gg§f009/105042 PCT/ S&2009/ 000058 THI ENOTHI OPHENE
VATI VES BACKGROUND OF THE | NVENTI ON The present
WONPER%043n rel ates generally to organic conpgﬁﬁ@QQW%WOMBs
sem conduct or applications. Organic nmaterials have
recently received enornous interest over their
silhcon ?nalogues because they can potentially be
used to fabric ' hjn-f{i istors
(OTFTs) at |oﬁﬁﬁﬁ!§¢9ﬁg@éﬁhﬂﬁ18§'ﬁg&[‘%€ areas, and
on flexible substrates. However, many known organic
sem conductors suffer a nunber of drawbacks such as,
for exanple, sasEepOUND| DFyTHE ANVENTIIONti on and/ or
limted solubility even'in hot solvents. Further, use
of expensive processing techniques 'such as vacuum
THEEPOSiLion: i S jheauiches f oFeptds dRRTaally, Meki Ngrganic
such materials unsuitable for fabricating of
campoyedgr ERTT iSefs COREYSIOrngPP L liCRtWOMSd be desirabl e
to have an air-stable and nore sol ubl e organic
sem conductor material in order to fully realise the
ompeirdnt inalt dreindfd tisave ofecegahy cretetvedneosormnSUNMMVARY erest

OF THE ] NVENJ|I ON The inventiqQn provi des conpounds that
OV YT Bl AFFGR GOBROP e Sy e 5L Con Potentially
beS QB &PNERICE Db Si b €] e§apNECrhdaviEeem SHGhsASLOrganioTFTs)

field effect transistors (OFETs), organic sol ar-cel

atdelPeesomtd oPRMNI eAFBEhtCRIRTATNg2TBRGde SO ERs)E e ible

substrates. However, many known organic semiconductors

suffer a number of drawbacks such as, for example,
susceptibility to air oxidation and/or limited solubility
even: in hot solvents. Further, use of expensive processing
techniques 'such as vacuum deposition is required for solid
materials, making such materials unsuitable for fabricating
of large-area films. Accordingly, it would be desirable to
have an air-stable and more soluble organic semiconductgk
material in order to fully realise the potential benefits

~of organic electronics.
SUMMARY OF THE INVENTION

The invention provides compounds that are particularly
useful when employed as semiconductors in electronic
devices such as organic field effect transistors (OFETs);‘
organic solar-cell devices and organic light-emitting

diodés (OLEDs) .



1 WD 2009/ 105042 PCT/ S&009/000058 1In a first aspect,
the invention provides a conpound of formula (1): S
WO2PN105042 A S |n (1) wherein n is an integePCTPER02/000058
to 1000, inclusive; wherein when nis 1, mis 1; Ais
a noiety of formula (i): RL R3 R2 (i) wherein R is
aryl or heteroaryl, and R2 and R3 are independently H

or alkyl; and Bis a noiety of formula (ii): R5 R6
InRa Sfirst aspect, the invention provides a compound of

formula (I):

wherein
n is an integer from 1 to 1000, inclusive;
wherein when n is 1,
m is 1;

A is a moiety of formula (i):

S

R3 R2

wherein

Rl is aryl or heteroaryl, and

R2 and R3 are independently H or
alkyl; and '

B is a moiety of formula (ii):

RS. R6

-y

S



2 WO 2009/ 105042 PCT/ SG2009/ 000058 (ii) wherein R4

IS arg/l or heteroaryl, and R5 and R6 are indeEendentI
WOROEH0SMR ky| : and wherein when n is greater tRai/S§2009{¢Pooss

is Oor 1; Ais a noiety of formula (iii) or (iv): S

S R7 (iii) wherein R7 and R8 are independently H or

alkyl; S RO (iv) wherein RO is Hor alkyl; and -Bis

a noiety of formula (v), (vi) or (vii): 3 WO

2009/ 105042 PCT/ SG2009/ 000058 R11 R10 S

(ii)

wherein
R4 is aryl or heteroaryl, and
R5 and R6 are independently H or
alkyl; and
wherein when n is greater than 1,
mis 0 or 1;

A is a moiety of formula (iii) or (iv):

S/ \
\ /) s

R7
(1ii)

wherein R7 and R8 are independently H

or alkyl;
S

-

R9
(iv)

wherein R9 is H or alkyl; and

"B is a moiety of formula (v), (vi) or (vii):



S (v) wherein RL0 and R11 are independently H or
alkyl; R14 RI3 R12 S NI SN (vi) wherein R12, R13

‘VO&W@”ﬂﬂﬁzare i ndependently H or al kyl; R16 REST/SRRP09/000058

(vii) wherein R15 and R16 are independently H or

al kyl . 4 WD 2009/ 105042 PCT/ SG2009/ 000058 In sone
exanples, R1L and R4 may i ndependently be phenyl,
napht hal enyl , thiophenyl or dodecy| phenyl. In sone
exanples, R2, R3, R5 and @pendently be H or
dodecyl . In sonme exanpl R16 may i ndependently
be H, dodecyl, tetrad . I'n sone

exanpl es, n may be an gom1l to 100,

i ncl usi ve.

wherein R10 and R11 are independently H

or alkyl;
R14 R13 R12
S
/N
N\S/N
(vi)
wherein R12, R13 and R14 are

independently H or alkyl;

R16 R15

/s T~
\ -

{(vii)

wherein R15 and R16 are independently H

or alkyl.



In anot her aspect, the invention provides an organic

sem conduct or material conprising a conpound of
WOoRYPRIFM2 (1) as defined above. In another asBEESG2404Q00058

i nvention provides an organic sem conductor device

conprising a layer of an organic sem conductor

material, the organic sem conductor nateri al

conprising a conmpound of forrmula (1) as defined above.

O her objects, features, advantages and aspects of the

D R ETRTAY eERAR RE s p

e ar from | 1I"'ow tron

n&ﬂhﬁﬁﬂﬂﬂﬁyﬂ,ammﬂpphbhyihaw!do@@cwﬂgﬁﬁﬁbdod homever,
that the followi ng description, appended clains, and
specific exanples, while indicating preferred

IrEMRA B Rfs [ hex | YeNtRONanar Re Ghyen ndepeayieditly be H
illustration onIy ari ous changes and nndlflcatlons
ompiddfiasntlhe spirit and scope of the disclosed 5 WO
2009/ 105042 PCT/ SG2009/ 000058 invention will becone
- readily apparent to those skilled in the art from
In eatlien@gxdug fecd,| oW ngr RBRI bR yDESCRIgRHJIOM O HeEH, dodecyl,

FIGS. 1 and 2 are graphs illustrating the
tﬁRﬁ%¥QF§nd°?I9ﬁﬁ cence spectra of exenplary
conpounds of the present invention. FIG 3 is a graph

illustrating cyclic voltamretry (CN% measur enent s
IrphsamaedeX3BPA X el al§Y cdfpodidsiBFeghe from 1 to 100,

inclusive.

In another aspect, the invention provides an organic
semiconductor material comprising a compound of formula (I)

as defined above.

In another aspect, the invention provides an organic
semiconductor device comprising a layer of an organic
semiconductor material, the organic semiconductor material

comprising a compound of formula (I) as defined above.

