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Abstract

The molecules were synthesized by attaching 2-ethynyl-pyridine and 3-ethynyl-pyridine
groups to a triphenylamine backbone. Relative absorption and emission spectra were
studied. We examined the donor ability of triphenylamine when functionalized with 2-
ethyny-pyridine and 3-ethynyl-pyridine, it shows bathochromic shift. Further when it is

attached to the acceptor it may be potentially used for efficient solar cell.

Vil






TABLE OF CONTENTS

List Of figUIre. ... Xl
YN 0111/ 11 TP X1V
1. INtrodUCTION. ... 1
2. LIterature. . ... 3
2.1. 4-diphenylamino)benzaldehyde..................ccooiiini. 3
2.2. 4-[Bis-(4-iodo-phenyl)-amino]-benzaldehyde. .............................. 3
2.3. 4-{Bis-[4-(2-pyridin-2-yl-vinyl)-phenyl]-amino}-benzaldehyde......... 4
2.4, Vilsmeier REACION. ... ..ot 5
2.5. Sonagashira CoOupling...............ccceeeiiiiiiiieeeeeeiiiiiieeeeee e, 6
3. Results and DiSCUSSION..........c.ooiiiiiiiiiiii i, 9
4. CONCIUSION. ....ui e 16
APPENDIX ..o, 17

REFERENCES



Xl



LIST OF FIGURES

Fig.1: Normalized electronic absorption spectra of the compounds 4, 5 in DCM

(1.0 X 207 M), 14
Fig.2:Fluorescence spectra of the compounds 4, 5in CHxCly....oovevininineee. 15
Fig.3: "H NMR spectra of Compound 4..............uuueeeeeeieieeeeeeeiin. . 17

Fig.4: 3C NMR spectra of compound 4............ccouuuuueeeeeeeeieiieeeeeeeen, 17

Fig.5: HRMS Spectra of 4. e 18
Fig.6: "H NMR spectra of COMPOUNd 5.........coovmmuneeeeeiiieee e 19
Fig.7: 3C NMR spectra of compouNd 5...........uueeeeieeeeeeeeeeieee e, 20
Fig.8: HRMS Spectraof 4. 20

Wl



Xl



ACRONYMS

DSSC Dye Sensitizer Solar Cell
TPA Triphenylamine

CT Charge Transfer

DCM Dichloromethane

EtOACc Ethyl Acetate

Hz Hertz

HRMS High Resolution Mass Spectra
NMR Nuclear Magnetic Resonance
THF Tetrahydrofuran

TLC Thin-layer Chromatography
TMS Tetramethylsilane

DMF Dimethylformamide

Cul Copper lodide

Et;N Triethyl Amine

Tol Toluene

OLED Organic Light Emitting Diode
D-A Donor-Acceptor

XV



Chapter 1

Introduction

Triphenylamine

Triphenylamine and its derivative plays an important role in many fields
such as pharmaceutical industries, OLED and Biosensors. It forms a stable
aminium radical cation. Its donor strength makes it an eminent building
block in systems such as DSSC. These compounds are used in sensing due
to its high drift mobility and also possess charge transport characteristics
in electro-photo-graphics and photoconductors.

Triphenylamine are generally the derivative of ammonia, in which all
three hydrogens are replaced by phenyl group. Triphenylamine are
generally found in solid state at room temperature with very low solubility
in water. These aromatic amines are sensitive to oxidation. In most of the
cases the organic sensitizers are made of a donor (D), a bridge (B, which
are typically a = spacer), and an acceptor (A) moieties, the basic structure
is (D-w-A). In order to improve the efficiency and also to increase photo-
induced intramolecular charge transfer (ICT) its properties can be tuned by
applying the adequate structural modifications. Recently, it has been found
that cyano-acetic acid and triphenylamine (TPA) are units of choice as
electron acceptor and donor respectively [1]. According to the previous
studies which show that the cyano group count has one of the strongest
electron-withdrawing group as well as stronger electron-accepting effect
when it is introduced with the conjugated system [2].

TPA derivatives show generally large CT-character electronic excitations.
Due to the three phenyl rings present in TPA which causes large steric
hindrance, it thus prevents unfavorable dye aggregation at the
semiconductor surface. This can enhance the hole-transporting ability and

reduce the crystallization propensity of the materials. Based on these types



of considerations, it is speculated that if AIE character can be explored
with compound which possess donor—acceptor (D—A) behavior.

The reason behind choosing triphenylamine as a donor unit was that it has
an electron rich nitrogen atom and it is commercially available in pure

form.



