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General Experimental Considerations:

All non-aqueous reactions were run under an inert atmosphere (argon) using standard techniques.
Anhydrous solvents were obtained by filtration through drying columns (THF, diethyl ether,
CHCly).

Flash column chromatography was performed using 230-400 mesh silica and 70-230 mesh neutral
Al,O5; with the indicated solvent system according to standard techniques. Analytical thin-layer
chromatography (TLC) was performed on precoated, glass-backed silica gel plates. Visualization of
the developed chromatogram was performed by UV absorbance (254 nm), or agueous potassium
permanganate or ninhydrin in ethanol stains.

Infrared spectra (FTIR) were recorded in reciprocal centimeters (cm™).

Nuclear magnetic resonance spectra were recorded on 300, 400, 500 and 700 MHz spectrometers.
Chemical shifts for '"H NMR spectra are recorded in parts per million from tetramethylsilane with the
solvent resonance as the internal standard (chloroform, 6 = 7.27 ppm, acetone, 6 = 2.05, 2.84 ppm
and methanol 6 = 3.31, 4.87 ppm, DMSO 6 = 2.50). Data were reported as follows: chemical shift
[integration, multiplicity (s = singlet, d = doublet, t = triplet, m = multiplet and bs = broad signal),
coupling constant in Hz]. 3C NMR spectra were recorded with complete proton decoupling.
Chemical shifts are reported in parts per million from tetramethylsilane with the solvent resonance
as the internal standard ("*CDCls: 77.00 ppm, "*CDsOD: 49.00 ppm and ">C3DgO: 29.84, 206.26
ppm).

Melting points are uncorrected.

The high resolution mass spectrometry (HRMS) analyses were performed using a Bruker
microTOF QIl mass spectrometer equipped with an electrospray ion source (ESI) operated in
positive ion mode. The sample solutions (CH30H or CH30H + 0.1%v/v HCOOH) were introduced
by continuous infusion at a flow rate of 180 mL min~' with the aid of a syringe pump. The
instrument was operated with endplate offset and capillary voltages set to =500 V and —4500 V
respectively. The nebulizer pressure was 0.4 bar (N2), and the drying gas (N;) flow rate was 4.0 L
min~". The capillary exit and skimmer 1 voltages were 90 V and 30 V, respectively. The drying gas
temperature was set at 180 °C. The calibration was carried out with sodium formate: a solution
made up of 10 ml of 98% formic acid, 10 ml of sodium hydroxide (1.0 M), 490 ml of i-propanol and
490 ml of deionized water. The software used for the simulations was Bruker Daltonics
DataAnalysis (version 4.0).

Reagents: Commercial reagents were used as supplied or purified by standard techniques where
necessary.
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Sulfonimidates

General procedure A for the synthesis of sulfonimidates

Ammonium carbamate (156 mg, 2.00 mmol) and [(diacetoxy)iodo]benzene (644 mg, 2.00 mmol)
were added to a stirred solution of thiol (0.50 mmol, 1 equiv) in MeOH (2.5 mL) at 25 °C for 3 h.
The solvent was removed under reduced pressure. Purification by flash column chromatography
(neutral Al,O3, 20-35% EtOAc/pentane) afforded the title sulfonimidates.

Note: For larger scale preparations a work-up with an aqueous solution of NaHCOs; is needed in
order to remove excess of acetic acid to improve the stability of the sulfonimidate.

Methyl 4-(tert-butyl)benzenesulfonimidate (2a)
O NH

\%Z

S.
©/ OMe
t-Bu

General procedure A was followed using 4-tert-butylthiophenol 1a (83 mg, 0.5.0 mmol) to afford
sulfonimidate 2a as a white solid (69 mg, 65%). Rr0.34 (25% EtOAc/Pentane). mp = 31-33 °C. IR
(film)/cm™ 3283, 2960, 1594, 1277, 1150, 994, 963, 755. 'H NMR (400 MHz, CDCl;): & 7.95-7.88
(m, 2H, 2 x Ar-H), 7.56-7.49 (m, 2H, 2 x Ar-H), 3.63 (s, 3H, OCHs), 3.24 (bs, 1H, NH), 1.33 (s, 9H,
C(CH3)3). *C NMR (101 MHz, CDCl3): 5 156.9 (Ar-Cy), 133.8 (Ar-Cy), 127.5 (Ar-C), 125.9 (Ar-C),
55.4 (OCHg3), 35.1 (Ar-C(CHjs)3), 31.0 (C(CHs)3). HRMS (ESI) m/z Calcd for C11H1gNO2S [M+H]":
228.1053; Found: 228.1052.

Methyl 4-methoxybenzenesulfonimidate (2b)

\ 7/

S<
/©/ OMe
MeO

General procedure A was followed using 4-methoxythiophenol 1b (70 mg, 0.50 mmol) to afford
sulfonimidate 2b as a pale yellow wax (54 mg, 54%). Rr 0.12 (30% EtOAc/Pentane). IR (film)/cm™
3270, 3947, 1594, 1578, 1496, 1461, 1440, 1316, 1258, 1145, 1084. '"H NMR (400 MHz, CDCls): &
7.97-7.93 (m, 2H, Ar-H), 7.02 -6.98 (m, 2H, Ar-H), 3.89 (s, 3H, OCHz3), 3.63 (s, 3H, OCH3), 3.15
(bs, 1H, NH). *C NMR (101 MHz, CDCl3): 5 163.3 (Ar-Cy), 130.0 (2 x Ar-C), 128.3 (Ar-C,), 114.1
(2 x Ar-C), 55.6 (OCH3), 55.4 (OCH3). HRMS (ESI) m/z Calcd. for CgH12NO3S [M+H]": 202.0532;
Found: 202.0540.

Methyl 4-methylbenzenesulfonimidate (2c)
O. NH

\ 7/

S<
/©/ OMe
Me

General procedure A was followed using 4-methylthiophenol 1¢ (62 mg, 0.50 mmol) to afford
sulfonimidate 2¢ as a pale white solid (54 mg, 58%). Rr0.26 (30% EtOAc/Pentane). mp = 43-45 °C
(lit 45-47)." IR (film)/cm™ 3297, 3252, 2949, 1737, 1594, 1492, 1450, 1378, 1265, 1148. "H NMR
(400 MHz, CDCl3): 6 7.90 (d, J = 8.2 Hz, 2H, Ar-H), 7.34 (d, J = 8.2 Hz, 2H, Ar-H), 3.64 (s, 3H,
OCHs), 3.19 (bs, 1H, NH), 2.45 (s, 3H, CH3). *C NMR (101 MHz, CDCls): 5 144.1 (Ar-C,), 133.9
(Ar-Cq), 129.6 (2 x Ar-C), 127.8 (2 x Ar-C), 55.5 (OCH3s), 21.6 (CHs). Spectroscopic data for this
compound is consistent with the literature.’
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Methyl benzenesulfonimidate (2d)

N/

S<
©/ OMe

Ammonium carbamate (312 mg, 4.00 mmol) and ([diacetoxy)iodo]benzene (1.29 g, 4.00 mmol)
were added to a stirred solution of thiol (110 mg, 1.00 mmol) in MeOH (5.0 mL) at 25 °C for 3 h.
The solvent was removed under reduced pressure. Purification by flash column chromatography
(neutral Al;Os, solvent graded from 20-35% EtOAc/Pentane) afforded sulfonimidate 2d as a
colorless oil (70 mg, 41%). Rr 0.14 (25% EtOAc/Pentane). IR (film)/cm™ 3274, 2948, 1478, 1446,
1272, 1147, 955, 733. "H NMR (400 MHz, CDCl3): 5 8.04-7.99 (m, 2H, Ar-Hg, 7.65-7.59 (m, 1H,
Ar-H), 7.59-7.49 (m, 2H, Ar-H), 3.65 (s, 3H, OCH3), 3.26 (bs, 1H, NH). ">°C NMR (101 MHz,
CDCl3): & 136.9 (Ar-Cq), 133.1 (Ar-C), 128.9 (2 x Ar-C), 127.7 (2 x Ar-C), 55.6 (OCHz). HRMS
(ESI) m/z Calcd for C7H1oNO2S [M+H]": 172.0427; Found: 172.0428.

Methyl 4-bromobenzenesulfonimidate (2e)
O, NH

N

S.
/O/ OMe
Br

General procedure A was followed using 4-bromothiophenol 1e (95 mg, 0.50 mmol) to afford
sulfonimidate 2e as a pale yellow oil (59 mg, 47%). Rr 0.38 (30% EtOAc/Pentane). IR (film)/cm™
3962, 3088, 2947, 1737, 1574, 1470, 1388, 1268, 1067. 'H NMR (400 MHz, CDCls): & 7.90-7.87
(m, 2H, Ar-H), 7.70-7.67 (m, 2H, Ar-H), 3.67 (s, 3H, OCHs), 3.25 (bs, 1H, NH). *C NMR (101 MHz,
CDCl3): 8 136.1 (Ar-Cg), 132.3 (2 x Ar-C), 129.3 (2 x Ar-C), 128.3 (Ar-C,), 55.7. HRMS (ESI) m/z
Calcd. for C7HgNO,S™Br [M+H]*: 249.9532; Found: 249.9537.

Methyl 4-chlorobenzenesulfonimidate (2f)
O NH

\X%

S.
D/ OMe
Cl

General procedure A was followed using 4-chlorothiophenol 1f (72 mg, 0.50 mmol) to afford
sulfonimidate 2f as a colourless oil (39 mg, 42%). R 0.29 (25% EtOAc/Pentane). IR (film)/cm™
3288, 2948, 1582, 1474, 1395, 1269, 1088, 964, 757. "H NMR (400 MHz, CDCl3): & 7.98-7.92 (m,
2H, 2 x Ar-H), 7.53-7.47 (m, 2H, 2 x Ar-H), 3.65 (s, 3H, OCHs), 3.30 (bs, 1H, NH). *C NMR (101
MHz, CDCl3): 6 139.7 (Ar-Cq), 135.5 (Ar-Cq), 129.22 (Ar-C), 129.18 (Ar-C), 55.6 (OCH3). HRMS
(ESI) m/z Calcd for CzHgNO2S* Cl [M+H]": 206.0037; Found: 206.0043.

Methyl 4-fluorobenzenesulfonimidate (2g)
O NH

N\

S.
©/ OMe
F

General procedure A was followed using 4-fluorothiophenol 1g (64 mg, 0.50 mmol) to afford
sulfonimidate 2g as a yellow solid (15 mg, 41%). Rr0.22 (25% EtOAc/Pentane). mp = 43-45 °C. IR
(film)/cm™ 3281, 3074, 2952, 1589, 1494, 1270, 1153, 956, 714. '"H NMR (400 MHz, CDCl3): &
8.07-8.00 (m, 2H, Ar-H), 7.25-7.18 (m, 2H, Ar-H), 3.66 (s, 3H, OCH3), 3.25 (bs, 1H, NH). *C NMR
(101 MHz, CDCl5): 8 165.4 (d, "Jc.r = 255.6 Hz, Ar-CF,), 133.0 (d, *“Je.r = 2.4 Hz, FAr-C,), 130.5 (d,
3Jor = 9.5 Hz, 2 x FAr-C), 116.2 (d, ?Jc.r = 22.7 Hz, 2 x FAr-C), 55.6 (OCHa). "°F NMR (377 MHz,
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CDCl3) & —-104.6 (Ar-F). HRMS (ESI) m/z Calcd for C7HgNO,SF [M+H]": 190.0333; Found:
190.0333.

