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liquid crystalline properties during both heating and cooling. They also demonstrate a broad
temperature range and thermal stability. Further, we have studied the structure-property
relationship to gain a better understanding of the effect of the linking group and variable alkoxy
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1. Introduction

Thermotropic liquid crystals are mesogenic compounds that depend solely on changes in ambient temperature for their
mesomorphism.! Mesomorphism may be changed with changing molecular geometry. To date, various homologous series
have been reported, which include azo, ester, chalconyl, vinyl ester, and Schiff base groups as linking groups.® A
thermotropic liquid crystal molecule consists of a central part, typically a linker rod, used to connect aromatic rings through
various linking units. It also has end tails, which are composed of either straight alkyl or alkyloxy chains with a polar
substituent at the terminal end to enhance flexibility and maintain molecular alignment stability.* The flexibility of an LC
molecule is determined by the number of carbon atoms present in the alkyl chain. Depending on the type of substituents
and their combinations, it is possible to form both nematic and smectic C-type mesophases.’ Because of its unique ability
to flow like a liquid while exhibiting optical properties like crystals, the study of the liquid crystalline state is a
multidisciplinary field that offers benefits to both humans and various industries.®

In literature, various types of calamitic liquid crystals with small molecular systems have been reported, featuring two
phenyl rings linked by different types of linking units.”!® Small molecular system-based liquid crystals are primarily
applicable at an industrial level for large-scale synthesis and purification processes. Calamitic liquid crystals with lower
molecular mass typically consist of 1,4-disubstituted phenyl terminal cores with lateral and terminal side groups, as well as
the presence of flexible alkoxy side groups.!" Additionally, structural variations can be achieved by introducing polar
groups, such as fluorine or cyano, at both the lateral and terminal positions of the rigid core to create liquid crystalline
materials.'? In the nematic mesophase, the presence of longitudinal molecular axes aligns themselves parallel to the director
axis, displaying a long-range orientational order that can be observed with different types of texture patterns under POM
studies.!® In smectic thermotropic liquid crystals, there is a coexistence of outlined orientational order and translational
order. The molecules are arranged in equidistant planes, creating a periodic layered structure with a specific layer
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thickness.'* The selection of a mesogenic core, terminal groups, and a flexible chain are essential parameters for designing
small molecular system-based liquid crystals. A para-substituted phenyl ring is used to confirm that the molecules have
structural linearity and large molecular polarizability with respect to terminal and lateral side groups which further impact
on the exhibition of liquid crystalline phase.!® Till the date, different type of liquid crystalline compound based on chalcone
group was reported in the literature with different types of mesogenic properties.!®2! Apart from this, our research group
reported two phenyl ring based linear and non-linear single chalcone substituted imidazolium based LCs.??> These
imidazolium based ionic compounds displayed smectic C and nematic type mesogenic properties. Understanding the
generation and behavior of the nematic mesophase in small molecular systems is crucial for various applications, including
liquid crystal displays, optical devices, and materials with tunable optical properties.?*2

Sulfonamides belong to an important class of synthetic antimicrobial drugs that are pharmacologically used as broad
spectrum for the treatment of human and animal bacterial infections.?*?’ Sulfonamides are organo-based sulphur containing
compounds having five or six-membered heterocyclic rings.?® In present investigation, we have synthesized sulfonamide
based liquid crystal and focused on the study of the effect of central linking group as well as molecular structure on the
liquid crystalline properties. Addition to this, we also investigate the effect of the variable alkyloxy side chain (-OR) on the
mesomorphic behavior. On other hand, we have studied the structure-property relationship for more understanding the
exhibition and variation on liquid crystalline, mesophase temperature range and thermal stability. This report aims to
elucidate the correlation between the mesomorphic properties of chalcone-linked ester and cinnamate mesogens. This
includes the number of side chains, the variation of their position, their length and branching. The structure—property
relationships of the number of alkyl chains, their position, length and structure were studied.

2. Experiment
2.1 Materials

The following materials were acquired from Avra Chemicals, India for synthesis: 4-hydroxy benzaldehyde,
sulphanilamide, and anhydrous potassium carbonate (K,CO3), sodium nitrite (NaNO,), and resorcinol. Alkyl bromides (R-
Br) were purchased from S.R.L. India. Malonic acid, pyridine, di-cyclohexyl carbodiimide (DCC), dimethylamino pyridine
(DMAP), and hydrochloric acid (HCI) were purchased from JSK Chem Ltd. The solvents were dried and further purified
by the reported method.

