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I NVENTI ON 5Thi s invention pertains to gaseous anal ytes

sensor devices conprising organic thin filmtransistor

and, in particular, sensors able to performthe

enantioneric discrimnation of gaseous anal ytes.

Mor eover the invention concerns with oligo

(phenyl enet hi enyl enes) substituted with al coxylic or

al coxylic chains functionalized with optically active

ORGANBIMTHNO FC LA SrrAKS 1TRDRS aofbai dree Spuraiel heddmeRs ewbofudrRCuse as
GaseocoreigricErsmrsof t he 10abovenenti oned transistors.
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DI SCUSSI ON OF THE RELATED ART The production of
devi ces for vol atile &R&TV{EE*F&Eognition with

sufficient repr ody@[ﬁj b‘Et'Pi ‘?ﬁl\]lﬂd selectivity and

| ow cost is still ™ an open c énge ftor the analytical
Thishevengds patuths bhasens Bﬂizﬂyi‘éﬁ: s&ﬂ@érl devizes compiididgyorgdhis thin film

focus all the efforts on 15 the anbitious 0] ect
transystefRpg) @w%wiwcew apjedo tpslfgmhme&pémtwuséﬁwmmﬁuon of

gasBbus’ HlytesD Q/ﬁﬁeoveﬁ%eﬂi%ﬁm‘hoaﬁiﬁ&hé Q\gthp&@()ngrxfrgygvéﬁ?\ﬁgnylenes)

arrays, ad ressed as "el ectroni c noses
Suhstiwtﬂdl wiith atlc@vylianet ahex)dicaslmuﬁs ﬁatchomaiméd awithr opideally active

ectrumof volatile, or 0 rrplo
Y T md s ichirtoss SRA1 T B0 Mo s HoTaETep ot the
abdv@@@ﬂmnbagghﬂftmghe responses. However, their
performance level is still unable to fuI fil the market

20 requi r enent¥SCESBIQINIE TBESSH AFFAART syst ens
Thé ag%@hﬁiogf of M 1'0ng @Pt vBﬂ?{evgalngf L& %cr(])g%% Engls ,‘H’%f sufficient

ognition are curr ntIy

reprodReioNity) Ostdbity 0 s@eutivity tamdnlold béBt tik Bl &t Opens Eddlefge for the
technal ogy. The great interest in sensor systens based

anabyicgl hapmisgs ard, ﬁl&e GHivy srartdle sonyRmitys Bry Bsusse aigbe gipus on
the PR ibsS ]é@)% \A}]:i)gﬁlegﬁ?;ﬁof\kg debi¥s %@l tt@yéuﬂwa{egﬁl tﬂ%%ngﬁl of real

properti the contro
“nos€l. deentlyt gonkloctingholaned ywnes, atdys, hduinesddls Belest@hicngoses”,

tenperature.that, all ows. ft he reducti gqn of the
atioyg TRCHBHsRiion it e ARiiersant o brosd ertrumn gt bt eoquggnic

con@f ﬂ&@érhﬂﬁyiﬁg $bpshist{oRRE LapYaBHRA lfﬂe’ﬂﬁ)d§ %1‘ ifle %51@411? recognition
evices with a resistor configuration have been

of @ﬁp?ﬁ‘@?@ﬁs However,rtheie metfgrmanee dvekistdtidnuihals todphil the market

rds the.organic thin filmtransi SO
reabSrE sk A i e iR Bhepant B o) SO Bl e cvplaite
analybdsQecognition af cud@Mﬂ}Cﬂucﬂéd anb delimtofempiRoRE Mhd drdhi®fhin film
the volatile analytes. These devices have shown very

transistos pespY tRelgPonses with high repeatability and a
ThPSeRUhteRsORMens MR8 YaSARENGHeRg 8int BReidAES from a series of

potential benefits as: the possibility to taylor the chemical properties which allows the
control of the selectivity for the analytes, the low (RT) operating temperature that allows
the reduction of the power consumption, the miniaturization, as well as the lower
production costs.

Generally speaking solid state devices with a resistor configuration have been employed.
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5bias. In addition OTFT based circuits for the
anal ysis of volatile anal ytes have been already
WO&%‘WH‘?I@PM ed For more than two decades the rBEHHENHWH63
of the analytes in the gaseous phase has been
performed primarily using sem conductor gas sensors
such as resistors, Schottky barrier, MS capacitors,
and MOSFET. Only later on, organic thin filnms have
been enpl oyed as 10 active layer in gas sensors with
the chem resistor configuration, where the exposure of
YA e r
VP T REHEIAE piorbiip 8 PP AR, g IRESibE (B B i
(Ofﬁ" T} benffgutations Sthidh asarbeaabibniniegratid @es ¥on €OpT edvideegraly® for
. the gas concen tion. On the other hand t he
i, FEPERTOR AT HOARHS Bl (HEOTF oS ot o dnersting
respbiseg valinf ki flgﬁ%@ﬁema‘éﬁﬂﬁ ali®h e, u@ haChtenbilf dGRANRe on the gate
nmenti oned devices operates wﬁ par ametric £
biase s aditiont RAWRs based Eheuitscfgls tﬁm anatyylsaff vdade miaigtes have been
l.tan sjy and at roomtenperature, four

ahqu Frrnf)%%\aeélar aneters when the devices are directly

Foempasiigh tvio ddtadenas b@c@%tﬁm o anhl@esfih %cﬂga@écfu@ ‘f)hase has been
mobility and the lodlofr current ratio, as wel t he
Peltf%fr@érs’bwr%u%% genpipndueier &ﬁaISRnS@@m@dt@S WlﬁtprSoSchdﬁtéy bamex

MJ{gse IR&S ar acqséﬁﬁriée y ﬁ@r&‘i ga@lﬂ%s{gﬂ%s ave %r%t ‘%“?Ig}fed as

actp/arlaljrmtue pad Seukonpivaiel the ehdrhiessiztag aBhigurBiaR wibre B0 exssiRbre of

h as act%_ve | ayer, while the others are representative

thegyeqni.fifyas, jodle ahalvie sppseethe atiatipnaltheelewtc remstange or of the
(R Bl fi T |

oAU, NP SO BE Lot ALK, .

Onothe p@thqnbarelr ghe hmelamml beodatitied d tied CAF Tt lges fsetn’sqerme quite

of the a art frompbeing nmulti netric
il ACh rislGe B Bl il Tenddre UPGr S Bk i ToRbbaromeiric
senSérgafhtks @ PheSEuskiBARE UEMBLsudSy ﬁﬁﬁﬂ&{ﬁeobﬁ?/ @he at 1%&%8&B@ratule
required reliability characteristics
foug F]@ﬁﬁﬁ'icé RAJRARS Wl@édhfa@evam ﬁl\%lllteaglfjeﬁm)ﬁw mﬁa ag@ﬂe vapours.
I taI I | e fil
g SR AN o hSh Pt wefi it Besti Vofhee and
thelbmlie cachitirityodf thber gahimlanbﬁLtme iRy 3euiPdraasttessed to

One fund%g,ent al characteristic of the polyneric and
chagrcieyigran Ol b d s dge - The Fiskpasmeten § pwissbaliha orasnic graterial

useH Q@ RS G shhe r[ﬂectﬂilcrp 51%9?15 Eéeﬁ\%ti% of i€ d@%%ﬁ@ s B casily
he | nt roducti on of e substituentes
ext@ctedl tah thn cbprzembzrtmindai& Ehed epdo:fmafrm R cariddlytt @i rthus be

chem cal. c affect the general
acofBEAHER. G SUFPUREE 1 e pVEBL” ScHRg parBIetTs et gleigontidored
as theERpipLigcel (BSadddyie.t Ne construction of chem cal sensor
conjugates the electrical properties, typical of the
AparaBpgaeing rsélﬁlp@l@m@tywtcbwcewfle eldnﬁfnmbtranstsyoxs)tFHzBmttnmgamc
sen@%ﬁlg onaﬁt gct %ye?s, élgfent%lghcgfu%gg 161121[;‘?1‘@‘;Jl EIE)%{IH(?()QBI‘IS%CS In fact, the

orgali¢ g,@(ep{se.rsydi m'&@lﬂ%‘ﬂs @xﬂ@fﬂ? O%ﬁ@sdﬁﬁtﬁ%eﬂe@al@ﬂ’oﬂﬁ ﬁ&y stalline
or gani ¢ ,sem conductors for FTs, as well "as for Ds,

ﬁlﬂ@e‘ﬁ% pchigh gufasedp-gplumpsratin whishanplifiey e fiesastisneot The films
wnﬁﬁ%hﬁﬁ m&ﬂﬁggugéﬁctrlcal appl i cations of these
nol ecuf es are due to their easy processability and to
the possibility of tuning the chem cal structure of
the unsaturated nononmer. Recently, copolyners bearing
phenyl ene and thi enyl ene noi eties have attracted
consi derable interest in electronic and optoel ectronic
applications. In particular,
pol y( phenyl enet hi enyl enes) substituted with different
functional groups have been



10

15

20

25

15studied as materials for optoelectronics in order to

devel op light emtting polynmers with high efficiency.
WO ’g\‘?ﬂ(g’d studi es have denpnstrated that thi eRGT/IRALE000263

phenyl rings can be conbined in a variety of nol ecul ar

framewor ks of sem conductor oligoners suitable as

active layers in FET devices. 20Al koxy- substituted

pol y( phenyl enet hi enyl enes) have been al so used as

active layers in chenoresistive gas sensors for toxic

gas detection, such as nitrogen di oxi de (NO2) sensing.

Oﬁ'&—a‘1 ?unﬁ%ﬂ dﬁi&ia%e{?&té?fsu@ e %g;ﬂlﬁﬁéﬁd O Qi ﬁ?lﬁgllcs %%E@ﬁggr the

chiral scrimnation act represefits one
effeviste otvdllatoiafgthg opﬂysmu]ncl@&mal quolﬁarﬁésmf che hodtérials by the
ustri al research probl em of

[ h
lnié?@gf?%cﬁk%&%gﬂbg%@ﬁﬁlwn% oG gerie! tai“-ér ?%qﬁmwa? Hert ccgmbined

wibh tﬁﬁiﬁrﬁlﬁﬁiﬁéﬁdh@lﬂical REMSEENstic na[ff&@t the ga{e[a‘fl‘r b’ehtaﬁour of the
nat ural” products, many synthetic chiral drugs are

coppeials ethesfaresie eteas eechagoleadentor thei cmnmtmaon biabemizal sensor

t ereosel e |v1t
cobjlfi O i AERET olirelleSL GRS §F bl sl diuoreyits he
abitinadttdoanelthe afalde hagiibgs Mtotigh e é@ﬁﬁ)r@fe fBndioHs oRhuBs.
wo entities with different efficacy. One of thetvvo

Pobnadtq!isnenhsnyleeghysenepeara knpwe to éwﬁqd as(qsganémasmiconductors
101 ff’les 5@%@1@5%5L ﬁ§ sgﬁs%'rﬂ:ﬁrﬁf)i gﬁ%%)dl{xhzﬁl ‘fﬁ'cp o%gigfe%p‘gcal

ferent way, el ng an ant
ana]: olectat:dra@ph@rhbmfsthme nsaleefldsrmes du@w theik )t&sytﬂﬂ@fe&%m@ and to
cal] point of_ view, the enantioneric

ihed%?ﬁ%@f olaphies e F?raﬁcalﬁraa@lq of 1 VpsPIRralIBaRIRETi ¢
Reddnt19Ct@pblp@ear ‘Béhrﬁ‘l SBhaAAR: at Shichfekd %‘meﬁ%%t ARR! 8fbted

and el i m nation. e I nportance of ‘enantiosel ective
Comta}vé& Sﬂfle§8*g rlmvwlﬁgr(mios ond noftpelbamnics uphliasionshelnf paticular,

nts of food ar
et TS, R TP TR B ] B RS b
stupidt @s ﬂfaidriﬁls&’oﬂ@ftbé]bdt@nﬁ:@ AN bIdNRY deelop tighs elivting ﬂob*'ﬂﬁ:rso\fwth
t he. honochiral nature of natural nacronol ecul es.

highefii¢ns¥el ective analysis allows, in this case,

oL ke b e L) 0 e
varieac efinolcbulgr feahenirs di\(&éﬁudiﬁ&tﬁbi&dﬁ%@mets”ﬂzhﬁalﬂé E@ﬁdnﬁ}@ lagers in

FE |c;)[werful tool against possible sophistication. 15At
E E8Eft, gaschromatography (GC) is the technique

AlERY NS obsHRE JoRpIRIFRhSRRRNERL) HSve been also used as active layers in
chemoresistive gas sensors for toxic gas detection, such as nitrogen dioxide (NO,)
sensing.

The fabrication of a new generation of gas sensors for chiral discrimination actually
represents one of the most challenging goals in several fields of both academic and
industrial research.

The problem of enantiomeric discrimination is particularly important in pharmaceutical
industry. In fact, contrary to natural products, many synthetic chiral drugs are prepared

and purchased as racemic mixtures. However, the high degree of stereoselectivity of
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anal ysis in the gas phase, even if it is a off-line
t echni %ue The enantionerie discrimnation by sensing
Principle, nore difficult than GC et MGHER2B0H/000263
it occurs in real tinme, while chromatographica
anal ysis require longer tinme. For instance, the GC
analysis of D and L isoners of eitronellol requires
elution tinmes 20l onger than 66 m nutes for each isoner
and, furthernore, resolution is veiy |ow Moreover it
must be necessarily used as a "off-line" anal ytical
t echnj que, and it i,s not sui.table for the grow n .
S ARl B Seishs 1RGP %, AT ohE I i SuftiSgid bf gpsacomic
miRRE BRAQS a dllReile tWd ertiBicdRith BFRFdNPEITEAAL . 1N the case
of some chiral nolecules, such as the two enantioners
Onsr offthe ¢y eapdiomsts isafteafthe aqtivatisosespaleniomss) whide the other one,
LSO i,0 t . t ai i o .
(oIR8 P RARRR 0i8frerD ik bk B Sipeciit or inducing
cofl@emy elff@theort soneeimet tinadityt tHegefove) frorfl ik Jhainidca@ial poihe & view,
al cohol s,. ketones, terpenes etc.) is often not useful
the gpantigmeticGopmpesigak of fhirak diigs 43 icisiah Recausy it pleqin e dug
abSABEH, HRmMEGH mdiatlotistiSRl WimiAAT ation occurs with
resol ution degree lower than 1, that is highly
Thengpéfince eh enantDRSERIVE ThaMNIOR sTeiEng MIAENT | faldsT heht mske food

f thiss. nventjon is to provi organic thin film
auflty 8t et G, SotaRhRiardaf afl ABRL Srlahd) dt PRsgt as
en@itihRticdlepuRE @F SRta ddtviRB ehAfliolnSrit QatR BPAGRuS ol fﬁ]‘é’ éllglér_llgchiral

configuration of devices for the 5production o
nalyhelonauralapacinmoelesiies. dfhetanantisselewive analysin allews, i thip case, to
e Y 5 UL EADL R BATRO0Epd o BYBORIR e o o e
if dynthetic sdcomi: Rlglodivntichdve biergaldd,chndoREdringen PEwREAN ttbdSigainst

and enanti osel ective recognition of conpounds in gas
poiﬂqg%%’.phﬁ“%‘r"t“i cul ar target of the present invention is

AtlResBitO BREfromatdbaph fis FHAQU i ioselecti

R S0P S9, MRARLINTTEES By i

anglysig indbe Fes @hascaeanliblt isad olit-tifie tebimiqresent invention is
“anSlStEPF with the abovglpnenti

.10 provide a t ‘ , 2d
The enghiipineg, s gngiody B spisinser i PR OB AL TGH: dian GC
me@fddb BiGodclirsdaseaP AR Ewhife dSh 6 abiBE-O8k1yef r&cflﬁ'e REReLithe.
invention is to propose an efficient protocol for the
Fox witanesathieddComatyltis ofddwad heisemes of citsppellad frequites siution times
' 1o a fitst aspeet . the invention deals
lon;k?@ﬁ&ﬁéﬁsvhgl%%ﬁfnccagia I%)gl&h ggd? &‘ﬂlihﬁl more, rOsoftition s very fow
Moreover it must be necessarily used as a “off-line” analytical technique and it is not
suitable for the growing demand of systems for analysis / control of “on-line” processes.
Then, it is worthnoting that, in the case of some chiral molecules, such as the two
enantiomers of B-citronellol, an efficient separation and discrimination cannot be
attained vig GC. GC analysis performed by chiral columns made of B-cyclodextrines
(useful to well discriminate chiral alcohols, ketones, terpenes etc.) is ofien not useful for
the two citronellols separation and, in the rare cases in which it is useful, separation

occurs with resolution degree lower than 1, that is highly insufficient.
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formula (1) (1) where 20iiis integer ranging from1

to 4 mand pare equal or different and they are
WO2R3¢Yer?ranging from O to 5, as long as at |RGEIB2IE00263

of themis different fromO; R is an al koxy chain

Cl1-Cl12, eventually substituted with an optically

active amnoacid, or a nonosaccharide noiety or its

derivative; and R groupsare equal or different when n

is different from1l When in and/or p are integer

ranging from2 to 5, the thienyl groups are connected

Formia, thus LAGn o FEMRBVERTIOR | © 7009,

Thpeaskaf tihis arvphtichiainsrovidd@adgaid@id Hinl benst@sesul as gas phase
invention, the "al koxy chain Cl-Cl2" neans a |inear or
gyl §&NEH sat urated or unsaturated al koxy chain with a

OrRUIFRSSF RS pﬁ:@ér@ qgveﬂ{im o3 |29 atl%}nf ?@gﬂggﬁaﬂoégf devices for the

According’to a favourite ‘aspect o resen
praduoviéont of @M T sensoral koxy chain is saturated and |inear.
According.to a favourite aspect of, the
AORGR AT OfE

. . pr.esent .

Brf¥PoRE Uhoh{PEoSER BRY§P i RO Y4R HHSEHE PPl for the
deg}l@ﬁen%ﬁdiﬁé@m donfigRHiR off hQVeTayes ik Aahfi@dBrshiioMuB b good
conductive properties and enantioselective recognition of compounds in gas phase.
A particular target of the present invention is to propose a OTFT sensor showing
enhanced sensitivity when it works at charge accumulation regime.
Then, another aim of the present invention is to provide a transistor with the above
mentioned feature and also useful for efficient recognition of analytes in gas phase.
A further target of the present invention is to propose an efficient protocol for the
fabrication of the above mentioned type of transistor.

According to a first aspect, the invention deals with new organic compounds with

formula (1)

(R)y
M@@ m
Y
where
n is integer ranging from 1 to 4
m and p are equal or different and they are integer ranging from 0 to 5, as
long as at least one of them is different from 0;
R is

- an alkoxy chain C-C;z, eventually substituted with an optically
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15According to a particularly favourite aspect of the
present invention, the al koxy chain is functionalized
WORRBHIGAY optical |y active aminoacid or w th aPCT/IB2008/000263
nonosacchari de unit or a nonosaccharide derivative
unit and this al koxy chain has 6 carbon atons.
According to a favourite aspect of the present
i nvention, the above nentioned am noacid is sel ected
anong natural am noacids, inthe Dor L form
20According to a favourite aspect of the present
i nvention, this _.am noaci.d is |linked to the al koxy
chain by its dM5o28Mof4f¥8xy groups. According to a
favourite aspeghofbsatdharidy B&eHtor ithuenktion, the
amnoacid is protected at the group that is not |inked

t oachd geupexy ashaqyel bydiffgpisvien nds dierep foet b
. CCLI . : '
WES SRUCED Jhe BEGHEFhHE HRP Ry o R RERI Hlc08s b8 Bpacoted one
andthertiyothe boudirtrietl inohoidiowhar lodeularthof leallidg to 2-2’-bis-, tris-,
derivatives consist in glucose, in case, bearing
tetigr 8 PEPATRIENE thaingr oups. A fruitful protective group
for am no group protectd i's e tert-butoxycarbonyl
group (Boo). AccorMiAE t¢7§ﬁbther favourite aspect
of the present inventrﬁg, t he~alkoxy chain R is not
5functionalized with the am noacid. According to
AcBiiinBelo E@V?H:Férft ein@éﬂfég,t gRf «dib&yPERRE '@;-GlF’V%ahQ'l’ lifltar or
is differen rom| and R groupg are equal. Anong
brapchred cahdagedvdt tnshirated alk¢xy) chabcwish dinagbeioott dacbqur deentanging
§ inygnt%on, t he conpounds of forrmula (I1') are preferred
TO§! 10 Mhere me pare equal or different and are integer

Act@Baikng of f000rfe bspees offhe IpRIBGHt invention, this alkoxy chain is saturated

and linear.

According to a favourite aspect of the present invention, this alkoxy chain has a number
of carbon atoms preferably ranging from 5 to 10 than from 6 to 9.

According to a particularly favourite aspect of the present invention, the alkoxy chain is
functionalized with an optically active aminoacid or with a monosaccharide unit or a
monosaccharide derivative unit and this alkoxy chain has 6 carbon atoms.

According to a favourite aspect of the present invention, the above mentioned aminoacid
is selected among natural aminoacids, in the D or L form.

According to a favourite aspect of the present invention, this aminoacid is linked to the
alkoxy chain by its amino or carboxy groups.

According to a favourite aspect of the present invention, the aminoacid is protected at
the group that is not linked to the alkoxy chain by means of a appropriate conventional
protective group.

