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(57) ABSTRACT

The invention discloses a compound having branching alkyl
chains, the method for preparing the same and use thereof in
photoelectric devices. By applying the branching alky] chains
as the solubilizing group to the preparation of organic conju-
gated molecules (for example, organic conjugated polymers),
the number of methylenes between the resultant alky side
chains and the backbone, i.e., m>1, which can effectively
reduce the effect of the alkyl chains on the backbone n-n
stacking, thereby ensuring the solubility of the organic con-
jugated molecule while greatly increasing the mobility of
their carriers. It is suitable for an organic semiconductor
material in photoelectric devices such as organic solar cells,
organic light emitting diodes and organic field effect transis-
tors, etc.
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COMPOUND WITH BRANCHING ALKYL
CHAINS, METHOD FOR PREPARING THE
SAME, AND USE THEREOF IN
PHOTOELECTRIC DEVICE

TECHNICAL FIELD

[0001] The invention relates to a compound with novel
branching alkyl chains and a method for preparing the same,
in particularly, relates to a class of organic electronic material
with branching alkyl chains and a method for preparing the
same. The invention belongs to the field of organic functional
material and the field of organic electronics.

BACKGROUND

[0002] The structure of an organic conjugated molecule
comprises a conjugated system consisting of delocalized ®
electrons, thereby presenting special optical, electric and
magnetic properties, etc. which catches a wide attention of
scientists and has become the focus of studies of the last 20
years. Synthesis based on organic conjugated molecules and
functionalization and instrumentalization studies involve
many kinds of disciplines such as chemistry, physics, elec-
tronics, material sciences, etc. They are multidisciplinary
frontiers, filled with vigor and opportunities, and are among
one of the important directions of future development of
chemistry.

[0003] Due to their characteristics of lightness, thinness
and flexibility, readiness for modification, etc., organic con-
jugated molecules have broad prospects of application in the
field of photoelectric material. A series of remarkable results
have already been obtained, especially in the fields of organic
solar cell (OPV), organic light emitting diode (OLED) and
organic field effect transistor (OFET), etc. Furthermore, since
the organic field effect transistors have the characteristics of
readiness for processing, low cost, capacity of large scale
flexible preparation, readiness for integration, etc., present
obvious advantages in studies in the fields of electronic paper,
electronic label, active matrix addressing, sensor and storage,
etc., and are considered as having great market potentials.
[0004] The organic field effect transistor is an active device
regulating the electric circuit in an organic semiconductor by
electric field. Its major device structure comprises the 4 fol-
lowing classes: (1) bottom gate bottom contact (BG/BC); (2)
top gate bottom contact (TG/BC); (3) bottom gate top contact
(BG/TC); and (4) top gate top contact (TG/TC) (Dj, C. A,
Liu, Y. Q.; Yu, G.; Zhu, D. B. Acc. Chem. Res., 2009, 42,
1573). The organic field effect transistor consists essentially
of electrodes, a dielectric layer, and an organic semiconductor
layer, etc. Itis essentially a capacitor carrying mobile charges.
By applying a voltage between the gate electrode and the
source electrode/drain electrode, charges will be induced at
the interface between the semiconductor layer and the dielec-
tric layer. When a small voltage is applied between the two
electrodes, 1.e., the source electrode and the drain electrode,
an electric current is formed in the channel. Therefore, the
magnitude of the induced charge at the interface can be con-
trolled by adjusting the magnitude of the gate electrode volt-
age to achieve the on/off of the device, and the amplification
of the signal is achieved by controlling the magnitude of the
electric current by the voltage between the source electrode
and the drain electrode.

[0005] The core of the organic field effect transistor is the
organic semiconductor layer. The organic semiconductor
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layer can be classified into p type materials (transporting
holes) and n type materials (transporting electrons) based on
the difference of the carrier transported in the material; and it
can also be classified into organic small molecular materials
and organic conjugated polymer materials based on the dif-
ference of the type of the organic conjugated molecules. The
organic conjugated polymer has been highly regarded
because it enables the preparation of the device at alarge scale
with low cost by solution processing.

[0006] The studies on the p type polymer semiconductor
materials were initially concentrated on polythiophene sys-
tems. The mobility of a sterically regular poly(3-hexylth-
iophene) (P3HT) can reach 0.05-0.2 cm®V~"s™" (Sirringhaus,
H.; Brown, P. I; Friend, R. H.; Nielsen, M. M.; Bechgaard,
K.; Langeveld-Voss, B. M. W.; Spiering, A. J. H.; Janssen, R.
A. I.; Meijer, E. W.; Herwig. P.; de Leeuw, D. M. Nature,
1999, 401. 685). Thereafter, more molecular construction
units entered the radar screen of the researchers. These new
structures conferred new vigor into this research area. For
example, a mobility of 0.94 em?V~'s™! was obtained for an
organic conjugated polymer based on diketo-pyrrolo-pyrrole
(DPP) in 2010 (L4, Y.; Singh, S. P.; Sonar, P. Adv. Mater.,
2010, 22, 4862). In 2011, Bronstein reported that a mobility
up to 1.94 cm®V~'s™! was obtained for a DPP-based polymer
by different way of connection of the same construction
blocks (Bronstein, H.; Chen, Z.; Ashraf, R. S.; Zhang, W.; Du,
J.; Durrant, J. R.; Tuladhar, P. S.; Song, K.; Watkins, S. E.;
Geerts, Y.; Wienk, M. M.; Janssen, R. A. I.; Anthopoulos, T.;
Sirringhaus, H.; Heeney, M.; McCulloch, 1. J. Am. Chem.
Soc. 2011, 133, 3272). A compound obtained by the copoly-
merization of DPP and thiophene presented a mobility of 0.97
em?V~!s7t. By a structural modification that used bisele-
nophene toreplace bithiophene, a mobility ofup to 1.5 em*V-
15~! was obtained (Ha, J. S., Kim, K. H., Choi, D. H. ]. Am.
Chem. Soc. 2011, 133, 10364). Isoindigo type molecules are
a family of molecules of significance in addition to DPP. In
2011, we reported that a mobility of 0.79 cm*V~'s™" and a
device stability under high humidity up to 3 months were
obtained for a polymer based on isoindigo structures (Lei, T.;
Cao, Y.; Fan, Y.; Liu, C. J.; Yuan, S. C.; Pei, J. . Am. Chem.
Soc. 2011, 133, 6099).

[0007] In contrast, the development of n type polymer
semiconductors is relatively slow. Among them, Facchetti
and Marks reported that an electron mobility of 0.01 cm*V-
1571 was obtained for a polymer based on thiophene and
fluorobenzene (Letizia, J. A.; Facchetti, A.; Stern, C. L.; Rat-
ner, M. A.; Marks, T.J. J. Am. Chem. Soc. 2005, 127, 13476).
Zhan et al. reported that a copolymer based on perylene
diimide and dithienothiophene exhibited a good field effect
performance and its electron mobility can reach 0.013 cm*V~
1571 (Zhan, X.; Tan, Z.; Domercq, B.; An, Z.; Zhang, X;
Barlow, S.; Li. Y.; Zhu, D.; Kippelen, B.; Marder, S. R. J. Am.
Chem. Soc. 2007, 129, 7246). Moreover, a naphthalenedicar-
boximide based polymer reported by Facchetti in 2009 exhib-
ited an electron mobility up to 0.85 cm?V~'s! (Chen, Z;
Zheng,Y.;Yan, H.; Facchetti, A. J. Am. Chem. Soc. 2009, 131,
8).

[0008] Compared to the traditional silicon solar cells, the
organic solar cells have the advantages of low cost, light
weight, simple processing, readiness for large scale prepara-
tion and readiness for preparing flexible devices, etc. The
structure of a device of an organic heterojunction solar cell is
primarily classified into two types: one is the forward cell and
the other is the reverse cell. The forward cell consists of an
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anode (generally ITO glass), a hole transport layer (generally
PEDOT:PSS), active layer (composed of organic molecular
such as organic conjugated polymers and fullerene deriva-
tives, etc.), an electron transport layer, and a cathode (such as
aluminum electrode). The reverse cell consists of a cathode
(generally ITO glass), an electron transport layer (generally
oxide semiconductors such as zinc oxide, etc.), an active layer
(composed of organic molecular such as organic conjugated
polymers and fullerene derivatives, etc.), an electron trans-
port layer (generally semiconductors such as molybdenum
trioxide, etc.), and an anode (such as silver electrode). The
active layer is obtained by blending the two materials, i.e., the
donor and the acceptor, and solution processing or evapora-
tion them, in which the organic conjugated polymer can serve
as both the donor and the acceptor. In an ideal bulk hetero-
junction structure, the donor and the acceptor form an alter-
nating co-continuous phase, which results in a microphase
separation at a scale of tens of nanometers which not only can
separate the excitons generated by optical excitation with
high efficiency, but also can effectively transport the carriers
after the exciton separation to the electrodes to generate the
electric current (J. Peet, A. J. Heeger, G. C. Bazan, Acc.
Chem. Res. 2009, 42, 1700).

[0009] In recent years, studies on the organic bulk hetero-
Junction solar cells based on the solution processing of poly-
mers have achieved remarkable results. In 2007, Prof Heeger
et al. increased the power conversion efficiency of PCDTBT
from 2.8% to 5.5% by controlling the morphology of the
active layer with additives (J. Peet, J. Y. Kim, N. E. Coates, W.
L.Ma, D. Moses, A. J. Heeger, G. C. Bazan, Nat. Mater. 2007,
6,497), and in the same year, a laminated device was prepared
which obtained an power conversion efficiency of 6.5% (1. Y.
Kim, K. Lee, N. E. Coates, D. Moses, T-Q Nguyen, M. Dante,
A.L.Heeger, Science 2007,317, 222).Yu group of University
of Chicago and Yang group of University of California at Los
Angeles reported a series of polymers based on
thienothiophene and benzodithiophene structures and results
of more than 5% power conversion efficiency were obtained
(Y. Liang, L. Yu, Acc. Chem. Res. 2010, 43, 1227). Moreover,
for the first time a polymer bulk heterojuction solar cell with
apower conversion efficiency of more than 7% was reported,
in which PTB7 achieved a power conversion efficiency up to
7.4% (Y. Liang, Z. Xu, J. Xia, S-T. Tsai, Y. Wu, G. Li, C. Ray,
L, Yu, Adv. Mater. 2010, 22, E135). Cao group increased the
power conversion efficiency of PECz-DTQx from 4% to
6.07% using PFN modified electrodes, and recently increased
the efficiency of a bulk heterojunction solar cell with an
inverted structure to 8.37% which passed the certification by
National Center of Supervision and Inspection on Solar Pho-
tovoltatic Products Quality (Z.He, C. Zhang, X. Huang, W-Y.
Wong, H. Wu, L. Chen, S. Su, Y. Cao, Adv. Mater. 2011, 23,
4636), and achieved the best results reported by current pub-
lications. Studies show that the efficiency of solar cells has
close correlation to the mobility rate of polymers. Generally,
the higher the mobility of the polymer, the higher of the
efficiency of the solar cell (Chen, JI.; Cao, Y. Acc. Chem. Res.,
2009, 42, 1709). Therefore, increasing the mobility of the
polymer has great significance on the studies on solar cells.

[0010] Organic conjugated polymers are a class of poly-
mers obtained by polymerization of covalent bonds through
conjugation from aromatic compounds. In order to ensure
their good solubility and solution manufacturability, at least
one solubilizing group needs to be introduced into at least one
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aromatic structure to increase their solubility. For example,
the organic conjugated polymer as shown in the following
formula:

Rl

[0011] wherein Ar' and Ar* are fragments of aromatic com-
pounds, respectively; R' and R are solubilizing groups intro-
duced into the aromatic core Ar', generally a group such as
alkyl, halogen substituted alkyl, alkoxy. halogen substituted
alkoxy, alkenyl, alkynyl, etc.; and n is the number of the
repeating unit of the polymer, i.e., polymerization degree.
[0012] In primary studies (Lei, T.; Cao,Y; Zhou, X.; Peng,
Y; Bian, I.; Pei, J. Chem. Mater 2012, 24, 1762.), we found
that if a solubilizing group (such as an alkyl chain) is distrib-
uted in every one of the polymer units (as showninFIG. 1(a)),
it will affect the 7t-w stacking of the polymerization, thereby
greatly affecting the mobility of the carriers in the polymer.
This is because the van der Waals’ radius between alkyl
chains is 3.6-3.8 A, while the distance of the rt-rt interaction
is 3.4 A (see the circle in FIG. 1(a) which indicates the
repulsive effect of the alkyl chain against the aromatic group).
As to this, we moved this alkyl chain from the smaller aro-
matic core Ar® to the larger aromatic core Ar', thereby
increasing the mobility. On the other hand, traditionally a
2-branching alkyl chain (obtainable from Guerbet alcohol) is
used as the solubilizing group (such as FIG. 1()) to avoid
affecting the m-T stacking so as to achieve high mobility (Li,
Y. Acc. Chem. Res., 2012, 45, 723; Wang, C.; Dong, H.; Hu,
W.; Lin, Y.; Zhu, D. Chem. Rev., 2012, 112, 2208; Beaujuge,
P. M.; Fréchet J. M. 1. J. Am. Chem. Soc. 2011, 133, 20009;
Wen, Y. Liu, Y. Adv. Mater 2010, 22, 1331; Chen, J.; Cao, Y.
Acc. Chem. Res., 2009, 42, 1709). The purpose of the design
is to ensure the 7t~ stacking while ensuring the solubility of
the polymer.

