Electronic Supplementary Material (ESI) for Organic Chemistry Frontiers.
This journal is © the Partner Organisations 2024

Supporting Information

Bronsted Acid-Mediated Selective a-Alkenylation of 3.4-

Dihydro-2H-pyrans
Nan Chen?, Chaokun Li?, Shangteng Liao®, Jinglong Chen*®, Xingxing Ma? and

Qiuling Song*® ¢ ¢

@ Key Laboratory of Molecule Synthesis and Function Discovery, Fujian Province University, College of

Chemistry at Fuzhou University, Fuzhou, Fujian, 350108, China

b College of Materials Science and Engineering, Fuzhou University, Fuzhou, Fujian Province, 350108,

China

¢ State Key Laboratory of Organometallic Chemistry, Shanghai Institute of Organic Chemistry, Chinese
Academy of Sciences, Shanghai 200032, China

4School of Chemistry and Chemical Engineering, Henan Normal University, Xinxiang, Henan, 453007,
China

*Corresponding author. E-mail: gsong@fzu.edu.cn; jchen@fzu.edu.cn



10.
11.

Table of Contents

General Methods ... 3
Optimization of Experimental Conditions ...................ccccoooiiiiiiiiiis 4
General procedures for the preparation of the starting materials................... 5

3.1 General procedure A for preparation of potassium alkenyltrifluoroborates...5

3.2 General procedure B for preparation of 2-substituted 3,4-dihydro-2H-pyrans

........................................................................................... 6
General procedure for the preparation of the products.....................cccoeeeennnn. 7
4.1 General procedure E for a-alkenylation of vinyl ethers ..............cccooiiiininnne 7
4.2 General procedure F for alkenylation-Ferrier process of glycals.................. 7
Characterization of the starting materials....................c.cooooiiie 8
Characterization of Products..................cccoooiiiiii e, 22
Scale-up reactions and synthetic applications...................cccooiiiniininienn, 47
7.1 12 MmOl SCAlE TRACLIONS ....c.vviiueieiiiiiie ettt 47
7.2 SynthetiC apPliCAtIONS.......cciiiiiierieieee e 47
Control eXPeriments. .............cooiiiiiiiiiiiiii et 51
General methods for determination of the d.r. ratios and configurations..... 52
NMR Spectroscopic Data...............coooiiiiiiiiiii e 59
Supplementary References ................cccccoviiiiiiiiiie 137



1. General methods

All experiments were conducted with a Schlenk tube under an argon atmosphere. Flash
column chromatography was performed over silica gel (200-300 mesh). Analytical thin-
layer chromatography (TLC) was carried out on Merck 60 F254 pre-coated silica gel
plate (0.2 mm thickness). Visualization was accomplished by UV light (254 nm),
phosphomolybdic acid or KMnOs staining solutions followed by heating, also by Gas
Chromatograph-Mass spectrometer analysis (GC-MS). Unless otherwise noted,
materials obtained from commercial suppliers were used without further purification. 'H
NMR, *C NMR and ""F NMR spectrum were recorded at ambient temperature using
Bruker Ascend™ 400 (400 MHz) spectrometer, Bruker AVANCE III 500M
spectrometers or INM-ECZ500R/S1 (500 MHz) spectrometer. '"H NMR chemical shifts
(in ppm) were referenced to CDCI3 (0 = 7.26 ppm), Acetone-ds (0 = 2.05 ppm) and
DMSO-ds (6 = 2.50 ppm) as internal standards. *C NMR spectrum were obtained by
using the same NMR spectrometers and were calibrated with CDCl3 (6 = 77.0 ppm). The
following abbreviations are used: s = singlet, d = doublet, t = triplet, q = quartet, dd, =
double doublet, dt = double triplet, td = triple doublet, m = multiplet. HRMS data were
obtained on Thermo Scientific Orbitrap Elite Mass Spectrometer with an ESI source (Ion

Trap) or Agilent 7820A GC-MS with EI mode.



2. Optimization of Experimental Conditions

o .
O . A\/EJ CF3COOH (3.0 equiv) 0.
KFoB CHCN, T, 12 h

1a 2a 3a
Table S1t
Entry Trc Yield of 3a (%)°
1 -30 46
2 -10 50
3 RT 64(63°)
4 40 50
5 60 60
6 80 61
7 120 32

[a] Reaction conditions: 1a (0.2 mmol, 1.0 equiv), 2a (0.5 mmol, 2.5 equiv), CF3COOH (0.6 mmol, 3.0 equiv),

CH;CN (2.0 mL). ) Determined by GC analysis by using dodecane as the internal standard. [! Tsolated yield.

Table S2
Entry Additive (1 equiv) Yield of 3a (%)°
1 Zn(OTf)2 53
2 Znl2 56
3 FeClz 73
4 Fe(OAc)2 54
5 Fe(OTf)2 63
6 NaOTf 55
7 Bromoferrocene 63
8 Ferrocene 58
9 Cul 52
10 Ni(dppf)Cl2 50

[a] Reaction conditions: 1a (0.2 mmol, 1.0 equiv), 2a (0.5 mmol, 2.5 equiv), CF3COOH (0.6 mmol, 3.0 equiv),

CH3CN (2.0 mL). additive (1.0 equiv) ! Determined by GC analysis by using dodecane as the internal standard.

Table S3
Entry FeCl (X equiv) Yield of 4a (%)°
1 0.1 60
2 0.2 76
3 0.5 75
4 15 73
5 2.0 66

[al Reaction conditions: 1a (0.2 mmol, 1.0 equiv), 2a (0.5 mmol, 2.5 equiv), CF3COOH (0.6 mmol, 3.0 equiv),
CH;CN (2.0 mL). FeCl: (X equiv) ! Determined by GC analysis by using dodecane as the internal standard; [°!

Isolated yield.



3. General procedures for the preparation of the starting materials

3.1 General procedure A for preparation of potassium alkenyltrifluoroborates (2a-
2t)1,2

HBpin

B(CgF 2.5 mol% KHF, (4.0 equiv
— R (CeFs)s ( o) S R! 2 (4.0 equiv) < B/\/R1
MeOH:H,0=4:1, RT 8

toluene, 60 °C, 2 h Bpin

To a 50 mL Schlenk flask equipped with a magnetic stirring bar, B(C¢Fs)3 (2.5 mol%)
was added and the flask was evacuated and refilled with argon (three times). The alkyne
compound (1.0 equiv) was dissolved in toluene and added into the flask. The reaction
mixture was stirred and heated at 60 °C for 2 h. After cooling to room temperature, the
reaction mixture was evaporated to dryness in vacuo. Then the crude product and MeOH
was added to a 100 mL Erlenmeyer flask equipped with a magnetic stirring bar. An
aqueous solution of potassium hydrogen fluoride (KHF2, 4 M in H:0, 4.0 equiv) was
slowly added to the flask. Upon completion of the addition, the flask was stirred
overnight. The resulting mixture was transferred to a 250 mL round-bottom flask, and
the mixture was diluted with toluene for azeotropic removal water. The biphasic mixture
was concentrated under reduced pressure using rotary evaporation (20 mbar/40-50 °C).
Subsequently, toluene/MeOH mixture (v/v = 10: 1) were added to the resulting residue
and concentrated under reduced pressure. This process was repeated four times. The
resulting residue was dissolved in acetone and filtered to remove insoluble salts. The
combined filtrate was diluted with toluene and concentrated under reduced pressure.
This cycle was repeated two times. The flask was dried overnight under high vacuum on
a Schlenk line to give the desired potassium trifluoroborates as white solid.

3.2 General procedure B for preparation of 2-substituted 3,4-dihydro-2H-pyrans

(OJ/\OH NaH (1.2 equiv), RX (1.2 equiv) C)J/\OR
DMF, 0 °C

To a 100 mL Schlenk flask equipped with a magnetic stirring bar and evacuated and

(dc-1y’

refilled with argon (three times), 2-hydroxymethyl-3,4-dihydro-2H-pyran in DMF was



added and cooled to 0 °C. Then NaH (1.2 equiv) was slowly added. The mixture was
stirred for 20 min and halide compound (1.2 equiv) was then added dropwise. After the
starting material was completely consumed (detected by TLC), the reaction mixture was
diluted with ethyl acetate, washed with saturated aqueous NH4Cl (2 times), brine (2
times), dried over Na2SO4 and evaporated under reduced pressure. The crude reaction
was purified by column chromatography to afford corresponding product.

3.3 General procedure C for preparation of 2-substituted 3,4-dihydro-2H-pyrans

) . o
(OJ/\OH PPh3 (1.3 equiv), DEAD (1.3 equiv) EJ/\OR
ROH (2.0 equiv), THF, RT

To a 100 mL Schlenk flask equipped with a magnetic stirring bar, 2-hydroxymethyl-3,4-

(4a'b’ 4q)4

dihydro-2H-pyran and PPhs (1.3 equiv) were added and the flask was evacuated and
refilled with argon (three times). Dry THF (20 mL) and phenol compound (2.0 equiv)
was added at room temperature. Then, diethyl azodicarboxylate (1.3 equiv) was added
dropwise. After stirring for 4 h, the reaction mixture was diluted with ethyl acetate,
washed with saturated aqueous NH4Cl (2 times), brine (2 times), dried over Na2SO4 and
evaporated under reduced pressure. The crude reaction was purified by column

chromatography to afford corresponding product.

3.4 General procedure D for preparation of 2-substituted 3,4-dihydro-2H-pyrans

(4m-o, 4r-s)°

DMAP (0.1 equiv) o)
DCC (2.0 equiv)

CJ/\OH RCOOH (2.0 equiv) CDJ/\O)LR
DCM, RT

To a 25 mL round-bottom flask, 2-hydroxymethyl-3,4-dihydro-2H-pyran, carboxylic

acid (2.0 equiv), DMAP (0.1 equiv), DCM and dicyclohexylcarbodiimide (2.0 equiv)
were successively added. The mixture was stirred at room temperature overnight and
diluted with ethyl acetate, washed with saturated aqueous NH4Cl (2 times), brine (2
times), dried over Na2SO4 and evaporated under reduced pressure. The crude reaction

was purified by column chromatography to afford corresponding product.



4. General procedure for the preparation of the products

4.1 General procedure E for a-alkenylation of vinyl ethers (3, Sa-5¢’)

X FeCl, (20 mol%) X R!
R@ . RUBFK CF,COOH (3.0 equiv) RU
CHaCN (3mL), RT, 12 h
1,4 2 3,5

To a flame-dried Schlenk tube were added FeClz (20 mol%), 2 (0.5 mmol, 2.5 equiv),
and the tube was evacuated and refilled with argon (three times). Subsequently, CH3CN
(3mL), 1 or 4 (0.2 mmol, 1.0 equiv) and CF3COOH (0.6 mmol, 3.0 equiv) were added
and the reaction was stirred at room temperature for 12h.The reaction mixture was
diluted with ethyl acetate and the solution washed with saturated aqueous NaHCOs3,
water and brine. The combined organic layers were dried over Na2SO4 and concentrated
under reduced pressure. The crude product was then purified by flash column

chromatography.

4.2 General procedure F for alkenylation-Ferrier process of glycals (5d’-f)

0 A\
CF;COOH (3.0 equiv) R i
KF3B7 XX =

CH3CN (3 mL),70°C, 4 h

5
To a flame-dried Schlenk tube was added 2a (0.5 mmol, 2.5 equiv), and the tube was
evacuated and refilled with argon (three times). Subsequently, CH3CN (3 mL), 4 (0.2
mmol, 1.0 equiv) and CF3COOH (0.6 mmol, 3.0 equiv) was added and the reaction was
stirred at 70 °C for 4 h. The reaction mixture was diluted with ethyl acetate and the
solution washed with saturated aqueous NaHCOs, water and brine. The combined
organic layers were dried over Na2SO4 and concentrated under reduced pressure. The

crude product was then purified by flash column chromatography.



5. Characterization of the starting materials

Potassium (E)-trifluoro(styryl)borate (2a)

©/\/BF3K

2a

Following the procedure A on 10 mmol scale, white solid, yield: 77% (1.52 g).
Spectroscopic data are in agreement with those previously reported®.

"H NMR (500 MHz, DMSO-de) 5 7.36 — 7.29 (m, 2H), 7.25 (m, 2H), 7.11 (m, 1H), 6.48
(d, J=18.2 Hz, 1H), 6.19 (dq, J = 18.2, 3.6 Hz, 1H).

Potassium (E)-trifluoro(4-methylstyryl)borate (2b)

2b

Following the procedure A on 5 mmol scale, white solid, yield: 66% (0.74 g).
Spectroscopic data are in agreement with those previously reported®.

TH NMR (500 MHz, DMSO-de) 6 7.19 (d, J = 8.2 Hz, 2H), 7.05 (d, J = 7.9 Hz, 2H),
6.42 (d, J=18.2 Hz, 1H), 6.10 (dq, J = 18.2, 3.6 Hz, 1H), 2.25 (s, 3H).

Potassium (E)-(4-(tert-butyl)styryltrifluoroborate (2¢)

2c

Following the procedure A on 5 mmol scale, white solid, yield: 78% (1.04 g).
Spectroscopic data are in agreement with those previously reported’.

TH NMR (500 MHz, DMSO-de) 6 7.30 — 7.15 (m, 4H), 6.43 (d, J = 18.2 Hz, 1H), 6.11
(dd, J=18.2,3.6 Hz, 1H), 1.26 (s, 9H).



Potassium (E)-trifluoro(4-methoxystyryl)borate (2d)

/@/\/ BF3K
MeO

2d

Following the procedure A on 5 mmol scale, white solid, yield: 67% (0.81 g).
Spectroscopic data are in agreement with those previously reported®.

'H NMR (500 MHz, DMSO-de) 6 7.30 — 7.17 (m, 2H), 6.90 — 6.76 (m, 2H), 6.38 (d, J
=18.1 Hz, 1H), 6.05 -5.92 (m, 1H), 3.72 (s, 3H).

Potassium (E)-(2-([1,1'-biphenyl]-4-yl)vinyl)trifluoroborate (2¢)

2e

Following the procedure A on 5 mmol scale, white solid, yield: 53% (0.76 g).
Spectroscopic data are in agreement with those previously reported!!.

'H NMR (500 MHz, DMSO-ds) § 7.67 — 7.62 (m, 2H), 7.56 (d, J = 8.2 Hz, 2H), 7.48 —
7.38 (m, 4H), 7.32 (m, 1H), 6.51 (d, J = 18.2 Hz, 1H), 6.25 (m, 1H).

Potassium (E)-trifluoro(4-(trifluoromethoxy)styryl)borate (2f)

/@/\/ BF;K
CF,0

2f

Following the procedure A on 5 mmol scale, white solid, yield: 53% (0.76 g).
Spectroscopic data are in agreement with those previously reported!?.

'"H NMR (500 MHz, DMSO-ds) 8 7.56 — 7.37 (m, 2H), 7.22 (d, J = 8.2 Hz, 2H), 6.49
(d, J=18.4 Hz, 1H), 6.22 (m, 1H).

Potassium (E)-trifluoro(4-fluorostyryl)borate (2g)

/@/\/BHK
F

29

Following the procedure A on 5 mmol scale, white solid, yield: 71% (0.81 g).
9



Spectroscopic data are in agreement with those previously reported®.
'"H NMR (500 MHz, DMSO-de) 6 7.51 — 7.21 (m, 2H), 7.14 — 6.95 (m, 2H), 6.43 (d, J
=18.2 Hz, 1H), 6.10 (m, 1H).

Potassium (E)-(4-chlorostyryl)trifluoroborate (2h)

/@/\/BF:;K
Cl

2h

Following the procedure A on 5 mmol scale, white solid, yield: 68% (0.83 g).
Spectroscopic data are in agreement with those previously reported®.

'"H NMR (500 MHz, DMSO-ds) 5 7.44 — 6.84 (m, 4H), 6.44 (d, J = 18.3 Hz, 1H), 6.32
—6.06 (m, 1H).

Potassium (E)-(4-bromostyryl)trifluoroborate (2i)

/@/\/ BF3K
Br

2i

Following the procedure A on 5 mmol scale, white solid, yield: 69% (1.00 g).
Spectroscopic data are in agreement with those previously reported®.

'"H NMR (500 MHz, DMSO-de) 6 7.51 —7.35 (m, 2H), 7.30 — 7.21 (m, 2H), 6.42 (d, J
=18.2 Hz, 1H), 6.36 — 6.11 (m, 1H).

Potassium (E)-trifluoro(3-methoxystyryl)borate (2j)

@/\/ BF3K

OMe
2j

Following the procedure A on 5 mmol scale, white solid, yield: 78% (0.94 g).
Spectroscopic data are in agreement with those previously reported’.

'"H NMR (500 MHz, DMSO-dq) 5 7.15 (t, J = 7.8 Hz, 1H), 6.93 — 6.80 (m, 2H), 6.68
(dd, J=8.3,2.5 Hz, 1H), 6.42 (d, ] = 18.2 Hz, 1H), 6.25 — 6.04 (m, 1H), 3.73 (s, 3H).

10



Potassium (E)-trifluoro(2-methoxystyryl)borate (2k)

CE\/ BF3K
OMe

2k

Following the procedure A on 5 mmol scale, white solid, yield: 46% (0.55 g).
Spectroscopic data are in agreement with those previously reported'’.

'TH NMR (500 MHz, DMSO-ds) 5 7.39 (dd, J = 7.5, 1.7 Hz, 1H), 7.09 (m, 1H), 6.92 —
6.74 (m, 3H), 6.06 (dd, J = 18.4, 3.5 Hz, 1H), 3.75 (s, 3H).

