, 2001, Vol. 294,
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nol ecul es asocarbenekeotubede in this device is driven by physical
adsorption, which is not a stable, reliable connection for nonol ayer
or single and cat epanes have al so

ul evi ces. [0008] Rotaxane
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which may limit the application of DNA-based devices in molecular

electronics.

[0007]  Organic molecules have been employed in molecular devices.
Metzger and co-workers demonstrated a rectifying device based on multilayer
of hexadecylquinolinium tricyanoquinodimethanide (“Unimolecular Electrical
Rectification in Hexadecylquinolinium Tricyanoquinodimethanide”, J. Am.
Chem. Soc. 1997, Vol. 119, 10455-10466). This molecule requires the use of
Langmuir-Blodgett technique for deposition 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
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easily synthesized or easily integrated into nol ecul ar devices, and
t he response speed of the nolecules to an electric field can be
fairly slow. [0009] US Patent No. 6,756,605, issued to Reed et al.
describes ppl ecul ar scale el ectronic devices which include
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such nol ecul es are not easily assenbled into a device in the proper
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switch
order devi 88‘3’%"@(&7\'@@\( OF THE | NVENTI ON [0012] The present
invention relates to conjugated nol ecul es that include at |east one

p/n juncti[oD16P aElERbRGEYEAE Lava iflidiedr Xpahe o %Fr"e@@nélﬁt@c%ﬁ&ﬁn%ne

end alligator clip groug which allows for self-orientation of the

nol ecul e dlipgegydeveloped by Reed and Tour, and suggest the addition of
intramolecular 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 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.



assenbly in a device, resulting in an asymetric structure of the

nol ecul es. The conjugated nol ecul es may be used as di odes, nol ecul ar
switches, transistors, and in the manufacture of nenory devices.
[0013] In one aspect, there is provided a conjugated nol ecul e
conprising: fradiVBMABY106 THE dNYEPETIOdF mi ng t he backbone of the

nol ecul e, each Ar group being an arylene, an aryl ene-vinylene or an
aryl ene- etj@9A2] endhgrpepentdnvérdmst relatee totonjngatdd rgordpestabniclude

substitute%lwith one, or re eIe?tror:q-ifgeonatin roups to forma
p-type Ar roeg Oé‘r?oP/QtJurl‘&D%"_t SQHAR QPQ ﬂrd"&Pg%'b gisicgn flowhand poeed
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group, the p-type Ar group being adjacent to -type Ar group
form a p/ rasseody iroa desice, egsulDgyinarpastmmetriesiducitire ditthbanéleonkes. t he

AC group abl e f reacti with a cgnducting surface. [0014] In
anot her agﬁgeceé,mj’t‘ﬂ%eg 'P@FGBP%WB%%& %88&% 'QPegl 'Ee{etCHfﬂré"‘&‘ég?%’e,

conpri si ngransidtor, afbiae thd ARINUFAALRCSH mB8mRPFaBGECBs ect rical contact,
and the conjugated nol ecul e described herein formng a conductive

path between the first electrical contact and the second el ectrical
contact, VAG13l n theneaseeet. thareds piavidedca soriates motansite edmpdsinge

aopeot. RSTRoEU APARARS LRfndme BafkBone AP tR mblkelle. Yhbanarape

el ect r oni deileganidngdnbearearylernsuprylssieny Avakdarid-sthyhbnkigrétip, at least
el ectrical cc%gf_lact W th sol uti on contai ni ng the conjugat ed

mol ecul e SNEHTANRYY FBURSPRING sUbstBited withgine-onnakr elestrebrdanatiagon

the first ' , i Iy .
contacti némt)ﬁﬁéé ffcﬁgﬂﬁ’ofgqg%hﬁ?@%pn%g?{t Ieec?%lrtrgf%gﬁ@é; Aggg&ﬁ%}e%%ggti ng a
second el sebslittitgd wishtoset oranotenelentrooivétheirawingogroppg &d éxtm aminetype &\r

the second el ectrical contact contacting t end of the conjugate

nol ecul e %?U%gtb?,ﬁ)—@f)ﬁﬁ/gfogp&&ﬂ?g f‘@@%’% tP%?é’ftVQﬁ&r@Pu%‘bt@ 1 3t e
i's provi deghdiodf 86§ RATACYHEG rafs ' l et
second comc'toor t hat in?(gr slggE gn§%ggfdif?g?gag%é%rfj%?%%Q\a@tjggiﬁo%-zerl%

angl e and of FrRaGigekith arcosduetingaudackevi ce described herein, wherein
t he nol ecul ar el ectronic device connects the first conductor and the

second coRGRAIOT At aridifiePQdplct thetd S BGHEI Y 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.

[0015] 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 crossbar device
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[0017] Ot her aspects and features of the present invention wll
become apparent to those of ordinary skill in the art upon review of
the follow ng description of specific enbodiments of the invention
in conjunction with the acconpanying figures. BRI EF DESCRI PTI ON OF
THE DRAW N&Snposing firat eendudterarssa samradwomdm@owmaéjntengsewheffirst

I th t 019 FI G
o chenat 1 BT T eBrenoly ArRREraya Qe SlecBPrir 9 4cd gesgioes ' °
i met hoxy phiegrgin), wheré€iprthe eholethiap BRREBhIc dovice &@eﬁgtﬁéﬂi@t b@%d’ucjeerl -
bi phenyl; [0020] FIG 2 is a schematic diagramillustrating t

pr epar at i ANGINESecOnN)] Gageitietor abIte ppiat of intersection.
4-(2',5" -di net hoxy-4'-acetylthiophenyl)phenyl - nonafl uor obi phenyl ;

[ 0021] FI q[()oinTD @gﬁ%g&%é@ afli 395RRd of HE 8L MG IdIfioR" TR YRbhy Of

conj ugat e
1 acetylt mpznmemytb -the@e pRbrdhary' m:ahnmmmmi@ml | wf thdf@llbWLHgJor 0
benzene; ch matjic djiagram.llustrating the
pr epar atl llaﬂon %\E’E‘Wf? 5 Ogl"Bﬁ@tﬁﬁf the %Veﬂﬁeﬂéﬁ PBB'PBB"%@’HQI"U% yl

met hane; [33]pdr g@ schematic diagramillustrating the
preparation of p yﬁ%gﬁ?ylthl obi phenyl - 4-yl - nonaf | uor obi phenyl - 4-yl

et her; [0024] FI G 6 is a schematic diagramillustrating the
preparation of 4'- acetylthiobiphenyl-4-yl-nonafl uorobi phenyl - 4-yl

evel 5 of 1 ﬁiﬂ%ﬁtﬁ‘? PR IPRECE BE TRARIRES f on of el cct ron fow
' havi / 0026] FI
2 conomat 118088 r BN RaiEEr afoich i e Sofluny S i oplipt co

mol ecul e %ms@dnmetriﬂs eptheresapnialém@irobi phenyl assenbl ed on a
scanning tunnel ling mcroscope tip; [0027] FIG 9 is a graph

|IIustrat|naéthe | -V characteristics of 4-

acetyl t hi dBAERY| - Flfpal fu sehemRER fiagramobizgTatingdhe rueparajos efidnat i ¢
L1 T ustration s6lqiRetMbGEHEA)-A-62LEQY o PR¥AGR2,2' 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"-acetylthiophenyl)phenyl-

nonafluorobiphenyl;

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

tetrafluorobenzene;

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

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

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

[0025] FIG. 7 is a graphical representation of the energy levels of the
5



conprising a conjugated nolecule and two el ectrical contacts coupling
to the conjugated nolecule; [0029] FIG 11 is a cyclic voltanmogram
of 4-(p-tert-butylthiophenyl)- 2,2',5 5 -tetranethoxybi phenyl

(TSBOO), p-tert-butylthiophenyl- nonaf | uor obi phenyl (TSBFF) and

tert - but ylelactopmner) Sctam’thasdwemofmfrﬂiagtmmﬂqw)acr@safsbumge‘mhzene

(TSBFO) ; 5% 3 schematic illustration of a crossbar
i ncor pora?ﬂg g% %Y'Eé%%ﬁ"é’i@@ﬁroni c device. DETAI LED DESCRI PTI ON
[0031] In traditional silicon-based devices, p-type silicon can be

placed adjpeeeépt FGN8tiyaschematoridgrany ifasteatthgrthe dgseatblpof aand such
junctions can be used to create a sem conductor device which wll

conduct i rPBWoaied Sqlpemeshasetyithiarhemdmenpflup@binhany! assambledan at or

exanpl e, properly assenbled within a |arger
el ectroni cc% Vi tuwgﬁfrﬁp n%ﬁ%%g%é i ét ed to only flow when the device

is forward biased. [0032] Siml arI y, the present devices are based on
t he creati[0A2¢] aFpEN9 is agcaphilustrating thedli' tahaeaaenstitsof el ecul e,

whi ch provid tion.to conduct ance of the nol ecul e. Such
nol ecul es aﬁegﬁhrg%cﬂlﬂny HOFﬂ%u%hl??‘gﬁ‘Vbre of devices such as diodes,
swi tches and transistors, but require a nmechanism for orienting the

nol ecul e vheRspei FIGASS AR keRematio iIRBtralies bf amhéSled@mt BRctroRic GeEsler
that the nol ecul e properly regulates current flowin the desired

manner. [@OISINhaLonugated mpleeweicaddwa eslfiggleandactsicounling taotheuse
in constr r electronic devices. The conjugated

nol ecul e |dsb% moqg((l’;hlghd has at |least two termni, each for
coupling to an eI ectronic connection, at |east one p/n junction and
an al | i gat[0028] i pFiBolpisad cycle vdl‘@lmir'nng-nﬁ of 4qptterttbutgtiibehemliecul e
when assenpl | n an el ectroni ice. Cenerally, the conjugated
mol ecul e ;2% ﬁgo{ﬁt@%ﬁ 'Brr“\:]”ér(lggé é’rf@”tfb}i' %éﬂ@erﬁﬁ

aryl ene- etpayILigRDISHAHP ETSBE Qﬁdtté}%bg htzg% L4Ybesrmol ecule,  with
the alligator clipg &Eou {Imﬂ ed at on?&en opgt h_té backbone. At

| east a fdimsthaxyphehyl) Mraafh:plr@vmzeme;(ﬁ&%@); aptene or
aryl ene-et hynyl ene groups is substituted with one or nore

el ectron- %8% NIEHS OPRs 298 &hali€AthtratSESPA% rossbar incorporating a

molecular electronic device.

DETAILED DESCRIPTION

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

only flow when the device is forward biased.

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

for orienting the molecule when being assembled into an electronic device, in
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one of the arylene, aryl ene-vinylene or aryl ene-ethynyl ene groups is
substituted with one or nore el ectron-w thdrawi ng groups so as to
forma p/n junction. [0034] A p/n junction as used herein refers to
the interface that occurs between adjacent electron-rich and

el ect r on- defipcihah thes splends paiparlyeegbatébomeemtflovhian thel desired maeaered
by substituting arylene, arylene-vinylene or arylene-ethynyl ene

i - ti J I t.
Peapoot  vaP3shine TRl W3 ko Ror FMUFRG anaE e BS pedi ™
et hynyl ene:o@x@cru@mgwmolérmﬁaraelé@ﬂma@xévtc@sgw@ coRjugbRA mdeculsisP! aced
adj acent in the backbone to an art;él ene, aryl ene-vinyl ene or

ar yl ene- etaSyRyNeiie anddias atlgast westesminirerattier coualingin ar plastropies
t
e o O au e, o Tt B, A b oG PR SEREF o

Adj acent aéecinusiior oréntimgdhe Inesietole-wiedn asmbrr@imeleth@hncfd&ma
p/ n junction ar p03|t| oned next to each other, may be separated

by a spac e@qr@ sthﬁé:oﬂléQ@F@%@'@'%'%ﬂasF@é@)ﬁttpﬁé’olﬁylénﬁoﬁwm

bet ween t I

conduct anes e P EbIEEBlrngichle frofpt MR NRE BaBctls o 18 HiojeCie
backbone aofith tlhl@ealﬁgﬂtecalimgmup siniatedhat ondend df HBbhckbomet eAtrteast a
"conj ugat (r?d" as ufs% herein in reference to the t% ackbone of a

mol ecul e PEFEE QidNg SYEBE PYISNSYIRY NGRS FTYIRBESTAYINERE GRSt ri pl e
bonds in tBstiited GitRiohedr hbre @Ebﬁé@&naﬁﬁﬁgr&ﬂﬁt’éﬁd af le%%‘@'s@c@ﬁ’(ﬁ‘d
being 7 separated fromthe next consecutive double or triple bond by
a singl e oedidbe aryiane parylensttiaylsne e andeneethynylgneagioops is he doubl e

bet woen adcaranieibificR ordfbR BrPibE A M Goder S5 oM s

mol ecul e q@igionses aryl ene, aryl ene-vinylene and/or

aryl ene- et hynyI ene groups, wherein at |east two of the aryl ene,

aryl ene-vin nd/ or aryl ene-et hynyl ene groups are substituted
independetﬁ?e{@f}w g%'ﬁé“ nstiopsseusashhenetn iers, Oéhg 'ﬁt6§@@%§?at§%c§vﬁje a

p/n ] UnCtb'eRDeeﬁ?d%c%ﬁPél%%ﬁl REcAnd ngét%n AaficRhY 565R A0 Rheds used

herein is a biva radlca derived
backbone of the molecule created by substituting arylene, 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, resulting in a boundary
between the conductive nature of the two regions which allows for
conductance of electrons in one direction along the conjugated backbone of

the molecule but not the other.

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

bonds in the main chain of the molecule, each double or triple bond being
7



an aromatic conmpound. An aromatic conpound is a cyclic conpound
having 4n+2 pi electrons where n is an integer equal to or greater
than 0, and includes hydrocarbon aromatic conpounds, for exanple
benzene and heteroaromatic conmpounds, for exanple pyridine. A

"vi nyl ene sgap@@iedé@rmérwnemsracqu teulje valtéple boadityad singte beedsed

by the fo eth en ou s.used herein is

the bival en |caga_vgﬁ?g§§ﬂ98l(¥ %%?g?%{p ‘?‘6‘?91% gtn@e bongm%t d§9hol
"Ar" as umoma@aaemﬁnﬂgle HRsetAtid hetiden aapélceﬁﬁd&Mé%,nd%} tapyl ene
group and an adjacent vinylene group ("arylene- vinylene") or an

aryl ene gr%’}‘é’sand an adj acent ethynyl ene group ("aryl ene-
et hynyl ene' ) [ 0038] In one enbodi ment t he conjugat ed nol ecul e has

above. For iP2T cath? goriyablecimeficile ohplsedahipds A tiitlonield o,

unl ess spemdf’wren‘ylea:eebthynylémé’gmubsAWheaela aaééhtma@fwmbfwem@f erred
to as an Ar, grou Thus, 6 eac roup i s an aryl ene,

aryl ene- VIngﬂ—éﬂr&le%ang{p&p %neep r@PBﬁﬁre §HES"€H’E§¢ Ar group
nmay be t hengayan d@htl?'\/\fltfhedr?é‘&r mo@%u@&ttﬁéﬁsgéﬁé’ﬁbq@éﬁe O:%}%&Eiedé jfrent a
substituent or substituents froman Ar gfr oup or exanpl e,
each Ar gidigiionags disfegeedibatovy be phenyl ene, 8 napht hyl ene,
thlenylene furerne pyrronIene pyrldylene thiazonIene

oxadi azol a | en uore ene of ] uor e

car bazol y 'g'é\ %’é@% a%rg)luyl gﬁéjse é‘?‘l’?d? Q;Lé\‘é]?%@d'cal\ée”"ed from
di benzot hlaerarbmaac coRfipdurac eay besRatid @ém@@@ﬁ& |1§8%yclR?&§rﬂﬁ§GH&l f8¢ing
i ndenyl ene, azul er% ene, pental enyl en he t al enyl ene,

bi pheny| eAirérmh elaci@asaiarenels anie engreatsidhan @nyméne

henant hr , en
Pexacenyl Hictites hid BEaBEhCIERE confb ik %’?%gsﬁﬁﬂ%bﬁﬁé il
t hi aﬂt hr lehyzteeneronmtrca«mhpomds sﬁ@rbean;blerpgmwirene/r\ vmtzlen@&gwhgn@s used
xant heny

i ndol i zi nﬁpe‘ﬂ% ﬁ’?%ﬁ%’ghbf%lﬁ‘@q?’? @é%b{g@w r{;fgﬁﬁwae}néhdacﬂ_ngrl‘g g?‘

gg'r I”g: ImZ/ : gédh?rﬁ‘}ﬂenél@ké\.%"%{seu@ed REYESsARE BN AE6: raBical FHHrBYLSBE by the
formula -C=C—. The symbol “Ar” as used herein refers generally to an
arylene group, an arylene group and an adjacent vinylene group (“arylene-
vinylene”) or an arylene group and an adjacent ethynylene group (“arylene-

ethynylene”).

[0038] In one embodiment, the conjugated molecule has the general

Formula I:
[Ar]g—[Ar]—[Ar"—[Ar]—AC

[0039] In the above Formula, each Ar group may be either an Ar° or an Ar"
group unless specified, and Ar, Ar’ and Ar" are each generically referred to as
an Ar group. Thus, each Ar group is an arylene, an arylene-vinylene or an
arylene-ethynylene group, and each Ar group may be the same or different,

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

group.

[0040] For example, each Ar group may independently be phenylene,
8



phenant hri di nyl ene, pyrrolinylene, imdazolinylene, indolinylene,
phenyl ene vinylene, naphthylene vinylene, thienylene vinylene,
furyl ene vinylene, pyrrolylene vinylene, pyridylene vinylene,

t hi azol yl ene vinyl ene, oxadiazolyl ene vinylene, pyraz!nylene

vi nyl ene, raphshyene dhienylang, urglenei pyimsul:yfdnﬂaop?!id'wlem, thiaxplyderes,

car bazol yl .vi nyl ene, indenocarbazol yl ene , vi pyl ene,

di benzof urog{@l' M@ri]?ryqyéﬂgPylﬁpﬁgrrrll%tem’%ﬁ?l @H@”Qﬁ?ﬂfﬁa)ﬁ'&ne’

ant hr aCenWa@ﬁ@zoﬂ/lﬁhé,eihaené@érbé@@l?hé'n%[‘éib\éh%ﬁf?é'ﬁyl?rﬁ’érﬁiﬁéﬁi%%ﬂﬁlelne,
vi nyl ene, indenyl ene vinyl ene, azul enyl ene vinyl ene, pental enyl ene

vi nyl ene, ariRACENKRPEeletagenyleBachenBpdRYIgheindemdene, mdutere/lene,

I ndacenyl Lpyl.ene t |l epe vinylene, phenal enyl ene
vi nyl ene, p%éér{llgﬁ%ﬁﬁ% he etg%\%gﬂe&%eﬁg)%{w @ﬁ%&%f'&%}?@ﬁ‘&”& nyl ene,
pyr enyl eneacenaphteeylonep phbasienyleas ephandnthgidhe, i vidre,

vi nyl ene, pyrazol yl ene vinylene, imdazolylene vinyleéne,

napht hot hifYASMAeRE . Viahtarenylaneahekaesiens nyragalyaee, ipydazolylene,

i nyl - ' e nyl vi nyl ene
xant heny| AEEPREIRBRYICARY LA ere R Tpu SR SR e oRE S MRy 1 ene
vi nyl ene, chyomdayleng) mrahergyliaydle,qn‘mandxadfiiniylén@yb?lﬁ‘lfﬁidlr:m&h@,nﬁ, I
i soi ndol yl 1 nyl o ne._vj nyl ene, urinyl ene vinyl ene,
qui nol | 21 BYSAENVIeRg| ERelizigiiehe! PineNens iadalyiengnbwanyioney 1 cne
bhenant nr o Ry AN BN G I GEE ISR, BRI Meridinvione, | ene
vi nyl ene, phiendothrindm)éme,\nyrr:yolieyldene,pih?dai?mlwtehwmliaylenenp}méﬂw?ﬂ\fne
th I t hi th eng,. ryl ene et hyny| ene, rrolyl ene
ot hynyl endmisyT, SPLISeri WhMbnEnEienyipe SIeEine kavipayiafidne,
oxadi azol ylyroR/IsHdWiRylepBE pyiyias DiyRIM, thissdlyiBRESAR/ledd uor enyl ene
et hynyl ene, indenofl uo_renyYene et hynyl ene, carbazol y?ene et hynyl ene,
i ndenocar @é@@WPM&DeeYlﬁy'ﬁ?Eefméf,aZlW@@Mbylaﬂanwwﬁeylenhwmlm,

i i : | hynyl
Fetr acony IR NE iR )Ene SR8 R AG RPN IGHe fe 0 S har aviene
et hynyl eneinytend, eitydrenturahiipng vimgend eib ehiieapenetvinyimnene,

hept al enyl epne et hynyl ene, bi phenyl enyl ene et hynyl ene, |ndacenylene
et hynyl enér‘ﬂ‘ra%%mgévév NEwianen teaasyianendnylgRendgiageratenavimylepieene,