SUMMARY

[0013] Inview of theresearch efforts of the current polymer
field effect transistor material and the low mobility of the
polymers in the solar cell material researches, the object of
the application is to provide compounds containing a type of
novel branching alkyl chains, and apply them to the prepara-
tion of organic conjugated molecules, especially organic con-
jugated polymers. This novel branching alkyl chain ensures
the solubility of the polymer while greatly increasing the
mobility of the polymer material. This result has great sig-
nificance on the polymer field effect transistor. Meanwhile,
this result can also be used for small molecular field effect
transistor materials and not limited to polymer field effect
transistors. Because of the important status of the mobility of
carriers in organic electronics, compounds and polymers con-
taining these novel branching alkyl chains can also be applied
to organic solar cell materials, organic light emitting diode
materials, and organic field effect transistor materials, etc.
[0014] In the first aspect of the invention, a compound
containing a branching alkyl chain having the general for-
mula as shown in the following Formula (I) 1s provided:
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Formula (I)

RS
R/%
R4

R3

[0015] The aforementioned structure is different from a
Guerbetalcohol (m=1). In the structure of Formula (I), m is an
integer more than 1; R can be various substituents, such as
halogen atoms (F, Cl, Br, I), hydroxyl, amino, trifluo-
romethanesulfonate group (MsQ), p-toluenesulfonate group
(Ts0), azide group (N;), cyano, alkenyl, alkynyl, alkoxy, etc.;
R? and R* are the same or different, independently selected
from alkyl, halogen substituted alkyl, alkoxy, halogen substi-
tuted alkoxy, alkenyl and alkynyl; R is hydrogen, hydroxyl,
alkyl, halogen substituted alkyl, alkoxy, halogen substituted
alkoxy, alkenyl or alkynyl.

[0016] In Formula (I), m can, for example, be an integer of
2~18, an integer of 2~10, an integer of 3~18, an integer of
3~10, an integer of 3~5, or an integer of 3~4.

[0017] As a substituent of R, the alkenyl can, for example,
be C2-C6 alkenyl. C2-C4 alkenyl, or ethenyl.

[0018] As a substituent of R, the alkynyl can, for example,
be C2-C6 alkynyl. C2-C4 alkynyl, or ethynyl.

[0019] As a substituent of R, the alkoxy can, for example,
be C1-C36 linear or branching alkoxy, or C1-C18 linear or
branching alkoxy.

[0020] As a substituent of R?, R* and R®, the alkyl can, for
example, be C1-C36 linear or branching alkyl, or C1-C18
linear or branching alkyl.

[0021] As a substituent of R*, R* and R>, the halogen sub-
stituted alkyl can, for example, be C1-C36 linear or branching
halogen substituted alkyl, or C1-C18 linear or branching
halogen substituted alkyl.

[0022] Asasubstituentof R*, R* and R, the alkoxy can for
example, be C1-C36 linear or branching alkoxy, or C1-C18
linear or branching alkoxy.

[0023] As a substituent of R*, R* and R®, the halogen sub-
stituted alkoxy can, for example, be C1-C36 linear or branch-
ing halogen substituted alkoxy, or C1-C18 linear or branching
halogen substituted alkoxy.

[0024] As a substituent of R®, R* and R’, the alkenyl can,
for example, be C2-C18 alkenyl, C2-C10 alkenyl, or C2-C6
alkenyl.

[0025] As a substituent of R?, R* and R°, the alkynyl can,
for example, be C2-C18 alkynyl, C2-C10 alkynyl, or C2-C6
alkynyl.

[0026] Several specific examples of the aforementioned
branching alkyl chains are given below.

[0027] WhenR is hydroxyl, m=2, R and R* are 10 carbon-
atom alkyls, R is a hydrogen atom, the specific structure is as
follows:

CioHay

HO CioHay

[0028] WhenR is halogen atom (such as I), m=2, R and R*
are 10 carbon-atom alkyls, R® is ahydrogen atom, the specific
structure is as follows:
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CioHay

—

CioHz

[0029] When R is hydroxyl, m=3, R? and R* are 14 carbon-
atom alkyls, R® is a hydrogen atom, the specific structure is as
follows:

CiaHzo

HO\/\)\
Cralzg

[0030] WhenR is hydroxyl, m=3, R? and R* are 18 carbon-
atom alkyls, R® is a hydrogen atom, the specific structure is as
follows:

CisHs7

HO\/\)\
Cistar

[0031] When R is amino, m=2, R® and R* are 10 carbon-
atom alkyls, R® is a hydrogen atom, the specific structure is as
follows:

CioHa)

HzN/\)\CloHn

[0032] The procedure for preparing the compounds con-
taining branching alkyl chains as shown in Formula (I) is as
follows:

[0033] (1) Starting from the diol as shown in Formula (a),
protection by a protecting group (sometimes is abbreviated as
P@G) is conducted:

OH OH
— PGom/

Formula (b)

HO ol

Formula (a)

[0034] In this step, the protecting group can be selected
from benzyl (Bn), various silicon protecting groups (such as
trimethylsilyl (TMS), triethylsilyl (TES), triisopropylsilyl
(TIPS), t-butyldimethylsilyl (TBDMS), t-butyldiphenylsilyl
(TBDPS), etc.), methoxymethyl protecting group (MOM),
tetrahydropyran protecting group (THP), p-methoxyphenyl
protecting group (PMB), etc., and the reaction is as follows:

/H\/OH — /H\/OH
HO mel BnBr, THF  BnO m-l
/(/)\/OH L /(’\/OH
HO m-1 TMSCL, THF  TMSO me1
/(")\/OH — e, /H\/OH
HO m- MOMCI, THF MOMO n-1
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-continued

HO ' CuSO4-5H,0

/N o L h\/OH
HO m-T PMBCL THF  PMBO m-T

[0035] (2) The diol with one terminus protected (Formula
(b) compound) is oxidized to obtain the carboxylic acid as
shown in Formula (c). This oxidation can be selected from
various reactions that oxidize alcohols to carboxylic acids,
such as Jones oxidation (CrO;—H,S0,) reaction, or per-
forming oxidation step by step (first oxidized into an alde-
hyde and then oxidized into a carboxylic acid), etc.

/H\,\/OH
(] 0 m-

(6]
Oxidation
/P’\/OH — P60
PG oY Tar  OH
Formula (b) Formula (c)

[0036] (3) The carboxylic acid as shown in Formula (c) is
subject to functional group transformation and nucleophilic
substitution to introduce the R? and R* groups. Either of the
following two methods can be selected:

[0037] (3a) The carboxylic acid is reacted with an alechol
(R'OH) and converted into an ester. This esterification canuse
various conditions, including esterification under various
acidic or alkaline conditions. Subsequently, a nucleophilic
substitution is conducted to introduce the R? and R* groups.

0]

PGO\,A‘\ R'OH
OH ——
VT m-1
Formula (c)
0 R}
OH
PGO. PGO
OR' — R*
m-1 m-1
Formula (d) Formula (e)

[0038] The R' is alkyl, for example, C1-C36 linear or
branching alkyl, for example, C1-C18 linear or branching
alkyl, for example, C1-C8 linear or branching alkyl.

[0039] The most commonly used nucleophilic substituting
reagent is the Grignard reagent. The Formula (d) compound
can be subject to one-step nucleophilic substitution with the
participation of corresponding Grignard reagents, and in the
resulting Formula (e) compound, R*>=R*. Also, by way of
stepwise addition of different Grignard reagents, different R
and R* groups can be introduced.

0 R}

OH
PGO R’MgBr  PGO
m-1 OrR’ v mel R3
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-continued
0 R}
\’A‘\ \XOH
PGO ()R’MgBr  PGO
m-1 OR' ———— m-1 R4
(2) R*MgRr

[0040] (3b) The carboxylic acid is converted to an acyl
halide including groups such as acyl chloride, acyl bromide
etc., then the nucleophilic substitution can be conducted to
introduce the R? and R* groups.

0
PGO PX;
| OH —
v -
Formula (c)
0 R?
OH
PGO () R’MgBr  PGO
1 X — | R
Lo (2) R*MgBr "
Formula (f) Formula (e)

[0041] The X is halogen, for example, C1 and Br.

[0042] In Schemes (3a) and (3b), the nucleophilic substi-
tuting reagent, in addition to the Grignard reagent, can be
selected from other nucleophilic substituting reagents, such
as alkyl lithium reagent (R*Li), alkyl copper lithium reagent
(R*CulLi), etc.

[0043] (4)R’isintroduced using different methods accord-
ing to different types of the R group:

[0044] (4a) When R’ is alkoxy, a strong alkaline can react
with an alcohol hydroxyl to generate an oxygen anion, which
is subsequently subject to a nucleophilic substitution by R>'X.

R? R?
5
O Nap, R¥X OR
PGO — PGO
R* R*
m-1 m-1
Formula (e) Formula (g)

[0045] The X is a halogen atom (F, Cl, Br, I), trifluo-
romethanesulfonate group or p-toluenesulfonate group.
[0046] The R™ is selected from alkyl.

[0047] (4b) When R? is alkyl, halogen substituted alkoxy,
alkenyl or alkynyl, the Formula (¢) compound can be first
reacted with trifluoromethanesulfonyl chloride to generate a
good leaving group trifluoromethanesulfonate group, and
then the substitution is conducted by nucleophilic substitu-
tion.

R 0
OH Il
PGO Nall FsC—S8
- R I
\ [
Formula (e)
R3

OMs p51;
PGO. >
R4
m-1
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-continued
R O
S I
PGO Ms: F;C—S
R |
¢}
Formula (i)
[0048] (4c) When R® is a hydrogen atom, the oxygen atom

can be removed under the conditions of triethylsilane
(Et,SiH) and triffuoroacetic acid.

R3 R}

OH gp.iH, TFA
PGO , ———» PGO \
m-1 R m-1 R

Formula (e) Formula (j)

[0049] (5) The protecting group is eliminated to generate
the corresponding alcohol:

R3
RS
GO
m-1 R4

Formula (i)

R3
RS
HO
m-1 R4
Formula (k)

[0050] When the protecting group is a benzyl protecting
group, silicon protecting group, methoxymethyl protecting
group (MOM), tetrahydropyran protecting group (THP),
p-methoxyphenyl (PMB) protecting group, etc, the corre-
sponding method for removing it in the prior art can be
selected to remove the protecting group to generate the cor-
responding alcohol, for example:

Pd/C, Hy

R3
RS

n0O. - -

m-1 m-1

R3 R3
R’ R’
TMSO. — ™ HO

R* R*

m-1
5
HCI R
MOMO — HO .
R

m-1

|
%}

R3
RS
Oxidation
PMBO\%RA‘ Drdation o\*w
m-1

[0051] (6) The hydroxyl at position R can be subject to
many types of substitution to convert to corresponding func-
tional group, such as halogen, amino, cyano, azide group,
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trifluoromethanesulfonate group (MsO), p-toluenesulfonate
group (Ts0O), alkenyl, alkynyl, and alkoxy, etc.

[0052] (6a) When R is halogen, the following reactions can
be conducted, but they are not limited to these reactions.

PP]137 [, imidazole

\t)< R®
m-1
PPhg, CBry, imidazole
HO
m-1
R3

3
PPh, CCly imidazole \)<
[0053] (6b) When R is trifluoromethanesulfonate group
(MsO) or p-toluenesulfonate group (TsO), an alkaline can
react with an alcohol hydroxyl to generate an oxygen anion,

which is subsequently subject to a nucleophilic substitution
by MsCl or TsCl.

R? R?
5 5
R Msct R
HO. — Ms0
R* R*
m-1 m-1
R} R}
RS
TsCl
HO — " Ts0
R4
Jm-1

[0054] (6¢c) When R is an azide group (Nj), it can be
obtained by a nucleophilic substitution between sodium azide
(NaN;) and halogen, trifluoromethanesulfonate group (MsO)
or p-toluenesulfonate group (TsO):

R’ R?
R NaN,
X Vi
R+ DMF
\ m-1

[0055] 1In the aforementioned equation, X represents a
halogen atom, trifluoromethanesulfonate group or p-toluene-
sulfonate group.

[0056] (6d) When R is cyano, it can be obtained by a
nucleophilic substitution between a cyanide (such as sodium
cyanide, potassium cyanide) and halogen, trifluoromethane-
sulfonate group (MsO) or p-toluenesulfonate group (TsO):

[0057] In the aforementioned equation, X represents a
halogen atom, trifluoromethanesulfonate group or p-toluene-
sulfonate group.
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[0058] (6¢) When R is amino group, the azide group or
cyano group can be reduced to amino group, or it can be
obtained by Gabriel amine synthesis.