Other objects, features, advantages and aspects of the
present invention will become apparent to those skilled in
the art from the following description and appended claims.
It should be understood, however, that the foilowing
description, appended claims, and specific examples, while
indicating preferred embodiments of the invention, are
given by way of illustration only. Various changes and

modifications within the spirit and scope of the disclosed



present invention. FIG 4 is an enl arged
cross-sectional view of an organic field effect
WORRRASIME or (OFET) in accordance with an enbBHTREANIGPO0SS
the present invention. FIG 5 is an enlarged
cross-sectional view of an OFET in accordance wth
anot her enbodi nent of the present invention. FIGS. 6
and 7 are graphs illustrating the output and transfer .
ingRarAenemiail B csmen TGN ARRARIN TR CENRReSKELORf in
n e r Luti conpound of the
e LS R S
illustrating the output and transfer characteristics

Sol uti on_pr BEAEE GRS ERIB AR oPEL REEpPBERRICS: rent i on.
6 WO 2009/ 105042 PCT/ SG2009/ 000058 FIGS. 10 and 11

are graphs illustrating the output and transfer .
FIgRar att e#78t s 267 adbaPhem hhEse 2Ry ceaddV Tighh and

lar Qounge of 4 PHESEMpOIYEN b8Nth resent
R g e R iy eva}f)oﬁlti oh. CORAMED PRscRrPRIeN
inkiesitddnbel ow are definitions of various terns used to

descri be the conmpounds of the present invention. These
definitions apply to the terns as they are used

FIdr ogghoait a t §eappeci flieaddaring| egslibeyvalammetry (CV)
otherwise limted in
measurements obtained from exemplary compounds of the

present invention.

FIG. 4 is an enlarged cross-sectional view of an organic
field effect transistor (OFET) in accordance with an

embodiment of the present invention.

FIG. 5 is an enlarged cross-sectional view of an OFET in

accordance with another embodiment of the present invention.

FIGS. 6 and 7 are graphs illustrating the output and
transfer characteristics of a bottom contact device made
from an exemplary solution processed compound of the

present invention.

FIGS. 8 and 9 are graphs illustrating the outpﬁt and
transfer characteristics of a top contact device made from
an exemplary solution processed compound of the present

invention.



specific instances either individually or as part of a
| arger group. The term "al kyl" as used herein refers
WOopRgpPEHEhed or straight chain hydrocarbon gP6l{§§2009/000058
conprising preferably 1 to 20 carbon atons. Exanples
of al kyl groups include, but are not limted to,
nmet hyl , ethyl, propyl, butyl, heptyl, nonyl, decyl,
undecyl dodecyl tetradecyl cetyl, 2- ethylhexyl
FIGS7- dh(heﬁﬁgll delt yareetsz;rams alll%)lrusﬁﬁ-’éﬁﬁnﬁ‘ayt}b% output and

erdfSERs! Lhlhad Ak QRlianabE Y SSubSle dit E0PLLE RS e made
uents selected from ogen, [ ower a
framd ahe eMek@laEyarm:lo&@Mdsuktsft i tuteed prtdksgngr oup‘sention

ncl, ud but. are.not limted to, haloal kyl groups
degaéﬁts§ bYth%§%ﬁbl%VapﬁrﬁFbﬁBdodecane, 6- br onohexy! ,

and the like or other substituted al kyl groups such
as, for exanple, 6- nethoxyhexyl, 8-nethoxyoctyl,
alkylthio (e.g.. CETAHEBHhEERARIESIAN hio and
octylthio), and the like. The term "l ower al kyl" as
used herein refers to branched or straight chain

Lialtkedl yebdops aonprdesiimg tidne 6ofarbanictongernis WOsed to
2009/ 105042 PCT/ SG2009/ 0Q005 ref er abl

QeERPROR okt SRS OF | BUEr IS g BB AR udBhese

de@dhlﬁﬁénﬁobpgaylk%dﬂhé ﬂﬁﬁﬂéﬂasfﬁﬁb@,afe BEO@Ythroughout
i - , I-buty sec-butyl, t-butyl, ,
thﬁen?Q?Clﬁh‘éla‘hb%/I urﬂ-qso?/verth&lykyﬁrﬁr RiPsRyi e limited in

Sp%g?g%t L ed OLs ORLieRAl | Yngubshlbyied W tHONSapF of a

larger group.

The term “alkyl” as used herein refers to branched or
straight chain hydrocarbon groups, comprising preferably 1
to 20 carbon atoms. Examples of alkyl groups include, but
are not limited to, methyl, ethyl, propyl, butyl, heptyl,
nonyl, decyl, undecyl, dodecyl, tetradecyl, cetyl, 2-
ethylhexyl, 3,7-dimethyloctyl, etc. An alkyl group may be
unsubstituted or optionally substituted with one or more
substituents selected from halogen, lower alkyl, and the
like. Examples of substituted alkyl groups include, but
are not limited to, haloalkyl groups such as, for example,
1-bromododecane, 6 -bromohexyl, and the 1like or other
substituted alkyl groups such as, for example, 6-
methoxyhexyl, 8 -methoxyoctyl, alkylthio (e.g., w-
thiomethyl, hexylthio and octylthio), and the like.

The term “lower alkyl” as used herein refers to branched or

- straight chain alkyl groups comprising 1 to & carbon atoms,



substituents including, but not limted to,

substituents such as halogen, and the like. The term
WO24(I050435 ysed herein refers to an aronmatic PERHFG2009/000058

having 6 to 18 carbon atons and includes nonocyclic

groups as well as multicyclic groups, e.g. fused

groups such as bicyclic and tricyclic groups.

Preferred aryl groups are those which contain from®6
pred ekakdar bbn tat dhscapbeherdlsng -6 Exarbbes atdnslever alkyl

nonocy.cl i i n n r.1Q.carhan 0 f _
grkﬂué)fcllir%:cﬁf%egs%ga%ﬁ egloltngllﬁ1 ggﬁbut?i’aﬁge%%}?{’ I %?nﬁ?éél n
pﬂupylpheﬁybrgpgﬁf, nﬁbht?yl gi{buiﬁ?ujzﬁﬁdwhnnymﬂ t-butyl,

group, especia phenyl grqup. a group may be
PMSitbst i # ?‘ethP(\{’%ubstitﬁt eglog(feroneag’?‘/y?'ror@ A4y~ may  be
urRQHdHiMNTedM &P BB iBhalDie SiHstidute swsehe@Rd or more

from for exanple, halogen, alkyl group, and the
subjsite. tuRnd- st ek e inéieg oalWt” mefand 1ad tadonk®i ¢ SubRg1tuents
sd&warlg.h%lto%teﬁs, a@‘{dorﬁre Eri%.fee.‘r ably 5 or 6 atons,

I ncluding east one "heteroatom such as, but not

limted to, NN O and S, within the ring. The term

“heteroaryl”_includes mpnocyclic groups as well as :
Tnﬁﬂq??9clgﬁybroaﬁsPséﬁg.QQﬁﬁﬁjiﬁéﬁﬁ% %%Cﬁnagroma%lc ring
nhdtiG¥Fld cc@nds t £heyehi BrohoUREa Thelhaker eaycy®@Y c groups

optionally be fused or bridged with one or nore
asevigbhe ast iTHYS EHHT10C t SrAWUr t el - hdtsiSshr§royphgsuch as

bigggéﬁigggﬁgéﬁgg%%MQJ(ﬁféﬁgéj8P¥€E%QQ%@1Q§Q%@ groups are
those which contain from 6 to 12 carbon atoms, preferably 6
carbon atoms for monocyclic rings and 9 or 10 carbon atoms
for fused bicyclic rings. Examples include, but are not
limited to, phenyl group, naphthyl group and anthracenyl
group, especially phenyl group. An aryl group may be
unsubstituted or substituted at one or more ring positions
with one or more substituents selected from, for example,

halogen, alkyl group, and the like.

