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General information

Commercially available reagents were purchased from Merck (Sigma-Aldrich), Fischer scientific, Strem Chemicals, TCI Europe or
Fluorochem and were used as received, unless mentioned otherwise. Solvents were purchased from VWR Chemicals or Sigma-Aldrich
and used without purification, unless stated otherwise. Anhydrous, air-free solvents (DCM, toluene, THF) were obtained from a
PureSolv MD 5 solvent purification system. Ozone was generated with the ozonetech ACT-3000 connected to compressed air, passing
through a home-made drying system. Nuclear magnetic resonance (NMR) spectra were recorded on a Bruker Avance 600, Bruker
Avance 500 or Bruker Avance 300, as indicated. Thereby using the residual CHCI; signal (*H: & 7.26 ppm) or the CDClIj3 signal (*3C{1H}:
® 77.16 ppm) as internal reference standard. Chemical shifts (&) are given in ppm and coupling constants (J) are quoted in hertz (Hz).
Resonances are described as s (singlet), d (doublet), t (triplet), q (quartet), br (broad singlet) and m (multiplet) or combinations thereof.
Electrospray lonization (ESI) high-resolution mass spectrometry was carried out using a Bruker QTOF impact Il instrument in positive
ion mode (capillary potential of 4500 V). Flash chromatography was performed on Silicycle Silica-P Flash Silica Gel (particle size 40-
63 um, pore diameter 60 A) using the indicated eluent. Thin Layer Chromatography (TLC) was performed using TLC plates from Merck
(SiO., Kieselgel 60 F254 neutral, on aluminium with fluorescence indicator) and compounds were visualized by UV detection (254 nm),
potassium permanganate stain and/or cerium (1V) sulphate stain. SFC-MS analysis was conducted using a Shimadzu Nexera SFC-MS
equipped with a Nexera X2 SIL-30AC autosampler, Nexera UC LC-30AD SF CO, pump, Nexera X2 LC-30AD liquid chromatograph,
Nexera UC SFC-30A back pressure regulator, prominence SPD-M20A diode array detector, prominence CTO-20AC column oven and
CBM-20A system controller, coupled to a. Shimadzu LCMS-2020 mass spectrometer. The data were acquired in full-scan APCI mode
(MS) from m/z 100 to 800 in positive ionisation mode. Data was processed using Shimadzu Labsolutions 5.82. Enantiomeric excess
was determined by SFC-MS analysis using: Method A) Lux® 3 pm Cellulose-3 column (cellulose tris(4-methylbenzoate), 150 x 4.6
mm) eluting with an isocratic mixture of supercritical CO, (99%) and methanol (1%) at 1 mL per minute, run length of 10 minutes,
detection at 246 nm; Method B) Lux® 3 ym Cellulose-1 column (cellulose tris(3,5-dimethylphenylcarbamate). eluting with an isocratic
mixture of supercritical CO, (70%) and methanol (30%) at 2 mL per minute, run length of 5.5 minutes, detection at 222 nm. The sample
injection volume was 5 L. Specific rotations were measured on a Kriiss P3000 polarimeter, using a 0.5 dm cell and solvent as indicated.
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Reaction optimization for the enantioselective decarboxylative Tsuji-Trost allylation

o CN o CN
\( bg;o conditions \( a
0 0\\\ o \§
18 S 17
Table S1. Optimization Table.
Entry®  Cat Ligand Solvent T (°C) Yield (%) ee (%)
1 Pd(dba)s L1 THF 65 77 -
2 Pdz(dba)s L2 THF 65 93 68
3 Pda(dba)s L3 THF 65 92 81
4 Pd2(dba)s L4 THF 65 94 81
5 Pd(dba)s L5 THF 65 92 -53
6 Pda(dba)s L6 THF 65 97 2
7 Pd(dba)s L7 THF 65 92 9
8 Pda(dba)s L8 THF 65 81 4
9 Pdz(dba)s L9 THF 65 98 1
10 Pda(dba)s L10 THF 65 85 6
11 Pd(dba)s L11 THF 65 80 1
12 Pdz(dba)s L12 THF 65 90 1
13 Pdz(dba)s L13 THF 65 69 -5
14 Pd(dba)s L14 THF 65 77 0
15 Pda(dba)s L15 THF 65 97 -10
16 Pdz(dba)s L16 THF 65 no conv.¢ -
17 Pd>(dba)s L17 THF 65 no conv.¢ -
18 Pd>(dba)s L18 THF 65 no conv.¢ -
19 Pdz(dba)s L3 toluene RT 35 87
20 Pd2(dba)s L4 toluene RT 40 90
21 Pdz(dba)s L3 toluene 65 97 83
22 Pdz(dba)s L4 toluene 65 46 89
23 Pdz(dba)s L3 1,4-dioxane RT no conv.¢
24 Pdz(dba)z L4 1,4-dioxane RT 36 90
25 Pdz(dba)z L3 1,4-dioxane 80 66 80
26 Pdz(dba)s L4 1,4-dioxane 80 no conv.?
27 Pdz(dba)s L3 diethyl ether RT 84 91
28 Pda(dba)s L4 diethyl ether RT 86 90
29¢ Pdz(dba)z L3 diethyl ether RT 96 91

[a] All reaction were performed using 0.20 mmol of 18, at 0.05 M concentration. Catalyst loading (unless stated otherwise): 5.0 pmol Pdz(dba)s (5 mol% Pd), 20

pumol ligand (10 mol%), Pd/ligand ratio 1:2.

[b] Isolated yield after automated column chromatography (silica gel, 0-20% EtOAc in cHex, 11 min.).

[c] Determined by chiral SFC-MS (Method A, see general information).

[d] Did not show conversion after 7 days.

[e] Performed at 16 g scale, with lower catalyst loading [1 mol% Pdz(dba)s, 4 mol% ligand], leading to an extended reaction time of 6 days to reach full completion.
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Conditions tested in the Michael/Truce-Smiles cascade
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Table S2. List of conditions tested.
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Entry Solvent Cs2CO0s (eq.) Temperature (° C) Time (h) Electrophile (eq)® Conversion Yield of 25a P!
of 16

1 acetonitrile 3 60 18 No Full Mixturel

2 DMSO 3 60 18 No Full Mixture [©

3 DMSO 2 60 18 No Full Mixture [©

4 DMSO 1 60 18 No Full Mixture [©

5 DMF 3 60 18 No Full Mixture [

6 acetone 2 56 18 No Full Mixture &4

7 THF 2 60 18 No Slow Mixture [

8 chloroform 2 60 18 No No 0%

9 DMSO 2 100 18 No Full Mixture [©

10 DMSO 2 60 18 yes Full 0%

11 acetonitrile 2 60 18 yes Full 17%

12 DMF 2 60 18 yes Full 17%

13 acetone 2 56 18 yes Full 50% (48%lel)

14 acetone 2 10011 3 yes Full 29%

[a] Electrophile added after indicated temperature and time, and after cooling to room temperature.

[b] Determined by *H NMR analysis using 0.5 eq. of durene as internal standard.

[c] No pure product could be isolated after column chromatography (silica gel or alumina, using cyclohexane/EtOAc; DCM/MeOH; or DCM/MeOH/Et3N as eluent

systems).

[d] *H NMR shows complete conversion to 24, although this product could not be isolated.
[e] Isolated yield after chromatography.
[fl Microwave irradiation in pressure tube.
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Synthetic procedures and characterisation

o 3-isobutoxycyclohex-2-en-1-one (S1)4
A flame-dried flask was charged with 1,3-cyclohexadione (25.0 g, 223 mmol, 1 eq.), isobutanol (41.2 mL, 446 mmol,

\( 2.0 eq.), p-toluenesulfonic acid (0.425 g, 2.23 mmol, 0.010 eq.) and toluene (300 mL). This solution was brought to

0 reflux under Dean-Stark conditions for 3 h. The reaction mixture was concentrated in vacuo and purified by vacuum
distillation (2 mbar, 98 °C) to give the product as colorless oil (35.6 g, 212 mmol, 95 %) that solidifies in the freezer.
Rt (30 % EtOAc in cyclohexane): 0.39 (visualized by UV and KMnOy stain).
IH NMR (600 MHz, CDCl3) 5 5.35 (s, 1H), 3.59 (d, J = 6.5 Hz, 2H), 2.41 (t, J = 6.2 Hz, 2H), 2.34 (dd, J = 7.3, 6.0 Hz, 2H), 2.09 — 2.00
(m, 1H), 2.00 — 1.94 (m, 2H), 0.97 (d, J = 6.7 Hz, 6H).
13C NMR (151 MHz, CDCl3) & 200.02, 178.38, 102.86, 77.37, 77.16, 76.95, 74.86, 36.88, 29.15, 27.85, 21.38, 19.21.
HRMS (ESI) m/z calculated for C19H170, [M+H]*: 169.1223, found: 169.1223.

o o Allyl 4-isobutoxy-2-oxocyclohex-3-ene-1-carboxylate (S2)
A~ A flame-dried flask was charged with diisopropyl amine (34.4 mL, 244 mmol, 2.05 eq.) and toluene (500
\( /@/\LO mL) and was cooled to —78 °C, after which a solution of n-buthyllithium (11 M in hexanes, 21.8 mL, 240
o mmol, 2.0 eq.) was added dropwise. The mixture was stirred at —78 °C for 20 minutes and a solution of
ketone S1 (20.0 g, 119 mmol, 1 eq.) in toluene (150 mL) was added dropwise, resulting in an orange
solution that was stirred for 1.5 h at —78 °C. Allyl chloroformate (13.9 mL, 131 mmol, 1.1 eq.) was added dropwise at —78 °C and the
reaction was kept at this temperature for 15 minutes, after which it was allowed to warm to room temperature. After 18 h, the reaction
was quenched by the addition of saturated aqueous ammonium chloride solution and extracted three times with ethyl acetate. The
combined organic extracts were washed with brine and dried over magnesium sulphate. The crude product (~33 g) could directly be
used in the next step without any further purification. The product can be obtained as a colourless oil after flash chromatographic
purification (silica gel, 15% ethyl acetate in cyclohexane).
Rt (30 % EtOAc in cyclohexane): 0.57 (visualized by UV and KMnO, stain).
IH NMR (600 MHz, CDCl3) 8 5.93 (ddt, J = 17.2, 10.5, 5.7 Hz, 1H), 5.38 (s, 1H), 5.34 (ddt, J = 17.2, 1.4 Hz, 1H), 5.24 (ddt, J = 10.5,
1.4 Hz, 1H), 4.70 — 4.61 (m, 2H), 3.66 — 3.55 (m, 2H), 3.36 (dd, J = 9.2, 5.0 Hz, 1H), 2.57 (ddd, J = 17.5, 6.3, 5.0 Hz, 1H), 2.49 — 2.40
(m, 1H), 2.41 — 2.32 (m, 1H), 2.26 — 2.14 (m, 1H), 2.07 — 1.98 (m, 1H), 0.97 (d, J = 6.7 Hz, 6H).
3C NMR (151 MHz, CDCl3) 6 193.70, 177.94, 170.25, 132.02, 118.54, 102.23, 77.37, 77.16, 76.95, 75.14, 65.89, 52.45, 27.84, 27.41,
24.30, 19.18.
HRMS (ESI) m/z calculated for C14H2004 [M+Na]*: 275.1254, found: 275.1251.

CN Allyl 1-(2-cyanoethyl)-4-isobutoxy-2-oxocyclohex-3-ene-1-carboxylate (18)
o A flame-dried flask was charged with crude 3-keto ester S2 (33 g), acetonitrile (300 mL), potassium carbonate
0o (32.9 g, 238 mmol, 2.0 eq.) and acrylonitrile (15.7 mL, 238 mmol, 2 eq.). The resulting suspension was
\( 5 heated to reflux for 6 h. The reaction mixture was quenched with aqueous hydrochloric acid (1 M) and
o k extracted three times with ethyl acetate. The combined organic layers were washed with brine and dried over
sodium sulphate. The product was purified by flash column chromatography (silica gel, 15% ethyl acetate in
cyclohexane) and isolated as a yellow oil (30 g, 98 mmol, 82% over two steps) that solidified in the freezer.
Rt (20% EtOAc in cyclohexane): 0.30 (visualized by UV and KMnO, stain).
IH NMR (600 MHz, CDCl3) § 5.87 (ddt, J = 17.2, 10.4, 5.7 Hz, 1H), 5.37 (s, 1H), 5.30 (ddt, J = 17.2, 1.4 Hz, 1H), 5.25 (ddt, J = 10.4,
1.4 Hz, 1H), 4.72 — 4.55 (m, 2H), 3.61 (d, J = 6.5 Hz, 2H), 2.63 — 2.39 (m, 5H), 2.25 (ddd, J = 14.0, 9.2, 6.5 Hz, 1H), 2.16 (ddd, J =
14.0, 9.2, 6.5 Hz, 1H), 2.07 — 1.91 (m, 2H), 0.97 (d, J = 6.7 Hz, 6H).
13C NMR (151 MHz, CDCls) 5 194.72, 177.10, 170.88, 131.46, 119.76, 119.12, 102.15, 75.33, 66.27, 55.07, 30.04, 29.41, 27.84, 26.26,
19.18, 19.16, 13.40.
HRMS (ESI) m/z calculated for C17H24NO4 [M+H]*: 306.1700, found: 306.1697.

General procedure for the Tsuji-Trost decarboxylative allylation, ligand screening

In a flame dried Schlenk flask, under argon atmosphere, Pd,(dba); (4.60 mg, 5.0 umol, 2.5 mol%) and ligand
(20 umol, 10 mol%) were dissolved in degassed solvent (1.00 mL). The resulting mixture was stirred at room
temperature for 15 minutes until no purple colour was observed anymore. A solution of allylic ester 18 (61.0 mg,
0.20 mmol, 1 eq.) in solvent (3.00 mL) was added to the catalytic mixture, which was then heated to the indicated
temperature until full conversion of starting material was observed on TLC. The mixture was cooled down to room temperature and all
volatiles were removed in vacuo. The product was purified by automated column chromatography (silica gel, eluting at 25% EtOAc in
cyclohexane) and isolated as a yellow oil. Enantiomeric excess was determined using chiral SFC (method A).
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Optimized large scale procedure for (S)-3-(1-allyl-4-isobutoxy-2-oxocyclohex-3-en-1-yl)propanenitrile (17)

In a flame dried Schlenk flask, under argon atmosphere, Pdz(dba)s (480 mg, 0.524 mmol, 1 mol%) and (S)-tert-butyl PHOX ligand (812
mg, 2.10 mmol, 4 mol%) were dissolved in degassed diethyl ether (200 mL). The resulting mixture was stirred at room temperature for
30 minutes until no purple color was observed anymore. A solution of allylic ester 18 (16.0 g, 52.4 mmol, 1 eq.) in degassed diethyl
ether (800 mL) was added to the catalytic mixture, which was then stirred at room temperature until full conversion of starting material
was observed on TLC (6 days). All volatiles were removed in vacuo and the product was purified by flash column chromatography
(silica gel, 10-20% EtOAc in cyclohexane) to give a yellow oil (11.6 g, 43.4 mmol, 85%). Enantiomeric excess was determined using
chiral SFC (method A) at 91%.

Rt (25% EtOAc in cyclohexane): 0.51 (visualized by UV and KMnOy stain).

IH NMR (600 MHz, CDCl3) & 5.68 (ddt, J = 17.4, 10.1, 7.4 Hz, 1H), 5.26 (s, 1H), 5.15 — 5.08 (m, 2H), 3.58 (d, J = 6.5 Hz, 2H), 2.51
(dddd, J =18.1, 8.0, 5.9, 0.8 Hz, 1H), 2.43 (dt, J = 18.1, 5.9 Hz, 1H), 2.40 — 2.25 (m, 3H), 2.22 (ddt, J = 14.2, 7.6, 1.2 Hz, 1H), 2.05 —
1.98 (m, 2H), 1.92 — 1.86 (m, 2H), 1.81 (ddd, J = 13.9, 10.4, 5.6 Hz, 1H), 0.97 (dd, J = 6.8, 1.3 Hz, 7H).