Chapter 2

Literature

2.1. 4-(diphenylamino)benzaldehyde
Initially the mixture of POCI3 and DMF stirred at 0 °C for 2 h. Then the

mixture of dry DCM and triphenylamine was added. After that the
reaction mixture was refluxed for 9 h and after completion of the reaction
the dry DCM was removed by rotary evaporator. The remaining crude
product was poured into water and DCM and the yellow solid was
collected by suction filtration. Product was obtained by recrystallization in
ethanol (95% vyield) [2].

POCI3 pmF ;

-

N > N
O
reflux, 9 h _O

Scheme 1: Synthesis route of 4-Diphenylamino-benzaldehyde.

2.2. 4-[Bis-(4-iodo-phenyl)-amino]-benzaldehyde

In 2007, Zhijun Ning and his coworkers prepared this intermediate. They
have funtionalised diphenylamine or carbazole as an electron donor while
they used dicyanovinyl or aldehyde as the electron acceptor. They have
emphasized on the quench phenomena caused by aggregation because of
their charge transfer applications and they have described their
applications in the field of OLEDs [4].

They have synthesized the compound shown above as an intermediate
after they incorporated triphenylamine and carbazole group by using
Ullmann reaction. To prepare this compound they stirred the mixture of 4-
formyl triphenylamine and potassium iodide with acetic acid and water at
80 °C and heated it for 4 h.



; Kl, KIOg
N N
©/ \©\/ Acetic acid

Scheme 2: Synthesis route of 4-[Bis-(4-iodo-phenyl)-amino]-

benzaldehyde.

After the reaction, most of the acetic acid was removed by rotary
evaporation. The remaining crude product was dissolved in ethyl acetate
solution and washed several times with the mixture of water and sodium
bicarbonate solution. After drying the organic layer over MgSO,, yellow

solid was obtained [4].
2.3. 4-{Bis-[4-(2-pyridin-2-yl-vinyl)-phenyl]-amino}-benzaldehyde.

In 2014, Y. Qian and M. Luo prepared Pyridine triphenylamine
conjugated chromophores by using palladium-catalyzed Heck reaction.
They explain that the chromophores exhibit three-photon absorption and
by increasing the length of conjugation charge transfer increase therefore

increase the push pull units in D-A [3].

Heck reaction

X
_N

|
Scheme 3: Heck reaction of 4-{Bis-[4-(2-pyridin-2-yl-vinyl)-phenyl]-

amino}-benzaldehyde.



They synthesized the desired compound by Heck coupling. They
functionalized lodo-triphenylamine with 2-vinylpyridine under a N,
atmosphere. And they obtain crude product that was then recrystallized
with methanol. To obtain high degree of purity they performed column

chromatography. The final isolated yield was 57% [3].

2.2. Proposed mechanism of Vilsmeier reaction

Step 1:
)
II:I>
/1>l
O o O ClI o
<A I @ L cl
N H + P —_— > = +
c- el N~ H
| cl |
Step 2:
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1
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Step 5:

Q0T oot
O 0

Step 6:
SNeni QL Ly
N * Ho0 —> \

The Vilsmeier-Heck reaction is used to convert an electron rich aromatic
ring to an aryl aldehyde using DMF, an acid chloride, and aqueous work-
up. The first step of mechanism begins with the reaction of DMF with the
acid chloride leads to form an iminium salt also known as the "Vilsmeier
reagent”. In the next step the electron rich aromatic ring then attacks the
iminium ion with loss of aromaticity. A deprotonation from aromatic ring
step restores aromaticity, which is followed by the release of a chloride
ion to form another iminium intermediate. Final product obtain by

aqueous work-up [5].
2.3. Mechanism of the Sonogashira Coupling

Step 1:

PhsP-Pd—PPhs
oxidative addition
+

Pd(PPhg)4



Step 2:
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_N
, I
PhsP-Pd—PPh; PhsP-Pd—PPh;
N
G N — Cu
N L N
- Cul
| 0 trans-metalation | 0
Step 3:
| X
_N
Il PPh;

| —
PhsP-Pd—PPh; PhsP-Pd—=—( )
N
T
N

Step 4:

trans/ cis isomerisation

PPh, I
+ 2PPhj
- +  Pd(PPhs),

| —
th-Pd%@
\ Y,
N reductive elimination N
|/©/ \©vo 1 i \©VO




Sonogashira reaction is the cross-coupling between terminal alkyne and
organohalide to give the coupled product by using a palladium catalyst, a
copper catalyst, and base. In the first step, mechanism begins with
oxidative addition of the organohalide to the Pd (0) then the copper
replace iodide and from bond with the terminal alkyne. Then the alkynyl
anion of copper replaces the halide on the palladium complex and reform
the copper halide. Final coupled product obtain by Reductive elimination,
regenerates the palladium catalyst, and the catalytic cycle can begin again

[6].



