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1. General informations

All reactions were set up under a nitrogen atmosphere in oven-dried glassware using standard
Schlenk techniques, unless otherwise stated. Anhydrous solvents (THF, DCM and toluene) were taken
from a commercial SPS solvent dispenser (H,0 content < 10 ppm, Karl-Fischer titration). Anhydrous
dimethylformamide, acetonitrile and acetone were purchased from chemical suppliers (Aldrich or
Acros Organics). All reagent-grade chemicals were obtained from commercial suppliers (Acros,
Aldrich, Fluka, VWR, Aplichem, Fluorochem or Merck) and were used as received unless otherwise
stated. Chromatographic purification of products was accomplished using flash chromatography (FC)
on SiliaFlash P60 silica gel (230 - 400 mesh). For thin layer chromatography (TLC) analysis, pre-coated
TLC sheets ALUGRAM® Xtra SIL G/UV,s4 were employed, using UV light as the visualizing agent and
basic aqueous potassium permanganate (KMnQ,) stain solutions, and heat as developing agents. The
calculated experimental yields refer to chromatographically and spectroscopically (*H-NMR)
homogeneous materials unless otherwise stated. Compounds were described as mixtures when it
was not possible, in our hands, to separate both compounds.

The NMR spectra were recorded on a Brucker DPX-400 spectrometer (400 MHz for 'H, 101 MHz for
13C and 376 MHz for '°F) at rt using CDCls as internal reference unless otherwise indicated. The acidity
of deuterated chloroform was neutralized using basic alumina for acid-sensitive compounds,
including all cycloadducts. Carbon spectra have been measured using *H-decoupling. The chemical
shift (8) for *H and 3C are given in ppm relative to residual signals of the deuterated solvents (CDCls -
7.26 ppm H NMR and 77.16 ppm *C NMR; CD3CN — 1.94 ppm H NMR and 118.26 ppm C NMR;
MeOD 3.31 ppm *H NMR and 49.0 ppm *C NMR). The coupling constants (J) are expressed in Hz. The
following abbreviations were used to explain the multiplicities: br = broad, s = singlet, d = doublet, t =
triplet, td = triplet of doublet, q = quartet, dd = doublet of doublet, ddd = doublet of doublet of
doublet, m = multiplet. Infrared spectra were recorded on a JASCO FT-IR B4100 spectrophotometer
with an ATR PRO410-S and a ZnSe prisma and are reported as cm™ (w = weak, m = medium, s =
strong, br = broad). High resolution mass spectrometric measurements were performed by the mass
spectrometry service of ISIC at the EPFL on a MICROMASS (ESI) Q-TOF Ultima API. The diffraction
data for crystal structures were collected by mass spectrometry service of ISIC at the EPFL at low
temperature using a SuperNova, Dual, Cu at home/near, Atlas diffractometer operating at T =
140.01(10) K. Data were measured using w scans using Cu K radiation. Data reduction, scaling and
absorption corrections were performed using CrysAlisPro (Rigaku, V1.171.40.84a, 2020). The
structure was solved and the space group determined by the ShelXT? structure solution program
using dual methods and refined by full matrix least squares minimisation on F? using version 2018/3
of ShelXL.? All non-hydrogen atoms were refined anisotropically. Most hydrogen atom positions were
calculated geometrically and refined using the riding model, but some hydrogen atoms were refined
freely.

HPLC analysis on chiral stationary phase was performed on a Agilent Acquity instrument using a
Daicel CHIRALPAK IA chiral columns.

Raw data for NMR, mass and IR is available at zenodo.org: https://doi.org/10.5281/zen0do0.4705362



https://doi.org/10.5281/zenodo.4705362

2. Preparation of starting materials and catalysts
2.1. Synthesis of silyl enol ethers

The silyl ketene acetals 3a-f were prepared from a reported literature procedure (Scheme S1).3
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Scheme S1. Synthesis of silyl ketene acetals.
General procedure A

To a solution of i-Pr,NH (1.03 equiv.) in dry THF (0.4 M) cooled to 0 °C, n-BulLi (2.5 M solution in
hexanes, 1.04 equiv.) was added dropwise and the reaction mixture was stirred at rt for 10 min. The
reaction was subsequently cooled to 0 2C and neat methyl isobutyrate 9 (1 equiv.) was added
dropwise. The reaction mixture was stirred for 30 min at 0 ¢C, followed by the addition of 1,3-
dimethyl-3,4,5,6,-tetrahydro-2(1H)-pyrimidinone (DMPU, 2 equiv.) and the corresponding silyl
chloride (1.2 equiv.). The reaction was allowed to warm up to room temperature and stirred for 3 h.
The reaction mixture was then concentrated in vacuo. Pentane and sat. aqueous NaHCOs solutions
were added to the residue. The aqueous layer was extracted with pentane. The organic layers were
further washed with water, sat. CuSO, solution (3 x), water and brine. After drying over Na,SO,4 and
concentration, the crude product was purified by distillation under reduced pressure to afford the
silyl ketene acetals 3a-f as colorless liquids.

Characterization of silyl ketene acetals

((1-Methoxy-2-methylprop-1-en-1-yl)oxy)trimethylsilane (3a): Prepared according to the general

OTMS procedure A from diisopropylamine (2.5 mL, 18 mmol, 1.03 equiv.), n-Buli
Me%OMe sa  (2:5M,7.3mL, 18 mmol, 1.04 equiv.), methyl isobutyrate (2.0 mL, 17
Me mmol, 1.0 equiv.), DMPU (4.2 mL, 35 mmol, 2.0 equiv.) and

Chemical Formula: CgH150,Si  chlorotrimethylsilane (2.3 mL, 18 mmol, 1.04 equiv.) in THF (35 mL) for 3 h.
Molecular Weight: 174.3150  The crude oil was purified by distillation (10 mbar, 65 °C) to afford a
colorless liquid (1.1 g, 6.3 mmol, 37%).

H NMR (400 MHz, CDCls): & 3.50 (s, 3H, OCHa), 1.57 (s, 3H, CHz), 1.52 (s, 3H, CH3), 0.20
(s, 9H, TMS).

13C NMR (101 MHz, CDCls): 6 149.5, 91.0, 56.6, 17.0, 16.2, 0.1.

NMR spectra are in agreement with the reported data.’

Triethyl((1-methoxy-2-methylprop-1-en-1-yl)oxy)silane (3b): Prepared according to the general

OSiEt, procedure A from diisopropylamine (2.5 mL, 18 mmol, 1.03 equiv.), n-Buli
Mej%\OMe 3b (2.5M, 7.3 mL, 18 mmol, 1.04 equiv.), methyl isobutyrate (2.0 mL, 17
Me mmol, 1.0 equiv.), DMPU (4.2 mL, 35 mmol, 2.0 equiv.) and TESCI (3.1 mL,

Chemical Formula: C41H40,Si 18 mmol, 1.04 equiv.) in THF (35 mL) for 3 h. The crude oil was purified by
Molecular Weight: 216.3960  djstillation (1 mbar, 70 — 72 °C) to afford a colorless liquid (2.6 g, 12
mmol, 68%).



!H NMR (400 MHz, CDCls): 6 3.52 (s, 3H, OCHs), 1.56 (s, 3H, CHz3), 1.54 (s, 3H, CHs), 0.99
(t, J=7.9 Hz, 9H, TES), 0.69 (q, J = 7.9 Hz, 6H, TES).

13C NMR (101 MHz, CDCl3): 6 150.0,91.1, 57.2, 17.0, 16.3, 6.7, 5.1.

NMR spectra are in agreement with the reported data.?

Tri-n-propyl((1-methoxy-2-methylprop-1-en-1-yl)oxy)silane (3c): Prepared according to the general

0Si-nPrs procedure A from diisopropylamine (3.2 mL, 23 mmol, 1.2 equiv.), n-Buli
Me%OMe 3¢ (2.5 M, 8.4 mL, 21 mmol, 1.1 equiv.), methyl isobutyrate (2.2 mL, 19 mmol,
Me 1.0 equiv.), DMPU (4.6 mL, 38 mmol, 2.0 equiv.) and n-PrsSiCl (5.0 mL, 23

Chemical Formula: C14H300.81  mmol, 1.2 equiv.) in THF (47 mL) for 3 h. The crude oil was purified by
Molecular Weight: 258.4770 distillation (1 mbar, 110 °C) to afford a colorless liquid (3.61 g, 13.9 mmol,
73%).

IH NMR (400 MHz, CDCls): & 3.50 (s, 3H, CHa), 1.55 (s, 3H, CH3), 1.52 (s, 3H, CH3), 1.46 —
1.34 (m, 6H, 3XCH>), 0.96 (t, J = 7.3 Hz, 9H, 3xCH3), 0.71 — 0.64 (m, 6H, 3XCHb>).

13C NMR (101 MHz, CDCls): 6 150.0, 91.1, 57.2, 18.6, 17.0, 16.7 (2C), 16.3.

IR (vimax, cM'Y) 2956 (s), 2924 (s), 1704 (s), 1175 (s), 1064 (s), 840 (s).

HRMS (APPI/LTQ-Orbitrap) m/z: [M + H]* Calcd for Ci4H310.Si* 259.2088; Found
259.2090.

Tri-n-butyl((1-methoxy-2-methylprop-1-en-1-yl)oxy)silane (3d): Prepared according to the general

OSi-nBuj procedure A from diisopropylamine (2.9 mL, 21 mmol, 1.2 equiv.), n-Buli
Mej%OMe 3d (2.5 M, 7.7 mL, 19 mmol, 1.1 equiv.), methyl isobutyrate (2.0 mL, 17 mmol,
Me 1 equiv.), DMPU (4.2 mL, 35 mmol, 2.0 equiv.) and BusSiCl (5.6 mL, 21

C&iﬂﬁj,';‘i,@g;;ﬁ;@gg;ﬁggs‘ mmol, 1.2 equiv.) in THF (43 mL) for 3 h. The crude oil was purified by

distillation (1 mbar, 160 °C) to afford a colorless liquid (2.8 g, 9.3 mmol,
53%).

'H NMR (400 MHz, CDClz3): 6 3.50 (s, 3H, CH3), 1.55 (s, 3H, CH3), 1.53 (s, 3H, CH3), 1.40 —
1.28 (m, 12H, 6xCHy), 0.93 — 0.85 (m, 9H, 3xCH3), 0.72 — 0.64 (m, 6H, 3xCH2).

13C NMR (101 MHz, CDCls): 6 150.0, 91.2, 26.8, 25.3, 17.1, 16.3, 13.90, 13.87.

IR (Vmax, €M) 2957 (m), 2923 (m), 2859 (m), 1705 (m), 1173 (s).

HRMS (APCI/QTOF) m/z: [M + H]" Calcd for C17H370Si* 301.2557; Found 301.2555.

tert-Butyl((1-methoxy-2-methylprop-1-en-1-yl)oxy)dimethylsilane (3e): Prepared according to the
OTBS general procedure A from diisopropylamine (2.5 mL, 18 mmol, 1.03
Me ANy 36 equiv.), n-Buli (2.5M, 7.3 mL, 18 mmol, 1.04 equiv.), methyl isobutyrate
Me ° (2.0 mL, 17 mmol, 1.0 equiv.), DMPU (4.2 mL, 35 mmol, 2.0 equiv.) and
Chemical Formula: Gy Hyy0,Si tert-butylchlorodimethylsilane (2.7 g, 18 mmol, 1.04 equiv.) in THF (35
Molecular Weight: 216.3960  mL) for 3 h. The crude oil was purified by distillation (1 mbar, 75 — 80 °C)
to afford a colorless liquid (1.9 g, 8.7 mmol, 50%).

H NMR (400 MHz, CDCls): 6 3.51 (s, 3H, OCH3), 1.57 (s, 3H, CH3), 1.53 (s, 3H, CHs3), 0.96
(s, 9H, TBS), 0.14 (s, 6H, TBS).

13C NMR (101 MHz, CDClz): 6 149.9,91.5, 57.1,25.9, 18.2, 17.0, 16.4, -4.5.

NMR spectra are in agreement with the reported data.’



Triisopropyl((1-methoxy-2-methylprop-1-en-1-yl)oxy)silane (3f): Prepared according to the general
oTIPS procedure A from diisopropylamine (2.5 mL, 18 mmol, 1.03 equiv.), n-BulLi
Me A ope 3 (2.5M, 7.3 mL, 18 mmol, 1.04 equiv.), methyl isobutyrate (2.0 mL, 17
Me mmol, 1.0 equiv.), DMPU (4.2 mL, 35 mmol, 2.0 equiv.) and
Chemical Formula: C,4Hs00,8i  Chlorotriisopropylsilane (3.9 mL, 18 mmol, 1.04 equiv.) in THF (35 mL) for
Molecular Weight: 258.4770 3 h. The crude oil was purified by distillation (1 mbar, 100 — 115 °C) to

afford a colorless liquid (2.8 g, 10 mmol, 62%).

1H NMR (400 MHz, CDCls): 8 3.56 (s, 3H, OCHs), 1.57 (s, 6H, 2xCH3), 1.22 — 1.04 (m, 21H,
TIPS).

13C NMR (101 MHz, CDCls): 6 150.9,91.2, 58.3, 18.0, 17.2, 16.5, 12.9.

NMR spectra are in agreement with the reported data.’

2.2. Synthesis of indole derivatives

The Figure S1 discloses the commercially available 1-methylindole derivatives and the TBS-
protected indoles already prepared by our group. The data of 2b and 2m are disclosed below and
were taken from our original publication.*

commercially available

Me .

Br 1

N N N N
Me Me Me Me.

2a 2f 2g 2q 1

Figure S1. Commercially available 1-methylindole derivatives and TBS-protected indole reported by
our group.

Most of the indole derivatives were prepared by alkylation and silylation of the corresponding free
indole as depicted in Scheme S2.

R? R?
' NaH, R3l or R3Br '
R1_ \ R1_ \
N DMForTHF, 0°Ctort N
H 1hto 16 h k3

Scheme S2. Alkylation and silylation of indole derivatives.
General procedure (B) for the methylation, benzylation or alkylation of indoles

A solution of indole (1.0 equiv.) in anhydrous DMF or THF (0.3 M) was added dropwise to a stirred
suspension of NaH (60% dispersion in mineral oil, 1.2 to 3.0 equiv.) in DMF or THF at 0 ¢C. The
mixture was allowed to slowly warm up to rt over 15 min, and iodomethane (or iodide or 4-
methoxybenzyl bromide) (1.05 to 1.5 equiv.) was added dropwise at 0 °C. The resulting mixture was
then allowed to reach rt and stirred for 1 h (or when full conversion was observed by TLC). The



reaction was then quenched at 0 °C with a sat. aqueous solution of NH4Cl and extracted with diethyl
ether or EtOAc. The combined organic layers were washed with water and brine, dried over
anhydrous Na,SO,, filtered off and concentrated under reduced pressure. The crude indole was then
purified by flash chromatography.

Characterization of indole derivatives

general procedure B from indole (0.58 g, 5.00 mmol, 1.0 equiv), NaH
(0.60 g, 15.0 mmol, 3 equiv) tert-butylchlorodimethylsilane (0.90 g, 6.00
Chemical Formula: GHy;NSi mmol, 1.2 equiv) |n-THF (7 mL) for 12 h. The crude was purified by flash
Molecular Weight: 231.4140  chromatography using pent/EtOAc 40:1 to afford 1-(Tert
butyldimethylsilyl)-1H-indole (2b) (1.08 g, 4.67 mmol, 93% yield) as white

\ 1-(Tert-butyldimethylsilyl)-1H-indole (2b): Prepared according to the

solid.

Rf = 0.42 (pentane).

'H NMR (400 MHz, CDCl3): 6 7.64 (d, J = 7.9 Hz, 1H, ArH), 7.52 (d, J = 8.2 Hz, 1H, ArH), 7.19 (d, J = 3.2
Hz, 1H, ArH), 7.18 — 7.08 (m, 2H, ArH), 6.62 (d, J = 3.1 Hz, 1H, ArH), 0.94 (s, 9H, SiC(CHs)3), 0.61 (s, 6H,
2 x SiCHs3).

1H NMR spectrum is in agreement with the reported data.*

1-Benzylindole (2c): Prepared according to the general procedure B from
©\/I\> 2¢ indole (2.0 g, 17 mmol, 1.0 equiv.), NaH (1.0 g, 26 mmol, 1.5 equiv.) and

B benzyl bromide (2.5 mL, 20 mmol, 1.2 equiv.) in DMF (34 mL) for 1 h. The
Chemical Formula: C,sH,N  Crude was purified by flash chromatography using pent/Et,0 97:3 to afford
Molecular Weight: 207.2760  2c as a beige solid (3.2 g, 15 mmol, 89%).

Rf = 0.9 (pent/Et20 9:1).

'H NMR (400 MHz, CDCls): 6 7.68 — 7.63 (m, 1H, ArH), 7.40 — 7.22 (m, 4H, ArH), 7.21 —
7.08 (m, 5H, ArH), 6.56 (d, J = 3.1 Hz, 1H, ArH), 5.34 (s, 2H, CH>).

IH NMR spectrum is in agreement with the reported data.’

N 1-(4-Methoxybenzyl)-indole (2d): Prepared according to the general
©\/N> 2d procedure B from indole (0.13 g, 1.1 mmol, 1.0 equiv.), NaH (52 mg, 1.3

PMB mmol, 1.2 equiv.) and 4-methoxybenzyl bromide (0.19 mL, 1.3 mmol, 1.2
Chemical Formula: C4gH1sNO  €quiv.) in DMF (5.4 mL) for 1 h. The crude was purified by flash
Molecular Weight: 237.3020  chromatography using pent/Et,0 95:5 to afford 2d as a colorless oil (195
mg, 822 umol, 75%).

Rf = 0.9 (pent/Et.0 9:1).

IH NMR (400 MHz, CDCls): & 7.69 — 7.66 (m, 1H, ArH), 7.33 (d, J = 8.2 Hz, 1H, ArH), 7.23
—7.07 (m, 5H, ArH), 6.88 — 6.82 (m, 2H, ArH), 6.58 — 6.55 (m, 1H, ArH), 5.27 (s, 2H, CH>),
3.79 (s, 3H, CHa).

13C NMR (101 MHz, CDCls): 6 159.2, 136.3, 129.6, 128.9, 128.3, 128.2, 121.7, 121.1, 119.6,
114.2, 109.8, 101.6, 55.4, 49.7.

HRMS (APCI/QTOF) m/z: [M + H]" Calcd for C16H1sNO™ 238.1226; Found 238.1228.

NMR spectra are in agreement with the reported data.®



1-(2-((tert-Butyldimethylsilyl)oxy)ethyl)-indole (2e):

|- \OTBS Prepared according to the general procedure B from
@E’} NaH @E} 20 indole 10 (0.20 g, 1.7 mmol, 1.0 equiv.), NaH (75 mg, 1.9
H  DMF rt,16h mmol, 1.1 equiv.) and iodide’ (0.54 g, 1.9 mmol, 1.1

10
equiv.) in DMF (5.7 mL) for 16 h. The crude was purified
OTBS

_ by flash chromatography using pent/Et,0 97:3 to afford
Chemical Formula: C1gH5NOSi .
Molecular Weight: 2754670  2€ as a colorless oil (396 mg, 1.44 mmol, 84%).

Rf =0.79 (pent/Et.0 9:1).

!H NMR (400 MHz, CDCls): § 7.66 — 7.63 (m, 1H, ArH), 7.37 (d, J = 8.2 Hz, 1H, ArH), 7.22
(ddd, J=8.2,7.0, 1.2 Hz, 1H, ArH), 7.16 (d, J = 3.0 Hz, 1H, ArH), 7.12 (ddd, J =7.9, 7.0, 1.0
Hz, 1H, ArH), 6.51 (d, J = 2.9 Hz, 1H, ArH), 4.25 (t, J = 5.7 Hz, 2H, CH>), 3.94 (t, J = 5.7 Hz,
2H, CH>), 0.86 (s, 9H, TBS), -0.10 (s, 6H, TBS).

13C NMR (101 MHz, CDCls): & 136.2, 128.8 (2C), 121.4, 121.0, 119.3, 109.4, 101.1, 62.5,
48.8, 26.0, 18.4, -5.5.

HRMS (ESI/QTOF) m/z: [M + H]* Calcd for C16H26NOSi* 276.1778; Found 276.1778.

NMR spectra are in agreement with the reported data.?

3-(2-((tert-Butyldimethylsilyl)oxy)ethyl)-1-methylindole (2h)

OH OTBS OTBS
N\ TBSCI, imidazole N\ NaH, Mel N\
N THF, rt,2 h N DMF, 0°Ctort, 1h N

2h
H 79% H 96% Me
1" 12 . .
Chemical Formula: C17H,7NOSi
Molecular Weight: 289.4940

Tryptophol 11 (0.50 g, 3.1 mmol, 1 equiv.) was dissolved in dry THF (10 mL). Imidazole (232 mg, 3.41
mmol, 1.1 equiv.) and tert-butylchlorodimethylsilane (514 mg, 3.41 mmol, 1.1 equiv.) were added in
one portion at rt. The reaction mixture was stirred at rt for 2 h and was diluted with EtOAc. The
organic layer was washed with water and brine, dried over Na,SO,, filtered off and concentrated
under reduced pressure. The yellow oil was purified by flash chromatography using pent/Et,0 90:10
to afford 12 as a colorless oil which was used directly in the next step. According to the general
procedure B from indole 12 (672 mg, 2.44 mmol, 1.0 equiv.), NaH (107 mg, 2.68 mmol, 1.1 equiv.)
and Mel (167 pL, 2.68 mmol, 1.1 equiv.) in DMF (8 mL) for 1 h. The crude was purified by flash
chromatography using pent/Et,0 98:2 to afford 2h as a colorless oil (675 mg, 2.33 mmol, 75% for two
steps).

Rf =0.79 (pent/Et.0 9:1).

!H NMR (400 MHz, CDCls): § 7.59 (d, J = 7.9 Hz, 1H, ArH), 7.28 (d, J = 8.3 Hz, 1H, ArH),
7.21(t,J=7.6 Hz, 1H, ArH), 7.10 (t, J = 7.4 Hz, 1H, ArH), 6.89 (s, 1H, ArH), 3.86 (t, J=7.5
Hz, 2H, CH>), 3.74 (s, 3H, CHs), 2.98 (t, J = 7.5 Hz, 2H, CH>), 0.91 (s, 9H, TBS), 0.04 (s, 6H,
TBS).

'H NMR spectrum is in agreement with the reported data.’

3-(2-Bromoethyl)-1-methylindole (14)

N
N\ NaH Mel @EC\ Br,, PPhg, imidazole @EC NaN; @E\C\ 3
” DMF, 0°Ctort,1h DCM,0°Ctort, 16 h acetone/H,0, rt, 2 d N
2 Me
i

1" 70% 37% 92%

Chemical Formula: Cy4H{,BrN
Molecular Weight: 238.1280



Prepared according to the general procedure B from tryptophol 11 (500 mg, 3.10 mmol, 1.0 equiv.),
NaH (372 mg, 9.30 mmol, 3.0 equiv.) and Mel (193 pL, 3.10 mmol, 1.0 equiv.) in DMF (10 mL) for 1 h.
The crude was purified by flash chromatography using pent/EtOAc 80:20 to afford alcohol 13 as a
colorless oil (381 mg, 2.17 mmol, 70%). Then, in a 10 mL RBF, alcohol 13 (316 mg, 1.80 mmol, 1.0
equiv.), triphenylphosphine (473 mg, 1.80 mmol, 1.0 equiv.) and imidazole (123 mg, 1.80 mmol, 1.0
equiv.) were diluted in 18 mL of dry DCM. Br; (93 pL, 1.8 mmol, 1.0 equiv.) was added dropwise at 0
°C. The reaction mixture was allowed to reach room temperature and was stirred o/n. Then, a
saturated aqueous solution of Na,S,03; was added. The aqueous layer was extracted with DCM. The
combined organic layers were washed with a saturated aqueous solution of Na,$,0s5 and brine, dried
over MgS0,4 and concentrated under reduced pressure. The crude was purified by flash
chromatography using pent/Et,0 98:2 to 97:3 to afford 14 as a colorless oil (159 mg, 667 pmol, 37%).

Rf = 0.8 (pentane/EtOAC 9:1).

IH NMR (400 MHz, CDCls): & 7.58 (d, J = 7.9 Hz, 1H, ArH), 7.31 (d, J = 8.2 Hz, 1H, ArH),
7.25-7.21(m, 1H, ArH), 7.16 — 7.10 (m, 1H, ArH), 6.95 (s, 1H, ArH), 3.77 (s, 3H, CHa), 3.62
(t, J = 7.7 Hz, 2H, CHy), 3.33 (t, J = 7.7 Hz, 2H, CHy).

13C NMR (101 MHz, CDCls): § 137.1, 127.5, 127.1, 121.9, 119.2, 118.7, 112.0, 109.5, 33.2,
32.8, 29.4.

HRMS (ESI/QTOF) m/z: [M + H]* Calcd for C11H13"°BrN* 238.0226; Found 238.0228.

3-(2-Azidoethyl)-1-methylindole (2i): To a solution of bromide 14 (127 mg,
@ECM 533 umol, 1 equiv.) in a mixture of acetone/water 4:1 (5 mL) was added
N, sodium azide (104 mg, 1.60 mmol, 3.0 equiv.) and the mixture was stirred
Me for two days at rt. DCM was added to the reaction mixture and the organic

Chemical Formula: C41H15Ny4

Molecular Weight: 200.2450 layer was separated. The aqueous layer was extracted with DCM and the

combined organic layers were washed with brine, dried over Na,SO, and
concentrated under reduced pressure. The crude azide 2i (98 mg, 0.49 mmol, 92%) was pure enough
and did not require any purification.

Rf = 0.6 (pent/Et20 96:4).

'H NMR (400 MHz, CDCl3) & 7.58 (dt, J = 7.9, 1.0 Hz, 1H, ArH), 7.31 (d, J = 8.2 Hz, 1H,
ArH), 7.27 — 7.20 (m, 1H, ArH), 7.17 — 7.08 (m, 1H, ArH), 6.93 (s, 1H, ArH), 3.77 (s, 3H,
CHa), 3.56 (t, J = 7.3 Hz, 2H, CHy), 3.06 (t, J = 7.3 Hz, 2H, CH>).

H NMR spectrum is in agreement with the reported data.’®

Me 1,2,3-Trimethylindole (2j): Prepared according to the general procedure B
CE\nge from 2,3-dimethylindole (420 mg, 2.89 mmol, 1.0 equiv.), NaH (139 mg, 3.47

N 2 mmol, 1.2 equiv.) and Mel (189 L, 3.04 mmol, 1.05 equiv.) in DMF (7 mL) for

Me 1 h. The crude was purified by flash chromatography using pent/Et,0 97:3 to

Chemical Formula: C1H1sN - £ rd 2j as a colorless oil (415 mg, 2.6 mmol, 90%).
Molecular Weight: 159.2320

Rf = 0.87 (pent/Et.0O 9:1).

!H NMR (400 MHz, CDCl3): & 7.49 (d, J = 7.7 Hz, 1H, ArH), 7.25 — 7.22 (m, 1H, ArH), 7.17
—7.12 (m, 1H, ArH), 7.10 — 7.05 (m, 1H, ArH), 3.65 (s, 3H), 2.35 (s, 3H, CHz), 2.26 (s, 3H,
CHa).

'H NMR spectrum is in agreement with the reported data.!?



9-Methyl-2,3,4,9-tetrahydrocarbazole (2k): Prepared according to the
@E\Q general procedure B from 1,2,3,4-tetrahydrocarbazole (300 mg, 1.75 mmol,
N 2k 1.0 equiv.), NaH (84 mg, 2.10 mmol, 1.2 equiv.) and Mel (115 uL, 1.84
Me mmol, 1.05 equiv.) in DMF (6 mL) for 1 h. The crude was purified by flash

Chemical Formula: C13H1sN  chromatography using pent/Et,0 98:2 to afford 2k as a colorless oil (317
Molecular Weight: 185.2700
mg, 1.71 mmol, 95%).

Rf = 0.83 (pent/Et.0 9:1).

'H NMR (400 MHz, CDCls): 6 7.47 (d, J = 7.7 Hz, 1H, ArH), 7.24 (s, 1H, ArH), 7.18 - 7.12
(m, 1H, ArH), 7.09 — 7.04 (m, 1H, ArH), 3.62 (s, 3H, CHa), 2.76 — 2.67 (m, 4H, 2xCH>), 1.99
—1.91 (m, 2H, CH2), 1.90 — 1.82 (m, 2H, CH>).

'H NMR spectrum is in agreement with the reported data.?

from 7-methylindole (400 mg, 3.05 mmol, 1.0 equiv.), NaH (146 mg, 3.66
Me Me mmol, 1.2 equiv.) and Mel (199 uL, 3.20 mmol, 1.05 equiv.) in DMF (8 mL)
Chemical Formula: CoHyiN for 1 h. The crude was purified by flash chromatography using pent/Et,0
Molecular Weight: 145.2050  95:5 to afford 2l as a colorless oil (440 mg, 3.03 mmol, quant.).

@ 1,7-Dimethylindole (2l): Prepared according to the general procedure B
2|
N

Rf =0.79 (pent/Et.0 9:1).

'H NMR (400 MHz, CDCls): § 7.50 — 7.43 (m, 1H, ArH), 7.02 — 6.89 (m, 3H, ArH), 6.47 —
6.41 (m, 1H, ArH), 4.07 (s, 3H, CH3), 2.78 (s, 3H, CH3).

'H NMR spectrum is in agreement with the reported data.?

1-(Tert-butyldimethylsilyl)-1,6,7,8-tetrahydrocyclopenta[glindole (2m):
N Prepared according to the general procedure B from 1,6,7,8-
N\TBS 2m tetrahydrocyclopenta[g]indole (0.47 g, 3.0 mmol, 1.0 equiv), NaH (0.36 g,
Chemical Formula: GrotaeNS 9.0 mmol, 3.0 equiv) and tert-butylchlorodimethylsilane (0.68 g, 4.5
Molecular Weight': 9714790 Mmol, 1.5 equiv) in THF (9 mL) for 12 h. The crude was purified by flash
chromatography using pent/EtOAc 20:1 to afford 2m (0.74 g, 2.7 mmol,
91%) as white solid.

Rf = 0.40 (pentane).

m. p. =53.8-54.8 °C;

!H NMR (400 MHz, CDCls) 6 7.45 (d, J= 7.8 Hz, 1H, ArH), 7.22 (d, J = 3.2 Hz, 1H, ArH), 7.08 (d, /= 7.8
Hz, 1H, ArH), 6.61 (d, J = 3.2 Hz, 1H, ArH), 3.18 (t, / = 7.2 Hz, 2H, CH,CH,CH5), 3.01 (t, J = 7.4 Hz, 2H,
CH>CH,CH,), 2.12 (p, J = 7.3 Hz, 2H, CH,CH>CH>), 0.91 (s, 9H, SiC(CHs)s), 0.62 (s, 6H, 2 x SiCH3).

13C NMR (101 MHz, CDCI3) 6§ 139.1, 138.6, 131.8, 131.2, 126.8, 118.7, 117.3, 105.2, 34.5, 33.3, 26.6,
26.0, 19.6, -1.0.

IR (film) ¥ 2952 (m), 2934 (m), 2891 (w), 2860 (m), 1528 (w), 1466 (m), 1411 (m), 1294 (w), 1263 (m),
1214 (w), 1133 (m), 1084 (m), 1022 (w), 838 (m), 807 (s), 720 (m).

HRMS (ESI) m/z: [M+H]* Calcd for C17H26NSi* 272.1829; found 272.1828.

N 6-Methoxy-1-methylindole (2n): Prepared according to the general
" o/©\/’\> 2n  procedure B from 6-methoxyindole (400 mg, 2.72 mmol, 1.0 equiv.), NaH
e

Me (130 mg, 3.26 mmol, 1.2 equiv.) and Mel (178 puL, 2.85 mmol, 1.05 equiv.)
Chemical Formula: C4qHyNO in DMF (7 mL) for 1 h. The crude was purified by flash chromatography
Molecular Weight: 161.2040  \sing pent/Et,0 95:5 to afford 2n as a colorless oil (356 mg, 2.21 mmol,
81%).

Rf = 0.45 (pent/Et20 9:1).



IH NMR (400 MHz, CDCls): § 7.51 — 7.47 (m, 1H, ArH), 6.95 (s, 1H, ArH), 6.81 — 6.77 (m,
2H, ArH), 6.41 (brs, 1H, ArH), 3.89 (s, 3H, CHs), 3.74 (s, 3H, CHs).

'H NMR spectrum is in agreement with the reported data.’*

2-(1-Methyl-1H-indol-5-yl)isoindoline-1,3-dione (20): 5-aminoindole 15 (200 mg, 1.51 mmol, 1

0 equiv.) and phthalimic anhydride (247 mg,
HN 1. phthalic anhydride \ 1.66 mmOl, 1.1 eqUiV.) were heated under
2 m toluene, reflux 2 h m reflux in 5 mL of dry toluene with a dean-
H 2. NaH, Mel, DMF, rt © N stark apparatus for 2 h. The mixture was
20 Me

then cooled to rt and the beige solid was
filtered off and rinsed 3 times with
toluene. The crude solid was directly used

15
Chemical Formula: C47H415N>05

Molecular Weight: 276.2950

in the next step.

According to the general procedure A from previously prepared indole (252 mg, 961 umol, 1.0 equiv.)
NaH (57 mg, 1.4 mmol, 1.5 equiv.), Mel (90 puL, 1.4 mmol, 1.5 equiv.) in DMF (3 mL) for 1h. The crude
product was purified by flash chromatography (pent/EtOAc 85:15) to afford 20 as white solid (162
mg, 586 umol, 39%, two steps).

Rf = 0.69 (DCM).

m. p. = 214 — 214 °C.

IH NMR (400 MHz, DMSO-ds): 8 7.98 — 7.93 (m, 2H, ArH), 7.92 — 7.87 (m, 2H, ArH), 7.58
(d, J = 1.7 Hz, 1H, ArH), 7.54 (d, J = 8.7 Hz, 1H, ArH), 7.43 (d, J = 3.0 Hz, 1H, ArH), 7.17
(dd, J = 8.7, 1.9 Hz, 1H, ArH), 6.51 (dd, J = 3.1, 0.8 Hz, 1H, ArH), 3.84 (s, 3H, CHa).

13C NMR (101 MHz, DMSO-ds): & 167.7, 135.7, 134.5, 131.7, 130.9, 127.8, 123.3, 123.3,
120.7, 119.8, 109.8, 100.7, 32.7.

HRMS (ESI/QTOF) m/z: [M + H]* Calcd for C17H13N20," 277.0972; Found 277.0971.

cl 5-Chloro-1-methylindole (2p): Prepared according to the general procedure
m 2p B from 5-chloroindole (445 mg, 2.94 mmol, 1.0 equiv.), NaH (141 mg, 3.52
NMe mmol, 1.2 equiv.) and Mel (192 uL, 3.08 mmol, 1.05 equiv.) in DMF (7 mL)
Chemical Formula: CgHgCIN for 1 h. The crude was purified by flash chromatography using pent/Et,0
Molecular Weight: 165.6200  95:5 to afford 2p as a colorless oil (432 mg, 2.61 mmol, 89%).

Rf = 0.67 (pent/Et.0 9:1).

'H NMR (400 MHz, CDCls): 6 7.58 (d, J = 2.0 Hz, 1H, ArH), 7.23 (d, J = 8.7 Hz, 1H, ArH),
7.17 (dd, J = 8.7, 2.0 Hz, 1H, ArH), 7.07 (d, J = 3.0 Hz, 1H, ArH), 6.42 (d, J = 3.0 Hz, 1H,
ArH), 3.78 (s, 3H, CHa).

IH NMR spectrum is in agreement with the reported data.’®

6-Bromo-1-methylindole (2r): Prepared according to the general procedure
m 2r B from 6-bromo-1H-indole (266 mg, 1.36 mmol, 1.0 equiv.), NaH (65 mg, 1.6
Br NMe mmol, 1.2 equiv.) and Mel (88 pL, 1.42 mmol, 1.05 equiv.) in DMF (3 mL) for
Chemical Formula: CgHgBrN 1 h. The crude was purified by flash chromatography using pent/Et,0 95:5
Molecular Weight: 210.0740  t4 afford 2r as a colorless oil (246 mg, 1.17 mmol, 84%).

Rf =0.71 (pent/Et20 9:1).

'H NMR (400 MHz, CDCls): 8 7.53 — 7.46 (m, 2H, ArH), 7.26 — 7.19 (m, 1H, ArH), 7.03 (d,
J=3.1Hz, 1H, ArH), 6.47 (d, J = 3.0 Hz, 1H, ArH), 3.75 (s, 3H, CHj3).

13C NMR (101 MHz, CDCls): 6 137.6, 129.6, 127.4, 122.6, 122.2, 115.2, 112.4, 101.3, 33.0.
NMR spectra are in agreement with the reported data.*®



F 4-Fluoro-1-methylindole (2s): Prepared according to the general
@ 2 procedure B from 4-fluoroindole (303 mg, 2.24 mmol, 1.0 equiv.), NaH
N (108 mg, 2.69 mmol, 1.2 equiv.) and Mel (147 pL, 2.35 mmol, 1.05 equiv.)
Me in DMF (5.6 mL) for 1 h. The crude was purified by flash chromatography

Chemical Formula: CgHgFN . . .
Molecular Weight: 149.1684 ;;l(;g)g pent/Et,0 97:3 to afford 2s as a colorless oil (291 mg, 1.95 mmol,
0).

Rf =0.79 (pent/Et.0 9:1).

'H NMR (400 MHz, CDCls): § 7.21 — 7.11 (m, 2H, ArH), 7.04 (d, J = 3.1 Hz, 1H, ArH), 6.83
(ddd, J = 10.4, 7.5, 1.1 Hz, 1H, ArH), 6.62 (dd, J = 3.1, 0.8 Hz, 1H, ArH), 3.80 (s, 3H, CHa).
13C NMR (101 MHz, CDCls): 6 156.5 (d, J = 246.8 Hz), 139.5 (d, J = 11.7 Hz), 128.8, 122.1
(d, J=7.8 Hz), 117.5 (d, J = 22.6 Hz), 105.5 (d, J = 3.6 Hz), 104.2 (d, J = 19.1 Hz), 97.1, 33.2.
F NMR (376 MHz, CDCls) § -122.2 —-122.3 (m)

IR (Vmax, cm™) 3032 (w), 1501 (m), 1289 (m), 1229 (s), 975 (m), 734 (s).

HRMS (ESI/QTOF) m/z: [M + H]* Calcd for CoHoFN™ 150.0714; Found 150.0711.

1-Methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-indole (2t):

BPin
Prepared according to the general procedure B from 4-(4,4,5,5-
’\? 2t tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-indole (299 mg, 1.23 mmol, 1
Me equiv.), NaH (74 mg, 1.8 mmol, 1.5 equiv.) and Mel (80 pL, 1.3 mmol,

Chemical Formula: C15H20BNO,  1.05 equiv.) in THF (6 mL) for 1 h. The crude was purified by flash
Molecular Weight: 257,14 chromatography using pent/Et,0 95:5 to afford 2t as a colorless oil (226
mg, 879 umol, 73%).

Rf = 0.64 (pentane/Et20 9:1).

IH NMR (400 MHz, CDCl3): & 7.65 (d, J = 7.0 Hz, 1H, ArH), 7.44 (d, J = 8.2 Hz, 1H, ArH),
7.25 (dd, J = 8.2, 7.0 Hz, 1H, ArH), 7.11 (d, J = 2.5 Hz, 1H, ArH), 6.99 (d, J = 3.0 Hz, 1H,
ArH), 3.81 (s, 3H, CHs), 1.41 (s, 12H, 4xCHg).

13C NMR (101 MHz, CDCls): & 136.2, 133.3, 129.4, 127.5 (2C), 120.9, 112.2, 103.0, 83.5,
32.9, 25.1.

HRMS (ESI/QTOF) m/z: [M + H]" Calcd for C15sH2:BNO," 258.1660; Found 258.1668.

1-Methyl-6-(trifluoromethyl)indole (2u): Prepared according to the
/©E\> 2u  general procedure B from 6-(trifluoromethyl)indole (305 mg, 1.65 mmol,
FsC Nl\/le 1.0 equiv.), NaH (79 mg, 1.97 mmol, 1.2 equiv.) and Mel (108 uL, 1.73
Chemical Formula: C1qHgFsN  mmol, 1.05 equiv.) in DMF (4 mL) for 1 h. The crude was purified by flash
Molecular Weight: 199.1762 - romatography using pent/Et,0 97:3 to afford 2u as a colorless oil (301
mg, 1.51 mmol, 94%).

Rf =0.79 (pent/Et.0O 9:1).

!H NMR (400 MHz, CDCl3): & 7.73 (d, J = 8.3 Hz, 1H, ArH), 7.65 — 7.63 (m, 1H, ArH), 7.39
(dd, J = 8.3, 1.6 Hz, 1H, ArH), 7.20 (d, J = 3.1 Hz, 1H, ArH), 6.58 (dd, J = 3.1, 0.9 Hz, 1H,
ArH), 3.83 (s, 3H, CHa).

13C NMR (101 MHz, CDCls): § 135.7, 131.6, 130.9, 125.5 (q, J = 271.4 Hz), 123.7 (9, J = 31.9
Hz), 121.3, 116.0 (g, J = 3.5 Hz), 106.9 (q, J = 4.5 Hz), 101.4, 33.0.

