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N-Alkylation Of 6,6’-Dibromoisoindigo via Tosylate:
An Economical Pathway
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This paper introduces a substantial and price reasonable pathway to N-alkylate the 6,6’-

dibromoisoindigo. The conventional method for this N-alkylation involves the usage of alkyl

bromides, which are available in the commercial with high-priced and limited amount. In this

research, the price to purchase 7-(bromomethyl) pentadecane is four-fold than the cost to

synthesize the relevant tosylate from 2-hexyl-1-decanol. The most suitable reaction condition to

N-alkylate this 6,6’-dibromoisoindigo is by refluxing it with potassium carbonate in dried DMF

under nitrogen atmosphere. After characterization, it can be concluded that 6,6’-dibromoisoindigo

has been successfully N-alkylated with tosylate without involved the expensive alkyl bromide.
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I. INTRODUCTION

The well-known indigo compound was
introduced in the mid-20t century [1]. It is an
indigoid pigment which could be found
naturally from the woad leaves named isatis
tinctorium,  and

tinctoria,  polygonum

indigofera tinctoria. This pigment has been
[2—4].

Isoindigo is structurally isomeric with this

applied as dyestuffs for centuries

famous indigo, as shown in Figure 1. This
isoindigo was first to be introduced as electron
accepting monomer for conjugated polymer in
20t century [5]. The chemical structures for
both indigo and isoindigo were illustrated in

Figure 1.
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Figure 1. The chemical structure of indigo and

isoindigo.

II. LITERATURE REVIEW

From the past research papers regarding the
synthesis of conjugated polymers for the
photovoltaic application, isoindigo has been
extensively studied and found to be a promising
candidate for electron acceptor along the
polymeric backbone [6]. Based on the previous
studies, this isoindigo applied as the acceptor is

generally presented as 6,6’-dibromoisoindigo
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with two bromine atoms attached at the 6t- and
6%’- positions, which is synthesized from 6-
bromoisatin [7] and 6-bromo-2-oxindole [8],
before polymerized with other monomers
through either Suzuki’s or Stille’s coupling
reaction [9—17][18][19]. However, isoindigo can
also be directly polymerized without the present
of bromine substituents through direct
arylation[20—25]. The chemical structure for

6,6’-dibromoisoindigo was shown in Figure 2.
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Figure 2. The 6,6’-dibromoisoindigo (1)

The secondary amine group present in this
6,6’-dibromoisoindigo (1) is an interesting
functional group for the researchers as the
present of N-alkyl chains are known to be able to
enhance the solubility and have significant
impacts on the molecular, electrical, and optical
properties of the resulting conjugated polymers
[26]. There are several pathways to incorporate
the desired alkyl chains on the amine groups of
(1). Amongst the existing pathways, the
commonly used method is refluxing the
compound (1) with the chosen either alkyl
bromide (R-Br) [5,10,27—33] or alkyl iodide (R-
I) [9,334—38] in the present of potassium
carbonate (K.COs) under inert atmosphere. For
the fluorinated compound (1), R-I with
potassium hydroxide (KOH) in 1:1 DMSO/THF
is the suitable condition for N-alkylation [39].
These alkyl halides have been applied as the
alkyl source to N-alkylate the compound (1)
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since 2010. Tosylation is the synthesis of desired
tosylates by reacting the appropriated alcohols
with p-toluenesulfonyl chloride [40]. After that,
the synthesized tosylates are used to N-alkylate
the amine groups of the targeted compounds.
There are several papers reported the synthesis
method to N-alkylate the amine group present in
carbazole from tosylates in the present of KOH
[41—45], yet there have no paper mentioned
about N-alkylation of compound (1) through
tosylates. Thus, some trials have been done and
the most suitable reaction condition and base is

reported in this paper.

II1. METHODOLOGY

All the chemicals and solvents mentioned in
these procedures were purchased from the
commercial suppliers and used without further
purification, except for the DMF solvent which
was dried in advance by distillated over calcium
hydride.

