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I. General Information

All reactions were carried out in a dry solvent under argon atmosphere unless
otherwise noted. NMR spectra were recorded on Bruker 300 MHz, 400 MHz or 600
MHz spectrometers. Proton chemical shifts are reported relative to internal standard
TMS at 6 0.0 ppm or residual solvent peak (CD3COCDs at 2.05 ppm). Carbon
chemical shifts are reported relative to a residual solvent peak (CDClz at 77.16 ppm,
CD3COCD3 at 29.84 ppm). The following abbreviations were used to designate
multiplicities: s = singlet, d = doublet, t = triplet, g = quartet, quint = quintet, m =
multiplet, br = broad. Fourier transform infrared spectra (FT-IR) were recorded on an
Agilent Cary 630 FT-IR instrument. GC-MS spectra were recorded on an Agilent
Technologies 7890B GC-system with an Agilent 5973C VL MSD and a HP-5MS
column (0.25mm x 30 m, film: 0.25 pm). The major signals are quoted in m/z with the
relative intensity in parentheses.

Unless otherwise noted, all reagents were obtained from commercial suppliers and
used without further purification. Arylboronic acid substrates 2a-2z, 2aa-2ar are
commercially available. Arylboronic acid substrate 2as was prepared according to the

literature procedures.*
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IT. Experimental Section

IT A. Preparation of Phthalimide-carried disulfur reagents 1a-1n

Disulfur reagents 1a-1n were prepared according to the literature.?
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Scheme S1. Preparation of Phthalimide-carried disulfur reagents 1a-1n.
2-(phenyldisulfanyl)isoindoline-1,3-dione (1a): Following the general procedure in
literature, the desired compound was obtained as a white solid. mp 143-145 °C, 533.8
mg, 93%; *H NMR (400 MHz, CDCl3) § 7.90 — 7.84 (m, 2H), 7.79 — 7.73 (m, 2H), 7.68
- 7.65 (m, 2H), 7.39 — 7.33 (m, 2H), 7.32 — 7.26 (m, 1H); 13C NMR (100 MHz, CDCls)
5167.0, 135.4, 134.8, 131.9, 129.1, 128.8, 128.2, 124.1; IR (KBr, v/ cm™) 3060, 1787,
1743, 1707, 1478, 1441, 1359, 1340, 1269, 1167, 1146, 1046, 913, 867, 747, 712, 688;
HRMS (ESI): [M + Na] * Calcd for C1aHsNO2S2Na* 309.9967, found 309.9971.

2-(p-tolyldisulfanyl)isoindoline-1,3-dione (1b): Following the general procedure in
literature, the desired compound was obtained as a white solid. mp 125-126 °C, 523.7
mg, 87%; *H NMR (400 MHz, CDCl3) § 7.91 — 7.85 (m, 2H), 7.77-7.75 (m, 2H), 7.52 -
7.50 (m, 2H), 7.16 - 7.14 (m, 2H), 2.33 (s, 3H); **C NMR (100 MHz, CDCls) § 167.1,
138.8, 134.8, 132.14, 132.08, 130.0, 129.8, 124.1, 21.2; IR (KBr, v/ cm™) 1787, 1743,
1707, 1608, 1493, 1467, 1359, 1340, 1273, 1165, 1146, 1046, 911, 867,807, 732, 712;
HRMS (ESI): [M + Na] * Calcd for C1sH1:NO2S2Na* 324.0123, found 324.0129.
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2-((4-chlorophenyl)disulfanyl)isoindoline-1,3-dione (1c): Following the general
procedure in literature, the desired compound was obtained as white solid. mp
162-164 °C, 494.3 mg, 77%; *H NMR (300 MHz, CDCl3) § 7.92 — 7.89 (m, 2H), 7.83 —
7.75 (m, 2H), 7.66 — 7.58 (m, 2H), 7.37 — 7.30 (m, 2H); *C NMR (75 MHz, CDCl3) &
167.1, 135.0, 134.6, 134.1, 132.1, 130.4, 129.4, 124.3; IR (KBr, v/ cm™) 1787, 1743,
1709, 1476, 1340, 1269, 1167, 1146, 1092, 1044, 867, 818, 712; HRMS (ESI): [M +
Na] * Calcd for C14HsCINO.S>2Na* 343.9577, found 343.9571.

2-(benzylsulfinothioyl)isoindoline-1,3-dione (1d): Following the general procedure
in literature, the desired compound was obtained as a white solid. mp 133-135 °C,
541.8 mg, 90%; *H NMR (300 MHz, CDCls) § 7.94 — 7.90 (m, 2H), 7.83 — 7.75 (m,
2H), 7.43 — 7.41 (m, 2H), 7.34 — 7.23 (m, 3H), 4.29 (s, 2H); *C NMR (75 MHz, CDCls)
5 167.7,136.5, 134.8, 132.2, 129.4, 128.7, 127.7, 124.1, 45.4. IR (KBr, v/cm™) 1785,
1739, 1705, 1495, 1467, 1454, 1342, 1271, 1142, 1051, 865, 766, 714, 697; HRMS
(ESI): [M + Na] * Calcd for C1sH11NO2S;Na* 324.0123, found 324.0118.

2-((4-methoxybenzyl)disulfanyl)isoindoline-1,3-dione (1e): Following the general
procedure in literature, the desired compound was obtained as a white solid. mp
148-149 °C, 575.9 mg, 87%; *H NMR (300 MHz, CDCl3) § 7.98 — 7.91 (m, 2H), 7.83 —
7.78 (m, 2H), 7.37 — 7.31 (m, 2H), 6.87 — 6.81 (m, 2H), 4.27 (s, 2H), 3.78 (s, 3H); 3C
NMR (75 MHz, CDCls) 6 167.9, 159.3, 134.9, 132.4, 130.8, 128.5, 124.2, 114.2, 55.4,
45.1; IR (KBr, v/ cm™) 1784, 1739, 1705, 1608, 1511, 1467, 1340, 1273, 1252, 1178,
1049, 913, 867. 835, 747, 711; HRMS (ESI): [M + Na] * Calcd for C16H13NO3sS;Na*
354.0229, found 354.0233.

2-(phenethyldisulfanyl)isoindoline-1,3-dione (1f): Following the general procedure
in literature, the desired compound was obtained as a white solid. mp 89-90 °C, 504.0
mg, 80%; *H NMR (300 MHz, CDCls) §7.98 — 7.89 (m, 2H), 7.84 — 7.75 (m, 2H), 7.33
—7.11 (m, 5H), 3.31-3.23 (m, 2H), 3.16 — 3.09 (M, 2H); *3C NMR (75 MHz, CDCl3) §
167.9, 139.7, 134.9, 132.4, 128.9, 128.7, 126.6, 124.2, 42.0, 35.7; IR (KBr, v / cm™)
1784, 1739, 1705, 1469, 1340, 1273, 1146, 1049, 913, 867, 749, 712; HRMS (ESI):
[M + Na] * Calcd for C16H13NO2S2Na* 338.0280, found 338.0275.

2-(butyldisulfanyl)isoindoline-1,3-dione (1g): Following the general procedure in
literature, the desired compound was obtained as a white solid. mp 42-43 °C, 432.5
mg, 81%; 'H NMR (600 MHz, CDCls3) & 7.94 - 7.91 (m, 2H), 7.81 — 7.77 (m, 2H),
3.05 (t, J =7.4 Hz, 2H), 1.76 (p, J = 7.5 Hz, 2H), 1.46 - 1.38 (m, 2H), 0.93 (t, J=7.4
Hz, 3H); C NMR (75 MHz, CDCls) § 167.9, 134.9, 132.4, 124.1, 40.9, 31.3, 21.7,
13.8; IR (KBr, v/ cm™) 2932, 1784, 1740, 1705, 1467, 1360, 1273, 1157, 1047, 867,
714; HRMS (ESI): [M + Na] * Calcd for C12H13NO2S2Na*™ 290.0280, found 290.0283.
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2-(octyldisulfanyl)isoindoline-1,3-dione (1h): Following the general procedure in
literature, the desired compound was obtained as white solid. mp 43-45 °C, 536.3 mg,
83%; 'H NMR (600 MHz, CDCl3) § 7.93 — 7.90 (m, 2H), 7.80 — 7.77 (m, 2H), 3.04 (t,
J=7.4Hz 2H),1.79 -1.72 (m, 2H), 1.40 — 1.33 (m, 2H), 1.29 — 1.20 (m, 8H), 0.87 —
0.82 (m, 3H); *3C NMR (75 MHz, CDCls) & 167.9, 134.8, 132.3, 124.1, 41.2, 31.9,
29.2, 28.5, 22.7, 14.2; IR (KBr, v/ cm™) 2958, 2928, 2857, 1787, 1743, 1705, 1467,
1340, 1271, 1167, 1049, 867, 714; HRMS (ESI): [M + Na] * Calcd for
C16H21NO2S>2Na* 346.0906, found 346.0910.

2-(dodecyldisulfanyl)isoindoline-1,3-dione (1i): Following the general procedure in
literature, the desired compound was obtained as white solid. mp 70-71 °C, 614.2 mg,
81%; *H NMR (600 MHz, CDCl3) § 7.92 - 7.91 (m, 2H), 7.79 — 7.76 (m, 2H), 3.04 (t,
J=7.4Hz, 2H), 1.79 — 1.73 (m, 2H), 1.40 — 1.33 (m, 2H), 1.29 — 1.21 (m, 16H), 0.86
(t, J = 7.0 Hz, 3H); 3C NMR (75 MHz, CDCls) & 167.8, 134.8, 132.3, 124.1, 41.2,
32.0, 29.73, 29.72, 29.65, 29.6, 29.4, 29.3, 29.2, 28.5, 22.8, 14.2; IR (KBr, v/ cm™)
2919, 2853, 1784, 1742, 1707, 1467, 1342, 1275, 1167, 1049, 867, 796, 713, 684;
HRMS (ESI): [M + Na] * Calcd for C20H20NO2S;Na* 402.1532, found 402.1537.