9F NMR (376 MHz, CDCl;) § -60.4.

IR (Vmax, cm™) 3037 (w), 1351 (s), 1299 (s), 1160 (s), 1114 (s).

HRMS (ESI/QTOF) m/z: [M + H]" Calcd for C10HoF3N™ 200.0682; Found 200.0675.

2.1. Synthesis of D-A aminocyclopropanes



2.1.1. Synthesis of vinyl sulfonamides

The vinyl sulfonamides were prepared by a two-step procedure as shown with N-vinyl-N-methyl-p-
toluenesulfonamide 18 in Scheme S3. This procedure was applied to other compounds.

K,CO3
1,2-dibromoethane Me, M
MeTsNH NTs ﬂ» e\NT Chemical Formula: C4gH3NO,S
MeCN, reflux, 2 d /—/ THF, 0°C,1h —/ Molecular Weight: 211.2790
16 Br 17 18

Scheme S3. Synthesis of N-vinyl-N-methyl-p-toluenesulfonamide 18.
General procedure C for the gram scale synthesis of vinyl sulfonamides

A mixture of N-methyl-p-toluene sulphonamide 16 (8.46 g, 45.7 mmol, 1.0 equiv.), 1,2-
dibromoethane (39.5 mL, 457 mmol, 10.0 equiv.) and K,COs (18.9 g, 137 mmol, 3.0 equiv.) in CHsCN
was refluxed for 2 or 3 days. The mixture was then filtered off and concentrated under reduced
pressure. The crude product was purified by flash chromatography (pentane/EtOAc 85:15) to afford
17 as a yellow oil (11.9 g, 89%).

Then, to a stirred solution of N-(2-bromoethyl)-N-methyl-p-toluenesulfonamide 17 (11.9 g, 40.7
mmol, 1.0 equiv.) in THF (80 mL) was added tBuOK (6.9 g, 61 mmol, 1.5 equiv.) at 0 °C. The resulting
pale-yellow solution was allowed to stir for 1 h at 0 °C before H,O was added at 0 °C. The aqueous
layer was extracted with Et,0 and the combined organic layers were washed with brine, dried over
Na,S0,, filtered off and evaporated to dryness. The crude vinyl sulfonamide 18 was pure enough
without further purification and was obtained as white crystal (7.3 g, 34 mmol, 83%).

Rf = 0.75 (pent/EtOAC 4:1).

IH NMR (400 MHz, CDCls): 5 7.64 (d, J = 8.4 Hz, 2H, Ts), 7.30 (d, J = 8.0 Hz, 2H, Ts), 7.00
(dd, J =15.6, 9.0 Hz, 1H, CH), 4.33 (dd, J = 9.0, 1.4 Hz, 1H, CH>), 4.18 (dd, J = 15.6, 1.4 Hz,
1H, CH?2), 2.86 (s, 3H, CH3), 2.42 (s, 3H, CH3).

13C NMR (101 MHz, CDCl3): 6 143.9, 134.7, 133.7, 129.8, 126.9, 93.3, 31.3, 21.5.

HRMS (ESI/QTOF) m/z: [M + H]* Calcd for C10H14NO,S* 212.0740; Found 212.0742.
NMR spectra are in agreement with the reported data.’

N-Benzyl-4-methyl-N-vinylbenzenesulfonamide (19): Prepared
( according to the general procedure C from N-benzyl-4-
—/ methylbenzenesulfonamide (2.5 g, 9.6 mmol, 1.0 equiv.) using 1,2-

Chemical Formula: C4¢H47NO,S  dibromoethane (8.3 mL, 96 mmol, 10.0 equiv.), K,COs (4.0 g, 28.7 mmol,

Molecular Weight: 287.3770 3  equiv.) in MeCN (10 mL) for 2 days. After purification of the bromide
by flash chromatography using pent/EtOAc 85:15, the elimination was performed using KOtBu (1.6 g,
14 mmol, 1.5 equiv.) in THF (32 mL) for 1 h. The vinyl sulfonamide 19 was obtained as white crystal
without further purification (2.3 g, 8.0 mmol, 84%, two steps).

Rf = 0.86 (pent/EtOAC 9:1).

m. p. =103.3 - 104.4 °C.

'H NMR (400 MHz, CDCls): § 7.69 — 7.65 (m, 2H, Ts), 7.31 — 7.18 (m, 7H, Ts, ArH), 6.95
(dd, J=15.7,9.2 Hz, 1H, CH), 4.51 (s, 2H, CH2), 4.24 (dd, J = 9.2, 1.5 Hz, 1H, CHy), 4.12 (dd,
J=15.7, 1.5 Hz, 1H, CH>), 2.40 (s, 3H, CHs).

13C NMR (101 MHz, CDCls): § 144.0, 136.2, 135.6, 132.2, 130.0, 128.6, 127.5, 127.0, 126.9,
94.7,48.9, 21.7.



IR (Vmax, cm'%) 3060 (M), 1625 (s), 1354 (s), 1319 (s), 1163 ().
HRMS (ESI/QTOF) m/z: [M + H]* Calcd for C16H1sNO>S* 288.1053; Found 288.1056.

Ph N-Benzyl-4-nitro-N-vinylbenzenesulfonamide (20): Prepared
<N—§//O according to a slightly modified general procedure C from N-
—/ benzyl-4-nitrobenzenesulfonamide® (432 mg, 1.48 mmol, 1.0
20 Q equiv.), 1,2-dibromoethane (1.30 mL, 14.8 mmol, 10.0 equiv.),
NO, K2CO3 (613 mg, 4.43 mmol, 3.0 equiv.) in MeCN (2 mL). The crude

Chmlieci;?W::;ﬁféﬂ?ﬁﬁ%s bromide was not purified and was used directly in the elimination
using tBuOK (332 mg, 2.96 mmol, 2.0 equiv.) in THF (10 mL) at -

78 °C for 2 h. The crude was purified by flash chromatography using pent/EtOAc 90:10 to

afford vinyl sulfonamide 20 as white solid (271 mg, 567 pumol, 57%).

Rf = 0.48 (pentane/EtOAC 9:1).

m. p. =116 - 117.5 °C.

'H NMR (400 MHz, CDCls): 6 8.36 — 8.30 (m, 2H, Ns), 7.97 — 7.91 (m, 2H, Ns), 7.32 - 7.21

(m, 5H, ArH), 6.94 (dd, J =15.7, 9.2 Hz, 1H, CH), 4.61 (s, 2H, CH>), 4.42 (dd, J = 9.2, 1.8 Hz,

1H, CH>), 4.32 (dd, J = 15.7, 1.8 Hz, 1H, CH>).

13C NMR (101 MHz, CDCls): 6 150.3, 144.7, 134.7, 131.5, 128.8, 128.3, 127.9, 127.1, 124.6,

96.8, 49.1.

IR (Vmax, cm™) 3107 (m), 2963 (m), 1531 (s), 1349 (s), 1165 (s), 741 (s).

HRMS (ESI/QTOF) m/z: [M + Na]* Calcd for C15H14N2NaO4S* 341.0566; Found 341.0565.

Internal vinyl sulfonamide 24 was synthesized from a literature procedure through a

metathesis reaction (Scheme S4).1°

1. TsNH 2, K2CO3

acetone, 60 °C, 16 h KOtBu

BW TS\N/\/\/ - TS‘NW
r 2. K,CO3 THF, 0°C,1h
21 1,2-dibromoethane, H 22 97% K 23
MeCN, reflux,3 d .

45% (two steps) B
H.-G. cat. (Il)
24 NTs

DCM,rt, 1 h
96%

Scheme S4. Synthesis of an internal vinyl sulfonamide.

N-(2-Bromoethyl)-4-methyl-N-(pent-4-en-1-yl)benzenesulfonamide (22): To an oven-dried RBF was

added 5-bromo-1-pentene 21 (3.0 mL, 25 mmol, 1.1 eq.), p-
B (N:s\: ’ toluenesulfonamide (3.9 g, 23 mmoles, 1.0 eq.), K,CO5 (6.4 g, 46
/ mmol, 2.0 eq.) and acetone (23 mL). The round bottom flask was

Chemical Formula: C14H20BrNO2S  heated to 60 °C. Upon completion of the reaction (16 h), the solution

Molecular Weight: 346.2830 . . . .

was cooled to rt, filtered through a plug of Celite and rinsed with

EtOAc, and concentrated under reduced pressure to afford the crude product. Purification of the
resulting crude residue by flash column chromatography (pent/EtOAc 80:20) afforded the desired
sulfonamide product (3.5 g, 15 mmol, 64%) which was directly used for the next step. According to
the general procedure C from sulfonamide (3.5 g, 15 mmol, 1 equiv.), 1,2-dibromoethane (12.8 mL,
147 mmol, 10.0 equiv.) and K,COs (6.1 g, 44 mmol, 3.0 equiv.) in CH3CN (15 mL) for 3 days. The crude
product was purified by flash chromatography using pentane/EtOAc 90:10 to afford 22 as a yellow oil
(3.6 g, 10 mmol, 71%)



Rf = 0.76 (pentane/EtOAC 9:1).

IH NMR (400 MHz, CDClg): & 7.71 — 7.65 (m, 2H, Ts), 7.34 — 7.27 (m, 2H, Ts), 5.82 — 5.67
(m, 1H, CH), 5.06 — 4.94 (m, 2H, CH>), 3.50 — 3.37 (m, 4H, CH2CHBr), 3.17 — 3.09 (m, 2H,
CHy), 2.42 (s, 3H, CH3), 2.08 — 2.01 (m, 2H, CHy), 1.69 — 1.57 (m, 2H, CH>).

13C NMR (101 MHz, CDCls): 6 143.7,137.2,136.2,129.9, 127.2, 115.6, 50.3, 49.3, 30.7, 29.6,
28.2, 21.6.

IR (Vmax, cm™) 3071 (m), 2935 (w), 1598 (m), 1446 (m), 1338 (s), 1156 (s), 915 (s), 730 ().
HRMS (ESI/QTOF) m/z: [M + H]* Calcd for C14H21"°BrNO2S* 346.0471; Found 346.0471.

(—\_ 4-Methyl-N-(pent-4-en-1-yl)-N-vinylbenzenesulfonamide (23): Prepared
according to the general procedure C from bromide 22 (3.4 g, 9.9 mmol,
1.0 equiv.) and tBuOK (1.5 mL, 12 mmol, 1.2 equiv.) in THF (50 mL) for 1
Chemical Formula: C14H1gNO2S b The crude vinyl sulfonamide 23 was pure enough without further
Molecular Weight: 265.3710 . . . .
purification and was obtained as a colorless oil (2.57 g, 9.68 mmol, 97%).

Rf = 0.86 (pentane/EtOAC 9:1).

'H NMR (400 MHz, CDCls): 6 7.64 (d, J = 8.3 Hz, 2H, Ts), 7.32 - 7.25 (m, 2H, Ts), 6.87 (dd,
J=15.8, 9.3 Hz, 1H, CH), 5.84 — 5.70 (m, 1H, CH), 5.06 — 4.94 (m, 2H, CH>), 4.32 (dd, J =
9.3, 1.4 Hz, 1H, CH), 4.23 (dd, J = 15.8, 1.3 Hz, 1H, CH>), 3.34 — 3.25 (m, 2H, NCH>), 2.40
(s, 3H, CHa), 2.11 - 2.02 (m, 2H, CHy), 1.73 — 1.63 (m, 2H, CH>).

13C NMR (101 MHz, CDCls): & 143.8, 137.4, 136.4, 132.2, 129.9, 126.9, 115.5, 92.9, 44.4,
30.9, 26.0, 21.6.

IR (Vmax, cm™) 3073 (w), 2937 (W), 1626 (m), 1352 (s), 1161 (s), 972 (s), 658 (S).

HRMS (ESI/QTOF) m/z: [M + H]" Calcd for C14H20NO,S™ 266.1209; Found 266.1208.

1-Tosyl-1,2,3,4-tetrahydropyridine (24): The H.-G. catalyst (second
QNTS 24 generation, 59 mg, 95 umol, 2.5 mol%) was added to a solution of vinyl
Chemical Formula: C1,H1sNO,S  sulfonamide 23 (1.0 g, 3.8 mmol, 1.0 equiv.) diluted in 38 mL of degassed
Molecular Weight: 237.3170  dry DCM (15 min by nitrogen sparging). The reaction was stirred at rt for
16 h and the solvent was evaporated. The crude was purified by flash chromatography using
pent/Et,0 90:10 to afford 24 as a colorless oil (872 mg, 3.67 mmol 96%).

Rf = 0.35 (pentane/EtOAC 9:1).

m. p. =59.1-60.9 °C.

'H NMR (400 MHz, CDCl3): 6 7.68 — 7.64 (m, 2H, Ts), 7.32 — 7.28 (m, 2H, Ts), 6.63 (dt, J =
8.4, 2.0 Hz, 1H, CH), 4.96 (dt, J = 8.4, 3.9 Hz, 1H, CH), 3.38 — 3.34 (m, 2H, NCH>), 2.42 (s,
3H, CH3), 1.94 — 1.86 (m, 2H, CH>), 1.69 — 1.61 (m, 2H, CH>).

13C NMR (101 MHz, CDCls): 6 143.7,135.2, 129.8, 127.2, 125.2, 108.4, 44.0, 21.7, 21.1, 21.0.
IR (Vmax, cm™) 3019 (w), 2935 (m), 1650 (m), 1344 (s), 1165 (s), 1105 (s), 965 (s), 929 (s).
HRMS (ESI/QTOF) m/z: [M + H]* Calcd for C1oH16NO>S* 238.0896; Found 238.0899.

N,4-Dimethyl-N-(prop-1-en-2-yl)benzenesulfonamide (26)

\
Br Cul, TMEDA, K,COj4 NTs
=+ TsNHMe
Me THF, 80 °C, 3d Me 26
72%
25 16

Chemical Formula: C44H45NO,S
Molecular Weight: 225.3060

According to a reported procedure initially described with vinyl bromide,® to a microwave vial fitted
with a magnetic stir bar was added N-methyl-p-toluenesulfonamide 16 (2.1 g, 11 mmol, 2.0 equiv.),



2-bromopropene 25 (500 uL, 5.63 mmol, 1.0 equiv.), copper(l) iodide (53 mg, 0.28 mmol, 5 mol%.),
N,N'-dimethylethylenediamine (60 puL, 0.56 mmol, 0.1 equiv.), KCO3 (1.55 g, 11.2 mmol, 2.0 equiv.)
and THF (5.6 mL). The vial was tightly sealed and heated to 80 °C for 3 days while maintaining a
vigorous stirring. Then, the mixture was filtered off through a pad of Celite, rinsing with EtOAc, and
the filtrate was concentrated under reduced pressure. The crude product was purified by flash
chromatography using pent/EtOAc 90:10 to afford 26 as a colorless oil (918 mg, 4.07 mmol, 72%).

Rf = 0.9 (pentane/EtOAC 4:1).

'H NMR (400 MHz, CD3CN): 6 7.67 — 7.63 (m, 2H, Ts), 7.40 — 7.36 (m, 2H, Ts), 4.81 — 4.79
(m, 1H, CHy), 4.51 (s, 1H, CH>), 2.92 (s, 3H, CHa), 2.41 (s, 3H, CHz3), 1.91 — 1.87 (m, 3H,
CHa).

13C )I\IMR (101 MHz, CD3sCN): 6 146.0, 144.9, 135.4, 130.5, 128.5, 109.9, 37.8, 22.3, 21.5.
IR (Vmax, cm™) 3035 (w), 2926 (W), 1344 (s), 1158 (s), 876 (s), 684 (S).

HRMS (ESI/QTOF) m/z: [M + Na]* Calcd for C11H1sNNaO.S* 248.0716; Found 248.0723.

4-Methyl-N-(2-(1-methylindol-3-yl)ethyl)-N-vinylbenzenesulfonamide (29)

1. K,CO4
1,2-dibromoethane
NH2 4 15, 1.7sCl, EteN, DCM NHTs MeCN, reflux, 2 d. NTs
\ AN
N 2. NaH, Mel, DMF TH2F PBOEBU1 A N
0, \
27H 69% 41% (two steps) Me 29

Chemical Formula: CygH25N,0,S
Molecular Weight: 354.4680

The indole-containing vinyl sulfonamide 28 was prepared from a reported procedure.?! According to
the general procedure C from sulfonamide 28 (2.1 g, 6.4 mmol, 1.0 equiv.), 1,2-dibromoethane (5.5
mL, 64 mmol, 10.0 equiv.) and K2COs (2.6 g, 19 mmol, 3.0 equiv.) in CH3sCN (6.4 mL) for 2 days. After
purification of the bromide by flash chromatography using pent/EtOAc 80:20, the elimination was
performed using tBuOK (645 mg, 5.75 mmol, 1.5 equiv.) in THF (20 mL) for 1 h. The vinyl sulfonamide
29 was obtained as white solid after a recrystallisation in diethyl ether (930 mg, 2.62 mmol, 41%).

Rf = 0.29 (pentane/EtOAC 9:1).

IH NMR (400 MHz, CDCl3) 6 7.71 — 7.65 (m, 2H, Ts), 7.62 (dt, J = 7.9, 1.0 Hz, 1H, ArH),
7.33-7.21 (m, 4H, Ts, ArH), 7.14 (ddd, J = 8.0, 6.8, 1.2 Hz, 1H, CH), 6.99 (dd, J = 15.6, 9.4
Hz, 1H, ArH), 6.89 (s, 1H, ArH), 4.46 — 4.41 (m, 2H, CH>), 3.73 (s, 3H, CH3), 3.63 — 3.56 (m,
2H, CHy), 3.10 — 3.04 (m, 2H, CH>), 2.39 (s, 3H, CHa).

13C NMR (101 MHz, CDCls) § 143.8, 137.1, 136.4, 132.2, 129.9, 127.7, 126.9, 126.9, 121.8,
119.1, 118.9, 111.0, 109.4, 92.6, 45.9, 32.7, 23.3, 21.6.

HRMS (ESI/QTOF) m/z: [M + H]* Calcd for CxH23N,0,S* 355.1475; Found 355.1476.

NMR spectra are in agreement with literature data.?*

2.1.2. Cyclopropanation of enamides

The aminocyclopropanes were synthesized by a copper-catalyzed cyclopropanation of the
corresponding protected enamines or the previously prepared vinyl sulfonamides (Scheme S5).
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Scheme S5. Cyclopropanation of vinyl sulfonamide.
General procedure D for the cyclopropanation

A two-necked RBF was charged with Cu(OTf) toluene complex (2 mol%) in a glovebox. Outside the
glovebox and under a nitrogen atmosphere, the enamine (1 equiv.) diluted in dry DCM was
introduced. The diazo reagent (1.2 to 8.0 equiv.) was introduced slowly (manually or via a syringe
pump) at rt or 0 °C for 1 to 2 h while the reaction was stirred moderately. When full conversion was
reached, the solvent was evaporated and the crude was purified by flash chromatography.

For some tosyl-protected aminocyclopropanes, the crude diastereomeric mixture obtained after the
cyclopropanation step could be converted to the pure trans isomer thanks to an isomerization under
acidic condition (TsOH.H,0). This operation was specified in the cyclopropanation procedure when
accomplished.

NPhth Ethyl 2-(1,3-dioxoisoindolin-2-yl)cyclopropane-1-carboxylate (1a):

7 1a Prepared according to the general procedure D from N-vinylphthalimide

CO,Et (0.50 g, 2.9 mmol, 1.0 equiv.), EDA (87%, 1.7 mL, 14 mmol, 5.0 equiv.),
Chemical Formula: C14H,gNO,  CU(OTf) toluene complex (30 mg, 58 umol, 2 mol%) in DCM (19 mL) for 1

Molecular Weight: 259.2610  h, The crude product was purified by flash chromatography using

pent/EtOAc 80:20 furnishing the aminocyclopropane as mixture of diastereomers (477 mg, 1.84
mmol, 63%, dr 64:36). The pure trans isomer 1a was finally obtained as a colorless solid by
recrystallisation in a pent/EtOAc mixture (143 mg, 551 pmol, 19%). The cis isomer could not be
isolated in a pure fraction.

Rf = 0.45 (pent/EtOAC 4:1).

IH NMR (400 MHz, CDCls) § 7.86 — 7.80 (m, 2H, ArH), 7.75 — 7.69 (m, 2H, ArH), 4.21 (g, J
= 7.1 Hz, 2H, CHy), 3.35 — 3.29 (m, 1H, CH), 2.25 — 2.18 (m, 1H, CH), 1.76 (dt, J = 9.2, 5.5
Hz, 1H, CH,), 1.64 (dt, J = 8.1, 5.9 Hz, 1H, CH,), 1.31 (t, = 7.1 Hz, 3H, CHa).

13C NMR (101 MHz, CDCl3): 8 172.2, 168.1, 134.3, 131.6, 123.4, 61.2, 29.6, 20.0, 14.3, 13.6.
NMR spectra are in agreement with the reported data.?

o Ethyl 2-(2-oxopyrrolidin-1-yl)cyclopropane-1-carboxylate (1b): Prepared
b according to the general procedure D from N-vinyl-2-pyrrolidone (500 pL,
VN 1b 4.68 mmol, 1.0 equiv.), ethyl diazoacetate (87%, 2.30 mL, 18.8 mmol, 4.0

equiv.) and Cu(OTf) toluene complex (48 mg, 94 pmol, 2 mol%) in DCM
_ (12 mL) for 1 h. The crude product was purified by flash chromatography
Chemical Formula: C1gH45NO3 .
Molecular Weight: 197.2340  Using pent/EtOAc 60:40 to 100% EtOAc to afford 1b as the trans product
(134 mg, 679 umol, 14%). The cis isomer could not be isolated in a pure

CO,Et

fraction.

Rf = 0.32 (EtOAC).

'H NMR (400 MHz, CDCls) 6 4.14 (qd, J = 7.2, 1.5 Hz, 2H, OCH2CHj3), 3.31 (t, J = 7.0 Hz,
2H, CH»), 3.17 (ddd, J = 8.3, 5.3, 3.1 Hz, 1H, CH), 2.38 (t, J = 8.1 Hz, 2H, CH>), 2.04 — 1.96
(m, 2H, CH>), 1.85 (ddd, J =9.1, 5.9, 3.1 Hz, 1H, CH), 1.50 — 1.38 (m, 2H, CH>), 1.27 (t, J =
7.2 Hz, 3H, OCH2CH5).

13C NMR (101 MHz, CDCls): 6 175.9, 172.2, 60.8, 47.2, 34.0, 31.6, 19.7, 18.0, 14.2, 14.0.
NMR spectra are in agreement with the reported data.??



NO Ethyl-2-((N-benzyl-4-nitrophenyl)sulfonamido)cyclopropane-1-

2

E” /©/ carboxylate (1c): Prepared according to the general procedure D from

7 ‘(S) vinyl sulfonamide 20 (95 mg, 0.30 mmol, 1.0 equiv.), ethyl diazoacetate

2 1c (87%, 145 plL, 1.19 mmol, 4.0 equiv.), Cu(OTf) toluene complex (3 mg, 6
_ pmol, 2 mol%) in DCM (1.5 mL) for 1 h. The crude was purified by flash

Chemical Formula: C1gH;oN50gS

Molecular Weight: 404.4370 chromatography using pent/EtOAc 85:15 to afford the trans

cyclopropane 1c as a viscous oil (47 mg, 0.12 mmol, 39%). The cis isomer

CO,Et

was not isolated.

Rf = 0.43 (pentane/EtOAC 4:1).

IH NMR (400 MHz, CDCls): & 8.40 — 8.32 (m, 2H, Ns), 8.00 — 7.93 (m, 2H, Ns), 7.33 — 7.29
(m, 3H, ArH), 7.29 — 7.24 (m, 2H, ArH), 4.51 (d, J = 14.3 Hz, 1H, CH>), 4.22 (d, J = 14.3 Hz,
1H, CHy), 4.09 (qq, J = 7.1, 3.7 Hz, 2H, OCH,CHs), 2.45 (ddd, J = 7.6, 4.9, 2.8 Hz, 1H, CH),
1.76 (ddd, J = 9.3, 6.2, 2.9 Hz, 1H, CHy), 1.40 (dt, J = 9.6, 5.4 Hz, 1H, CHy), 1.35 — 1.24 (m,
1H, CHy), 1.24 (t, J = 7.1 Hz, 3H, OCH,CHs).

13C NMR (101 MHz, CDCls): § 171.8, 150.4, 143.7, 135.2, 129.0 (2C), 128.9, 128.5, 124.5,
61.2,55.1, 38.5, 22.6, 16.3, 14.4.

HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + Na]* Calcd for C1gH20N2NaOsS* 427.0934;
Found 427.0944.

Me Ethyl 2-((N,4-dimethylphenyl)sulfonamido)cyclopropane-1-carboxylate
NTs (1d): Prepared according to the general procedure D from vinyl
7 1d sulfonamide 18 (3.0 g, 14 mmol, 1.0 equiv.), ethyl diazoacetate (87%, 6.8
(::ozEt mL, 56 mmol, 4.0 equiv.), Cu(OTf) toluene complex (145 mg, 280 umol, 2

Chemical Formula: C44H1gNO,S  mol%) in DCM (28 mL) for 1 h. At the end of the reaction TsOH.H,0 (0.1

Molecular Weight: 297.3690  aqyjy.) was added to the reaction mixture and the stirring was continued
for 48 h at rt allowing a complete isomerization to the trans product. After removal of the solvent
under reduced pressure, the crude was purified by flash chromatography using pent/EtOAc 85:15 to
75:25 to afford cyclopropane 1d as white solid (3.0 g, 10 mmol, 72%).

Data for the trans isomer

Rf = 0.59 (pent/EtOAC 4:1).

m. p. =56.6 - 57.6 °C.

'H NMR (400 MHz, CDCls): 6 7.71 — 7.65 (m, 2H, Ts), 7.37 — 7.30 (m, 2H, Ts), 4.13 (qd, J =
7.1, 0.9 Hz, 2H, OCH2CH3), 2.72 (s, 3H, CHa), 2.43 (s, 3H, CH3), 2.27 (ddd, J = 7.4, 4.7, 2.7
Hz, 1H, CH), 2.02 (ddd, J = 9.0, 6.0, 2.7 Hz, 1H, CH), 1.54 (m, 1H, CH>), 1.36 (dt, J= 7.4, 5.7
Hz, 1H, CH>), 1.26 (t, J = 7.1 Hz, 3H, OCH2CHy3).

13C NMR (101 MHz, CDCls): $ 172.3, 144.1, 132.4,129.9, 128.1, 61.1, 40.2, 37.6, 22.4, 21.7,
17.1,14.3.

IR (Vmax, €M) 2982 (m), 2931 (m), 1725 (s), 1408 (s), 1348 (s), 1173 (s).

HRMS (ESI/QTOF) m/z: [M + Na]* Calcd for C14H19NNaO4S* 320.0927; Found 320.0926.

Data for the cis isomer (the isomerization was not performed after the cyclopropanation).

Rf =0.28 (pentane/EtOAC 4:1).

IH NMR (400 MHz, CDCls) § 7.74 — 7.70 (m, 2H, Ts), 7.35 — 7.30 (m, 2H, Ts), 4.24 — 4.10
(M, 2H, OCH,CHs), 2.72 (s, 3H, CHs), 2.42 (s, 3H, CHs), 2.34 (td, J = 7.4, 5.4 Hz, 1H, CH),
1.89 (dt, J = 8.4, 6.9 Hz, 1H, CH), 1.72 (dt, J = 6.7, 5.6 Hz, 1H, CH), 1.28 (t, J = 7.1 Hz, 3H,
OCH,CHs), 1.21 (ddd, J = 8.4, 7.5, 5.8 Hz, 1H, CHy).

13C NMR (101 MHz, CDCls): § 169.6, 143.8, 133.5, 129.7, 128.1, 61.1, 38.7, 37.3, 22.1, 21.7,
14.4, 14.0.




IR (vimax, cM') 2980 (m), 1728 (s), 1346 (s), 1165 (S).
HRMS (ESI/QTOF) m/z: [M + Na]* Calcd for C14H19NNaO4S* 320.0927; Found 320.0928.

Ethyl-2-((N-benzyl-4-methylphenyl)sulfonamido)cyclopropane-1-

Bn

NTs carboxylate (1g): Prepared according to the general procedure D from
V 1g vinyl sulfonamide 19 (1.0 g, 3.5 mmol, 1.0 equiv.), EDA (87%, 1.7 mL, 14
CO,Et mmol, 4.0 equiv.) and Cu(OTf) toluene complex (36 mg, 70 umol, 2

Chemical Formula: CogH2sNO4S  mol%) in DCM (7 mL) for 1 h. At the end of the reaction, TsOH.H,0 (0.1

Molecular Weight: 373.4670  aqiv.) was added to the reaction mixture and the stirring was continued
for 72 h at rt allowing a complete isomerization to the trans product. After removal of the solvent
under reduced pressure, the crude was purified by flash chromatography using pent/EtOAc 85:15 to
afford cyclopropane 1g as white solid (890 mg, 2.38 mmol, 69%).

Data for the trans isomer

Rf = 0.7 (pentane/EtOAC 4:1).

m. p. =102 - 103.1 °C.

'H NMR (400 MHz, CDCls): 6 7.75 — 7.69 (m, 2H, Ts), 7.36 — 7.32 (m, 2H, Ts), 7.32 — 7.27
(m, 5H, ArH), 4.46 (d, J=14.1 Hz, 1H, CH>), 4.11 (d, J = 14.0 Hz, 1H, CH>), 4.05 (qd, J = 7.1,
4.0 Hz, 2H, OCH2CH?3), 2.45 (s, 3H, CH3), 2.35 (ddd, J = 7.6, 4.9, 2.8 Hz, 1H, CH), 1.66 (ddd,
J=9.2, 6.2, 2.8 Hz, 1H, CH), 1.34 (dt, J = 9.5, 5.2 Hz, 1H, CHy), 1.25 — 1.15 (m, 4H, CHa,
OCH2CHj).

13C NMR (101 MHz, CDCls): 6 172.2, 144.0, 136.1, 134.6, 129.9, 128.9, 128.6, 128.0, 127.8,
60.8, 55.1, 38.9, 22.1, 21.7, 16.0, 14.3.

IR (Vmax, €M) 3060 (m), 2987 (m), 1724 (s), 1341 (s), 1162 (s), 1094 (s), 704 (s).

HRMS (ESI/QTOF) m/z: [M + H]" Calcd for C20H24NO4S™ 374.1421; Found 374.14109.

Data for the cis isomer (the isomerization was not performed after the cyclopropanation).

Rf = 0.43 (pentane/EtOAC 4:1).

'H NMR (400 MHz, CDCl3):  7.77 - 7.73 (m, 2H, Ts), 7.36 — 7.22 (m, 7H, Ts, ArH), 4.57 (d,
J=15.3 Hz, 1H, CH»), 4.22 (d, J = 15.3 Hz, 1H, CH>), 4.12 — 3.91 (m, 2H, OCH,CH3), 2.66 —
2.60 (m, 1H, CH), 2.42 (s, 3H, CH3), 1.80 (dt, J = 8.5, 6.8 Hz, 1H, CH), 1.38 (g, J = 6.0 Hz,
1H, CHy), 1.24 (t, J = 7.2 Hz, 3H, OCH2CH?3), 1.05 (td, J = 8.2, 6.0 Hz, 1H, CH>).

13C NMR (101 MHz, CDCls): 6 170.0, 143.6, 136.4, 136.1, 129.6, 128.7, 128.5, 127.9, 127.7,
60.9, 53.8, 37.3, 21.9, 21.6, 14.3, 14.1.

IR (Vmax, €M) 3061 (m), 2988 (m), 1724 (s), 1341 (s), 1162 (s), 1094 (s), 704 (s).

HRMS (ESI/QTOF) m/z: [M + H]" Calcd for CooH24NO4S™ 374.1421; Found 374.1421.

| 2,2,2-Trifluoroethyl-2-((N,4-

7NTs dimethylphenyl)sulfonamido)cyclopropane-1-carboxylate (1h):
v 1h Prepared according to the general procedure D from vinyl sulfonamide
02 0" > CF 18 (55 mg, 0.26 mmol, 1.0 equiv.), Cu(OTf) toluene complex (2.7 mg,

3
Chemical Formula: C14H;gFsNO,s  2-2 Mmol, 2.0 mol%), 2,2,2-trifluoroethyl 2-diazoacetate (53 mg, 0.31

Molecular Weight: 351.3402 mmol, 1.2 equiv.) in DCM (2 mL) for 2 h. The 2,2,2-trifluoroethyl 2-
diazoacetate was diluted in DCM (0.6 ml) and introduced via a syringe
pump over a period of 1 h (~ 0.6 mL/h). The crude was purified by flash chromatography using
pent/EtOAc 85:15 to afford the trans 1h (34 mg, 97 umol, 37%) and the cis isomer 1h’ (32 mg, 90
pumol, 35%) as colorless oils. The cis isomer can also be isomerized to the trans isomer using
TsOH.H,0 (0.1 equiv.) in DCM for 16 h.

Data for the trans isomer




Rf = 0.66 (pentane/EtOAC 4:1).

IH NMR (400 MHz, CDCl): § 7.70 — 7.65 (m, 2H, Ts), 7.37 — 7.32 (m, 2H, Ts), 4.48 (qq, J =
8.3, 4.3 Hz, 2H, OCH.CF3), 2.74 (s, 3H, CHg), 2.44 (s, 3H, CHs), 2.37 (ddd, J = 7.5, 4.9, 2.7
Hz, 1H, CH), 2.14 (ddd, J = 9.4, 6.0, 2.7 Hz, 1H, CH), 1.64 (dt, J = 9.4, 5.5 Hz, 1H, CHy), 1.45
(dt, J=7.5,5.5 Hz, 1H, CH>).

13C NMR (101 MHz, CDCls): & 170.7, 144.3, 132.3, 130.0, 128.1, 122.9 (q, J = 277.4 Hz),
60.7 (g, J = 36.7 Hz), 40.8, 37.4, 22.0, 21.7, 17.6.

19F NMR (376 MHz, CDCls): & -73.8 (t, J = 8.2 Hz).

IR (Vmax, cm™) 3028 (w), 2978 (w), 1750 (m), 1352 (m), 1282 (m), 1163 (s), 752 (m).

HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + H]* Calcd for C14aH17FsNO4S* 352.0825;
Found 352.0813.

Data for the cis isomer

| Rf = 0.42 (pentane/EtOAC 4:1).

NTs IH NMR (400 MHz, CDCls): § 7.74— 7.69 (m, 2H, Ts), 7.36 — 7.31
Z h' (m, 2H, Ts), 4.65 — 4.53 (m, 1H, OCH2CFs), 4.48 — 4.36 (m, 1H,
o0, OCH,CF3), 2.74 (s, 3H, CHs), 2.43 (s, 3H, CHa), 2.42 — 2.37 (m,

Chemical Formuta: Coaitarano,s LHy CH), 2.04 (dt, J = 8.4, 6.9 Hz, 1H, CH), 1.72 (g, J = 6.0 Hz,
Molecular Weight: 351.3402 1H, CHy), 1.30 (td, J = 7.8, 6 Hz, 1H, CH,).

13C NMR (101 MHz, CDCls): § 168.2, 144.1, 133.1, 129.8, 128.1,
123.2 (q, J = 277.2 Hz), 60.9 (q, J = 36.6 Hz), 39.2, 37.4, 21.9, 21.7, 14.4.
18F NMR (376 MHz, CDCls) & -73.6 (t, J = 8.5 Hz).
IR (Vmax, €M) 3030 (W), 2976 (W), 1755 (m), 1348 (m), 1281 (m), 1158 (s), 697 (S).
HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + H]* Calcd for C14aH17FsNO4S* 352.0825;
Found 352.0812.

N\ Ethyl-2-tosyl-2-azabicyclo[4.1.0]heptane-7-carboxylate (1i): Prepared
>, NTs according to the general procedure D from vinyl sulfonamide 24 (400
1i mg, 1.69 mmol, 1.0 equiv.), (87%, 1.0 mL, 8.4 mmol, 5.0 equiv.), Cu(OTf)
CO,Et toluene complex (17 mg, 34 umol, 2.0 mol%) in DCM (3.4 mL) for 2 h.

Chemical Formula: C16H21NO4S  The crude product was purified by flash chromatography using
Molecular Weight: 323.4070 pent/EtOAc 80:20 to afford 1i as a colorless oil (379 mg, 1.17 mmol,
70%).

Rf = 0.46 (pentane/EtOAC 4:1).

'H NMR (400 MHz, CDCls): 6 7.68 (d, J = 8.3 Hz, 2H, Ts), 7.29 (d, J = 8.0 Hz, 2H, Ts), 4.19
—4.03 (m, 2H, OCH2CHs3), 3.40 (dd, J = 8.8, 2.7 Hz, 1H, CH), 3.40 — 3.31 (m, 1H, CH>), 2.86
(ddd, J =13.0, 11.0, 2.4 Hz, 1H, CHy), 2.43 (s, 3H, CH3), 1.88 — 1.66 (m, 3H, CH2, CH), 1.61
—1.52 (m, 1H, CHy), 1.26 (t, J = 7.1 Hz, 3H, OCH2CHg), 1.24 — 1.06 (m, 2H, CH2, CH).

13C NMR (101 MHz, CDCls): § 171.5, 143.6, 135.8, 129.8, 127.5, 60.7, 42.9, 38.2, 24.7, 21.7,
21.5,20.6, 19.4, 14.4.

IR (Vmax, cm™) 3027 (w), 2938 (m), 1719 (m), 1343 (s), 1159 (s), 921 (m), 735 (5).

HRMS (ESI/QTOF) m/z: [M + Na]* Calcd for C16H21NNaO4S*™ 346.1084; Found 346.1080.

Ethyl-2-((N,4-dimethylphenyl)sulfonamido)-2-methylcyclopropane-1-carboxylate (1))



Prepared according to the general procedure D from vinyl sulfonamide
Me; ’\,{ﬁs 26 (250 mg, 1.11 mmol, 1.0 equiv.), ethyl diazoacetate (87%, 1.1 mL,
1i ) nOe  8.88 mmol, 8.0 equiv.) and Cu(OTf) toluene complex (12 mg, 22 umol,
2.0 mol%) in DCM (5.5 mL) for 1 h. The crude product was purified by
Chemical Formula: C15H21NO4S  flash chromatography using pent/EtOAc 85:15 to afford a pure

Molecular Weight: 311.3960 . . .
diastereomer 1j as colorless oil (79 mg, 0.25 mmol, 23%).

Et0,C" H

Rf = 0.47 (pentane/EtOAC 4:1).

'H NMR (400 MHz, CDCls): 6 7.73 — 7.69 (m, 2H, Ts), 7.32 — 7.28 (m, 2H, Ts), 4.22 — 4.09
(m, 2H, OCH>CH?3), 2.86 (s, 3H, CH3), 2.43 (s, 3H, CHz), 2.04 (dd, J = 9.4, 6.9 Hz, 1H, CH),
1.64 (dd,J=9.4,5.7 Hz, 1H, CH), 1.33 (dd, J =7.0, 5.7 Hz, 1H, CH>), 1.27 (t, J = 7.1 Hz, 3H,
OCH2CHj3), 1.22 (s, 3H, CHs).

13C NMR (101 MHz, CDCls): $ 170.9, 143.7, 137.1, 129.8, 127.7, 61.0, 45.1, 34.5, 29.2, 23.2,
21.7,145, 14.1.

IR (Vmax, €M) 3067 (W), 2939 (w), 1727 (m), 1343 (s), 1163 (s), 913 (m).

HRMS (ESI/QTOF) m/z: [M + H]" Calcd for C1sH22NO4S* 312.1264; Found 312.1262.

Vo Ethyl 2-((N,4-dimethylphenyl)sulfonamido)-1-
NTs phenylcyclopropane-1-carboxylate (1l): Prepared according to a
1 slightly modification of the general procedure D from vinyl
PH CO,Et

sulfonamide 18 (356 mg, 1.68 mmol, 2.0 equiv.), ethyl
diazo(phenyl)acetate?® (160 mg, 843 umol, 1.0 equiv.) diluted in 0.7
mL of DCM and Cu(OTf) toluene complex (8.7 mg, 17 umol, 2.0
mol%) in DCM (4.2 mL). Ethyl diazo(phenyl)acetate was introduced via a syringe pump (1
mL/h). The crude was purified by flash chromatography using pent/EtOAc 85:15 to afford
cyclopropane 11 in mixture of diastereomer as a colorless oil (85 mg, 0.23 mmol, 27%).
Characterized as a 60:40 mixture of inseparable diasteromers

Rf = 0.63 (pentane/EtOAC 4:1).

H NMR (400 MHz, CDCl3, signals for major diastereomer): 6 7.61 — 7.57 (m, 2H, Ts), 7.32 —
7.20 (m, 7H, Ts, ArH), 4.15 — 4.06 (m, 2H, OCH2CHj3), 2.83 — 2.79 (m, 1H, CH), 2.46 — 2.42
(m, 1H, CHy), 2.41 (s, 3H, CHg), 2.39 (s, 3H, CH3), 1.77 (dd, J = 8.2, 6.2 Hz, 1H, CH>), 1.11
(t, J=7.1 Hz, 3H, OCH.CHa).

13C NMR (101 MHz, CDCls, both diastereomers): § 172.8, 169.6, 143.9, 143.8, 138.4, 133.6,
133.5, 132.6, 130.9, 130.3, 129.83, 129.81, 128.4, 128.0, 127.9, 127.8, 127.69, 127.67, 61.7,
61.6, 46.0, 45.9, 37.6, 37.3, 37.0, 35.3, 21.7, 21.6, 21.0, 20.1, 14.3, 14.2.