A. The Conventional Pathway

CgHyy
CeHi3
Br.
0]

l =S
CeHi3 CeH17 ~
o 0

0

K,CO3, dried DMF  Br
Br 100°C

CgHiz
1) CeH17
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Scheme 1. N-alkylation through alkyl bromide.

The 6,6’-dibromoisoindigo (1) (1.00 g, 2.38
mmol, 1.00 equiv.) and anhydrous potassium
carbonate (1.65 g, 11.90 mmol, 5.00 equiv. to 1)
were added into 50 mL of dried DMF, after

which the reaction mixture was heated up to
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100 °C under nitrogen atmosphere. Next, 7-
(bromomethyl) pentadecane (1.82 mL, 1.82 g,
5.95 mmol, 2.50 equiv. to (1) was then injected
into the solution mixture through a syringe.
The reaction mixture was continue to stir and
reflux for 24 hours at 100°C. After that, the
resulting mixture was dropped into 100 mL
distilled water and extracted three times with
250 mL of dichloromethane (DCM). The
combined organic layer was washed with brine
(8 w/v% NaCl), water, and dried over Na,SO,.
The DCM solvent was then removed under
reduced pressure, the resulting deep-red oil
was purified through column chromatography
(SiO,, 1:1 n-Hexane/DCM, Rf =0.84)
[5,10,32,33]. The first yellowish outflow was
removed while the second bright reddish
outflow was collected and dried overnight.
After that, the reddish product was passed
through the column chromatography (SiO.,
11:9 n-Hexane/Toluene, Rf =0.99) once again
and only the reddish outflow was collected and
dried. Finally, the purity of the product was
double confirmed with the aids of TLC. The
product (M1) yielded 527 mg (0.606 mmol, Y=

25.46 %).

B. The Economical Pathway
Step 1:
[0}
OH C|—£ ﬁ
| O*ﬁ% —
0 CgHyy
GsHiy~ DCeHiz  MesNHC, Et;N Cehis

R.T.

(ii) (2)

Scheme 2. Synthesis of tosylate
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First of all, two portions of reaction mixture
were prepared. For the first portion, 2-hexyl-1-
decanol (ii) (5 mL, 4.18 g, 17.24 mmol, 1.00
equiv.), trimethylammonium
monohydrochloride, Me;sN-HCI (1.24 g, 12.93
mmol, 0.75 equiv. to ii), and triethylamine,
Et;N (7.40 mL, 5.38 g, 53.20 mmol, 3.09 equiv.
to ii) were added subsequently into a stirring
17.25 mL of DCM. The second portion
consisted of p-toluenesulfonyl chloride, p-TsCl
(6.00 g, 31.46 mmol, 1.83 equiv. to ii) in 17.25
mL of DCM. The first portion was then placed
into an ice bath. After that, second portion was
added dropwisely into the cold stirring
mixture, and the resulting reaction mixture was
stirred for 3 hours with the temperature
maintained in the range of 0-5°C. Next,
distilled water was added and the solution
mixture was extracted three times with DCM.
The combined DCM layer was then washed
with distilled water and brine (8%w/v NaCl)
solution, before dried over Na,SO,. Finally, the
DCM was evaporated off under reduced
pressure and the resulting residue was purified
through column chromatography (SiO,, 9:1 n-
hexane/ethyl acetate, Rf=0.52) [41,42,46]. The
obtained transparent oily liquid (2) was
yielded 6.82 g (17.19 mmol, Y= 99.71 %).

