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Abstract 

1,2-Dithiol-3-thiones are a sulfur containing five membered heterocyclic compounds, which constitute an important 

class of biologically active compounds owing to their ability to release sulfhydryl (SH) group. In this research a new series of 

multi-cyclic compounds, containing 1,2-dithiol-3-thione moiety,  was synthesized. To pursue this goal, five chalcones (1a-e) 

were synthesized via the condensation of 1-tetralone with aromatic aldehydes under the influence of 5% ethanolic sodium 

hydroxide solution. These chalcones were converted to β-ketoesters (2a-e) via its reaction with ethyl acetoacetate in presence 

of 5% ethanolic sodium hydroxide solution. The thionation of these β-ketoesters with phosphorous penta sulfide in xylene 

afforded the titled compounds (3a-d). The chemical structures of the synthesized compounds were elucidated by the physical 

and spectral (IR and NMR) data. 

 

Keywords: Sulfhydryl donor, dithiol-3-thione, oltipraz, thionation, chalcones, β-ketoesters. 
 

 

1. Introduction 

l,2-Dithiole-3-thione compounds (1) are one 

of pseudo-aromatic dithiol-ethione poly-sulfur 

heterocyclic compounds [1]. This class of organo-

sulfur compounds is one of the most hopeful classes 

and attracted wide interest as potential cancer chemo-

preventive agents [2,3] . 

                  
 

1,2-Dithiole-3-thione moiety characterized 

as hydrogen sulfide donor. Hydrogen sulfide is known 

to be a gaseous transmitter owing to its ability to 

influence the main physiological functions[4]. On the 

other hand, H2S can also protect cells from the 

oxidative stress via increment of glutathione 

production[5,6].1,2-Dithiole-3-thiones was 

considered to be strong antioxidant, free radical 

scavenger and lipid peroxidation inhibitor[7]. 

Indeed, the most important compound among 

this type of compounds is oltipraz (4-methyl-5-

pyrazinyl-3H-1,2-dithiole-3-thione (2), which is 

originally used as an anti-schistosomal agent owing to 

its noticeable activity against Schistosoma mansoni 

[8]. It is also demonstrated that this compound inhibits 

HIV-1 (AIDS) virus reproduction via irreversible 

binding to the viral reverse transcriptase enzyme 

[9,10]. On the other hand, other studies illustrated that 

oltipraz protects against carcinogenesis of many 

organs, in addition to its chemoprotective activity 

against variety of carcinogens. [11,12,13,14]. It was 

also consideration that a pharmacophore containing 

1,2-dithiole-3-thione moiety capable of improving 

insulin sensitivity under the hyperosmotic stress 

condition[15]. Moreover,  the 1,2-dithiole-3-thione 

derivatives were used in treatment of intestinal 

allergies and jaundice[16], and it may be useful to 

inhibit human neoplasia[17]. Moreover, other 

derivatives such as 4-aryl-5-chloro-3H-1,2-dithiole-3-

thiones were investigated to possess a fungi-toxic 

action[18,19] and they were also used as 

insecticides[20]. Furthermore, some l,2-dithiol-3-
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thiones have industrial applications as antioxidant 

additives in rubber, metals, and commercial oils and 

greases[21]. The synthesis of 1,2-dithiole-3-thione 

compounds was performed via different methods, such 

as the reaction of eugenol or isoeugenol with 

sulfur[22], reaction of β-keto esters with phosphorous 

pentasulfide (P2S5)[23,24,25]. Later, the P2S5 was 

replaced by Lawesson’s reagent (3) and used in 

combination with elemental sulphur for thionation of 

β-ketoesters to give an excellent yields of 1,2-dithiole-

3-thione compounds[24] but this method gives by 

products that are not easily separated and disposed.   

 
On the other hand, the addition of 

hexamethyldisiloxane (Me3SiOSiMe3, HMDO) to the 

thionating agent P2S5 and elemental sulfur will 

increase their usefulness as a thionating agent and give 

an excellent percentage yield of the 1,2-dithiol-3-

thiones[26]. The 1,2-dithiole-3-thione compounds can 

also be prepared from thionation of allylic system (-

CH=CH-CH3) with sulfur or P2S5[27,28]. Moreover, 

the terminal acetylenic compounds can be easily 

sulfurized via a sequential treatment of lithium 

acetylide[29,30] and magnesium acetylide[31] with 

carbon disulfide and elemental sulfur. The goal of this 

research was focused on the synthesis of several newer 

1,2-dithiol-3-thione compounds containing four fused 

rings using 1-tetralone as a precursor. It was found 

through the theoretical study using the Docking 

program that some heterocyclic compounds have an 

effect on the emerging corona virus[32]. 