13C NMR (151 MHz, CDCl3) 8 201.05, 176.46, 132.87, 120.28, 119.30, 101.73, 75.10, 45.83, 39.10, 30.70, 29.28, 27.85, 25.63, 19.19,
19.17, 12.47.

HRMS (ESI) m/z calculated for C16H24NO, [M+H]*: 262.1802, found: 262.1800.

[a]o?® +2.0 (c = 1.00, CHClIs).

(S)-N-(3-(1-allyl-4-oxocyclohex-2-en-1-yl)propyl)-2-nitrobenzenesulfonamide (16)

In a flame-dried flask, nitrile 17 (13.2 g, 50.3 mmol, 1 eq.) was dissolved in dry THF (500 mL) and cooled to
—-78 °C. A solution of diisobutylaluminium hydride in hexanes (1.0 M, 56 mL, 56 mmol, 1.1 eq.) was added
dropwise to the mixture and the reaction was allowed to room temperature slowly overnight. The reaction
mixture was transferred to a dropping funnel and slowly added to a pre-cooled suspension of lithium aluminium
hydride (5.78 g, 151 mmol, 3.0 eq.) in dry THF (200 mL) at O °C. The resulting mixture was allowed to room
temperature and stirred overnight. The reaction was diluted with diethyl ether (500 mL), cooled to 0 °C and quenched with water (8 mL,
NOTE: violent gas evolution!), aqueous sodium hydroxide (15% m/v, 8 mL) and water (23 mL). The mixture was stirred for 15 minutes
after which anhydrous sodium sulphate was added. The mixture was stirred for 15 minutes and filtered over celite, washing the residue
extensively with diethyl ether and THF. All volatiles were removed in vacuo and the crude amino alcohol (12.7 g) was used directly in
the next step.

The amino alcohol of the previous step was dissolved in dry DCM (250 mL) and triethyl amine (21 mL, 151 mmol, 3.0 eq.). The solution
was cooled to 0 °C and 2-nitrobenzenesulfonyl chloride (16.7 g, 75.5 mmol, 1.5 eq.) was added portion wise over 10 minutes. The
reaction mixture was allowed to room temperature and stirred overnight. All volatiles were thoroughly removed in vacuo and the residue
was taken up in methanol (200 mL) and aqueous hydrochloric acid (1.0 M, 200 mL). Minimal amounts of DCM (~25 mL) were added
to create two clear layers, which were then vigorously stirred for 1 hour. The whole mixture was extracted three times with DCM, and
the combined organic layers were washed with saturated agueous sodium bicarbonate solution and brine. The organic layer was dried
over magnesium sulphate and concentrated in vacuo. The crude mixture was purified by flash column chromatography (silica gel, 10—
40% EtOAc in cyclohexane) to give the title compound as slightly yellow oil (13.2 g, 34. 9 mmol, 69%) with trace impurities of the
intramolecular Michael adduct.

Rt (50% EtOAc in cyclohexane): 0.49 (visualized by UV and KMnO, stain).

'H NMR (600 MHz, CDCl3) 8 8.12 (ddd, J = 5.8, 3.1, 1.0 Hz, 1H), 7.87 — 7.84 (m, 1H), 7.77 — 7.73 (m, 2H), 6.59 (d, J = 10.3 Hz, 1H),
5.90 (d, J = 11.4 Hz, 1H), 5.70 (ddd, J = 16.9, 10.1, 7.4 Hz, 1H), 5.36 (t, J = 5.7 Hz, 1H), 5.12 (dd, J = 10.1, 1.6 Hz, 1H), 5.09 (dd, J =
16.9, 1.6 Hz, 1H), 3.17 — 3.07 (m, 2H), 2.44 (ddd, J = 17.4, 8.0, 5.4 Hz, 1H), 2.36 (ddd, J = 17.4, 8.0, 5.4 Hz, 1H), 2.19 (d, J = 7.4 Hz,
1H), 1.91 — 1.76 (m, 2H), 1.60 — 1.43 (m, 4H).

3C NMR (151 MHz, CDCl3) 8 199.20, 157.04, 148.22, 133.89, 133.79, 133.07, 132.96, 131.14, 128.78, 125.56, 119.24, 44.29, 42.45,
38.28, 34.85, 33.91, 31.01, 24.64.

HRMS (ESI) m/z calculated for C15H23N20sS [M+H]*: 379.1322, found: 379.1315.

[a]o?® —24 (c = 1.0, CHCI3).

HN 4a-allyloctahydroquinolin-7(1H)-one (S3)
In a flame-dried flask, cyanide 17 (13.2 g, 50.3 mmol, 1 eq.) was dissolved in dry THF (500 mL) and cooled to —78 °C.
\\ Then, a solution of diisobutylaluminium hydride in hexanes (1 M, 56 mL, 56 mmol, 1.1 eqg.) was added dropwise to
== the mixture and the reaction was allowed to room temperature slowly overnight. The reaction mixture was transferred
to a dropping funnel and slowly added to a pre-cooled suspension of lithium aluminium hydride (5.78 g, 151 mmol, 3.0 eq.) in dry THF
(200 mL) at 0°C. The resulting mixture was allowed to room temperature and stirred overnight. The reaction was diluted with diethyl
ether (500 mL), cooled to 0 °C and quenched with water (8 mL, NOTE violent gas evolution!), aqueous sodium hydroxide (15% m/v, 8
mL) and water (23 mL). The mixture was stirred for 15 minutes after which anhydrous sodium sulphate was added. The mixture was
stirred for 15 minutes and filtered over celite, washing the residue extensively with diethyl ether and THF. All volatiles were removed in
vacuo and the crude amino alcohol (12.7 g). This residue was taken up in methanol (200 mL) and aqueous hydrochloric acid (1 M, 200
mL). Minimal amounts of DCM (~25 mL) were added to create two clear layers, which were then vigorously stirred for 1 hour.
Subsequently, the mixture was basified to pH>14 and extracted three times with DCM The combined organic layers were washed with
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saturated aqueous sodium bicarbonate solution and brine and dried over magnesium sulphate and concentrated in vacuo. The crude
mixture was purified by flash column chromatography (silica gel, cyclohexane/EtOAC/EtsN 16:8:1) to give the title compound as
colourless oil (13.2 g, 34. 9 mmol, 69%).

Rt (8:8:1 cyclohexane/EtOAc/EtsN): 0.50 (visualized by UV and KMnO, stain).

'H NMR (500 MHz, CDCls) & 5.90 (ddt, J = 16.0, 10.9, 7.5 Hz, 1H), 5.17 — 5.08 (m, 2H), 3.03 (dddd, J = 11.4, 4.4, 2.6, 1.6 Hz, 1H),
2.89 —2.84 (m, 1H), 2.76 (dd, J = 15.1, 4.0 Hz, 1H), 2.57 (td, J = 11.7, 3.1 Hz, 1H), 2.52 — 2.37 (m, 3H), 2.32 — 2.25 (m, 1H), 2.22 (dd,
J =13.9, 7.5 Hz, 1H), 2.05 (dt, J = 15.0, 2.7 Hz, 1H), 1.69 (dddd, J = 17.2, 11.7, 8.6, 4.3 Hz, 1H), 1.61 — 1.53 (m, 1H), 1.49 — 1.31 (m,
4H).

13C NMR (126 MHz, CDCl3) 8 210.97, 133.70, 118.22, 62.27, 47.26, 44.64, 41.53, 37.17, 35.55, 33.69, 27.82, 21.89.

HRMS (ESI) m/z calculated for C12H2oNO [M+H]*: 194.1539, found: 194.1542.

General procedure for the synthesis of ortho-substituted 2-nitrobenzenesulfonyl chlorides®

O-N O2N SOCl, (neat) ON
R F Na,SO; R SOsH  cat DMF R S0,CI
_ _ >
MeOH/H,0 reflux 24 h
S4a:R=OMe  reflux24h S5a: R=OMe
S4b: R=| S5b: R=l

2-Fluoronitrobenzene S4 (1.5 mmol, 1 eq.) was dissolved in methanol (10.0 mL) and a solution of sodium sulphite (0.38 g, 3.0 mmol,
2 eq.) in water (7 mL) was added. Nitrogen gas was bubbled through the solution for 15 minutes and the mixture was heated to reflux
for 24 h. After full conversion of the starting fluoride, the reaction mixture was allowed to room temperature and acidified with aqueous
HCI (2M) to pH<3. After removal of all solvents in vacuo, the product was recrystallized from boiling brine (6 mL) and collected by
vacuum filtration (avoiding washing with water). The sulfonic acid was dissolved in thionyl chloride (1.1 mL, 11 mmol, 7 eq.) and catalytic
DMF (48 pL, 0.62 mmol, 0.41 eq.) was added. The reaction mixture was heated to reflux for 24 h, after which it was allowed to room
temperature. Evaporation of all volatiles in vacuo (caution! Thionyl chloride vapours are highly corrosive) yielded a solid that could be
dissolved in DCM and water. After extraction of the aqueous layer with DCM, the combined organic layers were washed with brine and
dried over sodium sulphate. Filtration and evaporation of the solvents in vacuo yielded the crude sulfonyl chlorides that were used
immediately without further purification. Purity of the material was confirmed by *H NMR spectroscopy.

O:N 0 0  3-methoxy-2-nitrobenzenesulfonyl chloride (S5a)

MeO “cl Isolated as a brown solid.
*H NMR (500 MHz, CDCl3) & 7.81 — 7.67 (m, 2H), 7.54 (dd, J = 7.8, 1.8 Hz, 1H), 4.03 (s, 3H).

oON 0 o 3-iodo-2-nitrobenzenesulfonyl chloride (S5b)
| “3\ Isolated as an orange solid.
Cl 1y NMR (500 MHz, CDCl;) 6 8.30 (dd, J = 8.0, 1.3 Hz, 1H), 8.17 (dd, J = 8.1, 1.2 Hz, 1H), 7.50 (dd, J = 8.0 Hz,
1H).

General procedure for the synthesis of aryl-substituted 2-nitrobenzenesulfonamides

Secondary amine S3 (100 mg, 0.52 mmol, 1 eq.) was dissolved in dry DCM (5.0 mL) and triethylamine (0.22 mL, 1.6 mmol, 3.0 eq.).
The mixture was cooled to 0 °C and the appropriately substituted ortho-nitrobenzenesulfonyl chloride (0.78 mmol, 1.5 eq.) was added
in one portion. The reaction mixture was allowed to room temperature and was stirred for 18 h, after which water was added. The
aqueous layer was extracted with DCM and the combined organic layers were washed with aqueous hydrochloric acid (1 M), saturated
aqueous sodium bicarbonate and brine, before it was dried over sodium sulphate. Concentration of the crude in vacuo and purification
by flash column chromatography (silica gel, 10% EtOAc in toluene) yielded the 2-nitrobenzenesulfonamides described below.

O,5N 0.0 2-nitrobenzenesulfonamide 26a
©/\S'\N Isolated as white solid, quantitative yield.
Rt (50% EtOAc in cyclohexane): 0.36 (visualized by UV and KMnO, stain).
'H NMR (500 MHz, CDCl5) 6 8.05 — 7.99 (m, 1H), 7.74 — 7.61 (m, 3H), 5.67 (dddd, J = 16.9, 10.1, 8.3, 6.7 Hz,
o \§ 1H), 5.09 — 5.04 (m, 1H), 5.04 — 4.97 (m, 1H), 3.98 (dd, J = 13.3, 5.0 Hz, 1H), 3.86 (dd, J = 12.3, 5.3 Hz, 1H),

3.10 (td, J = 13.3, 3.2 Hz, 1H), 2.82 (dd, J = 14.6, 12.3 Hz, 1H), 2.53 (dd, J = 14.1, 8.3 Hz, 1H), 2.37 (td, J =
14.6, 6.2 Hz, 1H), 2.30 — 2.20 (m, 2H), 2.06 — 1.92 (m, 1H), 1.91 — 1.78 (m, 3H), 1.70 — 1.62 (m, 1H), 1.56 (td, J = 14.4, 4.9 Hz, 1H),
1.49 — 1.42 (m, 1H).
13C NMR (126 MHz, CDCls) 5 208.40, 147.77, 133.89, 133.83, 132.79, 132.07, 130.99, 124.49, 119.05, 58.97, 40.92, 40.35, 39.93,
36.53, 35.66, 33.46, 24.44, 20.50.
HRMS (ESI) m/z calculated for CisHxsN20sS [M+H]*: 379.1322, found: 379.1324.
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O:N 0 0 4-fluoro-2-nitrobenzenesulfonamide 26b
B I/‘N Isolated as yellow foam, 35% yield.
Rt (50% EtOAc in cyclohexane): 0.57 (visualized by UV and KMnOy stain).
F 'H NMR (500 MHz, CDCls) & 8.06 (dd, J = 9.5, 5.1 Hz, 1H), 7.43 — 7.34 (m, 2H), 5.68 (dddd, J = 16.9, 10.1,
o \§ 8.3, 6.7 Hz, 1H), 5.09 (dd, J = 10.1, 2.0 Hz, 1H), 5.04 (dd, J = 16.9, 2.0 Hz, 1H), 3.96 (dd, J = 13.7, 5.0 Hz,

1H), 3.84 (dd, J = 12.4, 5.3 Hz, 1H), 3.10 (td, J = 13.3, 3.3 Hz, 1H), 2.83 (dd, J = 14.5, 12.4 Hz, 1H), 2.54 (dd,
J =14.1, 8.3 Hz, 1H), 2.38 (td, J = 14.7, 6.0 Hz, 1H), 2.31 — 2.22 (m, 2H), 1.99 (qdd, J = 13.1, 5.1, 3.9 Hz, 1H), 1.92 — 1.79 (m, 3H),
1.71-1.63 (m, 1H), 1.62 — 1.52 (m, 1H), 1.51 — 1.43 (m, 1H).
13C NMR (126 MHz, CDCls) d 208.26, 143.38, 135.74, 133.30, 132.81, 132.62, 130.17, 119.18, 116.38, 110.28, 58.77, 40.99, 40.22,
40.11, 36.49, 35.64, 33.39, 24.60, 20.48 (the aromatic carbon atom attached to the sulfonamide could not be found).
19F NMR (470 MHz, CDCl3) 5 —100.6.
HRMS (ESI) m/z calculated for C1gH2,N,OsFS [M+H]*: 397.1228, found: 397.1248.

O,N 0 O 4-chloro-2-nitrobenzenesulfonamide 26¢
R //‘N Isolated as yellow foam, 37% yield.
Rt (50% EtOAc in cyclohexane): 0.62 (visualized by UV and KMnO, stain).

Cl IH NMR (500 MHz, CDCls) 8 7.96 (d, J = 8.6 Hz, 1H), 7.67 — 7.62 (m, 2H), 5.68 (dddd, J = 16.9, 10.1, 8.3,
\§ 6.8 Hz, 1H), 5.09 (dd, J = 10.1, 1.9 Hz, 1H), 5.04 (dd, J = 16.9, 1.9 Hz, 1H), 3.95 (dd, J = 13.5, 5.0 Hz, 1H),

3.85(dd, J =12.4, 5.3 Hz, 1H), 3.10 (td, J = 13.5, 3.2 Hz, 1H), 2.83 (dd, J = 14.6, 12.4 Hz, 1H), 2.54 (dd, J
=14.1, 8.2 Hz, 1H), 2.38 (td, J = 14.7, 6.2 Hz, 1H), 2.26 (dqg, J = 12.5, 3.0 Hz, 2H), 2.06 — 1.92 (m, 1H), 1.92 — 1.79 (m, 3H), 1.67 (dt,
J=13.6, 2.9 Hz, 1H), 1.57 (td, J = 14.4, 4.8 Hz, 1H), 1.51 — 1.42 (m, 1H).
3C NMR (126 MHz, CDCl3) 5 208.22, 148.07, 139.99, 132.66, 132.48, 132.24, 132.19, 124.74, 119.22, 59.10, 40.94, 40.41, 40.07,
36.52, 35.70, 33.46, 24.41, 20.50.
HRMS (ESI) m/z calculated for C15H22N20sSCI [M+H]*: 413.0932, found: 413.0933.

