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General information

Techniques:

All reactions were carried out in oven dried glassware under an air atmosphere. An oil bath was
used as heating source unless otherwise noted. Analytical thin layer chromatographies (TLC)
were performed using precoated Merck silica gel 60 matrix, with fluorescent indicator 254 nm
on Aluminum foils (200 um silica layer). Visualization of the developed chromatograms were
performed by UV absorbance (254 nm) or TLC stains (KMnOs, p-anisaldehyde or
phosphomolybdic acid). Flash column chromatography was performed using silica gel (230-
400 mesh) with the indicated solvent system, using gradients of increasing polarity when
necessary.

Chemicals:

All the chemicals were commercially purchased from Sigma-Aldrich, Fluorochem, Alfa-Aesar,
Strem, and Acros. Unless otherwise stated, commercial reagents and solvents were used without
further purification. Some solvents were freshly distilled, tetrahydrofuran (THF),
dichloromethane (DCM), dichloroethane (DCE), toluene and nitromethane (MeNO?2).
Reagents were either used as received from commercial sources or prepared according to the
protocols provided by literature.

Instrumentation:

Nuclear magnetic resonance spectra were recorded on a Bruker Advance 400 (400 MHz), in
deuterated chloroform (residual peaks "H § 7.26 ppm, '*C § 77.16 ppm) unless otherwise noted.
Chemical shifts () are reported in ppm relative to TMS; coupling constants (J) are given in Hz.
Multiplets are indicated by the following abbreviations: s = singlet, d = doublet, t = triplet, q =
quartet, quint = quintuplet, sept = septuplet and m = multiplet. *C and "°F spectra were recorded
in {IH}-decoupled manner and the values of the chemical shifts are rounded to one decimal
point. ’F NMR spectra were referenced to external CFCls.

High-resolution mass spectra (HRMS) were obtained from the central analytic mass
spectrometry department of Sorbonne University. High-resolution mass spectra were recorded
on a micrtOTOF (Bruker Daltonics) or a LTQ-XL/Orbitrap hybrid instrument (Thermo Fisher)
using electrospray (ESI) or atmospheric pressure chemical ionization (APCI).



General procedures

General Procedure A: Synthesis of aryl propiolic acids 3.

Pd(PPhs), (2.5 mol%)
DBU (2.4 equiv) Q

] |
J\ S PN > HOT N
HO” " > DMSO dry (0.5 M) X N

rt, 16-24 h | g

1.2 equiv 1 equiv
1 2b-e 3b-g
A dried round-bottom flask was charged with aryl iodide (10 mmol, 1 equiv.), 2,3,4,6,7,8,9,10-
octahydropyrimidol[1,2-aJazepine DBU (24 mmol, 2.4 equiv.), tetrakis(triphenylphosphine)-
palladium(0) Pd(PPhs)4 (2.5 mol%) and DMSO (10 mL) under N, atmosphere. The solution of
propiolic acid (12 mmol, 1.2 equiv.) in DMSO (10 mL) was poured to the flask, and the mixture
was stirred at room temperature for 16-24 h. Afterward, the reaction mixture was diluted with
AcOEt (25.0 mL) and extracted with NaHCOs (sat. aq.). The aqueous layer was separated,
acidified to pH=1 by adding cold HCl solution (1 M), and extracted with DCM. The combined
organic layers were dried with anhydrous MgSOs, filtered, and the solvent was removed under
reduced pressure. The resulting crude product was purified by silica gel column

chromatography [ethyl acetate/hexane, with HOAc (1 %, v/v)].

HO \\

Chemical Formula: C4qHg0,
Molecular Weight: 160.1720

3-(p-tolyl)propiolic acid (3b)

Prepared according to GP A using 10 mmol 1-iodo-4-methylbenzene.
(1.09 g, 6.8 mmol, 68%)

Spectral data were consistent with data reported in the literature’.

0
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Chemical Formula: C43Hgq0,

Molecular Weight: 160.1720
3-(o-tolyl)propiolic acid (3¢)
Prepared according to GP A using 10 mmol 1-iodo-2-methylbenzene.
(0.96 g, 6 mmol, 60%)

Spectral data were consistent with data reported in the literature?.



HO \\

Br
Chemical Formula: CgHgBrO,
Molecular Weight: 225.0410
3-(4-bromophenyl)propiolic acid (3d)
Prepared according to GP A using 10 mmol 1-bromo-4-iodobenzene.
(1.78 g, 7.9 mmol, 79%)
Spectral data were consistent with data reported in the literature’.

HO \\ Br

Chemical Formula: CgHgBrO,
Molecular Weight: 225.0410
3-(3-bromophenyl)propiolic acid (3e)
Prepared according to GP A using 10 mmol 1-bromo-3-iodobenzene.
(1.31 g, 5.8 mmol, 58%)
Spectral data were consistent with data reported in the literature®.

HO \\

Me

Chemical Formula: C4gHq04
Molecular Weight: 176.1710

3-(4-methoxyphenyl)propiolic acid (3f)

Prepared according to GP A using 10 mmol 1-iodo-4-methoxybenzene.
(1.37 g, 7.8 mmol, 78%)

Spectral data were consistent with data reported in the literature’.

HO \\

Fa
Chemical Formula: C4yH5F,0,
Molecular Weight: 214.1432
3-(4-(trifluoromethyl)phenyl)propiolic acid (3g)
Prepared according to GP A using 10 mmol 1-iodo-4-(trifluoromethyl)benzene.
(1.82 g, 8.5 mmol, 85%)



Spectral data were consistent with data reported in the literature’.

General Procedure B: Preparation of substrates amide-1,6-enynes 5.

0 1) TsNCO (1 equiv), Et3N (1 equiv)
THF (dry), rt, 1h
HO” " (dry) .
\ 1
| /—R 2) R2 Br
— (3 equiv)
R3

Et;N (3 equiv), THF (dry), rt, 16h

In 100 mL dried round-bottomed flask, the carboxylic acid (10 mmol, 1 equiv.) was dissolved
in dry THF 20 mL under N, at room temperature, added tosyl isocyanate (1.59 mL, 10 mmol,
1 equiv.) and stirred for 10 minutes. Then NEt; (1.0 equiv.) was added drop wise to the open
flask, released of the formed CO,. After stirring 1 h, extra NEt; (3.0 equiv.) and 1-bromo-3-
methylbut-2-ene (3.0 equiv.) were sequentially added and the mixture solution was stirred
overnight. After complete consumption of the starting materials (monitored by TLC), the
mixture was evaporated, the crude product was purified by silica-gel column chromatography

(petroleum ether/ethyl acetate) to give the corresponding enyne product.

Chemical Formula: C;4H,,NO,S
Molecular Weight: 367.4630

N-(3-methylbut-2-en-1-yl)-3-phenyl-N-tosylpropiolamide (5a)

Prepared according to GP B using 5 mmol 3a and 15 mmol 1-bromo-3-methyl-2-butene.
(1.07 g, 2.9 mmol, 58%)

Spectral data were consistent with data reported in the literature®.
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Chemical Formula: CyyH4gNO,S
Molecular Weight: 353.4360

N-(but-2-en-1-yl)-3-phenyl-N-tosylpropiolamide (5b)
Prepared according to GP B using 5 mmol 3a and 15 mmol crotylbromide.
(0.95 g, 2.7 mmol, 54%)

Spectral data were consistent with data reported in the literature®.
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Chemical Formula: C;4H,,BrNO,S

Molecular Weight: 446.3590
3-(4-bromophenyl)-N-(3-methylbut-2-en-1-yl)-N-tosylpropiolamide (5c)
Prepared according to GP B using 5 mmol 3a and 15 mmol crotylbromide.
(1.03 g, 2.3 mmol, 46%)

Spectral data were consistent with data reported in the literature®.

