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Low-valent dialkoxytitanium(II): a wuseful tool for the synthesis of
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Abstract: Herein, we describe an unprecedented access to all-carbon or heterocyclic seven-membered
ring frameworks from 1,8-ene-ynes promoted by inexpensive low-valent titanium(II) species, readily
available from Ti(OiPr), and Grignard reagent. A broad range of cycloheptane, azepane or oxepane
derivatives has been obtained (19 examples) with moderate to good yields and an excellent selectivity
(up to 95/5 d.r.).
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1/ General information

All reactions sensitive to moisture and/or air were carried out under argon atmosphere in dry, freshly
distilled solvents under anhydrous conditions using oven-dried glassware, unless otherwise noted. THF
and toluene were distilled over sodium/benzophenone system, DCM, DMSO and DMF were distilled
over calcium hydride. Reactions were monitored by TLC (silica gel 60 F254plates) and visualization
was accomplished with UV light (254 nm & 366 nm) and subsequent use of phosphomolybdic acid
solution in EtOH (5%), KMnQ, solution or vanillin/sulphuric acid solution in EtOH, followed by heating
at 100-110 °C. Flash chromatography was performed with silica gel 60 (particle size 0.040-0.063 um).
Yield refers to chromatographically and spectroscopically pure compounds, unless otherwise noted. 'H
NMR spectra were recorded at 300 and 400 MHz. Chemical shifts are expressed in ppm, relative to the
residual 'H solvent signal (CDCls: 8 = 7.26 ppm) as the internal reference. Coupling constants (J) are
reported in hertz (Hz). The following abbreviations are used to designate the multiplicities: s = singlet;
d = doublet; t = triplet; q = quartet; quint. = quintet, sext. = sextet, sept. = septet, m = multiplet; br =
broad. 'H NMR assignments were confirmed by 2D COSY spectra. The given multiplicities reflect
apparent signal patterns. Diastereomer ratio (dr) was estimated by "H NMR spectroscopic analysis (300
and 400 MHz), unless otherwise noted. '*C NMR spectra were recorded at 75 MHz and 100 MHz.
Chemical shifts are given in ppm relative to the residual '3C solvent signal (CDCls: 6 = 77.16 ppm). 13C
NMR assignments were confirmed by 2D HSQC and HMBC spectra. Coupling constants (/) are given
in Hz for all NMR spectroscopic data. IR spectra were recorded with a FT-IR spectrometer. High-
resolution mass spectra (HRMS) were measured on a mass spectrometer equipped with a TOF system
and an electrospray ionization (ESI) ion source. Deuterated solvents were used as supplied.
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2/ Reaction optimization

Base Time T (°C) Titanium equiv T (°C) Time with Ti'" RMX equiv T (°C) Solvant Concentration T (°C) Time Conversion
iPrMgCl 15 min 0 Ti(OiPr), 2 0 10 min iPrMgCl 4 -40 toluene 0,1M 5h30 -
iPrMgCl 15 min 0 Ti(OiPr), 2 0 10 min iPrMgCl 4 -40 toluene 0,1M 5h30 20%
iPrMgCl 15 min 0 Ti(OiPr), 2 0 10 min iPrMgCl 4 -40 toluene 0,1M 2h 43%
iPrMgCl 15 min 0 Ti(OiPr), 2 0 10 min iPrMgCl 4 -40 toluene 0,1M 30 min 59%
iPrMgCl 15 min 0 TiOPrCl 2 0 10 min iPrMgCl 4 -40 toluene 0,1M RT Ih 33%
iPrMgCl 15 min 0 Ti(OiPr), 2 0 10 min 4 -40 toluene 0,1M RT 1h -

nBuli 15 min 0 Ti(OiPr), 2 0 10 min 4 -40 toluene 0,1M RT 1h -
iPrMgCl 15 min 0 Ti(OiPr), 2 0 10 min iPrMgCl 4 -40 0,1M RT 1h 23%
iPrMgCl 15 min 0 Ti(OiPr), 2 0 10 min iPrMgCl 4 -40 0,1M RT 1h 29%
iPrMgCl 15 min 0 Ti(OiPr), 2 0 10 min iPrMgCl 4 -40 0,1M RT 1h =
iPtMgCl 15 min 0 Ti(OiPr), 0 10 min iPtMgCl - -40 toluene 0,IM RT 45 min ;
iPrMgCl 15 min 0 Ti(OiPr), 0 10 min iPrMgCl -40 toluene 0,1M RT 30 min 50%
15 min 0 Ti(OiPr), 2 0 10 min iPrMgCl 4 -40 toluene 0,1M RT 30 min 22%
Ti(OiPr), 2 0 10 min iPrMgCl 4 -40 toluene 0,1M RT 30 min -
15 min Ti(OiPr), 2 - 10 min iPrMgCl 4 - toluene oM [0 30min 20%
15 min Ti(OiPr), 2 10 min iPrMgCl 4 toluene 0,IM RT 30 min 44%
iPtMgCl 15 min 0 Ti(OiPr), 2 0 10 min iPtMgCl 4 -40 toluene - RT 30 min 42%
iPrMgCl 15 min 0 Ti(OiPr), 2 0 10 min iPrMgCl 4 -40 toluene RT 30 min 50%
iPrMgCl 15 min 0 0 10 min PrMeCl N2 40 toluene 0,1M RT 30 min -
iPrtMgCl 15 min 0 2 0 10 min iPrMgCl 4 -40 toluene 0,IM RT 30 min -
iPrMgCl [30min. 0 Ti(OiPr), 2 0 10 min iPrMgCl 4 -40 toluene 0,1M RT 30 min 44%
iPrMgCl 15 min 0 Ti(OiPr), 2 0 [ 20min | iPrMgCl 4 -40 toluene 0,1M RT 30 min 27%
iPrMgCl [3min| o0 Ti(OiPr), 2 0 10 min iPrMgCl 4 -40 toluene 0,1M RT 30 min 58%
iPrMgCl 15 min 0 Ti(OiPr), 2 0 iPrMgCl 4 toluene

iPrMgCl 0 Ti(OiPr), “ iPrMgCl toluene

iPrMgCl 6 min 0 Ti(OiPr), 2 0 4 min iPrMgCl 4 -40 toluene 0,1M 10 min 57%

iPrMgCl 6 min 0 Ti(OiPr), 2 0 s iervea 4 -40 toluene 0,1M RT 10 min 3306+
*6 min deprotonation and 4 min with Ti(IV) afforded a cleaner crude than 3 min deprotonation and 2 min with Ti(IV). The isolated yield is 60% with d.r. > 95:5. **;PrMgCl
was added immediately after Ti(OiPr),. Many degradation products were observed as well as a complete loss of diastereoselectivity



3/ Assumed mechanism

a/ Cyclization

Path A
OMgBr \' TO/Pr
i Ti
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b/ Trapping of the titanacyclopentene intermediate by acetone
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¢/ Assumed elimination pathway for the oxepane derivative

(¥)-38 Common intermediate 41 Diol (+)-42, 16%



4/ Preparation of the cyclization precursors

a. Tetrahydro-benzo[7]annulene type precursors
o
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1,15and 16

1,2-phenylenedimethanol 1a

OH
OH

1a

To a stirred solution of lithium aluminium hydride (9.5 g, 250 mmol, 2 equiv) in dry THF (100 mL, 2.5
M) was added dropwise, at 0 °C, a solution of phthalic anhydride (20.16 g, 136 mmol, 1 equiv) in dry
THF (100 mL, 1.36 M). The green-grey solution was then stirred for 40 min at 0°C and overnight at
room temperature. Reaction was quenched by a slow addition at 0 °C of water (10 mL), NaOH 15% (10
mL) and water (24 mL). The white precipitate was filtered through a Celite® pad and washed with ethyl
acetate (100 mL). Concentration under reduced pressure afforded 1a (15.17 g, 110 mmol, 81 %) as a
colourless oil which solidify after a few minutes as a colourless cristal. Clean 1a was used without
further purification

Spectroscopic data were in accordance with those reported in literature'.

H NMR (300 MHz, CDCL): 6 7.36 - 7.29 (m, 4H), 4.71 (s, 4H), 3.22 (s, 2H)
13C NMR (75 MHz, CDCl;): 6 139.6, 129.9, 128.8, 64.5

OH
Br

1b

(2-(bromomethyl)phenyl)methanol 1b

A solution of 1a (5 g, 36 mmol, 1 equiv) in toluene (70 mL, 0.5 M) was heated at 70°C. At this
temperature was slowly added a solution of HBr 48 % (4.6 mL, 41 mmol, 1.14 equiv) and the solution
was stirred for 4 hours at 70 °C. After total completion, monitored by TLC, the heterogeneous mixture
was cooled at 0°C, quenched by addition of a saturated NaHCOj; solution (10 mL) and extracted by
diethyl ether (3 x 40 mL). The combined organic layers were washed with water (60 mL), dried over

I' M. Dow, F. Marchetti, K. A. Abrahams, L. Vaz, G. S. Besra, S. Warriner, A. Nelson, Chem. Eur. J., 2017, 23, 7207 — 7211



MgSO, and concentrated under reduced pressure, affording clean desired 1b (5.823 g, 29 mmol, 80 %)
as a brown solid which was used without further purifiction.

Spectroscopic data were in accordance with those reported in literature?.

'TH NMR (300 MHz, CDCl;): 6 7.44 - 7.28 (m, 4H), 4.84 (d, J= 5.5 Hz, 2H), 4.64 (s, 2H), 1.92 (t,J =
5.5 Hz, 1H)

13C NMR (75 MHz, CDCl;): 6 139.3, 135.9, 130.8, 129.4, 129.1, 128.6, 62.9, 31.1
((2-(bromomethyl)benzyl)oxy)(tert-butyl)dimethylsilane 1¢

OTBS
Br

1c

To a solution of 1b (1.650 g, 8.21 mmol, 1 equiv) under argon atmosphere in dry dichloromethane (35
mL, 0.23M), was added at room temperature 2.6-lutidine (1.91 mL, 16.42 mmol, 2 equiv) and the
mixture was stirred for 10 min. Tert-butyldimethylsilyl trifluoromethanesulfonate (2.64 mL, 12.31
mmol, 1.5 equiv) was then added dropwise and the solution was stirred at room temperature for 3 hours.
After total completion, monitored by TLC, water (20 mL) was added and the aqueous layer was
extracted by ethyl acetate (2 x 40 mL). The combined organic layers were dried over MgSO, and
concentrated under reduced pressure. Purification of the crude by flash chromatography over silica gel
(cyclohexane/ethyl acetate 1/0 to 80/20) afforded quantitatively pure 1¢ (2.587 g, 8.21 mmol) as a light
brown oil.

Spectroscopic data were in accordance with those reported in literature?.

'H NMR (300 MHz, CDCly): 6 7.46 - 7.44 (m, 1H), 7.35 - 7.22 (m, 3H), 4.87 (s, 2H), 4.59 (s, 2H), 0.95
(s, 9H), 0.12 (s, 6H)

13C NMR (75 MHz, CDCl;): 6 140.0, 135.0, 130.5, 129.1, 127.9, 127.8, 62.7,31.2, 27.1, 26.2, -5.0

tert-butyldimethyl((2-(4-(trimethylsilyl)but-3-yn-1-yl)benzyl)oxy)silane 1d

OTBS

A
T™S

1d

To a solution of 1-(trimethylsilyl)propyne (1.82 mL, 8.21 mmol, 1.5 equiv) under argon atmosphere in
dry THF (10 mL, 0.8 M) was added dropwise at -78 °C a solution of #-butyllithium (13.14 mmol, 1.6
equiv). The bright yellow solution was stirred for 30 min at -78 °C and 30 min further at 0 °C before a
dropwise addition of a solution of 1¢ (2.587 g, 8.21 mmol, 1 equiv) in dry THF (10 mL, 0.8 M). The
black solution was stirred for 4 hours at room temperature. After total completion, monitored by TLC,
water (15 mL) was added and the aqueous layer was extracted by diethyl ether (3 x 20 mL). The
combined organic layers were washed with brine, dried over MgSQ,, and concentrated under reduced
pressure afforded crude 1d which was directly used without further purification.

General procedure to remove the tert-butyldimethylsilyl group (GP1):
To a solution of the corresponding tert-butyldimethylsilylether (6.27 mmol, 1 equiv) in THF (100 mL,
0.06 M), was added p-TsOH.H,0 (2.386 g, 12.54 mmol, 2 equiv) and the mixture was stirred for 1h30

2R. Cao, P. Miiller, S. J. Lippard, J. Am. Chem. Soc., 2010, 132, 49, 17366-17369

3R. P. Law, S. J. Atkinson, P. Bamborough, C. Chung, E. H. Demont, L. J. Gordon, M. Lindon, R. K. Prinjha, A. J. B. Watson, D. J. Hirst, J. Med. Chem., 2018
61,10,4317-4334



at room temperature. After total completion, monitored by TLC, a satured NaHCO; solution (50 mL)
was added before extraction by ethyl acetate (2 X 50 mL). The combined organic layers were washed
with brine (30 mL), dried over MgSO, and concentrated under reduced pressure. Purification of the
crude by flash chromatography over silica gel afforded pure alcohol.

(2-(4-(trimethylsilyl)but-3-yn-1-y)phenyl)methanol 1e

OH

X

1e ™S

Compound 1e was obtained from 1d following GP1 on 6.27 mmol scale (2.175 g). Purification by flash
chromatography over silica gel (cyclohexane/ethyl acetate 1/0 to 80/20) afforded pure 1e as a colourless
liquid (1.123 g, 4.83 mmol, 77 %).

Spectroscopic data were in accordance with literature*.

H NMR (300 MHz, CDCls): 6 7.38 - 7.35 (m, 1H), 7.27 - 7.21 (m, 3H), 4.74 (s, 2H), 2.93 (t, J= 7.2
Hz, 2H), 2.55 (t, J = 7.2 Hz, 2H), 0.13 (s, 9H)

13C NMR (75 MHz, CDCl;): 6 139.0, 138.6, 129.9, 128.8, 128.2, 126.9, 106.8, 85.6, 63.4, 31.3, 22.1,
0.2

General procedure for the Dess-Martin oxidation (GP2):

To a solution of corresponding alcohol (6.88 mmol, 1 equiv) in dichloromethane (43 mL, 0.16 M), was
added Dess-Martin reagent (3.210 g, 7.57 mmol, 1.1 equiv) and the mixture was stirred for 2h at room
temperature. After total completion, monitored by TLC, a satured NaHCO; solution (50 mL) was added
before extraction by dichloromethane (2 x 40 mL). The combined organic layers were washed with
water (40 mL), dried over MgSO, and concentrated under reduced pressure. Pentane and diethyl ether
(80/20) were added and the white insoluble solid was filtered. The resulting filtrate was concentrated
under reduced pressure, affording the desired clean aldehyde which was directly used without further
purification.

2-(4-(trimethylsilyl)but-3-yn-1-yl)benzaldehyde 1f

(0]

A
1f TMS

Clean compound 1f was obtained from the corresponding alcohol 1e following GP2 on 6.88 mmol scale
(1.600 g) as a yellow liquid.

Spectroscopic data were in accordance with literature?.

H NMR (300 MHz, CDCly): § 10.26 (s, 1H), 7.86 - 7.83 (m, 1H), 7.56 - 7.51 (m, 1H), 7.44 - 7.39 (m,
1H), 7.35 - 7.32 (m, 1H), 3.24 (t, J = 7.2 Hz, 2H), 2.56 (t, J = 7.2 Hz, 2H), 0.10 (s, 9H)

General procedure for the addition of Grignard reagent on aldehydes (GP3):
To a solution of the corresponding aldehyde (6.88 mmol, 1 equiv) under argon atmosphere in dry THF
(10 mL, 0.65 M), was added dropwise a solution of the corresponding Grignard reagent (8.26 mmol, 1.2

4 C. Mukai, T. hirose, S. Teramoto, S. Kitgaki, Tetrahedron, 2005, 61, 10983-10994
5 B. M. Trost, S. Mahapatra, M. Hansen, Angew. Chem. Int. Ed., 2015, 54, 6032 —6036



equiv) at 0 °C. The orange-brown mixture was stirred at room temperature for 2 hours. After total
completion, monitored by TLC, the reaction was quenched by slow addition of a saturated NH,Cl
solution (20 mL) and extracted by ethyl acetate (3 x 20 mL). The combined organic layers were washed
with brine, dried over MgSO, and concentrated under reduced pressure. Purification of the crude by
flash chromatography over silica gel afforded pure desired allylic alcohol.

1-(2-(4-(trimethylsilyl)but-3-yn-1-y)phenyl)prop-2-en-1-ol 1

OH

Compound 1 was obtained by addition of vinylmagnesium bromide on the aldehyde 1f following GP3
on 6.88 mmol scale (1.584 g). Purification by flash chromatography over silica gel (cyclohexane/ethyl
acetate 1/0 to 90/10) afforded pure 1 as an orange-yellow oil (1.634 g, 6.32 mmol, 92 % over 2 steps).

'TH NMR (400 MHz, CDCl;): 6 7.46 - 7.42 (m, 1H), 7.28 - 7.20 (m, 3H), 6.09 (ddd, /= 17.2, 10.4, 5.2
Hz, 1H), 5.50 (d, J=5.2 Hz, 1H), 5.36 (dd, /= 17.2, 1.2 Hz, 1H), 5.24 (dd, /= 10.4, 1.2 Hz, 1H), 2.95
(t, J=17.6 Hz, 2H), 2.53 (t,J = 7.6 Hz, 2H), 1.94 (s, 1H), 0.14 (s, 9H)

I3C NMR (100 MHz, CDCls): ¢ 140.4, 140.1, 138.2, 130.0, 128.0, 127.1, 126.9, 115.2, 106.7, 85.7,
71.5,31.4,222,0.2

HRMS (ESI): m/z calculated for [M+H]" 259.1513 g.mol!, found 259.1521 g.mol"!, calculated for
[M+Na]*281.1332 g.mol"!, found 281.1340 g.mol!

FTIR (film cm™): v 3345, 2958, 2173, 1641, 1488, 1450, 1407, 1335, 1248, 1114, 1038, 988, 925, 837,
755, 697

(E)-1-(2-(4-(trimethylsilyl)but-3-yn-1-yl)phenyl)but-2-en-1-ol and (Z£)-1-(2-(4-(trimethylsilyl)but-3-
yn-1-yl)phenyl)but-2-en-1-0l 16A and 16B

OH OH Me

X X
™S ™S

Compounds 16A and 16B were obtained by the addition of prop-1-en-1-ylmagnesium bromide on the
aldehyde 1f following GP3 on 1.27 mmol scale (293 mg). Purification by flash chromatography over
silica gel (cyclohexane/ethyl acetate 1/0 to 95/5) afforded a clean inseparable mixture of 16A and 16B
as a yellow oil (293 mg, 1.08 mmol, 85 % over 2 steps).

16A

H NMR (400 MHz, CDCly): 6 7.58 — 7.52 (m, 1H), 7.29 — 7.17 (m, 3H), 5.79 (d, J = 6.8 Hz, 1H), 5.70
~5.61 (m, 2H), 2.99 — 2.83 (m, 2H), 2.58 — 2.42 (m, 2H), 1.98 (s, 1H), 1.86 — 1.78 (m, 3H), 0.15 (s, 9H)
13C NMR (100 MHz, CDCl;): 6 141.6, 137.7, 132.8, 129.8, 127.6, 127.0, 126.9, 126.2, 106.9, 85.5,
66.4,31.6,21.9,13.6,0.2

HRMS (ESI): m/z calculated for [M+H]* 273.1669 g.mol"!, found 273.1678 g.mol!, calculated for
[M+Na]* 295.1489 g.mol"!, found 295.1496 g.mol!

FTIR (film cm™): v 3337, 3020, 2958, 2173, 1487, 1450, 1249, 1037, 971, 886, 838, 757, 698

16B

10



'H NMR (400 MHz, CDCl): 6 7.50 — 7.46 (m, 1H), 7.29 — 7.17 (m, 3H), 5.76 — 5.70 (m, 2H), 5.43 (d,
J=4.2 Hz, 1H), 2.99 — 2.83 (m, 2H), 2.58 — 2.42 (m, 2H), 2.01 (s, 1H), 1.74 — 1.71 (m, 3H), 0.15 (s,
9H)

I3C NMR (100 MHz, CDCl3): 6 141.1, 137.8, 133.4, 129.9, 127.7, 127.5, 127.0, 126.5, 106.8, 85.5,
71.4,31.5,22.0,17.9,0.21

HRMS (ESI): m/z calculated for [M+H]* 273.1669 g.mol"!, found 273.1678 g.mol!, calculated for
[M+Na]* 295.1489 g.mol-!, found 295.1496 g.mol'!

FTIR (film cm™): v 3337, 3020, 2958, 2173, 1487, 1450, 1249, 1037, 971, 886, 838, 757, 698

2-methyl-1-(2-(4-(trimethylsilyl)but-3-yn-1-yl)phenyl)prop-2-en-1-ol 15

OH
Me

A
15 TMS

Compound 15 was obtained by the addition of prop-1-en-2-ylmagnesium bromide on the aldehyde 1f
following GP3 on 1.74 mmol scale (400 mg). Purification by flash chromatography over silica gel
(cyclohexane/ethyl acetate 1/0 to 90/10) afforded pure 15 as a yellow oil (371 mg, 1.36 mmol, 78 %
over 2 steps).

'"H NMR (400 MHz, CDCls): 6 7.45 —7.36 (m, 1H), 7.29 — 7.18 (m, 3H), 5.36 (s, 1H), 5.20 (dq, /= 1.6,
0.8 Hz, 1H), 5.04 - 5.03 (m, 1H), 3.05 — 2.86 (m, 2H), 2.53 (t, /= 7.5 Hz, 2H), 2.08 (s, 1H), 1.64 (dt, J
=1.6,0.7 Hz, 3H), 0.15 (s, 9H)

3C NMR (100 MHz, CDCl;): ¢ 146.4, 139.5, 138.7, 130.0, 127.9, 127.0, 126.9, 111.6, 106.8, 85.5,
73.8,31.4,22.1,19.5,0.2

HRMS (ESI): m/z calculated for [M+Na]* 295.1489 g.mol"!, found 295.1495 g.mol"!