According to a favourite aspect of the present invention, the above mentioned units of

monosaccharide or of its derivatives consist in glucose, in case, bearing acetylated OH



as at |east one of themis different fromO; 15the R
groupsare equal or different and they represent a
WOhE®ee¥hari de unit or a nonosacchari de deri PaTAR®08/000263
unit, or a -0-Allc-R" group, in which Alk neans a
ki near al kyl chain Cl-Cl2, R' nmeans 20a hydrogen atom
a arninoacid substituent with formula (a) (a) in
whi ch A neans the remaining part of am noacidic
structure and 1\11-12 is, in case, protected, the
am noacid group (a) being in optically active form
S5According to a favourite aspect of the present
E9PHFent i on, the two groups R are equal. According to a
f
A SRS DR ERERRER 1 ablS JroUFRoLefion 8 ke TEBTo BribOgi prowe
(Bm@) Accordlng to a favourlte aspect of the invention,
ete sel ect ed bet
AR P b O 5 TR RapBiof 08 hQFeRutpf i o
5 fuldi®nhlée Midh b arhii8adRRO | s the protective group.
According to a favourite aspect of the invention, nis
A"E‘deﬁ(lﬁc‘@rf@io’ih@l fiaz«jmamf aspeetrafites proprst invettianha is dffrent fiom 1 and
are 2. According to a favourite aspect
]KQQhE%IQe nt|on me p are different and they can be
ArflongZconghoandk witsl ﬁ:p)ﬁntieﬁm hotofdigmoane pasai ientid Weesdmpounds
nd zero he substituent R or R can be attached
of fgr rrwi%a@@@rprg’s@?c i on of

R!

10

where
mep are equal or different and are integer ranging from 0 to 5, as long
as at least one of them is different from 0;
15 the R’ groups  are equal or different and they represent
- a monosaccharide unit or a monosaccharide derivative unit, or
- a-0-Alk-R*’ group, in which
Alk means  akinear alkyl chain C-Cia,
R’ means
20 - a hydrogen atom,

- a aminoacid substituent with formula (a)
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phenyl ring in conmpounds with (1) e (1'). According to

a favourite aspect of the invention, when mor pis
WOZE44962¥ or R group is in para position to tHSI/IBNESAPH263

group (or to the chain of thienyl groups). The

conmpounds particularly favoured according to the

i nvention are sel ected anong:

201, 4-bi s[5-(2, 2" - bi thi ophenyl)] 2, 5- bi soctyl oxybenzene

, herein also called PTG

642, 5- bi s-12, 21bi t hi ophen-5-y1-4-16-(28)-2.-tert-butox

ycar bonyl am no- 3- H.N

phenyl - propi onyl oxyi ) h I'dxy] phenoxyThexyl ester of

(2S) - 2-tert but oxycar bony i -3-pheny|propionic aci d,

herein al so called PTA

251, 4- bi s[ 2, 21bi t hi ophen-33y1-2,5-bis-(2,3,4,6-tetra-0

-acetyl -P-D glucoplranosyl)beé ene, herein also

cal l ed PTZ; in wh:ch A means th)e 1I$ma1r?mg part c]zf( am)moacldic

6-{4-[2, 21b|th|ophen 5- enoxy) t hexyl est er of ( 25) - 2-

tert- butoxycarborf %ghdﬁéﬁﬁﬁﬁﬂaﬁﬁﬁﬁﬁc aci d,

herein al so call th@Irﬂinoﬁﬁgi g&%p %a)'b@in%hﬂ Qfﬂ’cfbﬁ{hf §ct§(/t1:)f01ﬂ1

[2,3,4,6-tetra--0O acety Sgl'ucoprranosyl] benzene,
Aq@@idmgrto alfewucitd dspert D nme pmmnmwn@om thetth/e granpe R awrequal

PTA. PTZ. . DT DTZ |
AGEIRR B R et b ey ubATe mRaBl i el D! i o
nufubéof catbbey Raginy Eloyn 5 thEY can represent a racemc

m xture enriched of one of the two enantioners.
ceyinguiRge favoutgnaspectmiciha meenion A sompletssiac sydsbineaiotelected

beSRBMhe I akd pﬂ&lﬁla?émi&g 10Scherne(l): Scheme (1)

According to a favourite aspect of the invention, the Boc is the protective group.
According to a favourite aspect of the invention, n is 2.

According to a favourite aspect of the invention, both m and p are 2.

According to a favourite aspect of the invention, m e p are different and they can be 0, 2,
3 0 4 independently from one another.

When m and p is zero, the substituent R or R’ can be attached at whatever position of
phenyl ring in compounds with (I) e (I’).

According to a favourite aspect of the invention, when m or p is zero, R or R? group is in
para position to the thienyl group (or to the chain of thienyl groups).

The compounds particularly favoured according to the invention are selected among;:

- I,4-bis[5-(2,2’-bithiophenyl)]2,5-bisoctyloxybenzene, herein also called
PTO;

- 6-{2,5-bis-{2,2"Tbithiophen-5-yl-4-[6-(28)-2-tert-butoxycarbonylamino-3-
phenyl-propionyloxyihexyloxylphenoxythexyl  ester of  (28)-2-fert-
butoxycarbonylamino-3-phenylpropionic acid, herein also called PTA;

- 1,4-bis[2,2’ ]bithiophen-5-y1-2,5-bis-(2,3,4,6-tetra-O-acetyl-B-D-
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15

15 The ot her conmpounds with fornmula (1) bearing not
substituted al koxy groups It can be prepared using the
WO2HHEpB8cedur e. Conpound PTA can be synt hesi R@uiRgostone263

synthetic protocol reported in the follow ng schene
(10; WD 2008/ 096239PCT/ |1 B2008/ 000263 Schene (11)

The ot her conpounds with formula (1) in which Ris an
al koxy group functionalized with 5 an am noacid can be
prepared by the sane protocol. Conpound PTZ can be
obtai ned via the synthetic strategy shown in the

fzglols;)o%%@g%@%?@%@}’dﬁ&%@sﬁl?dé’% hetic schene

firstly- {mm'}bﬁbxobmwﬂvpﬂéﬁm}aéml at ier per bor ne@zsyn-tem
basic 5 condjtions. The follow ng synthetic steps are

i odi natuEyErd %YW&%Q“}WSF%QGPW@W@C% hergin; el %Bﬂ Bdcand
acid a t th tribrom de.

The co Vér5|oﬁ&wﬁgﬂggggg%fhgkéaﬁbam?@ d?ﬂethylether IS

necess glucopiemayd heitent,heredd alposdicdiDErA.0 perform the
Aq%%fct i%d|nat|on of hydrogylnone The i ntroducti on of
G tfe

€ d0gRiLeTs crmpenndsifdd, Sl ng Py b prgaip ioptcally active
fofrf28hd Abafiing L& Moy tdah B! {sbRbdsYin {I ﬁf alternatively, they can

dllodoanthraqU|none usi ng toboron ubr
regyiesenbd Lcpre ivtraixbae mre:hedr tleme of the t@uaukmroMeysau ra
coupl i eactj on 008/ 0962 39PCT/I 32008/ 00026 '
CoytReing H2r QA b sobiot & asvamcls mrertloghaten dsdblosing
ScRdde()The ot her conpounds with formul a (I) in which R
is a nonosaccharide unit or a nonosacchari de
derivative unit can be sydemeélzed by the sane
pr ocedure. The synthesis of oligonmer DTZ has been
performed via the synthetic protocol reported in 5the
scheq?oelxgmﬂl g:jf%Hw,ﬂw% | O?Hw
;\i /S THF/OMF gésl;,)dACOH :

Ha NaOH CyMyyC Gghly70

OCgHyy
OCgH
g7 S s

-~ Pd(PPhz)a
O e OO ¥
87

CgHlyz0 AGO,
1,4-diossano

The other compounds with formula (1) bearing not substituted alkoxy groups R can be
prepared using the same procedure.

Compound PTA can be synthesized by the synthetic protocol reported in the following
scheme (II}:



GAG Ag20, 1A1(Ppli3)4 AGO MO ONa3CBOAc DTz DTZ is
prepared by Suzuki-M yaura coupling of the boronic
WORE4P63P bi t hi ophene with tothe product of PCT/IB2008/000263
gl ycosi dati on of p-iodophenol trinmethylsilyl ether
wi th gl ucose pentaacetate. The other conpounds with
formula (1), in which Ris a nonosaccharide unit or a
nonosacchari de derivative unit and mor p is zero, can
be synthesized by the sanme procedure. 15 Conpound DTA
is synthesized according to the protocol shown in the
schene (V): WD 2008/09 1B2008/ 000263 Schene
(V) DwA?, 1PCC, Et3N §§%%%b

H
] QCIE
OH OCHs | 310,150, : 3 .
Citgl, NaOIT A¢OH, CCly 8n

gt ]
OH

THF (
oM OCH, CHy

oH OC; 14,00

1 1
it
+ 2 g Ol TR
. THE/DME .
H OC4,0H
OCgH,0H

lBO% I O ™™,
L " EizN, DMAP M NH D: o o "
* H ONH RCC, CHL,Cly ]/0\/\/\/\0 1
1 'Bo¢

QCH,,0H

O, \JBoc
\S/ \S/ B:O:é O™ mi,ﬂ
o t S s S S
BOG
Y AW way
PA(PPits), ~ CL/O\/W\

Na,gCOa, FTA
Agz0,
diexang

The other compounds with formula (I) in which R is an alkoxy group {functionalized with
an aminoacid can be prepared by the same protocol.

Compound PTZ can be obtained vig the synthetic strategy shown in the following
scheme (I):

10
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H Hoc"-NH 0 OH DTA The first step involves the

functionalization of the phenol hydroxy group with a
WOPEB/096238 ar bon al koxy chai n bearing a term nalCHB3HBI000263

group. This termnal unit is, then, subjected to

esterification with the carboxy group of the

Boc- protected L-phenyl al anine. The last step is based

on a Suzuki-M yaura cross-coupling process of the

boronic ester of dithiophene with the aryl

i ododerivative functionalized with the am noacid

bearing spacer. 10 The aqf] ounds with fornul a

(1), in which Ris a allcoxy group functionalized with

am ng&cid units and mae p is zero, can ®& synthesized °H

b e s&te BBt Iyrel Campewnesconi { h/Tar nukes (AP, | '

a tageously the s W t hdprnul a and-aoor e

advant ageousl y t hggconpounds PTO, Ri& Trz, DTA e D

can be used in the fabrication of @gtive |layers for

transi stors above descri bed. ﬁ%g refore, according to

anot her aspect, the ipRyention ol Mth the

appl4 cation of one or reoconmpoungds/ with formula (1),

vl t ab¥ss sel ect gga ounds Wi tt® fornula (P), in
tramgicst ors fog enanti omefT macecognjThon of chiral
—totecutes | @. lphasqﬁpa_age,%ﬁr as of the

I NESEN on, | e use of one - or eokhan one -

Sl
compounds with fornula (1) or - nore
with fornula (1') as active layer i®¥~a>yhin film
20transistor with a bilayer confi gurat por?Ac The
combi nati on of the PTO, PTA, PTZ, DTA«andHTZ for the
construction of transistors to be used as gas sensor
and for the recognition of enantioneric conpounds is

dvant ageously -

Acgge 6st appeal i ng characteristic ohcthe invention.
. AC . . .
A rding to anot her aspect ofAi) i nvention the
tr |‘ﬁtor is constituted of at o one
AcO g Q S S AcO g

pgﬂ j[dB /AN A . s
Aga0, NﬂzCOS, m / \i / @

OAc diossano O
d PA(PPha)4 ?A"
0. O~
AC PTZ DAc
OAc -QAc
AcO AcO

This synthetic scheme firstly involves hydroquinone alkylation performed in basic
conditions. The following synthetic steps are iodination of dimethoxyhydroquinone
using iodine/iodic acid and, then, demethylation with boron tribromide. The convetsion
of hydroquinone in its dimethylether is necessary because it is not possible to perform
the direct jodination of hydroguinone. The introduction of two glucose units is carried
out by glycosidation reaction of the bistrimetilsilyl ether of diiodoanthraquinone using

boron trifluoride and glucose pentaacetate. Then, the Suzuki-Miyaura coupling reaction

11



conducting |l ayer, one dielectric |ayer and one
sen1conduct|ng organic thin film The last 5 conprises
WO 2B/%8¢23%pre than one organic | ayers of conpdUifdd2(48{0n0263
formula (1) or nore valuably with fornula (P). In the
preferred formof the invention, the organic thin film
of the transistor conprises at |east two | ayers
(bilayer) of different conmpounds. In particular the
organic thin filmincludes at |east one |ayer of a
compound with forrmula to (1) bearing an unsubstitued
al xoxydi ¢ chain or a conpound mﬁth formula (1) wherein

R is.a h [ en . at and_ at ., one | ayer of a
i nRerl FRF Syl D feend B2 000 | 20 0l oo
‘Hetdtve doatpouindd WH}aﬂiﬁmaIao(I) ac eadickli M ds handdesacthavidn ubibror a

can have an organi ¢ t h includes from5 to

Ao At g o<t B e s P uieR e oo

The Y @hifesis SF BE@nich DI Zihgs Eel@ﬁ péBoriEESie i eghueap pStdebiaBported in

technlque of a compound with fornmula (1) bearing an
e (Yt ed al coxylic chain or a conpound wth

formula (P) wherein R' k&he hmdrogen atom and/or a

compound with forrmula (1) or ) in the optica

active form The term"LS traf%f% " is used in this

descrlptlon for the |dent|¢¢§§tﬂ%gjgt aosd Ngle portion
th anonmeEtsci ¢ t kness. & con ered as a

SI n oecu#ar Bt hewagt | ve‘“ﬁ@itgl,af}éwls

dep03| ed QQWFﬁQMQIe ectric |%er until thedesired

actlve Iayer it ckness is reached. Wth the term
"] ayer” we identify each of the conducting and

di S ,ghrlc Igf; h const4tgﬁ§m&ﬁp tr nS|stor
active ayers nade 0 Oan héwﬁbnpounds néﬁe gi: <;Tﬁlj

PTO, PTA, PTZ, DTA e DTZ The term"bilayer” DTZ
identifies an organic thin filns formed by at | east

ﬁ'ﬁﬂplsgiré af‘eﬁ%&ﬁﬁlg%l{y&lré @Uﬁﬁﬁg gﬁth@%m‘oﬂmte@ﬁ Gﬁﬁﬁucﬁﬁene with

preferred form
thsr gaerduet toffi elyecisidagionn of uzerefsion@n@v ainaifelyl (ofer with glucose
E&QQQQErred | ayer of a conpound with formula (1)
bearlng an unsubstituted al coxylic chain or a conpound
R t dthef arompbend§ IW1)h Wiverlei (), R ‘Which Riris hydeegenhaidemit or a
n?or1]1dea8£ alldcg?gveely eo}ir}n t \ I’nocr)i e? %c%!é,b?dnoge sg/g‘tpgashﬂgﬁst’)y{ﬁe same
WW%mna recognltlon/select|V|ty propertles conprlses an

i c |l u 10
iR e g Eun el HOPBIRIE Py (v
beari ng an unsubstituted al coxylic chain or a conmpound
with fornmula (1")

12
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5 wherein R' is an hydrogen atom|li ke the PTO and 5
over | apped LS transferred | ayer of a conpound with
WORMSMIGZ (1) or (1') in the optical active forou/is2b@n00263
t he conpounds PTA, PTZ, DTA e DTZ. A transistor
according to this invention is preferably a field
effect transistor (FET) wherein the gate electrode is
directly in contact wwth the conducting |ayer. 10These
devi ces, enployed as gas sensor for the recognition of
volatile anal ytes, represent the solution to the
probl em of chiral dlscrl natd n of many substances of
bi ol ogi cal and enV|ron terest. In particular,
the device sensitivity |ncreases inth har ge
accumu. af&QRuppode. Moreover, their mai culiarity is
. @sg%Lgiegn JOR.-a_chipt AR
hitectore (i. array) for the
cl assifi ®%&ffon of a broad 15 spe: mof vdlatile
organi ¢ conpounds through thesanalysis of the
responses by means of sophisticalgd "pattern
recognition" conputational nmethods®w th the aimto

simul ate the cular recognition ability of the
narmedeoaeroo| f ry system The abovenentioned reasons

J ustded y the great,/injerest of t present, i nvention in
%OTSFT sensor,_ f,h Bt dy eonst der §peci gl ly both the
C

{ iymangi al "End % echnol ogi 20 Tesources of the
roel ectronic industry, an particul ar the
pl astic electronic industry which deals with the

Theifiritadiey indatvie® heaRfclidi@lizaibe Prahé Ghem Hyhﬁ)xgr@&fy &ith a six
transistors in integrated circuits. Accordin

carhprb HERY £opiacheagng tahfeyninal ydrpwn gepupr diiss @rmmal unit s, then,
sul{]&l?éd L‘&aets{eﬂﬂc@}glﬁgﬁl 1R g&ﬁb}@%l?{l}%gﬂhﬁ lﬁoQ pnotc& &Tt—éphelfy%alanine.

ransi st or owng S

Thqlfj taelp‘nq:elg basféﬂa;)ll%rSmaltiéMiyaﬁlﬁ@fosﬁb(éth;ﬂﬁtgtpr(ﬁ:{e@ (ﬂQﬁKilht@f dridgster of
.J.ayer; b) De S|t|nonteconuct|n ayer of at
ditigghet ‘ﬁéh b i lepygyivr ;Tupgtiopayysdi With rfhe ptippacid bearing
spadbel ectric layer of at |east one sem conducting

anic thin filmconprising one or nore than one
I‘h@o'gam(mmoay@r\s:ﬂofmmclmﬁt)umd@uvh RHs a filkory paup fnctionabizedwith

t I to th
s BB ' ar B PR R o ERET e Ehet pcRh <
Co@popais egitp frotania QI)Q @Waﬁta&g@ﬂiﬁfysth@béﬂe@)’@ﬁﬁ BB8a F) and more
di fferent conpou After the deposition of the

advgpiapeaslyi e rﬁé’ﬂmOil%ﬂS PROp8It: dZefDTAec dVBL eon riecused in the
fdbfl&{fﬁ%%ﬁé&tﬂ@% f’se[ro} Qarfg}éyOéér dho%8 ﬁés%ﬂ)eat he gate el ectrode

con U ctl
Therefore, according to another aspect, the invention deals with the application of one or

more compounds with formula (I), suitably selected among compounds with formula
(I"), in transistors for enantiomeric recognition of chiral molecules in gas phase.

Another aspect of the invention is the use of one - or more than one - compounds with
formula (I) or - more advantageously - with formula (I’) as active layer in a thin film
transistor with a bilayer configuration.

The combination of the PTO, PTA, PTZ, DTA and DTZ for the construction of

13
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Before the deposition of the organic thin filmboth
the dielectric layer and the conducting |ayer are
WOPBMEd? i n order to renove the manuf act uri NPORS20N$080263
In order to pronote the deposition of the organic thin
filman adhesi on pronoter can be usefully enpl oyed. 10
The deposition of the organic thin fil mcan be thus
acconpl i shed by neans of "drop casting”, "spin coating
thermal evaporation"” deposition techniques as well as
by means of Langnuir-Schafer (LS) deposition
t fter the . .
hEENTS BiE el Al Sohol P T pp i) FEOGR ol Sombige s
thsmt@p@dlmgtahmdﬂmxsirce)fﬁl&bhvmbﬁd on the organic
conduct, n ayer by thermal evaporation_throug
n%ra%/ o 0Lk %Sﬂﬁ%%&hﬁvmtl@fcthprﬁ@n@wsmesstmw ﬁéiﬁ least one

co%ﬁ@&ﬁlhqay@f‘ Qm@@ié%hﬁﬂﬁﬁ?%n& Bhe sénﬂé’&ﬁl%t sznkc th?n ﬁlm The last
hi ghl ighted in the fol l owm ng descripti

comirises 1w ropodead drerorpindc Sakis OcﬁfGOIluptbltnds wnﬂllfwsmm (Im gy more

the figures include: 20-Figure | is
Vagua%lcyh‘g’f]itb{mgu%r%is sectional view of an organic thin
Infthd prefehdd $hisi S the inFedionDie@¥@inic ERMNIOMTRY fe@Bistor comprises at
according to one of the possible realization of the

legst Bulayers thilsien) ofdifegieospunds. ust at es a schemati c
In tp?iﬁfcﬁﬁa?{htg?ﬁ %onsﬁ{n {ﬁﬁﬁcl%estg??e Stdpe I%%f g f o ‘? With formula

ansis ruction accor lng t
(D boagng arowyisuBSiiked giorydicichaifl oflh a@ﬁﬁfﬁnﬂfmﬂlff@mhﬂ@ gnuiterein R>

herm of a conpound reported in the pre
is F‘E‘W@‘ﬁﬂ‘?f’cﬂ@mﬁw &agl qug layeypligeagproynd g rﬁ%frral& @r‘i’l‘sﬁ ) s in the

Op%ggl\ﬁ@u%%ﬁhned froman organic thin filmtransistor
fabricated wwth a first deposition technique of the

A gongsign aks:ordlﬁg g;uthe iBvemioa i dgvamm etgaaiccthar flmt evhicht includes

cury tai oman r nic thin fil traanto
e o 2P bbb S8 1 ekl it Gte g is the
pr@t@ﬂ&@@ﬁb@&mx’f’t&h&ﬁ&&) %a%ﬂﬁp@tﬁd‘%iﬁa ﬂirrﬂgfafm‘%eﬁfngte{ﬁet‘msubsmuted
characteristic curves obtained fromb5organic th film

alqorghis ickaiipros o egmpavad ewitinilermula @ pwhereinr RY laeapdwdmgsn atomm,

and/or a compound with formula (I) or (I'} in the optical active form.