R3 R3
R’ pyC, H, R’
N — HN
’ m-1 R4 ’ m-1 R4
R? R?
R® Py, H, R
NC . '
-1 R HN -1 R
0
NK
R? i R?
RS R’
X 4 0] HZN R4
-l ii NH,NH, -l
0
NK
R’ i R’
R’ R’
MsO - 0 HN R4
ml ii NIELNH, m-l
0
NK
R} i R}
R® R’
TsO. \ o) I,N o
Jm1 ii NILNH, -l

[0059] (6f) When R is an alkenyl or alkynyl, it can be
obtained by a nucleophilic substitution with a nucleophilic
agent containing the alkenyl or alkynyl such as RLi, for

example:
R3
RS
X RLi,
R4
-1
H
RS
H

R3
RS
R4
m m-1
Li
R} — R}
RS
X H
T Z N, R
R} R}
R’ R’
X —=—1_
R* R*
m-| m-1

[0060] The branching alkyl chain in the aforementioned
compounds as shown in Formula () can serve as a solubiliz-
ing group for the preparation of the organic conjugated mol-
ecules (especially the organic conjugated polymers) and
increase the mobility of carriers in the organic conjugated
molecule materials. Further, these organic conjugated mol-
ecules, serving as organic semiconductor materials, can be

|
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applied to photoelectric devices such as organic solar cells,
organic light emitting diodes, and organic field effect transis-
tors, etc.

[0061] Inthe second aspect of the invention, polymers with
the aforementioned branching alkyl chains as shown in the
following Formula (II) are provided:

Formula (I)

[0062] InFormula (II), Ar' and Ar* represent different aro-
matic compound fragments; n is an integer which represents
the polymerization degree of the polymer.

[0063] Wherein Ar' contains one or more branching alkyl
chains in the compounds as shown in the General Formula (T).

[0064] ncan, for example, be an integer of 1~1,000,000, an
integer of 1~10,000, or an integer of 1~1,000.

[0065] The polymer is obtained by polymerization of the
Ar' and Ar® monomers. The polymerization can be conducted
by coupling, for example, Suzuki coupling, Stille coupling,
Negishi coupling, Sonogashira coupling, Heck coupling,
Kumada coupling, Hiyama coupling, Buchwald-Hartwig
coupling and carbon-hydrogen bond activation coupling
(Berrouard, P.; Najari, A.; Pron, A.; Gendron, D.; Morin,
P.-0.; Pouliot, J.-R.; Veilleux, J.; Leclerc, M. Angew. Chem.,
Int. Ed. 2011, 51, 2068), etc., for example. Suzuki coupling,
Stifle coupling, Sonogashira coupling, Heck coupling,
Kumada coupling and carbon-hydrogen bond activation cou-
pling.

[0066] In an embodiment of the invention, the number of
methylenes between the alkyl side chain and the backbone in
the polymer, i.e., m>1, for example, m can be an integer of
2~18, an integer of 2~10, an integer of 3~18, an integer of
3~10, an integer of 3~5, or an integer of 3~4. This can effec-
tively reduce the effect of the alkyl chains on the r-ww stacking
of the polymer backbone, thereby greatly increasing the
mobility of the polymer.

[0067] The polymer as shown in Formula (II) is polymer-
ized from the aromatic compound monomer having the
branching alkyl chains as shown in the following Formula
(IIT) and the Ar* aromatic compound monomers. The wavy
line in Formula (IIT) indicates the functional group required
by the monomers to polymerize, for example, in order to
perform Suzuki coupling, the functional group can be a halo-
gen, boric acid or borate; in order to perform Stille coupling,
the functional group can be a halogen or alkyl tin; in order to
perform Sonogashira coupling, the functional group can be a
halogen or ethynyl; in order to perform Fleck coupling, the
functional group can be a halogen or ethenyl; in order to
perform Kumada coupling, the functional group is a halogen;
in order to perform carbon-hydrogen bond activation cou-
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pling, the functional group can be a halogen or hydrogen; and
in order to perform Hiyama coupling, the functional group
can be a halogen or silane.

Formula (II)

[0068] The aromatic compound as shown in Formula (IIT)
is, for example, the compounds as shown in the following
Formulae III-1 to IT1-16:

II-1

1II-2

Jan. 9, 2014

-continued

Rﬁ

Rr7

113

1I1-4

115
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-continued

1II-6

1II-7

1II-8

-continued

R3
R

R4
R3
R3
R4
R Im
N
N
(% K
R4
R3
R3
R4
RS )
/ &"‘«.
a
R3
R4
RS Im
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119

1I-10

II-11

1I-12

1I-13
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-continued
1I-14
Y
R4

© o\

1I-15

1I-16

R4

¢\
I\ .
a9
AN

R4

R3

[0069] RS R’, R® and R’ represent substituents on the
aromatic ring, for example, hydrogen atom, halogen atom
(such as F, Cl, etc.), nitro, amino, cyano, alkyl, alkenyl, alky-
nyl, alkoxy, halogen substituted alkyl, halogen substituted
alkoxy, etc.

[0070] R'° and represent one or more substituents on the
aromatic ring, for example, hydrogen atom, halogen atom
(such as F, Cl, etc.), nitro, amino, cyano, alkyl, alkenyl, alky-
nyl, alkoxy, halogen substituted alkyl, halogen substituted
alkoxy, etc.

[0071] a and a' can be independently selected from the
following structures: —S—, —O—, —Se—, —NR'*— etc.
[0072] b,b',candc' canbe independently selected from the
following structures: —N—, —=N—, —CR'*—= —CR"*—,
etc.

[0073] The aforementioned R** represents hydrogen atom,
alkyl, alkenyl, alkynyl, alkoxy, halogen substituted alkyl,
halogen substituted alkoxy, aryl or heteroaryl, etc.

[0074] The aforementioned alkyl can, for example, be
C1-C36 linear or branching alkyl, for example, C1-C18 linear
or branching alkyl.
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[0075] The aforementioned halogen substituted alkyl, can
for example, be C1-C36 linear or branching halogen substi-
tuted alkyl, for example, C1-C18 linear or branching halogen
substituted alkyl.

[0076] The aforementioned alkoxy can, for example, be
C1-C36 linear or branching alkoxy, for example. C1-C18
linear or branching alkoxy.

[0077] The aforementioned halogen substituted alkoxy
can, for example, be C1-C36 linear or branching halogen
substituted alkoxy, for example, C1-C18 linear or branching
halogen substituted alkoxy.

[0078] The aforementioned alkenyl can, for example, be
C2-C18 alkenyl, C2-C10 alkenyl, or C2-C6 alkenyl.

[0079] The aforementioned alkynyl can, for example, be
C2-C18 alkynyl, C2-C10 alkynyl, or C2-C6 alkynyl.

[0080] The aforementioned aryl can, for example, be phe-
nyl or substituted phenyl, for example, phenyl.

[0081] Theaforementioned heteroaryl can, for example, be
thienyl, thiazolyl, pyridyl, furyl, for example, thienyl or thia-
zolyl.

[0082] The Ar® aromatic compound monomer can be
selected from the follow structures:
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X -continued
b/\b RI2
0 1|\1 0
\ b|§—;f’ |
N fJ\a a'/Lm
RIZ RIZ
0] N 0 o) N. 0
7\
g=
6} N [0}
1|{12
RIZ
o] N 0
b

A

[0083] wherein the wavy line indicates the functional group
required for the polymerization with the Ar' monomers;

[0084] a and a' can be independently selected from the
following structures: —S—, —Se—, —O—and —NR'*—;

[0085] b and b' can be independently selected from the
following structures: —N—, —N—, —SiR">— —SiR'*—

—SiR"“ZR"—, —CR"R"*—CR"R"*— and
7CR12:CR127

[0086] c can be selected from the following structures:
7875 78(0)75 78(0)275 7075 7N:s :Nis
—SiR'*=, =SiR»—, —SiR'“R?*— _CR“R™—
CR12R127 7CR12:CR127

[0087] d can be selected from the following structures:
7875 78(0)75 78(0)275 7075 7N:s :Nis
—SiR?=, =SiR'*— —GiR"“R"? - —CR"ZR? -
CR"R'*—, —(CR"’= CR12 , —C(0)— and —C(C(CN)
2

[0088] g,h,g and ' can be independently selected from the

following  structures: —CR™—, —CR'Z—,
—C(0O)— and —C(C(CN),)—, —N—and —N—;

[0089] The aforementioned R'? can be hydrogen atom,
alkyl, alkenyl, alkynyl, alkoxy, halogen substituted alkyl,
halogen substituted alkoxy, aryl or heteroaryl etc.;

[0090] wis1,2,3 0r4.

.,

10
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[0091] The Ar® aromatic compound monomer can, for
example, be one of the following structures:

7 0 T@T
m ~X

>w
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-continued -continued

S
N

N

[0092] R'?can be hydrogen atom, alkyl, alkenyl, alkynyl,
alkoxy, halogen substituted alkyl, halogen substituted alkoxy,
aryl or heteroaryl, etc.; uis 1,2,3 or 4.

[0093] The aforementioned Ar* aromatic compound can
have one or more substituents in its structure,

[0094] The synthesis of the Ar' aromatic compound having
the branching alkyl chains can be started from aromatic com-
pounds known in the literature, and obtained by reacting these
compounds with the halide and amino compounds, etc. hav-
ing the branching alkyl chain structure in the present disclo-
sure. Specifically, there are the five following schemes:

[0095] (1) When the R in Formula (I) is halogen (X), a
nucleophilic substitution can occur between X and the fol-
lowing nitrogen-containing aromatic compounds to prepare
the aromatic compound in the General Formula (III), for
example:
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-continued

R3
R4

R’ In

- X .
K>COj3, DMF

X

I S
K>CO3, DMF
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-continued

() [\ o

=z

R4
1II-11
[0096] (2) When the R in the General Formula (1) is trifluo-

romethanesulfonate group (MsO) or p-toluenesulfonate
group (TsO), because these good leaving groups have similar
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properties to halogen, they can also be used in the nucleo-
philic substitution reaction as shown in (1).

[0097] (3) When the R in the General Formula (I)is halogen
(X), X is Br or I for preparing the corresponding Grignard
reagent, thereby directly obtaining the alkyl substituted aro-
matic compound via Kumada coupling, for example:

IA

R} R3
RY Mg _
RS RS I Pd catalyst
R3
R4
RS N\
[
P
1I-12

[0098] (3) When the R in the General Formula (1) is amino,

it can be reacted with an anhydride to generate a correspond-
ing imide compound, for example:

0, 0.
R6
AcOH
R’/
0 0 0
R3
R4
R R’ In
4
R 0 N 0
R’ I
0, N 0 AN
RIO I
RS Y
R’ N
_Rll
/
0 N 0
5
AR 0 N 0
4
R3 R { mn RS
I11-4 R*
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-continued
R3
R4
RS Im
NH,
AcOH
R3
R4
R® Do
0, N O
AN
RIO_:
P
AN
_Rll
F
(6] N [6]
(N R
R4
R3
III-5
—_—
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-continued -continued

R3

Rﬂw)m RS/

| I\,

. })/
/

R4
R3
1I-15

[0101] (5) When the R in the General Formula (I) is alkynyl,
Sonogashira reaction can occur between it and an aromatic

( LS<R5 halide (X—Cl, Bror I) to obtain the corresponding arylalky-

nyl derivatives, for example:

R4
R3
1II-6 R
X R N
[0099] The III-6 type compounds can be prepared from X RS \\
1II-5 via multi-step reactions based on the prior art. / )ﬂ% W»
[0100] (4) When the R in the General Formula (I) is alkeny], o
a Heck reaction can occur between it and an aromatic halide R3
(X=Cl, Br or I) to obtain the corresponding arylalkenyl .
derivatives, for example: R ! \
R
b
R’ / \
R? o
R’ III-14
X R’ I 3
: /
/ )’L\'L Pd catalyst \\\\
a b i Pd catalyst
R3
1I-13 n
R4
RS \\\\
RS b
RY / \ a
X R’ N Im a \ /
/ b / b
o
a \ / Pd catalyst \\ R .
R
b
X RY

1I-16

[0102] In the third aspect of the invention, the aforemen-
tioned polymer having the branching alkyl chain as shown in
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Formula (1), serving as an organic semiconductor material,
can be applied to photoelectric devices such as organic field
effect transistors, organic solar cells, and organic light emit-
ting diodes, etc., proving that it can greatly increase the
mobility of carriers in the organic semiconductor materials.

[0103] In the invention, compounds containing a type of
novel branching alkyl chains have been designed, and effec-
tive synthetic schemes of the compounds containing this type
of novel branching alkyl chains have been raised which
enables easy transformation of functional groups. In the
invention, it is further proved that compounds having this type
of branching alkyl chains can be applied to organic conju-
gated polymers, and can effectively adjust the m-m stacking
between molecules, also change the spectral properties and
electrochemical properties of the polymers, and significantly
increase the mobility of the organic electronic materials.
Therefore, these results can be widely used in the field of
organic electronics, including the field of organic photovol-
taic cells (OPV), organic light emitting diodes (OLED), and
organic field effect transistors, etc.

BRIEF DESCRIPTION OF THE DRAWINGS

[0104] FIG. 1 shows the effect of the position of the solu-
bilizing group (such as the alkyl chain) on the rt-7 stacking of
the organic conjugated polymers.