C iyt e S AR O DR BRI B, ™

pyrazol yl baptalenylene vinylene, biphenylenylene vinylene, indacenylene vinylene
acenaphthenylene vinylene, phenalenylene vinylene, phenanthrylene
vinylene, triphenylenylene vinylene, pyrenylene vinylene, naphthacenylene
vinylene, hexacenylene vinylene, pyrazolylene vinylene, imidazolylene
vinylene, naphthothienylene vinylene, thianthrenylene vinylene, pyranylene
vinylene, isobenzofuranylene vinylene, chromenylene vinylene, xanthenylene
vinylene, phenoxathiinylene vinylene, pyrimidinylene vinylene, pyridazinylene
vinylene, indolizinylene vinylene, isoindolylene vinylene, indolylene vinylene,
purinylene vinylene, quinolizinylene vinylene, quinolylene vinylene,
phthalazinylene vinylene, pteridinylene vinylene, acridinylene vinylene,
phenanthridinylene vinylene, pyrrolinylene vinylene, imidazolinylene vinylene,
indolinylene vinylene, phenylene ethynylene, naphthylene ethynylene,
thienylene ethynylene, furylene ethynylene, pyrrolylene ethynylene, pyridylene

ethynylene, thiazolylene ethynylene, oxadiazolylene ethynylene, pyrazinylene
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et hynyl ene, i m dazol yl ene et hynyl ene, napht hot hi enyl ene et hynyl ene,
t hi ant hrenyl ene et hynyl ene, pyranyl ene et hynyl ene, isobenzofuranyl ene
et hynyl ene, chronenyl ene et hynyl ene, xant henyl ene et hynyl ene,
phenoxat hi i nyl ene et hynyl ene, pyrim di nyl ene ethynyl ene,
pyri dazi nwtéM@yleBehfWWBEYiéne|6|ﬂMVi@1mwcth@fleorgny9&r@1ethynglenadol yl ene

| ene eth ny | ene,

thh%g?/: glnn réﬂg&g% ijwée E’gﬁ’l‘ %q%aéur qu\)é?ﬂ r‘?f' epht hal azi nyl ene

et hynyl enedlbéﬁﬁfbfhd%é@@th?hh}éﬁ&' &B@nzotﬁrerﬁy@rféyétﬂpﬁy@h@ymh%@nyiene
phenant hri di nyl ene et hynyl ene, pyrrolinylene ethy n% ene,

i m dazol i r§thgndeae H@H@peme@e ethmwlanwp@ntacenmgen@m myl@rwmqewherm
one bor "moraniEies SUGLEe bR Enaleher DenBRIMER FruhvEne prdaphiecte

consi sti ngethpnyleneaaslpben;bmﬁeh@étr@hyns&eahdddcenwen@@hwy@ﬁ@nched
C2-18 al kenyl, linear or branched -18 al kynyl, linear or branched

Cl- 18 al kASENaPhifeaylene etbvaviea@opfmnaimé@wremnul@n@r pb?'&tfktiﬁr}%%%f)k |
|
sul Tonyl SHPRASRE, ibnoflyBhiihe dubovidty BorerfiRRrBinypyeREPOXY - 816

C5- 30 di arr}drﬂfthamnyb&nmeﬂnya;nlﬁne; loexdvedyleagl ethymylens, pyargylenesocyano
and hal i de rein an f the, Cl- il8 alka3 O(90“218 al kenyl , C2-18
Tyl - VR dnidazdiens eyl RIPBInTNAM N SRR, C1. 16
al kyl t hi o tﬂ%)ht%hy%'ﬂélétb{ nﬁé’rﬁ@ abgra?lg%nteq?tﬁ e%tl%%ﬁg@ 2I|e'ﬁ%t ed

fromthe group consisting o P, and any of
t he Cl1-18 %tthlen@memnk@mﬂlethmI&& aialnﬁrrgﬂyler@lett@nylahkoxy Cl- 18

| kyl di_al -k i 1-18 al k
oyl oo ek Ay by Atink A ot Pd  ioaginiEne ut eq.
i ncl udi ng ety fleMEEna@sliZiMy1end atHydgRnt0 idofifbhl e fiel StV IENCE inddhRESe any

one of the Ar ﬁrou ps is an aryl ene-vinyl ene ~ group, such an Ar group
may be subymiere rHiInviRneethyndaee neiiae\zinylens ethyaylanen auinohyers e

w th one t e he group
consi st n;g B¥H§ﬁ?ﬁ%2§% g%lﬂgﬂgﬁgﬁe'%ﬁwgﬁgﬁté ﬁﬂk’féﬁ%eéip @ﬂg@% ‘anched
C2-18 al I@nwinyléﬁmeﬂtﬁynylmbrpln@:hmﬂhﬁﬁiﬂﬂz%nelémyrwwné ipyemlinglentr anched
Cl-18 al ko ¥ | i near ., or branched C:I. 18 al kyl am no or di al kyl am no,

li near or % Yhiere inidagglindere atingy, e’?ﬁTPEitS‘dOE'&Y geagthynyliansoxyl , al kyl
sul fonyl, sulfo, sulfonyl, thioam de, 1C5 30 aryl, C5-30 aryl ani no,

C5-30 di ar[ﬁbﬂﬂ No Anaay @QupQﬁWBé%ubQﬁft@EéB(Mh the arylene portion of the Ar
group with one or more substituents independently selected from the group
consisting of linear or branched C1.1g alkyl, linear or branched C..15 alkenyl,
linear or branched Cy.1g alkynyl, linear or branched C1_1g alkoxy, linear or
branched C4.1g alkylamino or dialkylamino, linear or branched C1.15 alkylthio,
amido, carbonyl, carboxyl, alkyl sulfonyl, sulfo, sulfonyl, thioamide, 1Cs.30 aryl,
Cs.30 arylamino, Cs.3p diarylamino, amino, ammonio, hydroxyl, nitro, cyano,
isocyano and halide, wherein any of the C4_4galkyl, C,.15 alkenyl, C,.4g alkynyl,
Ci.18 alkoxy, C4.1g alkylamino or dialkylamino, or Cy.15 alkylthio may optionally
contain one to four heteroatoms selected from the group consisting of N, O, S,
Si and P, and wherein any of the C4.4g alkyl, Cs.15 alkenyl, Co_4g alkynyl, C1.1s
alkoxy, C4.1g alkylamino or dialkylamino, C1.15 alkylthio, Cs.3p aryl, Cs.30
arylamino or Cs.3¢ diarylamino may optionally be further substituted, including

with one or more halides
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nitro, cyano, isocyano and halide, wherein any of the C-18 alkyl,
C2-18 al kenyl, C2-18 alkynyl, Cl-18 al koxy, {-18 al kylami no or

di al kyl am no, or Cl-18 alkylthio may optionally contain one to four
het er oat o ected fromthe group consisting of N, 0, S, Si and P,
and wher e{fﬁ i?iy of Uithermeeres wherg any opg_of ghe Ar igeeiyns is@n amlexiekyinylene

G530 ary o it PRRUAD Sy Ee Quebamhife v sl of I be
further sml'eneum«iyﬂene with Lmheng twiot dubssticuenits We@ehdém@k%elebfé@%m Thels,

any one of the Ar ou ma substj tuted as descri bed above,
V\/n)ére at QLR CPW%G gfkm%% anciie Cradeylc linems om éarﬂﬁhﬁdgmatl on.

Th Xi é}Hm

ei ?hg? orrlr%m% he a@%agﬁreﬁ*rfbg}%‘e"?w{%1%%n‘§/?¥ﬁlwe$f1§ra I g%ﬁ%d tﬁiégw ny elhneear

noi ety, i 9rdsarchedn@dis dyylamincantiatkytsdmisiof _harﬁﬁgﬁlﬂ@bd:l%d)@ qfhe
ticul Ar..aroup for substitution. A skilled pers

o <t ang O SHJCLEuPER b S Bl g

hydr ogen &t Y e

u%dergt ood, Qgcpeéff?{algr%%gﬂl?ﬂltaen(tb%o%gg@ﬁérﬁ}%f gpé@é MI?QREMU dents

may not lﬁ‘ér% §yanpt igeeynna améhabﬁie; wherein amy ohﬁhehﬁmglaﬂqd: Qheraskaryd,

arrangene r other s tituents ste aIIy
hi nde?s th§1§ B@F ?I 8’? 1%5}@?% @k@ﬁm&o BQd‘Biyf%fEWPaP" éﬁ Igyl N18044]
The conduetayeptivalty eosfait baeqemdamqaétéfbamh@%@i&tééfrEfﬁfiﬂ*Jeaér%@I

t hrough the placenent of one or_nore substituents on the Ar groups of

the nol e€ONestRY of Male S K ang P aand wherein 80pof theCenealky, G-18 east
roup,
or i 2 SubdREnE o aBAY S SO LR Ry SEH R AP B, Ered a5t o

have a teatlkgﬁbly) C@g@largd,t@s scchtamionsort@©;. ﬁrﬂlam}'laiﬁlﬁgtméd] ogn@nmoi?t&é ong
t he backb e Ar roup a p pe Ar group e or
more el ecﬁfrﬁf?r Eﬁ? Fﬁf]gd)’ﬂ‘gﬂ‘fﬂ‘é‘g%'g'hg'ﬂ%wwrem{%@sgroup of the
backbone of the conjugated nolecule, so as to create an

el ectron- PIQ[?]I NaTHYs, @h?%e%f tAe W@f@@pf\hﬁr@é‘ubﬁﬂ&\éﬂdﬁdé%bed
e

portion o nol ecul e with the nature o e conductor
will be apbarerwhere af leastitvp s grerpoare eulesittu’r@d tdcfoam ianyngumatios. have

o oo PSRBT B PR o a5 A, bR P BERP D 2 0B o
the conj uthet @ylesiesinelsty or where applicable on the vinylene moiety, is determined
by the number of sites available on the particular Ar group for substitution. A
skilled person will understand that any site on the backbone that is occupied
by a hydrogen atom may potentially 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
backbone 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 to donate

electrons to an adjacent Ar groups along the backbone, rendering the Ar
11



[ 0046] For exanple, el ectron-donating groups include al koxyl,

al kylthi o, am no, hydroxyl, am do connected to the backbone through
the nitrogen, carboxyl connected to the backbone through the oxygen,
phenyl, naphthyl, thienyl, furyl, pyrrolyl, carbazolyl, alkyl,

al kenyl argioap laymiype AOGbLp. Addé b araak lgfectaar-tanatinggrobpt iattatieed &
groups will be ArP ups, . and 11 be electron-rich, for exanple
phenyl ene,arhgbﬂfqlrﬂﬂ ‘gﬁg? %@ﬁl(@hnﬁ 8?1\4@,6 “?QW'\}Q%ﬁé molgaulgy ¢ 35P &rRate an
Subst i t ut idddctrdn-8BnSHREAF §RsUp Grha AltySE AYRIrdS hratidel fgdtr f th
wi t hdrawi ng substi?ulen rrgy gonveragy‘?%e %rr gﬁr r(g)urp to an Biftion of the

el ect r on- dedlectilenvittathe gatatgof & PewpE candietor.gAswillibs apparent to a

el ectron- i cient Ar_group_.or _an Ar qgrqu ubstituted with one or
nore el ec%?gfﬁ%vﬁ%rﬁ(a'?’a ?1*50’8?8[]% %groé‘gsﬁ@[\)/ﬁa%%déon'f'@%@g‘?m§Ofgr%{{ﬁ%pt
el ectrons ddjatartdd awehickond sTYRE cahRidatdd®okRALKDNBs to HRRAYdRBrkhe
Ar group an n-type Ar group. One or nore electron-withdraw ng groups
attached tededrieaictiessr intg thy eopupaiedi ssteme conj ugated mol ecule with
the nature of an el ectron-deficient n-type conductor. The ability of
such an An up r QLM f_ | 1 5 Ar
gr oup) to[emomr avI\:/(Oq gxghﬁﬁ%nég?tmﬁmggﬁ%%ﬁﬁﬁ ?ﬁgHg?%ﬂkﬁw{é%MBg”n&ke
an el ect r aminbt hgdraxyingmidy cgnoegiedts meebmibro@@htgmm_ mbaﬁt_r@gc?n,

nei ghbouring Ar group .that is not electron-withdrawing, simlar to
n-type raCEFRa1A Eodaepted)  the bagkhoserAtRugh the QxVgRMN PRRNYbABWN | |
under st anghjdRic ' 1§ 5f RIS \,ng. Cenerally,
el ectron-w Ipﬂgr’ ?w®ﬁ§§gp%?§§?§gigﬁgg%{[@w%r%@wposi tive or

del ta-positive region adjacent to the backbone so as to pull
el ect r ons [0040h t haddisaoalho wertawansubshituted bs groupswill HdDLOGroEps, and

car boxy! , BRGNS bR Bl aan Ty BRVERE rviche

backbone ahdrmuaiyiehe. %bgﬁmriopwfiadieméamn-ﬁmwog@@wwathraﬂélémlron- _
t hi azol yl , .oxadi azolyl and triazolyl groups. k 050] As well, certain
Ar gr oups Witheeawing itueit erpy Ganverjeed\egroppio apedlecramdeficiont Ar

exanpl e, I@y(girgjyl ene, thiazolylene, oxadiazolylene and triazolylene

are el ectrfon-'deficient Ar groups. However, substitution of an

unsubstituted el ectron-withdrawing Ar group with an el ectron-donati ng
[0048] An Ar"group is an electron-deficient Ar group or an Ar group

substituted with one or more electron withdrawing groups so as to 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,
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substituent nmay convert the Ar group to an el ectron-donating Ar, as
will be appreciated by a skilled person. [0051] A p/n junction is

the interface between adjacent p-type Ar and n- type Ar groups, and
inmparts a conductive direction to the backbone of the nolecule. In
t he For mulG@rboxyl heygnenanineenioceitnos sbigawéeamidedinkegitottieel backbamed  Ar "

roups, ' 0] r at apy. point along the .backbone where a r
oroup i o aff eSS Han v AHfuRE PhondnaBir el el Sedridine
at | east amEetripzolyl gripson. [0052] The arrangenent of Ar groups and
substituents on the conjugated backbone nmay be selected to result in
certain segnents of the backbone being conposed of ArP groups (a
p- segment )0B8R0k " Agvirlb settaim Ac @@g‘ﬁﬁnW)g'en ugsHestibteg, vall Begleaionrs a
section ofqJsd : r - ' Ar
ar oups. ¢ naeery FBE dEmpRIBIRAeR:, FREcNieR] SadfeNER i ¢
char act er triazolyleat szachedian-defletdnttAranbapef Hﬁ)n@vea,mubs’fi‘%igg]of Ian -
el ectron-donating. o e] ectron-w t hdraw ng character. t w
be appr eci%@hsgﬁ?ﬁé’ ﬁngm'é("”%d%‘f‘””@ﬁr AyPevithsan eiecdreandpnativg howf
t he p-seg VSRR t r@g&# i o]

t he conj ué%?ggtﬁlgreﬁ?ul e, Vamﬁ?@%@rtgﬁ%%rr%ﬁecu redz'll @%ﬁﬁ%’g%ﬁg’%:ﬁ% are
not so | iapipreclatedaheskilldd pgreanms, incl udi ng substituents on the Ar
groups, may be chosen so as to have consecutive bl ocks of p-segnent

d n- i n the_.conductiyve path al t he .backbone. [0054] For
exarp! o, LROS ol cB R IR OHES IV e st eGSRt FayPa Ar-2Mekiment
fol l oned hypeAr ffouPsouRd ihpal8@b&Inductivé direaliGPidBeaniikeshabethd hat

al t hough the above description has been directed to a two term nal

nol ecul e, MoecHeedefie Formaela lethamyctien ogeyshedyeen thexdepictadodr’@and

nore term elall h [ t 1 i.thip the
chai n or £xt Proes. WERERi0R P REAY 00k BlorE P dhrddheafe Rk shdh?
Thus, var igoowsp isDddjacdetdo ErvArigroup.t iTheeopjuyated eicledde kBNt at least
created. For exanple, a p-n-p type nolecule, which will have two p/n

|
j uncti ons ONRERNBENEOBat ed by having a segnent of el ectron-deficient
Ar" groups sandw ched between two segnents of electron-rich ArP

groups. BYy0052] The arrangement of Ar groups and substituents on the conjugated
backbone 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.

[0053] It will be appreciated that Formula | set out above is one example of
how the p-segments and n-segments may be arranged along the backbone of
the conjugated molecule, and that the molecules described herein are not so
limited. 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.
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creating a branch point within the n segnent, such a nolecul 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 ecul e, which will also

have two p/n unctions, may be created havi ng a segnent of
el ect r on- r[PRS rP'tQ/V'B@!ﬁP b%éﬁ@(ﬂ%ﬂ’f@dﬂb@ita.lé@ngh\ﬁbe@bgh@descrmtlon has

el ectron- al so_ be

desi gned (5 REaEpdte adhB tBmmine AR eul e B BB R B cat 1 ng
segnent s Gfesmgrtmmata\ﬁeqheéect I'n@me téretindis By dsighifg @tstanch point at an Ar
el ectron-deficient Ar" groups. [0058] The conjugated nol ecul e

contai ns &OHRYENIR fhesehaip, Geating a @uﬂiugaﬁ%@mqlwul@mﬁhpa grangbgtai n up
to 100 of 1sBogE OtRSs, \?aarmjs%of@& ndlj_ﬁnu e pgrﬁ rc%néjhE&ecEﬁjel a |

fromany other Ar group in the m) ecu

are each ianeaigdr drrexantple,ca pd-paype trmmﬂﬂ@rwhmh will havé tednpin t 0t 93
icte

I f 3 to 100,t ro i ncludi ng the de
L?Iiua;:jngﬁl et t?'rnglrjn k?%a?reﬁbedg{’}ﬁb?‘v‘;’sgﬁﬁg&@eﬁ“t of| elggirorsAefigient ﬁﬂnct i on.
Pref er abl yyreugd'danddicRed %ﬂﬁé‘éh o EQ efitstof elé iRk ]rd g{&%s By

resulting in from3 to 20 total Ar oups iIn econjug
mol ecul e. JeaHY a brenatopgintjaitieio thelr‘es,&gmemtssaslyarmoleculeloart hatiséd as

cont ai ns n. at opne end of he nol.ecul e. The, AC group acts
as an all %gaﬁ]%rucgpgggﬂb‘no%B"re%ewmﬁ %%V'%JQ? g)fqmale@trgnglgqu ed
person, the term"alligator clip" or "alligator clip group”, as used

herein i n[0@56} enSenilarlyaaneng-rotyps navetlieNwhichoRmi HeRhade FRb Byl €,
refers to.,a group that reacts with a particular surface so as to

form a colHIdRNSHHRY hsetrratad bynbaving écseamentafsalestrn-tisk Asl giogwsor
clip gr O'éBnaﬂ/fEhSB%e?ﬁ/%ﬁ%o s%éd) 58} efggﬁoﬁ‘%eglc%%?ﬁgg%’@g‘%]scom ugat ed

or non-conj ugate one, e sel e Fom
acetylthio, nethylthio, tert-butylthio, benzylthloz i socyano, diazo,
phosphat e.[OQJ‘-ﬁHspth bacldrmq)mnasrwmbe |d¢lsigned ta haverdlteatatirgy 9h @my-pof

h whi ch t hio, hio, tert- butyl{hio,
oo o SEor Rl 0 RS el e A SBEko e
al kyl, O gidupy émﬂlélectr@ﬂa =deficRint YWt hroudl do, carbonyl, sul fonyl,

t hi oam de, C5-30 aryl, C5.30 arylam no, am no, nitro, cyano,

i socyano and halide. [0061] Preferably, the Ar group i mredi ately
adj acent 038]e A'@%p@mjgga gnolecule contains at least three Ar groups, but

may, for example, contain up to 100 of such groups, each of which may be the
same or different from any other Ar group in the molecule. Thus, g and rin
Formula | are each integers from 0 to 98, and together g + r is from 1 to 98,
resulting in from 3 to 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 + ris from 1 to 18, resulting in from 3 to 20 total Ar groups in

the conjugated molecule.

[0059] The conjugated molecule is asymmetric in that it contains an AC
group at one end of the molecule. The AC group acts as an alligator clip
group. As will be understood by a skilled person, the term “alligator clip” or
“alligator clip group”, as used herein in reference to an end group within a
conjugated molecule, refers to a group that reacts with a particular surface so
as to form a covalent bond between the molecule containing the alligator clip

group and the surface.
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not result in a vinylene or an ethynyl ene noiety being positioned
adj acent to the AC group, since such positioning may result in an
unstabl e structure, depending on the AC group that is used. For
exanple, an AC group containing a thiol group or a derivative

t her eof shi®968] notTecAGIgse R may ke epnjugaiedzonnanytenegatederittythd ene

Ayl ene - andibond Sne S fe bR SR BRI RS 1 RRU Bl
l'i nked t ogedrwithion isdcand adiged ashdsphbitalphiosplaemier ahd phesstora@yiedr a
along its backbone, ich has at |east one p/n ftu_nctl on, and which

has an AC {RH@IVar! 8RY o sHChOraurs, apy Ok wvih agefylthionnedadthin tert-

doubl e bo i:AC e Wk hi r r I bonds
al ong t he SAMNBOHEN AR 'ohBs0nAR & pHioRBhon ey boTtEsfiuudd Wb Ged
The conducalkyleCpad dlkehylt Gg.1Lalkymgaditoyeiaesany, sufpnbie tiipamidealCsys,

i nterrupted E the insertion of a spacer _groug, X,, Into the backbone,
which in  Y¥e Ssrep SBNIRDINO. iANIRRENIEPBYHP. 1$REYFERANS hatiderul a 11: [Ar] g
X-TArP]-[Ar"]-[Ar]r AC [0064] Each Ar group is as defined above. In
the depi Ct[@dﬁﬁ’]*“@“ré’f%??t%l&&ﬁﬁ%@b iAhRPatRRCA ScdrtTs dhé hed g f W&

the p/n junction, but be appreciated that the spac roup
may be pl avddesdt ez ninyigne avoamethynglepe moietit beingtpmisitioned ddjaiany to

bet ween an, Ar roup and an Ar" .group. [0065] .The s r group, X, is
non- coni ugiedi SR s i VesifOng max asuh i AS EREREC <HhetBesar ves
to provi dedepdhidaffon thd A€ GetbuBat isUseal Rdtexihheckbaaegrouper eby
allowing for further nodul ation of the electronic conductive

proper t i escasttainig @ drplayate @ eolesivative theyeobsherld dot brelagricediageniup
could be f transm ssion al ong the nol ecul e,
whi ch wi | lt@%ﬁ@?ﬂeﬁﬁ}oﬁtﬂyr{é@%r}%ﬁ@leﬁg be transmtted through the well
fromone side of the well to another at a certain potential. Thus, a
skilled pd0862] wi Thusnithercnjughtedatolttide copgrisesgoojygatéd afyldrey

non- conj ugat ed, or the non-conjugated portiqgn of a partiall

non- con] ugit alanerVigYisls, anclonriylegs ety pdeas oxnsTeeentngs o

el ectron fpamd mMeRRild it iPeMeIy BSnj%Qéfé‘%falShQ‘i{B1bafck88h%%ila'ﬁ?ﬁta‘§%t

backbone on one side of thé spacer dgroup to conjugated backbone on

t he ot her leasteonss p/n junction, and which has an AC group at one end of the
backbone. The conjugation of double bonds, including within an arylene
group, and/or triple bonds along the backbone allows for the conductance of

electrons.

