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The tetrakis(thio)-substituted-1,4-benzoquinone products 4a-e, 6, 7, and the mono(alkoxy)-tris(thio)-substituted-1,4- 
benzoquinone products 5a-e and 8a-e were synthesized from the reactions of p-chloranil with some thiols and 
mixture of two different thiol compounds in alcohol in the presence of Na2CO3 at room temperature. The structures of 
the novel S,S,S,S- and S,S,S,O- substituted products, which were obtained by the reactions of p-chloranil as a starting 
compound with n-propanethiol, n-pentanethiol, n-decanethiol, n-dodecanethiol, 2-methyl-2-propanethiol, and mixture 
of n-decanethiol and n-cyclohexanethiol as S-nucleophiles, were characterized by spectroscopic methods.
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Introduction

Thioethers have become known as an important class of 
organic compounds. They have useful applications in organic 
reactions and synthesis, in agrochemicals and in bioorganic, 
medicinal, heterocyclic chemistry.1 Thioethers can also be used 
in the synthesis of various sulphur compounds, which can act 
in many biological processes.2

Quinones are useful compounds for preparation of supercon-
ducting materials.3,4 They also exhibit high biological activity 
as antimalarial, antifungal, antitumor and antibacterial agents.5-9 
The p-chloranil containing chlorine atoms and a pair of carbonyl 
groups is a quite reactive compound. Therefore a large number 
of p-benzoquinone derivatives are synthesized from p-chlo-
ranil.4,10-14 p-Chloranil and its derivatives behave as electron 
acceptors in the reaction of charge-tranfer complexes.4,15-20

Thioethers which are synthesized from the reactions of thiols 
with quinones are known as thioquinones.11,13 Tetrakis(thio)- 
substituted-1,4-benzoquinone compounds are used in the dye 
industry. Certain thioquinone dye molecules are known to have 
characteristics such as organic nonlinear optical materials,21 
organic photoconductors, and emitters for electroluminescen-
ce.11 According to an US patent, mercapto quinones are valuable 
compounds for using oil-soluble fungicidal sprays on plants as 
fungicides.22 It has been reported before that from the reactions 
of p-chloranil with difunctional thiols have been obtained the 
cyclic thioquinones,11 their solid state spectrum and crystal st-
ructure have been investigated.23,24

Alkyl(thio)-substituted-p-benzoquinones were yielded from 
the reaction of 1,4-benzoquinones with n-ethanethiol25 and p- 
chloranil with n-dodecanethiol, benzyl mercaptan, and p-me-
thylthiophenol.10 Tetraalkylthio-1,4-benzoquinones are used 
as additives in engine lubricants.26,27

The main purpose of this paper is to synthesize novel thio- 
substituted-p-benzoquinones and identify of their structures.

Results and Discussion

It is also known that reactions of quinones with thiols give 
thio-substituted derivatives or cyclic structures, a Michael-type 
addition reaction took place followed by elimination of NaCI 
to afford the thio-substituted quinonyl derivatives.10,11,28,29 In 
this study, from the reactions of p-chloranil with 2c, mixture of 
2c with 3, 2d and 2e the compounds 4c,10 7,12 4d10 and 4e10 which 
have been published previously were respectively synthesized, 
but their spectroscopic properties weren’t investigated intensely 
before. In addition, from the reactions of 1 with 2a-e and mixture 
of 2c with 3, in ethanol in the presence of Na2CO3, 4a-b, 5a-e, 
6 and the reaction of 1 with 2a-e in methanol in the presence of 
Na2CO3, 4a-b and 8a-e were respectively synthesized. All of 
these products are new S,S,S,S- and S,S,S,O- substituted thio-
quinone compounds (Scheme 1). However, they are stable and 
coloured dyes. Their structures were characterized by micro-
analysis and spectroscopic data.

The reactions of 1 with three molar equivalents of thiol which 
are 2a-e have been studied. Our investigation was to synthesize 
tetrakis(thio)-substituted products and tris(thio)-substituted 
products containing chlorine atom. As intented, the tetrakis 
(thio)-substituted compounds 4a-e were obtained. In contrast 
to expectations by analogy to the molar ratios of the reactants, 
tris(thio)-substituted compounds containing chlorine atom deri-
vatives were not observed potentially due to the decreased thiol 
amount in the medium of the reaction, while the alkoxy deriva-
tives of tris(thio)-substituted compounds were obtained success-
fully. Various and interesting tris(thio)-substituted products were 
obtained as a by-product in addition.