2. MATERIALS and METHODS 

  The melting points were measured on SMP 

10 melting point apparatus using open capillary tubes 

and uncorrected. Infrared spectra were recorded as 

neat on Alfa Bruker ATR-FT-IR Co. Germany, 2003. 
1HNMR spectra were recorded on a Bruker-Avance II 

400 (400 MHz), spectrometer, using TMS as internal 

standard and (DMSO-d6) as solvent.  

2.1. Synthesis of 2-arylidine-3,4-dihydronaphthalen-

1(2H)-one compounds (1a-e)[33,34]: 

An ethanolic sodium hydroxide solution (5 

%) (10 ml) was dropwise added with stirring at 

ambient temperature to a solution of 1-tetralone (0.01 

mole, 1.46 g) and an aromatic aldehyde (0.01 mole) in 

ethanol (20 ml). The stirring was continued for 5 h at 

room temperature. The precipitate was formed after 

the addition of an ice-water mixture to the resulted 

mixture. The precipitate was filtered off, washed 

thoroughly with cold water, dried, then recrystallized 

using ethanol. The physical data for synthesized 2-

arylidine-3,4-dihydronaphthalen-1(2H)-one 

compounds (1a-e) were illustrated in Table-1. 

Table-1: The physical data for 2-arylidine-3,4-

dihydronaphthalen-1(2H)-one 

compounds (1a-e):  

 
Comp. 

No. 
Ar 

m.p. 
o C 

Yield 

% 
color 

1a 
 

88-

89(B.P.:

435) 

94 Yellow 

1b 

 

111-112 89 Yellow 

1c 
 

68-

69(B.P.:

415) 

92 Red 

1d 

 

131-133 85 Yellow 

1e 
 

75-76 95 Yellow 

2.2. Synthesis of the ethyl 1-aryl-3-oxo-

1,2,3,9,10,10a-hexahydro phenanthrene-2-

carboxylate (2a-e): 

To a mixture of equimolar of compounds (1a-

e) and ethyl acetoacetate (5 mmole), an ethanolic 

sodium hydroxide solution (5 %, 10 ml) was dropwise 

added with stirring at room temperature. After the 

addition was completed, the reaction mixture was 

refluxed for 8h then cooled. An ice-water (50 ml) was 

gradually added to the reaction mixture. The resulted 

precipitate (for compounds 2b,c,e) was filtered off, 

washed thoroughly with cold water, dried and finally 

recrystallized using ethanol. The gummy products 

(resulted from compounds 2a and 2d) were treated 

with cyclohexane :ethanol (1:1) with stirring to yield 

solid products. The physical data for the titled β-keto 

esters (2a-e) were illustrated in Table-2. 
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Table-2: The physical data for the ethyl 1-aryl-3-oxo-

1,2,3,9,10,10a-hexahydro  

phenanthrene-2-carboxylate (2a-e): 

 
Comp. 

No. 
Ar 

m.p. 
o C 

Yield 

% 
Color 

2a 
 

158-160 72 Orange 

2b 
 

122-124 65 Yellow 

2c 
 

92-94 77 Orange 

2d 
 

139-140 61 Yellow 

2e 
 

119-120 82 Brown 

2.3. Synthesis of 1,2-dithiol-3-thione compounds (3a-

e): 

A solution of ethyl 1-aryl-3-oxo-

1,2,3,9,10,10a-hexahydro  phenanthrene-2-

carboxylate (2a-e) (0.001 mole) and phosphorous 

penta-sulfide (0.003 mole, 1.33 g) in 30 ml of xylene 

was refluxed at its boiling point for 10h. The reaction 

mixture was accompanied by a change of color from 

yellow to orange during the proceeding of the reaction. 

The reaction mixture was cooled and the solid material 

was removed by filtration. The filtrate was washed 

with 10 ml of water containing few drops of 

concentrated ammonium hydroxide. The organic layer 

was separated, washed with water, dried with 

magnesium sulfate then condensed under reduced 

pressure to its half volume. A few drops of ethanol 

were added to the remaining material. The compounds 

(3a,c,e) were precipitated as fine powder, while 

compounds (3b and 3d) separated from the mixture as 

gummy material, which then treated with 

cyclohexane:absolute ethanol (1:1) mixture to yield 

fine powder. The physical data of compounds (3a-e) 

were listed in Table-3. 

Table-3: The physical data of the 1,2-dithiol-3-thione 

compounds (3a-e). 

 
Comp. 

