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(57) ABSTRACT

A synthesis method of benzotrichalcogenophene (BTC)
includes using a tetrakis(triphenylphosphine)palladium (Pd
(PPh,),) catalyst and a [1,3-bis(2,6-diisopropylphenyl)imi-
dazol-2-ylidene]chloro[3-phenylallyl|palladium(Il) (Pd—
IPr) catalyst. The asymmetric benzotrichalcogenophene
compound is a heterocyclic compound having furan, thio-
phene, selenophene and/or tellurophene subunits.
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ASYMMETRIC
BENZOTRICHALCOGENOPHENE
COMPOUND, SYNTHESIS METHOD
THEREOF AND POLYMER

RELATED APPLICATION

[0001] This application claims priority to Taiwan Appli-
cation Serial Number 106105628 filed Feb. 20, 2017 which
is herein incorporated by reference.

BACKGROUND

Field of Invention

[0002] The present invention relates to an asymmetric
benzotrichalcogenophene compound, a synthesis method
thereof, and a polymer having the asymmetric benzotrichal-
cogenophene subunit. More particularly, the present inven-
tion relates to an asymmetric benzotrichalcogenophene
compound having a heterocyclic structure, in which the
heterocyclic structure is a combination of furan, thiophene,
selenophene and/or tellurophene subunits.

Description of Related Art

[0003] In general, star-shaped conjugated molecules
formed by benzotrichalcogenophene (BTC) compound can
serve as a semiconductor material, for example, organic field
effect transistor (OFETs) and polymer solar cells (PSCs).
The stacking ability of asymmetric benzotrichalcogeno-
phene compound is higher than symmetric benzotrichalcog-
enophene compound, as well as the conjugate length and the
conductivity. However, the currently known asymmetric
benzotrichalcogenophene compound is benzotrithiophene.

[0004] In addition, the current symmetric benzotrichal-
cogenophene compound and asymmetric benzotrichalcog-
enophene compound include only a single type of chalcog-
enophene due to the difficulties of synthesis. It lacks of a
benzotrichalcogenophene compound having two or more
types of chalcogenophene. More specifically, the chalcog-
enophene includes furan, thiophene, selenophene and tel-
lurophene, in which tellurophene is a stronger electron
donor than furan, thiophene and selenophene. However, the
reactivity and stability of tellurophene is weaker than furan,
thiophene and selenophene, and therefore it is not easy to
carry out the functionalization or further application of
tellurophene. In addition, it lacks of a benzotrichalcogeno-
phene compound having tellurophene with other chalcog-
enophene.

[0005] Accordingly, there is a need for an asymmetric
benzotrichalcogenophene compound having two or more
types of chalcogenophene, a synthesis method thereof, and
a polymer having the asymmetric benzotrichalcogenophene
subunit.

SUMMARY

[0006] The invention provides an asymmetric benzo-
trichalcogenophene compound having a structure of chemi-
cal formula (1):
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wherein R, is hydrogen, —C,H,,,,, —COCH,,,, or
—COOC,H,,,,, p is an integer of 1~20, q is an integer of
1~12, r is an integer of 1~12; X is selected from the group
consisting of oxygen, sulfur, selenium, tellurium, and a
combination thereof; Y is selected from the group consisting
of oxygen, sulfur, selenium, tellurium, and a combination
thereof; when X is sulfur, Y is not sulfur.

[0007] Inone embodiment, —C,H
or a branched structure.

[0008] Inoneembodiment, —COC,H,,,, is a linear struc-
ture or a branched structure.

[0009] In one embodiment, —COOC,H,,,, is a linear
structure or a branched structure.

[0010] The present invention provides a synthesis method
of an asymmetric benzotrichalcogenophene compound
including steps of: mixing a first compound, a second
compound, a zero-valent palladium catalyst, and a base to
form a third compound, the first compound has a structure
of chemical formula (2):

2p4+1 15 @ linear structure

@
Br Br

=g

v

wherein Y is selected from the group consisting of oxygen,
sulfur, selenium, tellurium, and a combination thereof; the
second compound has a structure of chemical formula (3):

&)

X

2 B\

wherein X is selected from the group consisting of oxygen,
sulfur, selenium, and tellurium, and a combination thereof;
when Y is sulfur, X is not sulfur, R, is —C,H,,,,, p is an
integer of 1~20; the third compound has a structure of
chemical formula (4):
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mixing the third compound with a divalent palladium cata-
lyst to form the asymmetric benzotrichalcogenophene com-
pound.

[0011] In one embodiment, the first compound, the second
compound, the zero-valent palladium catalyst and the base
are dissolved in an organic solvent.

[0012] In one embodiment, the zero-valent palladium
catalyst is tetrakis(triphenylphosphine)palladium, Pd(PPh,)
4

[0013] In one embodiment, the base is selected from
sodium carbonate or potassium carbonate.

[0014] In one embodiment, the third compound and the
divalent palladium catalyst are dissolved in an organic
solvent.

[0015] Inone embodiment, the divalent palladium catalyst
is [1,3-bis(2,6-diisopropylphenyl)imidazol-2-ylidene]chloro
[3-phenylallyl]palladium(Il), Pd—IPr.

[0016] The present invention provides a synthesis method
of an asymmetric benzotrichalcogenophene compound
including steps of: mixing a first compound, a second
compound and a zero-valent palladium catalyst, the first
compound has a structure of chemical formula (5):

®
Br Br

=3

TMS TMS,

wherein Y is selected from the group consisting of oxygen,
sulfur, selenium, tellurium, and a combination thereof; the
second compound has a structure of chemical formula (6):

)

BN

X SnBus,

wherein X is selected from the group consisting of oxygen,
sulfur, selenium, tellurium, and a combination thereof; when
Y is sulfur, X is not sulfur; adding aluminium chloride and
acyl chloride having substituent of —COC,H,,,, or
—COOC,H,,,,, wherein q is an integer of 1-12, r is an
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integer of 1~12; adding a quaternary ammonium salt to form
a third compound, the third compound has a structure of
chemical formula (7):

Q)

wherein R; is —COC H,,,, or —COOC,H,,,,, q is an

2g+
integer of 1~12, r is an ingeger of 1~12; mixing the third
compound and a divalent palladium catalyst to form the
asymmetric benzotrichalcogenophene compound.

[0017] Inone embodiment, the first compound, the second
compound and the zero-valent palladium catalyst are dis-
solved in an organic solvent.

[0018] In one embodiment, the zero-valent palladium
catalyst is tetrakis(triphenylphosphine)palladium, Pd(PPh,)
"

[0019] Inone embodiment, the quaternary ammonium salt
is tetrabutylammonium fluoride (TBAF).

[0020] In one embodiment, the third compound and the
divalent palladium catalyst are dissolved in an organic
solvent.

[0021] Inone embodiment, the divalent palladium catalyst
is [1,3-bis(2,6-diisopropylphenyl)imidazol-2-ylidene]chloro
[3-phenylallyl]palladium(Il), Pd—IPr.

[0022] The present invention provides a polymer having a
structure of chemical formula (8):

®

wherein R, is hydrogen, —CH —COC_H,,,, or

2p+1°

—COOC,H,,,,, p is an integer of 1~20, q is an integer of
1~12, r is an integer of 1~12, n is an integer of 10~100; X
is selected from the group consisting of oxygen, sulfur,
selenium, tellurium, and a combination thereof; Y is selected
from the group consisting of oxygen, sulfur, selenium,
tellurium, and a combination thereof; Z is selected from
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CgHy7

CioHsT

CgHy7

and a combination thereof.

[0023] In summary, the present invention provides an
asymmetric benzotrichalcogenophene compound having
two or more types of chalcogenophene and a synthesis
method thereof. The present invention also provides a poly-
mer having the asymmetric benzotrichalcogenophene sub-
unit.

DETAILED DESCRIPTION

[0024] In order to make the description of the present
invention more detailed and more comprehensive, various
aspects and embodiments of the present invention are
described below illustratively. However, these illustrated
aspects and embodiments are not the only way for imple-
menting or using the embodiments of the invention. The
embodiments disclosed hereinafter may be combined with
or replaced by each other under beneficial situations, and
alternatively other embodiments may be appended to an
embodiment, without any further statement or illustration. In
the following description, many specific details are illus-
trated so that readers can understand the following embodi-
ments completely. However, the embodiments of the present
invention may also be implemented without these specific
details.

[0025] The embodiment is described in details as follows,
but the instant disclosure is not limited to the scope of the
embodiment.
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[0026] In some embodiments, an asymmetric benzo-
trichalcogenophene compound has a structure of chemical
formula (1):

M

[\ /\_

R, ishydrogen, —C,H,,,,,—COC H,,,, or —COOC,H,,,
1. In one embodiment, —C,H,,,,, —COCH,, ., and
—COOC,H,,,, are independently a linear structure or a
branched structure, p is an integer of 1~20, q is an integer of
1~12, and r is an integer of 1~12. X is selected from the
group consisting of oxygen, sulfur, selenium, tellurium, and
a combination thereof. Y is selected from the group con-
sisting of oxygen, sulfur, selenium, tellurium, and a combi-
nation thereof. When X is sulfur, Y is not sulfur.

[0027] For example, a synthesis method of the aforemen-
tioned asymmetric benzotrichalcogenophene compound
includes steps of mixing a first compound, a second com-
pound, a zero-valent palladium catalyst, and a base to form
a third compound. Specifically, the zero-valent palladium
catalyst is used to catalyze the Suzuki coupling reaction of
the first compound and the second compound to form a third
compound. The first compound has a structure of chemical
formula (2):

@
Br Br

Y is selected from the group consisting of oxygen, sulfur,
selenium, tellurium, and a combination thereof. The second
compound has a structure of chemical formula (3):

&)

X is selected from the group consisting of oxygen, sulfur,
selenium, tellurium, and a combination thereof. When Y is
sulfur, X is not sulfur, R, is —C,H,,,,,, and p is an integer
of 1~20. The third compound has a structure of chemical
formula (4):
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Q)

[0028] In one embodiment, the zero-valent palladium
catalyst is tetrakis(triphenylphosphine)palladium, Pd(PPh,)
4. In one embodiment, the base is selected from sodium
carbonate (Na,CO,), potassium carbonate (K,CO;), and a
combination thereof. In one embodiment, further includes
dissolving the first compound, the second compound, the
zero-valent palladium catalyst, and the base in an organic
solvent. The organic solvent, for example, is selected from
tetrahydrofuran (THF) or toluene. In one embodiment, a
polar solvent is further added into the organic solvent. The
polar solvent, for example, is water.

