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CHEMICALS AND THE SYNTHESIZING
METHODS THEREOF

[0001] This application is a divisional of U.S. patent appli-
cation Ser. No. 14/092,025, filed on Nov. 27, 2013, which is
a divisional of U.S. patent application Ser. No. 13/532,631,
filed on Jun. 25, 2012, which issued on Jan. 7, 2014 as U.S.
Pat. No. 8,623,993, which claims the benefit of Taiwan Patent
Application No. 101107975, filed on Mar. 08, 2012 in the
Taiwan Intellectual Property Office, the disclosures of which
are all incorporated by reference as if fully set forth herein.

FIELD OF THE INVENTION

[0002] The present invention relates to a polymer monomer
and the polymers thereof, and the synthetic method of the
monomer and the polymers, wherein the polymers can serve
as an active layer material of an organic polymer solar cell.

BACKGROUND OF THE INVENTION

[0003] In order to achieve the goal of the high efficiency
organic polymer solar cell, it is a key point to use a good
p-type conjugated polymer semiconductor material. Usually,
the p-type conjugated polymer applied to the organic polymer
solar cell should have the following properties: 1) a low-band
gap (smaller than 1.7 eV) for having a strong and broad
absorption spectrum to the scopes of the red light or the
infrared ray in order to utilize the sunlight completely, 2) a
high electron hole mobility (larger than 107> cm?® V='S™) for
increasing the thickness of the active layer to strengthen the
light collection and decreasing the serial resistors at the same
time, and thus preventing from the electron hole recombina-
tion, 3) a high solubility for satisfying the demands of solvent
wet process, and 4) a lower energy level (highest occupied
molecular orbital, HOMO) for achieving a higher open circuit
voltage, and the lowest unoccupied molecular orbital
(LOMO) energy level must at least higher than the LUMO
0.3V of the n-type semiconductor material for forming the
electron transition potential to facilitate the exciton separa-
tion.

SUMMARY OF THE INVENTION

[0004] The present invention relates to the chemical struc-
tures of the ladder-type multifused multi-electron donor
materials and the synthetic method thereof, and to the p-type
low-band gap conjugated polymer formed of the ladder-type
multifused multi-electron donors and an electron-deficient
acceptor, the synthetic method thereof and the application
thereof in the field of the organic polymer solar cell.

[0005] 1In order to achieve the above purposes, the present
invention provides a polymer, having a structure being one
selected from a group consisting of:
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Fomula (VIII)

wherein A is an electron-deficient monomer, n is an integer
larger than 2 and R is a side chain at least including a carbon
atom.

[0006] In order to achieve the above purposes, the present
invention also provides a polymer monomer having a struc-
ture being one selected from a group consisting of:

Formula (T)

Formula (II)

Formula (IIT)

Formula (IV)

wherein R is a side chain at least including a carbon atom.
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[0007] Inorder to achieve the above purposes, the present
invention further provides a method of synthesizing a mono-
mer, including steps of providing a compound having a struc-
ture being one of

Formula (I)
S S and
N
|
R
Formula (I)
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wherein R is a side chain at least including a carbon atom, and
performing an annulation with the compound to cause the
compound to form the monomer.

[0008] Other objects, advantages and efficacies of the
present invention will be described in detail below taken from
the preferred embodiments with reference to the accompany-
ing drawings, in which:

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0009] The products and method of the present invention
will be fully understood from the following embodiments and
thereby being accomplished based thereon by one skilled in
the art. However, the practice of the present application is not
intended to limit to the following embodiments in its practice,
and the skilled person can still conduct other embodiments
according to the spirit of embodiments presented herein that
belong to the scope of this invention.

[0010] The synthetic processes of the heptacyclic multi-
electron monomer Sn-DTBC are provided as follows.

1)LDA
CgH — >
s 2) CgH,7Br
1
P(PPhy)y
CeHjp——=—"—0Csli}; 5 o -
2 \ /
B—B
/ \
(6] O
CsHis Cstir

)~

O—B B—0O
//X\ /W<\
O @)

3



US 2015/0299382 Al

iy

—_—
/ Pd(PPh3)s
K,CO;

1) tBuLi
B —
2) Su(Me);Cl

Cely7 CgHyy
Sn-DTBC

[0011] The Synthesis of the Compound 2:

[0012] The compound 1 (6.0g, 43.4 mmol) is placed in a
250 mL double-necked flask under vacuum and to be baked
therein for three times, 60 mL anhydrous tetrahydrofuran is
added thereinto, and then the lithium diisopropylamide (2.0
M, 23.9 mL, 47.8 mmol) is slowly dropped thereinto under 0°
C. for reacting for 1 hr. The mixture is returned to the room
temperature after adding 1-bromooctane (8.8 g, 45.6 mmol),
and being heated under 60° C. at reflux for 12 hrs. The
reaction is terminated by adding water, and the organic sol-
vent is removed under lowered pressure. The organic layer is
collected by extracting with ether (50 mL.x3) and pure water
(50 mL), and the collected organic layer is dried over mag-
nesium sulfate (MgSO,,). After removal of the organic solvent
again under lowered pressure, the residue is removed by
lowered pressure distillation at 150° C. Finally, the residue is
purified by column chromatography on silica gel (using hex-
ane as eluent) to give a colorless liquid 2 (2.7 g, 25%). 'H
NMR (CDCl;, 300 MHz, ppm): (t, J=6.6 Hz, 6H), 1.27-1.38
(m, 20H), 1.45-1.49 (m, 4H), 2.13 (t, J=6.9 Hz, 4H).

[0013] The Synthesis of the Compound 3:

[0014] The compound 2 (2.5 g, 9.98 mmol) and bis(pina-
colato)diboron (2.3 g, 9.07 mmol) are placed in a 100 mL
double-necked flask, and the Pt(PPh,), (339 mg, 0.27 mmol)
is added into the double-necked flask in a glove box. After
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transferring the double-necked flask outside the glove box, 40
mL of DMF is added into the flask under nitrogen. After
heating the stirring the mixture at 80° C. for 24 hrs, the
organic layer is collected by extracting with ether (200 mLx3)
and pure water (100 mL), the collected organic layer is dried
over MgSQO,, and the organic solvent is removed under low-
ered pressure. Finally, the residue is purified by column chro-
matography on silica gel (ethyl acetate /hexane v/v=1/25 as
eluent) to give a colorless liquid 3 (3.77 g, 75%). "H NMR
(CDCl;, 300 MHz, ppm): (m, 6H), 1.21-1.31 (m, 48H), 2.16
(t, J=7.5 Hz, 4H).

[0015] The Synthesis of the DTBC Compound

[0016] The compound 3 (0.701 g, 1.39 mmol), the com-
pound 4 (0.513 g, 0.579 mmol) and K,CO; (0.96 g, 6.952
mmol) are placed in a 100 mL double-necked flask, and the
Pd(PPh,), (67 mg, 0.058 mmol) is added into the double-
necked flask in a glove box. After transferring the double-
necked flask outside the glove box, 25 mL tetrahydrofuran
pre-degassed with nitrogen and 1.2 mL pure water are added
into the flask under nitrogen. After heating the mixture at 65°
C. at reflux for 48 hrs, the organic solvent is removed there-
from under lowered pressure. The organic layer is collected
by extracting with ether (100 mI.x3) and pure water (150
mL), and the collected organic layer is dried over magnesium
sulfate (MgSO,,). After removal of the organic solvent under
lowered pressure, the residue is purified by column chroma-
tography on silica gel (using hexane as eluent) to give a
yellow sticky DTBC (0.312 g, 51%). 'H NMR (CDCl,, 300
MHz, ppm): 8 0.73 (t, J=6.6 Hz, 6H), 0.90 (t, J=6.9 Hz, 12H),
1.08 (br, 18H), 1.22-1.52 (m, 42H), 1.64-1.78 (m, 8H), 1.82-
1.94 (m, 4H), 1.98-2.06 (m, 2H), 2.48-2.58 (m, 2H), 3.12 (t,
J=7.8Hz, 4H),3.33 (t,J=7.8 Hz, 4H),4.70-4.80 (m, 1H), 7.50
(d,1=5.4 Hz, 211), 7.56 (d, 1=5.4 Hz, 211), 7.87 (bt, 1H), 8.06
(br, 1H), 8.89 (br, 2H).

