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A. General Experimental Procedures, Materials and Instrumentation.

Materials. CH,Cl,, THF, Et,O, MeCN and toluene were purified by passage through two
packed columns of neutral alumina under an argon atmosphere. Methanol was distilled from
magnesium at 760 Torr. All other chemicals were obtained from commercial vendors and were
used without further purification unless noted otherwise.

Instrumentation. Automated flash chromatography was performed with an Isco
Combiflash medium-pressure liquid chromatograph with Redisep silica or alumina gel columns
(47-60 um). Photochemical irradiation was performed in sealed quartz tubes with a Luzchem®
Photochemical reactor or with a Pen-Ray lamp. Microwave-assisted reactions were run in a
Biotage microwave. 'H-NMR and *C-NMR spectra were recorded on a Bruker 500 MHz
spectrometer and a Bruker 600 MHz spectrometer. Chemical shifts are reported in ppm
referenced to the appropriate residual solvent peaks (CD3;OD, dg-DMSO, C¢Dg or CDCl3) and
coupling constants are reported in Hz. The multiplicity of signals is indicated using the following
abbreviations: s = singlet, d = doublet, t = triplet, g = quadruplet, bs = broad singlet, bd = broad
doublet, m = multiplet. Infrared (FTIR) spectra were obtained using a Bruker Tensor 27.
Vibration frequencies are expressed in cm™. High-resolution mass spectrometry (HRMS) was
performed on a Waters LCT Premier XE high-resolution mass spectrometer. Melting points were
determined in open glass capillaries with an Stanford Research Systems OptiMelt automated
melting point system and are uncorrected. Optical rotations were determined on a JASCO P-1020
polarimeter at 589 nm using a PTC-103T temperature controller. UV spectra were recorded on
an Agilent Cary 100 UV-Visible Spectrophotometer using the Cary WinUV software.

General Experimental Procedures. Reactions were performed in flame-dried
borosilicate or quartz sealed-tubes or modified Schlenk (Kjeldahl shape) flasks fitted with a glass
stopper under a positive pressure of argon, unless otherwise noted. Air- and moisture-sensitive
liquids and solutions were transferred via syringe. Organic solutions were concentrated by rotary
evaporation below 30 °C. Thin-layer chromatography was performed using glass plates pre-
coated to a depth of 0.25 mm with 230-400 mesh silica gel impregnated with a fluorescent
indicator (254 nm) and visualized under UV light (254 and 360 nm), or stained with I,, Ceric
Ammonium Molybdate in conc. H,SO4 or with a KMnO, solution (contains K,COs, NaOH).
Column chromatography was run using silica gel 60.

A) General Procedure for the Alkylation of Tetrazoles using Mitsunobu Conditions.
Diisopropyl azodicarboxylate (292 pL, 1.50 mmol) was added to a stirred solution of 5-
methylthio-1H-tetrazole (116.2 mg, 1.00 mmol, 1.0 equiv), PPh3 (393.1 mg, 1.50 mmol)
and the alcohol 5 (1.1 or 1.3 equiv) in THF (10 mL) at r.t. under Ar. The resulting
mixture was heated to 80 °C for 16 h. Then, the solvent was evaporated under reduced
pressure, and the residue was purified by silica gel chromatography. Elution with
hexane/EtOAc gave 3 in moderate to good yields (39-90%).!

B) General Procedure for the Carboamination Reaction. A solution of tetrazole
derivative 3 (1.0 mmol) in MeCN (3 mL) was purged with Ar. The reaction mixture was
irradiated under 254 nm at r.t. for 5 h, unless otherwise stated. The organic solution was
concentrated to give a crude material, which was purified by silica gel chromatography to
give 2 (yield 19-96%).?
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B. Synthesis of 2-Alkylated Tetrazole Derivatives 2, 5, 11, 13, 15.

N-N
MeS—</ |
N=N
| 5-(Methylthio)-2-(pent-4-enyl)-2H-tetrazole (2a). Following the general
procedure A and starting from pent-4-en-1-ol (733 mg, 8.50 mmol, 1.3 equiv), elution with
hexane/EtOAc (100:0 to 80:20) gave 2a (1.006 g, 84%) as a colorless oil. TLC R;0.57 (75:25
hexane/EtOAc). *H-NMR (600 MHz, CDCls) & 5.77 (dd, J = 17.0, 10.3 Hz, 1H), 5.11 — 5.00
(m, 2H), 4.59 (t, J = 6.9 Hz, 2H), 2.65 (s, 3H), 2.15 — 2.04 (m, 4H). *C-NMR (151 MHz,
CDCl3) 6 164.8, 136.1, 116.4, 52.5, 30.2, 28.2, 14.4. FTIR (neat film) 3078, 2933, 1642, 1438,

1416, 1401, 1364, 1286 cm™. HRMS (ESI) m/z: Calcd for C;H13N,S (M+H) 185.0861, found
185.0860.

/N\N/\H

BnS— I

=N

N

| 5-(Benzylthio)-2-(pent-4-enyl)-2H-tetrazole  (5). Diisopropyl

azodicarboxylate (0.831 mL, 4.22 mmol) was added to a stirred solution of 5-benzylthio-1H-
tetrazole (541 mg, 2.81 mmol), PPh; (1.107 g, 4.22 mmol) and pent-4-en-1-ol (315 mg, 3.66
mmol) in THF (30 mL) at r.t. under Ar. The resulting mixture was heated to 80 °C for 16 h.
Then, the solvent was evaporated under reduced pressure, and the residue was purified by silica
gel chromatography. Elution with hexane/EtOAc (100:0 to 90:10) gave 5 (536 mg, 73%) as a
colorless oil. TLC R; 0.67 (75:25 hexane/EtOAc). *H-NMR (600 MHz, CDCls) & 7.41 (d, J =
7.4 Hz, 2H), 7.32 (t, J = 7.4 Hz, 2H), 7.30 — 7.26 (m, 1H), 5.79 (ddd, J = 16.9, 6.4, 3.8 Hz, 1H),
5.12 — 5.03 (m, 2H), 4.58 (t, J = 6.7 Hz, 2H), 4.44 (s, 2H), 2.13 — 2.07 (s, 4H). *C-NMR (151
MHz, CDCl3) 6 163.4, 136.6, 136.1, 129.0, 128.5, 127.6, 116.4, 52.5, 36.5, 30.2, 28.2. FTIR
(neat film) 3065, 2936, 1642, 1453, 1400, 1287 cm™. HRMS (ESI) m/z: Calcd for C13H1N4NaS
(M+Na) 283.0993, found 283.1003.

N~
MeS—</ /E/m

N~ 2-Allyl-5-(methylthio)-2H-tetrazole (2b). Following the general procedure A
and starting from allyl alcohol (429 mg, 7.38 mmol, 1.3 equiv), elution with hexane/EtOACc
(90:10 to 80:20) gave 2b (498 mg, 56%) as a colorless oil. TLC R;0.54 (75:25 hexane/EtOAC).
'"H-NMR (600 MHz, C¢Dg) & 5.58 — 5.39 (m, 1H), 4.88 — 4.70 (m, 2H), 4.46 — 4.30 (m, 2H),
2.25 (s, 3H). *C-NMR (151 MHz, CsDg) & 166.0, 130.4, 120.3, 55.3, 14.3. FTIR (neat film)
2989, 2933, 1647, 1416, 1398, 1353, 1277, 1055 cm™. HRMS (ESI) m/z: Calcd for CsHoN4S
(M+H) 157.0548, found 157.0546.

N~
MeS—</ ’E/I

N~ N 2-(But-3-enyl)-5-(methylthio)-2H-tetrazole (2c). Following the general
procedure A and starting from but-3-en-1-ol (529 mg, 7.34 mmol, 1.3 equiv), elution with
hexane/EtOAc (90:10 to 80:20) gave 2¢ (739 mg, 77%) as a colorless oil. TLC R; 0.56 (75:25
hexane/EtOAc). *H-NMR (600 MHz, C¢Dg) & 5.42 — 5.19 (m, 1H), 4.79 — 4.69 (m, 2H), 3.91 —
3.82 (m, 2H), 2.28 (s, 3H), 2.19 — 2.12 (m, 2H). *C-NMR (151 MHz, C¢Ds) & 165.7, 133.3,
118.3, 52.5, 33.5, 14.3. FTIR (neat film) 2981, 2933, 1643, 1416, 1401, 1361, 1055 cm™.
HRMS (ESI) m/z: Calcd for CgH1:N4S (M+H) 171.0704, found 171.0705.
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MeS—</ N“H\
2-(Hex-5-enyl)-5-(methylthio)-2 H-tetrazole (2d). Following the general

procedure A and starting from hex-5-en-1-ol (254 mg, 2.54 mmol, 1.3 equiv), elution with
hexane/EtOAc (95 5 to 85:15) gave 2d (305 mg, 79%) as a colorless oil. TLC Ry 0.58 (75:25
hexane/EtOAc). "H-NMR (500 MHz, CDCls) & 5.76 (ddt, J = 17.0, 10.2, 6.7 Hz, 1H), 5.01 (bd,
J=17.0 Hz, 1H), 4.98 (bd, J = 10.2 Hz, 1H), 4.56 (t, J = 7.1 Hz, 2H), 2.67 (s, 3H), 2.13 — 2.07
(m, 2H), 2.05 — 1.92 (m, 2H), 1.53 — 1.33 (m, 2H). “C-NMR (126 MHz, CDCl;) & 164.7, 137.6,
115.3, 53.1, 32.8, 28.5, 25.5, 14.4. FTIR (neat film) 2932, 2861, 1641, 1437, 1400, 1362, 1055,
914 ¢cm. HRMS (ESI) m/z: Calcd for CgH;sN4S (M+H) 199.1017, found 199.1020.

MeS—</ N

| 2-(Hept-6-enyl)-5-(methylthio)-2H-tetrazole (2¢). Following the general
procedure A and starting from hept-6-en-1-ol (703 mg, 6.16 mmol, 1.3 equiv), elution with
hexane/EtOAc (95:5 to 85:15) gave 2e (771 mg, 77%) as a colorless oil. TLC Ry 0.68 (75:25
hexane/EtOAc). "H-NMR (600 MHz, C¢Dg) 8 5.62 (ddt, J = 18.2, 9.4, 6.7 Hz, 1H), 4.98 — 4.90
(m, 2H), 3.89 — 3.81 (m, 2H), 2.29 (s, 3H), 1.78 — 1.69 (m, 2H), 1.51 — 1.37 (m, 2H), 1.09 — 0.94
(m, 2H), 0.88 — 0.76 (m, 2H). “C-NMR (151 MHz, C¢Ds) & 165.6, 138.9, 115.2, 53.2, 33.9,
29.3, 28.6, 26.1, 14.3. FTIR (neat film) 2932, 2859, 1640, 1437, 1400, 1362, 1290, 1178, 1055
cm”. HRMS (ESI) m/z: Calcd for CoH7N4S (M+H) 213.1174, found 213.1175.

5-(Methylthio)-2-(oct-7-enyl)-2 H-tetrazole (2f). Following the

general procedure A and starting from oct-7-en-1-ol (1.015 g, 7.92 mmol, 1.3 equiv), elution
with hexane/EtOAc (95: 5 to 85:15) gave 2f (1.067 g, 77%) as a colorless oil. TLC Ry 0.69
(75:25 hexane/EtOAc). '"H-NMR (600 MHz, C¢Ds) & 5.70 (ddt, J = 16.9, 10.3, 6.7 Hz, 1H),
5.10 — 4.89 (m, 2H), 3.92 — 3.82 (m, 2H), 2.30 (s, 3H), 1.84 (dd, J = 14.4, 7.1 Hz, 2H), 1.49 —
1.42 (m, 2H), 1.11 — 1.04 (m, 2H), 0.97 — 0.89 (m, 2H), 0.88 — 0.80 (m, 2H). 13C-NMR (151
MHz, C¢Dg) 6 165.7, 139.2, 115.0, 53.3, 34.2, 29.5, 29.1, 28.8, 26.5, 14.3. FTIR (neat film)
2931, 2858, 1640, 1438, 1400, 1361, 1284, 1054 cm™'. HRMS (ESI) m/z: Caled for C1oH;9N4S
(M+H) 227.1330, found 227.1324.

N-N
MeS— |
N=N
|
Me  (E)-2-(Hex-4-enyl)-5-(methylthio)-2H-tetrazole (2g). Following the
general procedure A and starting from (£)-hex-4-en-1-ol (562.8 mg, 5.62 mmol, 1.3 equiv),

elution with hexane/EtOAc (95:5 to 85:15) gave 2g (640.3 g, 75%) as a colorless oil. TLC Ry
0.63 (75:25 hexane/EtOAc). "H-NMR (600 MHz, CsDs) & 5.21 (dqt, J = 12.8, 6.4, 1.2 Hz, 1H),
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5.09 —4.98 (m, 1H), 3.89 (t, J= 6.9 Hz, 2H), 2.29 (s, 3H), 1.65 — 1.59 (m, 2H), 1.58 — 1.52 (m,
2H), 1.49 (dd, J = 6.4, 1.4 Hz, 3H). BC.NMR (151 MHz, C¢Dg) 0 165.2, 129.1, 126.7, 52.2,
29.2,28.8,17.9,13.9. FTIR (neat film) 2934, 1400, 1285, 1179, 1055, 968 cm’. HRMS (ESI)
m/z: Calcd for CgH;sN4S (M+H) 199.1017, found 199.1013.

N-N
MeS—</ I

N=N |

Me (Z£)-2-(Hex-4-enyl)-5-(methylthio)-2H-tetrazole (2h). Following the

general procedure A and starting from (Z)-hex-4-en-1-ol (281 mg, 2.80 mmol, 1.3 equiv), elution
with hexane/EtOAc (100:0 to 90:10) gave 2h (344 mg, 81%) as a colorless oil. TLC Ry 0.65
(75:25 hexane/EtOAc). "H-NMR (600 MHz, CDCls) & 5.54 (dq, J = 10.8, 6.8 Hz, 1H), 5.41 —
5.29 (m, 1H), 4.55 (t, J = 6.8 Hz, 2H), 2.67 (s, 3H), 2.16 — 1.90 (m, 4H), 1.58 (d, J = 6.8 Hz,
3H). “C-NMR (151 MHz, CDCl;) & 164.8, 127.8, 126.0, 52.7, 28.9, 23.5, 14.5, 12.8. FTIR
(neat film) 3014, 2933, 1437, 1400, 1365, 1287 cm'. HRMS (ESI) m/z: Caled for CgH;sN4S
(M+H) 199.1017, found 199.1016.

N\N
Mes{/ N
N=N

(£)-2-(5-Cyclopropylpent-4-enyl)-5-(methylthio)-2 H-tetrazole  (2i).
Following the general procedure A and starting from (Z)-5-cyclopropylpent-4-en-1-ol® (732 mg,
5.80 mmol, 1.1 equiv), elution with hexane/EtOAc (90:10 to 80:20) gave 2i (849 mg, 72%) as a
colorless oil. TLC Ry 0.64 (75:25 hexane/EtOAc). "H-NMR (600 MHz, C¢Ds) & 5.03 (dt, J =
10.7, 7.4 Hz, 1H), 4.65 (ddt, J = 10.7, 10.0, 1.3 Hz, 1H), 4.00 — 3.88 (m, 2H), 2.28 (s, 3H), 1.86
(dd, J =73, 7.3 Hz, 2H), 1.67 — 1.59 (m, 2H), 1.21 (dd, J = 6.9, 2.8 Hz, 1H), 0.54 — 0.47 (m,
2H), 0.19 — 0.13 (m, 2H). “C-NMR (151 MHz, C¢Ds) 8 165.5, 136.3, 125.8, 52.8, 29.5, 24.8,
14.3,10.2, 7.5. FTIR (neat film) 3005, 2933, 1653, 1400, 1287, 1180, 1054 cm™'. HRMS (ESI)
m/z: Calcd for CjoH7N4S (M+H) 225.1174, found 225.1164.

N\N
MeS— |
NcN Me

2-(4-Methylpent-4-enyl)-5-(methylthio)-2 H-tetrazole (2j). Following
the general procedure A and starting from 4-methylpent-4-en-1-ol* (478.4 mg, 4.78 mmol, 1.1
equiv), elution with hexane/EtOAc (95:5 to 85:15) gave 2j (657.3 mg, 76%) as a colorless oil.
TLC R/ 0.66 (75:25 hexane/EtOAc). "H-NMR (600 MHz, CDCl3) & 4.68 (d, J = 0.8 Hz, 1H),
4.56 (d, J=0.8 Hz, 1H), 3.88 (t, /= 6.8 Hz, 2H), 2.29 (s, 3H), 1.67 — 1.56 (m, 4H), 1.41 (s, 3H).
BC-NMR (151 MHz, CDCls) & 165.3, 143.4, 111.4, 52.3, 34.1, 26.9, 22.1, 13.9. FTIR (neat
film) 3075, 2933, 1649, 1400, 1375, 1288, 1179, 1055 cm”. HRMS (ESI) m/z: Calcd for
CsH sN4S (M+H) 199.1017, found 199.1012.

N-N
Mes— |
N=N |

Me™ Me 2-(5-Methylhex-4-enyl)-5-(methylthio)-2H-tetrazole (2k). Following
the general procedure A and starting from 5-methylhex-4-en-1-ol’ (668.3 mg, 1.3 equiv), elution
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with hexane/EtOAc (95:5 to 85:15) gave 2k (738.8 mg, 77%) as a colorless oil. TLC R; 0.76
(75:25 hexane/EtOAc). *H-NMR (600 MHz, CDCls) & 4.85 (tdd, J = 7.2, 2.7, 1.4 Hz, 1H), 3.91
(t, J=7.0 Hz, 2H), 2.29 (s, 3H), 1.71 — 1.65 (m, 1H), 1.59 (dt, J = 14.0, 7.1 Hz, 2H), 1.56 (d, J =
0.9 Hz, 3H), 1.37 (s, 3H). *C-NMR (151 MHz, CDCls) & 165.6, 133.5, 123.0, 52.7, 29.5, 26.1,
25.2, 18.0, 14.3. FTIR (neat film) 2932, 1673, 1438, 1400, 1376, 1287, 1178, 1055 cm™.
HRMS (ESI) m/z: Calcd for CyH17N4S (M+H) 213.1174, found 213.11609.

N-N
Mes{/ I
N;N

| 5-(Methylthio)-2-(2-vinylbenzyl)-2H-tetrazole  (2l). Following the

general procedure A and starting from (2-vinylphenyl)methanol*® © (592 mg, 4.41 mmol, 1.1
equiv), elution with hexane/EtOAc (95:5 to 85:15) gave 2l (602 mg, 65%, 98% estimated purity
by NMR) as a colorless oil. TLC R 0.75 (75:25 hexane/EtOAc). *H-NMR (600 MHz, C¢Ds) &
7.21 (d, J = 7.7 Hz, 1H), 6.97 — 6.90 (m, 3H), 6.90 — 6.85 (m, 1H), 5.38 (dd, J = 17.3, 1.1 Hz,
1H), 5.22 — 4.93 (m, 3H), 2.21 (s, 3H). C-NMR (151 MHz, C¢Ds) & 166.1, 138.1, 134.0,
131.1, 130.7, 130.6, 129.8, 127.1, 118.1, 54.4, 14.2. FTIR (neat film) 2932, 1697, 1491, 1415,
1399, 1355, 1054 cm™. HRMS (ESI) m/z: Calcd for CiiH1sN,S (M+H) 233.0861, found
233.0862.

Me
S

N-N
MeS— |
N=N
| (S)-2-(Hex-5-en-2-yl)-5-(methylthio)-2H-tetrazole (2m). Following the
general procedure A and starting from (R)-5-methylhex-5-en-2-ol (280 mg, 2.80 mmol, 1.3
equiv), elution with hexane/EtOAc (100: 0 to 90:10) gave 2m (355 mg, 83%) as a colorless oil.
TLC Ry 0.69 (75:25 hexane/EtOAC). [a]23+60.0° (c 0.42, CHCls). *H-NMR (600 MHz, CDCls)
8 5.75 (ddt, J = 12.0, 10.3, 6.5 Hz, 1H), 5.04 — 4.96 (m, 2H), 4.92 (dd, J = 6.8, 1.5 Hz, 1H), 2.67
(s, 3H), 2.22 — 2.13 (m, 1H), 2.00 — 1.65 (m, 3H), 1.60 (d, J = 6.8 Hz, 3H). *C-NMR (151
MHz, CDCI3) & 164.5, 136.3, 116.0, 60.3, 35.1, 29.8, 20.5, 14.5. FTIR (neat film) 3078, 2984,

2934, 1642, 1409, 1371, 1296 cm™. HRMS (ESI) m/z: Calcd for CgHysN,S (M+H) 199.1017,
found 199.1023.

Me
N~
N
MeS— |
_<N$N Me

2-(5-Methylhex-5-en-2-yl)-5-(methylthio)-2H-tetrazole (2n). Follow-
ing the general procedure A and starting from 5-methylhex-5-en-2-ol* 7 (463 mg, 4.06 mmol,
1.3 equiv), elution with hexane/EtOAc (100:0 to 90:10) gave 2n as a colorless oil (479 mg,
72%). TLC R;0.71 (75:25 hexane/EtOAc). 'H-NMR (600 MHz, CDCls) & 4.93 (dg, J = 13.1,
6.7 Hz, 1H), 4.74 (s, 1H), 4.65 (s, 1H), 2.68 (s, 3H), 2.26 — 2.16 (m, 1H), 2.03 — 1.92 (m, 2H),
1.90 — 1.82 (m, 1H), 1.69 (s, 3H), 1.61 (d, J = 6.8 Hz, 3H). *C-NMR (151 MHz, CDCls) &
164.5, 143.6, 111.1, 60.6, 33.9, 33.7, 22.3, 20.5, 14.5. FTIR (neat film) 3074, 2934, 1650, 1449,
1408, 1370, 1295 cm™. HRMS (ESI) m/z: Calcd for CoHi7NsS (M+H) 213.1174, found
213.1173.
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Me

N-N
MeS—</ I
N=N
|
Me™ Me 2-(6-Methylhept-5-en-2-yl)-5-(methylthio)-2H-tetrazole (20). Follow-
ing the general procedure A and starting from 6-methylhept-5-en-2-ol (359 mg, 2.80 mmol, 1.3
equiv), elution with hexane/EtOAc (100:0 to 90:10) gave 20 (428 mg, 88%) as a colorless oil.
TLC R; 0.68 (75:25 hexane/EtOAc). *H-NMR (600 MHz, CDCl3) & 5.01 (ddd, J = 4.7, 4.2, 1.3
Hz, 1H), 4.95 — 4.89 (m, 1H), 2.70 (s, 3H), 2.18 — 2.04 (m, 1H), 1.98 — 1.67 (m, 3H), 1.69 (s,
3H), 1.61 (d, J = 6.8 Hz, 3H), 1.54 (s, 3H). *C-NMR (151 MHz, CDCl3) & 164.4, 133.3, 122.1,
60.5, 36.1, 25.7, 24.3, 20.6, 17.6, 14.5. FTIR (neat film) 2982, 2932, 1436, 1409, 1371, 1296
cm™. HRMS (ESI) m/z: Calcd for C1oH1oN4S (M+H) 227.1330, found 227.1321.

_«N\N/\%Me

MeS I

=N

N

| 2-(2-Methylpent-4-enyl)-5-(methylthio)-2H-tetrazole (2p). Following

the general procedure A and starting from 2-methylpent-4-en-1-ol® (476.0 mg, 4.75 mmol, 1.1
equiv), elution with hexane/EtOAc (95:5 to 85:15) gave 2XX (669.4 mg, 78%) as a colorless oil.
TLC Ry 0.69 (75:25 hexane/EtOAc). *H-NMR (600 MHz, CDCls) 6 5.41 (ddt, J = 17.2, 10.2,
7.2 Hz, 1H), 4.97 — 4.78 (m, 2H), 3.90 (ddd, J = 13.4, 6.2, 0.6 Hz, 1H), 3.76 (ddd, J = 13.4, 7.7,
0.7 Hz, 1H), 2.28 (s, 3H), 1.97 — 1.81 (m, 1H), 1.75 — 1.60 (m, 1H), 1.60 — 1.45 (m, 1H), 0.53 (d,
J = 6.8 Hz, 3H). *C-NMR (151 MHz, CDCls) & 165.3, 135.2, 117.3, 57.8, 38.1, 33.4, 16.8,
13.9. FTIR (neat film) 3078, 2966, 2932, 1641, 1400, 1282, 1173, 918 cm™. HRMS (ESI) m/z:
Calcd for CgH15N4S (M+H) 199.1017, found 199.1010.

N-N
Me84</ |

N;N/P\Me

| 2-(3-Methylpent-4-enyl)-5-(methylthio)-2H-tetrazole (2q). Following

the general procedure A and starting from 3-methylpent-4-en-1-01°* ° (478.2 g, 4.77 mmol, 1.1
equiv), elution with hexane/EtOAc (95:5 to 85:15) gave 2XX (645.6 mg, 75%) as a colorless oil.
TLC R; 0.69 (75:25 hexane/EtOAc). *H-NMR (600 MHz, C¢Ds) 6 5.26 (ddd, J = 17.2, 10.3, 8.0
Hz, 1H), 4.83 — 4.79 (m, 2H), 4.06 — 3.88 (m, 2H), 2.30 (s, 3H), 1.77 — 1.66 (m, 1H), 1.60 — 1.49
(m, 1H), 1.48 — 1.35 (m, 1H), 0.67 (d, J = 6.7 Hz, 3H). *C-NMR (151 MHz, C¢Ds) & 165.2,
142.2,114.5,51.2, 35.3, 35.3, 20.0, 14.0. FTIR (neat film) 3077, 2959, 1641, 1401, 1175, 1055,
917 cm™. HRMS (ESI) m/z: Calcd for CgH15N4S (M+H) 199.1017, found 199.1014.

N-N

Mes— |

N=N
2-(2-(2-Methylenecyclopentyl)ethyl)-5-(methylthio)-2H-tetrazole (Zr?.
Following the general procedure A and starting from 2-(2-methylenecyclopentyl)ethanol'®**
(158 mg, 1.25 mmol, 1.1 equiv), elution with hexane/EtOAc (90:10 to 80:20) gave 2r (197 mg,
77%) as a colorless oil. TLC Ry 0.67 (75:25 hexane/EtOAc). *H-NMR (600 MHz, CDCls) &
493 (d, J=1.9 Hz, 1H), 4.82 (d, J = 1.9 Hz, 1H), 4.67 — 4.54 (m, 2H), 2.67 (s, 3H), 2.40 — 2.24
(m, 4H), 2.00 — 1.87 (m, 2H), 1.79 — 1.69 (m, 1H), 1.65 — 1.51 (m, 1H), 1.36 — 1.26 (m, 1H).
BC-NMR (151 MHz, CDCls) & 164.8, 154.7, 105.6, 52.0, 40.9, 33.6, 32.7, 32.3, 24.1, 14.5.
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FTIR (neat film) 2953, 1652, 1400, 1363, 1285 cm™. HRMS (ESI) m/z: Calcd for C1oH17N4S
(M+H) 225.1174, found 225.1175.