2.2 Measurements

Melting points were taken on the Opti-Melt (automated melting point system). The FT-IR spectra were recorded as KBr
pellets on Shimadzu in the range of 3800-600 cm'. The texture images were studied on a trinocular polarizing optical
microscope (POM) equipped with a heating plate and a digital camera. The '"H NMR and '*C NMR spectra were recorded
on a 400 MHz in Bruker Advance in the range of 0.5 ppm to 16 ppm using CDClIs solvent. The phase transition temperatures
were measured using the Shimadzu DSC-60 plus on the heating and cooling cycle. The miscibility method was employed
to assess the texture images of the nematic phase. The newly synthesized compound is placed between a glass slide and a
coverslip for POM measurements, with both heating and cooling rates set at 2.0 °C/min. Thermogravimetric analysis (TGA)
was performed using a thermogravimetric analyzer (Mettler Toledo) under constant nitrogen flow at a heating rate of 10
°C/min.

2.3 Reaction and Scheme
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Scheme 1. (i) alkyl bromide (R-Br), anhydrous K>COj3, acetone, reflux, (v) malonic acid, piperidine, pyridine, reflux for 4
h, (vi) DCC, DMAP, DCM, 24 hr, 1t.
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3. Result and discussion

In the present study, we have prepared newly calamitic-shaped two phenyl ring-based compounds and investigated their
liquid crystalline properties. We have prepared four derivatives by using a central substituted acrylamide group and variable
alkoxy side chain at terminal position. The target acrylamide-based compounds (C1-C4) have been prepared by the reaction
of 4-n-alkyloxy cinnamic acid derivatives (B1-B4) with sulfanilamide. The liquid crystalline properties of the synthesized
compounds were studied by using a polarizing optical microscope (POM) and further confirmed by differential scanning
calorimetry (DSC) analysis.

3.1 POM discussion

The liquid crystalline properties of the newly synthesized calamitic-shaped acrylamide-based materials were examined
using a polarizing optical microscope during both heating and cooling cycles. For the POM analysis, the compound is
sandwiched between a coverslip and a glass slide, and then scanned during both heating and cooling cycles. The compound
C1 with butyloxy tail group shows nematic mesophase at 132.0 °C and further transforms into isotropic liquid at 152.0 °C
respectively. Similarly, compound Cz with octyloxy, compound C3 with octyloxy, and compound Ca with decyloxy tail
group displayed nematic mesophase at 127.0 °C, 110.0 °C, and 108 °C and further transform into isotropic liquid at 147.0
°C, 138.0 °C, 132.0 °C respectively. All four chalconyl-amide-based derivatives exhibited enantiotropic mesogenic
behavior. The transition temperatures of the compounds, as determined from the POM study, are listed in Table 1.

Table 1. Transition temperature of the acryl amide based compounds (Ci-Cs) in °C.

Comp. alkyl chain Transition temperatures in °C
(-R) Cr N I
Ci Cs - 132.0 152.0
C: Cs - 127.0 147.0
GCs Cs - 110.0 138.0
Cs Cuwo - 108.0 132.0

(Cr = solid crystal; N = nematic phase; I = isotropic phase)

