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light emitting devices of which have wide spectrum of
fluorescence at visible region and potential of emitting white
light.
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1
POLY(THIENOTHIOPHENYLBORANE)S
AND
POLY(DITHIENOTHIOPHENYLBORANE)S
FOR WHITE LIGHT EMITTING DIODES

FIELD OF INVENTION

The present invention relates to thienothiophene and
dithienothiophene boron polymers having specified struc-
tures, which are expected to be applied to white emitting
diodes.

BACKGROUND OF THE INVENTION

Organic electronic and optoelectronic have been the focus
of growing number of the researchers particularly in the
fields of physics and chemistry for more than 50 years. The
main attraction of this field comes from the ability to modify
the chemical structure of the organic compounds in a way
that the properties of the materials could directly be affected.
Until the mid-1980s, their stability and performance fell
short of those devices based on materials such as silicon or
gallium arsenide. This situation was changed since then with
the demonstration of a low voltage and efficient thin film
light emitting diode, which opened the door of the possibil-
ity of using organic thin films for a new generation of
electronic and optoelectronic devices. It has now proven that
organic thin films are useful in a number of applications.
Among them, organic light emitting device (OLED) is the
most successful one, which is used now in full-color dis-
plays.

In general, two groups of organic materials, small mol-
ecules and polymers, are used in electronic and optoelec-
tronic devices. Since polymers can be processed from solu-
tions, they allow low cost fabrication of devices. Polymer
electro-luminescent devices are described, for example, WO
2007/134280A1; US2005/01184A1; W090/13148;
US005399502; U.S. Pat. No. 4,356,429.

Understanding of their electronic structure is the key to
the design of high performance optical and electronic
organic devices, and some important tunings in structure or
composition of an organic material can markedly alter its
bulk properties. Currently, modification of the molecular
structure of the conjugated materials to tune their optoelec-
tronic properties is a challenging topic. Thiophene-based
organic materials are among the most promising compounds
with tuneable functional properties by proper molecular
engineering. For example, thiophenes and their oligomers
and polymers are not proper materials for applications in
light emitting devices as they have low electron affinities and
low solid-state photoluminescence efficiencies. On the other
hand, converting oligothophenes into the corresponding
oligothiophene-S,S-dioxides has been shown to be useful for
increasing both thin film photoluminescence efficiencies and
molecular energy levels.

The use of boron to alter the properties of organic
electronics and optoelectronics materials has started recently
and given interesting results. The reason for that is the
presence of empty p, orbital of boron which behaves as
strong electron withdrawing atom when it makes three
bonds. It delocalizes electrons strongly when integrated to
“m” systems. In organic materials chemistry, conjugated
organoborane polymers are now considered as new class of
organic materials with their widespread applications in
electronics, optoelectronics and sensors.

In OLED technology, white light is generally obtained
with multi-emissive layers to provide the three main colors,
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i. e. blue, green and red, combination of which gives white
color. On the other hand, obtaining white color from one
emissive layer is a challenge. Emission from such material
needs to cover wide range of visible region.

Materials incorporating thiophene, thiophene derivatives
and boron tend to emit white light (M. Mazzeo, Adv. Mater.
2005, 17, 34). Thus, it would be desirable developing
materials having thiophene, thiophene derivatives and boron
to obtain white light for organic light emitting diodes.

DISCLOSURE OF THE INVENTION

The invention discloses the compounds that are useful
when employed as organic light emitting materials, i. e.
organic light emitting diodes (OLED), to emit particularly
white light. They have potential of being employed as charge
transport materials in electronic devices such as organic field
effect transistors (OFET), organic photovoltaic diodes and
the like. The invention discloses the compounds having the
formulas (I)-(X), XD)-(XV), XVD-(XXVII) and (XXVIII)-
XXXVID).
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-continued
wherein

R, R, R?, R? and R* are independently or equally atom
chain(s)/group(s) of about 1 atom to 60 atoms. They may
equally or independently have one or more of a group
comprising alkyl, aryl, alkenyl, alkynyl, amine, ester, car-
bonate ester, carbonyl, sulphide, organosilane and thiolate.

XD

(XII)

(X11D)
XIV)
I
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-continued -continued
n = 1-1.000.000 inclusive
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wherein (XXIIT)
R, R', R?, R? and R* are independently or equally atom
chain(s)/group(s) of about 1 atom to 60 atoms. They may 2
equally or independently have one or more of a group
comprising alkyl, aryl, alkenyl, alkynyl, amine, ester, car-
bonate ester, carbonyl, sulphide, organosilane and thiolate.
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-continued
n=1-1.000.000 inclusive

wherein

R, R!, R? and R? are independently or equally atom chain
(s)/group(s) of about 1 atom to 60 atoms. They may equally
or independently have one or more of a group comprising
alkyl, aryl, alkenyl, alkynyl, amine, ester, carbonate ester,
carbonyl, sulphide, organosilane and thiolate.