X
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Chemical Formula: C,yH4,BrNO,S
Molecular Weight: 432.3320

3-(4-bromophenyl)-N-(but-2-en-1-yl)-N-tosylpropiolamide (5d)

Prepared according to GP B using 5 mmol 3d and 15 mmol crotylbromide.

(0.78 g, 1.8 mmol, 36%)

"H NMR (400 MHz, CDCl5): & (ppm) 7.90 — 7.84 (m, 2H), 7.53 (dq, J = 8.9, 2.3 Hz, 2H), 7.38 (dd,
J=28.7,2.1 Hz, 2H), 7.30 (d, J = 8.1 Hz, 2H), 5.91 — 5.79 (trans) (m, 1H), 5.73 (cis) (m, 0.30H),
5.65 — 5.54 (trans) (m, 1H), 5.55 — 5.47 (cis) (m, 0.28H), 4.72 (cis) (d, J = 6.5 Hz, 0.68H), 4.59
(trans) (d, J = 6.3 Hz, 2H), 2.43 (s, 4H), 1.80 (cis) (d, J = 6.9 Hz, 0.68H), 1.73 (trans) (dq, J = 6.5,
1.2 Hz, 3H), 1.53 (s, H).

13C NMR (75 MHz, CDCl3): § (ppm) 152.5, 145.2, 145.2, 136.2, 134.1, 132.3, 132.3, 131.4, 129.6,
129.6, 129.1, 128.8, 128.7, 125.9, 125.3, 125.0, 118.6, 92.0, 82.7, 49.1, 44.3, 21.8, 17.9, 13.3.
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Chemical Formula: C,,H;4NO,S
Molecular Weight: 379.4740
N-(cyclohex-2-en-1-yl)-3-phenyl-N-tosylpropiolamide (5e)
Prepared according to GP B using 5 mmol 3a and 15 mmol 3-bromocyclohexene.
(0.76 g, 2 mmol, 40%)
'H NMR (400 MHz, CDCI3): 8 (ppm) 7.93 (dt, J = 8.3, 2.2 Hz, 2H), 7.51 — 7.48 (m, 2H), 7.47 — 7.42
(m, 1H), 7.41 — 7.34 (m, 2H), 7.34 — 7.28 (m, 2H), 5.89 — 5.82 (m, 1H), 5.65 (d, J = 10.3 Hz, 1H), 5.39
—5.25 (m, 1H), 2.52 — 2.44 (m, 1H), 2.43 (s, 3H), 2.18 — 1.88 (m, 4H), 1.83 — 1.73 (m, 1H).
13C NMR (101 MHz, CDCI3): 8 (ppm) 152.8, 145.0, 136.8, 132.6, 130.9, 129.6, 129.5, 128.8, 128.7,
128.0, 119.9,93.2, 82.4, 57.5, 29.0, 24.2, 22.9, 21.8.
HRMS (ESI): Calculated for C22H21NO3SNa [M+Na]" : 402.1134, found 402.1133
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Chemical Formula: Cy3H;3NO4S

Molecular Weight: 393.5010
N-(cyclohex-2-en-1-yl)-3-(p-tolyl)-N-tosylpropiolamide (5f)
Prepared according to GP B using 5 mmol 3b and 15 mmol 3-bromocyclohexene.
(0.59 g, 1.5 mmol, 30%)
'H NMR (400 MHz, CDCls3): & (ppm) 7.92 (dt, J= 8.5, 2.2 Hz, 2H), 7.38 (dt, J= 8.1, 1.9 Hz, 2H), 7.33
—7.28 (m, 2H), 7.20 — 7.14 (m, 2H), 5.89 — 5.82 (m, 1H), 5.65 (d, /= 10.3 Hz, 1H), 5.38 — 5.29 (m, 1H),
2.50 — 2.44 (m, 1H), 2.43 (s, 3H), 2.38 (s, 3H), 2.16 — 2.04 (m, 3H), 2.04 — 1.92 (m, 1H), 1.83 — 1.70 (m,
1H).
13C NMR (101 MHz, CDCL): § (ppm) 152.9, 144.9, 141.7, 136.9, 132.6, 129.6, 129.6, 129.4, 128.7,
128.1, 116.8, 93.8, 82.2, 57.5, 29.0, 24.3,22.9,21.9, 21.8.
HRMS (ESI): Calculated for C23H23NO3SNa [M+Na]" : 416.1291, found 416.1289
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Chemical Formula: C;3H,3;NO,S
Molecular Weight: 393.5010

N-(cyclohex-2-en-1-yl)-3-(o-tolyl)-N-tosylpropiolamide (5g)

Prepared according to GP B using 5 mmol 3¢ and 15 mmol 3-bromocyclohexene.

(0.65 g, 1.65 mmol, 33%)

1H NMR (400 MHz, CDCL): & (ppm) 7.93 (dt, J = 8.4, 2.2 Hz, 2H), 7.43 (dd, J= 7.7, 1.4 Hz, 1H), 7.40
~7.28 (m, 3H), 7.23 (d, J= 7.7 Hz, 1H), 7.18 (t, J = 7.6 Hz, 1H), 5.89 — 5.80 (m, 1H), 5.66 (d, J=10.2
Hz, 1H), 5.40 — 5.29 (m, 1H), 2.54 — 2.45 (m, 1H), 2.44 (s, 6H), 2.19 — 2.08 (m, 2H), 2.08 — 1.92 (m,
2H), 1.80 — 1.67 (m, 1H).

13C NMR (101 MHz, CDCl3): & (ppm) 153.0, 144.9, 142.4, 136.9, 133.0, 130.9, 130.0, 129.6, 129.5,
128.7,127.8, 126.0, 119.7, 92.8, 85.9, 58.0, 28.9, 24.2,22.9, 21.8, 20.7.

HRMS (ESI): Calculated for C23H23NO3SNa [M+Na]" : 416.1291, found 416.1289

TsN

Br

Chemical Formula: C;,H,,BrNO,S

Molecular Weight: 458.3700
3-(4-bromophenyl)-N-(cyclohex-2-en-1-yl)-N-tosylpropiolamide (5h)
Prepared according to GP B using 5 mmol 3d and 15 mmol 3-bromocyclohexene.
(0.85 g, 1.85 mmol, 37%)



'H NMR (400 MHz, CDCl3): & (ppm) 7.90 (d, J = 8.0 Hz, 2H), 7.50 (d, J = 8.2 Hz, 2H), 7.32 (dd, J =
11.8, 8.1 Hz, 4H), 5.84 (dq, /= 10.7, 3.4 Hz, 1H), 5.61 (d, J=10.2 Hz, 1H), 5.29 (ddt, /= 12.5, 6.2, 3.1
Hz, 1H), 2.42 (s, 3H), 2.41 — 2.33 (m, 1H), 2.14 — 2.02 (m, 3H), 1.94 (t, /= 8.6 Hz, 1H), 1.82 — 1.67 (m,
1H).