The number of alkoxy tails, their positions, and the length of side alkyl chains in a compound can indeed influence its
transition temperature.’? These factors impact the compound's overall molecular structure and properties, which, in turn,
affect its physical behavior. The alkyl chains in a compound can contribute to its polarity, rigidity, polarizability, dipole
moment, and molecular interactions.’ An acrylamide group is not a combination of a vinyl group and an amide group;
instead, it is a distinct functional group derived from acrylic acid. Acrylamide finds extensive applications in various sectors,
including industry and research, with diverse uses such as in polymer production, the creation of flocculants, and the
development of biomaterials.>** However, acrylamide itself is not typically known for exhibiting mesogenic (liquid crystal)
properties. In the present study, we are introducing acrylamide groups in the molecular systems and further studied the
effect on the liquid crystalline behavior. By introducing a long alkyl spacer into the molecular structure of a compound, the
flexibility and freedom of movement between the mesogenic groups can be increased. This increased flexibility tends to
reduce the intermolecular interactions and hinder the formation of well-ordered liquid crystalline phases. As a result, the
transition temperature of the compound is generally shifted to higher values. The phase behavior of the synthesized two-
phenyl system-based LCs is shown in Fig. 1.
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Fig. 1. Phase behavior of the synthesized acrylamide LCs (Ci-Ca).
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The phase behavior in liquid crystals refers to the different structural arrangements and physical states that liquid crystal
materials can exhibit under specific conditions. Liquid crystals can exist in several distinct phases, each characterized by a
particular molecular organization and ordering pattern. As we go from lower to higher members, both the observed phase
transitions (Cr-N & N-I) show the descending tendency. Further, it is common to observe the trends in phase transitions as
certain molecular parameters are changed. These trends can provide insights into the relationship between molecular
structure and phase behavior. When considering the Cr-N transition in all four single linking unit-based LCs, where the
material transitions from a crystalline phase to a nematic phase, a descending tendency indicates that as the size or molecular
weight of the compounds increases, the transition temperature decreases. This behavior suggests that larger or bulkier
molecules have a lower tendency to order into a crystalline phase, leading to a decrease in the transition temperature. In the
N-I transition of all compounds, where the material shifts from a nematic phase to an isotropic phase, a descending trend
indicates that with increasing size or molecular weight, the transition temperature from the nematic phase to the isotropic
phase decreases. This implies that larger or more complex molecules have a reduced tendency to maintain nematic order at
higher temperatures, leading to a lower transition temperature.

3.2 Texture study

The observation of a mesophase texture by cooling a glass slide from an isotropic state to a mesomorphic state with a
cooling rate of 2.0 °C/min suggests the presence of a temperature-dependent phase transition in the material. Experimental
techniques such as polarized light microscopy can be used to observe and characterize the mesophase textures in liquid
crystal materials. These techniques allow for the visualization and analysis of the molecular ordering and texture patterns
in the material. The POM texture image of all four materials is shown in Fig. 2.

Fig. 2. Optical photomicrographs on cooling condition; (a) nematic phase at 132.0 °C for comp. Ci; (b) nematic phase at
127.0 °C for comp.Cz; (c) nematic phase at 110.0°C for comp. Cs; (d) nematic phase at 108.0°C for comp. Ca.

The microphotograph texture images of the compounds were captured during the cooling process. Compound C1 with
butyloxy chain shows marble type texture pattern of nematic phase at 132.0 °C respectively. Similarly, compound Cz with
hexyloxy tail group shows a threaded type of texture pattern of nematic phase at 127.0 °C respectively. Likewise, compound
Cs with octyloxy tail exhibited schlieren type texture pattern of the nematic phase at 110.0 °C and transformed into isotropic
phase at 138.0 °C respectively. Furthermore, compound Cs with decyloxy tail displayed threaded type texture pattern
nematic phase at 108.0 °C respectively. Addition to this, all four materials show a similar type of texture pattern in the
heating cycle as well. To enhance our understanding of the mesophase behavior, we conducted measurements to determine
the phase sequence of the selected compound (Ci1) under different temperature conditions (Fig. 3). By examining the
changes in the observed textures as the temperature is varied, we can identify and characterize the different phases present
in the material. This analysis helps us understand how the molecular arrangement and ordering within the liquid crystal
evolve with temperature, providing insights into the thermotropic behavior of the compound. The schematic molecular
arrangement of the small molecular system-based LCs with nematic mesophase is depicted in Fig. 4. The generation of the
nematic mesophase is primarily influenced by the molecular shape and the intermolecular interactions between the
molecules. Small molecular systems with a single linking unit often possess elongated or rod-like molecular structures,
promoting the alignment of the molecules along a common axis.3¢ This alignment arises from the balance between attractive
and repulsive forces between the molecules, such as van der Waals interactions and dipole-dipole interactions.’” The
presence of the -SO.NH; group can affect the liquid crystalline properties by introducing polarity and increasing the
polarizability of the molecule. As a result, the molecule containing the -SO,NH, group tends to have a higher dipole moment
compared to other linking group.3® The presence of the -SO,NH, group introduces electronegative atoms (oxygen and
nitrogen) into the molecule, leading to increased polarity. These electronegative atoms can withdraw electron density,
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creating a polarized region within the molecule. The presence of the sulfonamide group at terminal position can enhance
the molecular polarizability towards the molecular system, allowing the molecule to respond more readily to external
electric fields.”