The term “LS transfer” is used in this description for the identification of a single portion
with a nanometric thickness, to be considered as a single molecular sheet of the active
layer which is deposited on the dielectric layer until the desired active layer thickness is
reached. With the term “layer” we identify each of the conducting and dielectric layers
which constitute the transistor substrate, as well as each of the organic thin film active
layers made of any of the compounds named as PTO, PTA, PTZ, DTA e DTZ. The term
“pilayer” identifies an organic thin films formed by at least two different organic layers
as in the case of PTO+PTA, PTO+PTZ, ete.

In the preferred form, the organic thin film includes 15 overlapped LS transferred layer
of a compound with formula () bearing an unsubstituted alcoxylic chain or a compound

with formula (I’) wherein R”’ is an hydrogen atom, and/or a compound with formula (I)

14
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techni que enploying the PTOto obtain a film
conprising 5 LS transfer; Figure 7 is a diagramof a

WOCHM46238r i stic curve obtained from an or gani BCE/HI2008/000263

filmtransistor transistors fabricated with the
preferred deposition technique enploying the PTOw th
pressure values different fromthose preferred; to
Fi gures 8A and 8B are diagrans of the characteristic
curves obtained fromorganic thin filmtransistors
fabricated with the preferred deposition techni que

ok Ok BB &t FE B Obtain a filmconprising 15 LS
transter, after the deposition of an adhesion

More prstfernably Fi ceameistod Avidind  SBogni®ondiclegtivits pofpettlee comprises an

characteristic curyes obtai from organic thin .
orfith st i Gie 1E v ETRt o b e et ARty Sompound wit
foR@RRSI)Y bearing Q& MRbEHBURIIP Q% RE chdi® oP hQokipofRd il Brmula (1)

filmconprising 15 LS transfer, with no adhesion
whereidt eis;anthiygiogen atomilikeshall He padd overtappedhd rasfuraddaiesof

. t.aj rQm.a.: o . C ot hi [ tr. i Stor

oGRS AP PARON LA PurBEoBhu A, LT URTSh A pra

PPOPA eYTH) the PTA to obtain a filmconprising 15 LS
transfer, with no adhesi on pronvoter; Ejl??ur e 11 i

1
AdTHSISEAEFORE tenliisabyerioatis prefiaplysa disihieHes gisior (FED
wRb SR et M Burlou 1 difeBiMP oot VAP CBIRRLINE 0t e

preferred deposition technique enployi ng Ato
Tletse dévicea, drnpinyacioasypes sinsg fobihe Sedogaitish of yolafikeenalyteg represent

tn§ S on oo oafhh SRR RRE o S suR0ES SBLTERhend
erbirORm&ftelated NN phiticilat, BB Sde$1cO! Rndiabity ¢ai8MedMid e Barge

preferred deposition technique enploying the PTO and
acepaulptim mede hereoves their mamarepwliagitinty thoeasy Jtegrafingf wra ¢fip in

T n S transfer -.of,, PTA. FEi.qures ,13A an 3B
» FARE Rt Ba ke SRl b Mol o ol P8l o brond

speftéum of volatile organic compounds through the analysis of the responses by means

of sophisticated “pattern recognition” computational methods, with the aim to simulate
the molecular recognition ability of the mammalian olfactory system.
The abovementioned reasons justify the great interest of the present invention in the
OTET sensor field, considering especially both the huge financial and technological
resources of the microelectronic industry, and in particular the plastic electronic industry
which deals with the miniaturization and the integration of the organic transistors in
integrated circuits.
According to another aspect of this invention a process for fabricating a semiconducing
organic thin film transistor, which comprises the following steps, is proposed:

a)  Preparation of at least one conducting layer;

b)  Deposition on the conducting layer of at least one dielectric layer;

¢)  Deposition on the dielectric layer of at least one semiconducting organic thin

film comprising one or more than one organic layers of compounds with
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experinmental evidence of the gaseous anal ytes

detection, for the conpounds at a first concentration
WORMBAPS23These curves were obtai ned using an OMGRABREN8/000263

5thin filmtransistor including an LS transferred

| ayer of PTO, Figures 13C and 13D illustrate sone

significant characteristic curves of the experinental

evi dence of the gaseous anal ytes detection, for the

enanti oneri c conmpounds at a second concentration

| evel .

These curves were obtained using an organic

thin fiﬂ)t’i‘?lﬁlﬁ@?‘j&ﬂtﬁ?orhﬂﬁ ¢ ing an LS transferred

10l ayer of P

Figures 1 and 14B illustrate sone

Ingpagpiviutar eegerding & the tperdesst propased insthisofivenbion, elgpemphme ttialfilm is

evi de

CUHERY

(e Bioct bR e ot TSGR EbPRhon | ove

ATBEHE deplisitih RhE dRRc RGeS A YoRdn VF YR clebiik s felded in
transi stor including an LS transferred 15l ayer of PTO

orderdo #Kt in Soptaelibe aqie elgctradparithghe popductiiedaess 14C and
B%I?Btthéé héi)%‘s{n%h §£ ﬁlt%a gaglilcggin ﬁl&%ﬁh @Eg&'&g@@g@%@& hd f}.% trcc\érgdsuctmg

Xperl ence o anal'y

lagke taecdléanad if erdeitth eeremarthé parRifhaubonpsddrds at a second

concentratio

e curyves, were obtai ned using

1 | evel, . Th:t?* Ves,
In Qi g BrnRote Hherfleppaition piihe peppic thindilmdinaghesipn jaomoter can be
u&ftﬂg%&ﬁd'g@&’. 20l ayer of PTO and an LS transferred | ayer
of PTA;

igures 14E and 14F illustrate sone

The dppositicant thehaipaniv ehinsfilirc caube thes afconfpdisiesdpley et @l “drop

e

evi depce of .th aseous apal,ytes.detection, conprisin
S Bneting DR Sbu AR i, S «5 ST pa by Mbans

ofaRfg@dbir- 3 cREGONS) BGVGRIDh thhighes) 8% Fdst ashEBRsIGHENRSI. Wer e
obtai ned using an organic thin film 25transistor
Aftercthe deprgitton 0fShe roagasdce thire dilth dlye geld siraip pOd spercapleti®odes are

i fican

.transfersed | f PTA: Figure. 15 illustratgs
AL e S RO A S 58] By o

mégkl m transi stor including an LS transferred | ayer of

PTO and an LS transferred |ayer of PTZ: Figures
16A- 16C i | | ust rRESCRENHON QR IHERRAYINSISact eri sti ¢

Y

F lﬁ”éﬁ&ﬁ

anal ytes rive

&k 4l SITHR o Qielg]t#gknv‘é%(ﬂio%e\f&ﬂg b8 hidhhEn@F S WS following

ation, c rising

description of figures, which is proposed for the sake of betier illustating, but not to

limit: the figures include:

Figure 1 is a schematic cross sectional view of an organic thin film transistor
in a “bilayer” configuration according to one of the possible realization of
the present invention;

Figure 2 illustates a schematic representation of some of the step needed for
the transistor construction according to the present invention;

Figure 3 is a diagram of the Langmuir isotherm of a compound reported in
the present invention;

Figure 4 is a diagram of a characteristic curve obtained from an organic thin

film transistor fabricated with a first deposition technique of the compounds;
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enanti oneri c conpounds. These curves were obtai ned
using an organic thin 5filmtransistor including an LS

WORPEA8§28P red | ayer of PTO and an LS transf er ridex/1Bagog000263

of PTZ; In Figure 1 an organic thin filmtransistor
(OTFT) in the "bilayer" configuration is schematically
depi cted accordi ng one of the possible realization of
the present invention. The transistor includes one
conducting layer 10 and at | east one dielectric |ayer
20 that 10togheter with the substrate 12 forma field
effect .transistar. The conducti.ng |ayer .can.be made of. .
i Il coReuEE T ik agma T a e G Rt ot pR PrEaLE thin
be madgnaf usisisi@a tlhBehed - wilh 4 Recahidelugsdsiiion kaugud Mg the
organic thin film30 is deposited as sem conducti ng

mat er i 8PWMPIWBEHEd in this case by two different |ayer

31 _andy e i, [ 0 > | gul.ar, o
"o SRRl o8] 88, SPIROUAS b, BV Sl son
of a corgaoignchini film tidsikorsmfdbaichted WétAr theg pegferred deposition
unsubstituted al coxylic chain or conpound w th

f or mul %Ay sipRlpuns theeP ] m&h"aHWﬁB@ EXMRHTNE ? &8 dRoys
the PTRuHePRS digdaldrbRBadibGEE Chfvel @YfteddPom R gl@ﬁ‘i@ thin
| ayer 32 nade of conmpound In the optical active Torm
(such &bn PRAsistOTEansSHAy fabligitechwith rige preferced deposition technique

xposetmpGIpEIEt Pl bryPBSi e raRRiom o8 Biefapetsy
conpospigufte A i B9 afeSdighhal BE theBhanRRARSHOEurbEobkated from

transfer of the abovenentioned conpounds with fornula
(1) oroygpnic Hw film peansiptots dabrigated Swith athef prefesfedt Heposition

compou PTQ f t,he le31 n. whi .
over | | SEnIRTEhafpyy She PO Rl 5 auat oo ilL 6L wonster
PTA, PaiferBicAjepbiidorf @fantabiResicayesmSdr; The best

experiE,Ent_ al results during the detection of the |

anal yt Bigures Ipnandy R arsudiapmas et the ahatprisHstifocurpes etained from
di scrig i i ki y f in i, I .
tr ansi SEane iy il TRHNEEE, ISR FNIES B deposiion
const i edetqusf eroplbying ile PEYdo oBif alfilincatnegtismmg b5 LS transfer,
single tthansfer. of PTO, while for the enantioneric

di scri WREPPHFLREMMht s the best results were

obt ai neigu 10Nisa diRich@¥FTihe NARRIHEAD SIMFELELIMABI Bbf 4 Hianic
organic thin filmis constituted of 10 single LS
t r ansfi@in dimpransisors ofpriqated Witly ethe nrefomgd Sdapsitiprmristhaique

32, TraBlAe R TR AL B <D Rlonkibe: B 5l o

cont acddhesibipiohmteeonducting | ayer 10 according to a
"bottom gate” configuration, while the source o
el ect riogired 1 dng dpaaigidhnchancisrishis usws abtanss from organic thin
fabri cgledaRiid D Bnem Guetd 8 : ‘
or gani % R e oG & RE el i ocion Rnhii smploving
or der the PdBtiaiohtairhefiiny @ingalsingHadietransfer t dfier flieelepbsition of an
effect devices PET.
adhésion promofter;
- Figures 12A and 12B are diagrams of the characteristic curves obtained from
organic thin film {ransistors fabricated with the preferred deposition

technique employing the PTO and the PTA to obtain a film comprising 10
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In the sane manner it has been fabricated transistors
With source and drain el ectrodes placed in contact

WOZPEBA2428% conducting substrate 20 and at the REAB2008{4#0263

built-in the layer 10 31 made of PTO ("bottom contact™
configuration), but the devices in top contact
configuration have shown the better experinental
results. The ability of an OTFT of working as a

mul ti paranetric sensor can be attributed to the two
different charge transport working regines: a bulk or

tridi L onal -~tr.anspert.,. Which es place when the
devi Crefslngéq%ﬁe?%g{@@ngtl_gtéan(st%oglgf‘g, potential is

appl i edyuran 3 R and 33BiihMRBSIoAR o i fi RS Bk dctoriidld &ltves of the
takes place in a very thin region at the interface

bet wedPEBeH#l gyiflepcaseliihe srgaes B1olto defegtian éor the compounds
di el ectri€..2 G @l r vt
or oport s uncdiiiioh MedNESCHADE LE Bl BBl prpaic
S. \Whehinfdmgemeispoinehidirg) aniIsS appldred Jayat of®TI0; xed

sour ce-.dr ai otentilal,, the transitor rks like a
ctien nagnet biC 2 iRl aaGot SSHAG GRmsfriptsoures of the

sour C%}{gé’drﬁéﬂi‘alc WyidRAte 1 8¢ Ctﬁé’sgéisegﬁ’s _alykdde detection, for the
conduei bility of the organic Tilm induced by the

i nt er oeitmmanictdomppendama b yewnd condendaivededsy Tihbge curves were

pernmeation of .the analyte.in, the active layer wn to
Phe " aioi ke il fy SRR Bk HanSbt fipefiicin £ HanlBired
appl i agfcr0fPDH; @ gate bias, a nore consistent

variation of the bidinmensional source-drain current is
measurdgires M apdid 4B alusirgiecsonri signdfiqant ehgeacieristi eayes ofghe
regio . or sem.gon . r ; . :
expos:%tX ? %"nrh%?alt heg%g{é%:l v@néﬁgag%%&%;yae? eg td#éaéor? al {/({re,the
sone feyipnt@alerideocipeundr sineties cbndeirition et eThat durves were
voltage vth and the field effect nobility, change si nce
both & e @ prapicviainy ok drapgpipimncridinedanks dipngierred
the tiaRPEEPEHaANOE LS t&&%eémw%gyﬁ% and the

potentital barrier between the grain
2008/ (¥98289PCT ABPUD 83082 68mb signdinaheshathaerisies ¢uness of the

pol yeLighalidle ace g e Ll 05 MELaRh ORn®lhe

t r appicA@nidaictia RPinPBurdk AF £ 5&dfd 8bndeleatioh 8&/ck NAELQH RB here
t he consequent increase or decrease of the potenti al

bar ri ébtagedising aheregiigi thinpBlim drapsiger inchdmiggur bS saggfared
const riaet ErRARRLB IS e B RRUIBRERERIA L 0ent  one
- Figures 14E and 14F illustrate some significant characteristic curves of the
experimental evidence of the gaseous analytes detection, comprising the
racemic mixture of the same compound at a first and at a second
concentration level. These curves were obtained using an organic thin film
transistor including an LS transferred layers of PTO and an LS transferred
layer of PTA;

- Figure 15 illustrates a significant characteristic curve of an organic thin film

transistor including an LS transferred layer of PTO and an LS transferred
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Initially a substrate 12 forned by at least a silicon
conducting layer 10 and at least a silica dielectric
WO2H8P638s prepared. A small portion of 25 of PETEB2008/000263
dielectric |ayer was renoved in order to fabricate
successively the gate electrode After a suitable
washi ng procedure for renoving the manufacturing
residues, the to substrate 12 can be preventively
treated with an adhesi on pronoter 23. The latter,
dependi ng on the enpl oyed deposition technique, could
be usq % favouring a uniformdistribution of the
nol ecules on he substrate. Then one or nore LS
t ransfldpweonfl 6A- mahplusadicvionte Sighifivad dhawetetist@rctives of the
out in order to formthe transistor organlc thin film
30. THEPEUpYRl £ negﬁfaec SRGRUS BRAbYIEH Fyelation rqompeising the

known deaimliidem t)QﬁdS' @ﬁﬁ@@&%f:?%e%ﬂﬁn&fus;r@ 2910%1 gamc, thin

casting”, "spin c atlng ermal ~ evaporation

means foifm Ibang stoi nm$adlage?m LSctnatrq,ﬁaelsd bfereof tHEO and an LS
dep05|t|o t he nlcthinfilmpreferablyina

bi | aydFa® E@H?(g Bﬁi?raﬂf *and Wi th the desidered thickness

In EROROBIii @Barid aRiACHIRS bakdigs (O1T) datfe @bllc%@l’” @&{@uﬁiﬁ% is
drain D el éetrodes can be fabricated by thernal

Sch@v@ipyélrlﬁﬁmﬁe@ﬂccgﬁh@g mﬁqf@lgemtambhamiwamﬁ the p@@éﬂh @vention.
Thf{ hﬂ@istd'rqr?éfbties olci c&%u%{u? g%t d at éafsteCt c&ele %J?LQ@B]M

P Caf [y repr i gu
1ogheh€r widhIThe WnbksracePofihiaofield offfect hﬁns@%laﬂ“ﬂmidu@tﬁngalayer can be
maqi_ (%anl c thinfilmwith the desired chracteristics, the

gmﬁomsefﬁafi%ﬁedd‘abé%ﬁh@ distectricdpysr guebeanadsy fadicp KE02).
On RESdiclcE5H ll%%r thﬁ rbr%ﬁgé ISR 3d £ &%{)ﬁs‘ﬁg@ ¢ %ﬂm@é’n&u@ material,

t reat nent strate 12 w esl on
forped mothés 38 b¥ I’ﬁwo dh!ﬁﬁﬂemttlaym 3haod3dimgletaf different compounds. In

o R b Tt S B SR Ao BL b it
forle (BOodalhgar el sBluBiiaokyBE cRail Q)?%%[rff)oﬂﬁd Gk o)
the condensed phase pressure of the conpound

wherein R’” is an hydrogen atom (such as the PTO) deposited on the dilectric layer 20,
and one layer 32 made of a compound in the optical active form (such as PTA, PTZ,
DTA, DTZ) having the recognition/selectivity properties, and thus more exposed to the
analyte.

Each layer 31 and 32 which compose the {ilm 30 is obtained by means of the LS transfer
of the abovementioned compounds with formula (I) or (I), and in particular as LS
transfer of the compound named as PTO for the layer 31, on which overlies the LS
transfer of the compounds named as PTA, PTZ DTA, DTZ for the layer 32.

The best experimental results during the detection of the analytes in the gaseous phase,
when no chiral discrimination is required, were obtained with a transistor wherein the
organic thin film 30 is constitued of only the layer 31 fabricated with 15 single transfer

of PTO, while for the enantiomeric discrimination exepriments the best results were

obtained with a “bilayer” type transistor wherein the organic thin film is constituted of
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The depositino was performed with a 5000 System 3 LB
& er) equi pnent. During the experinent, after each
WO35818%%8Y on, the vessel was accurately washedPGli/BR008/006263
chl orof orm acetone, ethanol and water. As subphase
high purity water MIlipore MII1i-Q 18,2 Mo cnm was
used. The subphase tenperature was setted at 20 C by a
Haake Gl-1 - S5apparatus. Both the functionalized
conmpounds PTO and PTA were dissolved in CHCI3 with a
concentration of 2.50 x 10-4 M On the subphase was

10 &Hglgi%dn%@fér BFP@Q C}S%‘Eh #gh 1&5&:{ o af?&’ ST 'I%a@a%s f o PBR3: PTZ (or

smal I dro ut| on on
ah@Dﬁﬂ&m@ﬂIﬁ@@mﬁnuﬁh@h@mw&ter surface the solvent
_ Erha, were of s ctr pRNo

Thd s Sfretrod! Coot PR augRpe s DBV somBet B t{‘?%go G fyger 10

acchidin} 1@ta %ﬁoﬂﬂ gatmo%ﬁgwﬁﬁ{ fage tﬁ@%@é@%dﬁo@é‘@ and the drain
cont’i nuosl Z resse rate for each

clegtioded nicola atcwh ¢ruthe. semmnémmadwcp Bé s e ongaic thin film 30

(“tﬁ?qngac ,ogo% g?%} JIAD o %Ot%fe%éaé% I%F?e y%clalecl\%ng cgatg ?glg effect

(mkaSFEw,nDIecular Iayer at the air-water interface was
transferred b% t he Langnuir-Schafer (LS) deposition
In the sHRe grreneryy ﬁ%mnfﬁ’gmaw tsnpisoFavEl spEre é%Pl figingglectrodes

pla%lrd'tr? 93{&9&1 Slhé E&fﬂuclﬁw éubﬁfalibgj(fﬁmit a@?}L %EQIn{J‘(ﬁnlt-m the layer

n1mas achieve e transfer
31 suxle aIfeP”D® e(é‘boﬂ:c&n afonf26¢”| mldﬂgulﬁtlon)b Guh theudetices nJaI ﬁop eahntact
nor used. f or F%t he transfer the

Qun
Cor'(é%ﬁ@'t‘?%\ B s ‘P’%ﬂ’ig&’ﬂt Nojsiave]sl xposition for 24
Thd &Hility [ RO TP o wikhedts a%%lﬁfsmﬁk&%' Hhk bA7 BOtributed to the

sat urat ed at nosphere used as received from
twoSHiferen ciatige Hranspdet giorldngd régimesspr duknve tridisersiongk dupipert,

whie et A e B Rl et e 88 nbimorstiel ol

bidingenkie A NREsit, SMidhagiess PIRS f14 Ser§ttintrbgith At tBOMnER0dbEween
This surface pressure value was the best for the

the peggpicsamicopdustora3 e dmdielestrie R0f when the 8wsiG @lts#thw'taﬁl D are
§ﬁ%%F xperimentale results
P mé\g}g pqﬂ%ﬁi&é?q’tuﬂgésﬁj&;t?&;?ll%%&n{ng e %Bgﬁ'l ow ng exanpl e
WhEx aophe ;ibtenﬁ;t]rh%; eglicl, af a ﬁxc,d somce-dtam potential, the transitor works
-bIS b|th|e 1 ? bi s ct on benzene
hke( 1re (ﬁt-ylemimi apa ion g a1§6: E{exg 1gppused by
the CBMdb n‘rr@ G 0nt Qi a:gﬁ AihadeaB! vy ﬁ‘i@qnt%%P o Wit t(}@ aB4yt8, or

were a to a sti'rred solution of
1nd15c-e(l by4h<5 p@memrmfsmhynalme?@ theddctixe bryeiodlawn @-the dielectric gate
34)-2,2" -bithi ophene 2 (1.10g, 3.76 mmol) and
% dIIOdO 2, 5-di octyl oxybenzene (prepared as reported

Instedt, tREh | thé eaf@hbk{tﬁm BRQ, gde; bisd)ea mote; cdndistenRvaridfion b the
Macr onol ecul es 1993, 26 5281) (1.00 g, 1.71 nanol) in
bldmnﬁpnqusoqrpydgalmc@rw anmegapad, this current is confined in the internal
region of the organic semiconductor. After the exposition of the active organic layer to
the analyte, some typical device parameter like the threshold voliage Vy, and the field
effect mobility change since both depend on respectively the volumetric density of the

trapped charge in the semiconductor and the potential barrier between the grain
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10 under ni trogen atnosphere. The reaction m xture was
up to the reflux tenperature. After 8 hours

Worzé?"\“lfﬂﬁ%g, the reaction mixture was cool ed tBCFHE#8/000263

tenperature, and the solvent was then evaporated at

reduced pressure. An aqueous saturated solution of

Nai | "cr was then added, and the m xture was extracted

with ethyl acetate. The organic extracts were dried

wi t h anhydrous sodi um sul phate, filtered and the 15

sol vent was evaporated at reduced pressure. The

boﬁn?lﬁl é&%@%%b@ﬁ%@l%{l}rﬁﬁf Qof:ﬁle tflﬁl GRL YWikasiish (t){hcﬁe gas with

oduct urm chr omat ogr aphy
theomm @ | ortginge | trappispAlpts appmngt pm@ssﬁs pktheofiee nahetgherand the

T T
In @r@a&t al b Zré‘ﬁrb.@:ﬂteﬁrMedbicﬁk%%ﬂﬁééﬂ@@%ﬁ%nﬁér&s&ﬁ @nst&&%{m
d), (mp.: 149451 Q) characterized on the

accbaisllwodﬁe mlh%eﬂﬁwvﬁldlqnovm ng NMR spectral data: |F1 NWR

Imtgari]lg)z raigqg @%eecﬁ bﬁ f'ifs %as(tt §il" %91 colqgkgctﬁl%]is&}er 110211d15t Z}esasi a

sili¢4) die[ﬁc&tc, laﬂeF’waﬁ; prepited. 46F@mal4 pbfztm(lt of B of theddiblectrid 1)y was
7.04, (tl 4Fl z, 21-1), S =3.9 Hz, 2H),
reimvg@)qrqmég' tp ﬁ'@bu@atg)succ?ssg@ly(tge gzgﬂylech;odg7 (d, J -39

i Bl g NS iy GESHRAtg K o

subkae 612, cdh? Be 3Bevel@Balyl Breatd@ Avitb an Babestdn, podt@173. The latter,
depencziilg Sdn i 3e7c~>r31gloyed3 %eposmon technique, could be useful for favouring a
uniform distribution of the molecules on the substrate.

