
S1

Electronic Supplementary Information (ESI)

Synthesis and preliminary evaluation of the anti-cancer activity on 
A549 lung cancer cells of a series of unsaturated disulfides

F. Olivito *a,d, N. Amodiob , M. L. Di Gioiac , M. Nardid,e , M. Oliverioa ,G. Julib , 

P. Tassoneb and A. Procopioa

aDipartimento di Scienze della Salute, Università Magna Græcia, Viale Europa, Germaneto, Catanzaro, 88100, Italy. 

bDipartimento di Medicina Sperimentale e Clinica, Università Magna Græcia , Viale Europa, Germaneto, Catanzaro, 
88100, Italy

cDipartimento di Farmacia e Scienze della Salute e della Nutrizione, Università della Calabria, Arcavacata di Rende, 
Cosenza, 87030 , Italy.

dDipartimento di Chimica, Università della Calabria, Cubo 12C, Arcavacata di Rende, Cosenza, 87030, Italy.

eDipartimento di Agraria, Università Telematica San Raffaele, , Via di Val Cannuta, 247, Roma, 00166, Italy.

Electronic Supplementary Material (ESI) for MedChemComm.
This journal is © The Royal Society of Chemistry 2018



S2

INDEX

1 Total reaction scheme…………………………………………………………………………………………………………. S3

2 General reaction scheme for the synthesis of organic mesylates………………………………………… S3
2.1 General procedure for the synthesis of  organic mesylates…………………………………………………. S3
2.2 General, Experimental and Analytical Information………………………………………………………………. S3

3 General reaction scheme for the synthesis of organic thioacetates…………………………………… S5
3.1  General procedure for the synthesis of allylic thioacetates…………………………………………………
3.2 General procedure for the synthesis of primary thioacetates………………………………………………                    

S6
S6

3.3 General, Experimental and Analytical Information ……………………………………………………………… S6

4 General reaction scheme for the synthesis of symmetric unsaturated disulfides……………….. S11
4.1  General procedure for the synthesis of symmetric unsaturated 

disulfides………………………………………………………………………………………………………………………………. S11
4.2 General, Experimental and Analytical Information …………………………………………………………….. S12
4.3 GC-MS spectra……………………………………………………………………………………………………………………… S14
4.4 1H AND 13C-NMR…………………………………………………………………………………………………………………… S17

5 General Bioassey procedure………………………………………………………………………………………………                S29

6 Stability test ( compounds X , A and B)………………………………………………………………………………                S30

7 Notes and references…………………………………………………………………………………………………………               S36

 

1. Total reaction scheme
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2. General reaction scheme for the synthesis of  organic mesylates.

R
O

MsR
OH

CH2Cl2, -15/0 °C

MeSO2Cl (1eq)

Et3N (1eq)

2.1 General procedure for the synthesis of  organic mesylates.

All the mesylates were synthetized starting from alcohol following the same procedures reported in literature. 1,2 The 
reactions were almost quantitative after work up and the freshly prepared product were used directly for the next 
step. All GC-MS and NMR spectra were comparable to those reported in literature.3 The isolate yield was calculated in 
the usual way as percentage yield from the ratio between the actual yield and the theoretical yield. The theoretical 
yield was obtained considering the alcohol as the limiting reactant. The actual yield was obtained weighing the 
product after the mentioned work up. 3

In a one neck round bottom flask, 4.6 mmol of the corresponding alcohol were dissolved in 20 ml of CH2Cl2 and the 
mixture cooled down at 0 °C. 4.6 mmol of triethylamine were added under stirring. After that, 4.6 mmol of methane 
sulfonyl chloride were added dropwise under stirring. The mixture was stirred open flask for one hour and half. The 
reaction was quenched with 2 ml of HCl 1N and the solution washed with NaHCO3 saturated aqueous solution. The 
organic phase was extracted and washed three times with water. The organic phase was dried over Na2SO4. The 
solvent was removed under vacuum to obtain a pink liquid. Yield (>90%). 3