13C NMR (101 MHz, CDCl3): & (ppm) 152.4, 145.0, 136.6, 133.8, 132.1, 129.5, 129.5, 128.5, 127.8,
125.7,118.7,91.8, 83.2, 57.3, 28.8, 24.1,22.7, 21.7.

HRMS (ESI): Calculated for C22H20BrNO3SNa [M+Na]* : 480.0239, found 480.0237

0
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Chemical Formula: C,,H,0BrNO,S

Molecular Weight: 458.3700
3-(3-bromophenyl)-N-(cyclohex-2-en-1-yl)-N-tosylpropiolamide (5i)
Prepared according to GP B using 5 mmol 3e and 15 mmol 3-bromocyclohexene.
(0.85 g, 1.85 mmol, 37%)
TH NMR (400 MHz, CDCL): & (ppm) 7.91 (dt, J = 8.5, 2.2 Hz, 2H), 7.60 — 7.56 (m, 2H), 7.42 (dt, J =
7.7, 1.2 Hz, 1H), 7.34 — 7.30 (m, 2H), 7.26 — 7.22 (m, 1H), 5.89 — 5.82 (m, 1H), 5.62 (dt, J=10.4,2.3
Hz, 1H), 5.34 — 5.25 (m, 1H), 2.44 (s, 3H), 2.42 — 2.34 (m, 1H), 2.16 — 2.05 (m, 3H), 2.00 — 1.92 (m,
1H), 1.82 — 1.73 (m, 1H).
13C NMR (75 MHz, CDCls): § (ppm) 152.4, 145.1, 136.7, 135.1, 134.1, 131.1, 130.3, 129.7, 128.6, 127.8,
122.5,121.9,91.1, 83.2, 57.5, 28.9, 24.2, 22 .8, 21.8.
HRMS (ESI): Calculated for C22H20BrNO3SNa [M+Na]* : 480.0239, found 480.0236
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Chemical Formula: Cp3H,sNO,S
Molecular Weight: 409.5000

N-(cyclohex-2-en-1-yl)-3-(4-methoxyphenyl)-N-tosylpropiolamide (5j)

Prepared according to GP B using 5 mmol 3f and 15 mmol 3-bromocyclohexene.

(1.62 g, 3.95 mmol, 79%)

1H NMR (400 MHz, CDCL): & (ppm) 7.92 (dt, J = 8.4, 2.2 Hz, 2H), 7.46 — 7.42 (m, 2H), 7.33 — 7.28

(m, 2H), 6.88 (dt, J=9.0, 2.7 Hz, 2H), 5.89 — 5.81 (m, 1H), 5.66 (ddt, /= 10.1, 3.3, 1.6 Hz, 1H), 5.37 —

5.29 (m, 1H), 3.83 (s, 3H), 2.50 — 2.44 (m, 1H), 2.42 (s, 3H), 2.16 — 2.05 (m, 3H), 1.97 (ddt, J = 13.7,

3.7, 1.8 Hz, 1H), 1.78 (dddt, J=13.6, 11.2, 5.4, 2.9 Hz, 1H).

13C NMR (75 MHz, CDCls):  (ppm) 161.8, 153.0, 144.9, 136.9, 134.6, 129.5, 129.3, 128.7, 128.2, 114.5,

111.7,94.2, 82.0, 57.4, 55.6, 28.9, 24.3,22.9, 21.8.

HRMS (ESI): Calculated for C23H23NO4SNa [M+Na]" : 432.1240, found 432.1238
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Chemical Formula: C,4H,,F;NO,S
Molecular Weight: 447.4722

N-(cyclohex-2-en-1-yl)-N-tosyl-3-(4-(trifluoromethyl)phenyl)propiolamide (5k)
Prepared according to GP B using 5 mmol 3g and 15 mmol 3-bromocyclohexene.
(0.65 g, 1.45 mmol, 29%)
'"H NMR (400 MHz, CDCls): & (ppm) 7.91 (dt, J = 8.4, 2.3 Hz, 2H), 7.62 (q, J = 8.3 Hz, 4H), 7.32 (d, J
= 8.4 Hz, 2H), 5.89 — 5.81 (m, 1H), 5.61 (d, J=10.3 Hz, 1H), 5.33 — 5.25 (m, 1H), 2.44 (s, 3H), 2.43 —
2.34 (m, 1H), 2.16 —2.05 (m, 3H), 1.99 — 1.93 (m, 1H), 1.80 — 1.72 (m, 1H).
13C NMR (101 MHz, CDCls): & (ppm) 152.2, 145.2, 136.6, 132.7, 132.4 (q, J = 32.9 Hz), 129.7, 129.6,
128.6, 127.7,125.7 (q, J= 3.6 Hz), 123.7 (q, /= 1.5 Hz), 123.6 (q, J=272.8 Hz), 90.8, 83.9, 57.4, 28.8,
24.2,22.7,21.7.
PF NMR (376 MHz, CDCl3): 8 (ppm) -63.2 ().
HRMS (ESI): Calculated for C23H20FsNO3SNa [M+Na]* : 470.1008, found 470.1005
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Chemical Formula: C44H{;NO,S
Molecular Weight: 329.4090

N-allyl-3-phenyl-N-tosylpropiolamide (5I)

Prepared according to GP B using 5 mmol 3a and 15 mmol allylbromide.
(0.84 g, 2.6 mmol, 51%)

Spectral data were consistent with data reported in the literature®.

General Procedure C: Silver-catalyzed intramolecular cycloaddition reactions of 1,6-

enynes
o

AgSbF; (5 mol %

g 6 ( o) . N

= TsN —R!
DCM (0.1 M, dry) F
I"t,17 h R2 R3
5a-i 6a-i

In a dried screw-capped vial, the substrate (0.5 mol, 1 equiv.) was diluted with dry DCM (4
mL) and then the solution of AgSbFs previously prepared (5 mol %) in dry DCM (1 mL) was
added. The mixture was stirred at room temperature. After 17 hours (reaction followed by TLC),
the mixture was filtered through a short pad of silica gel with DCM and evaporated under

reduced pressure. In the cases of tetracyclic compounds, the crude product was purified by



silica-gel column chromatography (mobile phase changed according to compound) to afford

the corresponding product.

o
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Chemical Formula: C,4H,4NO,S
Molecular Weight: 367.4630

4,4-dimethyl-2-tosyl-2,3,3a,4-tetrahydro-1H-benzo|[f]isoindol-1-one (62)
Prepared according to GP C using 0.5 mmol 5a.

(163.52 mg, 0.45 mmol, 89%)

Spectral data were consistent with data reported in the literature®.

0
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Chemical Formula: C,4H,,BrNO,S
Molecular Weight: 446.3590

6-bromo-4,4-dimethyl-2-tosyl-2,3,3a,4-tetrahydro-1H-benzo[f]isoindol-1-one (6¢)
Prepared according to GP C using 0.5 mmol 5c.

(209.79 mg, 0.47 mmol, 94%)

Spectral data were consistent with data reported in the literature®.

