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a b s t r a c t

A series of novel terminal trimethylsilylacetylene benzoate derivatives with various linking groups were
synthesized using Friedel-Craft's O-acylation reaction. The chemical structures of the novel 4-[2-(tri-
methylsilyl)ethynyl]benzoates were confirmed by standard spectroscopic techniques. The compounds
were investigated for their liquid crystalline properties employing polarised optical microscopy and
differential scanning calorimetry. The esters 5c e 5f, 5h and 5n possessing three phenyl rings exhibited
liquid crystalline property of SmA/SmC phases with wide thermal range.

© 2014 Elsevier B.V. All rights reserved.
Introduction

Organosilicon chemistry covers a very broad field of research
that ranges from synthetic and mechanistic organic chemistry
[1e3], bio-organic silicon chemistry to application of organosilicon
compounds in material science, encompassing all aspects of syn-
thetic molecular, macromolecular, inorganic, co-ordination and
physical chemistries [4,5].

In the early stages of liquid crystals research it was recognized
that one end of the terminal substituent attached to the molecular
core had to be a flexible aliphatic chain in order to dilute the central
rigid organic core thereby inducing a relatively low melting point,
or at least a melting point low enough for liquid crystalline prop-
erty to exist [6].

Literature reports indicate terminal trimethylsilyl containing
alkynyls with two phenyl rings and their respective metal acety-
lenes possess thermodynamically unstable mesophases. The
instability is due to the sterically hindered much larger trime-
thylsilyl group on the terminal position of the molecule [7]. To
rectify this problem, short/long siloxane units were incorporated to
get stable, interesting mesophases, with electro-optic properties in
low molar mass organosilicon liquid crystals [8e10]. The siloxane
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based liquid crystal materials exhibited the attractive properties as
a result of the flexibility of the siloxane swallow tail backbone. The
flexibility of the siloxane also led to low viscosities and low glass
transition temperatures [11].

In the skeleton of calamitic compounds, incorporation of a car-
bonecarbon triple bond in the terminal position or between two
phenyl rings led to stable enantiotropic nematic phases [12,13]. The
use of bulky siloxane group, at the expense of the smectic A (SmA)
and nematic phases, which in most cases were eliminated, left the
smectic C (SmC) phase as the sole liquid crystal phase. The inclusion
of short, bulky siloxane terminal units markedly enhanced the
stability of the SmC phase. This class of compounds showed by far
the lowest viscosity leading to a class of novel materials whichwere
excellent candidates for ferroelectric properties [14].

Based on our experience in the synthesis of organosilyl reagents
and their applications [15e18], we envisaged that modification of
siloxane into the terminal acetylenic trimethylsilyl group would
result in rod-shaped compounds that could exhibit interesting
liquid crystal properties giving rise to a new class of materials. To
our knowledge, 4-[2-(trimethylsilyl)ethynyl]benzoic acid 2 [19] has
not been used for the preparation of mesogenic materials [20].

In this report, for the first time, we describe the synthesis of 4-
[2-(trimethylsilyl)ethynyl]benzoic acid by Sonogashira coupling
reaction and its conversion to the related benzoates 5aeo. These
trimethylsilyl derived rod shaped compounds have been specif-
ically synthesized to favour and attain liquid crystalline property.
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Table 1
General chemical structures of 4-[2-(trimethylsilyl)ethynyl]benzoic acid derivatives
of 5aeo.

Compound X Y Z R

5a None H H H
5b None H H CN
5c None H H COOeCH3

5d None H H OC14H29

5e eCOOe H H OC5H11

5f eCOOe H H CN
5g eCOOe H CH3 NO2

5h eCOOe H H O(CH2)2CH(CH3) (CH2)3CH(CH3)2
5i eCOOe H H COOeCH(CH3)C6H13

5j eCOOe H H OC16H33

5k eCOOe CH3 H OC18H37

5l eOCH2e H H H
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Results and discussions

Trimethylsilylacetylene was subjected to Sonogashira coupling
with 4-iodobenzoic acid (1) in presence of PdCl2/CuI/PPh3/Et3N to
obtain 2. The substrate 2 was then converted into the corre-
sponding acid chloride 3 using oxalyl chloride at room temperature
and subjected to FriedeleCrafts O-acylation reaction with phenols
4aeo [21e25] in pyridine base [26] to obtain the novel benzoates
5aeo possessing three phenyl rings and a trimethylsilyl group in
the terminal position. The synthetic strategy is outlined in Scheme
1.