Unexpectedly, these alkoxy derivatives of tris(thio)-substi-
tuted products containing an ethoxy group coming from the 
solvent ethanol or a methoxy group coming from the solvent me-
thanol instead of chlorine atom were observed. In spite of the 
activity of thiol nucleophile, as a result of the inadequate thiol 
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Scheme 2. The 13C NMR Spectrum of Compounds 4d and 5d.

in the medium of the reaction, CH3-CH2-O- or CH3-O- substi-
tutes with one chlorine atom as an alcohol nucleophile at the 
position where intented one chlorine atom includes. The mono 
(alkoxy)-tris(thio)-substituted compounds 5a-e and 8a-e were 
synthesized in this way.

The 13C-NMR shifts of the methylene carbon atoms of com-
pound 5a which are adjacent to the oxygen atoms (-O-CH2-) 
have showed their resonances in the downfield at 68.7 ppm. The 
carbon atoms of CH- groups, which are adjacent to the sulphur 
atoms, are observed at 45.5 ppm in the spectra of compounds 
6 and 7.

The 13C-NMR shifts of the four C (sp2) atoms of compound 
4d have appeared at 146 ppm as one peak only, while the four 
C (sp2) atom signals of compound 5d have showed their reso-
nances at 131.7, 142.3, 147.1, 156.6 ppm as four peaks. The 
spectra of compound 4d, carbon atoms of carbonyl groups are 
observed at 174.3 ppm as one peak only while the carbon atom 
signals of carbonyl groups of 5d have showed their resonances 
at 174.9, 178.7 ppm as two peaks (Scheme 2). Moreover, the 
13C-NMR spectrum of 4a-c, 4e, 5a-c, 5e, 6, 7, 8a-e show similar 
characteristic shifts like 4d and 5d.

In the 1H-NMR spectra of 5a, protons in methylene group 
(-O-CH2-) which situated in ethoxy group and which are adja-
cent to the oxygen atom are observed as multiplet at 4.30 ~ 4.34 
ppm. However, these peaks are not observed in the spectra of 4a. 
The methylene protons of 5b, which are adjacent to the sulphur 
atoms, have appeared as multiplet at 3.0 ~ 3.1 ppm.

In the mass spectrum of the compounds 4a and 5a the accurate 
mass measurement of the molecular ion peak are noticed at 
m/z = 404.90 [M+] and 374.90 [M+], respectively. IR spectra 
of compounds 4c-d, 5c, 7 and 4a-b, 5b, 5d, 6 showed the cha-
racteristic carbonyl group band at 1650 cm‒1 and 1660 cm‒1, 
respectively.
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Experimental Section

UV spectra were recorded in UV-Vis spectrophotometer 
TU-1901. IR spectra were recorded for liquids as film and for 
solids as KBr discs on a Shimadzu FT-IR 8101 spectrometry. 
Microanalyses were carried out with a Carlo Erba Elemental 
Analyzer 1106. Mass spectra were obtained on a Thermo Finni-
gan LCQ Advantage MAX MS/MS spectrometer according to 
either APCI or ESI techniques. 1H-NMR and 13C-NMR spectra 
were recorded with VarianUNITY INOVA spectrometers with 500 
MHz frequency for 1H-NMR and 125 MHz frequency for 13C- 
NMR. 1H-NMR spectra and 13C-NMR spectra in CDCl3 refer to 
the solvent signal center at δ 7.26 and δ 77.0 ppm, respectively. 
Melting points were determined with a Buchi apparatus B-540 
and uncorrected. All reagents and solvents were commercially 
available and used without further purification. Column chroma-
tographic separations were carried out on silica gel 60 (Merck, 
particle size 63 ~ 200 µm). TLC was carried out on Merck DC- 
plates (aluminum based) silica gel (60 F254) for monitoring 
reactions.

Standard Procedure I. Sodium carbonate was dissolved in 
ethanol and into the resulting solution, firstly p-chloranil and 
then thiol were added slowly in small portions. Without heating, 
the reactants gave the product and the color of the solutions 
quickly changed. The reaction was controlled by TLC. Then the 
reaction mixture was concentrated in vacuo and the residue ex-
tracted in a soxhlet extractor with an appropriate solvent. After 
the recovery of solvents by means of evaporator, the crude pro-
ducts were purified by chromatographic methods.

Standard Procedure II. Sodium carbonate was dissolved in 
methanol and into the resulting solution, firstly p-chloranil and 
then thiol were added slowly in small portions. Without heating, 
the reactants gave the product and the color of the solutions 
quickly changed. The reaction was controlled by TLC. Then the 
reaction mixture was concentrated in vacuo and the residue ex-
tracted in a soxhlet extractor with an appropriate solvent. After 
the recovery of solvents by means of evaporator, the crude pro-
ducts were purified by chromatographic methods.