0
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Chemical Formula: C,;H,4NO,S

Molecular Weight: 379.4740
4-tosyl-2,3,3a,3a1,4,10b-hexahydronaphtho[3,2,1-cd]indol-5(1H)-one (6¢)
Prepared according to GP C using 0.5 mmol Se.
(164.89 mg, 0.43 mmol, 87%)
'H NMR (400 MHz, CDCls): § (ppm) 8.04 (dt, J = 8.4, 2.2 Hz, 2H), 7.36 — 7.28 (m, 4H), 7.25 — 7.20
(m, 2H), 7.16 (d, J = 7.4 Hz, 1H), 4.64 (dt, J = 10.6, 6.9 Hz, 1H), 3.28 (td, J = 8.0, 3.4 Hz, 1H), 3.07
(ddd, J=13.2, 8.3, 5.3 Hz, 1H), 2.56 — 2.46 (m, 1H), 2.43 (s, 3H), 1.78 — 1.69 (m, 1H), 1.62 — 1.57 (m,
1H), 1.35 (qt, J=13.5, 2.6 Hz, 1H), 1.18 — 1.03 (m, 2H).
13C NMR (101 MHz, CDCl3): & (ppm) 165.3, 145.1, 139.7, 136.6, 131.8, 130.8, 130.6, 129.8, 129.7,
129.7, 128.7, 128.6, 127.6, 58.7, 38.8, 36.1, 32.0, 30.8, 22.9, 21.8.
HRMS (ESI): Calculated for C22H21NO3SNa [M+Na]" : 402.1134, found 402.1133
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Chemical Formula: C,3H,3NO,S

Molecular Weight: 393.5010
9-methyl-4-tosyl-2,3,3a,3a1,4,10b-hexahydronaphtho[3,2,1-cd]indol-5(1H)-one (6f)
Prepared according to GP C using 0.5 mmol 5f.
(121.99 g, 0.31 mmol, 62%)
'H NMR (400 MHz, CDCls): & (ppm) 8.03 (d, J = 8.4 Hz, 2H), 7.31 (dd, J = 13.0, 5.9 Hz, 3H), 7.13 (d,
J=17.7Hz, 1H), 7.04 (d, J= 7.8 Hz, IH), 6.98 (s, 1H), 4.67 —4.59 (m, 1H), 3.24 (t, /= 8.6 Hz, 1H), 3.06
—2.97 (m, 1H), 2.50 (s, 1H), 2.43 (s, 3H), 2.34 (s, 3H), 1.73 (d, /= 13.4 Hz, 1H), 1.58 (s, 1H), 1.35 (q,
J=13.3 Hz, 1H), 1.16 — 1.03 (m, 2H).
13C NMR (75 MHz, CDCls): § (ppm) 165.5, 145.0, 141.0, 139.8, 136.6, 131.8, 129.7, 129.6, 129.5, 128.7,
128.5, 128.2, 128.2, 58.8, 38.9, 36.1, 32.0, 30.9, 23.0, 21.8, 21.7.
HRMS (ESI): Calculated for C23H23NO3SNa [M+Na]" : 416.1291, found 416.1290

0

TsN “O

Chemical Formula: C;,H,3,NO,S

Molecular Weight: 393.5010
7-methyl-4-tosyl-2,3,3a,3a1,4,10b-hexahydronaphtho[3,2,1-cd]indol-5(1H)-one (6g)
Prepared according to GP C using 0.5 mmol 5g.
(131.82 g, 0.34 mmol, 67%)
'H NMR (400 MHz, CDCI3): & (ppm) 8.04 (dt, J = 8.4, 2.2 Hz, 2H), 7.60 (d, J = 3.4 Hz, 1H), 7.33 (dd,
J=128.3,2.0 Hz, 2H), 7.18 (t,J = 7.5 Hz, 1H), 7.05 (d, /= 7.5 Hz, 1H), 7.00 (d, /= 7.5 Hz, 1H), 4.64 (dt,
J=10.4, 6.9 Hz, 1H), 3.25 (td, J = 8.1, 3.5 Hz, 1H), 3.05 (ddd, J=13.3, 8.4, 5.3 Hz, 1H), 2.56 — 2.47
(m, 1H), 2.43 (s, 3H), 2.37 (s, 3H), 1.72 (dt, J=13.7, 3.5 Hz, 1H), 1.60 — 1.50 (m, 1H), 1.40 — 1.24 (m,
1H), 1.17 — 1.04 (m, 2H).
13C NMR (75 MHz, CDCl:): & (ppm) 165.6, 145.0, 139.9, 137.1, 136.6, 130.2, 129.6, 129.5, 129.4, 129.1,
128.7, 128.6, 126.5, 58.7, 39.2, 35.6, 32.1, 30.7, 22.9, 21.8, 19.3.
HRMS (ESI): Calculated for C23H23NO3SNa [M+Na]" : 416.1291, found 416.1289

0

w1
(J "

Chemical Formula: C,,;H;,BrNO,S

Molecular Weight: 458.3700
9-bromo-4-tosyl-2,3,3a,3a1,4,10b-hexahydronaphtho[3,2,1-cd]indol-5(1H)-one (6h)
Prepared according to GP C using 0.5 mmol 5h.
(87.09 g, 0.19 mmol, 38%)



'H NMR (400 MHz, CDCl3): 8 (ppm) 8.08 — 7.98 (m, 2H), 7.38 — 7.33 (m, 2H), 7.32 (dd, J = 2.4, 1.3
Hz, 2H), 7.25 (s, 1H), 7.09 (d, J= 8.1 Hz, 1H), 4.63 (dt, J=10.6, 6.9 Hz, 1H), 3.24 (td, /= 8.0, 3.3 Hz,
1H), 3.05 (ddd, J=13.3, 8.3, 5.3 Hz, 1H), 2.57 — 2.48 (m, 1H), 2.43 (s, 3H), 1.75 (dp, J=13.2, 3.1 Hz,
1H), 1.62 — 1.55 (m, 1H), 1.41 — 1.28 (m, 1H), 1.10 (m, 2H).

13C NMR (75 MHz, CDCls): § (ppm) 165.0, 145.2, 141.5, 136.4, 131.7, 130.9, 130.7, 130.6, 130.3, 129.7,
129.7,128.7, 124.3, 58.5, 38.6, 35.9, 32.0, 30.7, 22.8, 21.8.

HRMS (ESI): Calculated for C22H20BrNO3SNa [M+Na]* : 480.0239, found 480.0237

(0]

Br
TsN “O

Chemical Formula: C,,H,,BrNO,S

Molecular Weight: 458.3700
8-bromo-4-tosyl-2,3,3a,3a1,4,10b-hexahydronaphtho|3,2,1-cd]indol-5(1H)-one (6i)
Prepared according to GP C using 0.5 mmol 5i.
(174.18 g, 0.38 mmol, 76%). In this case, rotamers were observed in NMR analysis.