2-(cyclohexyldisulfanyl)isoindoline-1,3-dione (1j): Followingthe general procedure
in literature, the desired compound was obtained as white solid. mp 75-77 °C, 515.8
mg, 88%; 'H NMR (600 MHz, CDCls3) § 7.94 — 7.89 (m, 2H), 7.78 — 7.77 (m, 2H),
3.13 (s, 1H), 2.14 (s, 2H), 1.78 (s, 2H), 1.62 (d, J = 15.1 Hz, 1H), 1.41 — 1.32 (m, 4H),
1.25 — 1,24 (m, 1H); 3C NMR (75 MHz, CDCls) § 167.9, 134.8, 132.4, 124.1, 51.2,
32.6, 26.0, 25.7; IR (KBr, v/ cm™) 2932, 2853, 1785, 1741, 1705, 1448, 1466, 1340,
1273, 1047, 867, 712; HRMS (ESI): [M + Na] * Calcd for C14H15sNO2S,Na* 316.0436,
found 316.0431.

2-(tert-butyldisulfanyl)isoindoline-1,3-dione (1k): Following the general procedure
in literature, the desired compound was obtained as white solid. mp 103-105 °C, 464.6
mg, 87%; *H NMR (300 MHz, CDCl3) § 7.93 - 7.88 (m, 2H), 7.79 — 7.75 (m, 2H),
1.39 (s, 9H); °C NMR (75 MHz, CDCls) § 167.7, 134.8, 132.2, 124.1, 49.3, 30.0; IR
(KBr, v/ cm™) 2932, 1784, 1741, 1705, 1465, 1366, 1273, 1162, 1144, 1046, 867, 714;
HRMS (ESI): [M + Na] * Calcd for C12H13NO2S2Na* 290.0280, found 290.0285.

methyl 3-((1,3-dioxoisoindolin-2-yl)disulfanyl)propanoate (1l): Following the
general procedure in literature, the desired compound was obtained as white solid. mp
80-81 °C, 469.3 mg, 79%; *H NMR (300 MHz, CDCl3) & 7.94 — 7.86 (m, 2H), 7.82 —
7.74 (m, 2H), 3.63 (s, 3H), 3.22 (t, J = 6.9 Hz, 2H), 2.91 (t, J = 7.0 Hz, 2H); °C NMR
(75 MHz, CDCl3) 8 171.9, 167.7, 134.9, 132.2, 124.1, 51.9, 35.4, 33.7; IR (KBr, v/
cm™) 2934, 1785, 1739, 1709, 1469, 1437, 1361, 1344, 1273, 1167, 1146, 1049, 867,
714; HRMS (ESI): [M + Na] * Calcd for C12H1:NO4S>2Na* 320.0022, found 320.0027.
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2,2'-(propane-1,3-diylbis(disulfanediyl))bis(isoindoline-1,3-dione) (Am):
Following the general procedure in literature, the desired compound was obtained as
white solid. mp 160-162 °C, 646.8 mg, 70%; *H NMR (300 MHz, CDCl3) § 7.96 —
7.88 (m, 4H), 7.82 — 7.74 (m, 4H), 3.13 (t, J = 7.1 Hz, 4H), 2.41 (p, J = 7.0 Hz, 2H);
13C NMR (75 MHz, CDCl3) § 167.8, 134.9, 132.3, 124.2, 39.0, 28.3; IR (KBr, v/cm™)
1784, 1739, 1705, 1467, 1340, 1273, 1165, 1049, 867, 792, 712; HRMS (ESI): [M +
Na] * Calcd for C19H14N204S4Na* 484.9729, found 484.9734.

(S)-methyl-1-((S)-3-((1,3-dioxoisoindolin-2-yl)disulfanyl)-2-methylpropanoyl)pyr

rolidine-2-carboxylate (1n): Following the general procedure in literature, the
desired compound was obtained as white solid. mp 129-130 °C, 636.6 mg, 78%; H
NMR (400 MHz, CDCls) 6 7.93 - 7.87 (m, 2H), 7.81 — 7.75 (m, 2H), 4.48 (dd, J = 8.4,
4.0 Hz, 1H), 3.81 — 3.64 (m, 5H), 3.39 — 3.24 (m, 2H), 2.99 (dd, J = 12.8, 5.4 Hz, 1H),
2.26 — 2.14 (m, 1H), 2.12 — 1.90 (m, 3H), 1.26 (d, J = 6.6 Hz, 2H); 3C NMR (101
MHz, CDClsz) 6 173.2, 172.8, 167.8, 135.0, 132.2, 124.1, 58.7, 52.2, 47.0, 43.4, 37.7,
29.1, 24.9, 16.6; IR (KBr, v/ cm™) 2976, 2956, 2879, 2248, 1785, 1743, 1707, 1642,
1461, 1433, 1362, 1342, 1278, 1198, 1176, 1096, 1049, 915, 867, 732, 713; HRMS
(ESI): [M + Na] * Calcd for C18H20N20sS2Na* 431.0706, found 431.0710.

II B. Optimization of reaction conditions

O
o,
N—-SSBn + PhB(OH), [Cul (xmol%) _S...Ph
L (x mol%), base Bn™ S
O 1d 2a Sol., temp. °C, Ar, T 3a
0.2 mmol 0.2 - 0.4 mmol

A test tube -equipped with a magnetic stir bar was charged with
2-(benzylsulfinothioyl)isoindoline-1,3-dione  1d  (0.20 mmol, 1.0 equiv),
phenylboronic acid (PhB(OH)2) 2a (0.20-0.40 mmol, 1.0-2.0 equiv), [Cu] (0.04 mmol,
0.2 equiv), Bipy (0.04 mmol, 0.2 equiv), base (0.20-0.40 mmol, 1.0-2.0 equiv) and
solvent (2.0 mL) under argon atmosphere. The mixture was degassed for 3 times, and
then heated at indicated temperature for 4-24 h. The reaction solution was cooled to
ambient temperature, filtered with silica gel and washing with ethyl acetate. The
combined organic extracts were concentrated in vacuo. The resulting residue was
purified by column chromatography on silica gel (petroleum) to give 3a as a colorless
oil.
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Table S1. Investigation of catalysts for the reaction?®
0

[Cu] (20 mol%) s ph

N-SSBn + PhB(OH), — _Sew
Bipy (20 mol%), NaOAc Bn S

O 1d 2a CH4CN, 40 °C, Ar, 10 h 3a
0.2 mmol 0.4 mmol
Entry [Cu] Yield (%)° | Entry [Cu] Yield (%)°
1 Cu(OAc), 49 6 CuCly 29
2 Cu(acac)2 26 7 Cul 33
3 CuBr2 27 8 CuCl 30
4 CuSOq4 21 9 CuBr 28
5 Cu(OTf): 30 10 No N.R.

4Reaction conditions: 1d (0.20 mmol, 1.0 equiv), 2a (0.40 mmol, 2.0 equiv), [Cu] (0.04
mmol, 0.2 equiv), Bipy (0.04 mmol, 0.2 equiv), NaOAc (0.40 mmol, 2.0 equiv),
CH3CN (2.0 mL) at 40 °C for 10 h under argon atmosphere. PIsolated yields.

Table S2. Investigation of bases for the reaction?

0
Q%(N—sssn . PBOH), _CU(OAC), (20mol%) _ _S._Ph
L (20 mol%), K3PO, Bn" S
O 1d 2a THF, 40 °C, Ar, 10 h 3a
0.2 mmol 0.4 mmol
Entry  Base (2.0equiv) Yield (%)°| Entry  Base (2.0 equiv) Yield (%)°
1 HCO2Na trace 11 Na>COs3 44
2 HCO2K 38 12 K2CO3 37
3 HCO.Cs trace 13 Cs2CO3 30
4 LiOAc 33 14 NaHCOs3 17
5 NaOAc 49 15 t-BuOK 16
6 KOACc 50 16 KH2PO4 trace
7 NH4OAc trace 17 K2HPO43H20 21
8 (CH3)3CO2Na 21 18 K3PO4 54
9 (CH3)3CO2K 15 19 PhCO2Na 42
10 Li>COs trace 20 no base N.R.

4Reaction conditions: 1d (0.20 mmol, 1.0 equiv), 2a (0.40 mmol, 2.0 equiv), Cu(OAC):
(0.04 mmol, 0.2 equiv), Bipy (0.04 mmol, 0.2 equiv), base (0.40 mmol, 2.0 equiv),
CH3CN (2.0 mL) at 40 °C for 10 h under argon atmosphere. PIsolated yields.
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Table S3. Investigation of solvents for the reaction?
¢}

Cu(OAc), (20 mol%) s Ph

N-SSBn + PhB(OH), — - _
Bipy (20 mol%), KsPO, Bn® S

O 1d 2a Sol., 40 °C, Ar, 10 h 3a
0.2 mmol 0.4 mmol
Entry Solvent Yield (%)° | Entry Solvent Yield (%)°

1 CH3CN 54 9 DMSO N.R.
2 n-PrCN 21 10 Tolune N.R.
3 THF 67 11 HFIP N.R.
4 1,4-Dioxane 48 12 EA 32
5 DME 65 13 PhCF; N.R.
6 DCM 55 14 MeOH 39
7 DCE N.R. 15 EtOH 35
8 DMA N.R.

4Reaction conditions: 1d (0.20 mmol, 1.0 equiv), 2a (0.40 mmol, 2.0 equiv), Cu(OAc)2
(0.04 mmol, 0.2 equiv), Bipy (0.04 mmol, 0.2 equiv), KzPOa (0.40 mmol, 2.0 equiv),
Solvent (2.0 mL) at 40 °C for 10 h under argon atmosphere. °Isolated yields. N.R. = no
results.

Table S4. Investigation of ligands for the reaction?
0

@i‘gNSSBn + PhB(OH), —CU(OAc) (20 mal%) _S__Ph
L (20 mol%), K3PO, Bn" S
O 1d 2a THF, 40 °C, Ar, 10 h 3a
0.2 mmol 0.4 mmol
Entry Ligand Yield (%)  Entry Ligand Yield (%)°
1 pyridine N.R. 12 Lo trace
2 2,6-lutidine N.R. 13 L1o N.R.
3 L1 (Bipy) 67 14 L 38
4 L. trace 15 Li2 54
5 Ls 66 16 Lis 61
6 L4 61 17 Lia N.R.
7 Ls 60 18 Lis N.R.
8 Le 69 19 DABCO trace
9 L7 47 20 No ligand N.R.
10 Ls trace

4Reaction conditions: 1d (0.20 mmol, 1.0 equiv), 2a (0.40 mmol, 2.0 equiv), Cu(OAc)2
(0.04 mmol, 0.2 equiv), ligand (0.04 mmol, 0.2 equiv), K3PO4 (0.40 mmol, 2.0 equiv),
THF (2.0 mL) at 40 °C for 10 h under argon atmosphere. °lsolated yields. N.R. = no
results.
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Table S5. Investigation of temperature and time for the reaction?