The chemical structures of the 4-[2-(trimethylsilyl)ethynyl]
benzoates 5aeo were confirmed by standard spectroscopic
techniques.
5m eCOOCH2e H H H
5n eN]Ne H H NO2

5o eN]Ne H H C5H11

Table 2
Transition temperatures (�C) and associated enthalpy values (kJ mol�1) for com-
pounds 5aeo.

Compound Heating scan Cooling scan

5a Cr 175.1(127.5) Iso Iso 144.1(83.3) Cr
5b Cr 200.1(72.7) Iso Iso 162.1(76.2) Cr
5c Cr 204.5(33.6)

SmA 251.2(3.8) Iso
Iso 247.1(3.3)
SmA 196.9(31.9) Cr

5d Cr 133.3(81.6)
SmA 168.5(11.9) Iso

Iso 166.4(11.7)
SmA 128.8(7.7)
SmC 110.2(53.5) Cr

5e Cr 137.4(41.8) Iso Iso 136.0(6.9)
SmA 124.8(38) Cr

5f Cr 156.3(66.4)
SmA 162.1(4.1) Iso

Iso 161.1(4.0)
SmA 107.4(67.9) Cr

5g Cr 143.3(60.22) Iso Iso 105.3(53.1) Cr
5h Cr 100.2(42.1) Iso Iso 86.6(6.8)

SmA 77.2(43.4) Cr
5i Cr 81.5(45.1) Iso Iso 47.4(18.6) Cr
5j Cr 110(76.9) Iso Iso 102.1(56.4) Cr
5k Cr 95.5(71.6) Iso Iso 75(54.4) Cr
5l Cr 141.5(103.1) Iso Iso 116.5(95.) Cr
5m Cr 93.3(68.9) Iso Iso 25.5(24.7) Cr
5n Cr 143.2(59.6)

SmA 192.7(5.4) Iso
Iso 191.7(5.4)
SmA 94.9(36.8) Cr

5o Cr 142.1(68.2) Iso Iso 135.1(64.4) Cr

Cr ¼ Crystal; SmA ¼ Smectic A phase; N ¼ Nematic phase; g ¼ Glassy phase, while
cooling crystallization is not observed.
Thermal and liquid crystal properties

The compounds 5aeo were evaluated for liquid crystalline
properties using the combination of polarised optical microscopy
(POM) and differential scanning calorimetry (DSC). The trime-
thylsilyl derived rod-shaped esters with different substituents on
lateral and peripheral positions of the aromatic core with various
linking groups are shown in Table 1.

The transition temperatures and the associated enthalpy values
for 5aeo are summarized in Table 2.

To verify the liquid crystalline textures, in general, the samples
were sandwiched between untreated glass plates and a cover slip
and heated up to its isotropic point and then slowly cooled from the
isotropic liquid and observed under POM.

Compounds 5a and 5bwith biphenyl corewere found to be non-
liquid crystalline. Compounds 5c and 5d showed stable enantio-
tropic SmA phase. In addition to the SmA phase, compound 5d
showed monotropic SmC phase. During heating, 5d transformed
from crystal to SmA phase and then to isotropic phase, but during
cooling, the compound 5d transformed from isotropic phase to
SmA phase and SmC phase and the crystallised. The SmC phase was
identified by POM and DSC. Typical fan shaped texture and fan
shaped striped texture were observed for the SmA and SmC phases.
The textures are re-produced in Fig. 1.

Compounds 5ae5d have biphenyl moiety in the central rigid
part with polar cyano-, methylester and dodecyloxy-groups at
terminal positions. The compounds were found to possess rela-
tively higher transition temperatures compared to other ester
compounds.

The three phenyl rings possessing compounds 5e and 5f have
short alkoxy chains and polar cyano groups respectively with ester
linkage. Both the compounds favoured liquid crystalline property
exhibiting SmA phases. The POM textures are depicted in Fig. 1.
Interestingly, introduction of polar nitrile group at the terminal
Scheme 1. Synthesis of 4-[2-(Trimeth
position stabilized the mesophase in compound 5f. The repre-
sentive DSC scan of 5d, 5f, and 5n is shown in Fig. 2. The SmC phase
is eliminated in 5e and 5f compounds. This may be due to the
reduction of flexibility of the terminal chain (Fig. 3).
ylsilyl)ethynyl] benzoates 5aeo.