Methyl 2-methoxybenzenesulfonimidate (2h)
O, NH

@ES\OMe

OMe

General Procedure A was followed using 2-methoxybenzenethiol 1h (100 mg, 0.71 mmol) to afford
sulfonimidate 2h as yellow oil (70 mg, 50%). Rr 0.42 (30% EtOAc/Hexane). IR (film)/cm™ 3340,
2945, 1480, 1282, 1162, 1016, 970, 802, 756. "H NMR (700 MHz, Acetone-D¢): & 7.88 (d, J = 7.8
Hz, 1H, Ar-H), 7.64 (t, J = 7.9 Hz, 1H, Ar-H), 7.27 (d, J = 8.4 Hz, 1H, Ar-H), 7.13 (t, J = 7.6 Hz, 1H,
Ar-H), 4.27 (bs, 1H, NH), 4.01 (s, 3H, OCHz), 3.60 (s, 3H, OCH3). *C NMR (176 MHz, Acetone-
De): & 157.5 (Ar-C), 135.5 (Ar-C), 130.2 (Ar-C), 128.0 (Ar-Cq), 121.1 (Ar-C), 113.6 (Ar-C), 56.7

(OCH3), 55.0 (OCH3). HRMS (ESI-TOF) m/z: Calcd for CsH1aNOsS [M+H]": 202.0532; Found:
202.05565.

Methyl 2-methylbenzenesulfonimidate (2i)
O, NH

NY%

S.
@ OMe
Me

General procedure A was followed using 2-methylthiophenol 1i (62 mg, 0.50 mmol) to afford
sulfonimidate 2i as a colourless oil (26 mg, 28%). Rr 0.31 (25% EtOAc/Pentane). IR (film)/cm™
3285, 3062, 2947, 1456, 1268, 1151, 963, 722. 'H NMR (400 MHz, CDCl3) 5 8.09 (d, J = 8.4, 1H,
Ar-H), 7.51-7.44 (m, 1H, Ar-H), 7.36-7.29 (m, 2H, 2 x Ar-H), 3.64 (s, 3H, OCHs), 3.34 (bs, 1H,
NH), 2.70 (s, 3H, Ar-CH3). "*C NMR (101 MHz, CDCl3) 3 138.0 (Ar-Cy), 135.4 (Ar-Cy), 133.0 (Ar-C),
132.6 (Ar-C), 129.7 (Ar-C), 125.9 (Ar-C), 55.1 (OCHs), 20.4 (Ar-CH3). HRMS (ESI) m/z Calcd for
CgH12NO,S [M+H]": 186.0583; Found: 186.0583.

Methyl 2-bromobenzenesulfonimidate (2j)
O, NH

\\ 7/

S.
™
Br

General Procedure A was followed using 2-bromobenzenethiol 1j (100 mg, 0.53 mmol) to afford
sulfonimidate 2j as a pale yellow oil (26 mg, 20%). Rr 0.25 (30% EtOAc/Hexane). IR (film)/cm™
3274, 2922, 2852, 1446, 1425, 1273, 1138, 1023, 961, 751. '"H NMR (500 MHz, Acetone-Dg): &
8.22 (dd, J = 7.8, 1.8 Hz, 1H, Ar-H), 7.87 (dd, J = 7.8, 1.3 Hz, 1H, Ar-H), 7.63-7.55 (m, 2H, 2 x Ar-
H), 4.70 (bs, 1H, NH), 3.68 (s, 3H, OCH3). *C NMR (126 MHz, Acetone-Ds): d 139.4 (Ar-C,), 136.4
(Ar-C), 134.9 (Ar-C), 132. (Ar-C), 128.8 (Ar-C), 120.5 (Ar-C), 55.4 (OCH3). HRMS (ESI-TOF) my/z:
Calcd for C7Hs°BrNNaO,S [M+Na]": 271.9351; Found: 271.9350.

Methyl 2-(trifluoromethyl)benzenesulfonimidate (2k)

e
CF3
General procedure A was followed using 2-(trifluoromethyl)benzenethiol 1k (89 mg, 0.50 mmol) to
afford sulfonimidate 2k as a yellow oil (19 mg, 16%). R; 0.26 (30% EtOAc/Pentane). IR (film)/cm™
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3329, 3079, 2952, 2918, 1597, 1509, 1481, 1432, 1359, 1307, 1264, 1237, 1172, 1134, 1117,
1052, 1031. "H NMR (400 MHz, CDCls): & 8.36—8.34 (m, 1H, Ar-H), 7.91-7.89 (m, 1H, Ar-H), 7.76—-
7.71 (m, 2H, Ar-H), 3.81 (s, 3H, OCHs), 3.56 (bs, 1H, NH). *C NMR (101 MHz, CDCls): & 133.0
(Ar-C), 132.3 (Ar-C), 131.3 (Ar-C), 128.5 (q, *Jcr = 6.1 Hz, Ar-C), 128.2 (q, %Jo.r = 34.2 Hz, Ar-Cy),
122.7 (q, "Jo.r = 276.9 Hz, CF3), 55.1 (OCH3). 0-Ar-Cq signal not observed. °F NMR (377 MHz,
CDCl3) 5 —57.8. HRMS (ESI) m/z Calcd. for CgHgNO2SF3 [M+H]*: 240.0301; Found: 240.0299.

Methyl 3-methoxybenzenesulfonimidate (2l)
O, NH

S<
Q/ OMe

OMe
General Procedure A was followed using 3-methoxybenzenethiol 11 (100 mg, 0.71 mmol) to afford

sulfonimidate 21 as a brown oil (114 mg, 80%). Rr 0.31 (30% EtOAc/Hexane). IR (film)/cm™ 2983,
1598, 1477, 1374, 1243, 1046, 788, 725. '"H NMR (500 MHz, CDCl;): 5 7.58 (ddd, J=7.8, 1.7, 1.0
Hz, 1H, Ar-H), 7.51-7.50 (m, 1H, Ar-H), 7.43 (t, J = 8.0 Hz, 1H, Ar-H), 7.14 (ddd, J = 8.3, 2.6, 0.9
Hz, 1H, Ar-H), 3.87 (s, 3H, OCHs3), 3.66 (s, 3H, OCHs), 3.22 (bs, 1H, NH). ">*C NMR (126 MHz,
CDCl3): 6 160.0 (Ar-Cq), 138.3 (Ar-Cq), 130.1 (Ar-C), 120.1 (Ar-C), 119.9 (Ar-C), 112.4 (Ar-C), 55.8
(OCHj3), 55.7 (OCH3). HRMS (ESI-TOF) m/z Calcd for CgH12NO3S [M+H]™: 202.0532; Found:
202.0533.

Methyl 3-methylbenzenesulfonimidate (2m)
O. NH

\ 7/

S.
©/ OMe

Me

General Procedure A was followed using 3-methylbenzenethiol 1m (100 mg, 0.81 mmol) to afford
sulfonimidate 2m as a yellow oil (103 mg, 69%). R 0.25 (30% EtOAc/Hexane). IR (film)/cm™ 3291,
2948, 1478, 1275, 1138, 1080, 971, 788, 723. 'H NMR (700 MHz, Acetone-Ds): & 7.80 (s, 1H, Ar-
H), 7.78 (d, J = 7.2 Hz, 1H, Ar-H), 7.51-7.47 (m, 2H, 2 x Ar-H), 4.43 (bs, 1H, NH), 3.58 (s, 3H,
OCHs3), 2.44 (s, 3H, CH3). *C NMR (176 MHz, Acetone-Dg):  140.0 (Ar-C,), 139.1 (Ar-C,), 134.3
(Ar-C), 129.7 (Ar-C), 128.6 (Ar-C), 125.5 (Ar-C), 55.6 (OCHs), 21.2 (CH3). HRMS (ESI-TOF) m/z
Calcd for CgH12NO,S [M+H]": 186.0583; Found: 186.0574.

Methyl 3-chlorobenzenesulfonimidate (2n)
O NH

\\

S.
Q/ OMe

Cl
General Procedure A was followed using 3-chlorobenzenethiol 1n (100 mg, 0.69 mmol) to afford

sulfonimidate 2n as a yellow oil (66 mg, 47%). Rr 0.22 (30% EtOAc/Hexane). IR (film)/cm™ 3294,
2949, 1579, 1462, 1279, 1152, 1075, 969, 790, 719. '"H NMR (700 MHz, Acetone-Ds): 5 7.97 (s,
1H, Ar-H), 7.94 (d, J = 7.8 Hz, 1H, Ar-H), 7.75-7.72 (m, 1H, Ar-H), 7.66 (t, J = 7.9 Hz, 1H, Ar-H),
4.73 (bs, 1H, NH), 3.64 (s, 3H, OCH3;). °C NMR (176 MHz, Acetone-Dg): & 141.3 (Ar-C,), 135.7
(Ar-Cy), 133.7 (Ar-C), 131.8 (Ar-C), 128.2 (Ar-C), 126.9 (Ar-C), 56.0 (OCH3). HRMS (ESI-TOF) m/z
Calcd for C7Hg”°>CINO, [M+H]*: 206.0037; Found: 206.0032.
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Methyl 5-(tert-butyl)-2-methylbenzenesulfonimidate (20)
Me O NH

\ 7/

“OMe

General Procedure A was followed using 5-(fert-butyl)-2-methylbenzenethiol 10 (100 mg, 0.55
mmol) to afford sulfonimidate 20 as a colorless oil (70 mg, 54%). Rr 0.52 (30% EtOAc/Hexane). IR
(film)/cm™ 3300, 2929, 1489, 1264, 1136, 975, 736. '"H NMR (500 MHz, Acetone-D¢): 8 8.13 (d, J =
2.1 Hz, 1H, Ar-H), 7.59 (dd, J = 8.0, 2.1 Hz, 1H, Ar-H), 7.34 (d, J = 8.0 Hz, 1H, Ar-H), 4.48 (bs, 1H,
NH), 3.58 (s, 3H, OCH3), 2.62 (s, 3H, CH3), 1.34 (s, 9H, (C(CH3)3)). "*C NMR (176 MHz, Acetone-
De): & 149.8 (Ar-Cy), 137.1 (Ar-Cy), 135.5 (Ar-Cy), 133.2 (Ar-C), 130.6 (Ar-C), 127.0 (Ar-C), 54.9
(OCHj3), 35.1 (C(CHas)3), 31.4 (C(CHs)3), 20.0 (CH3). HRMS (ESI-TOF) m/z Calcd for C12H20NO2S
[M+H]": 242.1209; Found 242.1209.

Methyl benzo[d][1,3]dioxole-5-sulfonimidate (2p)
o)

\\//NH

<OJ©/S\OMe

o)
General procedure A was followed using benzo[d][1,3]dioxole-5-thiol 1p (77 mg, 0.50 mmol) to
afford sulfonimidate 2p as a pale yellow solid (58 mg, 54%). Rr 0.19 (30% EtOAc/Pentane). mp =
68-71 °C. IR (film)/cm™ 3329, 3078, 2951, 2916, 1598, 1509, 1480, 1431, 1358, 1276, 1263, 1236,
1173, 1134, 1117, 1052, 1031. "H NMR (400 MHz, CDCl5): & 7.59 (dd, J = 8.2, 1.9 Hz, 1H, Ar-H),
7.42 (d, J=1.9 Hz, 1H, Ar-H), 6.90 (d, J = 8.2 Hz, 1H, Ar-H), 6.09 (s, 2H, CH>), 3.65 (s, 3H, OCHj3),
3.16 (bs, 1H, NH). *C NMR (101 MHz, CDCl3): & 151.8 (Ar-Cy), 148.2 (Ar-C,), 131.4 (Ar-C,), 123.6

(Ar-C), 108.1 (Ar-C), 108.0 (Ar-C), 102.3 (CH,), 55.5 (OCHs). HRMS (ESI) m/z Calcd. for
CsH1oNO4S [M+H]*: 216.0325; Found: 216.0330.