0
Cu(OAc), (20 mol%) Ph
©il<‘<N—SSBn " PRB(OH): o o), kPO, B s”
O 1d 2a THF, temp. , Ar, T 3a
0.2 mmol 0.4 mmol
Entry Temp. (°C) Yield (%)° | Entry Time (h) Yield (%)®

1 r.t. (about 25) 27 6 4 49
2 30 43 7 8 63
3 40 67 8 10 67
4 50 51 9 12 67
5 60 21 10 24 65

4Reaction conditions: 1d (0.20 mmol, 1.0 equiv), 2a (0.40 mmol, 2.0 equiv), Cu(OAc)2
(0.04 mmol, 0.2 equiv), Bipy (0.04 mmol, 0.2 equiv), KsPO4 (0.40 mmol, 2.0 equiv),
THF (2 mL) under argon atmosphere. °Isolated yields.

Table S6. Investigation of water for the reaction?

0
B . Cu(OAc), (20mol%) s ph
N=SSBn = PhBOH): g1y (20 mol%), Kspo, . BN S
O 1d 2a THF, 40 °C, Ar, 10 h 3a
0.2 mmol 0.4 mmol H,0O (x mmol)

Entry H20 (x mmol) Yield (%)° | Entry H.0 (x mmol)  Yield (%)°
1 0 67 6 0.5 85
2 0.1 70 7 0.6 83
3 0.2 79 8 0.7 79
4 0.3 89 9 0.8 77
5 0.4 86 10 0.9 65

S8 /5181



4Reaction conditions: 1d (0.20 mmol, 1.0 equiv), 2a (0.40 mmol, 2.0 equiv), Cu(OAC):
(0.04 mmol, 0.2 equiv), Bipy (0.04 mmol, 0.2 equiv), KsPO4 (0.40 mmol, 2.0 equiv),
H.0 (x mmol) and THF (2 mL) at 40 °C for 10 h under argon atmosphere. °Isolated
yields.

Table S7. Investigation of the amount of 2a and base for reaction?

0
~ . Cu(OAG), (20 mol%)
©;</<N SSBn * PhB(OH): Bir 50 moi%), KgPO, (x mmal) Bn™ > s "
O 1d 2a THF, 40 °C, Ar, 10 h 3a
0.2 mmol x mmol H,0 (0.3 mmol)
Entry X (mmol) Yield (%)® Entry x (mmol) Yield (%)°

1 0.40 89 4 0.28 81
2 0.36 87 5 0.24 69
3 0.32 85 6 0.20 58

4Reaction conditions: 1d (0.20 mmol, 1.0 equiv), 2a (x mmol, x equiv), Cu(OAc). (0.04
mmol, 0.2 equiv), Bipy (0.04 mmol, 0.2 equiv), KsPOs (x mmol, x equiv), H20 (0.30
mmol, 1.0 equiv) and THF (2 mL) at 40 °C for 10 h under argon atmosphere. Isolated
yields.

II C. Investigation of substrate scopes

General procedure for coupling reaction between boronic acids 2 and
Phthalimide-carried disulfur reagents 1d:

o Cu(OAc), (20 mol%)
Bipy (20 mol%), K:PO, S B
N-SSBn + R,B(OH B R oONg R
@i/é n 1BOH2 "0 (xequiv), THF, 40°C, Ar - Ri” S

o 1d 2 3

A test tube equipped with a magnetic stir bar was charged with
2-(benzylsulfinothioyl)isoindoline-1,3-dione 1d (0.20 mmol, 1.0 equiv), RiB(OH)2 2
(0.40 mmol, 2.0 equiv), Cu(OAc). (0.04 mmol, 0.2 equiv), Bipy (0.04 mmol, 0.2
equiv), KzPO4 (0.40 mmol, 2.0 equiv), H.O (X mmol) and THF (2.0 mL) under argon
atmosphere. The mixture was degassed for 3 times, and then heated at 40 °C for 10 h.
The reaction solution was cooled to ambient temperature, filtered with silica gel and
washing with ethyl acetate. The combined organic extracts were concentrated in vacuo.
The resulting residue was purified by column chromatography on silica gel (hexane /
EtOAc= 3:1 to petroleum) to give 3.
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General procedure for coupling reaction between boronic acids 2 and
Phthalimide-carried disulfur reagents 1:

0 Cu(OAc), (20 mol%)
H o)
N-SSR, + R;B(OH), — BBy (20 mol%), KsPOs o PC N
H,O (1.5 equiv), THF, 40 °C, Ar 1
o 1 2 4

A test tube equipped with a magnetic stir bar was charged with Phthalimide-carried
disulfur reagents 1 (0.20 mmol, 1.0 equiv), R:B(OH)2 2 (0.40 mmol, 2.0 equiv),
Cu(OAc)2 (0.04 mmol, 0.2 equiv), Bipy (0.04 mmol, 0.2 equiv), K3zPO4 (0.40 mmol,
2.0 equiv), H20 (0.30 mmol) and THF (2.0 mL) under argon atmosphere. The mixture
was degassed for 3 times, and then heated at 40 °C for 10 h. The reaction solution was
cooled to r.t., filtered with silica gel and washing with EA. The combined organic
extracts were concentrated in vacuo. The resulting residue was purified by column
chromatography on silica gel (hexane / EtOAc= 3:1 to petroleum) to give 4.

III. Characterization data for products

1-benzyl-2-phenyldisulfane (3a)
41.3 mg, 89 %, colorless oil; *H NMR (400 MHz, CDCl3) § 7.47 —
Sg-Bn | 7.37 (m, 2H), 7.27 — 7.12 (m, 8H), 3.90 (s, 2H); 3C NMR (101
©/ 3a MHz, CDCIs) 6 137.1, 136.6, 129.4, 129.0, 128.6, 127.7, 127.6,
126.8, 43.4; IR (KBr, v / cm™) 3062, 3032, 1579, 1495, 1478,
1456, 1439, 1068, 1023, 764, 740, 697; MS (EI) m/z 232 (M*) Data are consistent
with literature report.®
1-benzyl-2-(p-tolyl)disulfane (3b)
31.0 mg, 63 %, colorless oil; *tH NMR (300 MHz, CDCls) §
S<g-BN| 7.37 -7.32 (m, 2H), 7.30 — 7.12 (m, 5H), 7.11 — 7.08 (m,
Me/©/ 3b 2H), 3.92 (s, 2H), 2.32 (s, 3H); °C NMR (75 MHz, CDCl3) &
137.3, 136.8, 133.7, 129.9, 129.5, 128.8, 128.6, 127.6, 43.4,

21.2. IR (KBr, v/cm'l) 3032, 2924, 1491, 1454, 1077, 805, 762, 697; HRMS (EI)
Calcd for C14H14S> 246.0537, found 246.0531.

1-benzyl-2-(4-(tert-butyl)phenyl)disulfane (3c)

s g 46.7mg, 81 %, colorless oil; *H NMR (400 MHz, CDCl3) 8
O 87 7.40 — 7.36 (m, 2H), 7.32 — 7.23 (m, 7H), 3.94 (s, 2H), 1.31

t-Bu 3¢ (s, 9H); **C NMR (101 MHz, CDCls3) § 150.5, 136.9, 133. 8,

129.5, 128.6, 128.4, 127.6, 126.2, 43.6, 34.7, 31.4; IR (KB,

v/ cm™) 2965, 1495, 1456, 1398, 1364, 1269, 1116, 1012, 826, 762, 697; HRMS (EI)

Calcd for C17H20S2 288.1006, found 288.1009.
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1-benzyl-2-(4-methoxyphenyl)disulfane (3d)

36.2 mg, 69 %, colorless oil; *H NMR (400 MHz, CDCls) §
Ssg-B"| 7.40 - 7.35 (m, 2H), 7.31 — 7.22 (m, 5H), 6.84 — 6.79 (m,

Me0/©/ 3d 2H), 3.94 (s, 2H), 3.80 (s, 3H); *C NMR (101 MHz, CDCls)

0 159.7, 136.9, 132.1, 129.6, 128.7, 128.1, 127.6, 114.8,

55.5, 43.5; IR (KBr, v/ cm™) 2937, 1592, 1493, 1454, 1288, 1247, 1172, 1031, 826,

764, 826; MS (EI) m/z 262 (M*). Data are consistent with literature report.®

1-benzyl-2-(4-isopropoxyphenyl)disulfane (3e)
42.9 mg, 74 %, colorless oil; *H NMR (400 MHz, Acetone
Ssg BNl _d)57.43-7.38 (m, 2H), 7.35— 7.23 (m, 5H), 6.91 — 6.86
,._Pro/(j (m, 2H), 4.63 (hept, J = 6.0 Hz, 1H), 4.02 (s, 2H), 1.30 (d, J
= 6.0 Hz, 6H); 3C NMR (101 MHz, Acetone — ds) & 159.1,
138.1, 132.9, 130.3, 129.3, 128.2, 128.1, 117.3, 70.6, 43.7, 22.2; IR (KBr, v / cm™)
2980, 1592, 1489, 1282, 1182, 1116, 952, 826, 699; HRMS (EI) Calcd for C16H180S:
290.0799, found 290.0796.

3e

1-benzyl-2-(4-(methylthio)phenyl)disulfane (3f)

34.5 mg, 62 %, colorless oil; *H NMR (400 MHz, CDCls)
/©/S\S,Bn 87.36-7.31(m,2H), 7.29-7.21 (m, 5H), 7.17 - 7.13 (m,

MeS

2H), 3.93 (s, 2H), 2.46 (s, 3H); *C NMR (101 MHz,

CDCls) § 137.9, 136.7, 133.7, 129.5, 129.2, 128.7, 127.7,

127.2, 43.5, 16.1; IR (KBr, v / cm™) 3030, 2920, 1575,
1497, 1476, 1456, 1435,1388, 1101, 1072, 1012, 967, 810, 764, 699; HRMS (EI)
Calcd for C14H14S3 278.0258, found 278.0262.

