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General experimental methods: All reactions requiring anhydrous conditions 
were conducted under an inert atmosphere. Reactions were monitored by TLC, 
using plates pre-coated with a 0.25 mm layer of silica containing a fluorescent 
indicator. Visualization of reaction components was achieved with 254 nm 
light, and with anisaldehyde reagent. Column chromatography was carried out 
on Kieselgel 60 (40-63 µm). Petroleum ether refers to the fraction of 
petroleum boiling between 40 oC and 60 oC. IR spectra were recorded as 
solutions in CCl4. Absorption maxima (νmax) are reported in wavenumbers (cm-1) 
and only selected peaks are reported. Melting points were recorded on a 
Kofler hot block, and are uncorrected. 1H and 13C NMR spectra of compounds 
were recorded in CDCl3 at 25 oC. Chemical shifts (δH, δC) are quoted in parts 
per million (ppm) and are referenced to the residual solvent peak (CDCl3: δH = 
7.27 and δC = 77.14). Coupling constants (J) are given in Hz, multiplicities are 
given as multiplet (m), singlet (s), doublet (d), triplet (t), quartet (q), or broad 
(br). DEPT were use to aid spectral assignments. Low-resolution mass spectra 
(m/z) were recorded using HP 5989B, JMS-GCmateII and Micromass 
Autospec mass spectrometers and only report molecular species (M+, [M+H]+, 
[M+NH4]+, [M+Na]+) and other major fragments, with intensities quoted as 
percentages of the base peak. High-resolution mass spectra were recorded by 
electron impact ionization (EI) on a JMS-GCmateII mass spectrometer. The 
quoted masses are accurate to ± 5 ppm. DLP corresponds to di-lauroyl 
peroxide (often sold under lauroyl peroxide or laurox). 
  
 
 
 
 
 
Compound 1a 
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The commercially available chloromethylphthalimide (1mmol) was treated by 
potassium O-isopropyl xanthate (1.1 mmol.) in acetone (2 mL) at room 
temperature to yield the known xanthate as crystals in 90% yield. Mp (83-84°C) 
Mp lit. 78°C. R. R. Darji, A. Shah, Indian J. Chem., Section B, 1985, 24, 685-
686. 



  S3 

 
Compound 3a 

N

O

O

S O

(tBuO)3Si
S

 
 
A solution of xanthate (1 mmol) and olefin 2a (2 mmol) in ethyl acetate (1 mL) 
was refluxed under nitrogen for 10 min. Then dilauroyl peroxide (DLP) was added 
portion-wise (10 mol%) and the reaction mixture was refluxed for 1.5 h. After 
evaporation of the solvent, the residue was purified by silica gel column 
chromatography using a gradient of elution (petroleum ether/ethyl acetate, 10/0 
to 9/1) affording the addition product 3a as a white solid in 83% yield. Mp 76-
77°C δH(400 MHz, CDCl3) 7.83 (m, 2H, 2CHAr), 7.69 (m, 2H, 2CHAr), 5.79 (m, 
1H, CHO), 3.94 (ddd, 1H, J=5.4 Hz, J=11.5 Hz, J=13.3 Hz, NCHH), 3.81 (ddd, 1H, 
J=4.7 Hz, J=11.5 Hz, J=13.4 Hz, NCHH), 3.16 (dd, 1H, J=4.6 Hz, J=8.0 Hz, CHS), 
2.26 (m, 1H, CHHCHS), 1.96 (m, 1H, CHHCHS), 1.42 (d, 3H, J=6.4 Hz, CH3), 1.39 
(d, 3H, J=6.7 Hz, CH3), 1.35 (s, 27H, 9CH3). δC(100  MHz, CDCl3) 216.2 (CS), 
168.3 (2NCO), 133.8 (2CHAr), 132.4 (2CqAr), 123.1 (2CHAr), 78.0 (OCHMe2), 
73.9 ([OCqMe3]3), 37.2 (NCH2), 33.6 (CH2), 31.8 (9CH3), 30.9 (CHS), 21.5, 21.3 
(2CH3). (νmax/cm-1, CCl4) 1775, 1718 (NCO), 1393, 1366, 1229 (COS), 1070, 1038 
(CS). HRMS (EI) calcd for C27H43NO6S2Si 569.2301 ; found 569.2292. 
 
Compound 4a 

N

O

O

SH

(tBuO)3Si  
 
A mixture of xanthate 3a (0.17 g, 0.3 mmol) and diphenyl ether (2.8mL) was 
heated at 200°C until total consumption of the starting material. Thiol 4a was 
isolated as crystals in 53% yield after chromatography on a silica gel column 
using a gradient of elution (petroleum ether then petroleum 
ether/dichloromethane/diethyl ether, 1/0/0 to 6/3/1). δH(400  MHz, CDCl3) 
7.84 (m, 2H, 2CHAr), 7.70 (m, 2H, 2CHAr), 3.98 (ddd, 1H, J=4.4 Hz, J=8.5 Hz, 
J=12.9 Hz, NCHH ), 3.86 (m, 1H, NCHH), 2.33 (m, 1H, CHSH), 1.70 (m, 3H, CH2, 
SH), 1.32 (s, 27H, 9CH3). δC(100  MHz, CDCl3) 168.5 (2NCO), 133.9 (2CHAr), 
132.3 (2CqAr), 123.2 (2CHAr), 73.4 ([OCqMe3]3), 37.1 (CH2), 33.3 (CH2), 31.7 
(9CH3), 21.8 (CHSi). (νmax/cm-1, CCl4) 1774, 1717 (NCO), 1391, 1365, 1188, 1065. 
HRMS (EI) calcd for C23H37NO5SSi 467.2162; found 467.2159. 
 
Compound 5a 
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O

O

S
Si(OtBu)3

 
The thiol 4a (0.046 g, 0.1 mmol) in chlorobenzene (1 mL) was refluxed under 
nitrogen for 10 min and then di-tert-butylperoxide (3-4 drops) was added. After 
refluxing during 1 h, the solvent was removed under a nitrogen stream to give 
the pure rearranged product 5a as a pale yellow oil in quantitative yield. δH(400  
MHz, CDCl3) 7.84 (m, 2H, 2CHAr), 7.71 (m, 2H, 2CHAr), 3.78 (t, 2H, J=7.1 Hz, 
NCH2), 2.63 (t, 2H, J=7.2 Hz, CH2), 2.04 (td, 2H, J=7.3 Hz, J=14.5 Hz, CH2), 
1.32 (s, 27H, 9CH3). δC(100  MHz, CDCl3) 168.4 (2NCO), 133.9 (2CHAr), 132.2 
(2CqAr), 123.2 (2CHAr), 74.1 ([OCqMe3]3), 37.5 (NCH2), 31.7 (CH2), 31.5 (9CH3), 
25.1 (CH2S). (νmax/cm-1, CCl4) 1776, 1717 (NCO), 1469, 1438, 1393, 1365, 1242, 
1186, 1063, 1026, 908. HRMS (EI) calcd for C23H37NO5SSi 467.2162; found 
467.2163. 
 