[0017] The Synthesis of Sn-DTBC Compound

[0018] TheDTBC (315.6 g, 0.296 mmol) is placedina 100
ml, double-necked flask under vacuum and to be baked
therein for three times, 20 mL anhydrous tetrahydrofuran is
added thereinto, and then the tert-butyllithium (t-BuLi, 1.6
M, 0.74 mL, 1.184 mmol) is slowly dropped thereinto under
-78° C. (by mixing the aetone and the liquid nitrogen) for
reacting for 1 hr. The chlorotrimethylstannane (1.0 M, 2.4
ml, 2.4 mmol) is added into the mixture under -78° C., and
the mixture is returned to the room temperature for reacting
15 hrs. The reaction is terminated by adding water, and the
organic solvent is removed under lowered pressure. The
organic layer is collected by extracting with ether (50 mLx3)
and pure water (50 mL), and the collected organic layer is
dried over magnesium sulfate (MgSQO,). After removal of the
organic solvent under lowered pressure, a yellow sticky Sn-
DTBC is obtained (405.7 mg, 98.5%). ‘HNMR (CDCl,, 300
MHz, ppm): 0.51 (s, 18H), 0.75 (t, J=6.6 Hz, 6H), 0.92 (t,
J=6.3 Hz, 12H), 1.05-1.20 (m, 18H), 1.22-1.50 (m, 42H),
1.64-1.77 (m, 8H), 1.82-1.99 (m, 4H), 1.99-2.05 (m, 2H),
2.55-2.61 (m, 2H), 3.15 (t, J=7.8 Hz, 4H), 3.33 (t,J=7.5 Hz,
4H), 4.70-4.80 (m, 1H), 7.61 (s, 2H), 7.92 (br, 1H), 8.10 (br,
1H), 8.89 (br, 2H).
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[0019] The synthetic processes of the polymer PDTB-
CDTBT are provided as follows.
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PDTBCDTBT

[0020] The Sn-DTBC (306 mg, 0.220 mmol), the com-
pound 5 (100.7 mg, 0.220 mmol), tris(dibenzylideneacetone)
dipalladium (10.1 mg, 0.011 mmol) and tri(2-methylphenyl)
phosphine (26.8 mg, 0.088 mmol) are placed in a 50 mL
single-necked flask, and 7.5 mL of chlorobenzene pre-de-
gassed with nitrogen is added into the flask. The mixture is
degassed with nitrogen for 10 min, and the flask is equipped
with a reflux condensor and then being moved into a focused
microwave synthesizer for microwave polymerization under
a condition of 270 watt at 180° C. for 50 min. In turn, the
end-capping 2-(tributylstannyl)thiophene (41.0 mg, 0.110
mmol) is added into the mixture for microwave polymeriza-
tion under 270 watt at 180° C. for 10 min, and 2-bro-
mothiophene (19.7 mg, 0.121 mmol) is added thereinto for

CsHyr CeHys

\/ !
A Q \ 3N 6

Br-DTSC

CsHyz CgHys

Pd(dba); P(o-tolyl);
Microwave

53%

reacting under the same condition. Then, 200 mLL methanol is
used for re-precipitation and the solid is collected by gravity
filtration. After the solid is continuously extracting with the
acetone for one day, it is continuously extracting with 4:1
hexane/tetrahydrofuran for two days. The solid is resolved in
the hot toluene, and 5 eq. of Si-Thiol (47.5 mg, 0.055 mmol)
and a magnetic stirrer are added for demetalization for 12 hr.
After the Si-Thiol is filtered by gravity, the organic solvent is
removed under lowered pressure and the residue is re-recipi-
tated by methanol. After filtration, the PDTBCDTBT as a
black green solid is obtained (159 mg, 53%).

[0021] The synthetic processes of the polymers PDTSCBT
and PDTPCBT are provided as follows.

\S/

Pd(dbas P(o-tolyl);
NﬂzCOg
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[0022] TheBr-DTBC (0.43 g, 0.389 mmol), the compound
6 (4, 7-bis(44,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)
benzo[c][1,2,5]thiadiazole, 0.151 g, 0.389 mmol). tris(diben-
zylideneacetone) dipalladium (14.2 mg, 0.016 mmol), tri(2-
methylphenyl) phosphine (37.9 mg, 0.125 mmol) and the
surfactant (Alivant 336, two drop) are placed in a 100 mL
double-necked flask, and 24 mL toluene pre-degassed with
nitrogen/1.0M sodium bicarbonate (5:1) are added into the
flask. The mixture is degassed with nitrogen for 10 min, and
the mixture is heated at 90° C. at reflux under nitrogen. After
30 min, the solution is dropped into 200 mL. methanol/pure
water (3:1) for reprecipitation and the solid is collected by
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Br Br
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gravity filtration. The solid is continuously extracting with
the acetone for one day, continuously extracting with hexane
for one day, and continuously extracting with tetrahydrofuran
for two days. The solid is resolved in the hot dichlorobenzene,
and 5 eq. of Si-Thiol (69.2 mg, 0.08 mmol) and a magnetic
stirrer are added for demetalization for 12 hr. After the Si-
Thiol is filtered by gravity, the residue is re-recipitated by
methanol. After filtration, the PDTSCBT as a black solid is
obtained (240 mg, 57%).

[0023] Synthesis of the PDTPCBT Polymer

[0024] The Sn-DTPC (400 mg, 0.349 mmol), the com-
pound 7 (4,7-dibromo-2,1,3-benzothiadiazole, 103 mg,
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0.349 mmol), tris(dibenzylideneacetone) dipalladium (12.8
mg, 0.014 mmol) and tri(2-methylphenyl) phosphine (34.0
mg, 0.112 mmol) are placed in a 50 mL single-necked flask,
and 10 mL chlorobenzene pre-degassed with nitrogen is
added into the flask. The mixture is degassed with nitrogen for
10 min, and the flask is equipped with a reflux condensor and
then being moved into a focused microwave synthesizer for
microwave polymerization under a condition of 270 watt at
180° C. for 50 min. In turn, the end-capping 2-(tributylstan-
nyl)thiophene (65 mg, 0.175 mmol) is added into the mixture
for microwave polymerization under 270 watt at 180° C. for
10min, and 2-bromothiophene (31 mg, 0.188 mmol) is added
thereinto for reacting under the same condition. Then, 200
mL methanol is used for re-precipitation and the solid is
collected by gravity filtration. After the solid is continuously
extracting with the acetone for one day, it is continuously
extracting with hexane forone day. The solid is resolved in the
tetrahtdrofuran, and 5 eq. of Si-Thiol (60.5 mg, 0.07 mmol)
and a magnetic stirrer are added for demetalization for 12 hr.
After the Si-Thiol is filtered by gravity, the residue is re-
recipitated by methanol. After filtration, the PDTPCBT as a
black solid is obtained (180 mg, 54%). Mn=36.4 kDa, PDI=1.
21° "HNMR (CDCI3, 300 MHz, ppm): 0.71-1.55 (m, 54H),
2.01 (br, 8H), 2.51 (br, 2H), 4.25 (br, 4H), 4.68 (br, 1H), 7.05
(br, 2H), 7.38-7.51 (br, 4H), 8.31 (br, 2H).

[0025] The synthetic processes of the heptacyclic multi-
electron monomer Br-DTCF are provided as follows.

Hydrazine, KOH
_—
diethylene glycol

\
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Br-DTCF

[0026] Synthesis of the Compound 9

[0027] The compound 8 (3.62 g, 5.18 mmol) is placed in a
250 mL double-necked flask and the flask is then equipped
with the reflux condenser and the sleeve stopper. After dis-
solving the compound 8 in 150 mL ethanol, the sodium
hydroxide (2.90 g, 72.5 mmol) and the distilled water (30 mL)
are added into the solution for being heating under 90° C. at
reflux for 12 hr. The mixture is cooled to the room tempera-
ture, the ethanol is removed by a rotary evaporator, and 1M
hydrochloric acid is added to the residue under ice bath until
the mixture is acid. After suction filtration, a white solid (2.77
g, 83%) is collected. "H-NMR(300 MHz, CDCI3, 6 ppm):
1.85-1.79 (m, 4H), 1.16-0.72 (m, 30H), 7.25 (d, J=5.4 Hz,
2H),7.36 (s, 1H), 7.41 (d, J=7.8 Hz, 2H), 7.61 (d, J=5.4 Hz,
2H), 7.66 (d, I=7.8 Hz, 2H).