Then one or more LS transfers of a compound with formula T were carryed out in order
to form the transistor organic thin film 30. The deposition can be made according

¥

varinos known techniques, for instance by means of “drop casting”, “spin coating
thermal evaporation” or by means of Langmuir-Schiifer techiques.

After the deposition of the organic thin film preferably in a bilayer configuration and
with the desidered thickness composition characteristics, the gate G, source S and drain
D elctrodes can be fabricated by thermal evaporation of gold through a shadow mask 5.
The final result is therefore a field effect transistor as that schematically represented in
figure 1.

Concerning the compounds deposition for the obtainment of an organic thin film with
the desired chracteristics, the Langmuir-Schéifer deposition technique afforded the best
results, in particular if preeceeded by the freatment of the substrate 12 with an adhesion
promoter 23

The deposition according to the abovementioned techniques is performed keeping the

compound 3 at a surface pressure included between 1 and 50 mN/m and preferably at a

pressure matching with the condensed phase pressure of the compound.
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149.20 5 ppm Anal . Calcd. for C381-1460284: C,

68.84, H 6.99, S, 19.34; found C, 68.58, H, 6.80, S,
WO]?Q"W(”Exarrpl e 2 Synt hesi s of PCT/IB2008/006263
6- 12, 5- bi s42, 21bi t hi ophen-5-y1-4464(28)-2-tert-but oxyc

arbonylanino-S- 10

phenyl pr opi onyl oxy) hexyl oxyl phenoxyl hexyl ester of the
acid (2S)-2-tertButoxycarbonyl am no- 3- phenyl propi onic
acid (PTA) Exanple 2.1 i5

6- [ 4- (6- Hydr oxyhexyl oxy) - 2, 5- di i odophenoxy] hexan- 1- ol

IR S G SO P 200 50, Sy, pur
theanplerdnant, afibr k- deyasition) the echseingaractiZatalyvasiphierieh ciidrb fm,
cosfghe. Stialivel BT bR Db 185 bitenad Tt M8 Bk
emfifa8luséB Thel Ph&%%ﬂnﬁ&aﬁ&‘?@ viderghed: by °@d6’§ Q9 &HRke GH-DS
aqueous saturated solution of NEECI. The product was

appasetysact ed wi t h di chl oromet hane. The organi ¢ phases

e hed, sever al W t,h so| ut
Boli® METARGRE <Shoutdsn o ot P Serd it PRugL il TRy with o
conobtvatib 612,60 kad*ax ebn ﬂféwﬁiﬂﬂ%whh%ﬁ%d 200V BL 59E6R REIuMEShY
evaporated at reduced 5pressure he crude product was

megsHeadzanitight sirgpyaddighipalladigpien el sdvtion qméluﬁ%le@uzw of the
water surface. All the solvent, produced by Carlo Erba, were of spectrophotometric

grade.

After the solvent evaporation, the floating film at the air-water interface was slowly and
continuosly compressed at 10 A” rate for each ripetition at minute. The surface pressure
was contemporaenously monitored by a Wilhelmy balance while an isotherm curve of
each sample was obtained.

The molecular layer at the air-water interface was transferred by the Langmuir-Scl?ﬁfer
(LS) deposition technique, by lowering the substrate, holded in an orizontal position,
until the contact with the floating film was achieved. During the transfer, a surface
pressute of 20 mN/m for both functionalized compound was normally used. Before the
transfer the subsirates were hydrophobized by exposition for 24 hour to an 1,1,1,3,3,3~
Hexamethyldisilazane saturated atmosphere used as received from Sigma-Aldrich

In Figure 3 is represented as an example the Langmuir isotherm curve for the PTO, as is
evident form the figure the condensed phase for this compound is reached at surface
pressure starting from 20 mN/m. This surface pressure value was the best for the
fabrication of an organic thin {ilm transistor with the desired performances.

Some experimentale results are illustated reffering to the following example

Example |

Synthesis of 1,4-bis[5-(2,2-bithieny})}-2,5-bis(octyloxy)benzene (PTO)
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means of a short columm of silica gel using
d|chIoronethane/petroleun1ether (7:3) to elute
WORgIs8eRdet s and then ethyl acetate to el ute RUYIBHEHYOZS3
yield) of a white solid. LIZ (KBr): v 3401, 3293,
2938, 2902, 2863, 1626, 1487, 1464, 1392, 1351, 1215,
1058, 1024 cm1; 114 NMR (500 MHz, CDCI3): 8 1.35 (bs,
2H), 1.40+1.49 (m 4H), 1.51+1.58 to(m 4H), 1.59+1.66
(m 41-1), 1.78+1.85 (n1 4H), 3.66 (t, 41-1, 3- = 6.7
Hz), 3.93 (t, 41-1, J 6.3 Hz), 7.16 (s, 2H) ppm 13C
NMR (125.7 Mz, CDCI3): 6 25.8&n,25. 77, 28.97, 32.44,
62.51, 70.07, 86.23, 122 66, 155 66 ppm Anal. Cal cd.
for C134281204: € 2, FoBnd: C, 38.24; H
4.98. 15 Exanplg 2. /
44642S)-2-tert - butoxycarbonylan1|no-
phenyl propi onyl oxy) hexyl o0&y - 2, 5- di i odophenoxy} hexyl
ester of the
(2S) - 2-t ert But oxycar bonyl am no- 3- phenyl propi oni ¢ aci d.
20 Triethylamne (0.33 g, 3.26 mol) and DIVB@Q (0.072

g, 0.590mtel ) were added tg a sol utd on of
NHI@%@MW&M/ Dl)
Hy dr oxyhexyl ©xy) oddpﬁ?noxy exahy |
188°nmrnol) in 10 nl of di chifidgenet hane. The mxture
was cool ed to OC and i sopropenyl chl orocarbonate

g,

Na,COs3 (0.36 g 3.40 mmol), Ag,O (0.79 g 3.41 mmol) and Pd(PPhs)s (0.06 g 0.052
mmol) were added to a stirred solution of 5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)-2,2’-bithiophene 2 (1.10g, 3.76 mmol) and I,4-diiodo-2,5-dioctyloxybenzene
{(prepared as reported in the literature: Bao, Z.; Chen, Y.; Cai, R.; Yu, L.
Macromolecules 1993, 26, 5281) (1.00 g, 1.71 mmol) in 20 ml of dry 1,4-dioxane kept
under nitrogen atmosphere. The reaction mixture was warmed up to the reflux
temperature. After 8 hours refluxing, the reaction mixture was cooled to room
temperature, and the solvent was then evaporated at reduced pressure. An aqueous
saturated solution of NH; CI” was then added, and the mixture was extracted with ethyl
acetate, The organic extracts were dried with anhydrous sodium sulphate, filtered and the
solvent was evaporated at reduced pressure. The residue was percolated on a celite
column and the crude product was purified by column chromatography over silica gel,
using a mixture of petroleum ether and dichloromethane (8:2) as the eluent. A yellow
solid was obtained, which was further purified by crystallization from dichloromethane-
hexane(0.99 g, 88% yield), (m.p.: 149-151 °C), and characterized on the basis of the
following NMR spectral data:

'H NMR (500 MHz, CDCLy): & 0.89 (t J= 6.7 Hz, 6H) 1.24=1.45 (m, 16 H), 1.58
(quintet, J = 6.4 Hz, 4H), 1.94 (quintet, J = 6.4 Mz, 4H), 4.12 (t, J = 6.4 Hz, 4510), 7.04 ¢l,
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20

25 (I1PCC) (0.42 g, 3.49 rnnol) was added dropw se

under stirring for 10 mn. After 60 mm ethyl acetate
WOZRB/08¢fded, and the organi c phases were washetfRiBRI8&MN263

aqueous sol ution of potassium hydrogenosul fate (5% 2

x 10 m), then an aqueous solution of sodium

hydr ogenocar bonate (5% 2 x 10 ml), and brine. The

organi ¢ phases were dried over anhydrous Na2SO4 and

the sol vent evaporated at reduced pressure. The crude

product was purified by chromatography on silica gel

(BT G Ut A % 305 Petaqtoer s Tl & v =39
mdgplz gpasel low oi | . IR (KBr): v 3438, 3025, 2938, 2864,
1493, 1459, 1350, 1211, 1168, 1055, 756 cm 1.

PG VR (R BBt MRCLCHOIRY2, 8.68,326:16, 419 .30, 129.4813).85, 69.73,

2 4841 .5
gyl g yonte s B 88 B 1y 5 Bhog 020
ppdH, J = 6.4 Hz) 4 04+4 16 (m 411) 4.54+4.62 (bm
%(’)‘9498 13 (d like, 411, J
Ana qd. for @331166923299 68. ?4 33, @994 $=kb9 34 1foyund G, 68.98,F,29.80, S,
195428 (t like, 4H J - 7 Hz) ppm 15 13C NVR (125.7

1ViHz, CDC13):25.14, 25.35, 27.98, 69.61, 79.28,
M 122. 31, 126. 56 128. 11, 128. 95, PPm 28. 06,

135. 84, 42, 154,71, 64.87,
LN NN L RN
ph&yﬂ%@pl%yl&?@lﬁmyfﬁmﬂeno%}h%%ylS3 estels &F 2%1’16 N, acfit 6?28)~2—tert-
Exanpl e 2.
Butoxycarbonylamino-3-phenylpropionic acid (PTA)

Q N 1BOC
O\//\/\/\O iy
oc S S S 5
w U Yav LL@
O~

6-[4-(6-Hydroxyhexyloxy)-2,5-diiodophenoxylhexan-1-ol

Example 2.1

OH OCH,OH
I : 1
b2 B P N N OH MaOH -
t THE/DMF ;

Ot OC,H ;0

A solution of 2,5-diiodohydroquinoene (1.80 g, 4.97 mmo!) and NaOH (0.44 g, 11.00
mmol) in 2 ml of THF and 4 m]l of DMF was stirred under N, atmosphere. After 20
minutes 6-bromo-1-hexanol (2.93 g, 16.10 mmol) was added dlopw1se then the system
was heated to 50°C.
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20Synt hesi s of
6-12, 5-bis-[2, 2D t hi ophen-5-y1-4464(25)-2-tert-butoxyc

WORPEIN9I3Am no- 3- PCT/IB2008/000263
phenyl pr opi onyl oxy) hexyl oxyi nhenoxyt hexyl est er of t he(2S
1-2-tert- Butwp_-3- hen or pionic acid (PTA)
Anhydr ous Na2CO3 (0.066 g, 0.623 mmol), Ag20 (0.144 g,
0.621 mmol) and Pd(PP113)4 (0.011 g, 0.009 mml) were
added to a stirred solution of
5-(4,4,5,5-tetranet hyl-1, 3, 2-

Af@m i48 Mb@raapm \Qa%/qu)aﬂﬁhed 'by bildihg aphpreus BR8] @luttnGTNLC.

ggl&cggg ﬁag%,ﬂ %11}13 dtﬁqg}hwgp%ﬁ JRE Lrganigy phases were washed
sofer 414&1%&% £s81BHbDMIRONAIBRMHATAD %hm?ﬁa@é'hrg é%gééﬂgxéems

| hexyl oxy] - - di i odophenoxyl hexyl ester
B thepdyic ﬁV@ Emhydwus 2 S04THE eoduend mmwamaied at reduced

T A G TR ol

meapasTPE pahout eplusiidod $ikcasgdl iR deiforbmBlahdp@riRe! ahed(Bd) to
An aqueous saturated solution of

lre uce Preasure
e csapd then prhyhacetatel chtieb4? géﬁ%w@i)mf w@ﬁte sQids

t h t]
PS8 48 ST P T o

10%4:1111]13]&{31\11\)[1{ (S08rdHza00CHRE 584 (f@mﬂmmoe‘y ap%ahﬁji 1&1+1.58
educed Erressure The crude product was ur|f| ed b

(mc‘b‘rllar‘ré EhOb kit 3k ARy -89 &, 4il), B ok (géH, T H§L7n§4)a3 935{\/ 4H, 1=
6.3 tM@}SO%‘g?Eﬁ"QD' eum et her! di chl oronet hane / ethyl
ate

acet ) as eluent. A yellow solid was

B aauRt €105 (JOMIE) QDCIHNB ¥5.81,0)5.7mhuigody, wasif wpNeno.07, 86.23,
gzéél fied by crystallization from
12 dRéO8PeM or omet hane (m p. 121-123C). The structure

408 GRS RISNTE i 0 15 o

w_@pji&_ 29. 25, 38.44, 54.44, 2065.32, 69.51, 79. 81

o %é% 05, 122.73, 123.31, 123 50, 124.27. 125.84
YISy, 107, 86.9T108. 47, 12&-Pel6-A5p- %w’tﬁwysg‘bonyfammoﬁ-

e e e

BuigppagionyBmin@a-phenylpdeiomy add4) , 1. 42 (s 18 H), 1.61
(quintet, J = 7.8 Hz, 41-1), 1.63 (quintet, J = 7.8
Hz, 414), 1.93 (quintet 7.8 Hz, 4H), 3.01 + 3.14 On,

14), 4.07 417 (m B8H), 4,53 4- 4.62 (bm 2H),
H

hd, J 21 Eo, bifAp 4 mS = 3.9
@ 37 “ N“— 7. OC i 19 HZ 21

@7, 31°Cm 12 H), 7. 46 5(& 5= 3 9 Hz, 214) ppm
Anal . Calcd. C621-172N2004: C, 65.70; H. 6.40; N,
2.47; S 11.32. Found: C, 65.63; El, 6.36; N, 2.51; S

Trietilyldiine (0.33 g, 3.26 mmol) and DMAP (0.072 g, 0.59 mmol) were added to a
solution of N-BOC-L-phenylalanine (0.79 g 2.98 mmol) and 6-[4-(6-
Hydroxyhexyloxy)-2,5-ditodophenoxylhexan-1-ol (0.75 g, 1.33 mmol) in 10 ml of
dichloromethane. The mixture was cooled to 0°C and isopropenyl chlorocarbonate

(IPCC) (0.42 g, 3.49 mmol) was added dropwise under stirring for 10 min. After 60 min,
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Exanpl e 3 Synt hesi s of
1,4-bis[5-(2,2"-bithienyl)]-2,5-(2,3,4,6-tetra-0-acety
WO|Z£%L‘)®SE| ueopyranosyl )- 10 benzene (PTZ) Exabl/B28181000263
Synt hesi s of 1, 4-di net hoxybenzene 15 | odon®et hane
(4.98 M, 9.99 mmol ) was added dropw se to a sol ution
of hydroqui none (4.00 g, 36.33 mmol) and [(OH (8.32 g,
148.30 mol) in 75 m of DMSO. The reaction m xture
becane dark and was stirred at r.t. for 1 h at 25C
The reaction m xture was neutralized by adding an

ethyd) aetais waatdidedt adl thelovganznphatesNlerd 4Gdhed Tiieh @ agligels sdlution

was extracted wt Lchl or thane (3 x 50 nL)., The
of JORSHIE hﬁﬁ%@ﬂﬁ%@%\%s e R g4cas Sotian 67 sqdum
hyélro%éﬁ)cé'ﬂ}&m&@ (k] TxnBS e PMR@ brinBeh Abiogfkc g)\ﬁgsres Y A5 Sver

Na2SO4. The sol vent was evaporated at” reduced
anfydeaus Nap S Op angh theesodesin dvapasatéds ol radwndd (pdes@fte.gTheyéredeaproduct
T A I R

eth200Ih 0RORBNMETEhIBRRAB¢ (D253 BB alwing MIB3y (78%Ldield) of a

deﬁaé% yellow oil.

IR (KBr): v 3438, 3025, 2938, 2864, 1713, 1493, 1459, 1350, 1211, 1168, 1055, 756 cm
i,

H

"H NMR (500 MHz, CDCly): 8 1.32+1.40 (m, 4H), 1.42 (5, 18H), 1.48+1.56 (m, 4H),
1.59+1.67 (m, 4H), 1.75+1.83 (m, 4H), 3.02+320 (m, 4H), 3.92 (t, 41L, J = 6.4 Hz),
4.04+4.16 (m, 4H), 4.54+4.62 (bm, 2H), 4.98 (bd, 2H, T ~ § Hz), 7.13 (d like, 4H, J ~7
Hz), 7.17 (s, 2H), 7.23 (¢ like, 2H, J ~ 7 Hz), 7.28 (t like, 41L, J ~ 7 Hz) ppm;

BCNMR (125.7 MHz, CDCL;): & 25.14, 25.35, 27.98, 28.06, 28.59, 38.03, 54.21, 64.87,
69.61, 79.28, 85.97, 122.31, 126.56, 128.11, 128.95, 135.84, 152.42, 154.71, 171.60

ppm.
Anal. Caled. C4sHealaN2010: C, 52.28; H. 5.91; N, 2.65. Found: C, 52.53; H, 6.22; N,
2.65,

Example 2.3

Synthesis of 6-{2,5-bis-[2,2'[bithiophen-5-yI-4-[6-((28)-2-fert-butoxycarbonylamino-3-

phenylpropionyloxyhexyloxy|phenoxythexyi ester of the (28)-2-tert-

Butoxycarbonylamino-3-phenylpropionic acid (PTA)
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H2 SO4 MeOMeO The reaction m xture,

1, 4-di net hoxybenzene (5.00g. 36.19 mol), iodine (8.27
WOZ00s49638 5 npD, 1-1103 (3.90 g, 22.17 ol ) PCHEBEGH/000263

(30%9 (11.7 m), acetic acid (63.3 m), in 15 nm of

Tetrachl oronet hane was refluxed for 12 hours. Then,

the m xture was cooled to roomtenperature, the

sol vent was concentrated at reduced pressure and the

crude product was collected by filtration and washed

with acetone. A white solid was isolated (10.02g,

yield 71 % . o danmple 3.3 nt hesi s j@f*2, 5- di
i odo- 1, 4- hydf dquione E%W&n of

2, 5-di i odo- 1,4-dNfret hoxybe&nZehe (3.00g, W.p9 ninol) in
30 m of Amhydrous di chl oro Iwg%ne was cool ed to -80C

and BBr3 (19 m, it ) Was added drop wise. The
mxture was allo / re dfstirred for additional
12h, solid precipitate was florned, col y egt ed and

then crystallized fron1ethanowqmﬂ4u>mﬁﬁ§%%race of
sol vent was evapobat S pre e (2.50 g,
yield 90 % . ﬁ%&ﬁ}g@mof
1,4-bis-0-trinmethylisilyi-2,5-¢i i odohydroqui none.