Compound 3a’ 

N

O

O

S O

Me3Si
S

 
A solution of xanthate (1 mmol) and olefin 2a’ (4 mmol) in ethyl acetate (1 mL) 
was refluxed under nitrogen for 10 min. Then dilauroyl peroxide (DLP) was added 
portion-wise (20 mol%) and the reaction mixture was heated at 70°C for 1h30. 
After evaporation of the solvent, the residue was purified by silica gel column 
chromatography using a gradient of elution (petroleum ether/ethyl acetate, 10/0 
to 9/1) affording the addition product 3a’ as a colorless oil and in 71% yield. 
δH(400  MHz, CDCl3) 7.82 (m, 2H, 2CHAr), 7.70 (m, 2H, 2CHAr), 5.74 m, 1H, 
CHO), 3.81 (m, 2H, NCH2), 3.18 (dd, 1H, J=4.8 Hz, J=9.4 Hz, CHS),  2.19 (m, 1H, 
CHHCHS),  1.86 (m, 1H, CHHCHS), 1.40 (tapp, 6H, J=5.9 Hz, 2CH3),  0.14 (s, 9H, 
3CH3). δC(100  MHz, CDCl3) 215.4 (CS), 168.3 (2NCO), 133.9 (2CHAr), 132.2 
(2CqAr), 123.2 (2CHAr), 78.5 (OCHMe2), 37.1 (NCH2), 33.9 (CH2), 29.8 (CHS), 
21.4, 21.3 (2CH3), -2.4 (SiMe3).  (νmax/cm-1, CCl4) 1775, 1717 (NCO), 1395, 1366, 
1252, 1232 (COS), 1093, 1039 (CS). HRMS (EI) calcd for C18H25NO3S2Si 
395.1045 ; found 395.1030. 
 
Compound 8 

N

O

O

SH

 



  S5 

A mixture of xanthate 3a’ (0.186 g, 0.47 mmol) and diphenyl ether (2 mL) was 
heated at 200°C under nitrogen until total consumption of the starting material. 
Two fractions were isolated  after chromatography on a silica gel column using a 
gradient of elution (pentane/ ethyl acetate, 10/0 to 9/1). The known rearranged 
thiol 8 was obtained as crystals (Mp 46-47°C; Mplit 46-48°C) in 60% yield as well 
as a impure fraction containing about 10% of the thiol 4a’. δH(400 MHz, CDCl3) 
7.80 (m, 2H, 2CHAr), 7.69 (m, 2H, 2CHAr), 3.78 (t, 2H, J=6.7 Hz, NCH2), 2.51 
(dd, 2H, J=7.3 Hz, J=14.9 Hz, CH2S), 1.96 ( q, 2H, CH2), 1.58 (t, J=8.2 Hz, SH). 
δC(100 MHz, CDCl3) 168.4 (2NCO), 134.0 (2CHAr), 131.9 (2CqAr), 123.3 (2CHAr), 
36.4 (NCH2), 32.7 (CH2), 21.9 (CH2). Lit. Gabriel; Lauer. Chemische Berichte, 
1890, 23, 89. 
 
Compound 1b 

NCl

S O

S

 
  
To a solution of the commercially available 2-chloro-5-(chloromethyl)pyridine 
(6.2 mmol) in acetone (12 mL) was added potassium O-isopropyl xanthate (6.8 
mmol, 1.1 eq.) portion-wise under nitrogen. After addition of ice water, the 
precipitate was filtered off and dried to afford the desired xanthate 1b in 81% 
and as yellow crystals which were recrystallised from diethy ether/pentane. Mp 
62-63°C. δH(400 MHz, CDCl3) 8.37 (d, 1H, J=2.5 Hz, CHAr), 7.66 (dd, 1H, J=2.6 
Hz, J=8.2 Hz, CHAr), 7.28 (d, 1H, J=8.3 Hz, CHAr), 5.73 (m, 1H, CHO), 4.29 (s, 
2H, CH2S), 1.37 (d, 6H, J=6.2 Hz, 2CH3). δC(100  MHz, CDCl3) 211.8 (CS), 150.4 
(CqAr), 149.9 (CHAr), 139.2 (CHAr), 131.4 (CqAr), 124.1  (CHAr), 78.6 (CHO), 
36.2 (CH2S), 21.2 (2CH3). m/z (CI, NH3) 262, 264 (MH+), HRMS (EI) calcd for 
C10H12NClOS2 261.0049; found 261.0048. 
 
 
 
Compound 3b 
 

N

S

Si(OtBu)3

OS

Cl  
 
 
A solution of xanthate 1b (1 mmol) and olefin 2a (2 mmol) in ethyl acetate (1 mL) 
was refluxed under nitrogen for 10 min. Then dilauroyl peroxide (DLP) was added 
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portion-wise (3x10 mol% and 2x5 mol%) every hour. After evaporation of the 
solvent, the residue was purified by silica gel column chromatography using a 
gradient of elution (diethyl ether/pentane, 100/0 to 95/5) affording the 
addition product as a colorless oil and in 68% yield. δH(400 MHz, CDCl3)  8.21 (d, 
1H, J=2.3 Hz, CHAr), 7.46 (dd, 1H, J=2.5 Hz, J=8.1 Hz, CHAr), 7.22 (d, 1H, J=8.1 
Hz, CHAr), 5.79 (m, 1H, CHO), 3.18 (dd, 1H, J=4.6 Hz, J=7.2 Hz, CHS), 2.85 
(ddd, 1H, J=5.0 Hz, J=12.0 Hz, J=13.7 Hz, CHHAr), 2.73 (ddd, 1H, J=5.3 Hz, 
J=11.9 Hz, J=13.9 Hz, CHHAr), 2.13 (m, 1H, CHHCHS), 1.89 (m, 1H, CHHCHS), 
1.39 (d, 3H, J=6.2 Hz, CH3), 1.37 (d, 1H, J=6.2 Hz, CH3), 1.33 (s, 27H, 9CH3). 
δC(100 MHz, CDCl3) 216.2 (CS), 149.7 (CHAr), 148.9 (CqAr), 138.9 (CHAr), 137.2 
(CqAr), 123.9 (CHAr), 78.0 (CHO), 73.9 (OCqMe3), 35.6, 33.9 (CHS, CH2), 31.8 (9 
CH3), 30.5 (CH2), 21.5, 21.4 (2CH3). (νmax/cm-1, CCl4) 1459, 1388, 1365, 1228 
(COS), 1071, 1037 (CS). HRMS (EI) calcd for C24H42NClO4S2Si  535.2013; found 
535.2005. 
 