FTIR (film cm™): v 3353, 2958, 2174, 1488, 1450, 1275, 1249, 1040, 993, 902, 838, 757, 699

Ar-l

PdCl2 PPh3)2
KoCO3 7.Ar= —
MeOH PPha =
95% E‘3N 9 Ar= — OMe

7and 9

General procedure for the methanolysis of silylated alkynes (GP4):

To a solution of the corresponding silylated alkyne (2.31 mmol, 1 equiv) in methanol (15 mL, 0.15 M)
was added potassium carbonate (5.76 mmol, 2.5 equiv) and the heterogeneous mixture was vigorously
stirred overnight at room temperature. After total completion, monitored by TLC, the mixture was
concentrated under reduced pressure, diluted into water (30 mL) and extracted by ethyl acetate (2 x 50
mL). The combined organic layers were washed with brine (50 mL), dried over MgSQO, and concentrated
under reduced pressure. Purification of the crude over silica gel afforded pure corresponding desired
terminal alkyne.

1-(2-(but-3-yn-1-yDphenyl)prop-2-en-1-ol 1g

11



OH

19

Compound 1g was obtained from 1 following GP4 on 2.31 mmol scale (600 mg). Purification by flash
chromatography over silica gel (cyclohexane/ethyl acetate 50/50) afforded pure 1g as a colourless oil
(411 mg, 2.19 mmol, 95 %).

'TH NMR (300 MHz, CDCl;): 0 7.48-7.44 (m, 1H), 7.29-7.21 (m, 3H), 6.09 (ddd, /= 17.1, 10.5, 5.4 Hz,
1H), 5.50 (d, /= 5.4 Hz, 1H), 5.36 (dd, J=17.1, 1.5 Hz, 1H), 5.24 (dd, /= 10.5, 1.5 Hz, 1H), 2.96 (t, J
=17.5 Hz, 2H), 2.50 (dt,J=17.5, 2.7 Hz, 2H), 2.00 (t, /= 2.7 Hz, 1H), 1.92 (s, 1H)

13C NMR (75 MHz, CDCl;): 6 140.4, 140.1, 138.1, 129.9, 128.1, 127.2, 127.0, 115.4, 84.0, 71.6, 69.3,
31.3,20.7

HRMS (ESI): calculated for [M+Na]* 209.0937 g.mol-!, found 209.0941 g.mol-!

FTIR (film cm™): v 3530, 3384, 3298, 3062, 2912, 2117, 1641, 1488, 1450, 1429, 1265, 1178, 1114,
1019, 988, 925, 756, 737, 702

General procedure for the Sonogashira coupling (GPS):

To a stirred solution of the corresponding iodophenyl derivative (1.2 mmol, 1.2 equiv) under argon
atmosphere in distilled triethylamine (3 mL, 0.33 M) was added dropwise a solution of the
corresponding alkyne (1 mmol, 1 equiv) in triethylamine (1 mL). PdCI,(PPhs), (15 mg, 0.02 mmol, 2
mol%), Cul (9 mg, 0.04 mmol, 4 mol%) and PPh; (11 mg, 0.04 mmol, 4 mol%) were successively added
and the heterogeneous yellow mixture was stirred with argon bubbling for 20 minutes. Further vigorous
stirring overnight at room temperature gave a thick paste which was concentrated under reduced
pressure. Purification of the crude over silica gel afforded pure desired coupling product.

1-(2-(4-phenylbut-3-yn-1-yl)phenyl)prop-2-en-1-0l 7

Compound 7 was obtained by coupling reaction between 1g and iodobenzene following GP5 on 1 mmol
scale (186 mg). Purification by flash chromatography over silica gel (cyclohexane/ethyl acetate 1/0 to
85/15) afforded pure 7 as a yellow liquid (226 mg, 0.86 mmol, 86 %).

'H NMR (400 MHz, CDCls): 6 7.48 — 7.46 (m, 1H), 7.40 — 7.36 (m, 2H), 7.31 — 7.25 (m, 6H), 6.11
(ddd, /= 17.1, 10.4, 5.3 Hz, 1H), 5.57 (d, J= 5.3 Hz, 1H), 5.37 (dt, J=17.1, 1.5 Hz, 1H), 5.24 (dt, J =
10.4, 1.5 Hz, 1H), 3.04 (t,J = 7.7 Hz, 2H), 2.73 (t,J = 7.7 Hz, 2H), 1.95 (s, 1H)

13C NMR (100 MHz, CDCl;): 6 140.4, 140.1, 138.3, 131.7, 130.0, 128.4, 128.1, 127.8, 127.1, 126.9,
123.8,115.3, 89.5, 81.6, 71.6, 31.6, 21.7

HRMS (ESI): calculated for [M+H]* 263.1430 g.mol!, found 263.1437 g.mol!, calculated for [M+Na]*
285.1250 g.mol!, found 285.1256 g.mol!

FTIR (film cm™): v 3351, 3060, 2906, 1640, 1597, 1571, 1489, 1441, 1338, 1265, 1018, 987, 924, 837,
752, 690

1-(2-(4-(4-methoxyphenyl)but-3-yn-1-yl)phenyl)prop-2-en-1-0l1 9

12



OMe

Compound 9 was obtained by coupling reaction between 1g and 1-iodo-4-methoxybenzene following
GP5 on 0.46 mmol scale (86 mg). Purification by flash chromatography over silica gel
(cyclohexane/ethyl acetate 1/0 to 60/40) afforded pure 9 as a yellow oil (101 mg, 0.34 mmol, 75 %).

'"H NMR (400 MHz, CDCl;): 6 7.50 — 7.44 (m, 1H), 7.34 — 7.30 (m, 2H), 7.27 — 7.26 (m, 3H), 6.84 —
6.79 (m, 2H), 6.10 (ddd, J = 17.2, 10.4, 5.2 Hz, 1H), 5.60 — 5.54 (m, 1H), 5.36 (dt, /= 17.2, 1.5 Hz,
1H), 5.23 (dt, J= 10.4, 1.5 Hz, 1H), 3.79 (s, 3H), 3.03 (t, J = 7.8 Hz, 2H), 2.70 (t, J = 7.8 Hz, 2H), 2.03
(s, 1H)

13C NMR (100 MHz, CDCl;): 6 159.3, 140.4, 140.1, 138.3, 133.0, 129.9, 128.0, 127.0, 126.9, 115.9,
115.2,114.0, 87.9, 81.4,71.6,55.4,31.6,21.7

HRMS (ESI): calculated for [M+H]* 293.1536 g.mol"!, found 293.1543 g.mol"!

FTIR (film cm™): v 3394, 2918, 2837, 1605, 1508, 1462, 1441, 1288, 1243, 1172, 1106, 1030, 988,
927, 831, 756

OTBS OTBS ”BULl OTBS OH
cho3 p-TsOH
—_—
quant \\ \\
R

3a R=TBS 3b
5a Me 5b
11a P(O)(OEt), 11b
Dess Martin reagent Qi\ /\MgBI' ©i\//\
R= TBS
11c 11 P(O)(OEt)z

((2-(but-3-yn-1-yDbenzyl)oxy)(tert-butyl)dimethylsilane 1i

OTBS

X

H

1i

Compound 1i was obtained from 1d following GP4 on 15.8 mmol scale (5.50 g). Purification by flash
chromatography over silica gel (cyclohexane/ethyl acetate 1/0 to 90/10) afforded pure 1i as a brown
liquid (4.35 g, 15.8 mmol, quant.).

'"H NMR (300 MHz, CDCl;): 6 7.46-7.41 (m, 1H), 7.27-7.21 (m, 3H), 4.78 (s, 2H), 2.90 (t, J= 7.6 Hz,
2H), 2.51 (dt, J = 7.6, 2.4 Hz, 2H), 2.01 (t, J = 2.4 Hz, 1H), 0.96 (s, 9H), 0.13 (s, 6H)

3C NMR (75 MHz, CDCl;): ¢ 138.9, 138.0, 129.2, 127.7, 127.5, 126.7, 84.2, 69.0, 63.5, 31.3, 26.1,
20.2,-5.0

HRMS (ESI): calculated for [M+Na]* 297.1645 g.mol"!, found 297.1246 g.mol!

FTIR (film cm™): v 3313, 2954, 2927, 2855, 1739, 1463, 1379, 1361, 1253, 1186, 1118, 1075, 1006,
835, 775,753

tert-butyl((2-(4-(tert-butyldimethylsilyl)but-3-yn-1-yl)benzyl)oxy)dimethylsilane 3a

13



OTBS

X
TBS

3a

To a solution of 1i (1.0 g, 3.64 mmol, 1 equiv) under argon atmosphere in dry THF (8 mL, 0.45 M) was
added dropwise at -78 °C a solution of n-butyllithium (4.0 mmol, 1.1 equiv). The dark solution was
stirred for 30 min at -78 °C before a dropwise addition of ferz-butyldimethylsilyl triflate (1.82 mL, 4.0
mmol, 1.1 equiv). The solution was stirred for 1 hour at -78°C. After total completion, monitored by
TLC, water (30 mL) was added and the aqueous layer was extracted by ethyl acetate (2 x 30 mL). The
combined organic layers were washed with brine, dried over MgSQ,, and concentrated under reduced
pressure affording crude 3a which was directly used without further purification.

tert-butyldimethvl((2-(pent-3-yn-1-yl)benzyl)oxy)silane 5a

OTBS

A

5a

To solution of 1i (1 g, 3.64 mmol, 1 equiv) under argon atmosphere in dry THF (36 mL, 0.1 M) was
added dropwise at -78 °C a solution of n-butyllithium (5.46 mmol, 1.5 equiv). The dark solution was
stirred for 30 min at -78 °C before dropwise addition of iodomethane (0.32 mL, 5.10 mmol, 1.4 equiv).
The black mixture was slowly warmed to room temperature and then stirred for 3 hours. After total
completion, monitored by TLC, the reaction was quenched by slow addition of a satured ammonium
chloride solution (20 mL) and the aqueous layer was extracted by ethyl acetate (3 x 20 mL). The
combined organic layers were washed with brine, dried over MgSQ,, and concentrated under reduced
pressure affording crude Sa which was directly used without further purification.

diethyl (4-(2-(((tert-butyldimethylsilyl)oxy)methyl)phenyl)but-1-yn-1-yl)phosphonate 11a

X

P(O)(OEt),
11a

To a solution of 1i (972 mg, 3.54 mmol, 1 equiv) under argon atmosphere in dry THF (10 mL, 0.35 M)
was added dropwise at -78 °C a solution of n-butyllithium (3.89 mmol, 1.1 equiv). The dark solution
was stirred for 1 hour at -78 °C before a dropwise addition of a solution of diethylchlorophosphate (0.56
mL, 3.89 mmol, 1.1 equiv) in 4 mL of dry THF. The solution was stirred for 1 hour at -78°C and 4 hour
at room temperature. After total completion, monitored by TLC, a satured NH,Cl solution (20 mL) was
added and the aqueous layer was extracted by ethyl acetate (3 x 20 mL). The combined organic layers
were washed with brine, dried over MgSQO,, and concentrated under reduced pressure affording crude
11a which was directly used without further purification.

(2-(4-(tert-butyldimethylsilyl)but-3-yn-1-yl)phenyl)methanol 3b

OH

X
TBS
3b
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Compound 3b was obtained from 3a following GP1 on 3.64 mmol scale (1.415 g). Purification by flash
chromatography over silica gel (cyclohexane/ethyl acetate 1/0 to 90/10) afforded pure 3b as a yellow
liquid (703 mg, 2.55 mmol, 70 % over 2 steps).

'"H NMR (300 MHz, CDCl;): ¢ 7.37-7.34 (m, 1H), 7.27-7.21 (m, 3H), 4.74 (s, 2H), 2.94 (t, /= 7.5 Hz,
2H), 2.56 (t, J = 7.5 Hz, 2H), 1.59 (bs, 1H), 0.88 (s, 9H), 0.06 (s, 6H)

3C NMR (75 MHz, CDCl;): 6 139.0, 138.5, 129.9, 128.8, 128.3, 126.8, 107.2, 83.8, 63.5, 31.3, 29.9,
26.2,22.0,-4.3

HRMS (ESI): calculated for [M+H]* 275.1826 g.mol"!, found 275.1823 g.mol"!

FTIR (film cm™): v 3309, 2953, 2927, 2855, 2172, 1471, 1462, 1361, 1275, 1249, 1039, 1007, 836,
824, 809, 773, 751, 680

(2-(pent-3-yn-1-y)phenyl)methanol 5b

OH

5b

Compound 5b was obtained from 5a following GP1 on 3.64 mmol scale (1.050 g). Purification by flash
chromatography over silica gel (cyclohexane/ethyl acetate 1/0 to 80/20) afforded pure Sb as a yellow
liquid (371 mg, 2.11 mmol, 58 % over 2 steps).

'"H NMR (300 MHz, CDCls): 6 7.38-7.35 (m, 1H), 7.31-7.20 (m, 3H), 4.71 (s, 2H), 2.89 (t, J= 7.5 Hz,
2H), 2.45 (tq, J = 7.5 Hz, 2.7 Hz), 1.96 (s, 1H), 1.76 (t, J = 2.7 Hz, 3H)

13C NMR (75 MHz, CDCls): 6 139.3, 138.7, 129.7, 128.8, 128.3, 126.8, 78.9, 76.7, 63.3, 31.8, 20.9, 3.6
HRMS (ESI): calculated for [M+H]* 175.1117 g.mol"!, found 175.1117 g.mol"!

FTIR (film cm™): v 3341, 3020, 2919, 1491, 1453, 1249, 1210, 1183, 1005, 836, 753

diethyl (4-(2-(hydroxymethyl)phenyl)but-1-yn-1-y)phosphonate 11b

OH

X
P(0)(OEY),
11b

Compound 11b was obtained from 11a following GP1 on 3.54 mmol scale (1.453 g). Purification by
flash chromatography over silica gel (cyclohexane/ethyl acetate 50/50 to 20/80) afforded pure 11b as a
yellow liquid (673 mg, 2.27 mmol, 64 % over 2 steps).

IH NMR (300 MHz, CDCL,): § 7.44-7.41 (m, 1H), 7.27-7.18 (m, 3H), 4.74 (s, 2H), 4.10-3.98 (m, 4H),
2.97 (t,J="7.2 Hz, 2H), 2.67 (dt, J = 7.2, 4.5 Hz, 2H), 2.23 (s, 1H), 1.30 (t, J = 7.2 Hz, 6H)

3P NMR (300 MHz, CDCly): 9 -6.21 (s)l

I3C NMR (75 MHz, CDCls): 6 139.2, 137.6, 129.5, 128.6, 128.1, 127.1, 102.6 (d, J=52.7 Hz), 71.5 (d,
J=301.6 Hz), 63.2, 63.1,29.8 (d,J=2.3 Hz), 21.4 (d, J=4.5 Hz), 16.2, 16.1

HRMS (ESI): calculated for [M+H]* 297.1250 g.mol"!, found 297.1247 g.mol"!

FTIR (film cm™): v 3394, 2984, 2930, 2203, 1455, 1393, 1245, 1163, 1015, 974, 889, 797, 756

2-(4-(tert-butyldimethylsilyl)but-3-yn-1-yl)benzaldehyde 3¢
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o
H
X
TBS
3c

Crude compound 3¢ was obtained from the corresponding alcohol 3b following GP2 on 1.80 mmol
scale (490 mg) and was directly used without purification.

(0]
H
X
Me
5¢c

Crude compound 5¢ was obtained from the corresponding alcohol 5b following GP2 on 1.91 mmol
scale (329 mg) and was directly used without purification.

2-(pent-3-yn-1-yl)benzaldehyde 5¢

diethyl (4-(2-formylphenyl)but-1-yn-1-yl)phosphonate 11¢

(0]
H
A
11c

Crude compound 11c¢ was obtained from the corresponding alcohol 11b following GP2 on 2.27 mmol
scale (673 mg) and was directly used without purification.

P(O)(OEt),

1-(2-(4-(tert-butyldimethylsilyl)but-3-yn-1-yD)phenyl)prop-2-en-1-ol 3

OH
=
X
8BS
3

Compound 3 was obtained by the addition of vinylmagnesium bromide on the aldehyde 3¢ following
GP3 on 1.80 mmol scale (490 mg). Purification by flash chromatography over silica gel
(cyclohexane/ethyl acetate 80/20) afforded pure 3 as a yellow oil (351 mg, 1.17 mmol, 65 % over 2
steps).

'H NMR (400 MHz, CDCl,): ¢ 7.45 - 7.42 (m, 1H), 7.27 - 7.23 (m, 3H), 6.07 (ddd, /=172, 10.4, 5.2
Hz, 1H), 5.44 (dt, J=5.2, 1.6 Hz, 1H), 5.35-5.30 (m, 1H), 5.24-5.21 (m, 1H), 2.94 (t, J = 7.6 Hz, 2H),
2.53 (t,J=17.6 Hz, 2H), 2.45 (s, 1H), 0.94 (s, 9H), 0.14 (s, 6H)

3C NMR (100 MHz, CDCl,): 0 140.2, 140.0, 138.1, 130.0, 127.8, 126.9, 126.8, 115.1, 107.2, 83.6,
71.4,31.5,26.2,21.9,16.6, -4.4

HRMS (ESI): calculated for [M+H]* 301.1982 g.mol"!, found 301.1985 g.mol"!, calculated for [M+Na]*
323.1802 g.mol!, found 323.1803 g.mol!

FTIR (film cm™): v 3342, 2953, 2928, 2856, 2172, 1489, 1471, 1462, 1408, 1361, 1249, 1115, 1037,
1007, 989, 926, 884, 836, 824, 809, 773, 754, 679
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1-(2-(pent-3-yn-1-yl)phenyl)prop-2-en-1-0l 5

Compound 5 was obtained by the addition of vinylmagnesium bromide on the aldehyde Sc following
GP3 on 191 mmol scale (329 mg). Purification by flash chromatography over silica gel
(cyclohexane/ethyl acetate 80/20) afforded pure 5 as a colourless oil (206 mg, 1.03 mmol, 54 % over 2
steps).

'H NMR (400 MHz, CDCl3): 6 7.46 — 7.42 (m, 1H), 7.28 — 7.19 (m, 3H), 6.09 (ddd, J=17.1,10.4, 5.3
Hz, 1H), 5.52 (d, /= 5.3 Hz, 1H), 5.36 (dt, J=17.2, 1.5 Hz, 1H), 5.23 (dt, /= 10.4, 1.5 Hz, 1H), 2.91
(t,J=17.6 Hz, 2H), 2.47 — 2.41 (m, 2H), 1.99 (s, 1H), 1.77 (t, J = 2.5 Hz, 3H)

13C NMR (100 MHz, CDCl5): 6 140.4, 140.1, 138.6, 129.8, 128.0, 127.0, 126.9, 115.2, 78.7,76.7, 71.5,
31.9,21.1,3.6

HRMS (ESI): calculated for [M+H]" 201.1274 g.mol"!, found 201.1279 g.mol"!, calculated for [M+Na]*
223.1093 g.mol!, found 223.1097 g.mol!

FTIR (film cm™): v 3354, 2918, 2852, 1640, 1603, 1488, 1450, 1338, 1247, 1178, 1112, 1019, 987,
924, 829, 753, 674

diethyl (4-(2-(1-hydroxyallyl)phenyl)but-1-yn-1-yl)phosphonate 11

X
P(O)(OEY),

1

Compound 11 was obtained by the addition of vinylmagnesium bromide on the aldehyde 11¢ following
GP3 on 2.27 mmol scale (673 mg). Purification by flash chromatography over silica gel
(cyclohexane/ethyl acetate 50/50 to 20/80) afforded pure 11 as a viscous brown oil (460 mg, 1.43 mmol,
63 % over 2 steps).

'"H NMR (400 MHz, CDCls): 6 7.45-7.42 (m, 1H), 7.19-7.08 (m, 3H), 5.98 (ddd, J=17.2, 10.4, 5.2 Hz,
1H), 5.40 (d, J= 5.2 Hz, 1H), 5.18-5.13 (m, 1H), 5.09-5.06 (m, 1H), 4.02-3.95 (m, 2H), 3.95-3.84 (m,
2H), 2.97-2.83 (m, 2H), 2.66-2.51 (m, 2H), 1.25 (t, /= 7.2 Hz, 3H), 1.19 (t, /=7.2 Hz)

3P NMR (400 MHz, CDCl3): 6 -5.93(s)

13C NMR (100 MHz, CDCl3): 0 141.4, 140.4, 136.4, 129.3, 127.4, 126.96, 126.94, 114.6, 102.7 (d, J =
210 Hz), 71.2 (d, J= 1199 Hz), 71.1, 63.0 (d, /=22 Hz), 29.6, 21.2 (d, J = 17 Hz), 15.9 (t, /= 29 Hz)
HRMS (ESI): calculated for [M+Na]* 345.1226 g.mol-!, found 345.1224 g.mol"!

FTIR (film cm™): v 3390, 2982, 2923, 2846, 2204, 1639, 1449, 1393, 1247, 1164, 1099, 1021, 979,
799, 760

HO, Me
MeMgBr Me Dess Martin reagent Me /\MgBr
41 °/ over 3 steps

T™S

1-(2-(4-(trimethylsilyl)but-3-yn-1-yl)phenyl)ethanol 13a
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Crude compound 13a was obtained by the addition of methylmagnesium bromide on the aldehyde 1f
following GP3 on 2.17 mmol scale (500 mg) and was directly used without purification.

1-(2-(4-(trimethylsilyl)but-3-yn-1-yl)phenyl)ethanone 13b

(o]

Me

X
13b

Crude compound 13b was obtained from 13a following GP2 and was directly used without purification.

2-(2-(4-(trimethylsilyl)but-3-yn-1-yl)phenyl)but-3-en-2-o0l 13

HO_ Me
=

A
™S
13

Compound 13 was obtained by the addition of vinylmagnesium bromide on the ketone 13b following
GP3 on 2.17 mmol scale (530 mg). Purification by flash chromatography over silica gel
(cyclohexane/ethyl acetate 1/0 to 98/2) afforded pure 13 as a colourless oil (244 mg, 0.89 mmol, 41 %
over 3 steps).

'TH NMR (400 MHz, CDCl3): 6 7.48 — 7.40 (m, 1H), 7.31 — 7.14 (m, 3H), 6.22 (ddd, J=17.4, 10.6, 1.0
Hz, 1H), 5.15 (dt,J=17.4, 1.0 Hz, 1H), 5.13 (dt, /= 10.6, 1.0 Hz, 1H), 3.21 — 2.97 (m, 2H), 2.58 — 2.49
(m, 2H), 1.72 (s, 3H), 0.13 (s, 9H)

I3C NMR (100 MHz, CDCls): 6 145.6, 143.5, 139.6, 131.7, 127.6, 126.3, 126.1, 112.7, 107.7, 85.4,
75.9,32.5,30.4,22.6,0.3

HRMS (ESI): calculated for [M+H]* 273.1669 g.mol"!, found 273.1672 g.mol"!, calculated for [M+Na]*
295.1489 g.mol-!, found 295.1488 g.mol"!