N-N
Mes— |
N=N
| 2-(2-Allylcyclohexyl)-5-(methylthio)-2H-tetrazole (2s). Following the
general procedure A and starting from trans-2-allylcyclohexanol* *? (656 mg, 4.68 mmol, 1.1
equiv), elution with hexane/EtOAc (100:0 to 90:10) gave 2s (710 mg, 70%) as a colorless oil.
TLC R; 0.72 (75:25 hexane/EtOAc). *H-NMR (600 MHz, C¢Ds) 6 5.43 (ddt, J = 17.0, 10.1, 6.8
Hz, 1H), 4.88 (d, J = 10.1 Hz, 1H), 4.79 (d, J = 17.0 Hz, 1H), 4.59 (bs, 1H), 2.29 (s, 3H), 1.87 —
1.61 (m, 6H), 1.52 — 1.35 (m, 2H), 1.29 — 1.18 (m, 1H), 1.13 — 0.95 (m, 2H). *C-NMR (151
MHz, C¢Ds) 6 164.9, 136.4, 117.1, 64.4, 40.1, 35.0, 29.2, 27.2, 23.7, 22.5, 14.4. FTIR (neat
film) 3078, 2935, 2861, 1643, 1451, 1410, 1379, 1297 cm?®. HRMS (ESI) m/z: Calcd for
C11H19N4S (M+H) 239.1330, found 239.1328.

H
N~
N
MeS— |/\¥i>
4<N$N N

& (S)-2-((1-Allylpyrrolidin-2-yl)methyl)-5-(methylthio)-2H-tetrazole Q)Zt).
Following the general procedure A and starting from (S)-(1-allylpyrrolidin-2-yl)methanol* =3
(897 mg, 7.06 mmol, 1.1 equiv), elution with hexane/EtOAc (70:30 to 60:40) gave 2t (1.092 g,
71%) as a colorless oil. TLC Ry 0.31 (75:25 hexane/EtOAc). [o]'E-26.4° (c 0.55, CHCls). *H-
NMR (600 MHz, C¢Dg) 6 5.82 — 5.67 (m, 1H), 5.09 — 5.02 (m, 1H), 4.98 — 4.88 (m, 2H), 4.14
(ddd, J =134, 4.4, 1.5 Hz, 1H), 4.01 (ddd, J = 13.4, 7.8, 1.5 Hz, 1H), 3.08 — 2.97 (m, 1H), 2.80
(td, J = 7.2, 3.8 Hz, 1H), 2.75 — 2.64 (m, 1H), 2.29 (s, 3H), 1.92 (td, J = 9.3, 6.7 Hz, 1H), 1.55 —
1.49 (m, 1H), 1.45 — 1.32 (m, 2H), 1.28 — 1.20 (m, 1H). *C-NMR (151 MHz, C¢D¢) & 165.5,
136.8, 117.0, 72.2, 58.1, 57.1, 54.5, 29.5, 23.4, 14.3. FTIR (neat film) 2980, 2804, 1644, 1400,
1376, 1264, 1097 cm™. HRMS (ESI) m/z: Calcd for CioHigNsS (M+H) 240.1283, found
240.1285.

(|)H

Q'\/\ (R)-(1-Allylpiperidin-2-yl)methanol. LiAlIH4 (517 mg, 13.6 mmol) was added to
a 0 °C cooled solution of (R)-methyl 1-allylpiperidine-2-carboxylate**** (1.915 g, 10.5 mmol) in
THF (100 mL). The suspension was allowed to warm to r.t. and stirred for 1 h. Then, H,O (0.5
mL) was added dropwise, followed by 15% ag. NaOH (0.5 mL), and H,O (1.5 mL). The
resulting mixture was stirred for 15 min. The resulting suspension was filtered through a pad of
Celite, and the pad was washed with methanol. The combined organic fractions were
concentrated under reduced pressure to give the entitled compound (1.513 g, 93%) as a yellowish
oil. TLC R¢ 0.16 (95:5 CH,Cl,/MeOH). [a]'€+21.2° (c 0.54, CHCls). *H-NMR (600 MHz,
CDCl3) 6 5.86 (dddd, J = 17.6, 10.2, 7.6, 5.5 Hz, 1H), 5.19 — 5.11 (m, 2H), 3.77 (dd, J = 10.8,
4.2 Hz, 1H), 3.49 — 3.37 (m, 2H), 2.99 (dd, J = 14.1, 7.6 Hz, 1H), 2.96 — 2.90 (m, 1H), 2.61 (bs,
1H), 2.39 — 2.32 (m, 1H), 2.27 — 2.18 (m, 1H), 1.75 — 1.66 (m, 1H), 1.66 — 1.51 (m, 3H), 1.46 —
1.36 (m, 1H), 1.35 — 1.25 (m, 1H). “C-NMR (151 MHz, CDCl3) & 135.2, 117.4, 62.3, 60.2,
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56.4,51.2, 27.6, 24.5, 23.5. FTIR (neat film) 3374, 2934, 1643, 1444, 1062 cm™. HRMS (ESI)
m/z: Calcd for CoH1gNO (M+H) 156.1388, found 156.1381.

H

N\N ?
MeS— |
%N’,N N

& (R)-1-Allyl-2-((5-(methylthio)-2H-tetrazol-2-yl)methyl)piperidine (2u).
Following the general procedure A and starting from (R)-(1-allylpiperidin-2-yl)methanol (942
mg, 6.07 mmol, 1.1 equiv), elution with hexane/EtOAc (70:30 to 60:40) gave 3u (542 mg, 39%,
96% estimated purity by NMR)™ as a colorless oil. TLC R; 0.41 (75:25 hexane/EtOAC).
[a]'8 +29.9° (c 0.59, CHCl3). 'H-NMR (600 MHz, C¢Ds) & 5.62 (ddd, J = 12.6, 10.4, 6.3 Hz,
1H), 4.99 — 4.88 (m, 2H), 4.69 — 4.57 (m, 1H), 2.93 — 2.73 (m, 4H), 2.38 (dd, J = 12.3, 6.7 Hz,
1H), 2.31 (s, 3H), 2.30 — 2.26 (m, 1H), 2.10 — 1.97 (m, 1H), 1.88 — 1.79 (m, 1H), 1.57 — 1.47 (m,
1H), 1.45 — 1.35 (m, 1H), 1.35 — 1.24 (m, 2H). *C-NMR (151 MHz, C¢Ds) & 165.1, 136.5,
117.5, 65.2, 62.1, 58.4, 56.0, 33.9, 29.5, 22.9, 14.4. FTIR (neat film) 2932, 2805, 1643, 1403,
1345, 1290, 1094, 1054 cm™. HRMS (ESI) m/z: Calcd for C11H»NsS (M+H) 254.1439, found
254.1438.

(="
N

Me

\\\K (S)-(1-(2-Methylallyl)indolin-2-yl)methanol.  3-Bromo-2-methylprop-1-ene
(1.075 g, 7.97 mmol) was added to a solution of (S)-indolin-2-ylmethanol**” (792.3 mg, 5.31
mmol) and EtzN (1.48 mL, 10.62 mmol) in THF (20 mL) at r.t. The reaction mixture was heated
to 40 °C and stirred for 6 h. Then, solvent was evaporated under reduced pressure. The residue
was purified by silica gel chromatography and elution with hexane/EtOAc (80:20 to 70:30) gave
the entitled compound (780.5 mg, 72%) as a yellowish oil. TLC R; 0.36 (75:25 hexane/EtOAC).
[a]'8-38.3° (c 0.12, CHCI3). 'H-NMR (600 MHz, CDCl3) & 7.12 — 6.98 (m, 2H), 6.69 (td, J =
7.4,0.9 Hz, 1H), 6.49 (d, J = 7.8 Hz, 1H), 5.10 — 4.95 (m, 1H), 4.95 — 4.85 (m, 1H), 3.83 (dt, J =
11.6, 3.5 Hz, 1H), 3.75 (tt, J = 9.5, 3.5 Hz, 1H), 3.69 — 3.60 (m, 3H), 3.14 (dd, J = 15.9, 9.5 Hz,
1H), 3.04 (dd, J = 15.9, 9.5 Hz, 1H), 1.94 — 1.84 (m, 1H), 1.78 (d, J = 0.5 Hz, 3H). *C-NMR
(151 MHz, CDCl3) 6 153.1, 143.1, 128.5, 127.4, 124.2, 118.2, 111.1, 107.7, 67.0, 63.0, 55.5,
31.3, 20.5. FTIR (neat film) 3387, 3050, 2914, 1654, 1606, 1487, 1266, 1024 cm™. HRMS
(ESI) m/z: Calcd for C13H1gNO (M+H) 204.1388, found 204.1379.

H

Me84</N\'}l s
N/’N;N

Me (S)-1-(2-Methylallyl)-2-((5-(methylthio)-2H-tetrazol-2-yl)-
methyl)indoline (2v). Following the general procedure A and starting from (S)-(1-(2-
methylallyl)indolin-2-yl)methanol (602 mg, 2.96 mmol, 1.1 equiv), elution with hexane/EtOACc
(85:15 to 75:25) gave 2v (614 mg, 76%, 95% estimated purity by NMR)®® as a pinkish oil. TLC
Rf 0.61 (75:25 hexane/EtOAc). [a]'g-23.4° (c 0.66, CHCI3). *H-NMR (600 MHz, CsDg) 6 7.01
(dd,J=7.7,7.5Hz, 1H), 6.85 (dd, J = 7.3, 0.7 Hz, 1H), 6.68 (dd, J = 7.5, 7.3 Hz, 1H), 6.33 (d, J
=7.7 Hz, 1H), 4.82 (bs, 1H), 4.74 (bs, 1H), 4.23 — 4.12 (m, 1H), 3.97 (ddd, J = 13.5, 8.0, 2.8 Hz,
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1H), 3.75 — 3.65 (m, 1H), 3.23 — 3.19 (M, 2H), 2.68 (dd, J = 16.1, 9.3 Hz, 1H), 2.62 (dd, J =
16.1, 7.2 Hz, 1H), 2.27 (s, 3H), 1.46 (s, 3H). *C-NMR (151 MHz, CeDg) 5 165.9, 152.3, 142.5,
128.7, 127.6, 125.0, 119.0, 112.5, 108.1, 63.9, 56.0, 55.0, 34.0, 20.6, 14.3. FTIR (neat film)
3074, 3051, 2932, 1656, 1607, 1486, 1399, 1054, 747 cm™. HRMS (ESI) m/z: Calcd for
C1sHoNsS (M+H) 302.1439, found 302.1440.

N\N/\
MeS— i
4<N:N O

j\ 2-(2-(Allyloxy)ethyl)-5-(methylthio)-2H-tetrazole (2w). Following the
general procedure A and starting from 2-(allyloxy)ethanol (800 mg, 7.83 mmol, 1.3 equiv),
elution with hexane/EtOAc (80:20 to 70:30) gave 2w as a colorless oil (979 mg, 81%). TLC R¢
0.42 (75:25 hexane/EtOAc). 'H-NMR (600 MHz, C¢D¢) & 5.55 (ddt, J = 21.8, 10.6, 5.4 Hz,
1H), 5.05 — 4.84 (m, 2H), 4.02 (dd, J = 7.4, 3.7 Hz, 2H), 3.54 — 3.44 (m, 2H), 3.33 (dd, J = 7.4,
3.3 Hz, 2H), 2.24 (s, 3H). *C-NMR (151 MHz, C¢Ds) & 165.8, 134.8, 117.2, 72.1, 67.3, 53.1,
14.3. FTIR (neat film) 2933, 2870, 1721, 1402, 1348, 1284, 1109 cm™. HRMS (ESI) m/z:
Calcd for C;H13N,OS (M+H) 201.0810, found 201.0814.

N-
Me84</ /E/\
NE

O

m 5-(Methylthio)-2-(2-(vinyloxy)ethyl)-2H-tetrazole (2x). Following the
general procedure A and starting from 2-(vinyloxy)ethanol (513 mg, 5.82 mmol, 1.3 equiv),
elution with hexane/EtOAc (90:10 to 80:20) gave 2x (648 mg, 78%) as a colorless oil. TLC R¢
0.40 (75:25 hexane/EtOAc). *H-NMR (600 MHz, CsDg) & 6.06 (dd, J = 14.4, 6.8 Hz, 1H), 3.98
—3.92 (m, 2H), 3.92 — 3.87 (m, 1H), 3.80 (dd, J = 6.8, 2.3 Hz, 1H), 3.52 — 3.37 (m, 2H), 2.22 (s,
3H). *C-NMR (151 MHz, C¢Ds) 6 166.0, 151.3, 87.7, 64.8, 52.2, 14.3. FTIR (neat film) 2934,
2884, 1622, 1402, 1322, 1200, 961 cm™. HRMS (ESI) m/z: Calcd for CgH11N4OS (M+H)
187.0654, found 187.0645.

(2)-2-(5-Methoxy-4-methylpent-4-enyl)-5-(methylthio)-2H-tetrazole (2y) and (E)-2-(5-
Methoxy-4-methylpent-4-enyl)-5-(methylthio)-2H-tetrazole (2z). Following the general
procedure A and starting from (Z/E)-5-methoxy-4-methylpent-4-en-1-ol* *® (305 mg, 2.33
mmol, 37:63 Z/E-mixture, 1.3 equiv), elution with hexane/EtOAc (90:10 to 60:40) gave 2y (132
mg, 86%) and 2z (219 mg, 85%) as colorless oils.

AN
7

MeO 2y: TLC Ry 0.53 (75:25 hexane/EtOAc). *H-NMR (600 MHz, CDCl3) &
5.80 (bs, 1H), 4.51 (t, J = 7.4 Hz, 2H), 3.50 (s, 3H), 2.66 (s, 3H), 2.20 — 2.02 (m, 4H), 1.53 (d, J
= 1.3 Hz, 3H). *C-NMR (151 MHz, CDCls) & 164.6, 142.9, 111.3, 59.2, 53.0, 26.8, 25.6, 17.0,
145. FTIR (neat film) 2932, 1684, 1400, 1220, 1139 cm™. HRMS (ESI) m/z: Calcd for
CoH1sNsNaOS (M+Na*) 251.0943, found 251.0933.
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/N\N
MeS{N:lll Me
(1

OMe 27: TLC R; 0.47 (75:25 hexane/EtOAc). ‘H-NMR (600 MHz,
CDCl3) 6 5.78 (d, J = 1.2 Hz, 1H), 4.52 (t, J = 7.0 Hz, 2H), 3.55 (s, 3H), 2.67 (s, 3H), 2.06 (p, J
=7.2 Hz, 2H), 1.91 (t, J = 7.2 Hz, 2H), 1.58 (d, J = 1.2 Hz, 3H). “*C-NMR (151 MHz, CDCls) &
164.8, 143.2, 110.9, 59.3, 52.5, 30.4, 27.1, 14.4, 12.4. FTIR (neat film) 2933, 1685, 1400, 1204,
1125 cm™. HRMS (ESI) m/z: Calcd for CoH16NsNaOS (M+Na*) 251.0943, found 251.0945.

(2)-2-(2-(2-(Methoxymethylene)cyclopentyl)ethyl)-5-(methylthio)-2H-tetrazole (2aa) and
(E)-2-(2-(2-(Methoxymethylene)cyclopentyl)ethyl)-5-(methylthio)-2H-tetrazole (2bb).
Following the general procedure A and starting from (ZIE)-2-(2-
(methoxymethylene)cyclopentyl)ethanol**?° (312 mg, 1.99 mmol, 50:50 Z/E-mixture, 1.1 equiv),
elution with hexane/EtOAc (100:0 to 80:20) gave 2aa (216 mg, 94%) and 2bb (199 mg, 86%) as
colorless oils.

N~
MeS— N /glt/le
N$N -
2aa: TLC Ry 0.65 (75:25 hexane/EtOAc). *H-NMR (600 MHz,
CDCl3) 8 5.92 (dd, J = 3.5, 1.7 Hz, 1H), 4.64 — 4.46 (m, 2H), 3.51 (s, 3H), 2.80 — 2.70 (m, 1H),
2.66 (s, 3H), 2.32 — 2.22 (m, 1H), 2.21 — 2.11 (m, 2H), 2.03 — 1.92 (m, 1H), 1.88 (dt, J = 13.4,
7.4 Hz, 1H), 1.76 — 1.60 (m, 1H), 1.56 — 1.45 (m, 1H), 1.42 — 1.31 (m, 1H). *C-NMR (151
MHz, CDCl3) 6 164.5, 140.1, 122.1, 59.3, 52.5, 36.8, 33.9, 32.6, 28.8, 25.0, 14.5. FTIR (neat
film) 2934, 1723, 1400, 1362, 1284 cm?t. HRMS (ESI) m/z: Calcd for C11H:3N4ONaS (M+Na)
277.1099, found 277.1093.

N~
N
wes—¢ V),
N=N _

OMe obb: TLC Rr 0.53 (75:25 hexane/EtOAC). *H-NMR (600 MHz,

CDCl3) 6 5.88 (dd, J = 4.2, 2.2 Hz, 1H), 4.70 — 4.50 (m, 2H), 3.57 (s, 3H), 2.67 (s, 3H), 2.41 —
2.29 (m, 2H), 2.29 — 2.19 (m, 1H), 2.18 — 2.04 (m, 1H), 1.98 — 1.81 (m, 2H), 1.80 — 1.68 (m,
1H), 1.67 — 1.51 (m, 1H), 1.39 — 1.24 (m, 1H). *C-NMR (151 MHz, CDCl5) & 164.8, 140.2,
122.5, 59.6, 51.9, 38.2, 34.1, 32.8, 26.6, 24.0, 14.4. FTIR (neat film) 2935, 1723, 1401, 1362,
1119 cm™. HRMS (ESI) m/z: Calcd for C11H1sN4ONaS (M+Na) 277.1099, found 277.1101.

N-N
Mes— /N/\K
NE
X 5-(Methylthio)-2-(pent-4-ynyl)-2H-tetrazole (2cc). Following the

general procedure A and starting from pent-4-yn-1-ol (235 mg, 2.80 mmol, 1.3 equiv), elution
with hexane/EtOAc (90:10 to 80:20) gave 2cc (331 mg, 84%) as a colorless oil. TLC R; 0.54
(75:25 hexane/EtOAc). 'H-NMR (500 MHz, CDCls) & 4.69 (t, J = 6.7 Hz, 2H), 2.66 (s, 3H),
2.33 - 2.26 (m, 2H), 2.21 (p, J = 6.7 Hz, 2H), 2.02 (t, J = 2.5 Hz, 1H). *C-NMR (126 MHz,
CDCl3) 6 165.0, 81.7, 70.0, 51.9, 27.8, 15.7, 14.4. FTIR (neat film) 3291, 2934, 2119, 1435,
1401, 1287, 1056 cm™. HRMS (ESI) m/z: Calcd for C;H1iN,S (M+H) 183.0704, found
183.0709.



Pla et al. Supporting Information Page S12

N-N
MeS—’ |
e 4<N$N OMe

OMe  2-(4,4-Dimethoxybutyl)-5-(methylthio)-2H-tetrazole. Following the
general procedure A and starting from 4,4-dimethoxybutan-1-ol** (644.5 mg, 4.80 mmol, 1.1
equiv), elution with hexane/EtOAc (35:65 to 45:55) gave 2-(4,4-dimethoxybutyl)-5-
(methylthio)-2H-tetrazole (828.8 mg, 82%) as a colorless oil. TLC R; 0.60 (50:50
hexane/EtOAc). *H-NMR (600 MHz, CDCls) & 4.00 (t, J = 5.5 Hz, 1H), 3.92 (t, J = 7.2 Hz,
2H), 2.99 (s, 6H), 2.27 (s, 3H), 1.70 — 1.64 (m, 2H), 1.31 (ddd, J = 9.7, 7.7, 5.6 Hz, 2H). “*C-
NMR (151 MHz, CDCl3) & 165.3, 103.7, 52.7, 52.5, 29.3, 24.5, 21.6, 13.9. FTIR (neat film)
2936, 2832, 1801, 1739, 1400, 1265, 1127, 1095 cm™. HRMS (ESI) m/z: Calcd for
CgH16N4O2SNa (M+Na) 255.0892, found 255.0886.

_<N‘N
MeS— |
N=N H

O 4-(5-(Methylthio)-2H-tetrazol-2-yl)butanal (2dd). LiBF, (308.5 mg,
3.29 mmol) was added to a solution of 2-(4,4-dimethoxybutyl)-5-(methylthio)-2H-tetrazole
(254.8 mg, 1.10 mmol) in MeCN - H,O (10 mL, 98:2%), and the mixture was stirred for 21 h at
r.t. Solvents were removed under reduced pressure, the residue was dissolved in CH,CIl, and
washed with H,O and brine. The organic phase was dried over MgSO, and concentrated under
reduced pressure. The residue was purified by silica gel chromatography, and elution with
hexane/EtOAc (50:50 to 40:60) gave 2dd (175.1 mg, 86%, 98% estimated purity by NMR) as a
colorless oil. TLC R; 0.50 (50:50 hexane/EtOAc). *H-NMR (600 MHz, CDCls) & 8.95 (d, J =
7.6 Hz, 1H), 3.82 — 3.76 (m, 2H), 2.28 (s, 3H), 1.61 — 1.54 (m, 2H), 1.49 — 1.41 (m, 2H). “C-
NMR (151 MHz, CDCls) 6 199.0, 165.8, 52.1, 40.1, 21.8, 14.3. FTIR (neat film) 2935, 1722,
1401, 1320, 1056 cm™. HRMS (API) m/z: Calcd for CgH11N4OS (M+H) 187.0654, found
187.0647.

N‘N
MeS—</ N
N=N

C\\\N 4-(5-(Methylthio)-2H-tetrazol-2-yl)butanenitrile (2ee). Following the
general procedure A and starting from 4-hydroxybutanenitrile® % (488.2 mg, 5.74 mmol, 1.3
equiv), elution with CH,CIl,/MeCN (95:5 to 90:10) gave 2XX (582.1 mg, 72%) as a colorless oil.
TLC Ry 0.54 (50:50 hexane/EtOAc). *H-NMR (600 MHz, CDCls) & 3.67 — 3.59 (m, 2H), 2.26
(s, 3H), 1.24 — 1.12 (m, 4H). *C-NMR (151 MHz, CDCls) § 166.1, 118.2, 51.1, 25.1, 14.3,
14.2. FTIR (neat film) 2934, 2249, 1770, 1401, 1286, 1180, 1155, 1016 cm™. HRMS (ESI)
m/z: Calcd for CgH1oNsS (M+H) 184.0657, found 184.0651.

N-N
Me—</ I /\
N=N
| 5-Methyl-2-(pent-4-enyl)-2H-tetrazole (11). Diisopropyl azodicarboxylate
(1.77 mL, 9.01 mmol) was added to a stirred solution of 5-methyl-1H-tetrazole (504.9 mg, 6.01
mmol), PPh; (2.36 g, 9.01 mmol) and pent-4-en-1-ol (0.795 mL, 7.81 mmol) in THF (50 mL) at
r.t. under Ar. The resulting mixture was heated to 80 °C for 16 h. Then, the solvent was
evaporated under reduced pressure, and the residue was purified by silica gel chromatography.
Elution with hexane/EtOAc (80:20 to 70:30) gave 11 (601.2 mg, 66%) as a colorless oil. TLC Rs
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0.40 (75:25 hexane/EtOAc). *H-NMR (600 MHz, CeDg) 8 5.44 (ddt, J = 16.9, 10.4, 6.5 Hz,
1H), 4.93 — 4.79 (M, 2H), 3.94 (t, J = 6.8 Hz, 2H), 2.26 (s, 3H), 1.68 — 1.57 (m, 4H). *C-NMR
(151 MHz, CsDg) & 163.4, 137.0, 116.4, 52.0, 30.7, 28.7, 11.1. FTIR (neat film) 3080, 2978,
2942, 1642, 1504, 1446, 1360, 1192, 1033, 918 cm™. HRMS (ESI) m/z: Calcd for C7Hy3Ny
(M+H) 153.1140, found 153.1141.

o) /N\,Tl
Eto NN
| Ethyl 2-(pent-4-enyl)-2H-tetrazole-5-carboxylate (13). Diisopropyl
azodicarboxylate (0.470 mL, 2.39 mmol) was added to a stirred suspension of ethyl 1H-tetrazole-
5-carboxylate (226.3 mg, 1.59 mmol), PPh; (626.5 mg, 2.39 mmol) and pent-4-en-1-ol (0.211
mL, 2.07 mmol) in THF (20 mL) at r.t. under Ar. The resulting mixture was heated to 80 °C for
16 h. Then, the solvent was evaporated under reduced pressure, and the residue was purified by
silica gel chromatography. Elution with hexane/EtOAc (95:5 to 70:30) gave 13 (152.1 mg , 45%)
as a colorless oil. TLC R; 0.44 (75:25 hexane/EtOAc). *H-NMR (600 MHz, C¢Dg) & 5.36 (ddt,
J=16.9, 10.2, 6.6 Hz, 1H), 4.92 — 4.74 (m, 2H), 4.11 (g, J = 7.1 Hz, 2H), 3.84 (t, J = 7.0 Hz,
2H), 1.54 (td, J = 7.5, 1.1 Hz, 2H), 1.48 (qd, J = 7.5, 1.1 Hz, 2H), 0.98 (t, J = 7.1 Hz, 3H). *C-
NMR (151 MHz, C¢Dg) 6 158.6, 158.2, 136.2, 116.2, 62.0, 52.5, 30.2, 28.0, 14.0. FTIR (neat
film) 3079, 2982, 2939, 1736, 1641, 1507, 1448, 1277, 1182, 1156 cm™. HRMS (ESI) m/z:
Calcd for CgH15N40, (M+H) 211.1195, found 211.1194.