52, 5-di i odo- 1, 4- hydr oqui none (1.000 g, 2.76 mmmol),
chlorotrinethylsilane (0.77nmL, 6.07

Anhydrous NayCO; (0.066 g, 0.623 mmol), Ag0 (0.144 g, 0.621 mmol) and Pd(PPhy)4
(0.011 g, 0.009 mmol) were added to a stirred solution of 5-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-y1)-2,2’-bithiophene  (0.198 g, 0.678 mmol) and (2S)-2-tert-
Butoxycarbonylamino-3-phenylpropionic acid 6-{4-[6-((28)-2-teri-
butoxycarbonylamino-3-phenylpropionyloxy)hexyloxy]-2,5-diiodophenoxy}hexyl ester
(0.326 g, 0.308 mmol) in 5 ml of dry 1,4-dioxane kept under nitrogen atmosphere. The
reaction mixture was refluxed overnight. Then, the mixture was cooled to room
temperature, and the solvent was finally evaporated at reduced pressure. An aqueous
saturated solution of NH,;'CI' (10 ml) was then added, and the mixture was extracted
with dichloromethane (15 ml, three times). The organic extracts were dried with
anhydrous sodium sulphate, filtered and the solvent was evaporated at reduced pressure.
The crude product was purified by column chromatography over silica gel, using a
mixture of petroleum ether / dichloromethane / ethyl acetate/ (8:2:2) as eluent. A yellow
solid was isolated (0.210 g, 60% yield), which was further purified by crystallization
from hexane-dichloromethane (m.p. 121-123°C).

The structure of the compound was proven by *C and '"H NMR:

PC NMR (125.7 MHz, CDCl): 5 25.66, 25.96, 28.26, 28.29, 28.45, 20.25, 38.44, 54.44,
65.32, 69.51, 79.81, 112.05, 122.73, 123.31, 123.50, 124.27, 125.84, 126.94, 127.86,
128.47,129.28, 136.04, 137.33, 137.64, 137.96, 149.19, 155.03, 171.96 ppm.
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nnDI) and 1,1, 1,3, 3, 3-hexanet hyl di si  azane (1.29 n
nnDI) were dissolved in 6 m of dry acetonltrlle
WO?W@"P@&& ion mixture was stirred under nitr oRf&kIBag08/000263
r.t. for 16 h, and then the solvent was renoved at
reduced pressure. The residue was dissolved in
petroleumether and filtered to renove precipitated
salts. The solution was washed with 10saturated
aqueous bi carbonate and brine, dried over anhydrous
Na2SO4, and evaporated to dryness. 1.308 g (94%yi el d)

! t t 999,
bR e b agata {410 gt

IIZMH), 1(63)@11831@ 1307.85iz( 410, 1K) (quitued 7.8 Bz, 4D13.0ppra. 14 (m, 411)
58

1055 b bﬁﬁﬁ?esﬁw"é 908408 BeetiPh 7084, § b 51

Y3 BORY MDADE 201, SHYSPREBFRLRAGE, BUE (R 130 (B 1 PHEY 40

aiBF$£EH2QLO¢mﬁan1) were added to a sol ution of
,4-bis-0-tr] hyl si |l y1-2, 5- diiodohydroqui no

Angly Colgt G Hp Nyt 05105 56 610: B "k S1B L P63

63@@¢Q§ppgqqg@nd at r.t. After 16 h the reaction m xture

was washed Wi th saturated 5 aqueous bi carbonate and
_Jﬂmleﬁ, and dried over anhydrous Na2SO4. After

Sy HaRe o LT R BRI B G AP G PP Hicpbfifnoss)-

bﬂﬁgknymgj obtalnlng 1.477 g (59%yield) of a white
solid (mp.: 183+185C). IR (KBr): v 2951, 1752, 1470,
Exapgpte3.11224, 1041, 904, 811, 603 cnmi; 11-1 NMR (500

s, 61-1), 2.05 (s, 614), 2.09 (s,
Sy‘%ﬁ“ 1‘%2“8%8"%?%‘53“‘(%03 89+3 93 (m 2H), 4.21 (dd,
214, 3 = 12.3 6.0). 4.24 (dd, 2H, J = 2.9, 12.3),
4.96 (d, 2H = 8.0), 5 12 (tl, 214, J = 9.3),

5.25+5.36 (m 411°H 7.45 (s 214@ m O¥8C NMR (125. 7
MHz, CDCI3): 6/20458, ShalgPH HWS 4@18, 68. 22,
70.66, 72.38, Y2.A7, B6.61 100.02X 126.38, 152.65,
169. 09, 169. 3/ 170.20, 170.64 pomy el enent al

anal ysis (% calcd for C34144012 C 39.94, H 3.94;
found C 39.83,14 3.85. 15 Exanple 3.6 Synthesis of

gggg (2,2 -bithienyl)]-2,5-(2,3,4,6-te

Iodgmg;h W3- i, B xy@a@by\w 941 ﬁlﬂp@@mt@rﬁgsqlmlpz)of hydroquinone
(4. BEB$ kol and KOH (8.32 g, 148.30 mmol) in 75 ml of DMSO.

The reaction mixture became dark and was stitred at r.t. for 1 h at 25°C. The reaction
mixture was neutralized by adding an aqueous saturated solution of WHiCL The product
was extracted with dichloromethane (3 x 50 mL). The organic phases were washed
several times with water (5 x 150 mL) to eliminate DMSO, then dried over anhydrous
Na;504. The solvent was evaporated at reduced pressure. A white solid was {solated
(4.87 g, yield 97%).

LExample 3.2
Synthesis of 2,5-diiodo-1,4-dimethoxybenzene
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Ag20, Na2CQO3, di oxane Na2CO3 (0.21g, 1.98 mmol), Ag20
(0.45 g, 1.94 mmol) and Pd(PPh3)4 (0.03g, 0.03 mmol)
WO RRMBE9Gd%ed to a sol uti on of PCT/IB2008/000263
1,4-bis-(2,3,4,6-tetra-0-acetyl -P-D gl ucopyranosyl ) -

2, 5-di i odobenzene (1.00g, 0.98 nmol) and
5-(4,4,5,5-tetranet hyl-1, 3, 2-di oxabor ol an- 2-

yl)-2,2" -bithi ophene (0.63 g, 2.16 mol) in 30 m of
anhydr ous di oxane under a nitrogen atnosphere. The
reaction m xture was refiuxed for 24 hours, and then
the solvent was 5 g@oved at reduced presgure. A

saturated sol utjo _of] ,'?%4,6& ggngm) , then added

and the result t riaed wHit h et hyl
acetate (3X15 nx O ganild®xtracts were dried over
anhydrous sadéam sul fate, the filtated and the sol vent
was finally renmoved at reduced pressure. The residue
was percolated on a elite columm and the crude product
was purified by colum chromat ography over silica gel,
using a mxture of topetroleumether /ethyl acetate
Therepetzon mixeure| lredimetbenyberzene 610t 36.19 meabl], dastine (8.27 g, 32.58

mofptf MG G G e RD et 0410 S SRR B i 15
ml b gBiradhi@emeRan I @ad agiugedfor tinoh@l TRW, fige SBR&Gk W cooled to
data: 11-1 NVR (500 MHz, CDC13), 8 (ppm) 1.82 (s. 3H),

rooty, denpesatugHyhe solyent(was gm];yntragedo@ feduceg1mpssug: ol z;heogrude

pnogﬂ}}fg&%&”&ouﬁ%ﬂﬁ% ﬁg %%M%shgd %@m (aiceto%ef_l.A &Jg%b ?@Hﬁ&a}s isolated

(Iomgsyléldd’lw J=9.5, 8 7.05 (dd, 1H, J=5.1, 3.5
) 714 (d, 1HJ40Hz)724(dd 1H J=5.1, 1.0
le33 27 (dd, 1H, J=3.5, 1.0 Hz), 7.32 (d, 1H 4.0
s;ﬁ;a otk Ly (500 M, CDGI3}, S (ppm
Y ES “5p o G%Dh%dl é'g% 56, 70 91, 72.38, 72.99,

99 85 115.50, 123.95, 124.67, 127.52,128.07, 136. 33,
136.92, 138.22, 14808k, 169.35, 20169.4%, 170. 24,

170. 65. UWV: km, 4.50 ,pm %, ", " 25 0O nm Exanple 4
Synt hesi s of N Mi t
(2, 2' - bit hi opheny5s=41) - 44288C4 6-t et+a- 0- acet y143- D-

gl ucopyr anosyhiktlenzene (DTZ) 25 QA

A solution of 2,5-diiodo-1,4-dimethoxybenzene (3.00g, 7.69 mmol) in 30 ml of
Anhydrous dichioromethane was cooled to -80°C and BBr; (19 ml, 16.93 mmol) was
added drop wise. The mixture was allowed to 1t and stirred for additional 12h, solid
precipitate was formed, collected

and then crystallized from ethanol-water. The trace of solvent was evaporated at reduced
pressure

(2.50 g, yield 90 %).

Example 3.4
Synthesis of 1,4-bis-O-trimethylsilyl-2,5-diiodohydroguinone.

29



10

15

WO 2008/ 096239PCT/ | B2008/ 000263 Exanple 4.1 Synthesis
of 1

WO20849%062, 3, 4, 64etra- 0-acetyl - 11- 0- gl ucopyr antSSy/IBRBIIRE63
ne OAc 0 MO 5 To a solution of
1-iodo-4-thrinetilsilyl oxybenzene (0.400 g, 1.37 nmol)
in dichloronmethane (5 mM), was added dropw se under a
nitrogen atnosphere a solution in dichloronethane (6
m ) of gl ucose pentaacetate (0.588 g, 1.51 nmol), then
the BF3*Et 20 10(1.37 nil). After about 15 hours, the
reaction mxture was diluted with water, extracted
with ethyl acetate, and e organi c phase washed with
a n aqueous saturat eggel utsmsyy of NaFI CO8 (3x100 nl).
The organi c phase was “dri ed_on anhydr ous Meeam sa
fate, and th ol vent wa&¥i'stilled at sefuced

bsidue was crystal | Fz&d f/om net hano

(white solid}=.681, yi 909 .
HO MeaSIio

2,5-diiodo-1,4-hydroquinone (1.000 g, 2.76 mmol), chlorotrimethylsilane (0.77ml, 6.07
mmol) and 1,1,1,3,3,3-hexamethyldisilazane (1.29 ml, 6.07 mmol) were dissolved in 6
ml of dry acetonitrile. The reaction mixture was stitred under nitrogen at r.t. for 16 h,
and then the solvent was removed at reduced pressure. The residue was dissolved in
petroleum ether and filtered to remove precipitated salts. The solution was washed with
saturated aqueous bicarbonate and brine, dried over anhydrous Na,SO,, and evaporated
to dryness. 1.308 g (94% yield) of the crude product were obtained.

IR (KKBr): v 2959, 1461, 1347, 1252, 1204, 1046, 908, 841 cm™';

'HNMR (500 MHz, CDCls): 8 0.35 (s, 18H), 7.15 (s, 2H) ppm.

Example 3.5

Synthesis of 2,5-diiodo-1,4-bis-(2,3,4 6—tetra~0—acetyl—B~D—g]ucopyranosyl)benzene

AcO-
AcO,
AcO

OSiMes AGM
OAc
N e 3
BF3.Et,0, CH,Cly

Me3SiO

OAc
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(CDC13, 4001\414z) 8 2.02 (s, 3H), 2.03 (s, 314), 2.04
(s, 31-1), 2.06 (s, 314), 3.81- 3.87 (m 11-1), 4.14
WOQRHS09@23M J = 12.3, 2.4 Hz), 4.26 (dd, 1H, J rerhB28/000263

5.4 Hz), 5.03 (dl, J- 8 Hz), 5.14 (tl, 1H J- 9
Hz), 5.21-5.31 (m 2H) 6.75 (dl, 214, J- 9 Hz), 7.57
(dl, 214, J- 9 Hz). 20 Exanple 4.2 Synthesis of

(2,2 -bithiophen-5-y1)-442,3,4,6-tetra-0-acetyl13-D

gl ucopi ranosyl ] benzene (DTZ) To a solution of
1-i0do-4(2,3,4,6-tetra-0-acetyl - P-D-gl ucopyranosyl ) ben

n : Al I H . 3
CHRERS PRty O(2. Db T g etolod i 3l of gy efogamgfhanc
antli BFeRgO( (1.20@1)gweke @d@%l momal olutiorariy HrdisOdiioxsanBil{s2, 5-
. wer e add nder nitrogen_atnpsphere, Na2CO3 .
dll{)ﬂ%ﬂ@(@}ﬂ%.@ 26208y 2R sernely 9630 gnl (t2 $Hakh| yndgs gitrogen
atrRedphdBhAdd af 0. OAKE, é:@ -h}?ﬂhe”fé@étﬁon hurk 8R4 bvgfhem Ktk sBurated

was refluxed (at 80C) for 4 hours, then cooled to room
5 aqueqyp drcathenete amif avase) andrriedawer ahpdieds Mt SOaddGedvaporation of

. , he residue. i Luted 10 with an .
EETTH oF (s DS RS Bl bl b goffzation trom
moteshoEabthiafieeldi i ¢ (3984 iH) SGalaeSoad %‘{phq sor gty | ayer

dri ed on anhydrous sodi um sul f at e. er filtration,
IR{(KBr)s ¥1208 htl ThRs1478nV6dl 224 HddL08d8 by, 683 omd; The

B e
. [ ' : - f
0 eyl dural e sbiqhds 8, . 19501599, o

e by % o +036 (BB T GLIH) Bl "€ OB 1257

il oLF 20582 102} 142655, 6832 1066, 7255052 87, 55, 100.02,
1145.¢E0 , 18 (tl, 114, 1- 9 H),
1288208 esbo, 18t bl ity T o0 (G

elemlgnm} alBisg %) Falkd +ﬂzr)(§341~7140122)2((: ?363d919144H 308 fRurklz T 39R3 ;LH 3.85.
1.1, J = 3.8 Hz), 7.18 (dd, 11-1,J= 3.6, 1.1),

15 E’“.—Q@E&%{%d, 114, J = 5.1, 3.6) 7.52 (dl, 211, J-- 9 Hz).
, hi el tne tetran()- .- ey
b e e Do (23,4 st Qoaey -D-slupopspanosy)

berzes) PXAer t but hoxycar bonyl anmi no- 3- phenyl propyoni ¢ aci d
(DTA) 25

OhAc

OAG AGOD~—
AcO AcQ,
e
AGO\ — o]
(o]
AcO O

AcO Ie) -
0 s s P(PPhs), SO AN A S
o Ac
Q

Ac

o]
Ohc
Ohc OAc
OAc AcO

AcO
20
Na;CO; (0.21g, 1.98 mmol), Ag0 (0.45 g, 1.94 mmol) and Pd(PPhs)s (0.03g, 0.03
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WO 2008/ 096239PCT/ 182008/ 000263 Exanple 5.1 Synthesis
dof 6-(4-iodophenoxy) hexan-1 - ol A sol ution of NaCH

WO2g08499238 8. 18 mmmol ) and 4-i odophenol (1.5 gPCBIRB208/000263

mmol) in7.5mM of DMF and 3.5 m of T1111 was
stirred at roomtenperature for 15 m nuts. Then

br onohexanol (1.482 g, 8.18 mmol) was added and the
reaction msture was warned at 10 60C. Wen the
reaction is over, water was added (15 m) and the

m xture was extracted with ethyl acetate. The organic

mﬁfb@sﬁel‘é@adéﬁ foefsdMiRin ﬁWhAY g5q93, éﬁ@-@&z‘df@—%é@tﬁt]ﬁbeglﬁﬂgylanosyl)

after filtration the solvent was renoved at reduce

2 priodhearentiibOf, dmscmmn@sanﬁss@(%é,d-tuyammﬂdas @dioxabmoian—z-

v BB S bk F 9 088 gt et it wadoy ¢ itrogen
ath@SpHREd. dhe ehclidn RiRuS: whfd &ﬁdx&igﬁﬁ 24 Hokwea B ﬁleﬁ 1 solvent was
Synt hesi s of 6-(4-iodophenoxy)hexyl ester

repioved At Kgecsd y)é%sﬁ%w sa #ol glvinngl NHe ;S?loﬁig dnlj ayag then added
r%lc@% 'r@s‘izﬁ%ﬁlyz Do alj:n élevr%ﬁ] Lc)eia?@%)ﬁ%ﬁga 1;1;91%? eﬂt’racts

were a de rogen-a

were| driddoovepfanfydrdus eatihmrh esuirxig) 1ﬁ¥eﬁ&aed ad 1(n@ soD@g, wak flﬁaily
oC | al
rea}oye% pk}ﬁﬁa%%?% 1:?;: nﬁg?@ﬁ%&% n\%hc;epeic Efateg on a ce?ﬂe colurzm and the

crude product was purified by column chromatography over silica gel, using 2 mixture of
petroleum ether /ethyl acetate 1:1 as the eluent, and then crystallized from
dichloromethane-hexane. 0.90 (84% yield) of a bright yellow solid were recovered (m.p.
218-220°C), which was identified on the basis of the following spectral data:

"H NMR (500 MHz, CDCl3), & (ppm) 1.82 (s, 3H), 1.98 (s, 3H), 2.02 (s, 3H), 2.06 (s,
3H), 3.97-4.03 (m, 1H}), 4.21-.30 (m, 2H), 5.18 (t, 2H, J=9,5 Hz), 5.19 (d, 1H, J=8.3 Hz)
5.30 (¢, IH, J=9.5 Hz), 5.43 (dd, 1H, J=9.5, 8.3 Hz), 7.05 (dd, 1H, J=5.1, 3.5 Hz), 7.14
(d, 1H, J=4.0 Hz), 7.24 (dd, 1H, J=5.1, 1.0 Hz), 7.27 (dd, 1H, J=3.5, 1.0 Hz), 7.32 (d,
tH, 4.0 Hz), 7.43 (s, 1H).

BC NMR (500 MHz, CDCls), & (ppm) 20.39, 20.57, 62.29, 68.26, 70.91, 7238, 72.99,
99.85, 115.50, 123.95, 124.67, 127.52,128.07, 136.33, 136.92, 138.22, 148.84, 169.35,
169.45, 170.24, 170.65.

UV: Amax 394.50 nm, Anin 252.00 nm;

Example 4

Synthesis of (2,2°-bithiophen-5-y1)—4-{2,3,4,6-tetra-O-acetyl-B-D-
glucopyranosyl]benzene (DTZ)

OAc
AcO " \ / \

QAC
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dropwi se. After stirring at OC for 1 hour, the

reacti on was quenched by addition of water and snall
WORBMESY (5 m ) of saturated aqueous sol uti onRCEHIB2008/000263

ammoni um chl ori de and sodi um chl ori de. 5The m xture

was extracted with dichloronethane (3x 30 m), and the

organi c | ayer dried over anhydrous sodium sul fate.

After filtration, the solvent was renoved at reduced

pressure. The crude product was purified by silica gel

col um chr omat ogr aphy usi ng petrol eum et her/ et hyl

acetate 8.5/1.5 as eluant. A colourless thick oil was

ecovered (0.919 g, 72%yvyield). 10l HNVR ( CDC13,
EMM&@ 5 1.39 (s, 9H), 1.26-1.48 (m 4H), 1.58

qQuint.ef.. LA Aiomn G 8 1, i H, J
Sy"theg‘.g gg‘;“,ﬁfof%gﬁsfé i%la??mgt’é;?ﬂopl%.@?%w@Ef%mﬁ&: 6.8 Hz),

4.01- 4.12 (m 2H 4.53 (bq, 1H, J - 7 Hz), 4.95 (hd,
1H, J - 7 Hz), .6 |, 214, J 8 Hz), 7.09 (dI, 1H J
- 8 Hz), 7.17-722 ) 3H), 7.50 (dl, 21-1, J 8 Hz).
Exanpl e 5.3 15Synt hesivsof OAc

6-{4-12724bi t hi ophen- 5-34-p xy¥ hexyl er of
(29) - OS'%t 03B5HEP bony’FMpi oni ¢
i d. A sol uti'on” of

5-(4,4,5,5-Tetranet hyl-1, 3, 2-di oxabor ol an- 2-y0- 2, 2' - bi
t hi ophene (0.165 g, 0.57 mmol ), dissolved in dry

di oxane (3 m ), was added to a solution of the

650l1fdn0 € ) w h .
o o S e S PR et P 4000 o2 Zipep
dichlorpfieBiank ¢, mf), Bbs aided drepvder uralen b mitogem atatospisipd e selution in

. Anhydr o odi um car bonate (Q.055 0.51 I er
dichlorp g o DA e PP Efo ) SHP e Ly Erilied: Qe rap O
(1.379C for 15 hours. The reaction was quenched by adding

an aqueous saturated solution of amoniumchloride (7
After ahpyt, 15Thorsrithe teeetionamixéyre vas ddutedivtith waterh Exiragtest widin ethyl

acetate,( a%n)& &19 oggg;a?nic &?a%je twlgis egr\%%’lnéil G aqueous saturated solution of NaHCO;
(3x100 ml). The organic phase was dried on anhydrous sodiuin sul fate, and the solvent
was distilled at reduced pressure.

The residue was crystallized from methanol (white solid, 0.681, yield 90%).

INMR (CDCls, 400MHz) 6 2.02 (s, 3H), 2.03 (s, 3H), 2.04 (s, 3H), 2.06 (s, 3H), 3.81-
3.87 (m, 11D, 4.14 (dd, 1 HJ =12.3, 2.4 Hz), 4.26 (dd, 1H, J = 12.3, 5.4 Hz), 5.03 (dl,
1H, J~ 8 Hz), 5.14 (il, 1H, J~ 9 Hz), 5.21-5.31 (m, 2E) 6.75 (dl, 2}, J~ 9 Hz), 7.57 (dl,
2H, J~ 9 Hz).