Fig. 1. Optical textures of (a) Smectic A phase of 5c on heating cycle at 215 �C, (b) Smectic A phase of 5d on cooling scan at 140 �C (c) Focal-conic striped texture for Smectic C phase
of 5d on cooling cycle at 125 �C, (d) Crystalline phase of 5d on cooling cycle at 105 �C. (e) SmA phase of 5e on cooling cycle at 130 �C, (f) SmA phase of 5f on cooling cycle at 150 �C,
(g) SmA phase of 5h on cooling cycle at 80 �C. (h) SmA phase of 5n on early stage of cooling cycle at 185 �C. (i) SmA phase of 5n complete grown texture on cooling cycle at 100 �C.

Fig. 2. DSC thermogram (exothermic/endothermic cycles) of 5d, 5f and 5n.
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In the compounds 5g and 5hwhich have three phenyl rings with
ester linkage, lateral methyl group, terminal polar nitro-group and
branched alkyl chains respectively, significant changes were found
to have occured. The compound 5g did not show any phase.
Fig. 3. Average length/breadth showing energy optimized space filled model of 5f.
However, compound 5h showed only monotropic SmA phase as
shown in Fig. 1.

The DSC and POM results show that the compounds 5d, 5e and
5h forms thermodynamically unstable monotropic liquid crystal-
line SmA phase. The monotropic liquid crystalline phases were
observed only in the cooling scan. This behaviour possesses ther-
modynamic metastability throughout the entire temperature and
experimental process, and in which the crystallization process is
bypassed by under cooling due to the kinetically controlled
nucleation process [27]. In addition, the monotropic transition also
causes due to competition in entropy contributions of the core and
the chain, thermal dynamics, structural and its environmental
changes during the phase transition process of the alkyl chains
[28,29].

The compounds 5ie5k having chiral/short/long alkyl chains
respectively, did not showany liquid crystalline phase. Introduction
of long alkoxy chain in the terminal position of the molecule had a



Table 3
Photophysical data of trimethylsilyl benzoate derivatives 5aeo.

Compound Absorption (lmax in nm)

5a 256, 288, 292
5b 283, 297, 301
5c 222, 282, 289
5d 215, 222, 280
5e 278, 328, 382
5f 214, 222, 276
5g 220, 277, 282
5h 276, 293, 394
5i 215, 276, 366
5j 215, 276, 359
5k 216, 232, 274
5l 277, 329, 384
5m 220, 233, 354
5n 280, 328, 381
5o 217, 282, 337
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dramatic effect on its mesophase behaviour, indicating that mes-
ophase is completely eliminated andmay be due to flexibility of the
saturated chain.

In 5l and 5mwith benzyl linking group, the absence of terminal
substitutions also led to complete elimination of liquid crystalline
property.

Compounds 5n and 5o have a central azo-linkage with highly
polar nitro group and pentyl-chain at the terminal end of the
molecules respectively. Significant changes were observed in
mesophase and transition properties. The terminal polar nitro
group derivative 5n favoured the liquid crystalline property
exhibiting SmA phase (Fig. 1). However, 5o possessing alkyl chain
with central azo-linkage did not favour liquid crystalline property.

It was observed that the liquid crystal property was reduced
when the chain length increased due to the disturbance of the
packing layers. Hence only shorter chain compounds exhibited
liquid crystalline property. In general, we observe that compounds
having three phenyl rings favour liquid crystallinity and exhibit
SmA mesophase.

X-ray studies

The trimethylsilylethynylbenzoate 5f was examined from
different dihedral angles using ChemDraw. The energy minimized
structure shows the calculated average length of molecule to be
36.89 Å with breadth 4.61 Å respectively.

In order to reveal the mesophase structure, X-ray diffraction
experiments were carried out using un-oriented sample at liquid
crystalline state while cooling from the isotropic phase for 5f and
5n as shown in Fig. 4. In the small angle region of 5f, a small sharp
peak was observed at 36.97 Å, and in the wide-angle region, a
diffuse reflection appeared at 4.75 Å. This corresponds to the liquid-
like order of the aliphatic chain. According to theoretical and
experimental data with local molecular structure and diffraction
pattern, the features fit into the rod-like molecule and the layers
stack one beside the other to form themselves in packed layers of
the SmA phase.