Synthesis. Synthesis of 2,3,5,6-tetrapropylthio-1,4-benzo-
quinone (4a), 2-ethoxy-3,5,6-tripropylthio-1,4-benzoquinone 
(5a). Compounds 4a and 5a were synthesized by the reaction 
of 1 g (4.1 mmol) p-chloranil (1) with 0.9 g (12.2 mmol) n-pro-
panethiol (2a) according to the standard procedure I.

2,3,5,6-Tetrapropylthio-1,4-benzoquinone (4a): Yield: 1.2 g, 
70.5%; Dark brown oil; Rf (CCl4): 0.24; IR (film, cm‒1): ν 
2980 (C-H), 1660 (C = O), 1540 cm‒1 (C = C); UV/vis (CHCl3): 
λmax 236, 403 nm; 1H NMR (500 MHz, CDCl3): δ 0.94 (t, 3J = 
7.32 Hz, 12H, CH3), 1.51-1.59 (m, 8H, CH2), 2.99 (t, 3J = 7.32 
Hz, 8H, SCH2); 13C NMR (125 MHz, CDCl3): δ 13.47, 24.13, 
36.45, 146.30, 174.48; MS (APCI): m/z (%) 404.90 (100); 
C18H28O2S4 (404.68); Calcd.: C, 53.42; H, 6.97; S, 31.70. Found: 
C, 53.12; H, 5.72; S, 32.84.

2-Ethoxy-3,5,6-tripropylthio-1,4-benzoquinone (5a): Yield: 
0.4 g, 24.3%; Dark brown oil; Rf (CCl4): 0.15; IR (film, cm‒1): 
ν 2990 (C-H), 1670 (C = O), 1580 cm‒1 (C = C); UV/vis (CHCl3): 
λmax 234, 399 nm; 1H NMR (500 MHz, CDCl3): δ 0.98-1.03 (m, 
9H, CH3), 1.40 (t, 3J = 7.32 Hz, 3H, CH3CH2O-), 1.56-1.66 (m, 
6H, CH2), 2.98-3.14 (m, 6H, SCH2), 4.31-4.35 (m, 2H, CH3 

CH2O-); 13C NMR (125 MHz, CDCl3): δ 12.24, 12.27, 12.29, 
14.75, 22.59, 22.84, 22.89, 33.93, 35.48, 35.78, 68.76 (CH3- 
CH2-O-), 130.53, 141.38, 146.14, 155.77, 173.98, 177.72; MS 
(APCI): m/z (%) 374.90 (100); C17H26O3S3 (374.57); Calcd.: C, 
54.51; H, 6.99; S, 25.68. Found: C, 54.13; H, 5.80; S, 23.42.

Synthesis of 2,3,5,6-tetrapentylthio-1,4-benzoquinone (4b), 
2-ethoxy-3,5,6-tripentylthio-1,4-benzoquinone (5b). Compo-
unds 4b and 5b were synthesized by the reaction of 1 g (4.1 
mmol) p-chloranil (1) with 1.3 g (12.2 mmol) n-pentanethiol 
(2b) according to the standard procedure I.

2,3,5,6-Tetrapentylthio-1,4-benzoquinone (4b): Yield: 0.7 g, 
33.8%; Dark brown oil; Rf (CCl4): 0.40; IR (film, cm‒1): ν 
2980 (C-H), 1660 (C = O), 1510 cm‒1 (C = C); UV/vis (CHCl3): 
λmax 234, 406 nm; 1H NMR (500 MHz, CDCl3): δ 0.89 (t, 3J = 
7.32 Hz, 12H, CH3), 1.28-1.62 (m, 24H, CH2), 3.08 (t, 3J = 7.32 
Hz, 8H, SCH2); 13C NMR (125 MHz, CDCl3): δ 14.10, 22.42, 
30.40, 31.06, 34.54, 146.25, 174.05; MS (APCI): m/z (%) 
517.05 (100); C26H44O2S4 (516.89); Calcd.: C, 60.41; H, 8.58; 
S, 24.81. Found: C, 60.09; H, 7.85; S, 26.36.

2-Ethoxy-3,5,6-tripentylthio-1,4-benzoquinone (5b): Yield: 
0.3 g,15%; Dark brown oil; Rf (CCl4): 0.32; IR (film, cm‒1): ν 
2980 (C-H), 1660 (C = O), 1590 cm‒1 (C = C); UV/vis (CHCl3): 
λmax 231, 401 nm; 1H NMR (500 MHz, CDCl3): δ 0.89 (t, 3J = 
7.32 Hz, 9H, CH3), 1.27-1.63 (m, 24H, CH2; 3H, CH3CH2O-), 
3.00-3.16 (m, 6H, SCH2), 4.30-4.34 (m, 2H, CH3CH2O-); 13C 
NMR (125 MHz, CDCl3): δ 13.92, 15.79, 22.23, 29.89, 30.15, 
30.18, 30.85, 30.87, 30.88, 33.02, 34.55, 34.88, 69.77 (CH3- 
CH2-O-), 131.69, 142.36, 147.18, 156.71, 175.02, 178.76; MS 
(APCI): m/z (%) 459.01 (100); C23H38O3S3 (458.73); Calcd.: C, 
60.22; H, 8.35; S, 20.97. Found: C, 60.25; H, 6.35; S, 22.25.

