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ABSTRACT 

Hydrothermal synthesis of a homologous series of thiophene derivatives from 4-(1-(hydroxyimino) ethyl) phenyl 4-

alkoxybenzoates and thiophene-2-carboxylic acid using mercuric acetate under solvent-free conditions is described. 

The liquid crystalline properties of the synthesized compounds were investigated by Polarising Optical Microscopy 

(POM) and Differential Scanning Calorimetry (DSC). It is observed that all the members of the series exhibited only 

Nematic phase (N). 

 

Keywords: Phase transfer catalysis; Mercuric acetate; Hydrothermal/Solvothermal method; Nematic phase; 

Polarising optical microscope (POM); Differential scanning calorimetry 

_____________________________________________________________________________ 

INTRODUCTION 

The five-membered, sulfur containing heterocycle thiophene is widely used as a building block in medicinal 

chemistry and drug discovery. It constitutes an important class of compounds that are stable, and can be easily 

synthesized and functionalized. Functionalized thiophenes have found extensive use as precursors for functional 

materials, natural products and pharmaceuticals. Many heterocyclic compounds containing thiophene have versatile 

pharmacological activities such as controlling diabetes [1], anticonvulsant [2], antiviral [3], antibacterial [4], anti-

inflammatory [5], antioxidant [6], antimicrobial [7], antifungal [8], local anesthetic [9], antiallergy [10], anti-

tubercular agents [11], etc. Thiophenes are also used as photosensitive natural insecticide [12]. They are also 

incorporated into cycloparaphenylenes [13]
 
which exhibit electrochemical and optical properties, in transition metal 

complexes [14], in covalent organic frameworks [15], in organic solar cells [16], in copolymers [17], in high 

performance field effect transistors
 
[18], as dyes for probing membranes [19], etc. 

Carbonyl compounds form a number of derivatives such as oximes, hydrazones, semicarbazones and N-substituted 

hydrazones. These nitrogen derivatives are not only synthetic intermediates, but they are extensively used for 

purification, characterization of carbonyl compounds, etc. Compounds with N-O bonds, such as O-aryloximes 

ethers, O-alkenyl oxime ethers, nitrones and N-oxides have been used extensively as important starting materials 

(or) intermediates to synthesize key building blocks in organic synthesis such as the synthesis of heterocyclic 

compounds such as isoxazolines and oxazines. Oxime and its derivatives are found in a number of commercial drugs 

such as pralidoxime, pifoxime, cefixime, fluvoxamine, oxiconazole and enviroxime. They are also used as ataraxics
 

[20], anti-inflammatory agents [21], anti-HIV agents [22], etc. Liquid crystals are an intermediate state of matter that 

exists between crystal and liquid states. Materials in liquid crystalline phase exhibit/s both the fluid and crystalline 

properties in such a manner, that they are utilized in liquid crystal displays, thermometers, optical imaging, 

polymers, etc. The general common molecular feature of a liquid crystal is an elongated, narrow molecular frame 

work which usually is depicted as a rod-shaped or a bent-shaped structure. Semicarbazones, oximes and azines are 

derivatives of carbonyl compounds which are liquid crystalline. Thiophene and their derivatives are widely used in 

non-linear optics [23-28]. Majority of the thiophene-based liquid crystalline molecules contain thiophene ring either 

as a central ring or as a part of fused ring system [29-36]. Hydrothermal/solvothermal method is used for the 
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synthesis of 1, 3, 4-oxadiazoles [37], homometallic and heterometallic tetrazole complexes [38,39], and pyrazoles 

and isoxazoles [40]. There are no reports of alkylation/esterification of oximes by the hydrothermal method. 

Alkylation or esterification of oximes involves the use of acid chlorides, and this method suffers from disadvantages 

such as longer reaction time, harsh reaction conditions, lower yield, side products, etc. Many methods have been 

developed to overcome these conditions [41-45]. Mercuric acetate is used for transetherification of methoxyethene 

[46]. Thus, we decided to synthesise oximino esters of thiophene from 4-(1-(hydroxyimino)ethyl)phenyl 4-

alkoxybenzoates and thiophene-2-carboxylic acid using mercuric acetate under solvent-free conditions, and evaluate 

their mesogenic properties. 

MATERIALS AND METHODS 

All reagents and solvents were used as received from the suppliers as given below. 4-hydroxyacetophenone, 

hydroxylamine hydrochloride and pyridine were bought from Loba Chemie. n-ethyl bromide, n-propyl bromide, n-

butyl bromide, n-pentyl bromide, n-hexyl bromide, n-heptyl bromide and n-octyl bromide were bought from Loba 

Chemie. 1-bromodecane, 1-bromododecane, 1-bromotetradecane and 1-bromohexadecane were bought from Alfa 

Aesar. Mercuric acetate and thiophene-2-carboxylic acid was bought from Loba Chemie. Ethylacetate, petroleum 

ether and n-hexane was bought from Rankem. Melting points were determined by using digital melting point 

apparatus in melting point capillaries and are uncorrected. The purity of the compounds was checked by TLC on 

silica gel G plates and the spots were identified by iodine chamber and U.V lamp used as visualizing agents. Column 

chromatrography was performed on silica gel (100-200 mesh) using a gradient of ethyl acetate and petroleum ether 

as mobile phase. IR spectra were recorded by using KBr pellets on a FTIR Spectrophotometer (Shimadzu 8400S, 

4000-400 cm
-1

). 
1
H- and 

13
C-NMR spectra were recorded using CDCl3 as solvent and tetramethylsilane as internal 

standard using Agilent-NMR 400MHz. 
1
H-NMR spectral data are given as chemical shifts in ppm followed by 

multiplicity (s=singlet, d=doublet, dd=doublet of doublet, t=triplet, m=multiplet, and so on). Mass spectra were 

recorded in a mass spectrometer of Synapt G2 HDMS. 