IR (Vmax, cm™) 3060 (w), 2937 (w), 1719 (s), 1345 (s), 1270 (m), 1168 (s), 725 (s).

HRMS (ESI/QTOF) m/z: [M + Na]* Calcd for C20H23NNaO4S* 396.1240; Found 396.1239.

Chemical Formula: CyoH,3NO4S
Molecular Weight: 373.4670

Ethyl-2-((4-methyl-N-(2-(1-methyl-indol-3-yl)ethyl)phenyl)sulfonamido)cyclopropane-1-
carboxylate (1n)

Prepared according to the general procedure D from vinyl sulfonamide
@E\g/\lﬁ 1n 29 (357 mg, 1.01 mmol, 1.0 equiv.), EDA (87%, 974 uL, 8.05 mmol, 8.0
N couEt equiv.) and Cu(OTf) toluene complex (10 mg, 20 umol, 2.0 mol%) in
Me 2 DCM (5 mL) for 1 h at 0 °C. After two flash chromatographies using
Chemical Formula: CpgHpsN,0,5  PENt/EtOAC 80:20 for the first column and toluene/EtOAc 96:4 for the

Molecular Weight: 440.5580 second column, cyclopropane 1n was isolated as a viscous oil (53 mg,
0.12 mmol, 12%).



Rf = 0.43 (toluene/EtOAC 95:5).

!H NMR (400 MHz, CDCls): 8 7.75 — 7.69 (m, 2H, Ts), 7.56 (d, J = 8.0 Hz, 1H, ArH), 7.33 —
7.26 (m, 3H, Ts, ArH), 7.25-7.20 (m, 1H, ArH), 7.13 - 7.08 (m, 1H, ArH), 6.87 (s, 1H, ArH),
4.15(q, J = 7.1 Hz, 2H, OCH2CHj3), 3.75 (s, 3H, CHz), 3.58 — 3.48 (m, 1H, CH»), 3.34 (dt, J =
13.9, 7.6 Hz, 1H, CH>), 3.06 — 3.01 (m, 2H, CH>), 2.52 (ddd, J = 7.4, 4.8, 2.8 Hz, 1H, CH),
2.42 (s, 3H, CH3), 1.99 (ddd, J=9.2, 6.1, 2.8 Hz, 1H, CH), 1.49 (dt, J = 9.6, 5.1 Hz, 1H, CH>),
1.37 (dt,J=7.4,5.8 Hz, 1H, CH2), 1.29 (t, J = 7.1 Hz, 3H, OCH,CHy).

13C NMR (101 MHz, CDCls): § 172.3, 143.9, 137.1, 135.1, 129.9, 127.8, 127.7, 127.1, 121.8,
119.1,118.8,111.1, 109.4, 61.1,52.2, 39.0, 32.8, 25.0, 22.6, 21.7, 16.7, 14.4.

IR (Vmax, cm™) 3054 (m), 2980 (m), 2930 (m), 1725 (s), 1467 (s), 1337 (s), 1163 (s), 739 (S).
HRMS (ESI/QTOF) m/z: [M + H]* Calcd for C24H20N204S* 441.1843; Found 441.1844.

2.1.3. Synthesis of other aminocyclopropanes (1e, 1f, 1k, 1m) from 1d

N,4-dimethyl-N-((1R,2R)-2-(2-oxooxazolidine-3carbonyl)cyclopropyl)benzenesulfonamide (1e):

| | Aminocyclopropane 1d (255 mg, 856

VNTS 1. NaOH, THF/H,0, 0 °C to rt, 16 h VNTS umol, 1.0 equiv.) was diluted in a
: 2. CDI, THF, -78 °C, 16 h : mixture of THF/H,0 1:1 and NaOH (342
07 OEt o) O%N/B mg, 8.55 mmol, 10.0 equiv.) was added
1d O//<NL. O//\"O Te at 0 °C. The reaction mixture was then
I\/ 1

Chemical Formula: C;5H,gN,05s  allowed to stir at rt for 16 h. The
Molecular Weight: 338.3780 solvents were evaporated and the
crude was diluted with water. The aqueous layer was extracted with ether and was then acidified to
pH 2 with a 1 M HCl aqueous solution. The acidic aqueous layer was finally extracted with DCM and
the combined organic layers were dried over Na,SO,, filtered and concentrated under reduced
pressure. The crude product was directly used in the next step.

In a two-necked RBF, 1,1'-carbonyldiimidazole (141 mg, 870 umol, 1.1 equiv.) was added in one
portion at 0 °C to a solution of the acid (213 mg, 791 umol, 1.0 equiv.) diluted in THF (8 mL). The
reaction mixture was then stirred at rt for 1 h and then cooled to -78 °C. To this solution was added
dropwise the lithiated oxazolidinone, previously prepared by the addition of n-BuLi (2.5 M in
hexanes, 633 L, 1.58 mmol, 2.0 equiv.) to a solution of 2-oxazolidone (138 mg, 1.58 mmol, 2.0
equiv.) at 0 °Cin a minimum amount of THF. The mixture was then stirred for 16 h allowing to reach
rt slowly and finally quenched with a NH4Cl saturated aqueous solution. The aqueous layer was
extracted with EtOAc and the combined organic layers were washed with brine, dried over Na;SO,,
filtered off and concentrated under reduced pressure. The crude product was purified by flash
chromatography using DCM/EtOAc 90:10 to afford cyclopropane 1e as a white solid (125 mg, 369
pumol, 43% for two steps).

Rf = 0.55 (DCM/EtOAC 75 :25).

m. p. =89 — 92 °C.

IH NMR (400 MHz, CDCls): § 7.74 — 7.67 (m, 2H, Ts), 7.38 — 7.31 (m, 2H, Ts), 4.41 (dd, J =
8.5, 7.6 Hz, 2H, CH2), 3.99 (dd, J = 8.5, 7.6 Hz, 2H, CH), 3.45 (ddd, J = 9.0, 6.0, 2.7 Hz, 1H,
CH), 2.75 (s, 3H, CHs), 2.49 (ddd, J = 7.5, 5.0, 2.7 Hz, 1H, CH), 2.44 (s, 3H, CHs), 1.78 (dt, J
=9.5,5.0 Hz, 1H, CHy), 1.62 — 1.55 (m, 1H, CHy).

13C NMR (101 MHz, CDCls): § 171.6, 153.8, 144.1, 132.8, 129.9, 128.1, 62.1, 42.9, 42.3, 37.4,
21.7,21.3, 19.4.



IR (Vmax, cM'Y) 3066 (W), 2981 (w), 1732 (s), 1352 (s), 1162 (s), 745 (m).
HRMS (ESI/QTOF) m/z: [M + H]* Calcd for C1sH1sN20sS* 339.1009; Found 339.1018.

2-((N,4-Dimethylphenyl)sulfonamido)-N-methoxy-N-methylcyclopropane-1-
carboxamide (30)

| To a stirred solution of acid (step 1 see

7NTS» 1. NaOH, THF/H,0, 0 °C tort, 16 h VNTS above, 0.74 mmol, 1.0 equiv.) diluted
: 2.DCC, Et;N, DMAP, MeONHMe.HCI = in dry DCM (4 mL) were added N, 0-
COzEt  pcm, rt, 16 h o> Me dimethylhydroxylamine hydrochloride
1d Oy 20 (109 mg, 1.11 mmol, 1.5 equiv.), 4-

Chemical Formula: C14HpN,0,8 dimethylaminopyridine (9.1 mg, 74
Molecular Weight: 312.3840 pmol, 0.1 equiv.) and N,N'-

dicyclohexylcarbodiimide (230 mg, 1.11 mmol, 1.5 equiv.). Then triethylamine (155 pL, 1.11 mmol,
1.5 equiv.) was added at rt and the reaction mixture was stirred for 16 h. After evaporation of the
solvent, the crude was purified by flash chromatography using pent/EtOAc 60:40 to afford the
Weinred amide 30 as a colorless oil (130 mg, 416 pumol, 55% for two steps).

Rf = 0.31 (pent/EtOAC 1:1).

'H NMR (400 MHz, CDCls): 7.71 — 7.65 (m, 2H, Ts), 7.36 — 7.31 (m, 2H, Ts), 3.83 (s, 3H,
CHj3), 3.20 (s, 3H, CHa), 2.72 (s, 3H, CH3), 2.69 — 2.63 (m, 1H, CH), 2.43 (s, 3H, CH3), 2.32
(ddd, J = 7.3, 4.5, 2.8 Hz, 1H CH), 1.49 — 1.41 (m, 1H, CHy), 1.36 — 1.29 (m, 1H, CHy).

13C NMR (101 MHz, CDCls): $ 172.0, 144.0, 132.2, 129.9, 128.1, 62.0, 40.1, 37.7, 32.6, 21.7,
20.4, 16.6.

IR (Vmax, CM™) 2946 (W), 2857 (W), 1652 (s), 1451 (m), 1346 (s), 1167 (S).

HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + H]" Calcd for C14H21N204S™ 313.1217,
Found 313.12009.

N-2-Benzoylcyclopropyl)-N,4-dimethylbenzenesulfonamide (1f)

| | To a stirred solution of Weinreb amide 30 (192 mg,
NTs NTs

7 PhLi 7 614 umol, 1.0 equiv.) in dry THF (5 mL) was added
: THE -78°C.15h  : 1f dropwise at -78 °C PhLi (1.9 M in dibutyl ether, 355
I, -Me ' ’ PZN . . .
O™ 'N 0™ 'Ph uL, 675 umol, 1.1 equiv.). The reaction mixture was
3OOMe Chemical Formula: C1gH1gNO3S  stirred at -78 °C for 1.5 h and quenched with a

Molecular Weight: 329.4140  NaHCOs saturated aqueous solution. The aqueous

layer was extracted with Et,0. The combined organic layers were washed with brine, dried over
Na,SO;, filtered off and concentrated under reduced pressure. The crude product was purified by
flash chromatography using pent/EtOAc 85:15 to afford the cyclopropyl ketone 1f as a colorless oil
(155 mg, 470 pmol, 77%).

Rf =0.61 (pentane/EtOAC 4:1).

IH NMR (400 MHz, CDCls): & 8.13 — 8.08 (m, 2H, ArH), 7.63 — 7.58 (m, 3H, ArH, Ts), 7.54
—7.48 (M, 2H, ArH), 7.30 — 7.26 (m, 2H, Ts), 3.27 (ddd, J = 8.7, 6.1, 2.7 Hz, 1H, CH), 2.77 (s,
3H, CHa), 2.45 — 2.39 (m, 4H, CH, CH3), 1.62 — 1.53 (m, 2H, CH>).

13C NMR (101 MHz, CDCls): 6 198.0, 144.1, 137.4, 133.4, 132.0, 129.9, 128.8, 128.5, 128.0,
43.0, 37.7, 27.3, 21.6, 18.7.

IR (Vimax, cmY) 3063 (W), 2974 (w), 1667 (m), 1391 (m), 1348 (m), 1221 (m), 1165 (s), 722 (5).
HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + Na]* Calcd for C1sH19NNaO3S* 352.0978;
Found 352.0968.



Ethyl-2-((N,4-dimethylphenyl)sulfonamido)-1-methylcyclopropane-1-carboxylate (1k)

Me Me Cyclopropane 1d (300 mg, 1.01 mmol, 1.0 equiv.)
NTs LDA. Mel nOe H\\\l{lTs diluted in 2 mL of THF was added at -78 °Cto a
7 — y 1k stirred solution of LDA, prepared from
coet THF Zf%:c’ 2h Me" COEt diisopropylamine (171 pL, 1.21 mmol, 1.2 equiv.)
1d Chemical Formula: C15H21NO4S  and n-Buli (2.5 M in hexanes, 484 L, 1.21 mmol,

Molecular Weight: 311.3960 o . .
creeuariien 1.2 equiv.) in THF (8 mL). The reaction mixture was

stirred for 1 h at -78 °C and Mel (251 L, 4.03 mmol, 4.0 equiv.) was added. The reaction was then
stirred at -78 °C for 2 h (full conversion was observed) and quenched with a NH4Cl saturated aqueous
solution. The aqueous layer was extracted with diethyl ether and the combined organic layers were
washed with brine, dried over Na,SO,, filtered off and concentrated under reduced pressure. The
crude product was purified by flash chromatography using pent/EtOAc 85:15 to afford cyclopropane
1k as a single isomer and a yellow oil (134 mg, 430 umol, 43%).

Rf = 0.69 (pentane/EtOAC 4:1).

'H NMR (400 MHz, CDCls): 8 7.73 — 7.68 (m, 2H, Ts), 7.37 — 7.32 (m, 2H, Ts), 4.09 (g, J =
7.1 Hz, 2H, OCH2CH?3), 2.70 (s, 3H, CH3), 2.44 (s, 3H, CH3), 2.31 (dd, J = 8.0, 5.1 Hz, 1H,
CH), 1.56 (dd, J = 8.0, 5.5 Hz, 1H, CH>), 1.46 — 1.39 (m, 4H, CH>, CH3), 1.23 (t, J = 7.1 Hz,
3H, OCH2CH3).

13C NMR (101 MHz, CDCls): § 174.2, 144.0, 132.7, 129.9, 128.1, 61.2, 44.9, 38.3, 25.5, 23.6,
21.7,14.3, 13.4.

IR (Vmax, cm™) 3058 (W), 2936 (W), 1718 (s), 1348 (m), 1296 (m), 1164 (s), 714 (s).

HRMS (ESI/QTOF) m/z: [M + Na]* Calcd for C15sH21NNaO1S* 334.1084; Found 334.1087.

N-(2-Allyl-2-((ethylperoxy)-l12-methyl)cyclopropyl)-N,4-dimethylbenzenesulfonamide
(1m)

Cyclopropane 1d (309 mg, 1.04 mmol, 1.0 equiv.)

Me Me
| [ . . °
NTS | DA, allylbromide NTs diluted in 2 mL of THF was added at -78 °Cto a
Q_ —— \ 1m stirred solution of LDA, prepared from
: THF, -78 °C, 2 h CO.Et N . .
CO,Et 43% 2 diisopropylamine (176 pL, 1.25 mmol, 1.2 equiv.)
1d

Chemical Formula: C;;H»,3NO,S  and n-Buli (2.5 M in hexanes, 498 pL, 1.25 mmol, 1.2

Molecular Weight: 337.4340  aqujy.) in THF (10 mL). The reaction mixture was
stirred for 1 h at -78 °C and allyl bromide (181 pL, 2.08 mmol, 2 equiv.) was introduced. The reaction
was then stirred for 2 h at -78 °C and quenched with a NH.Cl saturated aqueous solution. The
aqueous layer was extracted with diethyl ether and the combined organic layers were washed with
brine, dried over Na,S0O,, filtered off and concentrated under reduced pressure. The crude product
was purified by flash chromatography using pent/EtOAc 90:10 to afford cyclopropane 1m in mixture
of diastereomers as colorless oil (152 mg, 450 umol, 45%, dr 66:34). Separation of the mixture on
PREP TLC (pent/EtOAc 90:10) allowed clean NMR characterizations for both diastereomers.

Data for the major diastereomer

Me Rf = 0.7 (pentane/EtOAC 4:1).
NTs 'H NMR (400 MHz, CDCls): § 7.70 (d, J = 8.3 Hz, 2H, Ts), 7.35 (d,
im \\_7 e J=80Hz 2H, Ts), 5.96 — 5.85 (m, 1H, CH), 5.14 — 5.02 (m, 2H,
HCC’zEt CH2), 4.18 — 4.03 (m, 2H, OCH:CHg), 2.96 — 2.89 (m, 1H, CH>),
chemical Fo|:mula'  NOLS 2.71 (s, 3H, CH3), 2.44 (s, 3H, CH3), 2.30 (dd, J = 7.8, 5.3 Hz, 1H,
Molecular Weiéhtf;;f% “> NCH), 2.10 (ddt, J = 14.9, 6.7, 1.4 Hz, 1H, CH_), 1.63 (ddd, J = 7.8,
5.7, 1.5 Hz, 1H, CHy), 1.48 (t, J = 5.7 Hz, 1H, CH»), 1.23 (t, J = 7.1

Hz, 3H, OCH2CHj3).



13C NMR (101 MHz, CDCls): 8 173.4, 144.1, 135.8, 132.7, 129.9, 128.1, 116.7, 61.2, 45.7,
38.4,315,29.7,21.7, 21,5, 14.3.

IR (Vmax, €M) 3076 (W), 2936 (W), 1720 (m), 1348 (s), 1165 (s), 719 (m).

HRMS (ESI/QTOF) m/z: [M + Na]* Calcd for C17H2sNNaO4S* 360.1240; Found 360.1247.

Data for the minor diastereomer

Me Rf = 0.65 (pentane/EtOAC 4:1).
NTs 'H NMR (400 MHz, CDCls): 7.72 — 7.68 (m, 2H, Ts), 7.35 - 7.31
tm' o\ (m, 2H, Ts), 5.87 —-5.76 (m, 1H, CH), 5.07 —4.98 (m, 2H, CH), 4.28
 CO,Et

— 4.09 (M, 2H, OCH2CH3), 2.77 — 2.72 (m, 1H, CHy), 2.71 (s, 3H,
Chemical Formula: C17HzNOsS  CHg), 2.44 (s, 3H, CH3), 2.08 (dd, J = 7.4, 5.3 Hz, 1H, CHy), 2.05 —
Molecular Weight: 337,43 5 01 (m, 1H, CH), 1.95 (ddt, J = 14.9, 6.5, 1.4 Hz, 1H, CH2) 1.28 (t,
J=7.1Hz, 3H, OCH2CHs3), 1.07 (dd, J = 7.4, 5.7 Hz, 1H, CHy).
13C NMR (101 MHz, CDCls): & 170.5, 143.8, 134.6, 133.5, 129.7, 128.1, 117.2, 61.3, 44.6,
37.6,37.2,31.7,21.7, 19.5, 14.4,
HRMS (ESI/QTOF) m/z: [M + H]* Calcd for C17H24NO,S* 338.1421; Found 338.1419.

3. Screening of Lewis acids and optimization

Preliminary experiments showed that TMSOTf was not reactive enough in the dearomatization of 1-
methylindole under catalytic conditions (Table S1).

Table S1. Screening of silyl Lewis acid.

Me~N_-|-S
Me H
v O s CL5
+ Z
4 N CH,Cl,, T (°C), time N H COE
CO,Et Me Me
1d, 0.1M 2a, 1.5 equiv. 4a

Enty X mol% T(°C) Time(h) Conv.(%) VYield® (%) drl

1 OTf 20 -78 tort 3 0 - -
2 OTf 100 -78tort 3 0 - -
34 NTf, 10 -78 2 100 79 4:1

[a] Isolated yield; [b] determined from *H NMR spectrum; [c] TMSNTf, was formed by the pre-mixing
of triflimide acid with silyl ketene acetal 3a.

As a control experiment, triflimide did not lead to the formation of the cycloadduct (Table S2, entry
2). Other solvents than DCM, such as toluene and THF, were totally ineffective for this reaction (entry
3 and 4). Slower reaction rates were observed in DCE such that the temperature was increased to
-20 °C producing the cycloadduct in a slightly lower yield and an identical diastereoselectivity (entry
5). The TBS catalyst (3e) did not show any influence on the diastereoselectivity and the TIPSNTf; (3f)
was even worse leading to a 2.3:1 dr ratio (entry 6 and 7). The diastereoselectivity increased
considerably with TESNTf, (3b) reaching an 8:1 dr ratio (entry 8). Running the same reaction at 0 °C
led to no reaction (entry 9). The bulkier tri-n-propylsilyl moiety (3d) further improved the dr ratio to
9:1 (entry 10). At this point we were alerted by the influence of the DCM/Toluene ratio on the



diastereoselectivity (toluene comes from the stock solutions of Tf;,NH and silyl ketene acetal). Indeed,
increasing the DCM/toluene ratio led to a dramatic drop in the diastereoselectivity (entry 11).

Table S2. First optimization of the (3+2) annulation of aminocyclopropyl carboxylate 1d.

OSi M
€>NTs
THLNH  + ﬁ%\ome z

| H
NTs N\ (pre-mixing, rt, 10 min)
7 + : % CO,Et
N solvent, T (°C), time N H

\

CO,Et Me Me

1d,01M  2a, 1.5 equiv. 4a
Entry I:;'(\)l::/ia)] Sif@] solvent (OTC) T;:;e Conv. (%) Yield® (%) dr
1 10 TMS DCM -78 2 100 79 4:1
2 20 - DCM rt 16 0 - -
3 5 T™S Tol rt 72 traces - -
4 5 TMS THF rt 72 0 - -
5 5 TMS DCE -20 3 >95 74 4:1
6 5 TBS DCM -78 2 66 52 4:1
7 5 TIPS DCM -78 2 100 78 2.3:1
8 5 TES DCM -78 1.5 100 87 8:1
9 5 TES DCM 0 0.5 0 - -
10 5 nPrsSi DCM -78 0.5 100 81 9:1
111 5 nPrsSi  DCM/Tol -78 0.5 100 85 4.9:1

[a] Homemade solutions of Tf2NH and silyl ketene acetals (25 mol%) in dry toluene were prepared; [b] Isolated
yield; [c] dr values were determined from the crude *H NMR spectrum or from the isolate fraction of both
diastereomers; [d] a DCM/Tol ratio of 75:25 instead of 83:17 (entry 10) was used.

Even though stock solutions of Tf,NH in DCE are more stable than those in DCM, we preffered to use
freshly prepared stock solutions in dry DCM to avoid reproducibility issues. The influence of the silyl
group on the diastereoselectivity was studied by repeating some experiments using 1.05 equivalent
of 1-methylindole (see manuscript, Table 1). The diastereoselectivity followed this trend:
TES>TMS>TBS>TIPS.

4. (3+2) annulation of D-A aminocyclopropanes with indoles

General procedure E for the (3+2) annulation of aminocyclopropanes



OTES

M
O~ OMe
Me TsMeN
Me R2 3b (25-50 mol%) R2 7
NTs = 0, -
VAR RU{:E%*F@ TN (2.5-20 mol%) R1‘©E©"'co Et
° . 53 2
: N DCM, -78 °C, 30 min N R
CO,Et R* R*
1d 2a-u 4a-u

Scheme S6. (3+2) annulation of aminocyclopropane 1d with indoles.

In an oven dried microwave vial, a freshly prepared DCM solution of
bis(trifluoromethanesulfonyl)imide (2.5 to 20 mol%) was added to silyl ketene acetal 3b (0.25 to 0.5
equiv.) diluted in 0.1 mL of dry DCM and the mixture was stirred for 10 minutes at rt. The mixture
was then diluted with DCM and finally cooled to -78 °C. Aminocyclopropane 1d (0.1 to 0.3 mmol, 1.0
equiv.) and the indole derivative (1.05 equiv.) were diluted together in DCM and added dropwise at -
78 °C to the preformed catalyst. The reaction mixture was stirred at -78 °C for 30 minutes, unless
otherwise stated. The reaction was quenched by addition of 10 pL of EtsN and the solvent was
concentrated under reduced pressure. The crude product was then purified by flash chromatography
or PREP TLC. The dr ratio was measured from the *H NMR spectrum of the crude product or the
isolated mixture of diastereoisomers by integrating the TsNCH proton of each diastereomer and was
compared to the ratio obtained from the tosyl protons.

General procedure F for the scale up experiment (1 mmol of substrate)

In an oven dried microwave vial, a freshly prepared DCM solution of
bis(trifluoromethanesulfonyl)imide (5 mol%) was added to silyl ketene acetal 3b (0.25 mmol, 0.25
equiv.) diluted in 0.3 mL of dry DCM and the mixture was stirred for 10 minutes at rt. The mixture
was then diluted with DCM to reach 3 mL and finally cooled to -78 °C. Aminocyclopropane 1d (1
mmol, 1.0 equiv.) and the indole derivative (1.05 mmol, 1.05 equiv.) were diluted together in DCM
(1.4 mL) and added dropwise at -78 °C to the preformed catalyst. The reaction mixture was stirred at
-78 °C for 30 minutes. The reaction was quenched by addition of 10 pL of Et;sN and the solvent was
concentrated under reduced pressure. The crude product was then purified by flash
chromatography.

A gram scale experiment with aminocyclopropane 1d and 1-Methylindole was also accomplished
using the same procedure and led to a similar yield and identical dr ratio.

Notice on the handling of bis(trifluoromethanesulfonyl)imide

Bis(trifluoromethanesulfonyl)imide was purchased from Acros and was stored in a glovebox. The
solution in DCM (ca. 0.2 M, 2-3 mL) was prepared by diluting the acid (previously weighted in a
glovebox) with dry DCM in oven-dried and nitrogen-purged vial. The solution was used directly to set
up a reaction by taking off the required amount. Then the solution was stored in the fridge and
renewed every two days. When the solution was stored for prolongated period, a yellow color
appeared with solid residues (which may arise from the degradation of the septum in highly acidic
media). Such yellow solutions did not promote the desired (3+2) annultion. Furthermore, due to the
volatility of DCM, it is also recommended to perform a new solution every day. The stability of
bis(trifluoromethanesulfonyl)imide solution can be enhanced in DCE. From our observations, Tf2NH
is not totally soluble in toluene.

4.1. Scope of indoles



Ethyl-1-((N,4-dimethylphenyl)sulfonamido)-4-methyl-1,2,3,3a,4,8b-hexahydrocyclopenta[blindole-
3-carboxylate (4a)

Prepared according to the general procedure E from Tf.NH (0.2 M,

4

o6 dﬂe;rys 39 uL, 7.8 umol, 2.5 mol%), silyl enol ether 3b (16.8 mg, 77.8 umol,
H—, nOe 0.25 equiv.), aminocyclopropane 1d (92.6 mg, 311 umol, 1.0 equiv.)

O 7 CO,Et and 1-methylindole 2a (42 pL, 0.33 mmol, 1.05 equiv.) in DCM (3
N,‘VleH 4a mL). The crude product was purified by flash chromatography using

Chemical Formula: C,3H,sN,0,8  Pent/EtOAC 80:20 to afford cycloadduct 4a as a colorless oil (127
Molecular Weight: 428.5470 mg, 206 umol, 95%’ dr 937)

For the gram scale experiment, cycloadduct 4a (1.29 g, 3.02 mmol, 90%, dr 93:7) was obtained

from THoNH (0.2 M, 0.84 mL, 0.17 mmol, 5 mol%), silyl enol ether 3b (0.18 g, 0.84 mmol,

0.25 equiv.), aminocyclopropane 1d (1.00 g, 3.36 mmol, 1.0 equiv.) and 1-methylindole 2a

(0.44 mL, 3.5 mmol, 1.05 equiv.) in DCM (32 mL) using general procedure F.

Data for the major diastereomer

Rf = 0.3 (pentane/EtOAC 4:1).

'H NMR (400 MHz, CDCls): 6 7.66 — 7.59 (m, 2H, Ts), 7.28 — 7.21 (m, 2H, Ts), 7.14 — 7.05

(m, 1H, ArH), 6.89 (d, J = 7.0 Hz, 1H, ArH), 6.57 (td, J = 7.4, 1.0 Hz, 1H, ArH), 6.41 (d, J =

7.9 Hz, 1H, ArH), 4.37 (ddd, J = 11.3, 8.4, 6.7 Hz, 1H, H-2, CH), 4.25 — 4.11 (m, 2H,

OCH,CHz), 4.07 (dd, J = 10.1, 5.4 Hz, 1H, CH), 3.58 — 3.52 (m, 1H, H-3, CH), 2.91 (s, 3H, H-

4, CHg), 2.89 — 2.82 (m, 1H, H-1, CH), 2.80 (s, 3H, CHs), 2.41 (s, 3H, CH3), 1.95 - 1.76 (m,

2H, CHy), 1.28 (t, J = 7.1 Hz, 3H, OCH2CHp3).

13C NMR (101 MHz, CDCls): 6 174.4, 150.9, 143.4, 136.6, 129.8, 129.1, 128.4, 127.2, 124.4,

118.2,106.9, 72.9, 63.8, 61.2, 48.4, 48.0, 33.7, 31.5, 29.2, 21.6, 14.3.

IR (Vmax, €M) 3057 (w), 2988 (w), 1725 (m), 1487 (m), 1340 (m), 1264 (m), 1161 (m).

HRMS (ESI/QTOF) m/z: [M + H]" Calcd for C23H20N204S™ 429.1843; Found 429.1841.

Data for the minor diastereomer (procedure see above)

3 Rf = 0.21 (pentane/EtOAC 4:1).
MEINTs IH NMR (400 MHz, CDCls): & 7.72 — 7.65 (m, 2H, Ts), 7.31 —
i noe 7.26 (m, 2H, Ts), 7.15 - 7.08 (m, 2H, ArH), 6.71 (t, J = 7.4 Hz,
¢H002Et 1H, ArH), 6.44 (d, J=7.8 Hz, 1H, ArH), 4.53 — 4.47 (m, 1H, CH),
NMeH 143, 4.26 — 4.19 (m, 1H, CH), 4.19 — 4.05 (m, 2H, OCH2CH3), 3.80

(dd, J = 9.3, 4.7 Hz, 1H, H-2, CH), 3.22 — 3.13 (m, 1H, H-1, CH)
2.84 (s, 3H, H-3, CH3), 2.74 (s, 3H, CH3), 2.42 (s, 3H, CH3), 2.08
~1.98 (m, 1H, CHy), 1.61 — 1.51 (m, 1H, CHy), 1.24 (t, J = 7.1

Chemical Formula: C3H,gN,04S
Molecular Weight: 428,54

Hz, 3H, OCH2CH).
13C NMR (101 MHz, CDCls): § 172.1, 152.8, 143.4, 136.3, 130.1, 129.9, 128.4, 127.4, 124.4,
118.8, 108.0, 73.2, 65.1, 60.8, 51.8, 49.3, 37.1, 30.2, 29.9, 21.7, 14.3.

HRMS (ESI/QTOF) m/z: [M + H]* Calcd for CasH2oN,04S* 429.1843; Found 429.1846.

Ethyl-4-(tert-butyldimethylsilyl)-1-((N,4-dimethylphenyl)sulfonamido)-1,2,3,3a,4,8b-
hexahydrocyclopenta[b]indole-3-carboxylate (4b)



Me~nTe Prepared according to the general procedure E from Tf2NH (0.213
H M, 72.5 uL, 15.4 pmol, 5 mol%), silyl enol ether 3b (16.7 mg, 77.2
@f@"’coza umol, 0.25 equiv.), aminocyclopropane 1d (91.8 mg, 309 pumol,
N\TBS b 1.0 equiv.) and TBS-protected indole 2b (75 mg, 0.32 mmol, 1.05
Chemical Formula: CogHuN,0,8s1  €0UIV-) in DCM (0.3 M, 1 mL). The crude product was purified by
Molecular Weight: 528.7830 flash chromatography using pent/EtOAc 85:15 to afford
cycloadduct 4b as mixture of diastereocisomers and as a colorless oil (151 mg, 286 pmol, 92%,
dr 91:9). From the general procedure F (scale up on 1 mmol), compound 4b was obtained in
83% yield (0.84 mmol, 0.44 g, dr 90:10) from Tf.NH (14.2 mg, 50.4 pmol, 5 mol%), silyl enol
ether 3b (54 mg, 0.25 mmol, 0.25 equiv.), aminocyclopropane 1d (300 mg, 1.01 mmol, 1.0
equiv.) and TBS-protected indole 2b (245 mg, 1.06 mmol, 1.05 equiv.) in DCM (0.3 M, 3.4
mL).
Rf = 0.48 (pentane/EtOAC 4:1).

'H NMR (400 MHz, CDCls, signals for major diastereomer): 6 7.73 — 7.69 (m, 2H, Ts), 7.32 —
7.27 (m, 2H, Ts), 7.22 — 7.18 (m, 1H, ArH), 7.04 — 6.99 (m, 1H, ArH), 6.78 — 6.71 (m, 2H,
ArH), 4.62 (td, J = 8.6, 4.1 Hz, 1H, CH), 4.39 — 4.30 (m, 1H, CH), 4.10 (qd, J = 7.2, 2.9 Hz,
2H, OCH.CH3), 3.67 (dd, J = 9.5, 4.1 Hz, 1H, CH), 2.89 (s, 3H, CHz), 2.54 (q, J = 9.5 Hz, 1H,
CH), 2.42 (s, 3H, CH3), 1.69 (t, J = 9.3 Hz, 2H, CH>), 1.24 (t, J = 7.2 Hz, 3H, OCH2CH3), 0.82
(s, 9H, TBS), 0.38 (s, 3H, TBS), 0.09 (s, 3H, TBS).

13C NMR (101 MHz, CDCls, signals for major diastereomer): 174.9, 150.1, 143.5, 136.6,
133.1, 129.9, 127.7, 127.3, 124.6, 119.5, 112.9, 69.6, 63.3, 60.9, 51.5, 50.7, 31.1, 29.7, 27.3,
21.7,20.5,14.2,-2.7, -4.5.

IR (Vmax, cm™) 2946 (m), 2856 (m), 1725 (s), 1468 (s), 1337 (s), 1254 (s), 1160 (s), 735 (s).
HRMS (ESI/QTOF) m/z: [M + H]* Calcd for C2sH1N204SSi* 529.2551; Found 529.2558.

Ethyl-4-benzyl-1-((N,4-dimethylphenyl)sulfonamido)-1,2,3,3a,4,8b-
hexahydrocyclopenta[b]indole-3-carboxylate (4c)

Prepared according to the general procedure E from Tf.NH (0.216
H M, 74 uL, 16 pmol, 5 mol%), silyl enol ether 3b (17.3 mg, 79.9
@E'Q,,,COZB umol, 0.25 equiv.), aminocyclopropane 1d (95 mg, 0.32 mmol, 1.0
N H equiv.) and benzyl-protected indole 2c (69.5 mg, 335 pumol, 1.05
Chemical Formjz: CooHapNyO4S equiv.) in DCM (0.1 M, 3 mL). The crude product was purified by
Molecular Weight: 504.6450  flash ~chromatography using pent/EtOAc 85:15 to afford
cycloadduct 4c as a white solid and mixture of diastereomers (125 mg, 248 umol, 78%, dr 92:8).
From the general procedure F (scale up on 1 mmol), compound 4c was obtained in 83% yield
(0.42 g, 0.83 mmol, dr 91:9) from Tf.NH (14 mg, 50 umol, 5 mol%), silyl enol ether 3b (54.2
mg, 251 umol, 0.25 equiv.), aminocyclopropane 1d (298 mg, 1.00 mmol, 1.0 equiv.) and
benzyl-protected indole 2¢ (218 mg, 1.05 umol, 1.05 equiv.) in DCM (0.3 M, 3.3 mL).
Rf =0.67 (pentane/EtOAC 4:1).
m. p. =45.5-49.2 °C.
'H NMR (400 MHz, CDCls, signals for major diastereomer): 6 7.67 — 7.63 (m, 2H, Ts), 7.32 —
7.20 (m, 7H, Ts, ArH), 7.04 (t, J = 7.7 Hz, 1H, ArH), 6.95 (d, J = 7.3 Hz, 1H, ArH), 6.58 (t, J
=7.4 Hz, 1H, ArH), 6.39 (d, J =7.9 Hz, 1H, ArH), 4.47 — 4.36 (m, 3H, CH>, CH), 4.35 - 4.28
(m, 1H, CH), 4.02 (qd, J = 7.1, 1.7 Hz, 2H, OCH,CHg), 3.68 — 3.61 (m, 1H, CH), 2.89 (s, 3H,
CHs3), 2.85 — 2.77 (m, 1H, CH), 2.42 (s, 3H, CH3), 1.86 — 1.72 (m, 2H, CH2), 1.15 (t, J = 7.1
Hz, 3H, OCH2CHs).

Me\NTS

4c



13C NMR (101 MHz, CDCls, signals for major diastereomer): § 174.1, 150.6, 143.4, 138.4,
136.5, 129.8, 128.8, 128.6, 128.4, 127.5, 127.2, 127.2, 124.5, 117.9, 106.9, 70.3, 64.2, 61.0,
51.3, 49.6, 48.0, 31.5, 29.1, 21.6, 14.1.

IR (Vmax, €M) 2971 (m), 2867 (M), 1726 (s), 1486 (s), 1341 (s), 1159 (s), 738 (S).

HRMS (ESI/QTOF) m/z: [M + H]" Calcd for C29H33N204S™ 505.2156; Found 505.2161.

Ethyl-1-((N,4-dimethylphenyl)sulfonamido)-4-(4-methoxybenzyl)-1,2,3,3a,4,8b-
hexahydrocyclopenta[b]indole-3-carboxylate (4d)

Prepared according to the general procedure E from Tf,NH (0.192
H M, 13.3 pL, 2.6 umol, 2.5 mol%), silyl enol ether 3b (5.5 mg, 26
@f@"’coza umol, 0.25 equiv.), aminocyclopropane 1d (30.4 mg, 102 umol, 1.0
N H equiv.) and PMB-protected indole 2d (25.5 mg, 107 pumol, 1.05
Chemical Formula: CagHostOS equiv.) in DCM (0.1 M, 1 mL). The crude product was purified by
Molecular Weight: 534.6710  PREP TLC using pent/EtOAc 80:20 to afford cycloadduct 4d as a
colorless oil and mixture of diastereomers (44 mg, 82 pumol, 81%,
dr 92:8). From the general procedure F (scale up on 1 mmol), compound 4d was obtained in
85% yield (0.46 g, 0.87 mmol, dr 89:11) from Tf.NH (0.23 M, 0.22 mL, 51 pumol, 5 mol%),
silyl enol ether 3b (55 mg, 0.25 mmol, 0.25 equiv.), aminocyclopropane 1d (302 mg, 1.02
mmol, 1.0 equiv.) and PMB-protected indole 2d (253 mg, 1.07 mmol, 1.05 equiv.) in DCM
(0.3 M, 3.4 mL).
Rf = 0.31 (pentane/EtOAC 4:1).

'H NMR (400 MHz, CDCls, signals for major diastereomer): 6 7.68 — 7.61 (m, 2H, Ts), 7.29 —
7.23 (m, 2H, Ts), 7.20 — 7.14 (m, 2H, ArH), 7.05 (td, J = 7.7, 1.3 Hz, 1H, ArH), 6.93 (d, J =
7.4 Hz, 1H, ArH), 6.86 — 6.79 (m, 2H, ArH), 6.57 (t, J = 7.4 Hz, 1H, ArH), 6.42 (d, J = 7.9 Hz,
1H, ArH), 4.43 — 4.24 (m, 4H, CHa, 2xCH), 4.04 (qd, J = 7.2, 2.7 Hz, 2H, OCH2CHj3), 3.78 (s,
3H, OCHj3), 3.65 —3.59 (m, 1H, CH), 2.89 (s, 3H, CH3), 2.83 — 2.76 (m, 1H, CH), 2.42 (s, 3H,
CHj3), 1.82 - 1.73 (m, 2H, CHy), 1.17 (t, J = 7.1 Hz, 3H, OCH2CHBa).

13C NMR (101 MHz, CDCls, signals for major diastereomer): § 174.3, 158.9, 150.6, 143.4,
136.6, 130.3, 129.8, 128.9, 128.9, 128.4, 127.3, 124.5, 117.9, 114.0, 107.0, 70.2, 64.3, 61.1,
55.4,50.7, 49.6, 48.0, 31.7, 29.1, 21.6, 14.2.

IR (Vmax, €M) 3008 (W), 2905 (w), 1725 (m), 1340 (m), 1247 (m), 1162 (m), 910 (s).

HRMS (ESI/QTOF) m/z: [M + H]" Calcd for CagH3sN205S* 535.2261; Found 535.2267.

Ethyl-4-(2-((tert-butyldimethylsilyl)oxy)ethyl)-1-((N,4-dimethylphenyl)sulfonamido)-
1,2,3,3a,4,8b-hexahydrocyclopenta[b]indole-3-carboxylate (4e)

Me~N-|-S

PMB  4d

Me~NTs Prepared according to the general procedure E from Tf2NH (0.213
H / M, 70.8 uL, 15.1 umol, 5 mol%), silyl enol ether 3b (16.3 mg, 75.4
@E\g”coza umol, 0.25 equiv.), aminocyclopropane 1d (89.7 mg, 302 umol,

1.0 equiv.) and indole 2e (87.2 mg, 317 pmol, 1.05 equiv.) in DCM
o (0.3 M, 1 mL). The crude product was purified by flash
Chemical Formula: CagHasN,O5SSi chromatography using pent/EtOAc 90:10 to afford cycloadduct 4e
Molecular Weight: 572.8360 as a colorless oil and mixture of diastereomers (135 mg, 236 umol,
78%, dr 91:9).
Rf = 0.66 (pentane/EtOAC 4:1).

'H NMR (400 MHz, CDCls, signals for major diastereomer): & 7.65 — 7.60 (m, 2H, Ts), 7.27 —
7.22 (m, 2H, Ts), 7.05 (td, J = 7.7, 1.3 Hz, 1H, ArH), 6.87 (d, J = 7.3 Hz, 1H, ArH), 6.52 (td, J

4e



=7.4,1.0Hz, 1H, ArH), 6.41 (d, J=7.9 Hz, 1H, ArH), 4.36 — 4.28 (m, 2H, 2xCH), 4.22 - 4.12
(M, 2H, OCH2CHs), 3.78 — 3.68 (m, 2H, OCHy), 3.60 — 3.53 (m, 1H, CH), 3.32 (t, J = 6.4 Hz,
2H, CHy), 2.90 (s, 3H, CHa), 2.88 — 2.84 (m, 1H, CH), 2.42 (s, 3H, CH3), 1.89 — 1.72 (m, 2H,
CHo), 1.28 (t, J = 7.1 Hz, 3H, OCH.CHs), 0.87 (s, 9H, tBu), 0.02 (s, 3H, CHs), 0.02 (s, 3H,
CHa).