Chapter 3

Results and Discussion

All the raw materials were used directly without any further purification.
All the solvents as analytical reagent were purchased and were used
without any purification. Throughout all experiments, water was used
which is purified by the Millipore system. 'H NMR spectra were
performed by using a Bruker Avance 3 (400MHz) spectrometer (relative
to tetramethylsilane). Mass spectra were obtained with Bruker’s
micrOTOF-Q Il Mass spectrometer, and UV-vis spectra on a Cary 100 bio
UV spectrophotometer. FL emission spectra were recorded on a Horiba
Jobin Yvon floromax fluorescence spectrophotometer. DCM was used as a
solvent.

General procedure of 4-Diphenylamino-benzaldehyde (2): Initially the
mixture of POCI3 and DMF stirred at 0 °C for 1 h. Then the mixture of dry

DCM and triphenylamine was added. After that the reaction mixture was
refluxed for 5 h and after the completion of reaction the dry DCM was
removed by rotary evaporator. The remaining crude product was poured
into water and DCM and the yellow solid was collected by suction

filtration. Product was obtained by recrystallization in ethanol (70%

POCI; , DMF
N L N
syeETMeaol
_0
1 2

70%

yield).

Scheme 4: Synthetic route of 4-Diphenylamino-benzaldehyde (2).

General procedure for of 4-[Bis-(4-iodo-phenyl)-amino]-benzaldehyde
(3): We synthesized the compound shown in scheme 5. To prepare this

compound, we stirred the of mixture of 4-formyl triphenylamine,

9



potassium iodide with acetic acid and water at 80 °C and heated it for 16
h. After the reaction, most of the acetic acid was removed by rotary
evaporation. The remaining crude product was dissolved in ethyl acetate
solution and washed several times with mixture of water and sodium
bicarbonate solution. After drying the organic layer over Na,SO,, yellow
solid was obtained (yield 58%).

; KI, KIO3

-
Y

N
©/ \(jy Acetic acid N
20  100°C, 16h _0

2 I 3

58%

Scheme 5: Synthetic route of 4-[Bis-(4-iodo-phenyl)-amino]-
benzaldehyde (3).

General procedure for 4-[Bis-(4-pyridin-2-ylethynyl-phenyl)-amino]-
benzaldehyde: Under argon atmosphere the mixture of 2-ethynyl-pyridine
(0.123 g, 1.19 mmol) and 4-[Bis-(4-iodo-phenyl)-amino]-benzaldehyde
(0.250 g, 0.47 mmol) was dissolved in dry THF (30ml), added
triethylamine (15 ml) and Pd(PPh3), (0.01 g, 0.008 mmol), stirred for 24
h in oven dried round bottom flask at 80 °C. After completion of the
reaction, the reaction mixture was concentrated under reduced pressure,
the crude compound was purified by silica gel column chromatography,
using Hexane: DCM (20:80), and obtained pure compound as a yellow
solid (0.150 g, 66%).

10
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_Pd(PPh3)4

N >
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[ 3 0 reflux, 24 h \©vo

=Z 4

AN
| _N 66%

Scheme 6: Synthetic route of 4-[Bis-(4-pyridin-2-ylethynyl-phenyl)-

amino]-benzaldehyde (4).

General procedure for 4-[Bis-(4-pyridin-3-ylethynyl-phenyl)-amino]-
benzaldehyde: Under argon atmosphere the mixture of 3-ethynyl-pyridine
(0.123 g, 1.19 mmol), 4-[Bis-(4-iodo-phenyl)-amino]-benzaldehyde (0.250
g, 0.47 mmol) was dissolved in dry THF (30ml), added triethylamine (15
ml), Pd(PPhs)s (0.01 g, 0.008 mmol), stirred for 24 h in oven dried round
bottom flask at 80 °C, after completion of the reaction, the reaction
mixture was concentrated under reduced pressure, the crude compound
was purified by silica gel column chromatography, using Hexane: DCM
(20:80), and afforded pure compound as a yellow solid (0.148 g, 64%).

)
%
| X I
o=
Pd(PPhs),
N >
/©/ \©yo EtsN:THF (1:2), N
[ 3 Z reflux, 24 h _0
Z 5
X
| Z 64%
N

Scheme 7: Synthetic route of 4-[Bis-(4-pyridin-3-ylethynyl-phenyl)-
amino]-benzaldehyde (5).
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Characterization data

oML

4-(diphenylamino)benzaldehyde (2)

Element analysis (%): calculated for CH,NO: C, 83.49; H, 5.53; N,

1
5.12; Found: C, 83.45; H, 5.49; N, 5.21. H NMR (400 MHz, CDCIS) o=

7.00 (d, 2H), 7.30-7.36 (t, 4H), 7.15-7.18 (m, 6H), 7.67 (d, 2H), 9.79 (s,
1H).