Fig. 3. Phase sequence of compound C1 on cooling condition; (a) isotropic liquid at 152.0 °C (a); nematic droplets at
130.0 °C (b); nematic droplets at 125.0 °C (c); nematic droplets at 121.0 °C (d); nematic droplets at 114.0 °C (e); solid
crystal at 107.0 °C (f).
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Fig. 4. Schematic arrangement pattern of molecules in the formation of nematic mesophase.

3.2 DSC investigation

Differential Scanning Calorimetry (DSC) is indeed a valuable tool for the identification and analysis of phase transitions,
including the determination of phase transition temperatures in liquid crystal systems. DSC measures the heat flow
associated with thermal events in a sample, allowing for the detection of changes in enthalpy (heat content) that occur during
phase transitions. The DSC thermogram of all four derivatives (C1-Cs) is shown in Fig. 5. During a DSC experiment, the
sample is subjected to a controlled temperature program, typically from a lower temperature to a higher temperature. As the
sample undergoes phase transitions, the heat flow into or out of the sample is recorded, resulting in characteristic peaks in
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the DSC curve. The position and shape of these peaks can provide information about the nature and temperature of the
phase transition. The phase transition temperatures along with the enthalpy change values are supplied in Table 1. It is
observed that two endothermic peaks corresponding to the transition from the solid phase to the nematic phase (Cr-N) and
from the nematic phase to the isotropic phase (N-I) are evident in both the heating and cooling cycles. The presence of these
two endothermic peaks during heating indicates the transformation from a solid state to a nematic phase, which is a liquid-
like phase characterized by orientational order but not positional order. The heat flow recorded during this transition
manifests as an endothermic peak in the DSC curve. As the temperature continues to rise, the second endothermic peak
occurs, indicating the transition from the nematic phase to the isotropic phase. The isotropic phase is a disordered liquid
phase where both orientational and positional orders are lost. Once again, the heat flow associated with this transition is
detected as an endothermic peak in the DSC curve. Further, the associated enthalpy value for both transition temperatures
signify the presence of liquid crystalline properties in all four single linking unit based calamitic LCs. Furthermore, the
transition temperatures obtained from the DSC analysis can be further correlated with the microscopic temperatures
observed using POM study. This correlation helps in establishing a comprehensive understanding of the phase transitions
and provides additional insights into the material's thermal properties. Compound Ci1 with butyloxy group, displays two
endothermic peaks at 131.7 °C and 149.2 °C, confirming the existence of transitions from the solid phase to the mesophase
and from the mesophase to the isotropic liquid phase, respectively. Similarly, compound C2 containing a hexyloxy group
exhibits two endothermic peaks at 126.8 °C and 149.1 °C, indicating the presence of a mesophase in the compound.
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Fig. 5. DSC thermogram of compound Ci (a); compound Cz (b); compound Cs3 (c);
compound Cs (d) on the second heating and cooling cycle.

Table 2. Transition temperature (°C), enthalpy (J g'!), of the compounds (Ci-Cs) by DSC measurement.

Comp. Transition Heating Cooling scan(°C) AH (Jgh) AH (Jgh)
scan(°C)
C1 Cr-N 131.7 128.1 10.4 12.86
N-I 149.2 148.6 441 5.34
C: Cr-N 126.8 126.7 9.8 10.8
N-I 149.1 146.2 2.73 3.32
Cs Cr-N 110.3 109.8 11.9 10.6
N-I1 139.6 138.1 3.97 6.05
Cs Cr-N 106.6 104.2 9.65 10.6
N-1 132.5 130.6 5.06 6.48