3f

4-(benzyldisulfanyl)benzaldehyde (39)

26.0 mg, 50 %, colorless oil; *H NMR (300 MHz, CDCls) §
Sss-BN| 9.3 (s, 1H), 7.76 — 7.70 (m, 2H), 7.54 — 7.49 (m, 2H), 7.29

OHC/©/ 3g —7.21 (m, 5H), 3.96 (s, 2H); **C NMR (75 MHz, CDCl3) &

191.3, 145.8, 136.2, 134.5, 130.1, 129.5, 128.8, 127.9,

126.1, 43.7; IR (KBr, v/ cm™) 1698, 1590, 1564, 1387, 1301, 1210, 1169, 1072, 835,

816, 766, 699; HRMS (EI) Calcd for C14H12.0S, 260.0330, found 260.0326.

1-(4-(benzyldisulfanyl)phenyl)ethanone (3h)
42.2 mg, 77 %, colorless oil; *tH NMR (300 MHz, CDCls) §
S.g-Bn| 7.88-7.77 (m, 2H), 7.51 — 7.40 (m, 2H), 7.33 - 7.17 (m, 5H),
Y© 3.94 (s, 2H), 2.57 (s, 3H); 3C NMR (75 MHz, CDCls) &
3h 197.2, 143.8, 136.3, 135.1, 129.4, 128.8, 128.7, 127.8, 125.9,
435, 26.7; IR (KBr, v/ cm-1) 1683, 1588, 1497, 1456, 1396,

1359, 1264, 1087, 958, 822, 762, 699; HRMS (EI) Calcd for C1sH140S, 274.0486,
found 274.0481.

S11 /S181



Ethyl 4-(benzyldisulfanyl)benzoate (3i)
29.8 mg, 49 %, colorless oil; *H NMR (400 MHz, CDCls)

QS\S/B“ §7.94—7.89 (m, 2H), 7.47 — 7.42 (m, 2H), 7.30 — 7.20 (m,
EtO,C

5H), 4.36 (q, J = 7.1 Hz, 2H), 3.94 (s, 2H), 1.39 (t, J = 7.1
Hz, 3H); IR (KBr, v/ em™) 1718, 1592, 1398, 1366, 1273,
1176, 1105, 1016, 848, 759, 699; 3C NMR (101 MHz, CDCls) & 166.3, 143.3, 136.3,
130.0, 129.5, 128.7, 128.5, 127.9, 125.9, 61.1, 43.5, 14.5; HRMS (EI) Calcd for
C16H1602S2 304.0592, found 304.0590.

4-(benzyldisulfanyl)-N,N-dimethylbenzamide (3j)
34.6 mg, 57 %, colorless oil; *H NMR (400 MHz,
S<g-B"| cDCls) 57.45—7.40 (m, 2H), 7.34—7.29 (m, 2H), 7.28
MGZNOC/©/ 3 ~7.19 (M, 5H), 3.94 (s, 2H), 3.10 (s, 3H), 2.97 (s, 3H);
13C NMR (101 MHz, CDCls) & 171.1, 139.1, 136.5,
134.6, 129.5, 128.7, 127.8, 127.7, 126.9, 43.5, 39.7, 35.5; IR (KBr, v/ Cm'l) 2930,
1634, 1595, 1480, 1453, 1396, 1087, 1016, 837, 757, 699; HRMS (EI) Calcd for
C16H17NOS; 303.0752, found 303.0754.

4-(benzyldisulfanyl)-N-methylbenzamide (3k)

27.7 mg, 48 %, White solid, mp 95-97 °C; 'H NMR
/©/S\S’Bn (300 MHz, CDCl3) 6 7.67 — 7.63 (m, 2H), 7.47 —7.41

MeHNOC

3k (m, 2H), 7.30—7.22 (m, 5H), 6.16 (s, 1H), 3.94 (s, 2H),
3.01 (d, J=4.9 Hz, 3H); *C NMR (75 MHz, CDCls) §
167.6, 141.5, 136.4, 132.7, 129.5, 128.7, 127.8, 127.4, 126.6, 43.6, 27.0; IR (KBr, v/
cm™) 3308, 2926, 1638, 1593, 1545, 1485, 1411, 1318, 1142, 1077, 844, 759, 699;
HRMS (EI) Calcd for C1sH1sNOS; 289.0595, found 289.0589.

1-benzyl-2-(4-vinylphenyl)disulfane (3I)

29.9 mg, 58 %, colorless oil; *H NMR (400 MHz, CDCl3) &
\/@S\sﬁ” 7.41-7.37 (m, 2H), 7.31 (d, J = 8.4 Hz, 2H), 7.29 — 7.21 (m,
A 3| 5H), 6.67 (dd, J = 17.6, 10.9 Hz, 1H), 5.73 (d, J = 17.6 Hz,
1H), 5.24 (d, J = 10.9 Hz, 1H), 3.93 (s, 2H); *C NMR (101
MHz, CDCl3) 8 136.7, 136.63, 136.55, 136.2, 129.5, 128.7, 128.2, 127.7, 126.9, 114.2,

43.5; IR (KBr, v/ cm™) 3066, 3032, 1592, 1489, 1453, 1394, 1075, 1012, 990, 911,
833, 764, 699; HRMS (EI) Calcd for C1sH14S2 258.0537, found 258.0536.

1-benzyl-2-(4-fluorophenyl)disulfane (3m)

27.0 mg, 54 %, colorless oil; 'H NMR (400 MHz, CDCl3) &

\ QS\S/B” ] 7.40—7.32 (m, 2H), 7.30 — 7.21 (m, 5H), 6.99 — 6.91 (m, 2H),
F

3.93 (s, 2H): 1°F NMR (376 MHz, CDCls) & -114.8; *°C NMR
(101 MHz, CDCls) 5 162.3 (d, J = 247.0 Hz), 136.6, 132.4 (d,
J=3.2 Hz), 130.8 (d, J = 8.2 Hz), 129.5, 128.7, 127.7, 116.1 (d, J = 22.1 Hz), 43.6;

3m
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IR (KBr, v/cm™) 1590, 1489, 1456, 1228, 1156, 1075, 1012, 826, 762, 699; MS (EI)
m/z 250 (M™). Data are consistent with literature report.?

1-benzyl-2-(4-chlorophenyl)disulfane (3n)

29.3 mg, 55 %, colorless oil; *H NMR (400 MHz, CDCls) §
/@/S\S/B” 7.34 —7.29 (m, 2H), 7.29 — 7.19 (m, TH), 3.93 (s, 2H); 3C

Cl

3n NMR (101 MHz, CDCls) 6 136.5, 135.8, 132.9, 129.5, 129.2,
129.1, 128.7, 127.8, 43.5; IR (KBr, v / cm™) 3064, 3032,
2924, 1495, 1474, 1454, 1388, 1090, 1012, 814, 764, 699; MS (EI) m/z 266 (M™).
Data are consistent with literature report.?

1-benzyl-2-(4-bromophenyl)disulfane (30)
39.1 mg, 63 %, colorless oil; *H NMR (400 MHz, CDCl3) &
Sg-Bn| 7.38-7.33 (m, 2H), 7.29 — 7.20 (m, 7H), 3.91 (s, 2H); °C
Br/©/ NMR (101 MHz, CDCls) & 136.49, 136.48, 132.0, 129.5,
129.3, 128.7, 127.8, 120.8, 43.6; IR (KBr, v / cm™) 3066,
3032, 2919, 1497, 1472, 1387, 1077, 1008, 811, 764, 699; HRMS (EI) Calcd for
C13H11"°BrS; 309.9486, Found 309.9481; Calcd for Ci3H11%!BrS, 311.9465, Found
311.9461.

3o

1-benzyl-2-(4-iodophenyl)disulfane (3p)

46.5 mg, 65 %, White solid, mp 78-80 °C; *H NMR (400 MHz,
S<g-B" | cDCl3) §7.58 —7.53 (m, 2H), 7.29 — 7.21 (m, 5H), 7.16 — 7.10

|/©/ (m, 2H), 3.92 (s, 2H); 13C NMR (101 MHz, CDCls) & 137.9,

137.4, 136.5, 129.5, 129.4, 128.7, 127.8, 91.8, 43.6; IR (KB,

v/cm?) 1467, 1454, 1379, 1111, 1075, 1001, 917, 805, 699; HRMS (EI) Calcd for

C13H111S2 357.9347, found 357.9341.

3p

1-benzyl-2-(4-(trifluoromethoxy)phenyl)disulfane (3q)
s Bn 44.2 mg, 70 %, colorless oil; *H NMR (400 MHz, CDCls3) §
/@ s’ 7.40 —7.34 (m, 2H), 7.26 — 7.19 (m, 5H), 7.07 (m, 2H), 3.93
F4CO 3q (s, 2H); °F NMR (282 MHz, CDCl3) § -53.3; *C NMR
(101 MHz, CDCl3) 6 148.2 (q, J = 1.8 Hz), 136.5, 136.0,
129.5, 129.2, 128.7, 127.8, 121.6 (d, J = 0.5 Hz), 120.6 (q, J = 257.3 Hz), 43.7; IR
(KBr, v / ecm™) 1489, 1456, 1261, 1221, 1206, 1165, 1075, 1012, 844, 764, 699;
HRMS (El) Calcd for C14H11F30S2 316.0203, found 316.0215.

1-benzyl-2-(4-(trifluoromethyl)phenyl)disulfane (3r)
33.0 mg, 55 %, colorless oil; *H NMR (400 MHz,
Ssg-B"|  Acetone-de) 5 7.66 — 7.59 (m, 4H), 7.36 7.33 (m, 2H), 7.31 —
FBCQ 7.21 (m, 3H), 4.09 (s, 2H); 1°F NMR (282 MHz, CDCl3) §
-58.1; 3C NMR (101 MHz, Acetone-ds) & 143.4 (d, J = 1.3

3r
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Hz), 137.5, 130.4, 129.4, 128.5, 127.4, 126.6 (g, J = 3.9 Hz), 123.9, 121.2, 43.7; IR
(KBr, v/ cm) 3034, 1604, 1497, 1456, 1403, 1327, 1165, 1124, 1014, 829, 764, 699;
HRMS (EI) Calcd for C14H11F3sS, 300.0254, found 300.0261.

4-(benzyldisulfanyl)benzonitrile (3s)

35.5 mg, 69 %, White solid, mp 50-52 °C; *H NMR (400
/©/S\ _Bn| MHz, CDClz) 6 7.48 — 7.45 (m, 2H), 7.44 — 7.40 (m, 2H),

NC

S

7.26 — 7.20 (m, 5H), 3.94 (s, 2H); *C NMR (101 MHz,
CDCls) 6 144.2, 136.1, 132.3, 129.4, 128.7, 128.0, 126.3,
118.8, 109.6, 43.7; IR (KBr, v/ cm™) 2227, 1590, 1493, 1452, 1398, 1198, 1182, 1142,
1075, 1014, 822, 764, 697; MS (EI) m/z 257 (M™). Data are consistent with literature
report.?