Compounds 4b and 5b 
 

N

SH

Si(OtBu)3

Cl N

S
Si(OtBu)3

Cl  
 
 4b    5b 
 
A mixture of xanthate 3b (0.3 g, 0.56 mmol) and diphenyl ether (2.8mL) was 
heated at 200°C under nitrogen until total consumption of the starting material. 
Two products were isolated as colorless oils after chromatography on a silica gel 
column using a gradient of elution (petroleum/ diethyl ether, 100/0 to 95/5). 
The thiol 4b  was obtained in 42% yield and the rearranged product 5b in 28% 
yield.  
Compounds 4b δH(400 MHz, CDCl3) 8.23 (d, 1H, J=2.4 Hz, CHAr), 7.48 (dd, 1H, 
J=2.5 Hz, J=8.1 Hz, CHAr), 7.23 (d, 1H, J=8.1 Hz, CHAr), 2.95 (ddd, 1H, J=4.4 
Hz, J=9.6 Hz, J=14.0 Hz, CHHAr), 2.69 (ddd, 1H, J=7.3 Hz, J=9.2 Hz, J=13.9 Hz, 
CHHAr), 2.11 (m, 1H, CHSH), 1.73 (m, 1H, CHHCHS), 1.64 (m, 1H, CHHCHS), 1.53 
(d, 1H, J=9.1 Hz, CHSH), 1.32 (s, 27H, 9CH3). δC(100  MHz, CDCl3) 149.8 (CHAr), 
148.9 (CqAr), 139.1 (CHAr), 136.7 (CqAr), 123.9 (CHAr), 73.4 ([OCqMe3]3), 36.1 
(CH2Ar), 31.8 (9CH3), 30.4 (CHSH), 23.6 (CH2CHSi). (νmax/cm-1, CCl4) 1586, 1563, 
1459, 1388, 1365, 1241, 1209, 1187, 1107, 1063, 1026, 908. HRMS (EI) calcd for 
C20H36NClO3SSi 433.1874 ; found 433.1884. 
Compounds 5b The thiol 4b (0.06 g, 0.14 mmol) in chlorobenzene (1.4 mL) was 
refluxed under nitrogen for 10 min and then di-tert-butylperoxide (3 drops) was 
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added. After refluxing during 2 h, the mixture was filtered over silica gel to 
remove the solvent and yielded the rearranged product 5b as a colorless oil  in 
78%. δH(400  MHz, CDCl3) 8.23 (d, 1H, J=2.4 Hz, CHAr), 7.49 (dd, 1H, J=2.5 Hz, 
J=8.1 Hz, CHAr), 7.23 (d, 1H, J=8.1 Hz, CHAr), 2.72 (m, 2H, CH2),  2.60 (t, 2H, 
J=7.1 Hz, CH2), 1.95 (td, 2H, J=7.1 Hz, J=14.5 Hz, CH2), 1.33 (s, 27H, 9CH3). 
δC(100 MHz, CDCl3) 149.8 (CHAr), 149.1 (CqAr), 139.0 ((CHAr), 136.2 (CqAr), 
123.9 (CHAr), 74.2 ([OCqMe3]3), 33.4 (CH2Ar), 31.6 (9CH3), 31.1 (CH2), 26.9 
(CH2). (νmax/cm-1, CCl4).1586, 1563, 1460, 1389, 1365, 1242, 1206, 1185, 1106, 
1066, 1026. HRMS (EI) calcd for C20H36NClO3SSi 433.1874 ; found 433.1867. 
 
Compound 1c 
 

N
N

N

S

OS

 
The commercial available 1-(Chloromethyl)-1H-benzotriazole (2g, 11.9 mmol) was 
treated with potassium O-isopropylxanthate (2.28g, 1.1 equiv) in acetone (24 mL) 
at room temperature  to yield the desired xanthate 1c as crystals in 95% yield. 
Mp 76-77°C. δH(400 MHz, CDCl3) 8.04 (d, 1H, J=8.4 Hz, CHAr), 7.70 (d, 1H, 
J=8.4 Hz, CHAr), 7.50 (m, 1H, CHAr), 7.38 (m, 1H, CHAr), 6.37 (s, 2H, CH2S),  
5.75 (m, 1H, CHO), 1.38 (d, 6H, J=6.2 Hz, 2CH3). δC(100  MHz, CDCl3) 209.5 (CS), 
146.1 (CqAr), 132.3 (CqAr), 127.9 (br, CHAr), 124.4, 124.3 (CHAr), 120.2, 120.1 
(CHAr), 110.4, 110.2 (CHAr), 79.8, 79.7 (CHO), 51.6 (br, CH2S), 21.25, 21.20 
(2CH3). (νmax/cm-1, CCl4) 1241 (COS), 1038 (CS). HRMS (EI) calcd for 
C11H13ON3S2 267.0500 ; found 267.0512. 
 