 

Experimental Procedure 

 

Synthesis of 4-alkoxybenzoic acids: Typical procedure for the synthesis of 4-ethoxybenzoic acid (Scheme 1): 

4-hydroxybenzoic acid (4.022 g, 29.1 mmol) and ethyl bromide (3.145 g, 2.14 ml, and 29.1 mmol) were dissolved in 

anhydrous ethanol (45 ml). Then, powdered potassium hydroxide (3.259 g, 58.2 mmol) was added to the above 

reaction mixture and refluxed for 6hrs under stirring. After cooling to room temperature, the mixture was acidified 

with 1 N hydrochloric acid (20 ml) to yield white precipitate. After filtration, the crude product was purified by 

recrystallization using methanol: water (1:1) to get 4-ethoxybenzoic acid as the pure product (2.959 g, 61.15%). 

 
1    2b-l 

Scheme 1: RBr, KOH, EtOH, 4-6hrs, reflux, R= C2H5, C3H7, C4H9, C5H11, C6H13, C7H15 C8H17, C10H21, C12H25, C14H29, 

C16H33 

Synthesis of 4-acetylphenyl 4-alkoxybenzoate: Typical procedure for the synthesis of 4- acetylphenyl 4-

methoxybenzoate (Scheme 2): 

To the reaction mixture of 4-methoxybenzoic acid (2.646 g, 17.4 mmol) and 4-hydroxy acetophenone in 100 ml 

round bottomed flask (2.367 g, 17.4 mmol) in dichloromethane (60 ml) as solvent, DCC (3.590 g, 17.4 mmol) and 

DMAP (0.425 g, 3.48 mmol) was added at room temperature and stirred for 20 hrs. The precipitated urea was 

filtered and was diluted with excess solvent, washed with water (3×20 ml), very dilute sodium hydroxide solution 

(10 ml), water (2×15 ml) and finally dried over anhydrous sodium sulphate. Evaporation of the solvent gave a crude 

solid which was purified by tituration using chloroform and n-hexane to give the 4-acetylphenyl 4-methoxybenzoate 

as a creamish solid (3.198 g, 68.04%). 
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2a-l  3    4a-l 

Scheme 2: DCC, DMAP, CH2Cl2, stir, 20hrs, R=CH3, C2H5, C3H7, C4H9, C5H11, C6H13, C7H15 C8H17, C10H21, C12H25, C14H29, 

C16H33 

Synthesis of 4-(1-(hydroxyimino) ethyl) phenyl 4-alkoxybenzoate: Typical procedure for the synthesis of 4-(1-

(hydroxyimino) ethyl) phenyl 4-methoxybenzoate (Scheme 3): 
The reaction mixture of 4-acetylphenyl 4-methoxybenzoate (2.701 g, 10 mmol), hydroxylamine hydrochloride 

(1.395 g, 20 mmol) and pyridine (1.58 g, 1.60 ml, 20 mmol) in ethanol (80 ml) was refluxed for 18 hours. The 

excess ethanol was removed by arranging the condenser for downward distillation on a water bath. The residue in 

the flask was allowed to cool and 40 ml water was added. The residue was extracted into diethyl ether (60 ml), 

washed with water (2×15 ml), brine, dried over anhydrous magnesium sulphate and evaporated to get crude 4-(1-

(hydroxyimino)ethyl)phenyl 4-methoxybenzoate which was futher purified by recrystallization using methanol 

(1.678 g, 58.88%). 

 
                                       4a-1                                                                                            5a-1 

Scheme 3: NH2OH. HCl, pyridine, EtOH, reflux, 12-18hrs, R=CH3, C2H5, C3H7, C4H9, C5H11, C6H13, C7H15, C8H17, C10H21, 

C12H25, C14H29, C16H33 

Synthesis of 4-(1-(((thiophene-2-carbonyl)oxy)imino)ethyl)phenyl 4-alkoxybenzoate: Typical procedure for 

the synthesis of 4-(1-(((thiophene-2 carbonyl)oxy)imino)ethyl)phenyl 4-methoxybenzoate (Scheme 4):  
4-(1-(hydroxyimino)ethyl)phenyl 4-methoxybenzoate (1.494 g, 5.24 mmol)  thiophene-2-carboxylic acid (0.671 g, 

5.24 mmol) and mercuric acetate (1.667 g, 5.24 mmol) were taken in a teflon liner. The teflon liner was tightly 

closed and lowered inside a steel autoclave. The steel autoclave was kept inside a pre-heated oven at 160°- 170°C 

and heated for 6 to 8 hours. Then the autoclave was taken out of the oven and allowed to attain room temperature. 