FTIR (film cm™): v 3453, 2959, 2172, 1673, 1487, 1445, 1407, 1368, 1335, 1248, 1216, 1098, 1044,
994, 922, 838, 757, 698

b. Protected alcohol

tert-butyldimethyl((1-(2-(4-(trimethylsilyl)but-3-yn-1-yl)phenyl)allyl)oxy)silane 19

OTBS
=

A
TMS

19

18



To a solution of 1 (250 mg, 0.97 mmol, 1 equiv) under argon atmosphere in dry dichloromethane (5 mL,
0.23M), was added at room temperature 2.6-lutidine (0.22 mL, 1.94 mmol, 2 equiv) and the mixture was
stirred for 10 min. 7ert-butyldimethylsilyl trifluoromethanesulfonate (0.31 mL, 1.45 mmol, 1.5 equiv)
was then added dropwise and the solution was stirred at room temperature for 2 hours. After total
completion, monitored by TLC, water (10 mL) was added and the aqueous layer was extracted by ethyl
acetate (2 x 20 mL). The combined organic layers were dried over MgSO, and concentrated under
reduced pressure. Purification of the crude by flash chromatography over silica gel (cyclohexane/ethyl
acetate 1/0 to 90/10) afforded pure 19 (315 mg, 0.84 mmol, 87 %) as a brown liquid.

'"H NMR (400 MHz, CDCly): 6 7.48 — 7.42 (m, 1H), 7.25 — 7.14 (m, 3H), 5.95 (ddd, /= 17.0, 10.3, 5.2
Hz, 1H), 5.36 (ddd, /=5.2, 1.6, 1.6 Hz, 1H), 5.23 (ddd, J=17.0, 1.6, 1.6 Hz, 1H), 5.07 (ddd, /= 10.3,
1.6, 1.6 Hz, 1H), 2.94 — 2.89 (m, 2H), 2.53 — 2.42 (m, 2H), 0.91 (s, 9H), 0.16 (s, 9H), 0.08 (s, 3H), -0.04
(s, 3H)

13C NMR (100 MHz, CDCls): 0 141.4, 141.2,137.1,129.5, 127.2, 126.7, 113.7, 106.9, 85.2, 77.4, 73.1,
31.5,26.0,21.6,18.4,0.3,-4.5, -4.6

HRMS (ESI): m/z, calculated for [M+H]" 373.2383 g.mol"!, found 373.2375 g.mol"!, calculated for
[M+Na]* 395.2202 g.mol-!, found 395.2196 g.mol'!

FTIR (film cm™'): v 2956, 2929, 2897, 2857, 2175, 1471, 1462, 1407, 1249, 1128, 1101, 1064, 1034,
988, 921, 833, 774, 753, 697, 676

(4-(2-(1-methoxyallyl)phenyl)but-1-yn-1-yDtrimethylsilane 21

OMe
=

X
o1 ™S

To a suspension of NaH (60 mg, 1.5 mmol, 1.5 equiv) under argon atmosphere in dry THF (3 mL,
0.5M), was added at 0 °C a solution of 1 (258 mg, 1 mmol, 1 equiv) in dry THF (1 mL). Stirring was
kept 30 minutes at 0 °C before dropwise addition of iodomethane (0.1 mL, 1.5 mmol, 1.5 equiv) and the
mixture was stirred overnight at room temperature. After total completion, monitored by TLC, a satured
NH,CI solution (25 mL) was added and the aqueous layer was extracted by ethyl acetate (2 < 25 mL).
The combined organic layers were washed with brine (25 mL), dried over MgSO, and concentrated
under reduced pressure. Purification of the crude by flash chromatography over silica gel
(cyclohexane/ethyl acetate 1/0 to 80/20) afforded pure 21 (227 mg, 0.83 mmol, 83 %) as a yellow liquid.

'"H NMR (400 MHz, CDCl;): 6 7.42 — 7.37 (m, 1H), 7.28 — 7.20 (m, 3H), 5.97 (ddd, J=16.9, 10.6, 6.3
Hz, 1H), 5.25 (dt, J= 7.8, 1.4 Hz, 1H), 5.21 (d, J = 1.3 Hz, 1H), 4.88 (dt, /= 6.2, 1.3 Hz, 1H), 3.32 (s,
3H), 2.94 — 2.87 (m, 2H), 2.52 — 2.45 (m, 2H), 0.15 (s, 9H)

13C NMR (100 MHz, CDCl;): 0 138.5, 138.4, 129.9, 127.8, 127.2, 127.0, 116.7, 106.7, 85.3, 81.2, 77.4,
56.6,31.7,21.8,0.2

HRMS (ESI): m/z calculated for [M+H]* 273.1669 g.mol-!, found 273.1672 g.mol-!

FTIR (film cm™): v 3073, 3020, 2958, 2931, 2898, 2820, 2174, 1488, 1450, 1337, 1249, 1082, 1041,
991, 926, 885, 839, 756, 699

c. Spiro-ketal type precursors
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nBuLi diethyl malonate
TMSCI PB NaH
///\OH _Tmsar o T P M . Eo OEt
quant. ™S quant. ™S 48%
24a 24b =

homo-allylbromide 2,2-DMP
NaH LiAIH, PPTS o |
EtO OEt __ ~ o oOH = o Me
82% over 3 steps \’\
(¢}
24d | 24e | Me l
TMS
24f
PPh3 MgBr
- > Me — > Me
92% over 2 steps

General procedure for the silylation of a terminal alkyne with an alcohol (GP6):

To a stirred solution of the corresponding terminal alkyne (35.7 mmol, 1 equiv) in dry THF (75 mL, 0.5
M) under argon atmosphere was added dropwise a nbutyllithium solution (75 mmol, 2 equiv) at -78°C.
Stirring was kept at this temperature for 30 minutes before the dropwise addition of freshly distilled
trimethylsilyl chloride (9.1 mL, 71.4 mmol, 2.1 equiv). Stirring was kept further 30 minutes at -78°C
before slow addition of a concentrated HCl solution (25 mL). The aqueous layer was extracted by ethyl
acetate (2 x 30 mL). The combined organic layers were washed with a satured NaHCO; solution (50
mL), dried over MgSO,, and concentrated under reduced pressure.

3-(trimethylsilyl)prop-2-yn-1-ol 24a

/\OH

T™MS
24a

Compound 24a was obtained from commercially available propargylic alcohol following GP6 on 35.7
mmol scale (2.07 mL). Pure 24a was quantitatively obtained after concentration under reduced pressure
(4.578 g, 35.7 mmol) as a clear yellow liquid.

Spectroscopic data were in accordance with those reported in literature®.

H NMR (300 MHz, CDCLy): § 4.27 (s, 2H), 0.18 (s, 9H)
13C NMR (75 MHz, CDCly): 6 103.9, 90.8, 51.8, -0.1

(3-bromoprop-1-yn-1-yDtrimethylsilane 24b

/\Br

T™S
24b

To a stirred solution of 24a (4.578 g, 35.7 mmol, 1 equiv) in dry Et,0 (35 mL, 1 M) under argon
atmosphere was added dropwise at room temperature phosphorus tribromide (12.5 mL, 12.5 mmol, 1 M
in CH,Cl,, 0.35 equiv). After stirring overnight at room temperature, a satured NaHCO; solution (80

¢ M. Bourkhis, H. Gaspard, P. Rulli¢re, D.K.C de Almeida, D. Listunov, E. Joly, R. Abderrahim, M.C. de Mattos, M.C.F. de Oliveira, V. Maraval, R. Chauvin,
Y. Génisson, ChemMedChem, 2018, 13, 1124-1130
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mL) was slowly added. The aqueous layer was extracted by Et,O (2 x 45 mL). The combined organic
layers were dried over MgSQ,, and cautiously concentrated under reduced pressure (700 mbar at 30°C)
affording quantitatively pure 24b (6.824 g, 35.7 mmol) as a yellow liquid and was used without further
purification.

Spectroscopic data were in accordance with those reported in literature’.

H NMR (300 MHz, CDCLy): § 3.91 (s, 2H), 0.18 (s, 9H)

diethyl 2-(3-(trimethylsilyl)prop-2-yn-1-yl)malonate 24¢

(e} (e}

EtO OEt

/
™S = 24c

Commercially available diethylmalonate (16.3 mL, 107.1 mmol, 3 equiv) was added dropwise at 0°C to
a solution of sodium hydride (1.43 g, 35.7 mmol, 60% in mineral oil, 1 equiv) in dry THF (85 mL, 0.4
M) under argon atmosphere. After stirring 30 minutes at room temperature, 24b (6.824 g, 35.7 mmol, 1
equiv) was added dropwise at 0°C. The dark-brown solution was then vigorously stirred overnight at
room temperature. After total completion, monitored by TLC, the reaction was quenched by slow
addition of water (50 mL). The aqueous layer was extracted by ethyl acetate (3 x 50 mL). The combined
organic layers were dried over MgSO, and concentrated. Distillation under reduced pressure (15 mbar,
65°C) of the crude mixture afforded pure 24c¢ (4.647 g, 17.14 mmol, 48 %) as a colourless liquid.

Spectroscopic data were I accordance with those reported in literature®.

'H NMR (300 MHz, CDCl;): 6 4.22 (q, J = 7.2 Hz, 4H), 3.55 (t, /= 7.8 Hz, 1H), 2.80 (d, J = 7.8 Hz,
2H), 1.28 (t,J=7.2 Hz, 6H), 0.12 (s, 9H)

13C NMR (75 MHz, CDCl;): 0 168.1, 102.4, 76.6, 61.8, 51.5, 20.0, 14.2, 0.1

diethyl 2-(but-3-en-1-yl)-2-(3-(trimethylsilyl)prop-2-yn-1-yl)malonate 24d

(0] (0]
EtO OEt
-

T™MS
24d

24c¢ (4.624 g, 17.1 mmol, 1 equiv) was added dropwise at 0°C to a solution of sodium hydride (750 mg,
18.8 mmol, 60% in mineral oil, 1.1 equiv) in dry DMF (15 mL, 1.25 M) under argon atmosphere. After
stirring 30 minutes, allyl bromide (1.91 mL, 18.8 mmol, 1.1 equiv) was added dropwise. The dark
solution was then vigorously stirred overnight at room temperature. After total completion, monitored
by TLC, the reaction was quenched by slow addition of a satured NH,Cl solution (50 mL). The aqueous
layer was extracted by diethyl ether (2 x 45 mL). The combined organic layers were washed by brine
(50 mL), dried over MgSO, and concentrated under reduced pressure affording crude 24d which was
directly used without further purification.

2-(but-3-en-1-yl)-2-(3-(trimethylsilyl)prop-2-yn-1-yl)propane-1,3-diol 24e

7F. Kolundzi¢, A. Murali, P. Pérez-Galan, J.O. Bauer, C. Strohmann, K. Kumar, H. Waldmann, Angew. Chem. Int. Ed., 2014, 53, 8122-8126
8 B.M. Trost, M.T. Rudd, M.G. Costa, P.I. Lee, A.E. Poerantz, Org. Lett., 2004, 6, 23, 4235-4238
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HO OH

™S
24e

To a stirred solution of LiAlH, (1.3 g, 34.2 mmol, 2 equiv) in dry THF (35 mL, 1 M) under argon
atmosphere was dropwise added a solution of 24d (5.548 g, 17.1 mmol, 1 equiv) in dry THF (15 mL,
1.25 M) via cannula at 0°C. The green-grey solution was then stirred 4 h at room temperature. After
total completion, monitored by TLC, water (4 mL) was added dropwise at 0°C, followed by NaOH 15%
(4 mL) and water (12 mL). The white precipitate was filtered through a Celite® pad and washed with
ethyl acetate (60 mL). The organic layer was washed by water (40 mL), brine (40 mL), dried over
MgSO, and concentrated under pressure affording crude 24e which was directly used without further
purification.

(3-(5-(but-3-en-1-y1)-2.2-dimethyl-1.3-dioxan-5-yl)prop-1-yn-1-yDtrimethylsilane 24f

T™MS
24f

To a solution of 24d (4.111 g, 17.1 mmol, 1 equiv) in 85 mL of dichloromethane, were successively
added 2,2-dimethoxypropane (10.4 mL, 85 mmol, 5 equiv) and pyridinium p-toluenesulfonate (430 mg,
1.71 mmol, 0.2 equiv). The solution was then stirred overnight at room temperature. After total
completion, monitored by TLC, a satured NaHCO; solution (60 mL) was added and the aqueous layer
was extracted by dichloromethane (3 x 50 mL). The combined organic layers were washed with brine
(50 mL), dried over MgSO, and concentrated under reduced pressure. Purification of the crude by flash
chromatography over silica gel (cyclohexane/ethyl acetate 1/0 to 90/10) afforded pure 24f (3.933 g, 14.0
mmol, 83 % over 3 steps) as a colourless liquid.

'"H NMR (300 MHz, CDCl;): 6 5.80 (ddt, J=17.1, 10.2, 6.6 Hz, 1H), 5.04 (ddt,J=17.1, 1.8, 1.5, 1H),
4.99-4.93 (m, 1H), 3.71-3.61 (m, 4H), 2.45 (s, 2H), 2.06-1.98 (m, 2H), 1.48-1.40 (m, 8H), 0.14 (s, 9H)
13C NMR (75 MHz, CDCl;): 6 138.7,114.9, 114.8, 103.6, 98.2,87.4, 67.2,32.2,27.2, 26.3,23.7, 21.5,
0.2

HRMS (ESI): calculated for [M+H]* 281.1931 g.mol"!, found 281.1930 g.mol"!

FTIR (film cm™): v 2992, 2957, 2860, 2174, 1642, 1453, 1370, 1249, 1196, 1155, 1120, 1072, 1038,
838, 759, 732, 698

General procedure for the ozonolysis reactions (GP7):

A stirred solution of the corresponding alkene (6.96 mmol, 1 equiv) in dichloromethane (14 mL, 0.5M)
was bubbled with ozone at -78°C. After total completion, monitored by TLC, triphenylphosphine (2.74
g, 10.4 mmol, 1.5 equiv) was slowly added at -78°C. The orange mixture was allowed to warm to room
temperature and stirred for 2 hours. Concentration under reduced pressure afforded the crude desired
aldehyde with triphenylphosphine and triphenylphosphine oxide which was directly further used without
purification.

3-(2,2-dimethyl-5-(3-(trimethylsilyDprop-2-yn-1-yl)-1.3-dioxan-5-yl)propanal 24g
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Crude aldehyde 24g was obtained from 24f following GP7 on 6.96 mmol scale (1.952 g).

5-(2.2-dimethyl-5-(3-(trimethylsilyl)prop-2-yn-1-yI)-1,3-dioxan-5-yl)pent-1-en-3-ol 24

N
(@) OH
Me
o
Me | |
T™S
24

Compound 24 was obtained by addition of vinylmagnesium bromide on the aldehyde 24g following
GP3 on 6.96 mmol scale (1.95 g). Purification by flash chromatography over silica gel
(cyclohexane/ethyl acetate 1/0 to 70/30) afforded pure 24 a colourless liquid (1.982 g, 6.38 mmol, 92 %
over 2 steps).

'TH NMR (400 MHz, CDCl;): 6 5.84 (ddd, J=16.8, 10.4, 6.0 Hz, 1H), 5.23 (dd, J=16.8, 1.2 Hz, 1H),
5.12 (dd, J=10.4, 1.2 Hz, 1H), 4.05 (br s, 1H), 3.67-3.58 (m, 4H), 2.45 (d, /= 16.8 Hz, 1H), 2.38 (d, J
=16.8 Hz, 1H), 1.76 (br s, 1H), 1.52-1.45 (m, 3H), 1.43-1.33 (m, 7H), 0.12 (s, 9H)

13C NMR (100 MHz, CDCl;): 6 140.9, 115.3, 103.6, 98.3, 87.4, 73.6, 67.3, 67.2, 35.1, 28.3, 26.2,
23.6,21.5,0.2

HRMS (ESI): calculated for [M+H]* 311.2037 g.mol"!, found 311.2044 g.mol"!

FTIR (film cm): v 3447, 2992, 2921, 2861, 2173, 1644, 1453, 1426, 1371, 1249, 1195, 1155, 1121,
1078, 1038, 990, 922, 839, 759, 731, 698

Ar-|

AN Xy PdCly(PPhy), X
K,COs Cul 26, Ar= =3
o] OH MeOH o] OH PPh, o) OH
Me\’\ B Me\’\ _— > Me\’\
o quant. fe) Et;N (0]
Me | | Me | | Me | | 28, Ar = —3@—01\/@
™S H
24 24h

Ar
26 and 28

5-(2.,2-dimethyl-5-(prop-2-yn-1-y1)-1.3-dioxan-5-yl)pent-1-en-3-0l 24h

X
O OH

Me\’\
O

Me ||

H
24h

Compound 24h was obtained from 24 following GP4 on 1.61 mmol scale (500 mg). Purification by
flash chromatography over silica gel (cyclohexane/ethyl acetate 70/30) afforded quantitatively pure 24h
as a colourless oil (383 mg, 1.61 mmol).
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'H NMR (400 MHz, CDCl,): § 5.86 (ddd, J = 17.1, 10.5, 6.3 Hz, 1H), 5.24 (dd, J= 17.1, 1.2 Hz, 1H),
5.14 (dd, J=10.5, 1.2 Hz, 1H), 4.07 (br s, 1H), 3.65 (s, 4H), 2.51-2.38 (m, 2H), 2.00 (t, J=2.7 Hz, 1H),
1.53-1.40 (m, 10H)

13C NMR (100 MHz, CDCLy): 6 140.8, 115.4, 98.3, 80.9, 73.6, 71.0, 67.3, 67.2, 35.0, 29.9, 28.3, 26.8,
22.2,21.0

5-(2,2-dimethyl-5-(3-phenylprop-2-yn-1-y1)-1.3-dioxan-5-yl)pent-1-en-3-ol 26

O OH

26

Compound 26 was obtained by coupling reaction between 24h and iodobenzene following GPS on 0.5
mmol scale (120 mg). Purification by flash chromatography over silica gel (cyclohexane/ethyl acetate
1/0 to 70/30) afforded pure 26 as a yellow oil (137 mg, 0.44 mmol, 88 % over 2 steps).

H NMR (400 MHz, CDCLy): § 7.37-7.34 (m, 2H), 7.26-7.23 (m, 3H), 5.84 (ddd, J = 16.8, 10.4, 6.4 Hz,
1H), 5.21 (dd, J= 16.8, 1.2 Hz, 1H), 5.09 (dd, J = 10.4, 1.2 Hz, 1H), 4.06 (br s, 1H), 3.72-3.62 (m, 4H),
2.65(d, J=17.2 Hz, 1H), 2.59 (d, J = 17.2 Hz, 1H), 1.74 (br s, 1H), 1.56-1.48 (m, 3H), 1.47-1.37 (m,
7H)

13C NMR (100 MHz, CDCl;): 6 140.9, 131.7, 128.3, 127.8, 123.8, 115.4, 98.3, 86.5, 83.1, 73.6, 67.4,
67.3, 35.5, 30.0, 28.5, 26.6, 23.2, 21.2

HRMS (ESI): calculated for [M+H]* 315.1955 g.mol"!, found 315.1955 g.mol!, calculated for [M+Na]*
337.1774 g.mol!, found 337.1773 g.mol!

FTIR (film cm™): v 3434, 2991, 2938, 2862, 1598, 1490, 1452, 1442, 1371, 1253, 1195, 1121, 1076,
1043, 990, 921, 828, 755, 731, 690

5-(5-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-2.2-dimethyl-1,3-dioxan-5-yl)pent-1-en-3-o0l 28

O OH

OMe
28

Compound 28 was obtained by coupling reaction between 24h and 1-iodo-4-methoxybenzene following
GP5 on 0.5 mmol scale (120 mg). Purification by flash chromatography over silica gel
(cyclohexane/ethyl acetate 1/0 to 60/40) afforded pure 28 as a yellow oil (144 mg, 0.42 mmol, 84 %
over 2 steps).

H NMR (400 MHz, CDCLy): 6 7.33-7.29 (m, 2H), 6.81-6.79 (m, 2H), 5.86 (ddd, J = 16.8, 10.4, 6.4 Hz,
1H), 5.24 (dd, J= 16.8, 1.2 Hz, 1H), 5.12 (dd, J= 10.4, 1.2 Hz, 1H), 4.08 (br s, 1H), 3.79 (s, 3H), 3.74-
3.65 (m, 4H), 2.64 (d, J= 8.8 Hz, 1H), 2.59 (d, J= 8.8 Hz, 1H), 1.76 (brs, 1H), 1.59-1.50 (m, 3H), 1.49-
1.39 (m, 7H)
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13C NMR (100 MHz, CDCls): 6 159.2, 140.9, 133.0, 116.0, 115.3, 113.9, 98.3, 84.8, 82.9, 73.6, 67.4,
67.3,554,35.5,30.1, 28.5, 26.5,23.2,21.3

HRMS (ESI): calculated for calculated for [M+H]" 345.1988 g.mol!, found 345.2059 g.mol"!,
calculated for [M+Na]* 367.1880 g.mol!, found 367.1878 g.mol!

FTIR (film cm™'): v 3452, 2991, 2937, 2862, 1606, 1508, 1453, 1372, 1287, 1244, 1195, 1172, 1076,
1030, 991, 924, 828, 750, 687, 666

d. Azepane type precursors

TsClI homo-allylbromide nBuLi
Et;N NaH ///\ NTs TMSCI /\ NTs

— NH, ————————> NHTs —————— > — > Vs
//\ 2 //\ 72% quant.
30a ) 3m ) 30c

quant.

54% over 2 steps

O
PP?\S /\NTS > gel /\NTS
— > TMS /H — > TMS
=

7
(0] HO

30d 30

4-methyl-N-(prop-2-yn-1-yl)benzenesulfonamide 30a

///\NHTS

30a

To a stirred solution of commercially available propargylamine (3.84 mL, 60 mmol, 1.2 equiv) in dry
dichloromethane (50 mL, 1.2 M) under argon atmosphere was added triethylamine (9.5 mL, 70 mmol,
1.4 equiv), followed by tosyl chloride (9.53 g, 50 mmol, 1 equiv) portionwise at 0°C. After stirring
overnight at room temperature, water (50 mL) was added. The aqueous layer was extracted by
dichloromethane (2 x 50 mL). The combined organic layers were dried over MgSO, and concentrated
under reduced pressure affording quantitatively pure 30a (10.463 g, 50 mmol) as a white solid which
was used without further purification.