Methyl naphthalene-1-sulfonimidate (2q)

O 0. NH
\\S//
O “OMe

General procedure A was followed using naphthalene-1-thiol 1q (60 mg, 0.37 mmol) to afford
sulfonimidate 2q as a pale orange solid (28 mg, 34%). Rr 0.36 (30% EtOAc/Pentane). mp = 78-80
°C. IR (film)/cm™ 3284, 2946, 1593, 1506, 1455, 1346, 1274, 1257, 1196, 1156, 1113. '"H NMR
(400 MHz, CDCls): 6 8.81 (d, J = 8.5 Hz, 1H, Ar-H), 8.38 (dd, J = 7.4, 1.1 Hz, 1H, Ar-H), 8.11 (d, J
= 8.2 Hz, 1H, Ar-H), 7.95 (d, J = 8.2 Hz, 1H, Ar-H), 7.70 (ddd, J = 8.5, 6.9, 1.3 Hz, 1H, Ar-H), 7.64—
7.55 (m, 2H, Ar-H), 3.65 (s, 3H, OCHs3), 3.58 (s, 1H, NH). *C NMR (101 MHz, CDCl3): 8 134.7 (Ar-
C), 134.3 (Ar-Cq), 132.5 (Ar-Cy), 129.9 (Ar-C), 128.7 (Ar-C), 128.4 (Ar-Cq), 128.3 (Ar-C), 127.0 (Ar-
C), 125.5 (Ar-C), 123.9 (Ar-C), 55.5 (OCH3). HRMS (ESI) m/z Calcd. for C11H{{NO>S [M+H]":
222.0583; Found: 222.0591.
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Methyl thiophene-2-sulfonimidate (2r)
O, NH

NN}

S.
©/ OMe
S

General Procedure A was followed using from thiophene-2-thiol 1r (80 mg, 0.69 mmol) to afford
sulfonimidate 2r as a brown oil (65 mg, 54%). Rs 0.41 (30% EtOAc/Hexane). IR (film)/cm™ 3350,
2948, 1458, 1285, 1144, 911, 734. '"H NMR (500 MHz, CDCl5): & 7.72 (d, J = 3.7 Hz, 1H, Ar-H),
7.64 (d, J=5.0 Hz, 1H, Ar-H), 7.12 (t, J = 3.7 Hz, 1H, Ar-H), 3.75 (s, 3H, OCHj3), 3.32 (bs, 1H, NH).
®C NMR (176 MHz, CDCl3): & 138.0 (Ar-Cq), 133.6 (Ar-C), 133.3 (Ar-C), 127.6 (Ar-C), 56.4
(OCH3). HRMS (ESI-TOF) m/z Calcd for CsHgNO,S, [M+H]": 177.9991; Found 177.9987.

Methyl cyclohexanesulfonimidate (2s)

\ 7/

S.
O/ OMe

General Procedure A was followed using cyclohexanethiol 1s (100 mg, 0.86 mmol) to afford
sulfonimidate 2s as a yellow oil (60 mg, 40%). R 0.22 (30% EtOAc/Hexane). IR (film)/cm™ 3292,
2930, 1454, 1289, 1255, 1124, 986, 855, 767. '"H NMR (700 MHz, Acetone-D¢): d 3.69 (s, 4H,
overlapping NH and OCHs), 3.06 (tt, J = 12.0, 3.4 Hz, 1H, CH), 2.16 (dd, J = 26.5, 12.8 Hz, 2H, 2 x
CH), 1.86-1.83 (m, 2H, 2 x CH), 1.68-1.67 (m, 1H), 1.56-1.48 (m, 2H, 2 x CH), 1.35-1.31 (m, 2H,
2 x CH), 1.23-1.17 (m, 1H). *C NMR (176 MHz, Acetone-Ds): 5 60.4 (OCHs3), 53.7 (CH), 27.9
(CHy), 27.3 (CHy), 25.9 (CHy), 25.8 (CHy>), 25.7 (CH). HRMS (ESI-TOF) m/z Calcd for C;H1sNO2S
[M+H]": 178.0896; Found: 178.0880.

1-Imino-1,3-dihydro-1A*-benzo[c][1,2]oxathiole 1-oxide (2t)
@)
NH

1%

S
\
(L

General procedure A was followed using (2-mercaptophenyl)methanol 1t (350 mg, 2.50 mmol) to
afford cyclic sulfonimidate 2t as a white solid (243 mg, 57%). Rr 0.43 (60% EtOAc/Pentane). mp =
121-125 °C. IR (film)/cm™ 3271 1454, 1262, 1214, 1144, 1104, 1028. "H NMR (400 MHz, CDCl3): &
7.85-7.83 (m, 1H, Ar-H), 7.66 (td, J = 7.6, 0.8 Hz, 1H, Ar-H), 7.58 (td, J = 7.6, 0.8 Hz, 1H, Ar-H),
7.41-7.39 (m, 1H, Ar-H), 5.48-5.39 (m, 2H, CH), 3.67 (bs, 1H, NH). ®*C NMR (101 MHz, CDCl5):
6 136.1 (Ar-Cq), 134.4 (Ar-Cy), 133.3 (Ar-C), 129.8 (Ar-C), 123.1 (Ar-C), 122.5 (Ar-C), 69.8 (CHy).
HRMS (ESI) m/z Calcd. for C;HgNO,S [M+H]": 170.0270; Found: 170.0282.

Ethyl 4-methoxybenzenesulfonimidate (2aa)
O, NH

N\

S.
IO
MeO

General Procedure A was followed using 4-methoxybenzenethiol 1b (70 mg, 0.50 mmol) but using
ethanol as the solvent to afford sulfonimidate 2aa as a yellow oil (48 mg, 45%). Rf 0.43 (30%
EtOAc/Hexane). IR (film)/cm™ 3342, 2983, 1597, 1497, 1261, 1144, 1024, 908, 734. "H NMR (500
MHz, CDCls): 6 7.93 (d, J = 8.9 Hz, 2H, 2 x Ar-H), 6.98 (d, J = 8.9 Hz, 2H, 2 x Ar-H), 4.01-3.92 (m,
2H, OCH,), 3.87 (s, 3H, OCHs), 3.14 (bs, 1H, NH), 1.24 (t, J = 7.1 Hz, 3H, CHs). *C NMR (126
MHz, CDCl3): & 163.3 (Ar-Cq), 129.9 (Ar-C), 129.6 (Ar-C,), 114.2 (Ar-C), 65.7 (OCHy), 55.8 (OCHs),
14.9 (CH3). HRMS (ESI-TOF) m/z Calcd for CoH13NNaO3S [M+Na]": 238.0508; Found 238.0513.
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Ethyl 4-methylbenzenesulfonimidate (2ab)
0. NH

N\ 7/

S.
/©/ OFEt
Me

General procedure A was followed using 4-methylthiophenol 1¢ (62 mg, 0.50 mmol) but using
ethanol as the solvent to afford sulfonimidate 2ab as a colourless oil (64 mg, 64%). Rr 0.28 (30%
EtOAc/Pentane). IR (film)/cm™ 3293, 2983, 1493, 1444, 1388, 1267, 1144, 1004. "H NMR (400
MHz, CDCl3): & 7.90-7.88 (m, 2H, Ar-H), 7.33—-7.31 (m, 2H, Ar-H), 4.05-3.93 (m, 2H, CH>), 3.18
(bs, 1H, NH), 2.44 (s, 3H, Ar-CH3), 1.25 (t, J = 7.1 Hz, 3H, CHs). ®*C NMR (101 MHz, CDCl3): &
143.8 (Ar-Cq), 135.2 (Ar-Cq), 129.5 (2 x Ar-C), 127.6 (2 x Ar-C), 65.6 (OCH), 21.5 (Ar-CH3), 14.8
(CH3). HRMS (ESI) m/z Calcd. for CoH14NO2S [M+H]": 200.0740; Found: 200.0741. Spectroscopic
data for this compound is consistent with the literature.’

Ethyl benzenesulfonimidate (2ac)
O, NH

\ 7/,

O/S ~OEt

General Procedure A was followed using thiophenol 1d (50 mg, 0.45 mmol) but using ethanol as
the solvent to afford sulfonimidate 2ac as a colorless oil (38 mg, 48%). Rr 0.42 (30%
EtOAc/Hexane). IR (film)lcm™ 3294, 2923, 1447, 1266, 1099, 895, 728. '"H NMR (300 MHz,
CDCl3): 68.01 (d, J=7.9Hz, 2H, 2 x Ar-H), 7.61 (t, J= 7.1 Hz, 1H, Ar-H), 7.52 (t, J= 7.1 Hz, 2H, 2
x Ar-H), 4.09-3.95 (m, 2H, OCH,), 3.23 (bs, 1H, NH), 1.25 (t, J = 7.1 Hz, 3H, CH3). ">*C NMR (176
MHz, CDCls): 6 140.1 (Ar-Cy), 132.7 (Ar-C), 129.2 (Ar-C), 127.2 (Ar-C), 38.4 (OCHy;), 15.2 (CHj3).
HRMS (ESI-TOF) m/z Calcd for CgH11NNaO,S [M+Na]": 208.0403; Found: 208.0402.
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Sulfonamides

General procedure B for the synthesis of sulfonamides

Ammonium carbamate (39 mg, 0.50 mmol) and [(diacetoxy)iodo]benzene (564 mg, 1.75 mmol)
were added to a stirred solution of thiol (0.50 mmol, 1 equiv) in MeOH (2.5 mL) at 25 °C for 24 h.
The solvent was removed under reduced pressure. Purification by flash column chromatography
(SiO2, 20-35% EtOAc/Pentane) afforded the title sulfonamides.

4-(tert-Butyl)benzenesulfonamide (3a)

\\ 7,

S.
t-Bu

General procedure B was followed using 4-tert-butylthiophenol 1a (83 mg, 0.50 mmol) to afford
sulfonamide 3a as a white solid (85 mg, 80%). Rr 0.33 (25% EtOAc/Pentane). mp = 130-132 °C.
(lit. = 133-134 °C).2 IR (film)/cm™ 3357, 3262, 2963, 1567, 1397, 1326, 1161, 1091, 830. '"H NMR
(400 MHz, CDCl3): 6 7.88-7.83 (m, 2H, 2 x Ar-H), 7.53—-7.48 (m, 2H, 2 x Ar-H), 5.32 (bs, 2H, NH>),
1.33 (s, 9H, C(CH3)3). ®*C NMR (101 MHz, CDCl3): & 156.4 (Ar-Cq), 139.0 (Ar-Cg), 126.2 (Ar-C),
126.0 (Ar-C), 35.1 (Ar-C(CHs)s), 31.0 (C(CHa)3). Spectroscopic data for this compound (IR, NMR)?
is consistent with the literature.

4-Methoxybenzenesulfonamide (3b)

General procedure B was followed using 4-methoxythiophenol 1b (70 mg, 0.50 mmol) to afford
sulfonamide 3b as a white solid (70 mg, 75%). Rr 0.13 (30% EtOAc/Pentane). mp = 104-107 °C
(lit. = 113 °C).* IR (film)/cm™ 3347, 3257, 1597, 1578, 1498, 1458, 1327, 1302, 1259, 1152, 1093,
1021. "H NMR (400 MHz, MeOH-Dy): 5 7.84-7.82 (m, 2H, Ar-H), 7.06-7.03 (m, 2H, Ar-H), 4.91 (s,
2H, NH,), 3.86 (s, 3H, OCHj;). ®*C NMR (101 MHz, MeOH-D,): 5 164.0 (Ar-C,), 136.8 (Ar-C),
129.2 (2 x Ar-C), 115.0 (2 x Ar-C), 56.1 (OCHa3). Spectroscopic data for this compound (IR)® is
consistent with the literature.

4-Methylbenzenesulfonamide (3c)

\//

S\
Me

General procedure B was followed using 4-methylthiophenol 1¢ (62 mg, 0.50 mmol) to afford
sulfonamide 3c as a white solid (69 mg, 81%). Rr 0.26 (30% EtOAc/Pentane). mp = 133-137 °C
(lit. = 137.5 °C).° IR (film)/cm™ 3354, 3259, 1738, 1598, 1526, 1386, 1298, 1154, 1096, 1018. 'H
NMR (400 MHz, CDCls): & 7.82 (d, J = 8.2 Hz, 2H, Ar-H), 7.33 (d, J = 8.2 Hz, 2H, Ar-H), 4.82 (bs,
2H, NHy), 2.44 (s, 3H, CH3). *C NMR (101 MHz, CDCl3): 5 143.7 (Ar-Cg), 139.0 (Ar-Cg), 129.7 (2 x
Ar-C), 126.5 (2 x Ar-C), 21.5 (CHs). Spectroscopic data for this compound (NMR)’ (IR)® is
consistent with the literature.