[0029] The asymmetric benzotrichalcogenophene com-
pound is formed by mixing the third compound and a
divalent palladium catalyst in succession. Specifically, the
divalent palladium catalyst may catalyze the intramolecular
cyclization reaction of the third compound.

[0030] Inone embodiment, the divalent palladium catalyst
is [1,3-bis(2,6-diisopropylphenyl)imidazol-2-ylidene]chloro
[3-phenylallyl]palladium(Il), Pd—IPr.

[0031] In one embodiment, pivalic acid and potassium
carbonate are further added into the mixture while mixing
the third compound and the divalent palladium catalyst. In
one embodiment, an organic solvent is further added into the
mixture while mixing the third compound and the divalent
palladium. The organic solvent is dimethylacetamide
(DMACc), for example. In one embodiment, a mixture com-
prising the third compound and the divalent palladium
catalyst is heated to 90~150° C. to enhance the reaction rate
of the formation of the asymmetric benzotrichalcogeno-
phene compound.

[0032] Some asymmetric benzotrichalcogenophene com-
pounds prepared by the aforementioned synthesis method
are listed in Table 1:

TABLE 1

Compound Structure

1-A CisHsy
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TABLE 1-continued

Compound Structure

1-B CgHz7

———r
——

S S
1-D CygHsy
/ Te

———r
JEEEY

S S
1-E
1-F
1-G CisHsy

Se Se’
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TABLE 1-continued

Compound Structure
1-H CisHss
/ Te

Se Se

[0033] Examples 1-8 are given below to describe the
details of the present embodiment. The reaction conditions
for the synthesis of Compound 1-A to Compound 1-H are
described respectively.

Example 1: Synthesis of Compound 1-A

[0034] The first compound in this example has a structure
of:
Br Br,
S S .
[0035] The second compound in this example has a struc-
ture of:
O
CisHs7 0 p”

\

(6]
[0036] The third compound in this example has a structure
of:
[0037] In this example, a degassed solution of the first

compound (292 mg, 0.90 mmol), the second compound (403
mg, 0.90 mmol), Pd(PPh,), catalyst (52 mg, 5 mol %) and
sodium carbonate (382 mg, 3.60 mmol) in THF/H,O (25
ml/6 mL) was stirred for 17 h at 80° C. under N, atmo-
sphere. After cooling to room temperature, the solution was
extracted with ether, 20 mL each time for three times, and
once with water (20 mL). The combined organic layer was
dried over MgSQO,. After removal of the organic solvent
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under reduced pressure and a concentration process, the
residue was purified by column chromatography on silica
gel (hexane) to give a 297 mg liquid of third compound with
yield rate of 58% and melting point of 48° C.

[0038] A degassed solution of the third compound (297
mg, 0.53 mmol), pivalic acid (16 mg, 0.16 mmol), Pd—IPr
catalyst (17 mg, 5 mol %) and potassium carbonate (182 mg,
1.32 mmol) in DMAc (2 mL) was stirred for 17 h at 120° C.
under N, atmosphere. After cooling to room temperature, the
solution was extracted with ether, 10 mL each time for three
times, and once with water (20 mL). The combined organic
layer was dried over MgSO,. After removal of the organic
solvent under reduced pressure, the residue was purified by
column chromatography on silica gel (hexane) to give a
white solid of Compound 1-A (113 mg, yield rate=44%,
melting temperature 71° C.).

Example 2: Synthesis of Compound 1-B

[0039] The first compound in this example has a structure
of:
Br Br,
S S .
[0040] The second compound in this example has a struc-
ture of:
O
CisHz7 S p”

\

(6]
[0041] The third compound in this example has a structure
of:
[0042] In this example, a degassed solution of the first

compound (210 mg, 0.64 mmol), the second compound (300
mg, 0.64 mmol), Pd(PPh,), catalyst (37 mg, 5 mol %) and
sodium carbonate (275 mg, 2.59 mmol) in THF/H,O (19
ml/5 mL) was stirred for 17 h at 80° C. under N, atmo-
sphere. After cooling to room temperature, the solution was
extracted with ether, 10 mL each time for three times, and
once with water (20 mL). The combined organic layer was
dried over MgSQO,. After removal of the organic solvent
under reduced pressure and a concentration process, the
residue was purified by column chromatography on silica
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gel (hexane) to give a solid of the third compound (113 mg,
yield rate=30%, melting temperature 57° C.).

[0043] A degassed solution of the third compound (280
mg, 0.48 mmol), pivalic acid (15 mg, 0.14 mmol), Pd—IPr
catalyst (16 mg, 5 mol %) and K,CO; (167 mg, 1.21 mmol)
in DMAc (2 mL) was stirred for 17 h at 120° C. under N,
atmosphere. After cooling to room temperature, the solution
was extracted with ether, 10 mL each time for three times,
and once with water (20 mL). The combined organic layer
was dried over MgSO,,. After removal of the organic solvent
under reduced pressure and a concentration process, the
residue was purified by column chromatography on silica
gel (hexane) to give a white solid of Compound 1-B (143
mg, yield rate=59%, melting temperature=65° C.).

Example 3: Synthesis of Compound 1-C

[0044] The first compound in this example has a structure
of:
Br Br,
s 5=
[0045] The second compound in this example has a struc-
ture of:
! N\ o
CisHzr Sé "

\

(6]
[0046] The third compound in this example has a structure
of:
[0047] In this example, a degassed solution of the first

compound (1100 mg, 2.16 mmol), the second compound
(700 mg, 2.16 mmol), Pd(PPh;), catalyst (125 mg, 5 mol %)
and Na,COj; (915 mg, 8.63 mmol) in THF/H,O (62 mL/15
ml) was stirred for 17 h at 80° C. under N, atmosphere.
After cooling to room temperature, the solution was
extracted with ether, 30 mL each time for three times, and
once with water (20 mL). The combined organic layer was
dried over MgSO,. After removal of the organic solvent
under reduced pressure and a concentration process, the
residue was purified by column chromatography on silica
gel (hexane) to give a solid of third compound (600 mg,
yield rate=44%, melting temperature=48° C.).
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[0048] A degassed solution of the third compound (500
mg, 0.80 mmol), pivalic acid (24 mg, 0.24 mmol), Pd—IPr
catalyst (26 mg, 5 mol %) and K,CO; (276 mg, 1.99 mmol)
in DMAc (3.5 mL) was stirred for 17 h at 120° C. under N,
atmosphere. After cooling to room temperature, the solution
was extracted with ether, 10 mL each time for three times,
and once with water (20 mL). The combined organic layer
was dried over MgSO,,. After removal of the organic solvent
under reduced pressure and a concentration process, the
residue was purified by column chromatography on silica
gel (hexane) to give a white solid of Compound 1-C (330
mg, yield rate=76%, melting temperature=71° C.).

Example 4: Synthesis of Compound 1-D

[0049] The first compound in this example has a structure
of:
Br Br,
s s
[0050] The second compound in this example has a struc-
ture of:
O
CisHsr Te 'l

\

(6]
[0051] The third compound in this example has a structure
of:
[0052] In this example, a degassed solution of the first

compound (300 mg, 0.93 mmol), the second compound (551
mg, 0.93 mmol), Pd(PPh,), catalyst (53 mg, 5 mol %) and
triphenylphosphine (24 mg, 0.09 mmol) in toluene (9 mL)
was stirred for 17 h at 110° C. under N, atmosphere. After
cooling to room temperature, the solution was extracted with
ether, 10 mL each time for three times, and once with water
(20 mL). The combined organic layer was dried over
MgSO,. After removal of the organic solvent under reduced
pressure and a concentration process, the residue was puri-
fied by column chromatography on silica gel (hexane) to
give a solid of the third compound (155 mg, yield rate=25%,
melting temperature=50° C.).

[0053] A degassed solution of the third compound (132
mg, 0.20 mmol), pivalic acid (6 mg, 0.06 mmol), Pd—IPr
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catalyst (19 mg, 15 mol %) and K,CO; (68 mg, 0.49 mmol)
in DMAc (1 mL) was stirred for 17 h at 120° C. under N,
atmosphere. After cooling to room temperature, the solution
was extracted with ether, 10 mL each time for three times,
and once with water (10 mL). The combined organic layer
was dried over MgSO,,. After removal of the organic solvent
under reduced pressure and a concentration process, the
residue was purified by column chromatography on silica
gel (hexane) to give a white solid of Compound 1-D (79 mg,
yield rate=68%, melting temperature=56° C.).

Example 5: Synthesis of Compound 1-E

[0054] The first compound in this example has a structure
of:
Br Br,
Se Se .
[0055] The second compound in this example has a struc-
ture of:
3
CisHzr 0 B/

\

(6]
[0056] The third compound in this example has a structure
of:
[0057] In this example, a degassed solution of the first

compound (433 mg, 1.04 mmol), the second compound (463
mg, 1.04 mmol), Pd(PPh,), catalyst (60 mg, 5 mol %) and
Na,CO, (440 mg, 4.15 mmol) in THF/H,O (29 mL/7 mL)
was stirred for 17 h at 80° C. under N, atmosphere. After
cooling to room temperature, the solution was extracted with
ether, 10 mL each time for three times, and once with water
(20 mL). The combined organic layer was dried over
MgSO,,. After removal of the organic solvent under reduced
pressure and a concentration process, the residue was puri-
fied by column chromatography on silica gel (hexane) to
give a solid of the third compound (184 mg, yield rate=26%,
melting temperature=37° C.)

[0058] degassed solution of the third compound (291 mg,
0.43 mmol), pivalic acid (13 mg, 0.13 mmol), Pd—IPr
catalyst (14 mg, 5 mol %) and K,CO; (149 mg, 1.08 mmol)
in DMAc (2 mL) was stirred for 17 h at 120° C. under N,
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atmosphere. After cooling to room temperature, the solution
was extracted with ether, 10 mL each time for three times,
and once with water (20 mL). The combined organic layer
was dried over MgSO,,. After removal of the organic solvent
under reduced pressure and a concentration process, the
residue was purified by column chromatography on silica
gel (hexane) to give a white solid of Compound 1-E (61 mg,
yield rate=25%, melting temperature=58° C.)