Spectroscopic data were in accordance with those reported in literature®.

'H NMR (300 MHz, CDCl,): 6 7.77 (d, J = 8.1 Hz, 2H), 7.31 (d, J = 8.1 Hz, 2H), 4.41 (s, 1H), 3.82 (d,
J=2.7Hz, 2H), 2.43 (s, 3H), 2.10 (t, J=2.7 Hz, 1H)

I3C NMR (75 MHz, CDCl;): 0 143.9, 136.5, 129.8, 127.5, 78.1, 73.1, 32.9, 21.7

N-(but-3-en-1-y1)-4-methyl-N-(prop-2-yn-1-yl)benzenesulfonamide 30b

= TNTs

S

30b

To a stirred solution of sodium hydride (1.05 g, 26.3 mmol, 60% in mineral oil, 1.1 equiv) in dry DMF
(26 mL, 1 M) under argon atmosphere was added dropwise a solution of 30a (5 g, 23.9 mmol, 1 equiv)
in dry DMF (5 mL) via cannula at 0°C. After stirring 30 minutes at 0°C, homo-allyl bromide (2.55 mL,
25.1 mmol, 1.05 equiv) was added dropwise. The orange-brown solution was then stirred overnight at

9 N. Cabrera-Lobera, M.T. Quirés, W.W. Brennessel, M.L. Neidig, E. Buiiuel, D.J. Cardenas, Org. Lett., 2019, 21, 16, 6552-6556
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room temperature. After total completion, monitored by TLC, a satured NH,Cl solution (50 mL) was
slowly added. The aqueous layer was extracted by diethylether (2 x 45 mL). The combined organic
layers were washed with brine, dried over MgSO, and concentrated under reduced pressure. Purification
by flash chromatography over silica gel (cyclohexane/ethyl acetate 1/0 to 75/25) afforded pure 30b
(4.530 g, 17.2 mmol, 72 %) as a colourless liquid.

Spectroscopic data were in accordance with those reported in literature!'°.

H NMR (300 MHz, CDCL): & 7.80 — 7.63 (m, 2H), 7.33 — 7.26 (m, 2H), 5.77 (ddt, J= 17.0, 10.2, 6.7
Hz, 1H), 5.19 — 4.95 (m, 2H), 4.14 (d, J = 2.5 Hz, 2H), 3.35 — 3.12 (m, 2H), 2.42 (s, 3H), 2.40 - 2.25
(m, 2H), 2.03 (t, J= 2.5 Hz, 1H)

13C NMR (75 MHz, CDCly): 5 143.6, 136.0, 134.6, 129.6, 127.8, 117.4, 76.7, 73.9, 45.8, 36.5, 32.3,
21.7

General procedure for the silylation of a terminal alkyne (GP8):

To a stirred solution of the corresponding terminal alkyne (17 mmol, 1 equiv) in dry THF (35 mL, 0.5
M) under argon atmosphere was added dropwise a nbutyllithium solution (18.7 mmol, 1.1 equiv) at -
78°C. Stirring was kept at this temperature for 30 minutes before the dropwise addition of freshly
distilled trimethylsilyl chloride (2.4 mL, 18.7 mmol, 1.1 equiv). Stirring was kept further 30 minutes at
-78°C before slow addition of a satured NH,ClI solution (30 mL). The aqueous layer was extracted by
ethyl acetate (2 x 20 mL). The combined organic layers were washed with a satured NaHCOj; solution
(30 mL), dried over MgSQO,, and concentrated under reduced pressure.

N-(but-3-en-1-yl)-4-methyl-N-(3-(trimethylsilyl)prop-2-yn-1-yl)benzenesulfonamide 30¢

/\NTS

T™S

=

30c

Crude compound 30c¢ was obtained from 30b following GP8 on 17 mmol scale (4.477 g) and was
directly used without purification.

4-methyl-N-(3-oxopropyl)-N-(3-(trimethylsilyl)prop-2-yn-1-yl)benzenesulfonamide 30d

Crude aldehyde 30d was obtained from 30c¢ following GP7 on 8.94 mmol scale (3 g).

N-(3-hydroxypent-4-en-1-y1)-4-methyl-N-(3-(trimethylsilyl)prop-2-yn-1-yl)benzenesulfonamide 30

/\ NTs

TMS

10°T. Heesgaard Jepsen, E. Glibstrup, F. Crestey, A. A. Jensen, J. Langgaard Kristensen, Beilstein J. Org. Chem., 2017, 13, 988-994
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Compound 30 was obtained by addition of vinylmagnesium bromide on the crude aldehyde 30d
following GP3 on 8.94 mmol scale (1.95 g). Purification by flash chromatography over silica gel
(cyclohexane/ethyl acetate 1/0 to 80/20) afforded pure 30 as a white solid (1.765 g, 4.83 mmol, 54 %
over 2 steps).

'TH NMR (400 MHz, CDCl3): 6 7.76 — 7.71 (m, 2H), 7.32 — 7.27 (m, 2H), 5.90 (ddd, /= 17.2, 10.5, 5.7
Hz, 1H), 5.29 (dt, J=17.3, 1.5 Hz, 1H), 5.13 (dt, /= 10.5, 1.4 Hz, 1H), 4.34 — 4.28 (m, 1H), 4.25 (d, J
= 18.7 Hz, 1H), 4.05 (d, J = 18.7 Hz, 1H), 3.46 (dddd, J = 13.9, 8.9, 6.1, 1.0 Hz, 1H), 3.21 (ddd, J =
14.0, 6.6, 4.5 Hz, 1H), 2.45 (d, /= 4.6 Hz, 1H), 2.41 (s, 3H), 1.84 (dddd, J= 14.1, 8.9, 6.6, 3.9 Hz, 1H),
1.72 = 1.61 (m, 1H), 0.00 (s, 9H)

13C NMR (100 MHz, CDCl;): 6 143.6, 140.3, 135.7, 129.7, 127.9, 114.9, 98.0, 91.2, 69.4, 43.0, 37.7,
34.7,21.7,-0.3

HRMS (ESI): calculated for [M+H]" 366.1554 g.mol"!, found 366.1550 g.mol"!, calculated for [M+Na]*
388.1373 g.mol-!, found 388.1380 g.mol"!, calculated for [M+K]" 404.1112 g.mol"!, found 404.1110
g.mol!

FTIR (film cm™): v 3532, 2958, 2924, 2177, 1598, 1495, 1426, 1345, 1249, 1158, 1119, 1090, 990,
918, 840, 813, 759, 735, 662

Mp 55°C
Ar-l
PdCI,(PPhj3), _
/\ NTs K2CO3 /\ NTs Cul // NTs 32, Ar
T™S ﬁ/ MeOH H PPh, Ar
_— _—
92%
= = EtsN = -
HO HO HO 34, Ar = OMe
30 30e 32 and 34

N-(3-hydroxypent-4-en-1-yD)-4-methyl-N-(prop-2-yn-1-yl)benzenesulfonamide 30e

Compound 30e was obtained from 30 following GP4 on 4.1 mmol scale (1.5 g). Purification by flash
chromatography over silica gel (cyclohexane/ethyl acetate 60/40) afforded pure 30e as a very viscous
orange oil (1.109 mg, 3.77 mmol, 92 %).

TH NMR (300 MHz, CDCly): 6 7.76 — 7.72 (m, 2H), 7.32 — 7.28 (m, 2H), 5.90 (ddd, /= 17.1, 10.5, 5.7
Hz, 1H), 5.32 - 5.25 (m, 1H), 5.15-5.12 (m, 1H), 4.34 — 4.28 (m, 1H), 4.24 (dd, /= 18.4, 2.6 Hz, 1H),
4.06 (dd, J=18.4, 2.6 Hz, 1H), 3.52 — 3.42 (m, 1H), 3.22 (ddd, J= 14.1, 6.8, 4.5 Hz, 1H), 2.42 (s, 3H),
2.35 (brs, 1H), 2.05 (t, /= 2.6 Hz, 1H), 1.90 — 1.79 (m, 1H), 1.67 (dddd, J=13.9, 9.1, 6.4, 4.5 Hz, 1H)
I3C NMR (75 MHz, CDCls): 0 143.8, 140.3, 135.7, 129.7, 127.8, 115.0, 76.8, 74.0, 69.5, 43.2, 36.8,
34.8,21.7

HRMS (ESI): calculated for [M+H]" 294.1158 g.mol"!, found 294.1162 g.mol"!, calculated for [M+Na]*
316.0978 g.mol-!, found 316.0981 g.mol’!, calculated for [M+K]" 332.0717 g.mol"!, found 332.0711
g.mol!

FTIR (film cm™): v 3525, 3286, 2926, 1734, 1598, 1495, 1429, 1329, 1306, 1289, 1245, 1185, 1155,
1120, 1090, 1018, 992, 924, 883, 814, 742, 704, 657

N-(3-hydroxypent-4-en-1-y1)-4-methyl-N-(3-phenylprop-2-yn-1-yl)benzenesulfonamide 32
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Compound 32 was obtained by coupling reaction between 30e and iodobenzene following GPS on 1.87
mmol scale (550 mg). Purification by flash chromatography over silica gel (cyclohexane/ethyl acetate
1/0 to 70/30) afforded pure 32 as a bright yellow and very viscous oil (465 mg, 1.25 mmol, 67 %).

'TH NMR (400 MHz, CDCl;): 6 7.81 — 7.76 (m, 2H), 7.29 — 7.21 (m, 5H), 7.11 — 7.04 (m, 2H), 5.92
(ddd, J=17.2, 10.5, 5.7 Hz, 1H), 5.30 (dt, /= 17.2, 1.5 Hz, 1H), 5.14 (dt, J = 10.5, 1.4 Hz, 1H), 4.47
(d, J=18.6 Hz, 1H), 4.39 — 4.32 (m, 1H), 4.26 (d, J = 18.6 Hz, 1H), 3.54 (dddd, J = 14.0, 8.9, 6.2, 1.0
Hz, 1H), 3.29 (ddd, J = 13.9, 6.6, 4.6 Hz, 1H), 2.45 (d, J = 4.5 Hz, 1H), 2.34 (s, 3H), 1.93 — 1.84 (m,
1H), 1.72 (dddd, J = 14.0, 9.1, 6.2, 4.6 Hz, 1H)

13C NMR (100 MHz, CDCl;): ¢ 143.7, 140.3, 135.8, 131.6, 129.7, 128.6, 128.3, 127.9, 122.2, 115.0,
85.9, 81.9, 69.5, 43.3,37.6, 34.8, 21.7

HRMS (ESI): calculated for [M+H]* 370.1471 g.mol"!, found 370.1465 g.mol"!, calculated for [M+Na]*
392.1291 g.mol!, found 392.1295 g.mol"!, calculated for [M+K]" 408.1030 g.mol"!, found 408.1026
g.mol!

FTIR (film cm): v 3525, 2924, 1598, 1490, 1442, 1343, 1329, 1305, 1287, 1155, 1118, 1089, 1069,
1028, 1018, 991, 881, 813, 756, 713, 690, 656

N-(3-hydroxypent-4-en-1-y1)-N-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-4-methylbenzenesulfonamide
34

Compound 34 was obtained by coupling reaction between 30e and 1-iodo-4-methoxybenzene following
GP5 on 1.87 mmol scale (550 mg). Purification by flash chromatography over silica gel
(cyclohexane/ethyl acetate 1/0 to 70/30) afforded pure 34 as a yellow oil (229 mg, 0.58 mmol, 31 %).

'"H NMR (400 MHz, CDCl;): 6 7.82 — 7.69 (m, 2H), 7.26 — 7.24 (m, 2H), 7.07 — 6.92 (m, 2H), 6.79 —
6.68 (m, 2H), 5.91 (ddd, J=17.3, 10.5, 5.7 Hz, 1H), 5.29 (dt, J=17.3, 1.5 Hz, 1H), 5.12 (dt, /= 10.5,
1.4 Hz, 1H), 4.44 (d, J=18.6 Hz, 1H), 4.38 —4.31 (m, 1H), 4.24 (d, J = 18.6 Hz, 1H), 3.78 (s, 3H), 3.57
—3.47 (m, 1H), 3.28 (ddd, J= 14.0, 6.6, 4.6 Hz, 1H), 2.55 (d, J= 4.5 Hz, 1H), 2.35 (s, 3H), 1.88 (dddd,
J=14.2,8.38,6.6,3.9 Hz, 1H), 1.71 (dddd, /= 13.9,9.1, 6.2, 4.7 Hz, 1H)

13C NMR (100 MHz, CDCl3): 6 159.7, 143.6, 140.3, 135.7, 133.0, 129.6, 127.8, 114.8, 114.2, 113.8,
85.7, 80.3,69.4,55.3,43.1,37.6,34.8,21.5

HRMS (ESI): calculated for [M+H]* 400.1577 g.mol"!, found 400.1568 g.mol"!, calculated for [M+Na]*
422.1396 g.mol!, found 422.1390 g.mol"!, calculated for [M+K]* 438.1136 g.mol"!, found 438.1124
g.mol!

FTIR (film cm™): v 3526, 2926, 2238, 1606, 1508, 1456, 1442, 1342, 1330, 1290, 1246, 1156, 1118,
1107, 1028, 991, 916, 882, 832, 813, 799, 771, 670

e. Oxepane type precursors
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quant. _ 36% _ quant. _
37a 37b 37c

TMS
_—

_ 46% over 2 steps

o /\0 /\o
PPh //HQ ZMgBr =

1-allylcyclopentanol 37a

To a vigorously stirred solution of commercially available cyclopentanone (2.66 mL, 30 mmol, 1 equiv)
in THF (120 mL, 0.25 M) were successively added at 0°C zinc dust (2.95 g, 45 mmol, 1.5 equiv),
ammonium acetate (3.70 g, 45 mmol, 1.5 equiv) and allyl bromide (3.9 mL, 45 mmol, 1.5 equiv). The
dark-grey heterogeneous mixture was stirred 1 hour at 0°C before slow addition of a satured NaHCO;
solution (100 mL) and stirred further 20 minutes. The white precipitate was filtered through a Celite®
pad and washed with ethyl acetate (30 mL). The aqueous layer was extracted by ethyl acetate (3 x 40
mL) The combined organic layers were washed with brine (40 mL), dried over MgSO, and concentrated
under pressure affording quantitatively pure 37a as a colourless liquid which was used without further
purification.

Spectroscopic data were in accordance with those reported in literature!.

'H NMR (300 MHz, CDCl;): ¢ 5.95 (ddt, J = 18.0, 9.3, 7.5 Hz, 1H), 5.23-5.21 (m, 1H), 5.19-5.16 (m,
1H), 2.39 (d, /= 7.5 Hz, 2H), 1.90-1.81 (m, 2H), 1.74-1.61 (m, 6H)

13C NMR (75 MHz, CDCl;): 0 134.7, 118.7, 81.4, 46.0, 39.5, 24.0

1-allyl-1-(prop-2-yn-1-yloxy)cyclopentane 37b

To a stirred solution of sodium hydride (0.96 g, 24 mmol, 60% in mineral oil, 1.6 equiv) in dry THF (50
mL, 0.5 M) under argon atmosphere was added dropwise a solution of 37a (1.89 g, 15 mmol, 1 equiv)
in 5 mL of THF at 0°C via cannula. After stirring 30 minutes at room temperature, propargyl bromide
(2 mL, 18 mmol, 80% in toluene, 1.2 equiv) was added dropwise and the mixture was stirred overnight
at room temperature. After total completion, monitored by TLC, water (20 mL) was slowly added. The
aqueous layer was extracted by ethyl acetate (3 x 50 mL). The combined organic layers were washed
with brine (50 mL), dried over MgSO, and concentrated under pressure. Purification by flash
chromatography over silica gel (cyclohexane/ethyl acetate 1/0 to 8/2) afforded pure 37b (877 mg, 5.4
mmol, 36 %) as a bright yellow oil.

''N.A. Weires, Y. Slutskyy, L.E. Overman, Angew. Chem. Int. Ed., 2019, 58, 8561-8565
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1H NMR (300 MHz, CDCly): 6 5.93 (ddt, J=17.7,9.7, 7.0 Hz, 1H), 5.17-5.15 (m, 1H), 5.11 (br's, 1H),
4.11 (d,J=2.6 Hz, 2H), 2.43 (m, 3H), 1.92-1.78 (m, 4H), 1.66-1.53 (m, 4H)

13C NMR (75 MHz, CDCl;): 6 134.6, 117.4, 88.0, 81.4, 73.2, 50.8, 40.9, 36.1, 23.9

HRMS (ESI): compound not detected

FTIR (film cm™): v 3293, 2924, 2854, 2115, 1959, 1737, 1456, 1258, 1160, 1070, 751

(3-((1-allyleyclopentyl)oxy)prop-1-yn-1-yD)trimethylsilane 37¢

/ 0
TMS

=
37c

Compound 37¢ was obtained from 37b following GP8 on 5.23 mmol scale (860 mg). Pure 37¢ was
quantitatively obtained after concentration under reduced pressure (1.236 g, 5.23 mmol) as an orange-
red oil.

H NMR (300 MHz, CDCLy): 6 5.88 (ddt, J = 17.7, 9.7, 7.0 Hz, 1H), 5.09-5.04 (m, 2H), 4.07 (s, 2H),
2.36 (d,J = 7.0 Hz, 2H), 1.87-1.72 (m, 4H), 1.62-1.46 (m, 4H), 0.16 (s, 9H)

13C NMR (75 MHz, CDCly): 6 134.8, 117.3, 103.5, 89.7, 88.0, 51.6, 40.9, 36.1, 23.9, 0.0

FTIR (film cm'): v 2958, 2175, 1640, 1438, 1356, 1334, 1250, 1064, 996, 913, 841, 760, 699

2-(1-((3-(trimethylsilyl)prop-2-yn-1-yl)oxvy)cyclopentyl)acetaldehyde 37d

Crude aldehyde 37d was obtained from 37¢ following GP7 on 2.61 mmol scale (618 mg).

1-(1-((3-(trimethylsilyl)prop-2-yn-1-yl)oxy)cyclopentyl)but-3-en-2-ol 37
/\ o

HO
|

37

Compound 37 was obtained by addition of vinylmagnesium bromide on the crude aldehyde 37d
following GP3 on 2.61 mmol scale (622 mg). Purification by flash chromatography over silica gel
(cyclohexane/ethyl acetate 1/0 to 90/10) afforded pure 37 as a colourless liquid (317 mg, 1.20 mmol, 46
% over 3 steps).

'"H NMR (400 MHz, CDCl;): 6 5.86 (ddd, J=17.2, 10.6, 5.7 Hz, 1H), 5.27 (dd, J=17.2, 1.3 Hz, 1H),
5.07 (dd, J=10.6, 1.3 Hz, 1H), 4.46-4.42 (m, 1H), 4.11 (d, J= 15.7 Hz, 1H), 4.04 (d, /= 15.7 Hz, 1H),
3.39 (br s, 1H), 2.05-1.95 (m, 3H), 1.85-1.71 (m, 2H), 1.67-1.56 (m, 4H), 1.46-1.39 (m, 1H), 0.16 (s,
9H)

13C NMR (100 MHz, CDCl;): 6 141.1, 113.9, 102.4, 90.6, 89.2, 70.7, 51.5, 42.8, 36.2, 36.2, 23.7, 23.5,
-0.2

HRMS (ESI): calculated for [M+Na]" 289.1594 g.mol'!, found 2891598 g.mol!
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FTIR (film cm™): v 3450, 2959, 2176, 1645, 1449, 1365, 1250, 1057, 992, 920, 840, 760, 699

Ar-l
PdCl,(PPhj),

= Cul
H/\ PPha PPh3 s ©/\
Et3 46% over 2 steps
/

37b

(3-((1-allyleyclopentyl)oxy)prop-1-yn-1-yl)benzene 39a

Compound 39a was obtained by coupling reaction between 37b and iodobenzene following GP5 on
2.14 mmol scale (352 mg). Purification by flash chromatography over silica gel (cyclohexane/ethyl
acetate 1/0 to 95/5) afforded pure 39a as a red oil (434 mg, 1.80 mmol, 84 %).

1H NMR (300 MHz, CDCly): § 7.45-7.42 (m, 2H), 7.31-7.27 (m, 3H), 5.93 (ddt, J= 16.5, 11.0, 7.0 Hz,
1H), 5.15-5.11 (m, 1H), 5.09-5.07 (m, 2H), 4.30 (s, 2H), 2.45-2.42 (m, 2H), 1.93-1.78 (m, 2H), 1.63-
1.52 (m, 5H)

13C NMR (75 MHz, CDCl;): § 134.8, 131.8, 128.3, 123.1, 117.4, 88.0, 86.9, 84.9, 51.6,41.0, 36.2, 27.1,
23.9

2-(1-((3-phenylprop-2-yn-1-yl)oxvy)cyclopentyl)acetaldehyde 39b

Crude aldehyde 39b was obtained from 39a following GP7 on 1.80 mmol scale (434 mg).

1-(1-((3-phenylprop-2-yn-1-yloxy)cyclopentyl)but-3-en-2-o0l 39

@/\o

HO |
39

Compound 39 was obtained by addition of vinylmagnesium bromide on the crude aldehyde 39b
following GP3 on 1.80 mmol scale (436 mg). Purification by flash chromatography over silica gel
(cyclohexane/ethyl acetate 1/0 to 90/10) afforded pure 39 as a yellow oil (165 mg, 0.61 mmol, 34 %
over 2 steps).

H NMR (400 MHz, CDCly): 6 7.44-7.41 (m, 2H), 7.35-7.27 (m, 3H), 5.89 (ddd, J= 17.2, 10.4, 5.7 Hz,
1H), 5.28 (dd, J = 17.2, 1.6 Hz, 1H), 5.08 (dd, J = 10.4, 1.6 Hz, 1H), 4.51-4.47 (m, 1H), 4.35 (d, J =
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15.4 Hz, 1H), 4.27 (d,J = 15.4 Hz, 1H), 3.47 (brs, 1H), 2.12-2.02 (m, 3H), 1.86-1.76 (m, 2H), 1.71-1.57
(m, 4H), 1.52-1.44 (m, 1H)

13C NMR (100 MHz, CDCl;): 6 141.1, 131.9, 128.5, 128.3, 128.3, 122.8, 114.1, 89.3, 86.0, 85.7, 70.9,
51.6,42.9,36.4,36.4,23.8,23.7

HRMS (ESI): calculated for [M+H]* 271.1693 g.mol"!, found 271.1690 g.mol!, calculated for [M+Na]*
293.1512 g.mol!, found 293.1509 g.mol!