13C NMR (101 MHz, CDCls, signals for major diastereomer): § 174.5, 150.3, 143.4, 136.6,
129.8, 128.7, 128.3, 127.3, 124.4, 117.5, 106.3, 71.1, 64.1, 61.1, 60.8, 49.7, 49.6, 48.0, 31.3,
29.1, 26.0, 21.6, 18.4, 14.3, -5.25, -5.27.

IR (vimax, cmt) 3042 (w), 2939 (m), 1728 (s), 1342 (s), 1254 (s), 1162 (s), 1096 (s), 740 (s).
HRMS (ESI/QTOF) m/z: [M + H]* Calcd for CaoHsN205SSi* 573.2813; Found 573.2825.

Ethyl-1-((N,4-dimethylphenyl)sulfonamido)-3a,4-dimethyl-1,2,3,3a,4,8b-
hexahydrocyclopenta[b]indole-3-carboxylate (4f)
Prepared according to the general procedure E from TfoNH (0.213

4
@‘;‘N__TS e M, 36 uL, 7.7 umol, 2.5 mol%), silyl enol ether 3b (16.6 mg, 76.6
2 ~\r umol, 0.25 equiv.), aminocyclopropane 1d (91.1 mg, 306 umol, 1.0
O N’ ‘Me COZE! equiv.) and indole 2f (46.7 mg, 322 umol, 1.05 equiv.) in DCM (0.3
e ° 4 M, 1 mL). The crude product was purified by flash chromatography

Chemical Formula: Co4H3gN,O4S . .
Molecular Weight. 442 5740 USING pent/EtOAc 80:20 to afford cycloadduct 4f as a colorless oil

and mixture of diastereoisomers (127 mg, 287 pmol, 94%, dr
75:25). Some of the mixture was purified further by PREP TLC using pent/EtOAc 80:20
allowing the isolation and clean NMR characterization of each diastereomer.
Data for the major diastereomer
Rf = 0.42 (pentane/EtOAC 4:1).
'H NMR (400 MHz, CDCls3): 6 7.63 — 7.59 (m, 2H, Ts), 7.25 - 7.20 (m, 2H, Ts), 7.10 (td, J =
7.7, 1.3 Hz, 1H, ArH), 6.95 — 6.90 (m, 1H, ArH), 6.53 (td, J = 7.4, 1.0 Hz, 1H, ArH), 6.31 (d,
J=7.8Hz, 1H, ArH), 4.31 - 4.11 (m, 3H, H-1, CH, OCH2CH3), 3.07 (d, J = 8.8 Hz, 1H, H-2,
CH), 2.98 — 2.91 (m, 4H, H-3, H-CH, CHa), 2.82 (s, 3H, CH3), 2.41 (s, 3H, CH3), 2.05(q, J =
12.4 Hz, 1H, CHy), 1.63 — 1.54 (m, 1H, CH2), 1.30 (t, J = 7.1 Hz, 3H, OCH>CH?3), 1.16 (s, 3H,
CHa).
13C NMR (101 MHz, CDCls): 6 172.9, 149.7, 143.3, 136.6, 129.8, 128.5, 127.7, 127.2, 124.5,
117.2,105.6, 74.9, 62.6, 60.9, 56.0, 52.1, 30.0, 29.1, 28.5, 21.6, 19.3, 14.4.
IR (Vmax, €M) 3043 (w), 1728 (m), 1487 (m), 1339 (m), 1154 (s), 910 (s), 730 (s).
HRMS (ESI/QTOF) m/z: [M + H]" Calcd for C24H31N204S™ 443.1999; Found 443.2002.
Data for the minor diastereomer
Rf = 0.40 (pentane/EtOAC 4:1).
H nOe 'H NMR (400 MHz, CDCl3): § 7.71 —7.65 (m, 2H, Ts), 7.30 — 7.24 (m, 2H,
@f@”—%za Ts), 7.11 - 7.03 (m, 2H, ArH), 6.62 (td, J = 7.4, 1.0 Hz, 1H, ArH), 6.29 (d,
N ”'Mel;lz J=7.8 Hz, 1H, ArH), 4.55 (dt, J = 7.5, 6.0 Hz, 1H, CH), 4.07 (qd, J = 7.2,
me® 4 2.1Hz 2H, OCH,CHa), 3.34 (d, J = 5.5 Hz, H-4, 1H, CH), 2.91 — 2.82 (m,
4H, H-1, H-2, CH, CHs3), 2.64 (s, 3H, CH3), 2.41 (s, 3H, CH3), 1.94 (dt, J = 13.9, 7.6 Hz, 1H,
CHy), 1.66 — 1.54 (m, 2H, CH>), 1.44 (s, 3H, H-3, CHz), 1.19 (t, J = 7.2 Hz, 3H, OCH,CHj).
13C NMR (101 MHz, CDCls): § 172.3, 151.4, 143.4, 136.4, 129.8, 128.9, 128.4, 127.4, 124.4,
117.8, 106.3, 65.1, 60.8, 59.3, 54.4, 30.4, 30.2, 30.1, 29.8, 23.4, 21.7, 14.2.
HRMS (ESI/QTOF) m/z: [M + H]" Calcd for C24H31N204S* 443.1999; Found 443.1998.

Ethyl-1-((N,4-dimethylphenyl)sulfonamido)-4,8b-dimethyl-1,2,3,3a,4,8b-
hexahydrocyclopenta[b]indole-3-carboxylate (49)

1
Me~NTs



5 Prepared according to the general procedure E from Tf.NH (0.222
MeNTs M, 10.6 pL, 2.4 pumol, 2.5 mol%), silyl enol ether 3b (5.1 mg, 24

Me2 "°° " Lmol, 0.25 equiv.), aminocyclopropane 1d (27.9 mg, 93.8 pmol, 1.0
@@"’coza equiv.) and indole 2g (14.3 mg, 98.5 umol, 1.05 equiv.) in DCM (0.1
Me 49 M, 1 mL). The crude product was purified by PREP TLC using
Chemical Formula: C24H30N2048  pent/EtOAC 80:20 to afford cycloadduct 4g as a colorless oil and

Molecular Weight: 442.5740 . .

mixture of diastereomers (35 mg, 80 umol, 85%, dr 92:8).

Rf = 0.5 (pentane/EtOAC 4:1).
'H NMR (400 MHz, CDClIs, signals for major diastereomer): & 7.64 (d, J = 8.3 Hz, 2H, Ts),
7.32(dd, J=7.4, 1.3 Hz, 1H, ArH), 7.30 — 7.24 (m, 2H, Ts), 7.14 (td, J = 7.7, 1.3 Hz, 1H, ArH),
6.74 (td, J = 7.4, 1.0 Hz, 1H, ArH), 6.43 (d, J = 7.8 Hz, 1H, ArH), 4.47 (dd, J = 10.6, 7.2 Hz,
1H, CH), 4.23 — 4.08 (m, 2H, OCH2CH3), 3.71 (d, J = 5.7 Hz, 1H, H-1, CH), 2.86 (s, 3H, H-3
CHz3), 2.81 (s, 3H, CH3), 2.71 (ddd, J = 10.5, 8.3, 5.7 Hz, 1H, CH), 2.41 (s, 3H, CH3), 1.97 (dt,
J=13.1, 10.5 Hz, 1H, CH>), 1.64 (dt, J = 13.1, 7.8 Hz, 1H, CH>), 1.34 (s, 3H, H-2, CH3), 1.26
(t, J=7.1 Hz, 3H, OCH,CHpa).
13C NMR (101 MHz, CDCls, signals for major diastereomer): § 174.7, 149.1, 143.4, 135.8,
135.5, 129.8, 128.3, 127.2, 123.8, 118.2, 106.8, 80.2, 64.3, 61.1, 55.4, 46.5, 33.1, 32.5, 29.8,
21.6,21.4,14.3.
IR (Vmax, €M) 3046 (m), 1729 (m), 1602 (m), 1484 (m), 1340 (s), 1160 (s), 733 (5).
HRMS (ESI/QTOF) m/z: [M + H]" Calcd for C24H31N204S* 443.1999; Found 443.2008.

Ethyl-8b-(2-((tert-butyldimethylsilyl)oxy)ethyl)-1-((N,4-dimethylphenyl)sulfonamido)-4-
methyl-1,2,3,3a,4,8b-hexahydrocyclopenta[b]indole-3-carboxylate (4h)

Prepared according to the general procedure E from Tf,NH (0.229
M, 66 uL, 15 pmol, 5 mol%), silyl enol ether 3b (16.3 mg, 75.4

@f@‘ooza umol, 0.25 equiv.), aminocyclopropane 1d (89.7 mg, 302 pumol,
NH 1.0 equiv.) and indole 2h (91.7 mg, 317 umol, 1.05 equiv.) in DCM

Me (0.3 M, 1 mL). The crude product was purified by flash
Molecular Weight: 586.8630 chromatography using pent/EtOAc 80:20 to afford cycloadduct 4h

Chemical Formula: C31H4gN2,O5SSi
as a colorless oil and inseparable mixture of diastereoisomers (150 mg, 256 pumol, 84%, dr
71:29).

Characterized as mixture of diastereomers
Rf = 0.8 (pentane/EtOAC 4:1).

'H NMR (400 MHz, CDCls, signals for major diastereomer): 6 7.65 — 7.59 (m, 2H, Ts), 7.31 —
7.22 (m, 3H, Ts, ArH), 7.16 — 7.08 (m, 1H, ArH), 6.76 — 6.70 (m, 1H, ArH), 6.40 — 6.35 (m,
1H, ArH), 4.45 (dd, J = 10.3, 7.1 Hz, 1H, CH), 4.21 — 4.08 (m, 2H, OCH2CH3), 4.02 (d, J=5.9
Hz, 1H, CH), 3.50 — 3.33 (m, 2H, OCHy>), 2.84 (s, 3H, CHz), 2.79 (s, 3H, CH3), 2.66 (ddd, J =
10.3, 8.3, 5.9 Hz, 1H, CH), 2.40 (s, 3H, CH3), 2.22 — 2.11 (m, 1H, CH), 1.95 — 1.77 (m, 2H,
CHy), 1.61 —1.49 (m, 1H, CH>), 1.25 (t, J = 7.1 Hz, 3H, OCH2CHj3), 0.82 (s, 9H, TBS), -0.05
(s, 3H, TBS), -0.08 (s, 3H, TBS).

'H NMR (400 MHz, CDCls, selected signals for minor diastereomer): 6 4.58 (dd, J = 8.3, 1.7 Hz, 1H,
CH),4.26 —4.22 (m, 1H, CH), 3.11 (dt, J=12.7, 7.0 Hz, 1H, CH), 2.80 (s, 3H, CHs), 2.75 (s, 3H, CH3),
2.39 (s, 3H, CHs), 2.30 (ddd, J=14.1, 7.1, 5.0 Hz, 1H, CH>), 2.07 —1.97 (m, 1H, CH,), 1.73 (dt, J = 14.5,
7.4 Hz, 1H, CH,), 1.39 - 1.31 (m, 1H, CH>), 0.83 (s, 9H, TBS), -0.04 (s, 3H, TBS), -0.06 (s, 3H, TBS).

13C NMR (101 MHz, CDCls, signal for both diastereomers): & 174.6, 171.8, 152.5, 149.8,
143.5, 143.4, 136.3, 135.6, 133.4, 132.1, 129.9, 129.8, 128.5, 127.3 (2C), 127.0, 124.4, 123.7,

Me -
TBSO_ ¢ NTs




118.7, 117.9, 107.7, 106.4, 77.1, 76.5, 67.1, 65.6, 61.1, 60.8, 60.69, 60.65, 60.1, 57.7, 50.0,
47.3,38.0, 37.3, 36.5, 33.0, 32.9, 31.8, 29.5, 28.5, 26.13, 26.07, 21.64, 21.62, 18.4, 18.3, 14.3,
-5.1,-5.2 (2C), -5.3.

IR (Vimax, €M) 3053 (W), 2940 (W), 1727 (m), 1482 (m), 1343 (m), 1162 (s), 1092 (m), 735 (s).
HRMS (ESI/QTOF) m/z: [M + HJ* Calcd for Ca;Ha7N20sSSi* 587.2969; Found 587.2980.

Ethyl-8b-(2-azidoethyl)-1-((N,4-dimethylphenyl)sulfonamido)-4-methyl-1,2,3,3a,4,8b-
hexahydrocyclopenta[b]indole-3-carboxylate (4i)

\ Me s Prepared according to the general procedure E from TfoNH (0.229
S M, 133 pL, 30.4 pmol, 20 mol%), silyl enol ether 3b (16.5 mg, 76.1
CEQI,,COZEt umol, 0.5 equiv.), aminocyclopropane 1d (45.3 mg, 152 umol, 1.0
e A equiv.) and indole 2i (32 mg, 0.16 mmol, 1.05 equiv.) in DCM (0.15
Chemical Formula: C,sHaNsO,8 M, 1 mL). The crude product was purified by flash chromatography
Molecular Weight: 497.6140  ysing pent/EtOAc 80:20 to afford cycloadduct 4i as a colorless oil
and mixture of diastereomers (61 mg, 0.12 mmol, 81%, dr 80:20). Half of the mixture was
purified further by PREP TLC using pent/EtOAc 80:20 allowing the isolation and clean NMR
characterization of the major diastereomer. The minor isomer was not obtained as a pure
fraction but a *H NMR is still provided.
Data for the major diastereomer
Rf = 0.59 (pentane/EtOAC 4:1).
IH NMR (400 MHz, CDCls): & 7.67 — 7.62 (m, 2H, Ts), 7.36 (dd, J = 7.3, 1.2 Hz, 1H, ArH),
7.31-7.27 (m, 2H, Ts), 7.16 (td, J = 7.8, 1.3 Hz, 1H, ArH), 6.77 (td, J = 7.5, 1.0 Hz, 1H, ArH),
6.41 (d, J = 7.8 Hz, 1H, ArH), 4.59 (dd, J = 9.1, 7.6 Hz, 1H, CH), 4.22 — 4.07 (m, 2H,
OCH2CHg), 3.95 (d, J = 6.4 Hz, 1H, CH), 3.13 - 3.07 (m, 2H, CH2), 2.82 (s, 3H, CH3), 2.80 (s,
3H, CH3), 2.64 (ddd, J=9.9, 8.6, 6.4 Hz, 1H, CH), 2.41 (s, 3H, CH3), 2.23 - 2.15 (m, 1H, CH>),
1.86 - 1.77 (m, 2H, CHy), 1.68 — 1.59 (m, 1H, CH2), 1.24 (t, J = 7.1 Hz, 3H, OCH2CHp3).
13C NMR (101 MHz, CDCls): 6 174.6, 149.5, 143.7, 135.5, 131.7, 129.9, 129.0, 127.3, 124.4,
118.4,106.8, 77.4, 65.4, 61.3, 57.7, 47.9, 46.8, 33.6, 32.8, 32.6, 30.0, 21.7, 14.3.
IR (Vmax, cm'™) 3045 (w), 2978 (m), 2095 (s), 1727 (s), 1484 (m), 1341 (s), 1165 (5), 741 (s).
HRMS (ESI/QTOF) m/z: [M + H]* Calcd for C2sH32Ns04S* 498.2170; Found 498.2174.

'H NMR for the minor diastereomer

'H NMR (400 MHz, CDCls, signals for the minor isomer) § 7.67 —
s 7.61 (m, 2H, Ts), 7.30 - 7.26 (m, 2H, Ts), 7.21 (dd, J = 7.4, 1.3 Hz,
@EQ\ 1H, ArH), 7.13 (td, J = 7.7, 1.3 Hz, 1H, ArH), 6.77 (td, J = 7.4, 1.0
Cn O Hz, 1H, ArH), 6.39 (d, J = 7.9 Hz, 1H, ArH), 4.65 (dd, J = 8.1, 1.6
chemical Formul“gf CuteNio,s 12 TH, CH), 4.22 —3.99 (m, 3H, CH, OCH2CHj3), 3.18 — 3.08 (m,
Molecular Weight: 497.6140 2H, CH2), 2.95-2.85 (m, 1H, CH), 2.80 (s, 6H, 2xCH3), 2.44 — 2.32
(m, 4H, CH3 CHy), 2.10 - 1.98 (m, 1H, CH>), 1.71 (dt, J = 14.2, 7.9

Hz, 1H, CH2), 1.41 - 1.31 (m, 1H, CH2), 1.25 (t, J = 7.1 Hz, 3H, OCH2CHa3).

Ethyl-1-((N,4-dimethylphenyl)sulfonamido)-3a,4,8b-trimethyl-1,2,3,3a,4,8b-
hexahydrocyclopenta[b]indole-3-carboxylate (4j)

Me~
N3 N:TS



Prepared according to the general procedure E from TfoNH (0.211

M, 12.7 uL, 2.68 umol, 2.5 mol%), silyl enol ether 3b (5.8 mg, 27

umol, 0.25 equiv.), aminocyclopropane 1d (31.8 mg, 107 umol, 1.0

equiv.) and indole 2j (17.9 mg, 112 umol, 1.05 equiv.) in DCM (0.1

Chemical Formmula, G048 M, 1 mL). The crude product was purified by flash chromatography
Molecular Weight: 456.6010  USing pent/EtOAc 85:15 to afford cycloadduct 4j as as a colorless

oil and mixture of diastereoisomers (46 mg, 0.10 mmol, 94%, dr

70:30). Half of the mixture was purified further by PREP TLC using pent/EtOAc 80:20

allowing the isolation and clean NMR characterization of each diastereomer.

Data for the major diastereomer

Rf = 0.45 (pentane/EtOAC 4:1).

IH NMR (400 MHz, CDCls): & 7.67 — 7.60 (m, 2H, Ts), 7.43 — 7.36 (m, 1H, ArH), 7.29 — 7.22

(m, 2H, Ts), 7.14 (td, J = 7.7, 1.3 Hz, 1H, ArH), 6.75 (td, J = 7.4, 1.0 Hz, 1H, ArH), 6.37 (dd,

J =178, 1.0 Hz, 1H, ArH), 4.55 (dd, J = 11.7, 7.9 Hz, H-1, 1H, CH), 4.22 — 4.07 (m, 2H,

OCH2CHg), 2.91-2.83 (m, 4H, H-2, H-3, CH, CH3), 2.77 (s, 3H, CHa), 2.40 (s, 3H, CH3), 2.09

(dt, J=13.1, 11.9 Hz, 1H, CH»), 1.47 (dt, J = 13.1, 7.6 Hz, 1H, CH,), 1.26 (t, J = 7.1 Hz, 3H,

OCH2CHs3), 1.19 (s, 3H, H-4/5, CH3), 1.12 (s, 3H, H-4/5, CH3).

13C NMR (101 MHz, CDCls): 6 173.8,147.7,143.3, 136.01, 135.98, 129.8, 128.3, 127.2, 123.9,

118.1, 106.3, 78.2, 63.6, 60.8, 58.2, 49.3, 32.7, 29.1, 28.6, 21.6, 17.2, 14.31, 14.29.

IR (Vmax, cm™) 3038 (w), 1727 (m), 1489 (m), 1339 (s), 1158 (s), 734 (5).

HRMS (ESI/QTOF) m/z: [M + H]* Calcd for CasH3sN204S* 457.2156; Found 457.2161.

Data for the minor diastereomer

! Rf = 0.42 (pentane/EtOAC 4:1).

( MZ‘N—__TS n0e 14 NMR (400 MHz, CDCls): 6 7.65 —7.58 (m, 2H, Ts), 7.29 — 7.21 (m, 3H,

@f@—coza Ts, ArH), 7.09 (td, J = 7.6, 1.3 Hz, 1H, ArH), 6.71 (td, J = 7.4, 1.0 Hz, 1H,
aucH:  ArH), 6.29 (m, 1H, ArH), 452 (dd, J = 8.9, 3.1 Hz, 1H, CH), 4.09 (qd, J =
ved ~ 4 7.2,2.9 Hz, 2H, OCH,CHs), 2.80 (s, 3H, H-1, CHs), 2.78 — 2.70 (m, 1H, H-

2, CH), 2.61 (s, 3H, CHa), 2.39 (s, 3H, CH3), 2.10 (m, 1H, CH), 1.44 (ddd,

J=14.4,6.8, 3.0 Hz, 1H, CHy), 1.37 (s, 3H, H-3, CH3), 1.35 (s, 3H, H-4, CH3), 1.26 (t, J = 7.2

Hz, 3H, OCH,CHy).

13C NMR (101 MHz, CDCls):  172.3, 150.1, 143.3, 136.4, 136.0, 129.8, 128.3, 127.1, 123.5,

117.9, 105.9, 79.5, 66.8, 60.9, 60.6, 54.1, 31.9, 30.5, 28.3, 21.6, 19.2, 18.5, 14.3.

HRMS (ESI/QTOF) m/z: [M + H]" Calcd for C2sH3sN204S* 457.2156; Found 457.2163.

Ethyl-12-((N,4-dimethylphenyl)sulfonamido)-9-methyl-1,2,3,4-tetrahydro-9H-4a,9a-
propanocarbazole-10-carboxylate (4k)

Prepared according to the general procedure E from Tfo2NH (0.23M,

NTs 45.3 uL, 10.4 umol, 10 mol%), silyl enol ether 3b (9.0 mg, 42 umol,

/> 4k 0.4 equiv.), aminocyclopropane 1d (31 mg, 0.10 mmol, 1 equiv.)

N oo and indole 2k (20.3 mg, 109 umol, 1.05 equiv.) in DCM (0.1 M, 1

Me mL). The crude product was purified by flash chromatography using

Ch&g‘:ﬂjIzclfrv”\;;'gmcfs'*;g';gg“s pent/EtOAc 85:15 to afford cycloadduct 4k as a mixture of

diastereoisomers and as a white solid (43.7 mg, 90.5 umol, 87%, dr

58:42). Half of the mixture was purified further by PREP TLC using pent/EtOAc 80:20
allowing the isolation and clean NMR characterization of each diastereomer.

NMR data for major diastereomer




Me. Rf = 0.35 (pentane/EtOAC 4:1).

T .. MPp.=509-541°C.
(> " 14 NMR (400 MHz, CDCl3): & 7.62 — 7.57 (m, 2H, Ts), 7.30 (dd, J = 7.4,
\S-cokt 1.2 Hz, 1H, ArH), 7.25 - 7.21 (m, 2H, Ts), 7.14 (td, J = 7.6, 1.2 Hz, 1H,

Me 4k  ArH), 6.71 (td, J = 7.4, 1.0 Hz, 1H, ArH), 6.35 (dd, J = 7.8, 1.0 Hz, 1H,
ArH), 443 (dd, J = 12.4, 7.1 Hz, 1H, H-1, CH), 4.25 — 4.10 (m, 2H,
OCH2CHj3), 2.96 (dd, J = 11.5, 7.4 Hz, H-2, 1H, CH), 2.91 (s, 3H, CH3), 2.79 (s, 3H, CHz),
2.39 (s, 3H, CHa), 2.27 (td, J = 12.7, 11.5 Hz, 1H, CH>), 1.92 — 1.76 (m, 2H, CH>), 1.66 (ddd,
J=14.1,8.2,5.6 Hz, 1H, CH>), 1.56 — 1.49 (m, 1H, CH>), 1.49 — 1.39 (m, 2H, CHy), 1.29 (t, J
=7.1Hz, 3H, OCH,CH3), 1.28 — 1.18 (m, 2H, CH), 1.17 — 1.05 (m, 1H, CH>).
13C NMR (101 MHz, CDCls): 8 173.3, 149.0, 143.3, 135.6, 133.0, 129.7, 128.3, 127.4, 123.8,
117.4, 105.8, 77.3, 64.1, 61.0, 58.0, 50.2, 33.4, 28.5, 27.9, 25.9, 24.5, 21.6, 19.1, 18.6, 14.4.
IR (Vmax, cm™) 3053 (W), 2941 (m), 1725 (s), 1487 (m), 1341 (m), 1157 (s), 740 (s).
HRMS (ESI/QTOF) m/z: [M + H]" Calcd for Co7H3sN204S* 483.2312; Found 483.2314.
NMR data for minor diastereomer?
Me. Rf = 0.32 (pentane/EtOAC 4:1).
TS 'H NMR (400 MHz, CDCls): § 7.61 (d, J = 8.3 Hz, 2H, Ts), 7.27 — 7.20 (m,
/> s 3H. TS, ArH), 7.11 (td, J = 7.6, 1.3 Hz, 1H, ArH), 6.71 (td, J = 7.4, 1.0 Hz,
N 1H, ArH), 6.29 (d, J = 7.9 Hz, 1H, ArH), 4.54 (dd, J = 8.8, 4.8 Hz, 1H, CH),
Me CO2Et  4.22 —4.06 (m, 2H, OCH2CHBa), 2.89 (dd, J = 10.2, 7.6 Hz, 1H, CH), 2.82
(s, 3H, CHBa), 2.60 (s, 3H, CH3), 2.39 (s, 3H, CH3), 2.17 - 2.02 (m, 2H, CH>),
1.98 -1.79 (m, 2H, CHy), 1.70 — 1.52 (m, 3H, CH>), 1.45-1.30 (m, 1H, CH2), 1.28 (t, J = 7.2
Hz, 3H, OCH2CHj3), 1.24 — 1.15 (m, 1H, CHy), 1.09 — 0.92 (m, 1H, CH>).
13C NMR (101 MHz, CDCls): 6 172.6, 151.5, 143.2, 136.3, 133.2, 129.8, 128.3, 127.2, 123.4,
117.6, 105.7, 79.2, 67.0, 60.9, 60.7, 52.0, 32.6, 30.4, 27.7, 27.6, 26.2, 21.6, 18.3, 18.1, 14.3.
HRMS (ESI/QTOF) m/z: [M + H]" Calcd for Co7H3sN204S* 483.2312; Found 483.2314.

Ethyl-1-((N,4-dimethylphenyl)sulfonamido)-4,5-dimethyl-1,2,3,3a,4,8b-
hexahydrocyclopenta[b]indole-3-carboxylate (4l)

Me~NTs Prepared according to the general procedure E from TfoNH (0.222
H 7 M, 24.5 uL, 5.5 umol, 5 mol%), silyl enol ether 3b (5.9 mg, 27 pmol,
@Eé%'”'coga 0.25_equiv.), aminocyclopropane 1d (32.4 mg, 10_9 umol, 1.0 equiv.)
and indole 2| (16.6 mg, 114 umol, 1.05 equiv.) in DCM (0.1 M, 1
Chermical Formula: CogHagN,0,s ML)- The crude product was purified by PREP TLC using
Molecular Weight: 442.5740  pent/EtOAc 80:20 to afford cycloadduct 4l as a colorless oil (37.3
mg, 84.3 umol, 77%, dr 93:7).
Rf = 0.4 (pentane/EtOAC 4:1).
'H NMR (400 MHz, CDCls): 6 7.65 — 7.60 (m, 2H, Ts), 7.27 — 7.22 (m, 2H, Ts), 6.88 (d, J =
7.5Hz, 1H, ArH), 6.84 (d, J=7.3 Hz, 1H, ArH), 6.61 (t, J = 7.4 Hz, 1H, ArH), 4.32 — 4.10 (m,
3H, OCH,CHz, CH), 3.90 (dd, J=10.4, 6.0 Hz, 1H, CH), 3.68 — 3.60 (m, 1H, CH), 2.96 (s, 3H,
CHz3), 2.89 (s, 3H, CH3), 2.85 —-2.77 (m, 1H, CH), 2.41 (s, 3H, CH3), 2.33 (s, 3H, CH3), 1.84 —
1.67 (m, 2H, CHy), 1.28 (t, J = 7.1 Hz, 3H, OCH.CHy3).
13C NMR (101 MHz, CDCls): 8 174.6, 149.7, 143.3, 136.6, 131.5, 130.9, 129.8, 127.2, 122.3,

120.8, 120.0, 74.2, 64.3, 61.0, 50.0, 47.8, 39.3, 30.6, 29.2, 21.6, 19.5, 14.3.
IR (vimax, €M) 3033 (), 2863 (w), 1729 (m), 1470 (m), 1339 (m), 1160 (s), 978 (m).

Me I\VIe 4]

! The NOESY experiment did not allow us to assign the relative configuration of the minor isomer. The
stereochemistry was thus assumed as disclosed as compared to other cycloadducts.



HRMS (ESI/QTOF) m/z: [M + H]* Calcd for C24H31N204S™ 443.1999; Found 443.1999.

Ethyl-9-(tert-butyldimethylsilyl)-6-((N,4-dimethylphenyl)sulfonamido)-2,3,5b,6,7,8,8a,9-
octahydro-1H-dicyclopenta[b,g]indole-8-carboxylate (4m)

Me~pTs Prepared according to the general procedure E from Tf2NH (0.192

H, M, 13.2 uL, 2.53 umol, 2.5 mol%), silyl enol ether 3b (5.5 mg, 25
e umol, 0.25 equiv.), aminocyclopropane 1d (30.1 mg, 101 umol,
N\TB'; 1.0 equiv.) and indole 2m (28.9 mg, 106 umol, 1.05 equiv.) in
Chemical Formula: Ga;HagNaO4SSi DCM (0.1 M, 1 mL). The crude product was purified by flash
Molecular Weight: 568.8480 chromatography using pent/Et.O 85:15 providing cycloadduct as
a mixture of diastereomers (34 mg, 60 umol, 59%, dr 88:12). The mixture was further purified
by PREP TLC using pent/EtOAc 80:20 to afford cycloadduct 4m as pure isomer and white
solid. The minor isomer was not obtained in a pure fraction.
Rf = 0.48 (pentane/EtOAC 4:1).
m. p. =136.4 - 138.5 °C.
'H NMR (400 MHz, CDCls): 6 7.70 (d, J = 8.3 Hz, 2H, Ts), 7.30 — 7.25 (m, 2H, Ts), 7.09 (d,
J=7.4Hz, 1H, ArH), 6.78 (d, J = 7.4 Hz, 1H, ArH), 4.60 (td, J = 8.6, 3.0 Hz, 1H, CH), 4.26
(t, J=8.5Hz, 1H, CH), 4.11 (g, J= 7.1 Hz, 2H, OCH2CH3), 3.55 (d, J = 7.6 Hz, 1H, CH), 2.90
(s, 3H, CH3), 2.89 — 2.69 (m, 4H, 2xCH>), 2.48 — 2.37 (m, 4H, CH3, CH), 2.13 — 2.03 (m, 1H,
CHy), 1.97 - 1.85 (m, 1H, CH), 1.78 — 1.67 (m, 1H, CH>), 1.65 — 1.55 (m, 1H, CH>), 1.25 (t, J
= 7.1 Hz, 3H, OCH2CHBg), 0.75 (s, 9H, tBu), 0.32 (s, 3H, CHz), 0.11 (s, 3H, CHa).
13C NMR (101 MHz, CDCls): 6 174.9, 146.3, 145.6, 143.5, 136.5, 133.3, 129.9, 129.3, 127.3,
122.5, 117.1, 71.8, 63.0, 60.8, 50.5, 50.4, 33.6, 33.2, 29.9, 29.8, 26.8, 26.2, 21.6, 20.1, 14.3, -
1.3,-2.6.
IR (Vmax, cm™) 3058 (w), 2948 (w), 1725 (m), 1433 (m), 1339 (m), 1162 (s), 1014 (m), 910 (m).
HRMS (ESI/QTOF) m/z: [M + H]* Calcd for C31H4sN204SSi* 569.2864; Found 569.2875.

Ethyl-1-((N,4-dimethylphenyl)sulfonamido)-6-methoxy-4-methyl-1,2,3,3a,4,8b-
hexahydrocyclopenta[b]indole-3-carboxylate (4n)

4m

Prepared according to the general procedure E from TfoNH (0.229

" M, 66 uL, 15 umol, 5 mol%), silyl enol ether 3b (16.4 mg, 75.7
/@EQ umol, 0.25 equiv.), aminocyclopropane 1d (90.1 mg, 303 umol, 1.0

MeO N H S9! equiv.) and indole 2n (51.3 mg, 318 pwmol, 1.05 equiv.) in DCM (0.3

M, 1 mL). The crude product was purified by flash chromatography

using pent/EtOAc 75:25 to afford cycloadduct 4n as a colorless oil

(68 mg, 0.15 mmol, 49%, dr 92:8).

Rf = 0.4 (pentane/EtOAC 4:1).

'H NMR (400 MHz, CDCls): 8 7.65 — 7.61 (m, 2H, Ts), 7.27 — 7.23 (m, 2H, Ts), 6.79 (dd, J =

8.1, 0.9 Hz, 1H, ArH), 6.09 (dd, J = 8.0, 2.3 Hz, 1H, ArH), 5.96 (d, J = 2.3 Hz, 1H, ArH), 4.36

—4.27 (m, 1H, CH), 4.22 - 4.12 (m, 2H, OCH.CH?3), 4.08 (dd, J = 10.1, 5.5 Hz, 1H, CH), 3.76

(s, 3H, CHs), 3.51 - 3.44 (m, 1H, CH), 2.89 (s, 3H, CH3), 2.85 - 2.78 (m, 1H, CH), 2.77 (s, 3H,

CHs), 2.41 (s, 3H, CHg), 1.92 — 1.73 (m, 2H, CHy), 1.27 (t, J = 7.1 Hz, 3H, OCH2CHy3).

13C NMR (101 MHz, CDCls): 6 174.4, 161.0, 152.4, 143.3, 136.6, 129.8, 127.2, 124.6, 121.6,

101.9,94.2,73.3,63.9, 61.1, 55.5, 48.5, 47.4, 33.3, 31.4, 29.2, 21.6, 14.3.

IR (Vmax, €M) 3032 (W), 2925 (w), 1728 (m), 1614 (m), 1493 (m), 1337 (s), 1162 (s).

HRMS (ESI/QTOF) m/z: [M + H]* Calcd for C24H31N205S* 459.1948; Found 459.1954.

Me\NTS

Me 4n
Chemical Formula: C4H3gN,O5S
Molecular Weight: 458.5730



Ethyl-1-((N,4-dimethylphenyl)sulfonamido)-7-(1,3-dioxoisoindolin-2-yl)-4-methyl-
1,2,3,3a,4,8b-hexahydrocyclopenta[b]indole-3-carboxylate (40)

0 Me-ne Prepared according to the general procedure E from TfoNH (0.218
H M, 48.3 uL, 10.5 umol, 10 mol%), silyl enol ether 3b (11.4 mg,
%:N\Q\/Q 52.6 umol, 0.5 equiv.), aminocyclopropane 1d (31.3 mg, 105 pumol,
° N €O2E' 1 0 equiv.) and indole 20 (30.5 mg, 111 umol, 1.05 equiv.) in DCM
Chemical Formula: Ca;HasNoOgS (0.07 M, 1.5 mL). The crude product was purified by PREP TLC
Molecular Weight: 573.6640 using DCM to afford cycloadduct 40 as a yellow solid (41.3 mg,
72.0 pmol, 68%, dr 92:8).
Rf = 0.2 (DCM).
m. p. =95-98 °C.
IH NMR (400 MHz, CDCls): & 7.97 — 7.91 (m, 2H, ArH), 7.80 — 7.74 (m, 2H, ArH), 7.66 —
7.62 (m, 2H, Ts), 7.21 — 7.16 (m, 2H, Ts), 7.10 (dd, J = 8.3, 2.1 Hz, 1H, ArH), 6.94 — 6.91 (m,
1H, ArH), 6.45 (d, J = 8.4 Hz, 1H, ArH), 4.47 — 4.38 (m, 1H, CH), 4.26 — 4.12 (m, 3H, CH,
OCH2CH?3), 3.68 — 3.61 (m, 1H, CH), 2.87 (s, 3H, CH3), 2.85—2.77 (m, 4H, CHs CH), 2.21 (s,
3H, CH3), 1.95-1.77 (m, 2H, CH2), 1.28 (t, J = 7.1 Hz, 3H, OCH2CHp3).
13C NMR (101 MHz, CDCls): 6 174.2, 167.9, 150.9, 143.3, 136.5, 134.3, 132.1, 129.7, 127.6,
1275, 127.4, 123.6, 123.2, 121.2, 106.3, 72.6, 63.8, 61.2, 48.8, 47.8, 33.1, 31.4, 29.2, 21.4,
14.3.
IR (Vmax, €M) 3056 (W), 2941 (w), 1721 (s), 1496 (m), 1341 (s), 1161 (), 731 (s).
HRMS (ESI/QTOF) m/z: [M + H]" Calcd for Cs1H32N306S* 574.2006; Found 574.2016.

Ethyl-7-chloro-1-((N,4-dimethylphenyl)sulfonamido)-4-methyl-1,2,3,3a,4,8b-
hexahydrocyclopenta[b]indole-3-carboxylate (4p)

Prepared according to the general procedure E from Tf,NH (0.211
H M, 12.3 uL, 2.6 umol, 2.5 mol%), silyl enol ether 3b (5.6 mg, 26
C|\©\/*Q% umol, 0.25 equiv.), aminocyclopropane 1d (30.9 mg, 104 pumol,
N H f:zEt 1.0 equiv.) and indole 2p (18.1 mg, 109 pmol, 1.05 equiv.) in
_ Me DCM (0.1 M, 1 mL). The crude product was purified by PREP
Chemical Formula: C,3H,7CIN,O4S )
Molecular Weight: 462.9890 TLC using pent/EtOAc 80:20 to afford cycloadduct 4p as a
colorless oil (41 mg, 88 pumol, 85%, dr 92:8).
Rf = 0.34 (pentane/EtOAC 4:1).
'H NMR (400 MHz, CDCl3): 6 7.61 (d, J = 8.3 Hz, 2H, Ts), 7.29 — 7.22 (m, 2H, Ts), 7.00 (dd,
J=8.4,2.2 Hz, 1H, ArH), 6.60 — 6.59 (m, 1H, ArH), 6.26 (d, J = 8.4 Hz, 1H, ArH), 4.34 — 4.26
(m, 1H, CH), 4.24 — 4.13 (m, 2H, OCH,CHj3), 4.07 (dd, J = 10.1, 5.1 Hz, 1H, CH), 3.46 (t, J =
9.4 Hz, 1H, CH), 2.91 (s, 3H, CH3), 2.89 — 2.80 (m, 1H, CH), 2.75 (s, 3H, CHa), 2.41 (s, 3H,
CHa), 1.98 - 1.89 (m, 2H, CHy), 1.28 (t, J = 7.1 Hz, 3H, OCH,CH5).
13C NMR (101 MHz, CDCls): 5 174.2, 149.8, 143.7, 136.5, 130.6, 129.9, 128.2, 127.2, 124.4,
122.3,107.4,73.2,63.5, 61.2, 48.2, 47.5, 33.5, 32.1, 29.0, 21.8, 14.3.
IR (Vmax, cm™) 3059 (W), 2820 (m), 1729 (s), 1487 (m), 1338 (s), 1159 (s), 809 (S).
HRMS (ESI/QTOF) m/z: [M + H]" Calcd for C23H2sCIN204S* 463.1453; Found 463.1458.

Ethyl-7-bromo-1-((N,4-dimethylphenyl)sulfonamido)-4-methyl-1,2,3,3a,4,8b-
hexahydrocyclopenta[b]indole-3-carboxylate (4q)

Me-NTs



Prepared according to the general procedure E from Tf2NH (0.213
H M, 73.4 uL, 15.6 pmol, 5 mol%), silyl enol ether 3b (16.9 mg, 78.2
Br\@f@,,, umol, 0.25 equiv.), aminocyclopropane 1d (93 mg, 0.31 mmol, 1.0
NH “%F' equiv.) and indole 2 (69 mg, 0.33 mmol, 1.05 equiv.) in DCM
__— Formula’?"zst:;eroﬁ (0.3 M, 1 mL). The crude product was purified by flash
Molecular Weight: 507.4430 chromatography using pent/EtOAc 75:25 to afford cycloadduct 4q
as a colorless oil (139 mg, 274 umol, 88%, dr 94:6).
Rf = 0.3 (pentane/EtOAC 4:1).
'H NMR (400 MHz, CDCls): 6 7.63 — 7.59 (m, 2H, Ts), 7.28 — 7.25 (m, 2H, Ts), 7.14 (dd, J =
8.3, 2.1 Hz, 1H, ArH), 6.77 (dd, J = 2.1, 0.9 Hz, 1H, ArH), 6.22 (d, J = 8.3 Hz, 1H, ArH), 4.34
—4.26 (m, 1H, CH), 4.22 — 4.13 (m, 2H, OCH2CHg), 4.07 (dd, J = 10.1, 5.2 Hz, 1H, CH), 3.47
(t, J=9.4 Hz, 1H, CH), 2.90 (s, 3H, CH3), 2.88 — 2.80 (m, 1H, CH), 2.75 (s, 3H, CH3), 2.42 (s,
3H, CHg), 1.98 — 1.90 (m, 2H, CHy), 1.27 (t, J = 7.2 Hz, 3H, OCH2CHs).
13C NMR (101 MHz, CDCls): 6 174.1, 150.2, 143.6, 136.5, 131.1, 131.1, 129.9, 127.2, 127.1,
109.2, 108.0, 73.0, 63.5, 61.2, 48.2, 47.5, 33.4, 31.9, 29.0, 21.8, 14.3.
IR (Vmax, €M) 3045 (m), 1726 (s), 1485 (s), 1342 (s), 1162 (s), 978 (s), 804 (5).
HRMS (ESI/QTOF) m/z: [M + H]* Calcd for C2sH2s"°BrN,04S* 507.0948; Found 507.0945.