Potassium (E)-trifluoro(2-(naphthalen-1-yl)vinyl)borate (21)

OO - BFK

21

Following the procedure A on 5 mmol scale, white solid, yield: 65% (0.85 g).
Spectroscopic data are in agreement with those previously reported’.

'"H NMR (500 MHz, DMSO-dq) 5 8.15 (d, J = 8.1 Hz, 1H), 7.87 (dd, J= 7.7, 1.8 Hz,
1H), 7.72 (d, J= 8.1 Hz, 1H), 7.56 (d, J=7.1 Hz, 1H), 7.53 — 7.41 (m, 3H), 7.24 (d, J =
17.9 Hz, 1H), 6.41 — 6.05 (m, 1H).

Potassium (E)-trifluoro(2-(thiophen-2-yl)vinyl)borate (2m)

S X BF3K
I

2m

Following the procedure A on 5 mmol scale, white solid, yield: 85% (0.92 g).
Spectroscopic data are in agreement with those previously reported®.

'H NMR (500 MHz, DMSO-d¢) 6 7.18 (d, J = 5.1 Hz, 1H), 6.91 (dd, J = 5.1, 3.4 Hz,
1H), 6.80 (d, J = 3.5 Hz, 1H), 6.56 (d, J = 17.9 Hz, 1H), 5.89 (m, 1H).

Potassium (E)-trifluoro(2-(thiophen-3-yl)vinyl)borate (2n)

X BF3K
@/\/ 3
S

2n

11



Following the procedure A on 5 mmol scale, white solid, yield: 70% (0.76 g).
Spectroscopic data are in agreement with those previously reported®.

TH NMR (500 MHz, DMSO-de) 6 7.37 (dd, J= 5.2, 2.8 Hz, 1H), 7.20 (dd, J= 5.1, 0.9
Hz, 1H), 7.12 (d, J = 2.6 Hz, 1H), 6.46 (d, J= 18.2 Hz, 1H), 5.96 (dq, J = 18.2, 3.6 Hz,
1H).

Potassium (E)-(2-cyclopropylvinyl)trifluoroborate (20)

WB&K

20

Following the procedure A on 5 mmol scale, white solid, yield: 51% (0.44 g).
Spectroscopic data are in agreement with those previously reported®.

'"H NMR (500 MHz, DMSO-de) 6 5.35 —5.15 (m, 1H), 4.98 (dd, J=17.5, 8.3 Hz, 1H),
1.39 - 1.08 (m, 1H), 0.57 - 0.42 (m, 2H), 0.22 — 0.08 (m, 2H).

Potassium (E)-dec-1-en-1-yltrifluoroborate (2p)

/\/\/\/\/\BFSK
2p

Following the procedure A on 5 mmol scale, white solid, yield: 60% (0.74 g).
Spectroscopic data are in agreement with those previously reported'*.

'"H NMR (500 MHz, DMSO-dq) 5 5.45 (dt, J = 17.6, 6.3 Hz, 1H), 5.33 — 5.15 (m, 1H),
1.86 (q, J= 6.6 Hz, 2H), 1.47 — 1.10 (m, 13H), 0.85 (t, /= 6.8 Hz, 3H).

Potassium (E)-(6-chlorohex-1-en-1-yl)trifluoroborate (2q)

CI\/\/\/\
7 BF3K
2q

Following the procedure A on 5 mmol scale, white solid, yield: 58% (0.65 g).
Spectroscopic data are in agreement with those previously reported'?.
'"H NMR (500 MHz, DMSO-ds) 8 5.46 (m, 1H), 5.33 — 5.13 (m, 1H), 3.61 (t, ] = 6.7
Hz, 2H), 1.90 (q, J = 7.0 Hz, 2H), 1.68 (m, 2H), 1.48 — 1.07 (m, 2H).

12



Potassium trifluoro(4-methoxyphenyl)borate (2r)

MeO

2r

Following the procedure A on 5 mmol scale, white solid, yield: 80% (0.86 g).
Spectroscopic data are in agreement with those previously reported'?.

'"H NMR (500 MHz, Acetone-ds) 5 7.38 (d, J = 8.2 Hz, 1H), 6.67 (d, J = 8.3 Hz, 1H),
3.70 (s, 2H).

Potassium (E)-trifluoro(hex-1-en-1-yl)borate (2s)

WBF;;K
2s

Following the procedure A on 5 mmol scale, white solid, yield: 30% (0.29 g).
Spectroscopic data are in agreement with those previously reported®.

'"H NMR (500 MHz, DMSO-ds) 5 5.56 — 5.36 (m, 1H), 5.25 - 5.14 (m, 1H), 2.01 — 1.78
(m, 2H), 1.30 - 1.21 (m, 4H), 0.93 — 0.78 (m, 3H).

Potassium (E)-trifluoro(pent-1-en-1-yl)borate (2t)

\/\/\BF;;K
2t

Following the procedure A on 5 mmol scale, white solid, yield: 41% (0.36 g).
Spectroscopic data are in agreement with those previously reported'?.

'"H NMR (500 MHz, DMSO-de) 4 5.51 — 5.41 (m, 1H), 5.20 (m, 1H), 1.92 — 1.76 (m,
2H), 1.28 (m, 2H), 0.84 (t, J= 7.4 Hz, 3H).

4-((3,4-dihydro-2H-pyran-2-yl)methoxy)benzonitrile (4a)
NC\©\
2

4a
Following the procedure C on 5 mmol scale, white solid (m. p. = 70-72 °C), yield: 92%

(0.99 g), Rr = 0.5 (silica gel, PE: EtOAC = 20:1, v/v), column chromatography (silica

13



gel, PE: EtOAC = 80:1, v/v).

'H NMR (500 MHz, CDCl3) § 7.55 — 7.48 (m, 2H), 6.96 — 6.88 (m, 2H), 6.34 (dt, ] =
6.2,2.0 Hz, 1H), 4.69 (m, 1H), 4.16 (m, 1H), 4.11 — 3.97 (m, 2H), 2.17 — 2.05 (m, 1H),
2.02 — 1.86 (m, 2H), 1.75 (m, 1H).

13C NMR (126 MHz, CDCl3) 6 161.92 (s), 143.21 (s), 133.92 (s), 119.08 (s), 115.25 (s),
104.19 (s), 100.72 (s), 72.78 (s), 70.31 (s), 24.27 (s), 19.07 (s).

HRMS (EI): [M] Calcd. for Ci3Hi13NOz2 215.0946; Found 215.0939.

2-((4-ethylphenoxy)methyl)-3,4-dihydro-2H-pyran (4b)
/\Q\O/\C/\‘

4b
Following the procedure C on 5 mmol scale, colorless oil liquid, yield: 95% (1.04 g),

Rr = 0.6 (silica gel, PE: EtOAC = 20:1, v/v), column chromatography (silica gel, PE:
EtOAC = 80:1, v/v).

TH NMR (500 MHz, CDCl3) 6 7.23 — 7.16 (m, 2H), 6.98 — 6.91 (m, 2H), 6.51 (dt, J =
6.0, 1.8 Hz, 1H), 4.80 (m, 1H), 4.26 (m, 1H), 4.22 — 3.96 (m, 2H), 2.67 (q, J = 7.6 Hz,
2H), 2.26 — 2.15 (m, 1H), 2.14 —2.00 (m, 2H), 1.86 (m, 1H), 1.30 (td, J = 7.6, 1.4 Hz,
3H).

13C NMR (126 MHz, CDCl3) § 156.66 (s), 143.32 (s), 136.44 (s), 128.48 (s), 114.31 (s),
100.33 (s), 73.05 (s), 69.98 (s), 27.78 (s), 24.38 (s), 19.03 (s), 15.66 (s).

HRMS (EI): [M] Calcd. for C14H1s02 218.1307; Found 218.1299.

2-((benzyloxy)methyl)-3,4-dihydro-2H-pyran (4¢)

SAAE

4c

Following the procedure B on 5 mmol scale, colorless oil liquid, yield: 85% (0.87 g).
Spectroscopic data are in agreement with those previously reported?.

IH NMR (500 MHz, CDCL3) & 7.37 (m, 4H), 7.30 (m, 1H), 6.42 (d, J = 6.2 Hz, 1H),
14



4.73 — 4.67 (m, 1H), 4.66 — 4.51 (m, 2H), 4.04 (m, 1H), 3.69 — 3.46 (m, 2H), 2.11 (m,
1H), 2.03 — 1.94 (m, 1H), 1.86 (m, 1H), 1.71 (m, 1H).

2-(methoxymethyl)-3,4-dihydro-2H-pyran (4d)

Meo/\i)j

4d

Following the procedure B on 5 mmol scale, colorless oil liquid, yield: 80% (0.51 g).
Spectroscopic data are in agreement with those previously reported?.

'TH NMR (500 MHz, CDCl3)  6.34 (dt, J = 6.2, 1.9 Hz, 1H), 4.63 (m, 1H), 3.94 (m,
1H), 3.52 — 3.39 (m, 2H), 3.36 (s, 3H), 2.06 (m, 1H), 1.97 — 1.88 (m, 1H), 1.81 — 1.74
(m, 1H), 1.63 (m, 1H).

2-(((4-methylbenzyl)oxy)methyl)-3,4-dihydro-2H-pyran (4¢)

0

de

Following the procedure B on 5 mmol scale, colorless oil liquid, yield: 57% (0.62 g),
Rr = 0.6 (silica gel, PE: EtOAC = 20:1, v/v), column chromatography (silica gel, PE:
EtOAC = 80:1, v/v).

TH NMR (500 MHz, CDCl3) 6 7.27 — 7.22 (m, 2H), 7.16 (d, J = 7.8 Hz, 2H), 6.40 (dt, J
=6.3, 1.9 Hz, 1H), 4.68 (m, 1H), 4.61 —4.49 (m, 2H), 4.02 (m, 1H), 3.63 — 3.45 (m, 2H),
2.35 (s, 3H), 2.09 (m, 1H), 1.96 (m, 1H), 1.88 — 1.80 (m, 1H), 1.74 — 1.63 (m, 1H).

13C NMR (126 MHz, CDCls) 8 143.53 (s), 137.24 (s), 134.98 (s), 128.98 (s), 127.78 (s),
100.36 (s), 74.00 (s), 73.19 (s), 72.17 (s), 24.51 (s), 21.07 (s), 19.28 (s).

HRMS (EI): [M] Calcd. for C14Hi1502 218.1307; Found 218.1305.

2-((|1,1'-biphenyl]-4-ylmethoxy)methyl)-3,4-dihydro-2H-pyran (4f)

°ﬁ

4f

15



Following the procedure B on 5 mmol scale, colorless oil liquid, yield: 48% (0.68 g),
Rr= 0.5 (silica gel, PE: EtOAC = 20:1, v/v), column chromatography (silica gel, PE:
EtOAC = 80:1, v/v).

'H NMR (500 MHz, CDCl3) § 7.67 — 7.55 (m, 4H), 7.52 — 7.43 (m, 4H), 7.40 — 7.32
(m, 1H), 6.45 (dt, J = 6.3, 2.0 Hz, 1H), 4.72 (m, 1H), 4.70 — 4.62 (m, 2H), 4.08 (m, 1H),
3.69 — 3.55 (m, 2H), 2.19 — 2.07 (m, 1H), 2.01 (m, 1H), 1.93 — 1.85 (m, 1H), 1.74 (m,
1H).

13C NMR (126 MHz, CDCl3) 8 143.54 (s), 140.82 (s), 140.54 (s), 137.11 (s), 128.69 (s),
128.13 (s), 127.20 (s), 127.09 (s), 127.01 (s), 100.43 (s), 74.02 (s), 73.07 (s), 72.46 (s),
24.52 (s), 19.31 (s).

HRMS (EI): [M] Calcd. for Ci9H2002 280.1463; Found 280.1470.

2-(((2-methylbenzyl)oxy)methyl)-3,4-dihydro-2H-pyran (4¢g)

SaS

Following the procedure B on 5 mmol scale, colorless oil liquid, yield: 72% (0.78 g),

Rr = 0.6 (silica gel, PE: EtOAC = 20:1, v/v), column chromatography (silica gel, PE:
EtOAC = 80:1, v/v).

"H NMR (500 MHz, CDCl;5) 6 7.34 (dd, J= 7.6, 1.8 Hz, 1H), 7.24 — 7.15 (m, 3H), 6.41
(dt,J=6.2,2.0 Hz, 1H), 4.70 (m, 1H), 4.65 — 4.55 (m, 2H), 4.04 (m, 1H), 3.65 — 3.50
(m, 2H), 2.36 (s, 3H), 2.16 — 2.06 (m, 1H), 2.04 — 1.94 (m, 1H), 1.91 — 1.81 (m, 1H),
1.71 (m, 1H).

13C NMR (126 MHz, CDCl3) § 143.56 (s), 136.77 (s), 135.91 (s), 130.20 (s), 128.64 (s),
127.81 (s), 125.67 (s), 100.42 (s), 74.00 (s), 72.48 (s), 71.85 (s), 24.58 (s), 19.31 (s),
18.77 (s).

HRMS (EI): [M] Calcd. for Ci14His02 218.1307; Found 218.1314.
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2-(((3-methylbenzyl)oxy)methyl)-3,4-dihydro-2H-pyran (4h)

UTTO

4h

Following the procedure B on 5 mmol scale, colorless oil liquid, yield: 76% (0.83 g),
Rr = 0.6 (silica gel, PE: EtOAC = 20:1, v/v), column chromatography (silica gel, PE:
EtOAC = 80:1, v/v).

'TH NMR (500 MHz, CDCl3) 6 7.25 (t,J = 7.5 Hz, 1H), 7.21 — 7.15 (m, 2H), 7.12 (d, J
=7.6 Hz, 1H), 6.42 (dt, ] = 6.3, 1.9 Hz, 1H), 4.70 (m, 1H), 4.63 —4.52 (m, 2H), 4.05 (m,
1H), 3.67 — 3.42 (m, 2H), 2.37 (s, 3H), 2.17 — 2.05 (m, 1H), 2.04 — 1.94 (m, 1H), 1.91 —
1.83 (m, 1H), 1.77 — 1.65 (m, 1H).

13C NMR (126 MHz, CDCl3) § 143.52 (s), 137.95 (s), 137.92 (s), 128.43 (s), 128.31 (s),
128.20 (s), 124.75 (s), 100.37 (s), 73.99 (s), 73.39 (s), 72.39 (s), 24.51 (s), 21.30 (s),
19.28 (s).

HRMS (EI): [M] Calcd. for Ci14His02 218.1307; Found 218.1312.

2-(((3,5-dimethylbenzyl)oxy)methyl)-3,4-dihydro-2H-pyran (4i)

oo

Following the procedure B on 5 mmol scale, colorless oil liquid, yield: 66% (0.77 g),

Rf= 0.6 (silica gel, PE: EtOAC = 20:1, v/v), column chromatography (silica gel, PE:
EtOAC = 80:1, v/v).

'"H NMR (500 MHz, CDCl3) 3 7.00 (d, J = 1.7 Hz, 2H), 6.96 (d, ] = 1.9 Hz, 1H), 6.44
(dt,J = 6.2, 2.0 Hz, 1H), 4.72 (m, 1H), 4.60 — 4.50 (m, 2H), 4.06 (m, 1H), 3.68 — 3.51
(m, 2H), 2.35 (s, 6H), 2.13 (m, 1H), 2.03 — 1.95 (m, 1H), 1.93 — 1.85 (m, 1H), 1.72 (m,
1H).

13C NMR (126 MHz, CDCl3) 8 143.49 (s), 137.83 (s), 137.74 (s), 129.14 (s), 125.50 (s),
100.29 (s), 73.94 (s), 73.39 (s), 72.35 (s), 24.48 (s), 21.12 (s), 19.23 (s).

HRMS (EI): [M] Calcd. for CisH2002 232.1463; Found 232.1470.
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tert-butyl((3,4-dihydro-2H-pyran-2-yl)methoxy)diphenylsilane (4j)

Ny
SEae

Following the procedure B on 5 mmol scale, colorless oil liquid, yield: 70% (1.23 g).

Spectroscopic data are in agreement with those previously reported'.

'H NMR (500 MHz, CDCl3) & 7.78 (m, 4H), 7.52 — 7.40 (m, 6H), 6.44 (td,J =5.4,2.9
Hz, 1H). 4.75 -4.70 (m, 1H), 4.02 (m, 1H), 3.93 — 3.85 (m, 1H), 3.78 (m, 1H), 2.14 (m,
1H), 2.08 — 1.97 (m, 2H), 1.80 (m, 1H), 1.19 — 1.11 (m, 9H).

(3,4-dihydro-2H-pyran-2-yl)methyl acetate (4k)

*O/\Cj

4k

Following the procedure B on 5 mmol scale, colorless oil liquid, yield: 85% (0.66 g).
Spectroscopic data are in agreement with those previously reported?.

TH NMR (500 MHz, CDCl5) 6 6.38 (dd, J=6.1, 2.1 Hz, 1H), 4.74 — 4.69 (m, 1H), 4.23
—4.11 (m, 2H), 4.04 (m, 1H), 2.10 (s, 3H), 2.05 — 1.94 (m, 1H), 1.89 — 1.80 (m, 1H),
1.69 (m, 2H).

(3,4-dihydro-2H-pyran-2-yl)methyl pivalate (41)
O
T
41

Following the procedure B on 5 mmol scale, colorless oil liquid, yield: 86% (0.85 g).

Spectroscopic data are in agreement with those previously reported?.