Photophysical properties

Photophysical properties of 5aeo were carried out using ultra-
violetevisible spectroscopy. The measurements were performed in
dilute CH2Cl2 solutions ranging between 5 and 10 mmol/L. The
respective electronic transition data are given in Table 3.
Fig. 4. X-ray diffraction pattern of 5f and 5n and at 140 �C and 160 �C respectively on
cooling scan from isotropic state.
Fig. 5 gives the representative UV absorption spectra of 5e, 5l
and 5n. The representative compounds show an absorption band
around 280 nm attributed to the p-p* electronic transition of the
phenylene ring and low-intensity n-p* transition at 328e380 nm
due to phenyl ring with ester linkage.

Compared to aromatic p-p* electronic transition, the red shift of
the UV absorption band indicates an improved conjugation, due to
the presence of ester linkage together with the phenyl ring leading
to p-p* conjugation unit into the rigid core. These studies showed
that the trimethylsilyl group did not take part in any role of UV
absorption phenomena.

Thermal stability of 5b, 5j and 5o was determined using ther-
mogravimetric analysis (TGA). The corresponding plots are shown
in Fig. 6. All the compounds were thermally stable up to approxi-
mately 250 �C. Further, TGA results showed that 100% weight loss
occurred between 250 and 400 �C. In case of 5o decomposition
occurred in two stages, which indicated that the azo linkage is
comparatively more stable than the ester linkage.

Conclusions

The synthesis of fifteen benzoates possessing three phenyl ring
containing arylalkynylsilyl and various lateral and terminal polar/
normal/branched substituent groups is reported. The POM and DSC
studies indicate that all biphenyls with short chains exhibit Smectic
phases. The liquid crystal property was reduced/eliminated when
chain length increased. We reason this due to the packing layers
Fig. 5. UV/visible absorption spectra of 5e, 5l and 5n.
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Fig. 6. Thermogravimetric analysis traces of 5b, 5j and 5o.
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which has been significantly disturbed. Only biphenyl derivatives
with short/long alkyl chain favour liquid crystalline property.
Compounds possessing three phenyl rings with ester linkage and
terminal long alkyl chains did not favour liquid crystalline property.
Experimental

Materials and characterization

All chemicals were purchased from SigmaeAldrich and Merck
and used as received. Solvents were distilled and dried prior to the
reactions. All the reactions were monitored by thin layer chroma-
tography using silica gel pre-coated on aluminium sheets with 1:4
ratio ethyl acetate and petroleum benzene (60e80 �C fraction) as
mobile phase. The final compounds were purified by column
chromatography on Acme make silica gel of 60e120 mesh size. The
chemical structures were confirmed by 1H NMR spectroscopy
(Bruker Biospin 500 MHz spectrometer). The chemical shifts are
relative to CHCl3 (d 7.27 ppm, singlet) for compounds with -SiMe3
group. 13C NMR spectra was obtained (Bruker Biospin 125 MHz
spectrometer) using CDCl3 as a solvent and internal reference (d
77.23 ppm, triplet). FTIR spectra were obtained using Shimadzu
FTIR-8400 spectrometer. The purities of the final products were
established by elemental analysis performed on Carlo-Erba 1106
analyzer. The thermal behaviour was investigated by Differential
Scanning Calorimetry (DSC) using a PerkineElmer, Model Pyris 1
calibrated using indium and zinc standards. The phase character-
ization and observation of liquid crystal textures were performed
by polarized optical microscope (POM) BX51 Olympus make
equipped with a Mettler FP82HT hot stage andMettler FP90 central
processor. Thermal stability was established by Perkin Elmer
TGA4000 analyser. The heating profile in all cases was a heating
segment rate of 10 �C min�1. Electrospray ionization mass spec-
trometry (ESI-MS) was carried out using Bruker Daltonics Esquire-
3000 instrument. X-ray diffraction studies were performed on non-
oriented samples filled using Lindeman capillary, with a diameter
of 1.0 mm using Cu-Ka (0.154 nm) radiation from a rotating anode
X-ray generator (Rigaku Ultrax-18) operating at 50 kV and 80 mA.
Two-dimensional detector Image Plate from Mar Research was
used for the collection of scattered radiation.
Synthetic procedure for compound 2 [19]