)

O,N 0 O 2-nitro-4-(trifluoromethyl)benzenesulfonamide 26d

N

Isolated as yellow oil, 37% yield.

R¢ (50% EtOAc in cyclohexane): 0.66 (visualized by UV and KMnO, stain).

IH NMR (500 MHz, CDCl3) & 8.18 (d, J = 8.2 Hz, 1H), 7.94 (dd, J = 8.2, 1.8 Hz, 1H), 7.90 (d, J = 1.8 Hz,
1H), 5.67 (dddd, J = 16.9, 10.2, 8.2, 6.7 Hz, 1H), 5.09 (dd, J = 10.2, 2.0 Hz, 1H), 5.03 (dd, J = 16.8, 2.0 Hz,
1H), 3.98 (dd, J = 13.7, 5.1 Hz, 1H), 3.89 (dd, J = 12.4, 5.3 Hz, 1H), 3.12 (td, J = 13.7, 13.2, 3.2 Hz, 1H),
2.84(t,J=14.5,12.4 Hz, 1H), 2.52 (dd, J = 14.2, 8.2 Hz, 1H), 2.39 (td, J = 14.6, 6.2 Hz, 1H), 2.33 — 2.22 (m, 2H), 2.07 — 1.94 (m, 1H),
1.94 -1.80 (m, 3H), 1.69 (dt, J = 13.1, 3.0 Hz, 1H), 1.63 — 1.53 (m, 1H), 1.48 (dt, J = 13.9, 3.4 Hz, 1H).

13C NMR (126 MHz, CDCl3) d 207.97, 147.83, 137.45, 135.78 (q, J = 34.9 Hz), 132.50, 132.07, 128.94 (g, J = 3.5 Hz), 122.07 (q, J =
273.6 Hz), 121.96 (q, J = 3.6 Hz),.119.30, 59.28, 40.94, 40.59, 40.26, 36.51, 35.75, 33.44, 24.41, 20.51.

F NMR (470 MHz, CDCl3) 8 —63.2.

HRMS (ESI) m/z calculated for C19H25N20sF3S [M+H]*: 447.1196, found: 447.1172.

F3C

O.N 0 0 4-methoxy-2-nitrobenzenesulfonamide 26e
g’ Isolated as yellow foam, 74% yield.
Rf (50% EtOAc in cyclohexane): 0.31 (visualized by UV and KMnO, stain).
MeO 1H NMR (500 MHz, CDCl3) 8 7.92 (d, J = 9.5 Hz, 1H), 7.16 — 7.06 (m, 2H), 5.69 (dddd, J = 17.0, 10.2, 8.3,
\§ 6.7 Hz, 1H), 5.08 (dd, J = 10.2, 2.0 Hz, 1H), 5.04 (dd, J = 17.0, 2.0 Hz, 1H), 3.98 — 3.91 (m, 1H), 3.92 (s,
3H), 3.84 (dd, J = 12.3, 5.3 Hz, 1H), 3.08 (td, J = 13.3, 3.2 Hz, 1H), 2.81 (dd, J = 14.7, 12.3 Hz, 1H), 2.57
(dd, J = 14.1, 8.3 Hz, 1H), 2.37 (td, J = 14.7, 6.2 Hz, 1H), 2.30 — 2.20 (m, 1H), 2.05 — 1.92 (m, 1H), 1.93 — 1.79 (m, 3H), 1.65 (d, J =
13.7 Hz, 1H), 1.56 (td, J = 14.3, 4.8 Hz, 1H), 1.45 (d, J = 13.7 Hz, 1H).
13C NMR (126 MHz, CDCls) & 208.68, 163.18, 149.13, 132.96, 132.85, 125.50, 119.03, 116.78, 110.25, 58.81, 56.50, 40.98, 40.22,
39.84, 36.58, 35.67, 33.53, 24.59, 20.58.
HRMS (ESI) m/z calculated for C19H25N206S [M+H]*: 409.1428, found: 409.1420.

N

O

oN 0 0 3-methoxy-2-nitrobenzenesulfonamide 26f
MeO g Isolated as orange foam, 72%yield.
N Rt (50% EtOAc in cyclohexane): 0.25 (visualized by UV and KMnQy stain).
IH NMR (500 MHz, CDCl3) & 7.54 (t, J = 8.2 Hz, 1H), 7.45 (dd, J = 8.2, 1.2 Hz, 1H), 7.28 — 7.22 (m, 1H),
o \§ 5.70 (dddd, J = 16.8, 10.1, 8.3, 6.7 Hz, 1H), 5.12 — 5.01 (m, 2H), 3.98 — 3.84 (m, 6H), 2.99 (td, J = 13.2,

3.3 Hz, 1H), 2.72 (dd, J = 14.6, 12.3 Hz, 1H), 2.52 (dd, J = 14.1, 8.3 Hz, 1H), 2.35 (td, J = 14.6, 6.2 Hz,
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1H), 2.23 (ddt, J = 15.2, 5.0, 2.6 Hz, 1H), 2.15 (ddd, J = 14.6, 5.4, 2.3 Hz, 1H), 2.00 — 1.87 (m, 2H), 1.88 — 1.75 (m, 2H), 1.63 (dt, J =
12.9, 2.7 Hz, 1H), 1.57 (td, J = 14.3, 5.0 Hz, 1H), 1.48 — 1.39 (m, 1H).

13C NMR (126 MHz, CDClz) & 208.43, 151.56, 137.88, 133.98, 132.87, 131.27, 120.55, 119.08, 116.95, 58.73, 57.13, 40.87, 39.96,
39.65, 36.50, 35.56, 33.35, 24.44, 20.54.

HRMS (ESI) m/z calculated for C1gH25N206S [M+H]*: 409.1428, found: 409.1419.

3-iodo-2-nitrobenzenesulfonamide 26g

Isolated as yellow foam, 30% vyield.

Rt (50% EtOAc in cyclohexane): 0.53 (visualized by UV and KMnOy stain).

IH NMR (500 MHz, CDCl3) & 8.09 (dd, J = 8.0, 1.2 Hz, 1H), 7.93 (dd, J = 8.0, 1.2 Hz, 1H), 7.34 (t, J = 8.0 Hz,
1H), 5.69 (dddd, J = 16.9, 10.2, 8.4, 6.7 Hz, 1H), 5.10 (dd, J = 10.2, 1.8 Hz, 1H), 5.06 (dd, J = 16.9, 1.8 Hz,
1H), 3.91 — 3.80 (m, 2H), 3.02 (td, J = 13.2, 3.2 Hz, 1H), 2.76 (dd, J = 14.6, 12.4 Hz, 1H), 2.50 (dd, J = 14.1,
8.4 Hz, 1H), 2.36 (td, J = 14.6, 6.2 Hz, 1H), 2.29 — 2.21 (m, 1H), 2.20 — 2.12 (m, 1H), 2.02 — 1.78 (m, 4H), 1.70 — 1.61 (m, 1H), 1.57
(td, J = 14.3, 5.0 Hz, 1H), 1.49 — 1.41 (m, 1H).

13C NMR (126 MHz, CDCl;) & 208.12, 151.32, 144.64, 134.57, 132.65, 131.61, 129.82, 119.24, 88.40, 58.97, 40.91, 40.24, 39.83,
36.50, 35.64, 33.41, 24.38, 20.49.

HRMS (ESI) m/z calculated for C15H22N20sSI [M+H]*: 505.0289, found: 505.0271.

NC 0.0 2-cyanobenzenesulfonamide 26h
o Isolated as orange oil, 60% yield.
Rt (50% EtOAc in cyclohexane): 0.42 (visualized by UV and KMnOy stain).

H NMR (500 MHz, CDCl3) 5 8.09 (dd, J = 7.9, 1.3 Hz, 1H), 7.86 (dd, J = 7.6, 1.4 Hz, 1H), 7.75 (td, J=7.9, 1.4
\§ Hz, 1H), 7.68 (td, J = 7.6, 1.3 Hz, 1H), 5.60 (dddd, J = 16.9, 10.1, 8.3, 6.7 Hz, 1H), 5.09 — 4.98 (m, 2H), 4.21 (dd,
J=13.5,5.1 Hz, 1H), 3.79 (dd, J = 12.3, 5.4 Hz, 1H), 3.11 (td, J = 13.5, 3.3 Hz, 1H), 2.78 (dd, J = 14.5, 12.2 Hz,
1H), 2.48 (dd, J = 14.1, 8.3 Hz, 1H), 2.36 (td, J = 14.7, 6.2 Hz, 1H), 2.21 (dddd, J = 20.5, 14.3, 5.2, 2.4 Hz, 2H), 2.06 — 1.92 (m, 1H),
1.87 (dd, J = 13.8, 5.0 Hz, 2H), 1.83 - 1.76 (m, 1H), 1.71 — 1.65 (m, 1H), 1.53 (td, J = 14.3, 4.8 Hz, 1H), 1.44 (ddt, J = 14.7,5.1, 2.3
Hz, 1H).
3C NMR (126 MHz, CDCl3) & = 208.26, 143.38, 135.74, 133.30, 132.81, 132.62, 130.18, 119.18, 116.38, 110.28, 58.77, 40.99, 40.22,
40.11, 36.49, 35.64, 33.39, 24.60, 20.48.
HRMS (ESI) m/z calculated for C1gH23N203S [M+H]*: 359.1424, found: 359.1433.

Optimized nitroaryl transfer/acylation cascade procedures

(S)-2-(2-nitrophenyl)cyclohexenone 25a

From open sulfonamide 16:

To a solution of ortho-nitrobenzenesulfonamide 16 (2.03 g, 5.36 mmol, 1 eq.) in acetone (50 mL) was added
caesium carbonate (3.42 g, 10.5 mmol, 2.0 eq.) and the resulting suspension was stirred vigorously at reflux for
18 h. The reaction mixture was allowed to room temperature and chloroacety! chloride (4.2 mL, 53 mmol, 10
eg.) in acetone (40 mL) was added dropwise, after which the mixture was stirred for another 18 h at room
temperature. The reaction mixture was concentrated in vacuo and water (50 mL) and DCM (50 mL) were added. The organic layer was
collected, and the aqueous layer was extracted twice more with DCM (50 mL). The combined organic layers were washed with brine
and dried over magnesium sulphate. Evaporation of all volatiles in vacuo and purification by flash column chromatography (silica gel,
0.5% acetic acid and 30% EtOAc in cyclohexane) provided the product as a slightly yellow oil (1.0 g, 2.6 mmol, 48%).

From closed sulfonamide 26a:

To a solution of ortho-nitrobenzene sulfonamide 26a (378 mg, 1.00 mmol, 1 eq.) in acetone (15 mL) was added caesium carbonate
(652 g, 2.00 mmol, 2.0 eq.) and the resulting suspension was stirred vigorously at reflux for 18 h. The reaction mixture was allowed to
room temperature and pyridine (0.81 mL, 10 mmol, 10 eq.) and chloroacetyl chloride (0.48 mL, 6.0 mmol, 6.0 eq.) were added dropwise,
after which the mixture was stirred for another 18 h at room temperature. The reaction mixture was concentrated in vacuo and water
(30 mL) and DCM (30 mL) were added. The organic layer was collected, and the aqueous layer was extracted twice more with DCM
(30 mL). The combined organic layers were washed with brine and dried over magnesium sulphate. Evaporation of all volatiles in vacuo
and purification by flash column chromatography (silica gel, 0.5% acetic acid and 30% EtOAc in cyclohexane) provided the product as
a slightly yellow oil (188 mg, 0.48 mmol, 48%).

Rt (50% EtOAc in cyclohexane): 0.26 (visualized by UV and KMnO, stain).

IH NMR (600 MHz, CDCl3) 5 8.01 (dd, J = 7.9, 1.3 Hz, 1H), 7.59 (ddd, J = 7.9, 7.6, 1.3 Hz, 1H), 7.47 (td, J = 7.9, 1.5 Hz, 1H), 7.21 (dd,
J=17.6, 1.5Hz, 1H), 6.71 (br. s, 1H), 6.65 (s, 1H), 5.82 (ddt, J = 17.6, 10.3, 7.4 Hz, 1H), 5.22 — 5.12 (m, 2H), 4.02 (s, 2H), 3.35 - 3.28
(m, 2H), 2.64 — 2.52 (m, 2H), 2.35 (d, J = 7.4 Hz, 2H), 2.00 (t, J = 6.9 Hz, 2H), 1.71 — 1.52 (m, 4H).

13C NMR (151 MHz, CDCl3) 8 196.28, 166.11, 153.21, 148.63, 138.41, 133.52, 133.13, 132.13, 131.80, 129.06, 124.37, 119.30, 42.73,
42.58, 40.27, 38.89, 35.20, 34.25, 30.85, 24.33.

HRMS (ESI) m/z calculated for C2oH24N204Cl [M+H]*: 391.1419, found: 391.1420.

[a]o?® +8.0 (c = 2.0, CHCls).
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o 2-(4-fluoro-2-nitrophenyl)cyclohexenone 25b

E C|\/[< To a solution of ortho-nitrobenzene sulfonamide 26b (44 mg, 0.11 mmol, 1 eq.) in acetone (2 mL) was added

‘ H caesium carbonate (72 mg, 0.22 mmol, 2.0 eq.) and the resulting suspension was stirred vigorously at reflux

for 3 h. The reaction mixture was allowed to room temperature and pyridine (89 pL, 1.1 mmol, 10 eq.) and

‘ \§ chloroacetyl chloride (80 pL, 1.0 mmol, 10 eq.) were added dropwise, after which the mixture was stirred for
o another 18 h at room temperature. The reaction mixture was concentrated in vacuo and aqueous sodium
hydroxide (1M, 5 mL) and DCM (5 mL) were added. The organic layer was collected, and the aqueous layer was extracted thrice more
with DCM (5 mL). The combined organic layers were washed with aqueous hydrochloric acid (1 M), brine and dried over magnesium
sulphate. Evaporation of all volatiles in vacuo and purification by flash column chromatography (silica gel, 30% EtOAc in toluene)
provided the product as a yellow oil (23 mg, 55 pmol, 50%).
Rt (50% EtOAC in cyclohexane): 0.28 (visualized by UV and KMnOQ, stain).
IH NMR (500 MHz, CDCls) 5 7.78 (dd, J = 8.3, 2.6 Hz, 1H), 7.34 (td, J = 8.5, 7.4, 2.6 Hz, 1H), 7.21 (dd, J = 8.5, 5.5 Hz, 1H), 6.68 —
6.63 (m, 2H), 5.82 (dddd, J = 17.6, 10.3, 7.4 Hz, 1H), 5.22 — 5.13 (m, 2H), 4.06 (s, 2H), 3.40 — 3.31 (m, 2H), 2.67 — 2.53 (m, 2H), 2.36
(d, 3 =7.4 Hz, 2H), 2.02 (t, J = 6.9 Hz, 2H), 1.73 — 1.57 (m, 3H).
13C NMR (126 MHz, CDCl3) 8 196.17, 166.14, 161.92 (d, J = 252.0 Hz), 153.49, 149.14, 137.69, 133.30 (d, J = 7.8 Hz), 133.06, 128.25
(d, J=3.7 Hz), 120.71 (d, J = 21.2 Hz), 119.50, 112.35 (d, J = 26.7 Hz), 42.81, 42.61, 40.32, 38.99, 35.23, 34.23, 30.90, 24.44.
19F NMR (470 MHz, CDCl3) 5 —-109.96
HRMS (ESI) m/z calculated for CooH23N204FCI [M+H]*: 409.1325, found: 409.1306.