Ethyl-6-bromo-1-((N,4-dimethylphenyl)sulfonamido)-4-methyl-1,2,3,3a,4,8b-
hexahydrocyclopenta[b]indole-3-carboxylate (4r)

Me~NTs

Prepared according to the general procedure E from Tf,NH (0.173

M:"‘!__TS M, 14.7 uL, 2.5 pmol, 2.5 mol%), silyl enol ether 3b (5.5 mg, 25

£ umol, 0.25 equiv.), aminocyclopropane 1d (30.2 mg, 102 pmol,

. N H “COEt 1.0 equiv.) and indole 2r (22.4 mg, 107 umol, 1.05 equiv.) in DCM
Me 4r (0.1 M, 1 mL). The crude product was purified by PREP TLC

Chemical Formula: C3H27BMN2048  sing pent/EtOAC 75:25 to afford cycloadduct 4r as a colorless oil

Molecular Weight: 507.4430

(41 mg, 82 pmol, 81%, dr 95:5).

Rf = 0.33 (pentane/EtOAC 4:1).
IH NMR (400 MHz, CDCls): § 7.62 — 7.58 (m, 2H, Ts), 7.26 — 7.22 (m, 2H, Ts), 6.70 (dd, J =
7.8,0.9 Hz, 1H, ArH), 6.62 (dd, J = 7.7, 1.7 Hz, 1H, ArH), 6.47 (d, J = 1.7 Hz, 1H, ArH), 4.28
(ddd, J = 11.5, 8.7, 6.5 Hz, 1H, CH), 4.22 — 4.12 (m, 2H, OCH2CHs), 4.09 (dd, J = 10.1, 5.3
Hz, 1H, CH), 3.50 — 3.42 (m, 1H, CH), 2.89 (s, 3H, CHs), 2.85 — 2.78 (m, 1H, CH), 2.77 (s,
3H, CHa), 2.42 (s, 3H, CHa), 1.93 — 1.73 (m, 2H, CHa), 1.27 (t, J = 7.1 Hz, 3H, OCH2CHs).
13C NMR (101 MHz, CDCls): 6 174.1, 152.2, 143.6, 136.5, 129.9, 128.0, 127.2, 125.4, 122.3,
120.4, 109.5, 72.7, 63.6, 61.2, 48.5, 47.4, 33.0, 31.3, 29.1, 21.7, 14.3.
IR (Vmax, cmY) 3058 (W), 2947 (w), 1727 (m), 1601 (w), 1488 (w), 1339 (w), 1160 (m), 733 ().
HRMS (ESI/QTOF) m/z: [M + H]* Calcd for C23H2s"°BrN,04S* 507.0948; Found 507.0958.

Ethyl (1R,3S,3aS,8bR)-1-((N,4-dimethylphenyl)sulfonamido)-8-fluoro-4-methyl-
1,2,3,3a,4,8b-hexahydrocyclopenta[b]indole-3-carboxylate (4s)

Prepared according to the general procedure E from Tf,NH (0.173

H, M, 14.8 uL, 2.6 pmol, 2.5 mol%), silyl enol ether 3b (5.5 mg, 26

CEQ,,,COZB umol, 0.25 equiv.), aminocyclopropane 1d (30.4 mg, 102 pmol, 1.0

N H equiv.) and indole 2s (16.0 mg, 107 umol, 1.05 equiv.) in DCM

(0.1 M, 1 mL). The crude product was purified by PREP TLC using

Me\NTS

Me 94s
Chemical Formula: Cy3H57FN,O4S
Molecular Weight: 446.5374



pent/EtOAc 75:25 to afford cycloadduct 4s as a colorless oil (30.3 mg, 67.9 umol, 66%, dr
93:7).

Rf = 0.37 (pentane/EtOAC 4:1).

IH NMR (400 MHz, CDCl3): & 7.61 — 7.55 (m, 2H, Ts), 7.20 — 7.15 (m, 2H, Ts), 7.05 — 6.97
(m, 1H, ArH), 6.21 — 6.13 (m, 2H, ArH), 4.38 (g, J = 9.3 Hz, 1H, CH), 4.26 — 4.13 (m, 2H,
OCH2CH3), 4.07 (dd, J =9.7, 4.2 Hz, 1H, CH), 3.65 (t, J = 9.6 Hz, 1H, CH), 2.99 — 2.89 (m,
4H, CH, CHs3), 2.77 (s, 3H, CHz3), 2.39 (s, 3H, CHa), 2.07 — 1.98 (m, 2H, CH), 1.29 (t, J=7.1
Hz, 3H, OCH2CH3).

13C NMR (101 MHz, CDCls): 6 174.1, 159.5 (d, J = 245.8 Hz), 154.0 (d, J = 9.1 Hz), 143.0,
136.9, 130.2 (d, J = 8.8 Hz), 129.6, 127.2, 114.2 (d, J = 21.2 Hz), 105.3 (d, J = 21.2 Hz), 102.8
(d, J=2.6 Hz), 73.9, 62.9, 61.3, 47.7, 45.2, 33.7, 32.5, 28.4, 21.6, 14.3.

19 NMR (376 MHz, CDCls): & -118.6 (dd, J = 8.8, 5.6 Hz).

IR (Vmax, cm™) 3058 (w), 2952 (m), 1728 (s), 1475 (m), 1338 (s), 1158 (s), 974 (s), 730 (S).
HRMS (ESI/QTOF) m/z: [M + H]" Calcd for C23H28FN204S* 447.1748; Found 447.1758.

Ethyl-1-((N,4-dimethylphenyl)sulfonamido)-4-methyl-8-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-1,2,3,3a,4,8b-hexahydrocyclopenta[b]indole-3-carboxylate (4t)

Prepared according to the general procedure E from Tf2NH (0.23
g b Me;}”s M, 89.2 uL, 20.5 pmol, 20 mol%), silyl enol ether 3b (11.1 mg,
By 51.3 pmol, 0.5 equiv.), aminocyclopropane 1d (30.5 mg, 103
@EQ\COZB umol, 1.0 equiv.) and indole 2t (27.7 mg, 108 umol, 1.05 equiv.)
N|\/| Ho in DCM (0.1 M, 1 mL). The crude product was purified by PREP
Chemical Formm: CaoHagBN,0gS TLC using pent/EtOAc 80:20 to afford cycloadduct 4t as a white
Molecular Weight: 554.5090 solid and an inseparable mixture of diasteromers (34.1 mg, 61.5
umol, 60%, dr 84:16).
Characterized as mixture of diastereomers
Rf = 0.34 (pentane/EtOAC 4:1).
m. p. =189 — 191 °C.
'H NMR (400 MHz, CDCls, signals for the major isomer): § 7.54 — 7.49 (m, 2H, Ts), 7.19 —
7.11 (m, 4H, Ts, ArH), 6.54 (dd, J = 7.1, 1.8 Hz, 1H, ArH), 4.27 — 4.09 (m, 3H, OCH2CHz3,
CH), 3.85(dd, J = 8.2, 2.2 Hz, 1H, CH), 3.76 (dd, J = 9.8, 8.2 Hz, 1H, CH), 3.01 (td, J = 8.9,
2.2 Hz, 1H, CH), 2.94 (s, 3H, CH3), 2.73 (s, 3H, CH3), 2.37 (s, 3H, CHz), 1.99 (ddd, J = 12.9,
11.5,9.2 Hz, 1H, CHy), 1.75 (ddd, J = 12.9, 8.5, 7.0 Hz, 1H, CH>), 1.33 (s, 6H, 2xCH3), 1.31 —
1.23 (m, 9H, 2xCH3, OCH2CHj3).
13C NMR (101 MHz, CDCls, signals for the major isomer): 6 174.7, 150.7, 142.9, 136.7, 136.2,
129.7, 129.6, 127.6, 127.3, 125.7, 110.1, 83.5, 75.7, 63.6, 61.1, 48.0, 46.5, 34.3, 29.9, 29.2,
26.0,24.2, 21.6, 14.3.
IR (Vmax, €M) 3056 (W), 2981 (m), 1728 (m), 1345 (s), 1155 (s), 1111 (s), 973 (m).
HRMS (ESI/QTOF) m/z: [M + H]* Calcd for C29H40BN206S™ 555.2695; Found 555.2709.

Ethyl-1-((N,4-dimethylphenyl)sulfonamido)-4-methyl-6-(trifluoromethyl)-1,2,3,3a,4,8b-
hexahydrocyclopenta[b]indole-3-carboxylate (4u)




Prepared according to the general procedure E from Tf2NH (0.173
M, 114 uL, 19.7 umol, 20 mol%), silyl enol ether 3b (10.7 mg,

H/
/CEQ"'CO o 49.3 umol, 0.5 equiv.), aminocyclopropane 1d (29.3 mg, 98.5
FsC N H umol, 1.0 equiv.) and indole 2u (20.6 mg, 103 pumol, 1.05 equiv.)

3
4
_ Me = in DCM (0.1 M, 1 mL). The crude product was purified by PREP
Chemical Formula: Co4H,7F3N>04S

Molecular Weight: 496.5452 TLC using pent/EtOAc 75:25 to afford cycloadduct 4u as a
colorless oil (33.6 mg, 67.7 umol, 69%, dr 93:7).

Rf = 0.26 (pentane/EtOAC 4:1).
'H NMR (400 MHz, CDCls): § 7.62 — 7.58 (m, 2H, Ts), 7.25 - 7.21 (m, 2H, Ts), 6.91 (d, J =
7.6 Hz, 1H, ArH), 6.77 — 6.73 (m, 1H, ArH), 6.52 (brs, 1H, ArH), 4.30 (ddd, J =11.6, 8.8, 6.5
Hz, 1H, CH), 4.24 — 4.11 (m, 3H, OCH,CHjs, CH), 3.54 (t, J = 9.5 Hz, 1H, CH), 2.92 (s, 3H,
CHa), 2.87 — 2.79 (m, 4H, CH, CHj3), 2.41 (s, 3H, CH3), 1.95 - 1.76 (m, 2H, CH>), 1.28 (t, J =
7.1 Hz, 3H, OCH2CH5).
13C NMR (101 MHz, CDCls): & 174.0, 151.2, 143.6, 136.4, 132.7, 130.8 (q, J = 31.5 Hz),
129.9,127.1, 124.7 (q, J = 272.2 Hz), 124.2, 114.7 (g, J = 3.9 Hz), 102.5 (q, J = 3.4 Hz), 72.6,
63.6, 61.3, 48.5, 47.6, 33.0, 31.3, 29.1, 21.6, 14.3.
F NMR (376 MHz, CDCls): 6 -62.4.
IR (Vmax, €M) 3060 (W), 2946 (w), 1728 (m), 1316 (m), 1270 (m), 1161 (s), 1119 (s).
HRMS HRMS (ESI/QTOF) m/z: [M + H]* Calcd for CasH2sFsN204S* 497.1716; Found
497.1727.

Me\NTs

4.2. Scope of aminocyclopropanes

Ethyl-4-benzyl-1-((N-benzyl-4-methylphenyl)sulfonamido)-1,2,3,3a,4,8b-
hexahydrocyclopenta[b]indole-3-carboxylate (5a)

Prepared according to the general procedure E from Tf.NH (0.219
M, 70.6 uL, 15.5 pmol, 5 mol%), silyl enol ether 3b (16.7 mg, 77.3

Hf
@E@x COLEL umol, 0.25 equiv.), aminocyclopropane 1g (116 mg, 309 umol, 1.0
NH 2

L equiv.) and benzyl-protected indole 1c (67.3 mg, 325 umol, 1.05
n a . . . g
Chemical Formula: CagHasN;04S equiv.) in DCM (0.3 M, 1 mL). The crude product was purified by

Molecular Weight: 580.7430  flash  chromatography using pent/EtOAc 85:15 to afford
cycloadduct 5a as a white solid and an inseparable mixture of

diastereoisomers (159 mg, 274 umol, 89%, dr 80:20).
Characterized as mixture of diastereomers
Rf = 0.57 (pentane/EtOAC 4:1).
'H NMR (400 MHz, CDCls, signals for major isomer): & 7.68 — 7.61 (m, 2H, Ts), 7.48 — 7.44
(m, 2H, Ts), 7.37 — 7.12 (m, 10H, ArH), 6.99 (td, J = 7.7, 1.3 Hz, 1H, ArH), 6.74 (d, J = 7.3
Hz, 1H, ArH), 6.49 (td, J = 7.4, 1.0 Hz, 1H, ArH), 6.32 (d, J = 7.8 Hz, 1H, ArH), 4.75 (d, J =
15.8 Hz, 1H, Bn), 4.38 — 4.26 (m, 3H, Bn), 4.23 — 4.12 (m, 2H, 2xCH), 4.00 (qd, J = 7.1, 2.0
Hz, 2H, OCH2CHs3), 3.66 — 3.58 (m, 1H, CH), 2.73 (ddd, J = 11.6, 7.4, 5.9 Hz, 1H, CH), 2.42
(s, 3H, CHg), 1.98 - 1.83 (m, 2H, CH2), 1.13 (t, J = 7.1 Hz, 3H, OCH.CH3).
13C NMR (101 MHz, CDCls, signals for major isomer): & 174.1, 150.5, 143.5, 138.4, 137.8,
137.7,129.9, 128.9, 128.8, 128.6, 128.3, 128.2, 127.9, 127.4, 127.3, 127.1, 124.5, 117.7, 106.8,
70.4,65.4,61.0,51.1, 49.2, 48.5, 48.2, 33.0, 21.6, 14.1.
IR (Vmax, cm™) 3034 (w), 2980 (w), 1726 (m), 1487 (m), 1338 (m), 1156 (s), 911 (m), 734 (s).

Bn‘NTS




HRMS (ESI/QTOF) m/z: [M + H]* Calcd for CssH37N204S™ 581.2469; Found 581.2469.

2,2,2-Trifluoroethyl-1-((N,4-dimethylphenyl)sulfonamido)-4-methyl-1,2,3,3a,4,8b-
hexahydrocyclopenta[b]indole-3-carboxylate (5b)

Prepared according to the general procedure E from Tf2NH (0.219
M, 50.3 uL, 11 pmol, 10 mol%), silyl enol ether 3b (6.0 mg, 27

Hf
@E’Q umol, 0.25 equiv.), aminocyclopropane 1h (38.7 mg, 110 umol,
N CO2CCTs 1.0 equiv.) and 1-methylindole 2a (14.9 uL, 116 pmol, 1.05

Me b equiv.) in DCM (0.1 M, 1 mL). The crude product was purified by

Chemical Formula: Co3Ho5F3N,0,4S

Molecular Weight: 482.5182 PREP TLC using pent/EtOAc 80:20 to afford cycloadduct 5b as a
colorless oil and an inseparable mixture of diastereoisomers (38.3

mg, 79.4 umol, 72%, dr 83:17).
Characterized as mixture of diastereomers
Rf = 0.39 (pentane/EtOAC 4:1).
'H NMR (400 MHz, CDCls, signals for major isomer): & 7.65 — 7.60 (m, 2H, Ts), 7.27 — 7.22
(m, 2H, Ts), 7.10 (td, J = 7.8, 1.3 Hz, 1H, ArH), 6.87 (d, J = 7.4 Hz, 1H, ArH), 6.56 (td, J =
7.4,1.0 Hz, 1H, ArH), 6.41 (d, J = 7.8 Hz, 1H, ArH), 4.66 — 4.34 (m, 3H, OCH,CF3, CH), 4.08
(dd, J=10.1, 5.3 Hz, 1H, CH), 3.60 — 3.53 (m, 1H, CH), 3.00 — 2.93 (m, 1H, CH), 2.92 (s, 3H,
CHz3), 2.79 (s, 3H, CH3), 2.42 (s, 3H, CH3), 1.99 — 1.81 (m, 2H, CH>).
13C NMR (101 MHz, CDCls, signals for major isomer): & 172.9, 150.9, 143.5, 136.5, 129.9,
128.7, 128.5, 127.2, 124.4, 122.9 (q, J = 277.3 Hz), 118.2, 106.9, 72.9, 63.7, 60.7 (g, J = 36.6
Hz), 48.0, 47.9, 33.5, 31.5, 29.2, 21.6.
F NMR (376 MHz, CDCls): 6 -73.7.
IR (Vmax, €M) 3045 (m), 2973 (m), 1754 (m), 1338 (m), 1281 (s), 1155 (s), 975 (m), 739 (s).
HRMS (ESI/QTOF) m/z: [M + H]" Calcd for C23H26F3N204S™ 483.1560; Found 483.1555.

Ethyl-6-methyl-1-tosyl-1,2,3,4,4a,5,5a,6,10b,10c-
decahydropyrido[2',3":3,4]cyclopenta[1,2-b]indole-5-carboxylate (5c)

Me~NTs

. /\\ Prepared according to the general procedure E from Tf2NH (0.236
H A M, 129 uL, 30.5 umol, 0.1 equiv.), silyl enol ether 3b (16.5 mg, 76.1
@E@ umol, 0.25 equiv.), aminocyclopropane 1i (98.5 mg, 305 umol, 1.0
NM"H 5Cc02Et equiv.) and 1-methylindole 2a (41.1 pL, 320 umol, 1.05 equiv.) in
Chemical Formu; - CosHaNOsS DCM (0.3 M, 1 mL). The crude product was purified by flash
Molecular Weight: 454.5850  chromatography using pent/EtOAc 80:20 to afford cycloadduct 5c as

a mixture of diastereomers and a colorless oil (104 mg, 229 umol, 75%, dr 67:33). Half of the
mixture was further purified by PREP TLC using pent/EtOAc 80:20 allowing the isolation and

clean NMR characterization of each diastereomer.

Data for the major diastereomer

Rf = 0.6 (pentane/EtOAC 4:1).

'H NMR (400 MHz, CDCl3): 6 7.81 — 7.76 (m, 2H, Ts), 7.34 — 7.29 (m, 2H, Ts), 7.09 (td, J =
7.7, 1.3 Hz, 1H, ArH), 6.97 (d, J=7.4 Hz, 1H, ArH), 6.54 (td, J = 7.4, 1.0 Hz, 1H, ArH), 6.38
(dd, J =8.0, 0.9 Hz, 1H, ArH), 4.59 (t, J = 10.3 Hz, 1H, CH), 4.24 — 4.17 (m, 3H, OCH,CHs,
CH), 4.07 — 4.00 (m, 1H, CHy), 3.10 — 3.03 (m, 1H, CH), 2.83 — 2.73 (m, 4H, CH3, CH>), 2.44
(s, 3H, CH3), 2.40 (dd, J = 11.3, 5.6 Hz, 1H, CH), 2.16 — 2.05 (m, 2H, CH, CH>), 1.57 — 1.47
(m, 2H, CH2), 1.29 (t, J = 7.1 Hz, 3H, OCH,CH3s), 1.26 — 1.18 (m, 1H, CH>).




13C NMR (101 MHz, CDCls): 6 173.7, 151.6, 143.5, 139.3, 129.9, 129.6, 128.5, 127.6, 125.8,
117.5,106.4,72.6, 72.2, 61.0, 54.4, 50.3, 47.2, 45.7, 33.7, 30.4, 24.2, 21.7, 14.4.

IR (Vmax, €M) 3054 (W), 2937 (m), 1729 (s), 1603 (m), 1490 (m), 1308 (s), 1158 (s), 738 (5).
HRMS (ESI/QTOF) m/z: [M + H]" Calcd for C2sH31N204S* 455.1999; Found 455.1997.

Data for the minor diastereomer
TN /\\ Rf = 0.36 (pentane/EtOAC 4:1).

H IH NMR (400 MHz, CDCls): § 7.78 — 7.72 (m, 2H, Ts), 7.70 (d, J =
@EQ 7.5 Hz, 1H, ArH), 7.37 — 7.34 (m, 2H, Ts), 7.09 (t, J = 7.5 Hz, 1H,
N OO ArH), 6.71 (td, J = 7.5, 1.1 Hz, 1H, ArH), 6.37 (dd, J = 7.9, 1.0 Hz,
Me 5S¢ 1H, ArH), 4.65 — 4.58 (m, 1H, CH), 4.26 — 4.05 (m, 3H, OCH,CHs,
Chemical Formula: CosHeoNaoas  CH), 3,37 (ddd, J = 12.7, 8.2, 4.1 Hz, 1H, CHy), 2.84 — 2.74 (m, 5H,
Molecular Weight: 45458 CH, CHs, CHy), 2.47 — 2.39 (m, 4H, CH, CHa), 2.21 — 2.08 (m, 1H,
CH), 1.92 — 1.82 (m, 1H, CHy), 1.44 — 1.24 (m, 5H, CH3, CHy), 0.71 — 0.59 (m, 1H, CHb>).
13C NMR (101 MHz, CDCls): 5 171.0, 154.7, 144.0, 133.3, 129.8, 128.3, 128.2, 128.2, 127.3,
118.2, 107.3, 69.6, 63.2, 60.5, 54.5, 50.6, 45.9, 38.7, 37.6, 24.7, 21.7, 21.7, 14.4.
IR (Vmax, cm™) 3035 (W), 2938 (m), 1729 (s), 1603 (m), 1490 (m), 1308 (s), 1158 (s), 737 (s).
HRMS (ESI/QTOF) m/z: [M + H]" Calcd for C2sH31N204S* 455.1999; Found 455.1993.

Ethyl-1-((N,4-dimethylphenyl)sulfonamido)-1,4-dimethyl-1,2,3,3a,4,8b-
hexahydrocyclopenta[b]indole-3-carboxylate (5d)

Me Prepared according to the general procedure E from TfoNH (0.23 M,
TsN, Me 153 pL, 35.2 umol, 20 mol%), silyl enol ether 3b (19 mg, 88 umol,
" 0.5 equiv.), aminocyclopropane 1j (54.8 mg, 176 pumol, 1.0 equiv.)
Ot and 1-methylindole 2a (23.8 pL, 185 pmol, 1.05 equiv.) in DCM
Me 5d (0.3 M, 0.6 mL) at rt for 1 h. The crude product was purified by

Chemical Formula: C4H30N204S  PREP TLC using pent/Et.O 70:30 to afford cycloadduct 5d as a
Molecular Weight: 442.5740 .

colorless oil (21 mg, 47 umol, 27%, dr > 95:5).
Rf = 0.52 (pentane/EtOAC 4:1).
'H NMR (400 MHz, CDCl3): 6 7.78 — 7.71 (m, 2H, Ts), 7.30 (d, J = 8.0 Hz, 2H, Ts), 7.18 —
7.08 (m, 2H, ArH), 6.65 (td, J = 7.4, 1.0 Hz, 1H, ArH), 6.41 (d, J = 7.8 Hz, 1H, ArH), 4.33 (d,
J=10.9 Hz, 1H, CH), 4.27 — 4.10 (m, 3H, CH, OCH.CHpg), 3.03 (s, 3H, CHz), 2.99 — 2.88 (m,
1H, CH), 2.77 (s, 3H, CHg3), 2.67 — 2.56 (m, 1H, CH>), 2.48 (dd, J = 13.1, 7.2 Hz, 1H, CH>),
2.42 (s, 3H, CH3), 1.28 (t, J = 7.1 Hz, 3H, OCH.CHg), 1.19 (s, 3H, CHs).
13C NMR (101 MHz, CDCls): 6 174.2, 143.3, 138.9, 129.7, 128.8, 128.0, 127.4, 127.1, 126.3,
117.7,107.1,73.1, 71.3,61.1, 55.6, 49.2, 43.5, 34.5, 34.2, 21.6, 21.6, 14.3.
IR (Vmax, €M) 3037 (m), 2949 (m), 1726 (s), 1488 (s), 1313 (), 1157 (s), 916 (S).
HRMS (ESI/QTOF) m/z: [M + Na]* Calcd for C2sH3oN2NaO4S* 465.1818; Found 465.1827.

Ethyl-1-((N,4-dimethylphenyl)sulfonamido)-3,4-dimethyl-1,2,3,3a,4,8b-
hexahydrocyclopenta[b]indole-3-carboxylate (5e)

Prepared according to the general procedure E from Tf,NH (0.212

Me~NTs
H, "— M, 173 pL, 36.6 pmol, 20 mol%), silyl enol ether 3b (19.8 mg, 91.5
@EQ"C%H umol, 0.5 equiv.), aminocyclopropane 1k (57 mg, 0.18 mmol, 1.0
NM p Me 5 equiv.) and 1-methylindole 2a (24.7 puL, 192 umol, 1.05 equiv.) in

e

Cherical Formuls: CogHagNaO4S DCM (0.3 M, 0.6 mL). The crude product was purified by flash
Molecular Weight: 442.5740  chromatography using pent/EtOAc 85:15 to afford cycloadduct 5e



as a colorless oil and an inseparable mixture of diastereomers (62.8 mg, 142 umol, 78%, dr
88:12).

Characterized as mixture of diastereomers

Rf = 0.44 (pentane/EtOAC 4:1).

'H NMR (400 MHz, CDCls, signals for major diastereomer): 6 7.68 — 7.63 (m, 2H, Ts), 7.30 —
7.26 (m, 2H, Ts), 7.08 (t, J=7.7 Hz, 1H, ArH), 6.95 (d, J = 7.3 Hz, 1H, ArH), 6.56 (td, J = 7.4,
1.0 Hz, 1H, ArH), 6.36 (d, J = 8.0 Hz, 1H, ArH), 4.40 (ddd, J = 12.3, 8.5, 6.1 Hz, 1H, CH),
4.21 — 4.12 (m, 3H, CH, OCH,CHa), 3.73 (dd, J = 11.5, 8.5 Hz, 1H, CH), 2.88 (s, 3H, CHj3),
2.84 (s, 3H, CHs), 2.43 (s, 3H, CH3), 2.08 (t, J = 12.4 Hz, 1H, CHy), 1.31 — 1.24 (m, 4H,
OCH2CHg3, CHy), 1.12 (s, 3H, CHa).

13C NMR (101 MHz, CDCls, signals for major diastereomer): § 177.0, 152.1, 143.4, 136.5,
129.9, 129.0, 128.4, 127.3, 124.2, 117.3, 105.7, 73.8, 63.1, 61.2, 52.2, 47.9, 38.0, 34.8, 29.1,
21.6, 19.0, 14.3.

IR (Vmax, cm™) 3050 (m), 2936 (m), 1719 (s), 1492 (m), 1337 (s), 1159 (s), 1094 (s), 736 (S).
HRMS (ESI/QTOF) m/z: [M + H]" Calcd for C24H31N204S* 443.1999; Found 443.2003.

Ethyl-1-((N,4-dimethylphenyl)sulfonamido)-4-methyl-3-phenyl-1,2,3,3a,4,8b-
hexahydrocyclopenta[b]indole-3-carboxylate (5f)

Me~pTs Prepared according to the general procedure E from TfoNH (0.23 M,

H 146 pL, 33.5 umol, 20 mol%), silyl enol ether 3b (18.1 mg, 83.7
@EQ'.COﬁ umol, 0.5 equiv.), aminocyclopropane 11 (62.5 mg, 167 umol, 1.0
NM;H hsf equiv.) and 1-methylindole 2a (22.6 pL, 176 umol, 1.05 equiv.) in

Chemical Formula: CpgHasN;04S DCM (0.3 M, 0.6 mL). The crude product was purified by flash
Molecular Weight: 504.6450  chromatography using pent/EtOAc 85:15 and PREP TLC using

pent/EtOAc 80:20 to afford cycloadduct 5f (major diastereomer, 56 mg, 0.11 mmol, 66% and
minor diastereomer 10 mg, 20 umol, 12%, dr 80:20) as a colorless oil.

Data for major diastereomer

Rf = 0.38 (pentane/EtOAC 4:1).

'H NMR (400 MHz, CDCls3): 6 7.66 — 7.61 (m, 2H, Ts), 7.33 — 7.23 (m, 5H, Ts, ArH), 7.23 —
7.18 (m, 2H, ArH), 7.02 (td, J = 7.6, 1.2 Hz, 1H, ArH), 6.77 (d, J = 7.3 Hz, 1H, ArH), 6.54 (td,
J=17.4,10Hz, 1H, ArH), 6.25 (d, J =7.9 Hz, 1H, ArH), 4.61 (d, J = 9.4 Hz, 1H, CH), 4.44 (q,
J=17.3Hz, 1H, CH), 4.27 — 4.16 (m, 2H, OCH,CHz), 3.82 (dd, J = 9.4, 6.7 Hz, 1H, CH), 2.86
(s, 3H, CH3), 2.45 (dd, J = 7.6, 2.2 Hz, 2H, CH>), 2.42 (s, 3H, CH3), 2.17 (s, 3H, CHz), 1.24 (t,
J =7.1Hz, 3H, OCH2CHj).

13C NMR (101 MHz, CDCls): § 176.0, 152.7, 143.5, 139.0, 135.9, 129.8, 129.7, 128.3, 128.2,
127.6, 127.5, 127.3, 123.7, 118.0, 107.6, 77.4, 64.9, 61.9, 61.7, 49.4, 38.8, 36.5, 30.3, 21.7,
14.1.

IR (Vmax, €M) 3053 (m), 2932 (m), 1718 (m), 1491 (m), 1232 (m), 911 (m), 734 (s).

HRMS (ESI/QTOF) m/z: [M + H]" Calcd for C29H33N204S™ 505.2156; Found 505.2163.

Data for minor diastereomer
Rf =0.33 (pentane/EtOAC 4:1).
'H NMR (400 MHz, CDCl3): 6 7.76 — 7.72 (m, 2H, Ts), 7.38 — 7.23

H,
CEQ’CO . (m, 7H, Ts, ArH), 7.11 (td, J = 7.6, 1 Hz, 1H, ArH), 7.02 — 6.98 (m,
N2y Ph 1H, ArH), 6.63 (td, J = 7.4, 1.0 Hz, 1H, ArH), 6.46 (d, J = 7.9 Hz,

Me  5F 1H, ArH), 4.92 (ddd, J = 11.9, 9.0, 6.1 Hz, 1H, CH), 4.57 (d, J =
Chemical Formula: CzoH3oN20,8  10.9 Hz, 1H, CH), 4.02 (qd, J = 7.1, 1.8 Hz, 2H, OCH2CH3), 3.83

Molecular Weight: 504,64

Me~ N_TS



—3.75 (m, 1H, CH), 2.94 (s, 3H, CH3), 2.82 (s, 3H, CH3), 2.44 — 2.37 (m, 4H, CH3s, CH>), 1.83
—1.74 (m, 1H, CH2), 1.09 (t, J = 7.1 Hz, 3H, OCH.CHj).

13C NMR (101 MHz, CDCls): $ 172.9, 152.2, 143.4, 143.3, 136.7, 129.8, 129.6, 128.6, 128.3,
1275, 127.2, 127.1, 124.2, 118.6, 107.9, 76.7, 63.9, 62.2, 61.3, 49.1, 40.3, 37.3, 29.0, 21.7,
14.0.

IR (Vmax, cm™) 3037 (m), 2926 (m), 1719 (m), 1492 (s), 1229 (s), 912 (s), 737 (s).

HRMS (ESI/QTOF) m/z: [M + H]* Calcd for C29H33N204S"™ 505.2156; Found 505.2175.

Ethyl-3-allyl-1-((N,4-dimethylphenyl)sulfonamido)-4-methyl-1,2,3,3a,4,8b-
hexahydrocyclopenta[b]indole-3-carboxylate (59)

Me-nTs Prepared according to the general procedure E from TfoNH (0.23

H / M, 271 uL, 62.2 umol, 20 mol%), silyl enol ether 3b (33.7 mg, 156
~—\''CO,Et umol, 0.5 equiv.), aminocyclopropane 1m (105 mg, 311 pumol, 1.0
NMeH \ s equiv.) and 1-methylindole 2a (42 uL, 0.33 mmol, 1.05 equiv.) in
Chemical Formula: CygHaoN,0,8 PCM (0.3 M, 1 mL). The crude product was purified by flash
Molecular Weight: 468.6120  chromatography using pent/EtOAc 85:15 to afford cycloadduct 5¢g
as a white solid (126 mg, 269 pumol, 86%, dr 87:13).
Rf = 0.17 (pentane/EtOAC 9:1).
m. p. = 153.3 - 155 °C.
'H NMR (400 MHz, CDCls): 6 7.66 — 7.61 (m, 2H, Ts), 7.28 — 7.22 (m, 2H, Ts), 7.14 — 7.08
(m, 2H, ArH), 6.63 (td, J = 7.4, 1.0 Hz, 1H ArH), 6.43 - 6.39 (m, 1H ArH), 5.60 — 5.46 (m, 1H,
CH), 5.10-5.01 (m, 2H, CH»), 4.33 (ddd, J =12.7, 8.7,5.9 Hz, 1H, CH), 4.18 (qd, J=7.1,0.9
Hz, 2H, OCH2CHz3), 4.03 (d, J = 11.6 Hz, 1H, CH), 3.75 (dd, J = 11.6, 8.7 Hz, 1H, CH), 2.91
(s, 3H, CHs3), 2.88 (s, 3H, CHg), 2.65 — 2.55 (m, 1H, CH>), 2.42 (s, 3H, CH3), 2.04 — 1.93 (m,
2H, CH>), 1.40 (dd, J = 12.9, 5.9 Hz, 1H, CH), 1.29 (t, J = 7.1 Hz, 3H, OCH>CHs).
13C NMR (101 MHz, CDCls): 6 175.9, 152.5, 143.4, 136.3, 134.0, 129.8, 129.1, 128.5, 127.3,
124.4,118.6, 117.8, 106.3, 74.8, 62.5, 61.3, 56.2, 48.0, 35.8, 35.7, 32.4, 29.1, 21.6, 14.4.
IR (Vmax, cm™) 3050 (m), 2919 (m), 1719 (m), 1493 (m), 1339 (s), 1213 (s), 912 (s), 737 (8).
HRMS (ESI/QTOF) m/z: [M + H]" Calcd for C26H33N204S* 469.2156; Found 469.2167.

Ethyl-6-methyl-3-tosyl-1,2,3,3a,4,5,5a,6-octahydropyrrolo[3',2':2,3]cyclopenta[1,2-
blindole-5-carboxylate (5h)

Prepared according to the general procedure E from TfoNH (0.227
M, 25 uL, 5.7 pumol, 5.0 mol%), silyl enol ether 3b (6.2 mg, 29
umol, 0.25 equiv.) and aminocyclopropane 1n (50.4 mg, 114 pmol,
\ 1.0 equiv.) in DCM (0.1 M, 1 mL) for 2 h at -78 °C. The crude
Chemical Formula: C,4HasN,0,8  Product was purified by PREP TLC using tol/EtOAc 95:5 to afford
Molecular Weight: 440.5580 cycloadduct 5h as a colorless oil (29.8 mg, 67.6 umol, 59%, dr >
95:5).
Rf =0.29 (toluene/EtOAC 95:5).
'H NMR (400 MHz, CDCl3): 6 7.75 - 7.69 (m, 2H, Ts), 7.35 - 7.29 (m, 2H, Ts), 7.10 (td, J =
7.7, 1.3 Hz, 1H, ArH), 7.04 (dd, J = 7.3, 1.3 Hz, 1H, ArH), 6.70 (td, J = 7.4, 1.0 Hz, 1H, ArH),
6.50 (d, J =7.9 Hz, 1H, ArH), 4.78 (d, J = 4.3 Hz, 1H, H-3, CH), 3.96 (dd, J = 12.9, 6.4 Hz,
1H, CHy), 3.58 (dg, J=10.8, 7.1 Hz, 1H, OCH>CH3), 3.18 (dqg, J = 10.8, 7.1 Hz, 1H, OCH>CH3),
3.04 (s, 1H, H-1, CH), 2.93 (td, J = 12.3, 4.8 Hz, 1H, CH>), 2.69 (s, 3H, CH3), 2.68 — 2.54 (m,
2H, H-2 CH, CHy), 2.43 (s, 3H, CHs), 2.22 (dd, J = 12.8, 4.4 Hz, H-4, 1H, CHy), 2.02 (td, J =
12.2, 6.4 Hz, 1H, H-4, CH>), 1.55 — 1.44 (m, 1H, CH>), 0.88 (t, J = 7.1 Hz, 3H, OCH2CH}).




13C NMR (101 MHz, CDCls): 6 172.5, 153.1, 143.7, 136.3, 130.9, 130.0, 128.8, 127.3, 123.9,
118.2, 108.9, 84.7, 60.5, 59.6, 56.5, 51.2, 39.9, 34.6, 32.7, 32.3, 21.7, 13.8.

IR (vimax, cm'Y) 3052 (m), 2947 (m), 1736 (s), 1469 (s), 1342 (s), 1161 (s), 911 (s), 728 (S).
HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + H]" Calcd for C2sH20N204S™ 441.1843;
Found 441.1843.

4.3. List of unsuccessful substrates

The Scheme S7 presents the uncuccessful partners attempted with aminocyclopropane 1d using

general procedure E.
OMe N
\ e @/\j
CD o .
MeO
o]
D PO
N Me/N\/ N\/

Bn

Scheme S7. List of unsuccessful substrates in the (3+2) annulation.

5. Product modifications

Characterization of product 6-8

N-(4-Benzyl-3-(hydroxymethyl)-1,2,3,3a,4,8b-hexahydrocyclopenta[blindol-1-yl)-N,4-
dimethylbenzenesulfonamide (31)

In a 10 mL RBF, the cycloadduct 4c (203

MeH\’\!——TS MeH\N—_TS mg, 402 pumol, 1.0 equiv.) was diluted in
@EQ ﬂ, @EQ oH dry THF (4 mL) and the mixture was cooled
N COEt THE 0°c,2h NETd to 0 °C. Diisobutylaluminium hydride (1.2
Bn Bn 31 M, 670 pL, 805 umol, 2.0 equiv.) was
4c Chemical Formula: C57H30N203S  added dropwise and the reaction mixture

Molecular Weight: 462.6080 . .
was stirred for 2 h. The reaction was

guenched with a saturated NaHCOs aqueous solution and the aqueous layer was extracted with
EtOAc. The combined organic layers were washed with brine, dried over Na,SO,, filtered off and
concentrated under reduced pressure. The crude product was purified by flash chromatography
using pent/EtOAc 60:40 to afford alcohol 31 as a white solid (153 mg, 331 pmol, 82%).

Rf = 0.23 (pentane/EtOAC 3:2).

m. p. =62 - 64 °C.

'H NMR (400 MHz, CDCls): 6 7.66 — 7.60 (m, 2H, Ts), 7.34 — 7.21 (m, 7H, Ts, ArH), 7.02
(td, J =7.7, 1.3 Hz, 1H, ArH), 6.89 (d, J = 7.3 Hz, 1H, ArH), 6.54 (td, J = 7.4, 0.9 Hz, 1H,
ArH), 6.35 (d, J = 7.7 Hz, 1H, ArH), 4.51 - 4.29 (m, 3H, CH, CH>), 3.87 (dd, J = 10.3, 4.8 Hz,
1H, CH), 3.59 — 3.43 (m, 3H, CH, CH>), 2.88 (s, 3H, CHs3), 2.41 (s, 3H, CHa), 2.28 — 2.16 (m,
1H, CH), 1.65 - 1.57 (m, 1H, CH2), 1.48 — 1.35 (m, 2H, CH2, OH).

13C NMR (101 MHz, CDCls): 8 151.2, 143.2, 139.0, 136.7, 129.8, 129.4, 128.7, 128.3, 127.4,
127.3,127.1, 124.4, 117.7, 107.0, 70.8, 65.1, 64.1, 51.8, 48.4, 46.9, 30.7, 29.1, 21.6.



IR (vimax, cML) 3542 (), 3055 (W), 2942 (w), 1603 (m), 1487 (s), 1334 (s), 1157 (s), 738 (S).
HRMS (ESI/QTOF) m/z: [M + H]* Calcd for C27H31N>05S* 463.2050; Found 463.2046.

4-Benzyl-1-(methylamino)-1,2,3,3a,4,8b-hexahydrocyclopenta[b]indol-3-yl)methanol (6)

A Li/naphthalene solution in THF (0.5 M,
Me\ ,Me

NTs HN 4.4 mL, 8.0 equiv.) was added dropwise at
H LiNabhth H rt to alcohol 31 (127 mg, 275 pmol, 1.0
I/Na
7 O r‘:s,’ - "~OH equiv.) diluted in THF (3 mL) under a
, rt, 15 min , . .
N\BnH NénH 6 vigorous stirring. After the addition (full
31 Chemical Formula: CpgHasN,0 conversion was observed), the reaction was

Molecular Weight: 308.4250  quenched with a 1 M HCl aqueous solution.
The aqueous layer was washed with DCM,
then basified to pH>10, and finally extracted with DCM. The combined organic layers were washed
with brine, dried over Na,SQ,, filtered off and concentrated under reduced pressure. The crude
product was purified by flash chromatography using DCM/MeOH 90:10 to afford amino alcohol 6 as a
viscous oil (50.1 mg, 162 umol, 59%).

Rf = 0.65 (DCM/MeOH 9:1).