Example 6: Synthesis of Compound 1-F

[0059] The first compound in this example has a structure
of:
Br Br,
Se Se .
[0060] The second compound in this example has a struc-
ture of:
I N\ o
CisHz7 S "

\

(6]
[0061] The third compound in this example has a structure
of:
[0062] In this example, a degassed solution of the first

compound (200 mg, 0.48 mmol), the second compound (222
mg, 0.48 mmol), Pd(PPh,), catalyst (28 mg, 5 mol %) and
Na,CO; (203 mg, 1.92 mmol) in THF/H,O (14 mL/3.5 mL)
was stirred for 17 h at 80° C. under N, atmosphere. After
cooling to room temperature, the solution was extracted with
ether, 10 mL each time for three times, and once with water
(20 mL). The combined organic layer was dried over
MgSO,,. After removal of the organic solvent under reduced
pressure and a concentration process, the residue was puri-
fied by column chromatography on silica gel (hexane) to
give a solid of the third compound (142 mg, yield rate=44%,
melting temperature=60° C.)

[0063] A degassed solution of the third compound (142
mg, 0.21 mmol), pivalic acid (6.4 mg, 0.06 mmol), Pd—IPr
catalyst (7 mg, 5 mol %) and K,CO; (73 mg, 0.53 mmol) in
DMAc (1 mL) was stirred for 17 h at 120° C. under N,
atmosphere. After cooling to room temperature, the solution
was extracted with ether, 10 mL each time for three times,
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and once with water (20 mL). The combined organic layer
was dried over MgSO,,. After removal of the organic solvent
under reduced pressure and a concentration process, the
residue was purified by column chromatography on silica
gel (hexane) to give a white solid of Compound 1-F (49 mg,
yield rate=39%, melting temperature=70° C.).

Example 7: Synthesis of Compound 1-G

[0064] The first compound in this example has a structure
of:
Br Br
Se Se .
[0065] The second compound in this example has a struc-
ture of:
O
CisHz7 Sé "

\

(6]
[0066] The third compound in this example has a structure
of:
[0067] In this example, a degassed solution of the first

compound (800 mg, 1.91 mmol), the second compound (975
mg, 1.91 mmol), Pd(PPh,), catalyst (111 mg, 5 mol %) and
Na,CO; (812 mg, 7.66 mmol) in THF/H,O (55 mL/14 mL)
was stirred for 17 h at 80° C. under N, atmosphere. After
cooling to room temperature, the solution was extracted with
ether, 30 mL each time for three times, and once with water
(20 mL). The combined organic layer was dried over
MgSO,,. After removal of the organic solvent under reduced
pressure and a concentration process, the residue was puri-
fied by column chromatography on silica gel (hexane) to
give a solid of the third compound (760 mg, yield rate=55%,
melting temperature=56° C.).

[0068] A degassed solution of the third compound (200
mg, 0.28 mmol), pivalic acid (9 mg, 0.08 mmol), Pd—IPr
catalyst (9 mg, 5 mol %) and K,CO; (96 mg, 0.70 mmol) in
DMAc (1 mL) was stirred for 17 h at 120° C. under N,
atmosphere. After cooling to room temperature, the solution
was extracted with ether, 10 mL each time for three times,
and once with water (20 mL). The combined organic layer
was dried over MgSO,,. After removal of the organic solvent
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under reduced pressure and a concentration process, the
residue was purified by column chromatography on silica
gel (hexane) to give a white solid of Compound 1-G (109
mg, yield rate=61%, melting temperature=69° C.).

Example 8: Synthesis of Compound 1-H

[0069] The first compound in this example has a structure
of:
Br Br,
Se Se .
[0070] The second compound in this example has a struc-
ture of:
0.
C18H37/Q\B\/ .
(6]

[0071] The third compound in this example has a structure
of:

[0072] In this example, a degassed solution of the first

compound (300 mg, 0.72 mmol), the second compound (427
mg, 0.72 mmol), Pd(PPh,), catalyst (41 mg, 5 mol %) and
triphenylphosphine (19 mg, 0.07 mmol) in toluene (7 mL)
was stirred for 17 h at 110° C. under N, atmosphere. After
cooling to room temperature, the solution was extracted with
ether, 10 mL each time for three times, and once with water
(20 mL). The combined organic layer was dried over
MgSO,,. After removal of the organic solvent under reduced
pressure and a concentration process, the residue was puri-
fied by column chromatography on silica gel (hexane) to
give a solid of the third compound (176 mg, yield rate=32%,
melting temperature=58° C.).

[0073] A degassed solution of the third compound (163
mg, 0.24 mmol), pivalic acid (7.4 mg, 0.07 mmol), Pd—IPr
catalyst (23 mg, 15 mol %) and K,CO; (83 mg, 0.60 mmol)
in DMAc (1 mL) was stirred for 17 h at 120° C. under N,
atmosphere. After cooling to room temperature, the solution
was extracted with ether, 10 mL each time for three times,
and once with water (20 mL). The combined organic layer
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was dried over MgSO,,. After removal of the organic solvent
under reduced pressure and a concentration process, the
residue was purified by column chromatography on silica
gel (hexane) to give a white solid of Compound 1-H (80 mg,
yield rate=48%, melting temperature=63° C.)

[0074] In addition, the present invention provides a syn-
thesis method of an asymmetric benzotrichalcogenophene
compound including steps of: mixing a first compound, a
second compound and a zero-valent palladium catalyst.
Specifically, the zero-valent palladium catalyst is used to
catalyze the Stille coupling reaction of the first compound
and the second compound to form a third compound. The
first compound has a structure of chemical formula (5):

®

Br Br
D=d
T™S Y Y TMS.

Y is selected from the group consisting of oxygen, sulfur,
selenium, tellurium, and a combination thereof, and TMS is
trimethylsilyl. The second compound has a structure of
chemical formula (6):

X

)

X is selected from the group consisting of oxygen, sulfur,
selenium, tellurium, and a combination thereof. When Y is
sulfur, X is not sulfur, SnBu; is 2-tributylstannyl.

[0075] In one embodiment, the zero-valent palladium
catalyst is Pd(PPh;),. In one embodiment, the method
further includes dissolving the first compound, the second
compound, and the zero-valent palladium catalyst in an
organic solvent. The organic solvent is toluene, for example.

[0076] Aluminium chloride and acyl chloride having sub-
stituent of —COC_H,,,, or —COOC,H,,,, are added in
succession in the next step, and q is an integer of 1-12, and
r is an integer of 1~12. More specifically, aluminium chlo-
ride and acyl chloride are used to carry out the Friedel-Crafts
acylation of the product formed from the first compound and
the second compound. Therefore, the product may be modi-
fied with a ketone group or an alcohol group. In one
embodiment, the product is dissolved in dichloromethane
before adding acyl chloride and aluminium chloride into the
solution.

[0077] Next, a quaternary ammonium salt is added to a
solution containing the modified product to form a third
compound. More specifically, the quaternary ammonium
salt is used to carry out the desilylation reaction of the
modified product to form the third compound. The third
compound has a structure of chemical formula (7):
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Q)

R, is —COC_H,,,, or —COOC,H,,,,, q is an integer of
1-12, and r is an integer of 1~12.

[0078] Inone embodiment, the quaternary ammonium salt
is tetrabutylammonium fluoride (TBAF). In one embodi-
ment, the modified product is dissolved in tetrahydrofuran
before adding the quaternary ammonium salt.

[0079] Next, the third compound and a divalent palladium
catalyst are mixed to form the asymmetric benzotrichalcog-
enophene compound. More specifically, the divalent palla-
dium catalyst may catalyze the intramolecular cyclization
reaction of the third compound.

[0080] Inone embodiment, the divalent palladium catalyst
is Pd—IPr. In one embodiment, pivalic acid and potassium
carbonate are further added into the mixture while mixing
the third compound and the divalent palladium catalyst. In
one embodiment, an organic solvent is further added into the
mixture while mixing the third compound and the divalent
palladium. The organic solvent is dimethylacetamide
(DMAC). In one embodiment, a mixture comprising the third
compound and the divalent palladium catalyst is heated to
90~150° C. to enhance the reaction rate of the formation of
the asymmetric benzotrichalcogenophene compound.

[0081] Asymmetric benzotrichalcogenophene compounds
prepared by the aforementioned synthesis method are listed
in Table 2:

TABLE 2
Compound Structure
2-A CoHio O
S S
2-B
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TABLE 2-continued
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TABLE 2-continued

Compound Structure

2-C CoHyg (0]
;/ Se
S S

2-D
CoHyg 0]
/ Te
S S
2-E
2-F
CoHyo O
/ Se
Se Se
2-G CoHjo (0]
/ Se
Se Se

Compound Structure
2-H CoHio O
/ Te
Se Se

[0082] The reaction conditions for the synthesis of Com-
pound 2-A to Compound 2-H are illustrated below by
Examples 9-16 to describe the details of the present embodi-
ment.

Example 9: Synthesis of Compound 2-A

[0083] The first compound in this example has a structure
of:

T™S TMS.

[0084] The second compound in this example has a struc-
ture of:

O

[0085] The third compound in this example has a structure
of:

CoHjo

[0086] A degassed solution of the first compound (532 g,
1.14 mmol), the second compound (406 mg, 1.14 mmol),
Pd(PPh,), (66 mg, 5 mol %) in toluene (11 mL) was stirred
for 17 h at 110° C. under N, atmosphere. After cooling to
room temperature, the solution was extracted with 10 mL
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ether for three times and 20 ml water for once. The
combined organic layer was dried over MgSO,. After
removal of the organic solvent under reduced pressure and
a concentration process, the residue was purified by column
chromatography on silica gel (hexane) to give a liquid o310
mg, which has a yield rate of 60%.

[0087] Aluminium chloride (136 mg, 1.02 mmol) was
added into an ice-cooled solution containing the liquid (310
mg, 0.68 mmol) and decanoyl chloride (142 mg, 0.74 mmol)
in dichloromethane (7 mL). The reaction mixture was stirred
for 1 h in room temperature and extracted with dichlo-
romethane, 10 mL each time for three times, and once with
water (20 mL). The combined organic layer was dried over
MgSO,,. After removal of the organic solvent under reduced
pressure and a concentration process, the residue was dis-
solved in THF (7 mL). A 1M solution of TBAF in THF (0.68
ml, 0.68 mmol) was added to the above mixture dropwise
at room temperature. After stirring for 30 min, the solution
was extracted with ether, 10 mL each time for three times,
and once with water (20 mL). The combined organic layer
was dried over MgSO,,. After removal of the organic solvent
under reduced pressure and a concentration process, the
residue was purified by column chromatography on silica
gel (elution solution: ethyl acetate/hexane=1/30) to give an
oil form of the third compound (164 mg, yield rate=52%).