(Cr = solid crystal, N = nematic phase, I = isotropic phase).
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On the other hand, compound Cs, which features an octyloxy tail group, displays two endothermic peaks at 110.3 °C
and 139.6 °C, indicating the presence of phase transitions from crystalline (Cr) to nematic (N) phase and from nematic (N)
to isotropic (I) phase, respectively. In addition, compound Ca with decyloxy chain showed two endothermic peaks at 106.6
°C and 132.6 °, this is due to the formation of the nematic phase from solid crystal and further transform into isotropic
liquid. Apart from this, all four compounds displayed two endothermic peaks at similar temperatures on cooling condition
which confirm the enantiotropical type behavior of the present synthesized acrylamide-based LCs. It is evident that higher
alkyl chain groups result in the promotion of mesogenic properties at lower temperatures, including the clearing temperature,
compared to lower alkyl chain functionalized compounds. This can be attributed to the increased rigidity of the molecules,
facilitated by acrylamide linking units supported by left side-substituted alkyl arms with a range of chain lengths extending
from the lower to higher members at the terminal side position.*’ Additionally, the presence of higher alkyl chain groups in
a compound can favor lower melting points. This can be attributed to the increased flexibility and molecular mobility
provided by the longer alkyl chains. The presence of these flexible alkyl chains disrupts the packing and ordering of the
molecules, making it easier for the compound to undergo the phase transition from a solid to a liquid crystalline state at
lower temperatures.*! The bar graph represents the thermal behavior of all four derivatives in heating conditions (Fig. 6a).
Addition to this, the mesophase temperature range of all four acrylamide mesogens (C1-Cs) is shown in Fig. 6b.
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Fig. 6. Thermal behavior of the compounds (Ci-Cs) (a); mesophase temperature range (b) upon heating condition.

3.3 TGA analysis

Thermogravimetric analysis is a technique used to study the thermal stability of the liquid crystalline sulfonamide
derivatives. It measures the weight change of a sample as it is heated or cooled under controlled conditions. The thermal
stability of azo-cinnamate based liquid crystalline compounds can be assessed by subjecting them to TGA analysis (Fig. 7).
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Fig. 7. Thermogravimetric study of compound C1 and Ca.
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In the present study, we have specifically chosen two compounds with lower alkyl and higher alkyl chain groups to
investigate the influence of alkyl side arms on the thermal stability of the materials. This approach allows for a comparative
analysis to understand how different alkyl side arms impact the thermal behavior of the sulfonamide-based LCs. The
obtained data in your study indicates that the selected two derivatives of acrylamide based liquid crystalline compounds
exhibited good thermal stability up to 330 °C. This suggests that these compounds can withstand relatively high
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temperatures without undergoing significant weight loss or decomposition. However, beyond the 330 °C mark, the TGA
spectra showed that the compounds underwent complete degradation over the temperature range of 420 °C to 450 °C. This
indicates that the compounds experienced a rapid weight loss or decomposition process within this temperature range,
resulting in their eventual breakdown. One can see that the compound with a higher alkyl chain displayed slightly higher
weight loss as compared to the lower chain substituted material. The specific reasons for this difference in weight loss can
vary and depend on various factors, including the molecular structure, intermolecular interactions, and packing
arrangements of the compounds. The presence of a longer alkyl chain can potentially affect the stability of the compound
by influencing its molecular mobility, intermolecular forces, or even the accessibility of certain functional groups during
thermal decomposition.*?

3.4 Structure property relationship

In molecular systems exhibiting liquid crystalline properties, the relationship between molecular structure and properties,
particularly the left terminal end, central linking group, and right terminal end, plays a crucial role in determining their
behavior. The molecular structure, encompassing the nature and arrangement of the molecules, significantly influences
several key properties of liquid crystals, including their phase behavior, transition temperatures, stability, and optical
properties. In this current study, we have compared the phase transition temperature, mesophase stability, and the onset of
the mesophase with homologous series previously reported, which share a similar molecular structure based on a single
chalcone linking unit®°. The molecular structure of present synthesized acrylamide-based materials and previously reported
homologous seires-1 and series-2 is depicted in Fig. 8. All three series share a commonality in the left terminal group and
the two-phenyl-based molecular system but differ in the central linking unit and the right terminal end. The acrylamide-
based molecular system synthesized in this study, which features a sulfonamide terminal end, demonstrates a higher thermal
stability in the nematic mesophase compared to the other two series. Furthermore, the mesophase temperature range of the
acrylamide-based materials is broader when compared to the chalcone-based homologous series. This suggests that the
incorporation of the sulfonamide terminal end in the acrylamide-based system contributes to enhanced stability and a wider
temperature range for the nematic mesophase. The specific chemical interactions and structural characteristics of the
acrylamide-based materials likely play a role in these improved thermal properties.
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Fig. 8. Structurally similar analogous series.