The term “heteroaryl” means an aromatic ring having 5 to 18
atoms, preferably 5 or 6 atoms, including at least one
heteroatom, such as, but not limited to, N, O and S, within
the ring. The term “heterocaryl” includes monocyclic groups
as well as multicyclic groups, e.g. fused groups éuch as
bicyclic and tricyclic groups. The heterocaryl wmay
optionally be fused or bridged with one or more benzene
rings and/or to a further heterocaryl ring and/or to an

alicyclic ring.



The tern1"ha|o" or "hal ogen" as used herein refers to
Br or 1. The term "substituted" is intended to
‘V0&@§@Pﬁﬂé moi eti es having substituents repl aBfh§Gao09/000058
hydrogen atom on one or nore atons, e.g. C, 0 or N
of a nol ecule. As described herein above, the present
invention relates to conpounds of formula (1) and to
use of such conpounds in sem conductor applications.
ThPr seemr 8Hadpl esnpbahdgent aorweed [eyeiherefarritand. Cl.

arrd, gre i ndependent |y phenyl, naphthal enyl, thiophenyl
or odecyl phenyl . Advantageously, aryl units such as
phenyl and napht hal ene when used as " end-cap'

substltuent rovide stabi.lit ai nst de |on
Thy| 10 ef“é@é%lﬁf‘gfe on‘p’o%n&?t(%‘dfigir n'ﬁ‘?ad(%l St emﬁletles
haf2ngR3BubdBi ahdP aepilhpdagendenvhyobenr adetecyh. one or
Advantageously, i ntroduction of two al kyl chains at
mogRea8ols  4epbsi £i of BH Nt hPépheRelfft@ases solubility
and thus facilitates device fabrication. The presence

of long al kyl chains in the conpounds of forrmula (1)
Asabssckﬁpedveerehaiabmwbecuharpresdetimgvenhmgn relates to

sitivel flue ci thelr sen1cond ct n .
BP8B@PF| ﬁb ?g Gr'e cBRp FOPRRPRRAs in

sehhkdﬁﬂ@b%b& BﬁPQQcaBiénare |ndependently H dodecyl ,
tetradecyl, or cetyl. 9 WD 2009/ 105042
PCT/ SG2009/ 000058

Preferred are compounds of formula (I) wherein R1 and R4
are independently phenyl, naphthalenyl, thiophenyl or
dodecylphenyl. Advantageously, aryl units such as phenyl
and naphthalene when used as ‘end-cap’ substituents provide

stability against oxidation.

Also preferred are compounds of formula (I) wherein R2, R3,
R5 and R6 are independently H or dodecyl. Advantageously,
introduction of two alkyl chains at the 3 or 4-position on
thiophene increases solubility and thus facilitates device
fabrication. The presence of long alkyl chains in the
compounds of formula (I) also improves their molecular
ordering, thus positively influencing their semiconducting

properties.

Also preferred are compounds of formula (I) wherein R7 to

R16 are independently H, dodecyl, tetradecyl, or cetyl.



Sone exanpl es of the conmpounds of formula (1) are

shown b¥ the followi ng structural fornulas, but the
WORPREEHH2 | nvention is not linmited to these PCT/SG2009/000058

enbodi nents. Cl12H25 S S/ \ S S Cl12H25 1 C12H25 S\
/'\' S SCl2H25 2 C12H25 S S S\ / \ §S S Cl12H25
3 S Cl2H25 S\ / \ s §1225 4 10

Some examples of the compounds of formula (I) are shown by
the following structural formulas, but the present

invention is not limited to these embodiments.

C12H25
- \\S// \ —
) s \ N\ 7
C12H25
1
C12H25
]\ S
oD
C12H25
2

C12H25
S / \ S
M T\ S Y\
s\ / S
C12H25

3

coH < > J N\ S
127725 \ E ::::
S \__(S\ \S / CiaHas

10



WD 2009/ 105042 PCT/ SG2009/000058 s s/ \' s s 5
Cl2H25 /\ s s s\ / \ s Cl2H25 6 C12H25 \ \ / \ s s
WOR0Q9/105042 5 C12H25 7 Cl2H25 s s s s s s E¢D[N62008/000058

11 WD 2009/ 105042 PCT/ SG2009/ 000058

s~ N/ \ S —
s \/

\ 7/

C12H25

< > 4 \; \/S
s \ ;/ \\
S

C12H25

C12H25 :
/NS
sontaty W
OO
C12H25

11



Cl2H25 S S S S Cl2H25 9 Cl4H29 S S S S S S
Cl4H29 10 Cl6H33 S S S S S S (C16H33 11 Ci12H25 S S
WOgO@/10@4g Cl12H25 12 12 PCT/SG2009/000058

Mﬁw

12

12



V\D 2009/ 105042 PCT/ SG2009/ 000058 Cl4H29 s s s \ [/ \
s s Cl4H29 13 C16H33 s/ s\ / S/ \ s S S Cl16H33
WO@WGQ%H% s s\ / \ s NNS N CI2H25 15 Cl4PEE/562009/000058
/ \' s N', S N Cl4H29 16

CouFg

+@ >/:\\ \<S7/_\\ (S/ //—\}n
i \—((314H: |
13

CreHas
+@ >/—s_\\ \\87/—\\ (S/ J/—\\}
e

14

/N

C12H25
/S
s N\ _/ \ S
C12H25

14 29

|

13



13 WD 2009/ 105042 PCT/ SG2009/ 000058 C16H33 S S\ / \

S N~ S NC1633 17 CI2H25 CI2H25 S S\ / \ S N,
WORN/193042C14H29 C14H29 S S\ / \ S N', S~-N POT/SEI¢980058

Cl6H33 S S\ / \' S N', S'IN20 14 WD 2009/105042

PCT/ SG2009/ 000058

C16H33
7\ \S s
S S e ]
In
N/\ ,\N | S \
S C16H33
17
C12H25 C12H25
7\ \S /\ ]
S \_J
Y S \ /] In
\S/
18

20

14



Cl2H25 Cl2H25 C12H25 s S
Cl4H29 Cl4H29 Cl4H29 s S

WOBAN4E16H33 C16H33 s S
Cl2H25 Cl2H25 S S N', S~,
PCT/ SG2009/ 000058

12 25 12 25 i 12 25

s N', S ~N Cl2H25 21

s NHS'IN Cl429 22

s NN S~N CP6EE5§2005/800058
15 WO 2009/ 105042

C

S \ Z
/\ g’ S /}
N /N
S
21
C,Hy CoHyg  CaaHag
N/ \(
s~ ./ \ S
/ N\ S \ /i
S C14H29
22 |

24
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Cl4H29 C14H29 S S N S'IN 25 C16H33 C16H33 S S N ~

SXN 26 Conpounds provided by the invention are
WOREPaIH42t er designated as "conpound(s) of tRET/SG2009/000058

invention". It will be appreciated that the conpounds

of the invention may exist in the formof optica

i soners, racemates or diastereoi sonmers. The scope of

this invention enbraces all stereochemcally isomeric

forms of the corfpgHnds. TGeH,erm "stereochenically

i soneric forms” as used Herein_ therefore neans al

possi bl e isoneric f;o conmpounds of the

i nvention may posSESYk nmenti oned or

i ndi cated, the chemc enatic nanes

and formul ae of the

all possible stereoc i“Cally 1 soneric forns,

containing all diastereoners and enantioners of the

basi ¢ nol ecul ar structure.2%n particul ar, stereogenic

centers may have the R- or S-configuration.