To a solution of 4-iodobenzoic acid (2.0 g, 1.0 mmol), copper (I)
iodide (1.7 g, 1.13 mmol), palladium chloride (0.02 g, 0.15 mmol)
and triphenylphosphine (2.1 g, 1.0 mmol) in triethylamine (7 ml),
was added ethynyltrimethylsilane (1.2 g, 1.5 mmol) dropwise over
30 min. The resulting reaction mixture was then refluxed at 80 �C
for 24 h under an atmosphere of argon and monitored by TLC. After
the completion of reaction, as indicated by the complete disap-
pearance of starting material on TLC, the mixture was cooled and
filtered through a Buchner funnel. The volatile solvents were
removed under reduced pressure. The resulting crude light brown
coloured material was extracted into ether, washed with brine
solution, dried over anhydrous sodium sulphate, and concentrated.
Finally the silylated product was purified by column chromatog-
raphy on silica gel with 3% ethyl acetate in hexane as an eluent
yielding 86% of pure 4-[2-(trimethylsilyl)ethynyl]benzoic acid (2).
Off white solid, 1.53 g; IR: 2953, 2156, 1681, 1604, 1454, 1377, 1251,
858 cm�1; 1H NMR (500 MHz, CDCl3): 8.0 (d, J ¼ 8.6, 2H, AreH), 7.6
(d, J ¼ 8.4, 2H, AreH), 0.27 (s, 9H).
FriedeleCrafts O-acylation for the synthesis of compounds 5aeo

A mixture of 4-[2-(trimethylsilyl)ethynyl]benzoyl chloride 3
(0.100 g, 1.5 mmol) and 1 mmol quantity of phenol each 4aeo was
stirred in dry pyridine (5 ml) in an ice bath under inert atmosphere
for 30 min. The reaction mixture was allowed to attain room
temperature. After the completion of the reaction, the reaction
mass was poured into ice cold dilute hydrochloric acid, and
extracted with DCM (2 � 25 ml). The organic layer was washed
with saturated brine solution and dried over anhydrous sodium
sulphate. The crude products obtained were purified by column
chromatography using ethyl acetate:petroleum ether (2:8) as an
eluent followed by recrystallization in hexane (60e80 �C). The
quantity (in grams) and percentage yields and of all final products
are reported in the subsequent experimental section.
1-[10-biphenyl-4-yl {4-(trimethylsilyl)}ethynyl]benzoate (5a)
1-[10-Biphenyl-4-yl {4-(trimethylsilyl)}ethynyl]benzoate (5a):

off white solid, 0.125 g, 80%; IR: 2924, 2852, 2160, 1730, 1573, 1454,
1377, 1246, 840 cm�1; 1H NMR (500 MHz, CDCl3): 8.13 (d, 2H,
J¼ 8.4 Hz, AreH), 7.61 (d, J¼ 8.6 Hz, 6H, AreH), 7.24 (m, 5H, AreH),
0.31 (s, 9H, eSi(CH3)3); Elemental analysis C24H22O2Si requires C,
77.80; H, 5.98; found C, 77.64; H, 6.05.
40-Cyano-[1,10-{biphenyl-4-yl 4-(trimethylsilyl)}ethynyl]benzoate
(5b)

40-Cyano-[1,10-{biphenyl-4-yl 4-(trimethylsilyl)}ethynyl]benzo-
ate (5b) off white solid, 0.121 g, 71%; IR: 2924, 2852, 2227, 1734,
1456, 1267, 1070, 844 cm�; 1H NMR: 8.13 (d, 2H, J ¼ 8.4 Hz, AreH),
7.74e7.56 (m, 8H, AreH), 7.35 (d, 2H, J ¼ 8.3 Hz, AreH), 0.30 (s, 9H,
eSi(CH3)3); 13C NMR (100 MHz, CDCl3): 164.5, 151.3, 144.7, 137,
132.6, 132.1, 130, 128.7, 128.4, 127.7, 122.4, 0.0; Elemental analysis
C25H21NO2Si requires C, 75.92; H, 5.35; N, 3.54; found C, 75.97; H,
5.12; N, 3.49.
Methyl-40-[{4-(trimethylsilyl)ethynyl-benzoyloxy}-1,10-biphenyl]-4-
carboxylate (5c)

Methyl-40-[{4-(trimethylsilyl)ethynyl-benzoyloxy}-1,10-
biphenyl]-4-carboxylate (5c) off white solid, 0.123 g, 68%; IR: 2924,
2854, 2160,1728,1456,1284,1076, 839 cm�1; 1H NMR: 8.12 (dd, 4H,
J ¼ 8.4 Hz, AreH), 7.63e7.55 (m, 6H, AreH), 7.32 (d, 2H, J ¼ 8.3 Hz,
AreH), 3.95 (s, 3H, eCOOCH3), 0.30 (s, 9H, eSi(CH3)3); 13C NMR:
167.1, 164.7, 151.1, 144.9, 138, 132.2, 130.3, 130.1, 128.6, 127.2, 122.3,
52.3, 92.8, 0.0; Elemental analysis C26H24O4Si requires C, 72.87; H,
5.64; found C, 72.92; H, 5.71.
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40-[Tetradecyloxy-1,10-{biphenyl-4-yl 4-(trimethylsilyl)}ethynyl]
benzoate (5d)