[0063] The conductive path of the conjugated molecule may be optionally
interrupted by the insertion of a spacer group, X, into the backbone, which in

one embodiment is depicted by the general Formula Il

[Arlq—X—[ArP]—[ArP|—[Ar,—AC

[0064] Each Ar group is as defined above. In the depicted embodiment the
spacer group occurs immediately before the p/n junction, but it will be
appreciated that the spacer group may be placed between any two Ar groups

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

[0065] The spacer group, X, is non-conjugated, or partially non-conjugated.

The spacer group serves to provide a break in the conjugation of the
15



t he spacer group. [0066] The spacer group may be sel ected, for
exanpl e, from nethyl ene, ethylene, propenyl ene, ethylene dioxy,

1, 4-cycl ohexyl ene, 1, 4-cycl ohexylene dioxy, thio, dithio, thionyl,
sul fonyl, imno, carbonyl, carboqy di oxy, thiocarbonyl,

|
phosphi ni d@aekbang, thaeiphalleving for forthar anediulzdionad the elagjropic eanshictive

roups, a whi : e n n
i oxy 1 ProBStSi e EalosRE mGleetle N Rt B BN B B Loy, ca
by C, _18 aekylquafium whh far seargk, trddsniiSsiah lyonyg theafibléeules syl only
sul fonyl, thioamde, Cs-30 aryl, Cs-30 arylamno, amno, nitro,
cyano, i sclipurRleatiensin be&ansited through theswel Epgbanaside afiipe aalidee |
that nore g er o j te
backbone, prowlgég? ?ﬁﬁﬁgggﬁ%a%@a}%&hﬁwﬁrﬁﬁgﬁwﬁ&%@@ﬁ@ ﬁ%?ent
nunber of spiacgr grqup, ¥dulsnodw-cahjugatddy or tlondocoajugated pphenafect ri cal

charge al ong,.t he backbone, and across each spacer group. \Wuere the
conj ugat ed”%%%"l’lg/d?ﬂréc‘é'aHgafeﬁssﬂﬁﬁeégf% IHAR! SQ [948% B0 #SJAPreVEHiaAY abl v

froml to j r K ;
The conj ugat e B g oA SRR TouBLASH corfgiB vaLRIGH
coupl i ng targenéeideioidihe ispacér ghougrtoepsjugsfrtteackhomeps thedthar giGe of
group, or ﬁhe rel evantly reactant nol ecules required to produce the
desired cdPBSRACEYGHP: bond bet ween groups, in a desired order so as
to forma nolecule having the particular sequence of Ar groups and

spacer gr qope6p! ombe shacdogiobpntay Betdkleddd Aor 8xmpledtrom ARItYIENE Ar
end of the backbone, as required tor a particular application. Thus,
t he i ndi viedidenarprgpenysnar ethylegediow . tikd-chelekpyyienenl diryciohexyieneed

order so Qr j UNGEL] i one, and so
as to pro u%yéﬁ'gb%@%aﬁhmmﬁg@ﬂ%”ﬂ’é@r %'lbt%ﬁgl’%8&%£8§§93ngemnt of
p- hsegnenttlsigcart&mgwm]pSphjnwmﬁi plaosphasitn) (ﬁ% dériGatbet of(nrg/ of Tshuch
schemati c i agr ans of exe ry synthesis nechani sns. [ 006! e
conj ugat e@" AP ANYVEY Vﬁ@ﬁ}ﬁﬁgggﬁ%ﬁe&hﬂ equQRf’W?%&FW'é%SWgMé Rnown
in the ar . j% i j,ofyeg;) I

t oget her :Cgcq‘égrbr??téﬂgpﬁ:gn? uéateé%réggﬁ%%g%m nguﬁgﬁﬁgrbﬁggﬁﬁ)—d’ Cr-

car bon couphblkegyl, €at akysyls aotidascarbenBuguifanyt, dhivaimide, Ghiosargp fisaach

can . . . . .
arylamino, amino, nitro, cyano, isocyano and halide.

[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
16



result in fairly high yields of product. Exanples of such an approach
are set out in the reaction schenmes depicted in FIGS. 1 and 2. The
Suzuki coupling reaction may typically yield nore than 50% of

nono- substituted product when there is nore than one possible
reactive dgleséed®rderessanie fcartreat leasternea pimjuinotipn mdaetha@kbomaaandm be

the ar ¢, oiap sredvsdadiRldled PRicicREVPnaRater et draBoRmis Y BBt | on

and the Heglgnigrastn- g@gménﬁskaﬂmd 8RB TFOUPM FIGsn%rﬁt%nu@ sEhéhafidy
nucl eophilic substitution reaction that results in the formation of

a car bon- GlagaMprRKemRlanpIyNikesis mechenisses. t he various groups used

to forma particular conjugated nolecule of For mula I, or For rrulhaI
|. [0070]q I 4,44 BsiRgt t -
|1, LO07Ohonss) SxSAB el it ERRa e, Byl et

cat al yzed nh)@/thoﬂ’slkﬁé‘wa)mth@éftolfdr example, the various Ar groups may be
4-tert-butylthio-2',5 -di met hoxybi phenyl (as set out in Exanple 11

bel ow). TKEUB o8&k to FIEY IR Caniyoaied P@&E?%’éﬁ WA staredard cgeon-
substrate 4y %rp&%ztﬁmﬁ reéc@oné ﬁé@é@ﬁ]oxy 5’5‘:%“0(1; OT 1 %k)grodacgzcéner t-

butyl t hi ophenyl) -tetranet et ou
14) . [00Tagult i famkytmgln y@hmrpf @rodacpeExamplespﬁesmh agr apgpoach are set

eing 5 QLR IT B aify Bociihe S AeBRIee & bt At B he Bkl Gl

coupling ﬁ'@é’(ﬁfanHa% tmcélﬁl)ﬂéw%oféthraﬁ%ﬂ%%@n%% Qul%?ltdtb@'d?édﬂ&hﬁ’@n

achi eved. tert- yl t Ri'ophenyl - pent af | uor obenzene (Exanple 12) may
be prepar éﬁerﬁrl@morpéh@rapnampmxﬁac@uptsﬁas)ratha substrate. Other couphng

4 pent af| (51 CRRE TR TRT SRR e iiea 8P afotnaf B PRl el

Exanpl e 1@)e kaywhen feepay ipdiudeant Biygrafrt veastiite fhd SENPEOUSIIR Y attiord 7
tert-buty br ono- 2, 5- di et hoxybi phenyl . 0072] Perfl uoroBhenyI

or perfl uaﬂgﬁh%mﬁmre@iafdﬁlbsArﬁéﬂ}leélr%S%wﬂl HIRGRTS téat any pueleapbigat ed
mol ecul e %Upé’t‘i’lgﬁorl\ ?ééHtlBWtHHﬁle%HHQH ﬁé RHRSTioh YE h%gﬁbcgrﬁégllﬂo?\rbqrﬂ A&
such nol ecul es possess on uor o groups al may act as
| eavi ng gbeuwseddn qmenébUldneoﬁmeny Igrommagused o foneny pbartico@s doppeyafedsS. 2
and 3). For ex np ert - gut I %g ophenyl - nonaf | uor obi phenyl
(Exanpl e ffggr'%f" bPERO H%u Lpl ing of 4-tert-butylthi ophenyl
lithiumin THE at -78C

[0070] For example, 4'-tert-butylthiophenyl-4,4,5,5-tetramethyl-1,3,2-

dioxaborolane, coupled with 2,5-dimethoxybromobenzene, catalyzed by
Pd(PPh3)4, afford 4-tert-butylthio-2’,5’-dimethoxybiphenyl (as set out in
Example 11 below). The same Suzuki reagent may be reacted with the larger
substrate 4-bromo-2,2’,5,5'-tetramethoxybiphenyl to yield 4-(p-tert-
butylthiophenyl)-2,2',5,5'-tetramethoxybiphenyl (set out in Example 14).

[0071] In another 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-tert-
butylthiophenyl-pentafluorobenzene (Example 12) may be prepared from
pentafluorophenyl cuprous and 4-tert-butylthio-bromobenzene in THF and 1,4-
dioxane. Similarly, 4-pentafluorophenyl-4'-tert-butylthio-2,5-dimethoxybiphenyl

(see Example 16) may be prepared from pentafluorophenyl cuprous and 4'-
17



wi t h decafl uorobi phenyl. 1-tert-Butylthiophenyl-4-(2',2",5 ,65"-

t et r amet hoxybi phenyl )-tetrafl uoro benzene (Exanple 19) may al so be
prepared following a simlar procedure. [0073] The synthesis of

conj ugated nol ecul es contai ning aryl ene- ethynyl ene nol ecules is
descri bed {PR-hutylfie-gnibromm-26-desstbosybiplssudd to Reed et al., which
is fully incorporated by reference herein. [0074] The AC group, for

exanpl e, -b j e . introduced into the

conj ugat egoﬁg?tcuPrg}‘fiu%q%gh%%Epgﬁﬁér@blgg?%!gjglép%gﬁy %%%b?i ng
reacti ons inestpbrated irﬁbmjug@;t@@mﬁeém@trﬁbagkuitm@aq{uc%bphﬁh,esubstitution
preferred Suzuki reagent to incorporate a 4-tert-butylthiophenyl

group ont dERRION, SINFEFUCh MBIFCYIRS: RABSEES ©P@Ias mere fluoro groups that may
4-tert-but i -4 4 - whi i

o epar e PSR Yl bsompaT RO I R P RAG o b a3,

l'i t hi um arahdt 3)e FoR ekampte pyleoixtyutditdio phénylaionafiabfpitherel eHemple F)own
in FIG 1. Thl)s rea%egt nggqpi_e ltjﬂ-sﬁed to react wth nost _ar_lyl

bromi des, BAYPE REERPAEERY IR95% detgttpytythiopemd lithiymgp Tif ey -7&her
Suzuki : st byt ¥l £hi ophenyl

bor oni ¢ acr o B R H B R Kodg) T o ac

group conttefiramethaxybiphengl)-detpaflustrbleenzdren Ea@etpié t18) mayi slso beed, such
an AC grou ms%age converted to acetylthio by nercurization to form
|

a ner cury PSER9RGdolWIng 2 $IBIIREREFN TS -eact i on with hydrogen sul fide

and acetylation, as will be understood by a skilled person.

Acetyl t hi §00B3]a PTE eynRsist dfl ONfRHEd MdScUiés BbRIamifY anlidnét S
reactivity, storage stability and ability to direct self-assenbly of
t he conj u§anetylens eelpclemisglasstined subst Pateat Noo67836,60% lissuasttoper son

o oup i || epeval i AT RO REl BBy oducea, - For

exanpl e, the conjugated nol ecul e having a spacer group may be
prepared §8074jepi ThedG gratipGRr ekanplépoa tar-buaplitaio groupr peiyvaié on of a
met hyl ene. spagcer . .ar o in, .

4 -tert- buﬁ&ﬂf%esﬁt&ﬁﬁﬁﬁo-nmﬂ%?q’ MSBHIB MR the-sRndard KARPT-ERRIAN e
34) may beoapHEMRtibis MitRARAIddoveabi@fs fe Suzyki '
4-tert-butyl tﬁhigg- 4" - br omonet hyl - lg)i Sheny S(’)n edegglfllltg(e)?%[ anphTehr?yI in
t he presentefegedmRuapki reageintita in¢otpmrate a 4-tert-butylthiophenyl group onto the

Bt YT 05fhq o LPBHITS el ROIBEGINE 4 BHARY Bhidshenyia, 2 %8NSt zed from
tetramethylborolane, which is prepared from 4-tert-butylthio-bromobenzene by
reacting with butyl lithium and then 2-isopropyloxy-4,4,5,5-tetramethylborolane
as shown in FIG. 1. This reagent may be used to react with most aryl
bromides, and the reaction can be catalyzed by Pd(Il) or Pd(0). Other Suzuki
reagents that may be used include tert-butylthiophenyl boronic acid and

methylthiophenyl boronic acid.

[0075] If an 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.

[0076] A skilled person will understand that the reaction used to introduce
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reducti on product of ethyl 4-(p-tert-butylthiophenyl)-benzoate
(Exanmpl e 30) by bromnation with phosphorous tribromde. [0077]
Simlarly, an oxygen spacer group nmay be introduced from a phenol
group by nucl eophilic attack on perfluorobi phenyl in high yield.
[0078] Sy fleafes gpuRWHbdAgRRNM e thpadigular saaceigraupuntredcesp doar
?L\?VUpf Io? éx%%lgftkggo?\MQat@@ n’Ioh&L}Ié?\ gmgfa EH&%r g?gBS Hpaciﬁbé Bpecb o8 age

tert but yldepicied phErGS - 4@/Foﬂenafhbuaqrmrpbmbhﬁaymeﬂiﬂénsigpe(c%@e
Exanpl e 36), which nay in part to weak nucl eophilicity of
the sul fi &BOUR Ht érti%td?t&v'éhm?@mgyl nqnaiw@rottlalaewwésﬂr'me@@ﬁpdﬁéewle

ol ecul es 3hlaPBb woRRIEH Sy FUHIERHiIG IRRK GAL Bub AL bRt

with p/n juncti‘ons oun i con- devi ces
j uxt aposi tbmmertyl onmesaflgoobipheng! iArthe grresgndenofttheylditieisem U-tens| ecul es

creates a ce across, which electrons can flow.jn one _dir |on
RS 1 (LA R e B R A AR U S

t he di ffer v, I

e S A Ty S Ao SR 0

mol ecul e, bagminatidepiith 9U0$p’nd¥o® tribromridsy i ded that the ener gy I evel
of the orbitals associated with the Ar groups that are i nmredi atel y

dj h ctrical is diff f h
wli be t IOPARSCSIEY. Bt SerkioBublRey Brurralicatirdhatbng R
to flow i gremebdinuekiophiic ARICRTH PérfudRIbASHErg| I‘Mﬁlgﬁ@/ﬁelcﬂ he other. When
a positive bias is applied to a nmolecule having a p-segment next to

the positive_elecfrical caontact and an n- segnent next to the
negative &P@E8RlL i caynsaisRi@ Cqm@gﬁi@ﬂrmol@ﬁelfadwr&/éISuIﬂdet&’rF@cebagqttn $e

| ect I I I
of “16. t ho S oaBEh e thelfi UF Shch GolbR A R B, ORI B e
p- segnent tert+boiylthivbipleerat-4dvg- reinmcﬁIUDraI:aﬂ)herQMMel;dtsquﬁ@r(seefedaynple 136),

Ferm ener | evel, of, the Iec I be raised
o i 1 el TS dpé BhepB i fis Week ricleonbiicgy O kE pulie | zeq Lo
adj acent t&eth8diaggati ve contact. Thus, electrons can flow fromthe
negative contact to the n-segnent and will across the molecule to

the positive contact. The electron or hol e cannot overcone the
energy bal®9T9] t ol usswthe presend spaispateddNplasieswill 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.

[0080] 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
molecule having a p-segment next to the positive electrical contact and an n-
segment next to the negative electrical contact, the Fermi energy level of the

positive electrical contact will be close to the localized HOMO energy levels of
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[0081] In the present conjugated nolecule, the AC group facilitates
attachnment of the conjugated nol ecule to one el ectrode attachnent
within an electronic nolecular device, typically a connection

bet ween the conjugated nolecule and a nmetal or polyneric surface.
The presentbe mﬁe@mwnm‘@holﬁs cauld badnjettetretontbeddQMO af the p—lseghn@nt

orientatio I ec when n I ecul e i

el ect r oni c]n%ltgélﬂeg? "('aggncaéc% f hgo BW%ﬁB'aB?eedED Rray V§§8§§1§‘3
a conduct i yggativeasitttfbal ddntact VilMBeIraRBH driel WIBE &t AMMBLENerdyi18VEIatd on
of the nol ecul e when fabricating devices. As is discussed bélow, the

AC group ahpbakthedecalizedddiRyadieeendpdae negeative eontags sEhs, @lenirartse

surface of e V&S t

group and %ﬂfe'&}é’ﬁ@ﬁ ﬁ%dnéégtnsu(fqnﬁlg&ﬁﬁgﬁ gao%%eaéﬁe \&mea?scg%éﬁﬁgd on

t he el ect rmdicutiiof theedsith/et didita@NEnO lelestiont drdible thAhot v drédifie Nge 2
second electrical contact wth the surface of a second el ectrode.
[0082] TheeReiay barriaf tefflow iaghe @ppgstteigiredliame present conj ugat ed

nol ecule allows for construction of negative differential resistance

(NDR) devirp@Ba) i N in Wl feseH EiflbodibimdBYEOHe/ AW dBLB Hciltbl

vol t age rahge, vol t agés abo
range. [ 008Bjchtientelf e comjugatoiiokeculegtoprrapeletirodé atthehmieatWwitkiedan
conj ugated, nol e

d t t
Ceanning. (URRBYTF Ao GHTEE DeBpaYPiGaY &roeaEEY BEIRE HhB R REd

M Cr 0SCopYmoRSuW Ahd Bﬁnet\éngﬁbélﬁlﬁ@m%r@cék"ﬂHee&eBéﬁéé’Bf th%rA@fdr&up tahe
governing principle of scannin t unnel fglthm croscopy (STM

quant um t ueePl thegnelecelesaids dn etcmemgmprao lei molsstienyhain asambbmg

By appl yi e LRUBRIE R T BN R TP FryoEn ol atyugigfi ' P
sem conduahbRguRapFEsessEes @Ltrornembtl\(c‘eidlréétm (thé )mb@r&éﬁ’—t&ﬁ dn@feeproper
el ectrodes 20 when their distance is reduced to a few atom c

di anet er s.orgRdatign,ef thedrolseuley waen fatirisating devisgpy Asdp dlirssissad below,
di stance tlﬁé‘ﬁ?%r&&?aﬁdvps #H9nd QSPﬁﬁgmqemglefbme & §&f—8§se{rﬂ8leﬁﬂ{ tial

difference WVt I'ng the erence et wee e tip
and t he sayfaee df(a‘ﬁ)eleuwde audacevﬁrbu@ts atdoatatit folebwest trad ACogmdpcamince

dl / dV(V) e nmeasured e dif nti al nduc aner | ect s
i rect 1y 8 eleREtee PaSting et GaRb Mgops i asspaPItd pogye ClRetGran | n
the surface has the same orientation prior to forming a second electrical contact

with the surface of a second electrode.

[0082] The inclusion of a spacer group in the present conjugated molecule
allows for construction of negative differential resistance (NDR) devices, in
which current will flow only within a given voltage range, and will not flow at

voltages above and below this range.