[0088] A degassed solution of the third compound (122
mg, 0.26 mmol), pivalic acid (8 mg, 0.08 mmol), Pd—IPr
catalyst (8 mg, 5 mol %) and K,CO; (91 mg, 0.66 mmol) in
DMAc (1 mL) was stirred for 17 h at 120° C. under N,
atmosphere. After cooling to room temperature, the solution
was extracted with ether, 10 mL each time for three times,
and once with water (20 mL). The combined organic layer
was dried over MgSO,,. After removal of the organic solvent
under reduced pressure and a concentration process, the
residue was purified by column chromatography on silica
gel (hexane) to give a white solid of Compound 2-A (46 mg,
yield rate=46%, melting temperature=57° C.).

Example 10: Synthesis of Compound 2-B

[0089] The first compound in this example has a structure
of:

T™S TMS.
[0090] The second compound in this example has a struc-
ture of:
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[0091] The third compound in this example has a structure
of:

CoHio
[0092] A degassed solution of the first compound (1.08 g,

2.31 mmol), the second compound (858 mg, 2.30 mmol),
Pd(PPh,), (133 mg, 5 mol %) in toluene (23 mL) was stirred
for 17 h at 110° C. under N, atmosphere. After cooling to
room temperature, the solution was extracted with ether, 20
ml each time for three times, and once with water (30 mL).
The combined organic layer was dried over MgSO,. After
removal of the organic solvent under reduced pressure and
a concentration process, the residue was purified by column
chromatography on silica gel (hexane) to give a white solid
(565 mg, yield rate=52%, melting temperature=104° C.).

[0093] Aluminium chloride (148 mg, 1.5 mmol) was
added into an ice-cooled solution of the white solid (350 mg,
0.74 mmol) and decanoyl chloride (156 mg, 0.82 mmol) in
dichloromethane (8 mL). The reaction mixture was stirred
for 1 h in room temperature and extracted with dichlo-
romethane, 10 mL each time for three times, and once with
water (20 mL). The combined organic layer was dried over
MgSO,,. After removal of the organic solvent under reduced
pressure and a concentration process, the residue was dis-
solved in THF (8 mL). A 1M solution of TBAF in THF (0.74
ml, 0.74 mmol) was added to the above mixture dropwise
at room temperature. After stirring for 30 min, the solution
was extracted with ether, 10 mL each time for three times,
and once with water (20 mL). The combined organic layer
was dried over MgSO,,. After removal of the organic solvent
under reduced pressure and a concentration process, the
residue was purified by column chromatography on silica
gel (elution solution: ethyl acetate/hexane=1/30) to give an
solid of the third compound (252 mg, yield rate=71%,
melting temperature=49° C.).

[0094] A degassed solution of the third compound (463
mg, 0.96 mmol), pivalic acid (29 mg, 0.19 mmol), Pd—IPr
catalyst (31 mg, 5 mol %) and K,CO; (332 mg, 2.41 mmol)
in DMAc (4 mL) was stirred for 17 h at 120° C. under N,
atmosphere. After cooling to room temperature, the solution
was extracted with ether, 10 mL each time for three times,
and once with water (20 mL). The combined organic layer
was dried over MgSO,,. After removal of the organic solvent
under reduced pressure and a concentration process, the
residue was purified by column chromatography on silica
gel (hexane) to give a white solid of Compound 2-B (262
mg, yield rate=68%, melting temperature=77° C.).



US 2018/0237452 Al

Example 11: Synthesis of Compound 2-C

[0095] The first compound in this example has a structure
of:
T™S TMS.
[0096] The second compound in this example has a struc-
ture of:
Q\SnBu3.
[0097] The third compound in this example has a structure
of:
CoHio

[0098] A degassed solution of the first compound (1.05 g,

2.24 mmol), the second compound (942 mg, 2.24 mmol),
Pd(PPh,), (130 mg, 5 mol %) in toluene (22 mL) was stirred
for 17 h at 110° C. under N, atmosphere. After cooling to
room temperature, the solution was extracted with ether, 20
ml each time for three times, and once with water (30 mL).
The combined organic layer was dried over MgSO,. After
removal of the organic solvent under reduced pressure and
a concentration process, the residue was purified by column
chromatography on silica gel (hexane) to give a white solid
(662 mg, yield rate=57%, melting temperature=114° C.).

[0099] Aluminium chloride (170 mg, 1.27 mmol) was
added into an ice-cooled solution of the solid (440 mg, 0.85
mmol) and decanoyl chloride (178 mg, 0.93 mmol) in
dichloromethane (8.5 mL). The reaction mixture was stirred
for 1 h in room temperature and extracted with dichlo-
romethane, 10 mL each time for three times, and once with
water (20 mL). The combined organic layer was dried over
MgSO,. After removal of the organic solvent under reduced
pressure and a concentration process, the residue was dis-
solved in THF (8.5 mL). A 1M solution of TBAF in THF
(0.85 mL, 0.85 mmol) was added to the above mixture
dropwise at room temperature. After stirring for 30 min, the
solution was extracted with ether, 10 mL each time for three
times, and once with water (20 mL). The combined organic

12
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layer was dried over MgSO,. After removal of the organic
solvent under reduced pressure and a concentration process,
the residue was purified by column chromatography on
silica gel (elution solution: ethyl acetate/hexane=1/30) to
give a solid of the third compound (360 mg, yield rate=80%,
melting temperature=58° C.).

[0100] A degassed solution of the third compound (335
mg, 0.63 mmol), pivalic acid (19 mg, 0.19 mmol), Pd—IPr
catalyst (21 mg, 5 mol %) and K,CO; (219 mg, 1.58 mmol)
in DMAc (3 mL) was stirred for 17 h at 120° C. under N,
atmosphere. After cooling to room temperature, the solution
was extracted with ether, 10 mL each time for three times,
and once with water (20 mL). The combined organic layer
was dried over MgSO,,. After removal of the organic solvent
under reduced pressure and a concentration process, the
residue was purified by column chromatography on silica
gel (hexane) to give a yellow solid of Compound 2-C (160
mg, yield rate=56%, melting temperature=86° C.).

Example 12: Synthesis of Compound 2-D

[0101] The first compound in this example has a structure
of:
T™S TMS.
[0102] The second compound in this example has a struc-
ture of:
Q\SnBug.

[0103] The third compound in this example has a structure
of:

CoHyo

0.
Te
Br \
S S

[0104] A degassed solution of the first compound (1.46 g,

3.11 mmol), the second compound (1.46 mg, 3.12 mmol),
tri-tert-butylphosphine (126 mg, 0.62 mmol), Pd(PPh,),
(180 mg, 5 mol %) in toluene (31 mL) was stirred for 17 h
at 110° C. under N, atmosphere. After cooling to room
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temperature, the solution was extracted with ether, 10 mL
each time for three times, and once with water (30 mL). The
combined organic layer was dried over MgSO,. After
removal of the organic solvent under reduced pressure and
a concentration process, the residue was purified by column
chromatography on silica gel (hexane) to give a solid (454
mg, yield rate=26%, melting temperature=97° C.).

[0105] Aluminium chloride (32 mg, 0.24 mmol) was
added into an ice-cooled solution of the solid (124 mg, 0.22
mmol) and decanoyl chloride (46 mg, 0.24 mmol) in dichlo-
romethane (2 mL). The reaction mixture was stirred for 1 h
in room temperature and extracted with dichloromethane, 10
ml each time for three times, and once with water (20 mL).
The combined organic layer was dried over MgSO,. After
removal of the organic solvent under reduced pressure and
a concentration process, the residue was dissolved in THF (2
mL). A 1M solution of TBAF in THF (0.22 mL, 0.22 mmol)
was added to the above mixture dropwise at room tempera-
ture. After stirring for 30 min, the solution was extracted
with ether, 10 mL each time for three times, and once with
water (20 mL). The combined organic layer was dried over
MgSO,,. After removal of the organic solvent under reduced
pressure and a concentration process, the residue was puri-
fied by column chromatography on silica gel (elution solu-
tion: ethyl acetate/hexane=1/30) to give a solid of the third
compound (48 mg, yield rate=38%, melting tempera-
ture=101° C.).

[0106] A degassed solution of the third compound (137
mg, 0.24 mmol), pivalic acid (7.2 mg, 0.07 mmol), Pd—IPr
catalyst (23 mg, 15 mol %) and K,CO; (82 mg, 0.59 mmol)
in DMAc (1 mL) was stirred for 17 h at 120° C. under N,
atmosphere. After cooling to room temperature, the solution
was extracted with ether, 10 mL each time for three times,
and once with water (20 mL). The combined organic layer
was dried over MgSO,,. After removal of the organic solvent
under reduced pressure and a concentration process, the
residue was purified by column chromatography on silica
gel (hexane) to give a white solid of Compound 2-D (93 mg,
yield rate=79%, melting temperature=87° C.).

Example 13: Synthesis of Compound 2-E

[0107] The first compound in this example has a structure
of:
Br Br
™S Se Se TMS.
[0108] The second compound in this example has a struc-
ture of:

O
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[0109] The third compound in this example has a structure
of:
CoHyo
0.
O
Br\

Se Se

[0110] A degassed solution of the first compound (1.5 g,

2.67 mmol), the second compound (953 mg, 2.67 mmol),
Pd(PPh,), (154 mg, 5 mol %) in toluene (27 mL) was stirred
for 17 h at 110° C. under N, atmosphere. After cooling to
room temperature, the solution was extracted with ether, 10
ml each time for three times, and once with water (20 mL).
The combined organic layer was dried over MgSO,. After
removal of the organic solvent under reduced pressure and
a concentration process, the residue was purified by column
chromatography on silica gel (hexane) to give a liquid of 800
mg, which has a yield rate of 55%.

[0111] Aluminium chloride (146 mg, 1.09 mmol) was
added into an ice-cooled solution containing the liquid (500
mg, 0.91 mmol) and decanoyl chloride (191 mg, 1.00 mmol)
in dichloromethane (9 mL). The reaction mixture was stirred
for 1 h in room temperature and extracted with dichlo-
romethane, 10 mL each time for three times, and once with
water (20 mL). The combined organic layer was dried over
MgSO,,. After removal of the organic solvent under reduced
pressure and a concentration process, the residue was dis-
solved in THF (9 mL). A 1M solution of TBAF in THF (0.91
ml, 0.91 mmol) was added to the above mixture dropwise
at room temperature. After stirring for 30 min, the solution
was extracted with ether, 10 mL each time for three times,
and once with water (20 mL). The combined organic layer
was dried over MgSO,,. After removal of the organic solvent
under reduced pressure and a concentration process, the
residue was purified by column chromatography on silica
gel (elution solution: ethyl acetate/hexane=1/30) to give an
oil of the third compound (236 mg, yield rate=46%).