[0028] Synthesis of the Compound 11

[0029] The compound 9 (4.28 g, 6.66 mmol) is placed in a
250 mL double-necked flask and the flask is then equipped
with the one-way valve and the sleeve stopper for being baked
under vacuum. 100 mL anhydrous dichloromethane is added
into the flask, the oxalyl dichloride (3.38 g, 26.63 mmol) is
dropped into the flask and 1 mL N,N-dimethylformide
(DMF) (1 v %) is slowly dropped into the flask for incubating
12 hr at room temperature. The liquid is removed under
lowered pressure to obtain a yellow solid. This solid is dis-
solved in 70 mL anhydrous dichloromethane, the additional
aluminum chloride (2.34 g, 17.55 mmol) is placed into a 500
mL double-nacked flask for being baked under vacuum, and
then 400 mL anhydrous dichloromethane is added thereinto.
The above solution is sucked by a syringe under the ice bath
at 0° C. and being dropped into a 250 mL. double-nacked
flask. and the solution changes from pale yellow to orange and
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then reveals black in 3 hr under room temperature. The reac-
tion is terminated by adding 10 mL cold 1M hydrochloric
acid, and the dichloromethane is removed by filtration under
lowered pressure. The residue is extracted with ethyl acetate
and saline (x3) and additional sodium bicarbonate solution,
and dried over MgSO,,. The residue is purified by column
chromatography on silica gel (using 1:25 (v/v) ethyl acetate/
hexane as eluent) to give a red orange solid (2.14 g, 53%).
'"H-NMR (300 MHz, CDCI3, 8 ppm): 1.19-0.66 (m, 30H),
2.02-1.97 (m, 4H), 7.08 (s, 2H), 7.15 (d, J=4.8 Hz, 2H), 7.19
(d, J=4.8 Hz, 2H), 7.75 (s, 2H).

[0030] Synthesis of the Compound 12

[0031] A mixture of the compound 11 (1.02 g, 1.68 mmol)
and potassium hydroxide (1.84 g, 32.86 mmol) is placed in a
100 mL double-necked flask and the flask is then equipped
with the reflux condenser and the sleeve stopper. The mixture
is dissolved by adding 50 mL diethylene glycol, and hydra-
zine (1.65 g, 32.86 mmol) is slowly dropped thereinto after
the solution is heated to 90° C. . The solution is black when it
is heated to 180° C. and being incubated for 24 hr. Return to
the room temperature, the solution is extracted with ether and
saline (x3) and the organic layer is collected and dried over
MgSO,. The residue is purified by column chromatography
on silica gel (using hexane as eluent) to give a beige solid
(0.16 g, 16%). "H-NMR (300 MHz, CDCI3, & ppm): 1.27-0.
67 (m, 30H), 2.07-2.02 (m, 4H), 3.75 (s, 4H), 7.13 (d, J=5.1
Hz, 2H), 7.31(d, J=5.1 Hz, 2H), 7.42 (s, 2H). 7.77 (s, 2H).
[0032] Synthesis of the Compound DTCF

[0033] The compound 12 (0.3 g, 0.52 mmol) is placed in a
100 mL double-necked flask and the flask is then equipped
with the reflux condensor and the sleeve stopper for being
baked under vacuum. 20 mL anhydrous dimethyl sulfoxide

CgHy7 CgHyy
Br-DTCF
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(DMSO) is added into the flask under nitrogen. Sodium t-bu-
toxide (0.3 g, 3.12 mmol) dissolved in 15 ml anhydrous
DMSO is placed into another 100 mL double-necked flask
equipped with a one-way valve and the sleeve stopper, which
is sucked by a syringe at 80° C. and slowly dropped into the
above-mentioned double-necked flask to make the solution
changes from pale vellow to black brown. After incubating
for one hour, 1-bromooctane (0.6 g, 3.10 mmol) is slowly
dropped into the flask and the flask is heated to 90° C. for 4 hr.
After cooling to the room temperature, the reaction is termi-
nated by slowly adding 10 mL distilled water, the mixture is
extracted with ether and saline (x3) and dried over MgSO,.
After the residue is concentrated under lowered pressure, it is
purified by column chromatography on silica gel (using hex-
ane as eluent) to give a yellowish-brown sticky liquid (0.45 g,
85%). '"H-NMR (300 MHz, CDCI3, § ppm): 1.28-0.67 (m,
90H), 2.05-1.86 (m, 12H), 6.99 (d, J=4.8, 2H), 7.27 (d,]=4.8,
2H), 7.31 (s, 2H), 7.57 (s, 2H).

[0034] Synthesis of the Compound Br-DTCF

[0035] The compound DTCF (0.45 g, 0.44 mmol) is placed
into a 50 mL single-necked flask, and 20 mL. of CHCI, is
added into the flask for dissolving the compound. After
slowly adding the NBS (0.17 g, 0.96 mmol), the mixture is
incubated at room temperature for 12 hr. Then, the CHCl; is
removed by concentrated under lowered pressure, and the
residue is extracted with ether and saline (x3) and dried over
MgSO.,,. The residue is purified by column chromatography
on silica gel (using hexane as eluent) to give a pale yellow
solid (0.45 g, 87%). 'H-NMR (300 MHz, CDCI3, § ppm):
1.27-0.64 (m, 90H), 1.99-1.86 (m, 12H), 7.00 (s, 2H), 7.23 (s,
2H), 7.54 (s, 2H).

[0036] The synthetic processes of the polymer PDTCFBT
are provided as follows.

Pdydbas P(o-tolyl)s
N3.2C03

CsHiz  CsHys CgHyy  CgHys

56%

PDTCFBT
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[0037] A mixture of Br-DTCF (150 mg, 0.127 mmol), the
compound 6 (49.1 mg, 0.127 mmol), Pd,(dba), (4.6 mg,
0.005 mmol), P(o-tolyl), (12.32 mg, 0.04 mmol) and a drop of
Aliquat 336 is placed in a 20 mL seal tube and 1M sodium
bicarbonate solution is prepared. 5.4 mL of 1:5(v/v) toluene/
1M sodium bicarbonate solution is added into the solution
and degassed by nitrogen for 10 min. After heating the reac-
tion under 90° C. for 72 hr, one drop of bromobenzene is
added into the reaction for continuously heating the reaction
for 12 hr, and one more drop 0f4.4,5,5-tetramethyl-2-phenyl-
1,3,2-dioxaborolane is added thereinto for reacting for 12 hr.
The above solution is slowly dropped into the methanol, the
solid is collected by gravity filtration and washed by the
methanol and the distilled water for three times to remove the

sz(dba)g
P(o-tolyl);
Microwave

Sn-BBCPDT

Pd,(dba);
P{o-tolyl);
Microwave

Pd;(dba);
P(o-tolyl);
Microwave
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salt, and the soxhlet extraction is carried out in turn by acetone
and hexane. Then, the remaining solid is collected and dis-
solved in THF and added by Pd-thio gel (Silicycle Inc.) for
removing the Pd catalyst for 12 hr. The resulting solution is
concentrated under lowered pressure for removing THF and
being dropped into the methanol for re-precipitation. The
polymer PDTCFBT as a blue black solid is collected by
gravity filtration (87 mg, 56%). "H-NMR (300 MHz, CDCI3,
d ppm): 0.70-1.36 (br, 90H), 1.93-2.20 (br, 12H), 7.35(br,
2H), 7.54-7.57 (br, 2H), 7.85-7.90 (br, 2H), 8.04 (br, 2H).
Mn=33054 g/mol, Mw=94733 g/mol, PDI=2.87.

[0038] The synthetic processes of the polymers PBBCP-
DTTPD, PBBCPDTBT and PBBCPDTBT-F are provided as
follows.

PBBCPDTTPD

PBBCPDTBT

PBBCPDTBT-F
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[0039] The synthesis of the Polymer PBBCPDTTP

[0040] The Sn-BBCPDT (180 mg, 0.118 mmol), the com-
pound 13 (thieno[3,4-c[pyrrole-4,6-dione, 50.0 mg, 0.118
mmol), tris(dibenzylideneacetone) dipalladium (4.3 mg,
0.005 mmol) and tri(2-methylphenyl) phosphine (11.5 mg,
0.04 mmol) are placed in a 50 mL single-necked flask, and 7
mL of chlorobenzene pre-degassed with nitrogen is added
into the flask. The mixture is degassed with nitrogen for 10
min, and the flask is equipped with a reflux condensor and
then being moved into a focused microwave synthesizer for
microwave polymerization under a condition of 270 watt at
180° C. for 50 min. In turn, the end-capping 2-(tributylstan-
nyl)thiophene (22.3 mg, 0.06 mmol) is added into the mixture
for microwave polymerization under 270 watt at 180° C. for
10 min, and 2-bromothiophene (9.6 mg, 0.064 mmol) is
added thereinto for reacting under the same condition. Then,
200 mL methanol is used for re-precipitation and the solid is
collected by gravity filtration. After the solid is continuously
extracting with the acetone for one day, it is continuously
extracting with hexane for one day. The solid is resolved in the
tetrahydrofuran, and 5 eq. of Si-Thiol (21.6 mg, 0.025 mmol)
and a magnetic stirrer are added for demetalization for 12 hr.,
After the Si-Thiol is filtered by gravity, the residue is re-
recipitated by methanol. After filtration, the polymer PBBP-
DTTPD as a dark purplish red solid is obtained (140 mg,
81%). Mn=24.5 kDa, PDI=3.06.