'H NMR (400 MHz, CDCls): & (ppm) 8.05 —8.01 (m, 2H), 7.43 —7.36 (m, 1H), 7.34 (d, J = 8.4 Hz, 2H),
7.23 (dd,J=6.5,3.5 Hz, 1H), 7.12 — 7.02 (m, 1H), 4.70 — 4.59 (m, 1H), 3.50 (ddd, J=12.8, 8.4, 5.1 Hz,
1H), 3.31 — 3.21 (m, 1H), 3.05 (ddd, J = 13.6, 8.4, 5.4 Hz, 1H), 2.53 (s, 1H), 2.43 (s, 3H), 1.88 — 1.68
(m, 2H), 1.42 — 1.30 (m, 1H), 1.17 — 1.02 (m, 2H), 0.94 (qd, J= 13.0, 2.8 Hz, 1H).

13C NMR (101 MHz, CDCl3): & (ppm) 164.9, 145.2, 138.4, 136.3, 134.8, 133.2, 132.7, 132.2, 131.3,
130.9, 130.2, 130.1, 129.7, 129.1, 128.7, 128.7, 121.0, 58.6, 38.3, 38.0, 36.1, 36.0, 32.2, 32.0, 30.7, 26.5,
22.8,22.7,21.8.

HRMS (ESI): Calculated for C22H20BrNO3SNa [M+Na]* : 480.0239, found 480.0237

0

w0
‘ OMe

Chemical Formula: Cy3H,3NO4S

Molecular Weight: 409.5000
9-methoxy-4-tosyl-2,3,3a,3a1,4,10b-hexahydronaphtho[3,2,1-cd]indol-5(1H)-one (6j)
Prepared according to GP C using 0.5 mmol 5j.
(102.38 g, 0.25 mmol, 50%)
'H NMR (400 MHz, CDCI3): 8 (ppm) 8.06 — 8.00 (m, 2H), 7.32 (d, J = 7.9 Hz, 2H), 7.28 (d, J = 3.3 Hz,
1H), 7.17 (d, ] = 8.3 Hz, 1H), 6.76 — 6.70 (m, 2H), 4.62 (dt, J = 10.5, 6.7 Hz, 1H), 3.81 (s, 3H), 3.24 (td,
J=79,3.5Hz, 1H), 3.02 (ddd, J = 13.2, 8.3, 5.3 Hz, 1H), 2.52 — 2.44 (m, 1H), 2.42 (s, 3H), 1.72 (dq, J
=13.6,3.4 Hz, 1H), 1.64 — 1.52 (m, 1H), 1.39 - 1.27 (m, 1H), 1.16 — 1.03 (m, 2H).
13C NMR (101 MHz, CDCI:): & (ppm) 165.5, 161.5, 144.9, 141.9, 136.7, 131.6, 131.2, 129.6, 128.6,
126.8, 123.9, 115.0, 112.1, 58.7, 55.5, 39.3, 35.8, 31.8, 30.8, 22.9, 21.8.
HRMS (ESI): Calculated for C23H23NO4SNa [M+Na]" : 432.1240, found 432.1237



0
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Chemical Formula: Cy3H,oF ;NO,S

Molecular Weight: 447.4722
4-tosyl-9-(trifluoromethyl)-2,3,3a,3a1,4,10b-hexahydronaphtho[3,2,1-cd]indol-5(1H)-one (6k)
Prepared according to GP C using 0.5 mmol 5k.
(76.07 g, 0.17 mmol, 34%)
'H NMR (400 MHz, CDCl3): § (ppm) 8.06 — 8.01 (m, 2H), 7.48 (dd, J=7.9, 2.1 Hz, 1H), 7.41 (d, J =
2.0Hz, 1H), 7.36 —7.30 (m, 4H), 4.66 (dt, J=10.6, 6.6 Hz, 1H), 3.31 (td, /= 8.0, 3.5 Hz, 1H), 3.16 (ddd,
J=13.6,8.4,5.4 Hz, 1H), 2.59 — 2.51 (m, 1H), 2.43 (s, 3H), 1.76 (dp, J=13.7, 3.5 Hz, 1H), 1.65 - 1.57
(m, 1H), 1.37 (qt, J=13.6, 2.6 Hz, 1H), 1.18 — 1.04 (m, 2H).
13C NMR (101 MHz, CDCls): & (ppm) 164.7, 145.3, 140.2, 136.3, 134.0, 132.6, 131.9 (q, J = 32.5 Hz),
130.0, 129.7 (d, J= 1.8 Hz), 128.7, 125.3 (q, /= 3.7 Hz), 124.5 (q, /= 3.8 Hz), 123.9 (d, /= 272.1 Hz),
58.5, 38.6, 36.0, 32.1, 30.6, 22.7, 21.8.
F NMR (376 MHz, CDCl3): 8 (ppm) -62.8 ().
HRMS (ESI): Calculated for C23H20FsNO3SNa [M+Na]" : 470.1008, found 470.1004

General Procedure D: Transition metal catalyzed intramolecular cycloaddition reactions

of 1,6-enynes

(0}
TsN Catalyst (5 mol %) SN
> TsN —R!
Solvent (0.1 M, dry) 4
T,17 h r? “R3
5b, d, |, k 6b, d, |, k

In a dried screw-capped vial, the substrate (0.5 mol, 1 equiv.) and catalysts (5 mol%) was
diluted with dry solvent (5 mL). The mixture was stirred at different temperature. After 17
hours (reaction followed by TLC), the mixture was evaporated under reduced pressure and the
crude product was purified by silica-gel column chromatography (mobile phase changed

according to compound) to afford the corresponding product.

0O

W I

Chemical Formula: C;5H4gNO,S
Molecular Weight: 353.4360

4-methyl-2-tosyl-2,3,3a,4-tetrahydro-1H-benzo|f]isoindol-1-one (6b)



Prepared according to GP D using 0.5 mmol 5b and 5 mol% of IPrAuNTf, in DCE at 80 °C.
(132.54 g, 0.375 mmol, 75%)

'H NMR (500 MHz, CDCl3): & (ppm) 7.99 (dt, J = 8.4, 2.3 Hz, 2H), 7.38 — 7.33 (m, 4H), 7.32 — 7.28
(m, 1H), 7.17 (q, J = 7.0 Hz, 1H), 7.08 — 7.04 (m, 2H), 6.36 (t, J=2.7 Hz, 1H), 4.31 (dt, /= 2.3, 0.9 Hz,
2H), 2.44 (s, 3H), 1.58 (d, J= 7.2 Hz, 3H).

13C NMR (126 MHz, CDCls): d(ppm) 167.5, 145.2, 138.7, 138.0, 136.7, 135.5, 133.4, 130.0, 129.9,
129.4,128.7, 128.4, 127.5,49.2, 21.8, 15.4.

HRMS (ESI): Calculated for C20H19NO3SNa [M+Na]" : 376.0978, found 376.0977

0
Yoo s
Br

Chemical Formula: C;4HgBrNO,S
Molecular Weight: 432.3320

6-bromo-4-methyl-2-tosyl-2,3,3a,4-tetrahydro-1H-benzo|[f]isoindol-1-one (6d)

Prepared according to GP C using 0.5 mmol 5d and 5 mol% of PPhsAuNTf; in DCE at 80 °C.
(136.19 g, 0.32 mmol, 63%)

'"H NMR (400 MHz, CDCls): & (ppm) 7.98 (dt, J = 8.4, 2.2 Hz, 2H), 7.50 (dt, J = 8.8, 8.3 Hz, 2H), 7.35
(d,J=8.3 Hz, 2H), 7.17 (q, J = 7.1 Hz, 1H), 6.95 (dt, J = 8.5, 2.4 Hz, 2H), 6.36 (t, J = 2.6 Hz, 1H), 4.34
—4.30 (m, 2H), 2.44 (s, 3H), 1.58 (d, J= 7.2 Hz, 3H).