Example 4.2

Synthesis of (2,2’-bithiophen-5-y)-4-]2,3 4,6-tetra-O-acetyl-$-D-
glucopiranosyllbenzene (DTZ)

OAc
& OAc
Q
A - a S S._ Ag0, Pd(PPh Q
oy j P 1) faon o ”iﬂcfef//@ 0 il
Ohc o \ Na,CO3, dioxane ORE WA
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5 phase dried over anhydrous sodium sulfate. After
filtration the solvent was renoved at reduced
WORpe46338. The crude product was purified by BUT/iBza08ged263
col utm chr omat ogr aphy usi ng petrol eum et her/ et hyl
acetate 8/ 2 as eluant, then by crystallization from
di chl or onet hane (yellow solid, mp. 103.0-104C, 0.236
g, yield 74%. 111NVR (CDCl 3, 4001vHz) 8 1.42 (s,
91-1), 1.32-1.53 (m 414), 1.63 (quintet, 21-1, J =
6.8 tOHz), 1.79 (quintet, 21-1, J- 6.81-1z),
3.02-3.15 (m 21-1), 3.98 (t, 21-1, J = 6.8 Hz), 4.06-
4.16 (m 2H), 4.57 (bg, 1H J - 7 Hz), 4.99 (bd, 1H, J
- 7 Hz), 6.90 (dI, 21-1, J - 8 Hz), 7.10 (d, IH J =

z(;o;b_%%qz;f ﬂ]}od%dt}&fbdg& f(etla~ 1?%ty@-lf%h?%;g&%ﬁisyéF'énjé]w:@Slé5 g,

0. 21: rﬁmblz))andB (zpi i(,ﬂtbtiaﬂrﬂathlyl 13,2;d15\31)01(§larﬂ-.)21yl) 22blﬂef8r1e omoz2 g,
Hz? 1513CNI VI R’ ( CDC

0. 3%;95“*? i‘zz)“ 8511258 é@hd@s%wl 2eero pddal ugdpr azgmvs»n agiogghere,

Na 24.‘1@6(),7@%2?18*%2&713@ A%ZP( A 8.%&?‘27%‘%‘9@31’,%& ?@?%);;.{Cﬁ@llg, 0.01

mm@iB. 47, 129.28, 135.57, 136. 03, 137 56, 143. 15,
155. 07, 158.73, 171.98 Fabri cati on of or
T AU AP s SLRER Jit RS o 4peyTe. Chen pCtoReirsa. toom

tenf|R¥NGE. TRSsol RBf Wvaaltathvby ; aU?eHG&d%Lés%ﬁltcaJ‘ﬁ%@[e P@ﬁ?g diluted
Wn@ doped silicon wafer 20(resistivity: O.

ot asileayy satugnel pfNbhi Gk T8e @QSLrﬂthgrmadtummaSazxtthe:i géth ethyl
SRV T e o SN B S 2 e o

soldemmm&mdvsdandd@ubpgmwt |y covering this region with
ggal Iy evapor ated gold. Then, the substrate was
Th? resilug wastvridied by esildestel cplamnvglrematogiphyy fRetiglvamt ¢themeé1yl

t ¢
St o 4G U, BB ) S AT BRI 30
dickiermnmtimdebe:ame) (i 1008, 1804 ywald).t hen deposited onto the

M B UM S B ol R0, 2084 PRDe (s 3H), 3.83-
lei z@d
3, 9i %Cm}mqg' (H& | Wﬁﬁﬁggf%’ﬁgﬁg Lg%@@lfflaée blﬁ £%POg g‘?ﬁ (i,

3-" nodi emstry
lthkS Hg) 6t18p,5®,r tHEL A9y H Iz)dfs ophioki an.adtdhey QLAH rJe@n&;)g 7.02 (dd,

L t i.0
> e T Aot R ) 30 e Siat s T uraony 1 -
3.61 he), WQQI()&DHH?J eal), a7 sbachur alo prpperty of the filns
and it is we ‘
Example 5
Synthesis of the 6-{4-[2,2']bithyophen-5-yl-phenoxy}hexyl ester of the (2S)-2-tert-

buthoxycarbonylamino-3-phenylpropyonic acid (DTA)
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5 known that the 1-1MDS, pronoting the phase

se ation of the polyneric systens at interface with
‘Vogﬂgmﬁgﬁ?ectrlc | ayer, allows the arrangementPGSHIB2#N8/000263

pol ynmeric chains in a better ordered structure.

Organic materials were then deposited by using

di fferent techni ques such as drop casting, spin

coating, thermal evaporation and Langmuir-Schafer.

10Fi nal ly, source and drain el ectrodes were defined on

the organic | ayer by thermal evaporation of gold

t hrough a shadow nask. The channel |ength and w dth

were respectively 200 umand 4 mm During the
Exauelpdriati on the small portion of the substrate, not

ver aIs overed with gold in order
Swvgseéﬁﬁﬁéxl @xgﬁWT@ﬁE f gate. 15Exanple 6. 1:

Organic thin filmfabrication The nol ecul es enpl oyed
as active layer in the OIFT bilayer architecture
fabri cat ed-accortiffif e tA8 present invention gre
phenyl @ ay-ene—oki-gone @ o PTO ol gorfer is
char act eri=zéd by twaotoctyl oxy sehai ns whil e six carbon

5 at om al koxy chai ns B dRed t hrough an ester bond to the
carboxylic group of a NNBOC protected L- 20
phenyl al ani ne nol ecul e, are the PTA substituents. PTO

A sahdioR oA NaGH l{)@Bﬁ? s08. Lﬂ)hﬁtdlmrﬁolﬂndnplmnghﬁi g, s08% aindod) in 7.5

s tet ran, . orof orm and
ml G EAYEE Rtk h N S0 ey RaitOBe HPEEREE &Y byminuts. Then

btoﬁ‘f&héﬁdn@f‘(tldfﬁﬁqgs igt l'Sorﬂmt)ﬁ GRRI 'agﬁe% Sand Y eﬁ@trdﬁrrﬁﬁtu?@ﬁﬁé Wabmed at
spi n-coati ng and Langnuir- Shaf er. h deposition

10 60%esHrindbesagidnowore, whtcaivas added (15 1tllr)rsndvtttemudturet wassgxtracted

Jyor.phol qgi ¢ nd 25st ructural rope es a i th
i RBE Aeiec b PRl Diabo et et VPR Blps fyPhdd and
aftdr SGtRAIcAURe ﬁtlt@wat Rendved aBkdned gfesrt@@ TR FRIRBEQASsolated by

film but the slow evaporation of the solvent inproves
SlhtEheel selumnagiyemploprigluprBies rilsgreot! athid asttatgdirbloremethane 3:7

r s. On the other
asﬂ%ﬁ%??rﬁgég%ﬂgw%%§¥$ﬁ¥ﬁﬁ§g%ggﬂgg6?%23 nat ural packing
15 Ermﬁméﬁe chains in the graln structures The
gnui. r - Shaf er, techni q led "| ayer

bs’%tqssmgf t%(4d1@66@hem>ﬁ9@wt |°é1ht @é %%lglﬁﬂ@rycsﬁarsgrmmo 3—pheﬂy1-
proploffesgr s of the oligonmers on Si/Si02 to give

extremely ordered film 5 For the above nentioned

deposi tion techni ques, PTO PTA were dissolved in

chl or of orm sol uti on. Dn@emg{ sting thin film
dep b Ot WS~ ALt oslt n % t he
ol i gower sol utions (0, 3 SQ&J/ onthe Si S‘
subsequent |y all ow ng t-= sol vent” evaporation in a
ni trogen stream Thﬁcsﬁl coating depositions were
carried out, in a n|tEogen at nrosphere, by depositing
on the substrate a voPum® of 50 liL of the 10 sol ution
with the same concentration and setting a rotating
vel ocity of 2000 rpmfor 40 seconds. As to the
20 Tridthylgminer(0.Shage?. 7 ravkd) esbRBIANY0t05€ gf amsmmgwa@ ad®yd under a

.. depo ns is c ncer a PTO sol L on L zed
DGR GO B AOTIoR L G G EP OG-t 37 80 A 16 fomon
andV‘thlB@Cfﬁ%n)Ffa— Anihb 0850 Yt b AP 5ABS SR RHICABNMAGhRRE%]), The

. I'norder to obtain LS transfler at the water-air
|nterface a suitable volunme of solution was 15 spread
on the sub-phase surface aggl then we waited for 15 min
to allow the conpl ete evaporation of the solvent. The
vol unes of solution spread onto the sub-phase surface
was 6001AL for PTO and 20011L for PTA.




10

15

After having spread the solution on the sub-phase, the

floating filmat the air-water interface was slowy
WOCHPi1%6%E8ed by means of two floating barri er sSPEHURAOSEP0263

an electric 20 engin at a speed of 10 nmmin while

keeping the surface pressure at 20 nWVm for both the

ol i goners of PTO and PTA. The surface pressure used to

performthe depositions has been choosen by

extrapol ation fromthe Langnuir isothermrelative to

t he nol ecul e under investigation (figure 3). It

corresponds to the initial value of the straight |ine

of the isothermwhich is relevant to 25the condensate
dropisises. Aflgy stifing Ve Br It heurcthevisagtionay s gugnehedfbyt addition of

or pat i r transf.e : f r
TR D B Bl T3 Syt A BRRs e Reiof At orice
andoditmi dhiokidgur e 3, so both dep05|t|ons were carried

out, at the same suyrf pressur PTO Langnui r
Thegmigens HeeexirRgsd Wi Jhlorbrpthe 53‘4 pfzswdtth%wgamc {apey dried

oveMEME dbRE slaﬁ’lu%osdTMemAiFé qulﬁt ,siﬁéJ v&ft \X/elgexe}n%%cpgl{ Jeéhuced

curvé it was derived that, e surface pressure a
pressuke€pe tinde Ipetduelr wag pmmﬂiaﬂirw sidicel gr:l oflunih @hmmﬂp@ using

1.S,.20 i i|le at l.ue |.ar ert
pePiefip SM Lo af s VISt R fdup i aieso Aot Oh hi iovered
(0bast, Tedueldy.on of the area per m)l ecul e occurs even if

t he surface pressure in lowered of fewnNm this

"HDBIRGCRRL HANHE) &/é%@e ﬁﬁhtle}6~df48t(he 45| f.3@u ] 3thg = 6.8

HAJL DS bR v e P et G P e &7 & 45 IS B o1-

4.19@n, S2¥E4 SY rmt ¢St h@t 4V%r(6dP[I¢VI otﬁlms &, szamf'@r 'J’Eds Hz),
i nt o hydr ophobi ¢ ones a treatment over night in
7 kS Dydr ophti ¢ ones By roq SOAAbAFL bf- 8 FL2).

E\%mé!e]S 3.3, 3- hexanet hyl di si |l azane (HMOS). This

nt allows to nodify the surface of the silicon

Sydthe:xs deofand- fERe Tbithipplieht Rl Lpheaddl)Béxysi Nesert her O2S)-2-tert-
oups nat urall g present, on the SiQ2 are substituted
eny

bu iyl dng %P‘B@Pé?lﬁty of the substrate
affects e nor phol ogi cal and structural properties of
the thi ﬂllrrs and therefore such a paraneter has to
be contif i) sly nonitored in order L

1.4-dioxane

o, [ ]
A} B
— d i W4

8

/

eockig"ﬁg/ ’ © \/S/ (
A solution of 5-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-y1)-2,2’-bithiophene (0.165 g,
0.57 mmol), dissolved in dry dioxane (3 ml), was added to a solution of the 6-(4-iodo-
phenoxy)hexy! ester of the 2-teri-butoxycarbonylamino-3-phenyl-propionic acid {0.300

g, 0.51 mmol) under a nitrogen atmosphere. Anhydrous sodium carbonate (0.055 g, 0.51
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15 understand the growni ng nechani sns of the
supranol ecul ar structures. As to this is concerned, it
WOi2808{8¢232 know t hat the 1- 1MDS pronotes the phaESRIB2008/000263
segregation of the polyneric systemat interface with
dielectric |ayer and allows the arrangenent of the
pol yneric chains in a better ordered structure.
Exanpl e 7: OTFT devices electrical characterization
20Measurenment of the current-voltage characteristics
by neans of sem conductor paraneter anal yzer such as
the Agilent-45155C. Exanple 7.1: |-V characteristic
curves of the OIFTs fabricated by using drop casting
miaoldl vespd thee addddngdtire R lgiue mixtu@ME sdavi aesochapeds dours. The
PTO dep 03|t %ﬁg rop casti ng and |n cogélng on
reagf ‘?‘Su“(?? queng RAGiRg 20 RI¥aRBY satyy S? lnfion peppmopgmlotide
(7 &l pid m@&éﬁefdve?sl Q{tl‘%ﬂeﬁ%ltm@igfﬂlloﬁ)tn{egﬁne |(51,QG?%1& and ifo org nic
current-voltage characteristics shown re
phasepbiadtoveuanliyleualssdinmesudthte aAfrediilirati@dthe u;plrvemt wau mtmoved at

redufS) B ik BRI ORE oS pestiot ey PR Draeptegraohy
usmgl pérdisund e&ﬁ&!’éﬂhﬂ”a&e@.ﬁ@ ng/o) uss SN, t hen t ypi &;%Jtamiaﬁbﬂ from
fect transistor behavior. an exanpl e th

dichipapaethard Gellay salidy g pfl0BRd Oé)‘lfr:,ﬁ Bé piekl Wﬂposed of 5

R T e e SR e

HAhATaqh@hie tre SJ»"»"OE 8naf £812.} 1at(md bih.eregd (Hrer 63 of), Lbos-
transfer Fromthe analysis of the electrical behavior

4.161(m, RED g& 07 s LHaV m’(;ﬂiihf%%’r(@ﬁ,t HLS -t 7 dla f @90 o, BT ~oh Ha),
2 a qS L evi ous
7 @)ﬁg’rsiop’hob?gelgzqtrfrlgu h%g?%ﬁﬁm&l ?s%pl’)sgs %%) 7th 715

(mgemlmfm(dmauupn =006 \WhAtHA) S7.20edd; hHckress, Rf), ACLINVE (m, 3H)
ayer that 10 guarantees the best electrical
75déﬂ‘ SFmhriédd?) The field effect nobility val ues and the
13 1 I agtsl h e
d&wl?e@e E ﬁlJrsrt?éJrIH%)fg ?eGQansﬁggs’?g& %‘??)Bﬁh%?% fr48m6§5“8

67180, 3A8HNd 4B3p O3], se,dmmmym O@thJSZedz&MbSQG asepodre 127,77,
reported in the following T 1 Table 1 nunber of LS

124. nls,pglssu[;lqggﬁ@ B.1183196) 143. A $sshor 958,55, 77195

Example 6: Fabrication of organic thin film transistor based on PTO

A OTFT device was fabricated by using a rectangular shaped p-doped silicon wafer
(resistivity: 0.1-1 /cm) coated by a 300 nm thick Si0; thermal oxide.

The gate contact was realized by removing the silicon dioxide in a small region of the
dielectric layer by using a diamond tip and subsequently covering this region with
thermally evaporated gold. Then, the substrate was rinsed with triple distilled water,
acetone and triple distilled water and finally dried in a nitrogen stream {o remove any
kind of dust or impurity.

The organic semiconductor thin film was then deposited onto the Si/Si0O, substrate
prepared as described above; to improve the adhesion, the elicited substrate is

functionalized with  hydrophobic moieties by exposition to 1,1,1,3,3,3-
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fortaaff 5 2*10-5 45 10 6*10'5 24 15 3*10" 93 20
1.5*10-4 41 30 1*10-4 54 15Fr and 30 transfers LS

WO HE3%very simlar nobility val ues fallingPCTViRdeesn00263
range (1-3)*10-4 cnR/V sec and for a nunber of LS
transfers lower than 15 the nobility decreases by an
order of magnitude. This effect is probably due to the
fact that the substrate coverage is inconplete after
the deposition of a certain nunber of LS transfers.

Besi des, the lon/loff

modify the SiO; surface chemistry by making it partially idrophabic as the OF groups,
naturally present on the SiOs, are substituted by methyl groups. The polarity of the
substrate, affects the morphological and structural property of the films and it is well
known that the HMDS, promoting the phase segregation of the polymeric systems at
interface with the dielectric layer, allows the arrangement of the polymeric chains in a
better ordered structure.

Organic materials were then deposited by using different techniques such as drop
casting, spin coating, thermal evaporation and Langmuir-Schifer.

Finally, source and drain electrodes were defined on the organic layer by thermal
evaporation of gold through a shadow mask. The channel length and width were
respectively 200 um and 4 mm. During the evaporation the small portion of the
substrate, not covered by SiO,, was also covered with gold in order to define the olmic
contact gate.

Example 6.1: Organic thin film fabrication

The molecules employed as active layer in the OTFT bilayer architecture fabricated
according to the present invention are phenylene-thienylene oligomers. The PTO
oligomer is characterized by two octyloxy chains while six carbon atom alkoxy chaing
finked through an ester bond to the carboxylic group of a N-BOC protected L-
phenylalanine molecule, are the PTA substituents. PTO and PTA are both soluble in
common organic solvents such as tetrahydrofuran, chioroform and dichloromethane and
so they can be processed by solution deposition techniques such as drop casting, spin-
coating and Langmuir-Shéfer.

Such deposition techniques allow to obtain thin films with different morphological and
structural properties and so with different electrical properties.

The drop casting technique allows the formation of non homogeneous film, but the slow
evaporation of the solvent improves the self-assembling properties of the oligomeric

chains forming the crystalline grains. On the other hand, the spin coating procedure leds
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20rati o decreases when the thickness increases, since
the off current, expression of the three-dinensiona
WO2HBd¥eP on of the bul k of the organi c sem coNUBZON8/000263
rai ses. Exanple 7.2.2: |1-V characteristic curves of
the OTFT dependi ng on the substrate pre- As an
exanple, the |-V electrical characteristics of two
devices with active layer constituted of 15 LS
transfers deposited on Si/Si02 previously pre-treated
with HMOS (Figure 8A and 88), or directly on pristine
Si02 (Figures 9A and 9B) are reported. 5 A conparison
of the figures of nerit of the devices in the elicited
nafuirgiuraelsing @if nhes cliids inhde rpedie \vataredf THehBanat@SSHaR: technique,
ropoter regarding the formation of highly order
ca@qcf H%feﬂ rb¥§?5%5$ all?\gs a qp@g&gw@*ne@f&ﬁe{@gmgiraﬁhafer transfers of the
i . (N rties of the thin
o O e e R S ol | gomers
ot dpo siboed nentipredv ilqpositipn Hydmophgr PE@ carSi PBAOReshdivselved in

bility valyes as high as 3,1, cn2./Vs and . lon/Lff of .
enf5Spogs s, 1R ook 5~ iy edeiaioR e eyt by dopositing
50nml, ek @lidbh&Cdolntiond (G503 A2naNNSthEBREIG, t¥hcahdstly Alowing

1,3*10- 6 cn2 / Vs while Ln/loff is 2. On the basis of
the spdeest eyperalian i ANitORET stease dTherspiETOating Hepobitiokneers carried

ot n AR used to rf orm.t :
on gk B SRR 58k bp et BRBICH ot e
solivianplith tBe sdiiecpakaitiation afid setlifl M rdthtii® dlRAF oS D000 PasRA 40
on PTA 150TFT devi ces based on a 15 LS transfers of
seqpds. (5 9ot igBeimuisSnaley (adgraseedinithe BolorvinghanL-defrpesitions is

cofRr Y df P?Bi éoihftho"i\n\gixéqYé%[i?elah{ﬁbj:lﬂm%ﬁﬂﬁt With %.S’co‘rfﬁﬁerigttati&?gf 0,275
deduced fromthe electrical characteristics shown
mg/wé pétkeifoel VA the sbiugion esnckirativa wlak.0,178degalsuch devi ces
do not exhihit the desired field-effect anplified |
in e o L ettt S oS sk Gl ofsoution was
sprBa® bR Rl eysuBlihasOsur faBe BAEMHeR W NERANGE 19TmihNE allow the complete
am noaci di c q%r oups of the PTA that 20obstructs the
evapREitiag ob desiahgent-nleheolimesne fstotuiion peadonethe agb-phase surface
[ ties.. anple 8.1: Preparation of
Wa?ﬁpqﬂﬁf#’l\rﬁ(?éﬁcg@t%f t%é oying a PTO PTA bilayer The
Afist hedihglrsplead tige solutiod B8 QY GetRpiass et TRAMME Figh of A% Siwater
. iEcontact with the silicon dioxjde affects the .
inferfase tyap slavipeampyeivah e sreats elfwodipating baigers ived by an plgctric
andi§ 9 AWy al=Ye Y - ef 1l fi L. Thi -
endi 3L ESeLNS! o oDttt BT b SnREAL G e el Fpyim tor bous
thesohigome @ of §6O0chndIPaet.r i cal transport properties, in
direct contact with S substrates and subsequently .
The,utfcF BIGRI f5oddfrbeifam HisEpedonsapheen chgsen by extrapolation

fromUhe §Rha Vo iRARANRIAGL &F Ut mbRedi®tn .rfifn?ersﬁ%tioﬁ l{ﬂ?ﬁ% 3). It
of LS transfers show, in fact, current anplTficatton
corigispdnds e theainiiab ivalge 06 theagtiaighh inel ef/ the ésotlicalor wigielt &drelemant to

hydr.ophobized Si Q2. The figure of merits and the WO
the RBPBRRBERE I B o0 06788 S Wi sfsE T ghe fogmifon of
prebii@BddelrS transfers.
The trend of the isotherm curve for PTA is similar to that of PTO shown in figure 3, so

both depositions were carried out at the same surface pressure value. PTO Langmuir
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ucr (CM2/VS) lonaoff 5 PTO + 5 PTA 4.1*10-5 2.5 10
PTO + 5 PTA 1.9*104 48.3 20 PTO + 5 PTA 1.3*104 68.5

WO30088pe33¢ 5 PTA 2*10-4 4.3 5Also for these devi/BEgosiioess

nmobility and lon/off values foll owed the sanme trend
seen for the PTO one. The |-V characteristics curve,
along wiwth the nobility and Liftoff values, for the
OTFT based on 15 LS transfer are reported in figures
12A and 128. Such device shows a nobility of 9*104
cn2/Vs and an lon/loff ratio of 48. On the basis of
these results the sensor holding the optim zed
characteristics is constituted of 10 PTO LS transfer
cobder(shicrphbselimytersiraighdine poSidnroditss @iveoor BTAT serand

layer). In this fashion it is possible to conbine the
Froghtis Stydyiafyhe gihes cuye gt wehdenprd 1Bt gsrirfacspressure able to

kégP Qlées_bAe:Q{er SRRARAIREL ST Y RolEHOIN 10 ARk Rtiled: Safu¥ BiE@ then
50 mN/m the film collapses. The isotherm curve evidences that a fast reduction of the
area per molecule occurs even if the surface pressure in lowered of few mN/m, this being
an indicative parameter of the self-assembling properties of the amphiphilic molecules.
The molecules deposition was performed on pristine S$i/Si0Q, and on the same substrates
that weie previously transformed into hydrophobic ones by a treatment over night in a
desiccator with saturated vapour of 1,1,1,3,3,3-hexamethyldisilazane (HMDS). This
treatment allows to modify the surface of the silicon dioxide and make it partially apolar
since the OH groups naturally present on the SiQ; are substituted by methyl groups.