FTIR (film cm™): v 3455, 2956, 2871, 1645, 1598, 1490, 1442, 1370, 1335, 1259, 1214, 1176, 1046,
993, 947, 844, 755, 690

5/ Cyclization reactions

General procedure A (GP-A):

To a solution of the corresponding cyclization precursor (0.4 mmol, 1 equiv) under argon atmosphere
in dry toluene (4 mL, 0.1 M), was added dropwise a solution of isopropylmagnesium chloride in diethyl
ether (0.4 mmol, 1 equiv) at 0 °C. After stirring for 6 min, titanium isopropoxide (0.24 mL, 0.8 mmol,
2 equiv) was added dropwise and the light yellow mixture was stirred for 4 min at 0 °C.
Isopropylmagnesium chloride in diethyl ether (1.6 mmol, 4 equiv) was added dropwise at -40 °C and
the cooling bath was immediately removed before stirring the dark solution for 10 min at room
temperature. After total completion, monitored by TLC, water (2 mL) and HCI (10 mL, 0.1 M) were
successively added and the heterogeneous mixture was vigorously stirred until solubilisation of the grey
salts. The aqueous layer was extracted by diethyl ether (3 x 15 mL), the combined organic layers were
successively washed with a saturated NaHCOj; solution (20 mL), brine (20 mL), dried over MgSO, and
concentrated under reduced pressure. Purification of the crude by flash chromatography over silica gel
afforded pure desired cyclized product.

General procedure B (GP-B):

To a solution of the corresponding cyclization precursor (0.4 mmol, 1 equiv) under argon atmosphere
in dry toluene (4 mL, 0.1 M), was added dropwise a solution of isopropylmagnesium chloride in diethyl
ether (0.4 mmol, 1 equiv) at 0 °C. After stirring for 3 min, titanium isopropoxide (0.24 mL, 0.8 mmol,
2 equiv) was added dropwise and the light yellow mixture was stirred for 2 min at 0 °C.
Isopropylmagnesium chloride in diethyl ether (1.6 mmol, 4 equiv) was added dropwise at -40 °C and
the cooling bath was immediately removed before stirring the dark solution for 10 min at room
temperature. After total completion, monitored by TLC, water (2 mL) and HCI (10 mL, 0.1 M) were
successively added and the heterogeneous mixture was vigorously stirred until solubilisation of the grey
salts. The aqueous layer was extracted by diethyl ether (3 x 15 mL), the combined organic layers were
successively washed with a saturated NaHCOj; solution (20 mL), brine (20 mL), dried over MgSO, and
concentrated under reduced pressure. Purification of the crude by flash chromatography over silica gel
afforded pure desired cyclized product.

General procedure C (GP-C):

To a solution of the corresponding cyclization precursor (0.4 mmol, 1 equiv) under argon atmosphere
in dry toluene (4 mL, 0.1 M), was added dropwise a solution of isopropylmagnesium chloride in diethyl
ether (0.4 mmol, 1 equiv) at 0 °C. After stirring for 6 min, titanium isopropoxide (0.24 mL, 0.8 mmol,
2 equiv) was added dropwise and the light yellow mixture was stirred for 4 min at 0 °C.
Isopropylmagnesium chloride in diethyl ether (1.6 mmol, 4 equiv) was added dropwise at -40 °C and
the cooling bath was immediately removed before stirring the dark solution for 10 min at room
temperature. After total completion, monitored by TLC, acetone (0.6 mL, 8 mmol, 20 equiv) was added
dropwise at 0 °C. Stirring was kept for 10 minutes at 0 °C. After total completion, monitored by TLC,
water (2 mL) and HCI (10 mL, 0.1 M) were successively added and the heterogeneous mixture was
vigorously stirred until solubilisation of the grey salts. The aqueous layer was extracted by diethyl ether
(3 x 15 mL), the combined organic layers were successively washed with a saturated NaHCO; solution
(20 mL), brine (20 mL), dried over MgSO, and concentrated under reduced pressure. Purification of the
crude by flash chromatography over silica gel afforded pure desired cyclized product.
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a. Tetrahydro-benzo[7]annulene type

(+/-)-(5S5,6R .E)-6-methyl-7-((trimethylsilyl)methylene)-6.7.8.9-tetrahydro-5H-benzo[ 7]annulen-5-ol 2

HO

Me
CO_\TMS

(+1-)
2

Cyclization was performed following GP-A starting from 1 (104 mg, 0.4 mmol). Purification by flash
chromatography over silica gel (cyclohexane/ethyl acetate 1/0 to 95/5) afforded 2 as a colourless oil (63
mg, 0.24 mmol, 60 %).

Cyclization was also performed following GP-A starting from 1 (388 mg, 1.5 mmol). Purification by
flash chromatography over silica gel (cyclohexane/ethyl acetate 1/0 to 95/5) afforded 2 as a colourless
oil (157 mg, 0.60 mmol, 40 %).

TH NMR (400 MHz, CDCl,): 6 7.46 - 7.44 (m, 1H), 7.26 - 7.22 (m, 1H), 7.21 - 7.17 (m, 1H), 7.12 -
7.10 (m, 1H), 5.42 (s, 1H), 4.87 (s, 1H), 2.87 (ddd, J = 14.2, 8.2, 1.9 Hz, 1H), 2.79 (dq, J = 6.9, 1.8 Hz,
1H), 2.69 - 2.61 (m, 1H), 2.46 (ddd, J = 13.5, 8.5, 1.8 Hz, 1H), 2.29 (ddd, J = 13.3, 10.9, 1.9 Hz, 1H),
1.99 (s, 1H), 0.86 (d, J= 6.9 Hz, 3H), 0.17 (s, 9H)

13C NMR (100 MHz, CDCls): 6 161.5, 141.3,139.5, 129.3, 127.2, 126.4, 126.4, 125.9, 75.8, 52.0, 35.5,
33.0, 14.7, 0.6

HRMS (ESI): calculated for [M-H]- 259.1524 g.mol!, found 259.1521 g.mol"!, calculated for [M+H]*
261.1669 g.mol!, found 261.1677 g.mol!, calculated for [M+Na]* 283.1489 g.mol-!, found 283.1498
g.mol!

FTIR (film cm™): v 3392, 2953, 2926, 2853, 1608, 1486, 1454, 1355, 1295, 1247, 1038, 1025, 995,
892, 848, 754, 690, 659

(+/-)-(5S,6R.E)-6-(2-hydroxy-2-methylpropyl)-7-((trimethylsilyl)methylene)-6.7.8,9-tetrahydro-5H-
benzo[7]annulen-5-0l 18

HO Me
~-on
Me
TMS
(+/-)
18

Cyclization was performed following GP-C starting from 1 (104 mg, 0.4 mmol). Purification by flash
chromatography over silica gel (pentane/diethyl ether 1/0 to 60/40) afforded 18 as a yellow oil (34 mg,
0.11 mmol, 27 %).

'TH NMR (400 MHz, CDCly): 6 7.54 (dt, J=17.7, 1.2 Hz, 1H), 7.26 (td, J= 7.5, 1.5 Hz, 1H), 7.17 (td, J
=17.3, 1.2 Hz, 1H), 7.09 (dd, /= 7.4, 1.5 Hz, 1H), 5.46 (s, 1H), 4.90 (d, J = 2.0 Hz, 1H), 3.05 (td, J =
6.3,5.8,2.0 Hz, 1H), 2.84 (ddd, J = 14.1, 6.7, 1.6 Hz, 1H), 2.67 — 2.58 (m, 1H), 2.54 (d, /= 13.3 Hz,
1H), 1.97 (ddd, J=13.7, 12.5, 1.6 Hz, 1H), 1.45 — 1.36 (m, 1H), 1.19 (s, 3H), 1.15 (s, 3H), 1.03 (dd, J
=14.7,5.6 Hz, 1H), 0.15 (s, 9H)

13C NMR (100 MHz, CDCl;): 0 162.8, 141.6, 138.8, 128.9, 126.7, 126.3, 126.3, 125.9, 74.5,71.2, 54.9,
41.7,35.6,31.7,31.3,28.5,0.5

HRMS (ESI): calculated for [M+H]* 319.2088 g.mol!, found 319.2083 g.mol-!, calculated for [M+Na]*
341.1907 g.mol-!, found 341.1908 g.mol-!

FTIR (film cm™): v 3312, 2953, 1604, 1454, 1364, 1275, 1247, 1153, 1125, 1040, 926, 836, 752, 706,
689, 663
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(+/-)-(5S.6R.E)-6-ethyl-7-((trimethylsilyl)methylene)-6,7.8.9-tetrahydro-5H-benzo[ 7]Jannulen-5-01 17

OH
S Me

TMS

(+-)
17

Cyclization was performed following GP-A starting from 16 (109 mg, 0.4 mmol). Purification by flash
chromatography over silica gel (pentane/diethyl ether 1/0 to 90/10) afforded 17 as a colourless oil (22
mg, 0.08 mmol, 20 %).

IH NMR (400 MHz, CDCLy): 6 7.52 - 7.55 (m, 1H), 7.28 - 7.24 (m, 1H), 7.20 - 7.16 (m, 1H), 7.12 -
7.10 (m, 1H), 5.40 (s, 1H), 4.98 (s, 1H), 2.84 (ddd, J=14.4, 7.2, 2.0 Hz, 1H), 2.65-2.59 (m, 1H), 2.58 -
2.49 (m, 2H), 2.07-2.00 (m, 2H), 1.45-1.34 (m, 1H), 0.78-0.71 (m, 4H), 0.86, 0.17 (s, 9H)

13C NMR (100 MHz, CDCl;): 6 159.5, 141.5, 139.0, 129.0, 127.8, 126.9, 126.3, 125.3, 74.5, 60.9, 35.3,
31.9,20.2,12.1,0.6

HRMS (ESI): m/z calculated for [M+H]" 275.1826 g.mol-!, found 275.1833 g.mol"!, calculated for
[M+Na]* 297.1645 g.mol"!, found 297.1654 g.mol!

FTIR (film cm™): v 3375, 2955, 2871, 1603, 1485, 1454, 1356, 1246, 1101, 1030, 904, 847, 834, 779,
752, 706, 689, 669

(+/-)-(58,6R.E)-7-((tert-butyldimethylsilyl)methylene)-6-methyl-6,7,8.9-tetrahydro-5 H-
benzo[7]annulen-5-0l 4

OH
Me

TBS

(+F-)
4

Cyclization was performed following GP-A starting from 3 (120 mg, 0.4 mmol). Purification by flash
chromatography over silica gel (pentane/diethyl ether 1/0 to 90/10) afforded 4 as a colourless oil (67
mg, 0.22 mmol, 55 %).

'"H NMR (400 MHz, CDCl;): 0 7.48-7.46 (m, 1H), 7.27-7.23 (m, 1H), 7.21-7.17 (m, 1H), 7.12-7.10 (m,
1H), 5.42 (s, 1H), 4.90 (s, 1H), 2.87-2.81 (m, 2H), 2.67-2.60 (m, 1H), 2.50 (ddd, J = 13.6, 8.0, 1.6 Hz,
1H), 2.27-2.21 (m, 1H), 2.03 (s, 1H), 0.93 (s, 9H), 0.83 (d, /= 7.2 Hz, 3H), 0.15 (s, 3H), 0.14 (s, 3H)
I3C NMR (100 MHz, CDCls): 6 162.2, 141.3,139.4,129.2, 127.1, 126.3, 126.1, 123.0, 75.5, 52.7, 35.3,
32.7,26.7,17.1, 14.6, -3.6, -3.6

HRMS (ESI): calculated for [M+H]" 303.2139 g.mol!, found 303.2141 g.mol!, calculated for [M+Na]*
325.1958 g.mol!, found 325.1959 g.mol!

FTIR (film cm): v 3369, 2952, 2926, 2854, 1605, 1470, 1462, 1360, 1248, 1038, 1024, 1007, 995,
835, 824, 809, 779, 771, 753, 707, 670

(+/-)-(5S.6R.E)-7-ethylidene-6-methyl-6,7.8.9-tetrahydro-5H-benzo[ 7]Jannulen-5-0l 6
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OH

? Me
Me

(+l-)
6

Cyclization was performed following GP-A starting from 5 (80 mg, 0.4 mmol). Purification by flash
chromatography over silica gel (pentane/diethyl ether 1/0 to 90/10) afforded 6 as a colourless oil (38
mg, 0.19 mmol, 47 %).

'"H NMR (400 MHz, CDCl;): 6 7.46 (d, J= 7.5 Hz, 1H), 7.27 — 7.22 (m, 1H), 7.18 (td, 1H), 7.12 (dd, J
=7.3 Hz, 1H), 5.46 (q, J = 6.6 Hz, 1H), 4.88 (d, J = 1.9 Hz, 1H), 2.82 (ddd, J = 14.2, 7.9, 1.8 Hz, 1H),
2.73 (qd, J=17.1, 1.9 Hz, 1H), 2.62 (ddd, J=13.9, 11.3, 1.7 Hz, 1H), 2.53 (ddd, /= 13.9, 7.9, 1.7 Hz,
1H), 2.11 - 2.01 (m, 2H), 1.69 (d, J = 6.6 Hz, 3H), 0.81 (d, /= 7.1 Hz, 3H)

13C NMR (100 MHz, CDCl;): 0 143.0, 141.5, 139.8, 129.3, 127.0, 126.2, 126.2, 120.0, 76.1, 49.3, 35.1,
26.3,14.3,12.9

HRMS (ESI): calculated for [M+Na]* 225.1250 g.mol-!, found 225.1255 g.mol-!

FTIR (film cm™): v 3374, 1962, 2928, 2857, 1485, 1453, 1372, 1024, 994, 829, 775, 753, 661

(+/-)-diethyl ((E)-((5S.6R)-5-hydroxy-6-methyl-8.9-dihydro-5SH-benzo[ 7]annulen-7(6H)-
ylidene)methyl)phosphonate 12

OH

Me
CO:\P(O)(OE%

(+F)
12

Cyclization was performed following GP-A starting from 11 (129 mg, 0.4 mmol). Purification by flash
chromatography over silica gel (pentane/diethyl ether 50/50 to 5/95) afforded 12 as a colourless oil (40
mg, 0.12 mmol, 30 %).

'TH NMR (400 MHz, CDCl): 6 7.50 (dt,J=17.5, 1.1 Hz, 1H), 7.23 (td, /= 7.5, 1.5 Hz, 1H), 7.16 (td, J
=74, 1.5 Hz, 1H), 7.09 (dd, J= 7.4, 1.5 Hz, 1H), 5.53 (d, /= 19.1 Hz, 1H), 4.92 (s, 1H), 4.20 — 3.87
(m, 4H), 3.23 (s, 1H), 3.16 (dd, J = 13.7, 7.7 Hz, 1H), 2.97 — 2.79 (m, 2H), 2.65 (ddd, J = 14.2, 11.6,
1.7 Hz, 1H), 2.30 (ddt, /= 14.0, 11.6, 2.4 Hz, 1H), 1.39 — 1.19 (m, 6H), 0.81 (d, /= 7.0 Hz, 3H)

3P NMR (400 MHz, CDCls): 6 17.90 (s)

3C NMR (100 MHz, CDCL;): 6 168.6 (d, J = 6.6 Hz), 140.7, 138.8, 129.1, 127.2, 126.4, 126.2, 112.8
(d, J=186.7 Hz), 74.0, 61.6 (d, /= 5.9 Hz), 61.5 (d, J= 5.6 Hz), 51.0 (d, J=22.3 Hz), 33.6 (d, J=2.4
Hz), 29.7 (d, J=7.6 Hz), 16.5 (d, /= 3.0 Hz), 16.4 (d, J= 2.9 Hz), 14.1

HRMS (ESI): calculated for [M+H]" 325.1563 g.mol!, found 325.1567 g.mol"!, calculated for [M+Na]*
347.1383 g.mol!, found 347.1390 g.mol"!, calculated for [M+K]* 363.1122 g.mol!, found 363.1132
g.mol!

FTIR (film cm™): v 3369, 2978, 2930, 1616, 1455, 1392, 1368, 1217, 1163, 1097, 1048, 1020, 955,
834, 810, 793, 779, 755, 736, 672

(+/-)-(5(5S5.,6R.E)-7-benzylidene-6-methyl-6,7.8.9-tetrahydro-5H-benzo[ 7]Jannulen-5-0l 8

35



Cyclization was performed following GP-A starting from 7 (105 mg, 0.4 mmol). Purification by flash
chromatography over silica gel (pentane/diethyl ether 1/0 to 80/20) afforded 8 as a colourless oil (64
mg, 0.24 mmol, 60 %).

'"H NMR (400 MHz, CDCl;): 6 7.54 (d, J= 7.6 Hz, 1H), 7.37 (t, J = 7.6 Hz, 2H), 7.29 - 7.21 (m, 5H),
7.13 (d, J=17.3 Hz, 1H), 6.54 (s, 1H), 5.08 (s, 1H), 2.94 — 2.84 (m, 2H), 2.85 - 2.77 (m, 1H), 2.73 (t,J
=12.6 Hz, 1H), 2.17 — 2.10 (m, 2H), 0.91 (d, /= 7.0 Hz, 3H)

I3C NMR (100 MHz, CDCl3): 6 145.8, 141.2, 139.4, 138.0, 129.3, 129.2, 128.2, 127.1, 126.4, 126.3,
126.2, 125.9,75.5,49.7, 35.1, 26.8, 14.1

HRMS (ESI): calculated for [M+Na]* 287.1406 g.mol-!, found 287.1414 g.mol"!

FTIR (film cm™): v 3390, 3057, 3021, 2965, 2930, 1488, 1453, 1275, 1262, 1180, 1102, 1038, 1024,
997,917, 892, 855, 753, 740, 699, 666

(+/-)-(5S,6R.E)-7-(4-methoxybenzylidene)-6-methyl-6.7.8.9-tetrahydro-5H-benzo[ 7]annulen-5-o0l 10

(*-)
10 OMe

Cyclization was performed following GP-A starting from 9 (100 mg, 0.34 mmol). Purification by flash
chromatography over silica gel (pentane/diethyl ether 1/0 to 80/20) afforded 10 as a yellow oil (39 mg,
0.16 mmol, 39 %).

IH NMR (400 MHz, CDCly): § 7.53 (d, J = 7.6 Hz, 1H), 7.30 — 7.25 (m, 1H), 7.23 - 7.16 (m, 3H), 7.16
—7.12 (m, 1H), 6.92 — 6.89 (m, 2H), 6.47 (s, 1H), 5.06 (s, 1H), 3.84 (s, 3H), 2.93 — 2.84 (m, 2H), 2.83
~2.76 (m, 1H), 2.72 (t, J = 12.7 Hz, 1H), 2.17 — 2.10 (m, 2H), 0.90 (d, J = 7.0 Hz, 3H)

13C NMR (100 MHz, CDCls): 6 158.2, 144.7, 141.2, 139.4, 130.4, 130.4, 129.2, 127.1, 126.3, 125.9,
125.7,113.7,75.6, 55.4,49.7, 35.2, 26.8, 14.1

HRMS (ESI): calculated for [M+H]* 295.1693 g.mol"!, found 295.1702 g.mol!

FTIR (film cm™): v 3395, 2918, 2836, 1606, 1508, 1462, 1441, 1288, 1243, 1172, 1106, 1030, 989,
927, 831, 756

(+/-)-(5S,6R.E)-5,6-dimethyl-7-((trimethylsilyl)methylene)-6.7.8.9-tetrahydro-5 H-benzo[ 7]annulen-5-
ol 14

HO _[\Ae Me

@O_\TMS

(+h)
14
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Cyclization was performed following GP-A starting from 13 (109 mg, 0.4 mmol). Purification by flash
chromatography over silica gel (pentane/diethyl ether 1/0 to 80/20) afforded 14 as a colourless oil (47
mg, 0.17 mmol, 43 %).

H NMR (400 MHz, CDCLy): § 7.73-7.71 (m, 1H), 7.27-7.23 (m, 1H), 7.17-7.14 (m, 1H), 7.09-7.07 (m,
1H), 5.39 (s, 1H), 2.98-2.90 (m, 1H), 2.79 (ddd, J = 14.4, 5.2, 2.8 Hz, 1H), 2.71 (q, J = 6.8 Hz, 1H),
2.59 (ddd, J=13.2, 4.8 Hz, 2.4 Hz, 1H), 2.30 (dt, J= 13.2, 2.8 Hz, 1H), 1.86 (s, 1H), 1.53 (s, 3H), 0.87
(d, J= 6.8 Hz, 3H), 0.14 (s, 9H)

13C NMR (100 MHz, CDCl3): 6 161.0, 144.9, 137.6, 130.7, 127.0, 126.7, 126.7, 126.4, 77.06, 57.7,
36.4,31.2,28.6,14.8,0.6

HRMS (ESI): calculated for [M-H]J- 273.1673 g.mol!, found 273.1680 g.mol-!, calculated for [M+H]*
275.1826 g.mol"!, found 275.1828 g.mol!, calculated for [M+Na]* 297.1645 g.mol"!, found 297.1646
g.mol!

FTIR (film cm™): v 3480, 2952, 1608, 1484, 1451, 1370, 1278, 1245, 1121, 1063, 1016, 995, 883, 844,
835, 759, 749, 715, 688

b. Protected alcohol

((E)-((Z)-5,6-dihydrobenzo[8]annulen-7(8H)-ylidene)methyl)trimethylsilane 22

\

T™S

22

Cyclization was performed following GP-A starting from 21 (82 mg, 0.3 mmol). Purification by flash
chromatography over silica gel (pentane/diethyl ether 1/0 to 97/3) afforded 22 as a white solid (27 mg,
0.11 mmol, 37 %).