The teflon liner inside the steel autoclave was opened and the residue was extracted into ethyl acetate (60 ml), 

washed with distilled water, brine, dried over anhydrous sodium sulphate and evaporated to get a crude dark brown 

solid, which was further purified by recrystallization using ethanol: ethyl acetate (2:3) to get the pure product as a 

pale brown solid (1.192 g, 57.58%). 

 
5a-l   6     7a-l 

Scheme 4: Hg(OAc)2, 1600C, 6-8hrs, R=CH3, C2H5, C3H7, C4H9, C5H11, C6H13, C7H15 C8H17, C10H21, C12H25, C14H29, C16H33 

Reaction Mechanism 

The first step of the reaction involves the attack of the nucleophilic oxygen of the carboxylic acid of thiophene on 

the mercury ion, followed by elimination of acetate anion. In the second step, the negatively charged acetoxy ion 

that was expelled in the first step abstracts the hydrogen of the oxime, the negatively charged oxygen of the oxime in 

turn attacks the carbonyl group of thiophene, resulting in the elimination of another acetate anion and mercuric 

oxide; and forming the final oximino ester product (Scheme 5). 
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Scheme 5: Reaction mechanism oximino ester product 

Results of Spectral Data 

4-(1-(((Thiophene-2-carbonyl)oxy)imino)ethyl)phenyl 4-methoxybenzoate(7a): 

 

 

Scheme 6: 4-(1-(((Thiophene-2-carbonyl)oxy)imino)ethyl)phenyl 4-methoxybenzoate(7a) 

Obtained from 5a (1.494 g, 5.24 mmol), 6 (0.671g, 5.24 mmol) and Hg(OAc)2 (1.667 g, 5.24 mmol) as a pale brown 

solid (1.192 g, 57.58%); Molecular formula: C21H17NO5S;
 1

H NMR (400MHz,CDCl3): δ8.11-8.09 (m, 2H, ArH), 

δ7.99 (dd, 1H, J=4.8 Hz, 10.4 Hz), δ7.85 (dd, 1H, J=4.4 Hz, J=10 Hz), δ 7.53-7.51 (m, 2H, ArH), δ 7.22-7.18 (m, 

3H, ArH), δ7.02-7.00 (m, 2H, ArH), δ3.79 (s, 3H, -OCH3), δ2.71 (s, 3H, -CH3); 
13

C NMR (100 MHz, 

CDCl3):165.87, 164.99, 160.34, 154.83, 152.03, 134.91, 134.45, 133.89, 132.34, 131.45, 128.55, 127.99, 122.78, 

121.66, 114.39, 56.23, 12.51; IR Analysis: 3099, 3067, 2968, 1737, 1668, 1614, 1595, 1513, 1415, 1345, 1296, 947 

cm
-1

; Elemental analysis: Calculated: C=63.79, H=4.33, N=3.54, O=20.23, S=8.11; Found: C=63.56, H=4.29, 

N=3.48, O=19.53, S=7.97; Mass Spectra: Actual Mass=395.08, Found=396.78 [M+1], 397.25 [M+2], 398.00 

[M+3]; Melting Point=156-158°C (Scheme 6). 

 

2) 4-(1-(((Thiophene-2-carbonyl)oxy)imino)ethyl)phenyl 4-ethoxybenzoate (7b): 

 

 

Scheme 7: 4-(1-(((Thiophene-2-carbonyl)oxy)imino)ethyl)phenyl 4-ethoxybenzoate (7b) 

Obtained from 5b (1.396 g, 4.67 mmol), 6 (0.597 g, 4.67 mmol) and Hg(OAc)2 (1.487 g, 4.67 mmol) as a pale 

brown solid (0.989 g, 51.81%); Molecular formula: C22H19NO5S;
 1

H NMR (400 MHz, CDCl3): δ8.12-8.08 (m, 2H, 

ArH), δ7.99 (dd, 1H, J=4.8 Hz, J=10.4 Hz), δ7.85 (dd, 1H, J=4.4 Hz, J=10 Hz), δ 7.54-7.51 (m, 2H, ArH), δ 7.23-

7.19 (m, 3H, ArH), δ7.02-7.00 (m,2H, ArH), δ4.09 (q, 2H, -OCH2), δ2.75 (s, 3H, -CH3), δ 1.45 (t, 3H, -CH3); 
13

C 

NMR (100 MHz, CDCl3):165.91, 164.01, 159.98, 154.81, 151.73, 135.13, 134.49, 133.71, 132.44, 131.56, 128.66, 

128.03, 122.79, 121.61, 115.28, 65.19, 15.03, 12.83; IR Analysis: 3099, 3067, 2970, 1739, 1687, 1665, 1619, 1597, 

1513, 1418, 1349, 1299, 949 cm
-1

; Elemental analysis: Calculated: C=64.53, H=4.68, N=3.42, O=19.54, S=7.83; 

Found: C=63.86, H=4.61, N=3.41, O=19.19, S=6.99; Mass Spectra: Actual Mass=409.09, Found=410.32 [M+1]; 

Melting Point=157-159
°
C (Scheme 7). 