'"H NMR (500 MHz, CDCl3) 6 6.34 (d, J= 6.0 Hz, 1H), 4.70 — 4.64 (m, 1H), 4.14 (d, J
= 5.0 Hz, 2H), 4.00 (m, 1H), 2.14 — 2.03 (m, 1H), 2.01 — 1.94 (m, 1H), 1.83 (m, 1H),
1.71 = 1.60 (m, 1H), 1.20 (s, 9H).
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(3,4-dihydro-2H-pyran-2-yl)methyl 3-(furan-2-yl)propanoate (4m)

Following the procedure D on 5 mmol scale, colorless oil liquid, yield: 86% (1.02 g),
Rr= 0.5 (silica gel, PE: EtOAC = 10:1, v/v), column chromatography (silica gel, PE:
EtOAC = 50:1, v/v).

'TH NMR (500 MHz, CDCl3) 6 7.25 (d, J = 1.9 Hz, 1H), 6.33 (dt, J = 6.2, 2.0 Hz, 1H),
6.22 (dd, J =3.2, 1.9 Hz, 1H), 5.98 (dd, J = 3.1, 1.1 Hz, 1H), 4.66 (m, 1H), 4.21 — 4.10
(m, 2H), 3.98 (m, 1H), 2.94 (dd, J = 8.1, 7.1 Hz, 2H), 2.67 (dd, J = 8.3, 6.9 Hz, 2H), 2.11
—2.01 (m, 1H), 1.95 (m, 1H), 1.78 (m, 1H), 1.62 (m, 1H).

13C NMR (126 MHz, CDCl3) 6 172.31 (s), 153.91 (s), 143.20 (s), 141.13 (s), 110.08 (s),
105.24 (s), 100.46 (s), 72.55 (s), 66.17 (s), 32.44 (s), 24.05 (s), 23.31 (s), 19.04 (5).
HRMS (EI): [M] Calcd. for Ci3H1604 236.1049; Found 236.1046.

(3,4-dihydro-2H-pyran-2-yl)methyl 6-bromo-2-naphthoate (4n)

(0]
")
Br
4n

Following the procedure D on 5 mmol scale, colorless oil liquid, yield: 93% (1.61 g),

Rr= 0.5 (silica gel, PE: EtOAC = 10:1, v/v), column chromatography (silica gel, PE:
EtOAC = 50:1, v/v).

TH NMR (500 MHz, CDCls) 6 8.50 (d, J = 1.6 Hz, 1H), 8.04 (dd, J = 8.6, 1.7 Hz, 1H),
7.93 (d,J =2.0 Hz, 1H), 7.69 (dd, J = 16.3, 8.7 Hz, 2H), 7.52 (dd, J = 8.7, 1.9 Hz, 1H),
6.42 (dt, J = 6.3, 1.9 Hz, 1H), 4.75 — 4.69 (m, 1H), 4.51 — 4.41 (m, 2H), 4.20 (m, 1H),
2.14 (m, 1H), 2.06 — 1.98 (m, 1H), 1.94 (m, 1H), 1.79 (m, 1H).

13C NMR (126 MHz, CDCl3) § 166.13 (s), 143.31 (s), 136.32 (s), 130.93 (s), 130.76 (s),
130.73 (s), 130.04 (s), 129.79 (s), 127.52 (s), 127.12 (s), 126.32 (s), 122.58 (s), 100.51
(s), 72.69 (s), 66.79 (s), 24.27 (s), 19.13 (s).

HRMS (EI): [M] Calcd. for Ci17HisBrOs 346.0205; Found 346.0205.
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(3,4-dihydro-2H-pyran-2-yl)methyl cyclobutanecarboxylate (40)

o

40

Following the procedure D on 5 mmol scale, colorless oil liquid, yield: 75% (0.74 g),
Rr= 0.5 (silica gel, PE: EtOAC = 10:1, v/v), column chromatography (silica gel, PE:
EtOAC = 50:1, v/v).

'TH NMR (500 MHz, CDCl3) 6 6.34 (dt, J = 6.0, 1.9 Hz, 1H), 4.68 (m, 1H), 4.21 —4.10
(m, 2H), 4.05 — 3.97 (m, 1H), 3.17 (m, 1H), 2.33 — 2.23 (m, 2H), 2.23 — 2.14 (m, 2H),
2.13 -2.04 (m, 1H), 2.01 — 1.78 (m, 4H), 1.71 — 1.60 (m, 1H).

13C NMR (126 MHz, CDCl3) & 175.30 (s), 143.27 (s), 100.39 (s), 72.71 (s), 65.90 (s),
37.88 (s), 25.19 (s), 25.18 (s), 24.14 (s), 19.08 (s), 18.33 (s).

HRMS (EI): [M] Calcd. for C11H1603 196.1099; Found 196.1095.

(8R,9S,13S,14S)-3-((3,4-dihydro-2H-pyran-2-yl)methoxy)-13-methyl-
6,7,8,9,11,12,13,14,15,16-decahydro-17H-cyclopenta[a]jphenanthren-17-one (4q)

Following the procedure C on 5 mmol scale, white solid (m. p. = 104-106 °C), yield:
74% (1.35 g), Rr= 0.6 (silica gel, PE: EtOAC = 5:1, v/v), column chromatography (silica
gel, PE: EtOAC = 20:1, v/v).

TH NMR (500 MHz, CDCl3) & 7.55 — 7.48 (m, 2H), 6.96 — 6.88 (m, 2H), 6.34 (dt, J =
6.2,2.0 Hz, 1H), 4.69 (m, 1H), 4.16 (m, 1H), 4.11 — 3.98 (m, 2H), 2.10 (m, 1H), 2.03 —
1.87 (m, 2H), 1.75 (m, 1H).

I3C NMR (126 MHz, CDCl3) 5 220.14 (s), 156.37 (s), 143.12 (s), 137.30 (s), 131.92 (s),
125.92 (s), 114.27 (s), 111.77 (s), 100.17 (s), 72.83 (s), 69.65 (s), 49.95 (s), 47.52 (s),
43.53 (s), 37.94 (s), 35.43 (s), 31.21 (s), 29.25 (8s), 26.15 (8), 25.54 (s), 24.18 (s), 21.19
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(s), 18.86 (s), 13.45 (s).
HRMS (EI): [M] Calcd. for C24H3003 366.2195; Found 366.2186.

(3,4-dihydro-2H-pyran-2-yl)methyl 2-(4-isobutylphenyl)propanoate (4r)

4r

Following the procedure D on 5 mmol scale, colorless oil liquid, yield: 62% (0.94 g),
Spectroscopic data are in agreement with those previously reported'®.

"H NMR (500 MHz, CDCl3) 6 7.24 — 7.19 (m, 2H), 7.16 — 7.06 (m, 2H), 6.36 — 6.30
(m, 1H), 4.67 (m, 1H), 4.23 —4.11 (m, 2H), 3.98 (m, 1H), 3.76 (m, 1H), 2.44 (d,J]=7.2
Hz, 2H), 2.03 (m, 1H), 1.94 (m, 1H), 1.84 (dt, J=13.5, 6.8 Hz, 1H), 1.78 — 1.68 (m, 1H),
1.58 (m, 1H), 1.51 (d, J=7.2 Hz, 3H), 0.89 (d, ] = 6.6 Hz, 6H).

(3,4-dihydro-2H-pyran-2-yl)methyl2-(11-0x0-6,11-dihydrodibenzo[b,e]oxepin-3-

yDacetate (4s)

e}
O"
o) (6]

~

Following the procedure D on 5 mmol scale, colorless oil liquid, yield: 93% (1.61 g),

4s

Rr= 0.5 (silica gel, PE: EtOAC = 10:1, v/v), column chromatography (silica gel, PE:
EtOAC = 50:1, v/v).

'"H NMR (400 MHz, CDCl3)  8.11 (s, 1H), 7.87 (d, J = 7.7 Hz, 1H), 7.59 — 7.31 (m,
4H), 7.01 (d, J = 8.4 Hz, 1H), 6.36 (d, ] = 6.2 Hz, 1H), 5.16 (s, 2H), 4.70 (m, 1H), 4.21
(m, 2H), 4.10 — 3.96 (m, 1H), 3.69 (s, 2H), 2.16 — 1.89 (m, 2H), 1.81 (m, 1H), 1.72 —
1.57 (m, 1H).

13C NMR (101 MHz, CDCl3) 5 190.68 (s), 171.24 (s), 160.38 (s), 143.19 (s), 140.34 (s),
136.27 (s), 135.45 (s), 132.66 (s), 132.40 (s), 129.36 (s), 129.15 (s), 127.71 (s), 127.54
(s), 125.03 (s), 120.95 (s), 100.47 (s), 73.50 (s), 72.49 (s), 66.53 (s), 39.88 (s), 24.07 (s),
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19.04 (s).

HRMS (ESI): [M+H]" Calcd. for C22H2105" 365.1384; Found 365.1385.
6. Characterization of Products
(E)-2-styryltetrahydro-2H-pyran (3a)

@A\)@

3a

Following the procedure E on 0.2 mmol scale, colorless oil liquid, yield: 85% (32.0
mg). Spectroscopic data are in agreement with those previously reported!”.

'TH NMR (500 MHz, CDCl;3) § 7.42 — 7.36 (m, 2H), 7.31 (t, J = 7.6 Hz, 2H), 7.23 (m,
1H), 6.60 (d, J = 16.0 Hz, 1H), 6.23 (dd, J = 16.0, 5.8 Hz,1H), 4.12 — 4.05 (m, 1H), 3.98
(m, 1H), 3.56 (td, J = 11.5, 2.3 Hz, 1H), 1.90 (m, 1H), 1.78 — 1.71 (m, 1H), 1.68 — 1.46
(m, 4H).

13C NMR (126 MHz, CDCl3) § 136.95 (s), 130.77 (s), 129.67 (s), 128.41 (s), 127.37 (s),
126.35 (s), 77.97 (s), 68.36 (s), 32.17 (s), 25.80 (s), 23.37 (s).

(E)-2-(4-methylstyryl)tetrahydro-2H-pyran (3b)

@NG
3b

Following the procedure E on 0.2 mmol scale, colorless oil liquid, yield: 87% (35.2

mg), Rr = 0.6 (silica gel, PE: EtOAc = 10:1, v/v), column chromatography (silica gel,
PE: EtOAc = 80:1, v/v).

'"H NMR (500 MHz, CDCl3) 6 7.30 (d, J = 7.7 Hz, 2H), 7.12 (d, J = 7.7 Hz, 2H), 6.58
(d, J=16.0 Hz, 1H), 6.19 (dd, J = 16.0, 5.7 Hz, 1H), 4.12 — 4.06 (m, 1H), 4.01 — 3.94
(m, 1H), 3.56 (t, J = 11.4 Hz, 1H), 2.34 (s, 3H), 1.90 (d, J = 10.0 Hz, 1H), 1.75 (d, J =
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12.6 Hz, 1H), 1.69 — 1.46 (m, 4H).

13C NMR (126 MHz, CDCLs) § 137.07 (s), 134.11 (s), 129.67 (s), 129.61 (s), 129.08 (s),
126.22 (s), 78.03 (5), 68.29 (s), 32.15 (s), 25.78 (s), 23.34 (5), 21.07 (s).

HRMS (EI): [M] Calcd. for C14H1s0 202.1358; Found 202.1351.

(E)-2-(4-(tert-butyl)styryl)tetrahydro-2H-pyran (3c)

(0] A

3c

Following the procedure E on 0.2 mmol scale, colorless oil liquid, yield: 86% (42.0
mg), Rr = 0.6 (silica gel, PE: EtOAc = 10:1, v/v), column chromatography (silica gel,
PE: EtOAc = 80:1, v/v).

'TH NMR (500 MHz, CDCl3) 8 7.35 (s, 4H), 6.59 (dd, J = 16.0, 1.1 Hz, 1H), 6.20 (dd, J
=16.0, 5.8 Hz, 1H), 4.13 —4.06 (m, 1H), 4.02 — 3.96 (m, 1H), 3.56 (td, J = 11.5, 2.2 Hz,
1H), 1.91 (m, 1H), 1.78 — 1.72 (m, 1H), 1.72 — 1.44 (m, 4H), 1.34 (s, 9H).

13C NMR (126 MHz, CDCl3) 5 150.36 (s), 134.16 (s), 130.02 (s), 129.39 (s), 126.04 (s),
125.32 (s), 78.06 (s), 68.32 (s), 34.45 (s), 32.24 (s), 31.22 (s), 25.80 (s), 23.37 (s).
HRMS (EI): [M] Calcd. for Ci7H240 244.1827; Found 244.1823.

(E)-2-(4-methoxystyryl)tetrahydro-2H-pyran (3d)

OMe
Cj\/@
3d

Following the procedure E on 0.2 mmol scale, colorless oil liquid, yield: 71% (31.0

mg). Spectroscopic data are in agreement with those previously reported'”.

'"H NMR (500 MHz, CDCl3) § 7.34 — 7.28 (m, 2H), 6.87 — 6.80 (m, 2H), 6.53 (d,J =
15.9 Hz, 1H), 6.08 (dd, J = 16.0, 6.0 Hz, 1H), 4.09 — 4.03 (m, 1H), 3.98 —3.90 (m, 1H),
3.80 (s, 3H), 3.54 (td, J = 11.5, 2.4 Hz, 1H), 1.89 (m, 1H), 1.73 (m, 1H), 1.67 — 1.45 (m,
4H).

13C NMR (126 MHz, CDCl3) 3 159.05 (5), 129.72 (s), 129.37 (s), 128.61 (s), 127.54 (s),
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113.85 (5), 78.21 (s), 68.39 (s), 55.22 (s), 32.26 (5), 25.84 (s), 23.41 (s).

(E)-2-(2-([1,1'-biphenyl]-4-yl)vinyl)tetrahydro-2H-pyran (3e)

Following the procedure E on 0.2 mmol scale, white solid (m. p. = 71 - 72 °C), yield:
53% (28.0 mg), Rr = 0.5 (silica gel, PE: EtOAc = 10:1, v/v), column chromatography
(silica gel, PE: EtOAc = 80:1, v/v).

'TH NMR (500 MHz, CDCl3) § 7.59 (m, 4H), 7.46 (m, 4H), 7.39 — 7.32 (m, 1H), 6.66
(d, J=16.0 Hz, 1H), 6.29 (dd, J = 16.0, 5.8 Hz, 1H), 4.11 (m, 1H), 4.05 —3.98 (m, 1H),
3.58 (td, J=11.6, 2.4 Hz, 1H), 1.92 (m, 1H), 1.82 — 1.75 (m, 1H), 1.73 — 1.44 (m, 4H).
I3C NMR (126 MHz, CDCl3) 5 140.66 (s), 140.09 (s), 136.02 (s), 130.90 (s), 129.18 (s),
128.69 (s), 127.17 (s), 127.12 (s), 126.84 (s), 126.78 (s), 77.98 (s), 68.38 (s), 32.20 (s),
25.81 (s), 23.38 (s).

HRMS (EI): [M] Calcd. for Ci9H200 264.1514; Found 264.1506.

(E)-2-(4-(trifluoromethoxy)styryl)tetrahydro-2H-pyran (3f)

OCF,4
@NQ

3f

Following the procedure E on 0.2 mmol scale, colorless oil liquid, yield: 91% (49.5
mg), Rr= 0.6 (silica gel, PE: EtOAc = 10:1, v/v), column chromatography (silica gel,
PE: EtOAc = 80:1, v/v).

'"H NMR (500 MHz, CDCl3) & 7.41 — 7.35 (m, 2H), 7.14 (d, J = 8.2 Hz, 2H), 6.60 —
6.54 (m, 1H), 6.19 (dd, J = 16.0, 5.6 Hz, 1H), 4.10 — 4.04 (m, 1H), 3.97 (m, 1H), 3.54
(td, J=11.5, 2.3 Hz, 1H), 1.89 (m, 1H), 1.77 — 1.70 (m, 1H), 1.66 — 1.41 (m, 4H).

13C NMR (126 MHz, CDCl3) 8 148.36 (s), 135.80 (s), 131.90 (s), 128.09 (s), 127.56 (s),
120.96 (s), 77.73 (s), 68.42 (s), 32.16 (s), 25.79 (s), 23.37 (5).
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19F NMR (471 MHz, CDCl;3) 6 -57.79 (s).
HRMS (EI): [M] Calcd. for Ci14aHisF302 272.1024; Found 272.1017.

(E)-2-(4-fluorostyryl)tetrahydro-2H-pyran (3g)

F
@Ng

39

Following the procedure E on 0.2 mmol scale, colorless oil liquid, yield: 96% (39.6
mg). Spectroscopic data are in agreement with those previously reported!®.

TH NMR (500 MHz, CDCl3) 6 7.33 (m, 2H), 7.01 — 6.94 (m, 2H), 6.55 (d, J = 16.0 Hz,
1H), 6.12 (dd, J=16.0, 5.8 Hz, 1H), 4.09 — 4.03 (m, 1H), 3.99 — 3.91 (m, 1H), 3.53 (td,
J=11.5,2.3 Hz, 1H), 1.88 (m, 1H), 1.72 (dt, J=12.7, 2.3 Hz, 1H), 1.67 — 1.43 (m, 4H).
13C NMR (126 MHz, CDCl3) & 163.13 (s), 161.17 (s), 133.09 (d, J = 3.3 Hz), 130.50
(s), 128.51 (s), 127.81 (d, J=7.7 Hz), 115.29 (d, J =21.6 Hz), 77.84 (s), 68.36 (s), 32.14
(s), 25.77 (s), 23.34 (s).

19F NMR (471 MHz, CDCl;3) & -114.68 (s).

(E)-2-(4-chlorostyryl)tetrahydro-2H-pyran (3h)

Cl
@Ng

3h

Following the procedure E on 0.2 mmol scale, white solid, yield: 81% (36.1 mg).
Spectroscopic data are in agreement with those previously reported!”.