< > oN
N/’N
| 2-(Pent-4-enyl)-5-phenyl-2H-tetrazole (15).% Diisopropyl

azodicarboxylate (0.624 mL, 3.17 mmol) was added to a stirred solution of 5-phenyl-1H-
tetrazole (308.9 mg, 2.11 mmol), PPh; (831.5 mg, 3.17 mmol) and pent-4-en-1-ol (236.7 mg,
2.75 mmol) in THF (40 mL) at r.t. under Ar. The resulting mixture was heated to 80 °C for 16 h.
Then, the solvent was evaporated under reduced pressure, and the residue was purified by silica
gel chromatography. Elution with hexane/EtOAc (95:5 to 80:20) gave 15 (412.0 mg, 91%) as a
colorless oil. TLC R; 0.76 (75:25 hexane/EtOAc). *H-NMR (600 MHz, C¢Dg) & 8.42 (d, J =
7.8 Hz, 2H), 7.18 (dd, J = 7.8, 7.4 Hz, 2H), 7.11 (t, J = 7.4 Hz, 1H), 5.43 (ddt, J = 16.9, 10.3, 6.5
Hz, 1H), 4.89 — 4.83 (m, 2H), 3.95 (t, J = 6.7 Hz, 2H), 1.68 — 1.56 (m, 4H). *C-NMR (151
MHz, CgDg) 6 165.6, 136.6, 130.3, 129.2, 128.6, 127.2, 116.1, 52.0, 30.4, 28.3. FTIR (neat
film) 3076, 2979, 2950, 1642, 1530, 1466, 1450, 1358, 1045, 918 cm™. MS (ESI) m/z: 215
(M+H, 14), 237 (M+Na, 100). The spectroscopic data matches the product reported in
literature.?
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C. Synthesis of Fused Pyrazoline, and Pyrazole Derivatives 3, 4, 6 — 8, 14 and 16.

N-N

4
Mesw 2-(Methylthio)-3a,4,5,6-tetrahydro-3H-pyrrolo[1,2-b]pyrazole (3a).
Following the general procedure B and starting from 2a (604.6 mg, 3.28 mmol), elution with
CH.CI/THF (80:20 to 65:35) gave 3a as a yellowish oil (328 mg, 64%). TLC R 0.28 (70:30
CH,Cly/THF). *H-NMR (600 MHz, CgDg) & 3.71 — 3.61 (m, 1H), 3.44 — 3.47 (m, 1H), 2.94
(ddd, J =12.1, 9.0, 7.2 Hz, 1H), 2.63 (dd, J = 16.2, 9.2 Hz, 1H), 2.25 (s, 3H), 2.22 (d, J = 16.2
Hz, 1H), 1.49 — 1.36 (m, 1H), 1.31 (dd, J = 12.4, 7.6 Hz, 1H), 1.26 — 1.16 (m, 1H), 1.08 — 0.96
(m, 1H). ®C-NMR (151 MHz, Cg¢Dg) & 150.9, 65.2, 55.6, 44.3, 31.8, 24.8, 14.1. FTIR (neat
film) 2959, 2872, 1609, 1449, 1128, 1058 cm™. HRMS (ESI) m/z: Calcd for C;H13N,S (M+H)
157.0799, found 157.0796.

H

N-N

s@ Tetrahydro-1H-pyrrolo[1,2-b]pyrazole-2(3H)-thione (4a). Following the
general procedure B, starting from 2a (53.7 mg, 0.29 mmol), irradiation at r.t. for 16 h, and
elution with CH,Cl,/MeOH (100:0 to 95:5) gave 4a as a yellowish oil (12.8 mg, 31%, 83%
estimated purity by NMR). TLC R; 0.50 (95:5 CH,Cl,/MeOH). *H-NMR (600 MHz, CDCl3) &
4.20 - 4.11 (m, 1H), 3.28 (dd, J = 18.1, 9.8 Hz, 1H), 3.21 — 3.07 (m, 2H), 2.95 (dd, J = 18.1, 5.4
Hz, 1H), 2.08 (ddd, J = 15.9, 12.9, 8.0 Hz, 1H), 1.99 — 1.90 (m, 1H), 1.89 — 1.78 (m, 1H), 1.79 —
1.69 (m, 1H), 1.70 — 1.60 (m, 1H). *C-NMR (151 MHz, CDCl3) & 190.5, 63.6, 57.0, 50.1, 32.0,
23.7. FTIR (neat film) 3417, 2957, 1512, 1447, 1268, 1121 cm™. HRMS (ESI) m/z: Calcd for
CeH11N2S (M+H) 143.0643, found 143.0645.

N-N

4
anw 2-(Benzylthio)-3a,4,5,6-tetrahydro-3H-pyrrolo[1,2-b]pyrazole (6). Following
the general procedure B and starting from 5 (54.9 mg, 0.21 mmol), elution with CH,CIl,/THF
(85:15 to 75:25) gave 6 as a yellowish oil (31.9 mg, 65%, 98% estimated purity by NMR). TLC
Ri 0.54 (70:30 CH,Cly/THF). *H-NMR (600 MHz, C¢Ds) & 7.29 (d, J = 7.4 Hz, 2H), 7.06 (t, J =
7.4 Hz, 2H), 6.99 (t, J = 7.4 Hz, 1H), 4.25 (d, J = 13.3 Hz, 1H), 4.19 (d, J = 13.3 Hz, 1H), 3.71 -
3.65 (m, 1H), 3.42 (m, 1H), 2.94 (ddd, J = 12.1, 9.2, 6.8 Hz, 1H), 2.58 (dd, J = 16.1, 9.3 Hz, 1H),
2.15 (dd, J = 16.1, 1.7 Hz, 1H), 1.43 — 1.33 (m, 1H), 1.31 — 1.16 (m, 2H), 0.99 — 0.91 (m, 1H).
BC-NMR (151 MHz, CgDg) 6 149.9, 138.7, 129.8, 129.0, 127.7, 65.1, 55.6, 44.4, 36.0, 31.8,
24.7. FTIR (neat film) 2957, 2868, 1683, 1602, 1561, 1495, 1453, 1267, 1070 cm™. HRMS
(ESI) m/z: Calcd for C13H17N,S (M+H) 233.1112, found 233.1107.

N~

AR

MGSW 3-(Methylthio)-1,2-diazabicyclo[3.1.0]hex-2-ene (3b). Following the general
procedure B and starting from 2b (46.6 mg, 0.30 mmol), elution with CH,CI,/TBME (30:70 to
20:80) gave 3b as a yellowish oil (26.0 mg, 68%). TLC R 0.20 (50:50 CH,Cl,/TBME). *H-
NMR (600 MHz, C¢Dg) 6 2.42 (dd, J = 17.3, 7.6 Hz, 1H), 2.36 (dd, J = 17.3, 2.2 Hz, 1H), 2.16
(s, 3H), 2.13 — 2.08 (m, 1H), 1.78 (dd, J = 6.0, 1.8 Hz, 1H), 0.80 — 0.76 (m, 1H). *C-NMR (151
MHz, C¢Dg) 6 166.9, 41.4, 40.9, 39.3, 14.2. FTIR (neat film) 2918, 2849, 1549, 1428, 1290,
1134, 1103 cm™. HRMS (ESI) m/z: Calcd for CsHgN,S (M+H) 129.0486, found 129.0487.
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N-
MeS@
2-(Methylthio)-3,3a,4,5,6,7-hexahydropyrazolo[1,5-a]pyridine (3d). Follow-
ing the general procedure B and starting from 2d (56.6 mg, 0.29 mmol), elution with
CH,CI/THF (90:10 to 80:20) gave 3d as a yellowish oil (27.1 mg, 56%). TLC R; 0.69 (70:30
CH:Clo/THF). *H-NMR (600 MHz, C¢Dg) & 3.94 — 3.85 (m, 1H), 2.65 — 2.52 (m, 2H), 2.30 (dd,
J=14.6, 7.5 Hz, 1H), 2.27 (s, 3H), 2.11 (dd, J = 14.6, 11.3 Hz, 1H), 1.60 — 1.51 (m, 1H), 1.49 —
1.40 (m, 1H), 1.31 (tdd, J = 11.3, 9.4, 3.8 Hz, 2H), 1.27 — 1.18 (m, 1H), 1.03 — 0.88 (m, 1H).
BC-NMR (151 MHz, C¢Dg) 6 150.0, 67.1, 53.3, 43.2, 28.6, 25.6, 24.7, 13.9. FTIR (neat film)
2933, 2852, 2793, 1539, 1440, 1277, 1259, 1026 cm™. HRMS (ESI) m/z: Calcd for CgHisN,S
(M+H) 171.0956, found 171.0953.

N-N
MeS—’
2-(Methylthio)-3a,4,5,6,7,8-hexahydro-3H-pyrazolo[1,5-a]azepine (3e).

Following the general procedure B and starting from 3e (105.4 mg, 0.50 mmol), elution with
CH,CI,/TBME (90:10 to 60:40) gave the monomer 3e (23.7 mg, 26%, 99% estimated purity by
NMR), and its quasidimer (21.6 mg, 22%, characterized below) as yellowish oils. When this
reaction was conducted three times more diluted (0.10 M), 3e was obtained in 35% and its
quasidimer only in a 4% yield. 3e: TLC R; 0.62 (70:30 CH,Cl,/TBME). H-NMR (600 MHz,
CesDg) 6 4.00 (dt, J =12.1, 5.8 Hz, 1H), 2.86 (dtd, J = 13.4, 9.6, 3.8 Hz, 1H), 2.63 (ddd, J = 12.1,
8.9, 4.8 Hz, 1H), 2.51 (dd, J = 15.7, 9.6 Hz, 1H), 2.26 (s, 3H), 2.24 — 2.14 (m, 1H), 1.75 — 1.67
(m, 1H), 1.59 — 1.49 (m, 2H), 1.48 — 1.16 (m, 5H). *C-NMR (151 MHz, CsDs) & 148.7, 69.1,
57.3, 45.9, 33.9, 28.5, 27.5, 26.3, 13.9. FTIR (neat film) 2924, 1660, 1502, 1463, 1442, 1136
cm™. HRMS (ESI) m/z: Calcd for CoH17N,S (M+H) 185.1112, found 185.1106.

NOESYN_

Mes;gp

Me Iily

(3R*,3aR*)-3-Methyl-2-(methylthio)-3a,4,5,6-tetrahydro-3H-pyrrolo-
[1,2-b]pyrazole (3g). Following the general procedure B and starting from 2g (63.1 mg, 0.32
mmol), elution with CH,Cl,/MeOH (100:0 to 95:5) gave 3g as a yellowish oil (34.9 mg, 64%),
d.r. (19:1 dr). Major diastereomer: TLC R; 0.28 (95:5 CH,Cl,/MeOH). *H-NMR (600 MHz,
CeDs) 6 3.72 — 3.63 (m, 1H), 3.15 (ddd, J = 8.3, 6.8, 1.4 Hz, 1H), 2.94 (ddd, J = 12.2,9.1, 7.1
Hz, 1H), 2.54 (qd, J = 7.2, 1.4 Hz, 1H), 2.25 (s, 3H), 1.54 — 1.42 (m, 1H), 1.42 — 1.31 (m, 1H),
1.29 — 1.19 (m, 1H), 1.13 — 1.07 (m, 4H). *C-NMR (151 MHz, CsD¢) & 155.5, 73.2, 54.8, 51.6,
30.7, 24.3, 18.1, 135. FTIR (neat film) 2966, 2928, 2870, 1558, 1452, 1119, 1021 cm™.
HRMS (ESI) m/z: Calcd for CgH1sN,S (M+H) 171.0956, found 171.0948.

(3S*,3aR*)-3-Methyl-2-(methylthio)-3a,4,5,6-tetrahydro-3H-pyrrolo-
[1,2-b]pyrazole (3h). Following the general procedure B and starting from Z-2h (103.7 mg,
0.52 mmol), elution with CH,CI,/THF (80:20 to 70:30) gave 3h as a yellowish oil (55.3 mg,
62%), d.r. (18:2). Major diastereomer: TLC Ry 0.34 (70:30 CH.CIy/THF). 'H-NMR (600 MHz,
CeDs) 6 3.66 (m, 1H), 3.46 (dd, J = 14.7, 8.2 Hz, 1H), 3.12 (dt, J = 12.1, 7.5 Hz, 1H), 3.04 (dq, J



Pla et al. Supporting Information Page S16

=14.7, 7.3 Hz, 1H), 2.25 (s, 3H), 1.54 — 1.40 (m, 1H), 1.39 — 1.31 (m, 1H), 1.31 — 1.21 (m, 1H),
1.07 — 0.96 (m, 1H), 0.94 (d, J = 7.3 Hz, 3H). *C-NMR (151 MHz, C¢Ds) & 154.8, 70.4, 55.8,
46.8, 25.1, 24.2, 13.8, 12.0. FTIR (neat film) 2927, 1670, 1561, 1451, 1378, 1184 cm™. HRMS
(ESI) m/z: Calcd for CgH1sN,S (M+H) 171.0956, found 171.0958.

N~
N
MeS—’

(35S*,3aR*)-3-Cyclopropyl-2-(methylthio)-3a,4,5,6-tetrahydro-3H-
pyrrolo[1,2-b]pyrazole (3i). Following the general procedure B and starting from 2i (38.1 mg,
0.17 mmol), elution with CH,Cl,/TBME (30:70 to 20:80) gave 3i as a yellowish oil (20.3 mg,
61%), d.r. (17:3). Major diastereomer: TLC R; 0.18 (75:25 CH,Cl,/TBME). 'H-NMR (600
MHz, C¢Dg) & 3.71 (ddd, J = 12.2, 7.6, 4.9 Hz, 1H), 3.56 (dd, J = 16.5, 8.0 Hz, 1H), 3.12 (dt, J =
12.2, 7.6 Hz, 1H), 2.31 (s, 3H), 2.11 (dd, J = 10.4, 8.9 Hz, 1H), 1.66 — 1.50 (m, 2H), 1.39 — 1.22
(m, 2H), 0.65 — 0.48 (m, 2H), 0.32 — 0.13 (m, 2H), -0.13 — -0.24 (m, 1H). *C-NMR (151 MHz,
CsDs) 6 154.8, 69.7, 58.9, 55.9, 25.4, 25.2, 13.8, 8.8, 6.1, 3.8. FTIR (neat film) 3095, 2961,
2870, 1553, 1430, 1250, 1154, 1021 cm™. HRMS (ESI) m/z: Calcd for CioH17N;S (M+H)
197.1112, found 197.1115.

N~
N
Mesw

Me 3a-Methyl-2-(methylthio)-3a,4,5,6-tetrahydro-3H-pyrrolo[1,2-b]pyrazole
(3j). Following the general procedure B and starting from 2j (62.8 mg, 0.32 mmol), elution with
CH,Cl,/MeOH (100:0 to 95:5) gave 3j as a yellowish oil (37.9 mg, 70%, 99% estimated purity
by NMR). TLC R; 0.30 (95:5 CH,Cly/MeOH). *H-NMR (600 MHz, CsDg) & 3.66 — 3.60 (m,
1H), 3.04 — 2.98 (m, 1H), 2.46 (d, J = 16.0 Hz, 1H), 2.42 (d, J = 16.0 Hz, 1H), 2.25 (s, 3H), 1.59
— 1.51 (m, 1H), 1.42 — 1.32 (m, 2H), 1.21 — 1.14 (m, 1H), 1.06 (s, 3H). *C-NMR (151 MHz,
CesDg) 6 150.0, 73.1, 53.9, 50.8, 37.4, 26.2, 24.9, 13.5. FTIR (neat film) 2961, 2927, 2869, 1562,
1449, 1313, 1149, 1062 cm™. HRMS (ESI) m/z: Calcd for CgH1sN,S (M+H) 171.0956, found
171.0953.

N~
MeS— N
ME Me 3,3-Dimethyl-2-(methylthio)-3a,4,5,6-tetrahydro-3H-pyrrolo[1,2-b]pyrazole
(3k). Following the general procedure B and starting from 2k (65.6 mg, 0.31 mmol), elution with
hexane/EtOAc (60:40 to 40:60) gave 3k as a yellowish oil (38.2 mg, 67%, 96% estimated purity
by NMR). TLC R 0.21 (50:50 hexane/EtOAc). *H-NMR (600 MHz, CsDg) & 3.64 (ddd, J =
7.8,6.8,4.2 Hz, 1H), 3.21 - 3.11 (m, 1H), 3.11 - 3.03 (m, 1H), 2.25 (s, 3H), 1.61 — 1.48 (m, 1H),
1.42 —1.28 (m, 2H), 1.26 (s, J = 4.4 Hz, 3H), 1.12 — 1.03 (m, 1H), 1.01 (s, 3H). *C-NMR (151
MHz, C¢Ds) 6 157.9, 77.4, 54.9, 51.5, 26.5, 25.2, 25.1, 20.2, 13.3. FTIR (neat film) 2964, 2927,
1553, 1443, 1286, 1109 cm™. HRMS (ESI) m/z: Calcd for CoH17N2S (M+H) 185.1112, found
185.1108.
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N~
2-(Methylthio)-3a,8-dihydro-3H-pyrazolo[5,1-a]isoindole (3l). Follow-

ing the general procedure B and starting from 21 (59.3 mg, 0.26 mmol), elution with
hexane/EtOAc (60:40 to 50:50) gave 3l as a yellowish oil (36.5 mg, 70%). TLC R;0.31 (50:50
hexane/EtOACc). *H-NMR (600 MHz, CgDg) & 7.04 — 6.97 (m, 2H), 6.88 (d, J = 5.8 Hz, 1H),
6.75 (d, J =5.8 Hz, 1H), 4.83 (d, J = 15.7 Hz, 1H), 4.59 (d, J = 9.5 Hz, 1H), 4.36 (d, J = 15.7 Hz,
1H), 2.78 (dd, J = 15.9, 9.5 Hz, 1H), 2.67 (dd, J = 15.9, 1.4 Hz, 1H), 2.09 (s, 3H). *C-NMR
(151 MHz, C¢Dg) 6 151.3, 143.6, 140.2, 128.7, 127.6, 123.6, 123.2, 70.6, 61.0, 43.2, 14.0. FTIR
(neat film) 2923, 2848, 1562, 1431, 1287, 1156, 1117 cm™. HRMS (ESI) m/z: Calcd for
C11H13NLS (M+H) 205.0799, found 205.0791.

Me
N~
N
MeS—’

H (3aR*,6S)-6-Methyl-2-(methylthio)-3a,4,5,6-tetrahydro-3H-pyrrolo[1,2-b]-
pyrazole (3m). Following the general procedure B and starting from 2m (57.7 mg, 0.29 mmol),
elution with CH,CI,/THF (80:20 to 70:30) gave 3m as a yellowish oil (37.8 mg, 76%), d.r.
(17:3).

Me
N~
N
MeS—

NOESY H Major diastereomer: (3aR,6S)-6-Methyl-2-(methylthio)-3a,4,5,6-
tetrahydro-3H-pyrrolo[1,2-b]pyrazole. TLC R; 0.47 (70:30 CH.Cl,/THF). [a]%;+36.5° (C
0.39, CHCly). 'H-NMR (600 MHz, CsDg) 5 3.74 (dg, J = 13.0, 6.7 Hz, 1H), 3.60 — 3.52 (m,
1H), 2.57 (dd, J = 16.1, 9.6 Hz, 1H), 2.26 (s, 3H), 2.23 (dd, J = 16.1, 2.3 Hz, 1H), 1.71 — 1.61
(m, 1H), 1.48 — 1.38 (m, 1H), 1.18 (d, J = 6.7 Hz, 3H), 1.12 — 1.00 (m, 2H). *C-NMR (151
MHz, CgDg) 6 150.0, 64.2, 62.5, 43.3, 32.5, 31.5, 21.7, 14.2. FTIR (neat film) 2958, 2924,
2853, 1660, 1632, 1601, 1456, 1377 cm™. HRMS (ESI) m/z: Calcd for CgHisN,S (M+H)
171.0956, found 171.0958.

NOESY (3aR*,65*)-3a,6-Dimethyl-2-(methylthio)-3a,4,5,6-tetrahydro-3H-
pyrrolo[1,2-b]pyrazole (3n). Following the general procedure B and starting from 2n (33.9 mg,
0.16 mmol), elution with hexane/EtOAc (80:20 to 70:30) gave 3n as a yellowish oil (21.2 mg,
72%), d.r. (17:3). Major diastereomer: TLC R; 0.50 (50:50 hexane/EtOAc). *H-NMR (600
MHz, CDCl3) 6 3.40 (dg, J = 15.1, 6.7 Hz, 1H), 2.78 (d, J = 16.5 Hz, 1H), 2.61 (d, J = 16.5 Hz,
1H), 2.41 (s, 3H), 2.01 (dtd, J =12.7, 7.1, 2.8 Hz, 1H), 1.79 — 1.65 (m, 2H), 1.56 — 1.45 (m, 1H),
1.32 (s, 3H), 1.29 (d, J = 6.7 Hz, 3H). *C-NMR (151 MHz, CDCl3) 6 151.2, 71.8, 62.4, 50.4,
37.3,32.2, 27.6, 22.5, 13.7. FTIR (neat film) 2941, 2883, 1539, 1440, 1396, 1332, 1303, 1216,
1118 cm™. HRMS (ESI) m/z: Calcd for CoH17N,S (M+H) 185.1112, found 185.1118.
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Me

N~
N
MeS—’
NOESY
Me H

Me (3aR*,65%)-3,3,6-Trimethyl-2-(methylthio)-3a,4,5,6-tetrahydro-
3H-pyrrolo[1,2-b]pyrazole (30). Following the general procedure B and starting from 20 (57.9
mg, 0.26 mmol), elution with CH,Cl,/THF (80:20 to 70:30) gave 30 as a yellowish oil (38.0 mg,
75%), d.r. (16:4). Major diastereomer: TLC R; 0.61 (70:30 CH,Cl/ THF). *H-NMR (600 MHz,
CDCl3) 6 3.61 (dd, J = 13.7, 6.8 Hz, 1H), 3.48 (t, J = 8.2 Hz, 1H), 2.39 (s, 3H), 2.01 — 1.93 (m,
1H), 1.61 — 1.55 (m, 2H), 1.36 — 1.30 (m, 1H), 1.25 (s, 3H), 1.23 (d, J = 6.8 Hz, 3H), 1.13 (s,
3H). ®C-NMR (151 MHz, CDCls) § 158.9, 76.0, 62.0, 51.0, 32.9, 26.8, 25.8, 21.7, 20.2, 13.3.
FTIR (neat film) 2924, 2854, 1684, 1570, 1458, 1377 cm™. HRMS (ESI) m/z: Calcd for
Ci10H19N,S (M+H) 199.1269, found 199.1272.

N~
MeS—’ N H

NOESY

",

Me

H (3aR*,5R*)-5-Methyl-2-(methylthio)-3a,4,5,6-tetrahydro-3H-pyrrolo-
[1,2-b]pyrazole (3p). Following the general procedure B and starting from 2p (61.8 mg, 0.31
mmol), elution with CH,Cl,/MeOH (100:0 to 95:5) gave 3p as a yellowish oil (38.2 mg, 72%),
d.r. (16:4). TLC R; 0.32 (95:5 CH,Cl/MeOH). *'H-NMR (600 MHz, CDCls) Major
diastereomer: 6 3.94 — 3.84 (m, 1H), 3.62 — 3.54 (m, 1H), 2.88 (dd, J = 16.3, 9.9 Hz, 1H), 2.79
(dd, J = 10.1, 10.1 Hz, 1H), 2.63 (dd, J = 16.3, 2.1 Hz, 1H), 2.43 (s, 3H), 2.24 — 2.12 (m, 1H),
1.92 (dt, J = 12.3, 6.3 Hz, 1H), 1.14 — 1.07 (m, 1H), 1.04 (d, J = 6.6 Hz, 3H). Minor
diastereomer: & 4.02 (ddd, J = 11.9, 9.3, 2.4 Hz, 1H), 3.68 — 3.59 (m, 2H), 3.05 — 2.96 (m, 1H),
2.60 — 2.55 (m, 1H), 2.42 (s, 3H), 2.12 — 2.01 (m, 1H), 1.63 (ddd, J = 12.9, 8.5, 4.6 Hz, 1H), 1.48
(dt, J = 12.8, 9.0 Hz, 1H), 0.97 (d, J = 6.6 Hz, 3H). *C-NMR (151 MHz, CDCls) Major
diastereomer: & 151.2, 65.5, 62.3, 42.0, 39.6, 34.0, 18.3, 13.9. Minor diastereomer: 6 152.7,
64.2, 62.6, 44.9, 40.7, 31.8, 17.3. FTIR (neat film) 2921, 2850, 1670, 1559, 1457, 1267, 1126
cm™. HRMS (ESI) m/z: Calcd for CgHisN,S (M+H) 171.0956, found 171.0949.

' major 3.62 - 3.54 (m, 1H) i 1 minor '
: N 2.79 (dd, J= 10.1, 10.1 HZ, 1H) : E /N\N Me 0.97 (d, J=66 HZ, 3H) :
. s, N H 2.24-2.12 (m, 1H) - MeS 7 '
: MeS v H= H 2.12-2.01 (m, 1H)
| 2,68 (dd, J = 16.3, 9.9 Hz, 1H)H™ I Me 1.04 (d, J = 6.6 Hz, 3H)! 305-296& > 1
i = 1 | 1 2.60-2.55 (2m, 2H) 4.02 (ddd, J = 11.9, 9.3, 2.4 Hz, 1H)
| 263(dd.J=163,21Hz HH  Jou sg e em Ay A IR K
I NOESY | H,. He Ha y Ha He Ha He
1 b H
2.24-2.12 (m, 1H) ! @ /CE} Me@\ @
3.94-3.84 (m,1H)H/'Hd ' Me Hy Hp N N
N—NX He @ 04(d. J = 6.6 Ha 3H | envelope conformation boat conformation
MeS—< H 04(d. J=6.6Hz, 3H) U3 & e >13 Hz, 0180°  “hers & Ypeny <3 Hz, 0~85°

T (o} H
Hb'H 1.92(ddd, J=11.9,63, 63 Hz, TH) 1 35, & 3, 1\ <5 Hz, 6 ~60° 3 Jhte & 3pene 10-12 Hz, 6 ~25°
b :
1.14-1.07 (ddd, J = 11.9, 11.3,10.7 Hz, 1H) 3 10-12 Hz, 0 ~359 s <3 Hz, 0 ~85°
b s 5310412 Hz, 0 ~145° 3Jtato 10-12 Hz, 0 ~25°

s ~4 Hz, 0 ~120° i1 ~4 Hz, 8 ~120°
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(3aS*,4R*)-4-Methyl-2-(methylthio)-3a,4,5,6-tetrahydro-3H-pyrrolo[1,2-b]pyrazole (39)
and (3aS*,4S*)-4-Methyl-2-(methylthio)-3a,4,5,6-tetrahydro-3H-pyrrolo[1,2-b]pyrazole
(3q’). Following the general procedure B and starting from 2qg (63.5 mg, 0.32 mmol), elution
with CH,Cl,/MeOH (100:0 to 95:5) gave 3q (33.3 mg, 61%) and 3q’ (8.2 mg, 15%) as yellowish
oils, d.r. (16:4).