13C NMR (101 MHz, CDCls): 3(ppm) 167.3, 145.3, 138.7, 136.8, 136.4, 135.5, 132.3, 132.0, 131.2,
130.7,129.9, 128.4, 121.6,49.2, 21.8, 15.4.

HRMS (ESI): Calculated for C20H1sBrNO3SNa [M+Na]* : 454.0083, found 454.0081

0]

Chemical Formula: C4gH{;NO,S
Molecular Weight: 339.4090

2-tosyl-2,3,3a,4-tetrahydro-1H-benzo|[f]isoindol-1-one (61)

Prepared according to GP C using 0.5 mmol 51 and 5 mol% of PtCl, in toluene at 100 °C.

(44.12 g, 0.13 mmol, 26%)

'"H NMR (400 MHz, CDCIl3): & (ppm) 8.03 — 7.97 (m, 2H), 7.36 (d, J = 8.4 Hz, 2H), 7.33 (d, J= 2.0 Hz,
1H), 7.33 — 7.29 (m, 2H), 7.24 — 7.20 (m, 2H), 6.86 (t, J = 2.5 Hz, 1H), 6.36 (s, 1H), 5.48 (s, 1H), 4.41
(d, J=2.6 Hz, 2H), 2.44 (s, 3H).

13C NMR (101 MHz, CDCL): § (ppm) 167.2, 145.4, 141.3, 140.3, 139.4, 135.9, 135.4, 129.9, 128.6,
128.3,128.1, 128.1, 120.0, 49.4, 21.8.

HRMS (ESI): Calculated for C1oH17NO3SNa [M+Na]" : 362.0371, found 362.0369



Reference

[1] Pradhan, R., Gutman, K. L., Mas Ud, A., Hulley, E. B., Waynant, K. V. Organometallics, 2023, 42,
362-371.

[2] Nelli, M. R., Cantrell, R. L., Looper, R. E. J. Org. Chem., 2023, 88, 15975-15982.

[3] Cheng, H., Zhao, B., Yao, Y., Lu, C. Green Chem, 2015, 17, 1675-1682.

[4] Chen, X., Fontaine-Vive, F., Poulain-Martini, S., Michelet, V. Catal Commun, 2020, 147, 106117.



NMR Spectra

5d

€517
VL
7%
7%
7%
€L
€L 1
1785
17 _;7“
611
18
244
mm.v7
09'tq

LU
LY
99'G1
95'G1
15°61
85°G
09'G
09'Gy
19°G1
29'G1
€9'G1
€961 W
18°G1

28'G1
$8'G
98°G
88'G
68'G
92’ Lq
62/
L€°L7
9€° /1
9€' L1
1€°19
1€ 1
8¢/
mm.Tw

6"/
ov'L”,
v
25 L]
25
€5/
€524
5L
S5/
§G°L]
98°/1
18°21
18°L1
1821
881
68'L1
m@@
06'L

—_—

-

-

THNMR (400 MHz, CDCl;)

Br

V4

Ts

~€L°0
»00°€
890

=$9'¢

=¥6'L
=6¥'0

820
H/_‘_‘.v
0€0
H/w_‘.v

8re
M_,v.m

VA4
iv'e

1 (ppm)

EEEL—
982~
18—

ey —
906y —

“C NMR (101 MHZ, CDCI,)

Br

=]

&

=

B

8

T
100

1 (oow)



Se

viL
S
S
L)
8.’
641
G619
861

.\.o.N;

80°TY

602}

0Lz

A%
z F.&
eLz

erz
o'z
€e's
PG
99'G
585
9zt
0g's
LEL
€L
et
et
S8/
5/
5e'/
o€’/
184
181
8e'/
€/
€/
68/
v i
gL

i
S
St i
op' -
oy
2]
2]
v’/
v/
YL
052
05/
05/
152
162
162
6L
€64
6L

ve'L

J

'H VR (400 MHz, CDCI,)
S

hego
v00'
420

{40k
10T
ve'l
=00¢C

£1 (oom)

08'12~,
58'2z
mm.vwm
1682

6y LG

CERY

9L AL
mq.RW
£r'Z8

€T°E6—

66—
86'LC)
mm,mm_‘/
82'8Z}
98'8Z}
CS'621
LG'6C)
Z8'62)
v6'0E}
C9'CEl
64°9€E}
L6'vY
0828

3C NMR (101 MHz, CDCI,)

Fo

F&

-3

100
£1 (opm)

T
10

T
120

T
200

T
210

5t



vil
vil
52)
9.}
9.}
1017
821
641
08’1
56')
86’}
20T
907
207
60T
60T
4%
€T
€T
a4
8€'T
Er'T
Sv'T
9z
'z
8r'z
67T

EE'G
4]
r9'G
99'G
99'G

\

e

185
9Lz
9L
9z
8Lz
8l
EI
922
624
0e'Z]
1£'4
LE'] ﬁ
ze

oy
oy
8e's
6EL
ov'Z
162
162
264
€62
€62
P6L

'H NVR (400 MHz, CDCI,)

ooy
w160
/001

80
+80¢C
"z0Z

=00¢C

6212
6812
88z
sThe
el

8y LG~

p8'9L

|

aaw s
8y L
ON.Nm\

€8'E6—

pa9LL—
80°'8Z1
228zl
Ev'6Zl
95621
65621
59°ZEl
16'9€}
69'Lbl
L6'phl
mmm.ﬂ\

“C NMR (101 MHz CDCIy)

-10

=

i

F@

T
200

T
210

1 (oom)

Sg



SLl
9l
9zl
561
96’}
96'}
86'11
6611
5071
9077
0k
047
W
%%
zve
£1]
1%
vz
14
9z
6Y'T

6v'C
5E'G
GE'G
59'G
296
£8g
£8G
pgGy
5851
98
185
912
8/
0z'4
zT L
A
92
6241
08
08
8 4
ze'
ze ]
ecs
et
ve'L
6L
9g's
vt
gL
vyL
Sy L
6L
z6'4
€62
V6L
6L

G642

Fgo)
1ze
86}
1z9

[
I

'H HVR (400 MHZ, CDCI,)

== Fe0l

Rggo
560
V660

€0’}
- S0l
00l

e —— (00T

Bom
IRPAS
88'zz]
\Zhe

sosc)

6646

¥8'9L
9L iL
8y il
06'S8—

9.'26—

ZL6LL
16'SZ)
8421
€821
€567}
15621
Z00E}
qm.omﬁ
o0€el s
189EL,
SeTrLy
PEPYL
POESL—

" C NMR (101 MHz CDCI,)

-—

-10

F@

100
1 (oom)

T
110

T
120

T
200

T
210

Sh



691
04}

[y

zih

zih

€411
vil
Gl
94 1
1271
821N
8.1
621
081
261
€6}

961
€07
v0Z

50

907

102

807

60C
01z
1z
z1z
veT
567
1£2
8z
65T
e
9z's]
A
8z'g]
8z's
62G
0€'G
0£'G
1E'G
Z€S
096
z9G
186
z8's
€86
v8's
58'G
98
186
621
=y
ze'l
ve'L
6v'L
162
682