[0112] A degassed solution of the third compound (206
mg, 0.37 mmol), pivalic acid (11 mg, 0.11 mmol), Pd—IPr
catalyst (12 mg, 5 mol %) and K,CO; (128 mg, 0.93 mmol)
in DMAc (1.5 mL) was stirred for 17 h at 120° C. under N,
atmosphere. After cooling to room temperature, the solution
was extracted with ether, 10 mL each time for three times,
and once with water (20 mL). The combined organic layer
was dried over MgSO,,. After removal of the organic solvent
under reduced pressure and a concentration process, the
residue was purified by column chromatography on silica
gel (hexane) to give a yellow solid of Compound 2-E (35
mg, yield rate=20%, melting temperature=68° C.).
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Example 14: Synthesis of Compound 2-F

[0113] The first compound in this example has a structure
of:
Br Br
™S Se Se TMS.
[0114] The second compound in this example has a struc-
ture of:
Q\SnBug.
[0115] The third compound in this example has a structure
of:
CoHio
0.
S
Br\
Se Se
[0116] A degassed solution of the first compound (200 g,

0.36 mmol), the second compound (133 mg, 0.36 mmol),
Pd(PPh;), (21 mg, 5 mol %) in toluene (4 mL) was stirred
for 17 h at 110° C. under N, atmosphere. After cooling to
room temperature, the solution was extracted with ether, 10
ml each time for three times, and once with water (20 mL).
The combined organic layer was dried over MgSO,. After
removal of the organic solvent under reduced pressure and
a concentration process, the residue was purified by column
chromatography on silica gel (hexane) to give a white solid
(113 mg, yield rate=56%, melting temperature=115° C.).

[0117] Aluminium chloride (152 mg, 1.14 mmol) was
added into an ice-cooled solution of the white solid (429 mg,
0.76 mmol) and decanoyl chloride (159 mg, 0.83 mmol) in
dichloromethane (8 mL). The reaction mixture was stirred
for 1 h in room temperature and extracted with dichlo-
romethane, 10 mL each time for three times, and once with
water (20 mL). The combined organic layer was dried over
MgSO,. After removal of the organic solvent under reduced
pressure and a concentration process, the residue was dis-
solved in THF (8 mL). A 1M solution of TBAF in THF (0.76
ml, 0.76 mmol) was added to the above mixture dropwise
at room temperature. After stirring for 30 min, the solution
was extracted with ether, 10 mL each time for three times,
and once with water (20 mL). The combined organic layer
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was dried over MgSO,,. After removal of the organic solvent
under reduced pressure and a concentration process, the
residue was purified by column chromatography on silica
gel (elution solution: ethyl acetate/hexane=1/30) to give a
solid of the third compound (252 mg, yield rate=58%,
melting temperature=53° C.).

[0118] A degassed solution of the third compound (252
mg, 0.44 mmol), pivalic acid (13 mg, 0.13 mmol), Pd—IPr
catalyst (14 mg, 5 mol %) and K,COj; (151 mg, 1.09 mmol)
in DMAc (2 mL) was stirred for 17 h at 120° C. under N,
atmosphere. After cooling to room temperature, the solution
was extracted with ether, 10 mLx3 each time for three times,
and once with water (20 mL). The combined organic layer
was dried over MgSO,,. After removal of the organic solvent
under reduced pressure and a concentration process, the
residue was purified by column chromatography on silica
gel (hexane) to give a yellow solid of Compound 2-F (53
mg, yield rate=30%, melting temperature=95° C.).

Example 15: Synthesis of Compound 2-G

[0119] The first compound in this example has a structure
of:
Br Br
TMS Se Se TMS.
[0120] The second compound in this example has a struc-
ture of:
Q\SnBug.
[0121] The third compound in this example has a structure
of:
CoHyo
0.
Se
Br \
Se Se
[0122] A degassed solution of the first compound (1.35 g,

2.41 mmol), the second compound (1.01 mg, 2.41 mmol),
Pd(PPh,), (139 mg, 5 mol %) in toluene (24 mL) was stirred
for 17 h at 110° C. under N, atmosphere. After cooling to
room temperature, the solution was extracted with ether, 20



US 2018/0237452 Al

ml each time for three times, and once with water (30 mL).
The combined organic layer was dried over MgSO,. After
removal of the organic solvent under reduced pressure and
a concentration process, the residue was purified by column
chromatography on silica gel (hexane) to give a white solid
(707 mg, yield rate=48%, melting temperature=120° C.).

[0123] Aluminium chloride (230 mg, 1.72 mmol) was
added into an ice-cooled solution of the white solid (707 mg,
1.15 mmol) and decanoyl chloride (242 mg, 1.27 mmol) in
dichloromethane (12 mL). The reaction mixture was stirred
for 1 h in room temperature and extracted with dichlo-
romethane, 10 mL each time for three times, and once with
water (20 mL). The combined organic layer was dried over
MgSO,,. After removal of the organic solvent under reduced
pressure and a concentration process, the residue was dis-
solved in THF (12 mL). A 1M solution of TBAF in THF (12
ml, 12 mmol) was added to the above mixture dropwise at
room temperature. After stirring for 30 min, the solution was
extracted with ether, 10 mL each time for three times, and
once with water (20 mL). The combined organic layer was
dried over MgSO,. After removal of the organic solvent
under reduced pressure and a concentration process, the
residue was purified by column chromatography on silica
gel (elution solution: ethyl acetate/hexane=1/30) to give a
solid of the third compound (510 mg, yield rate=71%,
melting temperature=66° C.).

[0124] A degassed solution of the third compound (498
mg, 0.80 mmol), pivalic acid (25 mg, 0.24 mmol), Pd—IPr
catalyst (26 mg, 5 mol %) and K,CO, (276 mg, 2.00 mmol)
in DMAc (4 mL) was stirred for 17 h at 120° C. under N,
atmosphere. After cooling to room temperature, the solution
was extracted with ether, 10 mL each time for three times,
and once with water (20 mL). The combined organic layer
was dried over MgSO,,. After removal of the organic solvent
under reduced pressure and a concentration process, the
residue was purified by column chromatography on silica
gel (hexane) to give a yellow solid of Compound 2-G (140
mg, yield rate=32%, melting temperature=110° C.).

Example 16: Synthesis of Compound 2-H

[0125] The first compound in this example has a structure
of:
Br Br
™S Se Se TMS.
[0126] The second compound in this example has a struc-
ture of:

@\ SnBus.

Te
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[0127] The third compound in this example has a structure
of:
CoHyo
0.
Te
Br \

Se Se

[0128] A degassed solution of the first compound (1.5 g,

2.67 mmol), the second compound (1.25 mg, 2.67 mmol),
tri-tert-butylphosphine (108 mg, 0.53 mmol), Pd(PPh;),
(154 mg, 5 mol %) in toluene (27 mL) was stirred for 17 h
at 110° C. under N, atmosphere. After cooling to room
temperature, the solution was extracted with ether, 20 mL
each time for three times, and once with water (30 mL). The
combined organic layer was dried over MgSO,. After
removal of the organic solvent under reduced pressure and
a concentration process, the residue was purified by column
chromatography on silica gel (hexane) to give a solid (611
mg, yield rate=35%, melting temperature=98° C.).

[0129] Aluminium chloride (35 mg, 0.26 mmol) was
added into an ice-cooled solution of the solid (143 mg, 0.22
mmol) and decanoyl chloride (45 mg, 0.24 mmol) in dichlo-
romethane (2 mL). The reaction mixture was stirred for 1 h
in room temperature and extracted with dichloromethane, 10
ml each time for three times, and once with water (20 mL).
The combined organic layer was dried over MgSO,. After
removal of the organic solvent under reduced pressure and
a concentration process, the residue was dissolved in THF (2
mL). A 1M solution of TBAF in THF (0.22 mL, 0.22 mmol)
was added to the above mixture dropwise at room tempera-
ture. After stirring for 30 min, the solution was extracted
with ether, 10 mL each time for three times, and once with
water (20 mL). The combined organic layer was dried over
MgSO,,. After removal of the organic solvent under reduced
pressure and a concentration process, the residue was puri-
fied by column chromatography on silica gel (elution solu-
tion: ethyl acetate/hexane=1/30) to give a solid of the third
compound (53 mg, yield rate=37%, melting tempera-
ture=107° C.).

[0130] A degassed solution of the third compound (102
mg, 0.15 mmol), pivalic acid (4.6 mg, 0.05 mmol), Pd—IPr
catalyst (30 mg, 30 mol %) and K,COj; (53 mg, 0.38 mmol)
in DMAc (1 mL) was stirred for 17 h at 120° C. under N,
atmosphere. After cooling to room temperature, the solution
was extracted with ether, 10 mL each time for three times,
and once with water (20 mL). The combined organic layer
was dried over MgSO,,. After removal of the organic solvent
under reduced pressure and a concentration process, the
residue was purified by column chromatography on silica
gel (hexane) to give a yellow solid of Compound 2-H (27
mg, yield rate=30%, melting temperature=90° C.).