[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 tip. By applying a voltage (Vt) between the tip and a metallic or

semiconducting sample, a current can flow (It) between these electrodes
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schematic diagram FIG 8, a conjugated nol ecule (which is depicted as
4- acetyl t hi ophenyl - nonaf | uor obi phenyl) may be assenbl ed on a gold
substrate and coupled to a gold-coated tungsten tip of a scanning
tunnel ling mcroscope. The |-V characteristics nmeasured for

4- acet yl t Wvogm#gin distenee!is oedisesHers few amlpldllametea$ ekhepbgmpliidgradph

Punct ron, ERrEbt G0V 4EBLATR TR R st bRdutn tEIP #RE Bt apteon
into vari ausd al@bemthérpcﬁémﬁélﬁﬁffﬁréncélwl&eﬁaryﬂwﬁe p&tﬁenﬂlélldﬁ’féréh@él in
FIG 10, there is provid nmol ecul ar el ectroni c device 20 having

two el ect reefyeepdhe Q@taﬁdzizewma, I(thperqt'fas@s well gstthe giffereptidlact 22
t t
|5 connect gt Biae AREAN csh 88! hbEAlrebOPhATH AN cofAIEUARE Sehects
el ect ri caldicmtiy dled cal @@&&bn'ﬂr&r@nt&@ﬁmaﬁt% (kDOSACAS shdowanich tAé may be
pateri al , including any netal comonly

d of duct
Lsed i n el SEERoc AL ELS- B Ehmisgaigel olesh e e Ssgho SR frum
or_pal | adigmn R BEhohSRLoBORRRYS 178, nEadspiBe Phi R laEly, be

conposed o mtin ox or ac Y, meric materia
exanpl e pcand unfpled tg/a@mdxﬂcoa’gadmmgstend)p Qﬂiﬂz@@'r)nmg turptdllmmlmmecoﬁme
first eIe contact,. may be c S differ
conduct i vel il 8o PGS HedemaCapLdeie DA QAT SEro IBRP PTG der
to provi dega ,m@tﬂa@eégpm rdg offIEstg i cal contacts 22 and 24,
substrate 26 may optionall'y be used. The electrical contacts may each
be dep05|ted on a thin |layer on substrate 26, which may be silicon,
m ca or a[0PB4kti & eaiiigatad enalaewehaving gideast @Teep/mue@tmméuah@sdhat

pol ycar bonglp 0ORZLe ASIBIR 1)nEOMOARlPAITBAASH Bokb 1 diguplad to

el ectrical con hrough ani terac ion ween e con |ve
mat eri al afevidesctThusalasdkustiatéd n~2&|c241(nmnbr'ehepﬁ@n@e@apnblecalaed at one
end of the nolecule. Electrical contact oupled to the first

Ar group |SREHC pﬁ“?ﬁ@%’%\%‘ﬂ%ﬁ’éo &iect’”l'ﬁ@' GPH@C"%%%I apfl 24 oM@ 5t ed
mol ecul e 10actfibs HIM BLPREEEM! S t s%@agrﬁ)cy gl%cm%hcﬁh%ﬁ 5 &3/
22 a bond wt

contacts and 24 through formation o mat erial of
el ectri calcongngatteximcﬂacule ddh sassdo donalbertindoictiea pathnhetwieendhé dtvaeen
the AC gror?ggt % eqtrlcal contact 24, or through physical contact
bet ween t HESFHE

[0085] The electrical contacts 22 and 24 may be composed of any
conductive material, including any metal commonly used in electronic devices,
such as gold, silver, copper, platinum or palladium. The electrical contacts 22
and 24 may alternatively be composed of indium tin oxide or a conductive
polymeric material, for example poly(3,4-ethylenedioxythiophene) (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

24 through an interaction between the conductive material of electrical contact
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end and el ectrical contact 22. The AC group on one end of conjugated
nol ecul e 10 may form a coval ent bond with el ectrical contact 24 by
first reacting to forma reactive group, such as a thiol group,
which then reacts with the material of electrical contact 24. [0088]
The conducd4 ard g ACigronpdotated ahpoganddfitbé emleeulé Elestrical contasti2gl e

07 ol eculigeogee o e Wisk AriuSin fareled Foedadkndfe slihe amebahaera |
plurality d@)fnjugf(a%'di waRéQdle M0l TRElRniRiaté PRI cURS RONGUBE ORIt BRERE 9N

of the particul ar con ugat ed nolecul'e 10 wused in the device, device
20 may be contacipiRe ansk24 HirpuaRk femationgfiacbonrppithdhe imaterial @odeqtricar

Char het br 0 22y SR Ay CaNAIER LR et s MRRhIRE AL il an e

segnent adjlectroal dontan 24, by frRoagld Hepsical ddttacitieweantnhes frad Watdrep
path. The different type of segnents will exhibit different

el ect r oni @rﬁr%?k@i‘*{@aﬁﬁ@m@é’[ 2% Therfr Sraun oppPnerndef eandugsednd any
subst i t UenheBc {Prd BFR WPl AR it clleficoPOSRAL: 228Gt

nol ecul ar electronic device wll contain one p/n junction "wthin the
conduct i veepetiny tosfoahaymattive geoup, adichiasrathioli groog) wlsich ahé e rects evith

[ 0091] Nbleculﬂr.electronic devi ce 20 may be designed to exhibit a
negative dN¢Mmaterialeleciasal {@4PR) effect when a suitable voltage
is applied, thereby being suitable as a resonant tunnelling diode.
For exanpligogg] NCPRERbAHLSOpath 6 @héE By RbnRRftSHRIORRIFEY b SRSy BEQUPS
adj acent to a series of phenylene groups w thin conjugated nblecule
10 resul t single mnlecule @onnetiedtbaiween édadtdenl zontdess 22 andr2dBRoldealitee.

to the | achdIPRdRs 39 afrEALhe fuRio SRR Mo o Ttk ot S L T
and t he adpapgpitedhRwdgedaogroup. As well, the NDR effect may be

ascribed to the redox process of the active nolecules, as well as

t he confor ional change that conjugated npl ecul e 10 undergoes when
pl aced umﬁg&é%in ePepepdipg ony @I%S'éfh%f eqstigdanceiroateddnelesuley10
relevant jsed'il < halies, d6AS BB ThaPpeSERAbIEaF Daflos dBLFGHLE that 1S
nore easily oxidized, or nore easily reduced, can nore easily
conduct ampplieatiariscal charge al ong

[0090] 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 electronic properties due to 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 exhibit a
negative differential resistance (NDR) effect when a suitable voltage is
applied, thereby being suitable as a resonant tunnelling diode. For example,
incorporation of a series of perfluorophenylene groups adjacent to a series of
phenylene groups within conjugated molecule 10 results in molecular
electronic device 20 that is an NDR device. Without being bound to a
particular theory, this effect may be due to the large dihedron angle between
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t he nol ecul e. Thus, the redox behaviour of the conjugated nol ecul e
can be manipul ated by incorporation of different segnments with
different electronic properties. Conparison of the redox behavi our
of three conjugated nol ecul es, nanely

4- (p-t ert -tBatpartitvrophenylehe 2ing'ans, ﬁe-et(mcrmboxly;bememl As(WSBOE) |,

Bt y1 t i opN DR T oy BB PRt I BN procsiiiathe el maieeyiasano
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Al ternatively, nolecular electronic device 20 may b esigned as a
resonant tWRerRPlaced widedantsleetriealifigdd. theoredox ttﬁmjvwgas éniem redeMat 10

havi n 0 ro X.inters ong
the " Son B A0% sBE B RreHRRaLE T BRR Bhe ROl AL s TPit BT RS et
into the mrmpug@éﬁl@ retlugedRIanbaekdeasiycdries ad chsttiide ichbRje gbagt r on
transport. Thus, order for the device to conduct current at a

certain aﬁﬁﬁlr@e‘éfe@é’?t éfg*ys the yegloxhahayionr pf fhy camugategtmelectle eambe| |
ol ect roni dhaaBuiaed by incUrBYRMOhYS aiRER Kbl Yl MM Matrqs ¢

cont act 22rapdrti24. n@smtwrldepmmeadsdmx bﬂﬂvﬁmeﬁt@n@monﬁ;ﬁﬁécﬂ ate 26.
The conj u at ed {;‘él ecu {() assenbl ed onto the

el ectri cal EGHF t”?'ﬁ‘eﬁh& gp TG WY EHOPReNYY- %sgy5i§e'tﬁfﬁ%et.hpé)’b'8?§ﬂﬂl e,
by self- 3$smy ﬂferﬁBUNHH%ﬁ@nMcﬁ%éiu%r&@PhéwﬁgTéP?ﬁ%%ﬁson wil |

understand how to form sel f-assenb nonol ayer e conj ugated
mol ecul es. BLBVIME@DIyenyIsﬂu((%ﬁr- metmxymﬂny@-tdb’pﬂsa)m@dnzdamﬁ$IED)as)nt act
24 is inme d in.a of con Iecule 10 dissolved in

a suitabl éﬁ @5‘?{“{1 E@‘? ﬁt seeﬁ?éa BIPg h at egq is any solvent in

whi ch the particular nolecule is sol ubI e and may be, for exanple,
tetrahydr qbo92n, aheai=eivermokkshirosiesedmiadevick 2 méydd @égghé@ag a

1,1,2,2-tetrachl oroet hane, toluene, xylene, chlorobenzene

1, 2. di chl dPe®Ratduanel &%ﬁ&ﬁ’@)@ﬂ%‘ﬁén@ﬂs@nrﬁﬁﬂwmﬁ%mO@%J'@th"@Y'”Q

rml ecul e I al cont act
24 W 'ltJh t r?l“% %ﬂ%?gﬁﬁéﬁ%@ﬁ{%&% %a%%él té;gﬁu@&b ?9‘5);5?(2@”?%9&{'?\% erface,
and t he nmnA@admdjbécldmnm Tis®habiconjugatieti spaderafroap hessgtelddntdigie
solution, for ex (ﬂglle SO é@‘g%}ﬁ%dr oxi de o ammoni um hydr oxi de,

help to prCQHB{Q@‘? gQmer E\CTERIGSEE garrier for electron transport. Thu)s/

in order for the device to conduct current at a certain applied voltage, it is
necessary for an electron to tunnel, quantum 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
may be, for example, tetrahydrofuran, chloroform, dichloromethane, 1,2-

dichloroethane, 1,1,2,2-tetrachloroethane, toluene, xylene, chlorobenzene,

23



Al ternatively, Langnuir-Bl odgett techni ques, which are known in the
art, may be used to form a nonol ayer of conjugated nol ecule 10 on
el ectrical contact 24. Electrical contact 22 is then deposited over

top of the nol ayer of conjugated nol ecule 10. [0094] Ml ecul ar
el ect r oni ¢ -&&€iGhigropgnzene. sy clpbeganerelor Atroethyifgen. Corjugatedirokesuieces

for vario i j i pcl udi L devi nd. ensears. For
ex arr\rl)l el, ﬁsr?e\ﬁﬁlgég (r)én% Ifg{%ﬁn%deﬁ%l %{g*é&i%odjg%@é}ég%rqoggﬁﬁ I@r\g'iﬂﬁﬁ?ﬁ' é& YEHP
as nol eculadithe electivat canidct/moledui® interfacy, egriahethontdC driedirée gat es.

NDR devi ces, have rou pplications, including high frequency
osci | | at orSQ,'”q'r?ﬁ’r t&ﬁrﬁ%’? 9,?3 %@5?(@0 salutigmdPbgxample spdium hyshodde or s .

[ 0095] Foramanmnehyaﬂa%d@ﬂnwmag églpg@hbmh% &qﬂé%sgernv@g pPGcatied to

forma crossbar, ahd may be "ass Into cross Vi CES.
Cr osshar s Adiethativets $ bagievBioegetitectmiques, iwhitherakhowais thay &rt, may

described,in US Patent Nos. K 6 459,095 and 6,128, 214, both of which
are hlerei r?leflﬂﬁqafoﬁﬂ%r%'@f)ﬂi)@éféfﬁf C?@V%?t@ad@9|eﬁu 5 ep gleqiricay gontact

el ect roni Q4 EBERichPELritAE 2ZRNABK Wepb¥fed bOSSBH of?t‘?é‘ﬂ%ifo%yZer%? . gpd

34, for exanple, wires, which intersect at a non-zero ang
exanpl e, &onjugatecamglecule A0t hi s case, the el ectronic connection is
nol ecul ar el ectronic device 20 in which the electrical contacts are

Contact & 0040 RICRIRTC R eyt 20087 bbiaskafuied o LiBen o

devi ce 20eletdnicndévieesionsakiaus dppiiegionsyinchelify MneeiRiviced 4rieh, a
diode, a transistor or the |like, and serves to connect the crossed
conduct or SEBOBhd P EXAMPAE. thairespnand junnglingdiodes degoBpedaherais afmr
cont ai nin i J i i W 12. A
series of ggggllé ggg’h@éﬁgéﬁg\gﬁgﬁiﬁgﬁgétﬁ%I%gb%ﬁ@@r@tt%& F’ g‘? 'lr%rbf'ac gé%%sbar
devi ce, whilyh deviepsitses reinsemwue appficatimnsg incarding Bighr fesdquerdgvi ces
connecting_two sets af .crossed parallel conductors. Each set of

paral | el 88%&%8&%?%'88%‘?{&@9!@9%?@“63095%-@“6;ﬁanw{éertsm sets are
separated fromeach 24 other, and are arranged so that the conductors

in each spI098]0SFdrisxangfeduetRbRclmr eltinitelevié nfAChe G588 SO M a

poi nt between the two sets of conductors, a conductor from each set
i s connecfE$sbar @aNgldRayPecsseried do crassbar devicky. &nmosshers modi ¢

connect i 0BroskPaf 8b5icE@5f: kA FEUL R arkt] §4 48 Bed 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.

[0096] A crossbar containing molecular electronic device 20 is depicted in
FIG. 12. A series of crossbars may be arranged in an array to form a
crossbar device, which comprises a series of molecular electronic devices
connecting two sets of crossed parallel conductors. Each set of parallel

conductors generally forms a plane, and the two sets are separated from each
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devi ce 20. Such crossbar devices are useful as nenory devices and
sensors. [0097] Al docunents referred to herein are fully

i ncorporated by reference. [0098] Although various enbodi nents of
the invention are disclosed herein, nany adaptations and

nodi f i cat i @hsr,reng dre areatged schihat thecerdystorsfin ealtb sehermssitba in

accordance wth, the ¢co n_general know edge t hose kKilled [n
this art. kST FERPoRo Rt RErh AP RCGHTSt PelER s RSOt
equi val entgoridvictdrsya 88REGdtoPfrof@adH¥ENS cBANEfte@tE & cdrRiuBtMfRNe tHd1e
same result in substantially the same way. Al technical and

sci enti fi cother aet hised elastronic connestioneindhisecaseahy nmplasulabatestipyic

uni oss. derionee 20navelrbSPatedban et e llad entmnsthben Lo R

reactions for coupling various Ar groups, spacer groups and AC

groups, w0087} eadllidvesinasnds veferratiito merdiheire @filly ingyrpbeated ey reference.
synt hesi ze particul ar enbodi nents of the conjugated nol ecul es.

EXAMPLES 0] anple 1. Preparation of 2,5-dinethoxybronmobenzene
(1) 0010958 4 ATHEUB Faiovs ERIBOGRTERIM A B8 INveRIGR AT FISHQHEahr o ne
(16.0 g, ) ) . i _ iy

sol ution or?&%, 4- d@%%f@é%ﬁeﬁgﬁﬁ%@g%% q\%éb%’rmi ; ‘?Eﬁ'@méﬁgég? %f
and net hartbe ifv@vionl ih astordaBGce Afitrethestammiongeineral krioadedge 60hose of

sat ur at ed ol utian was ded. .The, organic |ayer s washed

w th et erSEA RNt oS P PiRriceE e (R Gur 1K SLEsp P ot utTy en
was r efTDV%thalénﬂ’s%ﬂéb{Y BYBERAIGANS invieREoh 8% bR t¥@shicdbIhé shRfé reRdRT
reduced pressure to yield 15.8 g of 2,5- dinmethoxybronobenzene (yield

73% 1HNVEN sabsiagtiaky theasame way. H)| teghggml apd scignbific tgnepgsgdshersin) |

3.785 (s, , ' f , -

> 5oai br of2VE e TR ISR Frjy HhBRREY B oM ot arsipapy sk in
r ound- bot tthenair aisthis iavetios, ivalesafddiinedidteefdSe.2 g, 220 mol ) in

chl oroform (50 mM) was added dropwi se to a solution of 1, 4-

di met hoxy e 3.8 g,. 100 |)..1n chlorofor 400 1 under OC.

St Oay ABPBET°: SRS Sudiing exaties ilpirSth Bratiets 1 SoUB bV A Las

added. Thegroups, 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 g, 100 mmol) in chloroform and methanol (400 ml) at
0°C. After stirring for 3 hours, 500 ml of saturated Na,CO; solution was added.
The organic layer was washed with water, brine and dried over sodium
sulfate. After the solvent was removed on a rotary evaporator, the residue was
distilled under reduced pressure to yield 15.8 g of 2,5-
dimethoxybromobenzene (yield 73%) 'THNMR (CDCls) 67.148 (s, 1 H), 6.859
(s, 2 H), 3.869 (s, 3 H), 3.785 (s, 3 H).
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organi c | ayer was washed with water, brine, and dried over sodium

sul fate. The solvent was renoved on a rotary evaporator and the

resi due was perforned recrystallization fron1ethano| to afford pure
2, 5-di bronp-1, 4- di net hoxybenzene (25.8 g, 85%.' HNMR (CDCI 3) 67.128
(s, 2 H, [80892] (s, @(ampleqwgparjatlenam -dibromoehdrdiniethoybenzene
4-tert- butﬁ t hi o- bronobenzene (3) [00105] In a 50 m round-bottom

fl ask, A\ ture of 20 mM of tert-butyl <chloride and 9.5 g of
4-bronDth|ophenoI was stirred until all the solids dissolved, then a

catal ytic [a0903F of IAlZCHRe Ies reutitbdottdhtfersksaisoiition df&roRind @5 3 g, t he
m Xture was oured into 100 n_of ice water and extracted with

hexane twi | mingd) ngthieieformm 0 Bhovas adAad drepvise de asaddinn ofhé-
purified fe'fh&)}/péﬂlgr?%yfﬁ‘mgu%é n*ﬁ% & oA raﬁaﬁn LHB™M d% [nae%&f@.m

g of 4-tert- but énzene. he obt ali ne pro was use
synt hesi s stirgag far@sowvst mmmmlfaﬁlsahﬂatqoimaj@@molumn Va6 HilbledEXBED! € 4:

P t f.q-tert-butylthioph : .
Lot - amat ATOANS U Az Har b HER A3 er oS Frigdosr sodiugh Aulest  om

flask, a spidiébiPBntoladrémvddOn Iéméltéry%fva]porator and the residue was
4-tert-butylthio-bronmobenzene in was cooled to -78C, 24

m of  butpdrfaringhli rearystaliztion fram zthanol 6 afferd pere 2,hetibroinua!y4-added

(30 mol) ta@;w? DEHRREAE P 0, 88T FabFlR Bobiie 37, Pisip bRl Gog®

was added Hyy one portion. The tenperature was raised to room
tenperature and stirred overnight. The reaction was term nated and
was washed with saturated sodi um bi carbonate solution and brine. The

organi ¢ ph89&04kas drP@mplptd: REBRRI@ANCE @f fafed-kutdlthiprogwbeaaenaad

removed on a rotary evaporator. The residue was purified by 26 col um

wi th hexang m‘ﬂ i 2%%5(5%1}0&% ﬁBft&"n f%s‘k ikt !a%f%g‘r’]ﬂeﬂ &ftﬁﬁl\%ﬁ%t-

but yl t hi ophe , b-tetranet | oxa oro
(CDCl 3) @TlJCBBte :thj 925 ¢Hof 4- b:romotthlbtamendl vemﬂst(rdad @ntil,alldthe sBlids Hz)

sodi um 2, SN SITPAGARHiR aitbipt O AT wet BBef. Aner SERRG T 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-tert-
butylthio-bromobenzene. The obtained product was used in synthesis

reactions without further purification.

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

[00107] In a 150 ml round-bottom flask, a solution of 4.9 g (20 mmol) of
4-tert-butylthio-bromobenzene in 60 ml of THF was cooled to -78°C; 24 ml 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-
4,4,5,5-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
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
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[00109] In a 250 m 3-neck round-bottomflask, 1.44 g of My, 10 m of
THE and 0.8 g of 2, 5-di net hoxybronobenzene was stirred rapidly. After
the initiation of the reaction, a solution of 10 g of

2, 5- di met hoxybr onobenzene in 90 m of THE was added dropwi se to a

r ound- bot taehirmhxgth hexdare and Colg€h. (4: MHe offeadt griyiakis85%h blitdertf or

anot her two I d d e ra

sol ution \Hégnﬁ?%ﬂ%? rae‘tzlg H}?gmﬂé{ 812:)@963!5(39% P%ﬁﬁggﬁﬁ'g. ni ng
a sol uti orasmsdm 2 [f J=g, tmi)yv epor@t o Hn 360 ), 01‘ 468*%“@ A hagy
been cooled to - The reaction mxture was gradual ‘war néd ‘up to
room temﬁ@r%fﬂre and stirred overnight. 200 ml of 2 M HC was added
to quench the reaction and stirred for 1 hour. After THE was renoved

5w o Ve 8cc Tafmnle &€ FEEPvRYSY HE 3afH, 25 Bt et hueshalEl

came out. (Fhe white solid was filtered and dried under vacuumto
yield 9.0 g sodium 2, 5- di net hoxyphenyl boronate. The solid vvas used

for synthegj i thoyt further purification. 0011 Exanpl e

Pr epa?/ati iﬁbfﬁgﬁ br G- ?§ '??CT( PP 'é?r?étpﬁbﬂ%ﬁdiﬂ g1of My, 1[%@1@&] I n
an argon f - ) }

(5.0 ol ) o7 2R o e o Z%ﬁ%%%ﬁ%%*% Ppelis?