[0105] FIG. 2 shows the structural diagram of the organic
conjugated polymer having the branching alkyl chains
according to an embodiment of the invention.

DETAILED DESCRIPTION

[0106] The invention is further described in details by way
of examples in relation to figures. However, they are by no
means limiting the scope of the invention.

Example 1 to Example 3 are Method for
Svnthesizing Alcohols Protected by Benzyloxy

Example 1
[0107]

/\/\ KOH
HO OH B—‘ BnO OH

nCl
70% 1

[0108] Scheme for Synthesizing Compound 1:

[0109] 1,3-propanediol (60 g, 0.79 mol) was added into a
500 ml round bottom flask, then solid KOH (17.7 g, 0.32 mol)
was added to remove the trace moisture in the 1,3-pro-
panediol. Under agitation at 90° C., benzyl chloride (39.8 g,
0.32 mol) was added into the 1,3-propanediol using a drop-
ping funnel. Then temperature was increased to 130° C. fora
2 hreaction. The reaction was stopped and cooled to the room
temperature. After extraction of the organic phase using
water/diethyl ether separation, the solvent was removed by
reduced pressure rotatory evaporation, followed by reduced
pressure distillation. 39.8 g colorless oily product Compound
1 was obtained with a yield of 77%. 'H NMR (CDCl,, 400
MHz, ppm) &: 7.36-7.28 (m, SH), 4.51 (s, 2H), 3.79-3.75 (m,
2H), 3.66-3.64 (t, J=5.5 Hz, 2H), 2.44 (br. s, 1H), 1.88-1.83
(m, 2H).
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Example 2

[0110]

HO\/\/\ NaH /\/\/OH
OH  pnBr, BnO

THF
2
1%

[0111] Scheme for Synthesizing Compound 2:

[0112] At0°C., 1,4-butanediol (40 g, 0.44 mol) was added
into 200 ml dry THF. Sodium hydride (5.3 g, 0.22 mol) was
added in batches within 30 min. The temperature returned to
the room temperature for a 2 h reaction. Benzyl bromide (38
2, 0.22 mol) was dissolved in 20 ml THF, which was dropped
into the aforementioned system at 0° C. followed by reflux for
4 h. After the complete of the reaction, the reaction was
quenched with cold water. The organic phase was extracted
with diethyl ether. After drying the organic phase with anhy-
drous sodium sulfate, it was filtered, then subject to reduced
pressure rotatory evaporation to remove the solvent, followed
by reduced pressure distillation to obtain 28.1 g of colorless
oily liquid 2 with a yield of 71%. "HNMR (CDCl,, 400 MHz,
ppm) d: 7.36-7.26 (m, SH), 4.52 (s, 2H), 3.65-3.61 (m, 2H),
3.53-3.50 (t, J=5.3 Hz, 2H), 2.36 (br. s, 1H), 1.73-1.65 (m,
4H).

Example 3

[0113]

[0114] Scheme for Synthesizing Compound 3:

[0115] At0°C.,1,5-pentanediol (40g,0.39 mol)was added
into 200 ml dry THF. Sodium hydride (4.6 g, 0.19 mol) was
added in batches within 30 min. The temperature returned to
the room temperature for a 2 h reaction. Benzyl bromide (33
2, 0.19 mol) was dissolved in 20 ml THF, which was dropped
into the aforementioned system at 0° C. followed by reflux for
4 h. After the complete of the reaction, the reaction was
quenched with cold water. The organic phase was extracted
with diethyl ether. After drying the organic phase with anhy-
drous sodium sulfate, it was filtered, then subject to rotatory
evaporation to remove the solvent, followed by reduced pres-
sure distillation to obtain 23.1 g of colorless oily liquid 3 with
ayield of 62%. 'H NMR (CDCl,, 400 MHz, ppm) 3: 7.36-7.
26 (m, 5H), 4.50 (s, 2H), 3.64-3.61 (1, I=6.5 Hz, 2H), 3.50-
3.64 (t,J=6.5 Hz, 2H), 1.68-1.54 (m, 4H), 1.49-1.43 (m, 2H).
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Example 4 to Example 6 are the Jones Oxidation and
Protection by Esterification of the Alcohols Protected

by Benzyloxy
Example 4
[0116]
i) J ¢ 7
1) Jones reagen
o ™o s M
BnO OFEt

1 H,80, (cat.)
4

[0117] Scheme for Synthesizing Compound 4:

[0118] Compound 1 (10 g, 60.2 mmol) was dissolved into
200 m] acetone. At 0° C. Jones reagent (26.72 g chromium
trioxide: 23 ml concentrated sulfuric acid, diluted with water
to 100 ml) was added dropwise until the orange red color was
sustained without turning green. The temperature returned to
the room temperature followed by agitation for 2 h. The
resultant mixture was vacuum suck filtrated and loaded onto
a column which was eluted with acetone. After acetone was
removed by vacuum rotatory evaporation, the organic phases
were extracted with ethyl acetate for three times. The organic
phases were combined and washed once with saturated
saline. After dried with anhydrous sodium sulfate and rota-
tory evaporation, 100 ml ethanol and 2 ml concentrated
H,SO, were added for 12 h reflux reaction. After most solvent
was removed by rotatory evaporation, water/ethyl acetate
phase separation was conducted. The organic phase was
washed with sodium bicarbonate solution, water, and satu-
rated saline respectively, and then dried with anhydrous
sodium sulfate. After the solvent was removed by rotatory
evaporation, reduced pressure distillation was conducted to
obtain 9.7 g colorless oily liquid 4 with a yield of 77%. 'H
NMR (CDCly, 400 MHz, ppm) &: 7.36-7.28 (m, 5H), 4.54 (s,
4.17-4.13 (q, J=7.0 He, 2H), 3.77-3.74 (t, J=6.2 Hz, 2H),
2.63-2.60 (t, J=6.2 Hz, 2H), 1.28-1.24 (t, I=7.1 Hz, 3H).

Example 5
[0119]

1) Jones reagent
_—
ii) EtOH, H,SO4 (cat.)

BnO\/\/\
OH

2

0]

BnO\/\)l\
OFt

5

[0120] Scheme for Synthesizing Compound 5:

[0121] Compound 2 (26.6 g) was dissolved into 200 ml
acetone. At 0° C., Jones reagent was added dropwise until the
orange red color was sustained without turning green. The
temperature returned to the room temperature followed by
agitation for 2 h. The resultant mixture was vacuum suck
filtrated and loaded onto a column which was eluted with
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acetone. After acetone was removed by vacuum rotatory
evaporation, the organic phases were extracted with ethyl
acetate for three times. The organic phases were combined
and washed once with saturated saline. After dried with anhy-
drous sodium sulfate and rotatory evaporation, 100 ml etha-
nol and 2 ml concentrated H,SO, were added for 12 h reflux
reaction. After most solvent was removed by rotatory evapo-
ration, water/ethyl acetate phase separation was conducted.
The organic phase was washed with sodium bicarbonate solu-
tion, water, and saturated saline respectively, and then dried
with anhydrous sodium sulfate. After the solvent was
removed by rotatory evaporation, reduced pressure distilla-
tion was conducted to obtain 24.2 g colorless oily liquid 5
with a yield of 70%. "H NMR (CDCl,, 400 MHz, ppm) &:
7.36-7.27 (m, 5H), 4.49 (s, 2H), 4.14-4.08 (q, I=7.1 Hz, 2H),
3.52-3.49 (t, I=6.1 Hz, 2H), 2.44-2.40 (t, I=7.3 Hz, 2H),
1.97-1.91 (m, 2H), 1.26-1.22 (t, J=7.1 Hz, 3H).

Example 6

[0122]

i) Jones reagent

_—
ii) BtOH, H,S0, (cat.)

0" NN o

3

0]

BnO/\/\)LOEt

6

[0123]

[0124] Compound 3 (23.1 g) was dissolved into 200 ml
acetone. At 0° C., Jones reagent was added dropwise until the
orange red color was sustained without turning green. The
temperature returned to the room temperature followed by
agitation for 2 h. The resultant mixture was vacuum suck
filtrated and loaded onto a column which was eluted with
acetone. After acetone was removed by vacuum rotatory
evaporation, the organic phases were extracted with ethyl
acetate for three times. The organic phases were combined
and washed once with saturated saline. After dried with anhy-
drous sodium sulfate and rotatory evaporation, 100 ml etha-
nol and 2 ml concentrated H,S0, were added for 12 h reflux
reaction. After most solvent was removed by rotatory evapo-
ration, water/ethyl acetate phase separation was conducted.
The organic phase was washed with sodium bicarbonate solu-
tion, water, and saturated saline respectively, and then dried
with anhydrous sodium sulfate. After the solvent was
removed by rotatory evaporation, reduced pressure distilla-
tion was conducted to obtain a colorless oily liquid 6 with a
vield of 62%. "H NMR (CDCl,, 400 MHz, ppm): 3 7.36-7.28
(m, SH), 4.50 (s, 2H), 4.15-4.09 (q, I=6.8 Hz, 2H), 3.50-3.47
(t, J=5.8 Hz, 2H), 2.34-2.30 (t, J=7.0 Hz, 2H), 1.73-1.65 (m,
4H), 1.27-1.23 (t, J=6.9 Hz, 3H). *C NMR (CDCl,, 100
MHz, ppm): 173.50,138.48,128.28,127.52,127.44,72 82,
69.78. 60.14, 34.00, 29.11, 21.72, 14.19. ESI-HRMS: Calcd.
for [M+H]*: 237.14852. Found: 237.14859. Calcd. for
[M+Na]*: 259.13047. Found: 259.13068.

Scheme for Synthesizing Compound 6:
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Example 7 to Example 9 are Reactions Between
Esters and Grignard Reagents

Example 7
[0125]

0 CioHar CioHay
CIOHZIMgBr

came X
BnO/\)kOEt o0, el "0 OH

4

[0126] Scheme for Synthesizing Compound 7:

[0127] Dry magnesium powders (2.88 g, 120 mmol) and an
iodine grain were added into a three-necked bottle. Under
nitrogen protection, 1-bromodecane (26.5 g, 120 mmol) in
diethyl ether solution was added dropwise under room tem-
perature. After the drop addition initiated the reaction, a one
hour reflux was conducted. Then under an ice bath, the diethyl
ether solution of Compound 4 was added dropwise into the
system. After 5 h reflux, it was quenched with H,SO,, 2 M)
under ice bath, and then extracted with diethyl ether (3x50
mL). After the organic phases were combined, it was washed
with water and saturated saline. After dried with anhydrous
Na,SO, and rotatory evaporation, it was loaded onto the silica
gel column for separation. Compound 7 (12.4 g) was obtained
with a yield of 60%. '"H NMR (CDCl,, 400 MHz, ppm): §
7.35-7.26 (m, 5H), 4.51 (s, 2H), 3.69-3.66 (t, ]=6.0 Hz, 2H),
2.98 (s, 1H), 1.79-1.76 (t, J=6.0 Hz, 2H), 1.49-1.37 (m, 4H),
1.33-1.15 (m, 32H), 0.90-0.86 (1, J=6.4 Hz, 6H). '*C NMR
(CDCl,, 100 MHz, ppm) 6: 137.80, 128.36, 127.67, 74.06,
73.34,67.25,39.14,37.73,31.89,30.27,29.62,29.60, 29.32,
23.65, 22.65, 14.07. ESI-HRMS: Calcd. for [M-OH]™: 429.
40909. Found: 429.40925; Calcd. for [M+Na]*: 469.40160.
Found: 469.40182. Elemental Anal.: Caled. for C;,H;,0,: C,
80.65; H, 12.18. Found: C, 80.61; H, 12.16.

Example 8
[0128]
0]
CloHy_lMgBr
—_—
BHOM Et,O, reflux
OFEt
5
Cioflar Ciollyy
BnO
OH
8
[0129] Scheme for Synthesizing Compound 8:
[0130] Dry magnesium powders and an iodine grain were

added into a three-necked bottle. Under nitrogen protection.
1-bromodecane in diethyl ether solution was added dropwise
under room temperature. After the drop addition initiated the
reaction, a one hour reflux was conducted. Then under an ice
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bath, the diethyl ether solution of Compound 5 was added
dropwise into the system. After 5 h reflux, it was quenched
with H,80, (2 M) under ice bath, and then extracted with
diethyl ether (3x50 mL). After the organic phases were com-
bined, it was washed with water and saturated saline. After
dried with anhydrous Na,SO, and rotatory evaporation, it
was loaded onto the silica gel column for separation. Com-
pound 8 was obtained with a yield of 47%. "H NMR (CDCl,,
400 MHz, ppm): 8 7.36-7.25 (m, 5H),4.51 (s, 2H), 3.50-3.47
(t, =63 Hz, 2H), 1.68-1.62 (m, 2H), 1.52-1.48 (m, 2H),
1.43-1.38 (m, 4H), 1.32-1.26 (m, 32H), 0.90-0.86 (t, I=6.4
Hz, 6H) *>C NMR (CDCl,, 100 MHz, ppm) d: 138.36, 128.
26,127.51,127.43,73.84, 72.83,70.93,39.20, 36.05,31.87,
30.25, 29.61, 29.59, 29.30, 23.87, 23.50, 22.63, 14.05. ESI-
HRMS: Calcd. for [M-OH]*: 443.42474. Found: 443.42496,
Calcd. for [M+Na]*: 483.41725. Found: 483.41761.