'H NMR (400 MHz, MeOD): § 7.33 — 7.26 (m, 4H, ArH), 7.26 — 7.19 (m, 1H, ArH), 7.15 (d,
J=7.3Hz, 1H, ArH), 6.99 (t, J = 7.7 Hz, 1H, ArH), 6.61 (t, J = 7.4 Hz, 1H, ArH), 6.36 (d, J =
7.9 Hz, 1H, ArH), 4.48 (d, J = 15.9 Hz, 1H, CHy), 4.31 (d, J = 15.9 Hz, 1H, CH), 4.10 (d, J =
8.9 Hz, 1H, CH), 3.68 — 3.61 (m, 1H, CH), 3.60 — 3.48 (m, 2H, CH>), 3.29 — 3.24 (m, 1H, CH),
2.61 (s, 3H, CHa), 2.41 — 2.33 (m, 1H, CH), 2.31 — 2.21 (m, 1H, CH2), 1.73 — 1.65 (m, 1H,
CH>).

13C NMR (101 MHz, CDCls):  151.9, 138.8, 129.9, 128.7, 128.5, 127.3, 127.2, 124.9, 117.5,
106.5, 74.0, 69.0, 64.8, 53.6, 52.0, 46.6, 34.8, 33.1.

IR (Vmax, cm™) 3392 (w), 3054 (m), 2943 (w), 1602 (m), 1487 (s), 1353 (M), 741 (s).

HRMS (ESI/QTOF) m/z: [M + H]* Calcd for C2oH2sN20" 309.1961; Found 309.1958.

5-Benzyl-2-methyl-1,2,4,4a,5,9b-hexahydro-3H-1,4-methanopyrido[4,3-b]indol-3-one (7)

A 0.5 M Li/naphthalene solution in THF

Me-NTs / . .

oo 0 AN was prepared by adding Li sticks to

- Li/Naphth - © naphthalene diluted in dry THF. The
I’/ —_— — . .

N n COEU THE it 16h N H heterogeneous solution was sonicated for
\ o \ 7 . .
Bn then 50 °C, 1 h Bn 1 h at rt or until an intense dark/green

4c Chemical Formula: CogHoN,O

color appeared. This Li/naphthalene
solution (0.5 M, 3.1 mL, 8.0 equiv.) was
added dropwise at rt to the cycloadduct 4c (98.4 mg, 195 umol, 1.0 equiv.) diluted in THF. The
mixture was then stirred at rt for 16 h and at 50 °C for 1 h. The reaction was then diluted with DCM
(5 mL) and quenched with a 1 M HCl aqueous solution (10 mL). The organic layer was extracted with
DCM (3x 15mL) and the combined organic layers were washed with a 1 M HCl aqueous solution and
brine, dried over Na,SO,, filtered off and concentrated under reduced pressure. The crude product
was purified by flash chromatography using pent/EtOAc 50:50 to afford lactam 7 as a yellow oil (25.8
mg, 84.8 umol, 43%).

Rf =0.18 (pentane/EtOAC 3:2).

IH NMR (400 MHz, CDCls): § 7.34 — 7.20 (m, 5H, ArH), 7.09 — 7.00 (m, 2H, ArH), 6.62 (td,
J=7.4,0.9Hz, 1H, ArH), 6.38 (d, J = 7.8 Hz, 1H, ArH), 4.51 — 4.36 (m, 2H, CH_), 4.14 (dt, J

Molecular Weight: 304.3930



=8.3, 1.2 Hz, 1H, CH), 3.83 (d, J = 8.3 Hz, 1H, CH), 3.74 (s, 1H, CH), 2.85 (s, 1H, CH), 2.82
(s, 3H, CHs), 1.87 — 1.78 (m, 2H, CH.).

13C NMR (101 MHz, CDCls): § 176.2, 154.5, 138.5, 128.8, 128.8, 127.4, 127.2, 126.4, 124.3,
117.0, 106.0, 68.6, 66.3, 51.7, 51.3, 50.1, 34.1, 28.2.

IR (vimax, cM2) 3054 (m), 2929 (m), 1697 (s), 1491 (s), 1319 (M), 962 (M), 915 (m), 738 ().
HRMS (ESI/QTOF) m/z: [M + Na]* Calcd for C;0H20N>NaO* 327.1468; Found 327.1470.

Ethyl-1-((N,4-dimethylphenyl)sulfonamido)-1,2,3,3a,4,8b-
hexahydrocyclopenta[b]indole-3-carboxylate (8)

Me—NT Me—pTe The cycloadduct 4b (106 mg, 200 umol,
H H > 1.0 equiv.) was diluted in dry THF (2
@f@"’coza i, @EQCO . mL) and TBAF (1 M, 240 uL, 240 umol,
N H THF, 0°C, 45 min NH g 1.2 equiv.) was added dropwise at 0 °C.

4b Chemical Formula: C,,H,sN,0,8 1 NE reaction mixture was stirred for 45
Molecular Weight: 414.5200  mjn at 0 °C and was quenched with a

saturated NaHCO3 aqueous solution. The aqueous layer was extracted with DCM and the
combined organic layers were washed with brine, dried over Na,SOa, filtered off and
concentrated under reduced pressure. The crude product was purified by flash chromatography
using pent/EtOAc 65:35 to afford the free indole 8 as a colorless oil (68.1 mg, 164 pmol, 82%).

Rf = 0.3 (pentane/EtOAC 4:1).

'H NMR (400 MHz, CDCls): 6 7.70 — 7.66 (m, 2H, Ts), 7.30 — 7.27 (m, 2H, Ts), 7.15 (d, J =
7.5Hz, 1H, ArH), 7.06 (t, J = 7.6 Hz, 1H, ArH), 6.72 (t, J = 7.4 Hz, 1H, ArH), 6.62 (d,J=7.8
Hz, 1H, ArH), 4.51 (dt, J = 11.0, 6.6 Hz, 1H, CH), 4.26 (brs, 1H, NH), 4.22 — 4.12 (m, 3H,
OCH2CHgs, CH), 3.66 (dd, J =10.2, 6.3 Hz, 1H, CH), 2.89 (s, 3H, CHa), 2.62 (m, 1H, CH), 2.42
(s, 3H, CH3), 1.83 — 1.72 (m, 1H, CH2), 1.70 — 1.60 (m, 1H, CHy), 1.27 (t, J = 7.1 Hz, 3H,
OCH:CHz).

13C NMR (101 MHz, CDCls): 6 173.7, 148.7, 143.5, 136.5, 129.9, 129.4, 128.4, 127.3, 125.1,
119.7, 110.0, 65.2, 63.8, 61.2, 50.6, 49.6, 29.5, 29.3, 21.7, 14.4.

IR (Vmax, cm™) 3388 (m), 3021 (w), 2939 (m), 1728 (s), 1476 (m), 1334 (s), 1161 (s), 738 (s).
HRMS (ESI/QTOF) m/z: [M + H]" Calcd for C22H27N204S* 415.1686; Found 415.1689.

6. Enantiospecific experiment and chiral HPLC traces

The enantioenriched tosyl-protected aminocyclopropane ent-1d was prepared using the
enantioselective cyclopropanation described by Iwasa and co-workers.?*

o
| N 2a —NTs

NTs Me H,
Ts  EDA, Ru-(S)-Pheox 7 TESNTY, (2.5 mol%) 2
= DCM, tt, 4h (EZOZEt DCM, -78 °C, 10 min N 4y COzE

dr 85:15 Me
18 ent-1d 4a
69%, 99% ee 62%, <5% ee
dr 83:17 for major dia.

Scheme S8. Enantioselective cyclopropanation and enantiospecific experiment.

Enantioselective cyclopropanation



A 10 ml two-necked RBF was charged with Ru(ll)-(S)-Pheox complex Ru-Pheox (1.3 mg, 2.0 umol, 1
mol%) in a glovebox. Under a nitrogen atmosphere, the vinyl sulfonamide 18 (211 mg, 1.00 mmol,
5.0 equiv.) diluted in dry DCM (0.5 mL) was introduced. EDA (87%, 24.2 uL, 200 umol, 1.0 equiv.)
diluted in DCM (1.5 mL) was introduced via a syringe pump over a period of 3-4 h (~0.5 mL/h) at rt.
After evaporation of the solvent, the crude was purified by flash chromatography using pent/EtOAc
using pent/EtOAc 85:15 furnishing the trans product ent-1d (41 mg, 0.14 mmol, 69%, 97% ee, dr
83:17). The cis isomer was not isolated on this scale.

Enantiospecific experiment

According to the general procedure E from Tf,NH (0.227 M, 8.52 uL, 1.93 umol, 2.5 mol%), silyl enol
ether 3b (4.18 mg, 19.3 umol, 0.25 equiv.), enantioenriched aminocyclopropane ent-1d (23 mg, 77
pmol, 1 equiv.) and 1-methylindole 2a (10.4 ulL, 81.2 umol, 1.05 equiv.) in DCM (0.1 M, 0.8 mL). The
crude product was purified by PREP TLC using pent/EtOAc 80:20 to afford cycloadduct 4a as a
colorless oil (major diastereomer: 20.4 mg, 47.6 umol, 62%, <5% ee). The minor isomer was not
isolated.

HPLC traces

Daicel Chiralpak 1A column: 90:10 hexane/IPA, flow rate 1 mL/min, A =230 nm

DAD1 D, Sig=230,4 Ref=360,100 (Vincent\PV...CLOPROPANE 2020-11-02 15-00-03\02 PV03-269-f1 rac IA 80-10.D)

mAU N
600 %%
500 il |
E ‘ NTs
400 | ‘\ 7
300 | |\| !
200 \M i CO,Et
| |
100 A rac-1d
0 f —— T o
L s L A
ant 1268 24.11.2028 11:41:16 SYSTFM 10 15 20 2Page 1 of 4 30min
Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mau] %
1 7.978 W R ©.1666 TBO7.34717 7T83.13269 49.3676
2 B.522 VB 8.1849 EBE7.36426 653.51941 58.6324
DAD1 D, Sige230.4 Ref=380,100 (VincentiPV CYCLOPROPANE 2020-11-02 15-00-03003 PVWI2-3771 ee 1A 80-10.0)
mAL -
200 :
7DD |
800 NTs
00 N
300 CO,Et
200
||§ ent-1d
100 i
o |'_I'__| —— -
—— r r [ r Tt T+ [+ T T T [ * T T T [ T Tt Tt T T T T T T
mt 1268 24.11.2828 11:45:36 SYSTEM 10 15 20 2Page 1 of 430m
Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [maU] %

1 7.975 BV R 9.1695 95384.33496 863.37537 98.4882
2 8.548 VB E @.2227 155.81%98% 9.95864 1.5998

Daicel Chiralpak IA column: 80:20 hexane/IPA, flow rate 1 mL/min, A = 254 nm



DAD1 A, Sig=254,4 Ref=360,100 (Vincent\PV CYCLOADDUCT 2020-11-10 14-17-30\01 PV02-382-f1 rac |A 80-20.D)

mAU g
- o Me—
600 % g e N:Ts
© H
500 || ~— 3
400 [ I .,
[ X ~ ‘CO,Et
300 ‘ I N H
200 I i Me
100 ‘3' ‘\ 3' rac-4a
0 - R / L ‘ ‘ ‘ ‘ — ‘ ‘ _
: 10 15 2 7 30mir
Peak RetTime Type Width Area Height Area
H# [min] [min] [mAU*s ] [mAU] %
R R R R |- mme e [---mee- |
1 11.670 BB 0.2692 1.28307e4  729.47156 50.2810
2 15.990 BB 0.4001 1.26873e4  483.62991 49.719@
DAD1 A, Sig=254,4 Ref=360,100 (VincentiPV CYCLOADDUCT 2020-11-10 14-17-30\02 PV02-383-f1 ee IA 80-20.D)
mAU 3 = Me~NTs
400—; % g H z
300 I “""'\ .,
] H N ~  ‘CO,Et
200 ([ i N H
: | \ | \I Me
100 A I 4a from
] /A N enantiospecific exp.
0 — AN L .
5 T T T T T s T T T T T T s T T T Somin
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
e R R R s | --meeee |
1 11.688 BB 0.2653 7936.32617 455.44235 47.5916
2 16.914 BB 0.3973 8739.58691 334.00238 52.4084

7. X-ray crystallographic data

7.1. Compound 40

The crystal suitable for X-ray-measurement for compound 40 was obtained by evaporation
from EtOAc.

Experimental. Single clear intense yellow prism crystals of 40 were used as supplied. A suitable
crystal with dimensions 0.54 x 0.23 x 0.13 mm?3 was selected and mounted on a SuperNova, Dual,
Cu at home/near, AtlasS2 diffractometer. The crystal was kept at a steady T = 140.00(10) K during
data collection. The structure was solved with the ShelXT (Sheldrick, 2015) solution program using
dual methods and by using Olex2 (Dolomanov et al., 2009) as the graphical interface. The model was
refined with ShelXL 2018/3 (Sheldrick, 2015) using full matrix least squares minimisation on F2.



Compound

Formula

Dcalc,/ g cm3
p/mm-1
Formula Weight
Colour

Shape
Size/mm3

T/K

Crystal System
Space Group
a/A

b/A

c/A

af’

Bl

i

V/A3

Z

7
Wavelength/A
Radiation type
(‘Dmin/o

@max/n
Measured Refl's.
Indep't Refl's
Refl's [22 o(1)
Rint
Parameters
Restraints
Largest Peak
Deepest Hole
GooF

WR2 (all data)
WR?

R (all data)
R1

Figure S2. X-ray structure for compound 4o (CCDC number: 2054864).

40

C31H31N306S
1.227

1.304
573.65

clear intense yellow

prism
0.54x0.23x0.13
140.00(10)
monoclinic
P21/n
20.0965(8)
5.88104(18)
26.5867(10)
90
98.870(4)
90
3104.65(19)
4

1

1.54184

Cu Ky

3.365
76.763
32676

6437

6031
0.0311

542

731

0.627
-0.615
1.074
0.1849
0.1829
0.0780
0.0753

7.2. Compound 5g



The crystal suitable for X-ray-measurement for compound 5g was obtained by diffusion
(pentane/EtOAc).

Experimental. Single clear pale colourless needle crystals of 5g were used as supplied. A suitable
crystal with dimensions 0.83 x 0.05 x 0.03 mm?3 was selected and mounted on a SuperNova, Dual,
Cu at home/near, Atlas diffractometer. The crystal was kept at a steady T=140.01(10) K during data
collection. The structure was solved with the ShelXT (Sheldrick, 2015) solution program using dual
methods and by using Olex2 (Dolomanov et al., 2009) as the graphical interface. The model was
refined with ShelXL 2018/3 (Sheldrick, 2015) using full matrix least squares minimisation on F2,

Me~NTs
H /_
N HCO,Et
Me
5g

Figure S3. X-ray structure for compound 5g (CCDC number: 2054865).



Compound

Formula
Dcalc./ g cm3
4/mm?t
Formula Weight
Colour

Shape
Size/mm3

T/K

Crystal System
Space Group
a/A

b/A

c/A

af®

B

i

V/A3

Z

7'
Wavelength/A
Radiation type
@min/o

@max/o
Measured Refl's.
Indep't Refl's
Refl's 122 o(I)
Rint
Parameters
Restraints
Largest Peak
Deepest Hole
GooF

WR: (all data)
WR2

R (all data)
R1

5g

C26H32N204S
1.307

1.494
468.59
clear pale colourless
needle
0.83x0.05x0.03
140.01(10)
monoclinic
P21/c
6.36120(9)
23.6708(4)
15.8181(2)
90
91.6343(14)
90
2380.84(7)
4

1

1.54184
CuKg

3.361
72.575
20793

4656

4063
0.0278

303

0

0.459
-0.306

1.032
0.0928
0.0880
0.0414
0.0347



8.

10.
11.
12.
13.
14.
15.
16.

17.
18.

19.

20.

21.

22.
23.

24

References

G.M. Sheldrick, SHELXT — Integrated space-group and crystal-structure determination.
Acta Cryst A 2015, 71, 3-8.

G.M. Sheldrick, Crystal structure refinement with SHELXL. Acta Cryst C 2015, 71, 3-8.
T.Gatzenmeier, P. S. J. Kaib, J. B. Lingnau, R. Goddard, B. List, Angew. Chem. Int. Ed.
2018, 57, 2464-2468.

D. Perrotta, M.-M. Wang, J. Waser, Angew. Chem. Int. Ed. 2018, 57, 5120-5123.

K. Nemoto, S. Tanaka, M. Konno, S. Onozawa, M. Chiba, Y. Tanaka, Y. Sasaki, R. Okubo,
T. Hattori, Tetrahedron, 2016, 72, 734-745.

U. Yadav, A. P. Sakla, R. Tokala, S. T. Nyalam, A. Khurana, C. S. Digwal, V. Talla, C.
Godugu, N. Shankaraiah, A. Kamal, ChemistrySelect, 2020, 5, 4356-4363.

The iodide was prepared following a reported procedure: K. Speck, R. Wildermuth, T.
Magauer, Angew. Chem. Int. Ed. 2016, 55, 14131-14135.

C. Bressy, D. Alberico, M. Lautens, J. Am. Chem. Soc., 2005, 127, 13148-13149.

L. M. Repka, J. Ni, S. E. Reisman, J. Am. Chem. Soc., 2010, 132, 14418-14420; M. C.
DiPoto, R. P. Hughes, J. Wu, J. Am. Chem. Soc., 2015, 137,14861-14864.

Y. Liao, Q. Lu, G. Chen, Y. Yu, C. Li, X. Huang, ACS Catal., 2017, 7, 7529-7534.

T. R. Pradhan, H. W. Kim, J. K. Park, Org. Lett., 2018, 20, 5286-5290.

J. Berges, B. Garcia, K. Muniz, Angew. Chem. Int. Ed. 2018, 57, 15891-15895.

X.-H. Xu, G.-K. Liu, A. Azuma, E. Tokunaga, N. Shibata, Org. Lett., 2011, 13, 4854-4857.
B. S. Lane, M. A. Brown, D. Sames, J. Am. Chem. Soc., 2005, 127, 8050-8057.

T.-H. Ding, J.-P. Qu, Y.-B. Kang, Org. Lett. 2020, 22, 3084-3088.

T. Stahl, K. Muether, Y. Ohki, K. Tatsumi, M. Oestreich, J. Am. Chem. Soc. 2013, 135,
10978-10981.

C. A. Sperger, J. E. Tungen, A. Fiksdahl, Eur. J. Org. Chem., 2011, 3719-3722.

Prepared following a reported procedure: L. Andna, L. Miesch, Org. Biomol. Chem., 2019,
17, 5688-5692.

a) S. S. Kinderman, J. H. van Maarseveen, H. E. Schoemaker, H. Hiemstra, F. P. J. T. Rutjes,
Org. Lett., 2001, 3, 2045-2048; b) J. B. Feltenberger, R. Hayashi, Y. Tang, E. S. C. Babiash,
R. P. Hsung, Org. Lett., 2009, 11, 3666—3669.

J. B. Feltenberger, R. Hayashi, Y. Tang, E. S. C. Babiash, R. P. Hsung, Org. Lett., 2009,
11, 3666—-3669.

J. Zhu, Y .-J. Cheng, X.-K. Kuang, L. Wang, Z.-B. Zheng, Y. Tang, Angew. Chem. Int. Ed.
2016, 55, 9224-9228.

F. de Nanteuil, J. Waser, Angew. Chem. Int. Ed. 2011, 50, 12075-12079.

The diazo was prepared following a reported procedure: J. Yang, P. Ruan, W. Yang, X.
Feng, X. Liu, Chem. Sci., 2019, 10, 10305-10309.

. S. Chanthamath, D. T. Nguyen, K. Shibatomi, S. Iwasa, Org. Lett., 2013, 15, 772-775.



9. NMR spectra

9P-OSWA 0S¢ —

¥8'€ —

059
059
159
15°9
ST/
oTL
81/

w:\
€L
vbs
€57,
95/
852
65°L
682
06°Z
06Z ]
06°2 1
162
S6'2
%'/
%6/
9L
6L

L
—— T

—

P

W)
2059~ -, S g
$05°9 .S
. o
0159~ —. Lo
T15'9 ©
wn
9
N
pSTL— °
65TL— =
~E
E o
nNe
N
[ VAESEEES ®
8L~ ~
—J
o
<
~
3
[}
8zy’L— fa
~E
ogy'L— +F
3
~
o
0
2 J
pESL—  — 5
"g
95§ L— - "8 _
"z
0
85 L~ 2
985,
[0 —
=
nd
=
o =z
T

20, DMSO-d6, 400 MHz

Fzoe

660
m\mm.o
0°T
6°0
0'C
T0'C

5.5 50 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 00 -05 -1.0
f1 (ppm)

6.0

9.5 9.0 8.5 8.0 7.5 7.0 6.5

10.0

e —

9P-OSWQA S'6€ —

LL9T —

20, DMSO-d6, 101 MHz

3¢ NMR

-1C

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

200

1 (ppm)



08'€ —

1991
19'9 1
299
29'9 1
189 |
18'9 1
£8'9 1
£8'9 1
+8'9 1
$8°9 1
98'9 4
98'9 4
v0'L
$0°L
1T
[V
[V
Ay
b1
p1°2
pT°2 ]
vI'L ]
stz
912 ]
112
(e

T

L

W

wﬁ.h;

6T,

0T'L
€10ad 9¢'L

079'9 —~
199 —
8199 ~
029'9—

6.61

f1 (ppm)

6.62

7.03

LE0L—

7.04
f1 (ppm)

oL —

7.05

6.80

0789~ — =
€18'9

6.82

6789\
€89~ -
9€8'9— =
689

§S8'9 r
4589 V =

T
1 (ppm)

N
‘
6.84

|
6.86

2s, CDCl3, 400 MHz
H NMR

Foe

46'0
660
/86°0
00T

0.0 -0.5

0.5

9.5 9.0 8.5 8.0 7.5 70 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
1 (ppm)

10.0

ceeE—

€DAd T'LL—

16—
T'v0T
poT
S'S0T
m.mﬁ:\
VLT
L1411
o'zer
ﬁ.NNﬁv.
8'8¢T —

m.mmﬁv

9'6€ET

€'6ST ~—
8'LST—

2s, CDCls, 101 MHz
3C NMR

-1C

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

200

f1 (ppm)



-122.2
-122.2
-122.3
-122.3

{

F
N
\
2s, CDClj, 376 MHz
9F NMR
.
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 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210

f1 (ppm)



w1 —
18'€ —
€€TL— - < o E
Fa 066'9 — — 35
~ £ -
0522~ g 1669 — ~ 8z
€sTL - | 8= ~
N
L — - T
-
oTTL— ~ e
~ 9TTL—  ~ Sz
£ N
bebL— M [Is
~E
bSpL— - =
66'9
00'2 I~
y— = ©
ey, 8€9°L FoE
[492 / [8&
€T°L o5&
o — = o
ety 959°£ L8
sTL
€000 97°L
LTL
€v'L
Sb'L
v9'L
99/ 2

BPin

2t, CDCl,, 400 MHz
H NMR

O

=TTl

Fere

660
2zot
RAA:
=01
10T

3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

4.0

4.5
f1 (ppm)

5.0

5.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0

10.0

Tse—

6'CE—

€EDAd TLL—

S'€8 —

0°€0T —

T —

6°0CT —

ST~
62T
€EET —
T9ET —

BPin

2t, CDCl;, 101 MHz
3¢ NMR

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

200

f1 (ppm)



€8'€ —

159
159
859
859
0z'L
12°L
€100aD 922~
8L
8€'L7
ov.&
ov'L
v9°2
v9°2
2L
L
[
vl
%
v

=

F3C

2u, CDCl,, 400 MHz
"H NMR

=£6'0
£66°0
/660
¥00'T

f1 (ppm)

0'ee —

€Dad ¢LL—

v 10T
8'90T A}
6'90T

6901

0°£0T

0'9TT
0'9TT
T'oTT
T'oTT
€1e1
5121
zeer ]
s€21
8'€eT
[474%
(4748
6'92T
9'62T
6°0€T
91€T |
15617

S~

¥890T —
6890T — ~—
€6'90T — —

86'90T —

86'STT —
20°9TT ——
SO'9TT — —

60°9TT —

8b'1¢T —

17°€et
zseeT M
p8'ETT —~
9T'bTT
81'veT

88'9¢T —

85°6¢T —

J
]
B
—_—
L
n
@
Fo
o
S
T
F [=%
=]
N
Q) 4
Lo
o
S
(=]
S
O
S
=
€
838
e
S
ag
o
=
o
S
— '“w
B
o _
LN
o
<
LN
1)
£
8
o o
L8 S
@
LN
S
N
_ I
zZ =
S X
o
- =
& Z
Qf
Q O
w3
S

-1C

190 180 170 160 150 140 130 120 110

200

f1 (ppm)



-60.4

N
N

2u, CDCly, 376 MHz
9 NMR

T T T T T T T T T T T T
-100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
f1 (ppm)

T T T T T T
0 -10 -20 -30 -40 -50 -60 -70 -80 -90



or'e—

o1
or'd
(AR
P
jrad
€TY
STy
oN.v\
5%
ﬁm.wg
¥6'9 1
56'9
869
1L
1T,
T L
ST'L
9z'L
€10dD 9T°L A
7L
L£TL
L )W
8T'L
6L )T
ogz”
99,
99,
191
89°L

Ph

NTs

(
—

19, CDCl5, 400 MHz
"H NMR

4.15

4.20
f1 (ppm)

4.25

6.96
f1 (ppm)

7.00

I

Beot
Aeor

¥90°C

F66°0
/89°0

19

0.0 -0.5

0.5

3.0 2.5 2.0 1.5 1.0

3.5

4.0

6.0 5.5 5.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5

f1 (ppm)

L1 —

6'87 —

€DAd TLL—

L'v6—

6'9CT
(yZas
sz

9°'8¢T —
o7
i
9°SET
T9ET
OvbT —

Ph

NTs

<
—

19, CDCl3, 101 MHz

3¢ NMR

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200



0284
1354
14704
SEY
134

1344
(244
1444

9t

16'9 1
¥6'9 1
56'9 1
169 7
€274
ST'LA
ST'LA
€100 92°Z
1TLA W
124N
8L /r
6z,
om.n*
1€,
€6°L~
s6'L”
43BN
ve'g”

Nomé\
90€

WEb~ -
sbey

o:u.v/
(4344
mmv.v/
LEVP N\

216’9 — -
S€6'9 — -
1569 — -
Y69 — -

435 430
f1 (ppm)

4.40

f1 (ppm)

6.96 6.94 6.92

NO,

20, CDCl3, 400 MHz
H NMR

|

|

£20'T
901
502

0.0 -0.5 -1.0

0.5

1.0

2.0

25

3.0

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

f1 (ppm)

Ter —

€NAd TLL—

896 —

9'veT
T #
67LTT -

€8T *

8'8¢T
S'TET
LYET \
LvPT —

€0ST —

NO,

20, CDCl5, 101 MHz

3C NMR

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

200

f1 (ppm)



[4- %
€9'T
€9°T
¥9'T
S9'T
S9'T
S9'T
99°T
20
€02 |
S0°Z
£0°2
W'z
e
(483
€T'E
£1°¢ |
ST'E ﬁ
6€°€ |
6€°€ ﬁ
o€
TH'E | f
TH'E |
ey
ey
vb'E
Pb'€
SbE
ShE N
9b"€
?.m&
e
96t
96"t
86't
66'%
66'%
66't

€0'S v.

€0°'S

=

i

0L's
s
s
€15
vL'S
ses
9°s
s
8L'S
08's

€100 922
mNNW
1€
190~
69,7

NTs

/

22, CDClg, 400 MHz
H NMR

Br

sty

Feoe

=10C

Eoc

0.0 -0.5 -1.0

0.5

2.5 2.0 1.5 1.0

3.0

4.0

7.0 6.5 6.0 5.5 5.0 4.5

7.5

9.0 8.5 8.0

9.5

o1z —
8T~
96—
roe”

€6v
€0s

€DAd TLL—

f1 (ppm)

9'GTT —

e —
6°6CT —

TIET ~
vLer -

LEPT —

NTs

/

22, CDCl3, 101 MHz

Br

3¢ NMR

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200



+9'1 g
99'T 1
89T 1
04711
788
+0'7
90°C
£0°T 1
60°C 1
b 1
ww.j
62°€ ﬁ
om.mg
T€e
jYad
<y ﬁ
STt
STy f
1€y
€9
€7
eV
wm.vg ﬁ
96t 1
96t §
86' 1
66" |
66t
66t
66t
00°S
+0°S
+0°G
ws
vL'S
vL'S
SL°S
9/°'S
8L'S
6L'S
6L'S
08'S
78S

+8'9
ow.w/
88'9 ~%

0697
€10aD 974~
e
8z'L
oe'L
oe'L
€9°2
s9'L

60Z'% .
[4raSd

8T v~
[4Ta S

60€Y
Nﬁm.vk
(43584
9EE P\

8’9 —

§98°9 —

7889 —

06’9 —

=

NTs

T T
6.90 6.88 6.86 6.84

=/

23, CDCl3, 400 MHz

4.25 4.20
f1 (ppm)

4.30

f1 (ppm)

"H NMR

0.0 -0.5 -1.0

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05
f1 (ppm)

10.0

o1z
09z —
6°0€ ~_

vy —

€DAd TLL—

676 —

S'STT —

6°92T ~
6'62T ~
Teer —
POET ~
vLET

8EVT —

NTs

=/

23, CDCl3, 101 MHz

3¢ NMR

U

-1(

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200



09T
791
€9°7 {
S9'T 1
99°T §
£9°T
L8°T
88T 7
88'T
68°T
06°T
06T )W
16T /r
16T
N&A“
6T

wT—

veE
S€'€
9g'e
9€'e
LE'E
LE°E

b6t

mm.v/
wm.v‘
mm.v\‘

86’

199
799
799
£9'9
99
+9°9
€1Dad 9T,
674\
1€c”

S9°L
S9°L
99,

L9°L

o6’y —

0S6'y —

096t
TL60— —
owm.._u/

2199 —

L1999 — —

799 ~

€€9'9 —
8€9'9 —
€499 ~

4.98 4.97 4.96 4.95 4.94
f1 (ppm)

L e

— o
| 8~
— SE
(=%
mng

L o
— o

L3

D S

N

I

0 =

= o
z S X
<=
| =2z
O T
D1

(@]

<

~

Foee
Fere

H1e

o1

0.0 -0.5 -1.0

0.5

2.0 1.5 1.0

2.5

3.0

4.0

4.5
f1 (ppm)

5.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0

10.0

01T
ﬁ.ﬂNW

L'1T

0ty —

€NAd ¢LL—

+'80T —

[Tak
zien]
86T
TSET ~

LEVT —

NTs

3¢ NMR

24, CDCl3, 101 MHz

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200



68'T
NJEAD +6°T
e—

68'T
68'T
68'T \

6T —

18y —

08 V

08’

LEL
6€°L
v9'L
v9'L
S9°L
99,
99,
L9°L

NTs

\
—

Me
26, CD;CN, 400 MHz

"H NMR

JeJe

-0.5

0.0

0.5

3.5 3.0 2.5 2.0 1.5

4.0

4.5
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

SIZ~
eze”

8LE —

6'60T —

NDOEQAD €°8TT —

5821 —
soer
bGET ~

6'vbT ~
0'9rT

\

NTs

=

Me
26, CD5;CN, 101 MHz

3¢ NMR

]

-1C

20

40

50

90 80 70
f1 (ppm)

T
100

110

T
190

T
200




o
YT
STt
9T’
87T 1
8T'T
62'T 1
6C°T 7§
TET
8€'T 7§
6E°T
ob'T
T
[4
€L°T
vLT
SL°T
9T
LLT

£V'C
La x4
Sh'C

Sz
9T
9T
16T
€0t
S0y
90+
90+
L0
80"
60"t 7]
o1t
Tt %
1

€T°% |
ST'h
0Tt
Eas
05't 1
e5p

=i

S¢L
€10dd 9¢°L
L
T€L
€L
L
(494
S6°L
S6°L
96°L
L6°L
86°L
86°L
ve'8
vE'8
SE'8
9€'8
LE°8
LE°8

vebe~ -
e~ _
oGP T~ -
ESPT N _.

09T~ _
SOb T~ _.
P TN

Yoy —

A

Ty — —

L6V —

cESY — -

S

I?n
N

S
0,

CO,Et

2.43

2.45
f1 (ppm)

2.47

4.23 4.20

1 (ppm)

4.53  4.50
f1 (ppm)

YELT
LT W
05T\
8SLT
S9LT~
YLLTA
T84T~

1.74

76

178 1

08e'1”
T 6T —

SHor T~ _

oot
) T R
0Eb'T ~\_

1.42 1.40 1.38
1 (ppm)

1c, CDCly, 400 MHz
H NMR

0°€
b T

H/mﬁ.a

960

Regr
R0’
2560

%0
%,Mv.a
8'C

0.0

0.5

1.0

2.0

3.0

5.0

6.0

8.0 7.5 7.0 6.5

8.5

9.0

9.5

PrT ~
€91

9'cc—

S'8€ —

T'ss —

19—

€DAd TLL—

f1 (ppm)

SvT N
S'8¢T

6°8¢CT V.

0'6CT
TSET —

LEPT —

+'0ST —

8 TLT —

NO,

1c, CDCl3, 101 MHz
3C NMR

10

60 50 40

70

T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

T
200




€10ad 9T’ L~
€E€LF
S€'L /
L9°L~
69°L /

|
1.34

1.36
f1 (ppm)

2.02  2.00 1.38
f1 (ppm)

2.04

oszz”
Ls¢T
2ozt _
69227
stee,
087z
el

860 —
ooﬁ.v\
ITT' v~
8IT'v —
EET' Y

9ET P~

ﬁmﬁ.v/

()
=

@
zZ

2.26
f1 (ppm)

2.28

412 4.10
f1 (ppm)

4.14

i

N
o)
o

1d, CDClj, 400 MHz
"H NMR

8T'E
Mot
566'0

16'0
660
=s0°€
JLOE

0.0 -0.5

0.5

1.0

3.5 3.0 2.5 2.0

4.0

4.5
f1 (ppm)

7.0 6.5 6.0 5.5 5.0

7.5

9.5 9.0 8.5 8.0

10.0

£pT ~
LT~
AT AN
vz —

9'LE —
oy —

19—

€DAad ¢LL—

T'82T ~
6621 —
bZeET

TvbT —

€Ul —

CO,Et
1d, CDCl3, 101 MHz

3C NMR

A

40 30 20 10

50

T T
90 80 70
f1 (ppm)

T
100

110




oLt
ozt
ozt
T
[za%
7T
€T 1
9T'T
8T §
6C'T
TL°T A
(YA %
€L°TH
€L°T
VLT
88T
68°T
06'T
06'T

€T
334
(334
se'e
se'C
9€'T
e
2we
T
[4%%
382
[4%2
ST Aw
STt
9Tt
1t ]
nes
ASS
8T |
6Tt
61t
oy
12
€T

€100 974\
1€~
eer/
LN
oL

08T T— - r
SET T _

66T°T ~ — L
10717

PITT~

91T T~ L
ozz1”

SETT— -
669T— <
PILT~ - [
ots1” =
82L T~

0£L'T — r
LT —

1.20  1.18
f1 (ppm)

1.22

t

1.741.731.721.711.70
f1 (ppm)

+98'T — -

,NTs

CO,Et
1d", CDCl3, 400 MHz

(A

1.92 1.90 1.88 1.86
f1 (ppm)

234 2.32
f1 (ppm)

2.36

H NMR

T
0°€

80T
F66'0

L66'0
19'¢
266'C

1.5 1.0 0.5 0.0 -0.5 -1.0

2.0

3.0

60 55 50 45 40 35
f1 (ppm)

6.5

7.0

7.5

9.5 9.0 8.5 8.0

10.0

b~
[l

VAN
1Tee”

€6~
1286

19—

€DAd ¢LL—

1821 ~
rezt”
SEET —

8'EPT —

9'69T —

Me

JNTs

CO,Et
1d', CDCl3, 101 MHz

3¢ NMR

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200



-
N 1
[N
_

——

€100 97'L
€€~
ser’
69°'L~.
7wer

/- N
ssetd e
o017 o8
6LLT— g
64T _ =
€08'T 2
@
A z
N
N
N
v’ 2
08’z N
98y'7 $E _
6T — - ~Ng -
66v°C ~ o =
Y0ST N
TIS'ZT\ ey —
o~
=
2
~ \m) _
8
8
P
-
o
o~
)
N

1e, CDCl3, 400 MHz
H NMR

FET
o1

0°€
0T
=0'¢

Fzoe

F1oc

F10¢

0.0

0.5

1.5

2.0

3.0

5.5 50 45 40 35
f1 (ppm)

7.0 6.5 6.0

7.5

8.0

8.5

9.0

P6T
€12~
12’

bre~
€T\
6Ty —

T —

€DAd TLL—

T'8¢T ~
6°6CT
8TET

THbT —

8'€ST —

9'TLT —

Me

NTs
(0]

1e, CDCl3, 101 MHz

¢

\%O

3C NMR

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200



0€'T
16T
zET
[4 %
€€'T
€€°T
€€°'T
SE'T
€T 9
PbT
9b'T
A
8b'T
0€C W
1ezqk
4
[434
€€
€€
vE'T
€T~

99°C
9T
£9'C
[4Ax4
oze—

€8'€ —

€10aD 9T° L\
€ELF
S€L /
L9°L~
69°L /7

o

. I

ooez”/ S
80z PN
aer” ~E
61€7 — ne
9TET. phg=

[ AN o

LEETN .

I

o~

h

I\Ille
.Me
Me

NTs
4

\
o}

____/A

o)

30, CDCl3, 400 MHz
"H NMR

ZET
Fs6'0

7860
0'€
80
0°€

0.0 -0.5

0.5

3.0 2.5 2.0 1.5 1.0

3.5

4.0

4.5
f1 (ppm)

7.0 6.5 6.0 5.5 5.0

7.5

9.5 9.0 8.5 8.0

10.0

99T ~
0T~
21—

9TE~
Tye
LLe—
Tob

09—

€DAd TLL—

1821~
6621 —
zeer

0vbT —

02T —

30, CDCl;, 101 MHz
3C NMR

10

20

40

50

T T
90 80 70
f1 (ppm)

T
100

T
110

T T T T
180 170 160 150

T
190

T
200



bS'T 1
SS'T
9S°T |
£5°T1
85T |
8S°T 7§
6S°T 7§
65T §
65°T
09°T
T9'T
or'e
ov'e
e
we

3 2r4
€T

La x4

La x4
LLe—
vee
STE
9z'e
LT°€
Lz'e
8C’€
6C°€

€10ad 9¢°L
L
6C°L
0S°L
1S°L
[AwA
€5°L
€5°L
6S°L
6S°L
19,7
€9°L \
60'8

()] V

Hﬁ.w\‘

[4%:]

3.26 3.24
f1 (ppm)

3.28

.

Me

NTs
\va

o
0% >Ph

1f, CDCl3, 400 MHz
"H NMR

Fsoz

=86'T
#10'T
86'C

-0.5

0.0

0.5

1.0

3.5 3.0 2.5 2.0

4.0

4.5
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

81~
a2l
LT~

LLE—

ey —

€0ad TLL—

'8¢t
m.wwﬁ/
8'8¢T V
6'6CT
ﬂ.Nmﬂx
S'EET \
YLET
TvrT —

0'86T —

NTs
\v4
“ph

B\

(0]

J

1f, CDCl3, 101 MHz
3C NMR

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

200

f1 (ppm)



A

811

611

01
[4a%
€27 1
ze'T
€E'T
YE'T VT~
PET 091
GE'T LT
LT e
€97
v9'T )W

87€'7 —
SEET—
ove'r—
e
€se'T—
8sez

81eE T
TEET ~ —
TWET _
PhET
S5ET——
89€°T ~\_

1.64

f1 (ppm)
0.0

1.66
1.36 1.34 1.32
f1 (ppm)

1.68

0.5

Dozy
Rt
#90'T

S9'T
99°T

991 ;\F

£9°1T

1.5

6'8€ —

L

2.0

€€z
€eT Y607 Tes—
ve'z =0 |
se'z 809 —
se'z
oz
152
bz Nwo.vw -
680"

0t
€0t

b0y YT H —
S0y

mo.qN

I

2.5

€DAd TLL—

3.5

4.12 4.10
f1 (ppm)

4.0

90y by — -
L0
80y
60y
ah
g
8b'b

-— 80T |

4.5
f1 (ppm)

4.47 4.44

f1 (ppm)

vy —

5.0

6.0
Y ©Q
0
N
-

6.5
—
©
o]
—

€10aD 9T°L 0vrT —
L
8T'L r
62, 76
€L — 0z
SEL +
L YAVANS
oL

7.0

|

7.5

- F00'C

8.0

TUT—

8.5

Bn
|

NTs
v

CO,Et
1g, CDCls, 400 MHz
H NMR
90

9.5

10

20

30

40

50

60

70

100 90 80
f1 (ppm)

110

120

CO,Et
190 180 170 160 150 140 130

1g, CDCl3, 101 MHz
3C NMR

200

210



€0°'T 1
$0'T 1
SO'T
90T {
£0°T 1
80°T 7§
€TT Y
YT
9T'T
SETH
LET
8€'T W
0b'T
LLT 3
6L'T
6L'T
8T
8T
€8°T
we
09°C
19°C
9T
€9°C
+9°C
S9°C
+6°€
S6°€
96°€
86'€
€0'P N\
S0'v
90t
80t
o'y
vy
SS'b
65t
mN.hg
€12dd wm.mg
T
Lz
8T'L
8L Y
8T,
6T,
6C°L
0€'L Y
0€°L A
0€°LA
€L ;f
T€L
€L
[4 A
€€°L
ve'L
vLL
vLL
9L°L

1.78

i €SE°T \
69€°T
PBET ~_.