Compound 3c 
 

N
N

N

SCSOiPr(tBuO)3Si  
 
 
A solution of xanthate 1c (0.5g, 1.87 mmol) and olefin 2a (2 mmol) in ethyl 
acetate (1.9 mL) was refluxed under nitrogen for 10 min. Then dilauroyl peroxide 
(DLP) was added portion-wise (2x10 mol% and 1x5 mol%) every hour. After 
evaporation of the solvent, the residue was purified by silica gel column 
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chromatography using a gradient of elution (petroleum ether/ethyl acetate, 10/0 
to 9/1) affording the addition product 3c as a yellow oil and in 58% yield. δH(400  
MHz, CDCl3) 8.04 (d, 1H, J=8.4 Hz, CHAr), 7.56 (dd, 1H, J=0.7 Hz, J=8.4 Hz, 
CHAr),  7.45 (t, 1H, J=7.6 Hz, CHAr), 7.34 (m, 1H, CHAr), 5.76 ( m, 1H, CHO), 
4.83 (m, 2H, NCH2), 3.24 (dd, 1H, J=4.8 Hz, J=7.0 Hz, CHS), 2.57 (m, 1H, 
CHHCHS), 2.30 (m, 1H, CHHCHS), 1.39 (d, 6H, J=6.1 Hz, 2CH3), 1.35 (s, 27H, 
9CH3). δC(100 MHz, CDCl3) 215.7 (CS), 145.9 (CqAr), 132.9 (CqAr), 127.08, 
127.02 (CHAr), 123.8, 123.7 (CHAr), 120.0, 119.9 (CHAr), 109.7, 109.5 (CHAr), 
78.4, 78.3 (CHO), 74.2 (SiOCq), 46.8 (NCH2), 33.3 (CHS), 32.0 (CH2CHS), 31.8, 
31.7 (9CH3), 21.43, 21.38, 21.30, 21.2 (2CH3). (νmax/cm-1, CCl4) 1455, 1389, 1366, 
1230 (COS), 1070, 1036 (CS). HRMS (EI) calcd for C25H43O4N3S2Si  541.2464; 
found 541.2475. 
 
Compound 5c 
 

N
N

N

S Si(OtBu)3  
A mixture of xanthate 3c (0.5 g, 0.92 mmol) and diphenyl ether (5 mL) was 
heated at 200°C under nitrogen until total consumption of the starting material. 
After removal of the diphenyl ether by filtration on a pad of silica gel, the 
crude reaction mixture was taken up in chlorobenzene (7 mL) and refluxed in the 
presence of di-tert-butylperoxide (3-4 drops) under nitrogen. The reaction 
mixture was purified on a  silica gel column (petroleum ether/ ethyl acetate 10/0 
to 9/1) to yield the rearranged product 5c as a yellow oil in 62% yield. δH(400 

MHz, CDCl3) 8.03 (td, 1H, J=0.9 Hz, J=8.4 Hz, CHAr), 7.61 (td, 1H, J=0.9 Hz, 
J=8.3 Hz, CHAr), 7.46 (m, 1H, CHAr), 7.34 (m, 1H, CHAr), 4.78 (t, 2H, J=6.9 Hz, 
NCH2), 2.60 (t, 2H, J=6.8 Hz, CH2S), 2.36 ( m, 2H, J=6.8 Hz, CH2CHS), 1.30 (s, 
27H, 9CH3). δC (100 MHz, CDCl3) 145.9 (CqAr), 133.2 (CqAr), 127.27, 127.22 
(CHAr), 123.84, 123.81 CHAr), 119.99, 119.87 (CHAr), 109.69, 109.54 (CHAr), 
74.3 (SiOCq), 46.7 (NCH2), 32.1 (CH2S), 31.5, 31.44 (9CH3), 24.7 (CH2). (νmax/cm-

1, CCl4) 2977, 1455, 1390, 1366, 1243, 1206, 1185, 1066, 1026. HRMS (EI) calcd 
for C21H37O3N3SSi 439.2325; found 439.2322. 
 
Compound 1d 
 

H
N

O
N Cl

SCSOiPr
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See the following reference : B. Quiclet-Sire and S. Z. Zard, Org. Lett., 2013, 
15, 5886-5889. 
 
Compound 3d 
 

H
N

SCSOiPr
O

Si(OtBu)3

N Cl  
 
A solution of xanthate 3d (1.62 mmol) and olefin 2a (2 equiv) in ethyl acetate 
(1.62 mL) was refluxed under nitrogen for 10 min. Then dilauroyl peroxide (DLP) 
was added (10 mol%) and the reaction mixture was heated under reflux for 1h. 
After evaporation of the solvent, the residue was purified by silica gel column 
chromatography using a gradient of elution (pentane/ethyl acetate, 10/0 to 8/2) 
affording the addition product as a colorless oil and in 76% yield. δH(400  MHz, 
CDCl3) 8.73 (d, 1H, J=8.1 Hz, CHAr), 8.08 (d, 1H, J=4.5 Hz, CHAr), 7.65 (brs, 1H, 
NH),  7.23 (dd, 1H, J=4.7 Hz, J=8.0 Hz, CHAr),  5.76 (m, 1H, CHO), 3.20 (dd, 1H, 
J=4.3 Hz, J=7.6 Hz, CHS), 2.66 (m, 2H, CH2CO), 2.38 (m, 1H, CHHCHS), 2.04 (m, 
1H, CHHCH), 1.36 (brs, 33H, CH(CH3)2, 9CH3). δC(100 MHz, CDCl3) 216.4 (CS), 
172.0 (NCO), 143.7, 143.5 (CHAr), 139.7 (CqAr), 132.1 (CqAr), 129.1, 129.0 
(CHAr), 123.4 (CHAr), 78.2, 78.1 (CHO), 74.0 (SiOCq), 36.2 (CHS), 35.3 
(CH2CO), 31.8 (9CH3), 27.5 (CH2), 21.5, 21.5, 21.3 (2CH3). (νmax/cm-1, CCl4) 3421 
(NH), 1709 (NHCO), 1227 (COS), 1074 (CS). HRMS (EI) calcd for (M-C4H10O) 
C21H33N2O4S2ClSi  504.1340; found 504.1338. 
 