2.2 General, Experimental and Analytical Information

OMs

Allyl mesylate (1a) , in accordance to general procedure, was prepared from allyl alcohol (0.5g, 8.6 mmol) , 
triethylamine (1eq, 8.6 mmol) and methane sulfonyl chloride (1 eq, 8.6 mmol), dissolved in  20 mL of CH2Cl2 , 
under stirring at -15 °C. After 1 hour and half the reaction mixture was quenched with 2ml of HCl 1N and the 
solution washed with NaHCO3 saturated aqueous solution. The organic phase was washed three times with 
water and dried over Na2SO4.  The solvent was removed under vacuum to afford a  pink yellow liquid in 
quantitative yield. 1H-NMR: (300 MHz, CDCl3, 25°C) δ = 3.02 (3H, s, CH3), 4.72 (2H, d, 3J = 6Hz, CH2O), 5.38 (1H, 
dd, 3J=10.3Hz, 4J= 0.9Hz, CH2=), 5.46 (1H, dd, 3J=17.1Hz, 4J= 1.3Hz,CH2=), 5.97(1H, ddt, 3J=17Hz, 3J=10.4Hz, 
3J=6Hz, CH=). 13C-NMR : (75 MHz, CDCl3, 25°C) δ = 38.04 (CH3-S), 70.38 (CH2-O), 120.79 (CH2=), 130.48 
(CH=CH2). NMR comparable to those reported in literature. 3
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OMs

4-methanesulfonyloxy-1-butene (2a) , in accordance to general procedure, was prepared from homoalylic 
alcohol (0.5g, 5.8 mmol) , triethylamine (1eq, 5.8mmol) and methane sulfonyl chloride (1 eq, 5.8 mmol), 
dissolved in  20 mL of CH2Cl2 , under stirring at -15 °C. After 1 hour and half the reaction mixture was 
quenched with 2ml of HCl 1N and the solution washed with NaHCO3 saturated aqueous solution. The organic 
phase was washed three times with water and dried over Na2SO4.  The solvent was removed under vacuum 
to afford a  pink yellow liquid in quantitative yield. GC-MS(ESI): m/z (%) , 149 (M-1, 0.4), 109 (52), 79 (95), 54 
(100), 45 (9), 41 (52) . NMR comparable to those reported in literature.4 

OMs

Trans-2-butenyl mesylate (3a) , in accordance to general procedure, was prepared from crotyl alcohol (0.5g, 
6.9 mmol) , triethylamine (1eq, 6.9mmol) and methane sulfonyl chloride (1 eq, 6.9 mmol), dissolved in  20 mL 
of CH2Cl2 , under stirring at -15 °C. After 1 hour and half the reaction mixture was quenched with 2ml of HCl 
1N and the solution washed with NaHCO3 saturated aqueous solution. The organic phase was washed three 
times with water and dried over Na2SO4.  The solvent was removed under vacuum to afford a  pink yellow 
liquid in quantitative yield. GC-MS(ESI): m/z (%)  , 150 (M+, 0.4), 80 (11), 79 (15), 71 (42), 65 (11), 55 (100), 43 
(27). 1H-NMR: (300 MHz, CDCl3, 25°C) δ = 1,77 (3H, d, 3J=6.5Hz, CH3CH), 3.00 (3H, s, CH3S), 4.67 (2H, d, 
3J=6.9Hz, CH2O), 5.58-5.68 (1H, m, CH=), 5.87-5.97(1H, m, CH=). 13C-NMR : δ = 17.73 (CH3-CH), 38.21 (CH3S), 
70.78 (CH2S), 123.49 (CHCH2), 134.57(CHCH3).  NMR data comparable to those reported in literature.5 

OMS

Cis-2-hexenyl mesylate (4a), in accordance to general procedure, was prepared from trans-hexenyl alcohol 
(0.5g, 4.9 mmol) , triethylamine (1eq, 6.9 mmol) and methane sulfonyl chloride (1 eq, 6.9 mmol), dissolved in  
20 mL of CH2Cl2 , under stirring at -15 °C. After 1 hour and half the reaction mixture was quenched with 2ml 
of HCl 1N and the solution washed with NaHCO3 saturated aqueous solution. The organic phase was washed 
three times with water and dried over Na2SO4.  The solvent was removed under vacuum to afford a  pink 
yellow liquid in quantitative yield. GC-MS(ESI): m/z (%)  , 149 (0.4), 82 (59), 79 (27), 67 (100), 57 (31), 55 (43), 
41 (55). 6