Example 9
[0131]
0O
/\/\)}\ CoHMgBr
—_
BnO OFEt Et,0, reflux
6
CioHzy CioHay
BnO OH
9
[0132] Scheme for Synthesizing Compound 9:
[0133] Dry magnesium powders and an iodine grain were

added into a three-necked bottle. Under nitrogen protection,
1-bromodecane in diethyl ether solution was added dropwise
under room temperature. After the drop addition initiated the
reaction, a one hour reflux was conducted. Then under an ice
bath, the diethyl ether solution of Compound 6 was added
dropwise into the system. After 5 h reflux, it was quenched
with H,SO, (2 M) under ice bath, and then extracted with
diethyl ether (3x50 mL). After the organic phases were com-
bined, it was washed with water and saturated saline. After
dried with anhydrous Na,SO, and rotatory evaporation, it
was loaded onto the silica gel column for separation. Com-
pound 9 was obtained with a yield of 58%. "H NMR (CDCl,,
400 MHz, ppm) d: 7.35-7.25 (m, 5H), 4.50 (s, 2H), 3.50-3.47
(t, I=6.0 Hz, 2H), 1.63-1.57 (m, 2H), 1.40-1.20 (m, 40H),
1.12 (s, 1H), 0.90-0.86 (t, I=6.4 Hz, 6H). *C NMR (CDCl,,
100 MHz, ppm) &: 138.61, 128.30, 127.60, 127.45, 7435,
72.88,70.27,39.23,39.04,31.90, 30.28, 30.26, 29.65, 29.63,
29.61,29.33,23.47, 22.67, 20.14, 14.09. ESI-HRMS: Calcd.
for [M-OH]*: 457.44094. Found: 457.44063; Calcd. for
[M+Na]*: 497.43290. Found: 457.43363.
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Example 10 to Example 12 are Deoxygenation and
Palladium Carbon Catalyzed Hydrogenation

Example 10
[0134]

i) B;SiH,
TFA,

DCM CioHay

CioHar CroHay
—_—
i) Pd/C,
H,
7 EtOAc/ 10
MeOH

BnO CioHa)

[0135] Scheme for Synthesizing Compound 10:

[0136] Compound7(12.4g,27.8 mmol) was dissolved into
100 ml dry dichloromethane, to which Et,SiH (3.54 g, 30.5
mmol) and TFA (15.85 g, 139 mmol) were added. After 12 h
reaction under the room temperature, Na,CO; (10 g) was
added to quench the reaction until no bubble was generated. It
was loaded onto a short silica gel column and eluted with
dichloromethane, then a rotatory evaporation was conducted
and followed by it was loaded onto a silica gel column for
separation to obtain a colorless oily liquid. The resultant
colorless oily liquid was dissolved into a mixed solvent of
EtOAc¢/MeOH (100 mL/50 mL), to which 5% Pd/C (0.50 g)
catalyst was carefully added. Then the reaction was con-
ducted at the room temperature under one atmospheric pres-
sure of hydrogen gas for 24 h. It was loaded onto a flash
column and eluted with ethyl acetate, then a rotatory evapo-
ration was conducted and followed by it was loaded onto a
silica gel column for separation. A colorless oily liquid 10
was obtained with a yield of 38%. 'H NMR (CDCl,, 400
MHz, ppm) &: 3.68-3.64 (1, ]=7.0Hz, 2H), 1.55-1.50(q,J=6.8
Hz, 2H), 1.41 (br. s, 1H), 1.32-1.25 (m, 36H), 0.90-0.86 (t,
1=6.7 Hz, 6H). "*C NMR (CDCl,, 100 MHz, ppm) d: 61 31,
37.01,34.27,33.75,31.92,30.07,29.69,29.65,29.35. 26.57,
22.69, 14.10. ESI-HRMS: Calcd. for [M+Na]*: 363.35974.
Found: 363.35895.

Example 11
[0137]
Ciotar Cioll2r ) B siH, TFA, DOM
BnO ii) Pd/C, Hy, BtOA/MeOH
OH
8
CyoHy
HO
CyoHy
11
[0138] Scheme for Synthesizing Compound 11:
[0139] Compound 8 was dissolved into 100 ml dry dichlo-

romethane, to which Et;SiH and TFA were added. After 12 h
reaction under the room temperature, Na,CO, was added to
quench the reaction until no bubble was generated. It was
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loaded onto a short silica gel column and eluted with dichlo-
romethane, then a rotatory evaporation was conducted and
followed by it was loaded onto a silica gel column for sepa-
ration to obtain a colorless oily liquid. The resultant colorless
oily liquid was dissolved into a mixed solvent of EtOAc/
MeOH (100 m[./50 mL), to which 5% Pd/C catalyst was
carefully added. Then the reaction was conducted at the room
temperature under one atmospheric pressure of hydrogen gas
for 24 h. Tt was loaded onto a flash column and eluted with
ethyl acetate, then a rotatory evaporation was conducted and
followed by it was loaded onto a silica gel column for sepa-
ration. A colorless oily liquid 11 was obtained with a yield of
67%. 'HNMR (CDCl,, 400 MHz, ppm) d: 3.64-3.61 (t,1=6.6
Hz,2H), 1.58-1.50 (m, 2H), 1.34-1.24 (m, 39H), 0.90-0.86 (t,
J=6.7 Hz, 6H). ">C NMR (CDCl,, 100 MHz, ppm) d: 63 .48,
37.25,33.61,31.92,30.13,29.97,29.71,29.66, 29.59, 29 .35,
26.67, 22.68, 14.07. ESI-HRMS: Calcd. for [M+Na]™: 377.
37539, Found: 377.37555.

Example 12

[0140]

CioFar Ciolhr ) B,SiH, TFA, DCM

ii) Pd/C, Hy, EtOAc/MeOH
BnO
9
Ciolyy
HO/\/\)\C 1ol
12

[0141] Scheme for Synthesizing Compound 12:
[0142] Compound 9 was dissolved into 100 ml dry dichlo-

romethane, to which Et;SiH and TFA were added. After 12h
reaction under the room temperature. Na,CO; was added to
quench the reaction until no bubble was generated. It was
loaded onto a short silica gel column and eluted with dichlo-
romethane, then a rotatory evaporation was conducted and
followed by it was loaded onto a silica gel column for sepa-
ration to obtain a colorless oily liquid. The resultant colorless
oily liquid was dissolved into a mixed solvent of EtOAc/
MeOH (100 mL/50 mL), to which 5% Pd/C catalyst was
carefully added. Then the reaction was conducted at the room
temperature under one atmospheric pressure of hydrogen gas
for 24 h. It was loaded onto a flash column and eluted with
ethyl acetate, then a rotatory evaporation was conducted and
followed by it was loaded onto a silica gel column for sepa-
ration. A colorless oily liquid 12 was obtained with a yield of
60%. 'HNMR (CDCl,, 400 MHz, ppm) 8: 3.66-3.63 (1, 1=6.6
Hz, 2H), 1.58-1.51 (m, 2H), 1.34-1.23 (m, 41H), 0.90-0.86 (t,
1=6.7 Hz, 6H). "*C NMR (CDCl,, 100 MHz, ppm) 8: 63.10,
37.42.33.63,33.53,33.30,31.93,30.14,29.72,29.66, 2936,
26.71,22.90,22.69, 14.10. ESI-HRMS: Calcd. for [M+Na]™*:
391.39104. Found: 391.39139.
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Example 13 to Example 15 are Reactions in which
Hydroxyl is Converted to lodide

Example 13
[0143]

CipHyy L, CioHy
PPhs,
HO Croly imidazole I ol

10 beM 13

[0144] Scheme for Synthesizing Compound 13:

[0145] Compound 10 (3.6 g, 10.6 mmol) was dissolved into
dichloromethane, to which imidazole (0.93 g, 13.7 mmol)
and triphenylphosphine (3.59 g 13.7 mmol) were added.
Under ice bath, 1, (3.48 g, 13.7 mmol) was added. After
reacting under agitation at the room temperature for 4 h,
Na,SO; (aq.) was added for quenching. The organic phase
was washed with saturated saline once and dried with anhy-
drous Na,SO,. After rotatory evaporation, it was loaded onto
asilica gel column to obtain a colorless oily liquid Compound
13 with a yield of 95%. 'H NMR (CDCl,, 400 MHz, ppm) 8:
3.21-3.17 (t,]=71.6Hz, 2H), 1.83-1.77 (q, J=7.2 Hz, 2H), 1.40
(s, 1H), 1.33-1.24 (m, 37H), 0.90-0.86 (t, J=6.7 Hz, 6H). 1*C
NMR (CDCl;, 100 MHz, ppm): 8 38.64,38.28,32.88,31.93,
30.03,29.69,29.65,29.36,26.41,22.70,14.12,5.15. EI-MS:
Caled. for [M-1]": 323. Found: m/z=323. Elemental Anal.:
Calcd. for C,;H,,1: C, 61.32; H, 10.62. Found: C, 61.56; H,
10.60.

Example 14
[0146]
CioHyy
HO. I,, PPhs, imidazole
CpHyy —mr—
DCM
11
CioHag
I\/\)\
CroHz)
14

[0147] Scheme for Synthesizing Compound 14:

[0148] Compound 11 was dissolved into dichloromethane,
to which imidazole and triphenylphosphine were added.
Under ice bath, 1, was added. After reacting under agitation at
the room temperature for 4 h, Na,SO; (aq.) was added for
quenching. The organic phase was washed with saturated
saline once and dried with anhydrous Na,SO,,. After rotatory
evaporation, it was loaded onto a silica gel column to obtain
a colorless oily liquid Compound 14 with a yield of 75%. 'H
NMR (CDCl,, 400 MHz, ppm) &:3.19-3.15 (t, J=7.0 Hz, 2H),
1.81-1.76 (p,J=7.1 Hz, 2H), 1.40-1.22 (m, 39H), 0.90-0.86 (,
J=6.8 Hz, 6H). >C NMR (CDCl,, 100 MHz, ppm) 8: 36.75,
34.60,33.60,31.93,30.97,30.08, 29.70, 29.66, 29.37, 26.66,
22.70, 14.11, 7.62. EI-MS: Calcd. for [M]*: 464. Found:
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m/z=464. Calcd. for [M-1]*:337. Found: m/z=337. Elemental
Anal.: Caled. for C,,H, l: C, 62.05; H, 10.63. Found: C,
62.35; H, 10.54.

Example 15
[0149]
CioHyy
/\/\)\ I, PPhs, imidazole
HO Ciolyy ——————————»
DCM
12
CioHa)
I CioHa

15

[0150] Scheme for Synthesizing Compound 15:

[0151] Compound 12 was dissolved into dichloromethane,
to which imidazole and triphenylphosphine were added.
Under ice bath, 12 was added. After reacting under agitation
at the room temperature for 4 h, Na,SO, (aq.) was added for
quenching. The organic phase was washed with saturated
saline once and dried with anhydrous Na,SO,. After rotatory
evaporation, it was loaded onto a silica gel column to obtain
a colorless oily liquid Compound 15 with a yield of 94%. 'H
NMR (CDCl,, 400 MHz, ppm) 8:3.21-3.18 (t, J=7.0 Hz, 2H),
1.87-1.77 (p,J=7.1 Hz, 2H), 1.40-1.22 (m, 41H), 0.90-0.86 (t,
J=6.8 Hz, 6H). "*C NMR (CDCl,, 100 MHz, ppm): 8 37.25,
34.01,33.59,32.52,31.94,30.13,29.71,29.67,29.37,27.65,
26.67, 22.70, 14.12, 7.25. EI-MS: Calcd. for [M-1]*: 351.
Found: m/z=351. Elemental Anal.: Caled. for C, Hy I: C,
62.74; H, 10.74. Found: C, 62.87; H, 10.70.

Example 16
[0152]
(0]
Bno\/\)k C14H20MgBr
OEt _—
Et;0, reflux
5
Cille Crallye
BnO

OH
16

[0153] Scheme for Synthesizing Compound 16:

[0154] Dry magnesium powders (3.0 g, 124 mmol) and an
iodine grain were added into a three-necked bottle. Under
nitrogen protection. 1-bromotetradecane (34.3 g, 124 mmol)
in diethyl ether solution was added dropwise under room
temperature. After the drop addition initiated the reaction, a
one hour reflux was conducted. Then under an ice bath, the
ether solution of Compound 5 (11 g, 49.5 mmol) was added
dropwise into the system. After 5 h reflux, it was quenched
with H,S0, (2 M) under ice bath, and then extracted with
diethyl ether (3x50 mL). After the organic phases were com-
bined, it was washed with water and saturated saline. After
dried with anhydrous Na,SO, and rotatory evaporation, it
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was loaded onto the silica gel column for separation. 22.3 g of
Compound 16 was obtained with a yield of 79%. 'H NMR
(CDCl,, 400 MHz, ppm):  7.36-7.25 (m, 5H), 4.51 (s, 2H),
3.50-3.47 (t, I=6.3 Hz, 2H), 2.98 (s, 1H). 1.69-1.62 (m, 2H),
1.52-1.49 (m, 2H), 1.43-1.39 (m, 4H), 1.32-1.26 (m, 48H),
0.90-0.86 (t, J=6.7 Hz, 6H). *C NMR (CDCl,, 100 MHz,
ppm) §: 138.40, 12833, 127.58, 127.51, 73.95,72.90, 70.99,
39.24,36.11,31.92, 30.29, 29.70, 29.68, 29.65, 29.36, 23.92,
23.54,22.68, 14.11. ESI-HRMS: Calcd. for [M-OH]*: 555.
54994. Found: 555.55003.