Synthesis of 2,3,5,6-tetradecylthio-1,4-benzoquinone (4c),10 
2,3,5-tridecylthio-6-ethoxy-1,4-benzoquinone (5c). Compo-
unds 4c10 and 5c were synthesized by the reaction of 0.5 g (2.0 
mmol) p-chloranil (1) with 1.0 g (6.1 mmol) n-decanethiol (2c) 
according to the standard procedure I.

2,3,5,6-Tetradecylthio-1,4-benzoquinone (4c): 10Yield: 0.3 g, 
21.6%; Red crystal; Rf (CCl4): 0.75; mp 43 ~ 44 oC (lit.10 45 
oC); IR (KBr, cm‒1): ν 2920 (C-H), 1650 (C = O), 1510 cm‒1 
(C = C); UV/vis (CHCl3): λmax 243, 405 nm; 1H NMR (500 
MHz, CDCl3): δ 0.88 (t, 3J = 7.32 Hz, 12H, CH3), 1.26-1.61 
(m, 64H, CH2), 3.08 (t, 3J = 7.32 Hz, 8H, SCH2); 13C NMR (125 
MHz, CDCl3): δ 13.07, 21.67, 27.76, 28.20, 28.31, 28.54, 28.56, 
29.55, 30.89, 33.37, 145.04, 173.28; MS (ESI): m/z (%) 797.38 
(100); C46H84O2S4 (797.34); Calcd.: C, 69.28; H, 10.61; S, 
16.08. Found: C, 69.74; H, 9.62; S, 17.70 (lit.10 C, 69.6; H, 10.7).

2,3,5-Tridecylthio-6-ethoxy-1,4-benzoquinone (5c): Yield: 
0.1 g, 10.3%; Dark brown oil; Rf (CCl4): 0,66; IR (film, cm‒1): 
ν 2920 (C-H), 1650 (C = O), 1530 cm‒1 (C = C); UV/vis 
(CHCl3): λmax 242, 335 nm; 1H NMR (500 MHz, CDCl3): δ 
0.88 (t, 3J = 7.32 Hz, 9H, CH3), 1.26-1.62 (m, 48H, CH2; 3H, 
CH3CH2O-), 3.00-3.16 (m, 6H, SCH2), 4.29-4.34 (m, 2H, CH3- 
CH2-O-); 13C NMR (125 MHz, CDCl3): δ 14.09, 15.79, 22.68, 
28.72, 28.74, 28.76, 29,18, 29.20, 29.23, 29.31, 29.48, 29.52, 
29.53, 29.54, 29.56, 29.57, 30.23, 30.48, 30.52, 31.91, 33.04, 
34.58, 34.92, 69.76 (CH3-CH2-O-), 131.70, 142.34, 147.19, 
156.68, 174.99, 178.74; MS (ESI): m/z (%) 669.30 (100); 
C38H68O3S3 (669.12); Calcd.: C, 68.21, H, 10.24; S, 14.38. Fo-
und: C, 67.20; H, 9.70; S, 15.40.
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Synthesis of 2,3,5,6-tetradodecylthio-1,4-benzoquinone 
(4d),10 2,3,5-tridodecylthio-6-ethoxy-1,4-benzoquinone (5d). 
Compounds 4d10 and 5d were synthesized by the reaction of 1 g 
(4.1 mmol) p-chloranil (1) with 2.45 g (12.2 mmol) n-dodecan-
ethiol (2d) according to the standard procedure I.

2,3,5,6-Tetradodecylthio-1,4-benzoquinone (4d):10 Yield: 
1.1 g, 29.2%; Orange crystal; Rf (CCl4): 0.77; m.p. 47 ~ 48 oC 
(lit.10 48 ~ 49 oC; IR (KBr, cm‒1): ν 2920 (C-H), 1650 (C = O), 
1540 cm‒1 (C = C); UV/vis (CHCl3): λmax 248, 406 nm; 1H NMR 
(500 MHz, CDCl3): δ 0.88 (t, 3J = 6.83 Hz, 12H, CH3), 1.22- 
1.61 (m, 80H, CH2), 3.08 (t, 3J = 7.32 Hz, 8H, SCH2); 13C NMR 
(125 MHz, CDCl3): δ 14.10, 22.70, 28.79, 29.23, 29.38, 29.58, 
29.64, 29.68, 29.70, 30.58, 31.95, 34.39, 146.08, 174.32; MS 
(ESI): m/z (%) 909.46 (100); C54H100O2S4 (909.64); Calcd.: C, 
71.30; H, 11.08; S, 14.10. Found: C, 71.80; H, 10.79; S, 15.4 
(lit.10 C, 71.2; H, 11.4).