The polarity of the substrate affects the morphological and structural properties of the
thin films and therefore such a parameter has to be continuously monitored in order to
understand the growning mechanisms of the supramolecular structures. As to this is
concerned, it is well-know that the HMDS promotes the phase segregation of the
polymetic system at interface with dielectric layer and allows the arrangement of the
polymeric chains in a better ordered structure.

Example 7: OTFT devices electrical characterization

Measurement of the cwrent-voltage characteristics by means of semiconductor
parameter analyzer such as the Agilent-45155C,

Example 7.1: I-V characteristic curves of the OQTFTs fabricated by using drop casting

and spin coating technigues,

OTFT devices based on PTQO deposited by drop casting and spin-coating on Si/SiQ;
(with and without HMDS treatment) do not exhibit any field-effect modulation. Indeed,
current-voltage characteristics shown in figures 4 and 5 point out the absence of a
modulated current with the gate voitage and hence these devices have a resistive like

behaviour.
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Exanple 9: Calibration of OIFT devices - Realization
of an experinental set-up for the ac uisition and
WOapisiae28%at i on of the senor responses upon eXjEOBIBRES/DE2G3
the enantioners 15yapours of a chiral conpound,
citronellol in fact, at different concentrations.
Control |l ed concentration flows of citronell ol vapours
have been obtained flow ng nitrogen in apposite
bubbl er containing the liquid analyte. The citronell ol
concentration in the nitrogen flow can be esteened by
assum ng that the nolar fraction of the analyte in the
as phase is the ratio between its partial pressure
OBilgdavitss fadrigptep by ssine .5 qiepeS!tIforh@cth@eaahanhmefpwel field effect
S I ¥ S that rt
o BB ik Fh R RBRi P R g e OTHT dovices
compmseés)ﬁﬁﬂiﬂ thems et sSotSRiEGH BELENYA PBEUC FA. ¢ S5 12NRn (Flguxa
over esilnatlon error since the saturation may not
) gshosedd. A calibration of the gas sensing system

ExhilpRYaN . 988 s

pressure O e citrone S(}f\t@t&) RS

Frapathgraaelgsls vhithorelecBicohbahetiat ofahsdvies haxtiﬂigadlﬂatehoLS transfer of
he .hei ghts (or, equi val ent bet ween th

PTECOESRick e““cﬁ‘Foﬁ%H‘%o%‘P%{g‘Fﬁsd’“ﬁvé%H@g hpiobied; tigygh HMDS

tredtReRCH iNosibkNWRet GuBRhhtch, @ wNARS thet iBlceRksk Bpgﬁﬁ@dayei that

bubbl er and the sane quantity com ng fromthe
guagpiess the bﬁstwlwm%ailmsfednwcm Thedighe h&dctsnbmmynvzsmatammthe

fonffo r}%tﬁdeﬁ* q? ter sys?vé%/ﬁglctérrﬁ%ggelfqe&easggﬁgvnt ﬂ%‘fP r h@ L8 B of

PTOi rapgink ft@ndr toSQUintiidepdsitsdl bis hf RaHBBRed g_db'sﬁatgseé}ﬁ@)lohbfd in the
akes ver al hours. The concentration of the

fol Wf‘]'go in the saturated vapor, estimated

accor di ng to this procedulr% |s 86 ppm at 18,5C
(corresponding to the atenperature of the
t henmbst o LS tibasters n V\hllggr(ché/\kgybbl ers arq,/npersed).
The vapouwr—ali-guots—in_both cases afe collected
trought gas-tight syr|i nge éalﬂ pped Nth a cl¥5ing
varve: Thggcalibratignpr S Fy—reported WeLS
perfornmed with a Shirinadzu - 17AAF| gascr onat ogr aph
equi pped wsth a digitlal dagaigdcqui sition inteyface

onnected—to—-a-PC 15 n_norat ed h\/ t Hp (trnrmtnpl us

o
\IU""\I\IL T T

sof twar e, 28ndowed wi tlh a slp'i'*llﬂ spl ittless inflector, a
fused siTgga capitiary cot Jcll(l)dUI Bormtong—and--w-t-h—a
di anet er o? 0,25 m as Wee’?;ll as wthi{a 0,25 pmthick
Fromathd duva xepopted yoTataé i litglah ©0 hdtes tat the R@MaRbasRIART o 15,20

dig) %?ntéa n detector (F1D) fed wth hydrogen/air. y
andpiirays itrvesy sRdk BRpHiSY yuest flbing b Phaviange (1-3)*10°

I NieGt

cm Y %@é,r hﬂ%ﬁ t@ él#pﬁg)r@gft)% %Séﬂ%%%%g 2_9\1/&1 tlﬁl‘ﬁ ISOtﬂe %n%rlm:% a%c Lages by an
ondeaaﬁme@nmde) TR0 ect atpeot@mBlyndus.io the fact that the substrate coverage is

incomplete after the deposition of a certain number of LS transfers. Besides, the Tow/Tor

ratio decreases when the thickness increases, since the off current, expression of the
three-dimensional conduction of the bulk of the organic semiconductor, raises.

Example 7.2.2: I-V characteristic curves of the OTFT depending on the substrate pre-
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- flowrate 12 cnisec; - splittless injection
nodal ity. 25The average val ues of the chromatographic

WORlBMEP ght s and the relative retention ti meBCHHZ008/000263

summari zed in table 3 and they refer to three
replicates for each of the three analytes. W)
2008/ 096239PCT/ | B2008/ 000263 Par anet er Sat ur at ed
vapour (vial) () citronella (-) citronellol la (mn)
36, 13 36,20 36,24 height (u.a.) 5063 970 2894 629

As an example, the I-V electrical characteristics of two devices with active layer
constituted of 15 LS transfers deposited on Si/Si0; previously pre-treated with HIMDS
(Figure 8A and 8B), or directly on pristine SiO; (Figures 9A and 9B) are reported.

A comparison of the figures of merit of the devices in the elicited figures points out the
relevance of the adhesion promoter regarding the formation of highly order structures, as
its macroscopic effect is an improvement of the electric properties of the thin film.
Indeed, the device based on PTO oligomers deposited on previously hydrophorized
Si/SiQ, shows mobility values as high as 3,1 cm® /Vs and Foo/lorr of 93, OTFT devices
fabricated depositing PTO molecule directly on Si/SiO, shows mobility value of 1,3%10°
% em2 / Vs while Ly/log is 2. On the basis of these observations OTFT based on PTO
with thickness equal to 15 Ls transfers will be used to perform the gas sensing
measurements described in the following,

Example 8: Preparation of a thin-film transistor based on PTA

OTFT devices based on a 15 LS transfers of PTA do not show satisfying results both
when deposited on hydrophilic and hydrophobic substrates as it can deduced from the
electrical characteristics shown respectively in figures 10 and 11, Indeed such devices do
not exhibit the desired field-effect amplified current at negative gate bias.This behaviour
is probably due to the steric hindrance of the aminoacidic groups of the PTA that
obstructs the chains packing in the film structure worsening its conductive properties.

Example 8.1: Preparaiion of thin film transistor emplovine a PTO/PTA bilaver

The structural order in the organic semiconductor region in contact with the silicon
dioxide affects the electrical performances of the OTFT since this is the region where the
field-effect is confined. This suggests to deposit a few LS transfers of PTO, that show
good electrical transport properties, in direct contact with Si/SiQ» substrates and
subsequently overlic on it some LS transfers of PTA. The current-voltage characteristics
for different number of LS transfers show, in fact, current amplification with the gate

bias for all the devices fabricated on hydrophobized SiO,. The figure of merits and the
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3116412 The experinental results were conpared by
means of a statistical test in order to establish
WORRIBHE623¢ hey are significantly different or ratr/iB3008/000263
Exanpl e 10: Gas sensing neasurenents and enantioneric
di scri m nation The exposition to known concentrations
of citronellol vapours in nitrogen, determ ned as
reported in the previous exanple, of both devices
beari ng as sensitive layer the achiral ol ogoner PTO as
well as devices wth a double layer (bilayer) PTO PTA,
al l owed to conpare the responses of a sensor not able
to install selective interactions with the 10different
enantioners and a potentially enanti osel ective sensor
respectively. Nitrogen was used as reference gas to
establ i shing a baseline |'EPE 2 whi | e gas senS|ng

med [ er T U i er I ng t
ci t rofe F ﬁg l’rg g u‘t‘@ﬂ%’&gg?)f fler ent T
concensqaky@@pyhrntrogen, Htoite dgvi ce and2peasuri ng

an_alnmost _instant variation. of. . the.gdhemcal-at rmcnhnrn

over tHePEEtl ¥BTpayer . 156ab9’§1é)ﬁlsi nd measur é¥ents was
cdart I CL,IO PTIO U§/P del.ll i i: ,*VMM I ar|s- L.de dtélg%fl bll CS
upon eXposure” of 't he deV|ces to the|sole nitrogen fl ux
and whempTonmeptately after 2«ttie serlsor i s exposed, at
the sane. flow.rate. (200 /mn) tola controlled .l
concentration flow of citronellol. In particular al
d [
AI§0 %r ﬁe@% rldé\lﬁ:e]@& 1% éﬁlé%! ﬁX/g]% {fv_gfg%ﬁlsota’\)teﬁ rtl{ale?slag%et}egd seexs for

theﬂﬂﬂ) bye. She®M dlgrdcheisgstcare] dsndwithveemildlity amSQn/I%f;\@ues for
Q0V. Overall the exposure ting of t he sens fr éo tpe ,
ther"l ETibagedpnil § S transy amsrepaigshinslisusey bk aed 478 Sitghdegice
shé(gs g llﬁeblhlgn(ﬁ- Jhgt ehok8 a}? Eﬁ)f a1 &Ii]eﬁior[ﬁal%u{)g %%s@gf ﬁ@&hesults
trans-characteristic, device is conditioned
theesepes Uraddit® tltdweptamabc;/blﬁu aitwsm er @nfitnied 90 lﬂfO é@ctﬂansfur

(ﬁzi%g Pa?{efé a@@%dtg élé‘ln‘fdfsﬁlagy g{“ (éei:clan r}?eygaezq ml%lﬁishl n s possﬂ%le to
comBM8 kil @h8&Sivitd prdpBRicH 8V ihe TS0 I1R%RRSLWith Mo of enantioselective
citronell ol vapours, the recorded current increase is

:quME¢ndehmaﬁemxﬂ@IEhet obtai ned in the presence of the

xglgtgﬁ 9nbt i for the

acduidifion mUhiigt @@lﬂ&ﬁﬂﬂﬁlﬂmm@ regppes apil expbaned theheaibmiidmers

dlscr|n1nat|on as the en%ntloner capable to i.nst al
h i 3 A cl}i lf r< OIS

ya

CoYﬁBl'l L b QRefarolen é’ e 1&!)193‘%[ g ul?q{a@ﬂtﬁeﬁ bR tﬁ(i)@iug

translates 1nto a |gher re uct| n of the source raln
nitougen @ngppbhiee bebico sonpinmpethé dqtidahalytee Thntibvediol omcesirmtion

i.hdeed, seen formth ap between the. . .
i R SR A R e B8 SR G e e R At pithe analyte
in $ERRS §adeqs FnChatib YaBkden VBRAHIS pWshite and the total pressure, i.c. the

atmospheric pressure. Nevertheless, to assume that the partial pressure of the citronellol

in nitrogen flow correspond to its saturated vapor can result in an over estimation error
since the saturation may not be completed.

A calibration of the gas sensing system through gas-cromatographic analysis of the
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10 respect to the base line. As an exanple, one of the
responses of the achiral PTO OTFT sensor is reported

WOMEiReE213A and 13B) where the | ower curve pBET/HRES/100263

the trans-characteristic in nitrogen flux and the
upper curve follows the trend of the current during
the exposition to the citronellol vapours. The
current changes Al (device response) indicated in the
Figure is the difference 15cal cul ated at Vg = -100V.
The nmeasurenments are relevant to a concentration of
2,55 ppmfor both Re-) and S (-) citronello
enantioners in nitrogen. Both the figures show that
vabbepPEQ-dhd sleccigencilca niladgey @owsinditk adtunedpapses for
th the citronellol enantiomars inpairing.the

b _ mar s
SusBRBRsHpy S 81 1y et e felzBie PR el lBgibeERD thesreas) of
e e PR Bl AR s sy fom
a pubtdarendehs emne {jwnkiygumeng 3Cnatia (k30 spatkerte vihk(closed with a

responses, for. both.the enantioners. are reported at a
pupFhad SRR SPPIUBHECBAIRE b ST HOIC 9B EOREIR! PRI t hi s
InGAS Qalt® shitéihiar @ngReGay Mg @@qnltuhe&éy%@@q&insri@ms reached. This

re3ﬁonses to the two isoners: the sensor based on the

gegemlly takepievgiehlequrs. The gencentsatioptof dieegtivendliplindhpsginrated gapor,

| i sh.,enant ,0se jve. i ractj oM 1
oS PE iR POFUCRE IS PRSI & ShATRL TIPS GrdsifrdnEro e
tedap@titutd of GEFAcrmonsey bdh it 6ARANEE bieWied akeOimh&s@l).Stheavapour
function of the Vg bias applied. In particular when Vg
aliggetg dn dofhogrseapeFolledsd Gapahs sas-Haht weinas seuipred Wil closing
valJaen when the devices is biased at Vg =-1 00 V. This
translates into a higher sensitivity anplified (even
Thef cditeatmnd previnbislpragpoitadd eps oferfoeedIRMATh ian ShineadehatGd 7AAF

the use of OIFT sepsors as !'sensi hg-swi tches" On the
ol AR CTh RB P AR LNEEY i RRESBIER Bl e eemoer e @ PC
opdtatddeh et C18mRR ﬁi@%o@ﬁﬁ@,@dﬁﬂre@QviélYe@E]h@fspl?itttleéssinﬁ&ﬂgsaeﬂsed

.to one or the other enantioner. The experinental ]
silfcasapilery qahurnm o6 3¢ as ong pod mithoudiamater of BESohiap aco jas wdth a

t he .gnmi noaci I ve enationeric recognitio .
02 b ik Teoge: ol 5eERAUP Frlivdnt PERTccE Mamedpniation
detcdfor QRID)Fad bth 3GHio¥en/ BT AN e Rich Reas (EdlizRd @mbiolying the following
citronellol formes (Figures 14A-14D). Also in this
expergacntilaopdi§psnse i ncreases with the concentration and

- il\{}ielttpon\{gllga'aiiufe: 5§0°C ;

-~ FID temperature: 250 °C;

- column temperature: 45°C (3 min)-220°C; rate 5°C/min.;

- flow rate 12 cni/sec;

- splittless injection modality.

The average values of the chromatographic peak heights and the relative retention times

are suminarized in table 3 and they refer to three replicates for each of the three analytes.
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evi dent by conparing Figures 14A and 14B (2,5 ppm and

the corresponding Figures 10 14C and 14D
WO eHsHeeAt rati on: of 30,6 ppnm). The chiral sen¥GiIB208/000263
exposed to a racemc mxture R(+)/S(-) of citronella
shows a response that has an internedi ate val ue as
conpared to those of the two enantionens. As an
exanpl e the two responses relevant to the exposure of
the device to a racem c m xture of 2,55 and 30,6 ppm
are reported in figures 14E and 14F respectively.
15Exanpl e 11: Fabrication of transistors with double
layer thin film PTQ PTZ (bilayer) On the basis of the

r eBatansetercpor { eShtimtekeapiue B. 1(+H)aitbohadlpbr OTFT-) dévomdlol
has been fabricated wi th an active |ayer fofned by 10
LS PTO transfers (ffr‘%q | ayer) and of 5 LS PTZ

tragshBhs (se¢ond Tayer). The 1-V ghagacteristic 3524

curves of such device are il]ustrat ed._as._ah exampl e,
i nheighé (wad | ds | di agb@@m 70 Fi gure 2894 26Bsenplo 121164412
Enanttosetecti-ve—diseri-m-natr-on—Aeasurenetsb-—ustn

PTQ PTZ devi ce The devi ce has been realized foll ow ng
THehéxpde@eniaPisans ivkrd RempadimMlyemddnsaddai datl3Asa] R&EIN order to

tested following the procedure already illustrated in
estphlishpyaiigy teeylage wgmﬁgaqtlm dtﬂfﬁlﬁsﬂf@a%t t he measur ement s

5&?1’1 f IQ)?E}faQ § ﬁll k@{ a5t Jngﬁu(}{gu (ﬁ&%m nation t he sol e

Theickp@gam tb knswanchcesmionabt cﬁﬁoneﬂlevapaﬁlsSEﬁﬁI@ged 8etermined as
exggsec‘ to a flux of the sane, rate (200nL/mn) with a
reROSEE iyt

SR UgE BT i06 ROBE deiors Bersing gr Senﬁﬁéfeéaaﬁbéf@raéhiral
olordeP @ T8RRSREI B F’I@/gﬂé ‘%«ﬁ’h ta*lﬁ‘)u 1[15%%?911 ﬁ"ri’ﬂ?j PINCEGwed to

tche curve reporte I gure rom't he curves
Comep@rlhedeaﬁpgwmf al@@sanmbtla&ﬁ: m il dedechioe dembimns twith the
oners. inthis case, S it

d'ffT Bﬁéﬂ@“&omw F@W@ﬁ*ﬂlyawpwel%@ RIS RE -

Nifi6gddl 8 6B BSERELNLY chd'® SdiAMIiIRNATRSLIBLI 18% vifle gas sensing
(nmeasured at a concentration of 30,6 ppm point out

meapEeBeIEh tMetsspdr emed by d@n@gng themntiwﬂabvdppuﬂs,e@ uthdetotdifferent

COI%J‘FE f%qo%r“l n%tﬂogteéh ao(%]t(lh? lagrv&)ce né Qfmesaglt%ﬁ%ﬁ% Elif%lf)& tadﬁ a%lg%)ofthe
chanidal(athodphern ovbr b betbReddepl (Figure 16C). CLAIM

Gas sensing measurements was cartied out by measuring IV, trans-characteristics upon

exposure of the devices to the sole nitrogen flux and when, immediately after, the sensor
is exposed, at the same flow rate (200 ml/min), to a controlled concentration flow of
citronellol.

In particular all the measurements were carried out by fixing the source-drain bias at Vi
= -50V (saturation regime) and by sweeping the gate bias between V,=+50 ¢ V= -
100V, Overall the exposure time of the sensor to the volatile analyte is of 45 seconds.
Before starting the V, run, and therefore before the measurement of each trans-
characteristic, the device is conditioned by exposure to the analyte atmosphere for 45 s,

In such conditions the i current increases with V; and this is the evidence that a field-
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| . Compound having the followng formula (1) ( R) n
5(1) wherein is a whole nunber from1l to 4 mand p are

WO 6 IHnbers from O to 5, equal or differenPCTHEAS000263

each other, provided that at |east one anong mand p

woul d be different JofromO; Ris a 6 carbon atom

al koxy chain bearing an optically active am noacid as

substituent, when n is different from1l, R groups may

be equal or different fromeach other. 52. Conpound

according to claiml, characterized in that said

am noacid i s chosen anong the natural D or

L-am noacids. 3. Conpound according to claim1,
trpisfoacNeydrthelgss, as tﬂq:aievz;au&:lewercb@ca ditiogellyd yapkeds, the rebaded

r the car

cu%lele m}éie%% is &vs)éll cgﬁlgarggg ﬁlxatl ﬁ)dalp% 2 tg? Riesehce of lam Sle nitrogen;

thmhaﬂa@tceﬂhb Zﬁdabﬂibnt(fi&iudnhl%lﬁti(ﬂéédl&ﬂﬁ|thegge€élﬁham1znh?{ﬂ9ﬂﬂﬂ dhilm.
t.o the al koxy chain of the above nentjoned am noacid

Thig phengmeat i tsponeilidobthe shisdli disgpmdnaionas fhq enagiomer capable
tor? QLif %' shbn qfﬁgraclﬁ;l de@m%gﬂ r@l‘f 9rv cﬂgmtqq tﬁé @vf& ]eiectrmal

aracteriz int I's di rom
parametels and this translates into a hlgher 1educt|0n 01 thc source drain current

The macroscopic effect of the interaction can be indeed seen form the gap between the
irans-characteristics measured when the device is exposed to a citronell vapours with
respect to the base line. As an example, one of the responses of the achiral PTO-QTET
sensor is reported (Figure 13A and 13B) where the lower curve pertains to the trans-
characteristic in nitrogen flux and the upper curve follows the trend of the current during
the exposition to the citronellol vapours.