Step 2:

CgHyy
CeHiz
(0]

N Br
~ O
‘ N
Br Y
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K»CO3, dried DMF
100°C

(1)
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Scheme 3. N-alkylation through tosylate
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First of all, 6,6’-dibromoisoindigo (1) (1.00
g, 2.38 mmol) and K,CO; (1.65 g, 11.90 mmol,
5.00 equiv. to (1) was added into 30 mL of dried
DMF. The reaction mixture was stirred and
heated up to 60°C under nitrogen atmosphere
until the precursor (1) was completely
dissolved. After that, another set of solution
mixture which contains 2-hexyl-1-decane p-
toluenesulfonate (2) (2.83 g, 7.14 mmol, 3.00
equiv. to 1) in 20 mL of dried DMF was
dropwisely added into the former reaction
mixture. The resulting mixture was then heated
up to 100 °C for 24 hours under nitrogen
atmosphere. Next, the reaction mixture was
cooled down to room temperature and dropped
into 200 mL of distilled water, followed by the
extraction with 300 mL of ethyl acetate three
times. The collected organic layers were
combined, washed with water, and dried over
Na.SO,. The solvent was then removed under
reduced pressure, the resulting deep-red oil
was purified through column chromatography
(SiO,, 1:1 n-Hexane/DCM, Rf =0.84). The
reddish outflow was collected, dried, and
column

through
(SiO,,

purified again

chromatography 11:9 n-
Hexane/Toluene, Rf =0.99). Only the red

outflow was collected, dried and the yielded

was 503 mg (0.579

y

mmol, Y= 24.33 %).

2)
Figure 3. The synthesized products.

(M1) (M2)

C. Price Comparison

The price comparison was done according to
the price stated in the online catalog portal of
the Millipore Sigma® and TCI chemicals® by
October 2017. All the prices were clearly
tabulated in Table 1.

Table 1. The price comparison for the precursors of

alkyl chain.

Economical
Pathway

Conventional pathway

2-hexyl-1-decanol
(2425-77-6)
OH

CgH7 CeH13
> 25mL:
29.80 USD?
> 25 mL:
29.00 USD?
Trimethylamine
hydrochloride
(593-81-7)

7-
bromomethylpentadecane
(52997-43-0)

HCI

AN
» 25¢:
14.90
usD?

Triethylamine

(121-44-8)
CH,CH;

Br

CgH17 CeHi13

> 25 mL: 418 USD? N
H3CH2C/ \CHZCH3
» 100 mL:
29.30
usD?
p-Toluenesulfonyl

Chloride (98-59-9)
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S0,Cl
> 25¢:
16.00
UsD?
418 USD 89.20 USD*

Millipore Sigma®, 2TCI chemicals®, 3Fischer
Scientific®
*Sum of the lowest prices

From the Table 1, we could know that the
price for an alkyl bromide is far more expensive
than the price for all the precursors needed to

synthesize a suitable tosylate for N-alkylation.
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Meanwhile, the price of the salt, NaCl and the
solvents involved in the economical pathway,
i.e. dichloromethane, n-hexane, and ethyl
acetate are not inputted in the Table 1 as these
solvents are purchased in large amount, yet
only a small quantity were used for one cycle of

the alternative pathway.

Iv. RESULTS AND DISCUSSIONS

The 6,6’-dibromo-(N,N’-2-hexyldecyl)
isoindigo obtained through the conventional
(M1) and economical (M2) pathways were then
further characterized with FTIR and NMR. The
melting points for both M1 and M2 are lied in
the range of 49-52 °C. In addition, only the first
reddish outflow was collected during the
purification process, as the other reddish
portions with Rf value <0.70 were found to be
the by-products with aromatic ring deformation.
This is also the reason for the low product yield
for both M1 and M2. The purified Rf values of

the TLC were calculated as shown in Figure 4.

—

- 1
74 k-2 [;0[' -‘_;-_1 !
(a) (b)

Figure 4. The TLC for (a) 1:1 DCM/n-hexane, and
(b) 11:9 n-hexane/toluene.

During the experiment, it was discovered
that the precursor (1) cannot be N-alkylated with
the tosylate (2) in the present of KOH base at
room temperature, even though this reaction

condition is commonly used to N-alkylate the
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carbazole. For the alkylation of precursor (1),
100°C reflux and K,CO5 are the most suitable
reaction condition with reasonable cost for the
time being. Besides that, the solubility of
precursor (1) in DMF is much better than
DMSO. Hence, DMF is the most suitable solvent

for this reaction.