 

4-(1-(((Thiophene-2-carbonyl)oxy)imino)ethyl)phenyl 4-propoxybenzoate (7c): 

 

 

Scheme 8: 4-(1-(((Thiophene-2-carbonyl)oxy)imino)ethyl)phenyl 4-propoxybenzoate (7c) 

Obtained from 5c (1.299 g, 4.15 mmol), 6 (0.531 g, 4.15 mmol) and Hg(OAc)2 (1.322 g, 4.15 mmol) as a pale brown 

solid (0.844 g, 48.08%); Molecular formula: C23H21NO5S;
 1

H NMR (400 MHz, CDCl3): δ8.12-8.09 (m, 2H, ArH), 

δ7.98 (dd, 1H, J=4.8 Hz, J=10.4 Hz), δ7.86 (dd, 1H, J=4.4Hz, J=10.0 Hz), δ 7.54-7.52 (m, 2H, ArH), δ 7.21-7.17 

(m, 3H, ArH), δ7.05-7.02 (m,2H, ArH), δ4.08 (t, 2H, -OCH2), δ2.73 (s, 3H, -CH2), δ 1.85-1.83 (m, 2H, -CH2), δ 

1.15 (t, 3H, -CH3); 
13

C NMR (100 MHz, CDCl3): 165.76, 164.95, 160.18, 155.03, 150.98, 135.13, 134.41, 133.77, 

132.67, 130.99, 128.64, 127.56, 122.79, 121.61, 114.81, 67.74, 21.64, 12.57, 11.96; IR Analysis: 3094, 3072, 2965, 

1739, 1689, 1667, 1613, 1596, 1517, 1418, 1345, 1294, 943 cm
-1

; Elemental analysis: Calculated: C=65.23, H=5.00, 
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N=3.31, O=18.89, S=7.57; Found: C=64.96, H=4.92, N=3.29, O=18.78, S=7.47; Mass Spectra: Actual 

Mass=423.11, Found=424.78 [M+1]; Melting Point=162-164°C (Scheme 8). 

 

4-(1-(((Thiophene-2-carbonyl)oxy)imino)ethyl)phenyl 4-butoxybenzoate (7d): 

 

 

Scheme 9: 4-(1-(((Thiophene-2-carbonyl)oxy)imino)ethyl)phenyl 4-butoxybenzoate (7d) 

Obtained from 6d (1.504 g, 4.59 mmol), 7 (0.588 g, 4.59 mmol) and Hg(OAc)2 (1.465 g, 4.59 mmol) as a pale 

brown solid (1.219 g, 60.65%); Molecular formula: C24H23NO5S; 
1
H NMR (400 MHz, CDCl3): δ8.11-8.09 (m, 2H, 

ArH), δ7.96 (dd, 1H, J=4.6 Hz, J=10.4Hz), δ7.84 (dd, 1H, J=4.4 Hz, J=10 Hz), δ 7.55-7.52 (m, 2H, ArH), δ 7.23-

7.19 (m, 3H, ArH), δ7.04-7.01 (m, 2H, ArH), δ4.07 (t, 2H, -OCH2), δ2.72 (s, 3H, -CH3), δ 1.77-1.74 (m, 2H, -CH2), 

δ 1.48-1.43 (m, 2H, -CH2),δ 0.97 (t, 3H, -CH3); 
13

C NMR (100 MHz, CDCl3): 166.89, 165.14, 159.91, 155.01, 

151.89, 136.21, 135.16, 133.79, 132.58, 131.53, 129.42, 128.13, 122.82, 121.59, 114.67, 67.33, 32.18, 21.05, 14.96, 

12.39; IR Analysis: 3091, 3074, 2969, 1741, 1684, 1671, 1619, 1599, 1513, 1415, 1347, 1297, 947 cm
-1

; Elemental 

analysis: Calculated: C=65.89, H=5.30, N=3.20, O=18.28, S=7.33; Found: C=64.99, H=5.19, N=3.18, O=18.13, 

S=6.99; Mass Spectra: Actual Mass=437.13, Found=438.19 [M+1]; Melting Point=161-163°C (Scheme 9). 

 

4-(1-(((Thiophene-2-carbonyl)oxy)imino)ethyl)phenyl 4-pentyloxybenzoate (7e): 

 

 

Scheme 10: 4-(1-(((Thiophene-2-carbonyl)oxy)imino)ethyl)phenyl 4-pentyloxybenzoate (7e) 

Obtained from 5e (1.099 g, 3.22 mmol), 6 (0.412 g, 3.22 mmol) and Hg(OAc)2 (1.027 g, 3.22 mmol) as a pale brown 

solid (0.873 g, 60.08%); Molecular formula: C25H25NO5S;
 1

H NMR (400 MHz, CDCl3): δ8.11-8.07 (m, 2H, ArH), 

δ7.99 (dd, 1H, J=4.8 Hz, J=10.4 Hz), δ7.85 (dd, 1H, J=4.4 Hz, J=10 Hz), δ 7.54-7.50 (m, 2H, ArH), δ 7.21-7.17 (m, 