26

Compounds provided by the invention are Thereinafter

designated as “compound(s) of the invention”.

It will be appreciated that the compounds of the invention
may exist in the form of optical isomers, racemates or
diastereoisomers. The scope of this invention embraces all

stereochemically isomeric forms of the compounds.

The term “stereochemically isomeric forms” as used herein
therefore means all possible isomeric forms which the
compounds of the invention may possess. Unless otherwise
mentioned or indicated, the chemical structures, systematic
names and formulae of the compounds denote the mixture of
all possible stereochemically isomeric forms, containing
all diastereomers and enantiomers of the basic molecular
structure. In particular, stereogenic centers may have the

R- or S-configuration.

16



16 WO 2009/ 105042 PCT/ SG2009/ 000058 Conpounds of the

present invention are particularly useful when
‘V08W3ﬂ8?%6 as semiconductors in el ectroni c devPEESGIPE(RO0058

as organic field effect transistors (OFETs), organic

solar- cell devices and organic light-emtting di odes

(OLEDs). Organic sem conductor materials of the

present invention are easily synthesized, have good

air and thermal stability, are easily processi bl e and

B 8 L EPRBLPY en SRRl SORL KRNSO

wnmmsemplwﬁMﬁn&$Oﬁemthbﬁ&&c6¢£§|hﬁnblebhkﬁnﬁb|Mev1ces such
transi st or (TFTkﬁferfornances Wit h &Hgd mobi lities.

Ay YPFAE G Hi i T 150 G5 St gtemeT) (YdA Pes OHsRIeF splar-
cLONMRndse Dfadd e aeﬁeﬁtugfnfcemm%ll}@/%lmc% (OLEDs)

stability in air en exposed to anmbi'ent |ighting and
anbi ent environnment and exhi bit excellent field-effect

0 > 0",
oSG MEpERsantLcR TN 2k A2 pRe a0 dyencson
awarbient 1 ai gyntareb ilzedk 1 hadvee s diar aaqd)ainmaﬂomttm:tlllty,
OTFT deqosited b ernal evagoratlon

. The l—é)VD .
Ahe Gy é(veP‘éO%‘Fg%’r‘P ¢ hédalay S FFEY Yt ngePanyesd by
sPin edating b6hodH Erdmtsdiweldn W tdyrgmtic fdaGidn .

of the gold el ectrodes, favoring the charge injection
of hol es. Ther nal analyses as well as electrochem ca

K@aé%?gﬁﬂhsd%@ £R fg)r?stel?l%t nﬁle”m %Og@ﬁevgf i 11ent

present 1 nvention a good oxl dati on
thin film transistor (TFT) performances with  good

mobilities. Organic thin film transistor (OTFT) devices
based on compounds of the present invention have high
stability in air when exposed to ambient 1lighting and
ambient environment and exhibit excellent field-effect
performances, with a mobility as high as 3.11x107% cm®/V-s
for a top-contact OTFT made by spin-coating in ambient air
and 1.4x10™* cm?/V-s for a bottom-contact OTFT deposited by
thermal evaporation. The HOMO energy levels of all the
materials are in the range of 5.2-5.27 eV, which match well
with work function of the gold electrodes, favoring the
charge injection of holes. Thermal analyses as well as
electrochemical measurement data confirm that the compounds
of the present invention afford good thermal and oxidation

stability.

'General Synthetic Methods

17



stability. CGeneral Synthetic Methods 17 WD 2009/ 105042
PCT/ S&009/ 000058 The conpounds of the present
WORMPEAIMEN nay be prepared by the nethods deBfESEG009{00058
t he reaction schenes shown below. The starting
materials and reagents used in preparing these
conpounds are either available cormercially or are
prepared by nethods known to those skilled in the
Thay tcompmewls schehbs gresmetelipnvidntustr atdawebef pseparefli by
t he t hods . by. which_the caonpounds of this inyventiagn
tHE T e Y REET B And Poaridue ki TTLaFanglosn Delow.
THhese 1xdhemas teaile pmde rabdentisl hskad swggesipeding these
one skilled in the art having referred_to this
CHIRRIGS A e SGﬁEﬁE'Eyag}ﬁpﬁésF@m@Frédﬁ&&dhﬁg‘fIFoggePgred
byR mBtnbab \Bhowsh CkAH28nSed. BubiiedHE:S A\ Srb./ \ tHese
Ar Ar 2. Bu3snC PdCl2(PPh,)2 S 1to5 R Conpounds 1
saheresararsynehety zedlbptsative ofupldmey @si hgeamethods by
ane- p, hod b N .. . . .
w8 O ST undE 355 YR GERSRE Lo (Mo Peg RSS2
armef el oy mespiofhict g Sriestd yr i epas€lemes can be made and

Lri-n-butyl stannyl derivatives of ,
Wﬁ%%iqﬁﬂﬁﬂiégﬂﬁﬁk§ﬁ-9§ﬁ skilled in the art having referred

to this disclosure.

SCHEME A: Synthesis of Compounds 1 to §
5 S
T
cH \
12" '25 .
_;zzfig 1. BuLi, THF S
ANg 2. Bu,SnCl PACI{PPh,),

Compounds 1 to 5 are synthesized by stille coupling using a
one-pot method between 2,5-dibromothieno(3,2-b]thiophene
and two equivalents of the corresponding freshly prepared

tri-n-butylstannyl derivatives of [tributyl (4-dodecyl-5-

phenyl-thiophen-2-yl)stannane (1), tributyl (4-dodecyl-5-
naphthalen-2-yl-thiophen-2-yl)stannane (2) and
tributyl (thiophen-2-yl)stannane (3)], in the presence of

catalytic (1 Mol%) PdCl,(PPhi), in refluxing dry THF in 87%
yield.

All the compounds are very soluble in organic solvents,
such as, CHCl,;, toluene, THF, etc., and are easily purified

by column chromatography and recrystallization. Both
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phenyl -t hi ophen- 2- yl)stannane (1),

tributyl (4-dodecyl -
‘VoﬁﬂﬁﬁﬂﬂéFen 2- yI-thlophen 2-yl)stannane (2) aRgT/5G2009/000058

tributyl (thi ophen-2-yl)stannane (3)], in the presence

of <catalytic (1 MI% PdC 2(PPh3)2 in refluxing dry

THE in 87% vyield. Al the conpounds are very sol uble

in organic solvents, such as, CHCl13, toluene, THF,
cogpeundsnd aaredeashayepdldwreirecsolbx)oiddltmmin common. organic

hr omat o ap hy. and recrystallization, . Bot 38
SogdﬁgffOSgﬁi éﬁ?§5555%70 OO Z')'dorrpoun Eland gg%ultable
can@iRia teel UFdH t V1 iiquieDMBHaseOr ghftice SO atiic timn. The

conpounds 1 to 3, nmaking themunsuitable candidates
S HEC UYL &fpﬁé’?@"&é‘ﬁscé fRpPi ¥SEPoR2TRECCSEFREL BVes c

v, Cornmeunds) 1,491 3 Y6r anehaam £rtcaed f¥sdHepld3€rometry.
NVR, el enental ana ysis and MALDI - TOFF mass
Thepewt swhies ryere Tn@nsesgbnt waitd corsisteneditedt kbiemical
lcted c e
sﬂ%ﬁé%d% & gflon 2 i&g§¥ﬁz£pﬂ§¥ é%db%thgompounds 4

characterlz ounds

anﬁobutm@nsmhm&acke@mmm@ueecwmiqm@b passnbktepdeeibde due to
thelr | ow solubility in organic solvents. Ther%fore

Ch&di r O"%t?‘?ﬂd’%l%ﬁrjé‘stw% BRI LonPPIKERtBy FREBRITERE their

stRZTurdReCt {;apat ry@nﬁpHEMén@ ralt hegys MargpnpPinds Gass
to 8 R Cl2H25 S Ar
spectrometry.