A. Fourier Transform Infrared (FTIR)
Spectroscopy
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Figure 5. The FTIR spectra of (M1) and (M2) versus
(1)

From the FTIR spectra shown in Figure 5, it
can be concluded that both M1 and M2 consist
of same functional groups as they have similar
absorption frequencies. The two strong
absorption bands located in the range of 2850-
2990 cm™ represent the stretching vibration of
—CH; and —CH., which indicate the present of
alkyl chains in both M1 and M2. On the other
hand, the band located at 3113 cm™ in the

spectrum of precursor (1) represents the present
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of secondary amine group. The vanishing of
secondary amine band and emergence of alkyl
bands denoted that the N-alkylation has been
successfully carried out via both conventional

and economical pathways as mentioned in

B. Nuclear Magnetic Resonance (NMR)

The 'H-NMR and 3C-NMR spectra of M1 and
M2 shown in Figure 6 have similar peaks, which
indicated that both M1 and M2 are analogous

with each other.
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Figure 6. The 'H-NMR and 3C-NMR spectra of M1 and M2

V. SUMMARY VI. ACKNOWLEDGMENT

This work is financially supported by
Universiti Malaysia Sabah (Kod: GUG0096-

N-alkylation of 6,6’-dibromoisoindigo can

be done by using tosylates, which is a low-cost
1/2017) and Fundamental Research Grant

Scheme (FRG0413-SG-1/2015) by Ministry of

pathway. The commercial price for alkyl
bromide is four-fold higher than to synthesize

the relevant tosylate from alcohol. High Education, Malaysia.

202



[1]

[2]

[3]

[4]

[5]

(6]

[7]

(8]

ASM Science Journal, Volume 11, Special Issue 2, 2018 for SANREM

P.W. Sadler, Absorption Spectra of Indigoid
Dyes, J. Org. Chem. 21 (1956) 316—318.
doi:10.1021/jo01109a014.
W.C. Fernelius, E.E. Renfrew, Indigo, J. Chem.
Educ. 60 (1983) 633. doi:10.1021/ed060p633.
T. Maugard, E. Enaud, P. Choisy, M.D. Legoy,
Identification of an indigo precursor from
(Woad),
897-904.
d0i:10.1016/S0031-9422(01)00335-1.

leaves of Isatis tinctoria

Phytochemistry. 58  (2001)

M. Puchalska, K. Po?e?-Pawlak, I. Zadro?na, H.
Hryszko, M. Jarosz, Identification of indigoid
dyes in natural organic pigments used in
historical art objects by high-performance
liquid chromatography coupled to electrospray
Mass

ionization mass spectrometry, J.

Spectrom. 39 (2004)

1441-1449.
doi:10.1002/jms.728.

J. Mei, K.R. Graham, R. Stalder, J.R. Reynolds,
Synthesis of Isoindigo-Based Oligothiophenes
for Molecular Bulk Heterojunction Solar Cells,
Lett. 12 660—-663.

Org. (2010)

doi:10.1021/0l902512x.

E. Wang, W. Mammo, M.R. Andersson, 25th
anniversary article: Isoindigo-based polymers
and small molecules for bulk heterojunction
solar cells and field effect transistors, Adv.
1801-1826.

Mater. 26 (2014)

doi:10.1002/adma.201304945.

J.F.M. Da Silva, S.J. Garden, A.C. Pinto, The
Chemistry of Isatins: A Review from 1975 to
1999, J. Braz. Chem. Soc. 12 (2001) 273-324.

doi:10.1590/S0103-50532001000300002.

T. KOSUGE, H. ISHIDA, A. INABA, H.
NUKAYA, Synthesis and some reactions of 6-
bromooxindole., Chem. Pharm. Bull. (Tokyo).
33 (1985) 1414—1418. do0i:10.1248/cpb.33.1414.

[9]

[10]

[11]

[12]

[13]

[14]

203

Y. Deng, J. Liu, J. Wang, L. Liu, W. Li, H.
Tian, X. Zhang, Z. Xie, Y. Geng, F. Wang,
Dithienocarbazole and isoindigo based

amorphous low bandgap conjugated
polymers for efficient polymer solar cells,
Adv. (2014)  471—476.

doi:10.1002/adma.201303586.