[0041] Synthesis of Polymer PBBCPDTBT

[0042] The Sn-BBCPDT (200 mg, 0.131 mmol), the com-
pound 7 (2,1,3-benzothiadiazole, 38.6 mg, 0.131 mmol), tris
(dibenzylideneacetone) dipalladium (4.8 mg, 0.005 mmol)
and tri(2-methylphenyl) phosphine (12.7 mg, 0.05 mmol) are
placed in a 50 mL single-necked flask, and 8 mL of chlo-
robenzene pre-degassed with nitrogen is added into the flask.
The mixture is degassed with nitrogen for 10 min, and the
flask is equipped with a reflux condensor and then being
moved into a focused microwave synthesizer for microwave
polymerizationunder a condition of 270 watt at 180° C. for 50
min. In turn, the end-capping 2-(tributylstannyl)thiophene
(24.7 mg, 0.065 mmol) is added into the mixture for micro-
wave polymerization under 270 watt at 180° C. for 10 min,
and 2-bromothiophene (11.5 mg, 0.07 mmol) is added there-
into for reacting under the same condition. Then, 200 mL
methanol is used for re-precipitation and the solid is collected
by gravity filtration. After the solid is continuously extracting
with the acetone for one day, itis continuously extracting with
hexane for one day. The solid is resolved in the tetrahydrofu-
ran, and 4 eq. of Si-Thiol (18 mg, 0.021 mmol) and a magnetic
stirrer are added for demetalization for 12 hr. After the Si-
Thiol is filtered by gravity, the residue is re-recipitated by
methanol. After filtration, the polymer PBBCPDTBT as a
blackish green solid is obtained (134 mg, 69%). Mn=9.3 kDa,
PDI=1.78.

[0043] Synthesis of the Polymer PBBCPDTBT-F

[0044] The Sn-BBCPDT (163 mg, 0.107 mmol), the com-
pound 14 (5,6-difluoro2,1,3-benzothiadiazole, 45.4 mg,
0.107 mmol), tris(dibenzylideneacetone) dipalladium (3.9
mg, 0.004 mmol) and tri(2-methylphenyl) phosphine (10.4
mg, 0.03 mmol) are placed in a 50 mL single-necked flask,
and 6 mL of chlorobenzene pre-degassed with nitrogen is
added into the flask. The mixture is degassed with nitrogen for
10 min, and the flask is equipped with a reflux condensor and
then being moved into a focused microwave synthesizer for
microwave polymerization under a condition of 270 watt at
180° C. for 50 min. In turn, the end-capping 2-(tributylstan-
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nyl)thiophene (20.2 mg, 0.058 mmol) is added into the mix-
ture for microwave polymerization under 270 watt at 180° C.
for 10 min, and 2-bromothiophene (9.4 mg, 0.076 mmol) is
added thereinto for reacting under the same condition. Then,
200 mL methanol is used for re-precipitation and the solid is
collected by gravity filtration. After the solid is continuously
extracting with the acetone for one day, it is continuously
extracting with hexane for one day. The solid is resolved in the
tetrahydrofuran, and 4 eq. of Si-Thiol (18 mg, 0.021 mmol)
and a magnetic stirrer are added for demetalization for 12 hr.
After the Si-Thiol 1s filtered by gravity, the residue is re-
recipitated by methanol. After filtration, the polymer PBBCP-
DTBT-F as a blackish green solid is obtained (120 mg, 69%).
Mn=49.9 kDa, PDI=1.48.

[0045] The synthetic processes of the heptacyclic multi-
electron monomer Sn-IDTT are provided as follows.

S
Sn(Bu);

Br S
16

Pd(PPhy)y Toluene

Br

COOEt
15

COOEt

1) n-BulLi
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2) Sn(Me)sCl

Br-IDTT
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[0046] Synthesis of the Compound 17

[0047] The compound 15 (diethyl 2,5-Dibromotereph-
thate, 6.05 g, 15.9 mmol) and the compound 16 (2-(tributyl-
stannyl)thieno[3,2-b]thiophene, 15.71 g, 36.6 mmol) are
placed in a 250 mL double-necked flask, and the Pd(PPh,),
(0.74 g, 0.64 mmol) is added into the double-necked flask in
a glove box. After transferring the double-necked flask out-
side the glove box, 78 mL of toluene pre-degassed by nitrogen
is added into the flask. Under the nitrogen, the mixture is
heated under 130° C. at reflux for 16 hrs, the organic layer is
collected by extracting with ether (100 mLx3) and pure water
(150 mL), the collected organic layer is dried over MgSO,,
and the organic solvent is removed under lowered pressure.
Finally, the residue is purified by column chromatography on
silica gel (ethyl acetate /hexane v/v=1/20 as eluent) to give a
golden solid 17 (6.9 g, 87%). *H NMR (CDCI3, 300 MHz,
ppm): (t,J=6.9 Hz, 6H), 4.21-4.28 (q, ]=7.2 Hz, 4H), 7.28 (m,
4H), 7.40 (d, J=5.1 Hz, 2H), 7.88 (s, 2H).

[0048] Synthesis of the Compound 18

[0049] 1.0 M Grignard reagent preparation: The magne-
sium powder (3.2 g, 132.0 mmol) is placed in a 250 mL
double-necked flask to be baked under vacuum for three
times, 120 mL anhydrous tetrahydrofuran, 1-bromo-4-(octy-
loxy)benzene (34.23 g, 120 mmol) and a drop of 1,2-dibro-
moethane are added thereinto, and the mixture is incubated
for 1 hr after being slightly heated. The compound 17 (4.8 g,
9.6 mmol) is placed in a 250 mL double-necked flask 1o be
baked under vacuum for three times, 50 mL anhydrous tet-
rahydrofuran is added thereinto under nitrogen, and 76.8 mL
of freshly prepared Grignard reagent is added into this flask
for being heated under 80° C. at reflux for 16 hrs. The mixture
is extracted with 150 mL of ammonium chloride, 150 mL of
ether (x2) and 100 mL of pure water, and the organic layer is
collected and dried over MgSO,. The organic solvent is
removed by lowered pressure, and the residue is purified by
column chromatography on silica gel (ethyl acetate /hexane
v/v=1/10 as eluent) to give a pale yellow solid 18 (5.17 g,
44%). "HNMR (CDCI3, 300 MHz, ppm): 0.86-0.90, (t, 7.2
Hz, 6H), 1.28-1.45 (m, 20H), 1.75-1.80 (m, 4H), 3.42 (s, 2H),
3.94(t, I=6.6 Hz, 4H), 6.27 (s, 2H), 6.80 (d, J=9 Hz, 4H), 6.89
(s, 2H), 7.08 (d, J=9 Hz, 4H), 7.13 (d, I=5.1 Hz, 2H), 7.29 (d,
J=5.1 Hz, 2H).
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[0050] Synthesis of the Compound IDTT

[0051] Thecompound 18 (1 g, 0.8 mmol) is placed ina 250
ml single-necked flask, 100 mL of tetrahydrofuran and sul-
furic acid (1 mL, 19 mmol) are added thereinto for heating to
80° C. and incubating for 1 hr. The mixture is extracted with
100 mL of ether (x3) and 150 mL of pure water (x5), and the
organic layer is collected and dried over MgSO,,. The organic
solvent is removed by lowered pressure, and the residue is
purified by column chromatography on silica gel (ethyl
acetate /hexane v/v=1/80 as eluent) to give a yellow solid
IDTT (0.85 g, 88%). 'H NMR (CDCI3, 300 MHz, ppm): (t,
J=6.9 Hz, 6H), 1.27-1.45 (m, 20H), 1.71-1.76 (m, 4H), (t,
J=6.6Hz, 4H), 6.79 (d. J-8.7Hz,4H),7.16 (d, ]=8.7 Hz, 4H),
7.24-7.28 (d, J=5.1 Hz, 2H), 7.46 (s, 2H).