OMs

Trans-2-hexenyl mesylate (5a), in accordance to general procedure, was prepared from trans-hexenyl 
alcohol (0.5g, 4.9 mmol) , triethylamine (1eq, 6.9 mmol) and methane sulfonyl chloride (1 eq, 6.9 mmol), 
dissolved in  20 mL of CH2Cl2 , under stirring at -15 °C. After 1 hour and half the reaction mixture was 
quenched with 2ml of HCl 1N and the solution washed with NaHCO3 saturated aqueous solution. The organic 
phase was washed three times with water and dried over Na2SO4.  The solvent was removed under vacuum 
to afford a  pink yellow liquid in quantitative yield. GC-MS(ESI): m/z (%)  , 149 (0.4), 82 (59), 79 (27), 67 (100), 
57 (31), 55 (43), 41 (55). 1H-NMR: (300 MHz, CDCl3, 25°C): δ = 0.90 (3H, t, 3J=7.3Hz, CH3CH2), 1.42 (2H, 
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sextuplet, 3J=7.4Hz, CH2CH3), 2.06 (2H, q, 3J=7.2Hz, CH2CH), 2.99 (3H, s, CH3S),4.67 (2H, d, 3J=6.8Hz, CH2S), 
5.58-5.63(1H, m, CH=), 5.88-5.93(1H, m, CH=). 13C-NMR : (75 MHz, CDCl3, 25°C) δ = 13.58 (CH3-CH2), 21.82 
(CH2CH3), 34.21, 38.24, 70.93 (CH2S), 122.27(CHCH2S), 139.58(CHCH2CH2). NMR comparable to those 
reported in literature. 3

OMs

5-hexenyl mesylate (6a) , in accordance to general procedure, was prepared from 5-hexen-1-ol (0.5g, 4.9 
mmol) , triethylamine (1eq, 4.9mmol) and methane sulfonyl chloride (1 eq, 4.9 mmol), dissolved in  20 mL of 
CH2Cl2 , under stirring at -15 °C. After 1 hour and half the reaction mixture was quenched with 2ml of HCl 1N 
and the solution washed with NaHCO3 saturated aqueous solution. The organic phase was washed three 
times with water and dried over Na2SO4.  The solvent was removed under vacuum to afford a  pink yellow 
liquid in quantitative yield. GC-MS(ESI): m/z (%)  , 150 (0.4), 82 (31), 79 (29), 67 (100), 54 (96), 53 (4), 42 (4), 
41 (38) . NMR comparable to those reported in literature.7 

3. General reaction scheme for the synthesis of organic thioacetates

R
S

R
O
Ms

H2O/ K2CO3

XSAc (X=K,H)
Ac

3.1 General procedure for the synthesis of allylic thioacetates 

Freshly prepared mesylate was put in a one neck round bottom flask. In the same flask aqueous potassium 
carbonate 0.4 M solution were added. 1.5 eq of potassium thioacetate or acetic acid were added dropwise to 
the solution under stirring. The mixture was stirred at 40 °C with a reflux condenser for almost 2 hours. The 
organic phase was extracted with a small portion of diethyl ether and washed three times with water. The 
organic phase was dried over Na2SO4 and the solvent removed under vacuum. The product was recovered as 
a yellow liquid. The isolate yield was calculated in the usual way as percentage yield from the ratio between 
the actual yield and the theoretical yield. The theoretical yield was obtained considering the organic mesylate 
as the limiting reactant. The actual yield was obtained weighing the product after the mentioned work up.3

3.2 General procedure for the synthesis of primary thioacetates 
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Freshly prepared mesylate  was put in a one neck round bottom flask. In the same flask aqueous potassium 
carbonate 0.4 M solution were added. 1.5 eq of potassium thioacetate or acetic acid were added to the 
solution under stirring. The mixture was stirred at 80 °C under reflux for almost 2 hours. The organic phase 
was extracted with a small portion of diethyl ether and washed three times with water. The organic phase 
was dried over Na2SO4 and the solvent removed under vacuum. The product was recovered as a yellow 
liquid. The isolate yield was calculated in the usual way as percentage yield from the ratio between the actual 
yield and the theoretical yield. The theoretical yield was obtained considering the organic mesylate as the 
limiting reactant. The actual yield was obtained weighing the product after the mentioned work up.3