Tota, St John-Campbell et al. S11

Benzenesulfonamide (3d)

N

i

Ammonium carbamate (78 mg, 1.00 mmol) and [(diacetoxy)iodo]lbenzene (1.13 g, 3.50 mmol) were
added to a stirred solution of thiol (110 mg, 1.00 mmol) in MeOH (5.0 mL) at 25 °C for 24 h. The
solvent was removed under reduced pressure. Purification by flash column chromatography
(SiO, solvent graded from 20-35% EtOAc/Pentane) afforded sulfonamide 3d as a white solid (108
mg, 69%). R 0.14 (25% EtOAc/Pentane). mp = 150-153 °C. (lit. = 150-152 °C).? IR (film)/cm™
3320, 3070, 2922, 2503, 2397, 1479, 1447, 1327, 1310, 1150, 1087, 841, 754. "H NMR (400 MHz,
MeOH-D,): 5 7.94-7.88 (m, 2H, 2 x Ar-H), 7.62-7.50 (m, 3H, 3 x Ar-H), 4.90 (bs, 2H, NH,). *C
NMR (101 MHz, MeOH-D4): & 145.0 (Ar-Cq), 133.2 (Ar-C), 130.0 (Ar-C), 127.0 (Ar-C).
Spectroscopic data for this compound (IR)" is consistent with the literature.

4-Bromobenzenesulfonamide (3e)

\ 7/

S\
/©/ NH2
Br

General procedure B was followed using 4-bromothiophenol 1e (95 mg, 0.50 mmol) to afford
sulfonamide 3e as a white solid (70 mg, 59%). Rr 0.29 (30% EtOAc/Pentane). mp = 160-162 °C
(lit. = 166-167)."" IR (film)/cm™ 3322, 3233, 3116, 1737, 1571, 1469, 1390, 1322, 1271, 1145,
1090, 1067, 1010. "H NMR (400 MHz, MeOH-D,): 5 7.81-7.79 (m, 2 H, Ar-C), 7.73-7.71 (m, 2 H,
Ar-C), 4.91 (s, 2 H, NHy). *C NMR (101 MHz, MeOH-D,): 5 144.4 (Ar-Cy), 133.2 (2 x Ar-C), 129.0
(2 x Ar-C), 127.5 (Ar-Cq). Spectroscopic data for this compound (IR)® is consistent with the
literature.

4-Chlorobenzenesulfonamide (3f)

NYZ

o™
Cl

General procedure B was followed using 4-chlorothiophenol 1f (72 mg, 0.50 mmol) to afford
sulfonamide 3f as a white solid (55 mg, 56%). Rr 0.25 (25% EtOAc/Pentane). mp = 141-143 °C.
(lit. = 140—144 °C)."? IR (film)/cm™ 3277, 3090, 2497, 2353, 2327, 1584, 1474, 1318, 1145, 1086,
819. 'H NMR (400 MHz, MeOH-D,): 8 7.92-7.84 (m, 2H, 2 x Ar-H), 7.58-7.49 (m, 2H, 2 x Ar-H),
4.82 (bs, 2H, NH,). *C NMR (101 MHz, MeOH-D,): & 143.7 (Ar-Cg), 139.2 (Ar-Cy), 130.1 (Ar-C),
128.8 (Ar-C). Spectroscopic data for this compound (IR)'? is consistent with the literature.

4-Fluorobenzenesulfonamide (3g)

General procedure B was followed using 4-fluorothiophenol 1g (64 mg, 0.50 mmol) to afford
sulfonamide 3g as a white solid (42 mg, 48%). Rr 0.24 (25% EtOAc/Pentane). mp = 120-122 °C.
(lit. = 122 °C)." IR (film)/lcm™ 3314, 3109, 2516, 2411, 1587, 1493, 1225, 1321, 1145, 836. 'H
NMR (400 MHz, MeOH-D,): & 8.02-7.87 (m, 2H, 2 x Ar-H), 7.33-7.20 (m, 2H, 2 x Ar-H), 4.90 (bs,
2H, NH,). ®C NMR (101 MHz, MeOH-D,): 8 164.0 (d, "Jcr = 251.4 Hz, Ar-CF,), 139.3 (d, “Jcr=



Tota, St John-Campbell et al. S12

3.2 Hz, FAr-Cy), 128.0 (d, *Je.r = 9.3 Hz, FAr-C), 114.9 (d, 2Jc.r = 22.6 Hz, FAr-C). "F NMR (377
MHz, MeOD-D,): & —109.4 (Ar-F). Spectroscopic data for this compound (IR)'* is consistent with
the literature.

2-Methoxybenzenesulfonamide (3h)

General Procedure B was followed using 2-methoxybenzenethiol 1h (100 mg, 0.71 mmol) to afford
sulfonamide 3h as white solid (119 mg, 90%). Purification by washing with CH,Cl,. mp = 172-
173°C (lit. = 173-174)."° IR (film)/cm™ 3464, 2985, 2912, 1466, 1447, 1373, 1241, 1047, 938. 'H
NMR (500 MHz, MeOH-D,): 6 7.84 (d, J = 7.8 Hz, 1H, Ar-H), 7.58 (t, J = 7.9 Hz, 1H, Ar-H), 7.20 (d,
J = 8.4 Hz, 1H, Ar-H), 7.06 (t, J = 7.6 Hz, 1H, Ar-H), 3.98 (s, 3H, OCHs). >*C NMR (176 MHz,
MeOH-D4): 6 157.9 (Ar-Cq), 135.3 (Ar-C), 132.1 (Ar-Cq), 129.2 (Ar-C), 121.2 (Ar-C), 113.4 (Ar-C),
56.6 (OCH3). HRMS (ESI-TOF) m/z Calcd for C;HoNNaO3S [M+Na]*: 210.0195; Found: 210.0198.

2-Methylbenzenesulfonamide (3i)

\ 7/

S\
ks
Me

General procedure B was followed using 2-methylthiophenol 1i (62 mg, 0.50 mmol) to afford
sulfonamide 3i as a white solid (67 mg, 78%). Ry 0.27 (25% EtOAc/Pentane). mp = 153-154 °C.
(lit. = 155—157 °C)." IR (film)/cm™ 3373, 3253, 3098, 2601, 1559, 1309, 1148. "H NMR (400 MHz,
DMSO-Dg) 6 7.84 (d, J = 8.1 Hz, 1H, Ar-H), 7.48 (td, J = 7.7, 7.3, 1.4 Hz, 1H, Ar-H), 7.42—-7.31 (m,
2H, 2 x Ar-H), 3.36 (bs, 2H, NHy), 2.58 (s, 3H, Ar-CH3)."*C NMR (101 MHz, DMSO-D¢) & 142.1 (Ar-
Cq), 1359 (Ar-Cq), 132.2 (Ar-C), 1319 (Ar-C), 127.0 (Ar-C), 126.1 (Ar-C), 19.9 (Ar-CHa).
Spectroscopic data for this compound (IR)"® (NMR)® is consistent with the literature.

2-Bromobenzenesulfonamide (3j)

\\

S.
o
Br

General Procedure B was followed using 2-bromobenzenethiol 1j (50 mg, 0.26 mmol) to afford
sulfonamide 3j as white solid (24 mg, 40%). Ry 0.23 (30% EtOAc/Hexane). mp = 190-192°C (lit. =
194-195)."® IR (film)/cm™ 3365, 3260, 2918, 1565, 1447, 1373, 1334, 1241, 1156, 1026, 765. 'H
NMR (500 MHz, Acetone-Ds): & 8.12 (dd, J = 7.8, 1.7 Hz, 1H, Ar-H), 7.83 (dd, J = 7.8, 1.2 Hz, 1H,
Ar-H), 7.59-7.50 (m, 2H, 2 x Ar-H), 6.74 (bs, 2H, NH,). >C NMR (126 MHz, Acetone-D¢): d 143.7
(Ar-Cg), 135.9 (Ar-C), 134.2 (Ar-C), 130.4 (Ar-C), 128.7 (Ar-C), 120.1 (Ar-C,). HRMS (ESI-TOF)
m/z Calcd for CgHs °BrNO,S [M-H]: 233.9230; Found: 233.9240.

2-(Trifluoromethyl)benzenesulfonamide (3k)

Sy
CF,4
General procedure B was followed using 2-(trifluoromethyl)benzenethiol 1k (89 mg, 0.50 mmol) to
afford sulfonamide 3k as a white solid (63 mg, 56%). Rr0.31 (30% EtOAc/Pentane). mp = 183-185
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°C (lit. = 184-185 °C)."” IR (film)/cm™ 3370, 3321, 3266, 2461, 1566, 1439, 1416, 1341, 1303,
1270, 1183, 1157, 1137, 1119, 1099, 1037. '"H NMR (400 MHz, MeOH-D,): d 8.27-8.25 (m, 1H,
Ar-H), 7.92-7.90 (m, 1H, Ar-H), 7.81-7.74 (m, 2H, Ar-H), 4.87 (s, 2H, NH,). *C NMR (101 MHz,
MeOH-D,): 5 133.8 (Ar-C), 133.5 (Ar-C), 131.0 (Ar-C), 129.14 (q, *Jcr = 6.3 Hz, Ar-C), 128.2 (q,
2Jor = 32.8 Hz), 124.5 (q, "Jo.r = 259.2 Hz). 0-Ar-C, signal not observed. "F NMR (377 MHz,
MeOH-D,): 5 —58.9. Spectroscopic data for this compound (IR)'® is consistent with the literature.

3-Methoxybenzenesulfonamide (3I)

OMe
General Procedure B was followed using 3-methozybenzenethiol 11 (100 mg, 0.71 mmol) to afford

sulfonamide 3l as a yellow solid (122 mg, 92%). Purification by washing with hexane. mp = 127-
129°C (lit. = 130-132)." IR (film)/cm™ 3341, 3267, 2944, 2837, 1491, 1319, 1255, 1170, 1028, 905,
801. 'H NMR (500 MHz, MeOH-D,): 8 7-48-7.42 (m, 3H, 3 x Ar-H), 7.14-7.12 (m, 1H, Ar-H), 3.85
(s, 3H, OCH3). *C NMR (176 MHz, MeOH-D,): d 161.3 (Ar-Cy), 146.1 (Ar-Cy), 131.1 (Ar-C), 119.1
(Ar-C), 119.0 (Ar-C), 112.2 (Ar-C), 56.1(OCH3). HRMS (ESI-TOF) m/z Calcd for C7;HgNNaO3S
[M+Na]": 210.0195; Found: 210.0194.

3-Methylbenzenesulfonamide (3m)

General Procedure B was followed using 3-methylbenzenethiol 1m (100 mg, 0.81 mmol) to afford
sulfonamide 3m as a white solid (122 mg, 88%). Purification by washing with hexane. mp = 109-
111°C (lit. = 107-109).%° IR (film)/cm™ 3257, 2921, 2851, 1478, 1330, 1305, 1156, 908, 785. 'H
NMR (500 MHz, MeOH-D4): 6 7.73 (s, 1H, Ar-H), 7.70-7.69 (m, 1H, Ar-H), 7.43-7.40 (m, 2H, 2 x Ar-
H), 2.42 (s, 3H, CH3). ®C NMR (176 MHz, MeOH-D,): 5 144.9 (Ar-C,), 140.4 (Ar-C,), 133.8 (Ar-C),
129.9 (Ar-C), 127.4 (Ar-C), 124.2 (Ar-C), 21.3 (CH3). HRMS (ESI-TOF) m/z Calcd for C;HgNNaO,S
[M+Na]": 194.0246; Found: 194.0230.