2, 5- di br onwtiatien df ﬂretrbexly'mnrazwmlorﬁﬁf hy g(af Wd@l@'uetﬁoxybromobenzege in
tetrakis [ 0S ne) pal | adi 20 2, M sodj um. car bonat e
and 20 0GR SEEFRIERAR Bitpwies i raind beRom 1Rk SlsTIGRaS Ar ¢ or
cool i ng, TR rebeAsH R reﬂe&éer Ror URBIRF B HoRlls WhER BbRY daw®tdtdiend
the organi c phase was washed with brine and dried over magnesi um

sul fate. Mmeerathes ar thensolulien wasttansteroed imte enather svapbbattom, flashe

sl due R S o oL M A SRR TRLRSE AR B0 ShbretHien ha

2,2',5,5 bbehrdﬂm&@X)TBf’@hEhé redotiol |ix@FYwas a‘ll@ﬂ@rﬁbedﬁ?p %ﬁl'g)ggﬁ

(5.6 1y Crgorimtore emLsiyeb sy, 256 m@be M A Was addsd e Aaonch

110 019, &3 m&?ﬂ&%@ ohg 1oty HF as ioroviédton Shetaty ™
evaporator the residue was extracted with 200 ml ether. 5 M NaOH was
added dropwise to the organic phase until no more solid came out. The white
solid was filtered and dried under vacuum to yield 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
ml of THF was added and heated at reflux for two hours. After cooling, the
reaction mixture was extracted with ethyl acetate and the organic phase was
washed with brine and dried over magnesium sulfate. After the solvent was

removed on a rotary evaporator, the residue was purified by column
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[00112] Exanple 7: Preparation of 4,4'-dibronmo-2,2',5,5"-

t et r amet hoxybi phenyl (7) [00113] In a 100 m round-bottom flask, 3.0
gof FeC3in 20 M of CH2ClI2 was added to a solution of 5.0 g of
2, 5- di met hoxybr onobenzene in 50 mM of CH2Cl2. The reaction m xture
was st i rreehrorategrghhy ehried whidrhéxangdsHyls idd ) tavgivie Weitged-beardobr i ne

?gf oy evah ﬁ5@%@%@%&?}%@?@éy%ﬁ‘?fb-ivﬂki%‘eﬁ@@f?ﬂ%%ﬂg fH),

- | : 1 . 4 -
by oo S GOE-ost 6, Bei) ﬁ@fﬁﬂsﬁﬁﬁ’ i’gﬁi ) 30T B B B G
57.104 (s (COCH)5153.888, 13183 ,m%m@saé Q278 198267767 9%, anels,
00114 : i - L 0-A4 = i
(8 Lo bhal B 2R 2 4 e S A D IR A

m xture of56.1746 g (5.0 mol ) of

4-tert-butylthiophenyl-4,4, 5 5-tetramethyl- 1,3, 2- dioxaborol ane,
2.36 g (10 éi_l of 1,4-di bronobenzene, 90 ng (1.5 nmol 99 of

t et r aki s(t[PBHﬁ yl p Pised: faePamtion of fot HIPIM- 28 @it um car bonat e

and 50 nmiegh irred under 90C overnight. After cooling
e ME&QBC@GWI o

down, it was extr ethyl acetate twi ce and the organic
phase was washed with brine and dried with magnesium sul fate. The
sol vent wd0d@3bved lore 300 mlaeynd-botiporfiask 3.0 aof FeSildoe0vas opGH.Cled

by col um el ut Lt h hexane/ cl 5.1).to pffer 1.10 f

2 tert - pucdrt Ridedts B DRHBRTHETE fia Srimbiig Piiinchzeasdn 3 mi of
57. 631- 759TH(ON,. PhélteactiohMixtite wad Btirred d@dmight, 2 theh iBhasWashadH) -
[00116] Exanple 9: Preparation of 4'-tert-butylthio-4-brono-2,5-

di met hoxybvighwigier qre) bimmand dried with enegoasitimiswéate: Woe gelyrnt was

round- bot t S 1.X . f

4-tert- butrgm%egp%eﬁi?% %\9%5%8{0& r?n@?ﬁgfﬂfgg'v% %o‘%gja@é)?%lf"%‘e, 2.0
g (G.Z n?mh)roﬁlbtdglréﬁﬂjl bm@@h ?&h{éﬁdgﬁmmwg%@nﬂm@amﬂ? of(4,45 mgl %
tetrakis(trjphen osphi ne) pa di um 2( Q M sodi um car bonat e
and 50 m P gen. Selstramietiowbinney! Girid Gpd MR (GBEk) 528 (ag
down, it i I washed with brine and
dried wi t?ﬁ'&ggg?g‘wgu ’f%’?g?t(%lﬁemgol' vﬁ%’%&g)'remved on a rotary
evaporator, the residue was purified by colum eluted first by hexane
fol | owed [00114] Example 8: Preparation of 4-fert-butylthio-4’-bromobipheny! (8)

[00115] In an argon flushed two neck round-bottom flask, a mixture of
1.46 g (5.0 mmol) of 4-tert-butylthiophenyl-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane, 2.36 g (10 mmol) of 1,4-dibromobenzene, 90 mg (1.5 mol%) of
tetrakis(triphenylphosphine)palladium, 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 ethyl 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-tert-butylthio-4’-bromobiphenyl (yield 69%). "THNMR
(CDCl3) 67.631-7.597 (m, 4 H), 7.551 (d, 2 H), 7.161 (d, 2H), 1.347 (s, 9 H).

[00116] Example 9: Preparation of 4’-fert-butylthio-4-bromo-2,5-
dimethoxybiphenyl (9)

[00117] In an argon flushed two neck round-bottom flask, a mixture of
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by the m xture of hexane and CH2ClI2 (3:1) to offer 1.04 g of

4' -tert-butylthio-4- brono-2,5-di met hoxybi phenyl (yield 55%."' HNVR
(CDCI3) 47.604 (d, 2 H J = 8.0 Hz), 7.505 (d, 2 H J =8.0 Hz),
7.203 (s, 1 H, 6.919 (s, 1 H, 3.913 (s, 3 H), 3.793 (s, 3 H,
1.359 (s, 1946+)g (51BN ()UD('BBG ub/ithio g edyl-4 305 Metrarrfka$l8yl51232 137 534,

29. 753 17.506,. .1 180, 1,2 7.
éé%%g 2 pEpOtahg 52 6°5 iy 1Ol 2pp-dibtamont dimathoyBenzene, 90 mg
- (p- t er (4 Bitnpl% hicapik ﬁéwifp)weﬂx#@h@gymna)p?auaémﬁq Z@Fﬁi af@tl\hl@esa»*ahphenyl

(10) [00119] In an ar two neck round-bottom f a
m xt ure Ofcart_:_ona;e@ngsﬁgmmﬂmﬁtqlume was stirred under 85°C overnlght After

4- b t.h 3 | ane,

0 (6o mmsbplile BRRE"H vk Sxiiacted BBV Hesiath oS e RER NG g
(1.5 ol %drield wittehiagiiesiLing sohatay TRE@sRBhDRREFEHRYEE BN 2fotaRy Of 2 M
sodi um carbonate and 50 m of toluene was stirred under 85C

over ni ght SVAPPEHOG 8 reridupwas Aurifige by eokimacaldgdiirstbichenanedotowed
and washeg, %gbn&furg%meséaﬁé LRG il ‘{?29)?@3. i 84! fo%tf;ergﬁggﬁtg ygnt

WwWas I‘EITDVE on aro evapor at OI’
col um el irechovd smmeﬁma@bfpwelngwewblwsme HNMFEI(@DQ)‘Ig)IEG’W(oﬂQd-l J =

25 B Pebblfraly I RAERA S W sl e Mo B
(vield 5194 5 ) (H;D@éi\;b (%79%% @gmﬁ déméwﬂgpggg) 567?&8 (d, 2

O

H J=28.0
6 933 (s, 188H23, 339(13,344§;32317|9; 138. 281071397/% (1d7.596, H'I)51B()3751(291 9

. 13CN 5 472, 150. 688, 150. 351, 139.199,
137 490, h@%l%é%)qg% 4%50%6;1?59;%55 127.696, 127.207, 117. 363,
116. 005, 115.607, 114.950, 114.214, 57.367, 57 097, 57.007, 56.795,

46. 444, poo#s]. 29 E[x@ﬁq’l;ﬂ@hOB%pbﬂatlbh ole’-?3 hﬁlf phenyl)-4-bromo-
4-tert- bu\%zlthl o-2' - di et hoxgbl phenyl (11) [O 21] In"an argon

flushed t r%ékteFrém‘P@J(%db!Rhﬁ ., a mxture of 1.46 g (5.0 mmol)
of 4'-tert-butylthiophenyl-4,4,5, 5 tetranmethyl - 1,3, 2- di oxaborol ane,

élefrgkl(g(??@g%yfuﬁgﬁr# Ht)?rﬂn ad| o Q%Fﬁﬁo?gg rﬂ?la(s%i 2 milR s of

1.46 g (5.0 mmol) of 4-tert-butylthiophenyl-4,4,5,5-tetramethyl-1 3 2-
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
CH2Cl; = 10:1 and finally with hexane:CH,Cl, = 3:1 to offer 1.31 g 4'-(p-tert-
butylthiophenyl)-4-bromo-2,2',5,5'-tetramethoxybiphenyl (yield 51%). THNMR
(CDCl3) 67.624 (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 (CDCl3) §151.847, 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,
31.453.

29



carbonate and 50 ml of toluene was heated at reflux overnight. After
cooling down, the reaction mxture was extracted with ethyl acetate
and the organic phase was washed with brine and dried over magnesi um

sul fate. The solvent was renoved on a rotary evaporator and the
resi due wd90pae] fi edExgmplel UimPrepanatiod ofidtlerHeutsitip Q432G 2 (5:1) to

of fer 1.16,, f 4-tert-putylthio-2',5 - dinmethoxybiphenyl (yield
77%.'HN|\/F€“%€%&E?’%’P'F§“?”§§Q‘%, 2H J=80H), 7.532(d, 2H J=
8.0 Hz), 6.958-6.898 (m 3 H), 3.834 (s, 3 H), 3.784 (d, 3 H), 1.357

(s, 9 H. [08CWR ( CORlap) agbpdiudhdd twd mkck 0und-BBttdMlilask3 .- rixkure of
131. 754, 131.224, 129.938, 117.053, 113.894, 113.220, 56.715, 56. 208,

46.573, 311-49 9 (S G0mnel) ot aiept-kutybhiophemdrdt iSerteframethyl-1,3,2-
4- -b i - 1
Pent af | uorSRRANy PACALAZ O BT Cosap e dpentberehe, Do Ra Bl

added i nt anbli6) of tetrakie(tdphendBhaspdiinedpBiladiosh, 20 ml ofdf MTsddium a 100
m round-bottom flask under roomtenperature. After stirring for one

hour, 5 rAarBenatesnd; ¥k anef ipluere washeptedabreflugovernight. After cooling
4-tert-butydtdife l?émergé@u”r% Wk éﬁtréét%ﬁfwifrpéﬂ'\g%é‘fﬁ{eearﬁpﬁ%dorﬁgﬂE: .
9 t. e ed Wth

m xture was stirred at overni g reaction was quenc
2 M HO amhaseevaaivashed withl hréreeaind HriedigheOalaghesiunThelfatel Vieatsolvest

d t t d.th i d b
ol o e drara e 85 3oty Sypdarsbeind fit s RaB phyhed Py sy -
pent af | uoré?@@aamﬂehéyér%/@ké@?@(&1%&'%\%(@@lébfﬂeﬁ%@g\”ﬁo-@’ b. J =8.0
Hz), 7.420 (d, 2 H,_J = Hz " 13CNMWR (¢DC

) _ 8.0 3%’) 1.365 (s, 9 H) | 3)
6151. 750, dimsthoe0iphesgl @6dd 7759). %NMREéD@iﬁ,éh@t @Q,Haég.&aaﬁz),
13 proparatToRTdh Mol R Ok ST S RG> Hh SR bt BB (s
(095" o BT R e RRRS CPsTh LR DAY T e

0.49 g of ty benzéene {2 o HE was

aropped 0 7Rk o4, BERAE G TRlRY MR dsd. BB 15, 56 he) was

slowy injsctesl 3104keep the tenperature bel ow -30C, the reaction was
sustai ned at -50C for 1 hour then

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

pentafluorobenzene (12)

[00123] 10 ml of Pentafluorophenylmagnesium bromide (0.5 M in ether,
5 mmol) was added into the mixture of 2.88 g of CuBr and 10 ml of THF in a
100 ml round-bottom flask under room temperature. After stirring for one hour,
5 ml of 1,4-dioxane and 0.74 g (3 mmol) of 4-tert-butylthio-bromobenzene in 5
ml of toluene were added. The mixture was stirred at 90°C overnight. The
reaction was quenched with 2 M HCI and the salt was filtered through Celite.
The solvent was removed on a rotary evaporator and the residue was purified
by column eluted with hexane to give 0.81 g of 4-fert-butylthiophenyl-
pentafluorobenzene (yield 81%). 'THNMR (CDCl3) 67.685 (d, 2 H, J = 8.0 Hz),
7.420 (d, 2 H, J = 8.0 Hz), 1.365 (s, 9 H). ®*CNMR (CDCls) 6151.750,
150.750, 138.660, 137.527, 132.711, 132.338, 129.873, 115.638. 115.114,
114.657, 56.315, 46.516, 31.446.

[00124] Example 13: Preparation of p-tert-butylthiophenyl-
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the tenperature was raised to OC for 10 mns, then cooled down to
-78C again and 1.0 g of decafl uorobi phenyl (3 mmol) in 5 m of THE
was injected in one portion. The tenperature was slowy raised to
roomtenperature and kept stirring overnight. 10 m of saturated
sodi um bi dnSdiharediglend (63 was added to quench the reaction and the
m xture was extracted with ethyl acetate (5 mM x 3). The organic

S0l vent 00 2abved Bt et nEl B EiS i R Pl ol R or S0
purified hyofeltembugtihicdrombdbemaran@ mmodfihero M 6ATHFAfas stirred in a
p-tert- butall t hi ophenyl - nonaf| uor obi phenyl (yield 63%._1HNVR ( CDCl 3)

67.525 (d,dry i¢¢ —pcetanegbadhyuntil thestempesatupe pyasdrepped t¢748°Cy thegp16s, 9

) BN ) AR 798 1SR ek o #Pfoogfhe® 72

31. 475. reparatron o
4- (p-tert -tboiperatare pblemyi30°C, e Edstion thetsr susthihed b FF0TEN I 1(HaYr then

[00127] In,an argon flushed two n round-bottom f] ask, a mxture of
1.46 g (5%93%!0 r%\"r%‘l"?%ﬁ'-s%tt?/Pt?ﬁg:%%rpﬂ%ﬁws’zﬁ‘ﬁ'?§99,-e%é¥9%§% i ¢
1,3,2- di : ; ; i :
&bt om- 2. LB T A dSoRNUCODITTERY (Pgotin § 1 of THF, g niected in

t et r aki s( tarigopetiphphios fdrnpelabarel wals alow! ised tf radnMieropéaturecanrdioet e
and 50 m of .toluene was,heated, at, reflux qvernight. After cool,in
Gown, it VAL pYERYaRY” T L STt crostUim BigA BREls: sl wAS e
washed W tt§ quaihcheh& RshdlioheshdPihermixaeraesad Extpadtbdingth thg f@aent mes
renoved on a rotary evaporator, the residue was purified by col um

el ut ed wi th3hdrenmoanzMmse(Bad yvasbedfitbrbrinesand dgéd over magnesium

s05g . Trnaelas SOl e reusvecon s T G vagaTaar AT Y rellduiggives
6.930 (M plriled by &ddmhSslutddilith BeRdHe (oSeffdr 0151 fﬁifbrﬁg%tyggigbheﬁyﬁ?l

(s, 9 H. 13CNVR (CDCl 3) _6153.843, 151. 770, 151.6 ,
139. 401, I®naflgorobiprenysideld13890pSHINMRECEL:) 42827 0,2 14 =786, Hz),

115. 754, : o 113..849,,,31 54, 157 0,

56. 192, 4(%%%@?&321%830_. é-?dﬁ%zéfé%%w 1@%@&@2@@{#3@& 69,

tert - but yl135.458) e 432, (127.406, 486.9%2, Bxyréenyl ) - tetraf | uor obenzene
(15) [00129] In a 50 mM round-bottom flask, a solution of 0.434 g of

31ngzar dll\lrzre t[88%( %)]r Omngrézrﬁglg 1(42: repeln)atii)rrl] o?%—(g—te%btﬂuﬁwiggr%ﬁy?)—ﬁ,%’,_5,7589

tetramethoxybiphenyl (14)

[00127] In an argon flushed two neck round-bottom flask, a mixture of
1.46 g (5.0 mmol) of 4-tert-butylthiophenyl-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane, 2.0 g (5.7 mmol) of 4-bromo-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 heated at reflux overnight. After cooling
down, it was extracted with ethyl acetate and the organic phase washed with
brine and dried over magnesium sulfate. The solvent was removed on a rotary
evaporator, the residue was purified by column eluted with hexane/CH,Cl,
(5:1) to offer 1.51 g of 4-(p-tert-butylthiophenyl)-2,2’,5,5'-tetramethoxybiphenyl
(yield 69%). "HNMR (CDCls) 67.598-7.592 (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).
*CNMR (CDCl3) 6153.842, 151.770, 151.621, 150.670, 139.401, 137.489,

131.648, 129.982, 128.829, 128.104, 117.786, 115.754, 114.916, 113.849,
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atnosphere was injected 0.75 m of butyl lithium (1.6 Min hexane,
1.2 mol ). Kept the tenperature at -78C wth stirring for 1 hour.
Then 0.332 g of 4-tert- butylthiophenyl-pentafl uorobenzene (1 nmol)
in 10 mM of THE was injected in one portion. Raised the tenperature
to room t ehp2Pad . B03ADBEOV r 86l 730560 i1§R1 46.826] 30B840. M HO was added
to quench the reaction and extracted with 20 mMl x 3 of ethyl acetate
and dried with magnesi um sul fate. The solvent was then renoved on a

. d fied b I d h
noxans: CrOBRIZBE: 1) eGP D FHB0aGGn order tobaRteasha g oa. (2 5 -

d th d 509 . 1IHNVR (CDCl 3) 37.699
me Oxygglw%a)%}pﬁ%?%;é%@b?&%%ﬁé ('j%i 8. o/on) 7.0(22 (s,)2 H)
6901(3, 1 H), 3.837 (s, , 1.378 (s, 9 H). 13CNMR (CDCl 3)
(5153. 804,[00329B35, Ih3750 27 rouﬂ@-&)oﬁmm flds) asIutid28f. 01884 gldm 629,

6, 130,
53 st o A
2, 5-di et MMbﬁB%‘WbsﬁﬁjéétebqpﬁHl o?Q) gﬂ litHium (1:8 Min hexane, 1.2 mmol).

Pent af | uor ophenyl magnesi'um br om de Min ether, 10 nmol) was
added i nt Keptthg temperstue &87§° @NBirh %trrdng(ﬁorrﬁ hotr. fitweni (h332 gowf 4- tﬁrt—

round- bott ure, nafter ng. for

nour 5. i U BSLARBTGIREER fafadh e ! THiE Mok Blecté

4 -tert buind pdrition4RaIsedtthe tom@errtikoxyBorRMYberaturd Gndl stipfedt ol uene
were added. The m xture was stirred at 90C overnight. The reaction

was quenc rﬂé@rwhh MM EiCd Waseaddad © qugnch theireaetian and extiaeiggh

was por i 1 1847 B0 W0 3 SR UNE PRRE Ao Ml VEInERPBRL $irate. e sBRER S
g 4- pent aflaotrephemdved on arrbtab;abyé;bdmaerTﬁedegauemmﬂmy édlUﬁHnd
62% . 1HNVR ( CDCl 3%‘ 67.634 575

d, 7.
8 0 Hz) Futedowith pgxane: ﬁj"z&@ 876 t@glvelOQﬁO 930 tott- Q@y'tmol&b‘emé 47('}?3 50,

rar 455 1@?@@8' Pl y'ﬁﬁg\m@é%% (bR 6%, NI DG, 65 (o,

56. 715, 5@ B8 = 86.152)37.52D @7 2.H, | 6®IB2)Exaapl(s, A H), Roepasat Hn of
4-(2, 5-di

(25 o LR eI kg (B8 e (aPaha 5% B0, 1RSSR T2
argon fl ua@ﬂsimm,rm%é?qtﬁmé,'16!%‘53356} XS 1Y, 869776, 56.273,

46.840, 31.480.

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

[00131] 20 ml of Pentafluorophenylmagnesium bromide (0.5 M in ether,
10 mmol) was added into a mixture of 2.88 g CuBr and 10 ml of THF in a 100
ml round-bottom flask under room temperature, after stirring for one hour, 5 mi
of 1,4-dioxane and 1.91 g (5 mmol) of 4'-fert-butylthio-4-bromo-2,5-
dimethoxybiphenyl in 10 ml of toluene were added. The mixture was stirred at
90°C overnight. The reaction was quenched with 2 M HCI and the salts were
filtered out through Celite. The solvent was removed on a rotary evaporator.
The residue was purified by column eluted with hexane/CH,Cl, (4:1) to give
1.45 g 4-pentafluorophenyl-4’-tert-butylthio-2,5-dimethoxybiphenyl (yield
62%). "HNMR (CDCl3) §7.634 (d, 2 H, J = 8.0 Hz), 7.575 (d, 2 H, J = 8.0 Hz),
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1.0 of

-(g-tert- but yl t hi ophenyl ) -4-brono-2,2',5,5" -tetranet hoxybi phenyl (2
nmmol ), 1.0 g of sodium 2, 5-di met hoxyphenyl boronate, 90 ng (2.0 nol %
of tetrakis(triphenyl phosphine)palladium 20 m of saturated sodi um
bi car bonate022 &, Ut HprB.8r6 (501 hif), DB3THE 3/\Iell)e3 fea(sd HY), 1.872y¢x 9 H).