3H, ArH), δ7.04-6.99 (m, 2H, ArH), δ4.11 (t, 2H, -OCH2), δ2.71 (s, 3H, -CH3), δ 1.77-1.73 (m, 2H, -CH2), δ 1.46-

1.42 (m, 4H, -CH2),δ0.98 (t, 3H, -CH3); 
13

C NMR (100 MHz, CDCl3): 165.99, 164.60, 160.83, 155.09, 151.16, 

136.19, 135.72, 133.75, 132.49, 131.83, 129.10, 128.65, 122.73, 121.29, 115.29, 67.88, 29.56, 27.89, 22.66, 14.49, 

12.86; IR Analysis: 3094, 3068, 2968, 1748, 1686, 1667, 1614, 1595, 1513, 1415, 1345, 1296, 950 cm
-1

; Elemental 

analysis: Calculated: C=66.50, H=5.58, N=3.10, O=17.72, S=7.10; Found: C=65.88, H=5.49, N=3.08, O=17.63, 

S=6.99; Mass Spectra: Actual Mass=451.15, Found=451.77 [M
+1

]; Melting Point=163-165°C (Scheme 10). 

 

4-(1-(((Thiophene-2-carbonyl)oxy)imino)ethyl)phenyl 4-(hexyloxy)benzoate (7f): 

 

 

Scheme 11: 4-(1-(((Thiophene-2-carbonyl)oxy)imino)ethyl)phenyl 4-(hexyloxy)benzoate (7f) 

Obtained from 5f (1.844 g, 5.19 mmol), 6 (0.655 g, 5.19 mmol) and Hg(OAc)2 (1.655 g, 5.19 mmol) as a pale brown 

solid (1.224 g, 50.68%); Molecular formula: C26H27NO5S; 
1
H NMR (400 MHz, CDCl3): δ8.12-8.09 (m, 2H, ArH), 

δ7.97 (dd, 1H, J=4.8 Hz, 10.2Hz), δ7.87 (dd, 1H, J=4.6 Hz, 10.4 Hz), δ 7.52-7.49 (m, 2H, ArH), δ 7.20-7.17 (m, 3H, 

ArH), δ7.05-7.02 (m, 2H, ArH), δ4.08 (t, 2H, -OCH2), δ2.76 (s, 3H, -CH3), δ 1.77-1.73 (m, 2H, -CH2), δ 1.46-1.43 

(m, 2H, -CH2), δ 1.31-1.28 (m, 4H, -CH2), δ 0.98(t, 3H, -CH3); 
13

C NMR (100 MHz, CDCl3): 165.83, 165.41, 

160.84, 154.99, 152.03, 135.01, 134.45, 133.80, 132.39, 131.41 , 128.37, 127.71, 122.79, 121.48, 115.31, 69.21 , 
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31.33, 29.85, 25.71, 22.65, 14.29, 13.45; IR Analysis: 3096, 3078, 2972, 1739 ,1689, 1667, 1614, 1601, 1518, 1415, 

1346, 1296, 945 cm
-1

; Elemental analysis: Calculated: C=67.08, H=5.85, N=3.01, O=17.18, S=6.89; Found: 

C=66.99, H=5.62, N=2.98, O=17.10, S=6.33; Mass Spectra: Actual Mass=465.16, Found=466.79 [M+1]; Melting 

Point=164-166°C (Scheme 11). 

 

4-(1-(((Thiophene-2-carbonyl)oxy)imino)ethyl)phenyl 4-(heptyloxy)benzoate (7g): 

 

 

Scheme 12: 4-(1-(((Thiophene-2-carbonyl)oxy)imino)ethyl)phenyl 4-(heptyloxy)benzoate (7g) 

Obtained from 5g (0.998 g, 2.70 mmol), 6 (0.346 g, 2.70 mmol) and Hg(OAc)2 (0.862 g, 2.70 mmol) as a pale 

brown solid (0.594 g, 45.87%); Molecular formula: C27H29NO5S; 
1
H NMR (400 MHz, CDCl3): δ8.13-8.10 (m, 2H, 

ArH), δ7.96 (dd, 1H, J=4.8 Hz, J=10.4 Hz), δ7.85 (dd, 1H, J=4.4 Hz, J=10.2 Hz), δ 7.55-7.52 (m, 2H, ArH), δ 7.25-

7.23 (m, 3H, ArH), δ7.06-7.02 (m, 2H, ArH), δ4.08 (t, 2H, -OCH2), δ2.76 (s, 3H, -CH3), δ 1.78-1.74 (m, 2H, -CH2), 

δ 1.32-1.27 (brm, 8H, -CH2), δ0.95 (t, 3H, -CH3); 
13

C NMR (100 MHz, CDCl3):166.01, 164.46, 160.34, 154.93, 

152.47, 135.11, 134.41, 133.69, 132.34, 131.48, 129.31, 127.55, 122.74, 121.60, 114.91, 68.34 , 31.21, 29.95, 29.44, 

25.94, 22.85, 14.82, 13.29; IR Analysis: 3093, 3068, 2966, 1735, 1682, 1663, 1621, 1594, 1518, 1420, 1345, 1299, 

941 cm
-1

; Elemental analysis: Calculated: C=67.62, H=6.09, N=2.92, O=16.68, S=6.69; Found: C=67.39, H=5.78, 

N=2.81, O=16.53, S=6.53; Mass Spectra: Actual Mass=479.18, Found=479.69 [M
+1

]; Melting Point=167-169°C 

(Scheme 12). 