'H NMR (400 MHz, CDCl;): 6 7.57 — 7.48 (m, 1H), 7.23 — 7.07 (m, 3H), 6.77 (d, J = 15.3 Hz, 1H),
6.11 (dt, J=15.3, 7.4 Hz, 1H), 5.45 (s, 1H), 3.06 (d, J = 7.4 Hz, 2H), 2.88 — 2.77 (m, 2H), 2.38 — 2.25
(m, 2H), 0.19 (s, 9H)

3C NMR (100 MHz, CDCl,): 6 156.9, 139.1, 135.3, 131.1, 130.2, 127.7, 127.5, 127.1, 126.6, 125 .4,
45.9,36.6,34.2,0.6

HRMS (ESI): compound not detected

FTIR (film cm™): v 3019, 2952, 2925, 1608, 1482, 1451, 1246, 963, 834, 746, 688

Mp 62-64°C

c. Spiro-ketal type precursors

(+/-)-(9R,10R .E)-3.3.10-trimethyl-11-((trimethylsilyl)methylene)-2.,4-dioxaspiro[ 5.6 ]dodecan-9-0l 25

OH

“1IMe

N

T™MS

(+F)
25

Me

Me

Cyclization was performed following GP-B starting from 24 (124 mg, 0.4 mmol). Purification by flash
chromatography over silica gel (pentane/diethyl ether 1/0 to 80/20) afforded 25 as a yellow oil (66 mg,
0.21 mmol, 53 %).
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Cyclization was also performed following GP-B starting from 24 (310 mg, 1 mmol). Purification by
flash chromatography over silica gel (pentane/diethyl ether 1/0 to 60/40) afforded 25 as a yellow oil
(150 mg, 0.48 mmol, 48 %).

'TH NMR (400 MHz, CDCl;): 6 5.36 (s, 1H), 3.72 (ddd, /= 6.1, 4.0, 3.0 Hz, 1H), 3.65 (dd,J=11.6, 1.1
Hz, 1H),3.59 (dd, /J=11.6, 1.1 Hz, 1H), 3.58 (dd, J=11.5, 1.1 Hz, 1H), 3.46 (dd, J=11.5, 1.1 Hz, 1H),
248 (d,J=14.4Hz, 1H), 2.42 (qd,J=7.2,3.0 Hz, 1H), 2.04 (d, /= 14.4 Hz, 1H), 1.78 — 1.65 (m, 2H),
1.68 — 1.56 (m, 1H), 1.54 — 1.39 (m, 2H), 1.41 (s, 3H), 1.39 (s, 3H), 1.11 (d, J= 7.2 Hz, 3H), 0.13 (s,
9H)

13C NMR (100 MHz, CDCl;): 6 156.0, 128.3, 98.2, 71.7, 69.9, 69.7, 47.5, 41.6, 34.8,29.9, 25.9, 24.1,
23.8,17.4,0.7

HRMS (ESI): calculated for [M+H]" 313.2193 g.mol"!, found 313.2193 g.mol"!, calculated for [M+Na]*
335.2013 g.mol!, found 335.2015 g.mol!

FTIR (film cm™): v 3447, 2927, 2859, 1602, 1453, 1370, 1246, 1196, 1157, 1121, 1083, 1036, 832,
753, 732, 689

(+/-)-(9R,10R.E)-11-benzylidene-3.3.10-trimethyl-2.4-dioxaspiro[5.6]dodecan-9-0l 27

(+F-)
27

Cyclization was performed following GP-B starting from 26 (94 mg, 0.3 mmol). Purification by flash
chromatography over silica gel (pentane/diethyl ether 1/0 to 90/10) afforded 27 as a colourless oil (39
mg, 0.12 mmol, 41 %).

'"H NMR (400 MHz, CDCl3): 6 7.32-7.29 (m, 2H), 7.22-7.20 (m, 3H), 6.48 (s, 1H), 3.86 (dt, /= 6.8, 3.2
Hz, 1H), 3.40 (d, J=11.6 Hz, 1H), 3.33 (d, /= 11.6 Hz, 1H), 3.29 (d, /= 11.6 Hz, 1H), 3.25 (d, J =
11.6 Hz, 1H), 2.60-2.55 (m, 2H), 1.99 (d, J = 14.4, 1H), 1.79-1.58 (m, 4H), 1.51 (m, 1H), 1.30 (s, 3H),
1.24 (s, 3H), 1.23 (d, /= 7.3 Hz, 3H)

3C NMR (100 MHz, CDCl,): J 139.8, 138.4, 129.1, 128.8, 128.4, 126.5, 97.9, 72.8, 69.6, 69.3, 47 4,
36.0, 34.4, 29.0, 25.8, 25.2,22.3, 16.0

HRMS (ESI): calculated for [M+H]"317.2111 g.mol"!, found 317.2112 g.mol"!, calculated for [M+Na]*
339.1931 g.mol!, found 339.1932 g.mol!

FTIR (film cm™): v 3453, 2989, 2927, 2860, 1493, 1452, 1370, 1347, 1259, 1195, 1114, 1053, 1030,
990, 968, 933,919, 878, 830, 732, 699

(+/-)-(9R,10R.E)-11-(4-methoxybenzylidene)-3.3,10-trimethyl-2.4-dioxaspiro[5.6]dodecan-9-o0l 29




Cyclization was performed following GP-B starting from 28 (90 mg, 0.26 mmol). Purification by flash
chromatography over silica gel (pentane/diethyl ether 1/0 to 80/20) afforded 29 as a colourless oil (49
mg, 0.14 mmol, 54 %).

Only '"H NMR are available due to the high unstability of the product and its rapid decomposition
occurring even during neat at -20°C.

'TH NMR (400 MHz, CDCl;): 6 7.20 — 7.11 (m, 2H), 6.89 — 6.80 (m, 2H), 6.40 (s, 1H), 3.85 (dt, /= 7.2,
3.6 Hz, 1H), 3.80 (s, 3H), 3.42 (d, J=11.6 Hz, 1H), 3.36 (d, /= 11.6 Hz, 1H), 3.31 — 3.25 (m, 2H), 2.58
(d, J=14.3 Hz, 1H), 2.56 — 2.49 (m, 1H), 1.97 (d, J= 14.3 Hz, 1H), 1.80 — 1.55 (m, 5H), 1.49 (ddd, J
=14.7, 8.3, 1.9 Hz, 1H), 1.32 (s, 3H), 1.28 (s, 3H), 1.21 (d, J=7.1 Hz, 3H)

HRMS (ESI): calculated for [M+H]* 347.2217 g.mol"!, found 347.2214 g.mol"!

FTIR (film cm™): v 3453, 2989, 2925, 2857, 1606, 1508, 1454, 1370, 1245, 1196, 1177, 1156, 1120,
1033, 991, 969, 933, 881, 832, 751, 732

d. Azepane type

(+/-)-(4R,5R.Z)-5-methyl-1-tosyl-6-((trimethylsilyl)methylene)azepan-4-ol 31

T™MS

(+/)
31

Cyclization was performed following GP-A starting from 30 (146 mg, 0.4 mmol). Purification by flash
chromatography over silica gel (pentane/diethyl ether 1/0 to 40/60) afforded 31 as a white solid (75 mg,
0.2 mmol, 51 %).

'H NMR (400 MHz, CDCl;): 6 7.70 — 7.64 (m, 2H), 7.35 — 7.30 (m, 2H), 5.55 (s, 1H), 4.11 (d, J=13.7
Hz, 1H), 3.76 — 3.70 (m, 1H), 3.63 (d, /= 13.7 Hz, 1H), 3.42 — 3.35 (m, 1H), 2.91 (q, /= 7.1 Hz, 1H),
2.67 (ddd, J = 14.6, 10.8, 1.9 Hz, 1H), 2.43 (s, 3H), 1.92 (ddt, /= 14.4, 10.8, 3.4 Hz, 1H), 1.86 — 1.77
(m, 1H), 1.64 (bs, 1H), 1.18 (d, J= 7.1 Hz, 3H), -0.02 (s, 9H)

I3C NMR (100 MHz, CDCl;): 0 153.1, 143.6, 135.5, 130.4, 129.9, 127.1, 71.0, 53.9, 43.9, 41.9, 38.0,
21.6,16.7,0.1

HRMS (ESI): calculated for [M+H]* 368.1710 g.mol"!, found 368.1707 g.mol"!, calculated for
[M+Na]* 390.1530 g.mol"!, found 390.1526 g.mol!

FTIR (film cm™): v 3526, 2951, 2923, 1599, 1451, 1335, 1248, 1158, 1107, 1089, 1030, 935, 851, 835,
814, 757, 733, 713, 656

Mp 87°C

(+/-)-(4R.5R.Z)-5-(2-hydroxy-2-methylpropyl)-1-tosyl-6-((trimethylsilyl)methylene)azepan-4-ol 36

HO T™S

Me\\/Me

/1

NTs
HO

(+1-)
36

Cyclization was performed following GP-C starting from 30 (73 mg, 0.2 mmol). Purification by flash
chromatography over silica gel (pentane/diethyl ether 50/50 to 0/1) afforded 36 as a colourless liquid
(23 mg, 0.05 mmol, 27 %).
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'TH NMR (400 MHz, CDCl;): 6 7.70 — 7.62 (m, 2H), 7.36 — 7.29 (m, 2H), 5.62 (s, 1H), 4.07 (d, /= 13.7
Hz, 1H), 3.77 — 3.72 (m, 1H), 3.69 (d, J = 13.7 Hz, 1H), 3.28 (dt, J = 14.0, 4.6 Hz, 1H), 2.97 (td, J =
5.9, 3.2 Hz, 1H), 2.76 (dt, J = 20.2, 6.4 Hz, 1H), 2.43 (s, 3H), 2.00 (dd, /= 14.9, 5.9 Hz, 1H), 1.88 (td,
J=17.2,3.8 Hz, 2H), 1.80 (dd, J = 14.9, 5.9 Hz, 1H), 1.68 (bs, 1H), 1.28 (s, 3H), 1.21 (s, 3H), -0.05 (s,
9H)

13C NMR (100 MHz, CDCl): 6 153.3, 143.6, 135.2, 132.2, 129.9, 127.2, 73.9, 71.4, 52.7, 50.2, 42.7,
40.8, 36.5,31.8,28.4,21.6,-0.1

HRMS (ESI): calculated for [M+H]" 426.2129 g.mol"!, found 426.2116 g.mol"!, calculated for [M+Na]*
448.1948 g.mol’!, found 448.1941 g.mol"!, calculated for [M+K]* 464.1688 g.mol"!, found 464.1675
g.mol!

FTIR (film cm): v 3359, 2952, 1599, 1444, 1335, 1248, 1158, 1091, 1035, 914, 851, 835, 752, 736,
716, 660

(+/-)-(4R,5R.Z)-6-benzylidene-5-methyl-1-tosylazepan-4-ol 33A and (+/-)-(4R.,5S.7)-6-benzylidene-5-
methyl-1-tosylazepan-4-ol 33B

NTs

(+-) (+7-)
33A 33B

Cyclization was performed following GP-A starting from 32 (148 mg, 0.4 mmol). Purification by flash
chromatography over silica gel (pentane/diethyl ether 50/50 to 20/80) afforded a clean mixture of 33A
and 33B (syn/anti 40/60) as a colourless oil (63 mg, 0.17 mmol, 42 %).

33A

'TH NMR (400 MHz, CDCl): 6 7.67 — 7.59 (m, 2H), 7.33 — 7.17 (m, SH), 7.10 — 7.03 (m, 2H), 6.56 (s,
1H), 4.25 —4.21 (m, 1H), 4.00 (dd, J=10.9, 1.4 Hz, 1H), 3.85 (s, 1H), 3.24 (ddd, /= 3.3, 3.3, 2.8 Hz,
1H), 3.04 - 2.93 (m, 1H) 2.86 (ddd, J=14.5, 10.1, 2.0 Hz, 1H), 2.39 (s, 3H), 1.95 (dddd, J = 14.5, 10.1,
4.1,2.8 Hz, 1H), 1.89 — 1.79 (m, 2H), 1.32 (d, /= 7.1 Hz, 3H)

13C NMR (100 MHz, CDCl3): 6 143.4, 137.1, 136.3, 135.8, 131.0, 130.0, 128.9, 128.3, 127.1, 127.0,
72.1,49.8,43.1,42.4,37.1, 21.6, 16.0

HRMS (ESI): calculated for [M+H]" 372.1628 g.mol"!, found 372.1629 g.mol"!, calculated for [M+Na]*
394.1447 g.mol"!, found 394.1451 g.mol"!

FTIR (film cm™): v 3526, 2923, 1598, 1493, 1445, 1329, 1305, 1289, 1184, 1154, 1090, 1030, 1018,
963, 923, 907, 885, 699, 657

33B

'H NMR (400 MHz, CDCly): 6 7.67 — 7.59 (m, 2H), 7.33 — 7.17 (m, SH), 7.10 — 7.03 (m, 2H), 6.56 (s,
1H), 4.25 - 4.21 (m, 1H), 3.96 (dd, J=10.6, 1.4 Hz, 1H), 3.76 — 3.67 (m, 1H), 3.27 (ddd, /= 6.4, 3.3,
3.3 Hz, 1H), 3.06 — 3.02 (m, 1H), 2.73 (m, 1H), 2.40 (s, 3H), 2.06 (dddd, J = 14.8, 10.0, 3.6, 2.7 Hz,
1H), 1.84 — 1.73 (m, 2H), 1.34 (d, J= 7.0 Hz, 3H)

13C NMR (100 MHz, CDCls): 6 143.4, 136.9, 136.3, 135.5, 131.6, 129.8, 128.9, 128.3, 127.1, 127.1,
73.3,48.4,47.8,42.1,35.4,21.6,16.3

HRMS (ESI): calculated for [M+H]" 372.1628 g.mol!, found 372.1629 g.mol-!, calculated for [M+Na]*
394.1447 g.mol"!, found 394.1451 g.mol"!

FTIR (film cm™): v 3526, 2923, 1598, 1493, 1445, 1329, 1305, 1289, 1184, 1154, 1090, 1030, 1018,
963, 923, 907, 885, 699, 657
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(+/-)-(4R,5R.2)-6-(4-methoxybenzylidene)-5-methyl-1-tosylazepan-4-ol 35A and (+/-)-(4R.5S,2)-6-(4-
methoxybenzylidene)-5-methyl-1-tosylazepan-4-ol 35B

OMe OMe

NTs

(+-) (+-)
35A 35B

Cyclization was performed following GP-A starting from 34 (160 mg, 0.4 mmol). Purification by flash
chromatography over silica gel (pentane/diethyl ether 1/0 to 50/50) afforded a clean mixture of 35A and
35B (syn/anti 31/69) as a yellow oil (23 mg, 0.06 mmol, 14 %).

35A

'H NMR (400 MHz, CDCl;): § 7.69 — 7.61 (m, 2H), 7.31 — 7.23 (m, 2H), 7.06 — 6.97 (m, 2H), 6.86 —
6.77 (m, 2H), 6.50 (s, 1H), 4.24 (d, J = 14.3 Hz, 1H), 3.98 (dd, J = 14.3, 1.4 Hz, 1H), 3.86 — 3.83 (m,
1H), 3.81 (s, 3H), 3.30 — 3.26 (m, 1H), 3.02 — 2.95 (m, 1H), 2.84 (dd, J = 10.3, 2.0 Hz, 1H), 2.41 (s,
3H), 2.00 — 1.87 (m, 1H), 1.87 — 1.80 (m, 1H), 1.68 (s, 1H), 1.31 (d, /= 7.2 Hz, 3H)

13C NMR (100 MHz, CDCls): 6 158.7, 143.4, 136.0, 135.5, 130.4, 130.2, 130.0, 128.8, 127.1, 113.8,
72.0, 55.4,50.0,43.0,42.4,37.2,21.6, 16.7

HRMS (ESI): calculated for [M+H]"402.1733 g.mol-!, found 402.1731 g.mol"!, calculated for [M+Na]*
424.1553 g.mol!, found 424.1548 g.mol"!, calculated for [M+K]* 440.1292 g.mol"!, found 440.1290
g.mol!

FTIR (film cm™): v 3525, 2926, 1606, 1574, 1508, 1456, 1331, 1304, 1290, 1247, 1156, 1106, 1089,
1030, 964, 908, 887, 833, 813, 733, 703, 666, 657

35B

'"H NMR (400 MHz, CDCl;): 6 7.69 — 7.61 (m, 2H), 7.31 — 7.23 (m, 2H), 7.06 — 6.97 (m, 2H), 6.86 —
6.77 (m, 2H), 6.50 (s, 1H), 4.25 (d, /= 13.6 Hz, 1H), 3.94 (dd, /= 13.6, 1.1 Hz, 1H), 3.81 (s, 3H), 3.72
—3.68 (m, 1H), 3.33 — 3.30 (m, 1H), 2.80 (dd, /= 10.3, 2.0 Hz, 1H), 2.76 — 2.64 (m, 1H), 2.42 (s, 3H),
2.09 —2.00 (m, 1H), 1.80 — 1.72 (m, 1H), 1.68 (s, 1H), 1.33 (d, /= 7.2 Hz, 3H)

13C NMR (100 MHz, CDCls): 6 158.8, 143.4, 135.7, 135.1, 131.5, 130.2, 130.0, 128.8, 127.2, 113.8,
73.2,55.45,48.4,48.1,42.0,35.3,21.6, 15.9

HRMS (ESI): calculated for [M+H]"402.1733 g.mol!, found 402.1731 g.mol!, calculated for [M+Na]*
424.1553 g.mol', found 424.1548 g.mol"!, calculated for [M+K]* 440.1292 g.mol"!, found 440.1290
g.mol!

FTIR (film cm™): v 3525, 2926, 1606, 1574, 1508, 1456, 1331, 1304, 1290, 1247, 1156, 1106, 1089,
1030, 964, 908, 887, 833, 813, 733, 703, 666, 657

e. Oxepane type

(+/-)-(9R,10R.Z)-9-methyl-8-((trimethylsilyl)methylene)-6-oxaspiro[4.6Jundecan-10-ol 38

(+5)




Cyclization was performed following GP-A starting from 37 (106 mg, 0.4 mmol). Purification by flash
chromatography over silica gel (pentane/diethyl ether 1/0 to 80/20) afforded 38 as a yellow oil (46 mg,
0.17 mmol, 43 %).

'H NMR (400 MHz, CDCly): 6 5.34 (d, J = 1.5 Hz 1H), 4.26 (dd, J = 15.7, 1.5 Hz, 1H), 4.16 (dd, J =
15.7, 1.5 Hz, 1H), 3.84 (brs, 1H), 2.92 (dq, J= 6.9, 3.2 Hz, 1H), 1.91-1.80 (m, 4H), 1.75-1.66 (m, 2H),
1.65-1.56 (m, 2H), 1.53 (br s, 1H), 1.49-1.37 (m, 2H), 1.14 (d, J = 6.9 Hz, 3H), 0.11 (s, 9H)

13C NMR (100 MHz, CDCly): 6 159.1, 123.4, 85.7, 71.6, 66.8, 44.7, 44.6, 38.2, 38.2, 23.6, 23.5, 14.1,
0.0

HRMS (ESI): calculated for [M+Na]* 291.1751 g.mol-!, found 291.1754 g.mol-!

FTIR (film cm™): v 3392, 2953, 2873, 1604, 1440, 1363, 1247, 1211, 1101, 1088, 1036, 987, 833, 765,
747,730, 689

1-(2-hydroxybut-3-en-1-yl)cyclopentanol 42

OH
HO

(+5)
42

'TH NMR (300 MHz, CDCl;): 6 5.88 (ddd, J=17.2, 10.6, 5.9 Hz, 1H), 5.25 (dd, J=17.2, 1.0, 1H), 5.08
(dd, /=10.6, 1.0 Hz, 1H), 4.48 (dt, J = 7.9, 1.8 Hz, 1H), 3.34-3.19 (br m, 1H), 2.99-2.86 (br m, 1H),
1.95-1.77 (m, 4H), 1.73-1.53 (m, 6H)

13C NMR (75 MHz, CDCl;): 6 141.2, 114.3, 83.0, 72.2,46.3, 41.9, 38.5, 23.8, 23.5

HRMS (ESI): calculated for [M+H]" 157.1223 g.mol!, found 157.1224 g.mol"!, calculated for [M+Na]*
179.1048 g.mol!, found 179.1043 g.mol!

FTIR (film cm™): v 3359, 2957, 2873, 1709, 1435, 1319, 1039, 993, 909, 854, 731

(+/-)-(9R,10R.Z)-8-benzylidene-9-methyl-6-oxaspiro[4.6]Jundecan-10-o0l 40

(+F)
40

Cyclization was performed following GP-A starting from 39 (108 mg, 0.4 mmol). Purification by flash
chromatography over silica gel (pentane/diethyl ether 1/0 to 60/40) afforded 40 as a yellow oil (30 mg,
0.11 mmol, 28 %).

'"H NMR (400 MHz, CDCl;): 6 7.37 — 7.32 (m, 2H), 7.28 — 7.15 (m, 3H), 6.35 (s, 1H), 4.41 (d, J=15.6
Hz, 1H), 4.34 (d, /= 15.7 Hz, 1H), 3.98 (dt, J = 8.6, 3.9 Hz, 1H), 3.02 (qd, /= 7.2, 3.5 Hz, 1H), 1.98
(dd, J = 14.3, 9.3 Hz, 1H), 1.84 (dd, J = 14.3, 4.1 Hz, 1H), 1.81 — 1.73 (m, 1H), 1.68 — 1.63 (m, 2H),
1.59 — 1.52 (m, 3H), 1.51 — 1.37 (m, 2H), 1.29 (d, J = 7.2 Hz, 3H)

13C NMR (100 MHz, CDCl3): 6 143.0, 137.2, 129.0, 128.3, 126.7, 125.7, 85.6, 72.0, 63.5, 44.2, 43 .4,
39.0, 37.6, 23.8, 23.6, 13.8

HRMS (ESI): calculated for [M+Na]* 295.1668 g.mol-!, found 295.1673 g.mol"!