Mater. 26

F. Grenier, P. Berrouard, J.-R. Pouliot, H.-
R. Tseng, A.J. Heeger, M. Leclerc, Synthesis
of new n-type isoindigo copolymers, Polym.
Chem. 4 (2012)

doi:10.1039/C2PY20986A.

1836—-1841.

W. Elsawy, H. Kang, K. Yu, A. Elbarbary, K.
Lee, J.S. Lee, Synthesis and characterization
of isoindigo-based polymers using CH-
arylation polycondensation reactions for
organic photovoltaics, J. Polym. Sci. Part A
Polym. Chem. 52 (2014) 2926—2933.

doi:10.1002/pola.27328.

L.A. Estrada, R. Stalder, K.A. Abboud, C.
Risko, J.L. Bredas, J.R. Reynolds,
Understanding the electronic structure of
isoindigo in conjugated systems: A
combined theoretical and experimental
46 (2013)

8832-8844. doi:10.1021/ma4013829.

approach., Macromolecules.

K. Cao, Z. Wu, S. Li, B. Sun, G. Zhang, Q.
Zhang, A low bandgap polymer based on
isoindigo and
bis(dialkylthienyl)benzodithiophene for
organic photovoltaic applications, J. Polym.
Sci. Part A Polym. Chem. 51 (2013) 94—100.

doi:10.1002/pola.26275.

M.-H. Choi,

Alkylidenefluorene—isoindigo

KW. Song, D.K. Moon,

copolymers
with an optimized molecular conformation
for spacer manipulation, n—n stacking and

their application in efficient photovoltaic



ASM Science Journal, Volume 11, Special Issue 2, 2018 for SANREM

[15]

[16]

[17]

[18]

[19]

[20]

[21]

devices, Polym. Chem. 6 (2015) 2636—2646.

doi:10.1039/C5PY00003C. [22]

LH. Jung, J.-H. Kim, S.Y. Nam, C. Lee, D.-H.
Hwang, S.C. Yoon, A di(1-benzothieno)[3,2-
b:2’,3’-d]pyrrole and isoindigo-based electron
donating conjugated polymer for efficient [23]
organic photovoltaics, J. Mater. Chem. C. 4

(2016) 663—667. doi:10.1039/C5TC04220H.

F. Lyu, H. Park, S.H. Lee, Y.S. Lee, Synthesis

and characterization of phenothiazine-

isoindigo  copolymers for photovoltaic
applications, Bull. Korean Chem. Soc. 35 (2014)

1875-1878. doi:10.5012/bkes.2014.35.6.1875. [24]

Z.Ma, E. Wang, M.E. Jarvid, P. Henriksson, O.
Inganis, F. Zhang, M.R. Andersson, Synthesis
and characterization of benzodithiophene— [25]
isoindigo polymers for solar cells, J. Mater.

Chem. 22 (2012) 2306.

doi:10.1039/c1jm14940g.

P. Sonar, H.-S. Tan, S. Sun, Y.M. Lam, A. [26]

Dodabalapur, Isoindigo dye incorporated
copolymers with naphthalene and anthracene:
promising materials for stable organic field
effect transistors, Polym. Chem. 4 (2013) 1983.

doi:10.1039/c2py20942j.

R. Stalder, J. Mei, J. Subbiah, C. Grand, L.A.
F. So, J.R. Reynolds,
Conjugated Polyisoindigos, Macromolecules.

44
doi:10.1021/ma2012706.

Estrada, n-Type

[27]

(2011) 6303-6310.

C. Verrier, P. Lassalas, L. Théveau, G.

28
Quéguiner, F. Trécourt, F. Marsais, C. Hoarau, .
Recent advances in direct C — H arylation:
Methodology , selectivity and mechanism in
(2011) 1584-1601.

oxazole series,

doi:10.3762/bjoc.7.187.
M. Baghbanzadeh, C. Pilger, C.O. Kappe,

Palladium-Catalyzed Direct Arylation of

[29]
Heteroaromatic Compounds:, (2011) 8138-—

204

8142.