'"H NMR (500 MHz, CDCl3) § 7.32 — 7.21 (m, 4H), 6.56 — 6.49 (m, 1H), 6.17 (dd, J =
16.0, 5.7 Hz, 1H), 4.08 — 4.02 (m, 1H), 3.94 (m, 1H), 3.52 (td, J = 11.5, 2.3 Hz, 1H),
1.87 (m, 1H), 1.71 (m, 1H), 1.68 — 1.37 (m, 4H).

13C NMR (126 MHz, CDCl3) 8 135.46 (s), 132.92 (s), 131.43 (s), 128.56 (s), 128.35
(s), 127.53 (s), 77.72 (s), 68.37 (s), 32.09 (s), 25.76 (s), 23.33 (s).

(E)-2-(4-bromostyryl)tetrahydro-2H-pyran (3i)
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Br
(Oj/\/@

3i

Following the procedure E on 0.2 mmol scale, white solid, yield: 67% (35.8 mg).
Spectroscopic data are in agreement with those previously reported?’.

TH NMR (500 MHz, CDCl3) § 7.41 (m, 2H), 7.26 — 7.20 (m, 2H), 6.55 — 6.48 (m, 1H),
6.19 (dd, /=16.0, 5.7 Hz, 1H), 4.09 — 4.03 (m, 1H), 3.95 (m, 1H), 3.53 (td,J=11.5,2.2
Hz, 1H), 1.89 (dt, J=9.7, 2.6 Hz, 1H), 1.72 (dt, /= 13.0, 2.3 Hz, 1H), 1.68 — 1.36 (m,
4H).

13C NMR (126 MHz, CDCl3) 5 135.91 (s), 131.57 (s), 131.51 (s), 128.39 (s), 127.87
(s), 121.07 (s), 77.71 (s), 68.37 (s), 32.07 (s), 25.76 (s), 23.34 (5).

(E)-2-(3-methoxystyryl)tetrahydro-2H-pyran (3j)

(@]
3j

Following the procedure E on 0.2 mmol scale, colorless oil liquid, yield: 82% (35.8

mg). Spectroscopic data are in agreement with those previously reported.

TH NMR (500 MHz, CDCl3) § 7.22 (t, ] = 7.9 Hz, 1H), 6.98 (d, ] = 7.7 Hz, 1H), 6.95 —
6.91 (m, 1H), 6.78 (dd, ] = 8.0, 2.2 Hz, 1H), 6.60 — 6.53 (m, 1H), 6.22 (dd, J=16.0, 5.7
Hz, 1H), 4.07 (m, 1H), 4.01 — 3.94 (m, 1H), 3.80 (s, 3H), 3.54 (td, J = 11.5, 2.4 Hz, 1H),
1.89 (m, 1H), 1.80 — 1.71 (m, 1H), 1.70 — 1.42 (m, 4H).

13C NMR (126 MHz, CDCl3) 6 159.63 (s), 138.39 (s), 131.07 (s), 129.48 (s), 129.34
(s), 119.01 (s), 113.09 (s), 111.45 (s), 77.83 (s), 68.31 (s), 55.04 (s), 32.12 (s), 25.76
(s), 23.33 (s).
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(E)-2-(2-methoxystyryl)tetrahydro-2H-pyran (3k)

o} X
OMe

3k

Following the procedure E on 0.2 mmol scale, colorless oil liquid, yield: 51% (22.2
mg), Rr = 0.45 (silica gel, PE: EtOAc = 10:1, v/v), column chromatography (silica gel,
PE: EtOAc = 80:1, v/v).

'TH NMR (500 MHz, CDCl3) 6 7.44 (dd, J = 7.6, 1.6 Hz, 1H), 7.24 — 7.17 (m, 1H), 6.94
—6.88 (m, 2H), 6.85 (d, J = 8.5 Hz, 1H), 6.23 (dd, J = 16.2, 6.1 Hz, 1H), 4.07 (m, 1H),
4.02 —3.94 (m, 1H), 3.83 (s, 3H), 3.54 (td, J = 11.5, 2.3 Hz, 1H), 1.89 (m, 1H), 1.79 —
1.72 (m, 1H), 1.70 — 1.43 (m, 4H).

13C NMR (126 MHz, CDCl3) § 156.72 (s), 131.41 (s), 128.44 (s), 126.79 (s), 125.93 (s),
124.80 (s), 120.52 (s), 110.71 (s), 78.58 (s), 68.35 (s), 55.35 (s), 32.22 (s), 25.85 (s),
23.42 (s).

HRMS (EI): [M] Calcd. for Ci14His02 218.1307; Found 218.1301.

(E)-2-(2-(naphthalen-1-yl)vinyl)tetrahydro-2H-pyran (31)

3l

Following the procedure E on 0.2 mmol scale, colorless oil liquid, yield: 79% (37.6
mg), Rr = 0.5 (silica gel, PE: EtOAc = 10:1, v/v), column chromatography (silica gel,
PE: EtOAc = 80:1, v/v).

'"H NMR (500 MHz, CDCl3) 5 8.19 (d, J = 8.1 Hz, 1H), 7.91 — 7.83 (m, 1H), 7.79 (d, J
=8.1 Hz, 1H), 7.64 (d, J = 7.0 Hz, 1H), 7.57 — 7.46 (m, 3H), 7.39 (d, ] = 15.7 Hz, 1H),
6.29 (dd, J=15.7,5.7 Hz, 1H), 4.19 — 4.07 (m, 2H), 3.62 (td, J = 11.6, 2.3 Hz, 1H), 1.99
—1.89 (m, 1H), 1.88 — 1.78 (m, 1H), 1.74 — 1.54 (m, 4H).

I3C NMR (126 MHz, CDCl3) 6 134.77 (s), 134.05 (s), 133.50 (s), 131.15 (s), 128.37 (s),
127.70 (s), 126.84 (s), 125.80 (s), 125.60 (s), 125.53 (s), 123.88 (s), 123.72 (s), 78.12

(s), 68.37 (s), 32.27 (s), 25.81 (s), 23.38 (s).
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HRMS (EI): [M] Calcd. for Ci17Hi1sO 238.1358; Found 238.1356.

(E)-2-(2-(thiophen-2-yl)vinyl)tetrahydro-2H-pyran (3m)

3m

Following the procedure E on 0.2 mmol scale, colorless oil liquid, yield: 83% (32.2
mg), Rr= 0.6 (silica gel, PE: EtOAc = 10:1, v/v), column chromatography (silica gel,
PE: EtOAc = 80:1, v/v).

TH NMR (500 MHz, CDCl3) § 7.16 — 7.10 (m, 1H), 6.94 (m, 2H), 6.71 (d, J = 15.7 Hz,
1H), 6.05 (dd, J =15.8, 5.7 Hz, 1H), 4.06 (m, 1H), 3.93 (m, 1H), 3.52 (td, J=11.4,2.3
Hz, 1H), 1.88 (m, 1H), 1.82 — 1.69 (m, 1H), 1.68 — 1.39 (m, 4H).

I3C NMR (126 MHz, CDCl3) 6 142.19 (s), 130.39 (s), 127.22 (s), 125.57 (s), 124.00 (s),
122.92 (s), 77.56 (s), 68.36 (s), 32.09 (s), 25.80 (s), 23.35 (s).

HRMS (EI): [M] Calcd. for C11H140S 194.0765; Found 194. 0763.

(E)-2-(2-(thiophen-3-yl)vinyl)tetrahydro-2H-pyran (3n)

o] \//

3n

Following the procedure E on 0.2 mmol scale, colorless oil liquid, yield: 88% (34.2
mg), Rr = 0.6 (silica gel, PE: EtOAc = 10:1, v/v), column chromatography (silica gel,
PE: EtOAc = 80:1, v/v).

'"H NMR (500 MHz, CDCl3) § 7.24 (dd, J = 5.1, 2.9 Hz, 1H), 7.20 (dd, J = 5.1, 1.1 Hz,
1H), 7.13 (m, 1H), 6.59 (d, J = 16.0 Hz, 1H), 6.07 (dd, J = 16.0, 5.9 Hz, 1H), 4.06 (m,
1H), 3.93 (m, 1H), 3.53 (td, J = 11.5, 2.4 Hz, 1H), 1.88 (m, 1H), 1.76 — 1.61 (m, 1H),
1.66 — 1.40 (m, 4H).

I3C NMR (126 MHz, CDCl3) 8 139.57 (s), 130.65 (s), 125.82 (s), 124.94 (s), 123.96 (s),
121.94 (s), 77.84 (s), 68.33 (s), 32.14 (s), 25.80 (s), 23.35 (s).

HRMS (EI): [M] Calcd. for C11H140S 194.0765; Found 194. 0758.
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(E)-2-(2-cyclopropylvinyl)tetrahydro-2H-pyran (30)

@/\/A

3o

Following the procedure E on 0.2 mmol scale, colorless oil liquid, yield: 44% (17.3
mg), Rr= 0.7 (silica gel, PE: EtOAc = 10:1, v/v), column chromatography (silica gel,
PE: EtOAc = 80:1, v/v).

'TH NMR (500 MHz, CDCl3) 6 5.54 (dd, J = 15.4, 6.3 Hz, 1H), 5.24 — 5.15 (m, 1H),
4.02 —3.95 (m, 1H), 3.75 — 3.68 (m, 1H), 3.46 (td, J = 11.5, 2.2 Hz, 1H), 1.83 (m, 1H),
1.67 —1.55 (m, 2H), 1.54 — 1.44 (m, 2H), 1.42 — 1.32 (m, 2H), 0.74 — 0.63 (m, 2H), 0.36
(m, 2H).

13C NMR (126 MHz, CDCl3) 8 135.51 (s), 128.80 (s), 78.08 (s), 68.32 (s), 32.19 (s),
25.84 (s), 23.42 (s), 13.47 (s), 6.65 (5).

HRMS (EI): [M] Calcd. for Ci0Hi60 152.1201; Found 152.1192.

(E)-2-(dec-1-en-1-yl)tetrahydro-2H-pyran (3p)

6/\/\/\/\/\

3p

Following the procedure E on 0.2 mmol scale, colorless oil liquid, yield: 36% (16.2
mg), Rr= 0.7 (silica gel, PE: EtOAc = 10:1, v/v), column chromatography (silica gel,
PE: EtOAc = 80:1, v/v).

TH NMR (500 MHz, CDCl3) § 5.66 (m, 1H), 5.45 (m, 1H), 3.99 (m, 1H), 3.76 — 3.69
(m, 1H), 3.46 (td, ] = 11.6, 2.3 Hz, 1H), 2.05 — 1.94 (m, 2H), 1.86 — 1.79 (m, 1H), 1.64
—1.44 (m, 4H), 1.43 — 1.31 (m, 3H), 1.26 (m, 10H), 0.87 (t, J = 7.0 Hz, 3H).

13C NMR (126 MHz, CDCl3) 8 131.96 (s), 131.10 (s), 78.28 (s), 68.30 (s), 32.31 (s),
32.18 (s), 31.85 (s), 29.42 (s), 29.23 (s), 29.18 (), 29.08 (5s), 25.85 (s), 23.40 (s), 22.63
(s), 14.06 (s).

HRMS (EI): [M] Calcd. for CisH230 224.2140; Found 224.2150.
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(E)-2-(6-chlorohex-1-en-1-yl)tetrahydro-2H-pyran (3q)

3q

Following the procedure E on 0.2 mmol scale, colorless oil liquid, yield: 39% (15.8
mg), Rr= 0.7 (silica gel, PE: EtOAc = 10:1, v/v), column chromatography (silica gel,
PE: EtOAc = 80:1, v/v).

'TH NMR (500 MHz, CDCl3) § 5.64 (m, 1H), 5.48 (m, 1H), 3.99 (m, 1H), 3.77 — 3.70
(m, 1H), 3.52 (t, ] = 6.7 Hz, 2H), 3.46 (td, J = 11.6, 2.4 Hz, 1H), 2.05 (q, J = 7.7 Hz, 2H),
1.86 —1.80 (m, 1H), 1.80 — 1.70 (m, 2H), 1.64 — 1.57 (m, 1H), 1.56 — 1.45 (m, 5H), 1.42
—1.31 (m, 1H).

13C NMR (126 MHz, CDCl3) 8 131.88 (s), 130.74 (s), 78.05 (s), 68.30 (s), 44.91 (s),
32.11 (s), 31.95 (s), 31.43 (s), 26.19 (s), 25.78 (), 23.33 (5).

HRMS (ESI): [M+H]" Calcd. for C11H20C10" 203.1198; Found 203.1199.

2-(4-methoxyphenyl)tetrahydro-2H-pyran (3r)

OMe
©)CF

3r

Following the procedure E on 0.2 mmol scale, colorless oil liquid, yield: 60% (23.0
mg). Spectroscopic data are in agreement with those previously reported?'.

'H NMR (500 MHz, CDCl3) 6 7.31 — 7.24 (m, 1H), 6.87 (d, J = 9.0 Hz, 1H), 4.30 —
4.24 (m, 1H), 4.15—-4.09 (m, 1H), 3.79 (s, 3H), 3.61 (td, J = 11.7, 2.5 Hz, 1H), 1.94 (m,
1H), 1.85 — 1.67 (m, 1H), 1.70 — 1.52 (m, 4H).

13C NMR (126 MHz, CDCl3) & 158.80 (s), 135.57 (s), 127.13 (s), 113.62 (s), 79.77 (s),
69.04 (s), 55.25 (s), 33.83 (s), 25.88 (s), 24.01 (5).

(E)-4-((6-styryltetrahydro-2H-pyran-2-yl)methoxy)benzonitrile (5a)

5a
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Following the procedure E on 0.2 mmol scale, colorless oil liquid, yield: 47% (30.0
mg), Rr= 0.6 (silica gel, PE: EtOAc = 10:1, v/v), column chromatography (silica gel,
PE: EtOAc = 80:1, v/v).

d.r. =5.56:1

'TH NMR (500 MHz, CDCl3) 6 7.59 — 7.53 (m, 2H), 7.43 — 7.29 (m, 4H), 7.27 — 7.22
(m, 1H), 7.00 — 6.95 (m, 2H), 6.60 (dd, J = 16.3, 1.9 Hz, 1H), 6.32 (dd, J = 16.3, 4.8 Hz,
1H), 4.65 (m, 1H), 4.21 —4.13 (m, 1H), 4.12 — 3.92 (m, 2H), 1.97 — 1.86 (m, 1H), 1.83
—1.66 (m, 4H), 1.62 — 1.50 (m, 1H).

13C NMR (126 MHz, CDCl3) § 162.11 (s), 136.71 (s), 133.87 (s), 131.77 (s), 129.14 (s),
128.53 (s), 127.61 (s), 126.28 (s), 119.15 (s), 115.31 (s), 103.97 (s), 72.82 (s), 70.83 (s),
68.95 (s), 28.95 (s), 27.41 (s), 18.52 (s).

HRMS (EI): [M] Calcd. for C21H21NO2 319.1572.; Found 319.1572.

(E)-2-((4-ethylphenoxy)methyl)-6-styryltetrahydro-2H-pyran (5b)

Following the procedure E on 0.2 mmol scale, colorless oil liquid, yield: 63% (30.0
mg), Rr = 0.6 (silica gel, PE: EtOAc = 10:1, v/v), column chromatography (silica gel,
PE: EtOAc = 80:1, v/v).

d.r. =5.00:1

TH NMR (500 MHz, CDCl3) § 7.42 — 7.37 (m, 2H), 7.33 (m, 2H), 7.24 (m, 1H), 7.14 —
7.09 (m, 2H), 6.91 — 6.85 (m, 2H), 6.61 (dd, J = 16.3, 1.9 Hz, 1H), 6.35 (dd, J = 16.2,
4.8 Hz, 1H), 4.66 (m, 1H), 4.18 (m, 1H), 4.02 (m, 2H), 2.60 (q, J = 7.6 Hz, 2H), 1.91 (m,
1H), 1.81 — 1.73 (m, 4H), 1.63 — 1.53 (m, 1H), 1.22 (t, ] = 7.6 Hz, 3H).

13C NMR (126 MHz, CDCl3) § 156.89 (s), 136.91 (s), 136.49 (s), 131.44 (s), 129.65 (s),
128.61 (s), 128.50 (s), 127.48 (s), 126.34 (s), 114.54 (s), 72.72 (s), 70.42 (s), 69.40 (s),
29.32 (s), 27.92 (s), 27.55 (s), 18.64 (s), 15.82 (s).

HRMS (EI): [M] Calcd. for C22H2602 322.1933.; Found 322.1927.
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(E)-2-((benzyloxy)methyl)-6-styryltetrahydro-2H-pyran (Sc)

5¢

Following the procedure E on 0.2 mmol scale, colorless oil liquid, yield: 92% (56.7
mg), Rr = 0.6 (silica gel, PE: EtOAc = 10:1, v/v), column chromatography (silica gel,
PE: EtOAc = 80:1, v/v).

dr.=3.67:1

'"H NMR (500 MHz, CDCl3) § 7.51 — 7.19 (m, 10H), 6.60 (dd, J = 16.2, 1.2 Hz, 1H),
6.35 (dd, J =16.3, 4.9 Hz, 1H), 4.65 — 4.55 (m, 3H), 4.04 (m, 1H), 3.59 (dd, J = 10.0,
6.2 Hz, 1H), 3.48 (dd, J = 10.0, 4.7 Hz, 1H), 1.93 — 1.82 (m, 1H), 1.79 — 1.61 (m, 4H),
1.49 (m, 1H).