Example 17
[0155]
(0]
BHOM C gH;:MgBr
OFEt I E——
Et,0, reflux
5
Cistsy CisHy
BnO
OH
17

[0156] Scheme for Synthesizing Compound 17:
[0157] Drymagnesiumpowders (2.72 g, 113 mmol) and an

iodine grain were added into a three-necked bottle. Under
nitrogen protection, 1-bromooctadecane (37.6 g, 113 mmol)
in diethyl ether solution was added dropwise under room
temperature. After the drop addition initiated the reaction, a
one hour reflux was conducted. Then under an ice bath, the
diethyl ether solution of Compound 5 (10 g, 45 mmol) was
added dropwise into the system. After 5 h reflux, it was
quenched with H,SO, (2 M) under ice bath, and then
extracted with diethyl ether (3x50 mL.). After the organic
phases were combined, it was washed with water and satu-
rated saline. After dried with anhydrous Na,SO, and rotatory
evaporation, it was loaded onto the silica gel column for
separation. 22.9 g of Compound 17 was obtained with a yield
of 74%. 'H NMR (CDCl,, 400 MHz, ppm): d 7.34-7.26 (m,
5H), 4.51 (s, 2H), 3.50-3.47 (t, I=6.3 Hz, 2H), 1.66-1.63 (m,
2H), 1.52-1.48 (m, 2H), 1.43-1.39 (m, 4H), 1.32-1.21 (m,
64H), 0.90-0.86 (1. J=6.7 Hz, 6H). *C NMR (CDCl,, 100
MHz, ppm) d: 138.39, 128.32, 127.56, 127.49, 73.92, 72.89,
70.98,39.24,36.11,31.92,30.29, 29.70, 29.69, 29.66, 29.36,
23.92,23.54,22.68, 14.10. ESI-HRMS: Calcd. for [M-OH]*:
667.67514. Found: 667.67503.

Example 18

[0158]

CrHa CpH
W& /W) BoSiH, TFA, DCM

B0, o i) PdC, Hy, EOAC/MeOH
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-continued
Cralpo

HO.
Craly

[0159] Scheme for Synthesizing Compound 18:

[0160] Compound 16 (22 g, 38.4 mmol) was dissolved into
250 ml dry dichloromethane, to which Et,SiH (5.3 g, 46.1
mmol) and TFA (21.9 g, 192 mmol) were added. After 12 h
reaction under the room temperature, Na,CO; (10 g) was
added to quench the reaction until no bubble was generated. It
was loaded onto a short silica gel column and eluted with
dichloromethane, then a rotatory evaporation was conducted
and followed by it was loaded onto a silica gel column for
separation to obtain a colorless oily liquid. The resultant
colorless oily liquid was dissolved into a mixed solvent of
AcOEt/MeOH (300 m[/200 mL), to which 5% Pd/C (1 g)
catalyst was carefully added. Then the reaction was con-
ducted at the room temperature under one atmospheric pres-
sure of hydrogen gas for 24 h. It was loaded onto a flash
column and eluted with ethyl acetate, then a rotatory evapo-
ration was conducted and followed by it was loaded onto a
silica gel column for separation. A white solid 18 was
obtained with a yield of 68%. 'H NMR (CDCl,, 400 MHz,
ppm) d: 3.64-3.61 (t, J=6.8 Hz, 2H), 1.58-1.50 (m, 2H),
1.32-1.23 (m, 55H), 0.90-0.86 (1, J=6.6 Hz, 6H). '*C NMR
(CDCl,, 100 MHz, ppm) 63.57, 37.24, 33.61, 31.93, 30.13,
29.99. 29.71, 29.67, 29.57, 29.37, 26.67, 22.69, 14.10.

Example 19
[0161]
Cisklsr Cistlyr i) Bt3SiH, TFA, DCM
BnO OH ii) PA/C, Hy, EtOAc/MeOH
17
CisHsy
HOM
CisHzy
19
[0162] Scheme for Synthesizing Compound 19:
[0163] Compound 17 (22.9 g, 33.4 mmol) was dissolved

into 250 ml dry dichloromethane, to which Et,SiH (4.66 g,
40.08 mmol) and TFA (19 g, 167 mmol) were added. After 12
h reaction under the room temperature, Na,CO; (10 g) was
added to quench the reaction until no bubble was generated. It
was loaded onto a short silica gel column and eluted with
dichloromethane, then a rotatory evaporation was conducted
and followed by it was loaded onto a silica gel column for
separation to obtain a colorless oily liquid. The resultant
colorless oily liquid was dissolved into a mixed solvent of
AcOEt/MeOH (300 m[/200 mL), to which 5% Pd/C (1 g)
catalyst was carefully added. Then the reaction was con-
ducted at the room temperature under one atmospheric pres-
sure of hydrogen gas for 24 h. It was loaded onto a flash
column and eluted with ethyl acetate, then a rotatory evapo-
ration was conducted and followed by it was loaded onto a
silica gel column for separation. 12.9 g of white solid 19 was
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obtained with a yield of 67%. "H NMR (CDCl,, 400 MHz,
ppm) &: 3.63-3.60 (t, J=6.6 Hz, 2H), 1.57-1.51 (m. 2H),
1.32-1.24 (m, 71H), 0.90-0.86 (t, J=6.8 Hz, 6H). '*C NMR
(CDCl,, 100 MHz, ppm) d: 63.52,37.26,33.62,31.95,30.16,
29.99,29.74, 29.69, 29.59, 29.39, 26.69, 22.70, 14.10.

Example 20
[0164]
Ci4Hpg
HO 15, PPh3, imidazole
Ciaflag DCM
18
Ci4Hsg
I\/\)\
Ci4Hao
20
[0165] Scheme for Synthesizing Compound 20:
[0166] Compound 18 (8.92 g, 19.1 mmol) was dissolved

into dichloromethane, to which imidazole (1.56 g, 22.9
mmol) and triphenylphosphine (6.0 g, 22.9 mmol) were
added. Under ice bath, 1, (5.82 g, 22.9 mmol) was added.
After reacting under agitation at the room temperature for 4 h,
Na,SO; (aq.) was added for quenching. The organic phase
was washed with saturated saline once and dried with anhy-
drous Na,SO,. After rotatory evaporation, it was loaded onto
a silica gel column to obtain 10.8 g of colorless oily liquid
Compound 20 with a vield of 98%. "H NMR (CDCl,, 400
MHz, ppm) 6: 3.19-3.15 (t, 7.0 Hz, 2H), 1.83-1.76 (m, 2H),
1.32-1.22 (m, 55H), 0.90-0.86 (t, J=6.6 Hz. 6H). EI-MS:
Calcd. for [M]+: 576. Found: m/z=576.

Example 21
[0167]

CigHzy
I, PPh;, imidazole

HO\/\)\ B ——
CisHs7 DCM

19
CigHzy

CigHzy

[0168] Scheme for Synthesizing Compound 21:

[0169] Compound 19 (11.27 g,19.46 mmol) was dissolved
into dichloromethane, to which imidazole (1.59 g, 23.4
mmol) and triphenylphosphine (6.14 g, 23.4 mmol) were
added. Under ice bath, I, (5.93 g, 23.4 mmol) was added.
After reacting under agitation at the room temperature for 4 h,
Na,SO; (aq.) was added for quenching. The organic phase
was washed with saturated saline once and dried with anhy-
drous Na,SO,. After rotatory evaporation, it was loaded onto
a silica gel column to obtain 13.17 g of colorless oily liquid
Compound 21 with a vield of 98%. *H NMR (CDCl,, 400
MHz, ppm) 8: 3.18-3.15 (1, J=7.0Hz, 2H), 1.83-1.76 (p, J=7.1

Jan. 9, 2014

Hz, 2H), 1.33-1.22 (m, 71H), 0.90-0.86 (t, 1=6.6 Hz, 6H). *C
NMR (CDCl,, 100 MHz, ppm) 9: 36.75, 34.60,33.61, 31.96,
30.97,30.10,29.74, 29.72, 29.70, 29.40, 26.67, 22.72, 14.13,
7.55. EI-MS: Calcd. for [M]+: 688. Found: m/z=688.

Example 22
[0170]
CyoHy
I NaN;
_—
Croflas DMF, 4 1, 85° C.
14
CioHzy
N3 \/\)\
CioHay
22

[0171] Scheme for Synthesizing Compound 22:
[0172] Compound 14 (1.0g,2.15 mmol)was dissolved into

100 ml DMF. At the room temperature, sodium azide (0.7 g,
10.5 mmol) was added in batches. After reaction under agi-
tation at 85° C. for 4 h, DMF was removed by vacuum distil-
lation. Extraction was conducted with petroleum ether. The
organic phase was washed with saturated saline once and
dried with anhydrous Na,SO,. The solvent was removed by
vacuum to obtain the product 22 (0.81 g) with a yield of
100%. 'H NMR (CDCl,, 400 MHz, ppm) §: 3.26-3.22 (t,
J=1.0 He, 2H), 1.81-1.76 (p, J=7.1 Hz, 2H), 1.40-1.22 (m,
39H), 0.90-0.86 (t, J=6.8 Hz, 6H). E1-MS: Calcd. for [M]+:
379. Found: m/z=379.

Example 23
[0173]
CioHay
N, PA/C, H,
CioHay petroleum ether,
room temperature
22
CioHai
HN
CioHa
23
[0174] Scheme for Synthesizing Compound 23:
[0175] Compound 22 (0.81 g, 2.15 mmol) was dissolved in

100 ml petroleum ether. Pd/C (0.1 g) was added. At the room
temperature, hydrogenation was conducted for 12 h, followed
by filtration with kieselguhr and column separation to obtain
0.6 g of colorless oily liquid Compound 23 with a yield of
80%. "HNMR (CDCl,, 400 MHz, ppm) d: 3.26-3.22 (1, 1=7.0
Hz, 2H), 1.81-1.76 (p, J=7.1 Hz, 2H), 1.40-1.22 (m, 39H),
0.90-0.86 (t, J=6.8 Hz, 6H). E1-MS: Calcd. for [M]+: 354.
Found: m/z=354.
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Example 24 to Example 28 are Reactions for
Preparing the Monomers for Polymerization

Example 24
[0176]
I CioHai
0 N
i ANe
/ K,CO3, DMF, 110° C.
e
N 0
H
CioHy,
CroHa)
° N,
Wowles
N O
CroHay
CioHa
M2
[0177] Synthesis of Monomer M2:
[0178] 6,6'-dibromoisoindigo (1.70 g, 4.04 mmol) and

potassium carbonate (1.68 g, 12.1 mmol) were dissolved in
DMF (100 mL). Compound 13 (4.19 g, 9.31 mmol) was
added under nitrogen protection. Reaction was conducted
under agitation at temperature of 110° C. for 15 h. After the
complete of the reaction, the solvent was removed by rotatory
evaporation. After solvation into CHCl; (100 mL) and
washed with water for three times, the organic phases were
combined and washed with saturated saline once, and then
dried with anhydrous Na,SO,,. After rotatory evaporation, it
was loaded onto a silica gel column for separation to obtain
3.79 g of dark red solid M2 with a yield of 88%. 'H NMR
(CDCl,, 400 MHz, ppm) &: 9.09-9.07 (d, 8.6 Hz, 2H), 7.17-
7.15 (dd. J=8.6 Hz, J,=1.6 Hz, 2H), 6.89-6.88 (d, J=1.6 Hz,
2H),3.74-3.70 (t, J=7.4 Hz 4H), 1.71-1.56 (q, J=6.3 Hz, 4H),
1.42-1.26 (m, 74H), 0.90-0.86 (t, J=6.8 Hz, 4H). '*C NMR
(CDCl,, 100 MHz, ppm):  167.49, 145.68, 132.55, 131.22,
126.66, 125.05, 120.44, 111.18, 55 38.39, 35.61, 33.44,
31.93,30.96,30.04, 29.70, 29.69, 29.66, 29.36, 26.62, 22.70,
14.12. Flemental Anal.: Caled. for C4,H,0Br,N,O,: C,
69.90; H, 9.46; N, 2.63. Found: C, 69.78; H, 9.46; N, 2.62.
ESI-HRMS: Calcd. for [M+H]*: 1063.62243. Found: 1063.
62480.
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Example 25

[0179]

CiHay

Ciolly
K,CO,, DMF, 110°C.