O,N

2-(4-chloro-2-nitrophenyl)cyclohexenone 25¢

cl CI\/( To a solution of ortho-nitrobenzene sulfonamide 26¢ (45 mg, 0.11 mmol, 1 eq.) in acetone (2 mL) was added
O H caesium carbonate (72 mg, 0.22 mmol, 2.0 eq.) and the resulting suspension was stirred vigorously at reflux

for 3 h. The reaction mixture was allowed to room temperature and pyridine (89 uL, 1.1 mmol, 10 eg.) and

O,N o ‘ \§ chloroacetyl chloride (80 uL, 1.0 mmol, 10 eq.) were added dropwise, after which the mixture was stirred for

another 18 h at room temperature. The reaction mixture was concentrated in vacuo and aqueous sodium
hydroxide (1M, 5 mL) and DCM (5 mL) were added. The organic layer was collected, and the aqueous layer was extracted thrice more
with DCM (5 mL). The combined organic layers were washed with aqueous hydrochloric acid (1 M), brine and dried over magnesium
sulphate. Evaporation of all volatiles in vacuo and purification by flash column chromatography (silica gel, 30% EtOAc in toluene)
provided the product as a yellow oil (23 mg, 55 pmol, 60%).

Rt (50% EtOAC in cyclohexane): 0.34 (visualized by UV and KMnOy stain).

'H NMR (500 MHz, CDCl;) 8 8.03 (d, J = 2.1 Hz, 1H), 7.58 (dd, J = 8.2, 2.1 Hz, 1H), 7.17 (d, J = 8.2 Hz, 1H), 6.66 (s, 2H), 5.82 (ddt, J
=175, 10.2, 7.4 Hz, 1H), 5.22 — 5.13 (m, 2H), 4.06 (s, 2H), 3.38 — 3.30 (m, 2H), 2.60 (dd, J = 9.5, 6.8 Hz, 2H), 2.36 (d, J = 7.4 Hz, 2H),
2.02 (t, J = 6.9 Hz, 2H), 1.72 — 1.55 (m, 4H).

13C NMR (126 MHz, CDCl3) 8 196.01, 166.14, 153.63, 148.98, 137.61, 134.92, 133.54, 133.01, 132.86, 130.53, 124.74, 119.54, 42.80,
42.59, 40.31, 39.02, 35.20, 34.20, 30.88, 24.43.

HRMS (ESI) m/z calculated for C2oH23N204Cl, [M+H]*: 425.1029, found: 425.1021.

2-(2-nitro-4-(trifluoromethyl)phenyl)cyclohexenone 25d o)

To a solution of ortho-nitrobenzene sulfonamide 26d (134 mg 0.30 mmol, 1 eq.) in C|\)J\

acetone (6 mL) was added caesium carbonate (195 mg, 0.20 mmol, 2.0 eqg.) and the N
resulting suspension was stirred vigorously at reflux for 2 h. The reaction mixture was 7
allowed to room temperature and chloroacetyl chloride (240 pL, 1.0 mmol, 10 eq.) \§
was added dropwise, after which the mixture was stirred for another 18 h at room © S6
temperature. The reaction mixture was concentrated in vacuo and water (15 mL) and DCM (15 mL) were added.

The organic layer was collected, and the agueous layer was extracted twice more with DCM (10 mL). The combined organic layers
were washed with brine and dried over magnesium sulphate. Evaporation of all volatiles in vacuo and purification by flash column
chromatography (silica gel, 0.5% acetic acid and 40% EtOAc in cyclohexane) provided the product as a yellow oil (32.5 mg, 24%),
inseparable from compound S6 (molar ratio 1:0.26, mass ratio: 1:0.15), corrected product yield: 21%.

Rt (50% EtOAC in cyclohexane): 0.39 (visualized by UV and KMnO4 stain).

IH NMR (600 MHz, CDCls) 5 8.28 (d, J = 1.8 Hz, 1H), 7.85 (dd, J = 7.9, 1.8 Hz, 1H), 7.38 (d, J = 7.9 Hz, 1H), 6.72 (s, 1H), 6.70 (s, 1H),
5.82 (ddt, J = 17.4, 10.2, 7.4 Hz, 1H), 5.22 — 5.13 (m, 2H), 4.04 (s, 2H), 3.39 — 3.28 (m, 2H), 2.68 — 2.54 (m, 2H), 2.37 (d, J = 7.4 Hz,
2H), 2.03 (t, J = 6.9 Hz, 2H), 1.73 — 1.57 (m, 4H).

13C NMR (151 MHz, CDCI3) 8 195.73, 166.19, 154.34, 148.72, 137.48, 135.60, 132.92, 132.87, 132.75, 131.69 (q, J = 34.3 Hz), 129.97
(g, 3 =3.4Hz), 122.87 (q, J = 272.7 Hz), 121.77 (g, J = 3.9 Hz), 119.61, 53.85, 42.76, 42.50, 40.28, 39.09, 35.11, 34.12, 30.79, 24.39.
1F NMR (470 MHz, CDCl3) 5 -62.88.

HRMS (ESI) m/z calculated for C,1H23N204F35Cl [M+H]*: 459.1293, found: 459.1294.
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ol 0 2-(4-methoxy-2-nitrophenyl)cyclohexenone 25e
MeO \/[4 To a solution of ortho-nitrobenzene sulfonamide 26e (41 mg, 0.10 mmol, 1 eq.) in acetone (2 mL) was
O ” added caesium carbonate (65 mg, 0.20 mmol, 2.0 eq.) and the resulting suspension was stirred vigorously
at reflux for 3 days. The reaction mixture was allowed to room temperature and chloroacetyl chloride (80
O,N o ‘ \§ pL, 1.0 mmol, 10 eq.) was added dropwise, after which the mixture was stirred for another 18 h at room

temperature. The reaction mixture was concentrated in vacuo and water (5 mL) and DCM (5 mL) were
added. The organic layer was collected, and the aqueous layer was extracted twice more with DCM (5 mL). The combined organic
layers were washed with brine and dried over magnesium sulphate. Evaporation of all volatiles in vacuo and purification by flash column
chromatography (silica gel, 0.5 % acetic acid and 50% EtOAc in cyclohexane) provided the product as a yellow oil (23.5 mg, 56%).
Rt (50% EtOAC in cyclohexane): 0.19 (visualized by UV and KMnOQ, stain).
IH NMR (500 MHz, CDCl3) 8 7.56 (d, J = 2.4 Hz, 1H), 7.14 (dd, J = 8.4, 2.4 Hz, 1H), 7.11 (d, J = 8.4 Hz, 1H), 6.66 (br. s, 1H), 6.60 (s,
1H), 5.82 (ddt, J = 16.6, 10.3, 7.4 Hz, 1H), 5.21 — 5.12 (m, 2H), 4.05 (s, 2H), 3.88 (s, 3H), 3.39 — 3.27 (m, 2H), 2.66 — 2.51 (m, 2H),
2.35(d, J = 7.4 Hz, 2H), 2.01 (t, J = 6.9 Hz, 2H), 1.72 — 1.54 (m, 4H).
3C NMR (126 MHz, CDCl;) 6 196.62, 166.11, 159.87, 152.69, 149.22, 138.21, 133.25, 132.64, 124.33, 119.95, 119.32, 109.35, 56.08,
42.81, 42.71, 40.35, 38.90, 35.32, 34.34, 30.97, 24.43.
HRMS (ESI) m/z calculated for C,;H26N20sCl [M+H]*: 421.1525, found: 421.1510.

Tetracyclic indole 275!

A nitrogen-flushed and flame-dried Schlenk flask equipped with reflux condenser was charged with nitroaryl
chloroacetamide 25a (0.99 g, 2.5 mmol, 1 eq.) and thoroughly degassed acetic acid (51 mL). Iron dust (0.71 g,
13 mmol, 5 eq.) was added and the reaction mixture was heated to 85 °C and stirred vigorously for 18 h. The
mixture was then allowed to room temperature and all volatiles were removed in vacuo. The residue was taken
up in water and ethyl acetate, extracting the aqueous layer twice more with ethyl acetate. The combined organic
layers were washed with brine and dried over sodium sulphate. After evaporation of all solvents, the product was obtained by flash
column chromatography (silica gel, 0-20% EtOAc in cyclohexane) as a colourless crystalline powder (0.54 g, 1.58 mmol, 62%) that
could be recrystallized from acetone.

R¢ (30% EtOAc in cyclohexane): 0.43 (visualized by UV and Ce(SO.); stain).

IH NMR (600 MHz, CDCls, rotamers observed in a ~0.7:0.3 ratio) d 8.32 (s, 0.3H), 8.11 (s, 0.7H), 7.34 — 7.24 (m, 1.7H), 7.20 (d, J =
8.0 Hz, 0.3H), 7.14 — 7.06 (m, 1H), 7.05 — 6.96 (m, 1H), 5.91 — 5.79 (m, 1H), 5.75 (s, 0.7H), 5.19 — 5.07 (m, 2H), 4.77 (s, 0.3H), 4.54
(ddd, J =13.2, 4.4, 1.9 Hz, 0.3H), 4.42 (d, J = 13.0 Hz, 0.3H), 4.39 (d, J = 13.0 Hz, 0.3H), 4.31 (d, J = 11.9 Hz, 0.7H), 4.25 (d, J = 11.9
Hz, 0.7H), 3.61 (ddd, J = 13.8, 4.1, 2.1 Hz, 0.7H), 2.89 (td, J = 13.4, 2.9 Hz, 0.7H), 2.82 — 2.70 (m, 1.3H), 2.69 — 2.58 (m, 1H), 2.43 (td,
J=183.2,3.1 Hz, 0.3H), 2.37 (dd, J = 14.0, 8.1 Hz, 0.7H), 2.21 (dd, J = 14.0, 7.0 Hz, 0.7H), 2.12 (dd, J = 14.0, 7.4 Hz, 0.3H), 1.95 (ddd,
J=13.8,5.7, 1.9 Hz, 0.3H), 1.84 (dt, J = 13.2, 4.0 Hz, 0.7H), 1.82 — 1.68 (m, 2.7H), 1.62 (td, J = 13.3, 12.8, 4.0 Hz, 0.3H), 1.45 - 1.38
(m, 0.6H), 1.38 — 1.31 (m, 1.4H).

3C NMR (151 MHz, CDCls, rotamers observed in a ~0.7:0.3 ratio) & 166.22, 166.10, 136.36, 136.36, 135.17, 135.05, 134.04, 133.54,
126.26, 125.98, 121.59, 121.41, 120.27, 119.77, 118.87, 118.47, 118.45, 118.17, 110.97, 110.67, 107.58, 106.84, 59.10, 53.24, 42.30,
42.04, 41.82, 40.81, 40.51, 37.87, 37.35, 36.84, 32.20, 32.16, 25.54, 24.70, 21.68, 20.26, 19.65, 19.57.

Mp 174 °C (decomp.).

HRMS (ESI) m/z calculated for CyoH24N,OCI [M+H]*: 343.1572, found: 343.1570.

[a]o?° —132 (c = 2.0, CHCly).

Pentacyclic indolenine 144

Indole 27 (40 mg, 0.12 mmol, 1 eq.) and sodium iodide (175 mg, 1.17 mmol, 10 eq.) were dissolved in acetone
(6 mL) and the mixture was heated to reflux for 2 h, resulting in an off-white precipitate. The mixture was allowed
to room temperature and water (6 mL) and EtOAc (6 mL) were added. The organic layer was drained off and
the aqueous layer was extracted once more with EtOAc (6 mL). The combined organic layers were washed
with brine and dried over sodium sulphate. Evaporation of all volatiles yielded the iodide as a yellow foam that was immediately
dissolved in THF (6 mL) and cooled to O °C. Then, in the dark, silver triflate (76 mg, 0.29 mmol, 2.5 eg.) was added in one portion and
the mixture was stirred at O °C for 0.5 h. Water (6 mL) and EtOAc (12 mL) were added, and the aqueous layer was quickly extracted
(to avoid excessive precipitation) with EtOAc (2 x 6 mL). The combined organic layers were washed with brine and dried over sodium
sulphate. Evaporation of all volatiles yielded the indolenine as a pinkish foam that could be purified by flash column chromatography
(silica gel, EtOAc) to provide a white foam with minor inseparable impurities (29 mg, 81%). The product showed quick (<1 week)
decomposition, even when stored under argon at —20 °C.

Rt (EtOAc): 0.27 (visualized by UV and Ce(SO.), stain).

IH NMR (500 MHz, CDCl3) d 7.55 (d, J = 7.7 Hz, 1H), 7.40 — 7.29 (m, 2H), 7.23 (td, J = 7.5, 1.0 Hz, 1H), 5.60 (ddt, J = 17.4, 10.1, 7.4
Hz, 1H), 5.01 — 4.95 (m, 1H), 4.85 — 4.77 (m, 1H), 4.33 (ddt, J = 13.0, 4.5, 2.0 Hz, 1H), 3.66 (d, J = 2.0 Hz, 1H), 3.03 — 2.95 (m, 2H),
2.83-2.71 (m, 2H), 2.55 (dd, J = 18.2, 1.5 Hz, 1H), 2.28 — 2.14 (m, 1H), 1.84 — 1.72 (m, 2H), 1.68 — 1.41 (m, 5H).

13C NMR (126 MHz, CDCl3) d 186.76, 170.46, 154.60, 145.49, 132.08, 128.67, 126.35, 121.06, 120.60, 119.33, 69.34, 53.96, 41.32,
40.85, 38.80, 37.35, 34.46, 24.43, 24.21, 20.32.

HRMS (ESI) m/z calculated for C2oH23N2O [M+H]*: 307.1805, found: 307.1802.

[a]o?® —549 (c = 0.10, CHCly).
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Pentacyclic indoline 28

Indole 27 (150 mg, 0.44 mmol, 1 eq.) and sodium iodide (656 mg, 4.37 mmol, 10 eq.) were dissolved in acetone
(25 mL) and the mixture was heated to reflux for 2 h, resulting in an off-white precipitate. The mixture was
allowed to room temperature and water (25 mL) and EtOAc (25 mL) were added. The organic layer was drained
off and the aqueous layer was extracted once more with EtOAc (25 mL). The combined organic layers were
washed with brine and dried over sodium sulphate. Evaporation of all volatiles yielded the iodide as a yellow foam that was immediately
dissolved in THF (25 mL) and cooled to 0 °C. Then, in the dark, silver triflate (281 mg, 1.09 mmol, 2.5 eq.) was added in one portion
and the mixture was stirred at 0 °C for 0.5 h. Water (25 mL) and EtOAc (50 mL) were added, and the aqueous layer was quickly
extracted (to avoid excessive precipitation) with EtOAc (2 x 25 mL). The combined organic layers were washed with brine and dried
over sodium sulphate. Evaporation of all volatiles in vacuo yielded the indolenine as a pinkish foam. The crude indolenine 14 was
dissolved in dry THF (10 mL) and cooled to 0 °C. Lithium aluminium hydride (66 mg, 1.74 mmol, 4 eq.) was added to the solution and
the resulting black mixture was stirred at reflux for 18 h. The reaction was cooled to 0 °C and water (66 pL), ag. sodium hydroxide
solution (15%, 66 pL) and water (198 uL) were added sequentially. After 15 minutes of vigorous stirring, sodium sulphate was added
after which the mixture was stirred another 15 minutes. The reaction mixture was filtered over celite, and the residue was washed
extensively with THF. Evaporation of all volatiles and purification by flash column chromatography (silica gel, 1% MeOH and 1% EtsN
in DCM) yielded the product as white waxy solid (115 mg, 0.39 mmol, 89% over three steps).