N~
N
S ~~Me

NOESY H@
weak>=-"" 3q: TLC Ry 0.27 (95:5 CH,Cly/MeOH). *H-NMR (600 MHz, CsDg) &
3.48 (dt, J = 11.8, 7.7 Hz, 1H), 3.40 — 3.34 (m, 1H), 2.99 (td, J = 9.2, 1.8 Hz, 1H), 2.56 (dd, J =
16.1, 9.4 Hz, 1H), 2.29 — 2.23 (m, 4H), 1.64 (dtd, J = 12.6, 7.7, 5.0 Hz, 1H), 1.36 — 1.28 (m, 1H),
0.99 (ddd, J = 16.4, 12.4, 8.1 Hz, 1H), 0.59 (d, J = 6.7 Hz, 3H). *C-NMR (151 MHz, C¢D¢) &
149.0, 72.6, 54.4, 41.4, 38.0, 33.7, 17.1, 13.8. FTIR (neat film) 2955, 2928, 1561, 1459, 1434,
1274, 1145 cm™. HRMS (ESI) m/z: Calcd for CgH1sN2S (M+H) 171.0956, found 171.0951.

N~
N
~H

NOESY [ R ™

Y27 3@’ TLC Ry 0.24 (95:5 CH,Cl,/MeOH). *H-NMR (600 MHz, C¢Ds) & 3.69
(ddd, J = 12.0, 6.7, 2.6 Hz, 1H), 3.59 (ddd, J = 9.4, 9.4, 3.0 Hz, 1H), 2.91 (ddd, J = 12.0, 10.7,
5.8 Hz, 1H), 2.52 — 2.37 (m, 2H), 2.24 (s, J = 3.1 Hz, 3H), 1.69 — 1.57 (m, 1H), 1.48 — 1.38 (m,
1H), 1.08 (dddd, J = 12.0, 10.6, 9.3, 6.7 Hz, 1H), 0.64 (d, J = 7.1 Hz, 3H). *C-NMR (151 MHz,
CeDe) & 151.2, 67.4, 54.4, 38.4, 35.5, 33.6, 16.2, 13.8. FTIR (neat film) 2960, 1561, 1509, 1459
cm™. HRMS (ESI) m/z: Calcd for CgHisN,S (M+H) 171.0956, found 171.0955.

N~
N
MeS—’ >
WY »

NOESY vH

(3aS*,6aR*)-2-(Methylthio)-4,5,6,6a,7,8-hexahydro-3H-cyclopenta[2,3]-
pyrrolo[1,2-b]pyrazole (3r). Following the general procedure B and starting from 2r (65.1 mg,
0.29 mmol), elution with CH,Cl,/THF (80:20 to 70:30) gave 3r as a yellowish oil (43.9 mg,
77%), d.r. (19:1). Major diastereomer: TLC Ry 0.47 (70:30 CH.CIy/THF). *H-NMR (600 MHz,
CeDg) 6 3.74 (dd, J =125, 7.2 Hz, 1H), 2.93 (ddd, J = 12.5, 12.5, 5.9 Hz, 1H), 2.63 (d, J = 16.2
Hz, 1H), 2.56 (d, J = 16.2 Hz, 1H), 2.25 (s, 3H), 1.88 — 1.80 (m, 2H), 1.76 (ddd, J = 16.5, 10.7,
7.0 Hz, 1H), 1.60 (dt, J = 13.4, 6.5 Hz, 1H), 1.57 — 1.48 (m, 1H), 1.39 (dt, J = 12.3, 6.1 Hz, 1H),
1.18 — 1.07 (m, 1H), 1.06 — 0.92 (m, 2H). *C-NMR (151 MHz, CsD¢) & 151.3, 84.6, 54.4, 51.0,
50.2, 39.4, 34.7, 32.8, 27.3, 13.9. FTIR (neat film) 2950, 2863, 1563, 1431, 1291, 1136 cm™.
HRMS (ESI) m/z: Calcd for C1oH17N2S (M+H) 197.1112, found 197.1109.
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(3aR*,4aS*,8aS*)-2-(Methylthio)-3a,4,4a,5,6,7,8,8a-octahydro-3H-pyrazolo[1,5-a]indole
(3s); (3aS*,4aS*,8aS*)-2-(Methylthio)-3a,4,4a,5,6,7,8,8a-octahydro-3H-pyrazolo[1,5-
alindole (3s”). Following the general procedure B and starting from 2s (58.2 mg, 0.24 mmol),
elution with CH,Cl,/TBME (70:30 to 60:40) gave 3s (35.3 mg, 69%) and 3s’ (14.0 mg, 27%) as
yellowish oils.

3s: TLC R 0.50 (50:50 CH,Cl,/TBME). ‘H-NMR (600 MHz, C¢Ds)
3.85 — 3.78 (m, 1H), 3.59 — 3.48 (m, 1H), 2.65 (dd, J = 16.4, 10.4 Hz, 1H), 2.30 (s, 3H), 2.25
(dd, J = 16.4, 3.2 Hz, 1H), 2.02 — 1.90 (m, 1H), 1.81 — 1.72 (m, 1H), 1.60 — 1.56 (m, 1H), 1.54 —
1.44 (m, 2H), 1.37 — 1.43 (m, 1H), 1.37 — 1.28 (m, 1H), 1.25 — 1.10 (m, 3H), 1.06 — 0.96 (m,
1H). BC-NMR (151 MHz, CsDg) 5 151.3, 65.9, 62.8, 44.5, 36.8, 36. 7, 28.6, 26.8, 24.0, 22.4,
14.2. FTIR (neat film) 2926, 2854, 1563, 1447, 1298, 1268, 1137 cm™. HRMS (ESI) m/z:
Calcd for C13H1oN,S (M+H) 211.1269, found 211.1267.

- H

A~ 35" TLC Ry 0.28 (50:50 CH,Cl,/TBME). H-NMR (600 MHz, CeDg)
3.60 — 3.61 (m, 1H), 3.30 (dd, J = 11.9, 5.9 Hz, 1H), 2.57 (dd, J = 16.3, 10.4 Hz, 1H), 2.28 (s,
3H), 2.22 (dd, J = 16.3, 4.2 Hz, 1H), 2.09 — 1.99 (m, 1H), 1.89 — 1.82 (m, 2H), 1.82 — 1.73 (m,
1H), 1.68 — 1.57 (m, 1H), 1.47 — 1.29 (m, 3H), 1.20 — 1.11 (m, 2H), 1.04 — 0.96 (m, 1H). “*C-
NMR (151 MHz, C¢Dg) 6 149.6, 64.4, 62.5,44.2, 39.4, 37.9, 29.9, 26.9, 24.3, 24.2, 14.1. FTIR
(neat film) 2925, 2854, 1561, 1447, 1293, 1264, 1158, 1127 cmt. HRMS (ESI) m/z: Calcd for
C11H19N>S (M+H) 211.1269, found 211.1263.

H
N~
N
MeS—< Ni>
K N NOESY

HvBC ~H (3aS,8aS)-2-(Methylthio)-3,3a,4,6,7,8,8a,9-octahydro-
pyrazolo[1,5-d]pyrrolo[1,2-a]pyrazine (3t). Following the general procedure B and starting
from 2t (71.2 mg, 0.30 mmol), elution with CH,Cl,/MeOH (95:5 to 85:15) gave 3t as a
yellowish oil (39.3 mg, 63%, 98% estimated purity by NMR). [a]*§-92.6° (c 0.53, CHCly).
TLC Rs 0.38 (90:10 CH,Cly/MeOH). *H-NMR (600 MHz, C¢Ds) & 4.07 (dd, J = 12.8, 2.9 Hz,
1H), 3.58 — 3.50 (m, 1H), 2.97 (dd, J = 12.8, 10.5 Hz, 1H), 2.79 (td, J = 8.7, 1.9 Hz, 1H), 2.51
(dd, J = 15.2, 8.1 Hz, 1H), 2.30 — 2.25 (m, 4H), 2.06 — 1.97 (m, 1H), 1.96 — 1.88 (m, 2H), 1.77
(dt, J =8.7, 8.7 Hz, 1H), 1.60 — 1.50 (m, 1H), 1.50 — 1.41 (m, 1H), 1.39 — 1.29 (m, 1H), 1.17 -
1.10 (m, 1H). *C-NMR (151 MHz, C¢Ds) & 149.0, 61.5, 60.4, 56.4, 54.4, 53.4, 41.4, 28.0, 21.6,
14.0. FTIR (neat film) 2961, 2795, 1555, 1428, 1287, 1169 cmt. HRMS (ESI) m/z: Calcd for
C1oH1sN3S (M+H) 212.1221, found 212.1219.
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H
N~ 5
N
M 4
GS@
=

HMBC (3aR, 9aR)-2-(Methylthio)-3a,4,6,7,8,9,9a,10-octahydro-3H-
pyrazolo[1,5-d]pyrido[1,2-a]pyrazine (3u). Following the general procedure B and starting
from 2u (64.6 mg, 0.26 mmol), elution with CH,Cl,/MeOH (100:0 to 90:10) gave 3u as a
yellowish oil (35.0 mg, 61%, 99% estimated purity by NMR). TLC R 0.21 (90:10
CH,Cl,/MeOH). [a]' +70.4° (c 0.75, CHCls). *H-NMR (600 MHz, C¢Ds) & 3.90 — 3.80 (m,
1H), 3.38 — 3.32 (m, 1H), 3.30 (dd, J = 14.4, 4.1 Hz, 1H), 2.98 (dd, J = 13.9, 11.9 Hz, 1H), 2.95
—2.87 (m, 1H), 2.66 (d, J = 14.4 Hz, 1H), 2.63 — 2.56 (m, 1H), 2.43 (dd, J = 15.2, 8.0 Hz, 1H),
2.27 (s, 3H), 2.04 — 1.97 (m, 1H), 1.82 (dd, J = 15.2, 4.4 Hz, 1H), 1.79 — 1.70 (m, 2H), 1.58 —
1.50 (m, 1H), 1.47 — 1.34 (m, 3H). *C-NMR (151 MHz, Cg¢Dg) & 147.5, 56.9, 56.7, 55.6, 53.3,
49.1, 41.6, 33.8, 32.9, 27.2, 14.1. FTIR (neat film) 2926, 2853, 1433, 1367, 1292, 1261, 1066
cm™. HRMS (ESI) m/z: Calcd for C11HoN3S (M+H) 226.1378, found 226.1380.

H NOESY

(3aR,10aS)-3a-Methyl-2-(methylthio)-3,3a,4,10,10a,11-
hexahydropyrazolo[1',5":4,5]pyrazino[1,2-a]indole (3v). Following the general procedure B
and starting from 2v (39.7 mg, 0.13 mmol), elution with hexane/EtOAc (90:10 to 80:20) gave 3v
as a yellowish oil (15.1 mg, 42%). TLC Rs 0.38 (75:25 hexane/EtOAc). [o]’g -30.8° (¢ 0.37,
CHCl3). *H-NMR (600 MHz, CsDg) & 7.11 (t, J = 7.7 Hz, 1H), 6.97 (d, J = 7.2 Hz, 1H), 6.77 —
6.73 (m, 1H), 6.31 (d, J = 7.7 Hz, 1H), 3.77 (dd, J = 13.7, 3.0 Hz, 1H), 3.31 - 3.25 (m, 1H), 3.10
(dd, J = 13.7, 11.2 Hz, 1H), 2.64 (d, J = 11.9 Hz, 1H), 2.59 (d, J = 11.9 Hz, 1H), 2.48 (dd, J =
14.8, 7.6 Hz, 1H), 2.39 (d, J = 15.3 Hz, 1H), 2.25 (s, 3H), 2.21 — 2.07 (m, 1H), 1.92 (d, J = 15.3
Hz, 1H), 1.26 (s, 3H). *C-NMR (151 MHz, CsDs) & 152.5, 148.3, 129.5, 127.9, 125.4, 118.9,
106.9, 65.1, 61.0, 52.0, 48.8, 48.7, 32.9, 21.9, 13.8. FTIR (neat film) 2924, 2810, 1607, 1482,
1294, 1233 cm™. HRMS (ESI) m/z: Calcd for Ci5H2oN3sS (M+H) 274.1378, found 274.1382.

N~

MeS@

2-(Methylthio)-3a,4,6,7-tetrahydro-3H-pyrazolo[5,1-c][1,4]oxazine (3w).
Following the general procedure B and starting from 2w (69.0 mg, 0.35 mmol), elution with
CH.CI,/THF (80:20 to 70:30) gave 3w as a yellowish oil (41.5 mg, 70%, 98% estimated purity
by NMR). TLC R;0.47 (70:30 CH,CIl/THF). *H-NMR (600 MHz, C¢D¢) & 3.51 (dd, J = 13.5,
2.1 Hz, 1H), 3.45 (ddd, J = 11.5, 11.5, 2.4 Hz, 1H), 3.39 (dd, J = 11.5, 3.9 Hz, 1H), 3.35 — 3.27
(m, 1H), 3.23 — 3.14 (m, 1H), 3.12 (dd, J = 10.5, 5.4 Hz, 2H), 2.28 (dd, J = 15.5, 8.0 Hz, 1H),
2.22 (s, 3H), 1.66 (dd, J = 15.5, 4.1 Hz, 1H). *C-NMR (151 MHz, Cg¢Dg) 5 150.6, 66.5, 65.5,
61.1, 51.0, 39.9, 14.0. FTIR (neat film) 2924, 2854, 1668, 1457, 1261, 1107 cm™. HRMS
(ESI) m/z: Calcd for C;H13N,0S (M+H) 173.0749, found 173.0742.
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hv, MeCN
N~ ’ Nz
N 5h,r.t. ~N N<
MeS— 4 0 Mes—@ - . Mesw/\(\)H
A o =
2x 7 (72%)

Figure SI 1. Aromatization via hemiaminal cleavage.

MeS /N\N/\\

= OH 2-(3-(Methylthio)-1H-pyrazol-1-yl)ethanol (7). Following the general
procedure B and starting from 2x (66.9 mg, 0.36 mmol), elution with CH,CIl,/THF (90:10 to
80:20) gave 8 as a yellowish oil (40.9 mg, 72%, 97% estimated purity by NMR). TLC R; 0.41
(70:30 CH,Clo/THF). *H-NMR (600 MHz, Ce¢Dg) 6 6.81 (d, J = 1.9 Hz, 1H), 5.99 (d, J = 1.9
Hz, 1H), 3.68 — 3.54 (m, 4H), 2.25 (s, 3H). *C-NMR (151 MHz, CgDs) & 148.0, 132.1, 105.7,
62.0, 54.4, 16.0. FTIR (neat film) 3401, 2916, 1652, 1495, 1416, 1134 cm™. HRMS (ESI) m/z:
Calcd for CgH11N20S (M+H) 159.0592, found 159.0594.

Me

J (35*,3aR*)-3-Methoxy-3a-methyl-2-(methylthio)-3a,4,5,6-tetrahydro-3H-
pyrrolo[1,2-b]pyrazole (3y). Following the general procedure B and starting from Z-2y (46.2
mg, 0.20 mmol), elution with CH,Cl,/THF (80:20 to 70:30) gave 3y as a yellowish oil (28.4 mg,
70%), d.r. (18:2). Major diastereomer: TLC R; 0.58 (70:30 CH,Clo/THF). *H-NMR (600 MHz,
CesDg) 0 4.03 (s, 1H), 3.63 — 3.53 (m, 1H), 3.08 (s, 3H), 3.01 (ddd, J = 12.2, 9.5, 7.0 Hz, 1H),
2.28 (ddd, J = 6.9, 6.5, 3.5 Hz, 1H), 2.25 (s, 3H), 1.64 — 1.54 (m, 1H), 1.48 — 1.36 (m, 1H), 1.17
(s, 3H), 1.09 — 0.99 (m, 1H). *C-NMR (151 MHz, C¢Dg) & 153.4, 94.7, 76.5, 59.2, 55.2, 30.1,
27.2,25.6,13.6. FTIR (neat film) 2923, 2851, 1681, 1456, 1204, 1134 cm™. HRMS (ESI) m/z:
Calcd for CgH;7N,0S (M+H) 201.1062, found 201.1063.

N-
N
MeS—

Me

MeQ_~" Noesy (3R*,3aR*)-3-Methoxy-3a-methyl-2-(methylthio)-3a,4,5,6-tetrahydro-
3H-pyrrolo[1,2-b]pyrazole (3z). Following the general procedure B and starting from E-2z
(54.8 mg, 0.24 mmol), elution with CH,CI,/THF (80:20 to 70:30) gave 3z as a yellowish oil
(31.5 mg, 66%), d.r. (15:5). Major diastereomer: TLC R; 0.62 (70:30 CH,CI,/THF). *H-NMR
(600 MHz, CgDg) 6 3.95 (s, 1H), 3.71 — 3.63 (m, 1H), 3.34 (s, 3H), 3.01 (ddd, J = 12.9, 9.3, 6.5
Hz, 1H), 2.21 (s, 3H), 1.55 — 1.42 (m, 1H), 1.37 — 1.25 (m, 2H), 1.18 (s, 3H), 1.17 — 1.13 (m,
1H). *C-NMR (151 MHz, C¢Dg) & 151.1, 91.8, 75.6, 57.4, 53.2, 35.5, 24.5, 19.0, 13.9. FTIR
(neat film) 2929, 1681, 1450, 1203, 1110 cm™. HRMS (ESI) m/z: Calcd for CoH17N,0S (M+H)
201.1062, found 201.1066.
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MeU

NOESY  (3s* 3aR* 6aR*)-3-Methoxy-2-(methylthio)-4,5,6,6a,7,8-hexahydro-
3H-cyclopenta[2,3]pyrrolo[1,2-b]pyrazole (3aa). Following the general procedure B and
starting from Z-2aa (66.0 mg, 0.26 mmol), elution with hexane/EtOAc (60:40 to 50:50) gave 3aa
as a yellowish oil (36.4 mg, 62%), d.r. > (20:1). TLC R; 0.27 (50:50 hexane/EtOAc). *H-NMR
(600 MHz, C¢Dg) 6 4.22 (s, 1H), 3.66 (dd, J = 12.5, 7.3 Hz, 1H), 3.17 (s, 3H), 3.03 — 2.89 (m,
2H), 2.25 (s, 3H), 2.01 (dt, J = 13.7, 7.0 Hz, 1H), 1.85 - 1.77 (m, 1H), 1.73 — 1.63 (m, 2H), 1.47
—1.32 (m, 2H), 1.17 — 1.08 (m, 2H). *C-NMR (151 MHz, C¢Ds) 5 154.1, 94.9, 88.1, 60.0, 55.8,
40.9, 39.9, 34. 7, 33.0, 27.0, 13.6. FTIR (neat film) 2952, 2929, 2864, 1681, 1453, 1111 cm™.
HRMS (ESI) m/z: Calcd for C11H19N,0S (M+H) 227.1218, found 227.1218.

(3R*,3aR*,6aR*)-3-Methoxy-2-(methylthio)-4,5,6,6a,7,8-hexahydro-3H-
cyclopenta[2,3]pyrrolo[1,2-b]pyrazole (3bb). Following the general procedure B and starting
from E-2bb (64.6 mg, 0.25 mmol), elution with hexane/EtOAc (70:30 to 60:40) gave 3bb as a
yellowish oil (24.6 mg, 43%, 96% estimated purity by NMR), d.r. (>20:1). TLC R 0.45 (50:50
hexane/EtOAc). 'H-NMR (600 MHz, C¢Dg) & 4.20 (s, 1H), 3.71 (dd, J = 12.6, 7.4 Hz, 1H), 3.32
(s, 3H), 2.91 (ddd, J = 12.6, 12.6, 6.3 Hz, 1H), 2.33 — 2.25 (m, 1H), 2.24 (s, 3H), 1.88 — 1.78 (m,
1H), 1.69 — 1.49 (m, 3H), 1.48 — 1.39 (m, 1H), 1.27 — 1.17 (m, 1H), 1.03 — 0.95 (m, 1H), 0.91
(dd, J = 12.5, 6.3 Hz, 1H). *C-NMR (151 MHz, C¢Dg) & 151.8, 90.6, 87.0, 55.3, 53.9, 47.9,
34.2,32.1, 30.3, 27.2, 13.7. FTIR (neat film) 2924, 2853, 1734, 1676, 1445, cm?®. HRMS
(ESI) m/z: Calcd for C11H19N,0S (M+H) 227.1218, found 227.1211.

N-N

4
Mesw 2-(Methylthio)-5,6-dihydro-4H-pyrrolo[L,2-b]pyrazole (8). Following the
general procedure B and starting from 2cc (56.2 mg, 0.31 mmol), elution with CH,CIl,/THF
(90:10 to 80:20) gave 9 as a yellowish oil (9.2 mg, 19%). TLC R 0.49 (25:75 hexane/EtOAC).
'H-NMR (600 MHz, CDCls) & 5.94 (s, 1H), 4.11 (t, J = 7.2 Hz, 2H), 2.86 (t, J = 7.3 Hz, 2H),
2.56 (tt, J = 7.3, 7.2 Hz, 2H), 2.48 (s, 3H). *C-NMR (151 MHz, CDCl3) 5 150.5, 147.0, 99.6,
47.9, 25.8, 23.2, 16.9. FTIR (neat film) 2955, 2924, 1655, 1531, 1456, 1359, 1315 cm™.
HRMS (ESI) m/z: Calcd for C7H11N,S (M+H) 155.0643, found 155.0642.

@) /N‘N
EtO Ethyl 3a,4,5,6-tetrahydro-3H-pyrrolo[1,2-b]pyrazole-2-carboxylate (14).
Following the general procedure B and starting from 13 (52.0 mg, 0.25 mmol), elution with
CH,CIl,/MeOH (100:0 to 95:5) gave 14 as a yellowish oil (30.8 mg, 68%, 96% estimated purity
by NMR). TLC R; 0.68 (95:5 CH,Cl,/MeOH). *H-NMR (600 MHz, C¢Ds) 6 4.09 (q, J = 7.1
Hz, 2H), 3.62 — 3.53 (m, 1H), 3.33 — 3.25 (m, 1H), 2.95 (ddd, J = 12.0, 7.7, 7.7, Hz, 1H), 2.71 —
2.68 (m, 2H), 1.27 — 1.18 (m, 1H), 1.14 (dddd, J = 12.8, 7.7, 7.7, 5.2 Hz, 1H), 1.10 — 1.03 (m,
1H), 1.01 (t, J = 7.1 Hz, 3H), 0.90 — 0.81 (m, 1H). *C-NMR (151 MHz, C¢Ds) 5 162.9, 143.8,
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65.1, 60.7, 53.0, 38.2, 30.1, 23.9, 14.3. FTIR (neat film) 2964, 1704, 1561, 1380, 1251, 1135
cm™. HRMS (ESI) m/z: Calcd for CoH15N,0, (M+H) 183.1134, found 183.1139.

N~
, N

2-Phenyl-3a,4,5,6-tetrahydro-3H-pyrrolo[1,2-b]pyrazole (16). Following
the general procedure B and starting from 15 (69.0 mg, 0.32 mmol), elution with CH,Cl,/MeOH
(100:0 to 95:5) gave 16 as a yellowish oil (53.4 mg, 89%). TLC R; 0.62 (70:30 CH,CI,/THF).
'H-NMR (600 MHz, C¢Ds) & 7.73 (d, J = 7.4 Hz, 2H), 7.16 — 7.12 (m, 2H), 7.07 (t, J = 7.4 Hz,
1H), 3.79 (ddd, J = 11.8, 7.3, 4.1 Hz, 1H), 3.57 — 3.50 (m, 1H), 3.13 — 3.06 (m, 1H), 2.71 (dd, J
=16.3, 9.6 Hz, 1H), 2.53 (dd, J = 16.3, 1.9 Hz, 1H), 1.47 — 1.34 (m, 2H), 1.29 — 1.22 (m, 1H),
1.06 — 0.99 (m, 1H). *C-NMR (151 MHz, Cg¢Dg) & 151.1, 134.1, 128.6, 128.6, 126.5, 64.3,
54.5, 39.5, 31.4, 24.4. FTIR (neat film) 2924, 1682, 1603, 1437, 1173, 1119 cm™. HRMS
(ESI) m/z: Calcd for C12H15N, (M+H) 187.1235, found 187.1230.
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D. Isomerization Studies of Model Olefin Substrates under the Reaction Conditions.

N~N
MeS*</ |
NcN |
a) Me” 2h

b) 2h after 300 min

6.00 5.95 5.90 5.85 5.80

5.15 5.10 5.05 5.0(

N-N
Mes— i
N=N |
C) Me 29
5.‘75 5.‘70 5.‘65 5.‘60 5.‘55 ‘ 0 5.‘45 5.‘40 5.‘35 5.‘30 5.‘25 5.‘20

5.5
f1 (ppm)

Figure SI 2. Isomerization of 2h under the reaction conditions. Stacked CD;CN spectra of a)
2h, b) 2h after 300 min of reaction time and c) 2g.
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N
MeS— /'T' OMe
=N

a) 2aa

b) 2aa after 300 min

N~N
s A
N~ =
c) OMe Hpb

d) 2bb after 300 min

T
6.00 5.95 5.90 5.85 5.80 5.75 5.70 5.65 5.60 5.55 fFZ.SO) 5.45 5.40 5.35 5.30 5.25 5.20 5.15 5.10 5.05 5.0
1 (ppm

Figure SI 3. Isomerization of 2aa and 2bb under the reaction conditions. Stacked CD;CN
spectra of a) 2aa, b) 2aa after 300 min of reaction time, c) 2bb, and d) 2bb after 300 min of
reaction time.
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E. UV Absorbance Spectra of Tetrazole Substrates.

Substrates were dissolved in EtOH at various concentrations and UV spectra were recorded. All
spectra in Figure 2 of the manuscript were recorded at 1.25 mM concentration for consistency.
€254 Values (Avg*) were determined based on sample concentrations resulting in 0.1 < Agss < 3.0.

Table 1. UV Absorbance Spectra of Tetrazole Substrates

Compound [mM] |150 750 250 125 250 1.25 0500 0.250 0.125 0.050 | Avg*
2a Agss 345 286 126 0.688

(X=SMe) g5 1380 2290 2520 2750 2520
5 Azss 358 332 152 0798 0.376

(X=SBn) g4 1430 2650 3040 3190 3010 3080
11 Azss | 0719 0.374 0.0495 0.0494

(X = Me) g2sa | 479  4.99 19.8 395 4.89
13 Azss 1.60 0.785 0.195 0.107

(X = COEt) g4 638 62.8 780 858 72.6
15 Agss 372 351 301 209 1.09 0444

(X = Ph) £254 1490 2810 6030 8360 8750 8880 | 8670

UV Spectra of Compound 2a (X = S-Me)

4.0 |
——2.500 mM

~1.250 mM
—0.500 mM
0.250 mM

35 ¢

3.0 |

25 |

Absorbance

220 230 240 250 260 270 280 290 300 310

Wavelength (nm)



Pla et al. Supporting Information Page S28

UV Spectra of Compound 5 (X = S-Bn)
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UV Spectra of Compound 11 (X = Me)
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UV Spectra of Compound 15 (X = Ph)
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F. Further Functionalization of Pyrazoline Scaffolds: Synthesis of 8, 16, 17, 18.