40-[Tetradecyloxy-1,10-{biphenyl-4-yl 4-(trimethylsilyl)}ethy-
nyl]benzoate (5d) off white solid, 0.145 g, 59%; IR: 2922, 2160, 1741,
1741, 1456, 1232, 840 cm�1; 1H NMR: 8.13 (m, 2H, AreH), 7.77e7.25
(m, 8H, AreH), 6.92 (d, 2H, J ¼ 8.8 Hz, AreH), 4.01 (t, 2H, J ¼ 6.6 Hz,
eOCH2e), 1.93e1.26 (m, 24H,eCH2e), 0.93 (t, 3H, J ¼ 7.5 Hz, eCH3),
0.30 (s, 9H, eSi(CH3)3); 13C NMR: 132.2, 132.0, 129.9, 128.1, 127.7,
121.8, 114.8, 31.9, 29.6, 29.6, 29.4, 29.3, 26, 22.7, 14.1, 0.0; Elemental
analysis C38H50O3Si requires C, 78.30; H, 8.65; found C, 78.41; H,
8.73.

4-[4-Pentyloxy{phenoxy-carbonyl-phenyl 4-(trimethylsilyl)}
ethynyl]benzoate (5e)

4-[4-Pentyloxy{phenoxy-carbonyl-phenyl 4-(trimethylsilyl)}
ethynyl]benzoate (5e) off white solid, 0.137 g, 65%; IR: 2924, 2852,
2158,1741,1600,1510,1460,1288,1058, 885 cm�1; 1H NMR: 8.21 (d,
2H, J ¼ 8.4 Hz, AreH), 8.14 (d, 2H, J ¼ 8.3 Hz, AreH), 7.63 (d, 2H,
J ¼ 8.4 Hz, AreH), 7.37 (d, 2H, J ¼ 8.3 Hz, AreH), 7.13 (d, 2H,
J ¼ 8.3 Hz, AreH), 6.92 (d, 2H, J ¼ 8.2 Hz, AreH), 3.98 (t, 2H,
J ¼ 6.5 Hz, eOCH2e), 1.85e1.32 (m, 6H,eCH2e), 0.93 (t, 3H, J ¼ 7.5,
eCH3), 0.30 (s, 9H, -Si(CH3)3); 13C NMR: 164, 156.9, 154.9, 144.1,
132.1, 131.8, 130, 128.8, 128.5, 127.4, 122.3, 121.9, 115.1, 103.8, 98.7,
68.4, 28.9, 28.2, 22.4, 14, 0.0; Elemental analysis C30H32O5Si re-
quires C, 71.97; H, 6.44; found C, 72.08; H, 6.48.

4-[4-Cyanophenoxy-carbonyl{phenyl 4-(trimethylsilyl)}ethynyl]
benzoate (5f)

4-[4-Cyanophenoxy-carbonyl{phenyl 4-(trimethylsilyl)}ethy-
nyl]benzoate (5f) off white solid, 0.126 g, 68%; IR: 2922, 2854, 2231,
2162, 1743, 1599, 1462, 1259, 1060, 756 cm�1; 1H NMR: 8.12 (d, 2H,
J ¼ 8.6 Hz, AreH), 7.95 (d, 2H, J ¼ 8.5 Hz, AreH), 7.63e7.44 (dd, 4H,
J ¼ 8.4 & 8.6 Hz, AreH), 7.22 (m, 4H, AreH), 0.30 (s, 9H, eSi(CH3)3);
Elemental analysis C26H21NO4Si requires C, 71.05; H, 4.82; N, 3.19;
found C, 71.13; H, 4.94; N, 2.27.

4-[Nitrophenyl 3-methyl-4-{4-(trimethylsilyl)ethynyl}benzoyl-oxy]
benzoate (5g)

4-[Nitrophenyl 3-methyl-4-{4-(trimethylsilyl)ethynyl}benzoyl-
oxy]benzoate (5g) off white solid, 0.114 g, 57%; IR: 2924, 2852, 2162,
1743, 1521, 1456, 1350, 1259, 1163, 1060, 860 cm�1; 1H NMR:
8.33e8.15 (m, 6H, AreH), 7.63e7.37 (m, 5H, AreH), 2.48 (s, 3H,
AreCH3), 0.30 (s, 9H, eSi(CH3)3); Elemental analysis C26H23NO6Si
requires C, 65.94; H, 4.90; N, 2.96; found C, 65.99; H, 5.04; N, 3.16.