[0131] Compound 1-A to Compound 2-H may be synthe-
sized by the procedures shown in Example 1-16 respec-
tively. The structures of Compound 1-A to Compound 2-H
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16
are further analyzed by Nuclear Magnetic Resonance hydrogen spectrum (8) is 7.26 ppm (CDC]l,). The internal
(NMR), Ultraviolet-Visible Spectrophotometry (UV-Vis), reference of the carbon spectrum (8) is 77.00 ppm (CDCl,).
and electrochemical analysis. In Table 3, a symbol “s” represents a singlet, “d” represents
[0132] First, the structures of Compound 1-A to Com- a doublet, “dd” represents a doublet of doublet, “t” repre-
pound 2-H are analyzed by using a MHzVarian-400 MHz sents a triplet, “m” represents a multiplet, and “br” repre-
nuclear magnetic resonance spectrometer with a chemical sents a broad.
shift unit of ppm, wherein the solvent is deuterated chloro- [0133] The NMR data of Compound 1-A to Compound
form (d-chloroform, CDCl;). The internal reference of the 2-H are shown in Table 3.
TABLE 3
'H NMR 3C NMR
Compound (400 MHz, CDCl3) (100 MHz, CDCl3)
1-A 3088 (t, T = 6.8 Hz, 3H), 8 14.1,22.7, 28.0, 28.5, 29.2,
1.26-1.42 (m, 28H), 29.37, 29.39, 29.6, 29.7, 31.9,
1.43-1.44 (m, 2H), 1.80-1.84 (m, 2H), 101.3, 119.8, 120.1, 122.5,
2.89 (t, J = 7.6 Hz, 2H), 6.74 (s, 1H), 124.0, 124.4, 124.6, 128.6,
7.45 (d, T = 5.2 Hz, 1H), 7.48 (d, 129.8, 130.5, 147.6, 158.0
J=5.6 He, 1H), 7.58 (d, J = 5.2 Hz,
1H), 7.71 (d, T = 5.6 Hz, 1H)
1-B 8089 (t, ] = 6.8 Hz, 3H), 8 14.1,22.7, 29.1, 29.37, 29.4,
1.26-1.38 (m, 30H), 29.6, 29.67, 29.7, 30.8, 31.5,
1.42-1.46 (m, 2H), 1.80-1.84 (m, 2H), 31.9, 119.4, 122.3, 122.7,
3.01 (t, J = 7.4 Hz, 2H), 7.42 (s, 1H), 124.0, 124.7, 129.7, 130.8,
7.46-7.49 (m, 2H), 7.55 (d, ] = 5.6 Mz, 131.0, 131.5, 132.3, 132.8,
1H), 7.69 (d, T = 5.6 Mz, 1454
1H)
1-C 3089 (t, ] = 6.8 Mz, 3H), 8 14.1,22.7, 29.1, 29.4, 29.44,
1.26-1.38 (m, 28H), 29.6, 29.7, 29.73, 32.0, 324,
1.43-147 (m, 2H), 1.78-1.82 (m, 2H) 33.3,122.7, 123.0, 123.5, 124.0,
3.05 (t, J = 7.6 Mz, 2H), 7.44-7.48 (m, 124.8, 129.6, 131.1, 133.3,
3H), 7.63 (s, 1H), 7.68 (d, T = 5.2 Mz, 133.8, 134.0, 134.8, 150.8
1H)
1-D 3088 (t, ] = 6.8 Hz, 3H), 814.2,22.8,29.2,29.4, 29.5,
1.26-1.36 (m, 28H), 29.6,29.7, 29.8, 32.0, 34.2,
1.44-146 (m, 2H), 1.72-1.74 (m, 2H), 37.3,123.6, 123.9, 1247,
3.02 (t, = 7.6 Mz, 2H), 7.27 (d, T = 5.2 Hz, 1254, 125.7, 129.0, 131.1,
1H), 7.42 (d, T = 5.6 Hz, 132.0, 135.9, 138.9, 140.5,
1H), 7.45 (d, T = 5.2 Mz, 1H), 147.6
7.71 (d, T = 5.6 Mz, 1H), 8.05 (s,
1H)
1-E 5088(t T =66 Mz 3H), 8 14.1,22.7, 28.0, 28.5, 29.2,
1.26-1.40 (m, 28H), 29.38, 29.4, 29.6, 29.7, 29.72,
1.42-143 (m, 2H), 1.78-1.83 (m, 2H), 31.9, 1014, 122.2, 123 4,
2.87 (t, T = 7.6 Mz, 2H), 6.71 (s, 1H), 125.5, 126.1, 127.7, 127.8,
7.83 (d, T = 6 Mz, 1H), 132.2, 132.9, 134.1, 149.3,
7.97-8.04 (m, 3H) 158.0
1-F 8088 (1, J = 6.6 Mz, 3H), 8 14.1,22.7, 29.1, 29.38, 29.4,
1.25-1.45 (m, 30H), 29.6, 29.68, 29.7, 30.8, 31.5,
1.79-1.83 (m, 2H), 2.99 (t, T = 7.6 Mz, 2H),  31.9, 119.6, 126.0, 1264,
7.41 (s, 1H), 7.81 (d, T = 6 Mz, 127.3, 128.1, 133.0, 133.2,
1H), 7.96 (d, T = 6 Mz, 1H), 134.0, 134.4, 134.6, 135.6,
8.02-8.06 (m, 2H) 145.3
1-G 3089 (t, ] = 6.8 Mz, 3H), 8 14.2,22.7, 29.1, 29.4, 29.44,
1.26-1.46 (m, 30H), 29.6, 29.68, 29.7, 29.74, 32.0,
1.76-1.83 (m, 2H), 3.03 (t, T = 7.4 Mz, 2H),  32.3, 33.3, 123.0, 126.7, 127.3,
7.62 (s, 1H), 7.69 (d, T = 6 Mz, 127.34, 1280, 134.2, 135.2,
1H), 7.95 (d, T = 6 Mz, 1H), 135.5, 135.8, 135.9, 136.5,
8.00 (d, J = 5.6 Mz, 1H), 8.03 (d, ] = 5.6 Mz, 150.7
1H)
1-H 3088 (t, ] = 6.6 Hz, 3H), 814.2,22.8,29.2,29.4, 29.5,
1.25-1.37 (m, 28H), 29.6,29.7, 29.8, 32.0, 34.2,
1.41-147 (m, 2H), 1.69-1.77 (m, 2H), 37.3,127.1, 127.4, 12745,
3.01 (t, T =74 Mz, 2H), 749 (d, T = 5.6 Hz,  127.8, 129.8, 131.5, 133.7,
1H), 7.97 (d, T = 5.6 Hz, 137.0, 137.6, 140.6, 142.2,
1H), 7.99-8.01 (m, 2H), 8.04 (s, 147.3
1H)
2-A 5088 (t,J = 6.8 Hz, 3H), 8 14.1,22.7, 24.5,29.3, 29.4,
1.25-1.39 (m, 10H), 29.5,31.9, 38.9, 112.2, 119.1,
1.41-147 (m, 2H), 1.81-1.85 (m, 2H), 120.5, 122.4, 123.8, 125.2,
3.04 (t, J = 74 Hz, 2H), 7.53, (d, T = 5.2 Hz, 126.0, 130.1, 131.0, 134.8,
1H), 7.58, (d T = 5.6 Hz, 149.7, 151.6, 190.9
1H), 7.67, (d, T = 5.2 Hz, 1H),
7.85 (d, T = 5.2 Hz, 1H)
2-B 5088 (t,J =58 Hz, 3H), 814.1, 227, 24.8, 29.3,29.4,

1.29-1.37 (m, 10H,),

29.5,31.9, 39.4, 122.4, 122.6,
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Compound

'H NMR
(400 MHz, CDCls)

13C NMR
(100 MHz, CDCls)

1.41-1.45 (m, 2H), 1.80-1.85 (m, 2H),
3.07 (t, T = 7.6 Hz, 2H), 7.53-7.56 (m,
2H), 7.64 (d, T = 5.2 Hz, 1H),

7.76 (d, T = 5.2 Mz, 1H), 8.32 (s,

1H)

125.2, 125.4, 127.0, 131.0,
131.5, 132.1, 133.1, 133 .4,
136.1, 142.0, 194.4

2-C 50.88 (t, J = 6.4 Hz, 3H), 8 14.1,22.7, 249,293,
1.28-1.37 (m, 10H), 29.4,29.5, 31.9, 38.7, 122.6,
1.41-1.45 (m, 2H), 1.79-1.85 (m, 2H), 123.9, 125.2, 125.4, 130.5,
3.08 (t, J = 7.6 Mz, 2H), 7.53-7.57 (m, 131.8, 133.0, 133.7, 134.4,
3H), 7.78 (d, J = 5.2 Hz, 1H), 134.8, 138.7, 147.3, 195.4
8.58 (s, 1H)

2D $0.88 (t, J = 6.8 Hz, 3H), 814.1, 22.7, 25.1, 29.3, 29.5,
1.26-1.39 (m, 10H), 29.51, 29.53, 31.9, 37.5, 123.1,
1.41-1.45 (m, 2H), 1.80-1.84 (m, 2H), 124.9, 125.2, 126.1, 131.9,
3.09 (t, T = 7.4 Mz, 2H), 7.35 (d, T = 5.6 Hz,  132.0, 132.3, 137.2, 138.5,
1H), 7.49-7.51 (m, 2H), 138.7, 140.7, 146.1, 198.0
7.79 (d, T = 5.2 Hz, 1H), 9.02 (s,
1H)

2-E 50.88 (t, ] = 6.8 Mz, 3H), 8 14.1, 227, 24.5,29.3, 29.4,
1.28-1.39 (m, 10H), 29.5,31.9, 38.9, 112.1, 120.7,
1.41-1.45 (m, 2H), 1.81-1.84 (m, 2H), 123.6, 125.4, 125.7, 128.8,
3.02 (t, T = 7.4 Mz, 2H), 7.83 (s, 1H), 129.7, 132.7, 134.7, 139.7,
7.91 (d, T = 5.6 Mz, 1H), 150.9, 151.2, 191.0
8.10-8.11 (m, 2H), 8.16 (d, J = 5.6 Mz,
1H)

2-F 5 0.88 (t, ] = 6.8 Hz, 3H), 8 14.1, 227, 24.8,29.3, 29.4,
1.25-1.45 (m, 12H), 29.5, 31.9, 39.4, 126.0, 126.1,
1.82-1.85 (m, 2H), 3.06 (t, T = 7.6 Mz, 1H),  127.3, 129.0, 129.1, 132.9,
7.89 (d, T = 5.6 Hz, 1H), 8.04 (d, 133.8, 135.0, 136.7, 137.7,
J=5.6Hz, 1H), 8.12 (d, ] = 5.6 Mz, 138.9, 141.8, 194.6
1H), 8.14 (d, T = 5.6 Mz,
1H), 8.31 (s, 1H)

2-G $0.88 (t,J = 6.4 Hz, 3H), 814.1, 22.7, 24.9, 29.3, 29.4,
1.29-1.39 (m, 10H), 29.5,29.52, 319, 38.7, 126.2,
1.41-1.45 (m, 2H), 1.81-1.84 (m, 2H), 127.4, 128.7, 128.8, 130.8,
3.06 (t, T = 7.4 Mz, 2H), 7.78 (d, I = 5.6 Hz,  133.5, 136.0, 136.6, 136.8,
1H), 8.05 (d, T = 5.6 Hz, 138.4, 140.1, 146.9, 195.5
1H), 8.09-8.13 (m, 2H), 8.56 (s,
1H)