Rt (10 % MeOH in DCM): 0.39 (visualized by UV and Ce(SO4); stain).

IH NMR (500 MHz, CDCl3) & 7.08 (dd, J = 7.4, 1.0 Hz, 1H), 7.01 (ddd, J = 7.7, 7.4, 1.3 Hz, 1H), 6.73 (td, J = 7.4, 1.0 Hz, 1H), 6.64
(app. d, J = 7.7 Hz, 1H), 5.67 (ddt, J = 17.0, 10.1, 7.5 Hz, 1H), 4.93 (dd, J = 10.1, 2.4 Hz, 1H), 4.82 (ddt, J = 17.0, 2.4, 1.4 Hz, 1H),
3.52(dd, J=11.0, 6.2 Hz, 1H), 3.16 — 3.08 (m, 1H), 3.08 — 3.02 (m, 1H), 2.36 — 2.16 (m, 4H), 2.06 — 1.91 (m, 2H), 1.79 — 1.41 (m, 7H),
1.20 (td, J = 13.5, 4.5 Hz, 1H), 1.03 (dt, J = 13.7, 3.7 Hz, 1H).

3C NMR (151 MHz, CDCl3) & 149.60, 135.38, 134.36, 127.37, 122.98, 119.25, 117.29, 110.56, 70.87, 70.75, 65.57, 53.92, 53.07,
42.41, 38.78, 35.47, 28.14, 26.65, 23.99, 21.89.

HRMS (ESI) m/z calculated for CxoH27N2 [M+H]*: 295.2169, found: 295.2170.

[a]o?® +6.0 (c = 1.0, CHCls).

(=)-Limaspermidine (ent-2)
Pentacycle 28 (50 mg, 0.17 mmol, 1 eqg.) was dissolved in MeOH (1 mL) and HCI in MeOH (0.5 M, 0.86 mL,
2.5 eq.) was added. The mixture was stirred at room temperature for 10 minutes after which all volatiles were
oH removed thoroughly in vacuo yielding the double HCI salt of 28 (61.4 mg). This salt was dissolved in
DCM/methanol (1:1, 8 mL) and the mixture was cooled to —78 °C. Ozone was bubbled through the solution
for 2 h, until full conversion of the starting material was observed on TLC. Nitrogen was then bubbled through
the intensely purple solution for 10 min, and sodium borohydride (163 mg, 4.3 mmol, 10 eqg.) was added in one portion at —78 °C. The
reaction mixture was allowed to warm to room temperature and stirred for 1 h. All volatiles were removed in vacuo and water and DCM
were added. The agueous layer was extracted twice with DCM and the combined organic layers were washed with brine and dried
over sodium sulphate. Evaporation of all volatiles and purification by flash column chromatography (silica gel, cyclohexane/EtOAc/EtsN
8/8/1) yielded the title compound as a white solid (30 mg, 0.10 mmol, 59%).
Rt (cyclohexane/EtOAc/EtsN 8:8:1): 0.29 (visualized by UV and Ce(SOQu,); stain).
!H NMR (600 MHz, CDCl3z) 8 7.08 (d, J = 7.4 Hz, 1H), 7.00 (d, J = 7.4 Hz, 1H), 6.72 (t, J = 7.4 Hz, 1H), 6.63 (d, J = 7.4 Hz, 1H), 3.60
(td, J=10.1, 5.4 Hz, 1H), 3.55 — 3.47 (m, 2H), 3.18 — 3.07 (m, 1H), 3.07 — 2.99 (m, 1H), 2.33 — 2.21 (m, 3H), 2.04 (td, J = 13.9, 3.5 Hz,
1H), 1.97 (td, J = 11.7, 2.9 Hz, 1H), 1.80 — 1.71 (m, 2H), 1.69 (ddd, J = 13.2, 6.5, 3.5 Hz, 1H), 1.67 — 1.59 (m, 1H), 1.54 — 1.42 (m, 3H),
1.26 (td, J = 13.6, 4.6 Hz, 1H), 1.17 (ddd, J = 14.3, 9.3, 5.4 Hz, 1H), 1.02 (dt, J = 13.9, 3.7 Hz, 1H).
13C NMR (151 MHz, CDCls) & 149.60, 135.40, 127.48, 122.90, 119.30, 110.63, 70.86, 65.48, 58.69, 53.88, 53.58, 52.99, 40.62, 38.69,
35.61, 35.53, 28.36, 24.39, 21.83.
HRMS (ESI) m/z calculated for C19H27N2O [M+H]*: 299.2118, found: 299.2108.
[a]5%° —20 (c = 0.5, CHCl5).

(—)-limaspermidine

Pentacyclic methyl ester S7%!

Thoroughly dried crude indolenine 14 (124 mg, 0.40 mmol, 1 eq.) was dissolved in dry THF (2 mL) and cooled
to —78 °C. Freshly prepared LDA [prepared by adding n-buthyllithium (1.6 M in hexanes, 253 pL, 0.40 mmol,
1.0 eq.) to diisopropylamine (59 pL, 0.42 mmol, 1.05 eq.) in THF (2.5 mL) at 0 °C] was added dropwise over 5
minutes. The resulting yellow solution was stirred at —78 °C for 1.5 h, after which methyl cyanoformate (64 pL,
0.80 mmol, 2.0 eq.) was added by quick injection. After 1 h at —78 °C, the reaction was quenched at —78 °C
with saturated agueous ammonium chloride and allowed to room temperature. The reaction mixture was
extracted three times with ethyl acetate; the combined organic layers were washed with brine and dried over sodium sulphate. The
mixture was purified by flash column chromatography (silica gel, 25-50-100% EtOAc in cyclohexane) to provide the product (54 mg,
0.15 mmol, 37%) as a white powder, as well as the starting indolenine (36 mg, 0.12 mmol, 30%).

Rt (60% EtOAc in cyclohexane): 0.47 (visualized by UV and Ce(SQ.) stain).
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!H NMR (500 MHz, CDCls) 8 8.99 (s, 1H), 7.22 — 7.15 (m, 2H), 6.93 (t, J = 7.5 Hz, 1H), 6.85 (d, J = 7.8 Hz, 1H), 5.57 (ddt, J = 17.1,
10.1, 7.4 Hz, 1H), 4.96 (dd, J = 10.1, 2.2 Hz, 1H), 4.77 (dd, J = 17.1, 2.2 Hz, 1H), 4.33 — 4.24 (m, 1H), 3.79 — 3.71 (m, 4H), 2.87 - 2.75
(m, 2H), 2.58 (d, J = 17.8 Hz, 1H), 2.34 (d, J = 15.7 Hz, 1H), 2.28 (d, J = 15.7 Hz, 1H), 1.87 — 1.78 (m, 2H), 1.71 — 1.59 (m, 3H), 1.54
(dd, J = 13.9, 7.5 Hz, 1H).

13C NMR (126 MHz, CDCl3) 8 170.63, 168.69, 164.91, 143.24, 136.08, 132.53, 128.77, 121.75, 121.55, 118.54, 109.80, 91.98, 67.83,
51.25, 48.71, 47.98, 41.99, 40.38, 38.11, 33.72, 26.06, 20.33.

HRMS (ESI) m/z calculated for C22H2sN,03 [M+H]*: 365.1860, found: 365.1867.

[0]o%° -164 (c = 1.0, CHCIs).

0] Boc-protected pentacyclic methyl ester 29
N Pentacycle S7 (109 mg, 0.30 mmol, 1 eq.) and DMAP (18.3 mg, 0.15 mmol, 0.5 eq.) were suspended in dry
O p DMF (3 mL). The mixture was cooled to 0 °C and Boc,0 (350 mg, 1.60 mmol, 5.3 eq.) was added in one portion.
N ’ ”\§ The mixture was allowed to room temperature, whereupon all solids had dissolved, and stirred for 18 h. Another
Bod portion of DMAP (6 mg, 0.028 mmol, 0.1 eq.) and Boc,0O (100 mg, 0.82 mmol, 2.7 eq.) were added and the
COMe mixture was stirred for another hour. All volatiles were removed in vacuo and the product was obtained after
purification by flash column chromatography (silica gel, 20—40% EtOAc in cyclohexane) as a colourless oil (140 mg, quant.).
Rt (50% EtOAc in cyclohexane): 0.48 (visualized by UV and KMnO, stain).
IH NMR (500 MHz, CDCI3) & 7.67 (d, J = 8.0 Hz, 1H), 7.29 — 7.22 (m, 1H), 7.13 (dd, J = 7.5, 1.4 Hz, 1H), 7.08 (td, J = 7.5, 1.0 Hz,
1H), 5.54 (dddd, J = 16.9, 10.2, 8.1, 6.9 Hz, 1H), 4.95 (dd, J = 10.2, 2.1 Hz, 1H), 4.75 (ddt, J = 16.9, 2.1, 1.4 Hz, 1H), 4.35 — 4.28 (m,
1H), 3.82 (d, J = 2.0 Hz, 1H), 3.73 (s, 3H), 2.86 (d, J = 17.8 Hz, 1H), 2.79 — 2.70 (m, 1H), 2.59 (d, J = 15.7 Hz, 1H), 2.47 (dd, J =
17.9, 1.7 Hz, 1H), 2.04 (dd, J = 15.7, 2.0 Hz, 1H), 1.92 (dd, J = 13.9, 8.1 Hz, 1H), 1.88 — 1.80 (m, 1H), 1.69 — 1.58 (m, 4H), 1.52 (s,
9H).
3C NMR (126 MHz, CDCI3) 5 170.14, 167.44, 150.94, 148.41, 140.94, 136.12, 132.01, 128.47, 124.44, 120.73, 119.26, 116.38,
112.19, 82.98, 65.36, 51.76, 46.74, 46.63, 40.87, 40.07, 37.59, 33.53, 28.18, 27.75, 19.90.
HRMS (ESI) m/z calculated for C,7H33N20s [M+H]+: 465.2384, found: 465.2379.
[a]o?® 52 (c = 1.0, CHCI3).

Boc-protected pentacyclic alcohol S8

Pentacycle 29 (44 mg, 95 umol, 1 eqg.) was dissolved in DCM/methanol (1:1, 5 mL) and cooled to —78 °C.
Ozone was bubbled through the solution for 1 h, until full conversion of the starting material was observed.
Nitrogen was then bubbled through the intensely purple solution for 10 min, and sodium borohydride (36 mg,
1.0 mmol, 10 eq.) was added in one portion at —78 °C. The reaction mixture was allowed to warm to room
temperature and stirred for 2 h. All volatiles were removed in vacuo and water and DCM were added. The
aqueous layer was extracted twice with DCM and the combined organic layers were washed with brine and
dried over sodium sulphate. Evaporation of all volatiles and purification by flash column chromatography (silica gel, EtOAc) yielded the
product as a white foam (43 mg, 0.12 mmol, 97%).

Rt (EtOAc): 0.28 (visualized by UV and KMnO, stain).

IH NMR (500 MHz, CDCl3) & 7.63 (d, J = 8.0 Hz, 1H), 7.23 (dd, J = 8.0, 7.4 Hz, 1H), 7.13 (d, J = 7.4 Hz, 1H), 7.06 (t, J = 7.4 Hz, 1H),
4.32-4.25 (m, 1H), 3.81 (s, 1H), 3.72 (s, 3H), 3.52 — 3.38 (m, 2H), 2.83 (d, J = 17.8 Hz, 1H), 2.79 — 2.69 (m, 1H), 2.61 (d, J = 15.5 Hz,
1H), 2.44 (d, J = 17.8 Hz, 1H), 2.17 — 2.07 (m, 2H), 2.02 — 1.92 (m, 2H), 1.68 — 1.56 (m, 2H), 1.51 (s, 9H), 1.45 (dt, J = 13.6, 7.0 Hz,
1H), 1.03 (dt, J = 13.6, 6.4 Hz, 1H).

13C NMR (126 MHz, CDCl3) & 170.19, 167.75, 150.92, 147.99, 140.87, 136.17, 128.46, 124.49, 120.74, 116.29, 112.27, 83.05, 65.97,
57.81, 51.91, 46.75, 46.73, 40.08, 38.79, 36.23, 34.01, 28.17, 27.62, 19.81.

HRMS (ESI) m/z calculated for Cz6H33N2Og [M+H]*: 469.2333, found: 469.2334.

[a]p?° —29 (c = 1.0, CHCI3).

Boc-protected pentacyclic iodide 30

Alcohol S8 (57 mg, 0.12 mmol, 1 eq.) was dissolved in dry DCM (1.2 mL) and cooled to 0 °C. Imidazole (25 mg,
0.36 mmol, 3.0 eq.), triphenyl phosphine (48 mg, 0.18 mmol, 1.5 eq.) and iodine (46 mg, 0.18 mmol, 1.5 eq.)
were added sequentially. The reaction mixture was allowed to room temperature and stirred for 2 h. Water was
added and the mixture was extracted three times with DCM. The combined organic layers were washed with
brine and dried over sodium sulphate. Evaporation of all volatiles in vacuo and purification by flash column
chromatography (silica gel, 1% MeOH in DCM) yielded the product as a white solid (60 mg, 0.10 mmol, 85%).
Rt (50% EtOAc in cyclohexane): 0.30 (visualized by UV and KMnO, stain).

IH NMR (500 MHz, CDCl3) 8 7.65 (d, J = 7.9 Hz, 1H), 7.30 — 7.23 (m, 1H), 7.19 — 7.06 (m, 2H), 4.33 — 4.26 (m, 1H), 3.78 — 3.73 (m,
4H), 2.97 (ddd, J = 12.5, 9.4, 4.6 Hz, 1H), 2.84 (d, J = 17.9 Hz, 1H), 2.76 (ddd, J = 12.3, 9.4, 5.2 Hz, 2H), 2.53 (d, J = 15.9 Hz, 1H),
2.47 (dd, J=17.9, 1.4 Hz, 1H), 2.13 (dd, J = 15.9, 2.1 Hz, 1H), 1.94 — 1.88 (m, 1H), 1.83 (ddd, J = 14.0, 12.4, 5.2 Hz, 1H), 1.70 — 1.61
(m, 3H), 1.55 — 1.44 (m, 10H).
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13C NMR (126 MHz, CDCl3) 6 170.08, 167.38, 150.85, 148.77, 140.79, 135.95, 128.67, 124.71, 120.67, 116.46, 111.02, 83.31, 65.72,
52.00, 46.74, 46.73, 41.79, 40.03, 39.60, 33.27, 28.17, 27.14, 19.78, —3.39.

HRMS (ESI) m/z calculated for C6H32N20sl [M+H]*: 579.1350, found: 579.1353.