13C NMR (126 MHz, CDCl3) § 138.38 (s), 136.95 (s), 131.20 (s), 129.90 (s), 128.47 (s),
128.28 (s), 127.59 (s), 127.47 (s), 127.42 (s), 126.31 (s), 73.22 (s), 72.51 (s), 72.49 (s),
70.19 (s), 29.33 (s), 27.50 (s), 18.67 (s).

HRMS (EI): [M] Calcd. for C21H2402 308.1776.; Found 308.1779.

(E)-2-(methoxymethyl)-6-styryltetrahydro-2H-pyran (5d)

(0] n\/@
Meo/\i/\‘\\ A

5d

Following the procedure E on 0.2 mmol scale, colorless oil liquid, yield: 88% (40.8
mg), Rr = 0.6 (silica gel, PE: EtOAc = 10:1, v/v), column chromatography (silica gel,
PE: EtOAc = 80:1, v/v).

d.r. =4.00:1

'TH NMR (500 MHz, CDCl3) 6 7.42 —7.37 (m, 2H), 7.31 (m, 2H), 7.28 — 7.20 (m, 1H),
6.58 (dd, J =16.2, 1.8 Hz, 1H), 6.36 (dd, J = 16.3, 4.8 Hz, 1H), 4.63 (m, 1H), 3.97 (m,
1H), 3.48 (m, 1H), 3.39 (s, 3H), 3.39 — 3.35 (m, 1H), 1.89 (m, 1H), 1.73 (m, 3H), 1.64 —
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1.56 (m, 1H), 1.51 — 1.40 (m, 1H).

13C NMR (126 MHz, CDCLs) § 136.97 (s), 131.36 (s), 129.80 (s), 128.49 (s), 127.45 (s),
126.33 (s), 75.51 (s), 72.66 (s), 69.84 (s), 59.19 (s), 29.05 (s), 27.47 (s), 18.66 (s).
HRMS (EI): [M] Calcd. for C15H2002 232.1463; Found 232.1462.

(E)-2-(((4-methylbenzyl)oxy)methyl)-6-styryltetrahydro-2H-pyran (5e)

5e

Following the procedure E on 0.2 mmol scale, colorless oil liquid, yield: 68% (43.9
mg), Rr = 0.6 (silica gel, PE: EtOAc = 10:1, v/v), column chromatography (silica gel,
PE: EtOAc = 80:1, v/v).

dr.=4.81:1

TH NMR (500 MHz, CDCl3) § 7.45 — 7.37 (m, 2H), 7.32 (m, 2H), 7.27 — 7.21 (m, 3H),
7.16 (d, J =7.7 Hz, 2H), 6.60 (dd, J = 16.3, 1.8 Hz, 1H), 6.35 (dd, J = 16.2, 4.9 Hz, 1H),
4.66 — 4.47 (m, 3H), 4.02 (m, 1H), 3.65 — 3.32 (m, 2H), 2.35 (s, 3H), 1.92 — 1.82 (m,
1H), 1.76 — 1.60 (m, 4H), 1.55 — 1.42 (m, 1H).

13C NMR (126 MHz, CDCl3) § 137.13 (s), 136.96 (s), 135.28 (s), 131.17 (s), 129.92 (s),
128.96 (s), 128.46 (s), 127.72 (s), 127.41 (s), 126.31 (s), 73.08 (s), 72.49 (s), 72.26 (s),
70.20 (s), 29.32 (s), 27.48 (s), 21.10 (s), 18.65 (s).

HRMS (ESI): [M+H]" Calcd. for C22H2702" 323.2006.; Found 323.2008.

(E)-2-(([1,1'-biphenyl]-4-ylmethoxy)methyl)-6-styryltetrahydro-2H-pyran (5f)

5f

Following the procedure E on 0.2 mmol scale, colorless oil liquid, yield: 89% (68.4
mg), Rr= 0.5 (silica gel, PE: EtOAc = 10:1, v/v), column chromatography (silica gel,
PE: EtOAc = 80:1, v/v).
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d.r.=5.07:1

'H NMR (500 MHz, CDCl3) § 7.61 — 7.54 (m, 4H), 7.47 — 7.37 (m, 6H), 7.36 — 7.28
(m, 3H), 7.26 — 7.20 (m, 1H), 6.59 (dd, J = 16.2, 1.9 Hz, 1H), 6.35 (ddd, J = 16.3, 4.9,
1.4 Hz, 1H), 4.61 (m, 3H), 4.03 (m, 1H), 3.70 — 3.45 (m, 2H), 1.86 (m, 1H), 1.78 — 1.62
(m, 4H), 1.50 (m, 1H).

13C NMR (126 MHz, CDCl3)  140.92 (s), 140.47 (s), 137.47 (s), 136.99 (s), 131.27 (s),
129.93 (s), 128.73 (s), 128.52 (s), 128.10 (s), 127.47 (s), 127.22 (s), 127.10 (s), 127.07
(s), 126.35 (s), 73.00 (s), 72.59 (s), 70.26 (s), 29.35 (s), 27.55 (s), 18.70 (s).

HRMS (EI): [M] Calcd. for C27H2802 384.2089.; Found 384.2090.

(E)-2-(((2-methylbenzyl)oxy)methyl)-6-styryltetrahydro-2H-pyran (5g)

59

Following the procedure E on 0.2 mmol scale, colorless oil liquid, yield: 83% (52.5
mg), Rr = 0.6 (silica gel, PE: EtOAc = 10:1, v/v), column chromatography (silica gel,
PE: EtOAc = 80:1, v/v).

d.r.=3.36:1

TH NMR (500 MHz, CDCl3) 6 7.40 (d, J = 7.6 Hz, 2H), 7.33 (q, J = 7.9, 7.4 Hz, 3H),
7.27 —7.14 (m, 4H), 6.60 (d, J = 16.2 Hz, 1H), 6.34 (dd, J = 16.3, 4.9 Hz, 1H), 4.59 (m,
3H), 4.04 (m, 1H), 3.56 (m, 2H), 2.35 (s, 3H), 1.92 — 1.83 (m, 1H), 1.78 — 1.62 (m, 4H),
1.50 (m, 1H).

13C NMR (101 MHz, CDCl3) § 136.97 (s), 136.65 (s), 136.20 (s), 131.20 (s), 130.13 (s),
129.91 (s), 128.51 (s), 128.48 (s), 127.67 (s), 127.43 (s), 126.31 (s), 125.64 (s), 72.57
(s), 72.51 (s), 71.70 (s), 70.22 (s), 29.39 (s), 27.54 (s), 18.81 (s), 18.69 (s).

HRMS (ESI): [M+H]" Calcd. for C22H2702" 323.2006.; Found 323.2012.

34



(E)-2-(((3-methylbenzyl)oxy)methyl)-6-styryltetrahydro-2H-pyran (5h)

5h

Following the procedure E on 0.2 mmol scale, colorless oil liquid, yield: 78% (50.3
mg), Rr= 0.6 (silica gel, PE: EtOAc = 10:1, v/v), column chromatography (silica gel,
PE: EtOAc = 80:1, v/v).

d.r.=3.93:1

'H NMR (500 MHz, CDCl3) § 7.44 — 7.38 (m, 2H), 7.36 — 7.29 (m, 2H), 7.27 — 7.22
(m, 2H), 7.21 — 7.14 (m, 2H), 7.11 (d, J = 7.5 Hz, 1H), 6.61 (dd, J = 16.3, 1.8 Hz, 1H),
6.36 (dd, J =16.3,4.9 Hz, 1H), 4.63 — 4.52 (m, 3H), 4.05 (m, 1H), 3.63 — 3.45 (m, 2H),
2.36 (s, 3H), 1.88 (m, 1H), 1.80 — 1.61 (m, 4H), 1.55 - 1.43 (m, 1H).

13C NMR (126 MHz, CDCl3) 6 138.25 (s), 137.87 (s), 136.94 (s), 131.16 (s), 129.89 (s),
128.45 (s), 128.34 (s), 128.20 (s), 128.16 (s), 127.39 (s), 126.29 (s), 124.67 (s), 73.25
(s), 72.46 (s), 72.43 (s), 70.18 (s), 29.32 (s), 27.47 (s), 21.32 (s), 18.64 (s).

HRMS (ESI): [M+H]" Calcd. for C22H2702" 323.2006.; Found 323.2009.

(E)-2-(((3,5-dimethylbenzyl)oxy)methyl)-6-styryltetrahydro-2H-pyran (5i)

APSAN

Following the procedure E on 0.2 mmol scale, colorless oil liquid, yield: 86% (57.9

mg), Rr= 0.6 (silica gel, PE: EtOAc = 10:1, v/v), column chromatography (silica gel,
PE: EtOAc = 80:1, v/v).

d.or.=3.44:1

'"H NMR (500 MHz, CDCl3) & 7.43 — 7.38 (m, 2H), 7.36 — 7.29 (m, 2H), 7.27 — 7.20
(m, 1H), 6.98 (m, 2H), 6.93 (s, 1H), 6.61 (dd, J = 16.2, 1.8 Hz, 1H), 6.35 (dd, J = 16.3,
49 Hz, 1H), 4.64 —4.42 (m, 3H), 4.08 —4.00 (m, 1H), 3.66 — 3.34 (m, 2H), 2.32 (s, 6H),
1.93 - 1.83 (m, 1H), 1.78 — 1.61 (m, 4H), 1.53 — 1.43 (m, 1H).

13C NMR (126 MHz, CDCl3) § 138.21 (5), 137.79 (8), 136.97 (s), 131.17 (s), 129.94 (s),
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129.11 (s), 128.46 (s), 127.40 (s), 126.31 (s), 125.48 (s), 73.32 (s), 72.47 (s), 72.45 (s),
70.22 (s), 29.37 (s), 27.51 (s), 21.21 (s), 18.66 (s).
HRMS (EI): [M] Calcd. for C23H2802 336.2089.; Found 336.2094.

(E)-tert-butyldiphenyl((6-styryltetrahydro-2H-pyran-2-yl)methoxy)silane (5j)

N

Following the procedure E on 0.2 mmol scale, colorless oil liquid, yield: 57% (52.1

mg), Rr= 0.6 (silica gel, PE: EtOAc = 10:1, v/v), column chromatography (silica gel,
PE: EtOAc = 80:1, v/v).

dr.=11.11:1

'H NMR (400 MHz, CDCl3) 3 7.81 (m, 4H), 7.54 — 7.44 (m, 8H), 7.41 (m, 2H), 7.36 —
7.30 (m, 1H), 6.70 (dd, J = 16.2, 1.8 Hz, 1H), 6.38 (dd, J = 16.2, 4.8 Hz, 1H), 4.61 (m,
1H), 4.09 — 4.00 (m, 1H), 3.92 (m, 1H), 3.77 (m, 1H), 1.91 (m, 1H), 1.86 — 1.71 (m, 4H),
1.56 (m, 1H), 1.20 (s, 9H).

I3C NMR (126 MHz, CDCl3) 8 136.99 (s), 135.56 (s), 133.65 (s), 133.57 (s), 130.95 (s),
130.14 (s), 129.52 (s), 128.42 (s), 127.56 (s), 127.33 (s), 126.26 (s), 72.24 (s), 71.75 (s),
66.08 (s), 29.72 (s), 27.25 (s), 26.83 (s), 19.20 (s), 18.62 (s).

HRMS (EI): [M] Calcd. for C30H3602S51 456.2485.; Found 456.2488.

(E)-(6-styryltetrahydro-2H-pyran-2-yl)methyl acetate (5k)

Hgnone
U

5k

Following the procedure E on 0.2 mmol scale, colorless oil liquid, yield: 41% (21.3
mg), Rr= 0.6 (silica gel, PE: EtOAc = 10:1, v/v), column chromatography (silica gel,
PE: EtOAc = 80:1, v/v).

d.r=4.60:1
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'TH NMR (500 MHz, CDCl3) 6 7.42 —7.37 (m, 2H), 7.32 (m, 2H), 7.25 — 7.22 (m, 1H),
6.59 (dd,J=16.2, 1.8 Hz, 1H), 6.30 (dd, ] = 16.2, 4.9 Hz, 1H), 4.61 (m, 1H), 4.24 — 4.06
(m, 2H), 4.02 (m, 1H), 2.11 (s, 3H), 1.93 — 1.82 (m, 1H), 1.80 — 1.68 (m, 3H), 1.68 —
1.59 (m, 1H), 1.50 — 1.39 (m, 1H).

13C NMR (126 MHz, CDCl3) § 171.13 (s), 136.85 (s), 130.37 (s), 130.12 (s), 128.43 (s),
127.47 (s), 126.44 (s), 78.24 (s), 75.42 (s), 67.40 (s), 31.51 (s), 27.34 (s), 23.01 (s), 20.97
(s).

HRMS (EI): [M] Calcd. for Ci6H2003 260.1412; Found 264.1410.

(E)-(6-styryltetrahydro-2H-pyran-2-yl)methyl pivalate (51)
Lo K
*’LO/IOJ\\\‘ ™
51

Following the procedure E on 0.2 mmol scale, colorless oil liquid, yield: 53% (32.0

mg), Rr = 0.6 (silica gel, PE: EtOAc = 10:1, v/v), column chromatography (silica gel,
PE: EtOAc = 80:1, v/v).

dr.=5.21:1

'TH NMR (500 MHz, CDCl3) 6 7.41 —7.36 (m, 2H), 7.32 (dd, J = 8.5, 6.9 Hz, 2H), 7.28
—7.20 (m, 1H), 6.60 (dd, J =16.2, 1.9 Hz, 1H), 6.26 (dd, J = 16.2, 4.7 Hz, 1H), 4.59 (m,
1H), 4.27 - 4.19 (m, 1H), 4.09 — 3.99 (m, 2H), 1.90 — 1.81 (m, 1H), 1.78 — 1.68 (m, 3H),
1.71 — 1.62 (m, 1H), 1.43 (m, 1H), 1.23 (s, 9H).

13C NMR (126 MHz, CDCl3) § 178.37 (s), 136.88 (s), 131.37 (s), 129.68 (s), 128.52 (s),
127.50 (s), 126.26 (s), 72.17 (s), 69.09 (s), 65.83 (s), 38.76 (s), 29.33 (s), 27.18 (s), 27.10
(s), 18.62 (s).

HRMS (EI): [M] Calcd. for Ci9H2603 302.1882; Found 302.1887.
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(E)-(6-styryltetrahydro-2H-pyran-2-yl)methyl 3-(furan-2-yl)propanoate (Sm)

Following the procedure E on 0.2 mmol scale, colorless oil liquid, yield: 78% (53.0
mg), Rr= 0.6 (silica gel, PE: EtOAc = 10:1, v/v), column chromatography (silica gel,
PE: EtOAc = 80:1, v/v).

dr.=7.14:1

'H NMR (500 MHz, CDCl3) 4 7.41 — 7.37 (m, 2H), 7.31 (m, 2H), 7.27 (d, J = 1.9 Hz,
1H), 7.26 —7.19 (m, 1H), 6.58 (dd, J = 16.3, 1.8 Hz, 1H), 6.28 (dd, J=16.3,4.9 Hz, 1H),
6.24 (m, 1H), 6.01 (d, J=3.1 Hz, 1H), 4.59 (m, 1H), 4.29 — 4.06 (m, 2H), 4.01 (m, 1H),
298 (t,J=7.6 Hz, 2H), 2.71 (m, 2H), 1.86 (m, 1H), 1.77 — 1.66 (m, 3H), 1.66 — 1.56 (m,
1H), 1.43 (m, 1H).

13C NMR (126 MHz, CDCl3) § 172.45 (s), 154.05 (s), 141.15 (s), 136.82 (s), 131.53 (s),
129.47 (s), 128.53 (s), 127.56 (s), 126.32 (s), 110.13 (s), 105.26 (s), 72.42 (), 69.02 (5),
66.25 (s), 32.57 (s), 29.18 (s), 27.03 (s), 23.40 (s), 18.56 (5s).

HRMS (EI): [M] Calcd. for C21H2404 340.1675.; Found 340.1680.

(E)-(6-styryltetrahydro-2H-pyran-2-yl)methyl 6-bromo-2-naphthoate (5n)

i A
O/\on X
Br
5n

Following the procedure E on 0.2 mmol scale, colorless oil liquid, yield: 64% (57.6

mg), Rr = 0.5 (silica gel, PE: EtOAc = 10:1, v/v), column chromatography (silica gel,
PE: EtOAc = 80:1, v/v).

d.r. > 20:1

TH NMR (500 MHz, CDCl3)  8.60 (s, 1H), 8.11 (dd, J = 8.6, 1.7 Hz, 1H), 8.04 (d, J =
1.9 Hz, 1H), 7.79 (dd, ] = 8.7, 5.2 Hz, 2H), 7.60 (dd, J = 8.7, 2.0 Hz, 1H), 7.34 (m, 2H),
7.29—-7.17 (m, 3H), 6.62 (dd, J=16.3, 1.9 Hz, 1H), 6.30 (dd, J = 16.2,4.7 Hz, 1H), 4.69

—4.65 (m, 1H), 4.50 (dd, J = 11.5, 7.1 Hz, 1H), 4.38 (dd, J = 11.4, 4.1 Hz, 1H), 4.22 (m,
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1H), 1.95 - 1.88 (m, 1H), 1.76 (m, 4H), 1.56 (m, 1H).

13C NMR (126 MHz, CDCls3) § 166.29 (s), 136.80 (s), 136.42 (s), 131.63 (s), 131.00 (s),
130.86 (s), 130.12 (s), 129.89 (s), 129.47 (s), 128.53 (s), 127.83 (s), 127.20 (s), 126.46
(s), 126.30 (s), 122.60 (s), 72.44 (s), 69.14 (s), 66.95 (s), 29.30 (s), 27.29 (), 18.71 (5).
HRMS (ESI): [M+H]" Calcd. for C2sH24BrO3" 451.0904.; Found 451.0909.