Furthermore, the present sulfonamide compounds showed N-I thermal stability at about 142.2 °C (C1 to Cs) which is
higher as compared series-1 (96.5 °C) and series-2 (86.2 °C) respectively. This may be due to the presence of sulfonamide
at the right terminal group which can further influence the overall polarity, thermal stability, and intermolecular forces
within the molecular system supported by acrylamide group to induce thermally stable nematogenic mesomorphism. The
more flexibility towards both terminal ends (series-1, series-2) leads to favor mesomorphism at lower temperature and less
thermal stability as compared to -SO>NHo substituted materials. Additionally, the shape, size, polarity, dipole moment, and
flexibility of the terminal groups can affect the molecular arrangement, packing efficiency, and ultimately, the phase
behavior of the material.

4. Conclusions

The synthesis protocol developed for sulfanilamide functionalized acrylamide compounds with flexible arms was
designed to be efficient and systematic. It likely involved a series of well-defined steps and reactions to ensure the successful
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formation of the desired target compounds. Further, we have investigated the liquid crystalline properties in all derivatives.
All four acrylamide linked sulfonamide materials (C1-C4) with variable alkyl chain displayed enantiotropic nematic
mesophase with good temperature range and stability. These findings provide valuable insights into the structure-property
relationship of liquid crystals and demonstrate the potential advantages of using acrylamide-based small molecular system
with sulfonamide terminal ends in terms of enhanced stability of mesophase and thermal behavior. Additionally, this type
of nematic liquid crystals (LCs) with a small molecular systems can be easily synthesized using a single-step synthesis
method. This streamlined synthesis approach allows for efficient and cost-effective manufacturing, making it more feasible
for industrial applications and potential commercial use.

5. Synthesis and characterization of target compounds (Ci-Cai)

5.1 Preparation of 4-n-alkyloxy benzaldehyde (A1-A4)

4-n-alkoxy benzaldehyde is prepared by the previously reported method.?
5.2 Preparation of 4-n-alkyloxy cinnamic acid (B1-Bs)

4-n-alkyloxy cinnamic acid is prepared by the previously reported method.>
5.3 Synthesis of acrylamide-based target compounds (C1-Ca)

Finally, the targeted compounds have been prepared by esterification of sulfanilamide (1 mmol) with 4-n-alkoxy
cinnamic acid derivatives (B1-B4) (1.2 mmol) in presence of DCC (2.2 mmol) and DMAP (0.05 mmol) using
dichloromethane (30 ml) as a solvent.?! The white precipitate of DCU is obtained which was isolated by filtration and
discarded, while the filtrate was evaporated to dryness. The obtained crude product was further recrystallized by ethanol to
get pure product. The synthetic route of the target compounds is shown in Scheme 1.

5.4 Selected data of synthesized compounds (C1-C4)

Compound Ci: 72 % yield, light yellow color, FT-IR (KBr) in cm: 2980-3030 (-C-H- str in CH3), 1450 (-NH), 1640
(>C=0 str), 930 (trans, vinyl group), 834 (aliphatic alkyl chain), 807 (para-disubstituted aromatic ring), 1240 (-SO; group).
'"H NMR: 6H (CDCls, 400 MHz): 0.90 (t, 3H, -OC4Hy), 1.46 (m, 2H, -OC4Hy), 1.74 (m, 2H, -OC4Hy), 4.06 (t, 2H, -OC4Hy),
7.32 (d, 1H, -CO-CH=CH-), 7.56 (d, 1H, -CO-CH=CH-), 7.02 & 7.67 (d, 4H, first phenyl ring ), 7.61 & 7.79 (d, 4H, second
phenyl ring), 6.62 (s, 2H, -SO,NH, group), 8.81 (s, 1H, amide); *C NMR (CDCls): § ppm 19.0 (CH; of ~OC4Hy chain),
31.3 (-CH; aliphatic chain), 68.6 (-OCH>), 114.2, 129.3, 130.2, 120.4, 140.6, 135.1, 158.2 (Ar-C), 119.6 (o carbon of -CO—
CH=CH), 141.3 ( B carbon of CO—-CH=CH), 162.7 (-C=0 group of amide).