Compounds 4d and 5d 
 
 

H
N

SH
O

Si(OtBu)3

N Cl  

H
N

S
O

N Cl

Si(OtBu)3

     
 
First approach : 
A mixture of xanthate 3d (0.610 g, 1.055 mmol) and diphenyl ether (5 mL) was 
heated at 200°C under nitrogen until total consumption of the starting material. 
Two fractions were isolated after chromatography on a silica gel column using a 
gradient of elution (pentane/ ethyl acetate, 10/0 to 6/4). The first fraction was 
isolated as a colorless oil and corresponds to thiolactone 12 (0.143 g, 39%) and 
the second one is composed of 0.280 g of a mixture of the thiol derivative 4d 
and 2-chloro-3-aminopyridine 13. This mixture was heated under reflux of 
chlorobenzene and 3-4 drops of di-tert-butylperoxide were added under 
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nitrogen. The reaction mixture was filtered on a silica gel column (pentane/ ethyl 
acetate 10/0 to 7/3) to yield the rearranged product as an oil in 55% yield and 
2-chloro-3-aminopyridine 13 in 41% yield. 
Second approach : 
The xanthate 3d (0.3 g, 0.5 mmol) in a degased solution of 1:1 mixture of diethyl 
ether-ethanol (1 mL) was added ethylenediamine (0.14 mL, 4 equiv). After 
consumption of the starting xanthate, the reaction mixture was diluted with 
diethyl ether and neutralised with aqueous citric acid solution, the organic phase 
washed with brine and dried over MgSO4 and the resulting organic phase was 
evaporated under reduced pressure to yield thiol 4d. This latter was taken up in 
chlorobenzene (5 mL) and refluxed under nitrogen in the presence of di-tert-
butyl peroxide (3-4 drops). After concentration of the solvent and purification 
on a silica gel column (petroleum ether/ ethyl acetate 10/0 to 8/2), the 
rearranged product 5d was isolated as an oil in 74% yield over 2 steps.  
Compound 5d 
δH(400 MHz, CDCl3) 8.71 (d, 1H, J=8.1 Hz, CHAr), 8.06 (dd, 1H, J=1.8 Hz, J=4.7 
Hz, CHAr), 7.74 (brs, 1H, NH), 7.22 (dd, 1H, J=4.7 Hz, J=8.1 Hz, CHAr), 2.69 (t, 
2H, J=6.7 Hz, CH2CO), 2.61 (t, 1H, J=7.4 Hz, CH2S), 2.07 (m, 1H, CH2), 1.31 (s, 
27H, 9CH3). δC(100  MHz, CDCl3) 171.5 (NHCO), 143.7 (CHAr), 139.7 (CqAr), 
132.0 (CqAr), 129.0 (CHAr), 123.3 (CHAr), 74.2 (Si(OCMe)3), 36.4 (CH2CO), 31.5 
(9CH3), 27.4, 27.0 (2CH2). (νmax/cm-1, CCl4) 3420, 2977, 1709, 1583, 1503, 1454, 
1389, 1365, 1297, 1243, 1206, 1185, 1066, 1026. HRMS (EI) calcd for 
C21H37ClO4N2SSi 476.1932; found 476.1929. 
 
Compound 12 and 13 

SO Si(OtBu)3
     

NH2

N Cl  
 
Compound 12 δH(400 MHz, CDCl3) 2.97 (dd, 1H, J=5.2 Hz, J=11.2 Hz), 2.58 (m, 
1H), 2.46 (m, 1H), 2.33 (m, 1H), 2.17 (m, 1H), 1.33 (s, 27H, 9CH3). δC(100 MHz, 
CDCl3) 212.1 (CO), 73.6 (SiOCMe3), 42.8 (CHS), 35.9 (CH2CO), 31.8 (9CH3), 28.2 
(CH2). (νmax/cm-1, CCl4) 1705 (SCO). HRMS (EI) calcd for C16H32O4SSi 348.1791 ; 
found 348.1797. 
Compound 13 δH(400 MHz, CDCl3) 7.75 (dd, 1H, J=2.4 Hz, J=3.8 Hz, CHAr), 7.01 
(m, 2H, 2CHAr), 4.05 (brs, 2H, NH2). Ref : Zhang, T.Y. ; Stout, J.R. ; Keay, J.G. ; 
Striven, E.F.V. ; Toomey, J. E. ; Goe, G. Tetrahedron, 1995, 51, 13177-13184. 
 
Compound 1c’ 
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N
N

N

SCSOEt  
See the following reference :  A. R. Katritzky, M. A. C. Button and S. N. 
Denisenko, Heterocyl., 2001, 54, 301. 
 
Compound 3c’ 
 

N
N

N

SCSOEt(tBuO)3Si  
 
A solution of xanthate 1c’ (0.506 g, 2 mmol) and olefin 2a (4 mmol) in ethyl 
acetate (1 mL) was refluxed under nitrogen for 10 min. Then dilauroyl peroxide 
(DLP) was added portion-wise (2x10 mol%) every hour. After cooling the reaction 
mixture, the crystals were filtered to give the pure xanthate as a  white in 52% 
yield. Mp 104-105°C. δH(400 MHz, CDCl3) 8.06 (d, 1H, J=8.4 Hz, CHAr), 7.57 (d, 
1H, J=8.3 Hz, CHAr), 7.47 (t, 1H, J=7.6 Hz, CHAr), 7.36 (m, 1H, CHAr), 4.84 (dd, 
1H, J=7.2 Hz, J=9.1 Hz, NCH2), 4.66 (m, 1H, OCHHCH3), 4.55 (m, 1H, OCHHCH3), 
3.20 (dd, 1H, J=4.9 Hz, J=7.1 Hz, CHS), 2.62 (m, 1H, CHHCHS), 2.31 (m, 1H, 
CHHCHS), 1.36 (br, 30H, 9CH3, OCH2CH3). δC (100 MHz, CDCl3) 216.3 (CS), 145.9 
(CqAr), 133.0 (CqAr), 127.0 (CHAr), 123.8 (CHAr), 120.0, 119.9 (CHAr), 109.6, 
109.5 (CHAr), 74.3 (SiOCq), 70.4 (OCH2CH3), 46.8 (NCH2), 33.3 (CHS), 31.8 
(CH2CHS, 9CH3), 13.8 (OCH2CH3). (νmax/cm-1, CCl4) 1219 (CO), 1066 (CS). HRMS 
(EI) calcd for C24H41O4N3S2Si 527.2308;found 527.2298. 
 