3-Chlorobenzenesulfonamide (3n)

General Procedure B was followed using 3-chlorobenzenethiol 1n (100 mg, 0.69 mmol) to afford
sulfonamide 3n as a white solid (118 mg, 90%). Purification by washing with CH,Cl,. mp = 152-
154°C (lit. = 148-150).2" IR (film)/cm™ 3256, 2917, 1566, 1331, 1158, 1122, 1079, 918, 791. 'H
NMR (500 MHz, MeOH-D,): 6 7.90 (t, J = 1.9 Hz, 1H, Ar-H), 7.82 (ddd, J = 7.8, 1.6, 1.1 Hz, 1H, Ar-
H), 7.61-7.59 (m, 1H, Ar-H), 7.53 (t, J = 7.9 Hz, 1H, Ar-H). *C NMR (176 MHz, MeOH-D,): 3 147.0
(Ar-Cq), 135.9 (Ar-Cq), 133.1 (Ar-C), 131.7 (Ar-C), 127.2 (Ar-C), 125.5 (Ar-C). HRMS (ESI-TOF)
m/z Calcd for CgHs>>CINO,S [M-H]: 189.9735; Found: 189.9718.
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5-(tert-Butyl)-2-methylbenzenesulfonamide (30)
Me O O

\ 7/

~

NH,

General Procedure B was followed using 5-(tert-butyl)-2-methylbenzenethiol 10 (50 mg, 0.28
mmol) to afford sulfonamide 3o as a yellow solid (57 mg, 90%). Rf 0.33 (30% EtOAc/Hexane). mp
= 140-142°C (lit. = 142-143).22 IR (film)/cm™ 3400, 2965, 1492, 1334, 1251, 1170, 1035, 963. 'H
NMR (500 MHz, Acetone-Dg): 6 8.02 (d, J = 2.0 Hz, 1H, Ar-H), 7.52 (dd, J = 7.9, 2.1 Hz, 1H, Ar-H),
7.30 (d, J = 8.0 Hz, 1H, Ar-H), 6.54 (bs, 2H, NH,), 2.63 (s, 3H, CHs), 1.32 (s, 9H, (C(CHs)3)). *C
NMR (176 MHz, Acetone-Dg): & 149.9 (Ar-Cq), 142.7 (Ar-Cq), 134.2 (Ar-Cy), 132.9 (Ar-C), 129.7
(Ar-C), 125.10 (Ar-C), 35.1 (C(CHs3)3), 31.44 (C(CHj3)3), 19.8 (CH3). HRMS (ESI-TOF) m/z Calcd for
C11H16NO2S [M-H]: 226.0907; Found: 226.0905.

Benzo[d][1,3]dioxole-5-sulfonamide (3p)
o)

\ 7/

o)

™

o)
General procedure B was followed using benzo[d][1,3]dioxole-5-thiol 1p (77 mg, 0.50 mmol) to
afford sulfonamide 3p as an off-white solid (50 mg, 50%). Rr 0.26 (30% EtOAc/Pentane). mp =
147-149 °C (lit. = 137 °C).2% IR (film)/cm™ 3283, 3248, 3110, 2917, 2505, 2437, 2404, 2347, 1603,
1576, 1500, 1484, 1424, 1312, 1244, 1174, 1135, 1111, 1033. "H NMR (400 MHz, MeOH-D,): &
7.45 (dd, J = 8.2, 1.8 Hz, 1H, Ar-H), 7.31 (d, J = 1.8 Hz, 1H, Ar-H), 6.93 (d, J = 8.2 Hz, 1H, Ar-H),
6.07 (s, 2H, CH,), 4.88 (s, 2H, NH,). °C NMR (101 MHz, MeOH-D,): & 152.3 (Ar-C,), 149.5 (Ar-
Cq), 138.5 (Ar-Cq), 122.4 (Ar-C), 108.9 (Ar-C), 107.5 (Ar-C), 103.7 (CH3). HRMS (ESI) m/z Calcd.
for C7HsNO4S [M-H]: 200.0023; Found: 200.0023.

Thiophene-2-sulfonamide (3r)

NE

N S\NHQ
\_s

General Procedure B was followed using thiophene-2-thiol 1r (100 mg, 0.86 mmol) to afford
sulfonamide 3r as a brown solid (133 mg, 95%). Purification by washing with CH,Cl,. mp = 142-
144°C (lit. = 145-147).%° IR (film)/cm™ 3350, 3262, 3093, 2918, 1297, 1164, 1020, 904, 725. 'H
NMR (500 MHz, MeOH-Dy): 6 7.70 (dd, J = 5.0, 1.3 Hz, 1H, Ar-H), 7.61 (dd, J = 3.7, 1.3 Hz, 1H,
Ar-H), 7.10 (dd, J = 5.0, 3.7 Hz, 1H, Ar-H). *C NMR (176 MHz, MeOH-D,): 5 146.5 (Ar-C,), 132.0
(Ar-C), 131.6 (Ar-C), 128.1 (Ar-C). HRMS (ESI-TOF) m/z Calcd for C4H4sNO,S; 161.9689 [M-HT;
Found: 161.9689.

Cyclohexanesulfonamide (3s)

\ 7/,

oyt

General Procedure B was followed using cyclohexanethiol 1s (100 mg, 0.86 mmol) to afford
sulfonamide 3s as a white solid (105 mg, 75%). Rr0.14 (90% EtOAc/Hexane). mp = 158-160°C (lit.
= 165-167).2* IR (film)/cm™ 3351, 3265, 2936, 2858, 1453, 1318, 1273, 1147, 1121, 910, 767. 'H
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NMR (300 MHz, MeOH-D.): & 2.92-2.82 (m, 1H, CH), 2.22-2.17 (m, 2H, CH,, 1.91-1.86 (m, 2H,
CHy), 1.75-1.69 (m, 1H), 1.54-1.18 (m, 5H, 2 x CH,). °C NMR (176 MHz, MeOH-D): & 63.6 (CH),
27.8 (2 x CHy), 26.4 (CHa) 26.2 (2 x CH,). HRMS (ESI-TOF) m/z Calcd for CeH13NNaO,S [M+Na]":

186.0559; Found: 186.0554.
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Reaction of sulfonimidates with nucleophiles

2-(Pyrrolidin-1-ylmethyl)benzenesulfonamide (4)

\//

S.
©; NH,

N

O

Pyrrolidine (42 pL, 0.5 mmol) was added to a stirred solution of 1-imino-1,3-dihydro-1A%-
benzo[c][1,2]oxathiole 1-oxide 2t (42 mg, 0.25 mmol) in MeOH (1.25 mL) and the reaction was
stirred at 25 °C for 24 h. The solvent was removed under reduced pressure and crude mixture
purified by column chromatography (SiO2, 1-5% MeOH/CH,CI,) to afford the title compound 4 as a
pale yellow solid (48 mg, 80%). R; 0.48 (40% Acetone/Pentane). mp = 117-119 °C. IR (fim)/cm™
3246, 2971, 2818, 1328, 1156, 1130, 1109, 1064. '"H NMR (400 MHz, CDCl3): & 8.06 (dd, J = 7.6,
1.6 Hz, 1H, Ar-H), 7.52—-7.43 (m, 2H, Ar-H), 7.34 (dd, J = 7.3, 1.4 Hz, 1H, Ar-H), 6.96 (bs, 2H, NHy),
4.07 (s, 2H, CHy), 2.62—2.54 (m, 4H, 2 x CH,), 1.80-1.76 (m, 4H, 2 x CH,). *C NMR (101 MHz,
CDCl3): & 141.9 (Ar-Cq), 135.9 (Ar-Cy), 132.4 (Ar-C), 132.3 (Ar-C), 128.3 (Ar-C), 127.8 (Ar-C), 59.1
(CH,), 53.4 (2 x CHy), 23.4 (2 x CH,). HRMS (ES-ToF) m/z Calcd. for C41H7N202S [M+H]":
241.1005; Found: 241.1023.

2-Sulfamoylbenzyl acetate (5)

\ 7/

~

NH,

o\fo

1-Imino-1,3-dihydro-1A*-benzo[c][1,2]oxathiole 1-oxide 2t (42 mg, 0.25 mmol) was stirred in AcOH
(1.25 mL) at 25 °C for 24 h. The solvent was removed under reduced pressure and crude mixture
purified by column chromatography (SiO,, 50% EtOAc/pentane) to afford the title compound 5 as
an off-white solid (44 mg, 77%). Rr 0.66 (70% EtOAc/pentane). mp = 136-137 °C. IR (film)/cm™
3361, 3258, 1727 (s, C=0), 1367, 1323, 1246, 1151, 1038. 'H NMR (400 MHz, CDCl;): 5 8.06 (d, J
= 7.8 Hz, 1H, Ar-H), 7.61-7.59 (m, 2H, Ar-H), 7.52—-7.46 (m, 1H, Ar-H), 5.57 (s, 2H, CH>), 5.34 (bs,
2H, NHy), 2.14 (s, 3H, CH3). >C NMR (101 MHz, CDCls): 3 140.2 (Ar-Cy), 134.3 (Ar-Cy), 133.0 (Ar-
C), 130.9 (Ar-C), 128.9 (Ar-C), 128.1 (Ar-C), 63.0 (CH>), 21.0 (CH3). HRMS (ES-ToF) m/z Calcd.
for C9H1oNO4S [M-H]: 228.0336; Found: 228.0324.

4-(4-Methoxyphenylsulfonimidoyl)morpholine (6)
o)

\\//NH
S0
o 0
A mixture of methyl 4-methoxybenzenesulfonimidate 2b (50 mg, 0.25 mmol) and morpholine (23.6
mg, 0.27 mmol) was heated at 70 °C with stirring for 24 h in the absence of solvent. The crude
product was washed with Et,O and collected by filtration to afford sulfonimidamide 6 as a yellow oil
(51.2 mg, 80%). IR (film)/cm™ 3300, 2957, 1454, 1263, 1099, 1018, 913, 727."H NMR (500 MHz,

CDCl3): 6 7.86 (d, J = 8.9 Hz, 2H, 2 x Ar-H), 6.97 (d, J = 8.9 Hz, 2H, 2 x Ar-H), 3.86 (s, 3H, OCHj3),
3.69-3.67 (m, 4H, (O(CHy>),)), 2.88-2.86 (m, 4H, (N(CH.)2)). NH signal not observed. *C NMR (126
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MHz, CDCls): & 163.1 (Ar-Cg), 134.0 (Ar-Cg), 128.7 (Ar-C), 114.4 (Ar-C), 68.1 (OCHs), 55.8
(O(CH,)2), 46.5 (N(CH,)z). HRMS (ESI-TOF) m/z Calcd. for CiiH17N205S [M+H]*: 257.0954;

Found: 257.0953.
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Control Reactions (Scheme 5)

a) in scheme 5

[(Diacetoxy)iodo)benzene] (70.8 mg, 0.22 mmol) was added to a stirred solution of thiophenol 1d
(50 mg, 0.45 mmol) in MeOH (2.25 mL) at 25°C. After 1 minute a sample was taken and analyzed
by gas chromatography (GC) observing complete conversion of the thiol into the corresponding
disulfide. Another portion of Phl(OAc),; (505.5 mg, 1.57 mmol) was added and the solution stirred at
25°C for 3 h. After this time, the solvent was removed under reduced pressure to afford methyl
benzenesulfinate 8 as a pale yellow oil (59 mg, 85%). Spectroscopic data were consistent with the
data reported into the literature.?

b) in scheme 5

[(Diacetoxy)iodo)benzene] (505.5 mg, 1.57 mmol), was added to a stirred solution of thiophenol 1d
(50 mg, 0.45 mmol) in MeOH (2.25 mL) at 25°C. After 1 minute, the solvent was removed under
reduced pressure and the crude mixture was purified by flash chromatography (silica gel, 10%
EtOAc/hexane) to afford a mixture of diphenyldisulfide 7 (47%) and methyl benzenesulfinate 8
(53%). Spectroscopic data for isolated compounds were consistent with the data reported into the
literature.?>%°

c) in scheme 5

Ammonium carbamate (159.1 mg, 2.04 mmol) and [(diacetoxy)iodo)benzene] (408.9 mg, 1.27
mmol) were added to a solution of methyl benzenesulfinate 8 (80 mg, 0.51 mmol) in MeCN (2.55
mL) and stirred at 25°C for 3 h. The solvent was removed under reduced pressure, and the crude
mixture was purified by flash chromatography (neutral Al,O3), R 0.14 (25% EtOAc/Pentane) to
afford methyl benzenesulfonimidate 2d as a colorless oil (69.7 mg, 80%).