(E)-(6-styryltetrahydro-2H-pyran-2-yl)methyl cyclobutanecarboxylate (50)

ey

50

Following the procedure E on 0.2 mmol scale, colorless oil liquid, yield: 59% (35.4
mg), Rr= 0.6 (silica gel, PE: EtOAc = 10:1, v/v), column chromatography (silica gel,
PE: EtOAc = 80:1, v/v).

d.r. > 20:1

'H NMR (500 MHz, CDCl3) 6 7.40 — 7.35 (m, 2H), 7.34 — 7.27 (m, 2H), 7.26 — 7.19
(m, 1H), 6.57 (dd, J = 16.2, 1.8 Hz, 1H), 6.26 (dd, ] = 16.2, 4.8 Hz, 1H), 4.58 (m, 1H),
4.24 — 4.04 (m, 2H), 4.01 (m, 1H), 3.19 (m, 1H), 2.36 — 2.15 (m, 4H), 2.04 — 1.80 (m,
3H), 1.77 - 1.66 (m, 3H), 1.66 — 1.60 (m, 1H), 1.47 — 1.36 (m, 1H).

I3C NMR (126 MHz, CDCl3) 8 175.51 (s), 136.90 (s), 131.50 (s), 129.61 (s), 128.55 (s),
127.55 (s), 126.32 (s), 72.37 (s), 69.16 (s), 65.92 (s), 38.03 (5s), 29.28 (), 27.09 (5s), 25.31
(s), 25.27 (s), 18.64 (s), 18.41 (s).

HRMS (EI): [M] Calcd. for C19H2403 300.1725.; Found 300.1722.

(E)-6-styryltetrahydro-2H-pyran-2-carbaldehyde (5p)

Sp

Following the procedure E on 0.2 mmol scale, colorless oil liquid, yield: 33% (14.3
mg), Rr= 0.6 (silica gel, PE: EtOAc = 10:1, v/v), column chromatography (silica gel,

PE: EtOAc = 80:1, v/v).
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dr.=1.67:1

'H NMR (400 MHz, CDCl3) mixture: & 7.26 (m, 5H), 6.62 (dd, J = 78.3, 15.9 Hz, 1H),
6.23 (ddd, J =74.5, 15.8, 7.3 Hz, 1H), 5.57 (d, J = 21.1 Hz, 1H), 4.58 (m, 1H), 4.22 (m,
1H), 2.13 — 1.75 (m, 2H), 1.75 — 1.42 (m, 5H).

13C NMR (101 MHz, CDCl3) mixture: & 136.46 (s), 134.10 (s), 131.30 (s), 129.38 (s),
128.59 (s), 128.49 (s), 127.91 (s), 127.69 (s), 126.57 (s), 126.53 (s), 123.40 (s), 102.98
(s), 102.53 (s), 80.29 (s), 79.82 (s), 78.53 (s), 76.28 (s), 30.93 (s), 30.32 (s), 28.44 (s),
25.03 (s), 15.81 (s), 15.74 (s).

HRMS (ESI): [M+H]" Calcd. for C14H1702" 217.1224; Found 217.1225.

(8R,9S,13S,145)-13-methyl-3-((6-((E)-styryl)tetrahydro-2H-pyran-2-yl)methoxy)-
6,7,8,9,11,12,13,14,15,16-decahydro-17H-cyclopenta[a]phenanthren-17-one (5q)

Following the procedure E on 0.2 mmol scale, white solid(m. p. = 148 - 150 °C), yield:
73% (68.7 mg), Rr = 0.4 (silica gel, PE: EtOAc = 10:1, v/v), column chromatography
(silica gel, PE: EtOAc = 80:1, v/v).

d.r. =9.09:1

'"H NMR (500 MHz, CDCl3) 6 7.40 — 7.35 (m, 2H), 7.34 — 7.28 (m, 2H), 7.27 — 7.21
(m, 1H), 7.18 (dd, J = 8.7, 1.0 Hz, 1H), 6.75 (dd, J = 8.6, 2.8 Hz, 1H), 6.68 (d, ] = 2.7
Hz, 1H), 6.60 (dd, J=16.3, 1.8 Hz, 1H), 6.33 (dd, ] = 16.3, 4.8 Hz, 1H), 4.63 (d, J=4.9
Hz, 1H), 4.16 (m, 1H), 4.06 (m, 1H), 3.94 (m, 1H), 2.95 — 2.83 (m, 2H), 2.49 (dd, J =
19.0, 8.6 Hz, 1H), 2.42 — 2.35 (m, 1H), 2.28 — 2.20 (m, 1H), 2.13 (m, 1H), 2.07 — 2.02
(m, 1H), 2.02 — 1.85 (m, 3H), 1.81 — 1.70 (m, 4H), 1.66 — 1.53 (m, 3H), 1.53 — 1.36 (m,
4H), 0.90 (s, 3H).

I3C NMR (126 MHz, CDCl3) 5 220.95 (s), 156.84 (s), 137.62 (s), 136.88 (s), 132.10 (s),
131.41 (s), 129.63 (s), 128.47 (s), 127.47 (s), 126.31 (s), 126.21 (s), 114.71 (s), 112.25
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(s), 72.70 (s), 70.23 (s), 69.40 (s), 50.33 (s), 47.94 (s), 43.91 (s), 38.28 (5), 35.80 (s),
31.51 (s), 29.56 (s), 29.32 (s), 27.49 (s), 26.48 (s), 25.83 (s), 21.51 (s), 18.60 (s), 13.79
(s).

HRMS (ESI): [M+H]" Calcd. for C32H3905" 471.2894.; Found 471.2904.

(E)-(6-styryltetrahydro-2H-pyran-2-yl)methyl 2-(4-isobutylphenyl)propanoate (5r)

TO oy

5r

Following the procedure E on 0.2 mmol scale, colorless oil liquid, yield: 53% (43.1
mg), Rr = 0.6 (silica gel, PE: EtOAc = 10:1, v/v), column chromatography (silica gel,
PE: EtOAc = 80:1, v/v).

d.r.=8.53:1

'TH NMR (500 MHz, CDCl3) 6 7.38 — 7.34 (m, 2H), 7.31 (m, 2H), 7.24 (m, 1H), 7.23 —
7.18 (m, 2H), 7.07 — 7.02 (m, 2H), 6.54 (ddd, J = 16.4, 12.4, 1.8 Hz, 1H), 6.22 (ddd, J =
16.3,4.9, 3.4 Hz, 1H), 4.53 (m, 1H), 4.28 —4.01 (m, 2H), 3.98 (m, 1H), 3.75(q,J=7.2
Hz, 1H), 2.39 (dd, J=7.2, 4.5 Hz, 2H), 1.86 — 1.74 (m, 2H), 1.66 (m, 3H), 1.54 (m, 1H),
1.49 (d, J=7.1 Hz, 3H), 1.33 (m, 1H), 0.86 (dd, J = 6.6, 2.8 Hz, 6H).

I3C NMR (126 MHz, CDCl3) 6 174.70 (s), 140.46 (s), 137.66 (s), 136.90 (s), 131.40 (s),
129.63 (s), 129.26 (s), 128.53 (s), 127.54 (s), 127.20 (s), 126.35 (s), 72.30 (s), 69.07 (s),
66.18 (s), 44.99 (s), 30.13 (s), 29.34 (5), 26.94 (s), 22.34 (s), 18.54 (s).

HRMS (EI): [M] Calcd. for C27H3403 406.2508.; Found 406.2503.

(E)-(6-styryltetrahydro-2H-pyran-2-yl)methyl2-(11-0x0-6,11-

dihydrodibenzo[b,e]oxepin-3-yl)acetate (5s)

(0]
9 ey
o) (0]

Following the procedure E on 0.2 mmol scale, colorless oil liquid, yield: 69% (64.7

5s
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mg), Rr = 0.4 (silica gel, PE: EtOAc = 10:1, v/v), column chromatography (silica gel,
PE: EtOAc = 80:1, v/v).

d.r. = 18.53:1

'H NMR (400 MHz, CDCl3) 6 8.13 (d, J = 2.4 Hz, 1H), 7.87 (dd, J = 7.7, 1.4 Hz, 1H),
7.55 (m, 1H), 7.50 — 7.41 (m, 2H), 7.39 — 7.17 (m, 6H), 6.99 (d, J = 8.5 Hz, 1H), 6.55
(dd, J=16.2, 1.8 Hz, 1H), 6.26 (dd, J = 16.2, 4.9 Hz, 1H), 5.14 (s, 2H), 4.58 (m, 1H),
4.37-3.98 (m, 3H), 3.70 (s, 2H), 1.85 (m, 1H), 1.77 — 1.56 (m, 4H), 1.43 (m, 1H).

I3C NMR (101 MHz, CDCl3) 6 190.74 (s), 171.38 (s), 160.43 (s), 140.43 (s), 136.83 (s),
136.37 (s), 135.54 (s), 132.69 (s), 132.48 (s), 131.52 (s), 129.52 (s), 129.46 (s), 129.21
(s), 128.53 (s), 127.76 (s), 127.74 (s), 127.54 (s), 126.36 (s), 125.09 (s), 121.01 (s), 73.57
(s), 72.42 (s), 69.01 (s), 66.61 (s), 40.10 (s), 29.22 (s), 27.03 (s), 18.58 (5).

HRMS (ESI): [M+H]" Calcd. for C30H200s5" 469.2010.; Found 469.2010.

(E)-2-((benzyloxy)methyl)-6-(hex-1-en-1-yl)tetrahydro-2H-pyran (5t)

©/\OAQOJ\/\/\

5t

Following the procedure E on 0.2 mmol scale, colorless oil liquid, yield: 48% (27.6
mg), Rr = 0.6 (silica gel, PE: EtOAc = 10:1, v/v), column chromatography (silica gel,
PE: EtOAc = 80:1, v/v).

d.r. = 5.88:1

'"H NMR (500 MHz, CDCl3) 6 7.37 — 7.30 (m, 4H), 7.30 — 7.23 (m, 1H), 5.70 — 5.55
(m, 2H), 4.62 — 4.52 (m, 2H), 4.34 (q, J = 4.7 Hz, 1H), 3.95 (m, 1H), 3.59 — 3.33 (m,
2H), 2.11 = 1.99 (m, 2H), 1.79 - 1.72 (m,2H), 1.70 — 1.52 (m, 3H), 1.47 — 1.41 (m, 1H),
1.41 - 1.28 (m, 4H), 0.90 (t, J = 7.1 Hz, 3H).

13C NMR (126 MHz, CDCl3) § 138.57 (s), 133.03 (s), 129.79 (s), 128.41 (s), 127.75 (s),
127.59 (s), 73.34 (s), 72.66 (s), 72.61 (s), 69.99 (), 32.29 (s), 31.47 (8s), 29.45 (5s), 27.69
(s), 22.32 (s), 18.66 (s), 14.03 (s).

HRMS (EI): [M] Calcd. for Ci9H2802 288.2089.; Found 288.2079.
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(E)-2-((benzyloxy)methyl)-6-(pent-1-en-1-yl)tetrahydro-2H-pyran (Su)

©/\OA(0/\‘\N\/\/

5u

Following the procedure E on 0.2 mmol scale, colorless oil liquid, yield: 49% (26.9
mg), Rr = 0.6 (silica gel, PE: EtOAc = 10:1, v/v), column chromatography (silica gel,
PE: EtOAc = 80:1, v/v).

d.r.=5.90:1

'"H NMR (500 MHz, CDCl3) 6 7.36 — 7.30 (m, 4H), 7.28 — 7.23 (m, 1H), 5.68 — 5.54
(m, 2H), 4.61 —4.51 (m, 2H), 4.33 (q, J =4.6,4.2 Hz, 1H), 3.94 (m, 1H), 3.59 —3.33 (m,
2H), 2.02 (m, 2H), 1.79 — 1.70 (m, 2H), 1.69 — 1.52 (m, 3H), 1.46 — 1.35 (m, 3H), 0.89
(t,J=7.3 Hz, 3H).

13C NMR (126 MHz, CDCl3) 5 138.49 (s), 132.70 (s), 129.94 (s), 128.33 (s), 127.67 (s),
127.51 (s), 73.26 (s), 72.57 (s), 72.54 (s), 69.91 (s), 34.61 (s), 29.37 (), 27.62 (s), 22.36
(s), 18.58 (s), 13.71 (s).

HRMS (EI): [M] Calcd. for CisH2602 274.1933.; Found 274.1933.

(E)-2-styryltetrahydrofuran (5a”)

@NC

5a’

Following the procedure E on 0.2 mmol scale, colorless oil liquid, yield: 72% (25.1
mg), Rr = 0.6 (silica gel, PE: EtOAc = 10:1, v/v), column chromatography (silica gel,
PE: EtOAc = 80:1, v/v).

'TH NMR (500 MHz, CDCl3) & 7.39 (m, 2H), 7.31 (m, 2H), 7.25 — 7.20 (m, 1H), 6.59
(d, J = 15.9 Hz, 1H), 6.22 (dd, J = 15.8, 6.6 Hz, 1H), 4.48 (q, J = 6.9 Hz, 1H), 4.02 —
3.94 (m, 1H), 3.85 (m, 1H), 2.18 — 2.08 (m, 1H), 1.98 — 1.89 (m, 1H), 1.72 (m, 1H).
13C NMR (126 MHz, CDCl3) § 136.79 (s), 130.45 (s), 130.36 (s), 128.44 (s), 127.42 (s),

126.39 (s), 79.60 (s), 68.11 (s), 32.33 (s), 25.85 (5).
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HRMS (EI): [M] Calcd. for Ci2H140 174.1045.; Found 174.1038.

tert-butyl (E)-2-styrylpyrrolidine-1-carboxylate (5b”)

5b’

Following the procedure E on 0.2 mmol scale, colorless oil liquid, yield: 46% (25.2
mg), Rr= 0.6 (silica gel, PE: EtOAc = 10:1, v/v), column chromatography (silica gel,
PE: EtOAc = 80:1, v/v).

'"H NMR (400 MHz, CDCl3) 6 7.47 — 7.16 (m, 5H), 6.43 (d, ] = 15.6 Hz, 1H), 6.11 (d,
J=14.1 Hz, 1H), 4.48 (m, 1H), 3.85 — 3.10 (m, 2H), 2.11 (m, 1H), 2.01 — 1.73 (m, 3H),
1.45 (s, 9H).

I3C NMR (101 MHz, CDCl3) 8 154.60 (s), 136.99 (s), 130.65 (s), 129.35 (s), 128.43 (s),
127.17 (s), 126.20 (s), 79.09 (s), 58.89 (s), 46.21 (s), 32.48 (s), 28.42 (5), 22.99 (5).
HRMS (EI): [M] Calcd. for Ci17H23NO2 273.1729.; Found 273.1736.

tert-butyl (E)-2-styrylpiperidine-1-carboxylate (5¢’)

Boc
N ™

5¢’

Following the procedure E on 0.2 mmol scale, colorless oil liquid, yield: 53% (30.5
mg), Rr = 0.6 (silica gel, PE: EtOAc = 10:1, v/v), column chromatography (silica gel,
PE: EtOAc = 80:1, v/v).

'"H NMR (500 MHz, CDCl3) 6 7.40 — 7.28 (m, 4H), 7.23 (m, 1H), 6.39 (dd, J = 16.1,
1.7 Hz, 1H), 6.18 (dd, J = 16.2, 4.8 Hz, 1H), 4.96 (s, 1H), 4.00 (m, 1H), 2.91 (m, 1H),
1.87-1.71 (m, 2H), 1.62 (m, 4H), 1.48 (s, 9H).

13C NMR (126 MHz, CDCl3) § 155.38 (s), 137.04 (s), 130.71 (s), 128.71 (s), 128.52 (s),
127.34 (s), 126.21 (s), 79.44 (s), 52.20 (s), 39.85 (s), 29.49 (s), 28.46 (s), 25.54 (s), 19.67
(s).

HRMS (ESI): [M+H]" Calcd. for C1sH26NO>" 288.1959.; Found 288.1954.
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(2S,3R,68)-2-methyl-6-((E)-styryl)-3,6-dihydro-2H-pyran-3-yl acetate (5d’)

1, O A

=
5d’

AcO

Following the procedure F on 0.2 mmol scale, colorless oil liquid, yield: 59% (30.5
mg), Rr= 0.5 (silica gel, PE: EtOAc = 5:1, v/v), column chromatography (silica gel, PE:
EtOAc =20:1, v/v).

d.r.=5.37:1

'"H NMR (400 MHz, CDCl5) 6 7.33 (d, J = 7.6 Hz, 2H), 7.25 (t, J = 7.5 Hz, 2H), 7.19
(m, 1H), 6.52 (d, J =16.0 Hz, 1H), 6.21 (m, 1H), 5.95 - 5.88 (m, 1H), 5.79 (m, 1H), 4.95
(dt,J=6.8,2.4 Hz, 1H), 4.79 —4.74 (m, 1H), 3.81 (t, ] = 6.6 Hz, 1H), 2.02 (s, 3H), 1.19
(dd,J=6.4, 1.7 Hz, 3H).

13C NMR (101 MHz, CDCl3) § 170.67 (s), 136.35 (s), 132.68 (s), 131.38 (s), 128.55 (s),
127.89 (s), 126.85 (s), 126.54 (s), 124.86 (s), 71.89 (s), 70.06 (s), 67.56 (s), 21.17 (s),
17.60 (s).

HRMS (EI): [M] Calcd. for Ci6HisO3 258.1256.; Found 258.1254.