2-H  $0.88 (t,J = 6.6 Hz, 3H), 814.1,22.7,25.1,29.3, 29.4,
1.29-1.41 (m, 10H), 29.48, 29.5, 319, 37.6, 126.7,
1.43-1.45 (m, 2H), 1.80-1.84 (m, 2H), 128.5, 128.6, 129.9, 133.5,
3.09 (t, T = 7.4 Mz, 2H), 7.59 (d, J = 5.6 Hz,  137.6, 139.1, 139.2, 140.7,
1H), 8.06-8.10 (m, 3H), 142.4, 145.8, 198.2
9.05 (s, 1H)

[0134] Next, using a HITACHIU-4100 UV-Visible spec-

TABLE 4-continued

trometer, the extinction coefficient of Compound 1-A to
Compound 2-H are measured after dissolving Compound
1-A to Compound 2-H in a 10M chloroform solution respec-

tively.
[0135] Table 4 is the UV absorption data of Compound
1-A to Compound 2-H:
TABLE 4
Molecular band
Absorption wavelength gap
Compound P (LITL) E, % (eV)

1-A 255, 304, 317, 339, 355 3.52

1-B 268, 277, 302, 313, 343 3.55

1-C 272, 283, 304, 315 3.49

1-D 295, 321 3.42

1-E 257, 304, 317, 339, 355 3.38

I-F 274, 281, 311, 323, 337, 354 3.43

1-G 279, 287, 312, 325, 340, 356 3.38

1-H 300, 332, 361 3.34

2-A 294, 339 3.36

2-B 289, 300, 341 3.26

Molecular band

Absorption wavelength gap
Compound Py (11ITL) E % (eV)
2-C 297, 305, 351 3.20
2-D 301, 307, 362 2.81
2-E 289, 302, 351 3.26
2-F 297, 309, 352 3.20
2-G 314, 356 3.15
2-H 312, 367 2.79
[0136] In the group of furan, thiophene, selenopene and

tellurophene, the order of the maximum absorption wave-
length is  furan<thiophene<selenophene<tellurophene.
Therefore, in the group of Compound 1-A~1-D, Compound
1-A has the greatest blue-shift in the UV absorption, and
Compound 1-D has the greatest redshift, as shown in Table
4. Similarly, in the groups of Compound 1-E~1-H, Com-
pound 2-A~2-D, and Compound 2-E~2-H, Compound 1-E,
Compound 2-A, and Compound 2-E have the greatest blue-
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shift respectively, while Compound 1-H, Compound 2-D,
and Compound 2-H have the greatest redshift respectively.

[0137] It is known that —COC.H,, group may reduce
molecular band gap due to its electron-withdrawing ten-
dency. Therefore, as shown in Table 4, the molecular band
gap of Compound 2-A to Compound 2-H are lower than
Compound 1-A to Compound 1-H, as Compound 2-A to
Compound 2-H have —COC,H, 4, group, while Compound
1-A to Compound 1-H have —C, H;, group.

[0138] The highest occupied molecular orbital (HOMO)
energy level, the lowest unoccupied molecular orbital
(LUMO) energy level, and the oxidation potential of Com-
pound 1-A to Compound 2-H are measured using the CH
Instruments Model 600D series electrochemical analyzer.
The electrolytic solution is a 0.1M solution of tetrabutylam-
monium hexafluorophosphate (TBAPF ) in acetonitrile. A
0.01M silver nitrate solution and a 0.1M solution of tetra-
butylammonium perchlorate (TBAP) in acetonitrile are
added to the Ag/Ag* reference electrode. The solution
containing Compound 1-A to Compound 2-H are coated on
the working electrode, respectively. The scanning rate is 80
mV/s, and the internal reference potential is ferrocene/
ferrocenium (Fc/Fc™).

[0139] The HOMO energy levels, the LOMO energy
levels and the oxidation potentials of Compound 1-A to
Compound 2-H are shown in Table 5:

TABLE 5

HOMO LUMO E, "%

Compound (eV) (eV) (eV)
1-A -5.69 -2.17 0.89
1-B -5.90 -235 1.10
1-C -5.89 -2.40 1.09
1-D -5.39 -1.97 0.59
1-E -5.63 -2.25 0.83
1-F -5.68 -2.25 0.88
1-G -5.62 -2.24 0.82
1-H -5.38 -2.04 0.58
2-A -5.94 -2.58 1.14
2-B -5.91 -2.63 111
2-C -5.90 -2.68 1.10
2-D -5.51 -2.70 0.71
2-E -5.89 -2.63 1.09
2-F -5.84 -2.64 1.04
2-G -5.81 -2.66 1.01
2-H -5.43 -2.64 0.63

[0140] It is known that the oxidation potential of seleno-

phene is lower than thiophene, and the HOMO energy level
of selenophene is higher than thiophene. Therefore, the
HOMO energy levels of compounds 1-E to Compound 1-H
are higher than compounds 1-A to Compound 1-D. Simi-
larly, the HOMO energy level of Compound 2-E to Com-
pound 2-H are higher than Compound 2-A to Compound
2-D.

[0141] Since —COC.H, group may reduce the HOMO/
LUMO energy levels due to its electron-withdrawing ten-
dency, the HOMO/LUMO energy levels of Compound 2-A

18

Aug. 23,2018

to Compound 2-H are lower than Compound 1-A to Com-
pound 1-H, as Compound 2-A to Compound 2-H have
—COCH,, group, while Compound 1-A to Compound 1-H
have —C, H;-, group.

[0142] It is noted that, the asymmetric benzotrichalcog-
enophene compound may further polymerize with an elec-
tron-accepting compound to form a polymer. The polymer
may be used as a semiconductor active layer material in an
organic field effect transistor. In addition, the polymer can
serve as a heterogeneous interface material of an organic
solar cell.

[0143] In one embodiment, the electron-accepting com-
pound is 3,6-bis(5-bromo-2-thienyl)-2,5-dihydro-2,5-bis(2-
octyldodecyl)pyrrolo[3,4-c|pyrrole-1,4-dione (Br-DPP),
4,7-bis(5-bromothiophen-2-yl)-5,6-difluoro-2,1,3-benzothi-
adiazole (Br-DTFBT), or 5,10-di(5-bromothiophen-2-yl)
naphtho[1,2-c:5,6-c'bis([1,2,5]thiadiazole (Br-DTNT).

[0144] In one embodiment, the polymerizing method of
the asymmetric benzotrichalcogenophene compound and the
electron-accepting compound includes the successive steps
of mixing the asymmetric benzotrichalcogenophene com-
pound with n-Butyllithium (n-Bul.i) to carry out the depro-
tonation reaction, and the reaction is terminated by the
addition of trimethyltin. A palladium metal catalyst is used
to catalyze the Stille coupling reaction of the product and the
electron-accepting compound to form a polymer. The pal-
ladium metal catalyst is tris (dibenzylideneacetone)dipalla-
dium (Pd,(dba),), for example.

[0145] The polymer prepared by the polymerization of the
asymmetric benzotrichalcogenophene compound and the
electron-accepting compound has a structure of chemical
formula (8):

®

R1 is  hydrogen, —C,H,,,,, —COCH
—COOC,H,,,,, p is an integer of 1~20, q is an integer of
1~12, r is an integer of 1~12, and n is an integer of 10~100.
X is selected from the group consisting of oxygen, sulfur,
selenium, tellurium, and a combination thereof. Y is selected
from the group consisting of oxygen, sulfur, selenium,
tellurium, and a combination thereof. Z is selected from the

group consisting of

2g+1  OT
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CsHy7

CsHy7

combination thereof.

[0146] The following examples describe a Polymer I syn-
thesized from Compound 1-B and Br-DPP, a Polymer II
synthesized from Compound 1-G and Br-DPP, a Polymer 111
synthesized from Compound 1-B and Br-DTFBT, a Polymer
IV synthesized from Compound 1-G and Br-DTFBT, and a
Polymer V synthesized from Compound 1-G and Br-DTNT.

[0147] In one example, a deprotonation reaction of Com-
pound 1-B is carried out by adding n-butyllithium. The
reaction is terminated by adding trimethyltin chloride. Pd,
(dba), is used to catalyze the Stille coupling reaction of the
product and Br-DPP to form Polymer 1. Polymer I has a
structure as follows:

CygHsy sty

CsHy7 ,

and a is 60.

[0148] The nuclear magnetic resonance data of Polymer I
is: 'H NMR (400 MHz, CDCl;) 8 0.81-0.90 (br, 15H),
1.25-1.82 (br, 100H), 3.31-3.53 (br, 4H), 6.26-6.79 (br, 3H),
7.52-7.78 (br, 2H), 8.63-9.50 (br, 2H).
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N, anda

[0149] In one example, a deprotonation reaction of Com-
pound 1-G is carried out by adding n-butyllithium. The
reaction is terminated by adding trimethyltin chloride. Pd,
(dba); is used to catalyze the Stille coupling reaction of the
product and Br-DPP to form Polymer II. Polymer II has a
structure as follows:

CisHsy Cstly

CsHy7 ,

and b is 60.

[0150] The nuclear magnetic resonance data of Polymer I1
is: '"H NMR (400 MHz, CDCl;) § 0.89-1.00 (br, 15H),
1.28-1.91 (br, 100H), 3.16-3.54 (br, 4H), 6.25-7.00 (br, 3H),
7.35-7.84 (br, 2H), 8.73-9.32 (br, 2H).

[0151] In one example, a deprotonation reaction of Com-
pound 1-B is carried out by adding n-butyllithium. The
reaction is terminated by adding trimethyltin chloride. Pd,
(dba); is used to catalyze the Stille coupling reaction of the
product and Br-DTFBT to form Polymer I1I. Polymer II1 has
a structure as follows:
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and c is 50.

[0152] In one example, a deprotonation reaction of Com-
pound 1-G is carried out by adding n-butyllithium. The
reaction is terminated by adding trimethyltin chloride. Pd,
(dba), is used to catalyze the Stille coupling reaction of the
product and Br-DTFBT to form Polymer IV. Polymer IV has
a structure as follows:

and d is 50.

[0153] In one example, a deprotonation reaction of Com-
pound 1-G is carried out by adding n-butyllithium. The
reaction is terminated by adding trimethyltin chloride. Pd,
(dba), is used to catalyze the Stille coupling reaction of the
product and Br-DTNT to form Polymer V. Polymer V has a
structure as follows:

and e is 20.