164

'H NVR (400 MHzZ CDCI,)

O

TsH

F61L
6l
Fioe

el
Nmo.m

60
860
/660

ooy
.0

Fooz

89'12
69207
W,
et

€€ 46—

08'9.
]
£
oces’
6L 16—

e
59’5zl
10T
6r'8zi
60621
£5621
:Nm%
LLEE)

6885t

oy'esi—

3C NMR (101 MHz CDCI,)

Br

L “

-10

F&

-8

FS

T
200

T
210

1 (ppm)



90T
90T
10T
10T
80
80
80
6071
60
6071
012
012~
1z
el
[4%4
86T
86T
:‘A
e
vy'T
09'G
£9'G
Tl
YTl
[
ST
ST'L
9T'L
124
1e'L
1L
1L
ZEL
Ze'L
£€'L
£€'L
£E°L
€€/
£€'L
e
(AR
LN
L2
er 2
ep ]
£v'L
95/
154
=y
=
852
852
652
69'2
69'L
06'2
16'L
Z6'L

6L

'H NVR (400 MHz, CDCI,)

M

6z}
STl
F8o€

vl
Mm—.m

50
#00')
oyt

28’12,
08'22
aemw
88'8z

6V 16—

(IX-TAN

—

wfn.\..\
mm.t\
0zZ'es

8016~

Z612)
5574
z842h
0982}
1967}
9Z0€}
ok1El—
90'PEL
S,mmv\

k85—

LETGI—

UC NMR (101 MHz CDCl,)

- —

-

o

&

&

=

HB

re

£1 (oom)



56')
10T
10T
10T
807
80T
60T
60T
01z
01z
01
L2
154
%4
AN
rA%4
rAN4
€1
€1
€T

ri'e
vz
444

cae

r9'G
r9'G
99'G
L9°G
89'G
£8'GY
£8'G
re’s
r8's
786G

98'9
289
88'9
68'9
68'9
9C'L
mw.n&
624
0€' 2
€2
L4
_.m.u_
[4595
[
EV'L
1A
Sy'2
Sy'i
v’
164
162
49
€62
€62

v6'L

'H HMR (400 MHz, CDC1;)

TsH

Q

1)

8l
6h')
mmmw
zz0
8E'E
S0

~80¢€

"0
50}
0L

~80¢

*»80¢C
~e0¢C

=00¢C

CINTAN
88'22;
wNAvmww
56'82

9586~
Sp 4G

vL'9L
wﬁtw
wm.t\.
G0'z8

LV v6—

891~
&

918zl
99'8Z}
62621
Nm.mNFW
—w.vmw\
Z6'9€)
S8Rl —

COESL—

18191 —

1C NMR (101 MHz, CDCl,)

TsHl

Me

Q

Fo

&

&

re

F@

&

T
210

T
220

1 (opm)

5k



s
w0

—

—

6L

'H NMR (400 MHz CDCI,)

¥

Tl

¥ZZ
- F60E
= yL0

Fs

V4

— ) loe

mfwo._‘
= »E0')
SIEL

M/No.m
FeTy
J00¢

SLITN
SLTT
g1 v’
ve'8z”

P LS—

¥8'9L
mtkw
8t LL
osss’
€8'06~"
€611
vzzel
0L'€Zh
LLETL
€L€T)
vL€T)
S6'4Z1Y
99'5ZIN
69'521
vLGTL
VX-TA%
99'/z1
zL T
95821
so'6zL
€162}
88'lEl
1zzel ]
vszeL]
vLZEL
98'Zel
09'9¢}
85kl
0z'ZSk

13¢ NMR (101 MHz, €DCl5)

o
TsN

CF3

o

£1 (pom)



8L'€9-—

19F NMR (367 MHz, CDCl;)

CF;

-120 -130 -140 -150 -160 -170 -180 -100 -200 -210

-110

100
f1 (ppm)

o

151
65 I
vrz
0y
0y
LEp
LEp
> f
9g'9
9’9
€9
502
902
904
104
104
104
Sl
P
als
0z'L
9zt
8z's
8z'L
624
624
0g's
0g's
=
1L
zes
o
56 41
56
9€'
9g's
1819

8€'L7
mm.h.\
L84
86'2
86'2
66'2
008
oo's

6b

'H NMR (400 MHz, CDCI,)

Tsh

=00€

=00€

=00¢

=560

Y61
»00'}
£0'}
oy

=06}




PGl —
s8'le—

6L 6r—

06’ w\./

9L 4L
Nw.t\

8y'LC)
9€'8cl
69'8Z)
L¥'6Z)
1662}
v0'0E}
mm,mm_‘.\
GG'GE)
LL'9E}
86°LE}
04'8€}
resrl
8y i91—

1C NMR (101 MHz, CDCI,)

Tsh

T T T
-200 <30 40

-10

240 230 220 210 200 190 180 170 160 130 140 130 120 110 100
£1 (opm)

6d

2571
65 rv

ryc—

ey
LEp
ey
zey
ey
9’9
9g'9
€9
€69
v69
v69
96'9
96'9
169
5L
v
8l
0L
9z /1
e
98
av's
6t 41
Bb' 41
05 44

15 4
(=
962
164
164
664
664
008

'H MR (400 MHZ CDCly)

=LE

~G0€e

*E0¢C

=860

=E0¢C
¥r0'l
=01¢C
=.0¢C

=00¢

1 (ppm)



Er'Gl—
s8'le—

0z 6r—

¥8'9L

9L LL
mv.t.\

omem_‘
wm.mw_./
Z6'62)
590l
8L'LEL
96'LE}
wNANer
8y'GEl
6€'9E
18'9E}
04'8€}
LEGY

9T L8l —

C HMR (101 MHz CDCI,)

W TN

-10

F@

100
1 (oom)

T
110

T
200

T
210

6e

10

e
9z'e]
1€
8ze
62€
19
€9
P9y
P9y
59
9z
v
74
2z i
€24
S
'
vz i
9z N
824
62
6221
0e'2]
0e'Z
1€41
gL
el
el
peL
peL
peL
z08
€08
€08
v0'8
508
508

'H HMR (400 MHz, CDCI,)

FzoL

=00¢C




4 TN
i Rl
£8°0E,
g0'ze—
10'9e—
9,887

G2'85—

v8'9Ly

|

|

I

9V iL
mv&n.\

8642l
19821
04821
G9'6Z)
v2'62)
L1262
£G0€)
62°0€)
9L'EL
8G'9€l
L L'6E}
S0'GYl

€EG9L—

C HMR (101 MHz CDCI,)

-10

@

8

100
£1 (oom)

T
110

T
210

p0'L
80')
W
48
ze'l
mm;w

00€
00€
[40)
€0€E
S0'€E
ECE
GCE

Vorl

99y

o6f

hzez
v8e')

#8001
= vibh

r9'C

— 49T
oLl

Feol
- =860

== F60

€60
- H/mm 0

'H NVR (400 MHz, CDCIy)

94T

Fooz

£1 (opm)




012
281z

9622/
1808~
1616
01'9E~
9g'88”