SCHEME B: Synthesis of Compounds 6 to 8

A
(HO),B-Ar

—— -

gr Pd(PPhj),

6t08

Compounds 6 to 8 are synthesized by a Suzuki coupling
reaction between 2,5-bis(5-bromo-3-dodecylthiophen-2-
vl)thieno(3,2-b]lthiophene and two equivalents of the
appropriate aryl-boronic acid [phenylboronic acid (6),
naphthalen-2-ylboronic acid (7) and thiophen—z—ylboronic
acid (8)] with Pd(PPh3),; in refluxing THF in 70% yield.

All the compounds are very soluble in organic solvents,
such as, CHCl,, toluene, THF, etec., and can be easily
purified by column chromatography and recrystallization.

The structures of compounds 6 to 8 were characterized by H,
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Ar S (HO2B Ar S\i7/\ Br S S Br Pd(PPh3)a S S 6 to

8 Cl2H25 Conpounds 6 to 8 are synthesi zed b¥ a Suzuki
WORKYAPTHY reaction between CT/SG2009/000058

2, 5- bi s(5- br ono- 3- dodecyl t hi ophen- 2-

yI)thieno[3,2-b]thiophene and two equival ents of the

appropriate aryl-boronic acid [phenyl boronic acid (6),

naphthalen 2-yl boronic acid (7) and

@ hi gpen- 2-g dernirik a@m@lfgé? wi 8hdPd( MRRBY4TPFF  mass

f|UXI THE 7 th S ve

Spe%trﬁp ggﬁ or&g%lcq%b Jgh ¢¥%ﬁmh80889ggéﬁg %E Eeng%elr
prHEcteﬁccheamdaaaetbaceasbby purified by colunn

chromat ography and recrystallization. The structures

of compounds 6 to 8 were characterized by 1H, 19 WD
sceNg £05042 P% 62899/ 88003/ poliddsNWR:cehanent al

anal ysi s and LDI - TOFF mass spectronetry. The

results were consistent with their predicted chem ca

structures. SCHEME C. Synthesis of Conmpounds 9 to 14

C12HR5 R SSSS SSS\ SSS5 Ss SE{%ell R
W/ s N/

N 7\
s\ s I
c,H 9to 11 R ’
25
CHOY,

+ FeCl,

% R@%«ﬂr

12t0 14

Compounds 9 to 14 are synthesized by direct chemical
oxidative polymerization of compounds 3 and 8 respectively
with four equivalents of ferric chloride as the oxidant in

chloroform.
SCHEME D: Synthesis of Compounds 15 to 26

Compounds 15 to 26 are synthesized by stille coupling or

Suzuki coupling.

Examples

The invention is described with reference to the following
examples. It is to be appreciated that the invention is not

limited to these examples.

Example 1 Properties of Compounds 1, 2, 6 and 7
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Cl2 H25 CHC3 or + FeCl3 or RT C, 2H2, RS S S S S
\ SSSSSg\/ S 8 Cl2H2/ 12 to 14 R Conpounds
WORYIASUE e synt hesi zed by direct chemical ox 95@9\?@9/000053

pol ymeri zati on of conpounds 3 and 8 respectively wth
four equivalents of ferric chloride as the oxidant in
chloroform SCHEME D. Synthesis of Conpounds 15 to 26
Compounds 15 to 26 are synthesized by stille coupling

or Suzuki coupling. Exanples The invention is

ribed wiith referen thef [1q X
T T kgt ELF T oL B e TIRORI or PR Enpp Emined
byl i m dedfépetbese exaﬁﬁrﬁ&ngExarrphEoiidﬁ’éapgrtl e ) and
Compounds 1, 2, 6 and 7, 20 WD 2009/.105042

h@éﬁP@é@G@@ﬁé@@@ssan%%zsfﬁerﬁ%ﬁApraﬁéﬁfle§15¥°9ﬁ%séﬂ“i the

reSRTRRUALS Wik d8LeuMiRedaphy di bEebent i ah1SedRNiAGerials
calorinmetry (DSC) and
melted above 100°C and have relatively high thermal

stability (>350°C).

The photophysical properties of the compounds were measured
by UV-vis and fluorescence spectroscopy in THF and the
results are presented in Table 1 below. All the compounds
show strong absorption and emission in the 350-420 and 470-

480 nm ranges respectively (see FIGS. 1 and 2).

The oxidation potentials of compounds 1, 2, 6 and 7
measured by cyclic voltammetry (CV) are 0.87, 0.80, 0.84
and 0.81 V, respectively, from which the HOMO levels were
calculated as shown in Table 1 and FIG. 3. As their
reduction potentials could not be observed, the LUMO levels
were estimated from the HOMO-LUMO energy gaps which were
estimated from the end-absorptions of the UV-Vis spectra
are -2.56 (-2.61, -2.51 and -2.54 eV) for compounds 1, 2, 6
and 7, respectively. The HOMO levels of all the compounds
match well with the work function of metallic gold (-5.1 eV)
and can therefore enhance hole charge injection between the
electrode and the semiconductor, thereby greatly improving

device performance.

Table 1
Tn Ty UV-VviS Amax | PL Amax HOMO/LUMO
(ec)® | (°c)® (nm) © (nm) © (band gap) (eVv)?
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t hernogravi nmetric analysis (TGA) under nitrogen and
the results are summarized in Table 1 below. Al the
WORgaPiMEs el ted above 1000C and have rel at PCESE204PPOSS
thermal stability (>350C). The phot ophysi ca
properties of the conpounds were nmeasured by UV-vis
and fluorescence spectroscopy in THE and the results
are presented in Table 1 below. Al the conpounds
Ishow 23t r opng@&bsqr pti 88%and emi $8kon |i -3 .85 /B380-542 0 2L )
4+0-—48 anges—espeetiyrely{seeFH-GS—1—and 2)-
The 4 dat i pat ent |4§ s of co?rﬁsuncs '15,'223,7'62 did (72'66)
greasiy£d| bys £y Cl[i ¢ vapgamel ry466V) [ars G&l2 G802 73)
0.184 and 0.81 respectively, fromwhich the HOVD
1 evells wer 20Cal|cul at8d as showsin |Talf 1/ &hbFIG-67)
aé%}ﬁ?%éé“%r — '1¢iégh"égéhgia+s'A'u%ﬁ—ﬁa%:be
b served, The evéfs re estimated fromthe
c@?ﬁ\iﬁcfﬁ TR d‘éeBS% H'were estimated fromthe
. BREYHSGr hBi BnsBf SPHBELRPVI s spectra are -2.56
Cadcptatesd sirgRd G2, 88de\BV 110rS cBREOURELCR, SPe@-Trangand
edge respectively. The HOVMO | evel s of all the conpounds
match well with the work function of netallic gold
Exampil 8Y)  andgan gher f%%f%:ﬁ%%% hol e charge