M. Satoh, T., Miura, Catalytic Direct
Arylation of Heteroaromatic Compounds,
Chem. Lett. 36 (2007)

doi:10.1246/cl.2007.200.

200-205.

S.W. Chang, H. Waters, J. Kettle, Z.R. Kuo,
C.H. Li, C.Y. Yu, M. Horie, Pd-catalysed
direct arylation polymerisation for synthesis
of low-bandgap conjugated polymers and
photovoltaic  performance, = Macromol.
Rapid Commun. 33 (2012) 1927-1932.

doi:10.1002/marc.201200368.

L.G. Mercier, M. Leclerc, Direct ( Hetero )
Arylation: A New Tool for Polymer

Chemists, 46 (2013) 1597-1605.

K. Wang, M. Wang, Direct Arylation
Polymerization: A Green , Streamlining
Synthetic

Approach to -conjugated

Polymers, (2013) 999—1012.

T. Liu, X. Pan, X. Meng, Y. Liu, D. Wei, W.
Ma, L. Huo, X. Sun, T.H. Lee, M. Huang, H.
Choi, J.Y. Kim, W.C.H. Choy, Y. Sun, Alkyl
Side-Chain Engineering in Wide-Bandgap
Copolymers Leading to Power Conversion
Efficiencies over 10%, Adv. Mater. 29

(2017). doi:10.1002/adma.201604251.

Le Duy Minh, Advances in the synthesis and

application of isoindigo derivatives,

(2015) 362.

doi:10.3998/ark.5550190.p009.090.

Arkivoc. 2015

C.-C. Ho, S.-Y. Chang, T.-C. Huang, C.-A.
Chen, H.-C. Liao, Y.-F. Chen, W.-F. Su,
and

Synthesis, characterization

photovoltaic properties of
poly(cyclopentadithiophene-alt-isoindigo),
Polym.  Chem. 4

(2013)  5351.

doi:10.1039/c3pyoo0119a.

R. Stalder, J. Mei, J.R. Reynolds, Isoindigo-

based donor-acceptor conjugated polymers,



ASM Science Journal, Volume 11, Special Issue 2, 2018 for SANREM

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Macromolecules. 43 (2010) 8348-8352.

doi:10.1021/ma1018445.
P. Deng, Y. Lei, X. Zheng, S. Li, J. Wu, F. Zhu,
B.S. Ong, Q. Zhang,

benzothiadiazole-bridged bis-isoindigo

Polymer based on
for
organic field-effect transistor applications, Dye.
(2016)

doi:10.1016/j.dyepig.2015.10.046.

Pigment. 125 407-413.

B. Liu, Y. Zou, B. Peng, B. Zhao, K. Huang, Y.
He, C. Pan, Low bandgap isoindigo-based
copolymers: design, synthesis and photovoltaic
applications, Polym. Chem. 2 (2011) 1156.

doi:10.1039/copyoo401d.

V. Maes, G. Pirotte, J. Brebels, P. Verstappen, L.
Lutsen, D. Vanderzande, W. Maes, Synthesis of
N , N ’-dialkyl-6,6-dibromoisoindigo
derivatives by continuous flow, J. Flow Chem. 5
(2015)

doi:10.1556/1846.2015.00033.

201-209.

K. Mahmood, Z.P. Liu, C.H. Li, Z. Lu, T. Fang,
X. Liu, J.J. Zhou, T. Lei, J. Pei, Z.S. Bo, Novel
isoindigo-based conjugated polymers for solar
cells and field effect transistors, Polym. Chem.

4 (2013) 3563—3574. doi:10.1039/c3py00341h.

G. Kim, A. Han, H.R. Lee, J. Lee, J.H. Oh, C.
Yang, Acceptor—acceptor type isoindigo-based
copolymers for high-performance n-channel
field-effect transistors, Chem. Commun. 50

(2014) 2180. doi:10.1039/c3cc48013e.