Compound 4c 
 

N
N

N

SH(tBuO)3Si  
 
Xanthate 3c’ (0.3 g, 0.5 mmol) in a degased solution of 1:1 mixture of diethyl 
ether-ethanol (2 mL) was added ethylenediamine (0.18 mL, 4 equiv). After 
consumption of the starting xanthate, the reaction mixture was diluted with 
diethyl ether and neutralised with aqueous citric acid solution, the organic phase 
was washed with brine and dried over MgSO4 and the resulting organic phase 
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was evaporated under reduced pressure to yield thiol 4c as a solid in 76% yield 
after chromatography on a silica gel column (pentane/ethyl acetate; 10/0 to 
9/1). Mp 73-74°C. δH(400 MHz, CDCl3) 8.05 (d, 1H, J=8.4 Hz, (CHAr), 7.63 (d, 
1H, J=8.3 Hz, (CHAr), 7.48 (t, 1H, J=7.6 Hz, (CHAr), 7.35 (m, 1H, (CHAr), 4.96 
(m, 1H, NCHH), 4.86 (m, 1H, NCHH), 2.62 (m, 1H, CHS), 2.00 (m, 1H, CHH), 1.65 
(d, 1H, J=10.1 Hz, SH), 1.53 (dt, 1H, J=2.6 Hz, J=10.6 Hz, CHH), 1.28 (s, 27H, 
9CH3). δC(100  MHz, CDCl3) 145.9 (CqAr), 133.2 (CqAr), 127.2 (CHAr), 123.8 
(CHAr), 120.0, 119.9 (CHAr), 109.6, 109.5 (CHAr), 73.5 (3SiOCq), 46.3 (NCH2), 
34.8 (CHS), 31.7 (9CH3), 21.2 (CH2). (νmax/cm-1, CCl4) 2976, 2930, 1455, 1389, 
1365, 1242, 1208, 1187, 1060, 1026. HRMS (EI) calcd for 
C21H37O3N3SSi 439.2325 ; found 439.2321. 
 
Compound 5c from thiol 4c 
 

N
N

N

S Si(OtBu)3  
 
The thiol 4c (0.178 g, 0.4 mmol) in chlorobenzene (4 mL) was refluxed under 
nitrogen for 10 min and then di-tert-butylperoxide (3-4 drops) was added. After 
removal of the solvent under a nitrogen stream, the rearranged product 5c was 
isolated as a yellow oil  in quantitative yield. See data above. 
 
Compound 3e 

N O

SCSOEt

Si(OBut)3

 
 
See the following reference : B. Quiclet-Sire and S. Z. Zard, Org. Lett., 2013, 
15, 5886-5889. 
 
Compound 5e 

N O

S
Si(OBut)3 

 
Xanthate 3e (0.34 g, 0.6 mmol) in a degased solution of 1:1 mixture of diethyl 
ether-ethanol (0.6 mL) was added ethylenediamine (0.16 mL, 4 equiv). After 
consumption of the starting xanthate, the reaction mixture was diluted with 
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diethyl ether and neutralised with aqueous citric acid solution, the organic phase 
was washed with brine and dried over MgSO4 and the resulting organic phase 
was evaporated under reduced pressure to yield the corresponding thiol. This 
latter was taken up in chlorobenzene (5 mL) and refluxed under nitrogen in the 
presence of di-tert-butyl peroxide (3-4 drops). After concentration of the 
solvent and purification on a silica gel column (petroleum ether/ ethyl acetate 
10/0 to 9/1), the rearranged product 5e was isolated as an oil in 36% yield over 
2 steps. δH(400 MHz, CDCl3) 7.15 (m, 4H, 4CHAr), 3.79 (t, 2H, J=6.6 Hz, CH2), 
2.72 (t, 2H, J=6.6 Hz, CH2),  2.63 (m, 4H, 2CH2), 1.99 (m, 4H, 2CH2), 1.32 (s, 
27H, 9CH3). δC(100 MHz, CDCl3) 172.5 (NCO), 139.3 (br, CqAr), 128.5, 126.1, 
125.1, 124.8 (4CHAr), 74.1 (Si(OCq)3), 43.1 (m, CH2), 33.4 (CH2), 31.5,(9CH3), 
28.2, 27.4, 26.9, 24.2 (4CH2). (νmax/cm-1, CCl4) 2976, 1656 (NCO), 1492, 1389, 
1365, 1241, 1186, 1063. HRMS (EI) calcd for C25H43O4NSSi  481.2682; found 
481.2691. 
  
Compound 3f 
See the following reference : B. Quiclet-Sire and S. Z. Zard, Org. Lett., 2013, 
15, 5886-5889. 
 
 
Compound 5f 
 

O
S
Si(OtBu)3 

 
Xanthate 3f (0.28 g, 0.58 mmol) in a degased solution of 1:1 mixture of diethyl 
ether-ethanol (1.2 mL) was added ethylenediamine (0.16 mL, 4 equiv). After 
consumption of the starting xanthate, the reaction mixture was diluted with 
diethyl ether and neutralised with aqueous citric acid solution, the organic phase 
was washed with brine and dried over MgSO4 and the resulting organic phase 
was evaporated under reduced pressure to yield the corresponding thiol. This 
latter was taken up in chlorobenzene (2 mL) and refluxed under nitrogen in the 
presence of di-tert-butyl peroxide (3-4 drops). After concentration of the 
solvent and purification on a silica gel column (petroleum ether/ diethyl ether 
10/0 to 95/5), the rearranged product 5f was isolated as an oil in 84% yield over 
2 steps.  δH(400 MHz, CDCl3) 2.70 (t, 2H, J=7.4 Hz, CH2), 2.62 (t, 2H, J=6.9 Hz, 
CH2), 1.94 (m, 3H, CH2, CHCO), 1.34 (s, 27H, 9CH3), 1.00 (m, 2H, CH2), 0.85 (m, 
2H, CH2). δC(100 MHz, CDCl3) 210.7 (CO), 74.1 (Si(OCq)3), 42.2 (CH2CO), 31.5 
(9CH3), 27.3 (CH2), 26.3 (CH2), 20.5 (CHCO), 10.7 (2CH2). (νmax/cm-1, CCl4) 1702 
(CO), 1471, 1459, 1242, 1186, 1066. HRMS (EI) calcd for C19H38O4SSi 390.2260; 
found 390.2267. 



  S14 

 
 
 
Compound 3g 
See the following reference : B. Quiclet-Sire and S. Z. Zard, Org. Lett., 2013, 
15, 5886-5889. 
 