No. 
Ar 

m.p. 
o C 

Yield 

% 
Color 

3a 
 

260-262 58 Brown 

3b 
 

215(dec.) 55 Red 

3c 
 

250-251 47 Yellow 

3d 
 

195-197 52 Brown 

3e 
 

294-296 46 Brown 

 

3. RESULTS AND DISCUSSION 

The synthetic routes for this research to 

obtain the targeted compounds (3a-e) are depicted in 

the following Scheme(1): 

 

 

 
 

Scheme -1-
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The first route in this research involves the 

synthesis of α,β-unsaturated ketones (1a-e) via the 

condensation of 1-tetralone as a synthon with five 

aromatic aldehydes under the influence of 5 % 

ethanolic sodium hydroxide solution at room 

temperature. The structure of the synthesized 

compounds confirmed on the base of the spectral 

data[35,36].The IR spectra of compounds (1a-e) 

showed the following absorption bands (Table-4) at 

1656-1672 Cm-1 assigned to the C=O bond stretching, 

1579-1592 Cm-1 related to the conjugated C=C bond 

stretching, 1440-1446 Cm-1 attributed to the aromatic 

C=C bond stretching in addition to the absorption 

bands of the C-O bond stretching for compound (1b) 

at 1225 Cm-1 and at 1220 Cm-1 for compound (1e), 

respectively. The assignment of the 1HNMR spectra of 

compounds (1a-e) was illustrated in Table-4.

 

Table-4: The spectral data of compounds (1a-e). 

 

Compd. 

No. 
Ar IR (ν, Cm-1) 1HNMR (δ, ppm) 

1a 

 

1672 C=O 

1592,1565,1430 

C=C, C=N 

2.79-3.06 (m,4H,C3,C4); 7.59 (s,1H,C9); 7.3-8.51 

(m,6H,Ar-H); 8.55-8.65 (d,2H,C11). 

1b 

 

1668 C=O 

1591,1555, 1515 

C=C 

1077,1225 C-O-C 

2.57-2.95 (m,4H,C3,C4); 3.8 (s,3H,C10); 7.91 

(s,1H,C9); 6.94-7.57 (m,8H,Ar-H). 

1c 

 

1661 C=O 

1588,1565,1530 

C=C, C=N 

2.95 (t,2H,C4); 3.08(t,2H,C3); 7.96 (s,1H,C9); 7.37-

7.96 (m,6H,Ar-H); 8.57-8.73 (m,2H,C10, C11). 

1d 

 

1660 C=O 

1589,1554,1515 

C=C 

2.71-2.8 (m,4H,C3,C4); 7.58 (s,1H,C9); 7.32-8.3 

(m,11H,Ar-H). 

1e 

 

1657 C=O 

1600,1580,1537 

C=C 

1071,1220 C-O-C 

2.98 (t,2H,C4); 3.25 (t,2H,C3); 6.68 (t,1H,C11); 7.02-

7.4 (m,4H,Ar-H); 7.46 (s,1H,C9); 7.93 (d, 2H,C12); 

The second route involves the synthesis of 

the β-keto esters (2a-e) via the reaction of the 

synthesized chalcones (1a-e) with ethyl acetoacetate in 

presence of 5% alcoholic sodium hydroxide solution. 

The IR spectra of compounds (2a-e) showed the 

following absorption bands (Table 5) at 1730-1733 

Cm-1for the esteric C=O bond stretching, at 1654-1668 

Cm-1 for the ketonic C=O bond stretching, at 1587-

1592 for the C=C bond stretching, in addition to the 

absorption bands at 1206-1228 for the C-O bond 

stretching. The assignment of the 1HNMR spectra of 

compounds (2a-e) was illustrated in Table-5.   
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Table-5: The spectral data of compounds (2a-e). 

 

Compd. 

No. 
Ar IR (ν, Cm-1) 1HNMR (δ, ppm) 

2a 

 

1733, C=O ester 

1658, C=O ketone 

1590,1560,1480 C=C, C=N 

1076,1206, C-O-C 

1.07 (t,3H,C12); 1.99 (m,2H,C6); 2.73 (t,2H,C5); 

3.23 (m,1H,C7); 3.32 (d,1H,C8); 3.95 (d,1H,C7); 

4.09 (q,2H,C11); 6.84 (s,1H,C10); 7.11-7.32 

(m,4H,Ar-H); 7.96 (d,2H,C13); 8.55 (d,2H,C14). 

2b 

 

1730 C=O ester 

1668 C=O ketone 

1592,1537,1498 C=C 

1056,1228 C-O-C 

0.88 (t,3H,C12); 1.99 (m,2H,C6); 2.73 

(m,1H,C7); 2.93 (m,2H,C5); 3.23 (m,1H,C8); 

3.32 (m,1H,C9); 3.98 (s,3H,C13); 4.09 

(q,2H,C11); 6.84 (s,1H,C10); 7.11-8.35 

(m,8H,Ar-H). 