1-benzyl-2-(4-(methylsulfonyl)phenyl)disulfane (3t)
37.8 mg, 61 %, White solid, mp 51-52 °C; *H NMR (400
Ssg-B" | MHz, CDCls) § 7.78 — 7.74 (m, 2H), 7.54 — 7.49 (m, 2H),
Me028/©/ 7.27—7.19 (m, 5H), 3.96 (s, 2H), 3.02 (s, 3H); *C NMR
(75 MHz, CDCls) 6 145.2, 138.1, 136.1, 129.5, 128.7,
127.9,127.7, 126.4, 44.7, 43.6; IR (KBr, v/ cm™) 3019, 2924, 1577, 1472, 1453, 1392,
1310, 1152, 1090, 1071, 956, 826, 773, 729, 699; MS (El) m/z 310 (M*). Data are
consistent with literature report.®

3t

1-benzyl-2-(3-methoxyphenyl)disulfane (3u)
41.9 mg, 80 %, colorless oil; TH NMR (300 MHz, CDClz) & 7.30

S___B
s | ~7.22(m, 5H), 7.21 — 7.15 (m, 1H), 7.06 — 6.99 (m, 2H), 6.75 -
\ 6.71 (m, 1H), 3.93 (s, 2H), 3.77 (s, 3H): 13C NMR (75 MHz,
OMe CDCly) 6 160.1, 138.4, 136.7, 129.9, 129.5, 128.7, 127.7, 119.7,

112.9, 112.4, 55.4, 43.5; IR (KBr, v/ cm™) 3064, 3032, 2937,
2835, 1590, 1478, 1424, 1282, 1247, 1230, 1042, 1072, 855, 768, 699; MS (EIl) m/z
262 (M™). Data are consistent with literature report.®

1-benzyl-2-(3,5-dimethylphenyl)disulfane (3v )
33.3 mg, 64 %, colorless oil; *H NMR (300 MHz, CDCls) §
MGQS\S/BH 7.31-7.23 (m, 5H), 7.02 (s, 2H), 6.82 (s, 1H), 3.93 (s, 2H),

2.27 (s, 6H); 3C NMR (75 MHz, CDCls) § 138.7, 137.0,
3v 136.6, 129.5, 128.9, 128.6, 127.6, 1255, 43.7, 21.4; IR
(KBr, v/ cm™) 3032, 2917, 1601, 1579, 1495, 1454, 1198,
1135, 1071, 1028, 839, 764, 697; HRMS (EI) Calcd for CisH16S2 260.0693, found
260.0686.

Me
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1-([1,1'-biphenyl]-3-yl)-2-benzyldisulfane (3w)
s o 41.3 mg, 67 %, colorless oil; *H NMR (400 MHz, CDCls) § 7.67
87 —7.62 (m, 1H), 7.56 — 7.51 (m, 2H), 7.46 — 7.32 (m, 6H), 7.29 —
©/ 7.16 (m, 5H), 3.96 (s, 2H). 1*C NMR (101 MHz, CDCl3) § 142.1,
Ph 140.6, 137.8, 136.8, 129.5, 129.4, 129.0, 128.7, 127.8, 127.7,
127.3, 126.5, 126.3, 125.8, 43.7; IR (KBr, v/ cm™) 3062, 3032,
1588, 1564, 1495, 1463, 1398, 1232, 1198, 1075, 911, 889, 792, 755, 697; HRMS (EI)
Calcd for C19H16S2 308.0693, found 308.0690.

1-benzyl-2-(3-fluorophenyl)disulfane (3x)
s g 26:5mg,53%, colorless oil; *H NMR (400 MHz, CDCl3) § 7.29 —
87 7.12 (m, 8H), 6.88 — 6.82 (m, 1H), 3.93 (s, 2H); °F NMR (282
©/ MHz, CDCls) § - 112.0; *C NMR (101 MHz, CDCl3) § 163.2 (d,
F 3x J=248.6 Hz), 139.8 (d, J = 7.2 Hz), 136.5, 130.3 (d, J = 8.4 Hz),
129.5,128.7, 127.8, 122.7 (d, J = 3.0 Hz), 114.0 (d, J = 24.1 Hz),
113.7 (d, J = 21.5 Hz), 43.6; IR (KBr, v/ cm™) 3068, 3034, 1597, 1584, 1495, 1470,
1456, 1429, 1264, 1213, 876, 775, 699, 677; HRMS (El) Calcd for CisHuFS:

250.0286, found 250.0280.

1-benzyl-2-(3-chlorophenyl)disulfane (3y)
s Bn 34.0 mg, 64 %, colorless oil; *H NMR (400 MHz, CDCl3) § 7.36 -
© 87 7.35 (m, 1H), 7.28 — 7.21 (m, 6H), 7.18 — 7.10 (m, 2H), 3.93 (s,

2H); C NMR (101 MHz, CDCls) § 139.3, 136.4, 135.0, 129.9,
o ¥ 1295, 128.7, 127.8, 126.94, 126.88, 125.4, 43.6; IR (KBr, v /
cml) 3066, 3032, 1575, 1495, 1459, 1407, 1073, 773, 697, 677;

HRMS (EI) Calcd for C1sHi1CIS; 265.9991, found 265.9999.

1-benzyl-2-(3-nitrophenyl)disulfane (3z)
37.7 mg, 68 %, yellow oil; *H NMR (400 MHz, CDCl3) & 8.18 —

S__B
s | 8.7 (m, 1H), 7.96 — 7.93 (M, 1H), 7.62 — 7.59 (m, 1H), 7.38 -
7.34 (m, 1H), 7.28 — 7.12 (m, 5H), 3.97 (s, 2H); 13C NMR (101
NO, Z MHz, CDCls) & 148.6, 140.3, 136.1, 132.4, 129.53, 129.51,

128.7, 127.9, 121.4, 121.3, 43.7; IR (KBr, v/ cm™) 2928, 2853,
1522, 1497, 1456, 1347, 1271, 1123, 1073, 889, 874, 801, 766, 731, 699, 667; HRMS
(El) Calcd for C13H11NO-S, 277.0231, found 277.0237.

1-benzyl-2-(o-tolyl)disulfane (3aa)

s Bn 35.4 mg, 72 %, colorless oil; *H NMR (400 MHz, CDCls) §
s 7.63 (d, J = 7.3 Hz, 1H), 7.30 — 7.20 (m, 5H), 7.19 — 7.11 (m,

C[Me 3aa 3H), 3.92 (s, 2H), 2.38 (s, 3H); **C NMR (101 MHz, CDCls) §

137.3, 136.7, 135.6, 130.5, 129.5, 128.7, 128.2, 127.7, 127.1,

126.6, 43.4, 20.1; IR (KBr, v/ cm™) 3064, 3032, 2924, 1590, 1495, 1456, 1044, 747,
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699; MS (El) m/z 246 (M™). Data are consistent with literature report.

1-benzyl-2-(2-chlorophenyl)disulfane (3ab)
S. Bn 32.5 mg, 61 %, colorless oil; *H NMR (400 MHz, CDCls) § 7.64
@[ s (dd,J=7.9,1.5Hz, 1H), 7.32—-7.17 (m, 7H), 7.12 — 7.08 (m, 1H),
cl 3ab | 3.94 (s, 2H); 3C NMR (101 MHz, CDCls) § 136.4, 135.7, 132.0,
129.7, 129.4, 128.7, 127.8, 127.5, 127.4, 127.3, 43.6; IR (KBr, v
/ cm™) 3066, 3030, 2928, 1575, 1495, 1448, 1031, 749, 697; HRMS (EIl) Calcd for
C13H1:CIS, 265.9991, found 266.0002.

1-benzyl-2-(3,5-difluorophenyl)disulfane (3ac)
- s on 28.4 mg, 53 %, colorless oil; *H NMR (400 MHz, CDCl3) &
57 7.31—7.21 (m, 5H), 6.94 — 6.86 (M, 2H), 6.57 (tt, J = 8.7, 2.2
\©/ Hz, 1H), 3.94 (s, 2H); °F NMR (282 MHz, CDCls) 5 -109.3 —
goosac -109.6 (m); 3C NMR (101 MHz, CDCls) § 163.2 (d, J =
238.2 Hz), 163.2 (d, J = 263.7 Hz), 1416 (t, J = 9.0 Hz),
136.2, 129.5, 128.8, 128.0, 109.4 (d, J = 11.9 Hz), 109.4 (d, J = 27.6 Hz), 102.1 (t, J =

25.6 Hz), 43.7; IR (KBr, v/ cm™) 3088, 3032, 1608, 1590, 1456, 1428, 1288, 1120,
986, 846, 764, 699, 665; HRMS (EI) Calcd for C13H10F2S2 268.0192, found 268.0180.

1-benzyl-2-(3,5-bis(trifluoromethyl)phenyl)disulfane (3ad)
s Bn 27.2 mg, 37 %, colorless oil; *H NMR (300 MHz, CDCls) §
s’ 7.69 (s, 2H), 7.55 (s, 1H), 7.27 — 7.09 (m, 5H), 3.96 (s, 2H);
F NMR (282 MHz, CDCl3) § -63.25 — -63.53 (m); 13C
cF, Sad NMR (101 MHz, CDCls) 8 141.1, 135.9, 132.0 (g, J = 33.5
Hz), 129.5, 128.7, 128.1, 126.5 (d, J = 3.0 Hz), 123.1 (q, J
= 273.1 Hz), 120.6 — 119.7 (m), 43.8; IR (KBr, v/ cm™) 3032, 1456, 1351, 1279, 1180,
1135, 1105, 887, 844, 764, 710, 699, 682; HRMS (EI) Calcd for C1sH10FsS. 368.0128,
found 368.0118.