 

4-(1-(((Thiophene-2-carbonyl)oxy)imino)ethyl)phenyl 4-(octyloxy)benzoate (7h): 

 

 

Scheme 13: 4-(1-(((Thiophene-2-carbonyl)oxy)imino)ethyl)phenyl 4-(octyloxy)benzoate (7h) 

Obtained from 5h (1.566 g, 4.09 mmol), 6 (0.523 g, 4.09 mmol) and Hg(OAc)2 (1.302 g, 4.09 mmol) as a pale 

brown solid (1.003 g, 49.77%); Molecular formula: C28H31NO5S;
 1

H NMR (400 MHz, CDCl3): δ8.10-8.07 (m, 2H, 

ArH), δ7.98 (dd, 1H, J=4.8 Hz, J=10.4 Hz), δ7.87 (dd, 1H, J=4.4 Hz, J=10 Hz), δ 7.54-7.50 (m, 2H, ArH), δ 7.25-

7.22 (m, 3H, ArH), δ7.03-6.99 (m, 2H, ArH), δ4.12 (t, 2H, -OCH2), δ2.72 (s, 3H, -CH3), δ 1.83-1.79 (m, 2H, -CH2), 

δ 1.35-1.33 (m, 2H, -CH2), δ 1.32-1.29 (brm, 8H, -CH2), δ0.95 (t, 3H, -CH3); 
13

C NMR (100 MHz, CDCl3): 165.71, 

164.91, 160.39, 155.17, 152.55, 135.18, 134.49, 133.61, 132.46, 131.58, 129.05, 128.11, 122.78, 121.69, 114.77, 

67.77, 32.09, 29.73, 29.34, 25.99, 25.66, 22.62, 14.18, 12.53; IR Analysis: 3096, 3065, 2972, 1739, 1691, 1667, 

1619, 1597, 1517, 1422, 1351, 1298, 942 cm
-1

; Elemental analysis: Calculated: C=68.12, H=6.33, N=2.84, O=16.21, 

S=6.50; Found: C=68.09, H=6.17, N=2.70, O=16.19, S=6.45; Mass Spectra: Actual Mass=493.19, Found=495.69 

[M+2]; Melting Point=168-170°C (Scheme 13). 

 

4-(1-(((Thiophene-2-carbonyl)oxy)imino)ethyl)phenyl 4-(decyloxy)benzoate (7i): 

 

 

Scheme 14: 4-(1-(((Thiophene-2-carbonyl)oxy)imino)ethyl)phenyl 4-(decyloxy)benzoate (7i) 

Obtained from 5i (1.119 g, 2.72 mmol), 6 (0.348 g, 2.72 mmol) and Hg(OAc)2 (0.867 g, 2.72 mmol) as a pale brown 

solid (0.794 g, 55.99%); Molecular formula: C30H35NO5S; 
1
H NMR (400MHz, CDCl3): δ8.13-8.11 (m, 2H, ArH), 
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δ7.99 (dd, 1H, J=4.8 Hz, J=10.4 Hz), δ7.84 (dd, 1H, J=4.4 Hz, J=10 Hz), δ 7.53-7.49 (m, 2H, ArH), δ 7.24-7.22 (m, 

3H, ArH), δ7.04-7.01 (m, 2H, ArH), δ4.08 (t, 2H, -OCH2), δ2.69 (s, 3H, -CH3), δ 1.79-1.75 (m, 2H, -CH2), δ 1.39-

1.36 (m, 2H, -CH2), δ 1.28 (brm, 12H, -CH2), δ0.97 (t, 3H, -CH3); 
13

C NMR (100 MHz, CDCl3): 167.07, 165.91, 

160.34, 154.77, 151.92, 135.22, 134.25, 133.30, 132.34, 131.46, 129.15, 126.42, 122.72, 121.61, 115.17, 68.23, 

31.83, 29.99, 29.64, 29.42, 29.21, 26.05, 24.17, 22.72, 14.24, 12.86; IR Analysis: 3097, 3075, 2965, 1740, 1681, 

1669, 1609, 1589, 1513, 1414, 1345, 1298, 948 cm
-1

; Elemental analysis: Calculated: C=69.07, H=6.76, N=2.68, 

O=15.33, S=6.15; Found: C=68.89, H=6.58, N=2.63, O=15.26, S=6.09; Mass Spectra: Actual Mass=521.22, 

Found=522.55 [M
+1

]; Melting Point=167-169°C (Scheme 14). 