66T

80
f1 (ppm)

182 1

1.40 1.38 1.36
f1 (ppm)

1.08 1.06 1.04
f1 (ppm)

Ty —

Wy ——

€58y — —

Sy —

Bn

,NTs

CO,Et

4.24 4.22 4.20
f1 (ppm)

o
L~
<E
e
T
o
L e
2

N

T

=

o

o

¥ =

o Z

O T

a -~

(@]

o

2

Feo't
FBEE
F60'T

Hot

Fere
ko1

Feez

Fez1

3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

4.0

4.5
f1 (ppm)

5.0

5.5

7.0 6.5 6.0

7.5

9.5 9.0 8.5 8.0

10.0

1541 v.

b1
9TT~
6127

€L —

8'€S —

609 —

€DAad ¢LL—

L'Len
6°LCT
S'8¢T
£'82T —
9'6CT
TOET N

poeT

9'EPT —

0°04T —

Bn
1

,NTs

CO,Et
1g', CDCl3, 101 MHz
3C NMR

40 30 20 10

50

70

T
90

T
100

110

T
190

T
200

f1 (ppm)



€10ad 9¢°L
veL
vEL
veL
9€L
9€L
9€L
L9°L
L9°L
69°L
69°L

YT
6EV'T ~
PP T
ESPT ~
LSP'T
YT

T19'1
S79'T —
9€9'T ~_
8€9'T
8b9'T

299 T _

1.44  1.42
f1 (ppm)

1.46

1.66 1.64 1.62 1.60
f1 (ppm)

over
9seT
[ ae
89£°C —
sueT~
08€°Z ~
18€7T~\

2,14 212
f1 (ppm)

2.16

f1 (ppm)

2.39 2.38 2.37 2.36 2.35

H NMR

1h, CDCl3, 400 MHz

£66°0
0T

R96°0
660
g6z
/E6T

Fet

61

6T

-0.5

0.0

0.5

1.0

3.0 2.5 2.0

3.5

4.0

6.0 5.5 5.0 .
f1 (ppm)

6.5

7.0

7.5

9.5 9.0 8.5 8.0

10.0

9 LT~
VA AN
0zz”

vLE—
8'0F —

09
S°09

809 W

19

€NAd ¢LL—

8811
s1eT W
EVTT\
|24 2N
T8e1
0°0€T

vzer/

€rrT —

04T —

01°09 —
. il
L¥°09 gE
Q
e
£€8°09 — o
o
©
0T'19 —
84°811 — o
N
A
PSTZT — £
M/m
67421 — ~
50221 —
—_—
=

1h, CDCl;, 101 MHz
3C NMR

L

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200




-73.8
-73.8
-73.8

¢

0”0 " cF,

1h, CDCls, 376 MHz
9F NMR

T T T
-60 -70 -80 -90

T T T T T T T T T T T T
-100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
f1 (ppm)

T T T
10 0 -10 -20 -30 -40 -50



i
671
671
€T
€1
ee1”
0L T~
7T
€1 N
bLT ﬂ
20t
€0°C ]
0z | ﬁ
507 ]
90°C | ﬁ
20T
8
6£77 ]
ov'z |
'z ]
vz
£z
voz?
L€
6€' 7
orb |
v
[0
IZa
St'b |
vt
b5 ]
15t
85y |
mmi
09
19
(X%
v9'
€120 974\
€€~
sec’
VAN
sre”

et
87T~ =
1601
LOS'T~ _
zieT— -
9TET~

96917
11
9L T~ _

WLt /

1.32 1.30 1.28
f1 (ppm)

1.72 1.70
f1 (ppm)

1.74

10T —
PEO'T ~ —
8€0'c
50T~
9507 ~

€L0°C—

I
NTs
/\CF3

il

1h’, CDCl3, 400 MHz

)

2.08 2.06 2.04 2.02 2.00
f1 (ppm)

H NMR

Fe60
Ege0

k61

0.0 -0.5 -1.0

0.5

1.0

3.0 2.5 2.0

3.5

4.0

7.0 6.5 6.0 5.5 5.0

7.5

9.5 9.0 8.5 8.0

10.0

f1 (ppm)

PyT —

VAt 4N
612

vLE~
[

09
£°09

H.GN

+'19

€DAd TLL—

TTT N\
81T\
LRZASN
€421~
1821 7
A
T'EET

TobT —

89T —

9709 /
2097
80'T9 ~_

SH'19 /
L0°6TT \

eg1er”
85'bTT

vE LT /

120 61.5 61.0 60.5

T
124
1 (ppm)

f1 (ppm)

NTs
/\CF3

I

1h', CDCl;, 101 MHz
3C NMR

)

L

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200



-73.6
-73.6
-73.7

~-
I
NTs
o: io/\CFS
1h', CDClg, 376 MHz
9F NMR
‘ ‘ -.‘30 -1‘30 -60 -‘70 —éO -‘90 -1‘00 -1‘10 -1‘20 —1‘30 -1‘40 -1‘50 -1‘60 -1‘70 -1‘80 -1‘90 -2‘00 —2‘10

T
10 0 -10 -20

-40

f1 (ppm)



or'TY
0T'T 1
T
[AR %
£1°T
PI°T
PT°T
9T°T
ST
9T'T
87T Y
b
55T
95°T
£5°T
85T
65T
65T
0L1
11
17T
LT
€L
SLT
omi
@

8L'T
6L°T
[4:l0
[4: s
€8°'T
+8'T
+8'T
S8'T
98'T
€v'C
€8'C
£€8'C
98'C
98'C
L8'C
68°C
68'C
be'E
142
S€'€
9g'e
LE°E
8¢€'E
8€'E
6€°€
ov'e
e
we ﬁ
90
L0
80
oT'v
Ty
(494
[4%4
1484
ST'v
LT
€10ad 9T’L
8T°L
0gL
L9°L
69°L

T—

T —

3

Fows
Forr

- Tm.m

NTs

CO,Et

1i, CDCl3, 400 MHz
"H NMR

- E60

180
0T

5
a
:
o
3
YT
i b6t
s o.ow%
s12
o ezl
- vz
in
2
z8e—
° 67h —
b
in
o
109 —
o
s
i
™
€Pad z'2L —
o
<
o
<5
&
P
o
@
in
p
o
o
s
i
3 geet”
8'SET ~
o
N
9'EbT —
i
~
o
b
in
@
STT—
o
()}
i
(=)}
o
3
S

i

NTs

\
\
W

Y

CO,Et

1i, CDCl3, 400 MHz

"H NMR

-1

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200



Ty
[44
€Ty
€Ty
1484
STty
9T’y
LT
8Tt
8T'v
(14
o'y

€10ad 9¢°L
mNNW
T€L

0L,
0L,
[4AVA

[2AVA

S
6107 — - N
E
£E0°T ~~ 38
€507 — N
=

e}

0907 — - N

19T
SE9T— ~
9T — —
8S9'T

1.64 1.62

f1 (ppm)

1.66

8IET— —

TEET ~—,
9T 7

0SE'T— —

1.32

1.34
f1 (ppm)

Me
T
éozEt

1j, CDCl3, 400 MHz
H NMR

=£0°E
Rvee

0'T
Bzo'1

6’1

0.0 -0.5 -1.0

0.5

2.5 2.0 1.5 1.0

3.0

65 6.0 5.5 50 45 40
f1 (ppm)

7.0

7.5

8.0

8.5

9.0

9.5

THT~
Sv1
112 \
(44

6T —
SHE

sy —

019 —

€NAd TLL—

LLTT ~
8'6¢T —

TLET —

LEPT —

6°04T —

I\I/Ie

VNTS

Me

CO,Et
1j, CDCl3, 101 MHz

3¢ NMR

40 30 20 10

50

T T
100 90 80 70

110

f1 (ppm)



G 2o gt
b )
i 2.5 % 0
@ 0
h k3.0
25 20
2 (ppm)
- $
1
me e
~=NTs
Et0,C 'H
2
[ 1j, CDCl3, 400 MHz
0 NOESY
75 70 65 60 5o 4 40 35 30 25 20 15 10

4.5
f2 (ppm)

r1.0

F15

2.0

2.5

3.0

3.5

4.0

r4.5

5.0

5.5

6.0

6.5

F7.0

F7.5

f1 (ppm)



17T
mm.ﬁW
sTT
TN
PST
91
9T
85T
0£°z
€T

Nm.N\“
mm.m\

fa x4 \

0sc

€A 924\
YL~
ocr”
69°L
1we’

ST — —
958’ T— ~—
98T —
9ST—
86C'Cc— —
TIEC—
8I€C—
Teee— -

1.57 1.56 1.55 1.54

2.33 2.32 2.31 2.30

f1 (ppm)

f1 (ppm)

(38

all

NTs

Me

Me COzEt
1k, CDClj3, 400 MHz

"H NMR

|

Br0e
=65°€
F90'T

o

LIT'E

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

4.5

PET~
X2

VATAN
9€T—
ssz”

€8¢ —

6ty —

19—

€DAd T'LL—

T'8CT ~
6'6CT
LTET

0'bbT —

YL —

NTs

M?ZOﬁt

1k, CDCl3, 101 MHz

\

Me

3¢ NMR

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200



1 (ppm)

2.0

0

T T T T T
2.2 2.0 1.8 1.6 1.4
f2 m 2
(ppm) &

1

Hove
nOe@\\\NTS

Md CO,Et
2
1k, CDCls, 400 MHz
NOESY

T T T T T T T T T T
6.5 6.0 5.5 5.0 4.5
f2 (ppm)

f1 (ppm)




o1T'1
T
€11
o1
11
611
051
15T
51
€51
Se1
o0
8,1
6,1~
sz

62

e

bz 8
oz’
642,
182

8T

€8z

16'€

86'¢

00

10t

€0y &
sovf
50t 7|
0%
80t
60t |
0Tt
1%
[a8%
£Tb
STp

0z'L7
1272
2L
LA
€7L
bl
b LA
STLA

€0ad 972
(Tl
seLf
67, [
1€
r£72 ]
8€L ]
6€°L
ob'L ]
85,
09°2
99/ 1
89/

n
~
SSLT— -
NE
1L4°T — S8
SLLT— o
[«
Q
64T — S
T
<
S o
n - w dfw
_M W 8x §°¢€
O =tcdPo
©
© 6% 533
- OT a.mﬂ
-~ o
o Q s &3
(@] w ko]
=

TE
%o.m
T
=TT

Ree

0.0

0.5

2.0 1.5

2.5

3.0

3.5

4.0

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5

f1 (ppm)

6T°vT
LTPT
£0°0C
20° T\

€9°'TC \

£9°'TC

9z'se
66'9€ M
67'L€
95°L€ 7
£6'st
oo

29'19 v.

89'T9

€1Dad 9T°LL —

L9°LTT
69°LCT
v8'L2T
S6°£CT
L6°LCT
TP'8CT —
18'6CT
£€8'6CT
0€'0ET
06°0€T
cozer
TS°€ET
09°€€T
SE'8ET
P8 EPT
88°EPT

95°69T —
8°TULT —

Me

NTs

Phj CO,Et

11, CDCl3, 101 MHz

3C NMR
characterized in

mixture of
diastereomers

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200



171
£z1
szt
LhT
8v'T 1
6T 1
19°T |
19T |
29°T
£9'T 1
€9°T
$9°T 1
59T Y
0T
mo.wg
202
80°Z
60°C
60°C
TT°Z
112
1172
[ARA
1T “
€12

87T ]
62'C
0e'z 1
1€
bz
1]
062 1
062
167 ]
267 |
b6z
v6'C
56
96T
90+ 1 ﬁ
10t

Bl
80

oT'v
0T’
%4

[4 5
€Ty
YTy
ST'v
9Ty
€0'S
¥0'S
90's ﬁ
90's
so's |l
80°S
s
€T'S
98's
18'S
06'S
16'S
¥6'S
€100D 9T
vEL
9EL
69,
1L

e

——m

20T
SL0'T M
S80'T\_
880°C —
)84

60T°Z
are—
[ZARANS
9eTT

082z
€67T~
00£'T —
ETETL

o o
- < © ©
_ N809TN. — M
= o CI9T— -~ AT s - T
O [R-f9I~ Sgoovt 28
- E [eo1< LSosri— - =]
| 98201/ OE VeI =
- R A - 2
) ~ —
| o
= ~N
@
_ LN
W i h
8
_ .- _
_ | Re
g
— o
L™ p-
o =
N
=
(2]
o 2 b g
=-Z S EScx
o < s
RO B
\ T o Z
c O T
253
S Eo
£
-

zoe
7160
PHTT

20'1T
Rg6°0
68"

ZC0'E

H\QDA

oz

60

-0.5

0.0

0.5

1.0

2.0

2.5

3.0

6.0 5.5 5.0 4.5 4.0
f1 (ppm)

6.5

7.0

7.5

8.0

8.5

9.0

9.5

€vT —

I RIANE
127

6T~
S1ET
b'8€ —

LSy —

19—

L

l

40

€DAd T'L

L9TT —

1821 ~
6621 —
Yo
8'GET

TobT —

VLT —

Me

NTs

CO,Et

major isomer
1m, CDCl3, 101 MHz

3¢ NMR

10

30

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

200

f1 (ppm)



2\ ]
J_Ml i A M /
I 2.0
| % [
b2z @
@ F2.4 T i r20
g -
2.6 o 8 k2.5
2.8 % '°
[0 F3.0
30 25 20 35
2 (ppm)

< o 4.0
~4.5
= ot >
5.5
3 @ Le.o
nOe Lo
7.0

= g' major isomer
Q : 1m, CDCl3, 400 MHz 7

T T T T T T T N\OESY\ T T T T T
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

f2 (ppm)

f1 (ppm)



SO'T
90T
L0°T
80°T
L1
8T'T
oEe'T
6T
w61
w6t
€6°T
v6'T
v6'T
S6'T
96T
96T
L6°T

£6'T
86T ~
1072
€0z

+0'C
90°¢C
40T
80°C
60C
La x4
TLT
owe
vLT
SL'T
9L'T

Ty G
€Tt

1484
ST'v
STt
9T’y
8T’y
6TV
Ty
[444

vy
vy
T4
00's
T0°S
T0°S
+0'S
S0°'S
S0°'S
LL°S
8L'S
08's
18'S
18'S
€8'S
€8S
+8'S
S8°'S
L8°S
€1Ddd 9L
L
veL
69°L
0L,
7L
TLL

]
1
]
1
1
)
1
]
1
1
1
1
A
h
1
1
1

J
y

]
J

i
]
1

T

]

i
y
]
]
]
g
A
]
]

€T L__W

|
|
|
|
]

|
|

m

—

——————

minor isomer
1m’, CDCls, 400 MHz

<
3
~ -
Lo
p 0S0T— -
IS 8g
- P90 T~ - =g
[ 8 890°T— ~ =
- 8+
[ & €80T — — al
o~
=
[~S
ae
S -
<+
LS
N
©
LS
N
©
<
N ==
——
——_—

"H NMR

660
50

10'T
£

T0°T
FETE

ke

0.0

0.5

1.0

2.0

3.0

4.5 4.0 3.5
f1 (ppm)

5.0

5.5

6.5

9.0 8.5 8.0 7.5 7.0

9.5

[42%0
S'6T
LT~

LT1E—
TLe
9'LE V

9y —

€19 —

€DAd TLL—

LT —

1°82T .
1621 —
SEET ~
9peT

8'EVT —

S0LT —

I\I/Ie

NTs
Noe

d
’
‘

minor isomer
1m’, CDCl3, 101 MHz

3¢ NMR

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00



LT
6C'T
0E'T
9E'T
LE'T
8€'T
8E'T
ov'T 1
Zas
8Y'T
6v°T 7§
0S'T
16°T
om.ﬁg
L6'T1
86T
66°T

T —

152
152
252
s
€52 *
v5'T
20°€ ]
v0°€ ]
ooi
90°¢
zee]
vee]
9g°g
6v°c |
15°€ ]
15°€
mmi
vS'E
sze |
zry |
Ei
9T
JASY
2897
80°L
607
oT°L
oT°L
T2
L
[V
17°L]
1272
€z's]
vTL]
szs
€100 922
8z, ]
67
omi
1€
ssz |
5
122
[
€L

66'T
00°Z
10T

e
052 /

e —— T

—

T

€L°L

o
Q <
L& = -
- s o oser/ @
o 9T RFT voeT~ e
©F 6LbT S8 goer— g
Log a 89€'T aQ
—a 06V'T— ~ . =
g 06v Qo 6LET~ 3
o mwmﬁ/ R b
L& .
_ 2 \ g T 2
- - =
o
Lo
N~
£
RS -
N -
<
L&
N — ==
o
Lo
~'E
a
e
o
[ —
“
-
w
o)
N
O T
o S
s :
z S X
¥ =
0 & Z
72 N\M O T
D1
(@]
-
=

YST'E
Fo0'1
o1

6°C
20°'T

H{m.ﬁ
FO0°T
7107

m\mmm

=60
#00'T
00T
“gg-

£66°0
6T

0.0 -0.5 -1.0

0.5

2.0

2.5

3.0

5.5 50 45 40 35
f1 (ppm)

6.0

6.5

7.0

9.5 9.0 8.5 8.0 7.5

0.0

PHT
91—
VA AN
9T —
0’5z

8'CE—

0'6€ —

s —

19—

€10ad T°LL—

$'60T ~
T
8'8TT
T'6TT
8121 —
TLTTN
YaVaat
w.nﬁ\
Gezr,
vseryy
T'LET
6°€pT —

€UT—

X—s

1n, CDCl3, 101 MHz

CO,Et

’
/

A\
N

Me

3C NMR

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

200

f1 (ppm)



9T’
8T'1T
6C'T
6L'T
8T
€8T
+8'T 1
¥8°1
(8'T
£8'T
06T §
06°T
5T 9
08'Z |
28'C
€871
+8'C

58z
58z
98'c
182
16
(283
ss€
(5°€
S0'b 1
20w
80t |
60%
£Tb
PTb
ST
9T
9Tt
8T'v |
8T'b
611 |
0Tt
17t
wy |
2%
€'y |
mmi
sy
9y
£

8e't
8e'
0v'9 ]
29
559 1
G559 ]
159
£5°9
659 1
659
689 1
069
80°2 1
80°
orz]
oL
s
(oD
€7'L
sz'L

€Pad 972

i

19,
¥9°'L

S0y — —
990y —
L0y — —

T60P —

€EEP—

6bEy —
esey
T9gy
0LEb~  —
8LE0 .
8y~ —

66EY —

4.09 4.08 4.07 4.06 4.05
f1 (ppm)

436 4.34
f1 (ppm)

4.38

4.40

4a, CDCl3, 400 MHz

H NMR

=Te

F00°T

ot

H/wm.o
H/wm.o
/160

6°0
M\\Mm.ﬁ

3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

4.0

4.5
f1 (ppm)

6.0 5.5 5.0

6.5

7.0

7.5

9.5 9.0 8.5 8.0

10.0

€vT —
91—
6T~

STE—
ree

0'8h
v'8b

19—
8'€9 —

67, —
€NAd TLL—

6'90T —

T8TT
facas

oLt /
8T

Tect V
8'6CT
9'9€T —
PEPT —

6°0ST —

YLl —

4a, CDCl3, 101 MHz
3¢ NMR

-10

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

200

f1 (ppm)



m NI
PP Le
e !
. 3.0 § '
2 I
@ { 3.5 g 14
; F4.0 ]
@)@
@ Fas @@
4.0 . (p?';r?‘) 3.0 @
b
b
8! 4a, CDCl;, 400 MHz
NOESY
0
7‘.5 7‘.0 6‘.5 6‘.0 5‘.5 5‘.0 4‘.5 4‘.0 3‘.5 3‘ 0 Z‘.S 2‘ 0 1‘.5

f2 (ppm)

F15

2.0

2.5

3.0

3.5

4.0

r4.5

5.0

5.5

6.0

6.5

F7.0

F7.5

f1 (ppm)



C b
vZ'T
9z'T
¥S'T
SS°T
95T
95°T
85'T 1
8S'T 7
10°2
20T
€02
¥0'C
W' ﬁ
YT
¥8'Z F
9T'€ |
9T°€e
8T'€ Y ﬁu
8T'€
6L°€ ﬁ
08°€ 1
8°€
78'€ f
90"
80 ﬁ
60" 1
1Ty
[48%
€T
P
ST'p
9T'H
JAS 2
8Tt -]
0zt |
NN.J
ad
STy
8v'p |
6t |
05
05°t
15

€9
mv.m/
69'9
ﬁ.w/
€9~
60°L~
1192
[4¥2
€T,
€TL
£100D 9T°L
paars
67'L
19'¢
69'L

L

s8L'¢ —

L6L°€ — ~

608°€ — —

078'€ — —

3.78

3.80
f1 (ppm)

I
o
o

4a', CDClj, 400 MHz
"H NMR

229'C
Rogz

ko1

980

60

et
F20°C

8T

0.0 -0.5

0.5

3.0 2.5 2.0 1.5 1.0

3.5

4.0

4.5
f1 (ppm)

7.0 6.5 6.0 5.5 5.0

7.5

9.5 9.0 8.5 8.0

10.0

£pT—
17—
662~
zoe”
T —
£6b~
815 —
809 —
1'59 —

ceL—

ST T LT

0'80T —

8'8TT~_
vHTT
v'LTT
v'8zT A
6621
T'0€T
goer

PeEPT —

8'¢ST—

LT —

4a', CDCls, 101 MHz
3¢ NMR

-10

60 50

70

110

210

f1 (ppm)



F1.5

2.0

2.5

3.0

3.5

4.0

r4.5

5.0

r5.5

r6.0

6.5

F7.0

F7.5

8.0

1\ 2\ 3
M (T
@.
@
i
)
) L
I\Vle n@t
4a', CDCl,, 400 MHz @ 1
NOESY i
o
o
PR | 0(
o9,
i * £
s
b ] s 3.5 —
'] (]
' a
T T T T T \74.0
.' 3.8 3.6 ?2.4(ppn'?).2 3.0 2.8
75 70 65 60 55 50 40 35 30 25 20 L5

4.5
f2 (ppm)

f1 (ppm)



600
8€°0 1
7801
e
YT
SZ'TA
99T
69°T
LT
2T
2z
15
€521
9572
85 |
687
99°€ 1
19°€ 1
89°€ |
69°€ 1 W
90°t 1

wv g
80t 7§

60t |
60t
o't ﬁ

—

%
[42%
ETh
by /W
=Y
eev\
v’
65
19
9%
€9
v
s9'p

[A-]
vL9
SL9
L9
002
T0°L
€0,

6T°L
ﬂN.n/
€000 9L\
8TLT
0g'L 7
oLL~
we”

¥99'T — -

989°'T — —

AU

0TL'T—

1.68
f1 (ppm)

1.71

01S'¢—

bEST—

98S'C—

6L5C—

AN

2.58 2.56 2.54 2.52

959°€ —

999°€ — —

089°€ —

069°€ — —

YPAAYASN

S6S'V
S09't
919y —
L29°Y ~
8€9'P
w.uo.v/

4.64 4.62 4.60

3.68 3.66

3.70

f1 (ppm)

f1 (ppm)

f1 (ppm)

4b, CDCl;, 400 MHz
H NMR

J

Feoe

F16'C

=£2°€
Fso'1

o0z
J10°T
/660

8T1'C

-0.5

0.0

0.5

3.5 3.0 2.5 2.0

4.0

4.5
f1 (ppm)

6.0 5.5 5.0

6.5

7.5 7.0

8.0

9.5 9.0 8.5

10.0

S~
¢

TP —
S°0T
L'1T V
€42
L'6C M
e —

£0S~\
157

609"
£g9”
969~

€NAd TLL—

6°CIT —
S'6TT

9'veT /
€421

L'Le1 V
6°6CT —
TEET —
9'9€T —
SEPT —

T°0ST —

6'vLT —

4b, CDCl3, 101 MHz
3¢ NMR

)

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210



Tk b
ST'T
AR
vl
se1
91
L1
8T
64T
18T |
18T |
(%4
84721 ﬁ
6071
082 1
187 |
18°7 1
28T W
€8°C 7
¥8°Z
68°Z 1
29°€7 f
$9°E |
£9°€ V
66°€ 1
00" |
10 |
10
£0h Y ﬁ
£0b
40"
S0 ;W
6Tt
ocd V
zey \W
€€
?M.v\\
8eh |
66 4
o't
vt |
[{a%
ob't
8€'9
0v'9

95’9
859
099

$6°9~_

96'9 ¢
€0°L
v0'L
90,
YL
€100 922
Vadla
8L
ogL
v9'L
992

4c, CDCl;, 400 MHz
H NMR

T
0'€

o1

oz

€T
%m.m

=0T
0T

S00°T
90°T
09T

voe

-0.5

0.0

0.5

1.0

6.5 6.0 5.5 50 45 40 35 3.0 25 20
f1 (ppm)

7.0

9.5 9.0 8.5 8.0 7.5

10.0

vl —
91—

T6C ~
S TE—

0'8b
96t —
157

0197
AT
€04~

€DAd TLL—

6'901
AN
SbzT
[xas
(s
521
b8zl
9'821
8'82T -/
geer”/
§9gT —
v8er
PEPT —

9'0ST —

TvLT —

4c, CDCls, 101 MHz
3¢ NMR

-10

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

200

f1 (ppm)



oT'T
LT'T
[
VLT
9L'T
LLT
8L'T 1
08°T §
w'T
9T
8LC
8LC
6LC ﬁ
08°Z |
08 |
8T
8¢
€8°C
68°C
65°€ |
T9°€ |
9
¥9°€E § w

——

8L'¢
10'% |
20 1
€0t
€0 T
50b
50b
90 Jr
90"
07
Th
Th
8T'h
6Tt
€Y
seh
6€t
'9
£'9
55'9
1579
65'9
289
+8'9
269
vm.w/
€072\
WA
sozf
502
102
10, %
orT°L
81°L
sz
€100D 92°£
(7]
€9 1
59727

4d, CDCl3, 400 MHz
"H NMR

It
16°C

H/mm.o
T'E
Fze'1

%D.v

296°0
296'0

16'T
7560
00T
68T

Rozz

F6'1T

0.0

0.5

1.0

2.0

5.5 50 45 4.0
f1 (ppm)

6.0

6.5

7.0

9.0 8.5 8.0

9.5

TPt —
9'1C —

T'6C —
21e—

08y \
96t \
£0S

¥'SS

1197
€v9
0L~

EDAd TLL—

€vLT —

4d, CDCl3, 101 MHz
3¢ NMR

190 180 170 160 150 140 130 120 110 100 920 80 70 60 50 40 30 20 10

200

f1 (ppm)



cwu
2001
1807
92T
821 1
67T
vLT ;
9T
9L
8.1
64T
6L'T ;
1871
v8'T
S8'T R
2

¥8°2
S8

98'C
98¢
£L8°C
88'C
06'C
og'e
[45%3
€€

bS'E
LSE
6S'€E
we V

€L°€

ST'v
LT Y
hﬁéN“
(14
6T’
€
[4584
[X3n4

)
9
059
059
259
259
¥59
59
98'9~
88'9 7
cosf
v0'Lf
502
50z
L0 ﬁ
0L
€T°L ]
veL]
9z'L]
€0ad 9z' |
19°
b9z

4e, CDCl3, 400 MHz
"H NMR

3

wqw.o

10°€
oz
250'T
Tz

e
Feoz

=86°0
5001
660
BET'T
20T

61

2.0 1.5 1.0 0.5 0.0 -0.5 -1

2.5

3.0

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0

9.5

f1 (ppm)

m.m.v.

€S-

€PT
+'8T —
91—
09 ~\_
T°62~\_
€TE~

08b\
96k~
e’
809~
1197
1597
T —

€DAd TLL—

€90T —

SLIT—
el
ezt
AN
1821 \
8671
9'9gT —

PEPT —

€0ST —

SVLT —

4e, CDCI3, 101 MHz

3¢ NMR

|

130

AK

-10

110 100 90 80 70 60 50 40 30 20 10

120

190 180 170 160 150 140

200

f1 (ppm)



9T'1T
8T'T
0Ee'T
[4501

SS'T
LS°T
85T
09'T ~>

21
007\

€0'CF
wo.wx
60C
e /
[4: x4
68'C M
[4n4
€6'C
S6°C
96°'C
90°€
80°€
1494
9T’y V
8T’y
oy
€Ty
9Ty
6T’

0£'9
z€'9
159
159
€59
€59
SS9
ss9 7
16'9\
€69
80°L
80°L
60°L
oT'L
1492
[<473
vTL
€000D 9T°L
09'2
79

o
o
1007 — < ra L
—=
€0 — - WE -
Loa
Ny
€907 — - = _
¥60'C — =< L=
) “w
—
i J—
[ =
S50 — -
FE
a
~Na
L o=
=]
10— -

major diastereomer

4f, CDCl3, 400 MHz
H NMR

206’2
Roge

T0E'T

e
#88'C

F/8'€
=560

=960
960
560
¥66°0
FS56'T

0.0

0.5

1.0

2.0

3.5

4.5 4.0

f1 (ppm)

5.0

6.5

8.5 8.0 7.5 7.0

9.0

144
€67~
91—
S°'8¢ N

et —~
0'0g /

T'es —
0'95 ~
609~
979~

6L~
€Dad ¢LL—

9'50T —

zar—
SbeT
et
PN
5871 \
8621
9'9€T —
€T —

L'6vT —

6°TLT —

major diastereomer

4f, CDCl;, 101 MHz
3C NMR

40 30 20

70 50

T T
100 90

f1 (ppm)

T
110




f2 (ppm)

1 2 3 \‘
{ N l
i el M
| il
I .
=§‘ i ‘ ]
@ @ 3.0 '
B — &b
F3s & i
: o
4.0
(o7
: : —
3.5 3.0 P
£2 (ppm) \/ 6#
@
@
] major diastereomer
4 4f, CDCl3, 400 MHz
NOESY
75 7.0 6.5 6.0 55 50 45 40 3s 3.0 25 20 15 10

2.0

2.5

r3.0

3.5

4.0

4.5

5.0

r5.5

6.0

6.5

7.0

r7.5

f1 (ppm)



LT'T 1
61T
12T
lZa%
£S°T
65'T 1
T9'T
€9°T 7
T6°T
€6°T
+6°'T
S6°T 1
96'T Y
86°T
:u.Ng
92
Nw.Ng
S8'C
8T
687
€6°C |
bE'E
SEE
i{'hd
+0'v
SOy
90t
pAR4
80t
60°v
60t
st
vS'v
vS'v
SS'v
9t
LSV

—— =

e N

8¢9
0g9
099
099
299
299
99
+9'9 V
S0°L
L0°L V
mo.h\
oT°L
€10dd 9T°L
8C°L
L9°L

69°L

£06°'T —

9z6' T
W6’ T~
Sb6' T
T96'T ~

086'T —

f1 (ppm)

1.98 1.96 1.94 1.92

9€eeeE— —

0se'e—

€Sy — -

8ES P — -
WSy
€SS~
85—

Sy — -

454 452 335 3.33
f1 (ppm) f1 (ppm)

4.56

minor diastereomer

4f', CDCl3, 400 MHz

H NMR

Lo ke

|

n

3

60°¢
¥16'C
v16'T
Feot
Rore
68'C

po0'y

260

760

61
FeLe

3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

4.0

4.5
f1 (ppm)

6.5 6.0 5.5 5.0

7.0

9.5 9.0 8.5 8.0 7.5

10.0

TP —

LT~
S€r
m.mw/

zoe
N.omN
'0€

SPS
€65~
809 —
T°59 ~

To9I ¢ 22

€90T —

€U —

minor diastereomer

T [N A {1

4f', CDCl3, 101 MHz

110

10

f1 (ppm)



()
6L
i 1.5
® F2.0 y
[ €
£ .
0 bas = W0
0 =
4
- ] ls0
0
T T T T =35
3.0 2.5 2.0 1.5 (@}
2 (ppm)
&
1
®
[ minor diastereomer
Y 4f', CDCl,, 400 MHz
8 NOESY
75 7.0 6.5 6.0 5.5 5.0 45 40 3.5 3.0 25 20 15

f2 (ppm)

r2.0

2.5

r3.0

r3.5

4.0

r4.5

5.0

F5.5

6.0

6.5

7.0

F7.5

f1 (ppm)



ve L
9z'T
Ve
YE'T
YET
29T
v9°T |
v9'T
99°T
89'T
€6'T
S6'T
86'T
66T
T o W
89'Z 1
69°C W
(Vard
02 ﬁ
1T
744
we|
YL'T
18'C /W
98'7 ~~
ose
1€
Ty
€Ty
P
Py
ST'H
9T
JARY
8T'Y
6T'%
0z
Sty
by
8b'p
&bt
w9
(]
(AL
€9
vL'9
SL9
9L'9
9,9

[AVAN]
[4 A
bTL Am
vI'L
otz ff
otz
9T, ]
€1Dad 92
8z,
1€
ze
€€
el |
8.&
S9°L

o
® 3
8/97— - 8 er— - 00T — - 3
2697~ — 0 . _
8697 — — Re 61— —= AE veOTT <E
voLZ— NE 65617 g LE9T™ < ©g
21— 7S SN = E9T T oy
817 — ~ NE 986 T— - LS9 -
szrT— o 8 °
N 99T — ©
T zioz— - i
6€LT— — ~
o~
fe)
o
-
o
669°€ — — R~
g
Q =
- QO =
N
e
€1L'€— — mE
o~ .
N =
[a}
bbb — —
o
<
Ia
L9y — — m
SLbh— = g
I
€6bb— °
7
<+

4g, CDCl3, 400 MHz
H NMR

=1Ce
6°0

tost

=760

60

FS0'T
(4
6°0

FET'T

0.0 -0.5

0.5

4.0

4.5
f1 (ppm)

5.0

5.5

6.0

9.5 9.0 8.5 8.0 7.5 7.0 6.5

10.0

b1 —
[N
9127
862~
STE~N
ree

S99 —

v'ss
TT9~
€59~

€EDAd TLL—
08 —

890T —

T8IT ~
8ETT

erer-
v'82T
8671 —
SSET~
8'SET

PEPT —

T6bT —

LYLT—

4g, CDCl3, 101 MHz
3¢ NMR

-1C

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

200

f1 (ppm)



W |
(] L
[>)
]
L]
eow@
49, CDCl;, 400 MHz
NOESY .
@r
@
’ ' 1.5
& 2.0 E
0 z
L b2.s
)
: 0
@ 25 2.0 1.5
2 (ppm)
75 70 65 60 55 50 ‘ 40 35 30 25 20 15

4.5
f2 (ppm)

F15

2.0

2.5

r3.0

3.5

4.0

r4.5

5.0

5.5

6.0

6.5

F7.0

F7.5

f1 (ppm)



OMHoOOYT o
TLELTMan
MeEema N

9z, ]
€10ad 922 ]
8z ]
og's |
2921
voL 7

€€9°C—

vy — —
€59'¢c— ~
859'C
899°C~ -
€L9°C—
649°C— -

¥69°C — -

oy — —
L0y — —
6’y —
Loy — —
SSv'b— —
Sy —

2.64

2.66
f1 (ppm)

2.68

4.03 4.02 4.01
f1 (ppm)

f1 (ppm)

T
<
<
©
b3
<
©
ha
<

in mixture of diast.

(dr 71:29)
4h, CDCl3, 400 MHz
H NMR

o€
0°€E

Fee'r

WN:
e
00T

0.0 -0.5 -1.0

0.5

3.0 25 2.0

3.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0

10.0

f1 (ppm)

€DAd T'LL

$'90T ~
2201
64T /
£8T1
Pl XA ”
[ c4]
0°ze1 W
€121,
X141 I
8'62T
6621
TZET
PEET
9'GET
€91
PEYT
SEPT
8'6vT
§zsT

8'TLT —
9VLT —

in mixture of diast.

(dr 71:29)
4h, CDCl3, 101 MHz

3¢ NMR

-10

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

210

f1 (ppm)



€T [~
YT
9z'T
9T r
€9°T
S9'T
as r
08'T
18°T
18T [b6E—
78'T
81 €96'€— ~
€8T 4
€8'T
Axa
JASA
61T
0Z'T
T
297
€97
mw.NW 609t — -

-0.5

0.0

0.5

€PT —

3.95

° r1e—
00€

A o.NmW

95— - L@ 8ze 7
HIT oee

Fes't

97

1 (ppm)
T
1

4.56>

MU bodw

4.58

985y ~
065+

2.0

8'9b ~

R 6Ly
16'0

ez -

£66'0 Lis—

Fog's S

o L b5~

e L
f1 (ppm)

4.60

2.5

+9°C
S9°C
ow.wx
[4: x4
80°€
otr'e

3.0

£10d0 2

-10

3.5

ore
Tre
S6'€~
96°€ 7,
oT't \W
ﬁ..&
A4 ﬁ =6'0

viL

FG6°0 |-

Fere

4.0

!

4.5
f1 (ppm)

£1'p
TP ]
ST'v
9Tt
1% P8IT
wﬁ.v% r laz4t /
(/T4 €21 /
15 ° 0'62T -
65t re 6621
65 LTET
19

|

1

] sse1 7
) \
w9
SL'9 \ﬂ
5297
1297 w

8'90T —

5.0

5.5

6.5

LEPT —

7.0

S6bT —
96°0
66T

60
=€6'T

129

wmi
mh.w; ﬁ
bIL
Ay .
91'L
oT°L]
81/
81/ |

€Pad 97z |
wm.&
0L
ses
ses
oL
L8
v9'L
992

N

8.0

9PLT —

8.5

9.5

4i, CDCl3, 400 MHz
"H NMR
90

110
f1 (ppm)

120

190 180 170 160 150 140 130

i, CDCl3, 101 MHz
3C NMR
200

210




-1C

10

20

30

40

50

60

70

Fo
= - 3
8eb'T A "
_ 5 e
a1y w1’ ~E
61T TLbT M . s Lo
sTT| vt e °
9TT| 06v' T 2 Vi,
87T 6051\ - | n evi
b1 - © [arAs
T - o1
i swoz— - ] | o 987~
8’1 N s6T [ ez
6b'1 SL0T~ _. ~ Y6 126~
ST\ 807" £ — W € |
s0C . 28 i B
wo.N% sores. Ng
- 801°C
80°Z °
o1’z = B cob—
:.NW 8ET'C — - M Feor
vree, =OE | 1
ov'z F i 7’85 ~
LT~ . 809 —
b8BT — MMN.M . 9'€9—
ww.w& N F o
18T ]
6gzd wWSr— -~ <
L €10ad T°LL~
b — BE ” 78"
crpy ST g
E.v% T56%— - o Lo
STY < = Fooz
(v s — - z
[N | wg
bSp = Feor [ Y8
mm.vN b
ISb Lo €907 —
n
[ T'8TT ~
6'€eT
o e Y
re €821~
oco 8621 —
at0 > " 0'9ET\
B Fe 0'9€T
€L'9 > .
e % | o £EpT —
5.9 ~ LLpT—
R.&
129 | =
Nﬁ.& ™
acf
b1, L e
bIL A @
2.&
oL ] oy m | w €T —
vTL g s ®
€Dad wm.& S
oz'c] © 8 x o
8e°L L 5= o
2 2
ov'L] T OT | w
L - QO o
£9°21 S O
soz” m = o
< Lo
S

100 90 80
f1 (ppm)

110

120

3¢ NMR
190 180 170 160 150 140 130

major diastereomer
200

4j, CDCl3, 101 MHz




W

f2 (ppm)

1

Y *

h i A
U | o
; &
'ﬁ 3.0
- i
r3.5 é .
; L beo F
&)
® 4.5
45 40 35 30
f2 (ppm)
(]
0
L
e major diastereomer
4j, CDCl3, 400 MHz
NOESY
75 7.0 65 60 55 50 45 40 35 30 25 20 15

3.0

3.5

4.0

r4.5

r5.0

r5.5

r6.0

6.5

7.0

r7.5

r8.0

f1 (ppm)



87'9
67°9
69'9
69'9
129
179
€29
€29
1072~
weif
60°L ‘n
mo.&
1L
e ﬁ
€T
szs
€100 922 ]
Lze]
1z
19°
goz?