(XXVII)
Ar
R, Se. ]|3>L
I\ [
S R
(XXIX)
XXX)
(XXXD)
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R! Ar
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(XXXIIT)

n =1-1.000.000 inclusive
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-continued

o1 <

wherein

R, R!, R? and R? are independently or equally atom chain
(s)/group(s) of about 1 atom to 60 atoms. They may equally
or independently have one or more of a group comprising
alkyl, aryl, alkenyl, alkynyl, amine, ester, carbonate ester,
carbonyl, sulphide, organosilane and thiolate.

XXXV
Br S S Br
\ / \ /
2 S R!
XXXIX)
XL)
R* S S RS
\ / \ ¢
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Br Br
(XLI)
Br S S Br
\ / \
S 1
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10
-continued
(XLIV)
N S Br
[\
Br S 3
XLV)
R S Br
/ \
Br S
Br
(XLVI)
(XLVID

wherein
R, R, R?, R? and R* are independently or equally atom
chain(s)/group(s) of about 1 atom to 60 atoms. They may
equally or independently have one or more of a group
comprising alkyl, aryl, alkenyl, alkynyl, amine, ester, car-
bonate ester, carbonyl, sulphide, organosilane and thiolate.
Dithienothiophenes (DTT) XXXVIID-(XLII) and
thienothiophenes (TT) (XLIV)-(XLVII) were synthesized
following the literature procedure (T. Ozturk, et al. Tetra-
hedron, 2005, 61, 11055; E. Ertas, et al. Tetrahedron Lett.
2004, 45, 3405; 1. Osken, Tetrakedron, 2012, 68, 1216; P.
Dundar, Synth. Met. 2012, 162, 1010; 1. Osken, Thin Solid
Films, 2011, 519, 7707, O. Sahin, Synth. Met. 2011, 161,
183; O. Mert, J. Electroanal. Chem. 2006, 591, 53; A.
Capan, Macromolecules 2012, 45, 8228). Corresponding
polymers (I)-(X) of DTTs and TTs were produced by lithi-
ating bromo-DTTs (XXXVD)-(XLI) and TTs (XLID)-(XLV)
with n-BuLi, which was followed by addition of aryldime-
thoxyborane. The DTT analogues comprising Se heteroatom
(s), the DTTs having sulfurs in the rings looking at the same
direction, TT analogues comprising Se atom(s) and TTs
having sulfurs in the rings looking at the same direction were
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synthesized following the literature method (Gronowitz, S.;
Persson, B. Acta Chem. Scand. 1967, 21, 812-813;
WO2008/077465).

EXAMPLE

A General Procedure for the Synthesis of the Polymers;
Polymer (VIII, Ar=Mesityl, R*=H).

To a solution of thienothiophene (TT) (XLV, R*=H) (0.2
g, 0.44 mmol) dissolved in dry THF (30 ml) under N,
n-Buli (0.8 ml, 3.3 mmol, 1.9 M) was added dropwise at
-78° C., and the mixture was stirred one and half hour. The
addition could be performed at any temperature between
-78-+30° C. Then, the temperature was raised to room
temperature and the mixture was stirred at this temperature
for 20 min. Dimethoxymesityl borane (MesB(OMe),)
(0.170 g, 0.88 mmol), dissolved in dry THF (5 ml) was
added under nitrogen atmosphere. The reaction was stirred
overnight and the solvent was removed under reduced
pressure. The stirring could be between 1 min—overnight or
longer, and dimethoxymesityl borane could be dissolved in
any organic solvent, which does not react with dime-
thoxymesityl borane. The residue was dissolved in mini-
mum amount of THF and precipitated in methanol. The
precipitate was filtered and washed with methanol. Mw:
146600, Mn: 102800, Mw/Mn: 1.43, dn/dc: 0.16 ml/g
(THE, 25° C.).

Example of a Device Fabrication:

Organic light emitting devices were fabricated by coating
the polymers from their solution onto electrically conductive
substrates. The polymer (VIII) was dissolved in a mixture of
toluene/dichlorobenzene (8 mg/ml). Indium thin oxide
(ITO), coated (15 ohms/sq.) on a glass, was employed as an
anode electrode. PEDOT:PSS, as a hole injection layer, was
spin-coated on I'TO, which was dried at 110° C. for 10 min.
Subsequently, polymer film, as an active layer, was coated
by spin coating. Finally, LiF (1 nm) and aluminum (Al, 100
nm) was deposited under vacuum (~10~% mbar) by thermal
evaporation technique to assemble the cathode electrodes.