F5;C

1-benzyl-2-(3,4,5-trifluorophenyl)disulfane (3ae)

23.5 mg, 41 %, colorless oil; *H NMR (400 MHz, CDCls) §
F Ssg-BM"| 7.30 - 7.21 (m, 5H), 6.98 — 6.89 (m, 2H), 3.93 (s, 2H); 1°F
Fj;j/ 300 NMR (376 MHz, CDCls) 6 -133.09 (d, J = 20.4 Hz), -161.94

E (t, J = 20.4 Hz); 3C NMR (101 MHz, CDCls) § 151.2 (ddd, J
= 252.7, 10.6, 3.9 Hz), 138.5 (dt, J = 251.4, 15.5 Hz), 136.2,
133.6 — 133.4 (m), 129.5, 128.7, 128.0, 111.2 (d, J = 23.5 Hz), 111.2 (d, J = 10.4 Hz),

43.7; IR (KBr, v/ cm™) 3032, 1316, 1616, 1515, 1428, 1316, 1232, 1047, 842, 759,
699; HRMS (EI) Calcd for C13HgF3S2 286.0098, found 286.0012.
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1-benzyl-2-(2,6-dimethoxyphenyl)disulfane (3af)
OMe 35.6 mg, 61 %, colorless oil; *H NMR (300 MHz, CDCls) &
f S.__Bn 7.36 — 7.29 (m, 3H), 7.29 — 7.21 (m, 3H), 6.60 (s, 1H), 6.57 (s,

1H), 4.09 (s, 2H), 3.90 (s, 6H); *C NMR (75 MHz, CDCls) &
OMe 3af | 1613, 138.0, 131.4, 129.6, 129.3, 128.5, 127.3, 104.3, 56.3,
44.2; IR (KBr, v/ cm'Y) 2933, 1580, 1470, 1431, 1252, 1105,

773, 699; HRMS (EI) Calcd for C1sH1s02S, 292.0592, found 292.0595.

5-(benzyldisulfanyl)benzo[d][1,3]dioxole (3ag)

S s B 41.4 mg, 75 %, colorless oil; 'H NMR (300 MHz, CDCl3) §
% ]© ~s” 7.34 — 7.21 (m, 5H), 6.97 — 6.87 (m, 2H), 6.74 — 6.66 (m,
0 3ag 1H), 5.96 (m, 2H), 3.93 (s, 2H); 3C NMR (75 MHz, CDCl5)
5 148.3, 147.8, 136.8, 129.7, 129.6, 128.6, 127.6, 124.0,
110.7, 108.6, 101.5, 43.4; IR (KBr, v/ cm™) 3028, 2894, 1500, 1478, 1236, 1107,
1038, 936, 889, 807, 699; MS (El) m/z 276 (M"). Data are consistent with literature
report.®

1-benzyl-2-(naphthalen-2-yl)disulfane (3ah)
s Bn 44.0 mg, 78 %, White solid, mp 70-71 °C; *H NMR (400
“$"7| MHz, CDCls) § 7.84 (s, 1H), 7.79 — 7.68 (m, 3H), 7.53 —
3ah 7.39 (m, 3H), 7.29 — 7.16 (m, 5H), 3.95 (s, 2H); *C NMR
(101 MHz, CDCl3) 6 136.7, 134.4, 133.6, 132.4, 129.5, 128.8,
128.6, 127.8, 127.7, 127.5, 126.7, 126.4, 126.1, 125.9, 43.5; IR (KBr, v/ cm™) 3055,

3032, 1588, 1497, 1454, 1133, 1072, 941, 855, 814, 764, 744, 699; HRMS (EI) Calcd
for C17H14S, 282.0537, found 282.0531.

1-benzyl-2- (phenanthren -9-yl)disulfane (3ai)

Bn 45.8 mg, 69 %, White solid, mp 91-92 °C; 'H NMR (400 MHz,
3ai  s-§ CDCl3) & 8.69 — 8.63 (m, 1H), 8.59 (d, J = 8.1 Hz, 1H), 8.46 —
8.37 (m, 1H), 8.02 (s, 1H), 7.81 — 7.75 (m, 1H), 7.69 — 7.53 (m,
QGO 4H), 7.29 — 7.14 (m, 5H), 3.96 (s, 2H); 3C NMR (101 MHz,
] CDCl3) 6 136.8, 131.7, 131.6, 131.1, 130.7, 130.3, 129.5, 129.0,
128.7, 128.5, 127.7, 127.2, 127.12, 127.11, 127.0, 125.6, 123.3,
122.7, 43.3; IR (KBr, v/ cm™) 3058, 3029, 1588, 1493, 1452, 1368, 1243, 1142, 889,

747,721, 699; HRMS (EI) Calcd for C2:1H16S2 332.0693, found 332.0690.

2-(benzyldisulfanyl)-6-methoxypyridine (3aj)
26.8 mg, 51 %, colorless oil; *H NMR (300 MHz, CDCls) &
1 s 8.17 (d, J = 2.5 Hz, 1H), 7.55 (dd, J = 8.6, 2.5 Hz, 1H),
MeO™ "N” °S”""Bn| 7.32_7.20 (m, 5H), 6.64 (d, J = 8.6 Hz, 1H), 3.94 (s, 2H),
3aj 3.92 (s, 3H); 3C NMR (75 MHz, CDCls) & 164.1, 149.2,
141.9, 136.6, 129.6, 128.7, 127.7, 125.8, 111.8, 53.8, 43.4;
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IR (KBr, v/ cm™) 3032, 2943, 1586, 1558, 1476, 1364, 1303, 1282, 1251, 1126, 1021,
828, 764, 699; HRMS (EI) Calcd for C13H13NOS; 263.0439, found 263.0437.

3-(benzyldisulfanyl)quinoline (3ak)
s__Bn| 39:1mg, 69 %, colorless oil; *H NMR (300 MHz, CDCls) §
m S 8.84 - 8.83 (m, 1H), 8.06 — 8.04 (m, 1H), 7.98 -7.97 (m, 1H),
N 7.69 — 7.64 (m, 2H), 7.54 — 7.49 (m, 1H), 7.30 — 7.10 (m,
5H), 3.98 (s, 2H); *C NMR (75 MHz, CDCls) § 150.4, 146.9,
136.4, 135.0, 131.1, 129.6, 129.5, 129.3, 128.7, 127.9, 127.8, 127.3, 43.6; IR (KBr, v/

cm™) 3030, 3062, 1493, 1454, 1355, 1197, 1126, 1072, 956, 896, 863, 783, 751, 699;
HRMS (EI) Calcd for C16H13NS2 283.0489, found 283.0491.

4-(benzyldisulfanyl)-N,N-diphenylaniline (3al)
s Bn 41.5 mg, 52 %, colorless oil; *tH NMR (400 MHz, CDCl3) &
O 87| 7.29 — 7.23 (m, 11H), 7.11 — 7.01 (m, 6H), 6.96 — 6.92 (m,
Ph .\ 2H), 3.96 (s, 2H); 3C NMR (101 MHz, CDCls) & 147.5,
Ph 137.0, 130.7, 129.8, 129. 6, 129.5, 128.6, 127.6, 125.2,
124.7, 123.8, 123.4, 43.7; IR (KBr, v/ cm™) 3058, 3029,
2913, 1584, 1489, 1314, 1277, 1180, 1077, 822, 755, 695; HRMS (EI) Calcd for
C2sH21NS, 399.1115, found 399.1111.

1-benzyl-2-(9,9-dimethyl-9H-fluoren-2-yl)disulfane (3am)
45.3 mg, 65 %, colorless oil; *tH NMR (400 MHz, CDCls)
S.g-Bn| 87.70-7.66 (m, 1H), 7.61 (m, 1H), 7.49 (m, 1H), 7.43 -
.O 7.39 (m, 2H), 7.35 — 7.21 (m, 7H), 3.98 (s, 2H), 1.46 (s,
O 3am 6H); 3C NMR (75 MHz, CDCls) 5 154.6, 153.7, 138.7,
138.6, 136.9, 136.0, 129.5, 128.7, 127.7, 127.6, 127.3,
127.2,122.8,120.4, 120.2, 47.1, 43.8, 27.2; IR (KBr, v/ cm™) 3060, 3030, 2961, 2922,
2860, 1601, 1495, 1470, 1444, 1405, 826, 777, 759, 736, 699; MS (El) m/z 348 (M").
Data are consistent with literature report.

HaC CHs

9-(4-(benzyldisulfanyl)phenyl)-9H-carbazole (3an)

45.3 mg, 57 %, White solid, mp 110-111 °C; *H NMR
O (400 MHz, CDCls) 6 8.13 (d, J = 7.7 Hz, 2H), 7.61 —
N—@—S\ 7.55 (m, 2H), 7.43 — 7.34 (m, 6H), 7.33 — 7.20 (m, 7H),
S—Bn
O 3an

4.02 (s, 2H); 3C NMR (101 MHz, CDCls) & 140.9,
136.7, 136.5, 136.5, 129.6, 129.0, 128.7, 127.8, 127.5,
126.1, 123.6, 120.5, 120.2, 109.8, 43.9; IR (KBr, v /
cml) 3062, 1597, 1498, 1480, 1452, 1362, 1336, 1316, 1232, 1182, 1016, 913, 826,
751, 725, 699; HRMS (EI) Calcd for CasH19NS; 397.0959, found 397.0952.
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4-(benzyldisulfanyl)dibenzol[b,d]thiophene (3a0)

32.5 mg, 48 %, colorless oil; *H NMR (400 MHz, CDCls) §
O S 8.16 — 8.11 (m, 1H), 8.06 (m, 1H), 7.92 — 7.86 (m, 1H),
S\S/Bn 7.59 (m, 1H), 7.51 — 7.44 (m, 2H), 7.40 (t, J = 7.7 Hz, 1H),
O 7.30 — 7.20 (m, 5H), 4.02 (s, 2H); **C NMR (101 MHz,
CDCls) 6 141.9, 139.7, 136.6, 136.5, 135.8, 130.6, 129.6,
128.9, 128.7, 127.7, 127.2, 125.2, 124.7, 123.0, 122.1, 121.3, 44.1; IR (KBr, v/ cm™)
3055, 3032, 2920, 1493, 1452, 1437, 1383, 1304, 1249, 1105, 1031, 792, 749, 697,

HRMS (EI) Calcd for C19H14S3 338.0258, found 338.0262.