[0052] Synthesis of the Compound Br-IDTT

[0053] The IDTT (1.1 g, 0.92 mmol) is placed in a single-
necked flask and dissolved by adding 30 mL of tetrahydrofu-
ran into the flask, N-bromosuccimide (0.38 g, 2.12 mmol) is
further added into the flask, and the flask is wrapped with an
aluminum foil to avoid the light. The reaction is incubated at
room temperature under nitrogen for 12 hrs and being termi-
nated by adding water. The organic solvent is removed by
lowered pressure, the residue is extracted with 50 mL of ether
(x3) and 50 mL of pure water, and the organic layer is col-
lected and dried over MgSO,. The organic solvent is removed
by lowered pressure, and the residue is purified by column
chromatography on silica gel (hexane as eluent) to give a
yellow solid Br-IDTT (1.08 g, 87%). 'HNMR (CD2C12, 300
MHz, ppm): (t, J=6.9 Hz, 6H), 1.26-1.40 (m, 20H), 1.67-1.76
(m, 4H), (t,J=6.6 Hz, 4H), 6.78 (d, ] =8.7 Hz, 4H), 7.12 (d, J
=8.7Hz, 4H). 731 (s, 2H), 7.24 (s, 2H), 7.47 (s, 2H).
[0054] Synthesis of the Compound Sn-IDTT

[0055] TheBr-IDTT (0.85 g, 0.63 mmol) is placed in a 100
mL double-necked flask to be baked under vacuum for three
times, 30 mL of anhydrous tetrahydrofuran is added there-
into, and the t-BuLi (2.5 M, 0.63 mL, 1.56 mmol) is slowly
dropped thereinto under -78° C. (by mixing the acetone and
the liquid nitrogen) for reacting for 30 min. The mixture is
incubated at room temperature for 30 min and chlorotrimeth-
ylstannane (1.0 M, 1.9 mL, 1.89 mmol) is added into the
mixture under -78° C., and the mixture is returned to the
room temperature for reacting 12 hrs. The reaction is termi-
nated by adding water, and the organic solvent is removed
under lowered pressure. The organic layer is collected by
extracting with ether (50 mLLx3) and pure water (50 mL), and
the collected organic layer is dried over MgSO,. After
removal of the organic solvent under lowered pressure, hex-
ane is used for re-crystalization and a pale yellow solid Sn-
IDTT is obtained (0.52 g, 54%). "HNMR (CDCI3, 300 MHz,
ppm): (s, 18H), (t, J=6.9 Hz, 6H), 1.27-1.43 (m, 20H), 1.71-
1.76 (m, 4H), (t,J=6.6 Hz, 4H), 6.79 (d, =9 Hz, 4H), 7.19 (d,
J=9 Hz, 4H), 7.30 (s, 2H), 7.42 (s, 2H).

[0056] The synthetic processes of the polymers PIDTTBT
and PIDTTDTBT are provided as follows.
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[0057] Synthesis of the Polymer PIDTTBT

[0058] The Sn-IDTT (160 mg, 0.11 mmol), the compound
7 (32.34 mg, 0.11 mmol), tris(dibenzylideneacetone) dipal-
ladium (4.1 mg, 0.0044 mmol)and tri(2-methylphenyl) phos-
phine (10.72 mg, 0.035 mmol) are placed in a 50 mL single-
necked flask, and 7 mL of chlorobenzene pre-degassed with
nitrogen is added into the flask. The mixture is degassed with
nitrogen for 10 min, and then the flask is equipped with a
reflux condensor and being moved into a focused microwave
synthesizer for microwave polymerization under a condition
of 270 watt at 180° C. for 50 min In turn, the end-capping
2-(tributylstannyl)thiophene (20.5 mg, 0.055 mmol) is added
into the mixture for microwave polymerization under 270
watt at 180° C. for 10 min, and 2-bromothiophene (9.78 mg,
0.06 mmol) is added thereinto for reacting under the same
condition. Then, 200 mL of methanol is used for re-precipi-
tation and the solid is collected by gravity filtration. After the
solid is continuously extracting with the acetone for one day,
it is continuously extracting with hexane for one day and
resolved in the tetrahydrofuran. 5 eq. of Si-Thiol (19.01 mg,
0.022 mmol) and a magnetic stirrer are added for demetaliza-
tion for 12 hr. After the Si-Thiol is filtered by gravity, the
residue is re-recipitated by methanol. After filtration, the
polymer PIDTTBT as a dark blue solid is obtained (80 mg,
55%). Mn=19.0 kDa, PDI=1.47.

[0059] Synthesis of the Polymer PIDTTDTBT

[0060] TheSn-IDTT (100 mg, 0.066 mmol), the compound
5 (30.24 mg, 0.066 mmol), tris(dibenzylideneacetone) dipal-
ladium (2.42 mg, 0.0026 mmol) and tri(2-methylphenyl)
phosphine (6.43 mg, 0.021 mmol) are placed in a 50 mL
single-necked flask, and 7 mL of chlorobenzene pre-degassed
with nitrogen is added into the flask. The mixture is degassed
with nitrogen for 10 min, and the flask is equipped with a
reflux condensor and then being moved into a focused micro-
wave synthesizer for microwave polymerization under a con-
dition of 270 watt at 180° C. for 50 min. In turn, the end-
capping 2-(tributylstannyl)thiophene (12.31 mg, 0.033
mmol) is added into the mixture for microwave polymeriza-
tion under 270 watt at 180° C. for 10 min, and 2-bro-
mothiophene (5.87 mg, 0.036 mmol) is added thereinto for
reacting under the same condition. Then, 200 m[L methanol is
used for re-precipitation and the solid is collected by gravity
filtration. After the solid is continuously extracted with the
acetone for one day, it is continuously extracted with hexane
for one day. The solid is resolved in the tetrahydrofuran, and
5 eq. of Si-Thiol (19.01 mg, 0.022 mmol) and a magnetic
stirrer are added for demetalization for 12 hr. After the Si-
Thiol is filtered by gravity, the residue is re-recipitated by
methanol. After filtration, the polymer PIDTTDTBT as adark
black red solid is obtained (60 mg, 68%). Mn=26.5 kDa,
PDI=2.6.

[0061] Thesynthetic processes of the hexacyclic multielec-
tron monomer B-DITT are provided as follows.
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[0062] The synthesis of the Compound 21

[0063] The compound 19 (5,5°-Bis(trimethylstan-
nyOthieno[2,3-d]dithiophene, 2 g, 4.3 mmol) and the com-
pound 20 (ethyl 2-bromobenzoate are placed in a 100 mL
double-necked flask, and the Pd(PPh;), (250 mg, 0.2 mmol)
is added into the double-necked flask in a glove box. After
transferring the double-necked flask outside the glove box, 43
mL of toluene pre-degassed by nitrogen is added into the
flask. Under the nitrogen, the mixture is heated under 130° C.
at reflux for 16 hrs, the organic layer is removed by a rotary
evaporator under lowered pressure. Then, the residue is puri-
fied by column chromatography on silica gel (ethyl acetate
/hexane v/v=20/1 as eluent) to quickly give a yellow solid,
and this solid is re-crystalized with the ethanol to give a
yellow powder 21 (1.65 g, 88%). 'H NMR (CDCI3, 300
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MHz, ppm): (t, J=6.9 Hz, 6H), 4.29-4.36 (q, J=7.2 Hz, 4H),
7.30(d, J=5.4 Hz, 2H), 7.55 (d, J=5.4 Hz, 2H), 7.52 (s, 2H),
8.21 (s, 2H).

[0064] Synthesis of the Compound 22

[0065] 1.5 M Grignard reagent preparation: The magne-
sium powder (2.23 g, 97.73 mmol) is placed in a 250 mL
double-necked flask to be baked under vacuum for three
times, 90 mL of anhydrous tetrahydrofuran, 1-bromo-4-(oc-
tyloxy)benzene (26.10 g, 91.51 mmol) and three drops of
1,2-dibromoethane are added thereinto, and the mixture is
incubated for 1 hr after being slightly heated. The compound
21 (4.00 g, 9.16 mmol) is placed in a 500 mL double-necked
flask to be baked under vacuum for three times, 100 mL of
anhydrous tetrahydrofuran is added thereinto under nitrogen,
and 92 mL of freshly prepared Grignard reagent is added into
this flask for being heated under 80° C. at reflux for 16 hrs.
The mixture is extracted with 150 mL of ammonium chloride,
150 mL of ether (x2) and 100 mL of pure water, and the
organic layeris collected and dried over MgSO,. The organic
solvent is removed by lowered pressure, and the residue is
purified by column chromatography on silica gel (dichlo-
romethane/hexane v/v=1/10 as eluent) to give a yellow sticky
22(7.5 g, 70%). "H NMR (CDCI3, 300 MHz): 0.88 (t, J=6.5
Hz, 12H), 1.20-1.50 (m, 40H), 1.78 (m, 8H), 3.42 (s, 2H),
3.95 (t, J=6.5 Hz, 8H), 6.26 (s, 2H), 6.81 (d, J=9.0 Hz, 8H),
7.05 (d, 9.0 Hz, 8H), 7.19-7.35 (m, 8H).