2,3,5-Tridodecylthio-6-ethoxy-1,4-benzoquinone (5d): Yi-
eld: 0.7 g, 21.9%; Black crystal; Rf (CCl4): 0.63; m.p. 40 ~ 41 
oC; IR (KBr, cm‒1): ν 2950 (C-H), 1660 (C = O), 1580 cm‒1 (C = 
C); UV/vis (CHCl3): λmax 248, 400 nm; 1H NMR (500 MHz, 
CDCl3): δ 0.88 (t, 3J = 7.32 Hz, 9H, CH3), 1.21-1.60 (m, 60H, 
CH2; 3H, CH3CH2O-), 3.00-3.15 (m, 6H, SCH2), 4.30-4.34 
(m, 2H, CH3CH2O-); 13C-NMR (125 MHz, CDCl3): δ 14.10, 
15.80, 22.70, 28.72, 28.74, 28.77, 29.19, 29.21, 29.36, 29.37, 
29.53, 29.55, 29.61, 29.63, 29.66, 29.67, 29.69, 30.23, 30.49, 
30.53, 31.94, 33.04, 34.58, 34.91, 69.76 (CH3-CH2-O-), 131.71, 
142.35, 147.19, 156.68, 174.99, 178.73; MS (ESI): m/z (%) 
753.38 (100); C44H80O3S3 (753.26 g); Calcd. C, 70.15; H, 10.70; 
S, 12.77. Found: C, 70.67; H, 11.78; S, 10.31.

Synthesis of 2,3,5,6-tetra(2-methyl-2-propyl)thio-1,4-benzo-
quinone (4e),10 2-ethoxy-3,5,6-tri(2-methyl-2-propyl)thio-1,4- 
benzoquinone (5e). Compounds 4e10 and 5e were synthesized 
by the reaction of 1 g (4.7 mmol) p-chloranil (1) with 1.1 g (12.2 
mmol) 2-methyl-2-propane thiol (2e) according to the standard 
procedure I.

2,3,5,6-Tetra(2-methyl-2-propyl)thio-1,4-benzoquinone 
(4e):10 Yield: 0.4 g, 19.2%; Red crystal; Rf (petroleum ether/ 
CHCl3(2:1)): 0.23; m.p.141 ~ 142 oC (lit.10 141 ~ 143 oC; IR 
(KBr, cm‒1): ν 1670 (C = O), 1540 (C = C), 1370 cm‒1(C-H); 
UV/vis (CHCl3): λmax 263, 399 nm; 1H NMR (500 MHz, CDCl3): 
δ 1.39 (s, 36H, CH3); 13C-NMR (125 MHz, CDCl3): δ 32.72, 
52.60, 152.64, 178.97; MS (ESI): m/z (%) 461.60 (100); C22 

H36O2S4(460.79); Calcd.: C, 57.35; H, 7.87; S, 27.83. Found: C, 
57.18; H, 7.89; S, 27.70 (lit.10 C, 57.3; H,7.9).

2-Ethoxy-3,5,6-tri(2-methyl-2-propyl)thio-1,4-benzoquin-
one (5e): Yield: 0.1 g, 8.3%; Black powder; Rf [petroleum ether/ 
CHCl3(2:1)]: 0.19; m.p. 41.5 ~ 42.5 oC; IR (KBr, cm‒1): ν 
1670 (C = O), 1580 (C = C), 1370 cm‒1(C-H); UV/vis (CHCl3): 
λmax 244, 352 nm; 1H NMR (500 MHz, CDCl3): δ 1.29-1.39 (m, 
27H, CH3; 3H, CH3CH2O-), 4.40-4.44 (m, 2H, CH3CH2O-); 
13C NMR (125 MHz, CDCl3): δ 14.87, 31.03, 31.47, 31.55, 
49.23, 50.76, 51.65, 69.33 (CH3CH2O-), 124.05, 145.39, 155.12, 
162.98, 177.34, 180.02; MS (APCI): m/z (%) 416.80 (100); 
C20H32O3S3 (416.67); Calcd.: C, 57.65; H, 7.74; S, 23.09. 
Found: C, 57.45; H, 7.28; S, 23.01.