3ao

(E)-1-benzyl-2-styryldisulfane (3ap)
~_S.__Bn 31.5mg, 61 %, colorless oil; *H NMR (400 MHz, CDCls) &
(@N S| 7.34-7.20 (m, 10H), 6.67 (d, J = 15.3 Hz, 1H), 6.48 (d, J =
3ap 15.3 Hz, 1H), 3.96 (s, 2H); 1*C NMR (101 MHz, CDCls) &
137.1, 136.2, 130.7, 129.6, 128.8, 128.7, 127.79, 127.76,
126.3, 125.8, 43.2; IR (KBr, v/ cm™) 3064, 3027, 2920, 1601, 1454, 1495, 1230, 1198,
1072, 1029, 941, 764, 738, 691; MS (EI) m/z 258 (M*). Data are consistent with
literature report.®

1-benzyl-2-(cyclopent-1-en-1-yl)disulfane (3aq)

s on 24.0 mg, 54 %, colorless oil; *H NMR (400 MHz, CDCls) & 7.33

@Sf —7.22 (m, 5H), 5.79 — 5.72 (m, 1H), 3.91 (s, 2H), 2.45 — 2.33 (m,

\ 3aq 4H), 1.97 — 1.88 (m, 2H); 3C NMR (101 MHz, CDCls) § 137.3,

137.2, 129.7, 129.5, 128.6, 127.6, 43.6, 35.1, 33.3, 23.8; IR (KB,

v/ cem™) 3029, 2950, 2930, 2848, 1497, 1456, 1198, 1071, 1038, 945, 803, 764, 697;
HRMS (EI Calcd for C12H14S2 222.0537, found 222.0540.

7-(benzyldisulfanyl)-2H-chromen-2-one (3ar)

30.6 mg, 51 %, White solid, mp 84-85 °C; *H NMR (400

s o. .ol MHz, CDCls) & 7.64 (d, J = 9.5 Hz, 1H), 7.39 (m, 1H),

©/\j 7.34—7.31 (m, 1H), 7.30 — 7.18 (m, 6H), 6.36 (d, J = 9.5

Hz, 1H), 3.96 (s, 2H); *C NMR (101 MHz, CDCl3) &

Sar 160.6, 154.4, 143.2, 143.0, 136.1, 129.5, 128.7, 128.0,

127.9, 122.2, 117.1, 115.9, 113.8, 43.5; IR (KBr, v/ cm™) 3064, 3030, 1735, 1602,

1545, 1495, 1456, 1411, 1392, 1262, 1219, 1144, 1101, 956, 913, 837, 749, 699;
HRMS (EI) Calcd for C16H1202S2 300.0279, found 300.0274.
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(8R,9S,13S,14S)-3-(benzyldisulfanyl)-13-methyl-7,8,9,11,12,13,15,16-octahydro-6H-

cyclopenta[a]phenanthren-17(14H)-one (3as)

40.8 mg, 50 %, colorless oil; *H NMR (400 MHz,

CDCl3) 6 7.33 —7.18 (m, 7H), 7.12 (s, 1H), 3.94 (s, 2H),
2.87 —2.84 (m, 2H), 2.54 — 2.47 m, 1H), 2.43 — 2.36 (m,

1H), 2.30 — 2.24 (m, 1H), 2.20 — 1.94 (m, 4H), 1.68 —
1.37 (m, 6H), 0.91 (s, 3H); 3C NMR (101 MHz, CDCls)
5 220.9, 139.1, 137.6, 136.9, 134.1, 129.5, 128.8, 128.6, 127.6, 126.2, 125.8, 50.6,

48.1, 44.4, 43.6, 38.1, 36.0, 31.7, 29.4, 26.5, 25.8, 21.7, 14.0; IR (KBr, v/ cm™) 2928,

2863, 1737, 1599, 1493, 1452, 1403, 1374, 1260, 1182, 1079, 1051, 1008, 885, 818,

766, 736, 699; HRMS (EI) Calcd for C2sH280S> 408.1582, found 408.1587.

(8R,9S,13S,14S)-13-methyl-3-(p-tolyldisulfanyl)-7,8,9,11,12,13,15,16-octahydro-6H-
cyclopenta[a]phenanthren-17(14H)-one (3at)
32.7 mg, 40 %, colorless oil; *H NMR (400 MHz,
CDCl3) 6 7.40 — 7.38 (m, 2H), 7.29 — 7.26 (m, 1H),
7.23 —7.21 (m, 2H), 7.12 — 7.10 (m, 2H), 2.89 —
Sig 2.85 (m, 2H), 2.54 — 2.47 (m, 1H), 2.42 — 2.34 (m,
/©/ 3at 1H), 2.32 (s, 3H), 2.31 - 2.23 (m, 1H), 2.19 - 2.12
Me (m, 1H), 2.10 - 1.92 (m, 3H), 1.66 — 1.58 (m, 1H),
1.55 —1.36 (m, 5H), 0.90 (s, 3H); *C NMR (101 MHz, CDCls3) § 220.9, 139.3, 137.7,
137.5, 134.4, 134.1, 129.9, 128.6, 128.5, 126.3, 125.6, 50.6, 48.1, 44.4, 38.2, 36.0,
31.7, 29.5, 26.5, 25.8, 21.7, 21.2, 14.0; HRMS (EI) Calcd for CzsH230S> 408.1582,
found 408.1586.

MeO

1,2-diphenyldisulfane (4a)
23.5 mg, 54 %, White solid, mp 61-62 °C; 'H NMR (400 MHz,
S @ CDCl3) & 7.52 — 7.46 (m, 4H), 7.31 — 7.27 (m, 4H), 7.23 —
©/ S 7.20 (m, 2H); 3C NMR (101 MHz, CDCls) § 137.2, 129.2,
4a 127.7,127.3; IR (KBr, v/ cm™) 3073, 3058, 1577, 1476, 1439,
1299, 1265, 1074, 1023, 997, 902, 740, 688; MS (EI) m/z 218
(M"). Data are consistent with literature report.*

1-(4-(tert-butyl)phenyl)-2-phenyldisulfane (4a”)
25.8 mg, 47 %, colorless oil; *H NMR (400 MHz, CDCls) §

t-Bu\©\ 7.54 — 7.49 (m, 2H), 7.44 — 7.40 (m, 2H), 7.34 — 7.28 (m,
s> Ph 4H), 7.25 - 7.19 (m, 1H), 1.29 (s, 9H); 3C NMR (101 MHz,
4a’ CDCls) 6 150.8, 137.5, 133.8, 129.2, 128.0, 127.6, 127.2,

126.3, 34.7, 31.4; IR (KBr, v/ cm™) 2965, 2906, 2870, 1580,
1478, 1441, 1398, 1364, 1269, 1116, 1023, 913, 822, 740, 688; HRMS (EI) Calcd for
C16H1sS2 274.0850, found 274.0852.
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1-phenyl-2-(p-tolyl)disulfane (4b)

28.3 mg, 61 %, colorless oil; *H NMR (400 MHz, CDCl3) §
"h\s/S@ 7.52 — 7.47 (m, 2H), 7.39 — 7.37 (m, 2H), 7.31 — 7.27 (m, 2H),
Me | 7.25-7.19 (m, 1H), 7.10 (d, J = 8.0 Hz, 2H), 2.31 (s, 3H): 13C
4b NMR (101 MHz, CDCl3) & 137.7, 137.5, 133.8, 130.0, 129.2,
128.5, 127.8, 127.2, 21.2; IR (KBr, v/ cm™) 3055, 2922, 2857,
1579, 1489, 1478, 1439, 1303, 1180, 1077, 1018, 908, 803, 738, 688; HRMS (EI)

Calcd for C13H12S, 232.0380, found 232.0376.

1-(4-chlorophenyl)-2-phenyldisulfane (4c)
31.7 mg, 63 %, colorless oil; *H NMR (400 MHz, CDCl3) §
Ph\sf8\© 7.48 — 7.45 (m, 2H), 7.43 — 7.38 (m, 2H), 7.32 — 7.20 (M, 5H);
c | BC NMR (101 MHz, CDCls) & 136.7, 135.7, 133.4, 129.3,
4c 129.3,129.1, 127.9, 127.6; IR (KBr,v/cm'l) 1579, 1474, 1439,
1388, 1277, 1091, 1012, 913, 814, 744, 688; HRMS (EI) Calcd

for C12HoCIS2 251.9834, found 251.9828.

1-(4-methoxybenzyl)-2-phenyldisulfane (4e)

s 37.2mg, 71 %, colorless oil; *H NMR (300 MHz, CDCls)

Ph” \S/\Q § 7.47 — 7.43 (m, 2H), 7.32 — 7.23 (m, 2H), 7.22 — 7.15
4e oMel (M, 3H), 6.83 — 6.77 (m, 2H), 3.90 (s, 2H), 3.77 (s, 3H);

13C NMR (75 MHz, CDCls) § 159.2, 137.3, 130.7, 129.0,

128.6, 127.7, 126.8, 114.1, 55.4, 43.0; IR (KBr, v / cm™) 3002, 2956, 2837, 1610,

1584, 1511, 1478, 1441, 1303, 1251, 1176, 1034, 833, 740, 690; MS (El) m/z 262
(M*). Data are consistent with literature report.

1-phenethyl-2-phenyldisulfane (4f)

26.6 mg, 54 %, colorless oil; *H NMR (400 MHz, CDCls) &
759 — 7.51 (m, 2H), 7.35 — 7.14 (m, 8H), 2.99 (s, 4H); *C
NMR (75 MHz, CDCl3) & 139.9, 137.5, 129.1, 128.7, 128.6,
127.8, 127.0, 126.6, 40.1, 35.4; IR (KBr, v/ cm™) 3034, 2920,
1580, 1497, 1476, 1439, 1133, 1075, 1023, 740, 688; MS (El) m/z 246 (M*). Data are
consistent with literature report.®

[ Ph“s/s\/\Ph
4f

1-butyl-2-phenyldisulfane (49)
21.0 mg, 53 %, colorless oil; 'H NMR (400 MHz, CDCl3) &
Ph,S,S\/\/] 7.55-7.52 (m, 2H), 7.35 — 7.29 (m, 2H), 7.24 — 7.18 (m, 1H),
49 2.76 — 2.72 (m, 2H), 1.69 — 1.61 (m, 2H), 1.44 — 1.34 (m, 2H),
0.88 (t, J = 7.4 Hz, 3H); *C NMR (101 MHz, CDCls3) § 137.8,
129.1, 127.5, 126.8, 38.8, 31.0, 21.7, 13.8; IR (KBr, v/ cm™) 3062, 2961, 2932, 2876,
1580, 1478, 1439, 1075, 1023, 740, 688; HRMS (EI) Calcd for C1oH14S2 198.0537,
found 198.0534.
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1-octyl-2-phenyldisulfane (4h)

25.9 mg, 51 %, colorless oil; 'H NMR (400 MHz,

Phog S< o~~~ | CDCls)387.56 750 (m, 2H), 7.33 - 7.29 (m, 2H),

4h 7.22 —7.19 (m, 1H), 2.73 (t, J = 7.3 Hz, 2H), 1.70

1.61 (m, 2H), 1.37 — 1.21 (m, 10H), 0.87 (t, J = 6.9

Hz, 3H); 13C NMR (101 MHz, CDCls) 6 137.9, 129.1, 127.6, 126.8, 39.2, 31.9, 29.3,

28.9, 28.6, 22.8, 14.2; IR (KBr,v/cm'l) 2928, 2857, 1580, 1478, 1439, 1075, 1023,
738, 688; HRMS (EI) Calcd for C14H22S> 254.1163, found 254.1159.