 

4-(1-(((Thiophene-2-carbonyl)oxy)imino)ethyl)phenyl 4-(dodecyloxy)benzoate (7j): 

 

 

Scheme 15: 4-(1-(((Thiophene-2-carbonyl)oxy)imino)ethyl)phenyl 4-(dodecyloxy)benzoate (7j) 

Obtained from 5j (1.339 g, 3.05 mmol), 6 (0.390 g, 3.05 mmol) and Hg(OAc)2 (0.971 g, 3.05 mmol) as a pale brown 

solid (0.755 g, 45.10%); Molecular formula: C32H39NO5S;
 1

H NMR (400 MHz, CDCl3): δ8.09-8.07 (m, 2H, ArH), 

δ7.95 (dd, 1H, J=4.4 Hz, J=10.2 Hz), δ7.84 (dd, 1H, J=4.4 Hz, J=10.2 Hz), δ 7.56-7.53 (m, 2H, ArH), δ 7.24-7.21 

(m, 3H, ArH), δ7.05-7.03 (m, 2H, ArH), δ4.13 (t, 2H, -OCH2), δ2.72 (s, 3H, -CH3), δ 1.75-1.72 (m, 2H, -CH2), δ 

1.34-1.29 (m, 2H, -CH2), δ 1.26-1.19 (brm, 16H, -CH2), δ0.87 (t, 3H, -CH3); 
13

C NMR (100 MHz, CDCl3): 165.87, 

163.77, 159.84, 154.77, 152.35, 135.72, 134.45, 133.89, 132.46, 131.45, 128.55, 126.88, 122.78, 121.63, 114.39, 

68.71, 31.13, 29.74, 29.62, 29.47, 29.28, 29.01, 28.82, 26.75, 24.51, 22.32, 14.42, 12.73; IR Analysis: 3090, 3075, 

2969, 1741, 1688, 1672, 1611, 1603, 1521, 1419, 1350, 1291, 939 cm
-1

; Elemental analysis: Calculated: C=69.92, 

H=7.15, N=2.55, O=14.55, S=5.83; Found: C=69.89, H=6.99, N=2.39, O=14.51, S=5.22; Mass Spectra: Actual 

Mass=549.25, Found=551.15 [M+2]; Melting Point=170-172°C (Scheme 15). 

 

4-(1-(((Thiophene-2-carbonyl)oxy)imino)ethyl)phenyl 4-(tetradecyloxy)benzoate (7k): 

 

 

Scheme 16: 4-(1-(((Thiophene-2-carbonyl)oxy)imino)ethyl)phenyl 4-(tetradecyloxy)benzoate (7k) 

Obtained from 5k (1.383 g, 2.96 mmol), 6 (0.379 g, 2.96 mmol) and Hg(OAc)2 (0.943 g, 2.96 mmol) as a pale 

brown solid (0.887 g, 51.92%); Molecular formula: C34H43NO5S;
 1

H NMR (400 MHz, CDCl3): δ8.12-8.09 (m, 2H, 

ArH), δ7.99 (dd, 1H, J=4.8 Hz, J=10.4 Hz), δ7.84 (dd, 1H, J=4.4 Hz, J=10 Hz), δ 7.54-7.51 (m, 2H, ArH), δ 7.23-

7.19 (m, 3H, ArH), δ7.21-7.18 (m, 2H, ArH), δ4.11(t, 2H, -OCH2), δ2.75(s, 3H, -CH3), δ 1.72-1.68 (m, 2H, -CH2), δ 

1.48-1.45 (m, 2H, -CH2), δ 1.33-1.29 (brm, 20H, -CH2), δ1.03 (t, 3H, -CH3); 
13

C NMR (100 MHz, CDCl3):165.80, 

164.69, 160.34, 154.93, 152.46,135.99, 134.41, 133.34, 132.36, 131.61, 128.55, 127.86, 122.87, 121.91, 114.89, 

68.71, 32.34, 30.13, 29.86, 29.61, 29.45, 29.30, 28.87, 28.69, 28.55, 26.77, 25.99, 22.61, 14.21, 12.75; IR Analysis: 

3093, 3078, 2965, 1736
 
,1685, 1672, 1625, 1603, 1518, 1417, 1345, 1296, 947 cm

-1
; Elemental analysis: Calculated: 

C=70.68, H=7.50, N=2.42, O=13.85, S=5.55; Found: C=69.88, H=7.47, N=2.33, O=13.81, S=5.11; Mass Spectra: 

Actual Mass=577.29, Found=579.95 [M+2]; Melting Point=172-174°C (Scheme 16). 

 

4-(1-(((Thiophene-2-carbonyl)oxy)imino)ethyl)phenyl 4-(hexadecyloxy)benzoate(7l): 
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Scheme 17: 4-(1-(((Thiophene-2-carbonyl)oxy)imino)ethyl)phenyl 4-(hexadecyloxy)benzoate(7l) 

Obtained from 5l (0.949 g, 1.92 mmol), 6 (0.245 g, 1.92 mmol) and Hg(OAc)2 (0.611 g, 1.92 mmol) as pale brown 

solid (0.598 g, 51.59%); Molecular formula: C36H47NO5S;
 1

H NMR (400 MHz, CDCl3): δ8.13-8.11 (m, 2H, ArH), 

δ7.99 (dd, 1H, J=4.8 Hz, J=10.4 Hz), δ7.84 (dd, 1H, J=4.4 Hz, J=10 Hz), δ 7.53-7.48 (m, 2H, ArH), δ 7.25-7.22 (m, 