Compound 5g 
 

N
H

O CF3

S
Si(OtBu)3

 
 
Xanthate 3g (0.14 g, 0.26 mmol) in a degased solution of 1:1 mixture of diethyl 
ether-ethanol (0.5 mL) was added ethylenediamine (0.07 mL, 4 equiv). After 
consumption of the starting xanthate, the reaction mixture was diluted with 
diethyl ether and neutralised with aqueous citric acid solution, the organic phase 
was washed with brine and dried over MgSO4 and the resulting organic phase 
was evaporated under reduced pressure to yield the corresponding thiol 4d. This 
latter was taken up in chlorobenzene (2.6 mL) and refluxed under nitrogen in the 
presence of di-tert-butyl peroxide (3-4 drops). After concentration of the 
solvent and purification on a silica gel column (petroleum ether/ diethyl ether 
10/0 to 7/3), the rearranged product 5g was isolated as an oil in 78% yield over 
2 steps.  Mp 79-81°C. δH(400 MHz, CDCl3) 6.22 (d, 1H, J=9.4 Hz, NH), 4.68 (m, 
1H, CHCF3), 2.63 (t, 2H, J=7.5 Hz, CH2S), 2.20 (m, 1H, CHHCHCF3), 2.03 (s, 3H, 
COCH3), 1.87 (m, 1H, , CHHCHCF3), 1.33 (s, 27H, 9CH3). δC(100 MHz, CDCl3)  
170.4 (CO), 125.1 (q, J=281.7 Hz, CF3), 74.5 (Si(OCq)3), 50.2 (q, 1H, J=30.4 Hz, 
CHCF3), 31.51 (9CH3), 31.47 (CH2S), 23.5, 23.1 (CH2CHCF3, CH3CO). (νmax/cm-1, 
CCl4) 3447 (NH), 1704 (NHCO), 1505, 1390, 1366, 1242, 1187, 1067, 1026. 
HRMS (EI) calcd for C18H36O4NSSiF3 447.2086; found 447.2086. 
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NMR Spectra 
 

Compound 3a 

ppm (f1)
0.01.02.03.04.05.06.07.08.0

7.844
7.836
7.830
7.823
7.703
7.695
7.689
7.682
7.270

5.802
5.786
5.771

3.944
3.931
3.916
3.902
3.815

3.165
3.157
3.145

1.426
1.410
1.403
1.386
1.354
1.348

N

O

O

S O

(tBuO)3Si S

 

ppm (f1)
50100150200

216.259

168.290

133.806

132.391

123.139

78.019
77.140
73.948

37.181

33.595
31.783
30.870
21.475
21.337

N

O

O

S O

(tBuO)3Si S

 



  S16 

Compound 4a 

ppm (t1)
0.01.02.03.04.05.06.07.08.0

7.842
7.836
7.829
7.712
7.704
7.698
7.691

3.980
3.959
3.948

3.881
3.864
3.847

2.342
2.324
2.309

1.711
1.684

1.318
1.278

N

O

O

SH

(tBuO)3Si

 

ppm (t1)
50100150

168.549

133.900
132.291

123.230

77.140
73.401

37.134
33.349
31.742

21.836

N

O

O

SH

(tBuO)3Si
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Compound 5a 

ppm (t1)
0.01.02.03.04.05.06.07.08.0

7.851
7.843
7.837
7.830
7.717
7.709
7.703
7.695
7.270

3.783

2.619
2.599

2.038

1.322

N

O

O

S
Si(OtBu)3

 

ppm (t1)
050100150

168.366

133.923
132.240

123.227

77.140

74.155

37.467

31.746
31.495
25.079

N

O

O

S
Si(OtBu)3
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Compound 3a’ 

ppm (t1)
0.01.02.03.04.05.06.07.08.0

7.834
7.827
7.821
7.813
7.712
7.705
7.699
7.691
7.269

5.737

3.827
3.818
3.812
3.802
3.788

3.175

2.197
2.181

1.886
1.871
1.862
1.851
1.416
1.402
1.387

0.138
0.130

N

O

O

S O

Me3Si S

 
 

ppm (t1)
050100150200

215.383

168.305

133.973

132.236
123.238

78.504
77.140

37.117
33.948

29.801

21.448
21.361

-2.458

N

O

O

S O

Me3Si S
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Compound 8 

ppm (t1)
0.01.02.03.04.05.06.07.08.0

7.815
7.807
7.801
7.794
7.701
7.694
7.688
7.680

3.794
3.777
3.760

2.540
2.522
2.502
2.484
1.976
1.959
1.941

1.578N

O

O

SH

 

ppm (t1)
50100150

168.376

134.025
131.977

123.264

77.140

36.378
32.710

21.899

N

O

O

SH
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Compound 1b 

ppm (f1)
0.01.02.03.04.05.06.07.08.0

8.377
8.371

7.654

7.293
7.272

5.750
5.734
5.718

4.292

1.380
1.364

NCl

S O

S

 

ppm (f1)
050100150200

211.782

150.386
149.879

139.213

131.406

124.082

78.662

77.050

36.195

21.232

NCl

S O

S
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Compound 3b 

ppm (t1)
0.01.02.03.04.05.06.07.08.0

8.215
8.209

7.474
7.468
7.454
7.448
7.270
7.227
7.207

5.785
5.770

3.179
3.172
3.161
2.853
2.846
2.841
2.824
2.811
2.735
2.722

2.130
2.124
2.112
2.107
2.095
1.904
1.887
1.869
1.401
1.386
1.378
1.362
1.329
1.323

N

S

Si(OtBu)3

OS

Cl

 

ppm (t1)
50100150200

216.220

149.695
148.847

138.897

137.165

123.908

78.027
77.140
73.938

35.624

33.882
31.816
30.548

21.478
21.366

N

S

Si(OtBu)3

OS

Cl
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Compound 4b 

ppm (t1)
0.01.02.03.04.05.06.07.08.0

8.235
8.229

7.492
7.486
7.472
7.466
7.270
7.240
7.220

2.952
2.941
2.928
2.917
2.713
2.708
2.690
2.097
1.824
1.722
1.670
1.648
1.641
1.544
1.522
1.397
1.382
1.374
1.358
1.349
1.342
1.327
1.319
1.313
1.291
1.273