d) in scheme 5

Methyl 4-methylbenzenesulfonimidate (2c)

Ammonium carbamate (62 mg, 0.80 mmol) and [(diacetoxy)iodo]benzene (196 mg, 0.60 mmol)
were added to a stirred solution of 4-methylbenzenesulfinamide 9 (31 mg, 0.20 mmol) in MeOH
(1.0 mL) at 25 °C for 3 h. The solvent was removed under reduced pressure. Purification by flash
column chromatography (neutral Al,O3, 25% EtOAc/pentane) afforded sulfonimidate 2c as a pale
yellow oil (16 mg, 43%). Data consistent with that reported above, and previously in the literature.

e) in scheme 5
N,N-Diethylbenzenesulfinamide (10)

S\
©/ NEt,

Methyl benzenesulfinate 8 (1.31 mL, 10 mmol) and diethylamine (3.10 mL, 30 mmol) were
combined in a 25 mL round bottom flask, purged with argon, sealed with a septum and stirred for
24 h at 60 °C. The reaction mixture was diluted with water (20 mL), extracted with CH,ClI, (3 x 20
mL), dried (MgSOQ,), filtered and the solvent removed under reduced pressure. Purification by flash
chromatography (SiO2, 30% EtOAc/pentane) afforded sulfinamide 10 as a pale yellow oil (734 mg,
37%). Rr0.15 (20% EtOAc/pentane). IR (film)/cm™ 3422 (br), 3058, 2972, 2934, 2872, 1443, 1379,
1330, 1173, 1145, 1087, 1056, 1008. 'H NMR (400 MHz, CDCls) d 7.68-7.66 (m, 2H, Ph-H), 7.52—
7.46 (m, 3H, Ph-H), 3.21-3.08 (m, 4H, 2 x CHy), 1.13 (t, J = 7.2 Hz, 6H, 2 x CH3). *C NMR (101
MHz, CDCls3) & 144.3 (Ar-Cq), 130.5 (Ar-C), 128.7 (2 x Ar-C), 126.3 (2 x Ar-C), 42.0 (2 x CHy), 14.4
(2 x CHs). Spectroscopic data for this compound is consistent with that shown in the literature.?’
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N,N-Diethylbenzenesulfonimidamide (11)

\ 7/

S\
©/ NEt,

Ammonium carbamate (62 mg, 0.80 mmol) and [(diacetoxy)iodo]benzene (196 mg, 0.60 mmol)
were added to a stirred solution of N,N-diethylbenzenesulfinamide 10 (40 mg, 0.20 mmol) in MeOH
(0.4 mL) at 25 °C. After 3 h, solvent was removed under reduced pressure. Purification by flash
column chromatography (SiO2, 20% EtOAc/pentane) afforded sulfonimidamide 11 as a pale yellow
oil (82 mg, 77%). R; 0.17 (30% EtOAc/pentane). IR (film)/cm™ 3284 (br, C=0), 2974, 2935, 2873,
1445, 1342, 1247, 1130, 996. '"H NMR (400 MHz, CDCl3) & 7.96-7.93 (m, 2H, Ph-H), 7.56-7.46
(m, 3H, Ph-H), 3.36-3.17 (m, 4H, 2 x CH,), 2.48 (bs, 1H, NH), 1.10 (t, J = 7.1 Hz, 6H, 2 x CHs). *C
NMR (101 MHz, CDCl3) & 140.7 (Ar-Cq), 131.8 (Ar-C), 128.8 (2 x Ar-C), 127.2 (2 x Ar-C), 42.8 (2 x
CH3), 14.5 (2 x CHs). Spectroscopic data for this compound is consistent with that shown in the
literature.?®
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'H and *C NMR spectra of novel compounds



S22

Tota, St John-Campbell et al.

YZ'e—

£9'¢—

LTL
LG'L
Le'L
4
8L
8L
el
68'L
06'L
L6’
ce'L
6L
£6'L

NH

O

“OMe

\ 7/
S

t-Bu

2a
'H NMR (400 MHz, CDCl;)

=006

Ey8'0

/82

=96°)

88}

6.5 6.0 55 50 45 4.0 35 30 25 20 1.5 1.0 0.5
ppm

70

90 8.5 8.0 75

9.5

L6'0¢€
80'Ge—

LGG—

89'9L
oo.RW
CeLL

68'62L—
vz’
geel~

98'9GL—

2a
3¢ NMR (101 MHz, CDCls)

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

10

ppm



S23

Tota, St John-Campbell et al.

£9e—
68'¢—

c6s)

669+
LO'L
1oL
2oL

7l
mm.n/

ve'L

ve'L

G6'L
B

wm.h%
6L

!

L

O, NH

“OMe

\ 7/
S

MeO

2b
'H NMR (400 MHz, CDCl;)

F16°0

=50'¢
A%

=T

=00C

1

0

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00

10.0

1.5

L¥'SS
vw.mmv.

mw.w.\./

ppm

Nw.t.\

(A4 %

8T8CL~
G6'6ZL

ogeal—

2b
3¢ NMR (101 MHz, CDCl5)

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

10

ppm



Tota, St John-Campbell et al.

- M w0 o~ T ()] w
[e)Mve) DO N 0 = <
[ o) e o
NS |
\ 7/
S.
/©/ OMe
Me
2c
1
H NMR (400 MHz, CDCl;
1]
|
| | (
| |
|
|
/
U ,
i T [ ig T
0 w o g @
«© (7] o @ o
— i © o ©
15 100 95 90 85 80 75 70 65 60 50 35 30 25 20 15 10 05 00
ppm
n o O W
o @ O ~ N o D w
< o)~ © © b w0
3| =% ag: 4 2 S
\ \ N - | 1
2c
13
CNMR (101 MHz, CDCl3)
|
|
10 200 190 180 170 160 150 140 130 100 80 70 50 40 30 20 10

ppm

S24



S25

Tota, St John-Campbell et al.

9Z'e—

G9'c—

12l
29'L
zs'L
252
€92
£5'L
s'L
vs'L
95'L
952
952
952
09'2
b9'L]
L9l
29'4
29'L
€9'.
v9'L
9'L3
59'2

00’8
10’8
co'8
c0'8

mo,wh

o)
\\S//
“OMe
2d
'H NMR (400 MHz, CDCl;)

20 1.5 1.0 0.5

25

30

6.5 6.0 55 50 45 4.0 35
ppm

70

90 8.5 8.0 75

9.5

L9'GG—

89'9L
oo.t.v
CeLL

99'LZ1~
56'82L"
bseL”
88'9¢L

™

i

el ALd

Lol

2d
3¢ NMR (101 MHz, CDCls)

L

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

10

ppm



Tota, St John-Campbell et al.

OO~ 0O0 MO0~~~ ™~
HMHDOOMMM~©O©WOON ©
[l S S S S S S S g S ey ©
i e i il ,
)
\7/
~
OMe
Br
2e

'H NMR (400 MHz, CDCl;)

| | (
| J
\ J
I
I |
||
L A A L A
L 7 ki
oo w0 ©0
oo o (o3}
o o =]
100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -0
ppm
™~ 0o~
ONON o™ @ © r~
O OO © PO ©
OONN ~ Iy © wn
L S ~f i~ ©
N SNAZ ~

2e
3¢ NMR (101 MHz, CDCl5)

WWW

T T T T T T T T T

10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
ppm

S26



Tota, St John-Campbell et al.

S27

~FOULTTONNT OO D~ w o
ORRDROO NN WD T N © Lt
P~ P~ P~ P~ P~ P~ P~ P~ P~ P~ P~ P~ P~ © @
e |
NH
\ 7/
~
OMe
Cl
2f
1
H NMR (400 MHz, CDCls)
| /
|
| 1
] N AL "
i i oo
w0 [=2] o -
[} (o} o L5}
-~ — © o
95 9.0 85 8.0 75 7.0 6.5 6.0 5.5 50 45 4.0 35 3.0 25 20 1.5 1.0 05
ppm
O < N ©
M~ 0N — N O o =
DD D L T ©
DOONN M~ M~ © w0
— o [ ey 0
VA ~ |
2f
13
C NMR (101 MHz, CDCl5)
Prospnbvaiiyp g P H i B s WA P et v LMW At i wh ARy Y
0 200 1% 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 (

ppm



S28

Tota, St John-Campbell et al.

§Z'¢—

99'¢—

gLt
BlL
0z'L
1z'2
VZ'2
2z’
2zl
2211
2z 1
AR
VT LA
sz
1Z1
10’8
zoe
c0's
co'e
vo'e
vo'8
so'e
90’8
90’8

.

O, NH
\ 7/
S

“OMe

F

2g
'H NMR (400 MHz, CDCl;)

Feso

EglL'e

=90'C

=002

20 1.5 1.0 0.5

25

30

6.5 6.0 55 50 45 4.0 35
ppm

70

90 8.5 8.0 75

9.5

09'G5—

89'9L
oo.t.v
CeLL

0L'glL
Nm.m:v.

0g'0clL
65°0¢L
mm_wm_‘N
LBzel

LYol ~
L9991

2g
3¢ NMR (101 MHz, CDCls)

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

10

ppm



Tota, St John-Campbell et al. S29

—4.27
—4.01
—3.60

2h
1H NMR (700 MHz, Acetone-Dy)

] | [ l

| I | I \ Il s ~

3T LY L &

- - o o N (o]

T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

NMS NN
DA R-R-RC]

_~56.70
~-55.00

2h
13C NMR (176 MHz, Acetone-D)

okt umwmmuuMIImNwmIInWMlMInLLuImmMHMMIMWIiIni[mi ik bl s

T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 6! 50 40 3
f1 (ppm)



S30

Tota, St John-Campbell et al.

0L¢—

yee—

i

¥9'e—

(0]
\
2i
'H NMR (400 MHz, CDCl;)

=50'¢

Fogo
=00'¢

=G6'0

20 1.5 1.0 0.5

25

30

6.5 6.0 55 50 45 4.0 35
ppm

70

90 8.5 8.0 75

9.5

y'oz—

bSg—

mo.mw%

00°LL
Nm.\.\..\

68'52)
@@.mﬁﬂ
65ZEh"
c0'eEL—
wm,mﬁm
66°LE)

2i
3¢ NMR (101 MHz, CDCls)

-——ﬂﬂq—o——o—-—-‘hﬂmﬁwmwmm I AN A

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

10

ppm



Tota, St John-Campbell et al.

MANES=SONOVOMMANNOONNONNOLI o -]
NNNN©QBRQEOLESENNALNLNIN R ©
WWWONNNRNNRNNNRNNRNNRNNNNN < m
B | |
Br
[ :[3/9
O
HN ©
2j
IH NMR (500 MHz, Acetone-Dg)
[ ] / Vs
Lk
oy | A
& & 3 £y &
- - o~ o (v}
T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
1 (ppm)
NMOINN (-]
LRI n
aVEaNw S <
MmN N 0
™o - - n
SN2 |
2j
13C NMR (126 MHz, Acetone-Dg)
|
LI
T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

ppm)

S31



S32

Tota, St John-Campbell et al.

Jot L,

8¢

oy
At

re8
ve'8
re8-
€8
Ge8
9c'8

\\S//
“OMe
CF5
2k

O. NH
'H NMR (400 MHz, CDCl;)

|

80
=60'¢

¥LGT
by AN ]

=00'}L

30 25 20 15 10 05 00 -0

35

@
<

ok
<

0L'§5—

mwww.\./

b

Nw.t.\

= @m_EJ

a peyz)

b
e}

Q
©

6.5

95 90 85 80 75 70

10.0

1.5

90velq
6L92)
99'/Z1A
66'LZ)1
zeszl
6v'921
55'8Z1
L9'8z)
LZ'LeL
peZel
56781

2k
3¢ NMR (101 MHz, CDCls)

Al

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

200

ppm



S33

Tota, St John-Campbell et al.

we—

99°€
L[8'E€E—

~OCH,

Q
i
NH

OCHj

21
1H NMR (500 MHz, CDCl,)

20T

1T
oy
=0T

0.0

0.5

2.0 1.5 1.0

2.5

9.5 9.0 8.5 8.0 7.5 7.0 65 6.0 5.5 5.0 4.5 4.0 3.5
f1 (ppm)

10.0

wm.mm
mw.mmv

LETTIT —
06'6TT
mo.owﬁ >

CToET —

0€'8€ET —

0091 —

2l
13C NMR (126 MHz, CDCI,)

Wwwummmmmmwm PP —————

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

170



Tota, St John-Campbell et al.