Synthesis of 2,3,5-tricyclohexylthio-6-decylthio-1,4-benzo-
quinone (6), 2,3,5,6-tetracyclohexyl thio-1,4-benzoquinone 
(7).12 Compounds 6 and 712 were synthesized by the reaction 

of 1 g (4.1 mmol) p-chloranil (1) with 1.4g (8.1 mmol) n-decan-
ethiol (2c) and 1.0 g (8.1 mmol) cyclohexanethiol (3) according 
to the standard procedure I.

2,3,5-Tricyclohexylthio-6-decylthio-1,4-benzoquinone (6): 
Yield: 0.3 g, 13.6%; Dark brown oil; Rf (CCl4): 0.47; IR (film, 
cm‒1): ν 2930 (C-H), 1540 (C = C), 1660 cm‒1 (C = O); UV/vis 
(CHCl3): λmax 252, 406 nm; 1H NMR (500 MHz, CDCl3): δ 
0.88 (t, 3J = 6.83 Hz, 3H, CH3), 1.18-1.92 (m, 16H, CH2; 30H, 
CH2cyclohex.), 3.07 (t, 3J = 7.81 Hz, 2H, SCH2), 3.68-3.73 (m, 3H, 
SCH); 13C NMR (125 MHz, CDCl3): δ 13.07, 21.65, 24.50, 
24.51, 24.90, 24.99, 25.01, 27.71, 27.73, 28.17, 28.29, 28.51, 
28.54, 29.20, 29.35, 29.48, 30.87, 33.06, 33.12, 33.43, 45.34, 
45.54, 143.44, 145.78, 146.11, 147.59, 173.37, 173.74; MS 
(ESI): m/z (%) 622.19 (100); C34H54O2S4 (623.06); Calcd.: C, 
65.54; H, 8.73; S, 20.59; Found: C, 65.89; H, 8.22; S, 19.94.

2,3,5,6-Tetracyclohexylthio-1,4-benzoquinone (7):12 Yield: 
0.2 g, 9.1% (lit.12 0.2 g,12%); Black oil; Rf (CCl4): 0.36 (lit.12 

(EtAc-CCl4(1:1)): 0.58); IR (film, cm‒1): ν 2950 (C-H), 1650 
(C = O), 1580 cm‒1 (C = C) (lit.12 2980 (C-H), 1650 (C = O), 
1540 cm‒1 (C = C)); UV/vis (CHCl3): λmax 252, 405 nm; 1H-NMR 
(500 MHz, CDCl3): δ 0.86-1.91 (m, 40H, CH2), 3.60-4.35 (m, 
4H, CH) (lit.12 1.00-2.30 (m, 40H, CH2), 3.90-4.50 (m, 4H, 
CH)); 13C NMR (125 MHz, CDCl3): δ 24.51, 25.02, 33.11, 
45.51, 145.98, 173.59; MS (ESI): m/z (%) 565.12 (100) (lit.12 
566.2 (100)); C30H44O2S4 (564.94 g); Calcd.: C, 63.78; H, 7.85; 
S, 22.70. Found: C, 64.14; H, 7.70; S, 20.88.

Synthesis of 2,3,5,6-tetrapropylthio-1,4-benzoquinone (4a), 
2-methoxy-3,5,6-tripropylthio-1,4-benzoquinone (8a). Compo-
unds 4a and 8a were synthesized by the reaction of 1 g (4.1 
mmol) p-chloranil (1) with 0.9 g (12.2 mmol) n-propanethiol 
(2a) according to the standard procedure II. 

2,3,5,6-Tetrapropylthio-1,4-benzoquinone (4a): Yield: 0.5 g, 
31%; Dark brown oil; Rf (CCl4): 0.24; IR (film, cm‒1): ν 2980 
(C-H), 1660 (C = O), 1540 cm‒1 (C = C); UV/vis (CHCl3): λmax 
236, 403 nm; C18H28O2S4 (404.68). This compound was charac-
terized by the Rf, IR and UV data like the other compound (4a) 
was above.

2-Methoxy-3,5,6-tripropylthio-1,4-benzoquinone (8a): Yi-
eld: 0.2 g, 13.2%; Dark brown oil; Rf [petroleum ether/CHCl3 

(2:1)]: 0.20; IR (film, cm‒1): ν 2960 (C-H), 1660 (C = O), 1590 
cm‒1 (C = C); UV/vis (CHCl3): λmax 247, 400 nm; 1H NMR 
(500 MHz, CDCl3): δ 0.90-0.96 (m, 9H, CH3), 1.48-1.59 (m, 
6H, CH2), 2.91-3.08 (m, 6H, SCH2), 3.97 (s, 3H, CH3O-); 13C 
NMR (125 MHz, CDCl3): δ 12.26, 12.27, 12.29, 22.54, 22.86, 
22.89, 33.98, 35.47, 35.79, 60.00 (CH3-O-), 130.01, 141.45, 146.03, 
156.13, 173.83, 177.66; MS (APCI): m/z (%) 360.98 (100); C16 

H24O3S3 (360.56); Calcd.: C, 53.31; H, 6.71; S, 26.68. Found: 
C, 53.06; H: 6.63; S, 24.70.