[a]0?° -39 (c = 1.0, CHCIy).

o] (-)-Kopsinilam (31)
N A solution of iodide 30 (62 mg, 0.11 mmol, 1 eq.) in dry THF (2.6 mL) was added dropwise to a mixture of samarium
O (I1) iodide (0.1M in THF, 10.7 mL, 1.07 mmol, 10 eq.) and HMPA (1.3 mL) at room temperature. After 2.5 h, the
0 reaction was quenched by the addition of saturated aqueous ammonium chloride and water. The reaction mixture
H was extracted three times with ethyl acetate and the combined organic layers were washed with brine and dried
COMe  over sodium sulphate. All volatiles were removed in vacuo (note: most of the HMPA had remained) and the resulting
oil was dissolved in DCM (2 mL) and cooled to 0 °C. TFA (2 mL) was added and the reaction was allowed to room temperature. After
3 h, the reaction was quenched by the addition of saturated aqueous potassium carbonate (note: substantial gas evolution occurred)
and water. The mixture was extracted three times with DCM and the combined organic layers were washed with brine and dried over
sodium sulphate. Evaporation of all volatiles and purification by flash column chromatography (silica gel, 50-100% EtOAc in
cyclohexane, loading the reaction mixture with cyclohexane) yielded the product as a white foam (34.4 mg, 0.098 mmol, 91%).
Rt (50% EtOAc in cyclohexane): 0.10 (visualized by UV and Ce(SOQ.) stain).
IH NMR (500 MHz, CDCl3) 8 7.08 — 7.00 (m, 2H), 6.77 (td, J = 7.5, 1.0 Hz, 1H), 6.69 (d, J = 7.7 Hz, 1H), 4.33 — 4.25 (m, 1H), 3.75 (s,
3H), 3.59 (d, J = 1.7 Hz, 1H), 3.41 (d, J = 18.6 Hz, 1H), 2.97 (t, J = 10.2 Hz, 1H), 2.81 — 2.71 (m, 1H), 2.34 (ddd, J = 13.7, 10.2, 3.0 Hz,
1H), 2.04 — 1.92 (m, 2H), 1.74 — 1.58 (m, 3H), 1.57 — 1.48 (m, 1H), 1.47 — 1.23 (m, 5H).
3C NMR (126 MHz, CDCl3) & 173.62, 172.43, 149.06, 137.72, 127.82, 121.13, 120.32, 111.54, 66.23, 66.01, 52.36, 49.82, 44.00,
41.45, 40.23, 35.64, 33.47, 32.64, 31.66, 28.30, 20.99.
HRMS (ESI) m/z calculated for C1H2sN,O3 [M+H]*: 353.1860, found: 353.1861.
[a]o® 11 (c = 1.5, CHCLy).

s (+)-10-Thioxokopsinine (S9)®
N (-)-Kopsinilam (31) (17 mg, 48 umol, 1 eq.) was dissolved in toluene (10 mL) with gentle heating. Lawesson’s
O reagent (59 mg, 0.15 mmol, 3 eq.) was added and the mixture was heated to 90 °C for 30 minutes, after which it
m was slowly allowed to room temperature. All volatiles were removed in vacuo and the product was obtained after
H flash column chromatography (silica gel, 25-40% EtOAc in cyclohexane) as a white solid (15 mg, 41 pmol, 85%).
COo,Me Rr (50% EtOAc in cyclohexane): 0.48 (visualized by UV and Ce(SO.) stain).
1H NMR (500 MHz, CDCI3) & 7.04 (ddd, J =7.8, 7.7, 1.3 Hz, 1H), 6.99 (dd, J = 7.4, 1.3 Hz, 1H), 6.76 (ddd, J = 7.7,
7.4,0.9 Hz, 1H), 6.69 (dd, J = 7.8, 0.9 Hz, 1H), 5.04 (ddd, J = 12.7, 4.8, 1.8 Hz, 1H), 4.00 (dd, J = 19.8, 1.3 Hz, 1H), 3.91 (br. s, 1H),
3.87 —3.80 (m, 1H), 3.77 (s, 2H), 3.05 (ddd, J = 12.7, 3.6, 1.9 Hz, 1H), 3.00 — 2.93 (m, 1H), 2.69 (dd, J = 19.8, 1.9 Hz, 1H), 2.24 (ddd,
J=13.7,10.2, 3.1 Hz, 1H), 1.96 (dddd, J = 12.5, 10.9, 7.9, 1.3 Hz, 1H), 1.85 — 1.69 (m, 3H), 1.69 — 1.57 (m, 1H), 1.52 (td, J = 13.7,
4.1 Hz, 1H), 1.45 — 1.26 (m, 3H).
13C NMR (126 MHz, CDCl3) 198.41, 173.40, 148.93, 136.84, 128.04, 121.12, 120.37, 111.66, 73.76, 65.90, 54.94, 52.46, 51.35, 45.99,
43.94, 35.53, 35.10, 32.80, 31.52, 28.44, 20.81.
HRMS (ESI) m/z calculated for C21H2sN20,S [M+H]*: 369.1631, found: 369.1630.
[a]p?° +95 (c = 1.0, CHCIg).

N (-)-Kopsinine (3)!¢
O Thiolactam S9 (5 mg, 14 umol) was dissolved in absolute ethanol (4 mL) and a large excess of Raney nickel was
“ added. The mixture was heated to reflux and stirred vigorously for 1.5 h. The reaction was allowed to room
N temperature, filtered over celite and concentrated in vacuo. The product was obtained after purification by flash
H CO,Me column chromatography (alumina, 0-5% MeOH in DCM) as a white solid (2.3 mg, 6.8 umol, 50%).
(~)-kopsinine Rf (1/8/8 EtsN/EtOAc/cyclohexane): 0.58 (visualized by UV and Ce(SO.). stain).
H NMR (600 MHz, CDCl3) & 7.18 (d, J = 7.4 Hz, 1H), 6.99 (t, J = 7.6 Hz, 1H), 6.75 (t, J = 7.4 Hz, 1H), 6.66 (d, J =
7.6 Hz, 1H), 3.76 (s, 3H), 3.74 (br. s, 1H), 3.35 (g, J = 8.2 Hz, 1H), 3.12 (dd, J = 13.4, 3.8 Hz, 1H), 3.03 — 2.93 (m, 3H), 2.89 (t, J = 9.7
Hz, 1H), 2.78 (ddd, J = 13.1, 9.3, 3.2 Hz, 1H), 2.64 (ddd, J = 14.1, 8.2, 3.4 Hz, 1H), 1.98 — 1.86 (m, 2H), 1.65 — 1.49 (m, 2H), 1.48 —
1.18 (m, 6H).
13C NMR (151 MHz, CDCl3) 8 175.03, 149.25, 140.86, 126.82, 121.83, 119.96, 111.02, 77.37, 77.16, 76.95, 68.52, 66.87, 58.14, 52.16,
50.89, 47.77, 44.02, 36.68, 34.92, 34.11, 34.08, 32.27, 31.99, 17.27.
HRMS (ESI) m/z calculated for C2;H27N2O, [M+H]*: 339.2067, found: 399.2077.
[a]o?® —47 (c = 0.4, CHCI3).
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(-)-6,7-Dihydro-10-oxokopsifoline D (S10)

Boc-protected iodide 30 (46 mg, 80 umol, 1 eq.) was dissolved in DCM (1 mL) and

cooled to 0 °C. TFA (1 mL) was added, the mixture was allowed to room temperature

and stirred for 1 h. Evaporation of all volatiles in vacuo, co-evaporating all TFA twice

with toluene, yielded S11. This salt was immediately dissolved in DCM (2 mL) and
CO,Me DIPEA (69 pL, 0.4 mmol, 5 eq.) was added. The reaction was stirred at room

temperature for 18 h, after which all volatiles were removed in vacuo. Purification by

flash column chromatography (silica gel, 1% EtsN and 50% EtOAc in cyclohexane) yielded the indolenine product as a slightly yellow

oil (16 mg, 47 pmol, 59%).

Rt (50% ETOAC in cyclohexane): 0.25 (visualized by UV and Ce(S0O.), stain).

IH NMR (500 MHz, CDCl3) 3 7.58 (dt, J = 7.7, 0.9 Hz, 1H), 7.38 — 7.29 (m, 2H), 7.23 (td, J = 7.5, 1.0 Hz, 1H), 4.35 (ddt, J = 12.9, 4.7,

1.8 Hz, 1H), 3.77 (s, 3H), 3.44 (d, J = 2.0 Hz, 1H), 3.24 (d, J = 18.4 Hz, 1H), 2.80 (tdd, J = 12.9, 3.4, 1.3 Hz, 1H), 2.54 (dd, J = 18.4,

1.4 Hz, 1H), 2.45 (dd, J = 12.6, 2.5 Hz, 1H), 2.33 — 2.18 (m, 2H), 1.90 — 1.82 (m, 1H), 1.82 — 1.71 (m, 1H), 1.69 — 1.61 (m, 1H), 1.61 —

1.45 (m, 3H), 1.07 (ddd, J = 14.4, 9.8, 8.2 Hz, 1H).

3C NMR (126 MHz, CDCl3) d 185.82, 171.48, 171.24, 154.55, 145.02, 128.65, 126.96, 121.17, 120.76, 67.53, 56.89, 55.19, 52.86,

44.52, 40.88, 39.23, 39.06, 38.60, 36.04, 33.61, 22.72.

HRMS (ESI) m/z calculated for C,;H23N203 [M+H]*: 351.1703, found: 351.1712.

[a]o?® —34 (c = 1.6, CHCI3).

(-)-1,2,6,7-Tetrahydro-10-oxokopsifoline D (32)

Indolenine S10 (13.9 mg, 39.7 umol, 1 eq.) was dissolved in methanol and sodium borohydride

(15 mg, 0.40 mmol, 10 eq.) was added in one portion. The mixture was stirred at room

temperature for 2 h, after which another portion of sodium borohydride (15 mg, 0.40 mmol, 10

eg.) was added. After two more hours at room temperature, all volatiles were removed in vacuo
CO;Me  and water was added. The mixture was extracted three timed with DCM and the combined

organic layers were washed with brine and dried over sodium sulphate. Purification by flash column chromatography

(silica gel, 50-100% EtOAc in cyclohexane) yielded the product as a white solid (3.8 mg, 11 pmol, 27%) as well as the primary alcohol

S12 as a result of ester reduction (6.0 mg, 18 pmol, 47%).

Rt (50% EtOAc in cyclohexane): 0.23 (visualized by UV and Ce(SOQ.) stain).

H NMR (500 MHz, CDCl3) 8 7.07 (td, J = 7.8, 1.2 Hz, 1H), 7.03 (dd, J = 7.8, 1.0 Hz, 1H), 6.71 (td, J = 7.8, 1.0 Hz, 1H), 6.58 (d, J = 7.8

Hz, 1H), 4.61 (br. s, 1H), 4.24 (ddd, J = 13.3, 5.6, 1.7 Hz, 1H), 3.75 (d, J = 1.5 Hz, 1H), 3.73 (s, 2H), 3.62 (d, J = 1.6 Hz, 1H), 2.80 (d,

J =17.7 Hz, 1H), 2.75 — 2.67 (m, 1H), 2.35 (dd, J = 17.7, 1.7 Hz, 1H), 1.95 (dt, J = 12.1, 2.0 Hz, 1H), 1.78 — 1.66 (m, 1H), 1.66 — 1.50

(m, 4H), 1.48 — 1.42 (m, 1H), 1.35 — 1.22 (m, 3H).

13C NMR (126 MHz, CDCl;) & 176.40, 171.80, 150.30, 132.64, 128.93, 122.05, 118.56, 107.82, 71.38, 69.08, 54.80, 52.41, 49.25,

47.02, 43.71, 40.25, 37.19, 35.30, 34.39, 26.47, 21.53.

HRMS (ESI) m/z calculated for C21H2sN,O3 [M+H]*: 353.1860, found: 353.1868.

[a]o?® =32 (c = 0.4, CHCI3).

(-)-1,2,6,7-Tetrahydro-10-thioxokopsifoline D (S13)[¢!
Lactam 32 (4 mg, 11 pmol, 1 eq.) was dissolved in toluene (2.2 mL) with gentle heating. Lawesson’s reagent (14
mg, 34 umol, 3 eq.) was added and the mixture was heated to 90 °C for 30 minutes, after which it was slowly
allowed to room temperature. All volatiles were removed in vacuo and the product was obtained after flash column
H chromatography (silica gel, 25-40% EtOAc in cyclohexane) as a white solid (2.0 mg, 5.4 pmol, 48%).

COMe Ry (50% EtOAc in cyclohexane): 0.80 (visualized by UV and Ce(SO.), stain).
IH NMR (500 MHz, CDCl3) 8 7.07 (td, J = 7.5, 1.0 Hz, 1H), 7.01 (dd, J = 7.5, 1.3 Hz, 1H), 6.71 (td, J = 7.5, 1.0 Hz, 1H), 6.59 (d, J = 7.5
Hz, 1H), 5.01 — 4.95 (m, 1H), 4.60 (br. s, 1H), 3.87 (s, 1H), 3.76 (d, J = 1.5 Hz, 1H), 3.73 (s, 3H), 3.43 (d, J = 18.4 Hz, 1H), 2.93 - 2.81
(m, 2H), 1.86 — 1.80 (m, 2H), 1.80 — 1.59 (m, 5H), 1.59 — 1.52 (m, 1H), 1.52 — 1.47 (m, 1H), 1.31 — 1.28 (m, 1H).
13C NMR (126 MHz, CDCls) 8 198.06, 150.33, 131.34, 129.13, 121.87, 118.62, 107.94, 75.72, 70.76, 61.31, 54.55, 52.47, 48.58, 45.30,
44.08, 37.37, 34.58, 34.43, 29.85, 26.54, 21.42.
HRMS (ESI) m/z calculated for C»1H25N20,S [M+H]*: 369.1631, found: 369.1637.
[a]o?® =53 (c = 0.15, CHCl3).

(-)-1,2,6,7-tetrahydrokopsifoline D (33)(€]
Thiolactam S13 (2 mg, 5.4 pmol) was dissolved in absolute ethanol (2 mL) and a large excess of Raney nickel was
added. The mixture was heated to reflux and stirred vigorously for 1.5 h. The reaction was allowed to room
temperature, filtered over celite and concentrated in vacuo. The product was obtained after purification by flash
HH 20.Me column chromatography (silica gel, 50% EtOAc in cyclohexane) as a white solid (1.4 mg, 4.1 pmol, 76%).

2 Rt (1/8/8 EtsN/EtOAc/cyclohexane): 0.72 (visualized by UV and Ce(SO.); stain).
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!H NMR (600 MHz, CDCl3z) 8 7.07 (d, J = 7.2 Hz, 1H), 7.02 (td, J = 7.2, 1.3 Hz, 1H), 6.66 (t, J = 7.2 Hz, 1H), 6.56 (d, J = 7.2 Hz, 1H),
451 (s, 1H), 3.80 (d, J = 1.5 Hz, 1H), 3.71 (s, 3H), 3.11 (t, J = 8.3 Hz, 2H), 2.36 (dt, J = 11.5, 2.0 Hz, 1H), 2.31 (ddd, J=11.1, 8.7, 7.4
Hz, 1H), 2.19 (ddd, J = 12.9, 11.1, 7.8 Hz, 1H), 2.14 (s, 1H), 2.01 (td, J = 11.5, 3.1 Hz, 1H), 1.75 (dd, J = 12.8, 7.3 Hz, 1H), 1.71 - 1.57
(m, 3H), 1.54 — 1.48 (m, 2H), 1.46 — 1.38 (m, 2H), 1.35 — 1.29 (m, 1H), 1.22 — 1.16 (m, 1H).

3C NMR (151 MHz, CDCl3) 8 177.29, 150.09, 136.48, 127.93, 121.99, 118.00, 107.62, 76.73, 72.96, 57.11, 54.69, 53.48, 52.13, 45.43,
43.53, 38.57, 35.43, 35.35, 26.49, 23.87.

HRMS (ESI) m/z calculated for C1H27N,0O, [M+H]*: 339.2067, found: 339.2060.