N~
, N

2-Phenyl-3a,4,5,6-tetrahydro-3H-pyrrolo[1,2-b]|pyrazole (16). Copper (I)
3-methylsalicylate (CuMeSal) (110.3 mg, 0.51 mmol) and Pd(Ph;P)4 (27.0 mg, 0.02 mmol, 10
mol%) were added to a degassed solution of 3a (36.5 mg, 0.23 mmol) and phenylboronic acid
(62.7 mg, 0.51 mmol) in THF (5 mL) under Ar. The reaction mixture was heated to 80 °C for 13
h. Then, the solvent was evaporated under reduced pressure. The residue was purified by silica
gel chromatography and elution with CH,Cl,/THF (90:10 to 80:20) gave 16 as a yellowish oil
(33.5 mg, 77%). The spectroscopic data is identical to the product described above.

H
HCI Ny
O
Tetrahydro-1H-pyrrolo[1,2-b]pyrazol-2(3H)-one hydrochloride (17). A
solution of 3a (23.6 mg, 0.15 mmol) in 4M HCI (2 mL) was heated to 100 °C for 22 h. The
solvent was removed under reduced pressure to give 17 as its hydrochloride salt (18.0 mg, 96%,
97% estimated purity by NMR).

"H-NMR (600 MHz, CD;OD) & 4.84 — 4.74 (m, 1H), 3.79 (dt, J = 12.1, 7.5 Hz, 1H), 3.47 (dt, J
=12.1, 6.1 Hz, 1H), 3.12 (dd, J=17.7, 9.9 Hz, 1H), 2.74 (dd, J = 17.7, 5.2 Hz, 1H), 2.46 — 2.38
(m, 1H), 2.29 (dt, J = 14.1, 7.2 Hz, 1H), 2.19 — 2.11 (m, 1H), 2.11 — 2.00 (m, 1H). “C-NMR
(151 MHz, CDs;0D) 6 174.3, 67.6, 59.9, 36.1, 32.2, 24.5. MS (ESI) m/z: 127 (M+H, 100), 162
(M+HCI, 34). HRMS (ESI) m/z: Calcd for CcH 1N,O (M+H) 127.0871, found 127.0870.

Confirmation of the structural assignment was achieved by liberation of the free base upon
column chromatography on silica gel and elution with CH,Cl,/MeOH/NH4OH (90:10:0.6). The
resulting spectroscopic data matches that reported in literature:**

TLC R;0.28 (90:10:0.6 CH,Cl/MeOH/NH,OH). 'H-NMR (CDCl;, 600 MHz) 4.07 — 4.04 (m,
1H), 3.10 (td, J = 11.0, 6.3 Hz, 1H), 2.86 (td, J = 11.0, 6.7 Hz, 1H), 2.62 (dd, J = 17.1, 9.3 Hz,
1H), 2.43 (dd, J = 17.1, 8.0 Hz, 1H), 2.11 — 1.99 (m, 2H), 1.82 — 1.74 (m, 2H). “C-NMR
(CDCls, 150 MHz) 174.5, 62.0, 57.9, 37.5, 31.2, 23.7.

N-N

%
Mesw 2-(Methylthio)-5,6-dihydro-4H-pyrrolo[1,2-b]pyrazole (8). A mixture of 3a
(24.9 mg, 0.16 mmol) and DDQ (43.4 mg, 0.19 mmol) in dry CHCI; (2 mL) was purged with Ar
in a sealed vessel and microwaved at 120 °C for 10 min. Purification by column chromatography
on silica gel eluting with hexane/EtOAc (70:30 to 60:40) gave 8 as a yellowish oil (20.3 mg,
83%). Spectroscopic data matches the previously described.

H

N~-N
@Hexahydro-lH—pyrrolo[1,2-b]pyrazole (18). A 15 mL flame dried schlenk tube was
charged with 3a (24.8 mg, 0.16 mmol) and AgOTf (61.2 mg, 0.24 mmol). The residue was
azeotroped, and dissolved with dry THF (3 mL). The reaction mixture appeared to be a white
precipitate and it was stirred at r.t. for 10 min. Then, LiAlH4 (30.1 mg, 0.79 mmol) was added,
and the reaction mixture immediately turned into a black precipitate. The suspension was stirred
at r.t. for 1 h. Then, H,O (0.25 mL) was added dropwise, followed by NaOH 15% aq. sol (0.25
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mL) and additional H,O (0.25 mL) and stirred vigorously for 10 min. Then MgSO4 was added,
the solvents were filtered off and the solid residue was washed 3x CH,Cl,. 12 N HCI (1.5 mL)
was added to the organic solution, and the resulting biphasic white suspension was evaporated
under reduced pressure, and then lyophilized. The semisolid residue was triturated for 5 min
under sonication with MeCN-benzene (50:50, 3 mL) and the resulting suspension was kept
overnight at the freezer. Then, the clear supernatant solution was discarded and the solid residue
was dried under reduced pressure to yield hexahydro-1H-pyrrolo[1,2-b]pyrazole 18
hydrochloride as a semisolid (21.2 mg, 90%, 98% estimated purity by NMR).

TLC (alumina) R, 0.32 (95:5 CH,Cl,/MeOH). "H-NMR (500 MHz, CDCl;) & 4.44 (tt, J = 8.5,
5.5 Hz, 1H), 3.77 — 3.65 (m, 1H), 3.35 (dt, J = 12.3, 6.3 Hz, 1H), 3.27 — 3.15 (m, 2H), 2.49 —
2.36 (m, 1H), 2.34 —2.22 (m, 1H), 2.14 (tt, J=13.4, 6.8 Hz, 1H), 2.07 — 1.87 (m, 2H), 1.79 (ddd,
J=13.0, 6.6, 6.4 Hz, 1H). BC-NMR (126 MHz, CDCl;) ¢ 68.8, 57.7, 47.3, 33.0, 30.5, 23.8.
FTIR (neat film) 3356, 2922, 2851, 1260, 1110 cm’. HRMS (ESI) m/z: Calcd for C¢Hj3N,
(M+H) 113.1079, found 113.1077.
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G. Total Syntheses of (£)-Newbouldine and Withasomnine 19-28.

OH

Z (2)-5-Phenylpent-4-en-1-ol. 'BuOK (1.004 g, 8.94 mmol) was added to a 0 °C
cooled suspension of [3-(ethoxycarbonyl)propyl]triphenylphosphonium bromide 28 (4.090 g,
8.94 mmol) in anhydrous THF (30 mL). The resulting orange colored solution was allowed to
warm to r.t. and stirred for 30 min. Then benzaldehyde (695 pL, 6.88 mmol) was added dropwise
and the reaction mixture was stirred for additional 1 h. Then, the solvent was evaporated under
reduced pressure, and the residue was purified by silica gel chromatography. Elution with
hexane/EtOAc (95:5 to 85:15) gave ethyl (Z)-5-phenylpent-4-enoate (846.4 mg, 60%).% LiAlH,
(181.8 mg, 4.78 mmol) was added to a 0 °C cooled solution of ethyl (Z)-5-phenylpent-4-enoate
(751.0 g, 3.68 mmol) in THF (35 mL). The suspension was allowed to warm to r.t. and stirred for
1 h. Then, H,O (0.5 mL) was added dropwise, followed by 15% ag. NaOH (0.5 mL), and H,O
(1.5 mL). The resulting mixture was stirred for 15 min. The resulting suspension was filtered
through a pad of Celite, and the pad was washed with methanol. The combined organic fractions
were concentrated under reduced pressure to give (Z)-5-phenylpent-4-en-1-ol (596 mg, quant.) as
a colorless oil. > %

YN\
N
— (2)-5-(Methylthio)-2-(5-phenylpent-4-enyl)-2H-tetrazole (Z-22).

Following the general procedure A and starting from (Z)-5-phenylpent-4-en-1-ol (305.1 mg, 1.88
mmol, 1.1 equiv.), elution with hexane/EtOAc (90:10 to 80:20) gave Z-22 (376.7 mg, 85%, 94.6
ZIE) as a colorless oil. TLC R;0.60 (75:25 hexane/EtOAc). "H-NMR (600 MHz, C¢Dg) & 7.18
—7.13 (m, 2H), 7.11 - 7.07 (m, 2H), 7.07 — 7.03 (m, 1H), 6.33 (d, J = 11.6 Hz, 1H), 5.23 (dt, J =
11.6, 7.3 Hz, 1H), 3.78 (t, J = 7.3 Hz, 2H), 2.26 (s, 3H), 1.99 — 1.91 (m, 2H), 1.60 — 1.49 (m,
2H). C-NMR (151 MHz, C¢Ds) & 165.6, 137.9, 131.0, 130.7, 129.4, 128.9, 127.5, 52.6, 29.6,
25.8, 14.3. FTIR (neat film) 2928, 1724, 1400, 1376, 1177, 1137, 1054 cm™. HRMS (ESI) m/z:
Calcd for C13H17N4S (M+H) 261.1174, found 261.1175.

N
Y\N

N:N’

(E)-5-(Methylthio)-2-(5-phenylpent-4-enyl)-2H-tetrazole (E-22).
Following the general procedure A and starting from (E)-5-phenylpent-4-en-1-ol*’ (1.1775 g,
7.26 mmol, 1.1 equiv.), elution with hexane/EtOAc (85:15 to 75:25) gave E-22 (1.4259 g, 83%,
>99:1 E/Z) as a colorless oil. TLC Ry 0.55 (75:25 hexane/EtOAc). *H-NMR (600 MHz, CD¢)
0 7.24 —7.17 (m, 2H), 7.14 (dd, J = 9.9, 8.5 Hz, 2H), 7.09 — 7.04 (m, 1H), 6.16 (d, J = 15.8 Hz,
1H), 5.82 — 5.64 (m, 1H), 3.96 — 3.78 (m, 2H), 2.29 (s, 3H), 1.80 — 1.68 (m, 2H), 1.62 — 1.50 (m,
2H). *C-NMR (151 MHz, CsDs) & 165.7, 138.1, 132.2, 129.2, 128.7, 127.8, 126.8, 52.5, 30.0,
29.0, 14.3. FTIR (neat film) 2933, 1723, 1496, 1401, 1364, 1288, 1055 cm™. HRMS (ESI) m/z:
Calcd for C13H17N4S (M+H) 261.1174, found 261.1166.
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N
N

NN

(E)-2-(5-Phenylpent-4-enyl)-2H-tetrazole. A 0.54 M MeCN solution
of 1H-tetrazole (4.21 mL, 2.28 mmol) and diisopropyl azodicarboxylate (0.740 mL, 3.76 mmol)
were added to a stirred solution of PPh; (985.3 mg, 3.76 mmol) and (E)-5-phenylpent-4-en-1-ol*’
(406.3 mg, 2.51 mmol) in THF (20 mL) at r.t. under Ar. The resulting mixture was heated to 80
°C for 16 h. Then, the solvent was evaporated under reduced pressure, and the residue was
purified by silica gel chromatography. Elution with hexane/EtOAc (90:10 to 80:20) gave the
entitled product (402.3 mg mg, 75%) as a colorless oil. TLC R; 0.34 (75:25 hexane/EtOAC).
'H-NMR (600 MHz, CDCl3) & 8.51 (s, 1H), 7.34 (dd, J = 8.2, 1.1 Hz, 2H), 7.32 — 7.28 (m, 2H),
7.24 — 7.19 (m, 1H), 6.43 (d, J = 15.8 Hz, 1H), 6.16 (dt, J = 15.8, 6.8 Hz, 1H), 4.70 (t, J = 6.8
Hz, 2H), 2.27 (dd, J = 14.2, 6.8 Hz, 2H), 2.25 — 2.17 (m, 2H). **C-NMR (151 MHz, CDCls) &
152.8, 137.1, 131.8, 128.5, 127.7, 127.3, 126.0, 52.3, 29.5, 28.8. FTIR (neat film) 3140, 3026,
2935, 1598, 1493, 1446, 1359, 1282, 1131, 1008 cm™. HRMS (ESI) m/z: Calcd for C1,H15N4
(M+H) 215.1297, found 215.1299.

N
Y\N

N:N’

AN

5-(Methylthio)-2-(5-phenylpent-4-ynyl)-2H-tetrazole  (27).
Following the general procedure A and starting from 5-phenylpent-4-yn-1-ol*” ¢ (429.2 mg,
2.68 mmol, 1.1 equiv.), elution with hexane/EtOAc (80:20 to 70:30) gave 26 (491.6 mg, 78%) as
a colorless oil. TLC R; 0.53 (75:25 hexane/EtOAc). *H-NMR (600 MHz, C¢Dg) & 7.45 — 7.41
(m, 2H), 7.02 — 6.96 (m, 3H), 4.02 (t, J = 6.8 Hz, 2H), 2.26 (s, 3H), 1.94 (t, J = 6.9 Hz, 2H), 1.65
(tt, J = 6.9, 6.8 Hz, 2H). *C-NMR (151 MHz, Cg¢Dg) & 165.8, 132.3, 128.9, 128.5, 124.5, 88.2,
82.8,52.1, 28.4, 17.0, 14.3. FTIR (neat film) 3055, 2932, 2230, 1598, 1490, 1400, 1286, 1070,
757 cm™. HRMS (ESI) m/z: Calcd for C13H17N4S (M+H) 259.1017, found 259.1014.

N<
N
MeS—’

(H z Hy
NOESY @ (35*,3aR*)-2-(Methylthio)-3-phenyl-3a,4,5,6-tetrahydro-3H-pyrrolo-
[1,2-b]pyrazole (anti-23). Following the general procedure B with 8 h irradiation time and
starting from Z-22 (271.9 mg, 1.04 mmol), elution with hexane/EtOAc (50:50 to 20:80) gave
anti-23 (104.9 mg, 43%), and the C3 epimer syn-23 (67.4 mg 28%) as yellowish oils. Anti-22:
TLC R; 0.26 (50:50 hexane/EtOAc). *H-NMR (600 MHz, C¢Dg) & 7.13 — 7.09 (m, 2H), 7.08 (d,
J=6.7 Hz, 2H), 7.04 (t, J = 7.1 Hz, 1H), 4.29 (d, J = 10.0 Hz, 1H), 3.83 (ddd, J = 10.0, 8.3, 7.2
Hz, 1H), 3.70 (ddd, J = 12.0, 7.2, 4.5 Hz, 1H), 3.10 (ddd, J = 12.0, 8.0, 7.2 Hz, 1H), 2.28 (s, 3H),
1.44 (ddd, J = 15.4, 12.0, 7.2 Hz, 1H), 1.36 (td, J = 13.0, 6.5 Hz, 1H), 1.26 — 1.15 (m, 1H), 0.83
(ddd, J = 15.4, 13.0, 7.5 Hz, 1H). *C-NMR (151 MHz, CsD¢) & 152.6, 136.3, 130.5, 128.8,



Pla et al. Supporting Information Page S33

127.8, 71.0, 59.4, 56.1, 26.4, 24.9, 14.4. FTIR (neat film) 3029, 2926, 2869, 1603, 1550, 1494,
1453, 1238, 1155 cm™. HRMS (ESI) m/z: Calcd for CisHizN,S (M+H) 233.1112, found
233.1110.

NOESY  (3R* 3aR*)-2-(Methylthio)-3-phenyl-3a,4,5,6-tetrahydro-3H-pyrrolo-
[1,2-b]pyrazole (syn-23). Following the general procedure B with 16 h irradiation time and
starting from E-22 (100.2 mg, 0.39 mmol), elution with hexane/EtOAc (50:50 to 40:60) gave
syn-23 as a yellowish oil (65.3 mg, 73%). TLC R; 0.43 (50:50 hexane/EtOAc). ‘*H-NMR (600
MHz, C¢Dg) 6 7.34 (bd, J = 8.0 Hz, 2H), 7.15-7.11 (m, 2H), 7.04 (dd, J = 7.0, 2.4 Hz, 1H), 3.79
—3.68 (m, 2H), 3.57 (td, J = 6.8, 3.4 Hz, 1H), 2.95 (ddd, J = 12.2, 8.8, 6.8 Hz, 1H), 2.19 (s, 3H),
1.58 — 1.40 (m, 2H), 1.30 — 1.18 (m, 2H). *C-NMR (151 MHz, Cg¢Dg) & 155.0, 141.6, 129.4,
128.3, 127.8, 74.7, 64.1, 55.1, 31.7, 24.6, 14.2. FTIR (neat film) 3061, 2928, 2869, 1602, 1557,
1494, 1453, 1175, 1121 cm™. HRMS (ESI) m/z: Calcd for CysH17N,S (M+H) 233.1112, found
233.1107.

H
N-N

(3R*,3aR*)-3-Phenyltetrahydro-1H-pyrrolo[1,2-b]pyrazol-2(3H)-one (24). 12
M HCI (20 mL) was added to a solution of syn-23 (135.1 mg, 0.58 mmol) in THF (1 mL). The
resulting solution was heated to 100 °C for 24 h. Then, the solvent was removed under reduced
pressure. The residue was purified by basic alumina gel chromatography and elution with
CH.Cl,/MeOH (100:0 to 95:5) gave 24 (94.3 mg, 80%) as a pinkish solid. m.p. (MeOH) 120.0 —
121.4 °C. Basic alumina TLC R; 0.47 (95:5 CH,Cly/MeOH). *H-NMR (600 MHz, CDCl3) &
8.06 (bs, 1H), 7.40 — 7.34 (m, 2H), 7.31 - 7.25 (m, 3H), 4.10 — 4.02 (m, 1H), 3.70 (d, J = 9.6 Hz,
1H), 3.31 — 3.21 (m, 1H), 3.01 — 2.88 (m, 1H), 2.17 — 2.06 (m, 2H), 1.96 — 1.86 (m, 2H). “*C-
NMR (151 MHz, CDCl3) 6 175.2, 137.2, 128.9, 128.5, 127.5, 71.8, 57.7, 54.0, 29.1, 23.8. FTIR
(neat film) 3186, 3063, 2968, 1690, 1497, 1454, 1293, 1071 cm™. HRMS (ESI) m/z: Calcd for
C12H15N20 (M+H) 203.1184, found 203.1180.

(x)-Newbouldine (19). Cp,ZrHCI (48.1 mg, 0.19 mmol) was added in one solid
portion to a —20 °C solution of 24 (13.2 mg, 0.07 mmol) in THF (5 mL). After stirring 2 h at this
temperature, silica gel was added to the reaction mixture and the solvent was removed under
reduced pressure. The residue was purified by silica gel chromatography and elution with
CHCI3/MeOH (100:0 to 95:5) gave (x)-newbouldine (19) (10.2 mg, 84%) as a yellowish oil.
TLC R; 0.32 (95:5 CHCly/MeOH). *H-NMR (600 MHz, CDCls) & 7.33 — 7.29 (m, 2H), 7.26 —
7.21 (m, 3H), 6.85 (bs, 1H), 3.99 (bs, 1H), 3.72 — 3.65 (m, 2H), 3.23 — 3.17 (m, 1H), 2.03 - 1.95
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(m, 1H), 1.76 — 1.67 (m, 2H), 1.65 — 1.54 (m, 1H). *C-NMR (151 MHz, CDCl3) & 147.1, 140.3,
128.9, 127.3, 127.2, 71.2, 60.9, 53.5, 31.2, 23.7. HRMS (ESI) m/z: Calcd for C1,H15N, (M+H)
187.1235, found 187.1228. Spectroscopic data identical to the reported in literature.”®

2-(Methylthio)-3-phenyl-5,6-dihydro-4H-pyrrolo[1,2-b]pyrazole  (25). A
mixture of syn-23 (9.0 mg, 0.04 mmol) and DDQ (10.6 mg, 0.05 mmol) in dry CHCI3; (0.5 mL)
was purged with Ar in a sealed vessel and microwaved at 120 °C for 10 min. Purification by
column chromatography on silica gel eluting with CH,Cl,/MeOH (95:5 to 85:15) gave 25 (8.0
mg, 90%) as a yellowish oil. TLC R 0.75 (95:5 CH,Cl,/MeOH). *H-NMR (600 MHz, CDCl5)
0 7.53 (dd, J = 8.3, 1.1 Hz, 2H), 7.41 — 7.36 (m, 2H), 7.25 — 7.21 (m, 1H), 4.17 (t, J = 7.3 Hz,
2H), 3.07 — 2.97 (m, 2H), 2.68 — 2.56 (m, 2H), 2.51 (s, 3H). *C-NMR (151 MHz, CDCls) &
1475, 144.8, 133.0, 128.5, 127.2, 126.0, 114.7, 48.1, 25.8, 24.0, 16.3. FTIR (neat film) 2958,
2924, 1602, 1574, 1384, 1003 cm™. HRMS (ESI) m/z: Calcd for C13H1sN,S (M+H) 231.0956,
found 231.0947.

Withasomnine (20). Raney Ni was washed 4 times with EtOH prior to use. A
portion of the slurry was added to a solution of 25 (8.1 mg, 0.04 mmol) in EtOH (5 mL) and the
reaction mixture was stirred at r.t. for 2 h. Then, the mixture was filtered through a pad of Celite,
and the pad was washed with methanol. The combined organic fractions were concentrated under
reduced pressure. The residue was purified by silica gel chromatography and elution with
CH,Cl,/MeOH (100:0 to 95:5) gave withasomnine (20) (6.2 mg, 95%) as a yellowish oil. TLC
Ry 0.55 (95:5 CH,Cly/MeOH). *H-NMR (600 MHz, CDCls) § 7.82 (s, 1H), 7.45 (dd, J = 8.1, 0.9
Hz, 2H), 7.38 — 7.34 (m, 2H), 7.19 (t, J = 7.4 Hz, 1H), 4.18 (t, J = 7.3 Hz, 2H), 3.10 (t,J=7.3
Hz, 2H), 2.73 — 2.66 (m, 2H). *C-NMR (151 MHz, CDCl3) & 142.6, 140.9, 133.4, 128.8,
125.6, 125.0, 115.3, 47.6, 26.4, 23.9. Spectroscopic data identical to the reported in literature.”



Pla et al. Supporting Information Page S35
H. NMR Data of Natural and Synthetic 19.
Table 2. NMR data of natural and synthetic 19
Natural 18% Trauner’s Synthetic 18% Synthetic 18
Position 'H-NMR BC-NMR 'H-NMR BC-NMR 'H-NMR BC-NMR
2 6.82 bs 147.0 6.84 bs 147.0 6.85 bs 147.1
3 4.05 bs 61.1 4.00 bs 61.0 3.99 bs 60.9
3a 3.68m 71.4 3.72-3.64m 71.2 3.72-3.65m 71.2
4 a 2.00 m 31.4 2.03-1.95m 31.2 0 2.03-1.95m 31.2
B1.56m B159-155m B1.65—-154m
5 1.70m 23.9 1.74-1.67m 23.7 1.76 —1.67m 23.7
6 3.69m 53.6 3.72-3.64m 53.5 3.72-3.65m 53.5
3.17m 3.23-3.16m 323-3.17m
r 140.5 140.3 140.3
2°,6’° 127.3 127.1 127.2
7.33—-7.29m
3,5 7.34—-7.26 m | 129.0 7.36-7.21m | 128.9 128.9
726 -721m
4 127.4 127.3 127.3
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Natural 19% Odom’s Synthetic 18* Synthetic 19

Position 'H-NMR BC-NMR 'H-NMR BC-NMR 'H-NMR BC-NMR
2 7.73 bs 141.0 7.79s 140.9 7.82s 140.9
3 115.4 115.3 115.3
3a 142.7 142.6 142.6
4 3.07t 26.5 3.08t 26.4 3.10 t 26.4
5 2.67m 23.9 2.70-2.64m 23.8 2.73-2.66m 23.9
6 413t 47.6 416t 47.6 4.18t 47.6
1’ 133.5 133.4 133.4
2,6 125.1 7.16 it 125.0 7.19t 125.0
3,5 } 7.13-7.43 | 128.9 } 7.33d 128.8 } 7.38-7.34m | 128.8
4 125.7 744 -7.42m | 125.6 7.45dd 125.6
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J. Synthesis of Azetidine, Azepane and Azocane Quasidimer Structures.

a) azetidine quasi-dimer C_)N
@\
MeS SMe N
N
>_N /\/\N/NVSMe /\/\N/N\ SMe
N. _N h : ~
‘N/ _V> () \ - > MeS/<\ T
MeS™N N N~-N N

N MeS N’N

N (63%)

b) azepane quasi-dimer \
_ N _
MeS N > —sMe SMe
N / N
N

N A N
T hy N kj NN
N - o - )
o R
Mes” N =n-N
2 MeS
e — -
(22%)

c) azocane quasi-dimer

/\’\,\1 -
MeS \ l\\l/N\ SMe N-N=
7w hv N:'\gk/rw\ ’H
\N, _ _— N
¢ =n-N
> -N MeS
= MeS/\N
2f - - (30%)
NN

Figure SI 4. Proposed quasidimer structures from the 4-, 7- and 8-membered ring substrates
(entries 2, 5 and 6 in Table 2):

SMe
AN N=
\_/ % N ‘)
\

MeS— )>
hvee  NNT

(2E)-4-(But-3-enyl)-3,6-bis(methylthio)-1,2,4,5-tetraazabicyclo[6.2.0]deca-2,5-diene

(proposed structure). Following the general procedure B and starting from 2c¢ (56.0 mg, 0.33
mmol), elution with hexane/EtOAc (80:20 to 70:30) gave the entitled compound as a yellowish
oil (29.3 mg, 63%). TLC R 0.37 (75:25 hexane/EtOAc). 'H-NMR (600 MHz, C¢Dg) & 5.92 —
5.82 (m, 1H), 5.13 — 5.01 (m, 2H), 3.95 (ddd, J = 13.9, 8.3, 5.9 Hz, 1H), 3.79 (ddd, J = 13.9, 8.2,
7.1 Hz, 1H), 2.69 — 2.59 (m, 1H), 2.58 — 2.47 (m, 3H2, 2.28 (s, 3H), 2.21 — 2.09 (m, 5H), 1.92 —
1.81 (m, 2H), 1.64 (dtd, J = 14.3, 8.3, 6.0 Hz, 1H). *C-NMR (151 MHz, C¢D¢) & 165.9, 150.3,
137.4,116.1, 64.9, 55.3, 50.3, 42.1, 33.3, 32.1, 14.3, 13.7. FTIR (neat film) 3074, 2927, 2832,



Pla et al. Supporting Information Page S38

1640, 1563, 1433, 1285, 1055 cm™. HRMS (ESI) m/z: Calcd for C1,H2:N4S, (M+H) 285.1212,
found 285.1208.