[0154] The UV absorption properties of Polymer I-Poly-
mer V are measured, wherein Polymer I-Polymer V are
prepared into a solution form and a thin film form. The
solution is prepared by dissolving Polymer I-Polymer V in
chlorobenzene, and the thin film is prepared by spin-coating
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a solution containing 2 wt % of Polymer I-Polymer V on a
2.5x2.5 cm?® of quartz glass. Table 6 is the UV absorption
data of Polymer I-Polymer V:

TABLE 6
Absorption Wavelength Optical

Mgy (D) Band Gap

Polymer Solution thin film E % (eV)
I 767 761 1.46
I 787 786 1.44
I 610 649 1.75
v 593 — 1.71
\ 640 683 1.64

[0155] Since the degree of overlap of the atomic orbital of

oxygen, sulfur, selenium, tellurium with the P, orbital of the
carbon atom is reducing due to the increasing atomic radius,
therefore the molecular band gap of oxygen, sulfur, sele-
nium, tellurium is decreasing as well. Thus, the optical band
gap of Polymer II is lower than Polymer I, as shown in Table
6. Similarly, the optical band gap of Polymer IV is lower
than Polymer III.

[0156] The HOMO energy level, the LOMO energy level,
and the electrochemical band gap (E,”) of Polymer I-Poly-
mer IV are shown in Table 7:

TABLE 7
HOMO LUMO electrochemical band gap
Polymer (eV) (eV) E, ™ (eV)
I -5.51 -3.67 1.84
I -5.49 -3.67 1.82
I -5.90 -3.44 2.46
v -5.87 -3.60 2.27

[0157] Since selenophene has a stronger polarizing ability
than thiophene, therefore the intermolecular force of Poly-
mer II is stronger than Polymer I, so that Polymer II has
good stacking properties in the form of thin film, which
enhances the HOMO level of Polymer I, resulting in a
narrower electrochemical band gap, as shown in Table 7.
Similarly, the electrochemical band gap of Polymer IV is
narrower than Polymer III.

[0158] The performances of using Polymer I and Polymer
1T as the active layer material of a semiconductor are further
tested, as well as the performances of using Polymer I-Poly-
mer [V as the heterogeneous interface material of a solar
cell.

[0159] The Polymer I and Polymer II are respectively
spin-coated on the semiconductor active layer of a field
effect transistor having a bottom-gate-top-contact structure,
that is, a gate electrode is located below the semiconductor
active layer, and a source electrode and a gate electrode are
located above the semiconductor active layer. The perfor-
mances of Polymer I and Polymer II are tested, as well as the
performances after 10 minutes of heat treatment at an
annealing temperature of 210° C. The tested data includes
the threshold voltage (V,,,), the on-off ratio (I,,,,,) and the
carrier mobility, as shown in Table 8:
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TABLE 8
carrier mobility
Polymer Va (V) Lowopr (em?V~is™h
I -14.1 1.76 x 107 0.61
I -4.12 5.13 x 10° 0.18
(with heat
treatment)
I -5.15 5.20 x 106 0.04
I -7.6 1.85 x 108 0.17
(with heat
treatment)
[0160] As shown in Table 8, both Polymer I and Polymer

1T show excellent carrier mobility, regardless of being heat
treated or not. Thus, Polymer I and Polymer II are suitable
materials for semiconductor active layer. As the carrier
mobility of Polymer I and Polymer II may be influenced by
their molecular weight, therefore the carrier mobility of
Polymer I is higher than Polymer II, as the molecular weight
of Polymer I is higher than Polymer II.

[0161] In addition, the Polymer I-IV are mixed with
[6,6]-Phenyl C71 butyric acid methyl ester (PC,,BM) in an
organic solar cell, respectively. The open-circuit voltage
(V,.) (the measured voltage of a device when disconnected
from any circuit), the short-circuit current (J,.) (the current
through the solar cell when the voltage across the solar cell
is zero), the fill factor (FF) (the ratio of maximum obtainable
power to the product of the open-circuit voltage and short-
circuit current), and the power conversion efficiency (PCE)
(the efficiency of a solar cell, which is measured by the ratio
between the output power and the input power) of the mixed
material are measured, as shown in Table 9:

TABLE 9

polymer:PC, BM  V_, Jee FF PCE

Polymer (Wt % ratio) V) (mA/cm?) (%) (%)

I 1:2 0.64 15.96 60.07 6.14

11 1:2 0.68 12.01 71.13 5.81

111 1:2 0.74 -7.2 70.50 3.76

v 1:2 0.80 -3.30 65.01 1.72

[0162] As shown in Table 9, Polymer I, II, IIT and IV show

excellent photoelectric conversion efficiency, and therefore
they are suitable heterogeneous interface materials of a solar
cell.

[0163] In summary, the present invention provides an
asymmetric benzotrichalcogenophene compound containing
two or more types of chalcogenophene and the synthesis
method thereof by the use of a Pd(PPhs), catalyst and a
Pd—IPr catalyst. In addition, the asymmetric benzotrichal-
cogenophene compound may further polymerize with an
electron-accepting compound to form a polymer having
excellent carrier mobility and photoelectric conversion effi-
ciency. The polymer can serve as a material of an organic
field effect transistor or an organic solar cell.

[0164] Although the present invention has been described
in considerable detail with reference to certain embodiments
thereof, other embodiments are possible. Therefore, the
spirit and scope of the appended claims should not be limited
to the description of the embodiments contained herein.
[0165] It will be apparent to those skilled in the art that
various modifications and variations can be made to the
structure of the present invention without departing from the
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scope or spirit of the invention. In view of the foregoing, it
is intended that the present invention cover modifications
and variations of this invention provided they fall within the
scope of the following claims.

What is claimed is:

1. An asymmetric benzotrichalcogenophene compound,
having a structure of chemical formula (1):

®
Ry

wherein

R, is hydrogen, —C,H,,.,, —COCH,,, or
—COOC,H,,.,,, p is an integer of 1-20, q is an integer

of 1-12, r is an integer of 1-12,

X is selected from the group consisting of oxygen, sulfur,
selenium, tellurium, and a combination thereof,

Y is selected from the group consisting of oxygen, sulfur,
selenium, tellurium, and a combination thereof, and
when X is sulfur, Y is not sulfur.

2. The asymmetric benzotrichalcogenophene compound
of claim 1, wherein —C,H,,,, is a linear structure or a
branched structure.

3. The asymmetric benzotrichalcogenophene compound
of claim 1, wherein —CO_H,,,, is a linear structure or a
branched structure.

4. The asymmetric benzotrichalcogenophene compound
of'claim 1, wherein —COOC,H,,, | is a linear structure or a
branched structure.

5. A synthesis method of an asymmetric benzotrichalcog-
enophene compound, comprising:

mixing a first compound, a second compound, a zero-
valent palladium catalyst, and a base to form a third
compound, the first compound has a structure of chemi-
cal formula (2):

@
Br

[ M ]

Y

Br

Y ;

wherein Y is selected from the group consisting of oxy-
gen, sulfur, selenium, tellurium, and a combination
thereof,
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the second compound has a structure of chemical formula

G):

(©)

2 B\

X
(6] >

wherein X is selected from the group consisting of
oxygen, sulfur, selenium, and tellurium, and a combi-
nation thereof, when Y is sulfur, X is not sulfur, R, is
—C,H,,,,, p is an integer of 1~20,

the third compound has a structure of chemical formula

(4):

“
Ry

\ X

Br

[ Y 1

Y Y ,

mixing the third compound and a divalent palladium
catalyst to form the asymmetric benzotrichalcogeno-
phene compound.

6. The synthesis method of claim 5, further comprising
dissolving the first compound, the second compound, the
zero-valent palladium catalyst and the base in an organic
solvent.

7. The synthesis method of claim 5, wherein the zero-
valent palladium catalyst is tetrakis(triphenylphosphine)pal-
ladium (Pd(PPh,),).

8. The synthesis method of claim 5, wherein the base is
selected from sodium carbonate or potassium carbonate.

9. The synthesis method of claim 5, further comprising
mixing the third compound and the divalent palladium
catalyst in an organic solvent.

10. The synthesis method of claim 5, wherein the divalent
palladium catalyst is [1,3-bis(2,6-diisopropylphenyl)imida-
zol-2-ylidene]chloro[3-phenylallyl]palladium(IT) (Pd—IPr).

11. A synthesis method of an asymmetric benzotrichal-
cogenophene compound, comprising:

mixing a first compound, a second compound and a

zero-valent palladium catalyst, the first compound has
a structure of chemical formula (5):

®
Br Br

=3

TMS TMS,

wherein Y is selected from the group consisting of oxy-
gen, sulfur, selenium, and tellurium and a combination
thereof,
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the second compound has a structure of chemical formula

(©6):
O
SnBus,

X

©)

wherein X is selected from the group consisting of
oxygen, sulfur, selenium, and tellurium, and a combi-
nation thereof, when Y is sulfur, X is not sulfur;

adding aluminium chloride and acyl chloride having a
substitute group of —COC H,,,, or —COOC,H,,,,,
wherein q is an integer of 1~12, r is an integer of 1~12;

adding a quaternary ammonium salt to form a third
compound, the third compound has a structure of
chemical formula (7):

Q)

D=3

Y Y s

wherein R; is —COC_H, ., or —COOCH,,,,, q is an

integer of 1~12, r is an integer of 1~12; and

mixing the third compound and a divalent palladium

catalyst to form the asymmetric benzotrichalcogeno-
phene compound.

12. The synthesis method of claim 11, further comprising
dissolving the first compound, the second compound and the
zero-valent palladium catalyst in an organic solvent.

13. The synthesis method of claim 11, wherein the zero-
valent palladium catalyst is tetrakis(triphenylphosphine)pal-
ladium (Pd(PPh,),).

14. The synthesis method of claim 11, wherein the qua-
ternary ammonium salt is tetrabutylammonium fluoride
(TBAF).

15. The synthesis method of claim 11, further comprising
dissolving the third compound and the divalent palladium
catalyst in an organic solvent.

16. The synthesis method of claim 11, wherein the diva-
lent palladium catalyst is [1,3-bis(2,6-diisopropylphenyl)
imidazol-2-ylidene]|chloro[3-phenylallyl]palladium(Il)
(Pd—IPr).

17. A polymer, having a structure of chemical formula (8):

®
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wherein R, is hydrogen, —C,H,, ,, —COCH,,,, or -continued
—COOC,H,,, ,, p is an integer of 1~20, q is an integer
of 1~12, r is an integer of 1~12, n is an integer of
10~100,

X is selected from the group consisting of oxygen, sulfur,
selenium, and tellurium, and a combination thereof,
Y is selected from the group consisting of oxygen, sulfur,
selenium, and tellurium, and a combination thereof,

Z is selected from the group consisting

/S ~x
N l S

\

CsHy7

of s

CH and a combination thereof.
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