Synthesis of 2,3,5,6-tetrapentylthio-1,4-benzoquinone (4b), 
2-methoxy-3,5,6-tripentylthio-1,4-benzoquinone (8b). Compo-
unds 4b and 8b were synthesized by the reaction of 1 g (4.1 
mmol) p-chloranil (1) with 1.3 g (12.2 mmol) n-pentanethiol 
(2b) according to the standard procedure II.

2,3,5,6-Tetrapentylthio-1,4-benzoquinone (4b): Yield: 0.5 g, 
23.15; Dark brown oil; Rf (CCl4): 0.40; IR (film, cm‒1): ν 2980 
(C-H), 1660 (C = O), 1510 cm‒1 (C = C); UV/vis (CHCl3): λmax 
234, 406 nm; C26H44O2S4 (516.89). This compound was charac-
terized by the Rf, IR and UV data like the other compound (4b) 
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was above.
2-Methoxy-3,5,6-tripentylthio-1,4-benzoquinone (8b): Yi-

eld: 0.2 g, 8.2%; Dark brown oil; Rf [petroleum ether/CHCl3 

(2:1)]: 0.37; IR (film, cm‒1): ν 2980 (C-H), 1650 (C = O), 1580 
cm‒1 (C = C); UV/vis (CHCl3): λmax 248, 399 nm; 1H NMR (500 
MHz, CDCl3): δ 0.82 (t, 3J = 7.32 Hz, 9H, CH3), 1.23-1.55 (m, 
18H, CH2), 2.93-3.09 (m, 6H, SCH2), 3.97 (s, 3H, CH3O-); 
13C NMR (125 MHz, CDCl3): δ 12.89, 21.21, 21.22, 28.83, 
29.15, 29.16, 29.83, 29.85, 32.03, 33.51, 33.86, 59.99 (CH3-O-), 
130.13, 141.39, 146.04, 156.04, 173.83, 177.66; MS (ESI): m/z 
(%) 445.24 (100); C22H36O3S3 (444.72); Calcd.: C, 59.42; H, 
8.16; S, 21.63. Found: C, 58.85; H, 8.51; S, 22.03.

Synthesis of 2,3,5,6-tetradecylthio-1,4-benzoquinone (4c),10 
2,3,5-tridecylthio-6-methoxy-1,4-benzoquinone (8c). Compo-
unds 4c10 and 8c were synthesized by the reaction of 1 g (4.1 
mmol) p-chloranil (1) with 2.1 g (12.2 mmol) n-decanethiol 
(2c) according to the standard procedure II.

2,3,5,6-Tetradecylthio-1,4-benzoquinone (4c):10 Yield: 1.1 g, 
37.7%; Red crystal; Rf (CCl4): 0.75; m.p. 43∼44 oC (lit.10 45 
oC); IR (KBr, cm‒1): ν 2920 (C-H), 1650 (C = O), 1510 cm‒1 (C = 
C); UV/vis (CHCl3): λmax 243, 405 nm; C46H84O2S4 (797.34). 
This compound was characterized by the Rf, mp, IR and UV 
data like the other compound (4c) was above.

2,3,5-Tridecylthio-6-methoxy-1,4-benzoquinone (8c): Yield: 
0.3 g, 11.1%; Dark brown oil; Rf [petroleum ether/CHCl3(2:1)]: 
0.81 ; IR (film, cm‒1): ν 2970 (C-H), 1650 (C = O), 1590 (C = C); 
UV/vis (CHCl3): λmax 249, 401 nm; 1H NMR (500 MHz, CDCl3): 
δ 0.82 (t, 3J = 6.83 Hz, 9H, CH3), 1.19-1.55 (m, 48 H, CH2), 
2.93-3.09 (m, 6H, SCH2), 3.97 (s, 3H, CH3O-); 13C NMR (125 
MHz, CDCl3): δ 13.07, 21.66, 27.69, 27.72, 27.73, 28.16, 
28.17, 28.29, 28.30, 28.50, 28.51, 28.53, 28.55, 29.17, 29.48, 
29.50, 30.88, 32.07, 33.55, 33.89, 59.99 (CH3-O-), 130.13, 
141.37, 146.06, 156.02, 173.82, 177.65; MS (APCI): m/z (%) 
655.32 (100); C37H66O3S3 (655.13); Calcd.: C, 67.84; H, 10.15; 
S, 14.68. Found: C, 66.96; H, 10.35; S, 15.00.