(32,6E)-5-(Hept-6-enyl)-2,7-bis(methylthio)-5,8,8a,9,10,11,12,13-octahydroazepino-
[1,2-0][1,2,3,4,6,7]hexazecine (proposed structure). Following the general procedure B and
starting from 2e (105.4 mg, 0.50 mmol), elution with CH,CIl,/TBME (90:10 to 60:40) gave the
monomer 3e (23.7 mg, 26%, characterized above), and the entitled compound (21.6 mg, 22%)
as yellowish oils. TLC R 0.94 (70:30 CH,CI/TBME). *H-NMR (600 MHz, CsDs) 6 5.79 (ddt,
J=16.9, 10.2, 6.7 Hz, 1H), 5.13 — 4.90 (m, 2H), 3.88 (t, J = 7.0 Hz, 2H), 2.75 (dt, J = 12.0, 7.8
Hz, 1H), 2.70 — 2.60 (m, 2H), 2.36 (dd, J = 15.4, 9.1 Hz, 1H), 2.30 (s, 3H), 2.27 (s, 3H), 2.12
(dd, J = 15.4, 13.5 Hz, 1H), 2.07 — 2.01 (m, 2H), 1.98 — 1.93 (m, 1H), 1.92 — 1.83 (m, 1H), 1.53
—1.46 (m, 1H), 1.46 — 1.37 (m, 5H), 1.34 (ddd, J = 10.1, 6.0, 2.4 Hz, 1H), 1.22 — 1.11 (m, 1H),
0.86 — 0.70 (m, 4H). *C-NMR (151 MHz, C¢D¢) & 165.8, 149.7, 139.6, 114.9, 68.7, 55.8, 53.1,
43.0, 34.6, 32.9, 29.7, 29.5, 28.9, 27.7, 26.8, 26.2, 14.3, 13.8. FTIR (neat film) 3075, 2929,
2858, 1641, 1564, 1375, 1283, 1056 cm™. HRMS (ESI) m/z: Calcd for CigH3sNsS; (M+H)
397.2208, found 397.2214.

%
SMe

N-N<
N N\

HMBC " 5
Mgs\%\NzN)

(3Z,6E)-2,7-bis(Methylthio)-5-(oct-7-enyl)-8,8a,9,10,11,12,13,14-octahydro-5H-azocino-
[1,2-0][1,2,3,4,6,7]hexazecine (proposed structure). Following the general procedure B and
starting from 2g (68.4 mg, 0.30 mmol), elution with CH,CI,/THF (95:5 to 85:15) gave the
entitled compound as a yellowish oil (19.4 mg, 30%). TLC R; 0.94 (70:30 CH,Cly/THF). 'H-
NMR (600 MHz, CgDg) 6 5.84 — 5.71 (m, 1H), 5.10 — 4.92 (m, 2H), 3.90 (t, J = 7.0 Hz, 2H),
2.82 (dt, J=12.0, 7.8 Hz, 1H), 2.78 — 2.66 (m, 1H), 2.41 (dd, J = 15.4, 9.1 Hz, 1H), 2.30 (s, 3H),
2.27 (s, 3H), 2.17 (dd, J = 15.4, 13.6 Hz, 1H), 2.05 — 1.90 (m, 3H), 1.95 — 1.87 (m, 2H), 1.52 —
1.19 (m, 10H), 0.95 — 0.76 (m, 6H). *C-NMR (151 MHz, Cg¢Ds) & 165.8, 149.7, 139.6, 114.9,
68.9, 56.0, 53.2, 43.1, 34.6, 33.3, 29.8, 29.7, 29.5, 29.4, 29.1, 28.1, 26.8, 26.7, 14.3, 13.8. FTIR
(neat film) 3073, 2927, 2855, 1639, 1562, 1433, 1282, 1148, 1054 cm™. HRMS (ESI) m/z:
Calcd for CyoH37NgS, (M+H) 425.2521, found 425.2532.
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L. 'Hand“C-NMR Spectra.

dp-1-097f2530
.* plaquerd dp-1-097f2530 (10 1) CDCI3 24.0C November_23,2010_18:59:57 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm *
:Proton CDCI3 /opt/users/plaquerd plaquerd 18

N~N
MeS{/ R
N/N

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 0.0
f1 (ppm)

dp-1-097f2530
* plaquerd dp-1-097f2530 (11 1) CDCI3  24.0C November_23,2010_19:01:47 Bruker AIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 120.000 |
:Carbon CDCI3 /opt/users/plaquerd plaquerd 18

200 190 180 170 160 150 140 130 120 110 ¢ %00 ) 90 80 70 60 50 40 30 20 10 0
1 (ppm



Pla et al.

dp-2-080f2529

Supporting Information

Page S42

.* plaquerd dp-2-080f2529 (10 1) CDCI3 24.0C December_17,2010_12:33:24 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm *

:Proton CDCI3 /opt/users/plaquerd plaquerd 18

N-N
Bn84</ N
N/N

A

10.0 9.5 9.0 8.5 8.0 7.5 7.0

dp-2-080f2529

* plaquerd dp-2-080f2529 (11 1) CDCI3 24.0C December_17,2010_12:35:14 Bruker A\

:Carbon CDCI3 /opt/users/plaquerd plaquerd 18

5.0
f1 (ppm)

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0

11 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 120.000

200 190 180 170 160 150 140

130

120

110

100
f1 (ppm)
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Group Gin DP-III-153-f4652

* plaquerd DP-III-153-f4652 (10 1) C6D6 24.0C July_21,2011_00:03:57 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm

:Proton C6D6 /opt/users/plaquerd plaquerd 17

PN
Mes— 1|
N=N

Page S43

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.0
f1 (ppm)

Group Gin DP-I1I-153-f4652
* plaquerd DP-III-153-f4652 (11 1) C6D6 24.0C July_21,2011_00:05:47 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30
:Carbon C6D6 /opt/users/plaquerd plaquerd 17

1.0

0.5

0.0

: 13C 130.000 ppm;

200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)
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Group Gin DP-III-151-f410
* plaquerd DP-II1I-151-f410 (10 1) C6D6 24.0C July_20,2011_22:30:59 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm  *.
:Proton C6D6 /opt/users/plaquerd plaquerd 16

_<N\N
MeS— |
NN X

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.0
f1 (ppm)

Group Gin DP-I1I-151-f410
* plaquerd DP-II1-151-f410 (11 1) C6D6 24.0C JJly_20,2011_22:32:49 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 130.000 ppm;
:Carbon C6D6 /opt/users/plaquerd plaquerd 16

200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)
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Proton ¥ plaquerd dp-1-109f2022 (1 1) CDCI3  24.0C August_31,2010_16:24:07 Bruker AVIII 500.26 MHz Adspice zg30 1H *.

N~N
Mes—
=N

- 1

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0

5.0
f1 (ppm)

Carbon * plaquerd dp-1-109f2022C (1 1) CDCI3 24.0C August 31,2010 16:26:51 Bruker AVIII 500.26 MHz Adspice zgpg30 13C; 1H 02=¢

200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)
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.* plaquerd DP-11-253-f1720 (10 1) C6D6 24.0C February_15,2011_18:20:53 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm *.

:Proton C6D6 /opt/users/plaquerd plaquerd 22

N~N
MeS—</ )
N/N

10.0 9.5 9.0 8.5

Group Gin DP-1I-253-f1720

* plaquerd DP-II-253-f1720 (11 1) C6D6 24.0C F
:Carbon C6D6 /opt/users/plaquerd plaquerd 22

5.0
f1 (ppm)

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0

ebruary_15,2011_18:23:11 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 130.000 f

200 190 180 170

160

150

140

130

120

110

100
f1 (ppm)
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Group Gin DP-1I-223-f1822
.* plaquerd DP-11-223-f1822 (10 1) C6D6 24.0C February_01,2011_18:39:26 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm *.
:Proton C6D6 /opt/users/plaquerd plaquerd 26

AN
Mes—
=N

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.0
f1 (ppm)

Group Gin DP-11-223-f1822
* plaquerd DP-11-223-f1822 (11 1) C6D6 24.0C Fgbruary_01,2011_18:41:15 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 130.000
:Carbon C6D6 /opt/users/plaquerd plaquerd 26

200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)
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Group Gin Pla-D-2012-049-f812
.* plaquerd Pla-D-2012-049-f812 (10 1) C6D6 24.0C April_06,2012_02:01:44 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm  *.
:Proton C6D6 /opt/users/plaquerd plaquerd 29

N~N
Mes{/ lll
N~
Me
(96:4 E/Z)
JJ - L
'L
1‘0.0 9‘.5 9‘.0 8‘.5 B‘.D 7‘45 7‘.0 6‘.5 6‘40 ‘ E'".O ‘ 4‘ 0 ; 5 3‘ 0 2‘ 5 2‘40 1‘ 5 1‘ 0 (; 5 U‘ 0
f1 (ppm)

Group Gin Pla-D-2012-049-f812
* plaquerd Pla-D-2012-049-f812 (11 1) C6D6 24.(QC April_06,2012_02:03:35 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 130.000 |
:Carbon C6D6 /opt/users/plaquerd plaquerd 29

T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)
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dp-1-116f1922

* plaquerd dp-1-116f1922 (20 1) CDCI3 24.0C December_03,2010_11:13:38 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm  *.
:Proton CDCI3 /opt/users/plaquerd plaquerd 10

N~N
Me84</ )
N/N

Me

(>99:1 Z/E)

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0
f1 (ppm)

dp-1-116f1922

* plaquerd dp-1-116f1922 (21 1) CDCI3  24.0C December_03,2010_11:15:34 Bruker AIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 120.000 |
:Carbon CDCI3 /opt/users/plaquerd plaquerd 10

200 190 180 170 160 150 140 130 120 110

100
f1 (ppm)
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Group Gin DP-II1-41-f1826
.* plaquerd DP-III-41-f1826 (10 1) C6D6 24.0C April_06,2011_12:45:44 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm  *.
:Proton C6D6 /opt/users/plaquerd plaquerd 26
N~ N
MeSA</ N
N~ ’
. “ . ll
T
© ¢
w &
T T T T T T T T T T T T T T T T T T T T 1
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 35 3.0 2.5 2.0 15 1.0 0.5 0.0 0.8

Group Gin DP-III-41-f1826
* plaquerd DP-II1-41-f1826 (11 1) C6D6 24.0C Ay
:Carbon C6D6 /opt/users/plaquerd plaquerd 26

4.5
f1 (ppm)

ril_06,2011_12:47:33 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 130.000 ppm;

200 190 180 170 160 150 140 130

120 110 100
f1 (ppm)
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Group Gin Pla-D-2012-050-f3641

* plaquerd Pla-D-2012-050-f3641 (10 1) C6D6 24.0C April_06,2012_00:26:25 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm
:Proton C6D6 /opt/users/plaquerd plaquerd 28

N-N
Mes—
=N

Me
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10.0 9.5 9.0 8.5 8.0

Group Gin Pla-D-2012-050-f3641

* plaquerd Pla-D-2012-050-f3641 (11 1) C6D6 24
:Carbon C6D6 /opt/users/plaquerd plaquerd 28
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Group Gin Pla-D-2012-067-f814

.* plaquerd Pla-D-2012-067-f814 (10 1) C6D6 24.0C April_19,2012_19:24:56 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm
:Proton C6D6 /opt/users/plaquerd plaquerd 31

N~N
MeS—</ A
N’N

Me Me
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10.0 9.5 9.0 8.5 8.0

Group Gin Pla-D-2012-067-f814

* plaquerd Pla-D-2012-067-f814 (11 1) C6D6 24.
:Carbon C6D6 /opt/users/plaquerd plaquerd 31
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Group Gin DP-III-133-f2228
* plaquerd DP-III-133-f2228 (10 1) C6D6 24.0C July_15,2011_04:01:39 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm I,
:Proton C6D6 /opt/users/plaquerd plaquerd 41
N~ N
MeS—</ l{l
N~ |
(98% estimated purity by NMR)
UL
iy f
1‘0.0 9‘.5 9‘.0 8‘.5 B‘.D 7‘45 7‘.0 6‘.5 6‘40 ‘ ‘ ‘ 4‘ 0 3‘.5 3“ 0 2‘ 5 2‘40 1‘.5 1‘.0 (;.5 U‘ 0

5.0
f1 (ppm)

Group Gin DP-III-133-f2228

* plaquerd DP-III-133-f2228 (11 1) C6D6 24.0C July_15,2011_04:03:34 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 130.000 ppm;

:Carbon C6D6 /opt/users/plaquerd plaquerd 41

200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)
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dp-1-113f1719
* plaquerd dp-1-113f1719 (10 1) CDCI3 24.0C November_24,2010_20:31:45 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm *
:Proton CDCI3 /opt/users/plaquerd plaquerd 40

Me
S

N\N
MeSA</ )
N=N

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.0
f1 (ppm)

dp-1-113f1719
* plaquerd dp-1-113f1719 (11 1) CDCI3  24.0C November_24,2010_20:33:34 Bruker AJIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 120.000 |
:Carbon CDCI3 /opt/users/plaquerd plaquerd 40

200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)
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dp-2-023f5760

* plaquerd dp-2-023f5760 (10 1) CDCI3 24.0C November_24,2010_17:59:36 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm
:Proton CDCI3 /opt/users/plaquerd plaquerd 38

Me

N~N
Me84</ N
N’N

Me
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*

10.0 9.5 9.0 8.5

dp-2-023f5760

5.0
f1 (ppm)

* plaquerd dp-2-023f5760 (11 1) CDCI3  24.0C November_24,2010_18:01:26 Bruker A

:Carbon CDCI3 /opt/users/plaquerd plaquerd 38
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dp-1-117f1618

* plaquerd dp-1-117f1618 (10 1) CDCI3 24.0C November_24,2010_19:15:39 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm

:Proton CDCI3 /opt/users/plaquerd plaquerd 39

Me
N~
N
Me84</ N
N=N

Me Me

Supporting Information
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M
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*

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0

dp-1-117f1618

* plaquerd dp-1-117f1618 (11 1) CDCI3  24.0C November_24,2010_19:17:29 Bruker A

:Carbon CDCI3 /opt/users/plaquerd plaquerd 39

5.0
f1 (ppm)
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111 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 120.000 |

200 190 180 170 160 150 140 130 120
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f1 (ppm)
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Group Gin Pla-D-2012-051-f6468

* plaquerd Pla-D-2012-051-f6468 (10 1) C6D6 24.0C April_05,2012_22:50:52 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm
:Proton C6D6 /opt/users/plaquerd plaquerd 27

N\N Me
MeS*</ /[l\j
N=
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N WY

10.0 9.5 9.0 8.5 8.0

Group Gin Pla-D-2012-051-f6468

* plaquerd Pla-D-2012-051-f6468 (11 1) C6D6 24
:Carbon C6D6 /opt/users/plaquerd plaquerd 27
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Group Gin Pla-D-2012-052-f2227

* plaquerd Pla-D-2012-052-f2227 (10 1) C6D6 24.0C April_05,2012_21:15:01 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm

:Proton C6D6 /opt/users/plaquerd plaquerd 26

N-N
Me84</ /N
N~ | Me
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10.0 9.5 9.0 8.5 8.0

Group Gin Pla-D-2012-052-f2227

¥ plaquerd Pla-D-2012-052-f2227 (11 1) C6D6 24

:Carbon C6D6 /opt/users/plaquerd plaquerd 26
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dp-2-033f2127
* plaquerd dp-2-033f2127 (10 1) CDCI3 24.0C October_28,2010_13:49:23 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm *.
:Proton CDCI3 /opt/users/plaquerd plaquerd 22

N~N
MeS—</ o
N’N

U_l _J\_AJUI\J\__

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0

5.0
f1 (ppm)

dp-2-033f2127
* plaquerd dp-2-033f2127 (11 1) CDCI3  24.0C October_28,2010_13:50:31 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 120.000 pp
:Carbon CDCI3 /opt/users/plaquerd plaquerd 22

200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)
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Group Gin DP-111-147-f914

Supporting Information

¥ plaquerd DP-III-147-f914 (10 1) C6D6 24.0C July_20,2011_17:32:05 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm

:Proton C6D6 /opt/users/plaquerd plaquerd 14

N-N
MeS—</ N
N’N
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Group Gin DP-III-147-f914

* plaquerd DP-I11-147-f914 (11 1) C6D6 24.0C JJly_20,2011_17:33:54 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 130.000 ppm;
:Carbon C6D6 /opt/users/plaquerd plaquerd 14

5.0
f1 (ppm)

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0

200 190 180 170

160

150

140

130

120

110

100
f1 (ppm)



Pla et al. Supporting Information Page S61

Group Gin DP-I1-289-f3335-
* plaquerd DP-1I-289-f3335- (30 1) C6D6 24.0C March_07,2011_14:30:16 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm  *.
:Proton C6D6 /opt/users/plaquerd plaquerd 14

H
/N °N
MeS% |
N= N N
NN
JIS ;J..M/\__\&
T T T T T T T T T T T T T T T T T T T T 1
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

5.0
f1 (ppm)

Group Gin DP-1I-289-f3335-
¥ plaquerd DP-11-289-f3335- (20 1) C6D6 24.0C March_07,201ft_14:32:38 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 130.000 ppm; 1H 4.000 ppm *.
:Carbon C6D6 /opt/users/plaquerd plaquerd 14

f T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)
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Group Gin DP-III-39-f5259
.* plaquerd DP-III-39-f5259 (10 1) C6D6 24.0C April_06,2011_11:11:29 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm

:Proton C6D6 /opt/users/plaquerd plaquerd 25

N-N

MeS—”
e _<N/’N N
<

(96% estimated purity by NMR)

MeS H

Impurity: N ;‘,“

*.
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10.0 9.5 9.0 5.0
f1 (ppm)

Group Gin DP-III-39-f5259
* plaquerd DP-III-39-f5259 (11 1) C6D6 24.0C A

:Carbon C6D6 /opt/users/plaquerd plaquerd 25

|\ . JU

ril_06,2011_11:13:24 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 130.000 ppm;

120

140 130
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110

190 100
f1 (ppm)

200
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Group Gin DP-III-149-f4145
* plaquerd DP-III-149-f4145 (10 1) C6D6 24.0C July_20,2011_17:26:27 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm  *.
:Proton C6D6 /opt/users/plaquerd plaquerd 15

H
Me84</N\l?l S
NcN N

Me
(95% estimated purity by NMR)

. P

94.9<

51-—=

5.0
f1 (ppm)

Group Gin DP-III-149-f4145
* plaquerd DP-I11-149-f4145 (11 1) C6D6 24.0C July_20,2011_20:01:19 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 130.000 ppm;
:Carbon C6D6 /opt/users/plaquerd plaguerd 15

[ ]l U | I AU Al ||.‘|

200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)
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Group Gin DP-1I-105-f2832

Supporting Information
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.* plaquerd DP-I1-105-f2832 (10 1) C6D6 24.0C January_27,2011_16:44:30 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm  *.

:Proton C6D6 /opt/users/plaquerd plaquerd 27

IS

N\N/\
MeS— |
{NﬁN O

10.0 9.5 9.0 8.5

Group Gin DP-II-105-f2832

* plaquerd DP-II-105-f2832 (11 1) C6D6 24.0C ]
:Carbon C6D6 /opt/users/plaquerd plaquerd 27
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f1 (ppm)
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Pla et al. Supporting Information Page S65

Gin Lab DP-III-023-f2631
* plaquerd DP-I11-023-f2631 (10 1) C6D6 24.0C March_24,2011_08:54:00 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm *.
:Proton C6D6 /opt/users/plaquerd plaquerd 32

N-N
MGS%”NﬁNﬂom

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.0
f1 (ppm)

Gin Lab DP-III-023-f2631
* plaquerd DP-III-023-f2631 (11 1) C6D6 24.0C March_24,2011_10:55:35 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 130.000 pp!
:Carbon C6D6 /opt/users/plaguerd plaquerd 32

L - ‘

200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)
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dp-2-032f2127
* plaquerd dp-2-032f2127 (10 1) CDCI3  24.0C October_28,2010_17:38:19 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm *.
:Proton CDCI3 /opt/users/plaquerd plaquerd 25

N~-N
MeS— |
4<N$ N Me
|
MeO
(95:5 Z/E)
LA._'_L—
%,
I‘U.D 9‘.5 9‘.0 8‘.5 B‘.D 7‘45 7‘.0 6‘.5 6‘40 ‘ ‘ ‘ 4‘ 0 3‘.5 3‘ 0 2‘ 5 2‘40 1‘.5 1‘ 0 (; 5 U‘ 0

5.0
f1 (ppm)

dp-2-032f2127
* plaquerd dp-2-032f2127 (11 1) CDCI3  24.0C October_28,2010_17:39:26 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 120.000 pp
:Carbon CDCI3 /opt/users/plaquerd plaquerd 25

200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)
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Supporting Information
dp-2-0322938

Page S67
* plaquerd dp-2-032f2938 (10 1) CDCI3 24.0C October_28,2010_19:03:04 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm *.
:Proton CDCI3 /opt/users/plaquerd plaquerd 26

N~ N
MeS— |
N= N Me
|
OMe
(97:3 E/2)
&
1‘0.0 9‘.5 9‘.0 8‘.5 B‘ 0 7‘ 5 7‘.0 6‘.5 6‘40 5‘.5 ;.0 4‘.5 4‘.0 3‘.5 3‘.0 2‘.5 2‘40 1‘.5 1‘.0 (; 5 ‘
f1 (ppm)
dp-2-032f2938
:Carbon CDCI3 /opt/users/plaguerd plaguerd 26

. 0.0
* plaquerd dp-2-032f2938 (11 1) CDCI3 24.0C October_28,2010_19:04:13 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 120.000 pp

| |
T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120

T T
110 100 90 80
f1 (ppm)
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dp-2-034f7989

Page S68

* plaquerd dp-2-034f7989 (10 1) CDCI3 24.0C October_28,2010_14:51:19 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm *.

:Proton CDCI3 /opt/users/plaquerd plaquerd 23

N~
MeS—</ /’Tj OMe
N=N

_—

(>99:1 Z/E)

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.0
f1 (ppm)

dp-2-034f7989
* plaquerd dp-2-034f7989 (11 1) CDCI3  24.0C October_28,2010_14:52:27 Bruker AVII
:Carbon CDCI3 /opt/users/plaquerd plaquerd 23
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0.5

0.0

600MHz DCH cryo ZRC 2134: zgpg30 : 13C 120.000 pp
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f1 (ppm)
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dp-2-034f92104

Page S69

* plaquerd dp-2-034f92104 (10 1) CDCI3 24.0C October_28,2010_16:16:02 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm *.

:Proton CDCI3 /opt/users/plaquerd plaquerd 24

N~N
MeSA</ )
N’N

OMe

(>99:1 E/2)

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.0
f1 (ppm)

dp-2-034f92104
* plaquerd dp-2-034f92104 (11 1) CDCI3 24.0C October_28,2010_16:17:09 Bruker AV]
:Carbon CDCI3 /opt/users/plaquerd plaquerd 24

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0

[1 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 120.000 p|

190 180 170 160 150 140 130 120 110 100
f1 (ppm)
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Proton ¥ plaquerd dp-1-112f2426 (1 1) CDCI3 24.0C September_02,2010_16:04:31 Bruker AVIII 500.26 MHz Adspice zg30 1H *.

N~N
MeS—</ /N
N~ N
X

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.0
f1 (ppm)

Carbon * plaquerd dp-1-112f2426C (1 1) CDCI3 24.0C September 02,2010 16:07}44 Bruker AVIII 500.26 MHz Adspice zgpg30 13C; 1HC

200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)
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Group Gin Pla-D-2012-054-f2122
% plaquerd Pla-D-2012-054-f2122 (10 1) C6D6 24.0C April_19,2012_20:57:28 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm  *.
:Proton C6D6 /opt/users/plaquerd plaquerd 32

_<N\N

MeS— |

NcN H
(@]

(98% estimated purity by NMR)

—
>
97.6] ————

244

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5 0.0
f1 (ppm)

Group Gin Pla-D-2012-054-f2122
¥ plaguerd Pla-D-2012-054-f2122 (11 1) C6D6 24.0C f\pril_19,2012_20:59:24 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 130.000

:Carbon C6D6 /opt/users/plaquerd plaquerd 32

S B S S S S S - - - - -
210 200 190 180 170 160 150 140 130 120 11f0 ( 1?0 90 80 70 60 50 40 30 20 10
1 (ppm
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Group Gin Pla-D-2012-066-2-f1219

Supporting Information
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* plaquerd Pla-D-2012-066-2-f1219 (10 1) C6D6 24.0C April_23,2012_13:54:02 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppr

:Proton C6D6 /opt/users/plaquerd plaquerd 35

N-N
Mes{/ )
N’N

Cs
>N

10.0 9.5 9.0 8.5 8.0

Group Gin Pla-D-2012-066-2-f1219

* plaquerd Pla-D-2012-066-2-f1219 (11 1) C6D6
:Carbon C6D6 /opt/users/plaquerd plaquerd 35
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T
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5.0
f1 (ppm)
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P4.0C April_23,2012_13:56:05 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 130.0(
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Group Gin Pla-D-2012-023-f5359
.* plaquerd Pla-D-2012-023-f5359 (10 1) C6D6 24.0C March_06,2012_08:59:16 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppn
:Proton C6D6 /opt/users/plaquerd plaquerd 24

N-N
Meg</ 4{1
NE

| L

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 T T T T T T T T T T T T T T T 1
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.C

5.0
f1 (ppm)

Group Gin Pla-D-2012-023-f5359
* plaquerd Pla-D-2012-023-f5359 (11 1) C6D6 24.0C March_06,2012_09:01:06 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 130.00
:Carbon C6D6 /opt/users/plaquerd plaquerd 24

200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)
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Group Gin
* plaquerd Pla-D-2012-026-f6770 (10 1) C6D6
:Proton C6D6 /opt/users/plaquerd plaquerd 16

NN

R 7
o>_<N‘N

Et

Supporting Information Page S74

24.0C March_07,2012_19:02:59 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppn

10.0 9.5 9.0

Group Gin
* plaquerd Pla-D-2012-026-f6770 (11 1) C6D6
:Carbon C6D6 /opt/users/plaquerd plaquerd 16

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 T 1
6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0
f1 (ppm)

2410C March_07,2012_19:04:49 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 130.00

T T T T T T T T T T T T T
200 190 180 170 160 150 140

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 T 1
130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)
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Group Gin Pla-D-2012-039-f1114

.* plaquerd Pla-D-2012-039-f1114 (10 1
:Proton C6D6 /opt/users/plaquerd plaque

N-
< >—</ N
N=N

rd 30

Supporting Information
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C6D6 24.0C April_03,2012_17:08:35 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm

10.0 9.5 9.0 8.5 8.0

Group Gin Pla-D-2012-039-f1114

6.0

T
5.5

5.0
f1 (ppm)

T
4.5

4.0

T
3.5

T
3.0

T
2.5

2.0

T
1.5

T
1.0

0.5

1
0.C

¥ plaquerd Pla-D-2012-039-f1114 (11 1) C6D6 2440C April_03,2012_17:10:31 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 130.000

:Carbon C6D6 /opt/users/plaquerd plaquerd 30

200 190 180 170 160

150

140

130

120

110

100
f1 (ppm)
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Group Gin dp-2-074f25-01142011

Supporting Information

Page S76

* plaquerd dp-2-074f25-01142011 (10 1) C6D6 24.0C January_14,2011_10:27:36 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 p

:Proton C6D6 /opt/users/plaguerd plaquerd 16

N-
N
MeS—’

10.0 9.5 9.0 8.5 8.0

Group Gin dp-2-074f25-01142011

5.0
f1 (ppm)

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0

* plaquerd dp-2-074f25-01142011 (11 1) C6D6 2#.0C January_14,2011_10:29:29 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 130.