9.'85—

vL'9L
ofkv
8544

818zl
€282
yS'8Z1
89'8Z1
FALIA)
9’6z
(2414
c8lel
9'9€L
G.'6El
00yl
86'vrlL

9’69l —

1*C NMR (101 MHz, CDCl,)

Fo

r&

FS

HB

120 110
£1 (oom)

T
130

T
140

T
210

6g

80’}
80’}
oLl
1N
AN
ax
LE')

Nm,t/ﬂ
el
5}
s 1
551
S 1

95’}
15}
15}
0Lk
Vil
zLl
viL
€2
ev'e
052
05
52
€0e
vo'E
50€
10€
80'c
€ze
€ze
sz
sze
19y
€9y
POy
59'p
99y
6697
102
02
90° 2
CINE
gl
0L
9z'/1
zeL
et
pes
peL
092
192
€08
€08
v0'8
508
508
908

'H NVR (400 MHZ, CDCIy)

=860

60
Mmmo
50'}
10T
160

Fooz




0£ 61
2812~
0622/
19'08~
6026
59'ce

vz 687

04'85—

vL'9L
mF.RW
8524

59zl
09'8Z}
1282}
6062}
L¥'6Z)
£G'6Z)
19621
vZ0E}
9G'9€E|
EVLEL
v6'6EL
E0GYl

€969 —

C HMR (101 MHz CDCL,)

Fo

-8

=

T
100

T
210

1 (ppm)

6h

201
80}
60}
04 Iy

[IN%
ANS
AN
e VF
S
gl
9¢’}
€51
95}
15}
15}
5]
09’}
!
!
vl
L)
&4
z0e
€0
v0'E
s0°€
90
L0€
80°€
e
A
vze
sze
09y
z9y
€9y
v9'y
59
197
804
0L~

1
ze
ze 4]
zel ﬁ

wmuﬁ

e/
pe'L
peL
52
S
184
€1
108
z08
z08
€08
v0'8

r0'8

Br

'H NVR (400 MHz, CDCI,)

=0

»E60
€L
mvm.—

a8l




€812~
182z’
89'0E~
66 1E~
88'GE~
0988’

PG 85—

vL'9L

|

I

9L LL
mm.\.h\

0EvZl
0482}
L9'6C)
(2414
SE0E)
8G°0€E}
0£'0€}
Z6'0E}
LLLEL
Cy9El
vSivl
9l'srl

6679l —

YC HMR (101 MHz CDCl,)

o

F&

F&

FS

]

Lo

%0 80

T
100

1 (ppm)

Z60
Z60
G60
G6°0
90’}
oLl
Ll
4%
gLl
€e’l
vel
GeE'l
9g’}
[
€Ll
vl -
S
9L’}
L4
L4
VT
€G'C
S0'E
vCE
SCTE
9zE
LTE
8Te

297
97
vo'y
59y
99y
89y
£0° 27
50°47
802
0L 21
[Iv3
Nmbﬁ
€T 2N
v 2
sz
9z
ge’s
GE /]
9€' /1
9g' 4
6L
or's
L
s
208
z0'8
€08
€08
v0'8
v0'8

'H HVR (400 MHZ CDCI,)

‘OO

Tsll

Fgro
hzg
¥Z0')

Farz

v

9l
wmo__

90
e

=00¢

-0




ve'\T
69'2C
08'zc
vS'9C
wm.om”
vo.mmv
oz'ze
G0'9E
01'9g
v0'8€
8z'8¢e

8585

v8'9L

OF LT

8y il

86°0Z1
04824
282
1621
89'6Z)
600
ZTOEL
£6°0EL-¢
LELEV]
21ZEV
GLZEV
6L eet]
£8VEl
GE'9EL
0v'8EL]
815kl
9879l —

¥ C MR (101 MHz, CDCI,)

Br

-10

T T T T T T
150 140 130 120 110 100
1 (ppm)

T
160

T
170

T
200

T
210

o p—

@
N =
-

(7%
[

hzze
F6t)

8y}
el

96'C
HMmo.—

HM Fzo'l
=0

N
vl
e
8y'z
00'€
L0€E
z0e
v0'E
s0°€
e
vze
vze
18€
09y
L9y
z9Y
€9
V29
zL9
€29
€291
S.'91
SL9
9L
812 _.

—

9z /1
121
8z'.
\e'2
el
€e’’
€e’
108
z0'8
z08
0’8
0’8
508

'H NMR (400 MHZ, CDCI,)

OMe

~E0¢

=== =00}

- =G6')
} /960

660
Hmmc.m

- =00¢C




812~
16227
8208~
€816~
£8'6e—
8z 6c”

1566~
99'85—

¥8'9L
9V iL
8y iL

60T~
9By~
8Tl
64921\
29'8ZI~
65621
mm.;%

13C NMR (101 MHz CDC1,)

-10

40

R

100
£1 (ooe)

T
110

T
210

6k

80}
60}
Ty’
Wl
v
piH
s
Gl
Sl
9€ I
mmf__
65 h
65 I
omfﬁ

09'V
[E=N
z9'1
€91

keiz
¥all
S6EL
w10

»CL'E

€9’}
2y
5L
9zl
100
8.1}
ev'e
vSZ
pLe
IR
9le
gle
0z
aze
6z
0
Lee
€9y
59'p
99'p
19
89y
69'%
9zt
;,L
284
S
e 4]
564
V2] _.
v

it
na
6v'L
6v L
z08
z08
€08
v0'g
v0'8
508

'H NMR (400 MHZ CDCI,)

Bpo)

- ¥E0')
|A.M 5zo'L

=10

90y
Moo._
mm.o

661




z8le~
6Lz’
§9°08~
60°2e—
86'GE—
€9'8e”

€5'86—

8v'LL

Z8'61L
5Tl
1rvel
szl
S5 bTL
65721
£2°621
62°52 1
FOXTAR
9g'gz)
ov'szL]
v6'221L]
12821
0,621
z62)
6662}
srlel
sLlEl
80'zEl
orzel
09'zEl
96'eEl
ze9el
zzopl
1TSYL

¥8'9L
m_‘.mnv

L

cL Y9l

13¢ NMR (101 MHz, CDCl5)

W0
‘ CF;3

T
110

190 180 170 160 150 140 130

200

T
210

1 (ppm)

6429 —

“F NMR (282 MHZ, CDCI,)

0 -120 130 140 -150 160 -170 180 -190 200 ~210

-110

-100
1 (oom)

T
-40 -

=30

-10

61



yri—

284
Nv.vv

8p'5—
989

989
98'9
98'9 (
3

FE;
2T i

zT
£z
mN_ﬁ
9z

o'
1e2
Nm.m_.
zel

zeL
£el
£E'L
GEL
oy
862
662
662
10'8
10'8

'H HMR (400 MHz, CDCl;)

TELE

=ric

*860

=10

00'L
’ 10C
8¢
060
ore

=00¢

€8l

8E'6r—

¥8'9L
9L iL
8y il

z00zk—
90’82}
18z
££'87)
6582
pE6ZL
EP'SEl
16'GEL
BEBEL
0£0Y}
8T 1
9E'HL
12017

*C NMR (101 MHZ, CDCIy)

Tsh

-10

r@

T
200

T
210

1 (ppm)