Compound Cz: 74 % yield, yellow color, FT-IR (KBr) in cm': 2882 (-C-H- str in -CH3), 1460 (-NH), 1640 (>C=0 str),
1240 (-S0O,), 930 (trans, vinyl group), 820 (para-disubstituted aromatic ring), 801 (aliphatic alkyl chain). 'H NMR: §H
(CDCl3, 400 MHz): 0.88 (t, 3H, -OC¢H13), 1.46 (m, 2H, -OC¢Hi3), 1.76 (m, 2H, -OCsH3), 4.06 (t, 2H, -OCsH.3), 7.32 (d,
1H, -CO-CH=CH-), 7.84 (d, 1H, -CO-CH=CH-), 7.10 & 7.46 (d, 4H, first phenyl ring ), 7.53 & 8.01 (d, 4H, second phenyl
ring), 6.46 (s, 2H, -SO,NH, group), 8.83 (s, 1H, amide); '*C NMR (CDCls): § ppm 14.1, 19.2 (CH;3 of -OC¢H}; chain), 31.6
(-CH aliphatic chain), 68.6 (-OCH>), 114.2, 129.3, 130.2, 120.4, 140.6, 135.1, 158.2 (Ar-C), 118.3 (a carbon of -CO-
CH=CH), 140.9 (B carbon of CO—~CH=CH), 161.8 (-C=0 group of amide).

Compound Cs: 73 % yield, off white color, FT-IR (KBr) in cm!: 2986 (-C-H- str in -CH3), 1440 (-NH), 1610 (>C=O0 str),
1240 (-SOy), 930 (trans, vinyl group), 801 (para-disubstituted aromatic ring), 788 (aliphatic alkyl chain). '"H NMR: § ppm
(CDCl3, 400 MHz): 0.90 (t, 3H, -OCsH,7), 1.46 (m, 8H, -OCgHi7), 1.76 (m, 2H, -OCsH17), 4.01 (t, 2H, -OCsHi7), 7.57 (d,
1H, -CO-CH=CH-), 7.86 (d, 1H, -CO-CH=CH-), 7.01 & 7.34 (d, 4H, first phenyl ring ), 6.68 & 8.01 (d, 4H, second phenyl
ring), 6.67 (s, 2H, -SO,NH; group), 8.54 (s, 1H, amide); '3*C NMR (CDCl;): 6 ppm 14.2, 19.3, (CH; of —OCsH;7 chain),
31.3 (-CH; aliphatic chain), 68.6 (-OCH>), 114.2, 129.2, 130.2, 120.4, 140.4, 135.1, 158.2 (Ar-C), 119.4 (a carbon of -CO—
CH=CH), 141.56 (B carbon of CO—CH=CH), 160.74 (-C=0 group of amide).

Compound Cs: 76 % yield, light yellow color, FT-IR (KBr) in em™': 2978 (-C-H- str in -CH3), 1420 (-NH), 1680 (>C=0
str), 1240 (-SO,), 932 (trans, vinyl group), 806 (para-disubstituted aromatic ring), 723 (aliphatic alkyl chain). '"H NMR: §
ppm (CDCl3, 400 MHz): 0.88-0.90 (t, 3H, -OCioH21), 1.28-1.32 (m, 12H, -OC1oH2:1), 1.47 (m, 2H, -OC;oH21), 1.76 (m, 2H,
-OCioH21), 4.08 (t, 2H, -OCioH21), 7.67 (d, 1H, -CO-CH=CH-), 8.12 (d, 1H, -CO-CH=CH-), 7.12 & 7.69 (d, 4H, first phenyl
ring ), 7.79 & 6.87 (d, 4H, second phenyl ring), 6.47 (s, 2H, -SO,NH, group), 8.67 (s, 1H, amide); '3C NMR (CDCl;): &
ppm 19.2 (CHs of —OCoHa; chain), 31.4 (-CH, aliphatic chain), 68.6 (-OCH,), 114.3, 129.2, 130.2, 120.4, 140.6, 135.1,
158.2 (Ar-C), 114.4 (a carbon of -CO-CH=CH), 140.2 ( B carbon of CO-CH=CH), 161.7 (-C=0 group of amide).
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