FTIR (film cm™): v 3412, 3023, 2958, 2871, 1598, 1493, 1444, 1332, 1211, 1094, 1079, 1030, 989,
917, 867, 753, 699

42



43



6/ References

I'M. Dow, F. Marchetti, K. A. Abrahams, L. Vaz, G. S. Besra, S. Warriner, A. Nelson, Chem. Eur. J.,
2017, 23, 7207 — 7211

2R. Cao, P. Miiller, S. J. Lippard, J. Am. Chem. Soc., 2010, 132, 49, 17366-17369

3R. P. Law, S. J. Atkinson, P. Bamborough, C. Chung, E. H. Demont, L. J. Gordon, M. Lindon, R. K.
Prinjha, A. J. B. Watson, D. J. Hirst, J. Med. Chem., 2018, 61, 10, 4317-4334

4 J.A. Bergman, K. Hahne, J. Song, C.A. Hrycyna, R.A. Gibbs, ACS Med. Chem. Lett., 2012, 3, 15-19
> B. M. Trost, S. Mahapatra, M. Hansen, Angew. Chem. Int. Ed., 2015, 54, 6032 —6036

¢ M. Bourkhis, H. Gaspard, P. Rulliére, D.K.C de Almeida, D. Listunov, E. Joly, R. Abderrahim, M.C.
de Mattos, M.C.F. de Oliveira, V. Maraval, R. Chauvin, Y. Génisson, ChemMedChem., 2018, 13, 1124-
1130

7F. Kolundzi¢, A. Murali, P. Pérez-Galan, J.O. Bauer, C. Strohmann, K. Kumar, H. Waldmann, Angew.
Chem. Int. Ed., 2014, 53, 8122-8126

8 B.M. Trost, M.T. Rudd, M.G. Costa, P.I. Lee, A.E. Poerantz, Org. Lett., 2004, 6, 23, 4235-4238

9 N. Cabrera-Lobera, M.T. Quirds, W.W. Brennessel, M.L. Neidig, E. Bufiuel, D.J. Cardenas, Org. Lett.,
2019, 21, 16, 6552-6556

10T, Heesgaard Jepsen, E. Glibstrup, F. Crestey, A. A. Jensen, J. Langgaard Kristensen, Beilstein J.
Org. Chem., 2017, 13, 988-994

"'N.A. Weires, Y. Slutskyy, L.E. Overman, Angew. Chem. Int. Ed., 2019, 58, 8561-8565

7/ NMR spectra

44



meeorth

0.(

0.5

1.0

Feot
Fo0'1

2.0

i

2.5

Jmt

3.0

3.5

4.0

fil (ppm)

4.5

H/vm.ﬂ

1811

5.0

L

OH

6.0

Feec
Foot

7.0

7.5

9"
D»NH*
8t'L

8.0

45



bo <+ o [=R- R n

Moo RSN ] ~ oW o < =]
5o BN O o) o Vﬂw n Ao N ©°
F<¥® N NN — o NG A = =1
Mo - — @ NN N © ™ ~
NSNS I I

Ul ol L LU L | | N |
1’"‘.\@!"FMW‘IWUh"\!’ﬂﬂ]'!’H.’ﬁh”‘[."‘IINW"NW’.M\W\‘MLHI l’U ) HMI‘WMM N MWJ Wl \‘UM“WI[“J.M\ LJL.MJ\‘ IENGLTATIT H’mm [l HiW',MWP\W.'J'\(W”WM{WWHFTH
| [ | | 1l |

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

46



[

S6°0

66'T
00°C W.
T0'C

JA 4
8b'C
0S¢

657071

80

0.5

1.0

1.5

2.0

2.5

Qs
[4w4
€5'C \
98T\
16'C 7

LLY—

6T°L1

74

I

A

-

06°C

B

F 60z

Fs1e

Feve
Fosrr

3.0

3.5

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

f1 (ppm)

47



s — W
W - °
I
=
\W o
80°0C — .M; o
19z — JMIM
- =]
= - @
8C°'1€ — —=
=
o
- <
m "
)
-3
LE°€9 —
96°99 — [I.W o
[
vL°9L -
wﬁ.hhv m
. - o
85 /L -
£
ke L g p— Q.
-8 =
- . ~—
o%
[=]
L ©
i
3
-
o
L N
-~
€9'92T
SH'LTT W
Nw.nmﬁ.\. - _mw
60°62T -
66°LET =
- —
G8'8ET = )
o
L
Rl
o
= - ©
i
W o
LN
i
E 3
- ®

48



900 —

880

0.0

0.5

1.0

6S'T—

1.5

210

¥S'C AN
6S°'C s
16°C AN
96°C s

Feoz

2.5

3.0

3.5

4.0
49

fL|(Apm)

4.5

YLy —

=

5.0

5.5

60

| Yava
€TL
vaL
vaL
S¢L
ST
rava
9T'L
9T'L
veL
S€L
LEL

1)

ey
e

6.5

7.0

7.5

8.0



SEP-—

i

L6'TC—

6192~
98'67

TETE~

15°€9 —

YT L0T —

110

S89CT ~\

Q7T

120

+€8¢F

08'8¢T
S6°6CT 4 ‘lm

T
130

£5°8ET ~_
10°6€T

T
140

T
150

60




SL'T
9L'T W
LLT

961"
e
e

bbe
S’

9T
JA 4
8b'C
6t°C
98'C
68'C
16C

7Ly —

OH

Vi

CH,

-
—I6¢

Fooz

Froe

60

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

f1 (ppm)

51



L O
95°€ —
o
— m "' ~ v
= )
- s S
o
— sl
bLTE—
L2
VI.!'
s |
= -
o
—= o
sTE9—
o
N~
€9z
S.RV =
wm.R\ g
+8'8Z
-
€
- Q
- | % /m
= z
=
= 8
L O
Wﬂ )
=
m L
L]
o
— L N
i
bLOZTN
12821~
24821 — - m
29'62T -
09'8ET ~ )
9761~ - g
o
L
Ll
o
L ©
i
o
= N
i
s o
= L O

52



wN.ﬁ./.
0€'T —F~
mm.ﬁ.\.

0.0

0.5

1.0

1.5

S5\

2.0

Fre

2.5

3.0

4.0
f1 (ppm)

4.5

5.0

8T°L
6T°L
0T'L
0T'L
1L
€L
€L
vaL
STL
9¢'L
9¢'L
9¢'L
L
L
WL
€v'L
b

OH

Feee

515

6.0

6.5

7.0

7.5

8.0

53



- wn ™M <

N - o N N o <+ = 0N

AN 0 N NN = * «© .M

m ™M NANANN o o Mmm [l — -

— - o — 0 O NN o N

Il S\ N | ' Y VoV




143"

'8

= Fees

0.0

0.5

1.0

1.5

2.0

19°€
mw.m/
L9°€

e~
v6'p
b6
S6'% 1
S6'
16
£6'F 1

e

=
=——Feov

3.5 3.0 2.5

f1 (ppm)

4.0

86't
86t
861
T0°G

T0°G
0's .,W

90°'S
wo.mw
L0°'S

4.5

5.0

1057
€L's
9/°5

LL°S
8/°S
6L'S ¢
18'S
£8'S

S8'S
L8'S

HyC— Si— GHs

CHy

6.0

6.5

9L —

7.0

7.5

8.0

55



8 '“< O o~ o 0 O T < <+ TN O~
o < ;N < RaN N S N8R Q
™ — P @ ~ NN O ~N o N WO M .
— - —~ (o)) =) NN o o® NN NN o
[ NN Y
|
|
‘ | Ll Ll I
AL O AL s A A A A ik
il l | | [ I
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)

56



ot b
L£°T
8€'T
6€°T
o'
T
T
€T
b
SH'T
SH'T
9T
9T 7
Zas
8t
8t
6t'T |
0S'T

151

[4

Tﬁ..:

0.0

0.5

1.0

1.5

€ST

66T

00°C W
10'¢

— EFv60

2.0

8€'C ./

6ET
bbe

9T W
15¢C

158°¢

”_”I vae

2.5

3.0

§9'°€ —

80t —

A

ey

F ot

3.5

4.0
f1 (ppm)

4.5

Fvot
Fsot

5.0

5.5

H,C

”_”I 00°T

6.0

Hy

6.5

9¢'L—

7.

7.5

8.0

57



g g < 0 O T NOON O nm< — N
S " o ©0OHN©aN Q@ amn N9
< — 0 O NMHWO MO NN < ) © O INE=]
— — a ONMNNNOO ™ N NN NN

\ N A Y

| | |

i J,J‘H {10 Nl BT i |
il

T T T T T T T
40 30 20 10 0

\ ol 'H
JA\;.W,. LIJ‘.‘M.,‘\CML\ H’ .Ju | .V.I‘J‘LI.MJJ.\..[ il l[.,ll. il ’ m..‘.h‘. MLt Ju L L

i ki

T T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 13Q 124 110 100 90 80 ‘
f1|(ppm)

'l I

] |
* [l i

il

T T T T T T
70 60 50

58



Wuw.v
TN.V

0.5

1.0

1.5

2.0

ot

2.5

3.0

f1 (pp 5

5.0

5.5

FZ
HZC

6.0

6.5

7.0

7.5

8.0

59



8 @ [sa) ™ 0 WO TN 0 (=3 o] o
Y ~ o ¥onAN N @ S o
™ — o=} — NINWOM o o O g}
— — [22) (=] NINNN n < [l o~
(Y 4 L]
|
|
|
| | ‘ L 1 o | | L | [ | M |
A 0 A A0 W b0 oA il Virasllinyd
| | | '
T r T T T r T r T r T r T r T r T r T r r r T r
160 150 140 130 120 110 100 90 80 70 60 50 4q
f1 (ppm)

60




L0
b0’ 7

A

M |

-

J

JLJM

L'y

e

16°€

T

Fooz

0.0

0.5

1.0

1.5

2.0

2.5

3.0

4.0

4.5

5.0

f1 (ppm)

z

8T

Wﬁm.o

5.5

6.0

6.5

7.0

7.5

61



£0°0- — L o
o
-
o
r N
16°€7 —
- &
€1°9¢ —
| o
$6'0b — =
o
~wn
$9' 1§ —
O
o
N
AN
IV
wm.R\ L
€
Q
o
50'88 — =
o i
568 — &
o
L O
-
05°€0T —
L 2
i
67 LTT — -
Y. N
i
o
L ™M
i
6LbET —
Q
-
o
L
i
o
L O
i
o
™~
Ll

62



v1°0 — — Mmm.w

v6'T — - Tw.o B

——===— k%ot

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

f1 (ppm)
63

4.5

5.0

o
= Boor T
—— Foot
== po0T |

nin
e

~
N
~N
.
~yfr—

o NN
R
NN N
==\

Fro1

5.5

6.0

6.5

7.0

7.5

8.0

8.5



o —

L1°CC —

P 1E —

e g

40

w |

IS TL—
S6°9L

gy

LE°LL

£9°S8 —

€4°90T —

vCSTT —

T
9
f1 (ppm)

T
100

T
110

¢6'9¢t
£0°LCT V

T
120

T0°8¢CT

PT'BET ~_
L0°0VT ~
og vt -

T
130

T
140

T
150

T
160

A SO wunww i

170

T
180

64



ST'0

LT
LT A
LT A
€L°T
€L°T
€L°T
€L°T
18T A
8T A
ﬁw.~4
78T
78'T
78T
€8°'T 7
86T

L5,

OH

CHs

OH

e

Mjhx

0°T
6T

T€0

Mlﬁo.m

Froe

Foe0
Moo

7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

7.5

8.0

65



l\mmokp,mmuonor\r\mwvmm 0
MOoRMOONONFONRINN @ = QoY < o d N WY I
SEANNMANBANNNNGO OGS O A N “ @ 3 S wa In 9
TTMMMMOANNNANNANNGNN O 3 NN O © — NAN ™
RIRAA L IR S S R S S S A A © NNKN © ™ o NNA

J_J _ )
NIV NG VW = I~ A% o

180 170 160 150 140 130 120 110 100 90 8 ’70 60 50 40 B0 20 10 0
f1 (ppm)

66



STO

¥9'T
¥9°T W.
¥9'T

80'C —

s

-

e

Feso

0.0

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

f1 (ppm)

4.5

5.0

WL

|

o1
20T

M\.oo.ﬁ

L Feee

o1

5.5

6.0

6.5

7.0

7.5

8.0

67



€5°6T —

£0°CC —

Al

PP 1E — E

10

20

30

40

50

[T

6L°EL~\_

VA

+8°9L ./ -

9T 4L =

8v° /L 7

G668 — T 3

80 70 60

90
f1 (ppm)

100

+8'90T — E

YO TTT —

16°9CT

£6°9CT

11d

120

€6°LCT a

130

AN TA Y

il

SL'8ET ~-

vS6ET =

LY OPT —

140

150

160

bl g,

17p

180

68



S6'T—

0.C

0.5

1.0

1.5

2.0

TL¢C AN

2.5

3.0

3.5

OH

= CH,

Y4

Fes0
ot

4.5

5.0

5.5

fl (ppm)

8v'L

=l

660

Fze0

A )
Fooe
Fe01

6.0

6.5

7.0

7.5

8.0

69



T

N
|

12688

_~140.42
4071t
™\ 138.27
131.67
129.99
128.37
128.06
127.85
127.11
123.77
— 115.32

y
\

WWHE IimiA

89.49

m ofh O ¥ W0
Q YpaXRe
a4 NIKN© A
©® N[KNKNN
N 4

T
160

(=]

B0

80 70

f1 (ppm)

70

31,57
21.68




€0 —

69°C
0L'c W
e
10°€
mo.mW
S0'€

64°€ 7
T12°S 7
TS
TS
¥T'S
IZa°
ST'S
PE'S T
PE'S
€S
8€'S
8€'S
6€°'S
95°S

OH

= CH,

Vs

CHy

0.C

0.5

1.0

1.5

2.0

2.5

3.0

3.5

SV
9L
YL
YL
YL
8v'L
8v'L

Foor
Foot

4.5

5.0

5.5

6.0

6.5

7.0

f1 (ppm)

7.5

8.0

71



69'TC —

v9'1E —

WO

Al

LE°§S —

LS'TL—

¥8'9/

oo

vee )

oc18 "

_887/8 —

i

86°ETT ~_
ST'STT —
88°q11 7~

s

oy

T
9(
f1 (ppm)

T
100

T
110

98921
so'zzr W
o0'ser /7
6’621
ooeer 7~
ce'set

T
120

T
130

0T'0bT ~
borovT <

T
14

T
150

9E65F

w e WMW»WLW

T
160

T
170

T
180

72



L

I1°0
ﬁﬁ.ov

¥6'0 — 4 006

[T
[ S - Feo

€sT—7 ||||‘go.~
ssz/

6T AN B
vm.Nw — —=—=] oot
96°C

ﬁN.mg

m

o~

wn
CH,
CHs

b2’
0€°5 ©°
: O

K
H;C

HyC

/ .

H2

O

/ fl— Foor
= F00'T

)
A
n
_J
T

HO

g
hﬂﬂ
1

€L
vTL
vTL
STL
rava
9T,
L mw —_— Fzere

1.5 1.0 0.5 0.0

2.0

3.0

3.5

73

4.0
f1 (ppm)

6.0 5.5 5.0 4.5

6.5

7.0

7.5

8.0




9E€ Y
=)
=)
i
£5°9T —
o
N
6817 —
L1°9C —
o
%)
6y’ 1€ —
o
<
o
n
o
©
o
~
1L —
+8'9L
9T°LL W
. o
8 LL 3
79°€8 — — m.
a
~—
of
<)
o
=
. . e —
61°L0T o
i
i
ST'GTT — =
o
I
- i
+8°9¢T V.
£6'92T — o
P8ZT r —+ 9]
16'6CT
90°8ET ~_ o
S00vT v <
TZ°0pT —
i
o
ot
o
©
=
o
~
i

180

74



LLT
LLT W.
8L°T
66'T —
Tv'e
w'e
w'e
£v'e
£b'C
b
L4
L4
St'e
St'e
9r'C
VA x4

16C
€6'C

TS
s
s
vC's
ves
SC'S
€€'s
ve'S
ve'S
8€'S
8€°S

15°
€59
909
£0'9

609
01’9
119
€19
(\rava
1L
| Yava
wL
€TL
€TL
YL
STL
STL
9T'L
9T'L

WMD%\W%

LTL
€b°L
'L
St'L
Sv'L

0.0

0.5

1.0

1.5

CHy
4.5 . 3.5 3.0 2.5 2.0
f1 (ppm)
75

5.0

= CH,

OH
5.5

6.0

m
7.5 7.0 6.5

8.0




'lw -
£9'c — W
= 9
£ |
=z <
90’1z — — =
= o
- M
(8'1€ —
— o
- <
o
— L0
W 0
- O
o
N~
— o
-
= -
= r €
(=1
- ol
= =
=
= i
[=]
= )
i
o
.
— i
=
0T'STT — =
o
— I N
i
18921 m
86'921 W o
€o'ger 7, - o
64621
ZSBET~C =
0T 0bT ~~ — <
erort 7 —=
— R
-
M 8
L ©
wmrl —
JWn o
=N
i

76



€01
€C°T A
ST'T
ST
8C'T 7
8¢'T 7
TET
TE'T
€€7T
€€°T
SET
9€°T
¥9°C

S9°C 1
S9°C 1
99°C

0.5

1.0

n.5

£9°C

89C

Tv'¢

yAN4

1

2.5

3.0

4.5

f1 (ppm)

OH

= CH,

5.0

N
A

6.5

77



10

18'ST J "
Rl
88'ST W. =
S6°ST =
T o
81°'T¢ > N
1T 1
9562 J
T5°6C E M
E] 3
(=]
=

45

50

0629
629
S6'79
86'79

60

65

89°69 ~ :
1012 —

", -
(92 - " m
¥8'9L~\ ~a
9T1°/LL N _—————————— |
8bLL o%

[

n

o2}

&

= n

[¢))

o

o

—~E —
8E7COT ~ _—

06'20T =~ 0

o

- i

i o

- —

i

3 n

LSPTT — -

o

p_

] n

$6°92T i S
96°921 W LW#

. o
sezer s I3}
vz 621 = —

B n
7 o™
i
£59ET —
o
PEOPT ~ ‘ M
67 THT —

150 145

78



0.0

=90'6
1
1
o
7 Q
i
n
Rl
R
—~ 7T
Q
o~
_—
y 1
|M Fere [ N

=

3.0

Fooz

4.0 3.5

f1 (ppm)

7.5 7.0 6.5 6.0 5.5 5.0 4.5

8.0

79



- 145.58
- 143.54
_~139.63

—131.72

127.62
126.28

/

176.U5

— 112.72

— 107.71

— 85.43

— 32.53
—30.39

22.56

0.25

170

160

150

140

130

120

110

100

90
f1 (ppm)

80

80




€0°0- —
80°0 ~

F16'C

- Z1-¢

0.0

ST0

L

/06

M =68

===l TFw0z

o J—

= —

Froe

R0
JAN:
960

ﬁ
g

— Feee

Feot

0.5

2.0 1.5 1.0

2.5

3.0

7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5
f1 (ppm)

7.5

8.0

81



s =1
:
09~ _ :
S > 1
2
9z'0 — = =
3
3 o
i
o
sgr ~
€9'17
1092 ~\_
i o
(4]
05'1E — - -
s o
=
7 R
o
(=)
R
cl1C/L
$8'9L
Q1 // 2
—
8b'LL E o
@ ~
£
(=1
. 2
YTS8 ~
1 of
&
]
i
; =
£8'90T S o
i
i
89°ETT — -
o
o
— i
€£°92T ~_ &
serer A o
IC 62T e —— B
PTLET — - 1
o
TTTHT <
9ETHT — A
o
n
=t
L o
O
2 i
- o
S
i
- o
®
B —

82



ST0

I:Mulwﬂww.w

A

0.0

0.5

1.0

JA 4
8¢ W
15°C

88'¢C N

p—

Fooz

2.0

2.5

06°C
[4den4 a

e —

L8V

88t
68
68
1S
1S

€T°S
vT's

ST'S
S¢S

26'S
¥6'S q
S6'S
16
86'S
66'S
10°9
1247
LA
7L
(2R
€2,
€72
€7,
vT'L
vT'L
vT'LA
ST'LA
ST'LA
ST/
CTAVAN
wm.n\
wN.n\

8€'L

e

==

6€°L
6€°L
L
L

Hy

= CH,

CHsy
Si
~ CHjy

Vi

H;C

—

0°T
0'T

Fsot

Feoe
0T

4.0 3.5 3.0

f1 (ppm)
83

7.5 7.0 6.5 6.0 5.5 5.0 4.5

8.0



o~ QOO W ™ o

B6 SNKG 3 3 """"‘."‘E i R &

— - o o — — oo NMN wn m o

v AN [N

|
|
|
" I} Al il " " JL’ o Lol I TR YT [ | i
e 4 i e Ao W W \ A mslpieons o S oyt WMMM‘MWWWMWLMW
T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 20 10 0
f1 (ppm)

&4



9T

9€'C ./.

o'~
I
1b'T /S

85'€

9¢L—

"N cH,

OH

HyC

H;C

0.0

0.5

1.0

Iif

T€6°¢

Fooe

Feet

Fsov

Foot
Foor

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
f1 (ppm)

8.0

85



] & R N 1o WOYT - OO © NS0
=] n ) N & T Hoo NN Q Q0NN ]
< — =] @ N NNO®n NN ) A od oM !
- — =1 =) 0o NNKNN ©O© ) NN NN S
I N 'Y AN N
|
| \
ATV A A _ (W Ao AR s AT U S o A At ‘.u WA o ] R ) A Y 1 AL A A M n ISR 0 i HAL‘J.LJ\AJ T u okt it u D A ot g
! T | 1 I (0
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 0 70 60 50 40 30 20 10 0
f1 (ppm)

86



0b'T 7 L=
0b'T
0b'T 1
0b'T I
n
=]
Q
r —
-= e |
I|I|an/ To.m —
|ﬂ eyt |
Q
- S
3 n
r
Q
2]
n
2]
=== foev |
€
¥ 8
=] Foor -
bl
b
n
I~ <
N
5 Q
r wn
/A T oo
4 ot
0T f
- Fo
(e}
n
s)
Foot 5
@] 4
I~ ©
(e}
C3 I
C3 T n
£ N
o
N
—— Fore |
160~ ] Tz i
L€ N
8",
8c'L |
65,
Ly
6e'L | o
6e'L ] - <
6€°L

87



10

88

= o
= [a\]
(T — - =
0z'eT — - =
$9'9Z ~_ _ =
£5'87 ~_ =
$0°0€ ~— - = R
0§°6€ — =
: g
= o
= n
o
()
E'L9 =
15°£9 > = o
~
09°EL ~_
$8'9L —3
THLL= MI
V£ H
$1°E8 — = -
= o
1598 — &
= ~—
= bl
— Y
bE'86 — = IS
= —
E o
i
= i
LE°STT — =
- o
= ™
i
eg'cet - =
£8°£2T ~\_ =
€€'82T — 5 R
89'TET ~_ = —
3 o
S <
0bT — = —

150

160

170




n

n

—
L
—

|

649
649

189
189

9T'L
6C°L

€L
€L
(44
€€,

e S A e

Feoz

Fre

Fsoz

Tore

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

"N cH,

HO

I

f1 (ppm)

T
FS0°¢€

oot
Foor

Foot

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

&9



0€' T —
1€ —
<59~
<S8~
90°0€ —

\JW o

1

10

20

30

8b'SE —

40

iy lmlm o) "

oy

50

8E°55 —

SE€/9
L9 V.