The current changes Al (device response) indicated in the Figure is the difference
calculated at V, = -100V, The measurements are relevant to a concentration of 2,55 ppm
for both R(+) and S (-) citronellol enantiomers in nitrogen.

Both the figures show that the PTO based devices deliver similar responses for both the
citronellol enantiomars impairing the possibility of any enantioselective recognition. As
the concentration of the analyte is increased an increase of the sensor response could be
seen, as it can be seen in Figure 13C and 13D, where the responses, for both the
enantiomers are reported at a citronellol concencentration of 30,6 ppm. Also in this case
no difference can be seen between the two responses to the two isomers: the sensor
based on the achiral oligomer in fact is not chemically capable to establish
enantioselective interactions with the two citroneliol enatiomers.

It is important to outline that the OTFT sensor Al response variation is also a function of
the V, bias applied. In particular when V; holds a low (absolute) value, the response is
lower then when the devices is biased at V, =-100 V. This translates into a higher

sensitivity amplified (even of one order of magnitude) of the QTFT in the charge
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the R groups are the sane. 6. Conpound according to
claimb5, characterized in that nis equal to 2.
WO20084%¢78%nd according to claiml, having the FOIIB3NBRH0263
formula (1') R (1') wherein 5m and pare whol e
nunbers fromO to 5, equal or different from each
ot her, provided that at |east one anong mand p would
be different fromO0; R groupsare equal or different
fromeach other and are: a nonosaccharide unit or Oa
-0-Alk-R'" group wherein Alk is a linear alkyl chain
Cl-Cl2, and R' is a hydrogen atom an am noacid
substituent (a)

the use of OTFT sensors as I‘_‘Is%eﬂsing-switches.”

On the other hand, the OTFT based on the PTA oligomer shows different responses
depending on weather it is exposed to one or the other enantiomer. The experimental
results, in this case, point out that the chiral sites of the amminoacid give enatiomeric
recognition capabilities to due to the different interaction of the optically active PTA
with the () and (-) citronellol formes (Figures 14A-14D).

Also in this case the response increases with the concentration and with V, as it is
evident by comparing Figures 14A and 14B (2,5 ppm) and the corresponding Figures
14C and 14D (concentration: of 30,6 ppm). The chiral sensor exposed to a racemic
mixture R(+)/S(-} of citroneiloil shows a response that has an intermediate value as
compared to those of the two enantiomens. As an example the two responses relevant fo
the exposure of the device to a racemic mixture of 2,55 and 30,6 ppm are reported in
figures 14E and 14F respectively.

Example 11: Fabrication of transistors with double fayer thin film PTO/PTZ (bilayer)

On the basis of the resuits reported in example 8.1, a bilayer OTFT device has been
fabricated with an active layer formed by 10 LS PTO transfers (first layer) and of 5 LS
PTZ transfers (second layer). The -V characteristic curves of such device are illustrated,
as an example, in the Vyy/lys diagram of Figure 15.

Esempto 12: Enantioselective discrimination measuremets by using PTO/PTZ device

The device has been realized following the description in the Example 11 and it has been
tested following the procedure already illustrated in the Example 10.

Also in this case the measurements were performed by measuring lg-Vy trans-
charatteristics when the device is exposed to the sole nifrogen flux and, soon after, the
sensor is exposed to a flux of the same rate (200mL/min) with a conirolled concentration
of citronellol. The exposure of the sensor PTQ/PTZ to the nitrogen flow produced the
curve reported in figure 16A.

From the curves reported Figures 16B and 16C it can be noted that the OTFT sensor
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-0 A0 15(a) wherein Ais the residual group of an

am noaci d nol ecule and the NI-12 is in case protected
WOR(s49473dt ecti ve group, and this aninoacid  PCT/IB2008/000263

substituent(a) is in optically active form 8.

Compound according to claim 7, characterized in that

the two R groups are the 20sane. 9. Conpound

according to claim?7, characterized in that Alk is a

i near alkyl chain from5 to 10 carbon atons.

10. Conpound according to claim7, characterized in

that Ais corresponding to the residue of the D or

henyl al ani ne. ound according to claiml,
ei@ﬁ oraers e lse d thin CQSﬁ,aQS 1?2@13@@? to-the P&T‘k)jgﬁfx sl wipe,okg experimental

leg‘l(ig gxé egsreﬁtﬁg/ th?str!uﬂ ch 1a8itcle %rlcs (%%e%%%?cg?ﬁ azléO&lC?fﬁo a{nﬁ%f){] ]g,h 6 ppm)

pcﬁjiICbuD tlﬁreﬁalﬁﬁisbleaﬁf@aécogmzan ca Blliix@mradhﬂ'@t@ﬁlﬁﬂﬂeﬁguérpof the
haracterized in that m and

are
OHﬁicﬁlll)e?‘éWF Pé%oii %E@Bé@d\ém the @y dmm elocioneplol @1@#&%468) and (=)
form of citronello! (Figure 16C).
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1014. Conpound according to clainms 1 or 7, selected
anmong
1,4-bis[5-(2,2l-bithienyl)] 2, 5-bisoctyl oxybenzene,
(PTO); 642,5-bis-[2,2] bith

I ophenyl-5-y1-446-(2-tert-butoxycarbonylami no-3-
phenyl - pr opi onyl oxy) - hexyl oxy] t henoxyl - hexyl ester of
t he 2-am no-3- phenyl -propionic aid;

156-{2, 5- bi s-[ 2, 2] bi t hi ophenyl-5-y1-446-(2-(ert-butoxy
car bonyl ai ni no- 3-

phenyl - pr opi onyl oxy) - hexylapaihs phenoxyl - hexyl ester
of the
2-tertbutoxycarbonyl am no- 3- phenyl - propi oni caci d,

(PTA o fhe f o

5,4-%%gm?%?%%%?? ?ggﬂgﬁg%igwgg%fg-(z,3,4,6-tetra-0-ace
tyl - B-gl ucopyranosyl)- benzéhg¢, (PTZ);

206- (4- 112, 21bi t hi ophen-5-yl |- f enoxy) - hexyl est er of t he2-
tert- butoxycarbopylani no- | - propi oni c acid,
(DTA); and /8\ 7\
145-(2,2" ) bithiop e*# | /BF tet ra-0-acetyl43-D
gl ucopyr anosyfi benzehe /15 TPangist or
conprising at |east one conducting |ayer, one
dielectric layer, and one 2B sem conducting organic
thin filmcharacterized in that said sem conducting

wherein . . ; _
d?ﬁ”hlc thin filmconprises one or nore |ayers, each

of gai d oRQ vwoldMIisbel BYBY Biolkel Ng constituted by a

| east one conpound according to any of clains 1 to 14.

16. MANgipsirg tiiolacsmbeis nfgorn o0 ¢ & re @B, onwtidierinn fivai dach other,

organic thin film.co ises at |east two of sajd .

| ayers, reali zéjélO\B§edd & %?ﬁt VS ATUIE IR . ang 2 Wouldshe different

according to clfaing; 15 or 16, wherein said organic

thin filmconprises at | east one organic |ayer

accOrlith§ e aiom alkawd chain| tsadng eneopdicgbnidive ayneinoacid as

according to aggmﬁhwggains 1to 14 in the optical

active form 518.Transi stor according to any of clains
whén 1 & diffsremtfemeil NR gaiuds @agankuat & diffbriehtFors ARIIRES

from5 to 30 overl apped LS transferred | ayers made of
"one of the conpounds as clained in claim21l and/ or one
2.0f thensQmA : I RQ Laims. . 1.10.14 i.n

the. ot oo ey eugey heh MolPadietin FulaTabubRd s
arapg to¢ n@pai Peor Leamipod®ls. wherein the organic thin filns

3. Compound according to claim 1, characterized in that said aminoacid is bounded

to the alkoxy chain by means of the amino or the carboxy group.

4, Compound according to claim 1, characterized in that the functional group not
bound fo the alkoxy chain of the above mentioned aminoacid is protected by means of a
suitable conventional protective group.

5. Compound according to claim [, characterized in that n is differing from 1 and
the R groups are the same.

6. Compound according to claim 5, characterized in that n is equal to 2.
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i 0 conprises 15 overl apped LS transferred | ayers nade
of one of the conpounds as clained in claim21 and/or
one of the compounds according to any of clains | to
14 in the optical active form 20. Transistor
according to any of clainms from15 to 17, wherein the
organic thin filns conprises 10 overl apped LS
transferred | ayers nade of one of the compounds as
15claimed in claim1 and 5 overl apped LS deposited

| ayers made of one of the conpounds according to any
70f  claimpBunkl dcfordhgitdclhi® | ORLiGahe RAbHIME HUR ()21
Transi stor according to claim15, wheré&in the
transistor is a field effect tr&nsistor. 22. The
transi stor according to.claim wherein the gate

el ectrode is in corfagt |w { /P gucting | ayer.
2023. Transi st or or d qin 20 |wherein the
source and drain jel &tr Act with said

| ayer conprising one of "tHe conpounds according to any
of clains 1 to 14 in ti& optical active form
24. Sensor for gaseous anal ytes conprising one or nore
than one organic thin fil mtPansistor according to any
whkefl @i e 15 to 23. 2525. Enanti osel ective sensor for
gaseous anal ytes conpri sing one or nore than one

5 or garand pt hi n f bfenwhelansingieor fraac®tslisSNgqiad oAy f@ént from each
clainms 15 to 23. 26.In1e§rated circuit conprising one
or more than ofE€br FAKIded tthatnatt iepsh anea#aengt gy and p would be
according to agyredrigbaid®e 15 to 23. 27. Sensor array
for gaseous anal ytes conprising one or nore than one
or gngreupshi n | mretoqar o stftarena Goor @iingthticandnye: of ¢l ai s
15 to 23.

a monosaccharide unit or

10 - a -0-Alk-R’" group wherein

Alk is a linear alkyl chain C,-C,,,
and R>" is

- a hydrogen atom,

- an aminoacid substituent (a)

wherein A is the residual group of an aminoacid molecule
and the NH; is in case protected by a protective group, and
this aminoacid substituent(a) is in optically active form.

8. Compound according to claim 7, characterized in that the two R’ groups are the

20 same.

9. Compound according to claim 7, characterized in that Alk is a linear alkyl chain
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28. A process for the preparation of a sem conducting
organic thin filmtransistor, conprising the follow ng
steps: 5a) Preparation of at |east one conducting

| ayer; b) Deposition on said conducting | ayer of at

| east one dielectric layer; and c) Deposition on said
dielectric layer of at |east one sem conducting
organic thin filmcharacterized in that said

sem conducting organic thin filmconprises one or nore
than one | ayers according to any of clains | to 14.

bRt I aoQGRSSs, according to claim 28, wherein said
organic thin filmrequires the deposition of at |east

[Pwo Hphperdmccotiingad dlapngarhagadiaized & th30ATheopesporatise to the

r%%ﬁgggh@g)tqécﬁaigﬁ 28 or 29, wherein after said step
yrsald | B EBIYYE A Hfer is scratched and one gate

18l ecCo@geurdacendingded edini t dhasdleflz&IAR %&gEHg:EQ'tJbéMﬁ carbo_n]yqloxy

1531. The process according to clains 29, ere
(psp srosp dalhel Peiesping proypt h the diel ectric layer and the

ond ' I I-ar . ed in,order. to. renove the _
‘%anugggkﬁgwﬁ%¥§8§%d§é§%§%q @21(*ﬁ%C%Vg?eggﬁgﬂngﬂimﬁ”zbom
equal ®2ai s 28 or 29, wherein in said step c) one or

than one of said organic |ayers are deposited

re [ S af ,
Iisi ngPBEAOHdReIrding bt elatsisel oot chazctoogd otint mdnd p are different
(ROABRAGntty Bual 1 p ss according to clains 28 or
a29, mhergi% %ﬁ'ggﬁé’gggﬁ c) one or nore than one
l4br gadropduay er®rding tadelaipisclast?, sel@kd altvagpr ocess

oneor mapelr R Ghiengh Bt orgareraytiOsar o opi n

coat ed @f2 t.RRIMBH bi@M@M@tﬁg}-m%@@eﬁnﬁlxﬂy%&g@lamEno—3-

according to clainms 28 or 29, wherein in“sald'step cC)

one or phemd-propionyloxy)-hexyloxyl-phenoxy}-hexyl ester of the 2-amino-3-
phenyl-propionic aid;

- 6-{2,5-bis-[2,2']bithiophenyl-5-y1-4-[6~(2-tert-butoxycarbonylamino-3-
phenyl-propionyloxy)-hexyloxy]-phenoxy}-hexyl ester of the 2-teri-
butoxycarbonylamino-3-phenyl-propionicacid, (PTA);

- 1,4-bis-[2,2’ Jbithiophenyl-2,5-bis-(2,3,4,6-tetra-O-acetyl-B-glucopyranosyl)-
benzene, (PTZ);

- 6-(4-[2,2'|bithiophen-5-yl-fenoxy)-hexyl ester of the 2-tert-
butoxycarbonylamino-3-phenyi-propionic acid, (DTA); and

- 1-[5-(2,27)bithiophenj-4-(2,3,4,6-tetra-O-acetyl-3-D-
glucopyranosyl)benzene (DTZ).

I5. Transistor comprising at least one conducting layer, one dielectric layer, and one
semiconducting organic thin film characterized in that said semiconducting organic thin
film comprises one or more layers, each of said one or more layers being constituted by
al least one compound according to any of claims 1 to 14.

6. Transistor according to claim 15, wherein said organic thin film comprises at
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than one of said organic |ayers are deposited by
Langmnui r - Schaf er techni ques. 36. The process accordi ng
to claim35, wherein the conmpound is held in the
condensed phase during the Langnuir- Schaf er

deposi tion. 37. The process according to claim 35,
wherein the surface pressure of said conpound is held
at 1-50 m\ nRduring the Langmuir-Schafer deposition.
38. The process according to claim 35, wherein the
surface pressure of said conpound is held at a

I QONSaTEai8 U EBCRaIREE B§ TRt c8&fpdNGER during the
Langnuir- 5Schafer deposition. 39. The process

lAc col ginpigtot eccetddionts cR@me i 5 206, wihercsi saiddrgaric i 8lm comprises

Lijion . Lhe or .G, | ayer cording to step c),.
RS bR Elen bR RBR B Gy BRE! ety Pl ey o
atihef aaiganiie |16 enthe opebaciding fhayer by ther mal

vaporation through a shadow mask. 40. The process
téccol BFgOr accerdangriosny aftrdties i Stind 7swbereis sitdordamd thin films
c&h G ‘BG%S:? kil 6031-1}@%8 fi,tsa&éns}’&-.g&‘ 1585 G R %?B{;eco# &Y %m[!l(g]unds
the optical active form according to any of clalns
ag daitkd imslainm | hd/ot dpydahe Edngpuaddcactiingaoahy gluldink ano 14 in
41..qu process according to any of clainms 28 to 30,
ot .ﬁmgﬁﬁé”%rganic.thin filmconprises at |east one
19F 9aMiaGsikBY fcoRGEOIodM% Qaiflsaisno 17, 3G tHee(ﬂ%{]ico fn films
organi c |ayer according to any of clains 1 to I n
camprisopi § owdrlapeedilvetrdnefemed 145412 1ide op oo sse aoqoucksg clabmed
-any. of _cl.ai ns to 30, erei.n said arganic thin .
R Bl oTE af BeeBmpRindi RSt e iy s Ees £ 1k epy aica
adtB¥ €6i$. made of one of the conmpounds as clained in
claim1 and/or one of conmpounds according to any of
20| aj Mgngistpoackarding tonayopt ¢leiats feam il o flgr mheren@the Piganic thin

R LERS st ﬂ% 140 @ %. lains_ 28 1o 30 rherein

DGR LIRI STnglr ATPe28. L0y MBS o

clhinadsh efaired ahady envsriapmpee Lofdepatie@fayt ensd0 GPOMNEIIh@Sompounds
clai.med in flainBAl and/ or one of conpounds according

a0 gpy e A 11046 imibeiopticahactstoighal active form

244 ﬂﬁﬁsiﬁ&%‘c@oﬁ%ingqgaﬁ ng &lﬂer@]';%e%anﬁhg% 18 =8 &fcB@ansistor.
wherein said organic thin filns

22. The transistor according to claim 21, wherein the gate electrode is in contact with

the conducting layer.

23, Transistor according to claim 21, wherein the source and drain electrodes are in

contact with said layer comprising one of the compounds according to any of claims 1 to

14 in the optical active form.

24. Sensor for gaseous analytes comprising one or more than one organic thin film

transistor according to any of claims 15 to 23.

25. Enantioselective sensor for gaseous analytes comprising one or more than one

organic thin film transistor according to any of claims 15 to 23.

26. Integrated circuit comprising one or more than one organic thin film transistor

according to any of claims 15 to 23,
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conprises 10 overlapped LS transferred |ayers nmade of
one of the conpounds as clained 25in claiml1l and 5
over | apped LS deposited | ayers nmade of one of the
conmpounds according to any of clains 1 to 14 in the
optical active form 45. Use of an organic thin film
transi stor according to any of clains 15 to 23, as

sensor of chiral analytes in gaseous phase. 46. Use
according to claim45, wherein said chiral analytes
conprise citronellol. 47. A nmethod for the

2BNanBéMsehRs! foV BasdbiSCon Ftdddbn@hsiRE oRASERNR BARbM &Banic thin
charactherized In that it conpriseés the use of one or
fitvp frensiferaceerding e ayf¢flchaime dhst B ors according to any
f clal. 1o, 23 548 Use of . at | east one co und .
2 cop it Tl Plpafch BT Qi FY bR FETRRL P
c@hpidsing e $ol Bbaotig dtgpsbe used in the enentiosel ective

di scri m nati on of gaseous anal ytes. 49. Use according
to ® rparagen dihleat pag podycting leyest it uses a
fg”ﬁ%’gﬁ@#oigﬁiﬁn oh s&48 @%@gﬁg @9&%@9& 108t b (ﬂ@%ﬁﬂfz 1a%["3‘5£85 !
¢) Deposition on said dielectric layer of at least one semiconducting organic thin
film characterized in that said semiconducting organic thin film comprises
one or more than one layers according to any of claims 1 to 14.
29.  The process according to claim 28, wherein said organic thin film requires the
deposition of at least two different of said organic layers.
30.  The process according to claims 28 or 29, wherein after said step b) said
dielectric layer is scratched and one gate electrode is contacted with said conducting
layer.
31.  The process according to claims 28 or 29, wherein before said step ¢) both the
dielectric layer and the conducting layer are cleaned in order to remove the
manufacturing residues.
32.  The process according to claims 28 or 29, wherein in said step ¢) one or more
than one of said organic layers are deposited using an adhesion promoter of the
deposited compound.
33.  The process according to claims 28 or 29, wherein in said step ¢) one or more
than one organic layers are drop cast.
34.  The process according to claims 28 or 29, wherein in said step ¢) one or more
than one of said organic layers are spin coated or thermal evaporated.
35.  The process according to claims 28 or 29, wherein in said step ¢) one or more
than one of said organic layers are deposited by Langmuir-Schifer techniques.
36.  The process according to claim 35, wherein the compound is held in the

condensed phase during the Langmuir-Schifer deposition,
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37.  The process according to claim 35, wherein the surface pressure of said
compound is held at 1-50 mN/m” during the Langmuir-Schifer deposition.

38.  The process according to claim 35, wherein the surface pressure of said
compound is held at a constant surface pressure of 20 mN/m? during the Langmuir-
Schifer deposition,

39, The process according to claims 28 or 29, wherein after said deposition of the
organic layer according to step ¢), the gold drain and source electrodes are fabricated on
the organic semiconducting layer by thermal evaporation through a shadow mask.

40.  The process according to claim 39, wherein the source and drain electrodes are in
contact with said organic layer in the optical active form, according to any of claims | to
14, as in the tipycal “top contact” configuration.

41.  The process according to any of claims 28 to 30, wherein said organic thin film
comprises at least one organic layer according to claim 1, and at least one organic layer
according to any of claims 1 to 14 in the optical active form.

42.  The process according to any of claims 28 to 30, wherein said organic thin films
comprises from 5 to 30 overlapped LS transferred layers made of one of the compounds
as claimed in claim [ and/or one of compounds according to any of claims 1 to 14 in the
optical active form.

43.  The process according to any of claims 28 to 30, wherein said organic thin films
comprises |5 overlapped LS transferred layers made of one of the compounds as claimed
in claims 1 and/or one of compounds according to any of claims | to 14 in the optical
active form.

44.  The process according to any of claims 28 to 30, wherein said organic thin films
comprises 10 overlapped LS transferred layers made of one of the compounds as claimed
in claim | and 5 overlapped LS deposited layers made of one of the compounds
according to any of claims 1 to 14 in the optical active form.

45. Use of an organic thin film transistor according to any of claims 15 to 23, as

sensor of chiral analytes in gaseous phase.
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46. Use according to claim 45, wherein said chiral analytes comprise citronellol.

47. A method for the enantioselective discrimination of gaseous analytes,
charactherized in that it comprises the use of one or more than one thin film transistors
according to any of claims 15 to 23.

48. Use of at least one compound according to any of claims 1 to 14 for the
preparation of a transistor to be used in the enentioselective discrimination of gaseous
analytes.

49.  Use according to claim 48, characterized in that it uses a combination of

compounds according to any of claims 1 to 14.
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