&TL”Q?E&”@@M%@B%%%%Aﬁ 10705 43524 Snkite doRA o1 e ana

dri ed over uegEe:si1ymos3!l 113t 804, he 51, \5%“?15/\/@% 268301%@713 SN 471, Ot ary
evaporator and the residue was purified by colum eluté

hexane/ CHZCI 2 (2:1) to offer 0.46 g of
4- (2, 5-di i@ phers@mple 17y Areparation of 4-(2,5-dimethoxyphenyl)-4'-(p-tert-

A e AR L,
H, 1.381 (s, 9 H. 13CNWR (CDClI3) 6140.755, 139.084, 138. 966,

138.590, 1681 :5132 138 abdrgon TR8hE@Bwo Jln%gk E]g:(g%ad ?gtgorgfsask%gmgﬁe of
120. 189, 119.4 1 804,
108. 971, 1o 4% &%W%Ey'thi ergh-4-BIme .2 . % - tehemesoonbinhestyl (20,

59. 608, 51=nr418§hé g?gf'go |[19'p§%4&|n1':e’fﬁ6ﬁvpﬁe?\§lbo%rﬁa?@r§’é M8 mol%) of

4- pent af | uoro
but yl t hi o)t@ﬂn@ﬂy(rtnmay @c@phtlm)paitmtmmmnmhﬂwturétw)sc[cﬁ@iﬂﬁc]:arb@naie of

added | ni GOLEMATE 40 51 03 TH G heal 2ufan o HTmsit-vRES] spdind o

round- bot teerddcliok HxEee WRPEXTLIBE mﬂqt@tﬁyl aﬁ«fettﬁt(e aHd thel dtgahR pHe
hour 5 m of 1,4-dioxane and 1.56 g (3 mmmol)

~(p- t er tvasiwgshed wihdmipe)ang m@ﬁmverznagnssnam stdfatar?anmsalybnmasm

i 0n tu t d at 90

LCer ni ghe oPREey 8% 1R el A B Tl G iR Pt BB
filtered outh hé)(amthgelzl(Qﬂ) td bffes646eibf N3, 5-GiFRRGK aﬁwueﬁ naf-ahYert-
evaporator. The residue was purified by colum eluted w

hexane: m@éiﬁth'q)ah@')\y't?@g’i vele: tbowblphenyl (vield 40%). '"HNMR (CDCls)

et ramt hory b pey. (4 6% A ELb e (2. Bl st 0 .
8.0 Hz), 3‘.Ch6MR (GDCR) B1140.7558189 A8), 138048, qsa 500 H) 38.360223%. 346,1 H,
55000 S56 1087, 17 Mo RRcac 29 Jebe 126 360" 1684445 14953345804,

9, 2
1% 361, 117 6ok, 1in a300 0i1e 087", A LRG890, 1oy,

56. 736, 460560, 68124 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 ml of THF in a
100 ml round-bottom flask under room temperature. After stirring for one hour,
5 ml of 1,4-dioxane and 1.56 g (3 mmol) of 4'-(p-tert-butylthiophenyl)-4-bromo-
2,2',5,5'-tetramethoxybiphenyl in 10 ml of toluene were added. The mixture
was stirred at 90°C overnight. The reaction was quenched with 2 M HCI and
the salts were filtered out through Celite. The solvent was removed on a rotary
evaporator. The residue was purified by column eluted with hexane:CH,Cls,
(4:1) to give 0.76 g of 4-pentafluorophenyl-4'-(p-tert-butylthio)phenyl-2,2' 5'5'-
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[ 00136] Exanple 19: Preparation of

l-tert-butylthi ophenyl-4-(2',2",5" ,5"-

t et ranet hoxybi phenyl ) -tetrafl uorobenzene (19) [00137] In a 50 m
round- bottom flask, to a solution of 0.71 g of 4-brono-

2,2', 5,5 -tetramatieohvighsnyheistt 42% iaNMR tCET 55 7080 HE Zidol ed8.0o

Wi noxand?) 7605 Ghal .S RAE HAL Dater b £022 (s7h B 0008 Thing

for 1 hourg gdhes pH§v3§849(@f3 H) 3.817-3.810 (d, 9 H) 1.376 ( s 9H?)
4-tert-buty Ith|o [\; pent af | or obenzene (‘1. 0" 'mmol ) m of THE

was i nj ect e@NiMR Chdpi 56H09RAD 58681 hel Béﬁp&%ﬁ@@ﬂ 3%2ﬂ©o‘n37 500,

quenan t hel ¥ eact b S0d 1B ReIR ap h  Sr B e o

and dri ed W4.93TeaINE51,U87.608 f58.297, 561236 40/807, IA446hen renoved on a
rotary evaporator. The residue was purified by colum el ut ed W|th

h /CH2CI 2 (2:1) t rt- but t hi h -4- 2",
S [ L1 S an AT Pé@paﬁtlearoéaeaeﬁgb%ywbﬁﬁgﬁeﬁés@ 2 E R

70166 67817%"’“8‘*‘5’%%F’f‘?"we?af"“@%b&”z%ﬁ%@é‘> ") 3791 (s 3 1.

1.388 (s, . 13CNMWR (CDCl 3) 6153.823, 151. 679 151 393, 151. 332,
137. 739, 1[9015‘2]1 18G 0.8l rQGl@d—bBﬁthﬂ%@ﬂdsa sibllmozébf Oll‘b'ggﬁ?l -bromo-

16 8as, 3T 80> [UGIAICBARRIY bRl iR P impt T codleata ra T *>%

4-(2',5 Cilrf@%‘i’*I\Q@ftm‘bsphéféwaQ'H'gé&th'mpﬁﬂﬂﬂfbﬁmmﬂlurﬂc{ﬁ%c MURTHEXaRBENY |
(20) [00139 To a sol ution of

- (tert - Bu2 ynmal)oKept ub\edﬁmpzraureiatre?&‘&wﬁhpﬁtlérm fqrad hewi Yhen 03382r1
f iu
(1. EEEMaf ket Bl RaR R BRN2ERE y S uingThindtiaibet THP. 50c

with sti rrw:mmiemteclumoué pbhem Raﬁ’ééb‘ il tethpevatars & t&drﬂlt‘emﬁéralu@e ghoof
decaf | uor obj phenyl of THE under -50C. The 34

t enper at urSélrr\ﬁQsowe&wgBH S| ml %%M r@w\%@qﬁ@ nuenshrthedeagtiomagght . h
f t
oot on SR FELAR AT DL STUR bk R R g

twi ce and The Qﬂv@rvte/lr/as trgnesi ausdsen éabfary Ebap@@totemhemwu@wasr ermved
on a rotary orator. The resjidue was purified by colum eI ut ed

With hexarri |§ fqglur@nﬁgut@dwtréhgxar@%—lz (2:1)to glvye 0.40 g 1-tert-

gh(e ﬁyl 5" - YA erfyi-al@r b BUB YA RORBRYDi bﬂ@ﬁ;ﬂ)’- StPARBROBEHARE (yield
68%). "HNMR (CDCl3) 67.713 (d, 2 H, J = 8.0 Hz), 7.538 (d, 2 H, J = 8.0 Hz),
7.018-6.949 (m, 5 H), 3.842 (s, 6 H), 3.816 (s, 3 H), 3.791 (s, 3 H), 1.388 (s, 9
H). "CNMR (CDCl3) 6153.823, 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, 46.846, 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'-(tert-butylthio)-4-bromo-2,5-
dimethoxybiphenyl (2 mmol) in 30 ml 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
of 1.0 g of decafluorobiphenyl (3 mmol) in 20 ml of THF under -50°C. The
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'HNVR 57.649(CDCI3) (d, 2 H J =8.0 Hz), 7.601 (d, 2 H J = 8.0 Hz),
7.068 (s, 1 H, 6.966 (s, 1 H, 3.886 (s, 3 H, 3.824 (s, 3 H,
1.360 (s, 9 H."3CNMR (CDCI3) 5151.69, 150.78, 138.63, 137.54,
132.98, 132.40, 129.89, 115.50, 115.37, 114.73, 56.882, 46.531,

31 447. | Ctemm]raﬂaxamse“a&ed terrepirtatvipematoie and stirred overnight. 20 ml of

"-tert-butylthi b' .h fl bi | 00141] |
argon 11 uaiwedes SpAUGT Hsathste soihon Was i R npaeagdy 4t 2"
4-tert- bUtthtnhi‘xﬁJTé wé%f @ifﬂac@écﬂ)m’cﬁﬁo fr? o EDy) addtatdtwite ahd HriEder

stirred in a dry ice - acetone bath until the tenperature was
dr opped t onagaesiumhauifate .6l harsolyentomay thear remaenad an agolry evapxate) was

| oW h hel 0
i xture ey papUkE D taltthEyBa wihhelRedd ¢ e dHaveld
stirred f(BQ%PQf MQ 5 Qiietfoxy t41et@ﬂcmﬁylﬂﬂobHi@ylﬁ)}‘\%hglfrmmkudréblpﬁ&ﬁll
agai n and decaf | uor obi phenyl of THE was

i njected i HNM% HoPHPGPCRAG Mt he §. @rH)@r 3@92161%26\&%\{/ 80 Habm-068

t enper at ur r d % f/ .Sat t 0 M3

bi car bonat(g w@r ugjle%sn(%was 5? b3c1]r§}énc8hﬁ(ﬁ S agtlﬁén& gd%t heCNNIR

m Xt ure waEDRty &5 REIM 50 78e138.632t8T.84e1 :65981 132.3), 1708901 9BB0¢
phase was and dried _over nmagnesium sul fate. The
sol vent vva'gasrgﬁ@b@ﬂgrﬁéﬁgg’tﬁ-ﬁé@bdf"& or, the residue was purified
by columm eluted with hexane to offer 0.50 g of 4'-tert-

butyl th | - 4- . | CDCI3) 5
7ut8 %2t(11 Ot[goh'my7 655%3&9!@@1 Wé%@#d@i'dﬁ'dm - Eb@nﬁ%"&phéd%m»ﬁ(cm é)

5142. 066, mﬂmmblnmﬂim) 133 056 131. 004 127.791, 127.548,
46. 628, 41.427 [00142] Exanple 22: Preparation of

L aceL L ORRATEY, AR b SRR Louhofrlod o

but yl t hi o@em#equﬂﬂhtmnobrmmdhe\r@s(zimm) et i oRTHH was stirred in
chl or of orm and then a sol ution of 4 1 nmol ) mercur

[
per chl or at& 'waﬁat%cqtﬂnqéath urgfl th@rﬁrﬁaﬂ@tér@a@a%@lmedrt@p%ﬁgs% t%"‘?ﬁﬁl Sw
col or SO|I Rikh "y\qeg WQPH& %10\57,3) c‘(@f\%h ‘ﬂ‘?éj and t he
irr d over %

system vvas st t under ture. en H2S was

bubbl ed i ntempteMUreewamI@lpt bbeemORDt ﬂ'herrgxxture 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 decafluorobiphenyl (3 mmol) in 5 mi
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'-tert-
butylthiobiphenyl-4-yl-nonafluorobiphenyl (yield 45%). "HNMR (CDCls) &
7.802 (d, 2 H), 7.654-7.634 (m, 6 H), 1.365 (s, 9 H). ">*CNMR (CDCls)
6142.066, 140.720, 138.316, 133.056, 131.004, 127.791, 127.548, 46.628,
41.427

[00142] Example 22: Preparation of p-acetylthiophenyl-
nonafluorobiphenyl (22)

35



slowy 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 renoved on a rotary
evaporator, and the residue was dissolved in 20 m of chloroform and
0.5 m of [00148hyl dnian80 ardwad nﬁckcrbua«t@loitom ﬂaﬂl@t)i%g\(\eﬁemamﬂ)am-t@hd

irred f | dde
enct on: BtBtiBbAehoRARe S el R i o ShElpTcdSan ape
car bonat e,than@ Qﬂhﬂ% anglatder AnSANnfer®93A) E@n%hﬂfr!a%%!rhfé Bo H\'Ibe

sul fate. The solvent was renoved on a rotary evaporator, the residue
was puri frmethamgl wek aeaded|diopdisgi tfﬁllmmﬁws@lhn@nan(mm)wm@w eﬂcbwh 150

of p- acet Ith| hen onaf | rob| he | d 649
(Snc 3} 6 gty ShRENERY aB8iahe 1RE SREAFIES oty chiadidht widh Yoo
134. 853, Jtaﬁ}p%gituréoﬂﬁ,QﬂHQS IR IAMDIEX A kit ?é’achB’h% et Wath eﬁéon
4- (p- acetylthl ophen 5'- tetramet hox phenyl (23) (%?0145]

In a ﬁo mls levyky Lﬁé&ﬁhhﬁjﬁ@”%ﬁ@kﬁﬁ furaedk into dagk. éf\ecﬁcsldmr)e filte e
o 5o SRR e e e SRR DY G Y e v

mer cur y (| ISulfaés. Ciieosaivent vydreahevediod @ r@’targtfevapbll’mmobnwaﬁe agsléde P
by drop and yell ow solids cane out when enough nercury salts were

added. TheligsplyRtingd miof PP@BOfQOEr‘de(Prﬁ mb@fd@?thybém"i%?rﬁ@r1dph?feaceﬁ9en
H2S b |

Purned i nia g et hideRbrdRFE oY 1 Rline, Ppihanbl 4 ya¥aghed &5
filtrate menmshedemttdm B’herreaahm ohixteck was hvashddwmmwae{t 2MThe

sol vent was rem)ved tar or at or nd t he resjdue

di ssol ved SHUP GHOUIAE I PHRS ARP A opsanphgse WasTIRA WERSRAUERG 1
n of acetdfratdlITid ﬁvmrﬁas?‘ﬁﬂﬁ@vecﬂ@ﬁatrﬁ%rmé@bﬂbl%t&\a%éfrésﬁd@w%@r 10
m ns. Methanol was added to quench the reaction. The reaction

m xt ure warifiedHaocalimn elaedrwitl? hexansiCirChddboriatodfer 13Adngof pe. The

Cemoved ot iS GBSt Rl G il SR Rradf s TR e
el uted w tHy, hes@ang/, @Iﬂ)CF%NMRl()Cm@lngﬂ 98.5431434 868, 130.387, 30.800.

4- (p- aE:etyI t hi ophenyl ) - , 5, 5 -tet r anet hoxy bi phenyl (y| el d 66%
1HNWR

o Sodbatedh e %le%% Praparefigh of - (vracetpfiophemd- 22 35 1)
3.825 (s, tgtrg%et%xgﬁ@pﬁémquzgg 2.484 (s, 1 H). 13CNMR

[00145] In a 50 ml two neck round-bottom flask, 0.22 g (0.5 mmol) 4-(p-
tert-butylthiophenyl)-2,2’,5,5’-tetramethoxy-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 methanol 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 H,S 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 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 ml of acetic chloride were added
and the mixture was stirred for 10 mins. Methanol was added to quench the
reaction. The reaction mixture was washed with water, 2 M sodium carbonate,

and brine. The organic phase was dried with sodium sulfate. After the solvent
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(CDCI 3) 3194.761, 153.804, 151.728, 151.565, 150.631, 140.238,
134.385, 130.778, 129.692, 128.739, 128.237, 126.719, 117.718,
115.633, 114.875, 113.884, 112.905, 57.014, 56.948, 56.671, 56.187,
30.647. [00146] Exanple 24: Preparation of acetylthiophenyl-4-2'",5"-
di net hoxy phasiygmoetd ah lauotap@vapomtR e FE0dde vabpuaifie@ byl cdlwanneck

| -
o o sl WY pexarc BHAEba TR &b Dt 1A & of Adgrassrihisrhamd-

o) or Gpg 1 o S B PP SoPA NI (P DER B8P (B2 Bde
drop béddmﬁ airz), e 1od, 25/d) J e<B. 6&1‘!&9 BOONBBAT emoB), ¢ r3e84ﬂ=|3378§a(m s12
{emper at urdl 2 GBS haO R B0 Pad A Cne Mk aoiad Bn Tk SR 1

argon sl owopaINt§19a7é1 1153 864 | oy 208 g 565 ned d3 a 4904 131*1%5

solids V\IEI’EfIPEEI’Ed hrough Celite. 'The fil'trate was washe
bri ne and 13 7&d m&@ﬂ%d@u?ﬁ%dﬁﬂaz?g 1Rﬁt7e1r9 tINE. K@, 14016389 14875y ed

chl or of o i AP D. B 207 O SRS B RE BT T8 aceti ¢ ohi ori de

were added. After stirred for 10 mns, 3 ni of net hanol was added to

quench thG{OOM]tI on.ExBEneplaiat Wrepmﬁommheétylt Wophewat£p; 52 M sodi um
car bonat e, brlge and then dried with sodium sulfate. The sol vent

was rermvéjd'“ﬁ oxypRenyljeatiyiphensens (#)r esi due was purified by
colum eluted with hexane/CH2CI 2 (3:1) to offer 0.11 g of

[th | -4- |
S0 IR (a0 355 o EhOR Jet R ol B i O RS B oA
H), 3. 836 butylthdopenyl-2- %%d(m%t?@ggphewlzgmlmlg(omlzgr&)eﬁMﬁ 3%@olved in
. , 1.82 134. 716 1
157 230, fhanbareniqibtorigd 4 a oMty F G4 g vamieT) e ey ampl o

25:  Prepampatdiorapé thIFeQ@irﬁﬂO Wr&@ﬁ@tﬁﬁhoﬂwa@ﬁéde‘d U%r?by drop and yellow
2, 5-di net hoi%bl phenyl (25) 37 [00149] In a ck

r ound- bot 6li§'s radge, 0L(; wiengengigiomenglry salts were added and the system was

PR L e R S

mol ) ner ceagtionl éysltmnwhtma@oa diywhyairgil an tA® yslowkolidd taned inesiaggdded

drop by dtl'?\e so?:gs were ﬁ\fv ered 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 ml of chloroform and 0.5 ml of
triethyl amine and 1 ml of acetic chloride were added. After stirred for 10 mins,
3 ml of methanol was added to quench the reaction. The mixture was washed
with water, 2 M sodium carbonate, and brine and then dried with sodium
sulfate. The solvent was removed on a rotary evaporator, the residue was
purified by column eluted with hexane/CH,Cl, (3:1) to offer 0.11 g of
acetylthiophenyl-4-2’,5'-dimethoxyphenyl-tetrafluorobenzene (yield 50%).
"HNMR (CDCls) & 7.590 (s, 4 H), 7.021 (d, 2 H), 6.896 (s, 1 H), 3.836 (s, 6 H),
2.495 (s, 3 H). ®*CNMR (CDCls) 6193.770, 153.803, 151.821, 134.716,
131.339, 129.543, 129.244, 117.588, 117.430, 116.383, 112.869, 56.764,
56.269, 30.754.

[00148] Example 25: Preparation of 4-pentafluorophenyi-4’-acetylthio-
2,5-dimethoxybiphenyl (25)
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solids came out when enough nercury salts were added. After stirred
overni ght under roomtenperature, H2S was bubbled into the reaction
system with argon slowy until all the yellow solids turned into
dark. The solids were filtered through Celite. The filtrate was
washed wi t[j60849he and azlﬁ@edtmmecksodhdmoﬁohfma 012829 $0M4Penmolas-

ot chi Gra e ARetE Weropu gt Ry dEae EN R WS SR I

chloride vy g @deﬁrémfzﬁhﬁ dRthER & y@éncﬁ{ bf 6.2 {Pmrd) mé?éuryal\fét hanol
was added to quench the reaction. The reacti’oh m xture was hed

wi t h wat erperghipratediydnatean B 6rmat ef, mathénbl vae adiled dlsog@mchfopmse/eblaw
dried with

odiumsul fate. After the solyent was ed rotary
evapor at o ORGP o Mg enpedh mefud S ek s gV eff el
hexane/ C"i?cﬁei‘nlﬁbguﬂdeﬁr@oﬁf {epdralide 9HOS was bubbled lnto the reaotlon system
4- pent af | uor ophenyl - 4' acet@élthl 0- 2, 5- di met hoxy

5499 . ' HNVRViticem o) slewlyewatil @ the yeﬂlow saligs tirpgq | mto 1yt(ejsol|sz|-we[e =

0O 5 ks T tipudn Qe THEMte %agﬁvagﬁgﬁ%@w?%a%aé%ﬁ% (53

139. 514, Js%)@uﬂ‘ﬁ&ulfé&? Tﬁé&ol\ﬂe?ﬂ v%renﬂ&ﬂe%a réfy 2daporbidr Skthe
111. 669, 56,775, 30,673. 00150F nple 26: Preparation of
4-(2", 5" d‘pﬁ@pﬁd@(%ﬁ@ﬁ?lmed An 2P gl of chloroform and 0.5 ml of triethyl amine and

acet yl t hi t In a 50
m t&/o nle Hﬁ%%é %cottgqlgﬁrfﬁjgl asg%‘agg%#*%*g&%@%%) (@P%Eﬁl’ﬁ

i rr}[et hox%/EH‘dama)wonWasmddedtte lqlutelyrbh gmmz ph) TRe Zea;]clztﬁnfj?rxture WE(ljS .
etranet ho e ssol ved in C roforma en a
ol uton RAShSVEH Sl 2l PRI cpiarE perch bata hegarREPTaPeL6oR
of et hanqjrigiAgith 3ddeth sifste! AeSthel RINEH APaMEbRRY GRd @l ow sol i ds
cane out when enough nercury salt was added. Kept the system

stirring @vaperaht, tedesidvewas pwifiedryt colemniieiedgith hasame/Ghl-E4 i nt o

th tigr i4h | owd | lid
tur ned 1 i3 0ab BTorRe 480 ad ¥ B bl e <cRbbbrE el o The
filtrate meemiﬁ@bgm&nfyh(ylield M‘VaﬁdHNJMR@CMJ) sTEB4ME, BHsYEf RO HZ) The
sol vent was _renove tary evaporat o and the residue was

di ssol ved 1860 Hofl <h0dTEk GraA24r 105 6FIBAS) firtie S84S5 Eicd). SnthaL
- of aCEt(ﬁF%I—BQ?%ﬂ%, YIHeRAGAR (CDIEI, b 184 5Ge Ps1 $85 1817867 10

m ns t hen
139.514, 134.478, 132.422, 130.685, 127.383, 115.545, 115.332, 111.669,

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 mmol) 4-
(27,5”-dimethoxyphenyl)-4’-(p-tert-butylthiophenyl)-2,2’,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 H,S was bubbled into the reaction system with argon
slowly until all the yellow solids turned into dark. The solids were filtered

through Celite. The filtrate was washed with brine and dried with sodium
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met hanol was added to quench the reaction. The reaction m xture was
washed with water, 2 M sodium carbonate, and brine and then dried
over sodiumsulfate. After the solvent was renoved on a rotary
evaporator, the residue was purified by colum eluted with

hexane/ CHaGlfate( T: hﬁ)sd\cem)ﬁ/\f%rreﬂ&)\mgi oroé rotary evaporator, and the residue was

4-(2",5"-di meth 2,2 .95 5 - ,
t e'g ramet h 55 \fﬁcﬁ)ﬁ'ﬁ% é?@oﬁgg/ﬁrﬁ%ahﬂ\dkg (‘I@C&I’[r @'“E@Sé'l%? "2' qfjacgtic
8.0 Hz), cﬂlo’?@% \)(/ére é’ddéd q'he rﬁrﬁhr@%‘)/as gtrr@é’(ﬂfcﬁ @Zr%rr(sr%eﬁ 3 o

3.843-3. 787 (m 2 (s, 3 5. S BN 7g.