A

in
3 s o
€507 — ~— N EWTT h
0zy'T
SL0°T~_ _ 0sP'T +
180T~ - T s TE
680 98 6bbT~ e
Sa
$OT'Z ~ — N LSPT QT
A3 T 99b T~ =
8112 VLT ®
<
opTz— - 0 -
I
—
=
—
?
205t — <
o~
o wn
605t 2E
~N S
ns
. <+
YTSH— M
n
ESH— <

minor diastereomer

4j', CDCls, 400 MHz
H NMR

1T

€€
8z
%w.m
T
b0t
0'€
m\“w.w

ZT'T
6'C

o1

260

660
F6'€

-0.5

0.0

0.5

1.5

2.0

3.0

3.5

4.0

4.5
f1 (ppm)

7.0 6.5 6.0 5.5 5.0

7.5

9.5 9.0 8.5 8.0

10.0

b1~
S'8T
61—
9177
€87\
S0E~
61"

Tvs
909\
609~
8'99 ~_

S'6L

8'S0T —

6°LTT
§€eT —
12T —
€821 N
8671

091
vOET

€T
0°0ST \_

€UT—

minor diastereomer

4j', CDCl3, 101 MHz
3¢ NMR

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40
f1 (ppm)

210




12 3,4
B T i
0 o
g @ bis
£ W
I,D[): 20 i/‘- 0
= s (2
8 :
2‘.5 2‘.0 1‘.5
f2 (ppm)
[
]
@
o minor diastereomer
@ 4j', CDCl3, 400 MHz
NOESY
7‘ 5 7‘.0 6‘.5 é.O 5‘.5 5‘.0 4‘.5 4‘.0 3‘.5 3‘.0 2‘.5 2‘.0 1‘.5 1‘.0

f2 (ppm)

2.0

2.5

3.0

3.5

4.0

4.5

5.0

r5.5

r6.0

6.5

F7.0

r7.5

f1 (ppm)



11T
T
x4
sz'T
as
67T
€T
0p'T
as
€T |
e
zST
PST
SS°T
29'1

S9'T

19T~

781
£8°1
b1 Nﬂ
81
061 ﬁ
€27
szz Q -
9z'e
622
627
ez
6£7C 1
67T
16 1
v6°2 1
962
167
66 )
A%
TP ]
9Tt
8Tt
ozt |
€7t
ot |
2y ]
bt |
o)
bE'9
o9’
69'9
69'9
)
)
) %
)
[AVE [
e
Ay
Ve
912 1
o1
€7z
sz ]
€102 97 1
67
67
€L
1€
1€
85,
092

=

S

0T
766'T
4o'g
%w.ﬁ
180
10T
6T
Feot
16
/68T
67
0T

Fsoe

£860

9zTT— -
]
vsTTN FR=
Vitasd £
&
98TT~\  _ e
6827 ]
o~
81€7— -
<
8€6'C— — Lo
N p—
- o E
156'C Log
1967 — — e
@
Lo
s867— — N
o
T
0py— <
.
o SE
0zh't <5
g€bp— Iz _
< ==
ISPy — — © -
e =
<
-
W5 &
8 E =
S o
L S x
(2] [} m 4.: M
g R
P P4 S O T
: 25
S °
S

0.0 -0.5

0.5

70 65 60 55 50 45 40 35 30 25 20 1.5 1.0
f1 (ppm)

7.5

9.5 9.0 8.5 8.0

10.0

0s —
085 —

019 —
Tv9—

€Dad ¢'LL
MNNV.

8'S0T —

b —
g'ezT
AaN
€871 —
ez
0eeT ]
9'sET
zerT —

0'6vT —

€ELT—

|

|

LI

|

Me_

NTs

CO,Et

major diastereomer
4k, CDCl3, 101 MHz

3C NMR

J

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200



L

-

Me_
NTs
1 o @@
(‘> nOe &0
N2 CO,Et ! ‘sw
— \
major diastereomer
4k, CDCl3, 400 MHz
NOESY
- R
TR mJ
|
k35 E
g
W z
4.0
@ il
&
# : F4.5
v 1+ 43 40 38 36 34 32 o
8 f2 (ppm)
7‘.5 7‘.0 6‘.5 (;.0 5‘.5 5‘.0 4‘.5 4‘.0 3“.5 3“.0 2‘.5 2‘.0 1‘.5 1‘.0

f2 (ppm)

2.0

2.5

3.0

3.5

r4.0

r4.5

r5.0

5.5

r6.0

r6.5

F7.0

r7.5

f1 (ppm)



uu L
107
9zt
8z'1
62T |
65'T |
097 |
9T
v9'T §
2977 1
v8'T §
S8'T 1
871
[YRe |
2 |
€071
90°Z |
o7
80z |
60°Z
117 ¥
6T
N
287
87

048'C—

688'C— —

:

S68'C—

P16'C—

2.88
f1 (ppm)

2.90

2.92

68'C
06'C

T6°C

80t
0T’
Ty
€Ty
1404
9Ty
LT
(14
[A“R4
€Sy
vS'y
95y
629
T€9
699
69'9
L9
TL9
€49
€49
60°L
0T
L
L
€T°L
€T,
€TL
STL
€10dd 9T°L
09,
9L

—— TS

—,——

WSy —

YES'Y —

Sy —

98§y —

Me

NTs

:

4.51

4.53
f1 (ppm)

4.55

CO,Et

minor diastereomer
4k’, CDCl3, 400 MHz

"H NMR

N

Feoz

-0.5

0.0

0.5

3.0 2.5 2.0 1.5

95 90 85 80 75 70 65 60 55 50 45 40 35
f1 (ppm)

10.0

£PT~
S8T
6T —
9177
€82\
§0E~
61

Tvs
909\
6097
899~

S'6L

8'S0T —

6LTT
seeT —
12T —
€'8e1 %
8671

091 -1
p9ET

€erT
0°0ST

€U —

Me_

NTs

CO,Et

Me
minor diastereomer
4k’, CDCl3, 101 MHz

3¢ NMR

T T T T
200 190 180 170

T
210

-10

T T T T
150 140 130 120 110

T
160

f1 (ppm)



gC b
8T'1
0g'T
1T
€1
€1
bLT
oLt
64T
64T 1
ez |
e
082
08c 1
18°C 1 ﬁ
18 |
782 1
8 W
S8z
68 1
96'Z
19°€ |
£9°€ |
£9°€ |
S9°€ 1 f
8gc |t
68°€
06°€
26°¢
PTb ﬁ
PTb
STbL
9T'H
8T'b ¢
0Ty \m
129
]
vy ]
9T'¥ |
9T |
Ty ]
67t 1
67"
659
199
299
€8'9
58'9
189
68'9

I

(AN
9L
€10dD 922 \

ﬁw.hw

€9°L

848'€ —

€68°€ —

v06'€ —

616'€ —

3.88

3.90
f1 (ppm)

o~
o
©

41, CDCl,, 400 MHz
H NMR

»€LT
=o€
€T

LT
H/mm.m

foo't

F66°0

6°T
0'T

FT6°0
6°0
60

-1.0

T
-0.5

0.0

0.5

1.5 1.0

2.0

4.0

5.0

5.5

6.0

7.0

8.5

9.0

9.5

f1 (ppm)

€rT
S'6T
91T~

762~
9'0€ "

£6€—

8Ly~
0°0s —

019 —
€9 —

L —
€DAd TLL—

OvLT —

41, CDCly, 101 MHz
3¢ NMR

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200



T1°0
20
SL°01
YRR
€TT
ST'T
9z'T 1
85°T
65T 1
09T §
T9°T
€9°T
89T
0L'T
TL°T A
E€L°T
VLT A

LLT AN

¥6'T
502
20'C
L0'C
80°C
60 |
[\ard
LT ]
sz
9z
122
871
6LC %
182
182
182
€8¢
€8¢
¥8'C
98°C
88°C
06'C
vS'E
95°¢
80
0T
[
P
YT
9Th
8T
85
65
09
19
9%
€9y
L9
649
80°L
80°L
60°L
or'L

€10ad 97°L
9zL
8T'L
69°L

|
|
|

68T 2
06°'T
6T

TLL

brS'E— =

295 e — —

SETY — -

LSTY—

8LTY — -

85— T~
985y~
009'% ~ -
L09%—
9P~ _
629~ -

3.54

1 (ppm)

4.28 4.26 4.24 4338
f1 (ppm)

T T
f1 (ppm)

4.64 4.62 4.60 4.58

4m, CDCl3, 400 MHz

"H NMR

=16C
6'C

F96°'T
o1

60
266°0
JLET

0.0 -0.5

0.5

65 60 55 50 45 40 35 30 25 20 15
f1 (ppm)

7.0

9.5 9.0 8.5 8.0 7.5

10.0

9T~
€1-

€pT
10T /
9'1C
9t /
w.WN/
8'6C
6'6C V

N.mmw

9'€E

+'0S v.

S°0S

809 —
0'€9—

8'TL—

EDAd TLL—

T —
STZTN
ez

€62\
6671 —
£EET —
S'9ET —
SEPT
9IShT~
eop1

6'vLT —

1l

4m, CDCl3, 101 MHz
3C NMR

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200



sT'T
Vadh
621
SL1
L1
P74
64T
08'T |
18'T |
¥8'T |
¥8'T |
18T 1
18T
T
7as
6L
64771
08'z
18'C
434
8T
¥8'T
68'C
ob'e
8b'e
os'e
ore
90+
20ty
80 |
0T'#
[ARAN
€Tt 7
PT'p
STH
STb
ASS
ASE
8Tt
61'h 1
0zt
T
Nmi
8T w
oc'y
ocy
1€
(444
€E€p ﬁ

€€V
SEY
96'S
96°S
£0'9
809
609
0t1'9
8,9
8.9
089
089
YL
vl
€10ad 9¢°L
9T’L
WL
[4°A
€9,
¥9°'L

]

=

i M‘A -

090t — ~

€L0P— —

S80°P—

660y — —

4.08  4.06
f1 (ppm)

4.10

(@)
[}
=

4n, CDCl3, 400 MHz

"H NMR

nJ

=€T'E
0°€
T
H/hm.N

10°T
8T'€

T
e

m\wo.ﬁ

=Z0'T
5660

FCET

6T

0.0 -0.5 -1

0.5

3.5 3.0 2.5 2.0 1.5

4.0

4.5
f1 (ppm)

7.0 6.5 6.0 5.5 5.0

7.5

9.5 9.0 8.5 8.0

10.0

€bT —
91—
6T~

vIE—
eee

YLb~
X: T
5557

19~
6°€9

€eL—
€DAd ¢LL—

Tre —

6'T0T —

9'TCT ~
9'veT ~
e —
8'6CT
9'9€T —

€EPT —

¥'TST —

0'19T —

YLl —

@)
[}
=

4n, CDCl;, 101 MHz
3¢ NMR

-1C

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

200

f1 (ppm)



91
87’1
671
81
08’1
781
€81
581
581
181
06T
6T —
172
8.°C N
6LC
08'C
182
182
mm.m\
18T
29°¢
vw.mW
59'€
19°¢ 7
€T
g
STy
9Tt F
Tt ]
0z
jra s
Ty
€T ]
or't |
]
[
vy |
vvi
[T
PO~
o9
26'9
26'9
60°L
or'L b
1L ﬁ
[a%
812
0z's
epad 9z' ]
€92
592
9s°2
L]
8L,
8L, ]
€67 |
€6'2 1
v6'L ]
ses?

m
[
[

TN T

40, CDCl3, 400 MHz
"H NMR

N

|

8.0

Fos't
=187

6°C
6°C

Foe
660

o1

=16°0
PET'T
5261

FE6'T
4
F0c

-0.5

0.0

0.5

1.5

2.0

3.0

3.5

4.0

4.5
f1 (ppm)

6.0 5.5 5.0

6.5

7.0

7.5

8.5

9.0

9.5

€vT —
v'1e—
[T

pIE—
1ee

8Lb~
88y~

19—
8'€9—

9'eL —
€DAad ¢LL—

€901 —

[A7a:
zeen /
g€zt
(%A
9zt A
JATA S
T°ZET W
€pET
S'9€T
£EpT —

6°0ST —

6°£9T —

TYLT —

40, CDCl3, 101 MHz
3C NMR

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

200

f1 (ppm)



9Tt 1
87T
67'T 1
6T
€6°1
S6°1
L6°T
Tv'C
sce
8T
€8'C
¥8'Z | ﬁ
S8
S8°Z 1
987 1
18T ﬁ
88°C
16°C 1
ere
9b°E
8b'€ |
S0P W
90'% |
L0°%
60t 1
PT'b
ST'b Y
STy
9T'p
9T'H Y
8Ty
8T 7
0zt
0zt
0z |
1T ]
Ty
Ty ]
62
1€
bED

ST9
NN.w/
659

659
099
099
669
669 V.
ﬁo.h\‘
T0°L
YL
€10dd 9T°L
9C'L
092
[4°A

8v0'v —

190t —

YOV —

980 —

4.05

4.07

)
<
<

f1 (ppm)

4p, CDCl3, 400 MHz
"H NMR

He't

=ze'€
8T
e

e

760

200'T
Feee
H/oo.

-0.5

0.0

€rT —

0.5

81—

1.0

067~
126~
see

1.5

S~
ey

2.0

2.5

19~
S'€9

3.0

veL—
€NAd TLL—

3.5

4.0

4.5
f1 (ppm)

v L0T —

6.0 5.5 5.0
o I

[ee] o~

(] o~
RN
NN

6.5

7.0

7.5

8.0

TYLT —

9.0 8.5

9.5

i

N
o}
o

4p, CDCly, 101 MHz
3¢ NMR

T
200

-10

40 30 20 10

50

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

T
190

T
210




sT'1
T1
6C'T
16'T
261
v6°T
96'1
w'e
see
18°C
28T
78T
€8°C
€82 1
+8°2
+8°2
S8'C 1
98'C

1821
06°Z
bbE
b€
6v°€
50
90't 1
L0t
60't
PTb
ST'h
9T'b
9T'b
LT
8T
6Tt
6Tt
0z |
0Tt
1%
(A4S
1T
62 |
=
bey
L3N

€09 —

9,9
LL9
L9
LL°9
L
€T,
YL
ST'L

9TL
€10ad 9¢°L

bz

—

8L
09,
[4°A

|

050y —

€90 —

SL0P—

880°'v —

f1 (ppm)

1
2
<+
©
<
<+
~
e
<+
©
<
<+
@
<
<+

4q, CDCl;, 400 MHz
"H NMR

6’1

=09°¢
/88T
Tor't

53

780'T
Hye

Bo0'1

=0'T
=ee

F20'C

-0.5

0.0

0.5

1.0

3.5 3.0 2.5 2.0

4.0

4.5
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

€rT —
81—

062~
6TE~
vee "

S~
[T

19~
S'€9—

0eL—
€EDAd TLL—

0'80T ~
€601

T
oLt
6'6CT —
TTET \
TIET
S'9€T \
LEPT —

08T —

TvLT—

4q, CDCl3, 101 MHz
3¢ NMR

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210



SC b
P
671
8.1
081
81
81
s8'1
881
e
e
6,2
6472
082
182
187 ﬁ
282
(X
68°C
mv.m%
9b°E |

8b°€ |
L0
60y
or't
T
€Tb 1
PTb
PTb
ST'b 1
(10
(10
61%
6Tb
ON.TW

=

[

124
wy \m
STy
9z |
v ]
wmi
mN.J

6’y
gy

b9
099
19°9
29'9 Y
€9'9
69'9
699\
1297
ﬁ.m\
€TL

sTL

mN.mW
€0ad 92°L

mm.mﬂ

19,

mv.w#

N

YOy —

£L80'p — —

660 — —

ary— -

4.11 4.10 4.09 4.08 4.07
f1 (ppm)

8Ty —

Yoy ~ —
LTy —
LTy — 7
98T~ —
€6CP — —
667t

f1 (ppm)

STEY —  —

432 430 4.28 4.26

4r, CDCl3, 400 MHz
H NMR

(A%
7T
on.m

o1

T

0°C
m/oﬁ.a

=860
=00'T
66'0

0.0 -0.5

0.5

1.0

2.0

2.5

4.5 4.0 3.5
f1 (ppm)

5.0

5.5

8.0 7.5 7.0 6.5 6.0

8.5

9.0

€rT —
LT —
6T~

€1~
oee””

[
S8y

19—~
9'€9 —

LT —
€EDAd TLL—

S'60T —

A
€7zt M
b'STT
T~
08T W
6621

S'9ET —

9'EPT —

6T —

TvLT —

4r, CDCl5, 101 MHz
3¢ NMR

T
200

10

20

40

50

T
100 90 80 70
f1 (ppm)

110

T
190

10



L3117
62T 1
0€'T 1
00°¢ 1
ﬁo.Ng
€02
S0'Z
6€Z 1
L
ﬁm.Ng
6
€6°C 1
S6'C 1
96°C § ﬁ

e

£6°C
79°€
S9°€ 1
£9°€
S0P
90t
80t
60t
€%
STt
9T
LTb
8Tt

ﬁ
mﬂ..lw
f
F

6Tt
0z 7
129
'y ]
mm.l
STy
YED
L€
6€%
b
ST'9
E.w/
AR
819
0z'9
869
002
00
0L
0L
Y0
[rL
6T°L
€10dD 922
(5L
65°L

e N

ey —

L9€Y —

06y — —

€Ty —

4.36
f1 (ppm)

4.40

TS0y —

290y —

SLO0P— —

980t — —

4.06
f1 (ppm)

4.08

€e9'e — =

yyeE— —

0£9°€ — -

3.66 3.64 3.62
f1 (ppm)

— T T T

JLLLJ ]l‘A u

4s, CDCls, 400 MHz
H NMR

A

|

=re

=HTE
oty

=0T
Ferz
Eco'r

01
F10¢

0.0 -0.5

0.5

70 65 60 55 50 45 40 35 30 25 20 15
f1 (ppm)

7.5

9.5 9.0 8.5 8.0

10.0

€vT —
91—

'8¢ ~
STE~
L€

TSk —
Ly —

€19~
679

6'€L—
€DAd ¢LL—

8201
8201
z's01
50T 7
THIT~
ep1r 7

oLt
9'6CT ”
T0€T N
0ET
6°9€T —

0°EPT —

0'bST v

T'bST
X
£09T

L 7A

4s, CDCl,, 101 MHz
3C NMR

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00



O v VYo
@ o 0 O
CEEE
AN
—\z—
\
Me
4s, CDCl;, 376 MHz
19F NMR
T T T T T T T T T T T T T T T T T T T T T
10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
1 (ppm)



€10ad 9¢°L
1S,
€5,

1.78 1.76 1.74 1.72
f1 (ppm)

—TT—T—

o«
286'7~ - % ppeT— - 8 Trr—
- B =
86 o 96T 0EL T~
ST w@eT~ 2 T YLt —
Mmm.m( - Mg 96T S bl T~
e & . &y
am SEETN 85 IsL1
e% eee1— T e T~
§20'€ — - ” 5002 99,17
reoe 3 swr— - €8T —
-
sre— - L&
3\/
£
8GLE~ | Rg
s &
T9L°€ m
©
[
8Le— - -
<
©
THeE— Foam
opgE— [ &
]
ge~N S/ [ 8z
£98'E~\. D ”

4t, CDCls, 400 MHz
"H NMR

wll

vEL'6
YA
Feot
Lozt
=£6'C
=16'C

0°€
T

o't
60

w\ﬁm.m

0.0 -0.5 -1.0

0.5

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20
f1 (ppm)

10.0

€rT —

91z~
vz~
0'9z—
z6z 7
poy
eve

S9b ~
08y

19—~
9'€9 —

L'SL~
€0ad cLL -

S'€8 —

01T —

n.mNﬁ /
Mmﬁ
vl
ey
6'ChT —

L0ST —

LYLT—

101 MHz

4t, CDCl,,

3C NMR

-1C

190 180 170 160 150 140 130 120 110 100 20 80 70 60 50 40 30 20 10
f1 (ppm)

200



9T
8T |
0€°T |
A
64T 1
08'T
78°T
¥8°T
58T |
88'T | ﬁ
16T
¥6°T
T
08z
182
434
¥8'C
58z
98°z
26T
43
vS'E
95°¢
433
€1
ST'H
ST
9Tb
9T\
8T'v £
o'y \m
170
Ty
€2y
LTt
67 |
67t
ot |
1€ |
ey |
le
YEP
259

vL9
oh.w/
06'9

269~
L
boL~

epad 9z’
65°L~
19,7

LTy —

98¢’y —
[T 2um
66—
80€'Y —
STEY —~
Ty —

LEEY —

(@]
)
[T

430  4.28
f1 (ppm)

4.32

4.34

4u, CDCl3, 400 MHz
H NMR

91§'€E— —

obs'€

€95°€ — ~

3.52

f1 (ppm)

-

3.56

80
p0'g

kot

Fore
Feot

=860
266°0
#66°0

0.0 -0.5

0.5

1.5 1.0

2.0

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
f1 (ppm)

9.5

€vT —
91—

T'62~
€1~
oee””

9Lp~
S8y

€19~
9'€9 —

92N
€10dD T'LL

§'201
§'20Tq
§'20T 4
9°20T 1
LbTT
LbTT
8HTT
8HTT
9°02T
£'€2T |
THTT
0'92T
T'L2T
28271
6621
€°0€T
9'0€T
6'0ET
[ i3
Yarda
b9ET

9EPT —

s

N

TIST —

0'vLT —

wn
<
L~ -
_ S ]
weor”/ B L E _
05201 ne
PSTOT . _, n o
. Lo .
57201\ N g g
" J
3 4
<
3
L9PTT — ~ -
LpTT— - £
Re
SLPTT— - =
= o
6L'%TT — - L -
82°06T —
0
- m —
65°0ET — — —E
k=
T6'0ET—  — S
™
a
zTIer — - B

O
)
w

4u, CDCl3, 101 MHz
3C NMR

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200



FsC

4u, CDCl3, 376 MHz
19F NMR

-62.4

-90

T
-100

-110

T T T
-120  -130 -140

-150

T T
-160 -170

-180

-190

T T
-200 -210

f1 (ppm)



oLt

12T

we

€T

€472
LT
S,z
9,7
09°¢
29°¢ |
v9'€
L6°€
L6°€
66'€ | W
66'¢ |

00t
10'%
207
€0
orv L
LT
6T
0Z'% Y

Ty /w
€0 7
oty /
€Lp~
0y

YL
¥9'L
99°L

€10dd mNN\
veL
mv.h\.

8 o
£96°€ X - N
°U6'EN © oozz” N
G86°E / R~ STLT n
066~ = " &8s ~E
€00°b\ 886z~ - g
800 . T & geLe M.M
120 N BT~ - ~
o
wmo.¢M < Lt ©
LT~ N
H
e Yo
[7AR S |98
S8T'y~ - ¥
00T% s”
- [<
XE
S€Ly— - LNE
ye
LN
YLy — - %
T
N
= = 4
o D O
o .nLu o g
< Yo
= §558s
©»Z 230&
OT =8«
= 0 % T
[a)] S &8
O =
.m °
©
0

=16C

Fyet

= op'E

Fzot

Fo1

=61
Foet
E80°€

Fe60

u/ 66°0
S6°0
L6°0
=0CT
T'ST
s0'C
%wm.ﬂ

0.0 -0.5 -1.0

0.5

2.5 2.0 1.5

3.0

4.5
f1 (ppm)

6.0 5.5 5.0

6.5

7.0

9.5 9.0 8.5 8.0 7.5

10.0

TyT —

9'1TC —

oee —

14
S8t V
er \
T1s

0197
559 —
b0~

€DAd ¢LL—

8901
o
g4
[xa
324
P24
g/2t
6'L2T
[4:14
€821
9'821
8'8¢T -1
6'621 s
LLET
8'LET W
¥'8ET
sept

S'0ST —

L7A

5a, CDCl3, 101 MHz

3C NMR
characterized in

mixture of
diastereomers

dr 80:20

T
100

T
110

T
190

T
200

f1 (ppm)



S8'T
98'T
L8'T
88’1
88'T
06°T
T6'T
16T
v6'T
v6'T |
L6°T §
Wz
6L7C
6
+6°C §
S6°C
96'2 1

86
667 |
bS'E |
£5°€
65°€

96'C W
mm.m%

===

90t
L0°%
60'% |
0T'%
sev
L€
L7
8EY |
6€1
6E7 N
oty 7
Tr'b
A
£t |
IZad
St
bt ]
9% ]

—

8b't
15 ]
65 1
owi
9%
0b'9 7
2o
559
559
959 4
£5'9
859
859 1
98'9 ]
88°9
80°2 1
80/
otz |
otz
ﬁ.&
L
vl
vTL
9TL
€10aD 97°L
192

T

€9°L

190't
vL0v
980'b . _

mmo.v/ ~

4.08 4.06
f1 (ppm)

4.10

5b, CDClI3, 400 MHz

H NMR

on.ﬁ
H/ﬁo.a
#66°0

1T
2

0.0

0.5

1.5

2.0

3.0

3.5

4.0

4.5
f1 (ppm)

5.0

5.5

6.5

9.0 8.5 8.0 7.5 7.0

9.5

91—
6T~

STE—
see”

6Ly
08y >
09
509
6'09 7
19 7
1€9
67L—

€pad TLL—

6°CLT —

ST'09 — -

15°09 — -

8809 — -

Y19 — -

T
60.5

1 (ppm)

T
61.0

6L°8TT —

SSTCT —

0EbTT N,
[IR%a 54

90Tt
€TLTT V

T T
122 120
f1 (ppm)

T
124

T
126

5b, CDCl3, 101 MHz
3¢ NMR

-1C

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 0

200

f1 (ppm)



-73.7

‘CO,CH,CF5
\
Me
5b, CDClg, 376 MHz
9F NMR
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 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210

f1 (ppm)



112
€100 92
om.&

LLL

Nm.h%
6L,

9LET— -
oeec—
vOb'c — -
8IP'c—
895y — -
v6S'y — —
619V — -

2.40 2.38
f1 (ppm)

2.42

4.59 4.56

f1 (ppm)

4.62

major diastereomer

5¢c, CDCly, 400 MHz
"H NMR

Feev
ket

Fore
18
6'C

Fste

Feot

Fzo1
Foe

ko1

F66°0
o1

2660
o1

0T

0.0 -0.5 -1.0

0.5

2.0 1.5 1.0

2.5

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

9.5

f1 (ppm)

Yyl —

127
vz’
H70E ~
ree~

L5b~
v
€057
Pbs —

019 —

U~
9'CL /7
€Dad TLL—

+90T —

ST —
g'set

9'zz1 %
S'82T ~
9'62T

6'6CT W
€61 —
SEpT —

9'IST —

LELT—

major diastereomer

5c, CDCl3, 101 MHz
3C NMR

10

20

40

50

T
100 90 80 70

f1 (ppm)

T
110

T T T
190 180 170

T
200




€000 922
ve'L
veL]
oz |
omi
9g'L
69°

12

oL

bLL

LY

B ]

9L L

gee'e
gree
6s5e€
ose'e—
T8E'E~
Te€E

Nov.mW

3.36 3.34
f1 (ppm)

3.38

3.40

minor diastereomer

5¢', CDClg, 400 MHz
TH NMR

Fors
M/w._.o.a

Fsr
JOEY

Feev

Feot

660
F6'T

0T
6'T

-1.0

-0.5

0.0

0.5

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20
f1 (ppm)

10.0

YT —

112
(127
vz’

9LE~
186

6'St /
905
S'PS —

§°09 \

TEIN

969 —

€401 —

'8TT —
€Lt

78zt
zset W.
€821 \
8621 \
g€l

0'vrT —

LPST —

0'TLT —

minor diastereomer

5¢', CDClg, 101 MHz
3¢ NMR

-1

190 180 170 160 150 140 130 120 110

200

f1 (ppm)



-10

60 50 40 30 20 10

70

oL L
9Tt 0567 — - © .
8T'T LS I
0€' govz— - e
w'e |28 .
Sv'T €8z — - N | L2
1b'T (g
8b'C 1057 — - . i
05°C 0 Lo o
85°C L FYE
Pt ££Th - ) -
e p— - ]= ‘w 2 91
oo7] " o 2S0°E
oe B, .
< % R THE
[ N e -
: <E SbE
Y e — - F3E
¥9'T by
S99 L Mﬁ i M | \
oty ey — - oo/
2Lz N sev
Nm.NJ - Tk H 9°GS ~\L
et Rerl LAEAY
[ e
€62\ - e
L\ L
v6'C /r Wmﬂm S
S6'C %w ; e
. e
mm.N\ 0 vee”
o re €Dad T
[4%% .
E.vw e
aial - ]”
— ol
LTy \W o1 | o w
M:.l S
iz o T°L0T —
12 [
€T A
oy
zev n L4011 —
(4% "
e €921\
T2~
o) LS [ ¥x43
991 h 08T
£591 8'82T
£ =660 | w mmﬁ\
599 60 |3 cea )
599 o g
9997 ]
199 ks
(92 -
e 1 e [
ENN [
s =TT
9L )
€10ad 922 o o
6L W_
1€°L
YL s P’
YL S o
SeL S
9LL 2 P
o
D ~—
= ¥
S
© o
Lo
S

3¢ NMR
120 110 100 90 80
200 190 180 170 160 150 140 130 1 (o)

5d, CDCl3, 101 MHz

210




€10dd 9L
L
6C'L
S9°L
L9°L

coLe
€TLE~
T€LE T
eSLEN

3.72
f1 (ppm)

3.75

9v0'C — -

LL0T—

80T'C — -

2.04

2.08
f1 (ppm)

U

S9E'y
08E'Y ~\_
98EYy —
96EY ~
100 —
Ty —
LTV
e P~

s
“
<+
-]
m
2
g
s
<
o
N
<
<+
<+
M
<+

5e, CDCl3, 400 MHz
"H NMR

=0'€
60

Fore
ot

FOT'T
1T

=66'0
20T'T
=977

0.0

0.5

1.5

2.0

4.0

4.5
f1 (ppm)

5.0

6.0

6.5

7.0

9.0 8.5 8.0

9.5

€vT
06T ~
91T ~

162"
8bE
08~

6Ly —
s —
19~

Te9

8'€L—
€EDAd TLL—

£°S0T —

LTI~
et

et
87T /
0671~
66217
S'9ET —

PEPT —

TZsT —

0°LLT —

5e, CDCl3, 101 MHz
3¢ NMR

200 190 180 170 160 150 140 130 120 110 100 20 80 70 60 50 40 30 20 10
f1 (ppm)

110



et r
vzl
seT
e -

e Dv.w\ zo8e— -
bre sevy F
sb'e £ShP _
ov'e Lty 65T —
o'z \ L copz— —
98'C wee— ~

08'€ r1e—
e
e
ba'e 009y — -
8Ty
6T
0z €29y — —
jrald
'y
e r
vze b ¥66'
sty T'E
wo 6T
bbb
133 |
b ]
09t §
29 1

obb'e— —
Svv'e— —

4.44

818'€ ~ —
S8 eE—

f1 (ppm)
2.46 2.45 2.44
f1 (ppm)
0.0

f1 (ppm)

Tyl —

4.47
3.84 3.82 3.80

0.5

€0
S9E
in 8'8€ ~

-

4.62  4.60
f1 (ppm)
g
(]

ver —

2.0

2.5

£T9~
6197
=66'C 6v9”

ENAD TLL~N

10

20

30

40

50

60

70

ve9
97’9
759 ﬁ
[Ax]
¥S'9
+S°9 1E
959
95’9
9’9
8.9
00°Z
102
0L
[
$0'Z 1
0L
6T°L
T LA
LW
TTLA
STLA
€000 9T°L

[
LT, ﬁ
J

vir”

3.5

o1

4.0

Rooz
20T
200'T

4.5
f1 (ppm)

90T —

5.0

0°8TT

L7€TT /
n .

b €421 /
pa4)
9'LTT

[4:148

€81

H/m 621
60 | in w.mﬁ\
FCOT [ @ m.mmﬂ\

J10'T 0'6€T

SEPT

M\mo.ﬁ
%o.m i 1251 —

6.0

7.0

8T LA
0€°L N

7.5

€92~
soL”

8.0

0'94T —

8.5

9.0

"H NMR

9.5

major diastereomer
5f, CDCls, 400 MHz

100 90 80
f1 (ppm)

110

120

130

190 180 170 160 150 140

3¢ NMR

200

major diastereomer
5f, CDCl3, 101 MHz

‘10



€10ad 9¢°L
LTL
L
6C°L
6L
(494
€€°L
€€°L
€€°L
€L°L
SL'L

]
g
A
i
]
|

€8SY —

085y —

988’
106’ ~
806y —
S16'v —
Y6’y —
TE6'Y —
8€6'y —
€S6'p \

494 492 490 4.88 4.58 4.56

f1 (ppm)

f1 (ppm)

1

L

minor diastereomer

5f, CDCly, 400 MHz

"H NMR

i

=o€

16'C
Bo0°€

F0'T
Foo'e
=10'T

Feot

£66'0
00'T
=20'T
501
Fs69

6T

-0.5

2.0 1.5 1.0 0.5 0.0

2.5

3.0

3.5

4.0

4.5
f1 (ppm)

6.0 5.5 5.0

6.5

7.0

7.5

9.5 9.0 8.5 8.0

10.0

0T —
L1 —
06T —

€Le—
€0y —

6y —

€19~
29—
6€9”

£9L

€DAd ¢LL

6201
o8I\
[3%a
T
[ras
sz1
€821
9'821
9621
8621
£79€T —
£ebT~
bEpT 7

ST —

6°CLT —

minor diastereomer

5f', CDCl;, 101 MHz
3¢ NMR

190 180 170 160 150 140 130 120 110

200

f1 (ppm)



Yrdas
6T
0€'T
8€'T
6€'T
as
T
6T |
v6°T |
L6T
16'T 1
£6'T
66'T
00
102 4 W
20T Y
€0°C
w'e
wm.L_,
ww.wg
16°C
€€ #
SL'€q
YA
8L°€ ;u
10
Y0
9T
9Tty
LT ﬁ
8T
6Tt
6T'%
12
1
€Y
€€y
€cy
PEY
SEy
¥0'S
¥0'S
90°S
L0°S
80°S

69
V‘.

N

0v'9
Nv.i
w9
19'9
19'9 4
€99 4
£9'9 1
5991
59'9
60°L
012 ]
012
1]
T
1L %
€1
veL
YL

€10ad 97°L
9zL
9TL
€92
59,

——

LLET
({0 S
OTH' T~

YT

8uLe
6bLE~ —
JAVA

8LL7EN

YOy —

oy —

3.78 3.75

1.38

1.41
f1 (ppm)

f1 (ppm)

4.044.02
f1 (ppm)

|

Lh

4.36 4.34 4.32 4.30

f1 (ppm)

5g, CDCl3, 400 MHz

"H NMR

82°€
By0'1

Feoz

=9T°€
FE0'T
Te
0°€

ot
SOT'T
7207
TS0'T

Fere

Feot

=00'T
660

E66'T
Fep'e

-0.5

0.0

vl —

0.5

91—

6T~
PZE
VAN
n g'se”

1.0

2.0

08y —

795 —
€79~
S79—

2.5

3.0

8L~
™ €NAd ¢LL—

4.0

4.5
f1 (ppm)

5.0

€901 —

5.5

8'LTT /

9'8TT ~:
(224!
34
X741 V
1621 T
8'62T 7
0'bET
€91 7
PEpT —

6.0

6.5

7.0

S'TST —

7.5

8.0

8.5

6'SLT —

9.5 9.0

10.0

5g, CDCl3, 101 MHz
3C NMR

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

200

f1 (ppm)



o)
a
N
C
==

1
<
o
_—

oz'e |
95°€ |
8s'c %
mmi
19°€
v6°€ |
mmi
c6°¢ |
86'c
8% 1
67
69
Teo>

89'9
89'9
0s/9
029
Q.i
w9
€02 4
cozf
v0'L |
50°2 ]
802 1
802
otz
orz]
s
[a¥3
€000 97°L
1€
gL
L
€L

€0ce— —
YITT—

SETT— -

2.92

f1 (ppm)

2.96

2.24 2.22 2.20
f1 (ppm)

2.00

2.04
f1 (ppm)

T 0N O
W WO N m
o a oo
mmMmmnm
20NN
m
T T T
3.96 3.93
f1 (ppm)

o o
@
NN )
<+ <
|
|
,/V\\
T T
4.78 3.99
1 (ppm)

5h, CDCl,, 400 MHz

"H NMR

For

Foot
£66°0
266'C

(Vir4

62
JE0'T
THO'T
Feot

160

00T
660
60
60
56T

6'T

-0.5

0.0

8'€T —

0.5

L1 —

1.0

€76~
rze W
9vE

666

1.5

2.0

15—
595\
965\
509 —

2.5

3.0

€DAd TLL—

3.5

L'v8—

4.5 4.0

f1 (ppm)

5.0

6'80T —

T8IT —~
6°€CT

€421 ”
8'82T
0°0ET —~
6°0€T /
€9€T —

5.5

6.0

6.5

LEPT —

7.0

T'EST —

7.5

8.0

STUT—

8.5

9.0

9.5

.0

5h, CDCl3, 101 MHz
13C NMR

40 30 20 10

50

T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)

T
200




e

e
=g

B
=

5h, CDCl3, 400 MHz

e

r1.0

F15

2.0

2.5

r3.0

3.5

4.0

r4.5

r5.0

5.5

6.0

6.5

7.0

F7.5

8.0

f1 (ppm)



T
€V'T
91T
8S°T 1
6S°'T 1
09°T
19'T
9T
v9'T
07z 9
wey
€T
YTy
92Ty
92Ty W
ey
88'C
b€
8b'€
8Y°€
6t°€ §
TS°€Y
TS°€E A
TS°€
€5°€
SS°E JW

.

8G°€

98¢t
hw.mW
88'¢

68'¢ 7/
€y L
(4504
[Xon4
14304
SEY
SEP
9€y
8€Y
6EY
14
0S'v

o)
mm.w/
259
259
¥5'9
v5'9
)
95'9
689
06°9 4
002
002 ]
20°L
202
v0°2 ]
02
e ]
?N.h;

€Pad 9z ]
67
oL
1€
€eL
29
b9,

)

=

00S'v —

T T
3.88 3.86

3.90

4.50 4.47
f1 (ppm)

f1 (ppm)

31, CDCl3, 400 MHz

"H NMR

0T
1

Foo'r
=<6

ko
5860

0.0 -0.5

0.5

1.0

4.0

4.5
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

9’1 —

T'6C ~
20

6'9b ~
'8y
815~

Tv9 —
ﬂ.mw\

8'0L—

€NAd ¢LL—

0°£0T
LLTT NS
laz4t
Tt
€T
v LeT
€8T
£'8CT
v'6cT 7
8°'6¢CT /
L79ET —
0'6ET
TEPT —

IST —

|

31, CDClg, 101 MHz
3C NMR

10

20

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40
f1 (ppm)

200



£9'T
LT
€2'¢
ST
1zT
827'T
0£°Z ﬁ
SE'TH
9€'T
9€'Z
LE7T
8E°Z
19'C
9z’€
(o
€5
¥S'E
SS°€
€9°€
v9'E /
S9'€
99°€ 7
60t \_
lisad
62y 7

mm.v\

—

o'y
05y
aogad 87

5’9
nm.wW
65°9
199\
€997
169~
6697
102 %
pI'L
oT'L
17
we
€z
YL
L
6T°L
oe'L

880 — —

oTTy— —

68T — -

62y — —

8Sh'y —

Loy —

4.12 4.10 4.08
f1 (ppm)

432 4.29
f1 (ppm)

4.50 4.47
f1 (ppm)

6, MeOD, 400 MHz
H NMR

Fert

WM:
11

Hoe

ot
7z
111

Beot
¥80'T
F60'T

660
Feo'1
790’1
JE0'T
0'T
9t

0.0 -0.5

0.5

1.0

2.0

2.5

3.0

3.5

4.0

4.5
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

Tee~
8pE

99y —
025\
9'€s ~

8v9 7
069 —
0'bL~
€0AD TLL~.

S'90T —

SYLIT—
6'vCT L
oL
€421 v
S'8¢T
£'8CT
6°6CT
8'8€T

6'1ST —

6, CDCl3, 101 MHz
3¢ NMR

40 30 20 10

50

T T
100 90 80 70

110

T
190

T
200

f1 (ppm)



10

20

30

40

50

60

70

F o
. [RE | =
wege— - @ E S
[$E
weE— P
o
~ Fo
Lo
A\. —~
62Ty — £ n
| & & re
641 ) o
64T 0sTy— - | o T8 —
08T -
187 Tve—
781 "
[ 88t — < LS [
€8'T < E _
€8'1 67y~ - .- —= Feoz | TS\
¥8'T bbby — T FYo [~ €15~
b1 & v
S8'T S8b'p — - xu in
98'1 F o
28T .
sve = KT £99~
58T F o 9'89 —
E.m/ L €0AD T'LL—
8
vw.mV — 60
. o
€T eo 2
STH~\ = 2760
6€'v N\ _ oz | E
384 7 = = H\o La2g
vv.v\ =
6t -
L 2 0'90T —
=
wn .
Fa 0°LTT—
L£9 .
650 3NN
09°0 L2 v'OTT
099 T
290 - ) veet
299 = =960 | M.NM
¥9°'9 :
¥9'9 oot cger’
€02 o
S0°L > —— oz [N
S0 = = Hss
0L | @« SpST —
€TL ~
veL
€10dD 922 o
8T'L [ ©
ogL N
[ W i
reo ToLT—
o
S
T = o
& z o
o T
a 0
(@] o
-
o
re

190 180 170 160 150 140 130 120 110 100 20 80
f1 (ppm)

3¢ NMR

200

7, CDCl3, 101 MHz




gC b

1zt

62T

bo'T

59'T

99°T

191
69T §
€T
9T
o7
67T
2%
09°C 1
19°
£€9'7 1
92 | W
687 |
so€ |
99°€ 1
89°€ |
69°€ 1
vk
gl
oT'p |

oT'p |
(1
81°p | ﬁ

===

=

8Tt |
6T
6T
0z Aﬁ
124
5%
(234
esv
S.j
£€9'9 1
129
1291
€291
€297
5291
529
507 7
10727
60°Z 1
STL Y
LTLA W
97/
€10aD 97°L )W
L

8T°L A

3.70 3.68 3.66 3.64
f1 (ppm)

4.54 4.52 4.50
f1 (ppm)

8, CDCl3, 400 MHz
H NMR

10T

Wmﬂm
20

FC0'T

0.0 -0.5

0.5

3.5 3.0 2.5 2.0 1.5

4.0

4.5
f1 (ppm)

5.0

5.5

9.0 8.5 8.0 7.5 7.0 6.5 6.0

9.5

0T —
L1 —
06T —

€Le—
€0y —

6y —

€19~
29—
6€9”

£9L

€DAd ¢LL

6201
o8I\
[3%a
T
[ras
sz1
€821
9'821
9621
8621
£79€T —
£ebT~
bEpT 7

ST —

6°CLT —

8, CDCl3, 101 MHz
3¢ NMR

160

170

140 130 120 110

150

190 180

200

f1 (ppm)