T. Lei, Y. Cao, Y. Fan, C.J. Liu, S.C. Yuan, J. Pei,
High-performance air-stable organic field-
effect transistors: Isoindigo-based conjugated
polymers, J. Am. Chem. Soc. 133 (2011) 6099—

6101. doi:10.1021/ja111066r.

T. Lei, Y. Cao, X. Zhou, Y. Peng, J. Bian, J. Pei,
Systematic Investigation of Isoindigo-Based
Polymeric Field-Effect Transistors: Design
Strategy and Impact of Polymer Symmetry and

Backbone Curvature, Chem. Mater. 24 (2012)

[37]

[38]

[39]

[40]

[41]

[42]

[43]

205

1762—1770. d0i:10.1021/cm300117X.

T. Lei, J.-H. Dou, Z.-J. Ma, C.-J. Liu, J.-Y.
Wang, J. Pei, Chlorination as a useful
method to modulate conjugated polymers:
balanced and ambient-stable ambipolar
high-performance field-effect transistors
based
isoindigo polymers, Chem. Sci. 4 (2013)

and inverters on chlorinated

2447-2452. doi:10.1039/C3SC50245G.

P. Cn, G. Patents, Isoindigo compound
containing electron withdrawing groups ,
and preparation and application thereof,

(2016) 1-16.

T. Lei, J.H. Dou, Z.J. Ma, C.H. Yao, C.J. Liu,
J.Y. Wang, J. Pei, Ambipolar polymer field-
effect transistors based on fluorinated
isoindigo: High performance and improved
ambient stability, J. Am. Chem. Soc. 134
(2012) 20025—-20028.

doi:10.1021/ja310283f.

G.W. Kabalka, M. Varma, R.S. Varma, P.C.
Srivastava, F.F. Knapp,
Alcohols, J. Org. Chem. 51 (1986) 2386—

Tosylation of

2388. d0i:10.1021/j0003622044.

N. Blouin, A. Michaud, M. Leclerc, A Low-
Bandgap Poly(2,7-Carbazole) Derivative for
Use in High-Performance Solar Cells, Adv.
Mater. 19

(2007) 2295-2300.

doi:10.1002/adma.200602496.

A.M. Alsalme, A.A.B. Alghamdi, A.A.G.Q.

Alhamdani, A. Iraqi, Synthesis and

properties of alternating vinylene-
benzothiadiazole-based copolymers with
carbazole and fluorene derivatives for
Int. J.

photovoltaic applications,

Electrochem. Sci. 9 (2014) 1920-1941.
H. Chen, C.N. Nilsen, A. Choudhury, K.L.
Sorgi, A safe and convenient synthesis of 4-

benzyloxy-3-chloroaniline, Arkivoc. 2008



ASM Science Journal, Volume 11, Special Issue 2, 2018 for SANREM

(2008) 1-6.
doi:10.3998/ark.5550190.0009.€01.

[44] R.Liu, W.Zeng, B. Du, W.Yang, Q. Hou, W. Shi,
Y. Zhang, Y. Cao, NOVEL RED LIGHT-
EMITTING POLYMERS BASED ON 2,7-
CARBAZOLE AND THIOPHENE
DERIVATIVES, Chinese J. Polym. Sci. 26
(2008) 231—240.
doi:10.1142/5025676790800287X.

[45] M. Sonntag, P. Strohriegl, Novel 2,7-Linked
Carbazole Trimers as Model Compounds for
Conjugated Carbazole Polymers, Chem. Mater.
16 (2004) 4736—4742. doi:10.1021/cm040142i.

[46] G.Y. Chen, S.C. Lan, P.Y. Lin, CW. Chu, K.H.
Wei, Synthesis and characterization of a
thiadiazole/benzoimidazole-based copolymer
for solar cell applications, J. Polym. Sci. Part A
Polym. Chem. 48 (2010) 4456—4464.

doi:10.1002/pola.24235.

206