3.3 General, Experimental and Analytical Information

SAc

Allyl thioacetate (1b) was prepared in accordance to the general procedure.
 Allyl mesylate (2a) (0.37g, 2.7 mmol) was put in a one neck round bottom flask. In the same flask 20 ml of 0.4 
M aqueous potassium carbonate solution were added. 1.5 eq of potassium thioacetate or acetic acid were 
added dropwise to the solution under stirring. The mixture was stirred at 40 °C with a reflux condenser for 
almost 2 hours. After the usual work up the product was recovered as a yellow liquid obtained in 96 % yield 
(GC-MS) . Isolated yield after work up: 92%. 1H-NMR: (300 MHz, CDCl3, 25°C) δ = 2.33 (3H, s, CH3), 3.53 (2H, d, 
3J = 7Hz, CH2S), 5.08-5.26 (2H, m, CH=CH2), 5.73-5.93 (1H, m, CH=CH2). 13C-NMR : (75 MHz, CDCl3, 25°C)  δ = 
30.48 (CH3), 32.01 (CH2S), 117.88 (CH=CH2), 133.07 (CH=CH2), 195.12 (C=O). NMR comparable to those 
reported in literature. 3

SAc

Thioacetic acid S-but-3-enyl ester (2b) was prepared in accordance to the general procedure.
 4-butenyl mesylate (3c) (0.42g, 2.8 mmol) was put in a one neck round bottom flask. In the same flask 20 ml 
of 0.4 M aqueous potassium carbonate solution were added. 1.5 eq of potassium thioacetate or acetic acid 
were added dropwise to the solution under stirring. The mixture was stirred at 80 °C under reflux for almost 2 
hours. After the usual work up the product was recovered as a yellow liquid obtained in 96% yield (GC-MS) . 
Isolated yield after work up: 93%.  GC-MS(ESI): m/z (%)  , 130 (M+, 0.4), 88 (23), 87 (15), 71 (19), 54 (10), 45 
(6), 43 (100) .  1H-NMR: (300 MHz, CDCl3, 25°C): δ = 2.29-2.35 (2H, m, CH2-CH), 2.33 (3H,s, CH3), 2.94 (2H, t, 
3J=7.3Hz,  CH2-CH2), 5.02-5.11 (2H, m, CH2=), 5.71-5.85 (1H,m).  13C-NMR : (75 MHz, CDCl3, 25°C)  δ = 
28.26(CH2), 30.50 (CH3),33.50 (CH2), 116.34(CH2), 135.99 (CH), 195.46(C=O). NMR comparable to those 
reported in literature. 3 

SAc

trans-2-butenyl thioacetate (3b) was prepared in accordance to the general procedure. 
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trans-2-butenyl mesylate (3a) (0.40g, 2.7 mmol) was put in a one neck round bottom flask. In the same flask 
20 ml of 0.4 M aqueous potassium carbonate solution were added. 1.5 eq of potassium thioacetate or acetic 
acid were added dropwise to the solution under stirring. The mixture was stirred at 40 °C with a reflux 
condenser for almost 2 hours. After the usual work up the product was recovered as a yellow liquid obtained 
in 97% yield (GC-MS) . Isolated yield after work up: 91%.  GC-MS(ESI): m/z (%)  , 149 (M+, 31), 88 (35), 55 (73), 
53 (15), 43 (100). 1H-NMR: (300 MHz, CDCl3, 25°C) δ = 1.65-1.68 (3H, m, CH3), 2.32 (3H, s, CH3), 3.48 (2H, bd, 
3J =7Hz, CH2), 5.37-5.48 (1H, m, CH=CH), 5.57-5.72 (1H, m, CH=CH) . 13C-NMR : (75 MHz, CDCl3, 25°C)  δ = 
17.53 (CH3-CH), 30.29(CH3-C=0), 31.25 (CH2-S), 125.63 (CH=CH), 129.03 (CH=CH), 195.04 (C=0).  NMR 
comparable to those reported in literature. 3