[0066] Synthesis of the Compound DITT

[0067] Thecompound 22 (3.00 g, 2.56 mmol) is placed ina
250 mL single-necked flask, 72 mL of acetic acid and a drop
of sulfuric acid are added thereinto for heating to 80° C. and
incubating for 1 hr. The mixture is extracted with 100 mL of
sodium bicarbonate (x2) and 50 mL of ethyl acetate (x2), and
the organic layer is collected and dried over MgSO,. The
organic solvent is removed by lowered pressure, and the
residue is purified by column chromatography on silica gel
(dichloromethane /hexane v/v=1/20 as eluent) to give a yel-
lowish brown solid DITT (2.16 g, 74%). 'H NMR (CDCI3,
300 MHz): 0.87 (t, J=6.6 Hz, 12H), 1.20-1.55 (m, 40H), 3.88
(t, J=6.5 Hz, 8H), 6.78 (d. J=8.9 Hz, 8H), 7.16 (d, ]=8.9 Hz,
8H),7.20-7.30(m, 4H),7.35(d, J=7.8 Hz, 2H), 7.38 (d, I=7.8

Hz, 2H).
Br 4<:>7 Br
N/ \N
hlld Pd(PPhs)s,
K,CO;
—_—
B-DITT + S S toluene,
Br Br reflux
\ 7/ \ /
/R
N N
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[0068] Synthesis of the Compound Br-DITT

[0069] TheDITT (0.50 g, 0.44 mmol) is placed in a S0 mL
double-necked flask, 15.4 mL of chloroform is poured there-
into, and 9.3 mg of ferric trichloride is added into the flask
under room temperature for reacting for 12 hrs. The reaction
is terminated by adding water, the organic solvent is removed
by lowered pressure, the residue is extracted with 50 mL of
ether (x3) and 50 mL of pure water, and the organic layer is
collected and dried over MgSO,. The organic solvent is
removed by lowered pressure, and the hexane is used for
recrystalization to give a pale yellow solid Br-DITT (0.55 g,
97%). "THNMR (CDCI3, 300 MHz): 0.87 (t, ]=6.3 Hz, 12H),
1.20-1.50 (m, 40H), 1.74 (m, 8H), 3.89 (t, ]=6.5 Hz, 8H), 6.80
(d,J=9.0Hz, 8H), 7.12 (d, J=9.0 Hz, 8H), 7.20 (d, J=8.1 Hz,
2H), 7.39 (d, I=8.1 Hz, 2H), 7.48 (s, 2H).

[0070] Synthesis of the Compound B-DITT

[0071] TheBr-DITT (1.00 g, 0.77 mmol) is placed in a 100
mL double-necked flask to be baked under vacuum for three
times, 27 mL of anhydrous tetrahydrofuran is added there-
into, and the t-BuLi (2.5 M, 1 mL, 2.44 mmol) is slowly
dropped thereinto under -78° C. (by mixing the acetone and
the liquid nitrogen) for reacting for 1 hr. The mixture is
incubated at room temperature for 20 min and the boron ester
reagent (2-isopropoxy-4,4,5,5-tetramethyl-1,3,2-dioxaboro-
lane, 0.58 M, 3.12 mmol) is added into the mixture under
-78° C., and the mixture is returned to the room temperature
for reacting 12 hrs. The reaction is terminated by adding
water, and the organic solvent is removed under lowered
pressure. The organic layer is collected by extracting with
ether (150 mL.x3) and pure water (50 mL), and the collected
organic layer i3 dried over MgSO,. After removal of the
organic solvent under lowered pressure, hexane is used for
re-crystalization and a pale yellow solid B-DITT is obtained
(0.57 g, 53%). 'H NMR (CDCI3, 300 MHz): 0.86 (t, ]=5.9
Hz, 12H), 1.20-1.1.40 (m, 40H), 1.72 (m, 64H), 3.88 (t, J=6.5
Hz, 8H), 6.77 (d, I=8.6 Hz, 8H), 7.16 (d, J=8.6 Hz, 8H), 7.34
(d, J=7.5Hz, 2H), 7.73 (d, I=7.5 Hz, 2H), 7.78 (s, 2H).

[0072] The synthetic processes of the polymers PDITTBT
and PDITTDTBT are provided as follows.

PDITTDTBT
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[0073] Synthesis of the Polymer PDITTBT

[0074] TheB-DITT (216.8 mg, 0.16 mmol), the compound
7 (46 mg, 0.16 mmol), Pd(PPh;), (3.6 mg, 0.0031 mmol),
K,CO, (163.3 mg, 1.18 mmol) and Aliquat 336 (27 mg, 0.07
mmol) are placed in a 25 mL single-necked flask, and 5 mL of
toluene pre-degassed with nitrogen and 1 mL of distilled
water are poured into the flask. The mixture is degassed with
nitrogen for 10 min, and then the flask is equipped with a
reflux condensor for polymerization at 90° C. for 72 hrs.
Then, 400 mL of methanol is used for re-precipitation and the
solid is collected by gravity filtration. After the solid is con-
tinuously extracting with the acetone for one day, it is con-
tinuously extracting with hexane for one day and resolved in
the tetrahydrofuran. 4 eq. of Si-Thiol (10.8 mg, 0.64 mmol)
and a magnetic stirrer are added for demetalization for 12 hr.
After the Si-Thiol is filtered by gravity, the residue is re-
recipitated by methanol. After filtration, the polymer
PDITTBT as a black green solid is obtained (103 mg, 52%).
Mn=19.0 kDa, PDI=1.76.
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[0075] Synthesis of the Polymer PDITTDTBTBT

[0076] TheB-DITT (216.8 mg, 0.16 mmol), the compound
5 (71.5 mg, 0.16 mmol), Pd(PPh,), (3.6 mg, 0.0031 mmol),
K,CO; (163.3 mg, 1.18 mmol) and Aliquat 336 (27 mg, 0.07
mmol) are placed in a 25 mL single-necked flask, and 5 mL of
toluene pre-degassed with nitrogen and 1 mL of distilled
water are poured into the flask. The mixture is degassed with
nitrogen for 10 min, and then the flask is equipped with a
reflux condensor for polymerization at 90° C. for 72 hrs.
Then, 400 mL of methanol is used for re-precipitation and the
solid is collected by gravity filtration. After the solid is con-
tinuously extracting with the acetone for one day, it is con-
tinuously extracting with hexane for one day and resolved in
the tetrahydrofuran. 4 eq. of Si-Thiol (10.8 mg, 0.64 mmol)
and a magnetic stirrer are added for demetalization for 12 hr.
After the Si-Thiol is filtered by gravity, the residue is re-
recipitated by methanol. After filtration, the polymer
PDITTDTBTBT as a black green solid is obtained (130 mg,
58%). Mn=8.1 kDa < PDI=2.1.

[0077] Thesynthetic processes of the nonacyclic multielec-
tron monomer Sn-TPTPT are provided as follows.
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[0078] Synthesis of the Compound B-DIDT

[0079] The Br-DITT (1.06 g, 1.22 mmol) dissolved in 28
mL of anhydrous tetrahydrofuran is placed in a 100 mL
double-necked flask and 2.8 M t-BuLi (1.6 mL in hexane,
3.91 mmol) is slowly dropped thereinto under =78° C. . After
stirring the mixture under —78° C. for 2 hrs, 2-isopropoxy-4,
4,5,5-tetramethyl-1,3,2-dioxaborolane (0.91 g, 4.89 mmol) is
slowly dropped into the reacting flask and the mixing solution
is returned to the room temperature and stirred for 16 hrs
continuously. The mixture is extracted with ethyl acetate (300
mLx3) and pure water (150 mL), and the water in the organic
layer is removed by the anhydrous MgSO,. The residue is
concentrated by rotation, purified by column chromatogra-
phy on silica gel (hexane/ ethyl acetate v/v=40/1 as eluent),
and re-crystalized by the methanol to give a yellow solid
B-DIDT (0.85 g, 72%). "HNMR (CDCI3, 300 MHz): 7.74 (d,
J=7.4Hz, 2H),7.60 (s, 2H), 7.37 (d, J=7.4 Hz, 2H), 1.98-2.18
(m, 8H), 1.39 (s, 12H), 0.50-1.30 (m, 60H).