153. 783, 1%thzegl, w&S&dé&@Io qlletlcmme re@ﬁﬂomz'ﬁhe mtreemxﬂmw
134. 396, 130.7 64 031 127.8

126, 715, TEPeaduit #atedr4 M §odiuayBarophalt At oriigagd fendrcayer
112. 888, B4dRP sufpftedAfter Bfe &ﬂ@ent%gﬂe@no% 338 ro?&y@'@épora{t&gifr@]
Exanpl e 27: Preparation of 1-tert-acetylthiophen

t et r amet hoSigue Masypurifiedraf mlombenfzeenwﬂr Qeyarpef@&@]z (1 rﬁ)atosxrfeﬁrmtmo

BﬁtCSI {ﬁ:‘g%ﬁgﬁ@t’%mé%%g&%qghéﬁyl?ﬁg-? oxy h@?wyr - e? raf | uor obenzene

was di ssedtvatethox@biphengif(yiid arw)ormmm(omerg)a 7568@(65 anHof) 084 g (1
ol ) mercur%/%ll) perchl orate hydra hanol was added

into the M&)sfeRBdpop by TPEHER (%4 5(53'335@1‘ |7Ej'§|)c%ﬁ‘é38u?8w{€n @hbugh
mer cury S%'Liéz M), a‘@'ﬁ@tﬁi C%,%%ﬁbh%snﬁﬁéj%% ¥8$ 780l §58@18ver ni ght
under room era ure H was bubb

into the’reaction
system w t1l51a‘r7gor15151I27\M1ﬁ01ﬁﬂ3| 481254t nd4y386, 680 S8, d29 1Bdi7n&20 0Bt p

washed w (R0 naSZeunte e tRbIch TA7 728 £ 15 87 1T1abgEy aTe K2

removed 013 ga. 9% EiRRADHEY, 67T bawee Sl W 1lisbera o, g, 20

m of chloroformand O. of triethyi am ne and of acetic
chl ori de were added and the m Xture was stirred for 10 m ns. Met hanol

was addecﬁOQb';Ziuenc fFxemple @4e Preparatiore obil dariasepithinpheayl-helsRed it h
water, 2 %t{ %%B?E?Rglat%ﬁaﬂﬁ&%b%ﬁk e 4. t hen dried over sodi um

sulfate wasS~ renpove a rotary evaporator, the

residue was purified by colum eluted w t h hexane/ CH2CI 2 (1:2) to

of fer 86 lﬁ@'tﬁ3]l t erlrh a3 ml two neck round bottom ﬂask O 18 g (0.3 mmol) 1-tert-
raf |l uor obenzen

o Oyl el d PEBIMonR-Haba 5 B isTane s Blohapy e T ao G bsaa (oS 1y

3.839 (s, d&ddlved in 20 ml of chloroform and then a solutlon 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 salts
were added. The reaction 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, and the residue was
dissolved in 20 ml of chloroform and 0.5 ml of triethyl amine and 1 ml of acetic
chloride were added and the mixture was stirred for 10 mins. Methanol was
added to quench the reaction. The 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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3.813 (s, 3 H), 3.787 (s, 3 H, 2.501 (s, 3 H. 13CNWR (CDCI 3)
5193.78, 153.811, 151.668, 151.368, 134.727, 131.352, 130.449,
129.531, 129.292, 128.496, 117.598, 115.486, 115.347, 114.166,
112.973, 57.005, 56.928, 56.796, 56.205, 30.795. [00154] Exanple 28:
Pr epar at i caceadylthogiEnyb4-21j2Ye] JBGxgtrdmethoxybiphenyl-tetrafluorobenzene (yield

o deck PODA BAIAEKE iRy b St Pl 60 B, 188 A
(2',5 -di @Bh@%é{;a‘l%t%%z?wcyhHW.@G*F%@,% )Jg.pﬁ@%«h\gm@@idxgoa‘@@menyl

was dissolved in | or of or m an soluti'on of G.4 g (1
mol )  ner'thd.§11.1151pee& H 50 36S 13Ad72f, €l 31n35A) 130.449, iedrziiol1 28292added

oD PR35, 1Y Lot Al R M0 AU ARSI o8|

t enper at urss 736656 pBS ymgobubbl ed into the reaction systemwth
argon slowy until all the yellow solids turned into dark. The
solids were filtered through Celite. The filtrate was washed with

bri ne and [P1&d] wi t X aplemS lrepawtiopaf dr(2 RedigtgtoeXt-4was renoved on

- ' ' din 20 m of
ghlr 8& g; )c/)r rﬁc\éém%%%rﬂy])gpgn)?lgfdeﬁ@fﬂgan?ﬂée@g?ﬁi ml r]of acet ioc chl ori de

were added. After stirred for 10 mins, 3 nl of nethanol was added to
guench t hg0p&88} i on.INEhE0 nddwbineckmoundubettoasflaska Steslg W Bhmmai)et-, 2 M

B B o D e SRR BRI o
\Anfgsofur i fipgsdVed M 20 @F ehRSotirhariemanes SoREdrof 8:42 (1 mrblher 101
4-(2',5' - dnesung}y parchigrate/ hydratpiney m) pherethamelivedd adaeshiysipdpy tdrop

(yield 579 NIVR | 5 7.674 2 H J=8.0Hz 7,65 s, 2
5 S 6 GySIONSbl e pu findd Sk Siupdnbtoy Salls ol paada i hé
3.811 (s, systdm wasi&firdBoveinidht undeRddm (Erbeurel Theh 39S Wad bBBled
150. 770, 139.479, 134.489, 132.707, 130. 698, 127.449, 115. 307,

114. 762, detoghe reaeticspeystemoritspraorsipnly vdil aththe yelew salids turned into
ke getogtse SIPT | . _ o a 50
acety tiarpg_ 'P}H&_Qﬁ]oﬁ}%’g Wére%’u{ngesregf Q@{Ofgﬂgé%gggl 'ﬂlim%lltlge?%?/v_als %a@@d With @

m two neck round tom
tert - but ylbrimeoard ghiechwithdodium auifbteu difigbitipd solyentvaas dermsobd ed & rotay

g1er g];” Ofg'te&%%‘:)?ét?ﬂ,at‘ﬂg retasr}gtr}e 3vasé.o igéc;hc/)end %f 2(()) 'mzi o? Cﬁ%r%?%)an%eé. unrwyof( '
triethyl amine and 1 ml 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:CH,Cl; (1:2) to offer 101
mg of 4-(2’,5’-dimethoxy-4'-acetylthiophenyl)phenyl-nonafluorobiphenyl (yield
57%). "HNMR (CDCls) 6 7.674 (d, 2 H, J = 8.0 Hz), 7.654 (s, 2 H, J = 8.0 Hz),
7.072 (s, 1 H), 6.957 (s, 1 H), 3.874 (s, 3 H), 3.811 (s, 3 H), 2.490 (s, 3 H).
*CNMR (CDCl3) §194.529, 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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hydrate in 10 m of nethanol was added dropw se and yel |l ow solids
canme out when enough nmercury salts were added. The m xture was
stirred overnight wunder roomtenperature. Then H2S was bubbled into
the reaction systemwith argon slowy until all the yellow solids
turned i ntmrﬂmtklthiwktépmyldsylmﬂﬂbtdbeprmhyl tvais aliggo el int 20 mTbé
filtrate odium sulfate. The

d
sol vent \/\/a\,\‘léahﬁ?r S\?‘gg” t?tlp ggpﬁ-f ”e‘%aop%:ge %%erwé'w% lorate
di ssol ved hyrafe .mwﬁql eI Wﬁ%&&dr@pmﬁe bR gEM s@f@dé‘ﬁarﬁﬁ%lﬁ

m of acetic chloride were added in the systemand stirre
m ns. Met hahenh enasgh amkfedryt salisueershaddesl. Tbaonixture Weeestirect ovennight
m xture was shed with

arb d b
then dried Wt rﬁog@dﬁemﬂeg W%Tghe%ﬁgéﬁa?% ﬁﬂ&%@ﬁ@ﬂu{fé{%n&ﬁw

rotary evam%gatsqul il B |d0@§olmrmFmaﬂuanaﬂ@h%@%oﬁbgh%iewntbfbd
t he hexane: CH2Cl 2 % to oifer 68 ng of -acetyl t hi o-
8

bi phenyl - wug{bﬁahneﬁ (UG EREE \(vgsmdjwm%nnel igcCnith®pdaim 793

d, 2 H, 056 (d, 2 H J =
.0 ) 7 4B thd Sver ererigyey bh ol ePolenoy R fesidhe e 3)
6194. 377, ldiés(ﬂﬁéd 20 nﬁ43$,chlol61@rr3|1331d (l@lmD@lgtneﬂt%aﬁrﬁ@e ahd8. MRef acetic
127.914, 126. 605, 30.693. [00158 npl e 30: Preparation of ethyl

4- (p- t er t -BULNAS WespAdAsH jn t @r@S@)rrf{be@IQQ]mﬂﬁ Methanpdwas ushed

t k f '

4 Tert - but sl B heSactri! THelteEein mixiE: ab Bl Gater. 2

1.25 g (5.4 srmiulrm cafbcmd’w,l art bnmbdmtzmdaﬁj Q@tfhr@o(wnEs(;Jlfatﬁ %ﬁemféhe
trakis(t h d 2 M rbonate

and 50 m SIHEMASENIAEABIaAY oV BPP R0 FSGHHE VAP PUITIED Vi ng

down, it Wurﬂ?ﬁ@l@t‘éﬁ%tﬁ’%ﬁéhé@a‘ﬁé‘ cﬁg@ax& 9 )tthoﬁsr é@%dvaﬁﬁr%é%mo-br I ne

and dried over nagnesium sulfate € solvent was renoved
rotary ewipbenyldryl-nanafluesiiplewiéyigidr42%sd HNMBAOREI e 1783 (i 2 H,

e R o 2 L g .2

68.131 (d,H2J H80H‘z)82 @,92!2(% 37—1)61P@|\(MR (@D®I3)]61=9433¢7 H&M 85’76135] 643, 2
H J =280 H 596é eg %@t 1,437 (t,
3 H, 1.308p %%’5 B1H3 mﬁq&ﬁﬁ@@ %’Qan'l@? %411216&9% @Q;":h of

4-tert-butylthiol-4"-hydroxynethyl -
[00158] Example 30: Preparation of ethyl 4-(p-tert-butylthiophenyl)-

benzoate (30)

[00159] In an argon flushed two neck round-bottom flask, a mixture of
1.46 g (5.0 mmol) of 4-tert-butylthiophenyl-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane, 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 toluene 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/CH,Cl,
(5:1) to offer 1.34 g of ethyl 4-(p-tert-butylthiophenyl)-benzoate (yield 85%).
'HNMR (CDCl3) 68.131 (d, 2 H, J = 8.0 Hz), 7.679 (d, 2 H, J = 8.0 Hz), 7.636
(d,2H,J=8.0Hz), 7.596 (d, 2 H, J = 8.0 Hz), 4.434 (q, 2 H), 1.437 (t, 3 H),
1.329 (s, 9 H).
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bi phenyl (31) [00161] 1.30 g of ethyl 4-(p-tert-butylthiophenyl)
benzoate (4.14 mol) in 10 m of THE was dropped into 50 ml of THE
solution with 0.2 g of lithium alum num hydride (5.2 mml) under a
ice-water bath. After stirring for two hours, 10 ml of saturated
sodi um sul[0at1@0fsol utExampiess 1dFeppardtionof 4tfee-nytgitidon4 tHydesxyrethyat er
bath very sloe\é\,{%%{ %@til no gas was generated. After filtration, the
sol ution ted wwth ethyl acetate (20 Ml x 3) and the organic
| ayer was washed with water and brine and dried with sodium sul fate.

Th I . fiy i
b ert bty L hol - e SUIRRLPREOYL Pefisip (1A @ n

product wd$ mis@f:lTIHErWasud[dm@ed ns’tprﬁmerhoéTwFt $ﬂ:luinorf with 0e2 gmjmtmumﬁt : on.
00162 Pre atlo of 4-tert- - br ononet -
bi pheny! CaaprceR biafid P52 FraBl shbeg adstetet Sashonas g or D!

chl or of or Mowes, 101ﬂh1)§p§étura1{e@ s@dMsUﬂfaté%ﬂﬁrobﬂhéQ%dp?e%hnm fh*é System
solution of 1.0 g of 4-tert- bUtK/HhIO 4' - hydr oxynet hyl - bi phenyl

(3.68 mmluﬁdieh'@@Nﬁier@ﬁﬂtM@Wr%@w rHrdl norgesvas gpeerated. eAfteaxffﬂteatuon

“eact | on. hedI s slleea WY SRR AR o) Al i eraeRaver

dried witlvaoghsteduithalfter Ahd BFink MG WK s8aluye @&lfatre h‘?hé %ﬁlvér\
was purified wth a flash colum using hexane: CH2C : as el uent

to offer eva%re@%deon feplasmeyeaporatqrrto iter 1d3 g of 4- terl-butylthlol 4'-

4-tert - buiyld) Gidholig Ml RRDERY ihd Bl (a8 ised HMNREP 3)
67. 634- 7. Yinethyloiphe I 9U70) @nd the g ‘1%3"’ Aised fop turther™ - -
1. 349 (s, s9ntHesid WiHdtlfufenmirficaBon Pr epar ati on of

p- br onophenyl - nonaf | uor obi phenyl - 4-yl ether (33) [00165] In a 50 m

r ound- bot ask, m of 1 s dr opW| se added
to the sot[m@rl (5(8‘553'% 364 Pbewaﬂ%ﬁfeﬁﬁ?mbh‘%%"% -Bromarethyfhe

sol ution Wﬁﬁ\e‘h&,(ﬁd for 1 hour and then transferred to a 100 nl RBF
with a solution of 2.0 g of decafl uorobi phenyl (6 nmol) in 30 m of
THE in a dr i ce-acetone bath quickly. Raised the tenperature to
room terrpé‘?étﬁﬁr]e an@.219 of Ahosphorfass tebronhide i1 d Ormhef, chidreforibwak of 2

MHC was d?c%bee% ﬁw?o gq%'acrgﬁ%unlagoottom flask with a solution of 1.0 g of 4-tert-
butylthio-4’-hydroxymethyl-biphenyl (3.68 mmol) in 50 ml of chloroform at

room temperature. After stirring for 1 hour, 2 ml of methanol was added to
quench the reaction. The mixture was washed with water and brine, and then
dried with sodium sulfate. After removing the solvent, the residue was purified
with a flash column using hexane:CH,Cl; (1:1) as eluent to offer 0.95 g pale
yellow solid product of 4-tert-butylthio-4’-bromomethyl-biphenyl (yield 77%).
"HNMR (CDCls) §7.634-7.553 (m, 6 H), 7.508 (d, 2 H, J = 8.0 Hz), 4.574 (s, 2
H), 1.349 (s, 9 H).

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

[00165] In a 50 ml round-bottom flask, 5 ml of 1.0 M t-BuOK (5 mmol)

| was dropwise added to the solution of 0.865 g of p-bromophenol in 30 ml of
THF. The solution was stirred for 1 hour and then transferred to a 100 ml RBF
with a solution of 2.0 g of decafluorobiphenyl (6 mmol) in 30 ml of THF in a dry

ice-acetone bath quickly. Raised the temperature to room temperature and
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reaction. The m xture was extracted with ethyl acetate (15 m x 3)
and washed wth brine. After dried over sodiumsulfate, the solvent
was renoved on a rotary evaporator, the residue was purified by
recrystallization fromheptane to afford 2.20 g of

p- br ormphesiy‘remma'nbﬂwmllﬂ mh@&lherﬂﬁlmle:tﬂidm P(l&l wbd aﬂﬂ%ﬂ to qmbN’sﬂ%d the
(CDbCl 3) 57.506 (d H)y, 7.353 g
Prepar at i ofastion: T?ﬁ%mlxtgm ﬁrﬂXHEP\%ﬂﬁ’éNW ethvd)ﬁaﬂalﬁ)( F}bﬁe’ﬁ)ﬂndéllﬂl%hed

th 6 k
ol Ut on' offith.oafe"Ahe} Ba o ERRyin FlNGte, e BonsRL RS el ¥ 5
mol ) in ldtady e)/fapHSHEowaBe reditlne thsipmrmedrby ﬂe@@s{alﬁmmrf@orhatéptarﬁé td
theterrper%re s dropped to -78C, _th of butyl Iithium

(1.25 Min@ gv%fso mr@%@f&py@ewuqrebmgﬁykw etherpdelh 0%) -bel ow
-30C. The " ga6iR @‘?QFZBWF’% zgﬁéatﬁ:,}zgd%o -50C for 1 _hour t hen

rai sed the tenpera tirr anot her 10 mns, then
cool ed the system back to -78C again and 1.0 g of decafl uorobi phenyl
(3 nmol) [09166h ofE)TaﬂEpWa34il?ljeeetamniofébr&e’tmmlﬁhdnbipMﬁed t he

tenperature t ratu sl y and stirred overnight. 10 ni
of satur at%@agw(%?"?gh ﬂpzflﬁlcmﬁ c‘?’ i on was added to quench the
reaction and the m xture was extracted with ethyl acetate (5 m x

3). The or%mﬂatq phasig avargemsiigmhed 25'm| BsuritEbétish drask da Wolulio ARG ST UM
sul f at e. e vent was renoved on a rot aré2 eva orat or, the residue

was purifi@@f 6;166&%%'@%&3&“% wrdieheayt @ emae in 1) g1 of THF was

700 - 1 IR SREEBY A8 b SRR %p%&%ur@é‘%%ﬂﬂfpde? Bt
2 H, 1.3#en(1s6 ndl dfibutyl HENMR (( 3VB)h Hekdihe Y (s idjédtcticslowl/3B. kédp, the

138. 200, 131. 839, 29. 404 127 424, 127. 326, 46.443, 37.861 1. 397.
[ 00168] Exfé?fﬁﬂeéa%e% E%a?rdaﬁ dedeagtion gixturs,was maipiaingkal1504Cyfpr T

nonaf | uor ol RheRY r, ‘?se)ﬂ' th%ttgﬁ{pe('a?(tr]}e {00@03@3]1% sgrr‘%g _fg1’ %P)H g? heHs{#@n

neck round-bottom flask, a m xture of
4-t ert - butgdaléd MngtemzbankapWB%ElagaEthJ Olg 8f decafiumrabiphehwr(8,

m (L5 oI & B8 PLEHECPar SHEHSR SR BCB R S th (S Rtisk to a3
gﬂvz ?ﬂ: ;hmt C@bhﬂtbﬁhﬁﬁer@ﬂﬁeiﬂb\ﬁw N StRtENrHRMt MERER A 3hturftBHWedium
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 with magnesium sulfate. The solvent was removed on a rotary
evaporator, the residue was purified by column eluted with hexane to offer
0.81 g of 4’-tert-butylthiobiphenyl-nonafluorobiphenyl-4-yl methane (yield
70%). '"HNMR (CDCls) 67.621-7.550 (m, 6 H), 7.314 (d, 2 H), 3.031 (s, 2 H),
1.346 (s, 9 H). ®*CNMR (CDCl3) §141.704, 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’-tert-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-tert-butylthiophenyl-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane, 0.97 g of p-bromophenyl-nonafluorobiphenyl-4-yl ether, (2
mmol), 35 mg (1.5 mol%) of tetrakis(triphenylphosphine)palladium, 20 mi of 2
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After cooling down, it was extracted with ethyl acetate and washed
with brine and dried over magnesi um sul fate. The sol vent was renoved
on a rotary evaporator, the residue was purified by colum el uted

wi th hexane/CH2CI2 (8:1) to offer 0.74 g of

4' -tert bu¥lysotlivno loadierayé add \H0-mbokiolusmeolap heatdd- dt-reflux evémightyi el d

B0 SR oo vl ol ot el
137. 000 %%do@@r&n%@ﬁesné%@@%@e &53mtbl p?]felt%]rﬁi)v@'d-oﬁ%zrotér‘}()”()]

Exanpl e 36: Preparation o -tert buty
nonaf | uor cebdapbmtyr tHe yésidué fagep ey Hyosdamp dlutedrwidln bexarid/CsheEt 25

d-
of tert - butgl PP &Isr Do - ko ioBiaany Ry -anafucspbippeniisdy
stirred i retRer @ield '669 1HNMF@(@D@?§)*E§7LB‘H4—‘7 61'36(rﬁ Qﬂl@lz,r'ﬁlo'gil?d VEBB)),
dropped to -78 th butyl 1ithium Min hexane) was

inj ected o 664 {d tZJHI)(,e‘e§5@ () Q elr)rpeCNMfRéCB@Mi‘f@Cﬁﬁ‘l THE. F¥Aa cli3802v 9,

Te%gigtn?@@(g%@%Sﬁ S8 a0, M8, R 8,3 ool ed the

system back to -78C again. In another 10 ml argon flushed round-

bottom f | 46817@] sol uExamplef36) Fdepara%ion of 3’ -rért-blitykhiobigrenybalyed to
-50C and transferred to previous RBF slowy. Keep the tenperature at

-50C for disefEprobiphanyk4-vhsuidei(@has transferred to a sol ution of
1.0 g of decafl uorobi phenyl (3 mmol) in 20 m of THE under -50C and

stirred fqpo ‘? ( her 12Qnm 6n fﬁgh%%e{ﬁl ro%@u@%ﬁﬂo@h%él@%éélﬁtuéﬁwﬂ's‘?n

(10 M) was added to uen reaction. After extraction
et hyl acetgaefete(timtyrﬂthm LB—)orombeblmejwh(t nmphak én v\asnh/tﬁdma'dvmsmlrreldrmme

and dri ed th ma The sol vent S V. tary
vapor at oY k" PESsP A LTI e as s W PRt P T s ¢
offer 0.%3 & Wftyl lithium (1 25 M in hexanel) was injected slo 1 to keep the

4' -tert-butylthiobi Bhen yl - nonaf [ uor obi phenyl

sul fi dg@&%’k‘el d
22% . 1HN¥ERMpersti® §|¢V\6-§ﬂ C7TBeTeamorenmurelweame(l@tal@dmt -50
(293) SHlp 8y AA0TR0 BBATS oi3E IOl A A iyt
4' - acet yl Idobieat thiepdiaterh -backnat ¥ 8f@ agaiphenahethey il 0 meitdrgor ﬂ(@ﬁféd fdund-
[00173] rg)o%to?noﬂggk amgolﬂ’ggnkofrg%%dg C:rt1t5onr?l I)]l I§Ill§ wr«?s %golgd (to -50°C anlqd 4
transferred to 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 decafluorobiphenyl (3
mmol) in 20 ml of THF under -50°C and stirred for another 20 mins. Saturated
sodium bicarbonate solution (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’-tert-butylthiobiphenyl-4-yl-nonafluorobiphenyl-4-yl sulfide (yield
22%). "HNMR (CDCl3) 67.631 =7.537 (m, 8 H), 1.340 (s, 9 H). "*CNMR
(CDCI3) 6141.012, 140.500, 138.285, 132.919, 132.304, 131.675, 128.489,
127.389, 46.600, 31.397.