CioHyy
CioHag

CioHz
Ciota)

M3

[0180]

[0181] 6.6'-dibromoisoindigo and potassium carbonate
were dissolved in DMF (100 mL). Compound 14 was added
under nitrogen protection. Reaction was conducted under
agitation at temperature of 110° C. for 15 h. After the com-
plete of the reaction, the solvent was removed by rotatory
evaporation. After dissolved into CHCI; (100 mL) and
washed with water for three times, the organic phases were
combined and washed with saturated saline once, and then
dried with anhydrous Na,SQ,. After rotatory evaporation, it
was loaded onto a silica gel column for separation to obtain a
dark red solid M3 with a yield of 71%. "H NMR (CDCl,, 400
MHz, ppm) d: 9.10-9.08 (d, J=8.6 Hz, 2H), 7.18-7.16 (dd,
J=8.6 Hz, ],=1.6 Hz, 2H), 6.93-6.92 (d, I=1.6 Hz, 2H), 3.73-
3.69 (t, J=7.4 Hz, 4H), 1.68-1.64 (m, 4H), 1.34-1.22 (m,
78H), 0.89-0.86 (t, 1=6.6 Hz, 12H). 1*C NMR (CDCl,, 100
MHz, ppm): d 167.68, 145.76, 132.60, 131.21, 126.72, 125.
10,120.41,111.28, 40.61, 37.10, 33.52, 31.93, 30.81, 30.09,
29.69, 29.65, 29.36, 26.67, 24.47, 22.69, 14.12. Elemental
Anal.: Caled. for C.,H,,,Br;N,0,: C, 70.31; H, 9.59; N,
2.56. Found: C, 70.50; H, 9.62; N, 2.53. ESI-HRMS: Calcd.
for [M+H]*: 1091.65373. Found: 1093.65487.

Synthesis of Monomer M3:
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Example 26

[0182]

CioHay

WCIOHZI

K,CO;3, DMT, 110°C.

CioHz)

gclol{n
0
N
O
N

(0]

CioH3]
CioHay
M4

[0183]

[0184] 6,6'-dibromoisoindigo and potassium carbonate
were dissolved in DMF (100 mL). Compound 15 was added
under nitrogen protection. Reaction was conducted under
agitation at temperature of 110° C. for 15 h. After the com-
plete of the reaction, the solvent was removed by rotatory
evaporation. After dissolved into CHCI; (100 mL) and
washed with water for three times, the organic phases were
combined and washed with saturated saline once, and then
dried with anhydrous Na,SO,. After rotatory evaporation, it
was loaded onto a silica gel column for separation to obtain a
dark red solid M4 with a yield of 83%. 'H NMR (CDCl,, 400
MHz, ppm) d: 9.10-9.07 (d, J=8.6 Hz, 2H), 7.17-7.14 (dd,
J,=8.6 Hz, ],=1.6 Hz, 2H), 6.92-6.91 (d, J=1.6 Hz, 2H),
3.74-3.70 (t, J=7.4 Hz, 4H), 1.67-1.62 (m, 4H), 1.36-1.22 (m,
82H), 0.89-0.86 (t, J=6.8 Hz, 12H). >C NMR (CDCl,, 100
MHz, ppm): d 167.67, 145.76, 132.59, 131.23, 126.71, 125.
10,120.41,111.26, 40.27,37.39,33.61,33.36,31.93, 30.13,
29.72, 29.66, 2937, 27.78, 26.71, 24.22, 22.70, 14.12.
Elemental Anal.: Calcd. for C4H,,4Br,N,O,: C, 70.69; H,
9.71;N,2.50. Found: C, 70.79; H, 9.55; N, 2.49. ESI-HRMS:
Caled. for [M+Na]*: 1141.66698. Found: 1141.66836.

Synthesis of Monomer M4:
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Example 27
[0185]

CiaHao

I\/\)\
Ci4Hzo

K»COs, DMF, 110° C.

Craly

Crabys

0]

Ciallyg

Cialg
M5

[0186] Synthesis of Monomer M5:

[0187] 6.6'-dibromoisoindigo (2 g, 4.76 mmol) and potas-
sium carbonate (1.97 g, 14.28 mmol) were dissolved in DMF
(100 mL). Compound 20 (6.0 g, 10.4 mmol) was added under
nitrogen protection. Reaction was conducted under agitation
at temperature of 100° C. for 15 h. After the complete of the
reaction, the solvent was removed by rotatory evaporation.
After dissolved into CHCI, (100 mL) and washed with water
for three times, the organic phases were combined and
washed with saturated saline once, and then dried with anhy-
drous Na,SO,. After rotatory evaporation, it was loaded onto
a silica gel column for separation to obtain 6.0 g of dark red
solid M5 with a yield of 95%. "H NMR (CDCl,, 400 MHz,
ppm) &: 9.10-9.08 (d, J=8.6 Hz, 2H), 7.18-7.15 (dd, J,=8.6
Hz,J,=1.8Hz,2H), 6.93-6.92 (d,]=1.8 Hz, 2H), 3.73-3.69 (t,
J=7.5 Hz, 4H), 1.67-1.64 (m, 4H), 1.34-1.22 (m. 114H),
0.89-0.86 (t, J=6.6 Hz, 12H).

Example 28
[0188]

CigHz7

' I\/\)\
CigHsy

K»COs, DMF, 100° C.

H
0, N,
O B
Br O
N 0
H
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[0189] Synthesis of Monomer M6:

[0190] 6.6'-dibromoisoindigo (1.5 g, 3.57 mmol) and
potassium carbonate (1.48 g, 10.71 mmol) were dissolved in
DMF (100 mL). Compound 21 (5.41 g, 7.86 mmol) was
added under nitrogen protection. Reaction was conducted
under agitation at temperature of 100° C. for 15 h. After the
complete of the reaction, the solvent was removed by rotatory
evaporation. After dissolved into CHCI; (100 mL) and
washed with water for three times, the organic phases were
combined and washed with saturated saline once, and then
dried with anhydrous Na,SO,,. After rotatory evaporation, it
was loaded onto a silica gel column for separation to obtain
4.95 g of dark red solid M6 with a yield of 90%. 'H NMR
(CDCl,, 400 MHz, ppm) "H NMR (CDCl,, 400 MHz, ppm)

N © &: 9.10-9.08 (d, J=8.6 Hz, 2H), 7.18-7.15 (dd, J=8.6 Hz,
1,=1.8 Hz, 2H), 6.93-6.92 (d, J=1.8 Hz, 2H), 3.73-3.69 (t,
J=1.5 Hz, 4H), 1.67-1.64 (m, 4H), 1.34-122 (m, 142H),
0.89-0.86 (t, J=6.6 Hz, 12H).

CisHsy
Example 29 to Example 31 are Polymerization for
e the Polymers
M6 Example 29
[0191]
CoH,
108421 C10H21
% N MezSn S / \
\ / S SnMe;
T Pd,dbag, P(o-tol);
PhMe, 110° C.
N 0
CiH
o CioHay
M2
CioHay Coofay

CioHay

CroHay
P2
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[0192] Synthesis of Polymer P2:

[0193] Under nitrogen protection. M2 (0.235 mmol), 5,5'-
bis(trimethylstannyl)-2,2'-bithiophene (0.235 mmol), Pd,
(dba); (4.3 mg, 2 mol %), P(o-tol); (5.7 mg, 8 mol %), and 10

Jan. 9, 2014

the product (236 mg, with a yield of 95%). Flemental Anal.
Caled: for (C,oH,(,N,0,S,),: C, 78.52; H. 9.88; N, 2.62.
Found: C, 77.78; 11, 9.47; N, 2.55.

ml dry toluene solvent were added into a reaction flask. After Example 30
reaction with agitation at temperature of 110° C. for 24 h,
Soxhlet extraction was conducted with chloroform to obtain [0194]
CoH,
101421 C10H21
0O N, MesSn / \

CroHaf

S
\ / S SnMes
Pdydbagz, Plo-tol);
PhMe, 110° C.

Ciola1

CroHay C oty

CioHyj CioHzy

P3
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[0195] Synthesis of Polymer P3:

[0196] Under nitrogen protection, M3 (0.229 mmol), 5,5'-
bis(trimethylstannyl)-2,2'-bithiophene (0.229 mmol), Pd,
(dba); (4.3 mg, 2 mol %), P(o-tol); (5.6 mg, 8 mol %), and 10
ml dry toluene solvent were added into a reaction flask. After
reaction with agitation at temperature of 110° C. for 24 h,
Soxhlet extraction was conducted with chloroform to obtain

CroHyy

CioHaj CioHz)

M4
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the product (238 mg, with a yield of 94%). Elemental Anal.:
Caled. for (C,,H,(sN,0,8,),: C, 77.78; H, 9.92; N, 2.55.
Found: C, 77.85; H, 9.75; N, 2.48.

Example 31
[0197]
CioHal
N Me;Sn S / \
\ / S SnMe3
Br >
Pd,dbag, P(o-tol)z
PhMe, 110° C.
(6]
CioHa CioHa

CroHay

CioHa)
P4
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[0198] Synthesis of Polymer P4:
[0199] Under nitrogen protection, M4 (0.229 mmol), 5,5'-

bis(trimethylstannyl)-2,2'-bithiophene (0.229 mmol), Pd,
(dba), (4.2 mg, 2 mol %), P(o-101); (5.6 mg, 8 mol %), and 10
ml dry toluene solvent were added into a reaction flask. After
reaction with agitation at temperature of 110° C. for 24 h,
Soxhlet extraction was conducted with chloroform to obtain
the product (220 mg, with a yield of 87%). Elemental Anal.:
Calcd. for (C,,H, ,N,0,S,),: C, 78.95; H, 10.03; N, 2.49.
Found: C, 78.25; H, 9.91; N, 2.46.

Example 32

[0200] The optical physical properties and electrochemical
properties of Polymers P2, P3, and P4 were characterized and
the data are shown in the following table:

TABLE 1

Jan. 9, 2014

significant change occurred to the spectra and electrochem-
istry of P2~P4. The absorption spectra apparently shifted to
red, the HOMO energy levels apparently increased, and the
band gaps apparently reduced. These changes were due to the
changes of the mode of stacking between polymers.

Example 33

Device Processing and X-Ray Diffraction
Characterization of the Organic Field Effect
Transistor Comprising Polymers P1-P4

[0203] Processing of the organic field effect transistor
(OTFT) was conducted with the device structure of bottom-
gate/top-contact (BG/TC). For the substrate, doped silicon
(n**-Si) was used as a gate electrode, and 300 nm silicon

The optical physical and electrochemical properties of Polymers P1-P4

Molecular  Decomposition
Weight M, Temperature A, s0l. b, fim E* Epous Erme B Enowmores
Polymer (kDa)/PDI (cC) (nm)® (nm)* (V) (eVy¥  (eV) (eVyF evy
P1 20.4/2.0 390 706,647 701,637 1.60 =570 -3.70 2.00 -5.54
P2 18.4/2.0 384 711,647 707,641 1.60 =560 -3.70 190 -5.57
P3 39.2/3.2 392 718,673 719,653 1.58 =552 =374 178 -5.33
P4 37.3/2.3 374 719,675 716,647 158 =550 -394 176 -5.26

“Longest absorption wavelength of the solution (corresponding to 0-0 vibration absorption and 0-1 vibration absorption, respectively);

blongest absorption wavelength of the film (corresponding to 0-0 vibration absorption and 0-1 vibration absorption, respectively);

“band gap in the absorption spectrum;
electrochemical measurement value;
“electrochemical band gap;

Jphotoelectron spectrum (PES) measurement value,

[0201] Among them, P1 is a 2-branching polymer (Lei, T.;
Cao, Y.; Fan, Y.; Liu, C. J.; Yuan, S. C.; Pei, J. I. Am. Chem.
Soc. 2011, 133, 6099), whose structure is as follows:

P1

CeHy7

//<C10H21
N

N 0
C8H17>//
CroHay
[0202] P2~P4 are polymers synthesized in the invention.

After the introduction of different branching alkyl chains,

dioxide was used as an insulation layer. The substrate was
washed with acetone, a detergent, water and isopropanol suc-
cessively before dried with nitrogen blow. Then the substrate
was cleaned with plasma beam for 15 minutes, and modified
with octadecylsilane. Then the dichlorobenzene solution of
the polymer was spin coated onto the substrate and annealed
at different temperatures. Then at high vacuum, a layer of 30
mm gold electrode was coated by hot vapor deposition with a
physical mask as the source electrode and the drain electrode.
The measurement of the mobility of the polymer was con-
ducted on a Keithley 4200 semiconductor characterization
system.

[0204] The experiments proved that compared to P1, the
mobility of P3 had great increase from the initial 0.79 cm*V-
1571 (P1) t0 3.62 cm?V~'s7!. The threshold voltage also sig-
nificantly decreased.