[a]5%° -60 (c = 0.10, CHCls).
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"H NMR spectrum for comparison (300 MHz).
2015, 137, 4267-4273.

taken from




WILEY-VCH

o e Taee  a
3 g 233 g Now ene e@mme  Noom ©emn
o 0 NN o =} Mmoo Qn~ T © ® 0o LYool MOMO
g 5 RNC S NE9 85y gER2 g220 299s
g 8  R8Z 5 RRe €94 dupmd 9844 S$3A
PR \ D S BN N
N
7
N \‘OH
HH
(-)-limaspermidine
ent-2
13C NMR (APT) in CDCl3, 151 MHz
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 T T T T T T
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -
diy2343-C(600MHz) = - r- ™~ r-
i = P [ ] - Bl s | o409 0 QT D Doy
Varian - o~ ~” - - i Oh O oD ™y L=l s ™~ 4 1 a © WO
. - . . o - WD ™ W arm T IR L ] o N D
a0 - v e e M enwe RO
< (] o~ N — -~ wwo uy W Mo [= e TNty W e
liuszongy o - - i 4 - -3 ) ) ) R I T L B I S I
Coc13
| | . NN MY T
azpul
10

ion Time

Modifica Date
Spectrometer Frequency

spect.

Lowest Frequency

54356

Spectral Size 131072

(+)-limaspermidine

3C NMR spectrum for comparison (151 MHz).
taken from: J.-Y. Du, C. Zeng, W.-J. Han, H. Q. X.-
H. Zhao, X. T. An, C.-A. Fan, J. Am. Chem. Soc.,
2015, 137, 4267-4273.

T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

46



WILEY-VCH

s 17
£5°T A
bS'Tq
95'T
09'T
19'T
797
€9'7
S9'T
99'T
99'T
19T
08'T
18T 4
£€8'T o
¥8'T
S8'T
97T
0£'z
[
€T
£€T
seT
9T
9T
952
ST >
092 \
09
8T
08'C
28T
¥8'C

€L'€
vLE >
SL'e
LLE \

NN.V/

8Ty —
om.v\

SL'y
mn.v/
6L'%
mm.vv

S6'v
mm.vv.
L6’y

L6'v

€9°S
S’
SS'S
95°'S
95°'S
8S'S
85'G
6S°S
09'S
T9's

6'0
0'T

Feot
TN,N

I

/

/s

N
g, £
g o =
g = o
- N o
(@] [Te]
O

~
n 0O
ZT O
£
[y
=
z
T

Forv
Fern
Foot
Frot
Foot
Fat
Fere

7.0

7.5

8.0

€€°0C —
9097 —
wee—
T1°8E ~\_
8E0b ~_
66Ty —
86'Lb ~
17412
sT1s "

€849 —
16°9L /

oVLL—F
wLL \

8616 —

08'60T —
PSBIT ~_
[pea

[t >
8t

€576 —
80°9€T ~=

YTEPT —

16491 —
69°89T ~_
£€9°041 —

WWWWWWWM MMMMWWWWTMWWWWWWWWW

COZME

S7
3C NMR (APT) in CDCl3, 126 MHz

-10

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 60 50 40 30 20

210

47



WILEY-VCH

75T
65T
1974
29T
€9°7 1
€9°7 1
v9'T |
v9'T
RS
59T
€8'T
¥8'T |
v8'T
S8'T
98T

06'T
T6°'T
6T
b6'T ~E
e

€0'C
90°C
90°C

Sh'e
ST
8v'C \
6v°C
85T
19'C
€T
vL'T
vL'T
ST
9T
¥8'C
8T
ELEN_
;e
f4:¥
(44
0E'y
ey
€Y

[4 %4
344
€€y

€L
€Ly
mm.v%
YLy
E.v%
oy
oy
o]
€6y |
v6't
S6'
mm.ﬁ
15°S
755
£€5°S
€55 |
bS'S
555
555
1551
(557

90°L
90°L
80°L
80

60°L
60°L
L
N:u
vI'L

v
€L

veL ]

sTs

st
9z's
7
wid
992
89

——m i

I/

CO,Me
29
"H NMR in CDCl3, 500 MHz

Boc

=06

Fevv
WMS
0T

Feo1

M/,.NOA

B0
01
%3

F90°€

Eeo1

Frot

WAWOA
0'T
T

Ee

Frot

06'6T —

SClT—
iz
€5°€€ ~
65°LE
L0700 N
180y —

£€9°9%
YL 7
941§ —

9€'59 —

169
mﬁ.NmW
WiL
8678 —

61211 /
8€'9TT

9T'611 \
ecoet /.
el

Ly'8eT =
10261 —
ZT9ET ~_

v6°0pT /
TP'8PT —

+6'0ST —

vb'L9T —
P1°0LT —

|

COzMe
29
3C NMR (APT) in CDCl3, 126 MHz

/

Boc

-10

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 60 50 40

210

48



WILEY-VCH

10T q
20T
€0°T 4
S0°T
90°T
T
b1
ST
9T
8v'T
15°T o
9S°T
85T
65T
19'T 4
19'T
(2R
£9'T
v9'T
S6'T
9'T
16T
8617
[454
7z
ST'T
ST'T
NV.NA
e
e
92 ]
9T ]
97
09
097 ]
092 m
€9
E.i
e ﬁ

m——

e i

€47
vee
oz
LL7T
18'C 1
58z | ﬁ
ov'e |

TP'€
e ]
e ]
eve |
sv'e ]
ov'e ]
LY'E
8b'€
8'c |
6b'c |
TS°€
TLE A
18°€ |
18°€ |
LT¥ A
o't |
o'y

S0
902
80°L
A9
€12
1T,
124
122
€L JW
v L~
veL
mN.n\
9T'L

9L~
v9'L "

uanwl // /

)/

/1

Boc

COzMe

S8
"H NMR in CDCl,, 500 MHz

Y

v T

€6
Fere

Fevt

m/No.ﬁ
8T

T
0'T

Feo¢c
Fert

ot

0T
So00'1
B0t

0.5

1.0

1.5

2.0

2.5

3.5

4.0

4.5

5.0

5.5

6.0

7.0

8.0

1861 —

9T~
g
T0'PE ~_
€2°9€ ~
60'8€ ~
80°0b
€L°9%

SLop

16’1 —

1848 —

16’59 —

16°9L
mﬁ.NNW
WiL

S0°€8 —

e’
62911~
vL02T —
65421 ~_
98T1

LT9ET —
L8°0VT —

66'LYT —
76°0ST —

SL7L9T —
61°0LT —

COzMe
S8
3C NMR (APT) in CDClj, 126 MHz

Boc

m

-10

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

T
200

49



WILEY-VCH

v
95T 1
95T 1
€9°T 1
$9'T
v9'T
78T
281
€8'T
€8'T 4
06'T
16'T
26T
[AE S
[AS%
STZ

Wwo.oﬁ

ST
ST
SH'T
mTNJW
6v'7
62
152
¥S'T
vLT

mww&
SL'TA
9L
EYAA
e
8L'T
[4:34
98'T
S6'C
E4
167
sue
sue
we

Fsez
e
i v60
Fet

86°0
€0°T
€0
10T

Fseo

8T’
8Ty
8Ty
6Tt
0E'y
€Y
1134

A N

mo.mg
wo.nA
60°2 1
012
Lo
117 4
[AYa
LA
vT'L A
bT°LA
MN.NQ
ST
9T'L A
LTLA
7L
L
8L \
8CT°L
v9'L
v9'L
99°L 7

Feee

Fvot

Wy
| LJMMUU\\AJ

CO,Me

C

Bo
30
"H NMR in CDCl3, 500 MHz

— F oz
— Fort

~ Foot

6€'€-—

8L'6T —

v1ULe—
L1°8C
LTEE~
09°6€ ~=
€0°0%

6L TH \
€L°9%

YL N\

00'2s —

°ws9—

16'9L
oﬁ.NNW
WwiL

TE€E8 —

0TI —

9b'9TT '
£9°02T
TLPTT ~
L9821~

S6'SET —

6L°0vT —

LL8PT ~
S8°0ST —

8€°/9T —
80°04T —

3C NMR (APT) in CDCl3, 126 MHz

-10

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

T
200

50



WILEY-VCH

sTT
[z
82T
621
0e'T
0e'T
7€'
2€T
€61
SE'T
9¢°T o
9e°T
8E°T
86T
66T
ey
ov'T
W
w1
€1
SH'T ]
€5°T
vS'T ]
ST
[CRE
+9'1
997 4
191
291 ]
89°T |
89°T |
69°T |
o1
01
96T |
9T |
96'T |
66T 1

T =

LT

66 F
20°C
€0

e
PET
bE'T
SE€'T
LE°T
94T
94T
97T
9L
40T
S6'C
S6°C
S6'C 1
L6'C
66'C 1
66'C 1
66'C 1
(g
E€p°E
6S°E 1
6S°€E 1
SLE
LTV
8T'v 1
8% 1
0€'Y
0€'v 1

iy
899

E.i
sco

529
229
2294
849
829
202
202 ]
20
0z ]
402 ]
v0°L ]
50 |

——

—m

mo.mp
9T'L

P ///////

|

|

QY
A
H

CO,Me

(—)-kopsinilam

31
"H NMR in CDCl3, 500 MHz

T.\m
prive
Feoz

E00'T
Foot

66°0C —

0£'82~_
99'1€

vo'ze W
1hge

$9°SE s
€270y —
Sb1p 7
00tb
286r —
9£'2s —

10799
€299 v

16°9L /

oTLL—F
Wil \

PSTIIT —

TE02T ~
[aurite

82T —

TLLET —

90°6vT —

EPTUT ~
°9ELT

COZMe

(=)-kopsinilam

31
3C NMR (APT) in CDClg, 126 MHz

-10

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 60 50 40 30 20 10

210

51



WILEY-VCH

121

[ A%
e
€01
b1 ]
v21 ]
521 ]
11
ez |
192
89'7
%2

197 ]
89T

=t

A

vm.NL
67
962
86'C
50°€
50°€
€]
8¢ ]
06°¢
T6°¢ ]
16°€
wm.ﬁ
86°€ |
2o
W'y
20's
£0's
S0'S
899 1
89'9 1
89'9

=T

029
0£'9
0£'9
SL'9
529
9,9
99
829
849
86'9

mm.o/
66'9
669 7/
66'9 7
00°Z -]
0024
002 ]
002
002
00°2 ]
€0z
0z ]
v0'L
v0'L
902

—r

oo.mp
9T'L

N
H

COQMG

S9
"H NMR in CDCl3, 500 MHz

L

.l

b,

(U
0'T

43
16'0

0'T
m/mo.ﬁ

E00'T
B0t

10T
B0t

80—
AN
zs1€

0zE

0T°'SE ~=
€5°SE ’

v6'Er —

66'St~
SETS AN
9'7s —
v6'vS —

0659 —

9L°EL
06°9L ”

oTLL—F
Wil 7

99°TIT —

LE702T ~
[Autitd

+0°82T —

Y8 9ET —

£€6'8YT —

Ob"€LT —

Tv'861 —

N
H

CO,Me

s9
3C NMR (APT) in CDClg, 126 MHz

-10

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 60 50 40 30 20 10

210

52



WILEY-VCH

ozt
0zt
7T
14
€T
st
9Tt
FAS 3
87T
67T ]
1T
€T

€eT
vm.ﬁL
[TRE
9T |
LET
8T |
8€°T
8€°T
0b'T
0b°T
T ]
T
T
£&'T
T
ST
SS'T
95T 1
95T |
£5°T
65°T
65°T
09°T
197
79T
€97
59T
£9'T
£9'T
89T 1
06T 1
16T 4
26T
26T
€6'T |
¥6°T
2971
€97
€92
+9°C
+9'C
59
9921
84T
87
0821
18
18T
687
16 1
96°Z
167
867
867
66°C 1
00°€
10°€ |
e
e |
ere |
PTE
pEE

—_———

w

9€'€
9e-
59'9
£9'9
vL9
SL9
9,9
169
66'9
00°Z
8T°L
6T°L
9L

R CCEE AN

N

YA

/

(&

CO,Me

(=)-kopsinine

3
"H NMR in CDCl3, 600 MHz

Hf oT'T

1N 80°T

80°T
0z’e
H\‘ oT'1T

F zo1

W L0y

o001
o1

ot

F oot

T

T

T

T

T

T

T

T

T

T

T

T

1.6 1.4

1.8

50 48 46 44 42 40 38 36 34 32 30 28 26 24 22 20

74 72 7.0 68 6.6 64 62 6.0 58 56 54 52

1.2

Authentic kopsinine

"H NMR spectrum for comparison (500 MHz).
taken from: S. B. Jones, B. Simmons, A.

Mastracchio, D. W. C. MacMillan, Nature,

2011, 475, 183—-188.

6.6 6.2 58 5.4 5.0 4.6 4.2 38 3.4 3.0 26 22 1.8 1.4
f1 (nnm)

7.0

7.4

53



WILEY-VCH

3 N8 g 327 g REs o5 T 92RY 83888 8
2 ¢ S g =2 o NN o 6 8 @ NoON T G YT T ~
g s s 8 §Z = RRE 38 g deSY $3IyoA =
Il - I [ LN NN
v $N
N
H
CO,Me
(—)-kopsinine
3
13C NMR (APT) in CDCl3, 126 MHz
\ \ " | )
' ‘ T " v{YVrv
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
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

13C NMR spectrum for comparison (126 MHz).
taken from: S. B. Jones, B. Simmons, A.
Mastracchio, D. W. C. MacMillan, Nature,
2011, 475, 183-188.

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

54



WILEY-VCH

mw.l
sezff

ST'TH
LT
L2

6C°C

CO,Me

$10
"H NMR in CDCl3, 500 MHz

Bt

Frr
Freoz
T

T.H”N
B

Feot

0T
Fere

00T

cLee —

19°€€
+0'9€ W
09'8€ \*
90°6€
£T°6€
88°0% \
[4n<4

98'75 ~
61°5S —
6895~

€5°£9

16°9L /

oTLL—F
Wil \

9L70TT ~_
e

96'92T ~
59'821 —

°0°ShT —

SSPST —

YTTILT
8P TLT v

78'S8T —

S10
3C NMR (APT) in CDCl,, 126 MHz

-10

55



WILEY-VCH

vl
vT'T #
STTA
szTA
92T 4
GAS
LZT
TET A
€T
€07
€T
Sb'T A
ST
Sb'T A
8T
ST~
15T 7
€5°T
vm.&
bS'T

51
85T
65T
657 1
65T
097
091
091
19T ]
197
29T
291
€97 1
€9°T 1
$9'T
b9'T
89'T
89'T
04T
0T
€T
A%
€6°T
b6'T
v6'T
561
96'T
96'T
€2
€62
92
92
042
17t
e
82
187
29'€
29'€
€L€
see
sLe
€2
v
v
ST
92

T (e

T —

9Ty -
wm.w\
659

0s9
09
29
19
(7]

2o
€02
€0 ]
v0°2
v0' ]
50z ]
90
20
0

—

9z

66'0
F 1ot

w vO'T

CO,Me

H
32
"H NMR in CDCl3, 500 MHz

/60
660

/T

860
X 00'T

J

W SS'S
09'T
60T

H\ o1’z

ot

o1

F 601

o1

+ 10T
§9'T

0.5

1.0

1.5

2.0

3.5

4.0

4.5

5.0

5.5

8.0

es1e
1b°92 ~

6£'bE
0g'se V
6TLE ~
STOb~
TLEh ~_
0L~
ST6b ~_
WS~
085S ~_

80'69 —
8ETL—
56°9L N

oTLL—F
LELL \

78701 —

95°8TT —
S0°CeT —

£6'8CT —
YOTET —

0€°0ST —

08'TLT —
0v'9LT —

CO,Me
32

H
3C NMR (APT) in CDCl3, 126 MHz

-10

56



WILEY-VCH

mw.ﬁAA

S9'T
99'T
99'T 4
£49'T
49T
89'T §
69'T 1
69T 1
0L'T
0L°T
°UT
€L°T
SL'T A
9T
8T
8T
8T

£8°C

CO,Me

H
S$13
"H NMR in CDCl3, 500 MHz

002
10

90
90
NONA
0|
60 |
60°L
QNN;