SAc

cis-2-hexenyl thioacetate (4b) was prepared in accordance to the general procedure.
 cis-2-hexenyl mesylate (4a) (0.48g, 2.7 mmol) was put in a one neck round bottom flask. In the same flask 20 
ml of 0.4 M aqueous potassium carbonate solution were added. 1.5 eq of potassium thioacetate or acetic 
acid were added dropwise to the solution under stirring. The mixture was stirred at 40 °C with a reflux 
condenser for almost 2 hours. After the usual work up the product was recovered as a yellow liquid obtained 
in 96% yield (GC-MS) . Isolated yield after work up: 89%. GC-MS(ESI): m/z (%)  , 158 (M+, 0.4), 116 (19), 82 
(81), 73 (9), 67 (30), 55 (67), 43 (100), 41 (38) .  1H-NMR: (300 MHz, CDCl3, 25°C) δ = 0.91 (3H, t, 3J=7Hz, CH3), 
1.39 (2H,sextuplet,  3J=7Hz, CH2-CH3), 2.02-2.12 (2H, m , CH2-CH=), 2.32 (3H, s, CH3), 3.56 (2H, bd, 3J=7.44Hz, 
CH2-S), 5.44-5.63 (2H, m, CH=CH). 13C-NMR : (75 MHz, CDCl3, 25°C)  δ = 13.67 (CH3-CH2), 22.53(CH2-CH3), 
26.26, 29.17, 30.32, 123.76(CH=CH), 133.76(CH=CH), 195.61(C=0). 

cis-2-hexenyl thioacetate 
SAc

1H-NMR
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13C-NMR

SAc

trans-2-hexenyl thioacetate (5b) was prepared in accordance to the general procedure.
 trans-2-hexenyl mesylate (4a) (0.48g, 2.7 mmol) was put in a one neck round bottom flask. In the same flask 
20 ml of 0.4 M aqueous potassium carbonate solution were added. 1.5 eq of potassium thioacetate or acetic 
acid were added dropwise to the solution under stirring. The mixture was stirred at 40 °C with a reflux 
condenser for almost 2 hours. After the usual work up the product was recovered as a yellow liquid obtained 
in 93% yield (GC-MS) . Isolated yield after work up: 89%. GC-MS(ESI): m/z (%)  , 158 (M+, 0.4), 116 (19), 82 
(81), 73 (9), 67 (30), 55 (67), 43 (100), 41 (38) .  1H-NMR: (300 MHz, CDCl3, 25°C) δ = 0.87 (3H, t, 3J=7.2Hz, 
CH3), 1.37 (2H,sextuplet,  3J=7.3Hz, CH2-CH3), 1.98 (2H,dt , 3J =7Hz, 3J=7Hz, CH2-CH=), 2.32 (3H, s, CH3), 3.49 
(2H, bd, 3J=7Hz, CH2-S), 5.36-5.46 (1H, m, CH=CH), 5.60-5.69 (1H, m, CH=CH). 13C-NMR : (75 MHz, CDCl3, 25°C)  
δ = 13.55 (CH3-CH2), 22.21(CH2-CH3), 30.45, 31.48, 34.28, 124.55(CH=CH), 134.54(CH=CH), 195.41(C=0). 

trans-2-hexenyl thioacetate SAc

1H-NMR
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13C-NMR

SAc

6-Acetylsulfanyl-hex-1-ene (6b) was prepared in accordance to the general procedure.
 5-hexenyl mesylate (1c) (0.50g, 2.8 mmol) was put in a one neck round bottom flask. In the same flask 20 ml 
of 0.4 M aqueous potassium carbonate solution were added. 1.5 eq of potassium thioacetate or acetic acid 
were added dropwise to the solution under stirring. The mixture was stirred at 80 °C under reflux for almost 2 
hours. After the usual work up the product was recovered as a yellow liquid obtained in 96% yield (GC-MS) . 
Isolated yield after work up: 92%.  GC-MS(ESI): m/z (%)  , 158 (M+, 0.4), 115 (69), 100 (11), 87 (6), 81 (11), 67 
(8), 54 (4), 43 (100), 41 (11) .   1H-NMR: (300 MHz, CDCl3, 25°C): δ = 1.43-1.50 (2H, m, CH2), 1.54-1.61 (2H,m, 
CH2), 2.06 (2H, m,  CH2-CH2-CH2), 2.33 (3H, s, CH3), 2.87 (2H,t, 3J=7Hz,CH2S), 4.94-5.04 (2H, m, CH2=C), 5.74-
5.83 (1H, m, CH=C).  13C-NMR : δ = 27.99, 28.9, 28.9 30.60, 33.18, 114.75 (CH2=), 138.33(CH=), 195.88 (C=O). 
NMR comparable to those reported in literature. 3