:Carbon C6D6 /opt/users/plaquerd plaquerd 16

200 190 180 170 160

150

140

130

120

110

100
f1 (ppm)
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dp-2-037f102104
.* plaquerd dp-2-037f102104 (10 1) CDCI3 24.0C November_05,2010_10:35:26 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm  *.
:Proton CDCI3 /opt/users/plaquerd plaquerd 19

N~
N
=10

(83% estimated purity by NMR)

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.0
f1 (ppm)

dp-2-037f102104
* plaquerd dp-2-037f102104 (11 1) CDCI3 24.0C November_05,2010_10:36:38 Bruker JAVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 120.00
:Carbon CDCI3 /opt/users/plaguerd plaquerd 19

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 T T T T T T T T T T T T T T T 1
200 190 180 170 160 150 140 130 120 110 ¢ %00 ) 90 80 70 60 50 40 30 20 10 0
1 (ppm
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Group Gin DP-II1-173-f5257
* plaquerd DP-IIT-173-f5257 (10 1) C6D6 24.0C A

ugust_03,2011_18:57:25 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm  *,
:Proton C6D6 /opt/users/plaquerd plaquerd 18

N-N

BnS—’

(98% estimated purity by NMR)

H

229

T T T T T T T T T T T
2.0

Page S78

5.0
f1 (ppm)
Group Gin DP-III-173-f5257
* plaquerd DP-I11-173-f5257 (11 1) C6D6 24.0C August_03,20)

11_18:59:15 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 130.000 ppm; 1H 4.000 ppm  *.
:Carbon C6D6 /opt/users/plaquerd plaquerd 18

r T T T T T T T T
200 190 180 170

T T T T T
160 150 140 130 120 110 100
f1 (ppm)



Pla et al.

Group Gin DP-III-161-f2734

Supporting Information

¥ plaquerd DP-III-161-f2734 (10 1) C6D6 24.0C July_21,2011_21:11:03 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm

:Proton C6D6 /opt/users/plaquerd plaquerd 31

N~pN

Me84</1)

Nl

Page S79

10.0 9.5 9.0 8.5

Group Gin DP-III-161-f2734

5.0
f1 (ppm)

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0

* plaquerd DP-III-161-f2734 (11 1) C6D6 24.0C July_21,2011_21:13:00 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 130.000 ppm;

:Carbon C6D6 /opt/users/plaquerd plaquerd 31

200 190 180 170

160

150

140

130

120

110

100
f1 (ppm)



Pla et al.

Group Gin DP-1I-104-f2529

.* plaquerd DP-1I-104-f2529re (10 1) C6D6 24.0C January_26,2011_20:03:20 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm
:Proton C6D6 /opt/users/plaquerd plaquerd 31

N~
N
MeS—”

Supporting Information

L)
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3

10.0 9.5 9.0 8.5

Group Gin DP-II-104-f2529

* plaquerd DP-II-104-f2529re (11 1) C6D6 24.0C
:Carbon C6D6 /opt/users/plaquerd plaquerd 31

5.0
f1 (ppm)

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0

January_26,2011_20:05:10 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 130.000

200 190 180 170

160

150

140

130

120

110

100
f1 (ppm)
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Group Gin DP-III-203-f7882
* plaquerd DP-I11-203-f7882 (10 1) C6D6 24.0C
:Proton C6D6 /opt/users/plaquerd plaquerd 27

N~
N
MeS—’

(99% estimated purity by NMR)

Supporting Information

beptember_21,2011_03:48:19 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm

*.

Page S81

10.0 9.5 9.0 8.5 8.0 7.5

Group Gin DP-II1-203-f7882

¥ plaquerd DP-III-203-f7882 (11 1) C6D6 24.0C September_2[1,2011_03:50:12 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30

:Carbon C6D6 /opt/users/plaquerd plaquerd 27

5.0
f1 (ppm)

: 13C 130.000 ppm; 1H 4.000 ppm

0.5 0.0

*.

r T T T T T
200 190 180 170 160 150

T
140

T
130

T
120

T
110

100
f1 (ppm)
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Group Gin Pla-D-2012-058-f3942
.* plaquerd Pla-D-2012-058-f3942 (10 1) C6D6 24.0C April_12,2012_10:47:10 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm  *.
:Proton C6D6 /opt/users/plaquerd plaquerd 37
(19:1 dr)
W A
%
N
N o
T T T T T T T T T T T T T T T T T T T T 1
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 4.0 3.5 3.0 25 2.0 15 1.0 0.5 0.0

5.0
f1 (ppm)

Group Gin Pla-D-2012-058-f3942
* plaquerd Pla-D-2012-058-f3942 (11 1) C6D6 2440C April_12,2012_10:49:02 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 130.000
:Carbon C6D6 /opt/users/plaquerd plaquerd 37

T
200

T
190

T
180

T
170

T
160

T
150

T
140

T
130

T
120

T
110

T T T T T T T T T
100 90 80 70 60
f1 (ppm)
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Group Gin DP-1I-271-f4651
* plaquerd DP-1I-271-f4651 (10 1) C6D6 24.0C February_24,2011_15:15:34 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm  *.
:Proton C6D6 /opt/users/plaquerd plaquerd 31
ULM;.AJLA__AJM |
"
P
Y
T T T T T T T T T T T T T T T T T T T T 1
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 4.0 3.5 3.0 25 2.0 15 1.0 0.5 0.0

Group Gin DP-I1I-271-f4651
* plaquerd DP-II-271-f4651 (11 1) C6D6 24.0C Fi
:Carbon C6D6 /opt/users/plaquerd plaquerd 31

5.0
f1 (ppm)

Pbruary_24,2011_15:17:52 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 130.000

200 190 180 170 160 150 140

130

120 110 100
f1 (ppm)
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Group Gin DP-III-175-f6376

* plaquerd DP-III-175-f6376 (10 1) C6D6 24.0C August_03,2011_17:24:51 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm
:Proton C6D6 /opt/users/plaquerd plaquerd 17

*

(18:2 dr)

5.0 4.5 4.0 35 3.0 2.5 2.0 15 1.0 0.5 0.0 -0.5
f1 (ppm)

Group Gin DP-II1-175-f6376
* plaquerd DP-III-175-f6376 (11 1) C6D6 24.0C August_03,20)

11_17:26:45 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 130.000 ppm; 1H 4.000 ppm  *.
:Carbon C6D6 /opt/users/plaquerd plaquerd 17

r T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110

100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)



Pla et al. Supporting Information Page S85

Group Gin Pla-D-2012-059-f6669

.* plaquerd Pla-D-2012-059-f6669 (10 1) C6D6 24.0C April_12,2012_09:14:45 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm  *.
:Proton C6D6 /opt/users/plaquerd plaquerd 36

N~
N
MeS—

Me

(99% estimated purity by NMR)

T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0

w 4 9921

5.0
f1 (ppm)

Group Gin Pla-D-2012-059-f6669

* plaquerd Pla-D-2012-059-f6669 (11 1) C6D6 24L0C April_12,2012_09:16:35 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 130.000
:Carbon C6D6 /opt/users/plaquerd plaquerd 36

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 T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)
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Group Gin Pla-D-2012-070-f5263

.* plaquerd Pla-D-2012-070-f5263 (10 1) C6D6 24.0C April_21,2012_18:36:40 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm  *.
:Proton C6D6 /opt/users/plaquerd plaquerd 30

N~
N
MeS—’
Me Me

(96% estimated purity by NMR)

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 5.0
f1 (ppm)

Group Gin Pla-D-2012-070-f5263

* plaquerd Pla-D-2012-070-f5263 (11 1) C6D6 24L0C April_21,2012_18:38:32 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 130.000
:Carbon C6D6 /opt/users/plaquerd plaquerd 30

N .lJL L

T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)



Pla et al.

Group Gin DP-III-143-f3236

¥ plaquerd DP-III-143-f3236 (10 1) C6D6 24.0C July_20,2011_14:30:41 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm

:Proton C6D6 /opt/users/plaquerd plaquerd 11

N-N

MeS—

Supporting Information

1] I L
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*

10.0 9.5 9.0

Group Gin DP-II1-143-f3236
* plaquerd DP-111-143-f3236 (11 1) C6D6 24.0C ]
:Carbon C6D6 /opt/users/plaquerd plaquerd 11

5.0 3.5 3.0 2.5 2.0 1.5
f1 (ppm)

uly_20,2011_14:32:36 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30

1.0 0.5 0.0

: 13C 130.000 ppm;

200 190 180 170 160 150 140

130

120 110 100
f1 (ppm)
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dp-2-082f2531
* plaquerd dp-2-082f2531 (10 1) C6D6 24.0C December_21,2010_17:25:13 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm *.
:Proton C6D6 /opt/users/plaquerd plaquerd 25

Me
N~
MeS—’
H
(17:3 dr)
T
1‘0.0 9‘.5 9‘.0 8‘.5 B‘.D 7‘45 7‘.0 6‘.5 6‘40 ‘ ‘ ‘ 4‘ 0 3‘ 5 3‘ 0 2‘ 5 2‘40 1‘ 5 1‘ 0 (; 5 U‘ 0

5.0
f1 (ppm)

dp-2-082f2531
* plaquerd dp-2-082f2531 (11 1) C6D6 24.0C Degember_21,2010_17:27:26 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 120.000 p
:Carbon C6D6 /opt/users/plaquerd plaguerd 25

200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)
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Supporting Information

dp-2-058f2328
:Proton CDCI3 /opt/users/plaquerd plaquerd 7

Me

Pla et al.
* plaquerd dp-2-058f2328 (10 1) CDCI3 24.0C November_18,2010_21:27:23 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm  *.

MeS
Me

(18:2 dr)

g
&=
T T T T T T T T T T T T T T T T T T T T 1
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)
dp-2-058f2328
* plaquerd dp-2-058f2328 (12 1) CDCI3  24.0C November_18,2010_21:29:21 Bruker AJWIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 120.000 |
:Carbon CDCI3 /opt/users/plaquerd plaquerd 7
T 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)

r
200 190
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dp-2-057f2933

Page S90

* plaquerd dp-2-057f2933 (10 1) CDCI3  24.0C November_17,2010_19:46:06 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm  *.

:Proton CDCI3 /opt/users/plaquerd plaquerd 4

Me
N~
MeS—’
Me
MeH
(16:4 dr)
. Wl
7l
1‘0.0 9‘.5 9‘.0 8‘.5 B‘.D 7‘45 7‘.0 l;.S 6‘40 ‘ ‘ ‘ 4‘.0 3‘.5 3‘.0 2‘.5 2‘40 1‘.5 1‘.0 (;.5 U‘.U

5.0
f1 (ppm)

dp-2-057f2933
.* plaquerd dp-2-057f2933 (11 1) CDCI3 24.0C November_17,2010_19:47:56 Bruker A
:Carbon CDCI3 /opt/users/plaquerd plaquerd 4

111 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 120.000 |

200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)
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Group Gin Pla-D-2012-060-f1520-CDCI3
.* plaquerd Pla-D-2012-060-f1520-CDCI3 (10 1) CDCI3 24.0C April_21,2012_15:35:57 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm  *.
:Proton CDCI3 /opt/users/plaquerd plaquerd 29

N-N
MeS—’ 11Me

H

(16:4 dr)

r 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

a1 174=%
82.61

o

5.0 35 3.0 25 2.0 15 1.0 0.5 0.0
f1 (ppm)

Group Gin Pla-D-2012-060-f1520-CDCI3
* plaquerd Pla-D-2012-060-f1520-CDCI3 (11 1) CDCI3  24.0C April_21,2012_15:37:57 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 1
:Carbon CDCI3 /opt/users/plaguerd plaquerd 29

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 T T T T T T T T T T T T T T T 1
200 190 180 170 160 150 140 130 120 110 ¢ %00 ) 90 80 70 60 50 40 30 20 10 0
1 (ppm
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Page S92

Group Gin Pla-D-2012-061-f4552

.* plaquerd Pla-D-2012-061-f4552 (10 1) C6D6 24.0C April_11,2012_19:00:55 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm  *.

:Proton C6D6 /opt/users/plaquerd plaquerd 34

N~ N
MeS—
H Me
(>20:1 dr)
T
Q%
- &
T T T T T T T T T T T T T T T T T T T T 1
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.0 4.0 3.5 3.0 25 2.0 15 1.0 0.5 0.0
f1 (ppm)

Group Gin Pla-D-2012-061-f4552
* plaquerd Pla-D-2012-061-f4552 (11 1) C6D6 24

0C April_11,2012_19:02:46 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 130.000
:Carbon C6D6 /opt/users/plaquerd plaquerd 34

T T T T T T T T T
200 190 180 170 160 150 140 130 120 110

100 90 80 70 60 50 40 30 20
f1 (ppm)
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Group Gin Pla-D-2012-053-f5355
.* plaquerd Pla-D-2012-061-f5355 (10 1) C6D6 24.0C April_12,2012_12:35:24 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm  *.
:Proton C6D6 /opt/users/plaquerd plaquerd 38

(17:3 dr)

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.0
f1 (ppm)

Group Gin Pla-D-2012-053-f5355
* plaquerd Pla-D-2012-061-f5355 (11 1) C6D6 240C April_12,2012_12:37:16 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 130.000
:Carbon C6D6 /opt/users/plaquerd plaquerd 38

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 T T T T T T T T T T T T T T T 1
200 190 180 170 160 150 140 130 120 110 ¢ %00 ) 90 80 70 60 50 40 30 20 10 0
1 (ppm
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Gin Lab DP-III-15-f2631
* plaquerd DP-III-15-f2631 (10 1) C6D6 24.0C March_19,2011_17:55:23 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm  *.
:Proton C6D6 /opt/users/plaquerd plaquerd 27

N-
N
Me34<
WY "N

(19:1 dr)

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.0
f1 (ppm)

Gin Lab DP-TII-15-f2631 IL
* plaquerd DP-III-15-f2631 (11 1) C6D6 24.0C Mparch_19,2011_17:57:44 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 130.000 ppmr
:Carbon C6D6 /opt/users/plaguerd plaquerd 27

200

190

180

170

160

150

140

130

120

110

100
f1 (ppm)
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Group Gin DP-III-155-f7681
* plaquerd DP-III-155-f7681 (10 1) C6D6 24.0C July_22,2011_02:23:24 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm  *.
:Proton C6D6 /opt/users/plaquerd plaquerd 33

(19:1 dr)

5.0
f1 (ppm)

Group Gin DP-III-155-f7681
* plaquerd DP-III-155-f7681 (11 1) C6D6 24.0C July_22,2011_02:25:14 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 130.000 ppm;
:Carbon C6D6 /opt/users/plaquerd plaguerd 33

200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)



Pla et al.

Group Gin DP-III-155-f8589
* plaquerd DP-III-155-f8589 (10 1) C6D6 24.0C
:Proton C6D6 /opt/users/plaquerd plaquerd 34

(19:1 dr)

Supporting Information

Page S96

uly_22,2011_04:57:05 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm  *,

10.0 9.5 9.0

Group Gin DP-III-155-f8589
.* plaquerd DP-III-155-f8589 (11 1) C6D6 24.0C ]
:Carbon C6D6 /opt/users/plaquerd plaquerd 34

-

5.0
f1 (ppm)

uly_22,2011_04:59:05 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 130.000 ppm;

200 190 180 170 160 150 140

130

120 110 100
f1 (ppm)
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Group Gin DP-1I-295-f3639
.* plaquerd DP-1I-295-f3639 (10 1) C6D6 24.0C March_08,2011_19:04:40 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm *.
:Proton C6D6 /opt/users/plaquerd plaquerd 10

H
N~
N
Me84</ky
N
H

(98% estimated purity by NMR)

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.0
f1 (ppm)

Group Gin DP-1I1-295-f3639
* plaquerd DP-11-295-f3639 (11 1) C6D6 24.0C March_08,2011_19:07:00 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 130.000 ppn
:Carbon C6D6 /opt/users/plaguerd plaquerd 10

200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)
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Group Gin DP-II1-43-f4246

* plaquerd DP-II1-43-f4246 (10 1) C6D6 24.0C April_07,2011_16:29:04 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm  *.
:Proton C6D6 /opt/users/plaquerd plaquerd 28

H
N~ z
N
Mes;</K/
> N
H

(99% estimated purity by NMR)

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

5.0
f1 (ppm)

Group Gin DP-III-43-f4246
* plaquerd DP-II1-43-f4246 (11 1) C6D6 24.0C A

ril_07,2011_16:30:53 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 130.000 ppm;
:Carbon C6D6 /opt/users/plaguerd plaquerd 28

r T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)
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Group Gin DP-III-157-f3438
.* plaquerd DP-III-157-f3438 (10 1) C6D6 24.0C July_21,2011_23:47:19 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm  *,
:Proton C6D6 /opt/users/plaquerd plaquerd 32

H
N~
N
Me84</k\/
N
Me

(18:2 dr)

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.0
f1 (ppm)

Group Gin DP-III-157-f3438
* plaquerd DP-III-157-f3438 (11 1) C6D6 24.0C July_21,2011_23:49:11 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 130.000 ppm;
:Carbon C6D6 /opt/users/plaguerd plaquerd 32

. L L (Y

200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)
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Group Gin DP-II-108-f2731

* plaquerd DP-1I-108-f2731 (10 1) C6D6 24.0C January_28,2011_16:24:42 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm  *.
:Proton C6D6 /opt/users/plaquerd plaquerd 27

MeS—<N;NK//\O

(98% estimated purity by NMR)

10.0 9.5 9.0 8.5 8.0 7.5 7.0 5.0
f1 (ppm)
Group Gin DP-II-108-f2731

* plaquerd DP-11-108-f2731 (11 1) C6D6 24.0C Jgnuary_28,2011_16:26:34 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 130.000 pg
:Carbon C6D6 /opt/users/plaguerd plaquerd 27

200 190 180 170 160 150 140 130 120 110

100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)
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Group Gin DP-III-31-f3036
.* plaquerd DP-III-31-f3036 (10 1) C6D6 24.0C March_31,2011_16:28:22 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm  *.
:Proton C6D6 /opt/users/plaquerd plaquerd 15

MeS‘<N;|\I/\(\)H

(97% estimated purity by NMR)

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.0
f1 (ppm)

Group Gin DP-III-31-f3036 L
* plaquerd DP-III-31-f3036 (11 1) C6D6 24.0C Mprch_31,2011_16:30:50 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 130.000 ppmr
:Carbon C6D6 /opt/users/plaquerd plaguerd 15

200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)
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dp-2-086f2528
* plaquerd dp-2-086f2528 (10 1) C6D6 24.0C December_22,2010_02:38:13 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm  *.
:Proton C6D6 /opt/users/plaquerd plaquerd 28

(18:2 dr)

89.6~=
10.4~

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.0
f1 (ppm)

dp-2-086f2528
* plaquerd dp-2-086f2528 (11 1) C6D6 24.0C Defember_22,2010_02:40:02 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 120.000 p
:Carbon C6D6 /opt/users/plaguerd plaquerd 28

N

200

190

180

170

160

150

140

130

120

110

100
f1 (ppm)
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dp-2-085f6568
* plaquerd dp-2-085f6568 (10 1) C6D6 24.0C December_21,2010_23:53:57 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm  *.
:Proton C6D6 /opt/users/plaquerd plaquerd 27
N~ N
4
MeS
MeO Me
(17:3dr)
A JL S W)U U
TSN
8
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 4.0 3.5 3.0 25 2.0 15 1.0 0.5

dp-2-085f6568
* plaquerd dp-2-085f6568 (11 1) C6D6

:Carbon C6D6 /opt/users/plaquerd plaquerd 27

5.0
f1 (ppm)

24.0C Deffember_21,2010_23:55:46 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 120.000 p

.

e

A

200

190

180

170

160

150

140

130

120

110

100
f1 (ppm)
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Gin Lab DP-III-11-Z-f2936

Supporting Information

Page S104

* plaquerd DP-III-11-Z-f2936 (10 1) C6D6 24.0C March_20,2011_00:07:21 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm *.

:Proton C6D6 /opt/users/plaquerd plaquerd 28

I

10.0 9.5 9.0 8.5

Gin Lab DP-III-11-7Z-f2936

* plaquerd DP-III-11-Z-f2936 (11 1) C6D6 24.0C
:Carbon C6D6 /opt/users/plaquerd plaquerd 28

5.0
f1 (ppm)

3.5

3.0 2.5

2.0

1.5

1.0

0.5

0.0

March_20,2011_00:09:39 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 130.000 py

200 190 180 170

160

150

140

130

120

110

100
f1 (ppm)
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Gin Lab DP-III-13-E-f7375
* plaquerd DP-III-13-E-f7375 (10 1) C6D6 24.0C]March_20,2011_06:19:26 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm  *.
:Proton C6D6 /opt/users/plaquerd plaquerd 29
(96% estimated purity by NMR)
J Lk
T T
< g
T T T T T T T T T T T T T T T T T T T T 1
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 4.0 3.5 3.0 25 2.0 15 1.0 0.5 0.0

Gin Lab DP-III-13-E-f7375
* plaquerd DP-III-13-E-f7375 (11 1) C6D6  24.0C
:Carbon C6D6 /opt/users/plaquerd plaquerd 29

March_20,2011_06:21:44 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 130.000 pg

—

200 190 180 170 160 150 140

130

120 110 100
f1 (ppm)
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Group Gin DP-11-247-f1723

Page S106

.* plaquerd DP-11-247-f1723 (10 1) CDCI3 24.0C February_11,2011_18:02:29 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm *

:Proton CDCI3 /opt/users/plaquerd plaquerd 29

N~
N
wes— 1)
B

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.0
f1 (ppm)

Group Gin DP-11-247-f1723
* plaquerd DP-II-247-f1723 (11 1) CDCI3  24.0C February_11,2011_18:04:53 Bruker A
:Carbon CDCI3 /opt/users/plaquerd plaquerd 29

3.5

111 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 130.000

3.0

2.5

2.0

1.5

1.0

0.5

0.0

200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)
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Group Gin Pla-D-2012-028-f3435
.* plaquerd Pla-D-2012-028-f3435 (10 1) C6D6 24.0C March_08,2012_17:38:19 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm  *.

:Proton C6D6 /opt/users/plaquerd plaquerd 28

o) N~
y N

EtO

(96% estimated purity by NMR)

| LMW

T !
8 2

T T T T T
3.5 3.0 2.5 2.0 15 1.0

6.5 6.0 55 5.0 4.0
f1 (ppm)

Group Gin Pla-D-2012-028-f3435
* plaquerd Pla-D-2012-028-f3435 (11 1) C6D6 24L0C March_08,2012_17:40:34 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 130.00
:Carbon C6D6 /opt/users/plaquerd plaquerd 28

T T T T T T T T T
200 190 180 170 160 150 140 130 120 110

100
f1 (ppm)
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Group Gin Pla-D-2012-068-f36

.* plaquerd Pla-D-2012-068-f36 (10 1) C6D6 24.0C April_22,2012_07:28:39 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm

:Proton C6D6 /opt/users/plaquerd plaque

N~
s N

rd 34

Supporting Information
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*

10.0 9.5 9.0 8.5 8.0 7.5

Group Gin Pla-D-2012-068-f36

* plaquerd Pla-D-2012-068-f36 (11 1) C6D6 24.0
:Carbon C6D6 /opt/users/plaquerd plaquerd 34

6.0

T
5.5

5.0
f1 (ppm)

T
4.5

4.0

T
3.5

T
3.0

T
2.5

2.0

T
1.5

T
1.0

0.5

1
0.C

[ April_22,2012_07:30:31 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 130.000 pf

T T T T T T T T T T T
200 190 180 170 160 150

T
140

T
130

T
120

T
110

T
100
f1 (ppm)
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dp-2-071
.* plaquerd dp-2-071 (10 1) MeOD 24.0C December_09,2010_15:14:15 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm  *,
:Proton MeOD /opt/users/plaquerd plaquerd 35

N~
N
=10

(97% estimated purity by NMR)

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.0
f1 (ppm)

dp-2-071
* plaquerd dp-2-071 (11 1) MeOD 24.0C December_09,2010_15:16:15 Bruker AVIII 600MHz DCH cryo ZR{ 2134: zgpg30 : 13C 120.000 ppm;
:Carbon MeOD /opt/users/plaquerd plaquerd 35

200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)
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Group Gin Pla-D-2012-025-MeOD
* plaquerd Pla-D-2012-025-MeOD (10 1) MeOD 24.0C March_09,2012_10:23:17 Bruker AYIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm  *.
:Proton MeOD /opt/users/plaquerd plaquerd 7
N
I
(98% estimated purity by NMR)
T S
N 5
T T T T T T T T T T T T T T T T T T T T 1
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 4.0 3.5 3.0 25 2.0 15 1.0 0.5 0.0

5.0
f1 (ppm)

Group Gin Pla-D-2012-025-MeOD
.* plaquerd Pla-D-2012-025-MeOD (11 1) MeOD 24.0C March_09,2012_10:25:12 Bruker AVIII 600MHz DCH
:Carbon MeOD /opt/users/plaquerd plaquerd 7

cryo ZRC 2134: zgpg30 : 13C 130.0

T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)
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Group Gin DP-III-51-f1520

* plaquerd DP-III-51-f1520 (10 1) C6D6 24.0C April_22,2011_23:55:51 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm  *.
:Proton C6D6 /opt/users/plaquerd plaquerd 27

MeS N
_N
N=y
(94:6 Z/E)
T
100 os o0 85 80 75 70 o5 o T T T T T T . ; . .