M/‘mﬁ.ﬁ
19'T
(AWA
T0°9

8T

Fere

Fert

9T

6'0
B0t

F60

60
10T

=160
B00'1

w1
$S'9Z ~L
S8°6C N
£b'bE
85'bE
LELE~C

80'bh —
oe'sy
858y~
LTS~
S5bS —
€79 —

9L°0L AN
°LSL

16'9L /
T LL ~5
wiL v

¥6°L0T —
79811 —
L8°TCT —

£1°62T —
PETET —

€€°0ST —

90°86T —

3C NMR (APT) in CDCl,, 126 MHz

-10

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

T
200

57



WILEY-VCH

61T 7
61T
07T
0z'T o
12T
12T o
7T
€27
ST
92T

om.jm

8T'T
0E'T
TET
[431

€eT
€67
o1
A%
€1 ]
b1 ]
01
mvi
b1

05'7
05'7 4
T1S°T
25T
ST
€S°T 1
€5
€57
5T 4

[

"

T

8S'T
8S'T
8S'T
6S'T
6S'T
09'T
09°T
09°T
T9°T
19T
€47
YT
SLT
LLT
10T
202
+1°C
61°C
0€'C
0€°C
€T
SET
ST
ST
LE7T
L€
(s
e
£T°€
L€
08°€ 1
08¢

-

(-)-1,2,6,7-tetrahydrokopsifoline D

33
"H NMR in CDCl3, 600 MHz

559

259
59'9
5991
599
99'9
99'9
99'9
1991
1991
89'0
00'Z
00
[
[
€0/ |
€02 |
90
10
10'¢

9L

e

Foee

e

€T
E8T'T

1T
T

0.5

1.0

1.5

2.0

3.0

4.0

4.5

5.0

6.5

7.0

7.5

8.0

8.5

9.0

8, kopsifoline H

TH NMR, 600 MHz

cDel,

"H NMR spectrum for comparison (600 MHz).

taken from: K. Lee, D. L. Boger, J. Am. Chem. Soc.,

2014, 136, 3312-3317.
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PDA Chromatogram(MTNO4rac6_001 lcd)

Chiral SFC traces of 17, optimization of enantioselective decarboxlative Tsuji-Trost

mAU
1 PDA Ch1 246nm,4nm x 1.00
] I
J ||
1257 Ligand: \| II|‘
1004 o | ||
] PPh, PPh, | ‘ | ‘
75+ o ‘
i THF, 65 °C, 18 h ‘ ‘ ‘
] ]
] [0 |
|
] L
¢L~ — N —
—— T — — -
0 1 2 3 5 6 8 9 10
min
PDA Peak Table(MTNO4rac6_001.lcd)
DA Ch1 246nm
Peak# | Ret Time Area Area%
1 5204 1410200 49 264
2 5676 1406222 49.125
3 9 757 46103 1.611
Motal 2862525 100.000
PDA Chromatogram(MTNO4B_002.lcd)
mAU
] PDA Ch1 246nm 4nm x 1.00f
200+ !
b |I
175_: Ligand: |‘
150 1) ‘
| ) I
125 PPhy N—/
] tBu ‘
1004 THF, 65 °C, 18 h | |
75
50
25
0_} ) U
257
— —— — T
0 1 2 3 5 6 & 9 10
min
PDA Peak Table(MTN0O4B_002.Icd)
PDA Ch1 246nm
Peak# | Ret Time Area Area%
1 2.305 39703 1.668
2 5.219 2080355 87.408
3 5708 214516 9.013
4 9.764 43807 1.841
5 9.956 1662 0.070
[Total 2380043 100.000
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mAU

PDA Chromatogram(MTNO4P_005.lcd)

Ligand:

PDA Ch1 248nm, 4nm x 1.00

5
50 CFs
g THF, 65 °C, 18 h
25
: y — WA e
] W‘#
25+
0 2 3 4 5 6 7 8 9 10
min
PDA Peak Table(MTN04P_005.lcd)
PDA Ch1 246nm
Peak# | Ret Time Area Area%
1 5.398 2046543 86.935
2 5.942 214562 9.114
3 9.695 59216 2.515
4 9.816 33797 1.436
[Total 2354118 100.000
PDA Chromatogram(MTNO4N_003 Icd)
mAU
20(%7 PDA Ch1 246nm,4nm x 1.00|
175
] Ligand:
150
] o
125 \\)
] PPh, N—
100 iPr
THF, 65 °C, 18 h
=]
50
25
o — - VI N
25
0 2 3 4 5 6 7 8 9 10
min
PDA Peak Table(MTNO4N_003 . lcd)
DA Ch1 246nm
Peak# | Ret Time Area Area%
1 5.378 2140593 80.654
2 5.907 41420 15.607
3 9.680 26572 001
4 9.760 2803 056
5 9.832 44647 682
[Total 2654054 100.000

61

WILEY-VCH



mAU

PDA Chromatogram(MTNO4K_008 lcd)

PDA Ch1 246nm,4nm x 1.00

THF, 65 °C, 18 h H

PDA Ch1 246nm

PDA Peak Table(MTNO4K_008.Icd)

Peak# | Ret Time Area Area%
1 5.304 397339 21.661
2 5.804 1276541 69.589
3 6.120 32152 1.753
4 6.623 35487 1.935
5 9.735 92874 5.063
[Total 1834392 100.000
PDA Chromatogram(MTN0O4T_003.Icd)
mAU
] PDA Ch1 246nm,4nm x 1.0
250+ I'|
b Ligand: ||
200+ ‘ ‘
, o |
] \\) |
150+ PPh, N—/ ‘
1 tBu | ‘
] Et,0, RT, 18 h ‘
100+ |
o] A
1 |
i | |
R | [ I
o—[s_‘.‘,_ﬁv_gﬁ _ DA NVA V. .
L L A e e e e I A A e o e e e I A o LA B s e
0 1 2 3 4 5 6 7 8 g 10
min
PDA Peak Table(MTNO4T_003.1cd)
PDA Ch1 246nm
Peak# | Ret Time Area Area%
1 5.295 2726915 92 093
2 5816 133948 4524
3 9.723 100197 3.384
[Total 2961061 100.000
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PDA Chromatogram(BHC121.lcd)

mAU
1500 PDA Ch1 246nm 4nm x 1.00
] I
l ) ‘l
12504 Ligand: |\
1 le) | ‘
1000+ |\> ‘
] PPh, N—/ |
] Bu ‘
7504 Et20, RT, 6 days ‘
| 2% Pd; 4% ligand | |
o] |
] | \
] | |
250-| ‘
4 | |
] [
] LA
O_, — T_i_Tf } L
T L T I L
0 2 3 4 5 6 7 8 9

PDA Ch1 246nm

PDA Peak Table(BHC121.lcd)

Peak# | Ret Time Area Area%

1 4.490 11827

2 5199 17391234 95 267
3 5683 852228 4 668
[Total 18255289 100.000
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Enantiomeric enrichment by crystallization of compound 27

PDA Chromatogram{(BHC052rac_c9.lcd)

mAU
] PDA Ch1 222nm,4nm x 1.00
900+ I
1 |
1 o) |
o a L
: N |
700 ‘
] |
600 N \§ ‘ \l‘
] H ||
5004 Racemic ‘ | |
400 ‘ ‘ | ‘|
300 ‘ ‘ ‘ ‘
o | |
1 \ [
] |
1004 | ‘| ,‘
] [ |
[ |
il } e B b N VAN L/ | L
iy T 5 S B B S EE A A A i
_\\\\I||||||||||\\\|\||||||||||||I\ll|||||| LA B
0.0 0.5 1.0 1.5 20 25 3.0 35 4.0 45 5.0
min
PDA Peak Table(BHC052rac_c9 lcd)
DA Ch1 222nm
Peak# | Ret Time Area Area%
1 0.904 70868 792
2 1.005 81125 0.907
3 1.485 12495 0.140
4 2.312 5519 0.062
5 2.389 10253 0.115
(3] 2.738 8960 0.100
7 2915 29838 0.333
8 3.130 79751 0.891
9 3.338 4088708 45691
10 3.614 166134 1.857
1 3.843 31618 0.353
12 4.097 93529 1.045
13 4.442 4108367 45911
14 4853 161424 1.804
[Total 8948589 100.000
PDA Chromatogram(BHC123p.lcd)
mAU
900—: PDA Ch1 222nm,4nm x 1.00)
] i
800+ ”
700 H
. |
500
1 After column only ‘ ‘
400 ‘ ‘
300+ ‘ ‘
= |
] [
100+ ‘
] [
E |
] [\
NI _ I ) L VAN
0] s{‘d TJ; T‘—L T T T
T T T LI L B B | T T T T T T T T T T T L
0.0 0.5 1.0 15 20 25 30 35 40 45 50
min
PDA Peak Table(BHG123p.lcd)
DA Ch1 222nm
Peak# | Ret Time Area Area%
1 0.900 44928 1.053
2 1.487 4490 0.105
3 2.295 8841 0.207
4 2.738 4388 0.103
5 3339 4007859 93 952
6 4.447 195352 4579
[Total 4265859 100.000
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PDA Chromatogram(BHC123cryst lcd)

mAU
] PDA Ch1 222nm 4nm x 1.00
800 '
700 H
600-] “
500-] ‘ ‘
400 ‘ ‘
] After crystallization ‘
300+ ‘ ‘
200-| | |
100 | |
1 \
] | \
] I ] ) oAy —
0] P f T T T
———— T T e e
00 05 1.0 15 20 25 30 35 40 45 50
min
PDA Peak Table(BHC123cryst lcd)
DA Ch1 222nm
Peak# | Ret. Time Area Area%
1 0.907 37261 1.015
2 1485 5002 0.163
3 2294 584 0.159
4 3.337 360668 93233
5 4.446 15764 0.429
[Total 3671563 100.000
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Crystallographic data for 27

A Dblock-like specimen of CxH23CIN2O, approximate dimensions 0.300 mm x 0.200 mm x 0.150 mm, was used for the X-ray
crystallographic analysis. The X-ray intensity data were measured (A = 1.54178 A).

Table S3: Data collection details for 210714 _BHC129_Cryst2.
Axis dx/mm 20/° w/°® Q° x/° Width/° Frames Time/s Wavelength/A Voltage/kV Current/mA Temperature/K
Phi  50.107 95.00 95.31 0.00 -35.00 0.50 720 2.00 154184 50 0.5 100

A total of 720 frames were collected. The total exposure time was 0.40 hours. The frames were integrated with the Bruker SAINT
software package using a narrow-frame algorithm. The integration of the data using an orthorhombic unit cell yielded a total of 26169
reflections to a maximum 6 angle of 68.27° (0.83 A resolution), of which 3152 were independent (average redundancy 8.302,
completeness = 98.6%, Rin = 2.51%, Rsig = 2.05%) and 3095 (98.19%) were greater than 20(F?). The final cell constants of a = 8.7525(2)
A, b=11.1428(2) A, c = 17.9882(4) A, volume = 1754.34(6) A3, are based upon the refinement of the XYZ-centroids of 9932 reflections
above 20 o(l) with 9.335° < 26 < 136.5°. Data were corrected for absorption effects using the Multi-Scan method (SADABS). The ratio
of minimum to maximum apparent transmission was 0.605.

The structure was solved and refined using the Bruker SHELXTL Software Package, using the space group P 21 21 21, with Z = 4 for
the formula unit, C20H»3CIN2O. The final anisotropic full-matrix least-squares refinement on F? with 227 variables converged at R1 =
2.26%, for the observed data and wR2 = 5.80% for all data. The goodness-of-fit was 1.018. The largest peak in the final difference
electron density synthesis was 0.157 /A2 and the largest hole was -0.160 e /A3 with an RMS deviation of 0.032 e/A3. On the basis of
the final model, the calculated density was 1.298 g/cm?® and F(000), 728 e".
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Table S4. Crystal and refinement data for 210714_BHC129 Cryst2.

Identification code
Chemical formula
Formula weight
Temperature
Wavelength

Crystal size

Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Coverage of independent reflections
Absorption correction
Structure solution technique
Structure solution program
Refinement method
Refinement program

Function minimized

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices

Weighting scheme

Absolute structure parameter
Largest diff. peak and hole
R.M.S. deviation from mean

210714 _BHC129 Cryst2
C20H23CIN,O

342.85 g/mol

100(2) K

1.54178 A

0.300 x 0.200 x 0.150 mm
orthorhombic

P212121

a=8.7525(2) A
b=11.1428(2) A
c=17.9882(4) A
1754.34(6) A3

4

1.298 g/lcm?®

1.984 mm™?

728

4,67 t0 68.27°
-10<=h<=10, -12<=k<=12, -21<=I<=19
26169

3152 [R(int) = 0.0251]
98.6%

Multi-Scan

direct methods

APEX3 SHELXL-2019
Full-matrix least-squares on F?
SHELXL-2019/1 (Sheldrick, 2019)
T W(Fq? - F2)?
3152/11/227

1.018

3095 data; 1>20(1)

all data

w=1/[0%(Fo?)+(0.0317P)?+0.3263P]
where P=(F,*+2F:)/3

0.029(3)
0.157 and -0.160 eA3
0.032 eA3
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a=90°
B =90°
y =90°

R1 =0.0226, wR2 = 0.0576
R1 =0.0231, wR2 = 0.0580
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Table S5. Atomic coordinates and equivalent isotropic atomic displacement parameters (A2) for 210714 BHC129 Cryst2.
U(eq) is defined as one third of the trace of the orthogonalized Uj tensor

x/a y/b zlc U(eq)
N1 0.62211(16) 0.79997(13) 0.22738(7) 0.0217(3)
Cc2 0.54850(19) 0.75375(15) 0.16611(9) 0.0201(4)

c3 0.6049(2) 0.72357(16)  0.09619(10)  0.0248(4)
cs 0.3472(2) 0.66650(16)  0.06129(9) 0.0254(4)
Cc6 0.29084(19)  0.69706(15)  0.13059(9) 0.0212(3)

c7 0.39121(18)  0.74055(15)  0.18477(9) 0.0178(3)
c9 0.23921(17)  0.78201(15)  0.31062(8) 0.0161(3)

cs 0.37703(18)  0.77772(15)  0.26109(9) 0.0168(3)
ca 0.5026(2) 0.67920(17)  0.04430(10)  0.0277(4)
C10  0.28593(19)  0.78853(15)  0.39375(9) 0.0191(3)
C1l  0.4099(2) 0.88585(16)  0.40214(9) 0.0226(4)

C12  055804(19)  0.85974(16)  0.35952(10)  0.0242(4)
C13  051886(18)  0.81277(16)  0.28426(9) 0.0194(3)
Cl4  0.34884(19)  0.66641(16)  0.42008(9) 0.0225(4)
C15  0.24571(19)  0.56054(16)  0.40126(9) 0.0228(4)
C16  0.20546(18)  0.56115(15)  0.31883(9) 0.0199(3)
N17  0.13832(15) 0.67712(12)  0.29813(7) 0.0167(3)
C18  0.99540(18)  0.69399(16)  0.27333(8) 0.0180(3)
C19  0.89148(19)  0.58542(16)  0.26716(9) 0.0241(4)
Cl20  0.81805(5) 0.54825(5) 0.35745(3) 0.03958(15)
021  0.94460(13)  0.79400(11)  0.25552(6) 0.0224(3)

C31B  0.1775(10) 0.8240(4) 0.4323(10) 0.0193(4)
C32B  0.1307(5) 0.9528(4) 0.4462(5) 0.0218(4)
C33B  0.0065(6) 0.0020(6) 0.4193(6) 0.0281(5)
C31  0.1437(2) 0.82210(14)  0.44330(11)  0.0193(4)
C32  0.06311(19)  0.93723(12)  0.42205(9) 0.0218(4)
C33  0.0717(2) 0.03710(15)  0.46027(10)  0.0281(5)
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