OCOWHOWN (w] (-] <
QNN T S < 1n <
NNNNNNN < [v] o~
— ~N— | | |
2
u | S/;)
P
HN ©
2m
1H NMR (700 MHz, Acetone-[)s)
|
|
| aul
e |
2% & < & -
o= o [v] (2]
T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 2.5 1.0 0.5
f1 (ppm)
OO T
Se Mmoo ® <
S o< oW in o
TMMANANAN n -
o v - n N
NV NS | |

2m
13C NMR (176 MHz, Acetone-Dg)

ol o oo

220 210 200 190 180 170 160 150 140

130 120 110 100
f1 (ppm)

80

bt nihmlwnnmumuAmmhmwumnmmmmmmmmmmmmmmmqu
60

ciuiahiaion

30 20

S34



Tota, St John-Campbell et al.

Cl

2n
1H NMR (700 MHz, Acetone-Dg)

4.73
3.64

|
A N R
S £} h
ol o - - m
T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 2.5 2.0 15
f1 (ppm)
RN =-N-N- N
NNRNNH® q
HI M 0O e
TmMmmnmmMmANAN o
ol v v o n
NS |
2n
13C NMR (176 MHz, Acetone-D;)
J ) RN J .
T T T T T T T T T T T T T T T T T T T T
210 200 19 180 170 160 150 140 130 120 110 100 Ll 80 70 60 50 40 30 20

f1 (ppm)

S35



Tota, St John-Campbell et al. S36

MNMMNO OO WL T [ee] =2} o~ ¥
o838 inn MM < o © $
COOOMNMNMNNNMN < o o~ -+
)
\\S/C\
oS
| ]/NH
g
~N
20

1H NMR (500 MHz, Acetone-Dy)

& &L & 4 L &
— - o (a2} ™ a
T T T T T T T T T T T T T T T T T T T T T
100 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
< O NN W~ LN
[} ownanNwo O wn —
a NN 0\. — ] 2
< MmMmmnmaAN < 3 H o
~— Rl B BE e B ] mn ™M M o~
NI as

20
13C NMR (176 MHz, Acetone-Dy )

T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 ¢ (110) 100 90 80 70 60 50 40 30 20 10
1 (ppm



S37

Tota, St John-Campbell et al.

al'e—

g9'e—

809—

689
169
NN.Lﬁf
el w
evL
89L
wm.mw.
094
094

NH

“OMe

0]
\\S/

<O

o)

2p
'H NMR (400 MHz, CDCl;)

Foso

=l0¢

Fere

el

+€6'0
00}

0
ppm

o Yo

35 30 25 20 15 10 05 00 -0

40

45

95 90 85 80 75 70 65 60 55 &

10.0

1.5

6y’ GG —

mwww.\./

NM.Q.\

€C0L~
0801
r.mo_.v.

09€Cl—

6eLEL—

9l8pl—
6L1GL—

2p
3¢ NMR (101 MHz, CDCls)

Mmmwwwmmwwm

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

10

ppm



S38

Tota, St John-Campbell et al.

BS'EX

G9%T

LT'L
GG 'L
LG'L
BG'L
09'L
09'L1
2oL
9L
Po'L
89'L1
89'L7
0427
0L'Lq
bL'Lq
CL'LA
LA
v6'L
96'L
OL8+k
Zl '8y |
mm.w#
8€'84
mm.mW
o8

08'8

mm.mv

O . NH
\\S//
“OMe
2q

'H NMR (400 MHz, CDCl;)

Folz
fou)
Bpg’L
o)

=860

+=00')L

1

-0

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
ppm

10.0

1.5

/

05'65—

mwww.\./

CeLL

06624
mv.mmry
mm.wmé
ze8zit
ez~
L8z}

Z6'62) m
pSZEL

mm.vﬁx
99'vel

2q
3¢ NMR (101 MHz, CDCls)

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

10

ppm



Tota, St John-Campbell et al. S39

NNLMmNN - n o~
NNWOWO—A—~ N (3]
NININNNNN o™ o™

2r
1H NMR (500 MHz, CDCl,)

O
Pt
1.2=
3.6=
1.29

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
ONN | ®
AN | In o
Nom N M
mmm N ©
_-_- A
VN I

2r
13C NMR (176 MHz, CDCl,)

T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30
f1 (ppm)



S40

Tota, St John-Campbell et al.

NH

!H NMR (700 MHz, Acetone-D;)

2.0 1.5 1.0 0.5 0.0

2.5

3.0

3.5
f1 (ppm)

Nn.mu
S.mﬂ W
96'SZ

ze e/

16°ZC

£9°€S —

S¥'09 —

2s
13C NMR (176 MHz, Acetone-

D)

f1 (ppm)



S41

Tota, St John-Campbell et al.

99'¢
m@.mv

6EG
mv.mw
[44°]
mv.m\

AR
6221
s
95'L1
958 'L1
8541
65 L
092~
9L
G9'L
9924
992
89'L-
89'
€8s
58

S ——

2t
'H NMR (400 MHz, CDCl;)

-26'0

Frez

»00'}
90')
Koot
Reort

0

60 55 50 45 40 35 30 25 20 15 10 05 00
ppm

6.5

95 90 85 80 75 70

10.0

1.5

869~
89'9.
00242

TeLL

OPTTIA,
eLezt
BL6TIA
EEEEI
PrpEL—
L9gL

2t
3¢ NMR (101 MHz, CDCls)

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

10

ppm



Tota, St John-Campbell et al.

T ™M o~ oL T MmMMN T n o
a9 o o S99 QRN ® NN
NN O O T nononon —
2 N e | ~
PN
Ty
PN
HN ©
2aa
1H NMR (500 MHz, CDCl,)
i I
J 1
|
R A
& & &' e &
o~ o~ o ™M o [a2]
T T T T T T T T T T T T T T T
100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05
f1 (ppm)
o~ @ [se}
(22} @ O o ~ [ee] <
o @ a < © N o
=) NN ~— wn n <
~— o ~— (o) mn ~—
N | |
2aa
13C NMR (126 MHz, CDC|3)
T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)

S42



543

Tota, St John-Campbell et al.

ecl
STl
LT

-

pre—

gLe—
£6°€
p6e
mmi
96¢]
164
86'c
86'c
66'c
66
0w
Loy
Z0
£0'pA
S0

LTLy
LE'LH
Le'L

€e'L
mmNW

88'L
68'L-
064

06'L

NH

“OEt

0
N/,
S

Me

2ab
'H NMR (400 MHz, CDCl;)

Foee

Flee
Fros

Fsiz

=l'e

F00'¢C

1

-0

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
ppm

10.0

1.5

/

LLyL—
0§’V 2—

65'89—

mwww.\./

CeLL

85121 —
p562L"
LhseL—

L8'ErL—

2ab
3¢ NMR (101 MHz, CDCls)

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

10

ppm



Tota, St John-Campbell et al.

H NMR (300 MHz, €DCl, )

—3.23

S44

1.28
1.25
1.23

/
\

6.5 6.0 5.5 5.0

140.12
—132.75
~129.24
—127.18

2ac
13C NMR (176 MHz, CDCl;)

45
f1 (ppm)

38.40

15.24

150 140 130 120 110 100 90

80
f1 (ppm)



Tota, St John-Campbell et al.

O OULFTONN~TO O M~ o~ ©
0000 00 00 0000 NN DWW <+ N @ L
O S o - ey SNy SNy SN Sy Sy [75] -~
T\ | I
\ 7/
S\
NH,
t-Bu
3a
1
H NMR (400 MHz, CDCl)
II !
l l ) A a Il Wk
i i i by
= o ©w [ ]
& S > <
~ s L8]
0 95 9.0 8.5 8.0 7.5 70 6 6.0 55 50 45 40 3.9 3.0 2.5 20 15 10 0.5
ppm
— o ~
s o -0 N O O
© 1)} © © L T c o
s} @ ~N N M~ M~ © 10
— — — - [ Sy © ™
| | 'S ~ |
3a
13
C NMR (101 MHz, CDCls)
J ' 2l L |
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

ppm

S45



S46

Tota, St John-Campbell et al.

oee

LEE
_‘m.mlv
Lee

zeed

98¢

18—

€0'Ly

S0'L

wo.\.\
8Ly

P84
p8L-

/

\\S//\O
NH>

o)

MeO

3b
'H NMR (400 MHz, MeOH-D,)

Fg0'e

2527

Fooz

=98’}

35 30 25 20 15 10 05 00 -0

40

45

95 90 85 80 75 70 65 60 55

10.0

ppm

om,mj
LS80
5.8

po'6y
AR

FN.mJ\\
Nv.m%

PO'SHL—

Legeeh—

SL9EL—

€0Vl —

3b
3¢ NMR (101 MHz, MeOH-D,)

U IR i R

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

10

ppm



Tota, St John-Campbell et al.

O~ YT NP~ o~
©@o SO ©
| S S <
YO ]

\ 7/

S\
Me

3c
'H NMR (400 MHz, CDCl;)

244

1.941

w
2
Q_
o
©
w
©
o
o
3]
o
=]
=
w
~
o
o
W
o
o
w
3]
w
o

—143.66
—138.97
—129:73
—126.46

3c
3¢ NMR (101 MHz, CDCls)

—2153

ppm

10 200 190 180 170 160 150 140 130 120 110 100

S47



S48

Tota, St John-Campbell et al.

0e'ey

Le'e
Le'e
Le'e
ze'e

06v— ~

Zs'L
Zs'L
zs'L
e5'L
vS'L
veL
562
9521
9521
9L
162
187
8g'L
8/

===

652
09'21
BL
L9'L

064
062
16'L
V6L
z6'L
6L
6L

“NH,

AP
S

3d
'H NMR (400 MHz, MeOH-D,)

e
Ty}
9
o~

Fooe

=88'1L

6.5 6.0 55 50 45
ppm

70

90 8.5 8.0 75

9.5

9¢'8Y
LG58y
6L8Y

00'6Y
L2861y
er'eY

961

PO'LCL~
66'62L—
LieelL”

96'vyl—

3d
3¢ NMR (101 MHz, MeOH-D,)

-10

0

10

'40 230 220 210 200 190 180 170 160 150 140 130 120 110

70 60 50 40 30 20

80

100 90

ppm



549

Tota, St John-Campbell et al.

0€'€

LE'EY
_‘m.mwv
LEe

Nm.wR

18—

biidq
Vi
zLL
eLL
cL'L
6.1
6L
08'2-
8L
1g”

I\

\\S//\O
NH,

o]

Br

3e
'H NMR (400 MHz, MeOH-D,)

=T

000
90T
‘00T

35 30 25 20 15 10 05 00 -0

40

45

95 90 85 80 75 70 65 60 55

10.0

9g'8y
LG'8h
m\.,mvé

ppm

1z 6
£ 611

P96t

25'iTh~
Lo'6ZL"
veeeL—

8ePrl—

3e
3¢ NMR (101 MHz, MeOH-D,)

WWL.__.,.JL,...

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

10

ppm



Tota, St John-Campbell et al.

DO~ ©LWWoo o~ —
BEODILWE0 IO @ R
[ N S N N N N < o
——) | -
\ 7/
S\
NH»
Cl 3f

'H NMR (400 MHz, MeOH-D,)

N 12.033

0 55 50 45 4.0 35 30 25 20 1.5 1.0 0.5

3
~
=}
o
3
=}

—143.69
—139.23
~130.14
~-128.84

3f
3¢ NMR (101 MHz, MeOH-D,)

L H

I0 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
ppm

S50



S51

Tota, St John-Campbell et al.