I njecti on between the el ectrode and the
sem conductor, thereby greatly inproving device

f T 1 Tm Td - Vi . PL 2 L
SR B 2 e i R P =
e

F
th organic semiconductor material according to an

nm
TITL

embodiment of the present invention, field-effect
transistors were made both in bottom-contact (semiconductor
deposited above the drain and source electrodes) and top-
contact (drain and source deposited above the semiconductor)
device geometries by both solution deposition and vacuum
thermal evaporation. Referring now to FIGS. 4 and 5,
enlarged cross-sectional iviews of the field-effect
transistors 10 and 50 are shown. A heavily doped Si wafer
was used as substrate and gate electrode 12 and 52 with 100
nm thermally grown SiO, serving as gate dielectric 14 and
54. Before thin film deposition, the Si wafer was cleaned
by piranha (H,0,:H,SO,, in the ratio of 1:2) followed by SC1
(NH,OH:H,0,:H,0, in the ratio of 1:1:10).

For the bottom-contact structure 10, the gold layer (source
16 and drain 18) with a thickness of 100 nm was sputter-
deposited and patterned by photolithography and lift-off to

define the source and drain electrodes 16 and 18.
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21 WD 2009/ 105042 PCT/ SG2009/ 000058 1 124 360 389 474
-5.25/-2.54 (2.71) 2 114 395 409 480 -5.20/-2
W0(29096‘8§0426 117 397 401 465 -5.28/-2.55 (2.73) PC?/Sﬁi@S’/OOOOSS
400 407 478 -5.21/-2.54 (2.67) a Cbtained from DSC
measurenent b Oobtained from TGA neasurenent Measured
in a THE solution f Calculated from CV and UV-Vis
absorption spectra band edge Exanple 2 OFET Device
Fd2er filwemabop-Eontabe ps:t:p@séuné cmfi raheng gdiel de\liecerodes
char act anl C m cogguct or materi

t
(SR BE M a2BiBods abniane BB aLLK. iR s and

ddiiel<dt effieet a Ehaaskhsialck Werd FBRde 1R0thicRness of 20 nm.
bott om contact (sem conductor deposited above the

drain and source el ectrodes) and top- contact (drain

RAYPLRAWLE é' bed %‘?&V% ot NG Sl COPGULT O ke R¥hER ctor

géonetries ot h sol uti on deposition and vacuum
mattteefrir@ ef/apbeapiresenRefl grvemyionvare Eo@Bedd amdtbe gate

ar ed ross s ti_onal iews .of, the field-effect
e ectq: 3‘ 5%%&ﬁ lR Féavi | y doped Si

Fansi
waf er vvas used as substrate and gate el ectrode 12 and
52 with 100 nmthermally grown Si02 serving as gate

Al discttiansiptard vk e BdorE TH P9I IHRMRD @m&ronment
Fidie She WRhRLtYAS 26! @88tk fer characteristics (I4-Vg), the

parameters such as carrier mobility, threshold voltage,
current on/off ratio, and subthreshold swing were obtained.
The carrier mobility was calculated from the saturation
regime at a drain-source voltage of -30 V and a gate-source
voltage of -30 V. In order to minimize the leakage current,
every device was isolated by scratching a trench around the
active device area with a probe tip to remové the organic

semiconductor from the trench.
a. Solution-Processed OFET

All solution processed devices using bottom contact
geometry, in general, showed lower charge carrier mobility
than those using the top contact geometry. The bottom-
contact devices have a channel length of 11120 um and a

channel width of 30 um.

A smooth and continuous film was obtained by spin coating
using toluene solutions. Various concentrations ranging
from 0.05 wt. % to 0.5 wt. % were used. A uniform £film

with good connectivity was obtained from toluene solution
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by piranha (H202: H2SO4, in the ratio of 1:2) foll owed

by SC1 (NH4OH H202 : H20, in the ratio of 1:1:10
WORYP/ W2 hot t om cont act structure 10, the gol BCT/A(p09/000058

(source 16 and drain 18) with a thickness of 100 nm

was sputter- deposited and patterned by

phot ol i t hography and lift-off to define the source

and drain electrodes 16 and 18. 22 WD 2009/ 105042
wiR@T/=SEHH OGN ol ¢ e wiop-Eont Acheallingt teepsfatures

t he gold el ectrodes source 56 and drai 8 .
of 1ol 105 26 by B Bof st e b LeP R ERABodenEdRutes
toM4d @ihi:tast BheknRessa0find0 dtfosdrRsRart i@t ay6tE F@cuum

and 60 of an organic sem conductor material of the
anst edent Welgentiler assufdefed &R t Wasgafeundi eltdgfrj &igher

a %aaqu1954t@xg%@r£%( ayer. Al fh8g tf@é\éjhéeé@@nw@ro%rer

charact@eri z und efvi‘tonment. From t
deatiect rpeat otmamsd eand hahacreeniisstricc sofv o) enhhacement in

arameters such as .carrier nmobility, threshold

S T LRI oA 67 R N ES oM E M § VD
anMA 10l abAad. codhthfatbivar debididnt Waestalked aiedpetter

fromthe saturation reginme at a drain-source voltage
pegfifarImngeand a gate-source voltage of -30 V. In order

to mnimze the | eakage current, every device was

i sol ated by scratching a trench around the active
FEIR\& loer tarigzr Wi ditn e qireotis tiias ©f eelpte drhecntgati §FT made
fﬁﬁ%%ﬁSHSBE%grfréﬁﬁﬁfg%ééﬁﬁcﬁn %mﬁ?éﬁg'gﬁip28ﬁfséﬁ9wn in
FIGS. 6 and 7, while the FET electrical characteristics of
a top-contact TFT made from compound 1 spin-coated in

ambient air are shown in FIGS. 8 and 9.

Compound 1 was spin coated at a rate of 1000 rpm for 100
seconds from 0.5 wt. % solution in toluene. Annealing took
place in a vacuum oven at a temperature of 70°C for 1 hour,
followed by 100°C for 20 minutes. It was then cooled under

vacuum overnight to ensure molecular ordering.