4. General reaction scheme for the synthesis of symmetric unsaturated disulfides

R-SAc R-SS-R

1) MeOH/ H+

2) I2 / MeOH

4.1 General procedure for the synthesis of symmetric unsaturated disulfides 

Step 1. Organic thioacetate was dissolved in methanol and some drops of HCl 37% were added. The mixture 
was stirred under reflux overnight. 
Step 2. The mixture was cooled down at 0°C, and a solution of iodine 5% in methanol was added until the 
solution becomes colored. The mixture was stirred open air for 45 minutes. Iodine in excess was quenched 
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with sodium thiosulfate. The solvent was removed under vacuum and the crude product was dissolved in 
water and the organic phase extracted in diethyl ether. The organic phase was washed again with water. The 
solvent was removed under high vacuum and the crude product was purified with column chromatography 
using alumina as stationary phase and hexane as eluting solvent. 8

4.2 General, Experimental and Analytical Information

S
S X

Diallyl disulfide (X).  250 mg of Allyl thioacetate (2.1 mmol) were dissolved in 5 ml of MeOH and HCl 37% 
(drops) was added. The mixture was stirred at 50 °C overnight. The mixture was cooled down at 0°C and 
Iodine solution (5% in methanol) was added dropwise until the colour becomes dark. After 45 minutes , 
Na2S2O3 was added to quench the iodine in excess , and the solution turns colorless. The solvent was 
removed under high vacuum and after that the crude product was dissolved in diethyl ether and washed 
three times with water. The crude product was subjected to flash column chromatography with alumina and 
hexane as elution solvent to give 82% of product as a pale yellow oil. The isolated yield refers to percentage 
yield calculated from the ratio between the theoretical yield and the actual yield after weighing the product.  
GC-MS(ESI): m/z (%)  , 146 (M+, 8.3), 113 (11), 85 (8), 81 (27), 45 (16), 41 (100) . Data in accordance to 
literature.9  1H-NMR: (300 MHz, CDCl3, 25°C) δ = 3.49 (4H, dd, 3J=7.3Hz, CH2S), 5.11-5.28 (4H, m, CH2=CH), 
5.78-5.94 (2H, m, CH=CH2). 13C-NMR : (75 MHz, CDCl3, 25°C)  δ = 41.71 (CH2=S), 119.09 (CH2=CH), 132.74 
(CH=CH2). Data in accordance to literature.10

S
S A

1,2-di(but-3-en-1-yl)disulfide(A). 250 mg of Thioacetic acid S-but-3-enyl ester (1.9 mmol) were dissolved in 5 
ml of MeOH and HCl 37% (drops) was added. The mixture was stirred at 50 °C overnight. The mixture was 
cooled down at 0°C and Iodine solution (5% in methanol) was added dropwise until the colour becomes dark. 
After 45 minutes , Na2S2O3 was added to quench the iodine in excess , and the solution turns colorless. The 
solvent was removed under high vacuum and after that the crude product was dissolved in diethyl ether and 
washed three times with water. The crude product was subjected to flash column chromatography with 
alumina and hexane as elution solvent to give 84% of product as a pale yellow oil. The isolated yield refers to 
percentage yield calculated from the ratio between the theoretical yield and the actual yield after weighing 
the product. GC-MS(ESI): m/z (%)  , 174 (M+, 23), 120 (23), 87 (21), 55 (100), 53 (13), 45 (23), 41 (1f0) . Data in 
accordance to literature.11 1H-NMR: (300 MHz, CDCl3, 25°C): δ = 2.42-2.49 (4H, m, CH2-CH), 2.76 (4H, t, 
3J=7.2Hz, CH2S), 5.05-5.13 (4H, m, CH2=CH), 5.77-5.90 (2H, m, CH=CH2).13C-NMR : (75 MHz, CDCl3, 25°C)  δ = 
17.87(CH2=CH), 41.86 (CH2S),126.17 (CH2=CH), 129.76(CH=CH2). Data in accordance to literature.11

S
S B
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Trans-di(but-2-enyl)disulfide (B). 250 mg of Trans-2-butenyl thioacetate  (1.9 mmol) were dissolved in 5 ml 
of MeOH and HCl 37% (drops) was added. The mixture was stirred at 50 °C overnight. The mixture was cooled 
down at 0°C and Iodine solution (5% in methanol) was added dropwise until the colour becomes dark. After 
45 minutes , Na2S2O3 was added to quench the iodine in excess , and the solution turns colorless. The solvent 
was removed under high vacuum and after that the crude product was dissolved in diethyl ether and washed 
three times with water. The crude product was subjected to flash column chromatography with alumina and 
hexane as elution solvent to give 80% of product as a pale yellow oil. The isolated yield refers to percentage 
yield calculated from the ratio between the theoretical yield and the actual yield after weighing the product. 
GC-MS(ESI): m/z (%)  , 174 (M+, 6), 120 (6), 55 (100), 53 (6), 45 (6). Data in accordance to literature.12