0e'e
Le'e
Le'e
Le'e
ze'e

"

08’y

ST'L
9Z'L
LTL
LTL
LZ'L
8T LA
8Z'L
62'L
0g'L
6L
v8'L
ve'L
G6'L
g6’
96°L
LB'L

0 0

“NH,

\ 7/
S

F

3g
'H NMR (400 MHz, MeOH-D,)

Faiz

Fooz

Fzoz

1.0 0.5

1.5

20

9¢'9Y
LS9y
6L9Y

25

00'Ly
Lg'Ly
[A A4

Y9'LY

30

35

4.0

45

50
ppm

0g'vilL
mo.m_‘_‘v.

55

96'LC)
wo,wmrv.
ceBel
mw,mm_‘v.

6.0

6.5

64291~
82'89L—

70

90 8.5 8.0 75

9.5

3g
3¢ NMR (101 MHz, MeOH-D,)

T

r

70 60 50 40 30 20 10 O -0 -2

80

100 90

110
ppm

10 230 220 210 200 190 180 170 160 150 140 130 120



Tota, St John-Campbell et al. S52

DBARRINLBES &
NNNNNNKNKNKNKN ™
S Ve
O\
2
S.
& “NH,
3h
H NMR (500 MHz, MeOH-D,)
[
I
I |
I
[\ JL JE
& L LY b
R I I
T T T T T T T T T T T T T T T T T T T T
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5 0.0
f1 (ppm)
2] ™M N O ~ n
=) Mo~ — < o
~N n o o — ) o
n ™Mm M A o~ ~— ¥
i — o ~— — n
(I

3h
13C NMR (176 MHz, MeOH-D,)

mmwmmwmmmmnmn:htmn mum‘ummmlmh p«nmmlmmwmmmnmmwmwmnwmmmmnnqmmmnm‘{lmnmv‘mmmmgnmmmmmq

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)



S53

Tota, St John-Campbell et al.

6%'C
om.N/
08z

08¢
182
85'C

9¢'e—

el
ve'L
9¢'L
8e'L
8¢'L
oyl
oYL
8Y¥'L
8L
6Y'L
08'L
€8'L
€8'L
¥8'L
G8'L
G8'L

o 0O

NH,

\ 7/
S.

Me

3i
'H NMR (400 MHz, DMSO-D¢)

=z0'¢

=0¢'¢C

[y
-
TN
- <

=00'}

6.5 6.0 55 50 45 4.0 35 30 25 20 1.5 1.0 0.5
ppm

70

90 8.5 8.0 75

9.5

98'6l—

06'8¢
0L'6¢
1€'8¢

25'6¢
€L'8¢
Y6'6¢

S0y

90'9Z b~
669217
98'LEl
E.NQN
98'Gel
ShzvL

3i
3¢ NMR (101 MHz, DMSO-Dg)

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

10

ppm



Tota, St John-Campbell et al. S54

Br

\\
| I 0
P /

S
& NH,

3j
'H NMR (500 MHz, Acetone-D;)

!} o

Bde”
- OoOnN
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)
o — O wn < wn
N e 7
[sa] n T o o
I 2224 49
oS e
3j
13C NMR (126 MHz, Acetone-Dy)
|
prine W ) N | " J ol

T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 ¢ 1(20 ) 110 100 90 80 70 60 50 40 30 20
1 (ppm



S55

Tota, St John-Campbell et al.

oge

Le'e
LE'E
LEe
cee

18Y—

1
)
\ )
5 =
o =
O =
(a]
o S -
o~ N
T o
oL W =
DL O ™o
O o
S
o
S
2
I
-

Fezzf

WBUN
80't
»00'}

10.0

-0

1.0

15

35

40

45

70 65 60 55

75

90 85

95

9g'8y
LG8y
6L'8Y-

2414
Pidsiy

P96t

67021
0Z'€Z}
26'6Z1 1
04'LZ1 1
€0'8Z1 1
5E'8CL
89'6Z1 1
0’621 |
L BZLA
LL'6ZIA
€2 621
L0'LELY,
mv.mm%
08'sEl

S

3k
3¢ NMR (101 MHz, CDCls)

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

10

ppm



Tota, St John-Campbell et al.

H NMR (500 MHz, MeOH-D,)

3.85

o IS
T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)
o wn [a2} -~ (o)}
[32] ~— — - O — @
- o o Ao 53
(o} < o — - — e}
— — ~— — — ~— wn
Yo
3l
13C NMR (176 MHz, MeOH-D,)
| .
T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

f1 (ppm)

S56



Tota, St John-Campbell et al. S57

MnmMoom—= o o~
NNesy Y <
NININININN o~
& N ‘
I\ ,NH2
(Y
(6]
3m

*H NMR (500 MHz, MeOH-D,)

3l

8.5 8.0 7 0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
f1 (ppm)
0 o [ B\ e
® M W -
¥ S manNyt M
T < M AN NN —
- o o o~
[ N
3m
13C NMR (176 MHz, MeOH-D,)
|
\
T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 90 80 70 60 50 40 30 20 10

100
f1 (ppm)



Tota, St John-Campbell et al.

Q\ //O
Cl S

&’ "NH

3n
1H NMR (500 MHz, MeOH-D,)

Il

0.0

&8 &%
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
1 (ppm)
— LoOoN WO
< Q=N L0
s 83888
| YR
3n
13C NMR (176 MHz, MeOH-D,,)
A 1000000000000 s o o LA
180 170 160 150 140 130 120 110 80 70 60 50 40 30 20

100 90
f1 (ppm)

S58



Tota, St John-Campbell et al.

aNANMMN =~ <
Somnininihma 0
O OOMNMNMNINNN o)
N NS I

(o]

\\S,NH2

2

30

*H NMR (500 MHz, Acetone-D;)

2.63
1.32

|
&L P &
- - ~ o
T T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)
~ @ @ WON O
e} O —\ WO - < < o
ad o Yaaguw — 9 o
< < MmN AN n (o))
~— i o o ™M o —
[ N I
30
13C NMR (176 MHz, Acetone-Dg)
|
m & 1 )
T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)

S59



S60

Tota, St John-Campbell et al.

LE€y
Lee-
le'e

88—

2691
69
WA\
PR
\!

byl
byl
9p'L

ov'L

)
S

\ 7/

)

“NH,

<O

@)

3p
'H NMR (400 MHz, CDCl;)

=297

=80'¢C

=10

¥56°0
=00')

-0

1.0

15

30 25

35

40

45

55

6.0

6.5

7.0

75

85

ppm

T S

CLE0L~
9r'L0L~
v6'80L~"

ereel—

pS'8el—

Lyepl~
82¢SL—

3p
3¢ NMR (101 MHz, CDCl5)

-10

20 10

30

180 170 160 150 140 130 120 MO 100 90 80 70 60 50
ppm

190

10 200



Tota, St John-Campbell et al.

3r
'H NMR (500 MHz, MeOH-D,)

A J b)) Jll
3y L
e -
T T T T T T T T T T T T T T T T T T T T
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
— — =
wn o v
o A o
< Mmoo
A 289
N/
3r
13C NMR (176 MHz, MeOH-D,)
I
T T T : : T T T T T T T T : T : T : T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)

S61



Tota, St John-Campbell et al.

(0]
\\S,NH2

3s
'H NMR (300 MHz, MeOH-D,)

A
T T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
o ~N oo
[} NN
I INEC-R
(=} NN N
NN
3s
13C NMR (176 MHz, MeOH-D,)
JLL _)LML
T T T T T T T T T T T T T T T T T T T T T T T T T
130 125 120 115 110 105 100 95 90 85 80 60 55 50 45 40 35 30 25 20 15 10

5 70 65
f1 (ppm)



S63

Tota, St John-Campbell et al.

9Lk

Ll

Ll
8L
6L}
6L
08’k

86C—

L0V—

669
Ll
ee'L
€e'L
geL
S€'L
ev'L
ey’

Sl
Gl
oL
i
8L
8y
05'L1
0s'Lf
1S
25!

v0'8
S08
908
08

LJ

'H NMR (400
MHz, CDCls)

=0y

FeLy

Fele

Tu:
Job
vi0'Z

FL6'0

9.0

100 95

10 05 00

15

3.0

35

/

50 45 40
ppm

55

6.0

85

1.5

9g'ec—

eV es—
90'65—

mw,wm/

10

20

30

40

50

60

70

(AN A

9L4Th~,
088ZL~
62ZEl
gezelr
9g'gel
L6k

100 90 80
ppm

110

120

130

170 160 150 140

a4
3¢ NMR (101 MHz, CDCls)
180

190

200

10



S64

Tota, St John-Campbell et al.

re
I
o
L
S o0lz— -
Lo
)
Lo
% . = =gz¢| ©
| ©
o~
09— -
Lo
[32]
o 899.
] i\
Ll
]
4 -t
w
e
£
58
peg— S ,i Feez |,
156— - AR
1zt =
b’/ RSN
Lyt 98'8z)—~ ==
8Y'L1 -0 ww.omﬁ - —
05/ 00°€El
05'L1 0e'vEl =
25 L2 ozom/
659 -
09'L} — vl b2 —_
V'L —— = rziz| ™ =
vord - M
50'8 - . Lo
L08” e =00k = )
-
[te] N
X N
£ 9 8= S 1 o
o7 > SO S
S ~— Ll
O\\S o R w w% —
S % s
Z T (e 2
F2 [ o O
-

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
ppm

200

10



Tota, St John-Campbell et al.

O N o WO O O O @~ O
o o R QO YWY 0 0 @
~~ O O MmMm Mo NN
N N ~~ ~
N\,

o [ 9

\\S,N\
X W
\ NH
Nor NF
(6)
1H NMR (500 MHz, CDC|3)
|
J‘ ‘
& t b b
N T o0 < <
T T T T T T T T T T T T T T T T T T T T
100 95 90 8 80 725 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)

- [=J N <

o ¥ @ < ~ @ n

O (3] o — e} n e

— — — — O wn <

(I
(6)
13C NMR (126 MHz, CDCl,)
T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 90 80 70 60 50 40 30 20 10

S65



Tota, St John-Campbell et al. S66

o

H NMR (300 MHz, CDCl,) /

T T T T T T
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

T T T T T

5.0 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

7

7

7

7

7

7

7

7

7
3.44
3.43

1H NMR (500 MHz, €DCl,)

5 7.0 6.5 6.0 5.5

5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)



S67

Tota, St John-Campbell et al.

LUk
el
143

moAml_
oLe
che
ke
eLe
pLe
sle
gle
e
e
6L
LZe

4
9y 11
Ly 1
L' 1]
8y /1
8y L1
6L
0541
05 2
152
LS L
254
25 4
99'21
99'L

89'L

89'L1
89’2

.

05 00 05

1.0

25 20 15

3.0

8evL—

Loer—

mw.wn/

75 70 65 60 55 50 45 40 35
ppm

o

. D
N ™

8.0

8.5

“NEt,

10
3¢ NMR (101 MHz, CDCls)

Nm,ﬁ.\

LZ9ZI~
89'8ZL—
LG0gL7

oeppl—

10

30 20

40

110 100 90 80 70 60 50

120
ppm

130

10
3¢ NMR (101 MHz, CDCls)
’ : 190 180 170 160 150 140

T

r

230 220 210 200



S68

Tota, St John-Campbell et al.

8y'z—
LLer
mtm¢
1z'e
mmm%
vz ¢
9z'¢]
LZ¢]
621
0
ge'e
pe'e
9g'¢’
LT L
oL
e
Ll
8y'L
8Y L1
YL
67 L1
05'L7
05 27
0527
LG 2A
25 L
5L
26
£6°2
G 2]
5621
8541
95/
£6'L
6L
6L
G6'L
56'L1
96'L
96'L

— —

O, NH
\ 7/
S

“NEt,

11
'H NMR (400 MHz, CDCl;)

£9L0

Fsiv

Egle

/0T

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -0f

95

5vl—

8Ty —

89'9/~

ppm

Nm,t.\

8L LZh~
6.82)—
eg'leL”

cLopL—

11
3¢ NMR (101 MHz, CDCls)

T

T

230 220 210 200

r

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 2.0 10

190

ppm