2c 

 

1733 C=O ester 

1660 C=O ketone 

1590,1556,1418 C=C, C=N 

1067,1209 C-O-C 

0.87 (t,3H,C12); 1.04 (m,2H,C6); 2.18 

(m,1H,C7); 2.65 (m,1H,C8); 2.75 (m,2H,C5); 

3.15 (d,1H,C9); 3.85 (q,2H,C11); 6.76-7.4 

(m,6H,Ar-H,C15,C16); 8.49 (d,1H,C13); 8.57 

(s,1H,C14). 

2d 

 

1731 C=O ester 

1657 C=O ketone 

1587,1537,1490 C=C 

1056,1216 C-O-C 

1.08 (t,3H,C12); 1.66 (m,2H,C6); 2.49 

(m,1H,C7), 2.79 (m,2H,C5); 2.86 (m,1H,C8); 

2.92 (m,1H,C9); 3.9 (q,2H,C11); 7.28-8.19 

(m,11H,Ar-H). 

2e 

 

1730 C=O ester 

1654 C=O ketone 

1610,1589,1495 C=C 

1066,1220 C-O-C 

1.01 (t,3H,C12); 1.72 (m,2H,C6); 2.82 

(m,1H,C7); 2.98 (m,2H,C5); 3.29 (m,1H,C8); 

3.34 (m,1H,C9); 3.94 (q,2H,C11); 6.69 

(s,1H,C10); 7.02-7.96 (m,7H,Ar-H, fur-H). 

The third route involves the synthesis of 1,2-

dithiol-3-thione compounds (3a-e) via refluxing the β-

keto esters (2a-e) with phosphorous penta-sulfide 

(P2S5) in xylene as solvent. The IR spectra of the 

synthesized compounds (3a-2e) indicated the absence 

of the absorption bands of the ketonic and esteric C=O 

bond stretching and appearance of absorption bands at 

1147-1159 Cm-1for the C=S bond stretching, in 

addition to absorption bands at 451-456 Cm-1 for the 

S-S bond stretching, at 610-625 Cm-1 for the C-S bond 

stretching and at 1586-1606 Cm-1 for the C=C bond 

stretching. The assignment of the 1HNMR spectra of 

compounds (1a-e) was illustrated in Table-6.   
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Table-6: The spectral data of compounds (3a-e). 

 
Compd. 

No. 
Ar IR (ν, Cm-1) 1HNMR (δ, ppm) 

3a 

 

1154 C=S 

452 S-S 

1588,1565,1485 C=C, C=N 

625 C-S 

1.09 (m,2H,C6); 2.4 (m,1H,C7); 2.73 (m,2H,C5); 

3.32 (d,1H,C8); 3.32 (d,1H,C8); 7.42 (s,1H,C9); 

6.5-7.22 (m,6H,Ar-H , C10); 8.51 (d,2H,C11). 

3b 

 

1147 C=S 

456 S-S 

1600,1585,1537 C=C 

610 C-S 

1056,1241 C-O-C 

1.38 (m,2H,C6); 2.19 (m,1H,C7); 2.59 (m,2H,C5); 

3.72 (d,1H,C8); 3.9 (s,3H,C10);  6.97-7.97 

(m,8H,Ar-H); 7.29 (s,1H,C9). 

3c 

 

1150 C=S 

454 S-S 

1588,1542,1478 C=C, C=N 

614 C-S 

1.21 (m,2H,C6); 2.24 (m,1H,C7); 2.93 (m,2H,C5); 

3.63 (d,1H,C8); 7.34 (s,1H,C9); 6.92-7.94 

(m,6H,Ar-H,C12,C13); 8.4 (m,2H,C10,C11). 

3d 

 

1158 C=S 

451 S-S 

1587,1556,1490 C=C 

615 C-S 

2.14 (m,2H,C6); 2.24 (m,1H,C7), 2.86 (m,2H,C5); 

3.56 (d,1H,C8); 7.42 (s,1H,C9); 7.11-7.99 

(m,11H,Ar-H). 

3e 

 

1159 C=S 

452 S-S 

1606,1586,1542 C=C 

618 C-S 

1070,1242 C-O-C 

1.21 (m,2H,C6); 2.24 (m,1H,C7), 2.87 (m,2H,C5); 

3.29 (d,1H,C8); 7.25 (s,1H,C9); 7.09-7.88 

(m,7H,Ar-Hand Fur-H). 

4. CONCLUSIONS 

In this work new 2-arylidine-3,4-

dihydronaphthalen-1(2H)-one compounds was 

synthesized via Claisen – Schmidt condensation of 1-

tetralone and different aldehydes under alkaline 

conditions in with excellent percentage yields. The 

Robinson annulation reaction was used to construct β- 

ketoesters containing three fused rings. The 

construction of compounds containing four fused rings 

was performed by thionation of β-ketoesters by 

phosphorous penta-sulfide. This thionation process 

gives moderate percentage yields in comparison with 

the other methods of thionation.   
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