4-[40-{3,7-Dimethyloctyloxy-phenoxy-carbonyl-phenyl- 4-
(trimethylsilyl)}ethynyl-benzoate (5h)

4-[40-{3,7-Dimethyloctyloxy-phenoxy-carbonyl-phenyl- 4-(tri-
methylsilyl)}ethynyl-benzoate (5h) off white solid, 0.127 g, 53%; IR:
2924, 2852, 2160, 1737, 1600, 1506, 1456, 1267, 1190, 1066,
839 cm�1; 1H NMR: 8.33e8.27 (dd, 4H, J ¼ 8.8 Hz & 8.2 Hz, AreH),
7.62 (d, 2H, J ¼ 8.5 Hz, AreH), 7.35 (d, 2H, J ¼ 8.4 Hz, AreH), 7.13 (d,
2H, J ¼ 8.6 Hz, AreH), 6.97 (d, 2H, J ¼ 8.2 Hz, AreH), 4.01 (t, 2H,
J ¼ 6.5 Hz, eOCH2e), 1.83e1.24 (m, 10H,eCH2e), 0.93 (t, 9H,
J ¼ 6.5 Hz, eCH3), 0.30 (s, 9H, eSi(CH3)3); Elemental analysis
C35H42O5Si requires C, 73.65; H, 7.42; found C, 73.71; H, 7.47.

Octan-2-yl 4-[40-{4-(trimethylsilyl)ethynyl}benzoyl-oxy-benzoyl-
oxy]benzoate (5i)

Octan-2-yl 4-[40-{4-(trimethylsilyl)ethynyl}benzoyl-oxy-ben-
zoyl-oxy]benzoate (5i) off white solid, 0.137 g, 57%; IR: 2926, 2854,
2158, 1735, 1602, 1456, 1267, 1062, 844 cm�1; 1H NMR: 8.30e8.12
(dd, 2H, J ¼ 8.6 Hz & 8.4 Hz, AreH), 7.65 (d, 2H, J ¼ 8.7 Hz, AreH),
7.43e7.24 (dd, 4H, J ¼ 8.7 Hz & 8.4 Hz, AreH), 5.14 (m, 4H,
eCOOCHeCH3e), 1.83e1.21 (m, 10H,eCH2e), 0.91 (t, 3H, J ¼ 6.5 Hz,
eCH3), 0.30 (s, 9H, eSi(CH3)3); Elemental analysis C34H38O6Si re-
quires C, 71.55; H, 6.71; found C, 71.62; H, 6.80.

4-[40-Hexadecyloxy-phenoxy-carbonyl{phenyl4-(trimethylsilyl)}
ethynyl)benzoate (5j)

4-[40-Hexadecyloxy-phenoxy-carbonyl{phenyl4-(trime-
thylsilyl)}ethynyl)benzoate (5j) off white solid, 0.144 g, 52%; IR:
2922, 2852, 2158, 1735, 1604, 1508, 1454, 1251, 1053, 842 cm�1; 1H
NMR: 8.12e8.05 (dd, 2H, J ¼ 8.6 Hz & 8.4 Hz, AreH), 7.63e7.45 (m,
4H, AreH), 7.12 (d, 2H, J ¼ 8.5 Hz, AreH), 6.95 (d, 2H, J ¼ 8.4 Hz,
AreH), 3.93 (t, 2H, J¼ 6.5 Hz,eOCH2e), 1.84e1.25 (m, 28H,eCH2e),
0.92 (t, 3H, J ¼ 7.6 Hz, eCH3), 0.30 (s, 9H, eSi(CH3)3); Elemental
analysis C41H54O5Si requires C, 75.19; H, 8.31; found C, 75.24; H,
8.39.