N

SH

Si(OtBu)3

Cl

 

ppm (t1)
50100150

149.854
148.943

139.075

136.711

123.934

77.140

73.422

36.114

31.793
30.445

23.649

N

SH

Si(OtBu)3

Cl
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Compound 5b 

ppm (t1)
0.01.02.03.04.05.06.07.08.0

8.229
8.223

7.499
7.493
7.479
7.473
7.270
7.240
7.220

2.739
2.721
2.701
2.614
2.597
2.579

1.968
1.949
1.931
1.330
1.325

N

S
Si(OtBu)3

Cl

 

ppm (t1)
50100150

149.774
149.064

138.993
136.232

123.933

77.140
74.216

33.442
31.558
31.116
26.918

N

S
Si(OtBu)3

Cl
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Compound 1c 

ppm (t1)
1.02.03.04.05.06.07.08.0

8.051
8.030
7.713
7.692
7.500
7.376
7.269

6.368

5.753

1.389
1.374N

N
N

S

OiPrS

 

ppm (t1)
50100150200

209.492

146.165

132.272
127.914
127.872
127.820

124.422
124.356
120.207
120.091
110.392
110.250

79.804
79.746
77.140

51.658

21.257
21.206

N
N

N

S

OiPrS
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Compound 3c 

ppm (t1)
0.01.02.03.04.05.06.07.08.0

8.049
8.028

7.572
7.551
7.469
7.451
7.431

7.359
7.342
7.321
7.269

5.779
5.763
5.748

4.834

3.259
3.247
3.241
3.229
2.583
2.569
2.562
2.549
2.536
2.331
2.319
2.313
2.303
2.297
2.286
1.402
1.386
1.351
1.339

N
N

N

SCSOiPr(tBuO)3Si

 

ppm (t1)
050100150200

215.701

145.986

132.917
127.084
127.022
123.820
123.758

120.002
119.873
109.675
109.522

78.423
78.358
77.140
74.211

46.851
33.331
32.088
31.994
31.812
31.752
21.438
21.381
21.301
21.239

N
N

N

SCSOiPr(tBuO)3Si
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Compound 5c 

ppm (t1)
0.01.02.03.04.05.06.07.08.0

8.070
8.049
7.621
7.489
7.486
7.367
7.270

4.818
4.801
4.783

2.639
2.622
2.605

1.318

N
N

N

S Si(OtBu)3

 

ppm (t1)
50100150

145.933

133.184

127.270
127.220

123.848
123.817
119.995
119.873

109.697
109.548

77.140
74.301

46.732

32.131
31.502
31.444

24.714

N
N

N

S Si(OtBu)3
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Compound 3d 

ppm (t1)
0.01.02.03.04.05.06.07.08.0

8.743
8.723

8.081
8.070

7.650

7.250
7.238
7.230
7.218

5.775
5.760
5.744

3.201
3.193
3.182

2.661
2.640
2.616
2.382
2.370
2.358
2.050
2.028
1.377
1.364
1.335

H
N

SCSOiPr
O

Si(OtBu)3

N Cl

 

ppm (t1)
50100150200

216.386

171.993

143.665
143.558
139.683
132.115
129.063
128.983
123.366

78.230
78.195
77.140
73.999

36.165
35.324

31.801
27.564
21.459
21.420
21.330

H
N

SCSOiPr
O

Si(OtBu)3

N Cl

 



  S28 

 
 
Compound 5d 

ppm (t1)
0.05.010.0

8.717
8.697
8.069
8.065
8.058
8.053
7.736
7.270
7.234
7.222
7.214
7.202

2.702
2.686
2.669
2.627
2.609
2.590
2.073

1.311
1.279
1.269

H
N

S
O

N Cl

Si(OtBu)3

 

ppm (t1)
50100150

171.525

143.681
139.729

132.011
129.023

123.317

77.140
74.207

36.361

31.490

27.404
27.038

H
N

S
O

N Cl

Si(OtBu)3
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Compound 12 

ppm (t1)
0.01.02.03.04.05.06.07.08.0

2.980
2.965
2.952
2.569
2.562
2.551
2.545
2.453

2.307
2.300
2.294

2.219
1.334

SO Si(OtBu)3

 

ppm (t1)
50100150200

212.148

77.140
73.567

42.831

35.921
31.798
28.251

SO Si(OtBu)3
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Compound 3c’ 

ppm (t1)
0.01.02.03.04.05.06.07.08.0

8.066
8.045

7.582
7.562
7.468
7.357
7.270

4.861
4.840
4.820
4.653
4.636

4.570
4.553

3.214
3.201
3.196
3.184

2.610
2.333
2.313
2.294

1.364

N
N

N

SCSOEt(tBuO)3Si

 

ppm (t1)
050100150200

216.330

145.984

133.034
127.018
123.756
119.975
119.878
109.642
109.553

77.140
74.232
70.410

46.748

33.356
31.811

13.845N
N

N

SCSOEt(tBuO)3Si
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Compound 4c 

ppm (t1)
0.01.02.03.04.05.06.07.08.0

8.056
8.035
7.636
7.615
7.496
7.479
7.458
7.370
7.351
7.332

7.270

4.940

4.877
4.857

2.609
2.603
2.022
2.013
2.004
1.995
1.986
1.664
1.639

1.563
1.557
1.537
1.531
1.511
1.504

1.276

N
N

N

SH(tBuO)3Si

 

ppm (t1)
50100150

145.930

133.188

127.167

123.828

120.033
119.915

109.638
109.510

77.140

73.542

46.269

34.799
31.693

21.191

N
N

N

SH(tBuO)3Si
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Compound 5e 

ppm (t1)
0.01.02.03.04.05.06.07.08.0

7.269

7.194
7.177
7.157
7.138
7.116
7.097
7.079

3.808
3.792
3.775

2.717
2.662
2.644
2.625

1.958

1.322

N O

S
Si(OBut)3

 

ppm (t1)
50100150

172.542

139.264
139.215

128.496
126.143
125.160
124.865

77.140
74.096

43.113

33.399
31.537
28.237
27.390
26.912

24.250

N O

S
Si(OBut)3

 
 
 



  S33 

Compound 5f 

ppm (t1)
0.01.02.03.04.05.06.07.08.0

2.721
2.703
2.684
2.640
2.622
2.605
1.966
1.947
1.934
1.929

1.337
1.331
1.005
0.994

0.860
0.853
0.841

O
S

Si(OtBu)3

 

ppm (t1)
050100150200

210.696

77.140
74.115

42.194

31.541
27.313
26.324

20.522

10.721

O
S

Si(OtBu)3

 
 
 



  S34 

Compound 5g 

ppm (t1)
0.01.02.03.04.05.06.07.08.0

7.270

6.231
6.208

4.691
4.686
4.674
4.672
4.667

2.647
2.629
2.610
2.194
2.185

2.035
1.874

1.332

N
H

O CF3

S
Si(OtBu)3

 

ppm (t1)
50100150

170.435

129.347
126.548
123.751
120.951

77.140

74.506

50.698
50.395
50.093
49.791

31.511
31.473
30.704
23.518
23.137

N
H

O CF3

S
Si(OtBu)3

 
 
 
 