The bottom-contact device was shown to have a carrier
mobility of 5.11x107* em®/V-s, a subthreshold slope of 0.98
V/decade, and an on/off ratio of 2x10°. Comparatively, the
top-contact device outperformed the Dbottom-contact TFTs
with a higher carrier mobility of 3.11x107% cm’/V-s, a lower
subthreshold slope of 0.4 V/decade, and a higher on/off

ratio of 4.5 x 10%.

b. Thermal-Evaporation Deposited OFET
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sol ution processed devi ces using bottom contact
eonetry, in general, showed | ower charge carrier
WORH 105ty  t han those using the top contact gBEREGRYPI/000058

The bottom contact devices have a channel |ength of
11120 mand a channel width of 30 m A snooth and
continuous fil mwas obtained by spin coating using"
tol uene solutions. Various concentrations ranging
fromO0.05 wt. oto 0.5 wm. %were used. Auniformfilm

h d bt ai ned f I .
cllpklirfon “FF Vs 9000r PeEahstPLY) S0H DOUBRCL i 1Ana iR 2

vaeer@entnatioon ™ro) Satmta Apapaéi agpbenpesat waes o(ff near 1
from 1000C to 1800C, annealing tinmes_of from 15

Imﬁ%ﬁﬁ&esSUP§t19tﬁFnuﬂ@%ean&néﬁﬁééppﬁélﬁtnﬁ?ﬁﬁ@ﬂbsaGndé@O°c
a2ty V@ﬁé‘ U 24 tl\ﬂ%ri/ver grabso flguligd.od t s fpungs %) were

t hat™ hi gher “anneal i ng t enperat ures (Tannea| > 1200
kerp&s winded ha gpoyrerund @yice @np!@raﬂ@dnam é Oé)ﬁdl tloar @rict-hey 20

|ous nhance n vice perg wi t h-| gnger
mlélr‘fneal i ng ? i e nEE/%%Eur%lO\%/‘enwasanﬁ%g [ ng an COO?I %gg good
cotmstawarri.ght resulted in better performance. FET
electrical characteristics of a bottomcontact TFT

made from conpound 1 spin-coated in anbient air are

FIRAOWN d Nanfl 65 Hdhde ke m'éc%rtﬂ&%llz@—hﬂ%éff@ilcs of a

characteristics of a top-contact TFT nade from
baigigpogertacspi ATEGat ®dden faabi epempEWn@r el siigRPrsited by

tﬁéf%%l SeQQ%o%ation. The device shows a mobility of
1.4x10™* cm?/V-s, a subthreshold slope of 1.1 V/decade and
an on/off ratio of 2.5x10°. Accordingly, it is concluded
that the performance of the thermally evaporated bottom-
contact device keeps at the same 1evél as the solution

spin-coated one.

The description of the preferred embodiments of the present
invention has been presented for purposes of illustration
and description, but is not intended to be exhaustive or to
limit the invention to the forms disclosed. It will be
appreciated by those skilled in the art that changes could
be made to the embodiments described above without
departing from the broad inventive concept thereof. It is
understood, therefore, that this invention is not limited
to the ©particular embodiments disclosed, but covers
modifications within the spirit and scope of the present

invention as defined by the appended claims.

Abbreviations
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Compound 1 was spin coated at a rate of 1000 rpm for
100 seconds fromO0.5 w. %solution in tol uene.

WO 2pHEAM g took place in a vacuum oven at a PCT/SG2009/000058
tenperature of 70C for 1 hour, .followed by 100C for
20 mnutes. It was then cool ed under vacuum over ni ght
to ensure nol ecul ar ordering. The bottom contact
devi ce was shown to have a carrier nobility of
5.11x10"4 cnR/Vs, a subthreshold slope of 0.98
V/.decad ﬁrﬂ g?l on/off ratio of 2xi03. Conparatively,
Bulfe = %u&é’ act*148vi ce out perforned the

BURELEOM:-Cont agt bdHFStiMi &R18rbagher carrier nobility of
3 11x10-2 cn2/Vs, a | ower subthreshold slope of 0.4

H@)dBcAde= aﬁ‘dlabﬁr@ﬁé? dRLBFf ratio of 4.5 x 104. b.

Hoyé% S S0 058 . Camaaun L i 555 deposi ted by
LUMoe r=malowesdp Omavtcicoup Lied alol\ea;@u@m @<t1b>ut(316 Torr) at a

LR BP0 AL 9L NGRE L ML SURSL OGS, 1)

plEesh | i oOnceBidiers dﬁp@éﬁﬂpbéi@imé llﬂcﬁurﬂ&ept
under hi gh vacuum and anneal ed at 100C for anot her 20

PImNauI ens Wa’ﬁbéemestm rdnmagkiimpmphorelypnd mescienggd ehagsion
Tg necti vi té’%é FIGS. 10 and 11 show t he
el ecliorci“b LA S i stics of a bottomcontact OTFT

‘Tiedacbbapoeinetndedpdepeairted by ther mal
evaporation. The device shows a nobility of
THF = tetrahydrofuran
T, = melting temperature
UV-vis UV-vis Amax = Wavelength of maximum abosorption in

UV-Vis spectrum
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1.4x10-4 cnR/Vs, a subthreshold slope of 1.1 VYdecade

and an on/off ratio of 2.5x103. Accordingly, IS
WOozeHaodéd that the performance of the thernﬁFF@GQNWNOMBS

evaporated bottom contact device keeps at the sane

| evel as the solution spin-coated one. The

description of the preferred enbodi nents of the

present invention has been presented for purposes of

illustration and descri pfi®dBEMSbut is not intended to

be exhaustive or to |imt the invention to the forns

disclosed. It will be appreciated by those skilled in

1.t he rardontgraind kethdesmuiw d I1)he made to the enbodi nments

descri bed above without departing fromthe broad

I nventive concept thereof. It is understood, .

therefore, that this inyention is not limted to the

parti cul ar enbodi cl osed, but covers

nodi fications w thi [

present invention as i

Abbrevi ati ons 25 WO 2009/105042 / SG26809/ 000058

BuLi = n-butyllithiumBu3SnC = tri-n-butyltin

chloride (HO2B-Ar = aryl-boronic acid HOMO = Hi ghest

Cccupi ed Mol ecular Orbital (fhUMO = Lowest Unoccupi ed

Mol ecul ar Orbital PdCl2(PPh3)2 =

di chl orobi s(tri phenyl phosphi ne) pal | adi un(11)

wherein !

n is an integer from 1 to 1000, inclusive;
wherein when n is 1,
m is 1;

A is a moiety of formula (i):

S

R1
S\ /Z
R3 R2
(1)

wherein

Rl is aryl or heterocaryl, and

R2 and R3 are independently H or
alkyl; and

B is a moiety of formula (ii):
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Pd(PPh3)4 = tetrakis (triphenyl phosphi ne) pall adi um PL

2max = Wavel engt h of maxi num phot ol um nescence
WO2H98851a  RT = room tenperature Td = deconpo¥fTiSER009/000058

tenperature THE = tetrahydrofuran Tm = nelting

tenperature Wvis UV-vis ?max = Wavel ength of maxi num

abosorption in UWV-Vis spectrum 26 WO 2009/ 105042

PCT/ S&G2009/ 000058 CLAIMS 1. A conpound of fornul a

(1): S [_BAmn (I) wWREreinR®is an integer from1l

to 1000, inclusive; where ennis 1l mis 1l Ais
a noiety of formula (i): \ R2 (i) wherein R is
aryl or heteroaryl, a S

(ii)

wherein
R4 is aryl or heteroaryl, and
R5 and R6 are independently H or
alkyl; and
wherein when n 1is greater than 1,
m is 0 or 1;

A is a moiety of formula (iii) or (iv):

NG/
\ s

R7
(1ii)

wherein R7 and R8 are independently H

or alkyl;
S

-

R9
(iv)

wherein R9 ‘is H or alkyl; and
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R2 and R3 are independently Hor alkyl; and Bis a
moi ety of formula (ii): 27 WD 2009/ 105042

WO@@P/IQ%/%@)OW 000058 R5 R6 R4 S (ii) wherei nPRE/SGZ009/000058
aryl or heteroaryl, and R5 and R6 are independently H
or alkyl; and wherein when n is greater than 1, mis
Oor 1;, Ais anoiety of formula (iti) or (iv): S S
R7 (iii) wherein R7 and R8 are independently H or
alkyl; S -P/B-iR9a moiety of formula (v), (vi) or (vii):