 1H-NMR: (300 MHz, CDCl3, 25°C) δ = 1.73 (6H, dd, 3J=6.3Hz , CH3), 3.28 (4H, dd, 3J=7.3Hz ,CH2CH), 5.47-5.67 
(4H, m, CH=CH), 5.37-5.48 . 13C-NMR : (75 MHz, CDCl3, 25°C)  δ = 17.87 (CH3-CH), 41.86 (CH2-S), 126.17, 
129.76. Data in accordance to literature.13

S
S

S
S

M

(Z)-1-[[(Z)-hex-2-henyl]disulfanyl]hex-2-ene + (E)-1-[[(E)-hex-2-henyl]disulfanyl]hex-2-ene, mixture 65/35 
by 13C-NMR (M). 250 mg of Cis-2-hexenyl thioacetate (1.6 mmol) were dissolved in 5 ml of MeOH and HCl 
37% (drops) was added. The mixture was stirred at 50 °C overnight. The mixture was cooled down at 0°C and 
Iodine solution (5% in methanol) was added dropwise until the colour becomes dark. After 45 minutes , 
Na2S2O3 was added to quench the iodine in excess , and the solution turns colorless. The solvent was 
removed under high vacuum and after that the crude product was dissolved in diethyl ether and washed 
three times with water. The crude product was subjected to flash column chromatography with alumina and 
hexane as elution solvent to give 81% of product as a pale yellow oil. The isolated yield refers to percentage 
yield calculated from the ratio between the theoretical yield and the actual yield after weighing the product. 
GC-MS(ESI): m/z (%)  , 230 (M+, 5), 148 (5), 83 (66), 55 (100), 41 (42) .  1H-NMR: (300 MHz, CDCl3, 25°C) δ = 
0.90-0.95 (12H, m, CH3CH2), 1.35-1.45 (8H,m, CH2-CH3), 2.02-2.13 (8H, m , CH2CH), 3.32-3.45 (8H, m, CH2S), 
5.41-5.67 (8H, m, CH-CH). 13C-NMR : (75 MHz, CDCl3, 25°C)  δ = 13.67, 13.81, 22.35, 22.82, 29.40, 34.53, 
36.35, 41.83, 124.37, 125.02, 134.34, 135.17. 

S
S D

(E)-1-[[(E)-hex-2-henyl]disulfanyl]hex-2-ene (D). 250 mg of Trans-2-hexenyl thioacetate (1.6 mmol) were 
dissolved in 5 ml of MeOH and HCl 37% (drops) was added. The mixture was stirred at 50 °C overnight. The 
mixture was cooled down at 0°C and Iodine solution (5% in methanol) was added dropwise until the colour 
becomes dark. After 45 minutes , Na2S2O3 was added to quench the iodine in excess , and the solution turns 
colorless. The solvent was removed under high vacuum and after that the crude product was dissolved in 
diethyl ether and washed three times with water. The crude product was subjected to flash column 
chromatography with alumina and hexane as elution solvent to give 82% of product as a pale yellow oil. The 
isolated yield refers to percentage yield calculated from the ratio between the theoretical yield and the 
actual yield after weighing the product. GC-MS(ESI): m/z (%)  , 230 (M+, 5), 148 (5), 83 (66), 55 (100), 41 (42) .  
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1H-NMR: (300 MHz, CDCl3, 25°C) δ = 0.91 (6H, t,3J= 7.3Hz, CH3CH2), 1.41 (4H,sextet, 3J= 7.5Hz, CH2-CH3), 1.99-
2.06 (4H, m , CH2CH), 3.29 (4H, dd, 3J= 7.6Hz, 4J= 0.7Hz, CH2S ), 5.39-5.65 (4H, m, CH=CH). 13C-NMR : (75 MHz, 
CDCl3, 25°C)  δ = 13.69 (CH3CH2), 22.37 (CH2CH3), 34.52 (CH2CH2), 41.88 (CH2S), 125.00 (CH=CH), 135.15 
(CH=CH).