W

60

T9°EL ~\_
¥8'9L
or'LL

8vLL 7

£8'C8 —
08'+8 —

T€'86 —

SE'ETT ~_
€E°'STT ~
66'STT -

80

110 100

120

f1 (ppm)

130

TOEET —

06°0vbT —

140

150

SC'6ST —

160

A nhmmm»ww, ' MW i by J‘—%«J LJWJW«W

170

180

90



TMONOO®NWVAN
NN KX QM
nwnmwnwmLwmwmwmuwmuwn

CHy

HO

CH,

Fort

=C0°€

o001

o001
Foor

Foot

10T

0.0

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

8.0

91



T€°0-— W o
E =)
i
W ]
N
99T — -
IM&H )
W i
wuve — =—
89, — °
=
10y —
o
n
o
(=}
Pb'69 — N
¥8'9L
=STEE
. o
8y’ /L 2
~
£
Q
(=8
o~
(o)}
e — b
2086 — o
i
o
i
i
06'bTT —
o
—
(8021 — o
£9°62T — ]
SLSET —
=)
0€°0pT — -
€9°EPT —
o
n
i
(=]
@
i
o
= ~N
i

180

92



CHy

AN

S
NN\

HO

CH,

Fort
Fort

=20°€

Foot

— Fso't

o1

—
- —3 Fvor

o1
Fert

Foot

6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

6.5

7.0

7.5

8.0

93



LT —

|

25 20 15 10

30

£8'b€ — -
b92€ —
o
<t
9z'EL — "
X
o
wn
n
wn
W :
(=)
wn
(=)
. — o
15°69 IM N
M e
¥8'9L N\ NS
oriL— = g
8v°/L m o
= 0 Y-
8818 —
n
- [e0]
o
- [0))
w g
[0))
o
o
i
. ar
o
= i
o
i
i
a
86'bTT — -
o
o
i
81221 —
o
06°£2ZT ~_
19°82T — 2
69621 |\| i
zo1er

T€0PT —

ELEPT —

150 145| 140 135

94



CH,

Feor |

Foot

e

Frot

HO

f1 (ppm)

707

ﬁ
I50°¢

Furve ¢

95



o @ N N o Vo NV o

N n ©an®o © =N © N®OIn ) n <+ - © o~

o (W= RN ) Qo MmmAan s “ = N L

n + < LERENES - B S NNG al 3 o N o —

- - —- - @ @NNKN n < ©® ™ ~
[ TN S NN L

| .l] | | L - bl
lm.i ’m.h ,..JHL Ji,Aj‘UJ 4 Ll m.““ uh \JLJ”ML(JLLNML M.‘ ,“’.A I u.Hl I .m \ ‘\JLL.‘L..L “\il‘ ‘hu i;m;.n I.J..’m.‘l L”J ALLJJ.Jh‘\. L;JJ\J‘.M‘“J{.JMJ'JMl ‘ | .‘.‘m. ”. U \LM.J ‘.‘\’ “HA‘JM MM.‘ M‘ .\ Al ‘m”xi‘j. ‘H ’uu‘ HJ \‘.J JX

I

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)

96



HO

CH,

1l
»

—_—

Fer
Loes
T:.N
T:.m

Fot

160
0°T

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

f1 (ppm)

4.5

5.0

m

5.5

6.0

6.5

7.0

7.5

97



N N ©
ql @ ™ o N T - Q @ 0 — o m ~
E = i © = OGN N < N N © in N
< — o oo NN O Q — [a] O O Mm m o
1 — — o NN N N n < m ™M NN T

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
70 160 150 140 130 120 110 100 90 80 60 50 40 30 20 10 0 -
f1 (ppm)

98



0.0

0.5

1.0

HO

CH,

|
-

L

— Fvot

2.0

2.5

3.0

3.5

4.5

5.0

f1 (prm)

Fz8c
— HFie'1

6.5 6.0 5.5

7.0

7.5

e et e\ ) 2

8.0

99



— N — o o ~

- 0 n M © S} Q9o oWy o < =3 TN NI
= = o g IN < men SR @ 9 o M ® ©
< o N N — g O 13 Nfs o — o e} BN
- = — - ® © @ NN R n <+ ™M NN

L gs.
<
<

s L

80 170 160 150 140

90
f1 (ppm)

100



T0

S8°0~_
180~

()
N
N

s

A,

mh Wb

(i

Fze0

Faer
Fert

[t
T

60T
91T
0T

01

6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

7.0

7.5

101



129.31
127.21
126.36
125.89
77.48

161.51
— 141.35
— 139.52

7716

76.84

75.85

51.99
— 35.46
— 33.04

14.73

n A3

]
AN
,
X

.80 170 160 150 140 13(Q 120 110 100 90
f1 (ppm)

102




T T T T T T T
4.5 4.0 3.5 3.0
f2 (ppm)

103

f1 (ppm)




0.0

ST

10T

o
> ©
—

MANN—SOANANTONNRNYTONODDON QWYY
LwvvwoVwwrNNNOQAAAQARY I MMMM—=-OO
NANANNNNNNNNA S A A oA A oA

—_—— =IJ8T

A

Ferr

860
Fost

ot

—————— E00T

=

F90°T
Fort
Foz1

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

f1 (ppm)

104



150 —

¥S'8C —
0€°TE ~—
69°T¢E 7

10

20

30

65°SE ~

L'y —

T6'vS —

£0'89 ~
ITTL~_
9b'vL
+8'9L
9T°LL
8y /L~

80 70 60 50 40

90
f1 (ppm)

100

110

£8°STT
8C9CT
ce9et
19T
98°8¢T

e

120

130

. J— o
¢8'8ET 3 M
09°'TPT —

o

n

—

(=]

O

—
89T —

170

105



I\

Foov

Fvot

Fooz

0.0

0.5

1.0

1.5

2.0

€87/

HO

ik

o

Feot

20T
AN
byrr

Feot

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

f1 (ppm)

106



5
+9°0 — ILM;

o
i
80°2T —
=
A
i 5
9107 — 3 I
=
o
= (]
68'1€ — —_—
se'se —
o
E ¥
3 =
A
E S
<
E 2 o
n
3 °
2609 — W ©
i o
= [N
=
SSHLN i
+89£ 3
BN 3
il —= on
W ® £
(=1
_ (=1
bl
b
W o
[«
3 o
o
m —
3
o
i
i
=
o
[a\]
= —
ve'szT £
87°921 M 3
26'92T —
scier/r o
20621 7 z —
k- W'
00°6ET — 3 =
bSTHT — Wu -
E o
n
= i
E
4 o
£5°65T — o
M i
£
2

107



PT0~.
sT0~"

A

€0'¢

06t —

ws—

0T 7
0T
T
[AVE
AL
AVE
6T 7
6T 7
021
1272
€7,
€24
ST'LA
ST'LA
9T'L

9T'L

9z'L

e

e

oL
oL
YL
8t L
8v'L

CH,

H;C

ST

—

N

Feo9

Fooe
806

Fseo
Foot
Foot
Foot
Fere

00T
Tt
boet

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

8.0

108



10

20

89'9¢ —

T2 —
S€°6e —

TL'CS —

50

8b'SL
Y8'9L "

9T'ZL
8y /L .\.

70

T
80

fl (ppm)

T
100

€0°ETT ~_
bT9zT
ze°9z1
et
ezt

¥

T
130

€P'6ET —
LTTHPT —

0T'¢91T —

T
140

T
150

T
160

T
170

109



080~
280"

£1°L
91"/ A
91"/ A
AVE
8T,
8T/
0z,
0Z°L A
[V
[44VAN

YL
YL
9TL
9T'L

Sv'L
oL
YL
YL
8v'L

N

0.0

0.5

Fsez

w o

i

wn

M —
- T0¢T

o

|H|W\ Tert | O

0

= WM@.O oV}
— 0T
B A
M Freot

oot

" Fese
Foot

3.0

3.5

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

f1 (ppm)

110



8RR moAaN @ ® gt © @ @ o~ 0 o
SRR AN OO o NEE el N < ] M
) NANNN — N Njlo © ) 5 © < o
- - - ~ NN = < ] ~ -
NI SN ~— \

=

s A A

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
170 160 150 14 130 120 110 100 90 80 70 60 50 40 3p 20 10
f1 (ppm)

111



)
I
O

JE—

b

it

ikl

AW

———

Fere

oz

Feor

Fsrt

e

Feev

0.5

1.0

1.5

2.0

2.5

3.0

T
3.5

4.5

5.0

6.5

7.0

f1 (ppm)

112



90'bT
591 /
Pb'9T
86791
15791

£9°6C
vL 6T Vu

£€9°€€
99°'€€ V.

¢6°0S
4] v

LY'T9
0S°T9
€S8°T9
8S°T9
+9'19

€0'vL AN
+8'9L

-

8v'LL

"

™

06°TTT —
SLETT —

oz

T
100
f1 (ppm)

110

o

[44-T4t
[a T4t W
ocset .\.
0T°6CT

"

T
120

T
130

T8°8ET —
vLOvT —

I}

i

"

T T
150 140

T
160

+S'891
09°891 V.

T
170

T
180

A

T
190

113



060~
260~

012~
vz —
e’
04T
€Lz
(Ve
8T
08'Z

ot

Foo1

Us ¢~
v8'c“F

98'C
£L8'C

68°C
06'C

6T
6T

L0°S
80°S v.

)
£1°L
bT°L A
YT LA
12°L
122
€7,
€274
vTL A
97,
A

0'T
10°C

T'90'T

6L
mN.m.\
se's
(€L
6L
€5,
ss's

1Y9°s

Fgoz
SO0

7.5 7.0 6.5 6.0 5.5 5.0 4.5 . 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)
114

8.0




60'vT —

18'9¢ —

T'se —

0L'6t —

8b°Q,

Lty
f

't

Ly Y )
Ll

A

-

10

20

o

i

Ll

"

30

40

50

60

70

b8'9L -

Q1 LL =T

&L |\

0

90
f1 (ppm)

68°SCT
scoct
ve9CT
v ocCT

7

ot°zz1
sz'8el %

110 100

120

130

L0617

87671 7

96'LET ~
8€°6ET —
OT'THT —

LLSPT —

\
Loy

150 140

160

170

180

115



680 ~o A

160" —

o€

Fore

%:.m

Fvoz
£T°T
0'S

Feso

0.C

0.5

1.0

1.5

2.0

2.5

3.0

3.5

T
4.5

5.0

6.0

6.5

7.0

0

f1 (ppm)

116



L O
o
~ v
b1 —
o
r &N
€89z —
o
sl
gTSE=
o
1966 — - 3
6£°55 —
o
O
o
— N

mm.mm ./.
vw.om
06'9L V.

9T°LL ”\
8y LL

N

-
—
£
o Q
or e
~—
bl
b
o
L O
i
o
]
i
0LETT —
o
I N
0£°52T A —
YISzt
§6°'STT
TE9CT =7
10°LTT L @
81'621 —
0b"0ET
£H°0ET
o
Pb6ET — -3
ST
69°tbT ~ £
o
L N
i
81'85T — 1=
= Vo)
i
= S
3 5
i )
W 2
o)
i

117



‘A}h'AJ.

il

E00'T
Fozt
Fogt

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

f1 (ppm)

118



160.99

144.86

— 137.59

/

130.75
126.97
126.72
126.69

TZ0735

4 ! i | d 1hal]
LWL AL AT L A LA TV L

77.48
77.16

,
¥

77.06
76.84

57.75

AR o

— 36.37

— 31.22
— 28.64

14.80

0.56

180

170

160

150

140

130

110Q

100

60

5(




6t 0

St's—

H,C— S\f/ CHy

CHy

L.

|
)

A

e SN

A

|

VA

Fssz

Rz
Froe

T
3.5

. ; .
.5 %4
f1(ppm)

T
IngEl

Fs60

120



950

98'6C —~
81°0€ s
0Tve —

10

20

30

§9'9¢€ —

40

98'Sy —

50

60

0

$8°9/

8v'LL

80
f1 (ppm)

90

100

110

120

130

140

150

98°9ST —

160

170

121



€T°0
Oﬁ.ﬁg/
Z11

[R—

=/v'6

Ty
(AR
0'T
[A4r4

et

WMNA
0T

5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

6.0

6.5

7.0

7.5

8.0

122



f1 (ppm)

123




”{L I J\IMJ,J x

MW[ It

124

3.0
f2 (ppm)

2.5

0.0

f1 (ppm)



T

0T

|

wd

Beo9
Ayoe
perT
01
4
15°1

| Fso1

JJL
]

Wﬁm.v

Fzoe
Foce

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

8.0

125



L6'ST —

veZe —
07'ST ~
T
50'67 —

8E'vE —
66'S€ —

Sty —

E'69
65°69 ~=
€8'CL N\
+8°9L
9T'LL

=9t ZZ
8v'LL .\

88/6 —

MWwJ‘LWI "WMM 1 'l {"il WWMW

f1 (ppm)

ﬂ'

§§°9¢T ./.
6€°8¢T ./.

§S8°8¢T
16°8¢T W-
90°6¢CT

—_

[~

J

T
110

T
120

T
130

6E8ET ~
LL6ET —

T
140

el

lw

T
150

T
160

o

T
170

T
180

126



09°¢
om.m\.

.

b
1.5

b

|

A

0b"9 ~\
89
€89

S8'9
98'9

€T,
€T°L

YL
YL
ST'L
9T'L
9T'L
LTL
LTL
8T'L

t 6°T
I [AN4

=0T°E

Lot

Fooz

Feoz

0.0

0.5

1.0

2.0

2.5

4.0 3.5 3.0

7.5 7.0 6.5 6.0 5.5 5.0 4.5
f1 (ppm)

8.0

127



00~

S8 —

9L~
€L~
e

992 ~
892~

H3C

<68

Reor
o0t
Feo

Fee0

Foot
Fs860

10T

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

f1 (ppm)

128



900 —

€L°9T —

€9°TC —

v0'8e <~
26'Th ~
88"€h ~_

€6°€S —

T0°TL —

+8°9L

Wt

-

8vLL

f1 (ppm)

T
90

A

T
100

110

T
120

TrLeT ~
68'62T ~\_
TH'0ET —

0S'SET —

6S°EPT —

!

T
130

T
140

150

PT°EST —

T
160

T
170

129



SO0 Fess Q
] o
171 E
8C'T n
T o
8.1
641
18°T
€8'1 o
S8'T -
98'1
(8T .
. = 16'C
881 1 Tuee
68'T 10T tn
06'T -
L6'T
86'T B
ﬁouN = 1T
a'e = 16T | o
Ev'e = 1t PN
€LT
ST IL
LT
8L'C _ .
067 Fre | M
96°'C
16'C
86'C = Fert
66'C
66'C == Fort |2
4
wm.m/.
8z ~\ = ot
62°€ \
oc’e d n
89'€ / m
1€ _d
e 5 = Fsst1 _
cLE m
N Q O
vLE a8 &
SL'E - R —
wn.m.\. = Foot b
S0
60 ©
o n
<
o
— o
10
I~
79's — -———1 F960
Q
- ©
10
- O
9L °
1€°L . | <
(44 N
432
€€'L
pEL —_— o0z
YEL |
S9°/ ™~
S9°/ e 002
99/
191
89/

8.0



mmmmm

mmmmm

O m -
NNN
4

ﬁﬁﬁﬁﬁﬁ

mmmmmm

131



—

A

"

| -~

0.0

0.5

1.0

CH,

STh
STv W.
STv
q I
J O

HyC

= Fose
n
—
Tﬁ.m
ot o
Frso [N
8ee

A iy A

\A

I

PRIV

I

Froe

Fers

2.5

3.0

3.5

4.5

5.0

5.5

6.0

6.5

7.0

7.5

f1 (ppm)

8.0

132



(wdd) 14

3.6

3.8

4.0

4.2

4.4

~-4.6

4.2 4.0 3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 2.2 2.0 1.8 1.6 1.4 1.2
f2 (ppm)

4.4

3

Wy ,és

133



ool AT ANTMOAINNASANNDT A

MOERMMONORBENQBM oSO R R orglsyyg =g | = an =

MONPOVONINEHOADWOWOWIMNININININ R N RN 2 H H

TEOMOOMOMOMOMOMOANNNANNNNNNNN ~ O MmN Q0N M N ~N o — - O n

R B B B e e B B e B B L B B B I B B I B B ~N NINN <t < < < < m M ™M N N —
[ } [ S S S S SR S W —

SNTE= N e W NSV T | N

l l | I ] ] l | I, ( | |
JAL A M L_M“..ﬂ‘ W AL ] MNL..I..J.LU EIUT ‘4“Mnxl‘u.\,“...:u.},ﬂ‘.A“. A0 A RN

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
150 145|140 135 1“}0 125 120 115 110 105 (100 95 90 85| 80 L 75 70 65 60 |55 50 [45 40 35 30 25 20 15 10 5 C
f1 {ppm)

134



v

T
0.0

0.5

1.0

1.5

2.0

2.5

00°Z

10°L

O— CH,

CHsy

HO
/
S

[4Aa
0L
0L

0L
€0°L
9T'L
9T'L

O— CHy

LT,
LT,
LT,

8TZ
8¢,

6C°L
6C°L

¥9'L
¥9'L
99°'L
99°'L
19°L

H;C

135



R TEIRBNSIINERRTSR NE T g¥ugay 48 g gn
Y | == N | \/ VoSNV SN (Y
| |
|
|
| II I \
b A AT ‘
.,L‘,mj. ..U.L‘,L‘JJ‘N.Hl‘i‘. I} U LA Gl (I \"Hh “ J\H,m \M] ‘ .JLH\‘ H‘ M‘U Hh H H J“U,“, ‘V.“l ‘ ! .wm“ L/ iJ.J‘\‘ L1 ‘ H‘NM HH” Il i . l | {11 TNt t H\ L \HEH.”\‘ I
l l l | T | AL
T T T T T T T T T T T T N U T T T T T T T T T T " T T T T T T T T T
180 170 160 150 140 130 120 110 100 2J0] 80 70 60 50 40 30 20 10
f1 (ppm)

136



11°0
€T'T
m.ﬁ.ﬁg

LETH
g1
6€°T
0b'T
T
T
T
T

T

€T
€T
w1
o9'T
9’1
LY'T

€S'T
LS'T

8S'T
8S°T
6S°T
6S°T
09°1T

19T
19T
oQ'1
QT
[4°"
[4°l"
€91
vo'T
v9'T

S9°T
99°1T
L9°T
L9°T
L9°T

89T
69°T
LT
0L'T
LT
LT
LT
[2An"
[2An"
[#An"
€L'T
6L'T
08'T
08'T

8T

8T

8T

€8T
¥8°T
98°T
88'T
T6°T 7
06°C
16°C 7
16°C 7
6°C
26°C
€6'C
€6'C
¥6°C
¥6°C
¥8°€
bT'v
bT'v
8Tt
8Tt
vy
St
8¢t
6C't

beE'S-

H,C

H3C\ \ e CHS

e
HyC

HO

T |

A

e

cLE

fard

Wﬂv.v

ot

Fer
Fse0

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

8.0

137



€0°0

M =
i )
90T —
\W :
[a\]
9b'€T =
19°€T > W
3 o
™M
81'8¢ W
. o
sz'8e W =
65"t F3
L >
] R
i3
2 3
29:09 — _=
m, o
~N
9'1L — 3
897 M
9T°LL —— m,
12°LL W og
8V ZZ = re
=
9/'58 — 3
Ml o
farY
= o
=
2
2
i .
i =
i
==
3
w :
o~
i
6£'€CT — JIM
o
o™
- i
= o
=
i
o
= n
W —
$T°65T — M 3
i

|
P “' W I}

70

138



S6°T

06—
66'C —

€re—
pee—

o'y
8ty W
1Sty

ho.m./

HO

HO

VAN

<8 TT

4

90°'T [

Feor

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

f1 (ppm)
139

4.5

s\
ore—

s
€S

T
NN.m\
L2°S

+8'S
S8'S
98'S

Hzc/\

F ot

Feort

H| 00'T

5.5

88'S

06°'S
16°S
6'S

)
|

6.0

6.5

7.0

9¢'L—

7.5

3.0



5 b 2 N 8 R %
¥ 3 N S o o
— — ~N < < NN
L N
|
l | l | l ! b | l I I k
mq ! ‘ [l ' | Mm 1 WW ' i l' i
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
155 150 145 140 135 130 125 120 115 110 105 [100 95 90 85 8 75 70/ 65 60| 55 50 45 40/ 35 30 25 20 15

f1 (ppm)

140




BC L)
0€'T 4
0b'T I
T
T
£6°T 7
bbT
9T
6T
85T |
0S'T
$S'T 1
95°T
(ST
85T A
65T F60'¢
£9'1 ||ﬁ|hni\b
v9'T = .

59T R —— o8
99'1 —
191 —_ .

89'T — e
bLT i Fert
ST
21
8/'1 b
64T
64T
781

0.0

0.5

1.0

1.5

2.0

2.5

S8°'T
98°'T
66'T

10°¢
T10°€

€0°¢

96°€
S.m/.

86'c ~\ —] o
00
«© v 1
9y V _ _———] mo.ﬁ
65y~ 0T
g /

SE'9 4] Foort

8T'Lq

6TZ
0z'L
7L
2L ~% — .
vos — Foce
vN.NN =1 TI=et
9L

2 R
€e'L
se

4.0 3.5 3.0

f1 (ppm)
141

4.5

6.0 5.5 5.0

6.5

7.0

7.5

8.0




[ I
M =
= T
= o
= -
S
o
— sl
> o
T - <
PHEh ~
1200 =
o
- wn
o
O
S .0V W
- R
S0z — =
+8'9L L
Biia3
. o
8b'/L m o)
65'58 — — =
s
o
al
i
Y
o
o
i
o
i
i
o
o~
i
89°S2T ~\_
£9'92T ~
ze'8eT — 1=
o6zt 7 i)
TT°LET — = °
L <
i
00°€pT — =
= o
M )
i
= o
= -9
IW' R
= N
3 .
= - ©

142