[00172] Example 37: Preparation of 4’-acetylithio-biphenyl-
nonafluorobiphenyl-4-yl methane (37)

44



tert-butylthio-bi phenyl -nonafl uorobi phenyl - 4-yl net hane was di ssol ved
in 20 m of chloroformand then a solution of 0.4 g (1 mml) nercury
(I'l) perchlorate hydrate in 10 m of nethanol was added dropw se and
yel | ow solids came out when enough nmercury salts were added. The

syst em was[0ot78] ed owed 80 ghittwolsbkrroupgbotierpiask, O €7 g TS mhisH was
bubbl ed into the reaction systemwth aggon slowy untjl all the

yel | ow sol Edbytyithigiphanyl-aapriluorgbinhenybd-vherathang Wéﬁ&@soﬂ\fﬁdolagw
Celite. gml b éﬁléﬁ}f&n’{"%ﬁd"éﬁéﬁﬁ%g‘fﬁtm &d, E!‘;gr@r\ﬂnﬂﬂ ﬁq@ I@Iliﬁéjr’ch@ra

sul fate. The solvent was renoved on a rot eva ora e resi
was di ssdhydrdte in @Omirbf ufetfmiﬂabmm‘scndﬁeamfo@mﬁsmhn@ﬁ/elﬂdw ebhrysk cammerait

d1l1m of t hl d dded Ln the system.and stirred for
10 i ne, REDBE RO g Sre U P e ccech Do I S S QURIoHh
m Xt ure WaghRashsHh Wd@ar&‘@?@ﬁh& HM SRl bhrB hﬁ@%@rez%’ﬁ@n@ 5

then dried wth sodi um sul T ate. %éer t he vent was rermvegﬁ%n a
rotary evagygeatstywlytumd al«bmejydlqmasmmrtufn@dmhydad@rﬁtnmsoédawede\ﬁitered

b e RS Gelif: The e Wis weddPuth e ibdned Wivsediema 3

57. 665 (d,sufatb. 'ﬂﬂe-s@v@nt'ﬂ@és re7m5\6é‘d 6ﬁ1a r%té?‘y ebapof-’at@r kﬁéres?d@@ﬁla(sd 2
H J =80 H), 7. 319 (s,

(s, 3 H) digeoNked rcasend Yof csmwoen‘/andmz pbof tr@t‘rwl am.me aee 12r?6170f ace’uc
135. 174, Jgg 423 00174
Exanpl e 38" ?:Trep‘é"reé% ?8‘%&8 ot a}gg?ﬁ“ﬁ’\# %ﬁ r%ﬁ ’ﬁ% vt wds ]

nonaf | uor Cﬂﬂdﬁmet@yduc#mwthetrb@dftlo(rﬁghe[r@%ﬂ(ﬁ‘] mh>E’tuﬁa wis Waslh‘éﬁ wAetWater, 2
round-bottom f| ask, 0.17

tert-butyl Mm%mmwgmﬂnﬂewn%mﬁ ﬁuarﬂw Bﬁéﬁwth@qﬂlur@t%atwerthe
di ssol ved d re‘?ﬁfno ol erBfﬁg SISy %é%slr{%t% uﬂfléd%

nmol ) rrercury (I perc orate e I'n ano
added dr opcdiymdradyptednvdthy e lnexanel/CldsCle 42H ) tooffemh@h nemob@kecr&ylﬁm Y

salts were_.added. Th mxt s stirred qver t r ro

Cermer at urbNenoa -G sl &y Fithote e F e BD HN &I CHRaR A 1

argon sl oW ees{d|2 P«l' Uﬂ!?@ Bf?)' V%ﬁﬁ&' pdsg, J H@@@ii}”’ﬁgoéfw k2 HTe= S(U i ds
Werefllteredthrough The filtrate was washed W, t bri ne and

dried wit Hz)sddit$hissdlH ai é 8 Q’h‘@)s’bﬂﬁ%m 2H8, 2. dndvedd bh. aCNMBr(SEDCia)
evapor at Or%ézﬁ 7SS WASTEL S A7 a7 AT 84S B AT WP hbs)-

m of tri
126.888, 37.852, 30.633.

[00174] Example 38: Preparation of 4’-acetylthiobiphenyl-4-yl-
nonafluorobiphenyl-4-yl ether (38)

[00175] In a 50 ml two neck round-bottom flask, 0.17 g (0.3 mmol) 4'-
tert-butylthiobiphenyl-4-yl-nonafluorobiphenyl-4-yl ether 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 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 ml of chloroform and 0.5 ml of triethyl amine and 1 ml of
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acetic chloride were added in the systemand stirred for 10 m ns.
Met hanol was added to quench the reaction. The reaction m xture was
washed with water, 2 M sodium carbonate, and brine and then dried
with sodiumsulfate. After the solvent was renoved on a rotary
evapor at Oracétib&:rﬂcﬁﬁiajweremﬁded)w&wéis@dtdm a0dl stisredefbitl @ tnink I kletiemol
hexane/ CH2Cl 2 éZ: to offer 110 ng O

acet yl t hi JM#HREASH 1 aYeDeH e ﬂ%?%lﬂ?ﬁafﬁﬁd@nwlxﬁ{rﬁ&as(\y?ﬂ@ W’iﬂ%

(5 TEAL A R sSim{ carvngly, afd ditelha et apbawin Sodifn sdietéZ,

136. 787, 1R8ffcraB8, somi ok, reniR@dimPa rdtary é\’B&porﬂafrﬁs ﬁﬁQ’,eSBiDJeWs

honat Fto?ﬁ"ﬁﬁﬁm Coll i il ﬁ@ryef%‘%?%&l" 320) B offer 11 heta-
round- bot t.uaufitristip hQn;Jl?Afﬁ ch%a?meB Phér yha-yl ether (yleld d 670%). THNMR

tert-butylthiobi phen - 4-yl - nonaf | uor obi'‘phenyl - de was
di ssol ved (GPQg) 5&626f(dc4hl'br 0H4Brdadd, thes. QaszI7u162)(d & Hp. 2447 (<, 3

addet ar o by aHR ERER A1 e L 0B B AR dnhdaRoRe 27

sal ts wer eizgltisgl. 12/h@3m Miauss0 \Wsest.i rred overni ght under room
tenperature. Then H2S was bubbled into the reaction systemwth

argon slowy until all the yellow solids turned into dark. The solids

were fil tdpéa T6hr oudrxampletd®: Prapafation od deagaly!taigbiienyl-¢tlbr i ne and
dried thor%‘?lgbﬁ?iﬁl’l’éryﬁh 'S'Gma S@bzent was renoved on a rotary
e Tresi

evapor at or e was solved in 20 m of chloroform and
0.5 mM of triethyl amne and 1 m of acetic chloride were added. The
reaction rfDRITTE wadnst 50 nédwboreck@ound-hetitoiviefidedkn6l12vg$0 2ddatbl) 4-

h the Th th water, 2
ot um carBEAEaHBNERY AL SR 2 2P BER b DO pF VT B2 e

sol vent Waf| seiARYIRforNaAd MR RAIF. 21 (11Hol bﬂﬂﬁywﬁp reHlordteed
by columm eluted with ﬁexane/ %Bﬁégg}lf@ (2 )bt(o offe)?%87 e

acet yl t hi dbidpaterip|10amyof metharolivastadsiesriropbyydrogwnd mlowwm @4 .

o104 359, Ot e/ OU sl b FauS sl oo T8 iy e SBRE, 05

128. 212, IérSighat undék. odm te[n%kiréﬂ]reEXIﬁéWFES‘Was bessied ef@rthe @éaction
el ectronic property of 4-

pent af | uor%ygtﬁéﬂwtmargae@dwwwl all thejyelovnsids tyreed inte darpdinessaligy

sel f 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 ml of acetic chloride were added. The reaction 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 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-nonafluorobiphenyl-4-y! sulfide (yield 80%). "HNMR
(CDCl3) 67.633-7.284 (m, 8 H), 2.490 (s, 3 H). ®*CNMR CDCls) §194.359,
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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46 assenbl ed on Au surface [00179] Conpound 25 was dissolved in THE
to a concentration of about 1 nM and concentrated ammoni a was added
before SAM The nol ecul es were assenbled onto Au coated tungsten tip
by imersing the tip in the solution for 21 hours. Then the tip was
ri nsed w tdsseribladdneiinaadbce i mmedi ately. After that, the tip was
nounted onto tip carrier before it was introduced into the UHV-STM

| ysi ake Sc Tunnel i n ectroscopy (ST
reastr ener D018k ead S PoHY FeRGeEa THEF e COH%@@]!O@sof)cﬁbOA&
substrat e, 1 WiV &g Mﬁcénﬂ%d%ﬁﬁ%?é‘whg R ISR d)\M.t‘ﬂH%m chfRY! es
on Au coated tungsten tip, which iIs le to a nore reliable and

r epr oduci bw@remseadﬁad@mt\urmmdmgﬁm tip by daotersiag tlndn];ephm\lthe i s
in FL.G 7. Diode characteristic compoun
" the comagloPu Bl el hosfs AR i 18, 9E5 cBRpOaN bHF it e@esdhol ed on
Au- coat ed ltrmmta@(ljy tArerhaat, tﬁ@@@m%rmaﬁﬁtbat&ﬁo%%rﬁerp&%% Y Gl as
e

applied on tip si and Au substrate grounded. The rectification
ratio i s dpdeducedintothe UliveSTM analysisichagthewto take $¢anm@g TuaoeBe]

ot sbul oo, SRTErgon) PRTELPEBRie: BERE B SoPhstafhfig FRAIGH *

t et r anet hanyglecplesyd A BEBSXAte, we use this new a _Froach to self-assembly the
p-tert-Butyl th| ophenyl - nonaf | uor obi phenyl f

tert- But ylI"AERIEERN £ uﬁeéte@uﬂaﬁm%mmlﬁ/atylett@taffafd nere elighieand
TSBFQ T

gml ecul) e\é\@é g;ﬁ%ggl@g és%é%%%% posi %I}d\’;é %/h fb‘r? tggi)éf"’%%éggﬁﬂﬁ% i n

anhydr ous is abe\tvomn FiG| & Braxdieacrhaﬂacteﬂsm ofeonmesre 28 h thEheorifigakation

\igl timgrq?@ %@f@/@éog@uga é\gsce%glad%rnemlj lclog"tsetdrt%tnggtelnntlplzﬁl%
tert- BUtY'Hé@n%H?ﬁé\ﬁ’ét}até’d 3vhe$r §ﬁb§iﬁ¥/é%@°st§';5’ﬁﬂél€i'd’rhﬁ )éde(érr%B,g@sub@trB{ér &
p-type conjugated nol ecul e, ows three irreversible oxidation peaks
at 1.23 vgrauaded.\T hey@@tlﬂca;t@nvave isabout 3 at 2 V. The I-V curve is shown in
p-tert- Buthbt i ophenyl - nonaf | uor obi phenyl (TSBFF), a pure n-type

nol ecul e, ohstrates two irreversible oxidation peaks with higher
oxi dation potentials at 1.70 V and 1.90 V vs SCE

t ent - But yI[00r 80Jheny IExafnfl@'415 Coh perisaeofnhe r¥dox b@lﬁé@éuﬂ&ﬁﬁf&é‘”‘zene

TSBFQO | ock nol ecule, shows a reversi
f)m dat |) on/CPEH@@?‘?‘g Hdamely 41(p4f¢ft18?,fgltk}40@§enyl) 2 25,5

tetramethoxybiphenyl (TSBOO), p-tert-Butylthiophenyl-nonafluorobiphenyl
(TSBFF), tert-Butylthiophenyl-4-(2’,5'-dimethoxyphenyl)-tetrafluorobenzene

(TSBFO) was investigated by cyclic voltammetry. The conjugated molecules
were dissolved and scanned positively in 0.10 M BusNPFg 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-nonafluorobiphenyl (TSBFF), a
pure n-type molecule, demonstrates two irreversible oxidation peaks with
higher oxidation potentials at 1.70 V and 1.90 V vs SCE. tert-Butylthiophenyl-
4-(2',5’-dimethoxyphenyl)-tetrafluorobenzene (TSBFO), a p-n diblock
molecule, shows a reversible oxidation/reduction peak pair at 1.47/1.36 V vs

SCE. The CV measurements indicate that the redox behaviour of the
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SCE. The CV neasurenents indicate that the redox behaviour of the 47
conj ugat ed nol ecul es can be largely mani pul ated by incorporation of
different segnents with different electronic properties. The redox
behavior is directly relevant to the charge transport process in

t hat the ecanijmateﬁmccmémias ican bef latdedy mmii;aﬂatleel, by imneogmsakon of differanpve

an electron alo 0181] n be derstood one
skilled i rﬁec%e'i}gtwpwﬁo mm&ﬁé& PRErSS. (e rssé%gﬁaw%% nt s
descri bed r’é%\%hf‘tcﬁ{r% ARF5é Wa‘ﬁsgo *b%ééwﬁtthmhere%%@&heb ld'a%ﬁ’i')@@rﬁi# 0
enconpass all such nodifrcatio Inits scope, as de I ned by t

cl ai ns. 48nNdaTle, $heCeAsINEDIS Bove. anteleotmpoigiaredtheoheleglie. t hat i s
p-tert-butylthiophenyl - nonafluorobiphenyl

t ent - but yl 4 Ri enyl 2'.5 Iuorobenzene
4- pentaflJ@bggﬁgnyl ﬁFC%%PP‘BE@v%§R$§ '#%EPH@

4- pent af | ypbaFbEIHS th mé%ﬂfﬁlar@'@rﬁbécﬂih@rﬂ@%%nﬁ’e&her@ r5are possnble
t et ramet hoxybi phenyl, 1l-tert-butylthiophenyl-4-(2",

tetranethd&ybwwﬁ@hgmyaﬂgﬁr@ﬂp@@dgd@@@ﬂ@@@passaHsuchrnodmcanonvwﬂunns

4-(2',5
bugylthiog%gﬁ% ?éﬁgﬂQ?éﬁgna Eﬂpgblphenyl

4' -tert-butylthio-bi phenyl -4-yl - nonafluorobiphenyl,

p- acetyl t hi ophenyl - nonaf | uor obi phenyl , acetylthi ophenyl -

4-2', 5" -di net hoxyphenyl -t etraf | uor obenzene,

4- pent af | uor ophenyl -4' -acetyl t hi o- 2, 5-di net hoxybi phenyl ,
l-tert-acetyl thiophenyl-4-2' 2" 5" 5"-

t et r amet hoxybi phenyl -t et raf | uor obenzene, 4-(2',5'-di net hoxy-4'-
acet yl t hi ophenyl ) phenyl - nonaf | uor obi phenyl ,

4' - acetyl t hi o-bi phenyl -4-yl - nonaf | uor obi phenyl,

4' -tert-butylthio-bi phenyl - nonaf | uor obi phenyl -4-yl  net hane,

4' -tert-butylthio-bi phenyl -4-yl -nonaf| uor obi phenyl -4-yl ether,

4' -tert- butylthio-biphenyl-4-yl-nonafl uorobi phenyl -4-yl sul fide,
4' -acetyl | thio-bi phenyl - nonafl uorobi phenyl -4-yl net hane,

4' -acetyl t hi o- bi phenyl -4-yl - nonafl uor obi phenyl -4-yl ether or

4' -acetyl t hi o-bi phenyl -4-yl - nonafl uorobi phenyl -4-yl sulfide. 2. A
nol ecul ar el ectronic device, conprising a first electrical contact, a
second el ectrical contact, and the conjugated nolecule of claim1l
formng a
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conductive path between the first electrical contact and the second
el ectrical contact, wherein the second electrical contact is
connected to the conjugated nolecule through the thio noiety of the
conj ugat ed nol ecule. 3. The nol ecul ar el ectronic device of claim?2
wherein the first electrical contact and the second el ectri cal
contact ar®Héects ChAdMERIGt |y conposed of gold, silver, copper,
plati num palladium indiumtin oxide or a conductive polyner. 49 4.
The nol ecul ar el ectronic device of claim2 or claim3 wherein the

first electri catogjogbiet marduldigas Reensh-pugathidpirinyFont act are each
| ayered on a solid substrate. 5. The nol ecul ar el ectroni c device of

any one ofnodipabiphanyh gy hiepRenysdr2d5 sdipwthexywhesybi | i con,

m ca, pol | t | v6aLhc . ~6:_ The ol ecul ar
el ectr gni g%ﬁ%@é%@%ﬁmoﬁ%%ﬁ&%@gprgr@y%ff} épgﬂ@%g?%lzgs the conjugated
rrlol ecul e i(ﬁrgatmjwbmriehlyl,Qipegttafluugaphdn};]lw@lwéﬂ]ﬂqutﬂthic?')lphenvl_LZ%,Ql,l$’ag

el ectroni ¢ device of  cl ai erein the plurality of conjugate

mol ecul es t?%?’ﬁ@t@%ﬁ’%!e&yg]ﬂ - te\é\{.{']b‘ﬂy%f)ﬁﬁﬁ%ﬁ'ﬁ?&ﬁua‘%éturi ng the

nol ecul ar B LB f,_ b ai Ji_tSRNPri sing
contacti ngté{rﬁ@bh r ‘gt lpqeiﬁ%\eﬁgfé??@éﬁh%gg%tgg%n%ﬁ@’g 8@5%“{)?%%; f:egir)\t ai ni ng

t he conj udgautthiogpharyl)bbenyl-rdreifiuo fokiphdmd M’ derfdnuythiebigifenyédnjl-ugat ed
nol ecule on the first electrical. contagct, the first electrjcal
contact * omelipraRPart vineeBhiebfeeit anebrbiian srarultiinenyie
deposi ti ”91-2’,S’Qﬁﬁl@ﬂ%@hﬁéhyllt@ﬁbﬂG%b@ﬁ&el%‘, 4~B§nt‘§ﬂUQJG’b%%hyPﬁ’_—acety{lthio-
conj ugated nol ecule, the second electrical contact contacting the

end of the& 2dipatiexebiphenyciitfertragetyltiiophenyt-Ae’ 2hi%.5Moi ety. 9. A
crossbar ' c i Sl I onduct or, .and_a,. second conduct or
crossbar Jeyh RS RIPE RISt g2 S0pRuRsyapd conau
ol ecul ar acetyd®idphieng!)gleamyiaopbiladiwbisiersd, £laaet@hb-biphényMpgl-ei n t he
mol ecul ar el ectronic device connects the first conductor and the
second com@hetleprofiphary! doitert-betylthigrbiphsaytneafluspobiphenyl-4-yl
methane, 4'-fert-butylthio-biphenyl-4-yl-nonafluorobiphenyl-4-yl ether, 4'-tert-
butylthio-biphenyl-4-yl-nonafluorobiphenyl-4-yl sulfide, 4’-acetyllthio-biphenyl-
nonafluorobiphenyl-4-yl methane, 4’-acetylthio-biphenyl-4-yl-
nonafluorobiphenyl-4-yl ether or 4’-acetylthio-biphenyl-4-yl-

nonafluorobiphenyl-4-yl sulfide.

2. A molecular electronic device, comprising a first electrical contact, a
second electrical contact, and the conjugated molecule of claim 1 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 thio moiety of the conjugated molecule.

3. The molecular electronic device of claim 2 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.
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4, The molecular electronic device of claim 2 or claim 3 wherein the first
electrical contact and the second electrical contact are each layered on a solid

substrate.

5. The molecular electronic device of any one of claims 2 to 4 wherein the

solid substrate is silicon, mica, polyethylene terephthalate or polycarbonate.

6. The molecular electronic device of any one of claims 2 to 5 wherein the

conjugated molecule is a plurality of conjugated molecules.

7. The molecular electronic device of claim 6 wherein the plurality of

conjugated molecules forms a monolayer.

8. A method of manufacturing the molecular electronic device of any one
of claims 2 to 7, 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 thio moiety 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 thio moiety.

9. 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 2 to 7, wherein the molecular electronic
device connects the first conductor and the second conductor at the point of

intersection.
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