S
S E

1,2-di(hex-5-en-1-yl)disulfide (E). 250 mg of 6-Acetylsulfanyl-hex-1-ene (2.5 mmol) were dissolved in 5 ml of 
MeOH and HCl 37% (drops) was added. The mixture was stirred at 50 °C overnight. The mixture was cooled 
down at 0°C and Iodine solution (5% in methanol) was added dropwise until the colour becomes dark. After 
45 minutes , Na2S2O3 was added to quench the iodine in excess , and the solution turns colorless. The solvent 
was removed under high vacuum and after that the crude product was dissolved in diethyl ether and washed 
three times with water. The crude product was subjected to flash column chromatography with alumina and 
hexane as elution solvent to give 83% of product as a pale yellow oil. The isolated yield refers to percentage 
yield calculated from the ratio between the theoretical yield and the actual yield after weighing the product. 
GC-MS(ESI): m/z (%)  , 230 (M+, 7), 115 (100), 83 (21), 79 (7), 67 (5), 67 (8), 55 (96), 41 (53) .   1H-NMR: (300 
MHz, CDCl3, 25°C): δ = 1.49 (4H, quintet, 3J= 7.1Hz), 1.70 (4H, quintet, 3J= 7.3Hz), 2.04-2.11 (4H, m,  CH2CH), 
2.69 (4H, t, 3J= 7.2Hz, CH2S), 4.93-4.95 (4H, m, CH2=CH), 4.97-4.99 (4H, m, CH=CH2). 13C-NMR : δ = 27.73, 
28.66, 33.32, 39.98 (CH2S), 114.74 (CH2=CH), 138.43 (CH2=CH).  

4.3 GC-MS (ESI) spectra

Diallyl disulfide (X)     
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1,2-di(but-3-en-1-yl)disulfide (A)   S
S A
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Trans-di(but-2-enyl)disulfide (B)       S
S B
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(E)-1-[[(E)-hex-2-henyl]disulfanyl]hex-2-ene (D)
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1,2-di(hex-5-en-1-yl)disulfide (E)
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5. General Bioassey procedure

A549 cells were cultured in RPMI1640 medium (Gibco), supplemented with 10% fetal 
bovine serum (Gibco), and 1% penicillin/streptomycin solution (Gibco). Cells were seeded 
in 96 well plates  (3000 cells/well), and 3 hours later treated with increasing 
concentrations of disulfide compounds or DMSO, for 24 or 48 hours. DMSO percentage in 
vehicle-treated cells (controls) was 0.5%, corresponding to the DMSO used for the highest 
concentration of the compounds (500microM). Then, cell viability was assessed by using 
CellTiter-Glo® Luminescent Cell Viability Assay (Promega), a homogeneous method for 
determining the viability of cell cultures based on quantitation of the ATP present, an 
indicator of metabolically active cells. Procedures were performed according 
manufacturer’s instructions. Briefly, after addition of 100 microliters of Cell Titer Glo 
reagent, cells were incubated at room temperature  for 1 hours under gentle shaking, and 
then luminescence was measured by the GloMax System (Promega). Results are expressed 
as percentage of the viability of DMSO-treated cells.
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6. Stability test ( compounds X, A and B)

Compounds X, A and B were allowed to stay in their pure form at room temperature ( an 
average of 298,15 K) for one week. After one week the purity was confirmed by 1H-NMR. 
Compounds X, A and B were dissolved in Deuterated Chloroform and were allowed to stay at 
room temperature ( an average of 298,15 K ) for one week. Here we report the 1H-NMR 
spectra of these compounds. No significant changes in the 1H-NMR spectra there are for 
compounds A and B respect to the previous reported spectra. Relevant structural changes of 
the compound X are evident from the 1H-NMR spectrum after this test.

Diallyl disulfide –            S
S X

 1H-NMR after dissolving the molecule in deuterated chloroform and allowing the sample to 
stay at an average temperature of 298,15 Kelvin for one week. After purification by 
chromatography the molecule was estimated 40% pure after one week.



S31



S32

1,2-di(but-3-en-1-yl)disulfide –       S
S A

 1H-NMR after dissolving the molecule in deuterated chloroform and allowing the sample to 
stay at an average temperature of 298,15 Kelvin for one week.
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Trans-di(but-2-enyl)disulfide –      S
S B

 1H-NMR after dissolving the molecule in deuterated chloroform and allowing the sample to 
stay at an average temperature of 298,15 Kelvin for one week.
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