((2R,3S,6R)-3-acetoxy-6-((E)-styryl)-3,6-dihydro-2H-pyran-2-yl)methyl  acetate

O

(5¢’)

O K
Aco/\ij,\
AcO" N

5e’

Following the procedure F on 0.2 mmol scale, colorless oil liquid, yield: 46% (29.1
mg), Rr= 0.5 (silica gel, PE: EtOAc = 5:1, v/v), column chromatography (silica gel, PE:
EtOAc =20:1, v/v).

d.r.=11.50:1

'TH NMR (500 MHz, CDCl3) § 7.40 — 7.36 (m, 2H), 7.32 (m, 2H), 7.26 (m, 1H), 6.66 —
6.57 (m, 1H), 6.25 (dd, J=16.1, 5.5 Hz, 1H), 6.00 (m, 1H), 5.88 (m, 1H), 5.27 (m, 1H),

4.92 (m, 1H), 4.30 — 4.13 (m, 2H), 3.94 (m, 1H), 2.09 (s, 3H), 2.07 (s, 3H).
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13C NMR (126 MHz, CDCl3) 8 170.80 (s), 170.29 (s), 136.17 (s), 133.06 (s), 130.84 (s),
128.57 (s), 128.01 (s), 126.53 (s), 125.90 (s), 125.25 (s), 72.58 (s), 68.98 (), 65.04 (s),
63.15 (s), 20.98 (s), 20.78 (s).

HRMS (ESI): [M+H]" Calcd. for C1sH2105" 317.1384.; Found 317.1390.

(2R,3S,6R)-3-(benzyloxy)-2-((benzyloxy)methyl)-6-((E)-styryl)-3,6-dihydro-2H-

O

pyran (5f)

O v
BnO/\(/\‘"
Bno" N

5f

Following the procedure F on 0.2 mmol scale, colorless oil liquid, yield: 39% (32.2
mg), Rr= 0.5 (silica gel, PE: EtOAc = 5:1, v/v), column chromatography (silica gel, PE:
EtOAc =20:1, v/v).

d.r.=3.00:1

'"H NMR (400 MHz, CDCl3) § 7.34 (m, 15H), 6.12 (d, J = 10.4 Hz, 1H), 5.83 (dd, J =
10.2, 2.5 Hz, 1H), 5.16 (d, J = 2.6 Hz, 1H), 4.85 (d, J = 11.8 Hz, 1H), 4.69 — 4.60 (m,
3H), 4.51 (m, 2H), 4.23 (d, J = 9.4 Hz, 1H), 4.05 (m, 1H), 3.76 (dd, J = 10.7, 4.1 Hz,
1H), 3.67 (dd, J =10.7, 2.0 Hz, 1H).

I3C NMR (101 MHz, CDCls3) 8 138.17 (s), 138.05 (s), 138.03 (s), 130.81 (s), 128.35 (s),
128.31 (s), 127.99 (s), 127.92 (s), 127.81 (s), 127.79 (s), 127.76 (s), 127.71 (s), 127.67
(s), 127.57 (s), 126.50 (s), 93.94 (s), 73.35 (s), 71.02 (s), 70.35 (s), 70.01 (s), 69.30 (s),
68.74 (s).

HRMS (EI): [M] Calcd. for C2sH2803 412.2038.; Found 412.2033.
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7. Scale-up reactions and synthetic applications.

7.1 12 mmol scale reactions.

A/<j (CFiCOOH B0eauy) o <
O KF.B TTMeCN,RT, 12h

3a

To a 500mL flame-dried Schlenk flask were added FeClz (20 mol%), 2a (30 mmol, 2.5
equiv), and the flask was evacuated and refilled with argon (three times). Subsequently,
CH3CN (180 mL), 1a (12 mmol, 1.0 equiv) and CF3COOH (36 mmol, 3.0 equiv) were
added and the reaction was stirred at room temperature for 12 h. The reaction mixture
was diluted with ethyl acetate and the solution washed with saturated aqueous NaHCO3,
water and brine. The combined organic layers were dried over Na2SO4 and concentrated
under reduced pressure. The crude product was then purified by flash column

chromatography to afford the final product 3a (1.66 g, 74%) as colorless liquid.
7.2 Synthetic applications.

Pd/C, H,
O A O
THF, RT, 12h

3a 6

a.

To the alkene 3a (0.5 mmol, 1.0 euqiv) in THF (5 mL), was added palladium on activated
carbon (5 %, 0.1 equiv). The reaction solution was purged with hydrogen balloon for 15
minutes and then went overnight under hydrogen balloon. Then, the reaction was filtered
over a short path of Celite, concentrated in vacuo, and the crude mixture was purified by
flash column chromatography to afford the final product 6 (88.5 mg, 93%) as colorless

liquid.
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2-phenethyltetrahydro-2H-pyran (6)*

oy

6

Spectroscopic data are in agreement with those previously reported?.

'TH NMR (500 MHz, CDCl3) § 7.32 —7.17 (m, 5H), 4.03 (m, 1H), 3.44 (td, J=11.7,2.4
Hz, 1H), 3.26 (m, 1H), 2.74 (m, 2H), 1.92 — 1.79 (m, 2H), 1.70 (m, 1H), 1.64 — 1.42 (m,
4H), 1.32 (m, 1H).

13C NMR (126 MHz, CDCl3) 8 142.36 (s), 128.42 (s), 128.22 (s), 125.59 (s), 76.83 (s),
68.39 (s), 38.26 (s), 31.89 (s), 31.72 (s), 26.14 (s), 23.46 ().

m-CPBA, NaHCO,
0~ o
DCM, 0°C to RT o)

3a 7

To a 100 mL dried Schlenk flask was added 3a (0.5 mmol, 1.0 equiv), NaHCO3 (0.65
mmol, 1.3 equiv) and DCM (2 mL) under argon atmosphere. Then m-CPBA (73%, 1.2
equiv) dissolved in DCM (2 mL) was added dropwise at 0 °C. The reaction was stirred
for 1 h and then allowed to warm to room temperature. After completion of the reaction
(TLC monitoring), the reaction mixture is quenched with aqueous Na2S204, and the
aqueous phase is extracted with DCM. The combined organic layers are washed
successively with a saturated solution of NaHCOs3 and brine and dried over Na2SOa4. The
filtrate was concentrated under reduced pressure and and the crude mixture was purified
by flash column chromatography to afford the final product 7 (87.8 mg, 86%, 1.5 :1) as
colorless liquid.

2-(3-phenyloxiran-2-yl)tetrahydro-2H-pyran (7)**

0

0

7

TH NMR (400 MHz, CDCls) major isomer: & 7.40 — 7.28 (m, SH), 4.05 (m, 1H), 3.92
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(d, J = 2.0 Hz, 1H), 3.49 (m, 2H), 3.04 (dd, J = 4.2, 2.1 Hz, 1H), 1.94 (m, 1H), 1.84 —
1.74 (m, 1H), 1.66 — 1.43 (m, 4H).

13C NMR (101 MHz, CDCl3) major isomer: 8 137.23 (s), 128.37 (s), 128.08 (s), 125.70
(s), 76.23 (s), 68.45 (s), 64.07 (s), 56.02 (), 28.34 (s), 25.87 (5), 22.85 (5).

HRMS (EI): [M] Calcd. for C13H1602 204.1150; Found 204.1142.

HBpin, CuCl (3 mol%)

NaO'Bu (6 mol%)
0. (#)-L (3 mol%) o NaBOj; o)
B ———
Toluene, RT, 24h Bpin THF, H,O OH

3a 8

A mixture of CuCl (3 mol%), NaO'Bu (6 mol%), and DTBM-segphos (3 mol%) in
anhydrous toluene (0.2 mL) was stirred for 10 min in a Schlenk tube under an
atmosphere of argon. Pinacolborane (0.6 mmol, 1.2 equiv) was added to the reaction
mixture and stirred for 10 min at room temperature. 3a (0.5 mmol, 1.0 equiv) was
dissolved in toluene (0.3 mL) and added. The reaction was monitored by TLC and was
filtered through a pad of Celite and concentrated, and it was diluted with THF (1 mL)
and water (1.0 mL) and then followed by addition of NaBOs3 (1.0 mmol, 2.0 equiv) and
the mixture was allowed to stir for 3h at room temperature. The product was purified by
chromatography on silica gel to afford the final product 8 (87.8 mg, 75%, 1 :1) as

colorless liquid.

1-phenyl-2-(tetrahydro-2H-pyran-2-yl)ethan-1-ol (8)*°-*

OH
8

H NMR (400 MHz, CDCls) mixture: § 7.33 (m, 8H), 7.23 (m, 2H), 4.97 (m, 1H), 4.91
(dd, J=19.9, 3.0 Hz, 1H), 4.32 (s, 1H), 4.00 (dt, ] = 11.4, 7.1 Hz, 2H), 3.79 (d, J = 4.8
Hz, 1H), 3.60 (t, J = 10.6 Hz, 1H), 3.43 (m, 3H), 1.96 — 1.76 (m, 5H), 1.62 — 1.35 (m,
11H).
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13C NMR (101 MHz, CDCl3) mixture: & 144.83 (s), 144.47 (s), 128.14 (s), 128.11 (s),
127.05 (s), 126.80 (s), 125.60 (s), 125.42 (s), 78.84 (s), 75.24 (s), 74.27 (s), 71.08 (s),
68.28 (s), 68.25 (s), 45.57 (s), 44.29 (s), 32.08 (s), 31.47 (s), 25.74 (s), 25.63 (s), 23.15
(s), 23.02 (s).

HRMS (ESI): [M+H]" Calcd. for C13H1902" 207.1380; Found 207.1380.

N
HN—
%sjijﬁro\/ o
9 o) , Phi(OAc), S
O
DCM, 85 °C, 18 h N O~
|

3a 10

A 10 mL pressure-resistant tube equipped with a magnetic stir bar was charged with the
PhI(OAc)2 (0.2 mmol, 2.0 equiv), 2-benzoaminothiazole 9 (0.1 mmol, 1.0 equiv), then
the tube was evacuated and backfilled with argon for three times. Under argon
atmosphere, DCM (1 mL) and 3a (0.3 mmol, 3.0 equiv) were added to the system. The
mixture was stirred at 85 °C for 18 hours. After completion of the reaction (monitored
by TLC), then cooled to room temperature. Solvent and volatile reagents were removed
by rotary evaporation and the residue was purified by flash column chromatography on

silica gel to give the final product 10 (28.1 mg, 69%) as colorless liquid.

ethyl4-cyano-3-phenyl-2-(tetrahydro-2H-pyran-2-yl)-3,4-dihydro-2H-
benzo[b][1,4]thiazine-6-carboxylate (10)*°

(0]

'H NMR (400 MHz, CDCL) & 7.88 (d, J = 8.7 Hz, 1H), 7.81 (s, 1H), 7.50 (d, J = 8.6
Hz, 1H), 7.32 (m, 3H), 7.17 (m, 2H), 5.81 (d, J = 3.0 Hz, 1H), 4.35 (q, J = 7.2 Hz, 2H),
4.15—4.08 (m, 1H), 3.47 (td, T = 11.5, 3.0 Hz, 1H), 3.23 (t, ] = 10.3 Hz, 1H), 3.07 (dd,

J=9.8,2.9 Hz, 1H), 2.22 (d, J = 13.0 Hz, 1H), 1.88 (d, ] = 13.1 Hz, 1H), 1.56 (m, 2H),
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1.38 (m, 4H), 1.24 (m, 1H).

13C NMR (101 MHz, CDCl3) § 165.21 (s), 138.40 (s), 136.88 (s), 130.02 (s), 128.67 (s),
128.26 (s), 127.80 (s), 125.79 (s), 125.65 (s), 117.99 (s), 116.51 (s), 112.04 (s), 76.31 (5s),
68.98 (s), 61.09 (s), 59.31 (s), 48.77 (s), 29.83 (s), 25.65 (), 23.10 (s), 14.25 (5).
HRMS (EI): [M] Calcd. for C23H24N203S 408.1508; Found 408.1511.

8. Control experiments.

(e} o} X
‘ standard conditions
tOKFBT Y
1a 2a

BHT (3 equiv)
3a

To a flame-dried Schlenk tube were added FeClz (20 mol%), 2a (0.5 mmol, 2.5 equiv)
and additional BHT (0.6 mmol, 3.0 equiv), and the tube was evacuated and refilled with
argon (three times). Subsequently, CH3CN (3 mL), 1a (0.2 mmol, 1.0 equiv) and
CF3COOH (0.6 mmol, 3.0 equiv) were added and the reaction was stirred at room
temperature for 12 h. 3a yield 73% determined by GC analysis by using dodecane as the

internal standard.

O = -
standard conditions

1a' 3a', N.D.
0}
(e} 2a ?
= =
% standard conditions or
1a" 3a"a, N.D. 3a"b, N.D.

To a flame-dried Schlenk tube were added FeClz (20 mol%), 2a (0.5 mmol, 2.5 equiv)
and the tube was evacuated and refilled with argon (three times). Subsequently, CH3CN

(3 mL), 1a’ or 1a” (0.2 mmol, 1.0 equiv) and CF3COOH (0.6 mmol, 3.0 equiv) were
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added and the reaction was stirred at room temperature for 12 h. None of the

corresponding product was detected by GC.

9. General methods for determination of the d.r. ratios and

configurations

Taking 5d as an illustration, we showed the determination details of the d.r. ratios and
configurations by means of 'H NMR and 'H '"H NOESY NMR. Upon completion, the
reaction was filtered over a short path of celite and then concentrated in vacuo to obtain
the "H NMR spectrum of the crude product (Figure S1). Then, it was further purified by
column chromatography to afford the pure product 5d and sub-5d, and the NMR
spectrum of them were obtained respectively (Figure S2-5). By comparing the 'H NMR
spectrum of the crude product with compound 5d and sub-5d, we could confirm the
characteristic peak (for example, the hydrogen atom H1 of 5d is around 4.69 ppm and
3.70 ppm of sub -5d). Based on the integration of the H1 signals of compounds 5d and
sub-5d, the d.r. ratio is about 4.00:1. As for the configurations, no obvious signals
between H1 and H5 have been represented in '"H 'H NOESY NMR of 5d, but sub-5d
does, so H1 and H5 of 5d were on the different sides of the six-membered ring. In the
same way, the d.r. ratios and configurations of other 5a-u compounds were also

determined.
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Figure S1: 'H NMR spectrum of the crude product
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Figure S2: 'H NMR spectrum of 5d
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Figure S5: 'H 'H NOESY NMR spectrum of sub-5d
Taking Sd’ as an illustration, we showed the determination details of the d.r. ratios and
configurations by means of HPLC and 'H '"H COSY NMR. Upon completion, the
reaction was concentrated in vacuo and purified by preparative TLC to give the crude
product and then determined by HPLC (Figure S6). Then, it was further purified by
column chromatography to afford the pure product 5d’ and sub-5d’, and the NMR
spectrum and HPLC determination of them were obtained respectively (Figure S7-10).
By comparing the peak time and the integration of the signals of compounds 5d’ and
sub-5d’, the d.r. ratio is about 6.69:1. As for the configurations, no obvious signals
between H1 and H5 have been represented in '"H 'H COSY NMR of 5d°, but sub-5d’
does, so H1 and H5 of Sd” were on the different sides of the six-membered ring. In the

same way, the d.r. ratios and configurations of Se’, 5f> were also determined.
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SAMPLE

INFORMATION

Sample Name: 1017MIX Acquired By: System
Sample Type: Unknown Sample Set Name: 1
Vial: 1:B.1 Acqg. Method Set: 100298
Injection #: 1 Processing Method 00
Injection Volume:  10.00 ul Channel Name: 2998 Ch1 254nm(@4.8nm
Run Time: 20.0 Minutes Proc. Chnl. Descr.: 2998 Ch1 254nm@4.8nm
Date Acquired: 2/29/2024 5:53:54 AM CST
Date Processed:  2/29/2024 7:29:50 AM CST
0.80
0.60-
=2
< p.40d %
o
0.204 L
(2]
o
p.oo T T T T T T of\'—a T T &
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
Minutes
——— Channel Description 2998 Ch1 254nm@4.8nm
Ratention .
X Width Ama Height
T[T () | ey |y | A
1 6.34 VB 3100 552802 78260 | 1569
2| a3 BE | 4B.90 2071441 309178 B84.31
Figure S6: HPLC determination of the crude product
SAMPLE INFORMATION
Sample Name: 1017-2 Acquired By: System
Sample Type: Unknown Sample Set Name: 1
Vial: 1:B,3 Acqg. Method Set: 100298
Injection #: 1 Processing Method 00
Injection Volume:  10.00 ul Channel Name: 2998 Ch1 254nm@4.8nm
Run Time: 20.0 Minutes Proc. Chnl. Descr.: 2998 Ch1 254nm@4.8nm
Date Acquired: 2/29/2024 6:41:23 AM CST
Date Processed:  2/29/2024 7:32:53 AM CST
3.00
2.50
5
o
2.004
2 1.504
1.004
0.504
0.00 .r‘l -3
I 1 1 1 T I 1 I 1
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——— Channel Description 2998 Ch1 254nm@4.8nm

Ratention
Time Int Typa
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1 B.19 bb
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(s=c)

Area Height
e | )

% Ama

48.20 20187432 | 2032432 | 100.00

Figure S7: HPLC determination of 5d’
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SAMPLE INFORMATION
Sample Name: 10171 Acquired By: System
Sample Type: Unknown Sample Set Name: 1
Vial: 1:B,2 Acqg. Method Set: 100298
Injection #: 1 Processing Method 00
Injection Volume:  10.00 ul Channel Name: 2998 Ch1 254nm(@4.8nm
Run Time: 20.0 Minutes Proc. Chnl. Descr.: 2998 Ch1 254nm@4.8nm
Date Acquired: 2/29/2024 6:20:38 AM CST
Date Processed:  2/29/2024 7:31:19 AM CST
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Ratention .
- Width | Ama | Height
Time Int Type N % Area
{min) (ec) | WV sec) | (uV)
1 6.26 BB 30.30 | 555052 | 79133 | 100.00