1-dodecyl-2-phenyldisulfane (4i)

35.4 mg, 57 %, colorless oil; *H NMR
Pheg-Ssoo ™™ ">""| (400 MHz, CDCls) & 7.56 — 7.50 (m, 2H),
4i 7.33 - 7.30 (m, 2H), 7.23 — 7.19 (m, 1H),
2.75 — 2.72 (m, 2H), 1.69 — 1.62 (m, 2H), 1.36 — 1.23 (m, 18H), 0.90 - 0.87 (M, 3H);
13C NMR (101 MHz, CDCls) & 137.9, 129.1, 127.6, 126.8, 39.2, 32.1, 29.78, 29.77,
29.7, 29.6, 29.5, 29.3, 29.0, 28.6, 22.8, 14.3; IR (KBr, v / cm™) 2926, 2855, 1580,
1478, 1439, 1075, 1023, 738, 688; HRMS (EI) Calcd for CigHa0S2 310.1789, found
310.1791.

1-cyclohexyl-2-phenyldisulfane (4j)
21.5 mg, 48 %, colorless oil; *H NMR (300 MHz, CDCls) § 7.56
g5 —7.51 (m, 2H), 7.34 — 7.26 (m, 2H), 7.21 — 7.19 (m, 1H), 2.85 -
4 \O 2.76 (m, 1H), 2.06 — 1.97 (m, 2H), 1.80 — 1.71 (m, 2H), 1.61 -
1.58 (m, 1H), 1.41 - 1.22 (m, 5H); 3C NMR (75 MHz, CDCl3) &
138.6, 129.0, 127.0, 126.4, 50.0, 32.8, 26.2, 25.7; IR (KBr, v/ cm™) 2930, 2853, 1579,
1476, 1448, 1262, 1198, 1075, 1023, 997, 738, 688; HRMS (EI) Calcd for C12H16S2
224.0693, found 224.0695.

Ph

1-(tert-butyl)-2-phenyldisulfane (4k)
21.0 mg, 53 %, colorless oil; *H NMR (400 MHz, CDCls) § 7.58 —
Ph“S/S\é 7.53 (m, 2H), 7.31 — 7.26 (m, 2H), 7.20 — 7.14 (m, 1H), 1.31 (s,
4k 9H); *C NMR (101 MHz, CDCls) & 138.9, 128.9, 126.9, 126.4,
49.3, 30.0; IR (KBr, v/ cm™) 2961, 1580, 1478, 1456, 1364,1165,
1075, 1023, 740, 690; HRMS (EI) Calcd for C10H14S2 198.0537, found 198.0538.

Methyl 3-(phenyldisulfanyl)propanoate (4l)

25.1 mg, 55 %, colorless oil; *H NMR (400 MHz, CDCls) §
7.56 — 7.50 (m, 2H), 7.35 — 7.31 (m, 2H), 7.25 - 7.21 (m, 1H),
3.67 (s, 3H), 2.97 (t, J = 7.2 Hz, 2H), 2.74 (t, J = 7.2 Hz, 2H);
13C NMR (101 MHz, CDCls) & 172.2, 137.0, 129.2, 127.8, 127.2, 52.0, 33.7, 33.3; IR
(KBr, v/ cm™) 2952, 1739, 1580, 1478, 1437, 1357, 1277, 1241, 1217, 1197, 1172,
1075, 1023, 915, 744, 690; HRMS (El) Calcd for CioH120,S, 228.0279, found

Ph,S/s o\

4 0
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228.0281.

1,3-bis(phenyldisulfanyl)propane (4m)
29.8 mg, 46 %, colorless oil; *H NMR (400 MHz, CDCls)
Pheg- S\~ S-gePN | §7.54 — 7.49 (m, 4H), 7.34 — 7.29 (m, 4H), 7.25 — 7.20
4m (m, 2H), 2.79 (t, J = 6.9 Hz, 4H), 2.07 (p, J = 6.9 Hz, 2H);
13C NMR (101 MHz, CDCls) & 137.3, 129.2, 127.9, 127.1, 37.0, 27.6; IR (KBr, v/
cm) 2920, 1579, 1474, 1436, 1277, 1262, 1135, 1075, 1023, 766, 751, 688; HRMS
(E1) Calcd for CisH16S4 324.0135, found 324.0141.

(S)-methyl 1-((S)-2-methyl-3-(phenyldisulfanyl)propanoyl)pyrrolidine-2-carboxylate
(4n)

33.2 mg, 49 %, colorless oil; *H NMR (400 MHz,

- CHs 5 CDCl3) § 7.55 — 7.49 (m, 2H), 7.35 — 7.29 (m, 2H),

il ka oMel 7-25-7.19 (m, 1H), 4.50 — 4.47 (m, 1H), 3.71 (s, 3H),

NGk 3.56 — 3.48 (m, 1H), 3.30 - 3.24 (m, 1H), 3.15 - 3.10

Q O ] (m, 1H), 3.03 - 2.93 (m, 1H), 2.71 - 2.66 (M, 1H), 2.23

—2.08 (m, 1H), 2.05 — 1.86 (m, 3H), 1.20 (d, J = 6.9 Hz,

3H); 3C NMR (101 MHz, CDCl3) 6 173.4, 172.8, 137.5, 129.1, 127.5, 126.9, 58.7,

52.2, 46.7, 41.9, 37.5, 29.1, 24.8, 16.9; IR (KBr, v/ cm™) 2930, 1785, 1753, 1712,

1642, 1461, 1360, 1346, 1272, 1198, 1175, 1092, 1049, 737, 688; HRMS (EI) Calcd
for C16H21NO3S, 339.0963, found 339.0969.

4n
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Straightforward Pathway to Unsymmetrical Disulfanes by Copper-Catalyzed Oxidative
Cross-Coupling. Angew. Chem. Int. Ed. 2016, 55, 14121-14125.
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V. X-ray Crystallographic Analysis of Compound 4n

Datablock: 1

Bond precision: C-C = 0.00c8 A& Wavelength=0.71073
Cell: 51{10) b=10_3259(12) c=I22_.Z243(3)
a eca=a0 gamrma=20

Temperature:

Calculated Esported
Volume 2023.14{4) 2023.21{(4)
Space group B 21 21 21 B 21 21 21
Hall group E Zac Zak F lZac Zak
Mgiety feormula C18 H20 W2 Q5 52 ?
Sum fermula Cl8 HZ0O MZ Q5 52 18 H20 N2 05 52
Mr 408 .4E 208.48

Dx,g cm—-3 1.341 1.341

z 4 £

Ma (mm—1} 0.284 0.2394
FOOO E56.0 A56._10
FOOO" BE57 .3E

h,k, lmax 10,12,27 10,1z,27
Nref 41 2352] 4105

Tmin, Tmax
Tmin*

,0.916 0.653,0.745

[ ]

Correction method= #§ Bepeorted T Limits: Tmin=0.&653 Tmax=0.745
AbsCorr = MULTI-SCAN

Data completensss= 1_T75/1.0C Theta{max)= 26.330

E{reflectcions)= 0.0445( 3247I) wRZ (reflecticons)= 0.12925%( 4105)

5 = 1.001 Hpar= 248

The follewing ALERTS were generated. Each ALERT has the format
test-name ALERT alert-type alert-level.
Click on the hyperlinks for mere details of the test.
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¥ plert level C

PLAT241 ALERT 2 C| High 'MainMol’ Ueg as Compared to Neighbeors of Cl3 Check
PLAT241 ALERT 2 C| High 'MainMol’ Ueg as Compared to Neighbeors of Cl4 Check
PLAT242 ALERT 2 | Lew 'MainMel’ Ueg as Compared to Neighbors of N2 Check
PLAT242 ALERT 2 (| Low 'MainMol’ Ueg as Compared to Neighbeors of Cl7 Check
[PLAT340 ALERT 3 C| Low Bond Precision on C-C Bonds .....ovvvvvevens 0.0088 Ang.
[FLAT360 ALERT I C] Short C(sp3)-Cisp3) Bond Cl14 - C15 . 1.41 Ang.

¥ plert level @

PLAT003 ALERT 2 G Number of Uiso or Uij Restrained non-H Atoms ... 2 Report
PLAT177 ALERT 4 G The CIF-Embedded .res File Contains DELU Records 1 Report
PLATI7E ALERT 4 G The CIF-Embedded .res File Contains 5IMU Records 1 Report
The CIF-Embedded .res File Contains IS0R Records 1 Report
PLAT791 ALFRT 4 G Mcdel has Chirality at C10 (Chiral SPGR) 5 Verify
PLAT791 ALERT 4 @G Medel has Chirality at CL# (Chiral SPGR) 5 Verify
PLATE60 ALERT 3 G Number of Least-Sguares Restraints .....cvvvvvnns 13 Note

[PLETS78 ALERT I G Number C-C Bonds with Positive Residual Density. 1 Infe

ALERT level A = Most likely a sericus problem - resolve or explain

ALERT level B = A potentially sericus problem, consider carefully

ALERT level C = Check. Ensure it is not caused by an omission or oversight
ALERT level G = General informatien/check it is not something unexpected

[l -

0 ALERT type 1 CIF cecnstruction/syntax errcr, inconsistent or missing data
7 ALERT type 2 Indicator that the structure model may be wrong or deficient
2 ALERT type 3 Indicator that the structure guality may be low

5 ALERT type 4 Improvement, methodolegy, query or suggestion

0 ALERT type 5 Informative message, check

All these data can be obtained free of charge from Cambridge Crystallographic Data
Centre via www.ccdc.cam.ac.uk/ data request/ci.
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