R11 R10

wherein R10 and R1ll are independently H

or alkyl;
R14 R13 R12
S
/\
N\S/N
(vi)
wherein R12, R13 and R14 are

independently H or alkyl;

R16 R15
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(iv) wherein R9is Hor alkyl; and 28 W 2009/ 105042

PCT/ SG2009/ 000058 B is a noiety of fornula év%@ gvi)
WOGEP0I(195442:  R11 R10 S /s\ (v) wherein R10 anHCRBE2PQ00058

i ndependently H or alkyl; R14 RI3 RI12 S NNS, N (vi)

wherein R12, R13 and R14 are independently H or

alkyl; R16 RL5 NNS,N (vii) 29 WO 2009/105042

PCT/ SG2009/ 000058 wherein R15 and R16 are

i ndependently H owhelkyih R25 @nd &38peued iokepleamidently H

wherein Rl and_R4_ar i ndependent |y phenyl,

&%Niny

napht hal enyl , °Ehft | or
2. The compound of c¢laim 1, wherein R1 and R4 are
independently phenyl, naphthaienyl, thiophenyl or
dodecylphenyl.
3. The compound of claim 1 or 2, wherein R2, R3, R5 and

R6 are independently H or dodecyl.

4. The compound of any one of the preceding claims,
wherein R7 to R16 are independently H, dodecyl, tetradecyl,

or cetyl.

5. The compound of any one of the preceding claims,
wherein the compound is selected from a group consisting of:
2,5-bis(4-dodecyl-5-phenylthiophen-2-yl)thieno(3,2-
b] thiophene;
2,5-bis(4-dodecyl-5- (naphthalen-2-yl)thiophen-2-
yl) thieno[3, 2-b] thiophene;
2,5-bis(3-dodecyl-2,2’-bithiophen-5-yl)thieno([3,2-
b] thiophene;
2,5-bis(5- (4-dodecylphenyl)thiophen-2-yl)thieno(3, 2-
bl thiophene;
2,5-bis(5-phenylthiophen-2-yl)thieno (3, 2-b] thiophene;
2,5-bis(3-dodecyl-5-phenylthiophen-2-yl)thieno(3, 2-
b] thiophene;
2,5-bis(3-dodecyl-5- (naphthalen-2-yl)thiophen-2-
yl) thieno[3,2-b] thiophene; and
2,5-bis(4-dodecyl-2,2’' -bithiophen-5-yl) thieno([3, 2-
b] thiophene.
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dodecyl phenyl . 3. The conmpound of claim1l or 2,
wherein R2, R3, R5 and R6 are independently H or

WOGHHEEYH2 4. The conpound of any one of the pPEEEERHG000058

6.

clains, wherein R7 to R16 are independently H,
dodecyl, tetradecyl, or cetyl. 5. The conpound of any
one of the preceding clains, wherein the conpound is
sel ected froma group consisting of:

2, 5- bi s(4-dodecyl - 5- phenyl t hi ophen-2-yl)thieno[ 3, 2- Db]

hi h : . , )
> 5 BPe (SOWBIERS! % ( Sdaithalen-SISTSHRI Gt omRURd is

rebleeBatkd3by 2hebkolhb@phgngeneral formula (I-1):

2, 5- bi s(3-dodecyl -2, 2" - bi t hi ophen-5-yl ) thieno[ 3, 2- b]
t hi ophene ;

2,5-bis(5-(4-d cyl: yl )t hi ophen-2-yl)thieno[ 3, 2-
b] thi ophene ;ng HQ%?

2, 5- bi s(5- phenyl t i
2, 5-bi <

b] thi opgh&ne/
2, 5-bi s(3-
thieno [ 3, 2 -b] thiophene 3
2, 5-bi s(4-dodecyl -2, 2' - bi t hi ophep-
t hi ophene . 30 WD 2009/ 105042 PCT/'SG20

& yl)thieno[ 3, 2-b] t hi ophene;
yIshi phen-%—yl)t Lepo[ 3, 2-

(I-1)

wherein R17 and R18 are independently H, dodecyl,

tetradecyl, or cetyl.

7.

The compound of claim 6, wherein R17 is H and R18 is

dodecyl, tetradecyl, or cetyl.

8.

The compound of claim 6, wherein R18 is H and R17 is

dodecyl, tetradecyl, or cetyl.

9.

The compound of c¢laim 1, wherein the compound is

represented by the following general formula (I-2):
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6. The conpound of claim1, wherein the compound is
represented by the follow ng general fornula

WORMBIA0#2 S S S SSS RI7 RI8 (I-1) wherei ﬁéﬁﬁ‘ﬁz%?ﬁ@‘)ﬂ%s

t

R18 are independently H, dodecyl, tetradecyl, or
cetyl. 7. The conpound of claim6, wherein R17 is H
and R18 is dodecyl, tetradecyl, or cetyl. 8. The
conmpound of claim®6, wherein R18 is Hand R17 is
dodecyl, tetradecyl, or cethH2) 9. The conpound of
claim1, wherein the conpound is represented by the
follow ng general fornmula (1-2): RR1 RRZ1 RROS S S

NNI' vl iRl R1931 R0 20RORPASG4A2 RQBePe2R2/4090858 dodecyl,

1-2) wherein R19, R20 and R21 are independently H,
yl, or cetyl.

10. The compound of claim 9, wherein R21 is H, and R19 and

R20 are independently dodecyl, tetradecyl, or cetyl.

11. The compound of claim 9, wherein R19 and R20 are H,

and R21 is dodecyl, tetradecyl, or cetyl.

12. The compound of claim 9, wherein R19, R20 and R21 are

independently dodecyl, tetradecyl, or cetyl.

13. The compound of c¢laim 1, wherein the compound is

represented by the following general formula (I-3):

R22 R22

S
NS
¢ T

(I-3)

wherein R22 is dodecyl, tetradecyl, or cetyl.

14. The compound of any one of the preceding claims,

wherein n is an integer from 1 to 100, inclusive.
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tetradecyl, or cetyl. 10. The conpound of claim?9,
wher ei n R21 is H and R19 and R20 are |ndependent“y
WOdHHEEH2 tetradecyl, or cetyl. 11. The conpoBh/SGR01/00008
claim9, wherein R19 and R20 are H and R21 is
dodecyl, tetradecyl, or cetyl. 12.. The conpound of
claim9, wherein R19, R20 and R21 are i ndependently
dodecyl, tetradecyl, or cetyl. 13. The conpound of
15| aidm 1, ovg@neten t*mnﬂnmn@mmmwﬁ s magpresént erbnpridieng a
foIIo \ﬂ%%eneral ?rlggla (61-321:&. RR2.R22 S S N-S N
PR ePEYn OR5 20T s YH§dBEG FE B8 54840F " or cetyl .
14. The conpound of any one of the preceding clainms,
wherein nis an integer from1l to 100, inclusive._32

L6wD PEOFTETSHH SCHSTETHV0 CHSEL & 5COMPE b i @ Layer of

aﬁ%@g%%ﬁ@u%%%&c%ﬁhﬁ(:'ték aggeylgungfacla%p%nd of any
one "of the preceding clains. ." An organic
sem conduct or devi ce conpr|S|ng a layer of an organic

senm conductor material of claim15. 33
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