[0080] Synthesis of the Compound 24

[0081] B-DIDT (220 g, 229 mmol), ethyl 2-bro-
mothiophene-3-carboxylate (1.24 g, 5.27 mmol), Pd(PPh3)4
(0.265 g, 0.23 mmol), K2CO3 (1.90 g, 13.75 mmol), and

Aliquant 336 (0.23 g, 0.57 mmol) in a solution of degassed
toluene (17 mL) and degassed H,O (3.5 mL) are introduced to
a 50 mL round-bottom flask. The reaction solution is heated
to 90° C. and continuously stirred for 72 hrs. The reaction
solution is extracted with ethyl acetate (300 mL.x3) and water
(150 mL). The combined organic layer was dried over
MgSO4. The residue is purified by column chromatography
onsilica gel (hexane/ethyl acetate, v/v, 20/1) and then recrys-
tallized from hexane to give a light yellow solid 24 (2.07 g,
62%). "HNMR (CDCI3,300 MHz): § 7.52 (d, J=5.6 Hz, 2H),
7.51-7.30 (m, 6H),3.17-3.58 (m, 4H), 7.23 (d, J=5.6 Hz, 2H),
4.20 (q, I=7.2 Hz, 4H), 2.09 (t, J=8.1 Hz, 8H), 1.40-0.96 (m,
54H), 0.82 (t, J=13.4 Hz, 12H).

[0082] Synthesis of the Compound 25

[0083] A Grignard reagent is prepared by the following
procedure. The magnesium turnings (0.8 g, 33.3 mmol) is
placed in a 50 mL double-necked flask to be baked under
vacuum for three times, 20 mL of anhydrous tetrahydrofuran
and 3-4 drops of 1,2-dibromoethane are added thereinto, and
1-bromo-4-(octyloxy)benzene (8.56 g, 30.0 mmol) is slowly
added thereinto for evenly stirring 1 h. The compound 24
(0.80 g, 0.79 mmol) is placed in a 100 mL. double-necked
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flask, 20 mL anhydrous tetrahydrofuran is added thereinto for
evenly stirring and mixing, and freshly prepared 4-(octyloxy)
benzene 1-magnesium bromide (20 mL, 7.9 mmol) is added
thereinto dropwise at room temperature. The resulting mix-
ture is heated under 80° C. at reflux and continuously stirred
for 16 hrs. The reaction solution is extracted with ethyl acetate
(150 mLx3) and water (100 mL) The combined organic layer
is dried over MgSO4. The residue is purified by column
chromatography on silica gel (hexane/ethyl acetate, v/v, 100/
1) to give a yellow oil 25 (1.17 g, 85%). 1H NMR (CDCI3,
300 MHz): 8 7.24 (d, I=9.0 Hz, 2H), 7.17 (d, J=9.0 Hz, 2H),
7.16 (d, I=9.0 Hz, 8H), 7.09 (d, I=5.1 Hz, 2H), 6.94 (s, 2H),
6.84 (d, J=9.0 Hz, 8H), 6.41 (d, I=5.6 Hz, 2H), 3.97 (t, J=6.5
Hz, 8H), 3.07 (s, 2H), 1.95-1.60 (m, 16H), 1.55-0.40 (m,
112H).

[0084] The Synthesis of the Compound TPTPT

[0085] Thecompound 25 (2.00 g, 1.14 mmol) is placed in a
250 mL double-necked flask, 116 mL of acetic acid is added
for heating and dissolving the compound 25, and 3.5 mL of
conc. sulfuric acid is slowly dropped thereinto. The resulting
solution is stirred for 18 hat 95° C. and then is extracted with
ethyl acetate (500 mL.x3) and water (250 mL) The combined
organic layer is dried over MgSO4. The residue is purified by
column chromatography on silica gel (hexane/ethyl acetate,
v/v, 100/1) to give an orange oil TPTPT (1.58 g, 81%). 'H
NMR (d8-THF, 300 MHz): 8 7.45 (s, 2H), 7.34 (d, ]=4.8 Hz,
2H), 7.33 (s, 2H), 7.12 (d, J=8.7 Hz, 8H), 6.99 (d, J=4.8 Hz,
2H), 6.72 (d, J=8.7 Hz, 8H), 3.87 (t, J=6.0 Hz, 8H), 2.3-2.1
(m, 8H), 1.50-0.95 (m, 96H), 0.90-0.70 (m, 24H).

[0086] Synthesis of the Compound Br-TPTPT

[0087] TPTPT (1.58 g, 0.92 mmol) in chloroform (87 mL)
is placed in a 250 mL double-necked flask, N-bromosuccin-
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imide (0.36 g, 2.23 mmol) is added thereinto at room tem-
perature. The flask is wrapped with the alumiunm foil and
stirred for 12 h at room temperature and then is quenched by
water (100 mL) The mixture solution is extracted with chlo-
roform (450 mLx3) and water (150 mL) The combined
organic layer is dried over MgSO4. After removal of the
solvent under lowered pressure, the residue is purified by
column chromatography on silica gel (hexane/ethyl acetate,
v/v, 100/1) and then recrystallized from hexane to give an
orange solid Br-TPTPT (1.12 g, 65%). "HNMR (CDCl,, 300
MHz): 7.23 (s, 2H), 7.18 (s, 2H), 7.12 (d, 1=8.7 Hz, 8H), 6.99
(s,2H),6.78 (d,J=8.7 Hz, 8H), 3.90 (t, I=6.5 Hz, 8H), 2.07 (t,
J=8.0 Hz, 8H), 1.80-1.70 (m, 8H), 1.50-0.60 (m, 112H).

[0088] TPTPT (1.60 g, 0.93 mmol) is placed in a 50 mL
double-necked flask, and 28 mL of anhydrous tetrahydrofu-
ran is added thereinto foe evenly stirring and dissolving the
TPTPT. 1.6 M t-BuLi in hexane (1.8 mL, 2.80 mmol) is
dropwise added into the flask at —=78° C. After stirring at -78°
C. for 1 h, 1.0 M solution of chlorotrimethylstannane in THF
(3.7 mL, 3.73 mmol) is introduced dropwise by syringe to the
solution. The mixture solution is quenched with water and
extracted with Chloroform (450 mLx3) and water (150 mL)
The combined organic layer is dried over MgSO4. After
removal of the solvent by a rotary evaporator, Sn-TPTPT
(1.18 g, 62%) is obtained as an orange oil and used without
further purification. IH NMR (CDCl,, 300 MHz): 8 7.29 (s,
2H),7.27 (s, 2H),7.21 (d, I=8.7 Hz, 8H), 7.06 (s, 2H), 6.81 (d,
J=8.7 Hz, 8H), 3.94 (t, I=6.3 Hz, 8H), 2.20-2.00 (m, 8H),
1.85-1.70 (m, 8H), 1.50-0.60 (m, 112H), 0.40 (s, 18H).

[0089] The synthetic processes of the polymer PTPTPTBT
are provided as follows.

Br Br

Pd,(dba); Plo-tolyl);
Microwave

Sn-TPTPT

62%  PTPTPTBT
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[0090] Synthesis of the Polymer PTPTPTBT

[0091] Sn-TPTPT (143.0 mg, 0.07 mmol), 7 (20.6 mg, 0.07
mmol) Pd(PPh,), (3.2 mg, 0.0035 mmol), tri(o-tolyl)phos-
phine (6.8 mg, 0.022 mmol) and 3 mL of anhydrous chlo-
robenzene are placed in a round bottom flask. The mixing
solution is degassed with nitrogen for 10 min at the room
temperature, and the flask is moved into a microwave reactor
under a condition of 270 watt for 45 min Then, the tributy!
(thiophen-2-yD)stannane (13.1 mg, 0.035 mmol)isaddedinto
the flask under 270 watt for 10 min. Finally, 2-bro-
mothiophene (6.2 mg, 0.038 mmol) is added in to the flask
under 270 watt for 10 min. The mixture is dropwise added
into the methanol for re-precipitation, the solid is collected by
filtration, and the filtrate is continuously extracted with the
acetone, the hexane and the chloroform. The Pd-thiol gel
(Silicycle Inc.) and Pd-TAAcOH are added into the chloro-
form solution for removing the remaining catalyst Pd and the
metal Sn. After the gel is removed by filtrationan the solvent
is removed by a rotary evaporator, the polymer is re-dissolved
in a small amount of chloroform and re-precipitated by the
methanol. The purified polymer is collected by filtration and
dried under vacuum to give the PTPTPTBT as a dark green
strip solid (215 mg, 62%). Mn=30000, PDI=1.69. "H NMR
(CDCl,, 300 MHz): 8.20-8.00 (m, 2H), 7.95-7.80 (m, 2H),
7.50-7.30 (m, 4H), 7.25-7.15 (m, 8H), 6.90-6.70 (m, 8H),
4.00-3.80 (m, 8H), 1.85-1.60 (m, 16H), 1.50-1.00 (m, 88H),
0.90-0.70 (m, 24H).