Figure S8: HPLC determination of sub-5d’
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Figure S9: 'H 'H COSY NMR spectrum of 5d’
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10. NMR Spectroscopic Data

Potassium (E)-trifluoro(styryl)borate (2a)
'H spectrum (500 MHz, DMSO-d6)

NANT-TO0O0DOOUITTNNONN O ONTT-—OODWWONNOO bl =N=N=Nol
QNOONANNNNNNNNT A NNNNNT == RN
MNNMNNMNMMNMMMMMAMNMMNMNMNMNNDNN O © O ©OO©O©OOOoooo AN NN NN
E ———— S g RN I e —
©/\/BF3K
2a

10 95 8.0 85 8.0 75 70 6.5 6.0 55 50 45 40 38 30 25
fl (ppm)

59



Potassium (E)-trifluoro(4-methylstyryl)borate (2b)
'H spectrum (500 MHz, DMSO-d6)
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Potassium (E)-(4-(tert-butyl)styryl)trifluoroborate (2¢)

'H spectrum (500 MHz, DMSO-d6)
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Potassium (E)-trifluoro(4-methoxystyryl)borate (2d)

'H spectrum (500 MHz, DMSO-d6)
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Potassium (E)-(2-([1,1'-biphenyl]-4-yl)vinyl)trifluoroborate (2¢)

'H spectrum (500 MHz, DMSO-d6)
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Potassium (E)-trifluoro(4-(trifluoromethoxy)styryl)borate (2f)

'H spectrum (500 MHz, DMSO-d6)
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Potassium (E)-trifluoro(4-fluorostyryl)borate (2g)

'H spectrum (500 MHz, DMSO-d6)
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Potassium (E)-(4-chlorostyryl)trifluoroborate (2h)

'H spectrum (500 MHz, DMSO-d6)
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Potassium (E)-(4-bromostyryl)trifluoroborate (2i)
'H spectrum (500 MHz, DMSO-d6)
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Potassium (E)-trifluoro(3-methoxystyryl)borate (2j)
'H spectrum (500 MHz, DMSO-d6)
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Potassium (E)-trifluoro(2-methoxystyryl)borate (2k)

'H spectrum (500 MHz, DMSO-d6)
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Potassium (E)-trifluoro(2-(naphthalen-1-yl)vinyl)borate (21)

'H spectrum (500 MHz, DMSO-d6)
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Potassium (E)-trifluoro(2-(thiophen-2-yl)vinyl)borate (2m)

'H spectrum (500 MHz, DMSO-d6)
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Potassium (E)-trifluoro(2-(thiophen-3-yl)vinyl)borate (2n)
'H spectrum (500 MHz, DMSO-d6)
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Potassium (E)-(2-cyclopropylvinyl)trifluoroborate (20)
'H spectrum (500 MHz, DMSO-d6)
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Potassium (E)-dec-1-en-1-yltrifluoroborate (2p)

'H spectrum (500 MHz, DMSO-d6)
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Potassium (E)-(6-chlorohex-1-en-1-yl)trifluoroborate (2q)

'H spectrum (500 MHz, DMSO-d6)
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Potassium trifluoro(4-methoxyphenyl)borate (2r)

'H spectrum (500 MHz, Acetone-d6)
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Potassium (E)-trifluoro(hex-1-en-1-yl)borate (2s)

'H spectrum (500 MHz, DMSO-d6)
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Potassium (E)-trifluoro(pent-1-en-1-yl)borate (2t)

'H spectrum (500 MHz, DMSO-d6)
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BC spectrum (126 MHz, CDCl3)

1061 —
Leve—

LeoL
whmm%
sL'9L
oo.RW
szLL

¢L00L —
61L'v0L —

GGl —
806LL —

26'eelL —

Leevlk —

c6'L9L —

NC

()

4a

10

20

30

140

150

160

170

180

a0

i

fl (ppm)

2-((4-ethylphenoxy)methyl)-3,4-dihydro-2H-pyran (4b)

'H spectrum (500 MHz, CDCl3)
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BC spectrum (126 MHz, CDCl3)
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2-((benzyloxy)methyl)-3,4-dihydro-2H-pyran (4¢)

'H spectrum (500 MHz, CDCl3)
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2-(methoxymethyl)-3,4-dihydro-2H-pyran (4d)

'H spectrum (500 MHz, CDCI;3)
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2-(((4-methylbenzyl)oxy)methyl)-3,4-dihydro-2H-pyran (4e)

'H spectrum (500 MHz, CDCI;)
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BC spectrum (126 MHz, CDCl3)
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2-(([1,1'-biphenyl]-4-ylmethoxy)methyl)-3,4-dihydro-2H-pyran (4f)

'H spectrum (500 MHz, CDCl3)
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BC spectrum (126 MHz, CDCl3)
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2-(((2-methylbenzyl)oxy)methyl)-3,4-dihydro-2H-pyran (4g)

'H spectrum (500 MHz, CDCl3)
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BC spectrum (126 MHz, CDCl3)
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2-(((3-methylbenzyl)oxy)methyl)-3,4-dihydro-2H-pyran (4h)

'H spectrum (500 MHz, CDCl3)

4h

oz
Z0'L

ZLe
0L

F00°L

101
10'C
H/No._‘

i (ppm)

75



BC spectrum (126 MHz, CDCl3)
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2-(((3,5-dimethylbenzyl)oxy)methyl)-3,4-dihydro-2H-pyran (4i)

'H spectrum (500 MHz, CDCl3)
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BC spectrum (126 MHz, CDCl3)
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tert-butyl((3,4-dihydro-2H-pyran-2-yl)methoxy)diphenylsilane (4;)

'H spectrum (500 MHz, CDCl3)
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(3,4-dihydro-2H-pyran-2-yl)methyl acetate (4Kk)

'H spectrum (500 MHz, CDCI;3)
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(3,4-dihydro-2H-pyran-2-yl)methyl pivalate (41)

'H spectrum (500 MHz, CDCI;)
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(3,4-dihydro-2H-pyran-2-yl)methyl 3-(furan-2-yl)propanoate (4m)

'H spectrum (500 MHz, CDCl3)
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BC spectrum (126 MHz, CDCl3)
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(3,4-dihydro-2H-pyran-2-yl)methyl 6-bromo-2-naphthoate (4n)

'H spectrum (500 MHz, CDCl3)

L0 7
6711
6,711
08'L 1
18°1
26'L |
26'L 1
€61 |
v6'L
£0°Z Y
£0°Z 1
Y0z
v0'Z ]
v0'Z
S.&
1z

z1z
vLT
6L
0z
0z
1z
1z
zz
Sty
vy
v
L1y
LIy
Loy
zry
zry
zry
€Ly
€Ly
ey
viy
)
)
)
zv'9
zr9
ev'9
-

ST T—

[N

e e e

€52
€2
1927
692
oy
zLL

€6 1
€6/
€08 ]
€08 1
708 |
s0'g
0581
058"

.
T

4n

o (e}
99 |
Br

XYW
22 =e

- - -

101
Fsoe
7oL

oot

120°L
koz
+00°L
*00°L

66'0

i (ppm)

BC spectrum (126 MHz, CDCl3)

€6l —
leve —

6299~
69'2L
RN
0022
sz 117

1G'00L —

85'¢ccl
ce9ct
cl’lcl
[4°XAN

6,621
wo.omr/
€.°0€L
wm.omrw
€6°0€L \

ce9eL
Leevl —

€1°991 —

.AHM
4 L

Ll

LW -

80

fl (ppm)

)

4n

Jog

.



(3,4-dihydro-2H-pyran-2-yl)methyl cyclobutanecarboxylate (40)

'H spectrum (500 MHz, CDCl3)
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(8R,9S,138,14S)-3-((3,4-dihydro-2H-pyran-2-yl)methoxy)-13-methyl-

6,7,8,9,11,12,13,14,15,16-decahydro-17H-cyclopenta[a]phenanthren-17-one (4q)

"H spectrum (500 MHz, CDCIs)
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13C spectrum (126 MHz, CDCl3)
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(3,4-dihydro-2H-pyran-2-yl)methyl 2-(4-isobutylphenyl)propanoate (4r)

'H spectrum (500 MHz, CDCI;3)
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(3,4-dihydro-2H-pyran-2-yl)methyl 2-(11-0x0-6,11-dihydrodibenzo|[b,e]oxepin-3-

yl)acetate (4s)

CDCl)

b
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13C spectrum (101 MHz, CDCI3)
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(E)-2-styryltetrahydro-2H-pyran (3a)

'H spectrum (500 MHz, CDCl3)
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(E)-2-(4-methylstyryl)tetrahydro-2H-pyran (3b)

'H spectrum (500MHz, CDCl3)
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(E)-2-(4-(tert-butyl)styryl)tetrahydro-2H-pyran (3¢)

'H spectrum (500 MHz, CDCl3)
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(E)-2-(4-methoxystyryl)tetrahydro-2H-pyran (3d)

'H spectrum (500 MHz, CDCl3)
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(E)-2-(2-([1,1'-biphenyl]-4-yl)vinyl)tetrahydro-2H-pyran (3e)

'H spectrum (500 MHz, CDCl3)
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(E)-2-(4-(trifluoromethoxy)styryl)tetrahydro-2H-pyran (3f)

'H spectrum (500 MHz, CDCl3)
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F spectrum (471 MHz, CDCl3)
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(E)-2-(4-fluorostyryl)tetrahydro-2H-pyran (3g)

'H spectrum (500 MHz, CDCl3)
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BC spectrum (126 MHz, CDCl3)
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(E)-2-(4-chlorostyryl)tetrahydro-2H-pyran (3h)

'H spectrum (500 MHz, CDCl3)
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(E)-2-(4-bromostyryl)tetrahydro-2H-pyran (3i)

'H spectrum (500 MHz, CDCl3)
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(E)-2-(3-methoxystyryl)tetrahydro-2H-pyran (3j)

'H spectrum (400 MHz, CDCI3)
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(E)-2-(2-methoxystyryl)tetrahydro-2H-pyran (3k)

'H spectrum (500 MHz, CDCl3)
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(E)-2-(2-(naphthalen-1-yl)vinyl)tetrahydro-2H-pyran (31)

'H spectrum (500 MHz, CDCl3)
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(E)-2-(2-(thiophen-2-yl)vinyl)tetrahydro-2H-pyran (3m)

'H spectrum (500 MHz, CDCl3)
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(E)-2-(2-(thiophen-3-yl)vinyl)tetrahydro-2H-pyran (3n)

'H spectrum (500 MHz, CDCl3)
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(E)-2-(2-cyclopropylvinyl)tetrahydro-2H-pyran (30)

'H spectrum (500 MHz, CDCl3)
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(E)-2-(dec-1-en-1-yl)tetrahydro-2H-pyran (3p)

'H spectrum (500 MHz, CDCl3)
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(E)-2-(6-chlorohex-1-en-1-yl)tetrahydro-2H-pyran (3q)

'H spectrum (500 MHz, CDCl3)
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2-(4-methoxyphenyl)tetrahydro-2H-pyran (3r)

'H spectrum (500 MHz, CDCl3)
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(E)-4-((6-styryltetrahydro-2H-pyran-2-yl)methoxy)benzonitrile (5a)

'H spectrum (500 MHz, CDCl3)
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(E)-2-((4-ethylphenoxy)methyl)-6-styryltetrahydro-2H-pyran (5b)

'H spectrum (500 MHz, CDCl3)
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(E)-2-((benzyloxy)methyl)-6-styryltetrahydro-2H-pyran (5¢)

'H spectrum (500 MHz, CDCl3)
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(E)-2-(methoxymethyl)-6-styryltetrahydro-2H-pyran (5d)

'H spectrum (500 MHz, CDCl3)
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'H 'H COSY NMR
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(E)-2-(((4-methylbenzyl)oxy)methyl)-6-styryltetrahydro-2H-pyran (5e)

'H spectrum (500 MHz, CDCl3)
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(E)-2-((|1,1'-biphenyl]-4-ylmethoxy)methyl)-6-styryltetrahydro-2H-pyran (5f)

'H spectrum (500 MHz, CDCl3)
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(E)-2-(((2-methylbenzyl)oxy)methyl)-6-styryltetrahydro-2H-pyran (5g)

'H spectrum (500 MHz, CDCl3)
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(E)-2-(((3-methylbenzyl)oxy)methyl)-6-styryltetrahydro-2H-pyran (5h)

'H spectrum (500 MHz, CDCl3)
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(E)-2-(((3,5-dimethylbenzyl)oxy)methyl)-6-styryltetrahydro-2H-pyran (5i)

'H spectrum (500 MHz, CDCl3)
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(E)-tert-butyldiphenyl((6-styryltetrahydro-2H-pyran-2-yl)methoxy)silane (5j)

'H spectrum (500 MHz, CDCl3)
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(E)-(6-styryltetrahydro-2H-pyran-2-yl)methyl acetate (5k)

'H spectrum (500 MHz, CDCl3)
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(E)-(6-styryltetrahydro-2H-pyran-2-yl)methyl pivalate (51)

'H spectrum (500 MHz, CDCl3)

€211
691 1
0711
0217
02711
L2
L2
LA
Nu.fi.

==

€L
€L
mméx
v

2071
€07
€07
07
70V §
0V
SOV Y
SO
907
L0V
rN‘vF
mNAv/\r

mw.v\

T4

85’
85V
65V
65V

29
G2'9
129
829
859
659
29’9
29’9

(44X

Ve L

veL
A

sz'L
SZ'L]
sz’
9z L
0g'L
1L
2e L
ze L]
ze L
ce/ |
eeL ]
8g'L
8cL
8cL
6c'L
6€'L
6€'L

5l

£16
AN
o'l

ee
N0

HOo'L
00’1

J50'L

0¢

I (ppm)

BC spectrum (126 MHz, CDCl3)

298l —

oL’z
wr.nmv.
€€°6¢C

9.'8¢ —

€8'G9
mo.mm%
AN IAN
S92
0022
szir’/

9z'9zlL
05221 S
2582l T

1€'8LL —

5l

110

fl (ppm)

116



(E)-(6-styryltetrahydro-2H-pyran-2-yl)methyl 3-(furan-2-yl)propanoate (Sm)

'H spectrum (500 MHz, CDCl3)
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(E)-(6-styryltetrahydro-2H-pyran-2-yl)methyl 6-bromo-2-naphthoate (5n)

'H spectrum (500 MHz, CDCl3)
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(E)-(6-styryltetrahydro-2H-pyran-2-yl)methyl cyclobutanecarboxylate (50)

'H spectrum (500 MHz, CDCl3)
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(E)-6-styryltetrahydro-2H-pyran-2-carbaldehyde (5p)

'H spectrum (400 MHz, CDCI3)
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(8R,9S,13S,14S)-13-methyl-3-((6-((E)-styryl)tetrahydro-2H-pyran-2-yl)methoxy)-

6,7,8,9,11,12,13,14,15,16-decahydro-17H-cyclopenta[a]phenanthren-17-one (5q)

"H spectrum (500 MHz, CDCIs)
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(E)-(6-styryltetrahydro-2H-pyran-2-yl)methyl 2-(4-isobutylphenyl)propanoate

(5r)

'H spectrum (500 MHz, CDCls)
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(E)-(6-styryltetrahydro-2H-pyran-2-yl)methyl 2-(11-0x0-6,11-

dihydrodibenzo[b,e]oxepin-3-yl)acetate (5s)

CDCl)

b

'H spectrum (500 MHz
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(E)-2-((benzyloxy)methyl)-6-(hex-1-en-1-yl)tetrahydro-2H-pyran (5t)

"H spectrum (500 MHz, CDCIs)
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(E)-2-((benzyloxy)methyl)-6-(pent-1-en-1-yl)tetrahydro-2H-pyran (Su)

'H spectrum (500 MHz, CDCls)
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(E)-2-styryltetrahydrofuran (5a”)

'H spectrum (500 MHz, CDCls)
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1-carboxylate (5b’)

me-

i

tert-butyl (E)-2-styrylpyrrol

'H spectrum (400 MHz, CDCls)
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1-carboxylate (5¢’)

iperidine-

'H spectrum (500 MHz, CDCls)
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(2S,3R,68)-2-methyl-6-((E)-styryl)-3,6-dihydro-2H-pyran-3-yl acetate (5d’)

'H spectrum (400 MHz, CDCls)
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'H 'H COSY NMR
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((2R,3S,6R)-3-acetoxy-6-((E)-styryl)-3,6-dihydro-2H-pyran-2-yl)methyl acetate

(5¢%)

"H spectrum (500 MHz, CDCIs)
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(2R,3S,6R)-3-(benzyloxy)-2-((benzyloxy)methyl)-6-((E)-styryl)-3,6-dihydro-2H-

pyran (5f)

"H spectrum (400 MHz, CDCIs)
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2-phenethyltetrahydro-2H-pyran (6)

'H spectrum (500 MHz, CDCl3)
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2-(3-phenyloxiran-2-yl)tetrahydro-2H-pyran (7)

'H spectrum (400 MHz, CDCl3)
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1-phenyl-2-(tetrahydro-2H-pyran-2-yl)ethan-1-ol (8)

'H spectrum (400 MHz, CDCls)
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ethyl 4-cyano-3-phenyl-2-(tetrahydro-2H-pyran-2-yl)-3,4-dihydro-2H-

-6-carboxylate (10)

iazine

benzo|b][1,4]th

'H spectrum (400 MHz, CDCls)
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