4-[3-Methyl-40-octadecyloxy-phenoxy-carbonyl-phenyl-4-
trimethylsilyl)-ethynyl]-benzoate (5k)

4-[3-Methyl-40-octadecyloxy-phenoxy-carbonyl-phenyl-4-tri-
methylsilyl)-ethynyl]-benzoate (5k off white solid, 0.168 g, 56%; IR:
2920, 2850, 2160,1737,1600,1506,1456,1271,1172,1016, 839 cm�1;
1H NMR: 8.13 (d, 2H, J ¼ 8.8 Hz, AreH), 7.75 (d, 2H, J ¼ 8.7 Hz,
AreH), 7.65 (s, 1H, AreH), 7.54 (d, 2H, J ¼ 8.6 Hz, AreH), 7.12 (d, 2H,
J ¼ 8.7 Hz, AreH), 6.74 (d, 2H, J ¼ 8.4 Hz, AreH), 4.01 (t, 2H,
J ¼ 6.6 Hz, eOCH2e), 3.83 (s, 3H, -OCH3), 1.82e1.15 (m, 32H,-CH2-),
0.92 (t, 3H, J ¼ 7.5 Hz eCH3), 0.30 (s, 9H, -Si(CH3)3); 13C NMR: 165,
164.6, 153.5, 149.2, 148.8, 148.3, 132.2, 130.1, 129, 128.7, 124.6, 122.9,
122.7, 121.5, 112.9, 111, 104, 98.5, 69.3, 56.3, 32.1, 29.8, 29.7, 29.5,
29.1, 26, 22.8, 14.2, 0.0; Elemental analysis C44H60O6Si requires C,
74.12; H, 8.48; found C, 74.17; H, 8.50.

4-[Benzyloxy{phenyl 4-(trimethylsilyl)}ethynyl]benzoate (5l)
4-[Benzyloxy{phenyl 4-(trimethylsilyl)}ethynyl]benzoate (5l)

off white solid, 0.158 g, 72%; IR: 2924, 2852, 2158, 1732, 1506, 1456,
1246, 1014, 763 cm�1; 1H NMR: 7.97 (d, 2H, J ¼ 8.8 Hz, AreH),
7.43e7.37 (m, 5H, AreH), 6.93e6.85 (dd, 6H, J ¼ 8.6 Hz & 8.7 Hz,
AreH), 4.96 (s, 2H, -OCH2Ph), 0.30 (s, 9H, eSi(CH3)3); Elemental
analysis C32H28O5Si requires C, 73.82; H, 5.42; found C, 73.90; H,
5.48.

Benzyl 4-[40-{(trimethylsilyl)ethynyl-benzoyl}oxy]benzoate (5m)
Benzyl 4-[40-{(trimethylsilyl)ethynyl-benzoyl}oxy]benzoate

(5m) off white solid, 0.124 g, 69%; IR: 2922, 2854, 2158, 1737, 1707,
1602, 1454, 1377, 1271, 1251, 1072 cm�1; 1H NMR: 8.23 (m, 5H,
AreH), 7.62e7.36 (m, 8H, AreH), 5.36 (s, 2H, AreCOOeCH2e), 0.30
(s, 9H, eSi(CH3)3); Elemental analysis C26H24O4Si requires C, 72.87;
H, 5.64; found C, 72.96; H, 5.70.

4-[4-{Nitrophenyl-diazenyl-phenyl 4-(trimethylsilyl)ethynyl}]
benzoate (5n)

4-[4-{Nitrophenyl-diazenyl-phenyl 4-(trimethylsilyl)ethynyl}]
benzoate (5n) orange coloured solid, 0.115 g, 61%; IR: 2922, 2854,
2152, 1732, 1599, 1529, 1456, 1346, 1203, 1055, 842 cm�1; 1H NMR:
8.23 (m, 5H, AreH), 7.65e7.34 (m, 8H, AreH), 5.35 (s, 2H,
AreCOOeCH2-), 0.30 (s, 9H, -Si(CH3)3); ESI-MS: 443.8 Da;
Elemental analysis C26H24O4Si requires C, 72.87; H, 5.64; found C,
72.96; H, 5.70.

4-[4-{Pentylphenyl-diazenyl-phenyl 4-(trimethylsilyl)ethynyl}]
benzoate (5o)

4-[4-{Pentylphenyl-diazenyl-phenyl 4-(trimethylsilyl)ethynyl}]
benzoate (5o) orange coloured solid, 0.145 g, 73%; IR: 2926, 2854,
2156, 1732, 1456, 1375, 1273, 1080, 840 cm�1; 1H NMR: 8.23 (m, 5H,
AreH), 7.63e7.34 (m, 8H, AreH), 5.33 (s, 2H, AreCOOeCH2e), 0.30
(s, 9H, -Si(CH3)3); Elemental analysis C26H24O4Si requires C, 72.87;
H, 5.64; found C, 72.96; H, 5.70.
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