[0092] Through the above embodiments, it is known that
the present invention provides the chemical structures of vari-
ous ladder-type multifused arenes and the synthetic methods
thereof, and also provides the p-type low bandgap conjugated
copolymers by hybriding the ladder-type multifused arenes
and the electron deficient acceptor and the synthetic method
thereof Specifically, the present invention is based on various
ladder-type multifused arenes. By various cyclizations, one
or more aromatic ring and/or one or more heteroring such as
thiophene, pyrrole, carbazole, fluorine, silole or cyclopenta-
diene are formed on the ladder-type multifused arenes to
design and synthesize the hexacyclic, heptacyclic and nona-
cyclic units multifused arenes. For example, the present
invention provides a method of synthesizing a monomer,
including steps of providing a compound having a structure
being one of

Formula (I)
-0 (30
S S
N
|
R
Formula (II)

[} 0.0 [

wherein R is a side chain at least including a carbon atom, and
performing an annulation with the compound to cause the
compound to form the monomer.
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[0093] Besides, the present invention also links the conju-
gated small molecules of the ladder-type multifused arenes
and that of the various electron deficient monomer/electron
acceptor to form a p-type conjugated polymer. For example,
the present invention also provides a method of synthesizing
a p-type conjugated polymer, including steps of providing a
compound having a structure being one of

Formula (I)
O Qf3-0--
S S
N
|
R
Formula (IT)

[} D.Q =

wherein R is a side chain at least including a carbon atom,
forming at least one aromatic ring on the compound for form
a monomer, and polymerizing the monomer and an electron
acceptor to form the p-type conjugated polymer.

[0094] Further, the above electron acceptor/electron defi-
cient monomer is one selected from a group consisting of:

N/ \N N/ \\T
N a

\Te

N;/ \EN N;/ \EN
\S/ \S/
I\'¢S§N
A
e N
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[0095] For example, the p-type conjugated polymer is pref-
erably synthesized as a method including the steps of provid-
ing a compound

R

linking the thiophenes on both sides to the tricyclic system by
a silicon atom respectively, modifying with an appropriate R
group and providing a electron acceptor
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After polymerization, a ladder type heptacyclic multifused
p-type conjugated polymer with a novel structure

CgH,y7

CgHy7

is formed, which maintains the same conjugated backbone
but has an enhanced molecular planarity. It is proved that this
ladder type heptacyclic multifused p-type conjugated poly-
mer has a good optical absorption and electron hole transport-
ing properties.

[0096] The side chain R in the above embodiments prefer-
ably has any length and size. Specifically, the side chain
having at least one carbon atom is preferably be used in the
side chain R as described in the present invention.

[0097] The p-type conjugated polymers is preferably
blended with the n-type material such as C.,, derivative [6,6]-
phenyl C,;-butyric acid methyl ester (PC,,BM) or Cg,
derivative [6,6]-phenyl Cg -butyric acid methyl ester
(PC4;BM)invarious organic solvents and then spin-coated to
serve as the active layer of the organic doped solar cell for
achieving a high efficiency organic solar cell with a multi-
layer structure.

[0098] The following Table 1 illustrates the respective
optoelectronic properties of the elements in the active layer of
the organic solar cell made by several p-type conjugated
polymers of the present invention blending with PC., BM.

TABLE 1
Open Short Power
Blend circuit  circuit conversion

Conjugated ratio with  voltage  current  Fill factor  efficiency
polymer PC;BM (V)  (mA/em?) (%) (PCE, %)
PDTSCBT 1:3 0.82 111 56.7 5.2
PDTPCBT 1:2 0.50 105 49.9 2.6
PDTBCDTBT 1:1.5 0.78 114 65.6 59
PDTCFBT 1:3 0.83 12.6 66.8 7.0
PBBCPDTTPD 1:25 0.85 117 51.7 52
PBBCPDTBT 1:25 0.75 125 51.6 48
PBBCPDTBT-F 1:2.5 0.85 119 56.9 58
PIDTTBT 1:4 0.82 105 46.0 40
PIDTTDTBT 1:4 0.82 89 49.0 36
PDITTDTBT 1:4 0.92 10.7 58.4 5.8
PDITTBT 1:4 0.88 7.5 414 2.7
PTPTPTBT 1:4 0.76 114 61.0 53

[0099] Through the Table 1, it is known that the active layer
elements made of the p-type conjugated polymers of the

20
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present invention blending with n-type material have good
properties of high short circuit current and high PCE.
Detailedly speaking, the multifused p-type conjugated poly-
mer of the present invention is preferably applied to the
organic blend solar cell having a multilayer structure, which
is spin-coated on the PEDOT:PSS as an active layer by blend-
ing with the n-type material. The p-type material has the
following properties. 1) It elongates effective conjugation
length, 2)facilitates m-electron delocalization, 3) reduces the
band gap, and 4) suppresses the rotational disorder around
interannular single bounds to lower the reorganization energy
and being beneficial for intrinsic charge mobility by the pla-
nar and rigid structure.

[0100] The present application enhances the scope and the
intensity of the sunlight spectrum absorbed by the active layer
by introducing a novel multifused p-type conjugated polymer
into the active layer of the organic blend solar cell, and
increases the hole transporting ability by the coplanar and
rigid structure of the p-type conjugated polymer itself
Thereby, the short circuit current of the organic blend solar
cell is enhanced and the re-combination probability of the
electron hole is decreased to achieve a high efficiency organic
solar cell with a multilayer structure.

[0101] Specifically, the present invention is further
described by the following exemplary embodiments.

[0102] 1.A polymer, having a structure being one selected
from a group consisting of:

Formmula (I)

Formula (II)
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wherein A is an electron-deficient monomer, n is an integer 7\
larger than 2 and R is a side chain at least including a carbon N N
atom. \s/
[0103] 2. According to example 1, wherein the electron- / \ / \
deficient monomer is one selected from a group consisting of S S
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and R on the electron-deficient monomer is a side chain at
least including a carbon atom.
, [0104] 3. A polymer material, comprising:
/ \ ) [0105] a plurality of monomers, wherein the plurality of
N\ A o N 0 monomers are one selected from a group consisting of
S
R
Formula (I)
Formula (IT)
Formula (IIT)

Formula (IV)
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-continued [0107] 5. A method of synthesizing a monomer, including
Formula (V) steps of: providing a compound having a structure being one
of

Formula (I)

wherein R is a side chain at least including a carbon atom.

[0106] 4. A polymer monomer having a structure being one
selected from a group consisting of: Formula (IT)

=LA )L

wherein R is a side chain at least including a carbon atom; and

[0108] performing an annulation with the compound to
cause the compound to form the monomer.

Formula (II)
[0109] 6. According to example 5, wherein the annulation
synthesizes at least one aromatic ring on the compound.
[0110] 7. A method of synthesizing a polymer, including
steps of:
[0111] providing a compound having a structure being one
of
Formula (IIT)
Formula (T)
S S
N
|
R
Formula (IV)
Formula (I)
S O.Q S
Formula (V)
R R

wherein R is a side chain at least including a carbon atom;

[0112] forming atleast one aromatic ring on the compound
to form a monomer; and

[0113] polymerizing the monomer and an electron acceptor
to form a polymer.

[0114] 8.According to example 7, wherein the aromatic
wherein R is a side chain at least including a carbon atom. ring is a heterocycle.
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[0115] 9. A method of synthesizing a polymer, including —continued
steps of:

[0116] providing a monomer, wherein the monomer is one
selected from a group consisting of:
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[0117] 10. According to example 9, wherein the electron § §
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-continued
R

and R on the electron acceptor is aside chain at least including
a carbon atom.

[0118] While the present invention has been detailedly
described with reference to the above embodiments, it will be
understood by those skilled in the art that various modifica-
tions and variations may be made therein without departing
from the scope of the present invention as defined by the
appended claims.
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What is claimed is: —continued
1. A method of synthesizing a polymer, comprising steps / \ / \
of:
S S
providing a compound having a structure being one of / \
N N
\S e
Formula (I)
and
S S
¥ / \ /
I|{ S S ’
Formula (II) N/ \N
/ \ O O / \ v
gt
F T
R R
/ /
S . . .. N N
wherein R is a side chain at least comprising a carbon atom; / \
performing an annulation with the compound to cause the NN
compound to form a monomer; and S
polymerizing the monomer and an electron acceptor to
form the polymer.
2. A method as claimed in claim 1, wherein the electron / \ / \
acceptor is one selected from a group consisting of: S S ,
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-conﬁinued -continued
R
R
0 N 0 and R on the electron acceptor is a side chain at least com-

prising a carbon atom.