DESCRIPTION OF DRAWINGS

FIG. 1. UV spectrum of polymer (VIII) in THF

FIG. 2. Fluorescence spectrum of polymer (VIII) in THF

FIG. 3. a) Electroluminescent spectrum of the fabricated
device of the polymer VIII (device layout: PEDOT/VIII/
LiF/Al), b) CIE coordinates of the fabricated device of the
polymer VIII at different voltages. The electroluminescent
spectrum covers the region almost from 350 nm to 950 nm.
Color coordinates are in the region for white color according
to the CIE 1931 Chromaticity Diagram.

FIG. 4. OLED device characteristics: a) voltage-current b)
luminance-voltage ¢) luminous efficiency-current density
and d) external quantum efficiency-current density.

What is claimed is:

1. A polymer comprising one or more formulas selected
from the group consisting of formulas (I1), (IIT), (IV), (V),
(VD, (VID), (VIID), (IX) and (X)
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(I
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-continued 2. A polymer comprising one or more formulas selected
(X) from the group consisting of formulas (XI), (XII), (XIII),
(XIV) and (XV)

XD
Ar

|
I

Se,

*

10 \/\

R R!

X
15

20

(XIID)
R* g g RS
25 \ / \ /
> O
30
.
N
where,

35 &)

F F * Se Se ir
“Q%% " ats

o O
45
XV)
> , or
50

55

where,

n=1-1,000,000 inclusive;

and 60 F F

R, R%, R?, R?, R* and R® are atom chain(s) of about 1
atom to 60 atoms; wherein, R, R!, R%, R?, R* and R®
may contain one or more functional group selected
from the group consisting of alkyl, aryl, alkenyl, alky- g5
nyl, amine, ester, carbonate ester, carbonyl, sulphide, F F
organosilane and thiolate.
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-continued

n=1-1,000,000 inclusive;

and

R, R!, R? R* R* and R’ are atom chain(s) of about 1
atom to 60 atoms; wherein R, R!, R? R? R?* and R®
may contain one or more functional group selected
from the group consisting of alkyl, aryl, alkenyl, alky-
nyl, amine, ester, carbonate ester, carbonyl, sulphide,
organosilane and thiolate.

3. A polymer comprising one or more formulas selected
from the group consisting of formulas (XVI), (XVII),
(XVIID), (XIX), (XXID), (XXIII), (XXIV), (XXV), (XXVI)
and (XXVID)

XVI)
R R! Tr
V% NP
S
S
(XVID)
(XVIID)
R R! Tr
/ NP
S
Se
XIX)
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-continued
(XXII)
R R! Ar
|
B
Se / \ Se
S
(XXIII)

XXV)

XXV

(XXVI)

where,

F F
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-continued -continued
XXXD)
5
> , or
10
. (XXXID)
’ 1
15 X i Tr
B
N A
o /N .
n=1-1,000,000 inclusive; S
20
and (XXXIIT)
1
R, R', R?, and R? are atom chain(s)/group(s) of about 1 K Tr
atom to 60 atoms; wherein, R, R*, R?, and R® may R B >L
contain one or more functional group selected from the A /
group consisting of alkyl, aryl, alkenyl, alkynyl, amine, 25 / \ O
ester, carbonate ester, carbonyl, sulphide, organosilane g

and thiolate.

4. A polymer comprising one or more formulas selected
from the group consisting of formulas (XXVIII), (XXIX),

30
(XXX), (XXXI), (XXX1D), (XXXII), (XXXIV), XXXV),
and (XXXVII)
VIII
Tr &XXVID) 35
R
Se B)L
40
S R
(XXXV)
(XXIX) 45 R! A
R |
B
N
/N
50 o
s (XXXVII)
(XXX) 60
!
R
Se B>L
65
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where,

F F
F F
, >_®—|, i

oe

n=1-1,000,000 inclusive;

and

R, R', R?, and R? are atom chain(s)/group(s) of about 1
atom to 60 atoms; wherein, R, R', R? and R® may
contain one or more functional group selected from the
group consisting of alkyl, aryl, alkenyl, alkynyl, amine,
ester, carbonate ester, carbonyl, sulphide, organosilane
and thiolate.

5. A blend comprising a polymer given in any one of

claims 1 to 4.
6. A formulation comprising a polymer given in any one
of claims 1 to 4.
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7. A polymer comprising formula I

@

\ /N

R R!
where,

F F

F F

n=2-1,000,000 inclusive;
and
R, and R! are atom chain(s) of about 1 atom to 60
atoms; wherein, R and R' contain one or more
functional group selected from the group consisting
of aryl, alkenyl, alkynyl, amine, ester, carbonate
ester, carbonyl, sulphide, organosilane and thiolate.
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