5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
f1 (ppm)
Group Gin DP-III-51-f1520
* plaquerd DP-III-51-f1520 (11 1) C6D6  24.0C A

ril_22,2011_23:57:44 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 130.000 ppm;
:Carbon C6D6 /opt/users/plaguerd plaquerd 27

T T T T T T T T T T T T
200 190 180 170 160 150

140 130 120 110 _ 100 90 80 70 60 50 40 30 20
f1 (ppm)
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Group Gin DP-III-85-f2935
* plaquerd DP-III-85-f2935 (10 1) C6D6 24.0C May_17,2011_13:54:48 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm  *.
:Proton C6D6 /opt/users/plaquerd plaquerd 22

MeS
/N\
N
N:N/
(>99:1 E/2)
ke
T
0 g
o o
) 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 T T T T T T T T T T T
10.0 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 45 40 35 3.0 25 2.0 15 1.0

5.0
f1 (ppm)

Group Gin DP-III-85-f2935 IL
.* plaquerd DP-III-85-f2935 (11 1) C6D6 24.0C Mpy_17,2011_13:56:41 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 130.000 ppm;
:Carbon C6D6 /opt/users/plaguerd plaquerd 22

H .A

T T T T T T T T T T T T T T T T T T T T 1
200 190 180 170 160 150 140 130 120 110 ¢ %00 ) 90 80 70 60 50 40 30 20 10 0
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Group Gin Pla-D-2012-001-f3139
* plaquerd Pla-D-2012-001-f3139 (10 1) CDCI3  24.0C January_24,2012_14:31:44 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm  *.
:Proton CDCI3 /opt/users/plaquerd plaquerd 40

N
F\N

N:N’

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.0 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

Group Gin Pla-D-2012-001-f3139
* plaquerd Pla-D-2012-001-f3139 (11 1) CDCI3  24.0C January_24,2012_14:33:34 Bruker AVIII 600MHz DCH fryo ZRC 2134: zgpg30 : 13C 130.000 ppm; 1H 4.000 ppm  *,
:Carbon CDCI3 /opt/users/plaquerd plaquerd 40

T T T T T T T T T T T T T T T T T T T T 1
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)
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Group Gin DP-II-255-f2528
* plaquerd DP-II-255-f2528 (10 1) C6D6 24.0C February_15,2011_16:52:28 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm  *,
:Proton C6D6 /opt/users/plaquerd plaquerd 21
MeS
/N\
N
N N
W J
T T T T T T T T T T T T T T T T T T T T 1
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0

Group Gin DP-II-255-f2528
* plaquerd DP-II-255-f2528 (11 1) C6D6 24.0C February_15,2}
:Carbon C6D6 /opt/users/plaquerd plaquerd 21

5.0
f1 (ppm)

11_16:54:47 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 130.000 ppm; 1H 4.000 ppm *.

200 190 180 170 160 150 140 130

120 110 100 90 80 70 60 50 40 30 20
f1 (ppm)
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Group Gin DP-III-55-f4954

Supporting Information

* plaquerd DP-III-55-f4954 (10 1) C6D6 24.0C April_27,2011_16:07:36 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm

:Proton C6D6 /opt/users/plaquerd plaquerd 29

Page S115

10.0 9.5 9.0 8.5

Group Gin DP-III-55-f4954

.* plaquerd DP-III-55-f4954 (11 1) C6D6 24.0C A|
:Carbon C6D6 /opt/users/plaquerd plaquerd 29

6.0

5.5

5.0
f1 (ppm)

4.5

4.0

3.5

3.0

2.5

2.0

1.0

0.5

0.¢

ril_27,2011_16:09:26 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 130.000 ppm;

T T T T
200 190 180 170

T
160

T
150

T
140

T
130

T
120

T
110

T
100
f1 (ppm)
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Group Gin DP-III-89-f3038
* plaquerd DP-III-89-f3038 (10 1) C6D6 24.0C May_19,2011_14:03:06 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm  *.
:Proton C6D6 /opt/users/plaquerd plaquerd 34

I 'S I

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

5.0
f1 (ppm)

Group Gin DP-II1-89-f3038 IL
.* plaquerd DP-III-89-f3038 (11 1) C6D6 24.0C Mpy_19,2011_14:05:04 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 130.000 ppm;
:Carbon C6D6 /opt/users/plaguerd plaquerd 34

T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 f %00 ) 90 80 70 60 50 40 30 20 10
ppm
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Group Gin DP-III-113-f1926

.* plaquerd DP-I1I-113-f1926 (10 1) CDCI3 24.0C June_30,2011_20:09:37 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm

:Proton CDCI3 /opt/users/plaquerd plaquerd 23
H

N~
N
O

H

Page S117

*

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
f1 (ppm)

Group Gin DP-III-113-f1926
* plaquerd DP-I11-113-f1926 (11 1) CDCI3 24.0C June_30,2011_20:11:26 Bruker AVIIIL
:Carbon CDCI3 /opt/users/plaguerd plaguerd 23

3.5

3.0

2.5

2.0

1.0

0.5

0.¢

600MHz DCH cryo ZRC 2134: zgpg30 : 13C 130.000 ppn

r T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 _ 100 90 80
f1 (ppm)
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Group Gin DP-III-119-2-f2728

¥ plaquerd DP-III-119-2-f2728 (10 1) CDCI3  24.0C July_06,2011_19:32:35 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm

:Proton CDCI3 /opt/users/plaquerd plaquerd 17

Supporting Information

]
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*

10.0 9.5 9.0 8.5 8.0

Group Gin DP-III-119-2-f2728

6.0

5.5

5.0
f1 (ppm)

4.5

4.0

* plaquerd DP-III-119-2-f2728 (11 1) CDCI3  24.0C July_06,2011_19:34:29 Bruker AVII
:Carbon CDCI3 /opt/users/plaquerd plaquerd 17

3.5

3.0

2.5

2.0

1.0

0.5

0.¢

[ 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 130.000 pg

r T T T T
200 190 180 170 160

T
150

T
140

T
130

T
120

T
110

T
100
f1 (ppm)
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Group Gin DP-II1-81-f5269
.* plaquerd DP-III-81-f5269 (10 1) CDCI3 24.0C May_19,2011_20:12:36 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm  *.
:Proton CDCI3 /opt/users/plaquerd plaquerd 36

N-
N
MeS—”
—

T T T T T T T T T T T T T T T T T T T T 1
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.C
f1 (ppm)

Group Gin DP-III-81-f5269
.* plaquerd DP-III-81-f5269 (11 1) CDCI3 24.0C May_19,2011_20:14:35 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 130.000 ppm;
:Carbon CDCI3 /opt/users/plaquerd plaquerd 36

r T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 f %00) 90 80 70 60 50 40 30 20 10 0
ppm
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Group Gin DP-II1-93-f1619

¥ plaquerd DP-III-93-f1619 (10 1) CDCI3 24.0C May_24,2011_13:15:05 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm

:Proton CDCI3 /opt/users/plaquerd plaquerd 17

N~
s, N

Page S120

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
f1 (ppm)

Group Gin DP-III-93-f1619
.* plaquerd DP-I11-93-f1619 (11 1) CDCI3 24.0C May_24,2011_13:16:59 Bruker AVIII 6
:Carbon CDCI3 /opt/users/plaquerd plaguerd 17

3.5

3.0

2.5

2.0

1.0

0.5

0.¢

0OMHz DCH cryo ZRC 2134: zgpg30 : 13C 130.000 ppm;

r T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 _ 100 90 80
f1 (ppm)
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Group Gin DP-III-159-f8183

Supporting Information
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.* plaquerd DP-III-159-f8183 (10 1) C6D6 24.0C July_22,2011_10:04:54 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm

:Proton C6D6 /opt/users/plaquerd plaque

rd 36

N\

N/ S
Me8/<\

N

N~N

SMe

proposed structure

*

10.0 9.5 9.0 8.5

Group Gin DP-III-159-f8183

* plaquerd DP-III-159-f8183 (11 1) C6D6 24.0C ]
:Carbon C6D6 /opt/users/plaquerd plaquerd 36

l.JL

5.0
f1 (ppm)

uly_22,2011_10:06:44 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 130.000 ppm;

200 190 180 170

160
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Group Gin DP-II-259-f5559
.* plaquerd DP-II-259-f5559 (10 1) C6D6 24.0C February_17,2011_10:17:10 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm *.
:Proton C6D6 /opt/users/plaquerd plaquerd 14

\

J=N-N

MeS

proposed structure

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0

Group Gin DP-11-259-f5559
* plaquerd DP-1I-259-f5559 (11 1) C6D6 24.0C Fbruary_17,2011_10:19:31 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 130.000
:Carbon C6D6 /opt/users/plaquerd plaquerd 14

e l

200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)
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Group Gin DP-1I-225-f2324
* plaquerd DP-II-225-f2324 (10 1) C6D
:Proton C6D6 /opt/users/plaquerd plaquerd 27

Supporting Information

N
=\-N
MeS>\N

proposed structure

Page S123

24.0C February_02,2011_19:04:14 Bruker AVIII 600MHz DCH cryo ZRC 2134: zg30 : 1H 6.175 ppm *.

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5

Group Gin DP-11-225-f2324
* plaquerd DP-I1-225-f2324 (11 1) C6D6 24.0C F
:Carbon C6D6 /opt/users/plaquerd plaquerd 27

ebruary_02,2011_19:06:33 Bruker AVIII 600MHz DCH cryo ZRC 2134: zgpg30 : 13C 130.000

-

200 190

180

170

160

150

140

130

120

110

100
f1 (ppm)
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M. NOESY, COSY, HSQC and HMBC Spectra of Selected Compounds.

_<N\N
MeS— |
NﬁN Me

I | ‘

dp-2-032f2127 : F10
_* plaguerd dp-2-032f2127 (16 1) CDCI3  24.0C October_29,2010_18:29:35 Bruker AVIII 600MHz DCH cryo ZRC 2134: noesygp% AH 5.50 ppm *.
:Noesy CDCI3 /opt/users/plaquerd plaquerd 25

% - - 1.5
- g v F2.0
» 8 H
F25
— > . — .
F3.0

1}
T
w
n
f1 (ppm)

I L -
e F4.0
- . i i
5.0
F5.5
T - 6.0
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 T
60 58 56 54 52 50 48 46 44 42 40 3. 32 30 28 26 24 22 20 18 16 1.4 1.2 1.0
2 (ppm)
N~ N
MeS— |
N~ N Me
OMe l
. Ak
dp-2-032f2938-2 »
* plaquerd dp-2-032f2938-2 (11 1) CDCI324.0C November_05,2010_21:09:22 Bruker AVIII 600MHz DCH cryo ZRC 2134: noesygpph : 1H 5.500 ppm
:Noesy CDCI3 /opt/users/plaquerd plaquerd 26 >
- o
. 2.5
&
F3.0
g
- = & s F35 &
4.0
J— g 3 &= F4.5
5.0
F55
—_ 0",
6.0
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 T
60 58 56 54 52 50 48 46 44 42 40 38 32 30 28 26 24 22 20 18 16 14 12 10
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N~
MeS—</ ! OMe
N~ =
_ )N AL PV PV ' S
dp-2-034f7989-2 F0.5
¥ plaquerd dp-2-034f7989-2 (15 1) CDCI3  24.0C November_02,2010_05:13:44 Bruker AVIII 600MHz DCH cryo ZRC 2134: noesygpph 1H 500 ppm
:Noesy CDCI3 /opt/users/plaquerd plaquerd 23 —
F1.0
F15
W 2.0
L3
F2.5
;| F3.0
g
s =
- - E 3 ;ﬁﬁm = r35s =
F4.0
4 . G@ & o & = 4.5
BN
© F5.0
F5.5
_ - - e F6.0
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 T T
60 58 56 54 52 50 48 46 44 42 40 38 3.6 34 32 30 28 26 24 22 20 18 16 14 12 10 08
f2 (ppm)
N~
MeS— |
eN I
/
OMe
A i,

dp-2-034f92104-2

.* plaquerd dp-2-034f92104-2 (12 1) CDCI3  24.0C November_05,2010_00:35:24 Bruker AVIII 600MHz DCH cryo ZRC 2134

:Noesy CDCI3 /opt/users/plaquerd plaquerd 24

LS

oo o | oo

-

noesygpph ; 1H5:800 ppn

r3.5

4.0

f1 (ppm)

4.5

6.0
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T
4.5

T T T

4.0 35 3.0
72 (ppm)
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il M e N
Group Gin DP=I1I-175-f6376 N s “ - ™ e -
¥ plaquerd DP-III-175-f6376 (16 1) C6D6  24.0C August_04,2011_20:59:15 Bruker AVIII 600MHz DCH cryo ZRC 2134: noesygp& 1H 5/509 ppm  °
:Noesy C6D6 /opt/users/plaquerd plaquerd 17
P as oo QB |+ s 8
‘d’ d
N = R &= == @@ 5 ros
F1.0
5 @ g | 88 = :
% e z %[z & & AN
€
g
- @ - } [ oo & o [0 =
] — L2 L1 3d ] ]
ai F2.5
© o k3.0
= © o [~ ] o aa oo o od
o
- ﬁ 5 ) - =) 5 = L F3s
j = . =] ° zm =
o
4.0
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 T T T T T T T T T T T T
38 36 34 32 30 28 26 24 22 20 18 16 14 12 10 08 06 04 02 00 -02
f2 (ppm)
Me
N~
MeS—
NOESY H
Y N J
dp-2-082f2531 ro.s
* plaquerd dp-2-082f2531 (16 1) C6D6 24.0C December_21,2010_22:42:48 Bruker AVIII 600MHz DCH cryo ZRC 2134: noesygp) .677 ppm *
:Noesy C6D6 /opt/users/plaquerd plaquerd 25 F1.0
mer> | o Lo
- F14
. F16
F18
F2.0
z F22
- = €
&
F24 2
= 26
r2.8
d r3.0
° F3.2
F3.4
190 6.9 o Lag
. é r3.8
o°
F4.0
T T T T T T T T T T T T T T T T
4.0 3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.2 2.0 1.8 16 1.4 12 1.0

24
f2 (ppm)
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Me 1.23(d, J =6.7 Hz, 3H)

N~N
MeS—
NOESY
Me H
Me' "3 51_3.46 (m, 1H)
RN o
dp-2-057f2933 A
¥ plaquerd dp-2-057f2933 (16 1) CDCI3  24.0C November_17, 2010 22:27:56 Bruker AVIII 600MHz DCH cryo ZRC 2134; [H[3.772 ppm *
Noesy CDCI3 /opt/users/plaquerd plaquerd 4 <
@ o Fi2
=

F14

ogn 1.6

A k]

o F2.0
r22 _
£
- g
F2.4 =

pr F2.6

&

o r2.8

F3.0

F3.2

F3.4

o d@@ s
@ o 3.6

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 T T T
37 36 35 34 33 32 31 30 29 28 27 26 25 %{1( 2.)3 22 21 20 19 18 17 16 15 14 13 12 11 10
ppm

3.62-3.54 (m, 1H) &
NOESY N 2.79 (t, J = 10.1 Hz, 1H)

H 2.24-2.12 (m, 1H)

2.88 (dd, J = 16.3, 9.9 Hz, 1H)H Me 1.04 (d, J = 6.6 Hz, 3H)

2.63 (dd, J = 16.3, 2.1 Hz, 1H)|'T

H
3.94 - 3.84 (m, 1H)

N

Group Gin Pla-D-2012-060-f1520-CDCI3
* plaquerd Pla-D-2012-060-f1520-CDCI3 (16 1) CDCI3  24.0C April_21,2012_17:04:46 Bruker AVIII 60QMHz DCH cryo ZF
:Noesy CDCI3 /opt/users/plaquerd plaquerd 29

= =

2 F1.0

) " 20
£
[=%
2.5 o
£
3.0
r3.5
r4.0
@

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 T T T T T T T T T T T
42 40 38 36 34 32 30 28 26 24 22 20 18 16 14 12 1.0 08
f2 (ppm)
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2.56 (dd, J =16.1, 9.4 Hz, 1H)

Supporting Information

MeS

Me 0.59 (d, J = 6.7 Hz, 3H)

NS =
2.35-2.16 (m, 1H)H A 140-1.24 (m, 1)
\\\zg(w 9.2, 1.8 Hz, 1H)
NOESY N g
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Group Gin Pla-D-2012-061-f4552
¥ plaquerd Pla-D-2012-061-f4552 (16 1) C6D6 24 0C April_11,2012_20:30:11 Bruker AVIII 600MHZ DCH cryg ZRC 2134
:Noesy C6D6 /opt/users/plaquerd plaquerd 34 J» Los
> 2 : F1.0
,,,,,, ]
1 e F2.0 £
. =N
- |= i R ‘-,_;,LD E=3 b
Py
Q Sb ° r2.5
= R ‘l‘ ° = 3.0
& -
= = v B 3.5
(-] |
F4.0
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 T T T T T T T T
40 38 36 34 32 30 28 26 24 2 1.6 14 12 1.0 08 06 04 02
f2 (ppm)
N\N
MeS
2.52-2.37 (m, 2H) H ~~H 1.69 - 1.57 (m, 1H)
363-3.55 M AN Me 0.64(d, =71 Hz, 3H)
weak 7
NOESY
Group Gin Pla-D-2012-053-f5355 F0.5
ZRC 2134
€
g

T T T T T T T T T T

38 36 34 32 30 28 26 24 22 20
f2 (ppm)

1.8 1.6 1.4 1.2 1.0 0.8 0.6
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N~
MeS—
2.63 & 2.56 (2d, J = 16.2 Hz, 2H) ""'"H 1.88 — 1.80 (m, 1H)
NOESY
1 . b L Mol o,
Group Gin Fo.5
¥ plaquerd DP-III-15f2631- (21 1) C6D6 24.0C August_02,2011_08:19:53 Bruker AVIII 600MHz DCH cryo ZRC 2134: noesygpph : 1H 2.943 ppm  *.
:Noesy C6D6 /opt/users/plaquerd plaquerd 12
= 8 - 8 k1.0
< 0
00 00 [ r15
o
e o
o © 99 GO [
F2.0
- - oo oo — Sle d= = - - e
& 0 8
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= g 2 = =
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©) o 0 @ o) eo
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4.0 3.8 3.6 3.4 32 3.0 2.8 2.6 2.4 22 2.0 18 16 14 12 1.0 0.8 0.6

2 (ppm)
2.05—1.98 (m, 1H) "
H
N<
N
MeS—

\\* N NOESY
H

HMBC 3.59 - 3.51 1H H H
. —.ﬁ(m, ) N

Group Gin DP-1I-295-f3639 ]
¥ plaquerd DP-11-295-f3639 (16 1) C6D6 24.0C March_08,2011_20:38:21 Bruker AVIII 600MHz DCH cryo ZRC 2134: noewgpph .458 ppm  *.
Noesy C6D6 /opt/users/plaquerd plaquerd 10 1o
F15
F2.0
F2.5 £
o
F3.0
F3.5
F4.0
.-nd

T T T T T T T
4.0 35 3.0 25 2.0 15 1.0
f2 (ppm)
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—3.83 (m, 1H)

N- -
N
Mes@
2.43 (dd, J = 15.2, 8.0 Hz, 1H) &k ~_N
)NLH

1.82(dd, J = 15.2, 4.4 Hz, 1H
HMBC

M Y S || P e M

Group Gin <
* plaguerd DP-II1-43-f4246 (@) C6D6  24.0C Au _03,2011%:33 Bruker AVIII 600MHz DCH cwo@l%: n 3427 ppm  *.
:Noesy C6D6 /opt/users/plaquerd plaquerd 17 T
ok ‘e (@) D)
Z 1.6
@ @ H &é A3 & = [i8
=p o i) == F2.0
y ¥ r22
ho . :" o =]
7 g = g r2.4
- 2 T @ o =@t
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34 22 iz = 3.0
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e & 5 : @ | |,,
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A
~4.0
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% [} 7 :

ITw

1H)
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40 39 38 37 36 35 34 33 32 31 30 29 28 2.f72(2.6) 25 24 23 22 21 20 19 18 17 16 15 14 13
ppm

3.28 (dddd, J = 10.8, 10.8, 7.6, 3.0 Hz, 1H)

1.27 - 1.26 (s, 3H)

o R

Group Gin

0.8
* plaquerd DP-III-157-f3438 (21 1) C6D6 24.0C August_02,2011_12:27:20 Bruker AVIII 600MHz DCH cryo ZRC 2134: noesygpph : f: Esg ppm
F 1.

:Noesy C6D6 /opt/users/plaquerd plaquerd 16
W 7 0 . @ pry [
F14

r1.6
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"
a
0
®
=

2.0
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8| &

2.4
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=]
sp S 8@
wm 8

%
r2.8

F3.0
4 H 4 ®
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@ Pn 6 o 8
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wBE: §@ [3s
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7.0 6.5 6.0 5.5 5.0 4.5 3.5 3.0 2.5 2.0 15 1.0

4.0
f2 (ppm)
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3.59 - 3.48 (m, 1H)
NOESY

Me

H 2.25 (dd, J = 16.4, 3.2 Hz, 1H)

2.02-1.90 (m, 1H) H H7—2.65 (dd, J = 16.4, 10.4 Hz, 1H)
\_H 3.85-3.78 (m, 1H)
1.06 - 0.96 (m, 1H)

S

Group Gin DP-III-155-f7681-
¥ plaquerd DP-III-155-f7681- (16 1) C6D6 24.0C August_01,2011_13:01:15 Bruker AVIII 600MHz DCH cryo ZRC 2134: noesygp@lH
Noesy C6D6 /opt/users/plaquerd plaquerd 40

Q
& °
)
E o s
cﬁ a8
@?
@P o @ o =
] o
& =) Vo [@>Ya)
T T T T T T T T T T T T T T T T T
40 38 36 34 32 3.0 28 26 2.4 2 20 18 16 14 12 10 08
f2 (ppm)
3.30 (q, J =5.9 Hz, 1H)
SMe
1.89-1.82 5

NOESY (m, 1H) \/4 3.69-3.61 (m, 1H)

M i\

¥ plaquerd DP-III-155-f8589- (16 1) C6D6 24.0C August_01,2011_14:44:54 Bruker AVIII 600MHz DCH cryo ZRC 2134: noesygppl
:Noesy C6D6 /opt/users/plaquerd plaquerd 41

Group Gin DP-III-155-f8589- §

Q
€]

@ o

3.0
f2 (ppm)

.500 ppm
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r15

2.0
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3.0
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4.0

ro.5

.641 ppm

r1.0

ri5
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3.0

3.5

4.0

Page S131
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3.63-3.53 (m, 1H) H

1.64 - 1.54 (m, 1H) & 1.48 - 1.36 (m, 1H)

2.28 (ddd, J = 6.9, 6.5, 3.5 Hz, 1H) a
&1.09-0.99 (m, 1H) \\Me HMe 3.08 (s, 3H)

NOESY
L ” J JLW .

Group Gin DP-II-086-f2528 e Los
* plaquerd DP-I1-086-f2528 (11 1) C6D6 24,0C August_05,2011_09:40:41 Bruker AVIII 600MHz DCH cryo ZRC 2134: noesygpph : 1H 3. 5]?1 ppm *
Noesy C6D6 /opt/users/plaquerd plaquerd 17 g
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X

24 22
f2 (ppm)

118 (s, 3H)Me Mg 3.34 (s, 3H)

¥

1 AW A
dp-2-085f6568 - ;
* plaguerd dp-2-085f6568 (16 1) C6D6 24.0C December_22,2010_01:27:13 Bruker AVIII 600MHz DCH cryo ZRC 2134: 3.648 ppm *
Noesy C6D6 /opt/users/plaquerd plaquerd 27 A . 2 *
= 1.2
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3.66 (dd, J =125, 4
7.3Hz, 1H) =

| MM b

Group Gin
¥ plaquerd DP-III-11Z-f2935- (21 1) C6D6 24.0C August_02,2011_06:34:21 Bruker AVIII 600MHz DCH cryo ZRC 2134: no J§%3 ppm
:Noesy C6D6 /opt/users/plguerd plaquerd 119 &) =
] o g 1=
15
e s] &
. ® ¢ e
o = @ 2.0
s ) ° =
r2.5 B
g
< @ @D ©o (@ Lo
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3.5
g [a:) & O = Q =
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- - : = 4 e

T T T T T T T T T T T T T T T T T T
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f2 (ppm)
NOESY
SMe
WH 4.20 (s, 1H)
OMe 3.32 (s, 3H
1.88-1.78 (m, H)H{" ( )
N-C-CHy: 2.33 - 2.25 (m, 1H) & 1.69 - 1.49 (m, 1H)
e i mom
Group Gin
¥ plaquerd DP-III-13E-f7375- (21 1) C6D6 24.0C August_02,2011_22:50:09 Bruker AVIII 600MHz DCH cryo ZRC 2134: noesygpph : 1H 3.656 ppm
:Noesy C6D6 /opt/users/plaquerd plaquerd 13
F1o
F15
°
F2.0
: £
g
r2.5 ful
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| P . PPN

Group Gin DP-III-55-f4954
* plaquerd DP-III-55-f4954 (13 1) C6D6 24.0C April_27,2011_16:43:53 Bruker AVIII 600MHz DCH cryo ZRC 2134: cosygpdf : 1H 4 039 ppsrs  *.
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5 1] F2.5
a . @ . . 5 o 3.0
- F3.5
o] = = ©
-] () @
F4.0
@~ o -

4.5

f1 (ppm)

5.0

6.0

6.5

7.0
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Group Gin DP-III-55-f4954

¥ plaquerd DP-III-55-f4954 (14 1) C6D6 24.0C April_27,2011_16:48:34 Bruker AVIII 600MHz DCH créo@ZRC 2134: hsqcetgpsi2.gds : 1H 41039 ppm; 1
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Group Gin DP-III-55-f4954 ‘
.* plaquerd DP-III-55-f4954 (15 1) C6D6 24.0C April_28,2011_16:24:03 quker AVIII 600MHz DCH cryo ZRC 2134: hmbcgplpndgf : 1H 2[559 ppm; 13(
Hmbc C6D6 /opt/users/plaquerd plaquerd 29 1o
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Group Gin

¥ plaquerd DP-III-55-f4954- (21 1) C6D6 24.0C August_04,2011_07: :27:05 Bruker AVIII 600MHz DCH cryo ZRC 2134: noesygp

:Noesy C6D6 /opt/users/plaquerd plaquerd 11
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L U

Group Gin DP-III-89-f3038
* plaquerd DP-ITI-89-f3038 (13 1) C6D6 24.0C May_19,2011_15:12:00 Bruker AVIII 600MHz DCH cryo 2Rc 2134: cosygqu 1%4 007 ppm  *.
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Group Gin DP-III-89-f3038
* plaquerd DP-III-89-f3038 (14 1) C6D6 24.0C May_19,2011_15:16:40 Bruker AVIII 600MHz DCH cryo ZRC 2134: hsqcetgpsi2.gds : 1H #.097 ppm; 1.
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