0L

4-[Bis-(4-iodo-phenyl)-amino]-benzaldehyde (3)

'H NMR (500 MHz, CDCls): & = 9.85 (1H, s, CHO), 7.71 (2H, d, Ar),
7.63 (4H, d, Ar), 7.05 (2H, d, Ar), 6.89 (4H, d, Ar).

12



4-[Bis-(4-pyridin-2-ylethynyl-phenyl)-amino]-benzaldehyde (4)

'H NMR (400 MHz, CDCl5): 6 = 9.88 (s, 1H), 8.63 (d, 1H), 7.78 (d, 2H),
7.69 (m, 3H), 7.57 (m, 7H), 7.26 (m, 2H), 7.15 (m, 5H) ppm; *C NMR
(100 MHz, CDCl3): 8 =190.52, 152.07, 149.88, 146.53, 143.17, 136.44,
133.57, 131.39, 130.92, 127.19, 125.16, 122.15, 118.30, 89.19, 88.86
ppm; HRMS (ESI): calculated for CasHo N3O 476.1757 [M']; found

476.1758.

13



4-[Bis-(4-pyridin-3-ylethynyl-phenyl)-amino]-benzaldehyde (5)

'H NMR (400 MHz, CDCly): 8 =9.73 (s, 1H), 8.66 (s, 1H), 8.44 (d, 1H),
7.70 (m, 7H), 7.39 (m, 7H), 7.10 (m, 7H) ppm; *C NMR (100 MHz,
CDCls): & = 189.38, 151.61, 144.75, 131.97, 130.27, 128.90, 127.43,
125.52, 123.76, 119.78, ppm; HRMS (ESI): calculated for Cs3H2:N3O

476.1757 [M*]; found 476.1759.

Synthesis of the targeted molecules is shown in scheme 6 and 7. As
illustrated, the third steps for compound 4, 5 formation involve a simple
Sonogashira Coupling followed by iodination to give 4-[Bis-(4-pyridin-2-
ylethynyl-phenyl)-amino]-benzaldehyde (yield 66%) and 4-[Bis-(4-
pyridin-3-ylethynyl-phenyl)-amino]-benzaldehyde (yield 63%).

The first step in the synthesis procedure was the formation of 4-
Diphenylamino-benzaldehyde (yield 70%) which was prepared by
Vilsmeier Reaction. The second step was the iodination the desire product

was 4-[Bis-(4-iodo-phenyl)-amino]-benzaldehyde (yield 58%).

SNM -~ 375nm

obs

Normalized absorption

0 ; . ; -
300 400 500

Wavelength (nm)

Figure 1: Normalized electronic absorption spectra of the compounds 4, 5
in CH,Cl, (1.0 x 107 M).
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Figure 2: Fluorescence spectra of the compounds 4, 5 in CH,ClI,

By analyzing UV and Florescence data, we conclude that in both
absorption and emission spectra the position of the main peak in shows a
bathochromic shift, therefore little more charge density involving in
conjugation in compound 4-[Bis-(4-pyridin-3-ylethynyl-phenyl)-amino]-
benzaldehyde (5) than the compound 4-[Bis-(4-pyridin-2-ylethynyl-
phenyl)-amino]-benzaldehyde (4).

15



Chapter 5

Conclusion and scope for work in future

Finally, we have synthesised target molecules by novel Pd (Il) catalysed
efficient ~ Sonogashira ~ Coupling.  4-[Bis-(4-iodo-phenyl)-amino]-
benzaldehyde lead to the synthesis of 4-[Bis-(4-pyridin-2-ylethynyl-
phenyl)-amino]-benzaldehyde (4) and 4-[Bis-(4-pyridin-3-ylethynyl-
phenyl)-amino]-benzaldehyde (5) and are well characterised by *H NMR,
3C NMR and HRMS. The absorption and emission spectra shows

bathochromic shift.

There are many groups that we can substitute on triphenylamine core and

study how they affect its donor ability.

16



APPENDIX
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Figure 3: *H NMR spectra of compound 4.
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Figure 4: **C NMR spectra of compound 4.
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Figure 5: 400 MHz HRMS Spectra of compound 4 in CDCls.
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Figure 6: 'H NMR spectra of compound 5.
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Figure 7: 3C NMR spectra of compound 4.
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Figure 8: 400 MHz HRMS Spectra of compound 5 in CDCls.
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