[0205] The X ray diffraction experiment was conducted on
Beamline BL.14B1 at Shanghai Synchrotron Radiation Facil-
ity with a wavelength of 1.2398 A, and the measurement was
conducted with an Nal counter. The experiments proved that
the type of branching alkyl chains contained in the polymers
effectively reduced the m-rt stacking distance between poly-
mers. This result also proved the huge effect of the novel alkyl
chain of the disclosure in organic semiconductor devices.
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TABLE 2

Performance of the organic field effect transistors
and results of the film glancing X-ray study

Annealing Threshold  on/off
Temperature ~ Mobility Voltage ratio N
Polymer (°C)H (cm?V-lshya V) Lnlyy L 7
P1 150 0.79 (0.45) -18 >10° 203 375
P2 200 0.40(0.28) -10 >10° 237 3.61
P3 175 3.62(2.98) -2 >10° 247 357
P4 175 1.76 (1.44) -5 >10° 261 3.57

“The measurement was conducted in air (RH = 50~60%). Maximal mobility values were
shown outside the parentheses, while average values were shown in the parentheses.
®The layer phase distance (L) and 7t-z stacking distance (1) obtained in the X-ray study.

1. A Formula (I) compound:

Formula (I)

in the structure of Formula (I), m is an integer more than 1;
R is ahalogen atom, hydroxyl, amino, trifluvoromethane-
sulfonate group, p-toluenesulfonate group, azide group,
cyano, alkenyl, alkynyl or alkoxy; R® and R* are the
same or different, independently selected from alkyl,
halogen substituted alkyl, alkoxy, halogen substituted
alkoxy, alkenyl and alkynyl; R is hydrogen, hydroxyl,
alkyl, halogen substituted alkyl, alkoxy, halogen substi-
tuted alkoxy, alkenyl or alkynyl.
2. The Formula (I) compound according to claim 1,
wherein m is an integer of 2~18.
3. The Formula (I) compound according to claim 1,
wherein the compound is selected from one of the following
compounds:

CioHa CioHay
/\)\ HO\/\)\
HO CioHay CioHa
C10H21 CIOHZI
HO/\/\)\CIOHZI 1/\)\C10H21
CroHay CioHag
I\/\)\ /\/\)\
CioHyy I CioHa)
Ciallyo CigHzy
I I\/\)\
CraHpo CisHsy
Ciallzy CigHsr
HOM HO\/\)\
Ci4Hp CisHsr
CIOHZI CIOHZI
/\)\ N3\/\)\
ILN CioHay Ciotay
Ciollyy
N
CioHap
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4. The method for preparation the Formula (T) compound
according to claim 1 comprising the following steps:

1) Starting from the diol as shown in Formula (a), protec-
tion by a protecting group is conducted to obtain the diol
with one terminus protected as shown in Formula (b);

OH OH
— PGO*%/

Formula (b)

HO™ Y 4%

Formula (a)

2) The diol with one terminus protected is oxidized to
obtain the carboxylic acid as shown in Formula (c¢);

o]

/H\/OH —>Ox1dat10n PGO\/)]\
pGo” T w1 OH

Formula (b) Formula (c)

3) The carboxylic acid as shown in Formula (¢) is subject to
functional group transformation and nucleophilic sub-
stitution to introduce the R® and R* groups;

0 R}
OH
PGO » PGO
w1l NOH m1 R
Formula (¢) Formula (&)

4) R is introduced;

R} R3

OH R?
PGO PGO
m-1 R4 m-1 R4

Formula (e) Formula (1)

5) The protecting group is eliminated to generate the cor-
responding alcohol;

R3 R3
R’ R’
PGO » HO.
m-1 R4 m-1 R4
Formula (i) Formula (k)

6) When the R in Formula (I) is not hydroxyl, a substitution
is conducted on the hydroxyl in the Formula (k) com-
pound to convert it to other functional group, obtaining
the Formula () compound with R being the correspond-
ing functional group.

5. The method of preparation according to claim 4, wherein

the step 3) is conducted with the following method 3a) or 3b):

3a) The carboxylic acid is reacted with an alcohol and
converted into an ester, followed by a nucleophilic sub-
stitution to introduce the R* and R* groups:
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0] 0]
PGO\(%)‘\ R'OH PGO\M)‘\
-1 OH m-1 OR'
Formula (c) Formula (d)
R3
OH
PGO,
m-1 R4
Formula (e)

wherein R' is alkyl;

3b) The carboxylic acid is converted to an acyl halide, then
the nucleophilic substitution is conducted to introduce

the R? and R* groups:
(0] (6]
GO\A PX; PGO\\)L
OH — X —
\ /m-1 m-1
Formula (f)

Formula (¢)

R3

OH
PGO R4
m-1

Formula (e)

wherein X is halogen.

6. The method of preparation according to claim 4, wherein
the step 4) is conducted with the following method 4a), 4b) or
4c¢):

4a) When R? is alkoxy, a strong alkaline is reacted with the
alcohol hydroxyl of the Formula (e) compound to gen-
erate an oxygen anion, which is subsequently subject to
a nucleophilic substitution by R>X to obtain the com-
pound of Formula (g):

R? R?
OH Naff, R¥X ORY
PGO —> PGO.
R* R*
m-1 Cm-1
Formula (e) Formula (g)

wherein OR is R*; X is a halogen atom, trifluoromethane-
sulfonate group or p-toluenesulfonate group; and R is

alkyl;

4b) When R® is alkyl, halogen substituted alkoxy, alkenyl
or alkynyl, the Formula (e) compound is reacted with
trifluoromethanesulfonyl chloride to generate trifluo-
romethanesulfonate group, and then a nucleophilic sub-
stitution is conducted to obtain the Formula (i) com-
pound:

Jan. 9, 2014

0]

R NaH F3C—|S—Cl
OH 0

PGO. - >

v m-1
Formula (e)
R3 R3

OMs RSL1
PGO.
R4
m-1

4c) When R’ is hydrogen atom, the oxygen atom is
removed under the conditions of triethylsilane and trif-
luoroacetic acid to form the Formula (j) compound.

RS
PGO. -
m-1

Formula (i)

R} R}
OH Et;SiH, TFA
PGO. — ™ PGO
R R
m-1 m-1
Fermula (e) Formula (j)

7. The method of preparation according to claim 4, wherein
the step 6) is conducted using one of the following method
6a)~61f) depending on different substituents of R:

6a) When R is halogen, one of the following reactions is

conducted to obtain the corresponding Formula (T) com-
pound:

R3
R} PPhg, I», imidazole
HO
m-1
R3
R’ PPhy, CBry, imidazole R’
_— -
HO v Br v
- 'm-1
R3
R} PPh3,CCl4, imidazole R’
¢l R4.
m-1 ?

6b) When R is trifluoromethanesulfonate group or p-tolu-
enesulfonate group, an alkaline is reacted with the alco-
hol hydroxyl to generate an oxygen anion, which is
subsequently subject to a nucleophilic substitution by
MsCl or TsCl to obtain the corresponding Formula (1)

compound;

R? R?
5 5
R MsCl R

HO > MsO,
R* R*
-1 'm-1
R} R
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6c) When R is an azide group, the Formula (I) compound
with R being an azide group is obtained by a nucleo-
philic substitution between sodium azide and halogen,
trifluoromethanesulfonate group or p-toluenesulfonate

group:

R} R?
5 5
R* NaN; R
—
HO. R 4 DMF N3 R 4
m-1 -1

In the aforementioned reaction, X represents a halogen
atom, trifluoromethanesulfonate group or p-toluene-
sulfonate group;

6d) When R is cyano, the Formula (I) compound with R
being a cyano is obtained by a nucleophilic substitution
between a cyanide and halogen, trifluoromethane-
sulfonate group or p-toluenesulfonate group:

In the aforementioned reaction, X represents a halogen
atom, trifluoromethanesulfonate group or p-toluene-
sulfonate group;

6e) When R is amino, the Formula (I) compound with R
being an amino is obtained by that the azide group or
cyano is reduced to amino, or a Gabriel amine synthesis:

R? R?
R® pyc, M, R
N — HN
’ 'm-1 R4 m-1 R4
R? R?
R’ R’
NC Pd/C, Hy
-1 R MmN -1 R
0
NK
R? ) R3
RS R®
X " 0 H,N -
-1 ii NH,NH, -1

In the aforementioned reaction, X represents a halogen
atom, trifluoromethanesulfonate group or p-toluene-
sulfonate group;

6f) When R is an alkenyl or alkynyl, the Formula (I) com-
pound with R being alkenyl or alkynyl is obtained by a
nucleophilic substitution of the Formula (I) compound
with R being a halogen atom by a nucleophilic agent
containing the alkenyl or alkynyl.
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8. The aromatic compound having branching alkyl chains
as shown in Formula

Formula (III)

wherein Ar' represents the aromatic core; the wavy lines
represent functional groups required for the polymeriza-
tion of this aromatic compound; m is an integer of more
than 1; R® and R* are the same or different, indepen-
dently selected from alkyl, halogen substituted alkyl,
alkoxy, halogen substituted alkoxy, alkeny! and alkynyl;
and R’ is hydrogen, hydroxyl, alkyl, halogen substituted
alkyl, alkoxy, halogen substituted alkoxy, alkenyl or
alkynyl.

9. The aromatic compound according to claim 8, wherein
the aromatic compound is selected from one of the aromatic
compounds having the structures as shown in the following
Formulae II1-1 to III-16:

-1

112
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-continued
, 1I-3
RY 1
) 114
RJ
R4
R;>l\j)m
(6] N O
Rﬁ
R7
(6] N 6]
N R
R4
R3
, 1I-5
R 1
R® I

-continued

R3

R4
R’ I

R3
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1II-6

1I1-7

1I1-8
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-continued
119
R3
R4

11I-10

R4
R3
1I-11
R3
R4
RS I
N R
a / \
\ / )
RS N
(N ¥
R4
R3
1I-12
R3
R4
RS )

1I-13
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-continued
1I-14

Y

R* K \\

1II-15

1I-16

R4

R3

in the aforementioned Formulae I11-1 to 11I-16, R®, R7, R®
and R’ represent substituents on the aromatic ring, inde-
pendently selected from hydrogen atom, halogen atom,
nitro, amino, cyano, alkyl, alkenyl, alkynyl, alkoxy,
halogen substituted alkyl and halogen substituted
alkoxy; R'° and R*! represents one or more substituents
on the aromatic ring which are independently selected
from hydrogen atom, halogen atom, nitro, amino, cyano,
alkyl, alkenyl, alkynyl, alkoxy, halogen substituted alkyl
and halogen substituted alkoxy; a and a' are indepen-
dently selected from the following structures: —S—,
—0—,—Se—, and —NR'">—; b, b, c and ¢' are inde-
pendently selected from the following structures:
—N—, —N—,—CR"—, and —CR'*>—, whereinR "
represents hydrogen atom, alkyl, alkenyl, alkynyl,
alkoxy, halogen substituted alkyl, halogen substituted
alkoxy, aryl or heteroaryl.
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10. A Formula (IT) polymer: -continued

Formula (I) R?

wherein Ar' and Ar® represent different aromatic com-
pound fragments; n is an integer which represents the
polymerization degree of the polymer; m is an integer of
more than 1; R? and R* are the same or different, inde-
pendently selected from alkyl, halogen substituted alky],

R3
alkoxy, halogen substituted alkoxy, alkenyl and alkynyl; R
and R’ is hydrogen, hydroxyl, alkyl, halogen substituted
alkyl, alkoxy, halogen substituted alkoxy, alkenyl or R )n
alkynyl. ' ' o N o
11. The Formula (IT) polymer according to claim 10,
wherein the polymer is obtained by polymerization of the
aromatic compound monomers with the structures as shown R
in anyone of the following Formulae I1I-1 to I11-16
Rr7
1I-1
R3
R4 0 N 0
N R
R4
R3
R3
R4
R’ I

112

113

1I1-4

115
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-continued

(N R

R4

34

-continued
1I-6
R3
R4

R’ I

Jan. 9, 2014

119

R4

1II-7

R4

118 RS

1I-10

II-11

1I-12
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-continued

1I-13

1I-14
R3
N
R4

1II-15

Jan. 9, 2014

-continued
III-16
R3

m

¢\
I\ .
a0
N

R4

R4

R3

wherein in the aforementioned Formulae ITI-1 to ITI-16, RS,
R, R® and R represent substituents on the aromatic ring,
independently selected from hydrogen atom, halogen atom,
nitro, amino, cyano, alkyl, alkenyl, alkynyl, alkoxy, halogen
substituted alkyl and halogen substituted alkoxy; R*° and R**
represents one or more substituents on the aromatic ring
which are independently selected from hydrogen atom, halo-
gen atom, nitro, amino, cyano, alkyl, alkenyl, alkynyl, alkoxy,
halogen substituted alkyl and halogen substituted alkoxy; a
and a' are independently selected from the following struc-
tures: —S—, —O—, —Se—, and —NR'>—; b, b', c and ¢'
are independently selected from the following structures:
—N—, =N—, —CR'">—, and —CR'>—, wherein R'> rep-
resents hydrogen atom, alkyl, alkenyl, alkynyl, alkoxy, halo-
gen substituted alkyl, halogen substituted alkoxy, aryl or het-
eroaryl; and
the Ar? aromatic compound monomer.

12. Use of the Formula (IT) polymer of claim 10 as organic
semiconductor materials in photoelectric devices.

13. Use of claim 12, wherein the photoelectric device is an
organic solar cell, an organic light emitting diode and an
organic field effect transistor.

* ok % % ¥
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