3H, ArH), δ7.05-7.02 (m, 2H, ArH), δ4.08 (t, 2H, -OCH2), δ2.76 (s, 3H, -CH3), δ 1.69-1.65 (m, 2H, -CH2), δ 1.59-

1.47 (brm, 26H, -CH2), δ1.09 (t, 3H, -CH3); 
13

C NMR (100 MHz, CDCl3): 166.21, 165.34,160.64, 154.93, 152.39, 

134.99, 134.25, 133.72, 132.74, 131.39, 128.55, 127.81, 122.88, 121.69, 115.13, 67.91, 31.04, 29.95, 29.71, 29.65, 

29.58, 29.43, 29.31, 29.23, 29.11, 26.89, 26.43, 25.96, 25.71, 22.57, 13.77 , 13.29; IR Analysis: 3091, 3067, 2966, 

1743, 1689, 1669, 1619, 1591, 1521, 1420, 1350, 1301, 945 cm
-1

; Elemental analysis: Calculated: C=71.37, H=7.82, 

N=2.31, O=13.20, S=5.29; Found: C=71.17, H=6.99, N=2.19, O=13.01, S=4.96; Mass Spectra: Actual 

Mass=605.31, Found=605.56 [M
+1

]; Melting Point=174-176°C (Scheme 17). 

 

RESULTS AND DISCUSSION 

 

Differential scanning calorimetry and polarising optical microscope fitted with a hot stage were used to investigate 

the liquid crystalline properties of the synthesized thiophene compounds. The molecular constitution of organic 

compounds effects the mesogenic properties. Hence, the transition temperatures and mesophase range as measures 

of mesomorphism can be correlated with the molecular constitution of the compounds. All the twelve members of 

the thiophene derivatives (7a-l) exhibit an enantiotropic nematic phase. The smectic C or smectic A phases are not 

observed along with the nematic phase. The phase transition temperatures and the corresponding enthalpy changes 

of the synthesized compounds; and a plot of transition temperatures against the number of carbon atoms in the 

alkoxy chains are given in Table 1 and in Figure 1 respectively. From the Figure 2, it is observed that the nematic to 

isotropic phase transitions show a smooth rising tendency and does not exhibit an odd-even effect. On cooling the 

isotropic liquid of the thiophene esters, the compounds form small droplets that coalesce to classical Schlieren 

textures characteristic of the nematic phase and no smectic phase is observed even in higher homologues. 

Table 1: Phase transition temperature (0°C) and associated enthalpy changes  

Compound No 
Phase transition temperature (0°C) and associated enthalpy changes (J/g) 

Cr=Crystalline, N=Nematic, I=Isotropic  

 
Heating Cooling 

7a Cr107.78(35.88)N152.18(13.63)I I154.99(-12.16)N103(-34.29)Cr 

7b Cr109.21(36.55)N153.29 (14.56)I I156.78(-13.36)N99.32(-33.17)Cr 

7c Cr 110.45(37.44)N154.77(15.36)I I157.94(-12.99)N97.45(-32.29)Cr 

7d Cr 111.89(38.22)N156.89(16.41)I I159.24(-14.87)N96.55(-35.61)Cr 

7e Cr112.45(40.01)N158.99(17.34)I I160.78(-16.88)N94.67(-38.76)Cr 

7f Cr 114.74(41.21)N159.32 (18.31)I I162.07(-17.19)N92.66(-39.45)Cr 

7g Cr 116.01(43.21)N160.33(19.22)I I164.45(-18.21)N90.34(41.56)Cr 

7h Cr117.89(45.77)N161.45(21.25)I I165.37(-20.19)N87.88(-42.66)Cr 

7i Cr119.30(46.99)N163.11(22.88)I I167.38(-21.47)N85.66(-45.19)Cr 

7j Cr120.45(47.34)N165.91(23.19)I I168.44(-22.55)N84.09(-43.39)Cr 

7k Cr121.66(49.76)N167.88(25.41)I I170.67(-24.66)N82.02(-46.78)Cr 

7l Cr123.44(51.23)N169.29(27.12)I I171.38(-26.32)N79.99(-48.97)Cr 
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Figure 1: Liquid crystalline properties of thiophenes 

 

Figure 2: Nematic to isotropic phase transitions 

CONCLUSION 

O-Arylation, O-alkenylation and O-esterification products are very important intermediates in organic synthesis, and 

are definitely attractive targets in the synthesis and construction of carbon-heteroatom bonds and heterocycles. Thus, 

the O- esterification of oximes was achieved by the mercuric acetate- mediated hydrothermal synthesis. The 

hydrothermal reactions offered better selectivity, higher product yields, enhancement of reaction rates when 

compared to conventional heating, achieve higher reaction temperatures, handling convenience, improved 

efficiency, improves temperature homogeneity, improved reproducibility, and so on. Thus the hydrothermal method 

offered an efficient, clean and economic solvent-free technique for the O-esterification of oximes with better yield 

and higher purity of prodcuts and avoided the hazards of solution phase reactions and provided an environmentally 

benign reaction conditions by preventing the release of reaction by-products and solvents into the environment.  
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