Synthesis of 2,3,5,6-tetradodecylthio-1,4-benzoquinone 
(4d),10 2,3,5-tridodecylthio-6-methoxy-1,4-benzoquinone (8d). 
Compounds 4d10 and 8d were synthesized by the reaction of 1 g 
(4.1 mmol) p-chloranil (1) with 2.45 g (12.2 mmol) n-dodecan-
ethiol (2d) according to the standard procedure II.

2,3,5,6-Tetradodecylthio-1,4-benzoquinone (4d):10 Yield: 
1.7 g, 46.5%; Orange crystal; Rf (CCl4): 0.77; m.p. 47 ~ 48 oC 
(lit.10 48 ~ 49 oC); IR (KBr, cm‒1): ν 2920 (C-H), 1650 (C = O), 
1540 cm‒1 (C = C); UV/vis (CHCl3): λmax 248, 406 nm; C54H100 

O2S4 (909.64). This compound was characterized by the Rf, 
mp, IR and UV data like the other compound (4d) was above.

2,3,5-Tridodecylthio-6-methoxy-1,4-benzoquinone (8d): 
Yield: 0.4 g, 14.5%; Black crystal; Rf [petroleum ether/CHCl3 

(2:1)]: 0.76 ; m.p. 77 ~ 78 oC; IR (KBr, cm‒1): ν 2960 (C-H), 
1650 (C = O), 1550 cm‒1 (C = C); UV/vis (CHCl3): λmax 249, 
402 nm; 1H NMR (500 MHz, CDCl3): δ 0.81 (t, 3J = 7.32 Hz, 
9H, CH3), 1.18-1.55 (m, 60H, CH2), 2.92-3.09 (m, 6H, SCH2), 
3.97 (s, 3H, CH3O-); 13C NMR (125 MHz, CDCl3): δ 13.08, 
21.68, 27.70, 27.74, 28.17, 28.19, 28.34, 28.51, 28.53, 28.59, 
28.61, 28.64, 28.65, 28.67, 29.19, 29.49, 29.51, 30.92, 32.07, 
33.55, 33.90, 59.98 (CH3-O-), 130.14, 141.37, 146.06, 156.01, 
173.81, 177.64; MS (APCI): m/z (%) 739.45 (100); C43H78O3S3 
(739.29); Calcd.: C, 69.86; H, 10.63; S, 13.01; Found: C, 69.90; 

H, 10.84; S, 14.17.
Synthesis of 2,3,5,6-tetra(2-methyl-2-propyl)thio-1,4-benzo-

quinone (4e),10 2-methoxy-3,5,6-tri(2-methyl-2-propyl)thio-1,4- 
benzoquinone (8e). Compounds 4e10 and 8e were synthesized 
by the reaction of 1 g (4.1 mmol) p-chloranil (1) with 1.1 g (12.2 
mmol) 2-methyl-2-propane thiol (2e) according to the stan-
dard procedure II.

2,3,5,6-Tetra(2-methyl-2-propyl)thio-1,4-benzoquinone 
(4e):10 Yield: 0.3 g, 15.5%; Red crystal; Rf (petroleum ether/ 
CHCl3(2:1)): 0.23 ; m.p. 141∼142 oC (lit.10 141∼143 oC); IR 
(KBr, cm‒1): ν 1370 (C-H), 1670 (C = O), 1540 cm‒1 (C = C); 
UV/vis (CHCl3): λmax 263, 399 nm; C22H36O2S4 (460.79). This 
compound was characterized by the Rf, mp, IR and UV data 
like the other compound (4e) was above.

2-Methoxy-3,5,6-tri(2-methyl-2-propyl)thio-1,4-benzoqui-
none (8e): Yield: 0.1 g, 6.7%; Red oil; Rf [petroleum ether/ 
CHCl3(2:1)]: 0.15 ; IR (film, cm‒1): ν 1370 (C-H), 1670 (C = 
O), 1580 cm‒1 (C = C); UV/vis (CHCl3): λmax = 246, 347 nm; 
1H NMR (500 MHz, CDCl3): δ 1.19-1.48 (m, 27H, CH3), 4.12 
(s, 3H, CH3O-); 13C NMR (125 MHz, CDCl3): δ 28.68, 30.92, 
31.49, 31.55, 49.16, 50.85, 51.73, 60.43 (CH3-O-), 145.43, 
155.02, 163.13, 177.16, 179.89; MS (ESI): m/z (%) 402.32 
(100); C19H30O3S3 (402.64); Calcd.: C, 56.68; H, 7.51; S, 23.89. 
Found: C, 57.26; H, 7.03; S, 19.49.
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